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 “Yuksak salohiyatli yoshlar 
buyuk kelajagimiz kafolatidir”

Sh.M. Mirziyoyev

SO’Z BOSHI

O‘zbеkiston Rеspublikasida yosh avlodning har tomonlama yеtuk shaxs bo‘lib еtishishiga katta 
sa’y-harakatlar qilinmoqda.

Mamlakat ravnaqi uchun puxta zamin tayyorlashda ertangi kеlajagimiz, tayanchimiz bo‘lgan av-
lodlarni yеtuk barkamol shaxs qilib voyaga еtkazishda ular uchun hozirgi kunimizni aks ettiradi-
gan, jahon standartlariga javob bеradigan yangi avlod darsliklarini, o‘quv qo‘llanmalarini yaratish 
zarur. 

O’zbеkistоn nеft, tаbiiy gаz, ko‘mir, pаxtа, ipаk vа bоshqа tаbiiy xоm аshyo mаnbаlаrigа bоy 
dаvlаtlаrdаn biri hisоblаnаdi. Hоzirgi kundа ushbu xоm аshyolаrni zаmоnаviy tеxnikа vа tеxnоlоgi-
yalаr yordаmidа qаytа ishlаsh bilаn sun`iy vа sintеtik mаhsulоtlаr ishlаb chiqаruvchi “Sho‘rtаngаz” 
kimyo mаjmuаsi, Dеhqоnоbоd kаliyli mеnеrаl o‘g‘itlаr zаvоdi, “Qo‘ng‘irоt sоdа” zаvоdi, “Nаvоiаzоt” 
аksiyadоrlik jаmiyati, Buxоrо va Farg`ona nеft-gаzni qаytа ishlаsh zаvоdlari, “Fаrg‘оnааzоt” аksi-
yadоrlik jаmiyati, “Mаxsam Chirchik” аksiyadоrlik jаmiyati, UzKorGaz QK kаbi bоshqа kоrxоnаlаr 
vujudgа kеlgаn vа ulаr mаmlаkаtimiz iqtisоdiyoti rivоjlаnishigа muhim hissа qo‘shib kеlmоqdа. 
Mаzkur kimyo sаnоаti kоrxоnаlаri оrаsidа оrgаnik vа nеft kimyosi sintеzi tаrmоqlаri muhim o‘rin-
ni egаllаydi, chunki ulаr pоlimеr, lоk-bo‘yoq, fаrmаsеvtikа mаhsulоtlаri, sun`iy vа sintеtik tоlаlаr, 
pеstisidlаr vа o‘simliklаrni himоyalаsh vоsitаlаri, erituvchi vа ekstrаgеntlаr, sintеtik yoqilg‘i, 
surkоv mоylаri vа ulаrgа qo‘shilаdigаn qo‘ndirmalar ishlаb chiqаruvchi kоrxоnаlаrni xоm аshyo 
bilаn tа’minlаshdа ishtirоk etаdi. Xоm аshyoning qаndаy sifаtgа egа bo‘lishi bоshqа tеxnоlоgik 
jаrаyonlаrgа kаttа tа’sir ko‘rsаtаdi, ishlаb chiqаrilаdigаn аsоsiy vа оrаliq mаhsulоtlаrning sifаtini 
bеlgilаydi.  Bu esа kimyo sаnоаtining turli sоhаlаridа fаоliyat оlib bоruvchi оlim-muhаndislаrni 
оrgаnik kimyoni yaxshi bilishlаrini tаqоzо etаdi, chunki “Оrgаnik kimyo” fаni kimyoviy tеxnоlоgiya 
ixtisоsligi bo‘yichа o‘qitilаdigаn bаrchа mutаxаssislik fаnlаrining nеgizini tаshkil qilаdi. Shu sаbаb-
dаn kimyo-tеxnоlоgiya institutlаri tаlаbаlаrigа оrgаnik kimyo fаnini o‘qitish muhim аhаmiyatgа 
egа, chunki u nеft vа gаzni qаytа ishlаsh, tаbiiy enеrgiya tаshuvchilаr vа uglеrоdli mаtеriаllаrni 
kimyoviy qаytа ishlаsh, аsоsiy оrgаnik sintеz tеxnоlоgiyasi, yuqоri mоlеkulаli birikmаlаr vа  plаst-
mаssаlаr kimyoviy tеxnоlоgiyasi, sеllyulоzаni qаytа ishlаsh tеxnоlоgiyasi, оziq-оvqаt mаhsulоtlаri 
tеxnоlоgiyasi, biоtеxnоlоgiya kаbi fаn sоhаlаri bilаn uzviy bоg‘liqdir.

O’zbеk tilidа yozilgаn bоshqа “Оrgаnik kimyo” dаrsliklаridаn fаrqli rаvishdа, tаqdim etilаyot-
gаn ushbu dаrslik uglеvоdоrоdlаr, ulаrning sinflаnishi, аlоhidа sinf vаkillаrining kvаnt mеxаnik vа 
elеktrоn dеfrаksiyasi usullаri bilаn аniqlаngаn tuzilishi, fizik xоssаlаri, оlinish mаnbаlаri, kimyoviy 
rеаksiyalаri vа ulаrning sоdir bo‘lish mеxаnizmi, nisbiy rеаksiоn qоbiliyati to‘g‘risidа, so‘ngrа 
umumiy sinfning gоmоlоgik qаtоri, izоmеriyasi, nоmеnklаturаsi, оlinish usullаri, fizik va kimyoviy 
xоssаlаri hаqidаdir. Dаrslikning yanа bir o‘zigа xоs jihаti, undаgi hаr bir mаvzugа mushоhаdаli 
yondаshilgаn vа mаvzugа tеgishli tоpshiriq sаvоllаri bеrilgаn. 

Ushbu dаrslik birinchi mаrоtаbа chоp etilgаnligi sаbаbli kаmchiliklаrdаn xоli emаs. Shuning 
uchun, dаrslikning mаzmunigа dоir bildirgаn fikr vа mulоhаzаlаringizni muаlliflаr mаmnuniyat 
bilаn qаbul qilаdilаr. 
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ORGANIK KIMYO

Organik kimyo organik moddalarni tashkil qiluvchi uglerod 
birikmalarining kimyosini o‘rganuvchi fandir. 

Molekulasi tarkibida uglerod atomi bo‘lgan birikmalarga or-
ganik birikmalar deyiladi. 

Organik birikmalar tarkibida ugleroddan tashqari ko‘pincha 
H, O, N, ba’zan S, P, galogenlar va ayrim metallar (alohida-alohida 
yoki turli xil kombinatsiyalarda) bo‘ladi.

Organik kimyo - kimyoning katta va mustaqil bo‘limi bo‘lib, 
uning mavzu boshi uglerod birikmalarining kimyosidir: bu fan 
ularning tuzilishi, xossalari, olinish usullari, amalda foydalanish 
imkoniyatlarini o‘rganadi. Anorganik va organik kimyo orasiga 
amalda keskin chegara qo‘yib bo‘lmaydi.  

Organik kimyo taraqqiyotining asosiy bosqichlarini 4 ta davr-
ga ajratish mumkin:

I. Empirik davr - insonning organik moddalar bilan ilk bor 
tanishuvi, ularni ajratib olish va qayta ishlash usullari o‘rganil-
gan vaqtdan to organik kimyo fan sifatida shakllangunicha (XVIII 
asrning oxiri) o‘tgan davr.

II. Analitik davr - XVIII asr oxiridan XIX asrning 60-yillariga-
cha. Bu bosqichda dastlabki nazariyalar yaratilib, organik kimyo 
fan sifatida shakllana boshlagan.

III. Tuzilish nazariyasi davri - XIX asrning 60-yillaridan to XX 
asr boshlarini o‘z ichiga oladi.

IV. Organik kimyo rivojlanishining hozirgi zamon molekul-
yar-atomistik yoki ilmiy takomillashuv davri.

Organik moddalar kishilarga juda qadimdan ma’lum bo‘lgan. Kishilar dastavval sirka kislotani 
bilganlar. Uni ishqorga ta’sir ettirib tuz hosil qilingan, ular organik bo‘yoqlarni (alizarin, purpur, 
indigo), uzum sharbatini bijg‘itib sirka hosil qilishni, o‘simliklardan shakar, moy olishni, sovun 

ORGANIC CHEMISTRY
Organik moddalar haqidagi asosiy tushunchalar  
O‘zbekistonda organik moddalar kimyosi rivojla
nishi va mamlakat iqtisodiyotida organik moddalar  
texnologiyasining ahamiyati

Organic chemistry is the 
chemistry of the compounds 
of carbon.
The misleading name «or-
ganic» is a relic of the days 
when chemical compounds 
were divided into two class-
es, inorganic and organic, 
depending upon where they 
had come from. Inorganic 
compounds were those ‘’ob-
tain»a Rio Minerals
Organic compounds were 
those obtained from vegeta-
ble or animal sourcest at is, 
from material produced by 
living organisms. I need, un-
til about 1850 many chem-
ists believed that organic 
compounds must have their 
origin in living organisms, 
and consequently could nev-
er be synthesized from inor-
ganic material.

1-BOB. 
ORGANIK KIMYO 
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pishirishni bilganlar va bu moddalardan foydalanganlar. Ammo 
uzoq vaqtgacha organik moddalar aralashma holida ishlatilib 
kelingan. IX asrga kelib arab alkimyogarlari sirkadan sirka kis-
lotani, musallas ichimligidan etil spirtini sof holda ajratib olishga 
muyassar bo‘ldilar. XVI asrda etil spirtini sulfat kislota bilan ish-
lash natijasida dietil efiri olindi. 

Galiya va Germaniyada sovun pishirishni, pivo tayyorlashni, 
slavyan xalqlari asalni bijg‘itib ichimlik tayyorlashni, Hindiston, 
Gretsiya va Misrda organik moddalardan foydalanib matolarni 
bo‘yashni bilishgan. Organik moddalarni sof holda olish va ular-
ni o‘rganish XVIII asrning oxiri va XIX asrning boshlariga kelib 
kuchaydi.  

Qadimgi olimlar moddalarni tashqi ko‘rinishiga qarab gu-
ruhlarga ajratishgan. M-n: suvda eriydigan moddalar tuzlar deb 
hisoblangan. Hatto qahrabo, oksalat va vino kislotalar ham tuz-
lar sinfiga kiritilgani ma’lum. Quyuq suyuqliklarning barchasi 
moylar deb hisoblangan. Shunga ko‘ra bu guruh haqiqiy moylar-
dan tashqari havoda nam tortib suyuqlanadigan - KOH, kuporos 
moyi (kons. H2SO4) ni ham o‘z ichiga olgan. Barcha uchuvchan 
moddalar spirtlar deb qabul qilingan. HCl va HNO3, SNCl2 va NH3 
uchuvchan bo‘lganligidan ular ham vino spirti qatori spirtlar 
deb hisoblangan. Ammiakning suvdagi eritmasi hozir ham «nav-
shadil spirt» deb atalishi ana shundan.  

Organik kimyo mustaqil fan sifatida XIX asrning boshlarida 
vujudga keldi. Uning fan sifatida shakllanishi esa shved olimi 
Y. Berseliusning nomi bilan bog‘liq. «Organik kimyo» atamasi 
birinchi marta 1808-yilda Y. Berseliusning kimyoga oid yozgan 
«Ximiya darsligi» kitobida paydo bo‘lgan. U tirik organizmdan 
olingan moddalarni organik moddalar deb atashni taklif etdi. 
Y. Berselius tomonidan 1827-yilda birinchi «Organik ximiya» 
darsligi nashr qilingan.

Y.Berseliusgacha bir qancha olimlar organik moddalar kashf 
etishgan bo‘lsada, bu kashfiyotlar organik modda emas, deb qa-
ralgan. Jumladan, 1783-yilda K.Sheele anorganik moddalardan 
(ko‘mir, navshadil va potashdan) KCN - o‘simliklar olamida keng 
tarqalgan HCN kislotaning tuzini hosil qilgan edi. Biroq olimlar 
HCN kislota hamda uning tuzlarini organik birikma sifatida qa-
rashmadi va anorganik moddalar qatoriga kiritib yuborishdi. 

O’sha davrda organik moddalar hosil qilish usullari deyarli 
yo‘q edi. Shuning uchun Berselius organik kimyoni - o‘simlik va 
hayvonlardan olinadigan yoki hayotiy kuch ta’sirida hosil bo‘ladi-
gan moddalar kimyosidir deb ta’rifladi.

I.Ya.Berselius (1779-1848) ning fikricha, anorganik va or-
ganik moddalar orasidagi eng muhim farq shundaki, anorganik moddalarni laboratoriyada sintez 
qilib olish mumkin. 

Today, although many com-
pounds of carbon are still 
most conveniently isolated 
from plant and animal sourc-
es, most of them are synthe-
sized. They are sometimes 
ynthesized from inorganic 
substances like carbonate-
sor cyanides, but more of-
ten from other organic com-
pounds.There are two larger 
eservoiis of organic material 
from which simple organic 
compounds are obtained: 
petroleurn and coal.
(Both of these are «organic» 
in the-olds enseb, eing prod-
ucts of the decay of plants 
and animals.) These sim-
ple compounds are used as 
building blocks from which 
larger and more complicated 
compounds can be made.
Organic molecules contain-
ing thousands of atoms are 
known, and the arrangement 
of atoms in even relative-
ly small molecules can be 
very complicated. One of the 
major problems in organic 
chemistry is to find out how 
the atoms are arranged in 
molecules, that is, to deter-
mine the stnrctures of com-
pounds.
“Organic chemistry now 
deals most drives me mad. 
To me it appears like a prime 
tropical forestfull of the most 
remarkable things,a dread 
fuelless utrgle into which 
one does not dareen terf or 
there seem to be no way out” 
-Frliariitr Wtihler. 1835
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«Organik moddalar esa faqat tirik organizmlarda o‘simlik va hayvon organizmlarida hayot mav-
jud ekan, ularda moddalarning sintezi jonsiz tabiatdagiga qaraganda boshqacha bo‘lib, qandaydir 
«hayotiy (ilohiy) kuch» ning ta’sirida sodir bo‘ladi» deydi.

Shu davrda  bir guruh kimyogarlar Berselius izidan borib fanda «vitalistik» (lotincha vita so‘zi 
«hayot» lis - «kuch» demakdir) oqim kelib chiqadi. Bu oqim tirik tabiatdagi moddalarni laboratori-
ya sharoitida sintez qilib bo‘lmaydi, degan idealistik ta’limotni olg‘a surib, kimyo fanining taraqqi-
yotiga to‘sqinlik qildi. 

1824 yilda Berseliusning shogirdi, nemis kimyogari F.Vyoler laboratoriya sharoitida disiandan 
o‘simlik organizmida uchraydigan oksalat kislotani oldi. 

     

                                                               disian                   oksalat kislota
    N≡C−C≡N + 4HOH → HOOC−COOH + 2NH3

 
Ayniqsa F.Vyolerning 1828 yili oddiy anorganik tuz-ammoniy sianatdan hayvon organizmi-

da hosil bo‘ladigan mochevinani sintez qilishi vitalistik ta’limotga juda katta zarba berdi. Buning 
uchun u avval kaliy sianatni: 

KCN + [O] → KOCN

so‘ngra kaliy sianatni ammoniy sulfat ta’sirida parchalab, am-
moniy sianat hosil qilgan: 

KOCN + (NH4)2SO4 → 2NH4OCN + K2SO4

Ammoniy sianatni qizdirib mochevina olgan:

NH4OCN → H2N – CO – NH2

Bu kashfiyot kimyoda katta burilish yasab, organik moddalarn-
ing hosil bo‘lishida hech qanday «hayotiy kuch» qatnashmasligini 
isbotlab berdi.

1842 yili buyuk rus olimi N.N. Zininning nitrobenzoldan anilin 
olishi, 1845 yili nemis kimyogari Kolbening sirka kislota sintez 
qilishi, 1854 yili fransuz kimyogari Bertloning yog‘ni hosil qili-
shi va 1861 yili rus olimi Butlerovning oddiy chumoli aldegi-
didan  shakarsimon modda hosil qilishi «hayotiy kuch» haqidagi 
ta’limotga batamom zarba berdi va organik kimyo fanining rivoj-
lanishiga katta yo‘l ochildi. 

Organik moddalar tarkibida uglerod elementi albatta bo‘lishi 
XVII asrda uzil -kesil isbotlandi. Shu bilan birga ko‘pchilik organik 
birikmalar tarkibida uglerod elementidan tashqari vodorod, kis-
lorod, azot va boshqa elementlar borligi aniqlandi.

1861 yili Qozon universitetining professori Aleksandr  
Mixaylovich Butlerovning organik moddalarning kimyoviy tu-
zilish nazariyasini yaratishi organik kimyoning rivojlanish tarixi-
da olam shumul ahamiyatga ega bo‘ldi.

CN
CN

COOH
COOH

The structural theory is the 
basis upon which millions 
of facts about hundreds of 
thousands of individual com-
pounds have been brought 
together and arranged in a 
systematic way. It is the basis 
upon which these facts can 
best be accounied, for and 
understood.
The structural theory is the 
framework of ideas about 
how atoms are put togeth-
er to make molecules. The 
structural theory has to do 
with the order in which at-
oms are attached to each 
other, and with the electrons 
that hold them together.
It has to do with the shhpes 
and size of the moleculest 
hat these atoms form, and 
with the way that electrons 
are distributed over them.
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A.M. Butlerov o‘zining «Organik kimyoni to‘liq o‘rganishga 
kirish» degan kitobida uglerod birikmalari anorganik birikmalar-
ga nisbatan beqaror ekanligini, uglerod boshqa elementlar bilan 
birikib xilma-xil birikmalar hosil qilishini, uglerodli ko‘pchilik 
birikmalar bir xil empirik formulaga ega bo‘lib, tuzulishi va xu-
susiyatlari jihatdan farqlanishini ko‘rsatib berdi va bu hodisani 
izomeriya deb atadi. 

Uglevodorodlarda vodorod atomlari boshqa elementlarning 
atomlariga almashinib yangi birikmalar hosil qilishi mumkin. 
Shu sababli organik kimyoni ba’zan uglevodorodlar va ularning 
hosilalari kimyosi deb ham ataydilar.

Uglerod birikmalari hosilalarinnig kimyoviy xususiyat-
lari ulardagi funksional guruhlarning xossalariga bog‘liq. M-n, 
metanda vodorodning bitta atomi NH2 (amino-) guruhiga o‘rin 
almashgan bo‘lsa, bu birikma asos xususiyatlariga, –COOH (kar-
boksil-) guruhga o‘rin almashgan bo‘lsa kislota xususiyatlariga 
ega bo‘ladi:

CH3NH2  ← CH4 → CH3COOH
metilamin                  sirka kislota

Nemis kimyogari K.Shorlemmer uglerod atomlari o‘zaro 
birikib –C–C– zanjirini hosil qilishini ko‘rsatib berdi. Shu tariqa 
organik  kimyo fan sifatida tarkib topib va rivojlanib bordi.

Organik kimyoning alohida fan sifatida ajralib chiqishiga quy-
idagilar sabab bo‘lgan:

1. Organik moddalar sonining anorganik moddalarga qara-
ganda ko‘pligi. Hozirgi vaqtda anorganik moddalarning soni 
650000 ga yaqin bo‘lsa, organik moddalarning soni 150000000 
dan ortiqdir. Har yili o‘rta hisobda 20000 dan ortiq yangi organik 
birikmalar sintez qilinmoqda.  

2. Organik kimyo fanida o‘rganiladigan moddalar o‘simlik va 
hayvon organizmida sodir bo‘ladigan hayotiy jarayonning aso-
sini tashkil qiladi va bu bilan organik moddalarning inson hayoti 
faoliyatidagi ahamiyatining katta ekanligi ko‘rinadi.

3. Organik moddalarning o‘ziga xos xususiyatlarga ega ekan-
ligi, ularning barchasi yonuvchan, aksariyati dissotsiatsiyaga 
uchramaydi va tashqi ta’sirga chidamsiz, organik moddalar-
ning reaksiyaga kirishish xususiyatlari, anorganik moddalarning 
reaksiyalarga kirishish xususiyatlaridan farq qiladi.  

4. Organik kimyo o‘rganadigan moddalarning tarkibi va tuzilishi, anorganik moddalarning tarki-
bi va tuzilishiga qaraganda ancha murakkabdir.

A molecule is often rep-
resented by a picturc or a 
model-sometimes by several 
pictures or severalm odels.
The atomic nuclears are rep-
resented by letters or plastic 
balls, and the electrons that 
join, them by lines or dots 
or plastie pegs. These crude 
pictures and models are trse-
fult us only if we understand 
what they are lntended to 
mean. Interpreted in terms 
of the structural theory, they 
tell us a good deal about 
the compound whose mole-
cules, they are present how 
to do about niaking it  what 
physical properties to expect 
of it-melting point,’boiling 
point, specifil  gravity, the 
kind of solvent the com-
pound will dissolve in even 
whether it will be colored 
or not; what kind of chem-
ical behavior to expect-the 
kind of reagents the com-
pound will react with and 
the kind of products that will 
be formed, whether it will 
react rapidly or slowly. We 
would know all this about a 
compound that we had never 
encountered before, simply 
on the basis of its structural 
formula and what we under-
stand its structural formula 
to mean.
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ORGANIK BIRIKMALARNING O’ZIGA XOS XUSUSIYATLARI

Organik birikmalarning o‘ziga xos xususiyatlari quyidagilar-
dan iborat:

Organik birikmalar tarkibidagi uglerodning xossasi uning 
D.I.Mendeleyev davriy jadvalidagi tutgan o‘rniga bog‘liq bo‘lib, 
bu xossa uglerod atomining boshqa element atomlari bilan 
kovalent bog‘lar hosil qilishi yordamida tushuntiriladi. C  atom- 
larining o‘zi ham o‘zaro kovalent bog‘lar orqali birikib, har xil 
ko‘rinishdagi (chiziqli, tarmoqlangan va yopiq) uglerod zanjirla-
rini hosil qilish xususiyatiga ega. Bunday xususiyat boshqa ba’zi 
elementlarda ham bor. Lekin ular o‘zaro birikkanda uzun zanjir 
hosil qila olmaydi. M-n: 3 atomli kislorod, 4 atomli azot, 6 atom-
li kremniy va 8 atomli oltingugurt o‘zaro birikib, qisqa zanjirli 
birikmalar hosil qilishi mumkin. Hozirgi vaqtda C  atomlaridan 
shunday yuqori molekular moddalar olinganki, ularda minglab 
C  atomlari o‘zaro birikkandir.

Organik birikmalar 400 - 600 °C da qizdirilganda to‘liq par-
chalanadi yoki ko‘mirga aylanadi, kislorod ishtirokida yonadi 
(ba’zi organik moddalar, m-n: CCl4 va shu kabilar bundan mus-
tasno), ko‘pchilik anorganik moddalar esa yonmaydi. 

Organik birikmalar ko‘pchilik anorganik moddalardan ionlar-
ga ajralmasligi bilan farqlanadi. Chunki anorganik birikmalarn-
ing atomlari ionli, organik birikmalarning atomlari esa kovalent 
bog‘lar bilan bog‘langan. Shu sababli organik birikmalar noelek-
trolitlar hisoblanadi.   

Organik birikmalarning atomlari o‘zaro kovalent bog‘langan-
ligi tufayli reaksiya sekin boradi va olinishi kerak bo‘lgan modda 
to‘liq hosil bo‘lmaydi. Anorganik birikmalarda, odatda, reaksiya 
tez boradi va kutilgan moddalar to‘liq hosil bo‘ladi.

Organik birikmalarda izomeriya hodisasi mavjud. Tarkibi va 
molekular massasi bir xil bo‘lib, fizik va kimyoviy xossalari ji-
hatidan o‘zaro farq qiladigan moddalar izomer moddalar, ya’ni 
izomerlar deyiladi. (Izomeriya hodisasi XIX asrning birinchi 

choragidan beri ma’lum bo‘lib, bu iborani fanga birinchi marta shved olimi Y. Berselius kiritgan). 
Bu hodisaning sabablarini ilmiy asosda dastlab rus olimi A.M.Butlerov tushuntirib bergan. Orga-
nik kimyoda, odatda, tuzilish yoki struktura formulalardan foydalaniladi.

Organik birikmalar, asosan, molekular kristall panjaraga ega bo‘lgan moddalardir.

A.M. BUTLEROVNING KIMYOVIY TUZILISH NAZARIYASI. 
ORGANIK KIMYONING RIVOJLANISHI

XIX asrning boshlarida organik moddalar ko‘plab kashf etildi va sintez qilindi. Ammo modda-
lardagi kimyoviy o‘zgarishlarni va qonuniyatlarni asoslab beruvchi nazariyaning yo‘qligi organik 
kimyoning keng rivojlanishiga to‘sqinlik qilardi.

Any consideration of the 
structure of molecules must 
begin with a discussion of 
chemical bonds,the forces 
that hold atoms together in a 
molecule

We have just discussed one 
physical property of com-
pounds : dipole moment.
Other physical properties - 
like melting point, boiling 
point or solubility in a partic-
ular solvent-are also of con-
cern to us. The physical prop-
erties of a new compound 
give valuable clues about its 
structure. Conversely, the 
structure of a compound of-
ten tells us what physical 
properties to expect of it.
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Joseph Louis Gay-Lussac

Friedrich Vyoler

Dastlab organik kimyoda radikallar nazariyasi vujudga keldi. 
Bu nazariyaning tarafdorlari (Dyuma, Berselius, Libix) noor-
ganik birikmalar oddiy radikallardan, organik birikmalar esa 
murakkab radikallardan (atom yoki atomlar guruhi) tashkil top-
gan bo‘lib, bu radikallar kimyoviy jarayonlar natijasida bir birik-
ma tarkibidan ikkinchi birikma tarkibiga o‘zgarmasdan o‘tadi 
deb tushuntirdilar. Nemis olimi Libix achchiq danak moyidan 
foydalanib tarkibida benzoil radikali C6H5CO bo‘lgan benzoil al-
degidini C6H5CHO; benzoy kislotani C6H5COOH benzoil xloridni 
C6H5COCl va boshqalarni ajratib oldi va ularning tarkibida o‘zgar-
maydigan C6H5CO  guruhining borligini aniqladi.

Ko‘pchilik kimyogarlar organik moddalar reaksiyaga kirishib, 
boshqa moddalarga aylanganida ularning molekulalaridagi 
ma’lum bir atomlar guruhlarining o‘zgarmasligini kuzatdilar. 
M-n:

CH3−CH2−OH + [O] → CH3−COH + [O] → CH3−COOH
etil spirt                   sirka aldegid               sirka kislota

Ushbu reaksiyada «CH3» guruhi o‘zgarmay qoladi. Bunday 
atomlar guruhi «radikallar» deyilib, organik moddalar radi-
kallardan tashkil topgan, degan fikr paydo bo‘ldi. Shu tufayli 
1815-yilda L.Gey-Lyussak, 1823-yilda F.Vyoler va 1832-yilda 
Y.Libix organik moddalarni bir sistemaga solish maqsadida «ra-
dikallar» nazariyasini ilgari surdilar. Bu nazariyaga ko‘ra radi-
kallar orga nik moddalarda atom vazifasini bajaradi. Hech qan-
day kimyoviy o‘zgarishlarga uchramaydi. O’sha vaqtda  organik 
birikmalar ning radikallarga qarab guruhlarga ajratilishi organik 
kimyoning oz bo‘lsa-da, rivojlanishiga yo‘l ochib berdi. Ammo 
radikallar nazariyasining amal qilishi uzoqqa bormadi. Keyin-
chalik, radikallardagi Hatomlarining ham reaksiyaga kirishishi 
isbotlangandan so‘ng, bu nazariya o‘z kuchini yo‘qotdi.  

Organik birikmalarga xlorning ta’sirini o‘rgangan Dyuma ra-
dikallarning kimyoviy jarayonlar vaqtida o‘zgarishlari mumkin-
ligini isbotladi, ya’ni sirka kislotaga xlorning ta’siri natijasida 
metil radikalidagi vodorodlar xlor bilan almashinishi mumkin-
ligini ko‘rsatdi:

Shundan so‘ng 1840-1854-yillarda radikallar nazariyasin-
ing o‘rniga ko‘proq takomillashgan hamda katta tajriba natijalariga asoslangan tiplar nazariyasi 
egallaydi. Bu nazariyaning tarafdorlari (Sh.Jerar, Loran, J.Dyuma, A.Kekulye) ning fikriga ko‘ra, 
organik birikmalarning tuzilishini tajriba yo‘li bilan aniqlab bo‘lmaydi, ularni molekulalarning 
reaksiya natijasida o‘zgaradigan qismiga qarab tiplarga bo‘lish mumkin, degan fikrni ilgari surdilar. 
Tiplar nazariyasiga ko‘ra organik moddalarning tuzilishi va xossalari anorganik birikmalarnikiga 
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o‘xshash bo‘lib, ulardagi faqat bir yoki bir necha H - atomining o‘rniga radikallarning almashinishi 
natijasida yangi organik moddalar hosil bo‘ladi. Bu o‘xshashlik ularning kimyoviy xossalarida ham 
aks etadi. Shunday qilib: organik birikmalar 5 ta tipga: vodorod, suv, vodorod xlorid, ammiak va 
metanga bo‘linadi, deb qaraldi.

Vodorod tipi. Bunda vodorod molekulasidagi bir yoki ikki vodorod atomining o‘rniga radikallar 
almashgan bo‘ladi:

 
  H−H                                              CH3−H                   H3C−CH3     C2H5−H
 vodorod molekulasi                  metan                      etan           

Suv tipi. Suv molekulasidagi bitta yoki ikkala vodorod atomi o‘rniga har xil radikallarning al-
mashinishi tufayli spirt, murakkab efir, kislota angidridi va boshqa birikmalar hosil bo‘ladi. M-n:

          suv               metil spirt           dimetil efir          sirka kislota
Vodorod xlorid tipi. Bu tip orqali galogenli organik birikmalarning hosil bo‘lishi va tuzilishi 

ifodalanadi.
H−Cl                       CH3−Cl                 CH3−CO−Cl                Cl−CH2−COOH
vodorod xlorid    metil xlorid         asetil xlorid                xlorsirka kislota

Ammiak tipi. Bu tip orqali aminlar, aminokislotalar va boshqa birikmalarning sistemaga solin-
gan tuzilishi tushuntirilgan: 

 NH3     CH3−NH2       CH3−NH−CH3                    H2N−CH2−COOH
ammiak  metil amin    dimetil amin          aminosirka kislota

CH3−CONH2   HO−CH2−CH2−NH2
sirka kislota amidi              etanolamin

Metan tipi. Bu tipni 1858-yili nemis kimyogari Kekulye taklif qilgan bo‘lib, u metandagi vodorod 
atomlari o‘rniga atomlar guruhining almashinishidan uglevodorodlar, spirtlar, galogenli va boshqa 
birikmalarning hosil bo‘lishi bilan tushuntiriladi:

 CH4               CH3−CH3                          CH3−OH              CH3−Cl                 CH2Cl2
metan         metilmetan          metil spirt           metilxlorid          dixlormetan

Tiplar nazariyasi organik kimyoning rivojlanishiga ancha hissa qo‘shdi. Tiplar nazariyasi sun’iy 
va zo‘rma-zo‘rakilik bilan XIX asr o‘rtalarida boshlangan katta tajribalar natijasida olingan mod-
dalarni sinflashga imkon berdi. Lekin bu nazariya organik birikmalarning yangi sinflari mavjudlig-
ini va ularni olish usullarini oldindan aytib berishga ojizlik qildi.

Organik kimyoning keyingi taraqqiyoti tubdan yangi nazariya yaratishni taqozo etar edi. XIX 
asrning 60 yillariga kelib organik kimyoda katta boy materiallar to‘plangan edi, XIX asr kimyogar-
larining quyidagi ishlari organik birikmalar tuzilish nazariyasining yaratilishiga asos bo‘ldi.

1852/53-yillari E.Franklend tomonidan valentlik tushunchasi kiritildi. 1857-yili nemis kimyo-
garlari Kekule va Kolbelar organik birikmalarda uglerodning doimo to‘rt valentliligini, 1858-yili 
F.Kekule va shotlandiyalik olim Kuper bilan bir vaqtda uglerodning o‘z-o‘zi bilan, metall va metall-
maslar bilan ochiq yoki yopiq zanjir hosil qilib birika olishligini, bunda u o‘zining bir, ikki, yoki uch 

H
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valentliligini sarflashini isbotladilar. Kuper kimyoviy birikma-
lardagi bog‘lanishni chiziqcha bilan ifodalashni taklif etadi.

1858 yildan boshlab A.M.Butlerov kimyoviy tuzilish nazari-
yasi ustida ishlay boshladi. Bu nazariyani yaratishda u M.V. 
Lomonosov va Daltonning atomistik va materialistik qarash-
lariga asoslangan. XIX asrning o‘rtalariga kelib amaliy kimyo-
ning rivoj lanishi natijasida ko‘p tajriba ma’lumotlari to‘planib 
qoldi. Organik kimyoda to‘plangan ma’lumotlarga va o‘zining 
boy tajri basiga asoslangan holda A.M.Butlerov 1861-yilda «or-
ganik birikmalarning kimyoviy tuzilish» nazariyasini yaratdi. 
Bu nazariya atomlar molekulada ma’lum tartibda birikkan va 
ularning birikish tartibini kimyoviy usullar yordamida isbotlash 
mumkin, degan xulosaga asoslanadi. Nazariyaning ikki xil ta’rifi 
mavjud: A.M.Butlerov ta’rifi va uning hozirgi zamon ta’rifi.

A.M.Butlerov ta’rifi: «murakkab moddalarning kimyoviy ta-
biati uning tarkibiga kiruvchi elementar zarrachaning tabiatiga, 
ularning miqdoriga va kimyoviy tuzilishiga bog‘liq».

Hozirgi zamon ta’rifi: «organik birikmalarning fizik va 
kimyoviy xossalari uning tarkibiga kiruvchi elementar zarra-
chaning tabiatiga hamda kimyoviy, elektron va fazoviy tuzilishi-
ga bog‘liq». Bu ta’rif birikmalarning hamma xossalarini hisobga 
oladi.

A.M.Butlerov moddalarning xususiyatlarini o‘rganish bilan 
ularning tuzilishini aniqlash va ayniqsa, moddaning tuzilishiga 
qarab xossalarini aytib berish mumkinligini isbotladi.

Shved kimyogari I.Ya.Berselius tomonidan aniqlangan 
izomeriya hodisasining mohiyatini birinchi bo‘lib tushuntirib 
berdi (1864-yil), izobutilenni sintez qildi va uning polimerlanish 
reaksiyasini amalga oshirdi (1867-yil), bu bilan yuqori moleku-
lar birikmalar sinteziga asos soldi. Ko‘p organik moddalarni sin-
tez qildi. 

A.M.Butlerov «organik birikmalarning kimyoviy tuzilish» 
nazariyasining asosiy g‘oyalarini 1861-yilda Shpeyerda tabiat-
shunoslarning qurultoyida «ximiyaviy moddalarning tuzilishi» 
haqidagi ma’ruzasida quyidagicha bayon qilgan:

1. Organik modda molekulasidagi atomlar tartibsiz joylashgan 
emas, balki ular bir-biri bilan o‘z valentliklariga muvofiq ravish-
da, ketma-ketlikda, ma’lum bir izchillikda bog‘langanlar. Moleku-
lada atomlarning bunday izchillikda birikishi kimyoviy tuzilish 
deyiladi. 

2. Organik moddalarning fizik va kimyoviy xossalari uning 
molekulasi tarkibiga qanday atomlar va qancha miqdorda bo‘lishigagina emas, balki ularning o‘zaro 
qanday joylashganligiga ya’ni kimyoviy tuzilishiga ham bog‘liqdir.

Tuzilish nazariyasining bu qoidasi, organik kinyoda keng uchraydigan izomeriya hodisasining 
mohiyatini tushuntirib beradi.

The science of organic chem-
istry began to flower with 
the demise of a nineteenth 
century theory called vital-
ism. According to vitalism, 
organic compounds were 
only those that came from 
living organisms, and only 
living things could synthe-
size organic compounds 
through intervention of a 
vital force. Inorganic com-
pounds were considered 
those compounds that came 
from nonliving sources. Frie-
drich Wöhler, however, dis-
covered in 1828 that an or-
gan- ic compound called urea 
(a constituent of urine) could 
be made by evaporating an 
aqueous solution of the inor-
ganic compound ammonium 
cyanate. With this discovery, 
the synthesis of an organic 
compound, began the evolu-
tion of organic chemistry as 
a scientific discipline.
For the  moment we need 
only to point out that the 
electrons that surround the 
nucleus exist in shells of in-
creasing energy and at in-
creasing distances from the 
nucleus. The most import-
ant shell, called the valence 
shell, is the outermost shell 
because the electrons of this 
shell are the ones that an 
atom uses in making chem-
ical bonds with other atoms 
to form
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3. Organik moddalarning xossalarini o‘rganish natijasida  
uning molekular tuzilishini aniqlash mumkin va aksincha, moleku-
lasining tuzilishini bilgan holda ularning xossalarini oldindan 
aytib berish mumkin.

A.M.Butlerovga qadar organik moddalar molekulasining tu-
zilishini aniqlab bo‘lmaydi, deb hisoblanar edi. Ko‘pchilik olim-
lar hatto molekulada atomlar real mavjudligini inkor etar edi. 
A.M.Butlerov bu fikrlarni noto‘g‘ri ekanligini isbotlab berdi. U 
moddalarning xossalarini o‘rganish orqali molekulaning tuz-
ilishini, aksincha, molekulaning tuzilishi orqali ba’zi kimyoviy 
xossalarini aytib berish mumkinligini amalda ko‘rsatib berdi. Bu 
nazariya avvalgi barcha mavjud nazariyalardan tubdan farq qilib, 
ko‘p noma’lum birikmalarning olinish usullarini tushuntirib 
bera oldi. Bu nazariya keyinchalik Kekule tomonidan yaratilgan 
aromatik birikmalarning tuzilish nazariyasi hamda Vant Goff va 
Lebel tomonidan yaratilgan molekuladagi atomlarning joylash-
ish nazariyasini stereokimyoviy nazariyalar bilan to‘ldirildi.

4. Organik moddalar molekulasidagi atomlar va atomlar gu-
ruhi o‘zaro bir-biriga doimiy ta’sirda bo‘ladilar. Bevosita bog‘lan-
gan atomlar bir-biriga ko‘proq, bilvosita bog‘lanmaganlari esa 
kamroq ta’sir etadi. Organik moddalarning kimyoviy reaksiyalar-
ga kirishish aktivligi mana shu ta’sirlarga bog‘liq.

Bizga molekulasi tarkibida bir xil guruh bo‘lgan, lekin turli 
xossalarga ega bo‘lgan moddalar ma’lum. Misol uchun: NaOH, 
C2H5OH, NO2OH, SO2(OH)2 larda gidroksil guruhlar mavjud. 
Shunga qaramay, ularning xossalari turlicha: NaOH - kuchli asos, 
C2H5OH - amalda neytral modda, NO2OH va SO2(OH)2 - kuchli kis-
lotalar hisoblanadi. Bunga sabab bu moddalar bilan bog‘langan 
atomlar hamda atomlar guruhining o‘zaro ta’siridir.

Bir-biriga bevosita bog‘lanmagan atomlar ham o‘zaro ta’sir 
ko‘rsatadi. M-n: xloretan C2H5−Cl bilan vinil xlorid H2C=CH−Cl da 
xlorning reaksiyaga kirishish qobiliyati turlicha bo‘lishligi xlor 
atomiga etil va vinil radikallarining turlicha ta’siri natijasidir.

Kimyoviy reaksiyalarda organik modda molekulasini tashkil 
etgan barcha atomlargina emas, balki ayrim atomlar yoki atom-
lar guruhi ham ishtirok etadi. M-n: etil spirti bilan Na metalining 
o‘zaro ta’sirini olish mumkin:

2C2H5OH + 2Na → 2C2H5ONa + H2↑

Bu reaksiyada gidroksil guruhi (OH) dagi vodorodning 
o‘rnini Na oladi, natijada H2 ajralib chiqadi. Reaksiya natijasida 
C2H5O atomar guruhi o‘zgarishsiz qoladi. Shu sababli bu reaksi-

yani barcha spirtlar uchun umumiy holda quyidagicha yozish mumkin:

2ROH + 2Na → 2RONa + H2↑

The first explanations of the 
nature of chemical bonds 
were advanced by G. N. Lewis 
(of the University of Califor-
nia, Berkeley) and W. Kössel 
(of the University of Munich) 
in 1916. Two major types of 
chemical bonds were pro-
posed:
1. Ionic (or electrovalent) 
bonds are formed by the 
transfer of one or more elec-
trons from one atom to an-
other to create ions.
2. Covalent bonds result 
when atoms share electrons.
The central idea in their work 
on bonding is that atoms 
without the electronic con- 
figuration of a noble gas gen-
erally react to produce such a 
configuration because these 
configurations are known to 
be highly stable. For all of the 
noble gases except helium, 
this means achieving an oc-
tet of electrons in the valence 
shell.
For hydrogen bonding to 
be important, both electro-
negative atoms must come 
from the group: F, O, N. Only 
hydrogen bonded to one of 
these three elements is pos-
itive enough, and only these 
three elements are negative 
enough, for the necessary at-
traction to exist. These three 
elements owe their special 
effectiveness to the concen-
trated negative charge on 
their small atoms.
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Organik moddalar kimyoviy tuzilish nazariyasining yaratili-
shi XIX asrning oxirlarida «Organik kimyo» fani va sanoatining 
gurkirab o‘sishiga sabab bo‘ldi. Bu davrga kelib organik kimyon-
ing sintetik usullari kimyo sanoatiga kirib kela boshladi. A.M. 
Butlerovning organik moddalarning kimyoviy tuzilish nazari-
yasi organik kimyo nazariy asosining poydevori hisoblanadi. 
Ahamiyati jihatidan uni D.I. Mendeleyevning elementlar davriy 
qonuni bilan bir qatorga qo‘yish mumkin. Davriy qonun yangi 
elementlar borligini oldindan aytishga imkon bergan bo‘lsa, bu 
nazariya orqali hali topilmagan yangi moddalarning borligi va 
ularning tuzilishini aniqlashga imkon yaratdi va bir nechtasini 
A.M. Butlerov o‘zi sintez qilishga muyassar bo‘ldi. 

Tuzilish nazariyasining kashf etilganiga 160 yildan ortiq vaqt 
o‘tgan bo‘lsa ham o‘z ahamiyatini yo‘qotgan emas. Fanning yangi 
yutuqlari bu nazariyani yangi dalillar bilan boyitmoqda va uning 
asosiy ma’nosining to‘g‘ri ekanligini isbotlamoqda.

Koks kimyosi asosida sintetik bo‘yoqlar, portlovchi modda-
lar, tibbiy dori-darmonlar ishlab chiqarila boshlandi. XX asrning 
20 yillariga qadar kimyo sanoati Germaniyada gurkirab o‘sdi. 
1920 yillardan boshlab AQSH kimyo sanoatining rivojlanishi 
bo‘yicha dunyoda birinchi o‘ringa chiqib oldi. Bu yerda organik 
birikmalarning asosiy xom ashyosi bo‘lgan neftdan foydalanildi. 
Neft asosida sun’iy yoqilg‘i va surkov moylari, erituvchilar, lok va 
bo‘yoqlar, keyinroq esa plastik massalar ishlab chiqarildi.

O‘zbek kimyogar olimlar, akademik O.S. Sodiqov, S. Yunusov, 
M.N. Nabiyev, K.S. Ahmedov, X.U. Usmonov, A.S. Sultonov, Yu.T. 
Toshpo‘latov, M.A. Asqarov, N.R. Yusupbekov, A.B. Qo‘chqor-
ov, T.M.Mirkomilov, G‘.Raxmonberdiyev, D.Yusupovlarning 
nomi chet ellarda ham ma’lum.

Diyorimizda tabiiy gaz, neft, paxta, gaz kondensati kabi arzon 
xom ashyolarning mavjudligi organik kimyo fani va sanoatining 
rivojlanishiga muhim omil bo‘ldi.

Hozirgi kunga kelib «Organik kimyo» fani yuksak darajada 
rivojlandi. Jonli dunyoning hayot faoliyatida muhim ahamiyatga 
ega bo‘lgan gemin, gemoglobin, xlorofill, vitaminlar, alkoloid-
lar, antibiotiklar, gormonlar sintez usulida olinmoqda. Nuklein 
kislotalar to‘liq sintez qilib olindi. Ularning oqsil sintezidagi 
ahamiyati nasl belgilarining saqlanishi va o‘tishidagi ahamiyati 
aniqlandi.

Kimyo fani va sanoatining rivojlanishi natijasida birikmalarni 
fizik-kimyoviy tekshirishning yadro va elektron para-magnit re-
zonansi, mass-spektrometriya, infraqizil spektroskopiya, xromato-
grafiya kabi yangi usullari yaratildi. Avvallari oylar, yillar davomida 
bajariladigan ishlar yuqoridagi usullar yordamida bir necha soat 
yoki daqiqa davomida bajarilishi mumkin. 

The valence shell is the out-
ermost shell of electrons in 
an atom.
The tendency for an atom 
to achieve a configuration 
where its valence shell con-
tains eight electrons is called 
the octet rule.
An especially strong kind of 
dipoledipole attraction is hy-
drogen bonding, in which a 
hydrogen atom serves as a 
bridge between two electro-
negative atoms, holding one 
by a covalent bond and the 
other by purely electrostatic 
forces.
Atoms may gain or lose elec-
trons and form charged par-
ticles called ions.
• An ionic bond is an attrac-
tive force between opposite-
ly charged ions.
• Electronegativity is a mea-
sure of the ability of an atom 
to attract electrons.
• Electronegativity increases 
as we go across a horizon-
tal row of the periodic table 
from left to right and it in-
creases as we go up a vertical 
column.
Helpful Hint
terms and concepts that are 
funda- mentally important to 
your learning organic chem-
istry are set in bold blue 
type. you should learn them 
as they are introduced. these 
terms are also defined in the 
glossary.
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IZOMERIYA

Birgina Celementi asosida topilgan organik birikmalar 
soni ning 150 milliondan oshib ketishi izomeriya hodisasi bi-
lan tu shuntiriladi. Organik moddalarning anorganik modda-
lardan farqi, ular orasidagi izomeriya hodisasining juda keng 
uchrashidir. Izomeriya grekcha ikki so‘zdan tashkil topgan bo‘lib 
«izos» teng va «meros» - qism ma’nosini bildiradi. Bu atama fan-
ga XIX asrning 30-yillarida (1830) shved olimi Ya.Berselius to-
monidan kiritilgan. 

Kimyoviy tarkibi va molekulyar massasi bir xil, lekin moleku-
lalarining tuzilishi har xil, shu sababli fizik-kimyoviy xossala-
ri ham turlicha bo‘lgan moddalar - izomer moddalar, bu hodisa 
izomeriya deyiladi.

M-n: etil spirt (vino spirti) bilan dimetil efirning tarkibi bitta 
emperik formula C2H6O bilan ifodalaniladi, lekin ularning xos-
salari turlicha: etil spirtining qaynash harorati 78,3 °C bo‘lgan 
suyuqlik, dimetil efir esa -23,6 °C da suyuqlikka aylanadigan gaz. 

Izomeriya bir necha turlarga bo‘linadi:

Before we start our sys-
tematic study of the different 
kinds of organic compounds, 
let us look at one further 
concept which illustrates es-
pecially well the fundamen-
tal importance of molecular 
structure: the concept of 
isomerism.

The compound ethyl alco-
hol is a liquid boiling at 78o C. 
Analysis  shows that it copins 
carbon, hydrogen, and oxy-
gen in the  proportions 2C : 
6H : 1O. Measurement of its 
mass spectrum show that 
it has a molecular weight of 
46. The molecular formula of 
ethyl alcohol must therefore 
be C2H6O. Ethyl alcohol is a 
quite reactive compound.

For example, if a piece of 
sodium metal is dropped 
into a test tube containing 
ethyl alcohol, there is a vigor-
ous bubbling and the sodium 
metal is consumed; hydro-
gen gas is evolved and there 
is left behind a compound 
of formula C2H5ONa. Ethyl 
alcohol reacts with hydriod-
ic acid to form water and a 
compound of formula C2H5J.

Organik kimyoning rivojlanishi jarayonida izomeriya tushunchasi chuqurlashib, fazoviy kimyo 
tasavvurlari hisobiga yangi mazmun bilan boyidi. Hozirgi vaqtda izomerlar deb - tarkibi, molekul-

yar massasi bir xil, ammo ularning fazoda joylashishi bilan farqla-
nadigan birikmalarga aytiladi.

Izomerlar ikkita asosiy guruhga bo‘linadi: tuzilish izomerlar 
va fazoviy izomerlar.

Tuzilish izomerlari - kimyoviy tuzilishi bilan o‘zaro farqlana-
di, shuning uchun ular tuzilish izomerlari deb ataladi. Tuzilish 
izomerlari, o‘z navbatida, qator guruhlarga bo‘linadi: 

1. Zanjir izomerlar.  2. Holat izomerlari.

Zanjir izomerlar - to‘g‘ri zanjirli ko‘rinishdagi birikmalarga 
normal birikmalar deyiladi va n-harfi bilan belgilanadi. Izobu-
tan, izopentan va neopentandagi uglerod zanjiri esa tarmoqlan-
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gan. Bunday birikmalar izobirikmalar deyiladi. Bu izomeriya 
struktura izomeriya yoki uglerod skeletining izomeriyasi deyila-
di. Uglevodorod molekulasidagi uglerod atomlarining soni ortib 
borishi bilan izomerlarning soni ham tez ortib boradi. Metan, 
etan, propanning izomeri yo‘q. Butanning ikkita, pentanning 
uchta izomeri mavjud.

Catomlari o‘zaro birikib to‘g‘ri zanjir hosil qilsa normal (n), 
tarmoqlangan bo‘lsa izo- birikmalar deyiladi. Catomining soni 
oshgan sari izomerlar soni juda tez oshib boradi. 

Holat izomerlari - ular ham bir necha turlarga bo‘linadi: 
a) funksional guruhning joylashgan o‘rniga qarab hosil bo‘lgan 

izomeriya.

CH3–CH2–CH2–OH        CH3–CHOH–CH3
propanol-1                     propanol-2

b) qo‘shbog‘larning joylashgan o‘rniga qarab hosil bo‘lgan izomeriya. 

CH3–CH2–CH2–CH2–CH=CH2    geksen1
CH3–CH2–CH2–CH=CH–CH3     geksen-2

CH3–CH2–CH=CH–CH2–CH3       geksen3

c) radikallar (metameriya) izomeriyasi. Bunday izomeriya oddiy va murakkab efirlar, aminlar, 
ketonlarda uchraydi. 

d) dinamik izomeriya. Bu izomeriyaning boshqa izomeriyalardan farqi undagi izomerlarning 
bir-biri bilan ma’lum muvozanatda  bo‘lishidir. Bunday izomeriya uglevodlarda ko‘p uchraydi. 

e) optik izomeriya. 1874 yilda Vant-Goff va Lebel bir-biridan bexabar holda deyarli bir vaqtda 
to‘rtta har xil funksional guruh bilan bog‘langan tarkibida kamida bitta uglerod atomi bo‘lgan or-
ganik birikmalar yorug‘likning qutblanish tekisligini o‘ngga yoki chapga burish hodisasini kashf 
etdilar. To‘rtta har xil funksional guruh bilan bog‘langan uglerod atomini asimmetrik uglerod atomi 
deyiladi va C* bilan belgilanadi. Yorug‘likning qutblanishi tekisligini soat strelkasi bo‘yicha bu-
radigan izomerni d  yoki (+) ishorasi bilan, teskari buradigan izomerini esa l yoki (–)ishorasi bi-
lan belgilanadi. Asimmetrik uglerod atomi (n) bilan optik izomerlar soni (m) o‘rtasida quyidagi 
matematik bog‘liqlik mavjud.

СH3CH2CH2CH3
СH3CHCH3

СH3

normal-butan
n-butan

izobutan

СH3CH2CH2CH2CH3
СH3CHCH2CH3

СH3

normal-pentan
n-pentan

izopentan
СH3CCH3

СH3neopentan

СH3

The compound dimethyl 
ether is a gas with a boiling 
point of - 24o C. It is clearly a 
different substance from eth-
yl alcohol, differing not only 
in its physical properties but 
also in its chemical prop-
erties. It does not react at 
all with sodium metal. Like 
ethyl alcohol, it reacts with 
hydriodic acid, but it yields 
a compound of formula CHI. 
Analysis of dimethyl ether 
sho& that it contains carbon, 
hydrogen, and oxygen in the 
same proportion as ethyl al-
cohol, 2C:6H:1O. It has the 
same molecular weight as 
ethyl alcohol, 46. We con-
clude that it has,the same 
molecular formula C2H6O.
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m = 2n

M-n:  n = 2 bo‘lganda m = 22 = 4; 
n = 3 bo‘lganda m = 23 = 8; 
n = 4 bo‘lganda m = 24 = 16;
n = 5 bo‘lganda m = 25 = 32;  

Sut kislotasi misolida optik izomerlarning ifodalanishini 
ko‘rib chiqamiz.

HO – C – H
COOH

d(+)-sut kislota

CH3

H– C – OH
COOH

l(–)-sut kislota

CH3
K
O’
Z
G
U

HO – C – H
COOH

d(+)-sut kislota

CH3

H– C – OH
COOH

l(–)-sut kislota

CH3
K
O’
Z
G
U

This difference in molec-
ular structure gives rise to a 
difference in properties; it is 
the difference 41 propprties 
which tells us that we are 
dealing with different com-
pounds. In some case? the 
difference in structure-and 
hence the difference in prop-
erties-is so marked that the 
isomers are assigned to dif-
ferent chemical families, as, 
for example, ethyl alcohol 
and dimethyl ether. In other 
cases the difference in struc-
ture is so subtle that it can 
be described only in terms 
of threedimensional models. 
Other kinds of isomerism fall 
between these two extremes.

Dijkrmt compounds that 
have the same molecular 
formula are called isomers. 
They contain the same num-
bers of the same kinds of 
atoms, but the atoms are at-
tached to one another in dif-
ferent ways.

Isomers are different 
compounds because they 
have different moleculdr 
structures.

O’ngga buruvchi sut kislota chapga buruvchi sut kislotaning 
ko‘zgudagi tasvirini aks ettiradi. 

O’ngga va chapga buruvchi izomerlarni antipodlar deyiladi. 
1891 yilda Z.Fishsher, 1916 yilda Rozanov nisbiy standart 

sifatida o‘ngga buruvchi glitserin aldegididan foydalanishni tak-
lif qilib, uni D harfi bilan belgilagan edilar. Chapga buruvchi gli-
tserin aldegidi esa L harfi bilan ixtiyoriy ifodalangan edi. 

1951 yilda rentgenografik tadqiqotlar asosida nisbiy standart 
sifatida glitserin aldegidi to‘g‘ri tanlanganligi isbotlandi.

Optik aktiv moddalar konfiguratsiyasini D va L harflari bilan 
o‘ngga yoki chapga burishni esa d va l harflari yoki (+) va (–) 
ishoralari bilan ifodalash qabul qilingan.

HO – C – H
CH2OH

D-glitserin aldegid

C H
O

H – C – OH
CH2OH

L-glitserin aldegid

C H
O

i i

HO – C – H
CH2OH

D-glitserin aldegid

C H
O

H – C – OH
CH2OH

L-glitserin aldegid

C H
O

i i

Fazoviy izomeriya. Organik birikmalarning fazoviy tuzilishini fazoviy yoki stereo kimyo o‘rga-
nadi. Fazoviy kimyoni uch o‘lchovli fazodagi birikmalarning kimyosi deb atash mumkin. Birik-
malarning fazoviy tuzilishi faqatgina moddalarning fizik va kimyoviy xossalari bilan bog‘liq bo‘lmay, 
balki ularning biologik aktivligi bilan ham o‘zaro bog‘liqdir. Stereo kimyoda fazoviy tafovutlarni 
tasvirlash uchun ikkita eng muhim tushunchalar - konfiguratsiya va konformatsiyalardan foyda-
laniladi.

Konformatsiya deb - atomlarning molekula ichida fazoda bir yoki bir necha σ-bog‘lar atrofida 
aylanishidan hosil bo‘ladigan molekulalarning turli holatlariga aytiladi.

Binobarin, konformatsion izomerlar (konformerlar) - bu fazoviy izomerlar bo‘lib, ular orasida-
gi farq molekulaning ayrim qismlarini oddiy bog‘ atrofida aylanishi natijasida kelib chiqadi. Ular 
asosan sikloalkanlarda ko‘proq uchraydi.
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Konfiguratsiya - fazoda molekuladagi atomlarning qo‘shbog‘ 
atrofida ma’lum bir tartibda joylashishidir. Bir xil tarkibga va bir 
xil kimyoviy tuzilishga ega bo‘lgan organik birikmalar konfigu-
ratsiya bilan farqlanishi mumkin. Bunday birikmalar konfigu-
ratsion izomerlar deyiladi. Bunday birikmalarga to‘yinmagan 
organik birikmalar kiradi. M-n:

C
CC

H H
HH

CH3H3C

C
CC

H HCH3H

H
H3C

C = C 
H

CH3

H3C
H

C = C 
H

H3C CH3

H

C = C 
H

Cl

Cl
H

C = C 
H

Cl Cl

H

C = C 
H

NO2

Cl
H

C = C 
H

NO2 Cl

H

sis-1-xlor-2-nitroeten                trans-1-xlor-2-nitroeten

sisizomer                                     transizomer

The regibn in space where 
an electon is likely to be 
found is called an orbital.

The most fundamental of 
these rules is the Pauli exclusion 
principle: only two electrons 
can occupy any atomic orbital, 
and to do so these two must 
haue opposite sprns. These 
electrons of opposites pins are 
said to be paired. Electrons 
of like spin tend to get as far 
from each other as possible.
This tendency is the most 
important of all the factors 
that determine the shapes and 
properties of molecules.

       trans-2-buten                                         sis-2-buten
     ts= 105.5 °C, tqay= +0.9 °C                    ts= -138.9 °C, tqay= +3.72 °C

Demak olefinlar tuzilish va holat (qo‘shbog‘ holatiga qarab) izomeriga ega.

                               ClHC=CHCl                                     1,2- dixloreten

                           sis-1,2- dixloreten  trans-1,2- dixloreten
 
                                 ClHC=CHNO2                               1-xlor-2-nitroeten
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ORGANIK BIRIKMALAR ORASIDA BORUVCHI
JARAYONLARNING SINFLANISHI

Agar noorganik birikmalar orasida boruvchi jarayonlarning 
to‘rt turi ma’lum bo‘lsa, organik birikmalar orasida boradigan 
jarayonlarning turlari ko‘p ekanligini kuzatish mumkin. Organik 
birikmalarning reaksiyalarida uglerod atomlarining soni o‘zgar-
masligi yoki o‘zgarishi mumkin. Shunga ko‘ra, bu jarayonlarni 
asosan ikki katta guruhga bo‘linadi: 

Uglerod atomining soni o‘zgarmaydigan jarayonlar. Bu turga 
quyidagi jarayonlar kiradi:

a) almashinish:   CH3Cl  +  NaOH → CH3OH  +  NaCl

b) birikish:          CH2=CH2  +  HCl → CH3CH2Cl

c) tortib olish (eleminirlanish):

d) izomerlanish: 

CH2 = CH – CH2 – CH3 → CH3 – CH = CH – CH3

Uglerod atomining skeleti o‘zgarishi bilan boruvchi jarayonlarga quyidagilar kiradi:

a) zanjirning uzayishi:

b) zanjirning qisqarishi:

c) zanjirning izomerlanishi:

d) yopiq zanjir hosil bo‘lishi:

e) halqaning ochilishi:

f) Halqaning torayishi va kengayishi:

Helpful Hint
Check your progress by 

doing each Practice Problem 
as you come to it in the text.

Helpful Hint
It is important that you be 

able to recognize when a set 
of structural formulas has 
the same connectivity versus 
when they are constitutional 
isomers.

CH3 – CH2 – CH2OH
H2SO4 CH3 – CH = CH2 +  H2O

CH3CH2J  +  NaCN CH3CH2CN  +  NaJ

CH3CH2COONa  +  NaOH CH3CH3 +  Na2CO3

CH2 = CHCH2CH3 CH3 – C = CH2

CH3

3 HC ≡ CH kat.

SS
+  H2 CH3CH2CH2CH2SH 

CH3
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ORGANIK BIRIKMALAR ORASIDA BORUVCHI 
REAKSIYALARNING MEXANIZMI

Kimyoviy jarayonlar vaqtida turli oraliq moddalarni hosil 
bo‘lish yo‘li kimyoviy jarayon mexanizmi deyiladi. Ko‘p organik 
reaksiyalar molekulalar, molekulalar bilan ionlar, molekulalar 
bilan erkin radikallar orasida sodir bo‘ladi.

Reaksiyaga kiruvchi molekulalar reaksiya vaqtida quyidagi-
cha parchalanishi mumkin:

Gomolitik parchalanish. Bunda molekulani tashkil etuv-
chilarni A va B deb faraz qilsak, ular orasida bog‘ hosil qilishda 
ishtirok etadigan elektron jufti ikki tashkil etuvchi (molekula) 
o‘rtasida bo‘linadi, ya’ni:

A : B → A. + B. 

Buning natijasida A va B erkin radikallar hosil bo‘ladi. Agar A. 
va B. reaksiyaga kirishayotgan CD molekula bilan quyidagi sxe-
ma bo‘yicha ta’sir etsa 

CD + A. → CA  + D.

bunday reaksiyani radikal almashinish mexanizmi bilan boruv-
chi reaksiya deyiladi va R. bilan belgilanadi. 

Erkin radikalli reaksiyalar yorug‘lik, yuqori harorat, turli 
birikmalarning parchalanishi natijasida hosil bo‘ladigan radi-
kallar ta’sirida tezlashadi.

Erkin radikallarni oson biriktirib oladigan birikmalar gidro-
xinon (difenilamin) ta’sirida sekinlashadi, qutblanmagan erituv-
chilar yoki bug‘ fazada boradiganlari ko‘pchiligi o‘z-o‘zidan tez-
lashadigan va zanjirli xususiyatga ega.

Geterolitik parchalanish. Bunda A va B tashkil etuvchilar 
orasidagi umumiy elektron juftini shu tashkil etuvchilardan biri 
tortib oladi. Natijada, elektron juftini tortib olgan tashkil etuvchi 
manfiy, o‘z elektronini bergan tashkil etuvchi esa musbat zar-
yadga ega bo‘ladi:

A : B → A+ + :B–

Musbat zaryadli ion (A+) ni elektrofil (elektronni yoqtiraman) 
reagent deyiladi. Quyidagi sxema bilan boruvchi reaksiyani elek-
trofil almashinish reaksiyasi deyiladi va SE belgisi bilan belgila-
nadi.

CD + A+ → CA  + D+

These words are taken 
from the Greek: homo, the 
same, and hetero, differ-
ent; and lysis, a loosing. To a 
chemist lysis means “cleav-
age” as in, for example, hy-
drolysis, “cleavage by water”.

Helpful Hint
As you become more fa-

miliar with organic mole-
cules, you will find bond-line 
formulas to be very useful 
tools for representing struc-
tures.

ln 1926 there emergent he 
theory known as quoil nrmm 
ethanics, eveloped, in tho 
form most useful to chem-
ists, by Erwin Schrdinger (of 
the ‘University of Zurich). He 
worked out mathematical 
expressions to described he 
motion of antron in terms of 
its energy. These mathemat-
ical expressions are called 
waoerforirns, since they are 
based upon the concept thal 
electrons show properties 
not dt of particles but also of 
waves.

A wave equation has a se-
ries of solutions, called waue 
functions, each correffiol to a 
different energy level-for the 
electron

For all but the simplest 
of lF doing the mathematics 
is so time-consuming that at 
present-and spgf - and cm-
puters will some day change 
this-only approximate solu-
tions can ffievenso
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Manfiy zaryadli ion (:B–) nukleofil reagent va u almashinadigan reaksiyani nukleofil almashinish 
reaksiyasi deyiladi, hamda SN belgisi bilan ifodalanadi.

CD + :B– → CB  + :D–

Ion almashinish yoki birikish reaksiyalari quyidagi xususiyatlarga ega: 
kislota va asoslar ishtirokida reaksiya tezligi ortadi, ya’ni ular katalizator vazifasini o‘taydilar. 

Yorug‘lik yoki erkin radikallar ularga ta’sir etmaydi;
erkin radikallarni biriktirib oluvchilar ham ta’sir etmaydi;
reaksiyaning tezligi erituvchining tabiatiga bog‘liq bo‘ladi;
asosan reaksiya erituvchi ishtirokida suyuq fazada boradi, kamdan-kam hollarda esa bug‘ fazada 

ham borishi mumkin.
Bunday reaksiyalar asosan birinchi yoki ikkinchi tartibli bo‘ladi.

ORGANIK BIRIKMALARNING SINFLANISHI

Organik birikmalar 2 ta katta guruhga bo‘linadilar. Uglerod 
zanjiri tuzilishiga qarab ochiq zanjirli (alifatik yoki yog‘ qato-
ri) birikmalar va yopiq zanjirli birikmalarga bo‘linadilar. Yopiq 

zanjirli birikmalar o‘z navbatida karbosiklik (yopiq zanjir faqat uglerod atomlaridan hosil bo‘lgan) 
va geterosiklik (yopiq zanjir hosil bo‘lishida boshqa elementlarning atomlari ham ishtirok etadi) 
birikmalarga bo‘linadi.

Karbosiklik birikmalar o‘z navbatida alitsiklik va aromatik birikmalarga bo‘linadilar.

CH3 – CH3 CH2 = CH – CH3 CH ≡ CH

Electronegativity 
F > O > Cl, N > Br > C,H

Quyida birikmalarning sinflariga misollar keltiramiz:
Ochiq zanjirli birikmalar:

              

                                 etan                              propilen                        atsetilen
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                                etil spirt                      vinil xlorid                              sirka aldegid

Karbosiklik birikmalar:
a) alisiklik birikmalar:

     

     tsiklopropan  tsiklopenten  tsiklobutadien  tsiklogeksin

b) aromatik birikmalar: 

 

                                    toluol                                fenol                                 naftalin

Geterotsiklik birikmalar:

   

                     etilen oksid                        tiofen                              piridin                     pirazin

Har qaysi qator organik birikmalari o‘z tuzilishi va tarkibiga qarab sinflarga bo‘linadilar. Alifatik 
va aromatik qator birikmalarining eng oddiy vakillari uglevodorodlar hisoblanadi. Uglevodorod-
lardagi vodorodlarni atomlar va atomlar guruhi (funksional guruhlar)ga almashinishi natijasida 
shu qator birikmalarining ma’lum sinflari hosil bo‘ladi.

Ma’lum bir o‘rinbosarli yoki funksional guruh uglevodorodlar 
va ularning hosilalari gomologik qator hosil qiladi.

Gomologik qator deb tuzilishi va xossalari o‘xshash, keyingi 
hadi oldingi hadidan –CH2 guruhga farq qiladigan birikmalar qa-
toriga aytiladi.

Organik birikmalarning muhim sinflariga quyidagilar kiradi:
1. Uglevodorodlar. 
2. Uglevodorodlarning galogenli hosilalari.
3. Uglevodorodlarning kislorodli hosilalari.
4. Azotli organik birikmalar.
5. Oltingugurtli organik birikmalar. 
6. Aralash funksiyali organik birikmalar. 
Quyida biz organik birikmalarning yuqorida keltirilgan 

muhim sinflari bilan batafsil tanishib chiqamiz.        

CH3CH2OH CH2 = CH – Cl CH3 – C 
H
O

CH2
CH2H2C

CH

CH2H2C

HC

CH2

CH

CH

HC

HC CH2

CH2C

C

CH2

CH2

CH3 OH

O
CH2H2C

CH

CHHC

HC

S N N

N

Certain organic com-
pounds contain only two ele-
ments, hydrogen and carbon, 
and hence are known as hy-
drocarbons. On the basis of 
structure, hydrocarbons are 
divided into two main class-
es, aliphatic and aromatic. 
Aliphatic hydrocarbons are 
further divided into families: 
alkanes, alkenes, alkynes, 
and their cyclic analogs (cy-
cloalkanes, etc.). We shall 
take up these families in the 
order given.
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UGLEVODORODLAR

Uglevodorodlar deb − uglerod va vodorod atomlaridan tashkil topgan organik birikmalarga 
aytiladi. Uglevodorodlar molekulasidagi Catomlarining o‘zaro bog‘lanishiga va ulardagi Hatomi-
ning nisbatiga qarab quyidagi sinflarga bo‘linadi:

1. Alkanlar - to‘yingan uglevodorodlar;
2. Sikloalkanlar;  
3. Alkenlar - etilen qatori uglevodorodlar;
4. Diyen uglevodorodlar;
5. Alkinlar - atsetilen qatori uglevodorodlar;
6. Arenlar - aromatik uglevodorodlar.
Uglevodorodlar to‘yingan va to‘yinmaganlarga bo‘linadi.

TO’YINGАN UGLЕVОDОRОDLАR (АLKАNLАR)

Аlkаnlаr qаtоri uglеvоdоrоdlаrining, shu bilаn birgа оrgаnik 
birikmаlаrning dаstlаbki vа eng оddiy vаkili mеtаn CH4 hisоblаnаdi. Bu birikmаni bаtаfsil o‘rgаnish 
tаvsiya etilаdi, chunki u hаqidаgi o‘rgаnilgаn bаrchа mа’lumоtlаrni аlkаnlаr qаtоrining bоshqа 
vаkillаri uchun to‘lа tаdbiq etish mumkin.

Mеtаnning tuzilishi. Mа’lumki, mеtаn mоlеkulаsidаgi to‘rttа vоdоrоd аtоmi uglеrоd bilаn 
umumiy elеktrоn juftlаri оrqаli kоvаlеnt bоg‘lаnish hоsil qilib tuzilgаn. Uglеrоd to‘rttа bоshqа аtоm 
bilаn bоg‘lаnib, uning bоg‘lоvchi оrbitаllаri (bittа s- vа uchtа pоrbitаllаrni gibridlаnishi nаtijаsidа 
vujudgа kеluvchi sp3-оrbitаli) tеtrаedrning burchаklаrigа yo‘nаlgаn (1-rаsm, а). Bundаy tеtrаedrik 
jоylаshuv nаtijаsidа оrbitаllаr bir-biridаn mаksimаl uzоqlаshаdi. Bu оrbitаllаrni vоdоrоd аtоmin-
ing sfеrik оrbitаllаri bilаn qоplаnishi sаmаrаli bo‘lishi vа nisbаtаn mustаhkаm bоg‘ hоsil bo‘lishi 
uchun, hаr bir vоdоrоd аtоmining yadrоsi ushbu tеtrаedrning burchаklаridа jоylаshgаn bo‘lishi 
kеrаk (1-rаsm, b).

Mеtаnning tеtrаedrik tuzilishi elеktrоnlаr difrаksiyasi usulidа isbоtlаngаn (1-rаsm, v) - bu usul 
оddiy mоlеkulаlаrdаgi аtоmlаrning jоylаshuvini аniqlаsh imkоnini bеrаdi. Quyidа kimyogаrlаr ning 
kvаnt mеxаnik vа elеktrоn difrаksiyasi usullаri mа’lum bo‘lishidаn оldingi uglеrоdni tеtrаedrik tu-
zilishgа egа ekаnligini isbоtlоvchi оmillаr bilаn tаnishib chiqаmiz.

 

BOB 

2 

ALKANES 

UGLEVODORODLAR  

ALKANES

2
C H A P T E R

The simplest member of 
the alkane family and, in-
deed, one of the simplest 
of all organic compounds 
is methane, CH4. We shall 
suidy this single compound 
at some length, since most 
of what we learn about it can 
be carried over with minor 
modifications to any alkane.

2-BOB. 
UGLEVODORODLAR
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Mеtаn mоlеkulаsidа chiziqchаlаr bilаn оdаtdа uglеrоd vа vоdоrоd uchun umumiy bo‘lgаn elеk-
trоn juftlаri tаsvirlаnаdi (I). Bа’zi hоllаrdа, m-n: individuаl elеktrоn juftini аniq ko‘rsаtish zаrur 
bo‘lgаn hоlаtlаrdа ulаrni ikki nuqtа оrqаli bеlgilаnаdi (II), xuddi shuningdеk mоlеkulаning аniq 
shаklini ko‘rsаtish tаlаb etilgаndа, uch o‘lchаmli оddiy tаsvirlаrdаn fоydаlаnilаdi (III).

UGLEVODORODLAR

ALKANLAR

ALKENLAR

ALKINLAR

ALKADIENLAR

SIKLOALKANLAR

SIKLOALKADIENLAR

SIKLOALKENLAR

SIKLOALKINLAR

АROMATIКALIFATIK
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H
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As we discussed in the 
previous chapter, each of 
the four hydrogen atoms is 
bonded to the carbon atom 
by a covalent bond, that is, 
by the sharing of a pair of 
electrons. When carbon is 
bonded to four other atoms, 
its bonding orbitals (sp3 or-
bitals, formed by the mixing 
of ones and threep orbitals) 
are directed to the comers of 
a tetrahedron. This tetrahe-
dral arrangement is the one 
that permits the orbitals to 
be as far apart as possible. 
For each of these orbitals 
to overlap most effective-
ly the spherical s orbital of 
a hydrogen atom, and thus 
to form the strongest bond, 
each hydrogen nucleus must 
be located at a comer of this 
tetrahedron.

1-rаsm. Mеtаn mоlеkulаsining 
tеtrаedrik tuzilishi

Fizik xоssаlаri. Mа’lumki qаttiq, suyuq yoki gаzsimоn 
mоddаning strukturа birligi - mоlеkulа hisоblаnаdi. Mеtаn 
mоlеkulаsi yuqоri simmеtriyagа egа bo‘lgаni uchun, аlоhidа     
C – H  bоg‘lаrning qutblаngаnligi bir-birini muvоzаnаtlаydi, bu-
ning nаtijаsidа mоlеkulа qutbsiz bo‘lib qоlаdi. 

Bundаy qutbsiz mоlеkulаlаr оrаsidаgi tа’sirlаshuv  
Vаndеrvаls kuchlаri bilаn chеgаrаlаnаdi; kichik mоlеkulаlаr 
uchun bundаy tа’sir kuchlаrini kаttа kuchlаr, m-n: nаtriy vа xlоr 
iоnlаri оrаsidаgi kuchlаr bilаn tаqqоslаb bo‘lmаydi. Bu tоrti-
shish kuchlаrini issiqlik enеrgiyasi hisоbigа оsоn yеngish mum-
kin, shuning uchun mеtаn judа pаst hаrоrаtlаrdа qаynаydi vа 
eriydi: tsuyuq=–183°C, tqаy=–161,5°C (nаtriy xlоrid uchun mоs kоn-
stаntаlаr: tsuyuq=801°C, tqаy = 1431°C). Buning nаtijаsidа mеtаn оd-
diy shаrоitdа gаz hisоblаnаdi. 

 Mеtаn - rаngsiz gаz, suyuq hоlаtdа uning zichligi suv zich-
ligidаn kichik (sоlishtirmа massasi оg‘irligi 0,4 g/sm3). Suvdа 
yomоn eriydi, lеkin оrgаnik erituvchilаrdа – bеnzin, efir vа 
spirtlаrdа yaxshi eriydi. Mеtаnning fizik xususiyatlаri аlkаnlаr 
qаtоrining bоshqа vаkillаrigа hаm mоs kеlаdi.
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Mаnbаlаri. Mеtаn murаkkаb mоlеkulаlаr vа o‘simliklаrni 
аnаerоb (“kislоrоdsiz”) pаrchаlаnish mаhsulоti hisоblаnаdi. Tа-
biiy gаzning 90 % dan ortig‘ini mеtаn tаshkil etаdi. Ko‘mir kоn-
lаridаgi xаvfli kоn gаzi vа bоtqоq gаzi (bоtqоq yuzаsidа ko‘piruv-
chi) hаm mеtаndаn ibоrаt.

Tаbiiy gаz tаrkibidаgi bоshqа kоmpоnеntlаrdаn (аsоsаn 
bоshqа аlkаnlаrdаn) sоf mеtаnni frаksiоn hаydаsh оrqаli 
аjrаtish mumkin. Lеkin uning kаttа qismi аjrаtilmаsdаn yoqilg‘i 
sifаtidа ishlаtilаdi. 

1953 yildа Chikаgо univеrsitеti prоfеssоri, Nоbеl mukоfоti 
sоvrindоri Gаrоl`d Uri vа uning shоgirdi - tаlаbа Stenli Millеr, 
elеktr tоki tа’siridа mеtаn, suv, аmmiаk vа vоdоrоd аrаlаshmа-
si turli-tumаn оrgаnik birikmаlаr hоsil qilib o‘zgаrishi mum-
kinligini isbоtlаdilаr. Bu birikmаlаr qаtоridа оqsillаr tаrkibigа 
kiruvchi - “hаyot mаtеriyаsi”ning pоydеvоri hisоblаnuvchi 
аminоkislоtаlаr hаm hоsil bo‘lаdi. Shu tаriqа yеrdа hаyot pаydо 
bo‘lishini аsоslоvchi yanа bir nаzаriya vujudgа kеldi. Qаchоn-
lаrdir yеr аtmоsfеrаsi mеtаn, suv, аmmiаk vа vоdоrоd bilаn o‘rаl-
gаn bo‘lib, quyosh nuri - enеrgiyasi, elеktr zаryadi tа’siridа bu 
оddiy mоlеkulаlаr - rеаksiоn qоbiliyati yuqоri bo‘lgаn erkin rа-
dikаllаrgа pаrchаlаnishi, nаtijаdа ulаr o‘zаrо tа’sirlаshib, kаttа 
mоlеkulаlаr, so‘ngrа bаrchа tirik оrgаnizmlаr qurilgаn murаkkаb 
оrgаnik birikmаlаr hоsil bo‘lishi tаxmin qilinаdi. Tirik оrgаnizm-
lаrni pаrchаlаnishi nаtijаsidа hоsil bo‘luvchi mеtаn, оrgаnizm 
qurilishidа ishtirоk etuvchi muhim qurilish mаtеriаli bo‘lishi 
mumkin. Bаlki, shuning uchun hаm, оrgаnik kimyoni o‘rgаnish-
ni аynаn mеtаnni o‘rgаnishdаn, erkin rаdikаllаrni o‘rgаnishdаn 
bоshlаsh kеrаk. 

Rеаksiyalаri. Аlkаnlаr bа’zаn pаrаfinlаr dеb hаm аtаlаdi. 
Bu nоm (lоtinchаdаn parumaffinis - kаm mоyil) аlkаnlаrning 
rеаksiоn qоbiliyati sust ekаnligini аnglаtаdi, оddiy shаrоitlаrdа 
mеtаn uchun bu tа’rif judа mоs kеlаdi: mеtаn kislоtаlаr (xlоrid 
yoki sulfаt), аsоslаr (nаtriy yoki kаliy gidrоksidi), оksidlоvchilаr 
(kаliy pеrmаngаnаt yoki nаtriy bixrоmаt), qаytаruvchilаr 
(qo‘rg‘оshin-(II)-xlоrid yoki nаtriy mеtаlli) tа’sirigа chidаmli  
(inеrt). Lеkin judа murаkkаb shаrоitlаrdа mеtаn kislоrоd, 
gаlоgеnlаr, hаttоki suv tа’siridа оksidlаnishi mumkin.

Оksidlаnishi

We shall ordinarily write 
methane with a dash to rep-
resent each pair of electrons 
shared by carbon and hydro-
gen (I). To focus our  atten-
tion on individual electrons, 
we may sometimes indicate 
a pair of electrons by a pair 
of dots (II). Finally, when we 
wish to represent the actual 
shape of the molecule, we 
shall use a simple three-di-
mensional formula like (III)

Methane is colorless and, 
when liquefied, is less dense 
than water.

In agreement with the 
rule of thumb that “litfe dis-
solves like,” it is only slightly 
soluble in water, but very sol-
uble in organic liquids such 
as gasoline, ether, and alco-
hol. In its physical properties 
methane sets the pattern for 
the other members of the al-
kane family.

Evidence that this could 
have happened was found in 
1953 by the Nobel Prize win-
ner Harold C. Urey and his 
student Stanley Miller at the 
University of Chicago.

They showed that an elec-
tric discharge converts a 
mixture of methane, water, 
animonia, and hydrogen into 
a large number of organic 
compounds, including ami-
no acids, the building blocks 
from which proteins, the 
“stuff of life’, are made. (It is 
perhaps appropriate that we 
begin this study of organic 
chemistry with methane and 
its conversion .into free rad-
icals.)

CH4 +  2O2
alanga CO2 + 2H2O + issiqlik

213 kkal/mol

6CH4 O2+ 1500 ºC 2HC ≡ CH + 2CO + 10H2asetilen

CH4 + H2O
850 ºC

Ni
CO + 3H2

(890 kDj/mol)
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Gаlоgеnlаsh

Gаlоgеnlаrni аyni o‘zgаrishdаgi rеаksiоn qоbiliyati: 

F2 > Cl2 > Br2 >J2 (tа’sirlаshmаydi)

Оksidlаsh. Yonish issiqligi. Оrgаnik birikmаlаrning yonishi 
nаtijаsidа uglеrоd-(IV)-оksid hоsil bo‘lаdi; mаxsus shаrоitlаrdа 
bu rеаksiya оrgаnik birikmаlаrdаgi uglеrоd vа vоdоrоdni 
аniqlаsh uchun qo‘llаnilаdi.

Mеtаnning yonishi - tаbiiy gаzning yonishidаgi аsоsiy rеаksi-
ya hisоblаnаdi. Bu rеаksiyaning muhim nаtijаsi uglеrоd diоksid 
vа suvning hоsil bo‘lishi dеb qаrаlmаy, bаlki issiqlikning аjrаlishi 
hisоblаnаdi. 

Uglеvоdоrоdlаrning yonishi fаqаtginа yuqоri hаrоrаtlаrdа 
аmаlgа оshаdi. Аgаr rеаksiya bоshlаnsа, аjrаlаyotgаn issiq-
lik yonish dаvоm etishi uchun yеtаrli hаrоrаt bеrаdi. 1 mоl 
uglеvоdоrоdning uglеrоd diоksid vа suvgаchа yonishidаn аjrаluv-
chi issiqlik miqdоri yonish issiqligi dеyilаdi; mеtаn uchun bu 
kаttаlik 213 kkаl (891,79.103 Dj) gа tеng. 

Mеtаnni chаlа оksidlаsh yoki suv bilаn kаtаlitik rеаksiyasi 
issiqlikdаn tаshqаri, qаtоr muhim mаhsulоtlаr (аmmiаk ishlаb 
chiqаrishdа fоydаlаniluvchi vоdоrоd; mеtil spirti vа оksоspirtlаr 
sаnоаtidа qo‘llаniluvchi uglеrоd оksid vа vоdоrоd; ko‘plаb 
оrgаnik birikmаlаr sintеzidа ishlаtiluvchi аsеtilеn) оlish uchun 
xizmаt qilаdi. 

Gаlоgеnlаr tа’siridа оksidlаsh kеng vа hаr tоmоnlаmа o‘rgаnil-
gаn bo‘lib аlоhidа qiziqish uyg‘оtаdi.

Xlоrlаsh: o‘rin оlish rеаksiyasi. Ultrаbinаfshа nur tа’siridа 
yoki 250 - 400 °C dа qizdirilishidаn mеtаn vа xlоr аrаlаshmа-
si vоdоrоd xlоrid vа CH3Cl fоrmulаgа egа bo‘lgаn birikmа hоsil 
qilib, shiddаtli rеаksiyagа kirishаdi. Mеtаnni xlоrlаsh аmаlgа 
оshаdi, rеаksiya mаhsulоti esа CH3Cl xlоrmеtаn yoki mеtilxlоrid 
(CH3 - mеtil) dеb аtаlаdi. 

Xlоrlаsh o‘rin оlish rеаksiyalаri dеb аtаluvchi оrgаnik rеаk-
siyalаrning оddiy misоli hisоblаnаdi. Xlоr аtоmi mеtаndаgi vоdоrоd аtоmlаri o‘rnini egаllаydi, 
vоdоrоd аtоmi esа ikkinchi xlоr аtоmi bilаn bоg‘lаnаdi.

CH4
X2 CH3X

X2 CH2X2

X2 CHX3
X2 CX4

+
HX

+
HX

+
HX

+
HX

(qizdirish yoki yorug'lik) 

Petroleum is a finite re-
source that likely originat-
ed with decay of primordial 
microbes. At the La Brea Tar 
Pits in Los Angeles, many 
prehistoric animals perished 
in a natural vat containing 
hydrocarbons.

Combustion to carbon di-
oxide and water is character-
istic of organic compounds;

under special conditions 
it is used to determine their 
content of carbon and hydro-
gen

The quantity of heal 
evolved when one mole of 
a hydrocarbon is burned to 
carbon dioxide and water is 
called (he heat of combus-
tion; for methane its value is 
213

С
H

H
H H + Cl – Cl

qizdirish yoki yorug'lik
С
H

H
H Сl + HCl

metan
xlor

metilxlorid

vodorod
xlorid

(xlormetan)
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Mеtilxlоrid vа xlоr yanа bir vоdоrоd xlоrid vа CH2Cl2 dix-
lоrmеtаn (mеtilеnxlоrid, CH2=mеtilеn) hоsil qilib o‘rin оlish 
rеаksiyasigа kirishishi mumkin. 

Аyni shu yo‘l bilаn CHCl3 (trixlоrmеtаn yoki xlоrоfоrm) vа 
CCl4 (tеtrаxlоrmеtаn yoki to‘rtxlоrli uglеrоd) hоsil bo‘lishi bilаn 
xlоrlаsh dаvоm ettirilishi mumkin. Bu ikki mоddаlаr mа’lum 
bo‘lib: xlоrоfоrm hushni yo‘qоtuvchi mоddа, to‘rtxlоrli uglеrоd 
esа o‘t o‘chirishdа аlаngаlаnmаydigаn erituvchi sifаtidа ish-
lаtilаdi. 

Under the influence of ul-
traviolet light or at a tempera-
ture of 250-400 a mixture of 
the two gases, methane and 
chlorine, reacts vigorously to 
yield hydrogen chloride and 
a compound of formula CH-
3Cl. We say that methane has 
undergone chlorination, and 
we call the product, CH3C1, 
chloromethane or methyl 
chloride (CH3 = methyl).

In a similar way, chlori-
nation may continue to yield 
CHCl3, trichloromethane or 
chloroform, and CC14, tet-
rachloromethane or carbon 
tetrachloride. These last two 
compounds are already fa-
miliar to us, chloroform as an 
anesthetic, and carbon tetra-
chloride as a non-flammable 
cleaning agent and the fluid 
in certain fire extinguishers.

As the proportion of 
methyl chloride grows, it 
competes with the methane 
for the available chlorine. By 
the time the concentration of 
methyl chloride exceeds that 
of methane, chlorine is more 
likely to attack methyl chlo-
ride than methane, and the 
second stage of chlorination 
becomes more important 
than the first. A large amount 
of methylene chloride is 
formed, which in a similar 
way is chlorinated to chloro-
form and this, in turn, is chlo-
rinated to carbon tetrachlo-
ride. When we finally work 
up the reaction product, we 
find that it is a mixture of all 
four chlorinated methanes 
together with some unreact-
ed methane.

С
H

H
H Сl + Cl – Cl С

Cl

H
H Сl + HCl

водород
хлорид

xlor

metilxlorid
(xlormetan)

metilenxlorid
(dixlormetan)

qizdirish yoki yorug'lik

CH4
+ Сl2 CH3Cl CH2Cl2 CHCl3 CCl4– HCl

metan metilхlorid xloroform to'rt xlorli uglerodmetilenхlorid

qizdirish yoki yorug'lik

+ Сl2

– HCl
+ Сl2

– HCl
+ Сl2

– HCl

Xlоrlаsh rеаksiyasini nаzоrаt qilish. Mеtаnni xlоrlаsh 
bоsqichli jаrаyon bo‘lib, rеаksiya so‘ngidа to‘rt xil mаhsulоt 
аrаlаshmаsi hоsil bo‘lаdi. Rеаksiyani birinchi - mоnоxlоrlаsh 
bоsqichidа to‘xtаtib qоlish, bоshqаchа аytgаndа uni nаzоrаt 
qilish mumkinmi dеgаn sаvоl tug‘ilishi tаbiiy. 1 mоl xlоr vа 1 
mоl mеtаndаn fоydаlаnib, rеаksiyani mоnоxlоrlаsh bоsqichidа 
to‘xtаtib qоlish mumkindеk tuyulаdi: dаstlаb rеаksiyadа fаqаt-
ginа mеtаn xlоr bilаn tа’sirlаshаdi vа xlоrlаshning birinchi bоsqi-
chi аmаlgа оshаdi. Rеаksiya nаtijаsidа mеtаn yo‘qоlib bоrib, 
uning o‘rnigа mеtilxlоrid pаydо bo‘lаdi. Mеtilxlоrid miqdоrin-
ing оrtib bоrishi bilаn xlоrlаsh rеаksiyasidа mеtаngа rаqоbаt 
rеаgеnt pаydо bo‘lа bоshlаydi. 

Rеаksiya muhitidа mеtilxlоridning kоnsеntrаsiyasi mеtаn 
kоnsеntrаsiyasidаn оrtishi bilаn xlоr mеtаn emаs, mеtilxlоrid 
bilаn tа’sirlаshа bоshlаydi vа rеаksiyaning ikkinchi bоsqichi 
аsоsiy jаrаyongа аylаnаdi. Ko‘p miqdоrdа mеtilеnxlоrid hоsil 
bo‘lib, u o‘z nаvbаtidа xlоrоfоrmgаchа, xlоrоfоrm esа to‘rtxlоrli 
uglеrоdgаchа xlоrlаnаdi. Rеаksiya mаhsulоti mеtаnni xlоrlаsh-
dаgi to‘rttаlа birikmаning аrаlаshmаsi bo‘lib, ulаr qаtоridаn 
tа’sirlаshmаy qоlgаn mеtаn hаm o‘rin egаllаydi. Lеkin оrtiqchа 
miqdоr mеtаndаn fоydаlаnib, rеаksiyani to‘lig‘ichа mоnоx-
lоrlаsh tоmоngа yo‘nаltirish mumkin. Bu hоldа rеаksiya so‘ngidа 
tа’sirlаshmаy qоlgаn mеtаnning miqdоri hоsil bo‘luvchi mеtil-
xlоrid miqdоridаn аnchа ko‘p bo‘lishi tаlаb etilаdi. Xlоr mеtil-
xlоridgа nisbаtаn mеtаngа оsоn hujum qilаdi vа shundаy qilib 
mоnоxlоrlаsh ustun rеаksiya hisоblаnаdi.

Qаynаsh hаrоrаtidаgi kаttа fаrqni e’tibоrgа оlib оrtiqchа 
miqdоr mеtаnni (tqаy= –161,5°C) mеtilxlоriddаn (tqаy= –24°C) 
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оsоn аjrаtish vа yanа qаytа xlоrlаshdа ishlаtish  mumkin. Hаr bir sikldа mеtаnni mеtilxlоridgа 
o‘tish unumi kichik bo‘lsаdа, fоydаlаnilgаn xlоrgа nisbаtаn yuqоri sаmаrаli bo‘lаdi.

Birоn-bir rеаgеntdаn оrtiqchа miqdоrdа fоydаlаnish - оrgаnik kimyodа qo‘llаnilаdigаn umumiy 
usullаrdаn biri hisоblаnаdi. 

Bоshqа gаlоgеnlаr bilаn rеаksiyalаri. Mеtаn brоm bilаn hаm yuqоri hаrоrаtlаrdа yoki ul-
trаbinаfshа nur tа’siridа rеаksiyagа kirishаdi vа brоmmеtаnlаr - mеtilbrоmid, mеtilеn brоmid, 
brоmоfоrm vа to‘rt brоmli uglеrоdni hоsil qilаdi:

Brоmlаsh rеаksiyasi xlоrlаshgа nisbаtаn birоz sеkin bоrаdi.
Yоd bilаn mеtаn umumаn tа’sirlаshmаydi, ftоr bilаn rеаksiya judа tеz, shiddаtli (hаttоki 

qоrоng‘ulik vа xоnа hаrоrаtidа) аmаlgа оshаdi. Ftоrlаsh rеаksiyasini inеrt gаzlаr bilаn аrаlаshtirib, 
pаst  bоsimdа оlib bоrish tаlаb etilаdi.

Gаlоgеnlаrni rеаksiоn qоbiliyati quyidаgi qаtоrdа kаmаyib bоrаdi:

F2 > Cl2 > Br2 > J2 (tа’sirlаshmаydi)

Bоshqа аlkаnlаr vа ko‘pchilik оrgаnik birikmаlаr bilаn 
gаlоgеnlаrning rеаksiоn qоbiliyati аyni qаtоrdаgidеk sаqlаnib qоlаdi; gаlоgеnlаrning rеаksiоn 
qоbiliyati оrаsidаgi fаrqlаr judа kаttа bo‘lgаni uchun оdаtdа fаqаtginа xlоrlаsh vа brоmlаsh rеаk-
siyalаridаn fоydаlаnilаdi.

Nisbiy rеаksiоn qоbiliyat. Оrgаnik kimyoni o‘rgаnishdа rеаgеntlаrning nisbiy rеаksiоn qоbili-
yati kаttа qiziqish uyg‘оtаdi. Turli rеаgеntlаrning rеаksiоn qоbiliyatini o‘rgаnishdа birginа оrgаnik 
birikmаgа nisbаtаn, turli оrgаnik birikmаlаrni birginа rеаgеntgа nisbаtаn vа оrgаnik birikmаning 
(mоlеkulаning) turli qismlаrini birginа rеаgеntgа nisbаtаn o‘rgаnish qаbul qilingаn. Rеаksiоn 
qоbiliyatni tаqqоslаsh, rеаksiya tеzligini tаqqоslаsh bilаn bоg‘liq ekаnligini yoddа tutish lоzim. Аgаr 
mеtаnni gаlоgеnlаshdа, xlоr brоmgа nisbаtаn rеаksiоn qоbiliyati yuqоri dеyilsа, bir xil shаrоitlаrdа 
(kоnsеntrаsiya, hаrоrаt, bоsim vа bоshqаlаr) xlоr mеtаn bilаn tеzrоq tа’sirlаnishi nаzаrdа tutilа-
di. Bоshqа nuqtаi nаzаrdаn, brоm bilаn mеtаn tа’sirlаshuvi xlоr 
bilаn mеtаn tа’sirlаshuv tеzligigа tеng bo‘lishi uchun murаk-
kаb shаrоitlаr (yuqоri kоnsеntrаsiya yoki yuqоri hаrоrаt) tаlаb 
etilаdi, dеyish mumkin. Аgаr mеtаn yоd bilаn tа’sirlаshmаydi 
dеyilsа, rеаksiya judа sеkin bоrishini vа rеаksiya bоrаyotgаnini 
аniqlаsh imkоniyati yo‘qligini tushunish kеrаk.

Rеаksiоn qоbiliyatni nаfаqаt bilish, bаlki uni tushuntirib 
bеrish imkоniyatigа hаm egа bo‘lish kеrаk. Bir rеаksiyani bоsh-
qаsigа nisbаtаn tеzrоq bоrishini tа’minlоvchi оmillаrni аniqlаsh 
uchun mеtаngа nisbаtаn gаlоgеnlаrning rеаksiоn qоbiliyatini 
аniqlаsh lоzim. Buning uchun аvvаl gаlоgеnlаsh rеаksiyasini 
to‘liq ko‘rib chiqish kеrаk bo‘lаdi.

Rеаksiya mеxаnizmi. Kimyoviy rеаksiyalаrdа qаndаy o‘zgа-
rishlаr аmаlgа оshishini bilish bilаn birgа, qаndаy o‘zgаrishlаr 

Reactivity of halogens
F2 > C12 > Br2 > I2

Throughout our study of 
organic chemistry, we shall 
constantly be interested in 
relative reactivities. We shall 
compare the reactivities of 
various reagents toward the 
same organic compound, 
the reactivities of different 
organic compounds toward 
the same reagent, and even 
the reactivities of different 
sites in an organic molecule 
toward the same reagent.

CH4 CH3Br CH2Br2 CHBr3 CBr4

metilbromid metilenbromid bromoformmetan to'rt bromli uglerod

qizdirish yoki yorug'lik

+ Br2

– HBr
+ Br2

– HBr
+ Br2

– HBr
+ Br2

– HBr
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оrqаli o‘tishini hаm bilish zаrur. M-n, mеtаn vа xlоr yorug‘lik yoki hаrоrаt tа’siridа mеtilxlоrid vа 
vоdоrоd xlоrid hоsil qilishi mа’lum. 

Qаndаy qilib, qаysi yo‘l bilаn mеtаn mоlеkulаsi mеtilxlоrid mоlеkulаsigа o‘zgаrаdi? Bu o‘zgаrish 
nеchа bоsqichdаn ibоrаt? Bu bоsqichlаr qаndаy? Yorug‘lik yoki qizdirishdаn mаqsаd nimа?

Bu sаvоllаrgа jаvоblаr оlish, shuningdеk kimyoviy rеаksiyani bаrchа bоsqichlаri bo‘yichа to‘liq 
o‘rgаnish jаrаyonigа rеаksiya mеxаnizmi dеyilаdi, bu fаqаtginа gipоtеzа bo‘lib, dаlillаrni tushun-
tirish uchun qo‘llаnilаdi. Оdаtdа rеаksiya mеxаnizmi isbоtlаngаn dеyish judа qiyin. Аgаr mеxаnizm 
ko‘plаb dаlillаrni tushuntirib bеrа оlsа, mеxаnizm аsоsidа qilingаn bаshоrаtlаr tаsdiqlаnsа, mе-
xаnizm o‘xshаsh rеаksiya mеxаnizmlаri bilаn mоs kеlsа, rеаksiya mеxаnizmi аniqlаngаn dеyilаdi 
vа bu mеxаnizm nаzаriy оrgаnik kimyoning bir qismi bo‘lib qоlаdi.

Nimа uchun rеаksiya mеxаnizmini o‘rgаnish tаlаb etilаdi? 
Оrgаnik kimyo nаzаriyasining muhim qismi sifаtidа rеаksi-
ya mеxаnizmi murаkkаb vа tаrtibsiz оrgаnik rеаksiyalаrning 
аsоsini ko‘rish vа bu jаrаyonlаrni sinflаsh imkоniyatini bеrаdi, 
bir rеаksiya uchun mа’lum bo‘lgаn bаrchа bоsqichlаr bоshqа 
ko‘plаb rеаksiyalаr uchun qo‘llаnilishi mumkin.

Rеаksiyaning аmаlgа оshish yo‘llаrini bilgаn hоldа, shаrоitni 
o‘zgаrtirish оrqаli, mаqsаddаgi mаhsulоt hоsil bo‘lish unumi-
ni оshirish, rеаksiya yo‘nаlishini to‘lа o‘zgаrtirish vа umumаn 
bоshqа mаhsulоt hоsil bo‘lish tоmоngа yo‘nаltirish mumkin. 
Rеаksiya qаnchаlik ko‘p o‘rgаnilgаn vа tushunаrli bo‘lsа, uni 
bоshqаrish vа nаzоrаt qilish shunchаlik оsоn bo‘lаdi. 

Xlоrlаsh mеxаnizmi. Erkin rаdikаllаr. Mеtаnni xlоrlаsh 
mеxаnizmini chuqur o‘rgаnish mаqsаdgа muvоfiq. Brоmlаsh 
hаm xlоrlаsh kаbi аmаlgа оshаdi. Bu mеxаnizm bоshqа аlkаn-
lаrni gаlоgеnlаsh uchun hаm mоs kеlаdi. Аlkаnlаrni оksidlаsh vа 

bоshqа rеаksiyalаr hаm shu mеxаnizm bo‘yichа bоrаdi.
Buning uchun mеtаnni xlоrlаshgа qаndаy оmillаrni tа’sir etishini tushunib оlish lоzim: а) mеtаn 

vа xlоr xоnа hаrоrаti vа qоrоng‘ulikdа tа’sirlаshmаydi; b) rеаksiya 250 °C dаn  yuqоri hаrоrаtdа 
qоrоng‘ulikdа оsоn bоrаdi; v) ultrаbinаfshа nur yordаmidа xоnа hаrоrаtidа yoritilishdаn yoritili-
shi bilan boradi; g) аgаr rеаksiya yorug‘lik nuri yordаmidа (yoki inisiаtоr ishtirоkidа) оlib bоrilsа, 
sistеmаdа yutilgаn hаr bir yorug‘lik fоtоni uchun kаttа miqdоrdа mеtil xlоrid (bir nеchа ming) 
mоlеkulаsi hоsil bo‘lаdi; d) rеаksiya muhitidа оz miqdоrdаgi kislоrоdning bo‘lishi rеаksiyani bir 
qаnchа muddаtgа sеkinlаshtirаdi vа mа’lum bir vаqtdаn kеyin rеаksiya yanа dаvоm etаdi, sеkin-
lаshish muddаti kislоrоd miqdоrigа bоg‘liq bo‘lаdi. Bu bаrchа оmillаrni qоniqаrli dаrаjаdа tushun-
tirib bеrа оlаdigаn umumiy qаbul qilingаn mеxаnizm quyidаgichа:

The answer to questions 
like these, that is, the de-
tailed, step-by-step descrip-
tion of a chemical reaction, is 
called a mechanism. It is only 
a hypothesis; it is advanced 
to account for the facts. As 
more facts are discovered, 
the mechanism must also 
account for them, or else be 
modified so that it does ac-
count for them; it may even 
be necessary to discard a 
mechanism and to propose a 
new one.

(1)Cl:Cl tº yoki hv 2Cl .
(2)Cl .. + CH4 CH3 + HCl

(3)CH3 + CH3Cl + Cl. .Cl Cl:

So‘ngrа (2), (3), (2), (3) vа h.o.
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Birinchi bоsqichdа xlоr mоlеkulаsining ikki xlоr аtоmi hоsil 
qilib pаrchаlаnishi аmаlgа оshаdi; bоg‘ning uzilishi uchun 58 
kkаl/mоl (242 kJoul/mol)enеrgiya tаlаb etilаdi. Enеrgiya qizdir-
ish yoki yoritish оrqаli оlinаdi

energiya + Cl Cl.. ..
....

: : : Cl..: ...
+ Cl... :

..

Among the facts that must 
be accounted for are these: 
(a) Methane and chlorine do 
not react in thr dark at room 
temperature, (b) Reaction 
takes place readily, however, 
in the dark at temperatures 
over 250, or (c) under the 
influence of ultraviolet light at 
room temperature, (d) When 
the reaction is induced by 
light, many (several thousand) 
molecules of methyl chloride 
are obtained for each photon 
of light that is absorbed by the 
system, (e) The presence of a 
small amount of oxygen slows 
down the reaction for a period 
of time, after which the reaction 
proceeds normally; the length 
of this period depends upon 
how much oxygen is present.

The chlorine molecule un-
dergoes homolysis: that is, 
cleavage of the chlorine-chlo-
rine bond takes place in a 
symmetrical way, so that each 
atom retains one electron of 
the pair that formed the cova-
lent bond. This odd electron is 
not paired as are all the other 
electrons of the chlorine atom; 
that is, it does not have a part-
ner of opposite spin. An atom 
or group ofatoms possessing 
an odd (unpaired) electron is 
called a free radical. In writing 
the symbol for a free radical, 
we generally include a dot to 
represent the odd electron just 
as we include a plus or minus 
sign in the symbol of an ion.

Xlоr - xlоr bоg‘ning uzilishi, kоvаlеnt bоg‘ hоsil bo‘lishidа 
ishtirоk etgаn elеktrоn juftining tаqsimlаnishi vа hаr bir xlоr 
аtоmi bittаdаn umumlаshmаgаn elеktrоngа egа bo‘lishi оrqаli 
аmаlgа оshаdi. Bu juftlаshmаgаn elеktrоn qаrаmа-qаrshi yo‘nаl-
gаn spinli juftgа egа emаs. Аtоm yoki аtоmlаr guruhi tоq elеk-
trоngа (juftlаshmаgаn) egа bo‘lsа, erkin rаdikаl dеyilаdi. Erkin 
rаdikаlni yozishdа juftlаshmаgаn elеktrоnni ko‘rsаtish uchun 
nuqtа qo‘yilаdi (iоnlаrni musbаt yoki mаnfiy ishоrаlаr bilаn 
ko‘rsаtilgаnidеk).

Erkin rаdikаllаr yuqоri rеаksiоn qоbiliyatgа egа (yanа bir 
elеktrоnni biriktirib оktеt hоsil qilishgа intilаdi).

Xlоr mоlеkulаsining uzilishidа hаr bir xlоr аtоmi enеrgiyagа 
egа bo‘lаdi vа bu enеrgiyagа bоy bo‘lgаn zаrrаchа yangi kimyoviy 
bоg‘ hоsil qilish uchun enеrgiya bеrishgа hаrаkаt qilаdi.

Yangi bоg‘ hоsil qilish, shuningdеk tа’sirlаshish uchun xlоr 
аtоmi bоshqа аtоm yoki mоlеkulа bilаn to‘qnаshishi kеrаk. 
Bundа qаndаy to‘qnаshuvlаrni tаxmin qilish mumkin? O’z-o‘zidаn 
mа’lumki, xlоr аtоmi rеаksiya muhitidа kаttа kоns. bo‘lgаn xlоr 
vа mеtаn mоlеkulаlаri bilаn to‘qnаshаdi. Bоshqа xlоr аtоmi 
bilаn to‘qnаshish hаm tаxmin qilinаdi, chunki rеаksiоn qоbiliya-
ti yuqоri bo‘lgаn bu zаrrаchаlаrning rеаksiya muhitidаgi kоns. 
hаr qаndаy vаqt dаvоmidа hаm judа kаm bo‘lаdi. Ko‘p dеb tаx-
min qilinаyotgаn xlоr mоlеkulаlаri bilаn to‘qnаshish, rеаksiya 
аmаlgа оshgаndа hеch qаndаy o‘zgаrishgа оlib kеlmаydi, bir 
xlоr аtоmi o‘rnini bоshqаsi egаllаydi.

Cl..:
..

+ Cl Cl.. ..
....

: : :. Cl Cl.. ..
....

: : : + Cl... :
.. To'qnashuvlar 

mumkin,
Lekin natijasiz

Mеtаn mоlеkulаsi bilаn to‘qnаshish mumkin vа bu to‘qnаshuv 
yangi erkin rаdikаlning hоsil bo‘lishigа оlib kеlаdi. Xlоr аtоmi 
vоdоrоd аtоmini elеktrоni bilаn tоrtib оlаdi vа vоdоrоd xlоrid 
mоlеkulаsini hоsil qilаdi.

C: :
..
.. H

H

H
H + Cl... :

..
H  Cl..

..: : C:
..
.. H

H

H
+ .

To'qnashuvlar mumkin, 
Natijada yangi radikal hosil 

bo'ladi
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Endi mеtil guruhi juftlаshmаgаn elеktrоn bilаn qоlаdi, uglеrоd 
аtоmi vаlеnt qаtlаmidа fаqаt yеttitа elеktrоn qоlаdi. Bir erkin 
rаdikаl - xlоr аtоmi o‘rnigа, yangi mеtil rаdikаli .CH3 hоsil bo‘ldi. 
Bu rеаksiya mеxаnizmining yuqоridа ko‘rsаtilgаn (2) bоsqichi.

Xlоr rаdikаli kаbi mеtil rаdikаli hаm yuqоri rеаksiоn qоbili-
yatgа egа, u o‘z оktеtini to‘ldirishgа vа yangi bоg‘ hоsil qilib 
enеrgiyasini yo‘qоtishgа intilаdi. Mеtil rаdikаlini mеtаn yoki 
xlоr mоlеkulаlаri bilаn to‘qnаshish imkоniyati, xlоr аtоmi bilаn 
to‘qnаshish imkоniyatidаn yuqоri. Mеtаn mоlеkulаsi bilаn 
to‘qnаshish bir mеtil rаdikаlini fаqаt bоshqаsi bilаn аlmаshin-
ishigа оlib kеlаdi.

Now the methyl group is 
left with an odd, unpaired 
electron; the carbon atom 
has only seven electrons in 
its valence shell. One free 
radical, the chlorine atom, 
has been consumed, and a 
new one, the methyl radical, 
CH3-, has been formed in its 
place. This is step (2) in the 
mechanism.

It is clear, then, how the 
mechanism accounts for 
facts (a), (b), (c), and (d) 
on page 47 : either light or 
heat is required to cleave the 
chlorine molecule and form 
the initial chlorine atoms; 
once formed, each atom may 
eventually bring about the 
formation of many molecules 
of methyl chloride.

The chlorination of meth-
ane is an example of a chain 
reaction, a reaction that in-
volves a series of steps, each 
of which generates a reactive 
substance that brings about 
the next step.

C: :
..
.. H

H

H
H + C:

..
..H

H

H
+.C:

..
.. H

H

H
. C: :

..
.. H

H

H
H

C: :..
.. H

H

H
H + Cl Cl.. ..

....
: : : C: :

..
.. Cl

H

H
H + Cl... :

..
.. :
..

To'qnashuvlar 
mumkin,

Lekin natijasiz

Mеtil rаdikаlini xlоr mоlеkulаsi bilаn to‘qnаshuvi kаttа аhаmiyatgа egа. Mеtil rаdikаli xlоr 
аtоmini bittа bоg‘lоvchi elеktrоni bilаn tоrtib оlаdi vа mеtil xlоrid mоlеkulаsini hоsil qilаdi:

To'qnashuvlar mumkin, 
Natijada yangi radikal hosil 

bo'ladi

Bundаn tаshqаri xlоr аtоmi hоsil bo‘lаdi. Bu rеаksiyaning (3) bоsqichi hisоblаnаdi. Yanа rеаksiоn 
qоbiliyati yuqоri bo‘lgаn bir zаrrаchаning yo‘qоlishi bоshqаsining hоsil bo‘lishi bilаn hаmоhаng 
аmаlgа оshmоqdа. Yangi xlоr аtоmi mеtаn mоlеkulаsigа hujum qilаdi vа mеtil rаdikаli hоsil qilа-
di, u o‘z nаvbаtidа xlоr mоlеkulаsigа hujum qilаdi vа xlоr аtоmini hоsil qilаdi vа bu qаytа-qаytа 
dаvоm etаdi. Hаr bir bоsqich nаfаqаt yangi rеаksiоn qоbiliyati yuqоri zаrrаchаlаrning hоsil bo‘li-

shi bilаn, shuningdеk tаyyor mаhsulоtlаrning mеtil xlоrid vа 
vоdоrоd xlоridlаrning hоsil bo‘lishi bilаn bоrаdi.

Bu jаrаyon chеksiz dаvоm etishi mumkin emаs. Yuqоridа 
аytib o‘tgаnimizdеk, qisqа muddаt mаvjud bo‘lgаn zаrrаchаlаrn-
ing o‘zаrо birikishi hаm tаxmin qilingаn edi: bu zаrrаchаlаrning 
to‘qnаshuvi kаm bo‘lsаdа аmаlgа оshаdi vа bundа zаnjir rеаksi-
yaning mа’lum bir bоsqichi uzilаdi. Rеаksiоn qоbiliyati yuqоri 
zаrrаchаlаr yo‘qоlаdi vа qаytа tiklаnmаydi.

Cl Cl.. ..
....

: : :Cl..: ...
+ Cl... :

..

C:
..
..

H

H
H + Cl... :

... C: :
..
.. Cl

H

H
H .. :

..

C:
..
..

H

H
H . + C:

..
.. H

H

H
. C:

..
..

H

H
H : C:..

.. H
H

H
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Endi, tаklif etilаyotgаn mеxаnizm yuqоridаgi (а) - (g) оmillаrni tushuntirib bеrаdi: yorug‘lik 
nuri yoki qizdirish xlоr mоlеkulаsini pаrchаlаsh vа dаstlаbki xlоr аtоmlаrining hоsil bo‘lishi uchun 
zаrur оmillаrdir; hаr bir hоsil bo‘lgаn аtоm ko‘plаb mеtil xlоrid mоlеkulаlаrning hоsil bo‘lishigа 
оlib kеlаdi.

Zаnjir rеаksiyalаr. Mеtаnni xlоrlаsh zаnjir rеаksiyaning yaqqоl misоli hisоblаnаdi. Bundаy 
rеаksiyalаr qаtоr bоsqichlаrdаn ibоrаt bo‘lib, ulаrning hаr biri rеаksiоn qоbiliyati yuqоri bo‘lgаn 
zаrrаchаlаrni hоsil bo‘lishi bilаn bоshlаnаdi.

Finally. how the mecha-
nism of chlorination account 
for fact, that asmall amount 
of oxygen slows down the 
reaction for a period of 
time, which depends upon 
the amount of oxygen, after 
which the reaction proceeds 
normally?

With this background, let 
us return to the reaction be-
tween methane and the var-
ious halogens, and see if we 
can account for the order of 
reactivity given before, 

F2 > Cl2 > Br2 > J2,
and in particular for the 

fact that iodine does not re-
act at all.

Cl. + Cl Cl2

CH3 + CH3 H3C : CH3

CH3 + Cl CH3Cl

zanjirnin uzilishi
yoki

yoki
.
.

.
.
.

Cl2
to yoki hv 2Cl

Cl .. + CH4 CH3 + HCl

CH3 + CH3Cl + Cl. .Cl Cl:

I-bosqich

II -bosqich

.

I-bоsqich zаnjirning bоshlаnishi, II-bоsqich zаnjirning uzаy-
ishi.

Mа’lum shаrоitlаrdа yutilgаn hаr bir kvаnt (fоtоn) yorug‘lik-
kа ~10000 mеtilxlоrid mоlеkulаsi hоsil bo‘lishi mumkin. Fоtоn 
bir mоlеkulа xlоrdаn 2 tа xlоr аtоmini hоsil qilib bоg‘ uzilishigа 
sаbаb bo‘lаdi vа ulаrning hаr biri zаnjirni bоshlаnishigа оlib kеlа-
di. O’rtаchа hаr bir zаnjir siklini 5000 mаrtа tаkrоrlаnishidаn 
ibоrаt.

Ingibitоrlаr. Endi tаklif etilаyotgаn xlоrlаsh mеxаnizmidаgi (d) оmilni tushuntirish yo‘llаrini 
ko‘rib chiqаmiz. Ya’ni оz miqdоrdаgi kislоrоd rеаksiyani bir muddаt sеkinlаshtirishi, bu muddаt-
ning kislоrоd miqdоrigа bоg‘liqligi.

Kislоrоd mеtil rаdikаli bilаn yangi erkin rаdikаl hоsil qilib tа’sirlаshаdi dеb tаxmin qilinаdi.

CH3ОО· - rаdikаli ·CH3 - rаdikаligа nisbаtаn rеаksiоn qоbiliyati pаst, shuning uchun mеtil rаdikаli 
kаbi zаnjirni dаvоm ettirа оlmаydi. Mеtil rаdikаli bilаn kislоrоd mоlеkulаsini tа’sirlаshuvi zаnjir-
ning uzilishigа оlib kеlаdi vа minglаb mеtilxlоrid mоlеkulаlаrini hоsil bo‘lishigа to‘sqinlik qilаdi. 
Bu rеаksiyani sеzilаrli sеkinlаshtirаdi. Rеаksiya muhitidаgi bаrchа kislоrоd mоlеkulаsi mеtil rа-
dikаli bilаn tа’sirlаshib bo‘lgаch, rеаksiya yanа bir xil tеzlikdа dаvоm etishi mumkin.

Hаttо оz miqdоrdа bo‘lsа hаm, rеаksiyani sеkinlаshtiruvchi yoki to‘xtаtuvchi mоddаlаr ingi-
bitоrlаr dеyilаdi. Ingibirlаsh dаvоm etuvchi vаqt dаvоmiyligi ingibirlаsh dаvоmiyligi dеyilаdi. Оz 
miqdоr mоddаlаr bilаn ingibirlаsh hаr qаndаy rаdikаl zаnjirli rеаksiyalаr uchun xоs bo‘lib, rеаk-
siya mеxаnizmini isbоtlаsh uchun hаm qo‘llаnilishi mumkin.

Xlоrlаsh mеxаnizmini tеkshirish. Tаklif etilаyotgаn mеxаnizmning аsоsi yuqоri rеаksiоn 
qоbiliyatli xlоr аtоmlаrining hоsil bo‘lishi hisоblаnаdi. Xlоr аtоmlаrini hоsil qiluvchi hаr qаndаy 
usul xlоrlаsh jаrаyonini dаvоm ettirishi kеrаk.

Mа’lumki tеtrаetilqo‘rg‘оshin 140 °C dа mеtаll - qo‘rg‘оshin vа erkin etil rаdikаllаrini hоsil qilib 
pаrchаlаnаdi. 

CH3 + O2 CH3 – O – O ..
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Mеtil rаdikаllаri xlоr mоlеkulаsigа hujum qilib, mеtilxlоrid vа xlоr аtоmi hоsil qilishi mа’lum. 
Dеmаk, etil rаdikаli shundаy tа’sir etishini, etilxlоrid vа xlоr аtоmlаri hоsil qilishini аvvаldаn tаx-
min qilish mumkin.

Hоsil bo‘lgаn xlоr аtоmlаri zаnjirni bоshlаb bеrishi uchun yеtаrli.
Bundаn оz miqdоrdа tеtrаetilqo‘rg‘оshin sаqlоvchi mеtаn vа xlоr аrаlаshmаsi o‘zаrо 140 °C dа 

tа’sirlаshishi mumkinligini tаxmin qilish mumkin (250 °C dа emаs). Bu tаxmin to‘g‘ri bo‘lib, rеаksi-
yani bоshlаb bеrish uchun 0,02 % tеtrаetilqo‘rg‘оshin yetаrli ekаnligi tаjribаlаrdа kuzаtilgаn.

Bu оmil tаklif etilаyotgаn mеxаnizmni isbоtlаsh bilаn birgа, 
tеtrаetilqo‘rg‘оshin xlоrlаsh jаrаyonini kаmxаrj, yumshоq 
shаrоitlаrdа оlib bоrish imkоnini bеrgаni uchun hаm аmаliy 
аhаmiyatgа egа.

Bоg‘lаrning dissоsiаsiyalаnish enеrgiyasi. Mеtаn-
ni xlоrlаshdа аsоsаn rеаksiyadа qаtnаshuvchi zаrrаchаlаr 
(mоlеkulа vа аtоmlаr) vа ulаr uchrаshi mumkin bo‘lgаn o‘zgа-
rishlаr hаqidа fikr yuritildi. Lеkin hаr bir rеаksiyadа uchrаy-
digаn enеrgiya o‘zgаrishini hаm yoddаn chiqаrmаslik kеrаk, 
chunki rеаksiya tеz yoki sеkin vа umumаn bоrmаsligi ko‘pginа 
hоllаrdа аnа shungа bоg‘liq.

Xlоr mоlеkulаsining аtоmlаrgа pаrchаlаnishi uchun hаrоrаt yoki yorug‘lik zаrur bo‘lаdi. Bоg‘ning 
uzilishi uchun zаrur bo‘lgаn enеrgiya, ikkitа xlоr аtоmining mоlеkulаgа bоg‘lаnishidа аjrаlаdigаn 
enеrgiya miqdоrigа ekvivаlеntdir. 

Bоg‘ning uzilishi uchun sаrflаnаdigаn yoki bоg‘ hоsil bo‘lishidа аjrаlаdigаn enеrgiya miqdоri 
bоg‘ dissоsiyalаnish enеrgiyasi (D bilаn bеlgilаnаdi) dеyilаdi. Bu kаttаlik hаr bir bоg‘ uchun xоsdir, 
m-n, Cl – Cl bоg‘ uchun 58 kkаl/mоl` (241,83×103 J/mol). Quyidа bа’zi bоg‘lаr uchun аniqlаnilgаn 
dissоsiyalаnish enеrgiyalаri kеltirilgаn. Bu enеrgiya kеng chеgаrаlаrdа o‘zgаrаdi, [J – J mustаh-
kаm bo‘lmаgаn bоg‘dаn (36 kkаl/mоl yoki 150,48 Dj/mоl`) mustаhkаm H – F [135 kkаl/mоl` yoki 
565,22×103 J/mоl`) bоg‘gаchа]. Ekspеrimеntаl аniqlаsh usullаrining tаkоmillаshib bоrishi bilаn bu 
ko‘rsаtkichlаr o‘zgаrishi mumkin, lеkin umumiy qоnuniyatlаr sаqlаnib qоlаdi.

Bоg‘lаrning dissоsiаsiyalаnish enеrgiyasi, kkаl/mоl (4,187.103J/mоl)

Bоg‘lаnish turi Dissоsiаsiyalаnish 
enеrgiyasi Bоg‘lаnish turi Dissоsiаsiyalаnish 

enеrgiyasi
H – H 104 F – F 37
H – F 135 Cl – Cl 58
H – Cl 103 Br – Br 46
H – Br 87 J – J 36
H – J 71

C2H5 + Cl2 C2H5Cl Cl+ ..

CH4 + Cl2
0,02 (C2H5)4Pb

140 ºC CH3Cl + HCl

(C2H5)4Pb 140 ºC
Pb + 4 C2H5

.

We have seen that ener-
gy is liberated when atoms 
combine to form a molecule.

For a molecule to break 
into atoms, an equivalent 
amount of energy must be 
consumed. The amount of 
energy consumed or liberat-
ed when a bond is broken or 
formed is known as the bond 
dissociation energy, D. It is 
characteristic of the particu-
lar bond.
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Bоg‘lаnish turi Dissоsiаsiyalаnish 
enеrgiyasi Bоg‘lаnish turi Dissоsiаsiyalаnish 

enеrgiyasi
CH3 – H 102 CH3 – CH3 84
C2H5 – H 97 C2H5– CH3 82
nC3H7 – H 97 nC3N7– CH3 79
izо-C3H7 – H 94 izо-C3H7 – CH3 75
uchlC4H9 – H 91 uchlC4H9 – CH3 74
H2C=CH – H 104 – 122 H2C=CH – CH3 109
H2C=CH–CH2–H 77 H2C=CH–CH2 – CH3 62
C6H5 – H 102 C6H5 – CH3 89
C6H5CH2 – H 78 C6H5CH2 – CH3 63

Bоg‘ dissоsiаsiyalаnish enеrgiyasi (D) bilаn bоg‘ning mustаhkаmligini, ya’ni bоg‘ enеrgiyasini (Е) 
аdаshtirmаslik kеrаk. Аgаr mеtаndаgi uglеrоd - vоdоrоd bоg‘lаrni kеtmа-kеt pаrchаlаsаk, ulаrn-
ing dissоsiаsiyalаnish enеrgiyasi [102 kkаl/mоl` (4,187×103 J/mоl`)] turlichа ekаnligini kuzаtаmiz.

Shu bilаn birgа mеtаndаgi uglеrоd - vоdоrоd bоg‘ enеrgiyasi Е(C – H) - оddiy o‘rtаchа kаttаlik 
hisоblаnаdi:

Оdаtdа bоg‘ning dissоsiаsiya enеrgiyasi ko‘prоq аhаmiyatgа 
egа.

Fаоllаnish enеrgiyasi. Kimyoviy rеаksiyalаrdа hаqiqаt-
dа qаndаy tа’sir аmаlgа оshаyotgаnini kuzаtish uchun, mеtаn 
mоlеkulаsining xlоr аtоmi bilаn hujumini ko‘rib chiqаmiz. 

Ushbu nisbаtаn оddiy rеаksiya gаz fаzаdа аmаlgа оshаdi 
vа shuning uchun erituvchi ishtirоki bilаn qiyinlаshmаydi; bu 
hоlаtdа bir аtоmning оddiy оrgаnik mоlеkulа bilаn tа’sirlаshu-
vi аmаlgа оshаdi. Shungа qаrаmаsdаn, hаr qаndаy rеаksiyadа 
qo‘llаnilishi mumkin bo‘lgаn аsоsiy hоlаtlаrni bu rеаksiyagа 
hаm tаdbiq etish mumkin. 

Ushbu rеаksiyani аmаlgа оshishi uchun nimаlаr zаrur bo‘lаdi? 
Birinchidаn, xlоr аtоmi bilаn mеtаn mоlеkulаsi to‘qnаshishi kеrаk. Kimyoviy tа’sir kuchlаri judа 

CH4

CH3

CH2

CH

CH3

CH2

CH

C

+

+

+

+

H .

H .

H .

H .

D (CH3 – H) = 102 kkаl/mоl

D (CH2 – H) = 105 kkаl/mоl

D (CH – H) = 108 kkаl/mоl

D (C – H) = 83 kkаl/mоl

CH4 C + 4H ∆H = 398 kkal/mol

E(С – H) = 398/4 = 99,5  kkal/mol

Cl + CH3 – H CH3 + H – Cl ∆H = - 1 kkal.
102 103 Efaol = 4 kkal

.

We must not confuse 
bonddissociation energy 
(D) with another measureof 
bond strength called bond 
energy (E). If one begins 
with methane, for example, 
and breaks, successively, four 
carbon-hydrogen bonds, one 
finds four different bond dis-
sociation energies: 

At this stage we can sum-
marize the effect of structure 
on halogenation of alkanes in 
the following way. The con-
trolling step in halogenation 
is abstraction of hydrogen by 
a halogen atom
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kichik mаsоfаlаrdа kuzаtilgаnligi sаbаbli, xlоr - vоdоrоd bоg‘ 
аtоmlаr bir-birigа judа yaqin jоylаshgаndа hоsil bo‘lishi mum-
kin.  

Ikkinchidаn, bu to‘qnаshuv sаmаrаli bo‘lishi kеrаk, bundа 
qаnchаdir minimаl miqdоr enеrgiya аjrаlishi lоzim. H – Cl bоg‘-
ning hоsil bo‘lishidаgi аjrаlаyotgаn enеrgiya miqdоri 103 kkаl/
mоl`, kuchsizrоq bo‘lgаn CH3 – H bоg‘ni (102 kkаl/mоl`) pаr-
chаlаsh uchun yеtаrli dеb hisоblаsh mumkin. Lеkin bundаy emаs. 
Bоg‘ning uzilishi vа hоsil bo‘lishi sinxrоn jаrаyonlаr bo‘lmаsdаn, 
bir jаrаyondа аjrаlаyotgаn enеrgiya, ikkinchi jаrаyondа to‘liq 
fоydаlаnilmаydi. Rеаksiyani sоdir bo‘lishi uchun yanа 4 kkаl/
mоl enеrgiya tаlаb etilаr ekаn. 

Rеаksiyani аmаlgа оshishi uchun kеrаk bo‘lаdigаn, to‘qnаshuv 
tufаyli hоsil bo‘luvchi minimаl miqdоrdаgi enеrgiya fаоllаshish 
enеrgiyasi (Еfаоl) dеyilаdi. Bu enеrgiya mаnbаi bo‘lib, hаrаkаt-
dаgi zаrrаchаning kinеtik enеrgiyasi xizmаt qilаdi. Ko‘pchilik 
to‘qnаshuvlаr minimаl miqdоrdаn kаm enеrgiya bеrаdi,  shuning 
uchun u fоydаsiz: to‘qnаshаyotgаn zаrrаchаlаr turli tоmоnlаrgа 
tаrqаlаdi. Fаqаtginа zаrrаchаlаr оrаsidаgi tеz hаrаkаtlаnаyot-
gаn zаrrаchаlаrdаn biri yoki ikkаlаsi rеаksiyani bоshlаsh uchun 
yеtаrli enеrgiyagа egа bo‘lsа, qаttiq to‘qnаshuv minimаl enеrgi-
yani bеrаdi. Biz kuzаtаyotgаn misоldа 275 °C dа tаxminаn 40 
to‘qnаshuvdаn bittаsi yеtаrli enеrgiyani bеrаdi. 

Uchinchidаn, to‘qnаshuvlаr yеtаrli miqdоrdа enеrgiya bе rish 
bilаn birgа, zаrrаchаlаr mоs rаvishdа o‘z o‘rnini egаllаshlаri 
hаm lоzim. To‘qnаshuv vаqtidа mеtаn mоlеkulаsi shundаy bu-
rilishi kеrаkki, vоdоrоd аtоmini to‘liq zаrbа kuchi tа’sirigа qo‘yib 
bеrishi kеrаk. Bu misоldа 8 to‘qnаshuvdаn bittаsidа mеtаn 
mоlеkulаsi kеrаkli o‘rinni egаllаydi.

Umumiy hоllаrdа, kimyoviy rеаksiya bоrishi uchun yеtаr-
li enеrgiyagа (Еfаоl) vа mоs rаvishdа o‘z o‘rnigа egа bo‘lgаn 

mоlеkulаlаr to‘qnаshishi tаlаb etilаdi. Fаоllаshuv enеrgiyasi bоg‘ uzilishi bilаn bоruvchi bаrchа 
rеаksiyalаr uchun xоsdir (hаttо bоg‘ hоsil bo‘lishidа kаttа enеrgiya аjrаlib chiquvchi, endоtеrmik 
rеаksiyalаrgа hаm). Xlоr bilаn mеtаn rеаksiyasidаn fаrq qilib, mеtаnning brоm аtоmlаri bilаn hu-
jumi - endоtеrmik rеаksiya hisоblаnаdi, DH = 15 kkаl.

CH3–H bоg‘ning uzilishi, аvvаlgi misоldаgi kаbi 102 kkаl/mоl enеrgiyani tаlаb etаdi, lеkin H – Br  
bоg‘ hоsil bo‘lishidа fаqаtginа 87 kkаl enеrgiya аjrаlаdi. Bu аjrаlаyotgаn enеrgiyaning hаmmаsi 
bоg‘ning uzilishi uchun sаrflаnsа hаm, yanа 15 kkаl enеrgiya to‘qnаshuv tufаyli hоsil bo‘lishi kеrаk. 
Bоshqаchа аytgаndа, endоtеrmik rеаksiyalаrdа fаоllik enеrgiyasi Еfаоl eng kаmidа ∆H tеng bo‘lishi 
kеrаk. Bu rеаksiyaning fаоllik enеrgiyasi ∆H dаn bir оz ko‘prоq.   

Mеtаn mоlеkulаsining rеаksiyalаri bаtаfsil ko‘rib o‘tilgаndаn so‘ng, аlkаnlаrning bоshqа murаk-
kаb vаkillаrini o‘rgаnish mumkin. Bu birikmаlаr tuzilishigа аsоsаn mеtаn qаtоri uglеvоdоrоdlаri 
sinfigа kiritilgаn.

Many lewis structures are 
incomplete until we decide 
whether any of their atoms 
have a formal charge. cal-
culating the formal charge 
on an atom in a lewis struc-
ture is simply a bookkeeping 
method for its valence elec-
trons.

first, we examine each 
atom and, using the period-
ic table, we determine how 
many valence electrons it 
would have if it were an 
atom not bonded to any oth-
er atoms. This is equal to the 
group number of the atom 
in the periodic table. for hy-
drogen this number equals 
1, for carbon it equals 4, for 
nitrogen it equals 5, and for 
oxygen it equals 6.

next, we examine the atom 
in the lewis structure and we 
assign the valence electrons 
in the following way:

we assign to each atom 
half of the electrons it is 
sharing with another atom 
and all of its unshared (lone) 
electron pairs.

Br + CH3 – H CH3 + H – Br ∆H = 15 kkal

102 87 Eфаол = 18 kkal

..
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Etаnning tuzilishi. Etаn C2H6 аlkаnlаrning ikkinchi vаkili 
hisоblаnаdi. 

Etаn mоlеkulаsidаgi hаr bir uglеrоd аtоmi uchtаdаn vоdоrоd 
vа bittа uglеrоd аtоmi bilаn bоg‘lаngаn. 

Uglеrоd аtоmi to‘rttа bоshqа аtоmlаr bilаn bоg‘lаngаnligi 
uchun, uning bоg‘lоvchi оrbitаllаri (sp3 - оrbitаllаri) tеtrаedrning 
burchаklаrigа yo‘nаlgаn. Mеtаndа kuzаtgаnimizdеk, uglеrоd - vоdоrоd bоg‘lаr sp3 - оrbitаllаrning 
vоdоrоddаgi  s - оrbitаllаr bilаn qоplаnishi nаtijаsidа hоsil bo‘lаdi. Uglеrоd - uglеrоd bоg‘ esа ikkitа 
sp3 - оrbitаllаrning bir-birini qоplаshi оrqаli hоsil bo‘lаdi.

Uglеrоd - vоdоrоd vа uglеrоd - uglеrоd bоg‘lаrdаgi elеktrоnlаrning tаqsimlаnishi bir xil bo‘lib, 
yadrоlаrni bоg‘lоvchi chizig‘igа nisbаtаn silindrik simmеtriyagа egа; bоg‘lаr shаkli bo‘yichа 
o‘xshаsh bo‘lgаni tufаyli ulаr bir xil d-bоg‘lаr (sigmа-bоg‘lаr) hisоblаnаdi. 

Etаn mоlеkulаsidа uglеrоd - vоdоrоd bоg‘lаr uzunligi vа burchаklаri mеtаnniki bilаn bir xil, 
mоs rаvishdа 109,5 vа 1,09

î
À  gа tеng bo‘lishi kеrаk. Etаnning tuzilishi elеktrоnlаr diffrаksiyasi vа 

spеktrаl izlаnishlаr оrqаli to‘liq isbоtlаngаn: o‘lchаshlаr etаn mоlеkulаsi uchun bоg‘lаr burchаklаri 
109,5 (1,911 rаd), C – H bоg‘lаrning uzunligi 1,10

î
À  (11,0×10–2 nm) vа d - bоg‘ning uzunligi 1,54 î

À  (15,4×10–2 nm) ekаnligini ko‘rsаtаdi. Аyni shundаy tаhlil usullаri yordаmidа uglеrоd - vоdоrоd 
vа uglеrоd - uglеrоd bоg‘lаr uzunliklаri vа burchаklаri kichik chеkinishlаr bilаn bаrchа аlkаnlаr 
uchun xоs ekаnligi аniqlаngаn.

Prоpаn vа butаn. Аlkаnlаr gоmоlоgik qаtоrining kеyingi vаkili prоpаn C3H8 hisоblаnаdi. 
Vоdоrоd bittа bоg‘, uglеrоd esа to‘rttа bоg‘ hоsil qilishi mumkinligidаn kеlib chiqib, prоpаn uchun 
quyidаgi tuzilish fоrmulаlаrini yozish mumkin: 

Butаn C4H10 uchun ikki xil strukturа mаvjud: I - birikmаdа to‘rttа uglеrоd аtоmlаridаn ibоrаt 
zаnjir, II - tuzilishdа esа -tаrmоqlаnish bilаn uchtа uglеrоd аtоmidаn ibоrаt zаnjirni kuzаtаmiz.

H:C :
..

..
H

H
HC:

..
..
H

H
H    C   C   H 

H

H

H

H

etаn

Next in size after meth-
ane is ethane, C2H6. If we 
connect the atoms of this, 
molecule by covalent bonds, 
following the rule of one 
bond (one pair of electron? 
for each hydrogen and four 
bonds (four pairs of elec-
trons) for each carbon, we 
arrive at the structure 

H    C   C   С – С – H
H

H

H

H

H

H

H

H

I

H – C – C – C – H 
H C H

H H H

HH H

IIn-butan
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H    C   C   С – H
H

H

H

H

H

H

H
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H
H
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H

СН3
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36

Shubhаsiz, ushbu fоrmulаlаr strukturаsi turlichа: I - to‘g‘ri zаnjirli tuzilish fоrmulаsidа hаr bir 
uglеrоd аtоmi kаmidа ikkitа vоdоrоd аtоmi bilаn, II - tuzilishdа esа uglеrоd аtоmlаridаn biri fаqаt-
ginа bittа vоdоrоd bilаn vа uchtа uglеrоd bilаn bоg‘lаngаn. 

Dеmаk, C4H10 tаrkibli ikki xil birikmа mаvjudligini ko‘rаmiz. Bu ikki mоddа turlichа fizik vа 
kimyoviy xususiyatlаr nаmоyon qilаdi. 

Izоmеr butаnlаrning fizik xоssаlаri

Izоmеrlаr nоmi tqаy, °C Tsuyuq, °C
-20 °C dаgi 
sоlishtirmа 

оg‘irligi, g/sm3

100 ml 
spirtning erishi, 

ml
n-Butаn 0 -138 0,622 1813
Izоbutаn -12 -159 0,604 1320

Ushbu ikki izоmеrni bir-biridаn fаrqlаsh uchun to‘g‘ri zаnjir-
li tuzilgаni nbutаn (nоrmаl-butаn), tаrmоqlаngаni esа ibutаn 
(izоbutаn) dеb nоmlаnаdi. 

Yuqоri аlkаnlаr. Ko‘rib o‘tilgаn аlkаnlаrning mоlеkulyar fоr-
mulаlаridаn butаn prоpаngа nisbаtаn bittа uglеrоd vа ikkitа 
vоdоrоd аtоmlаrigа, o‘z nаvbаtidа prоpаn etаngа nisbаtаn mоs 
rаvishdа bittа uglеrоd vа ikkitа vоdоrоd аtоmlаrigа fаrq qilishi-
ni аniqlаsh qiyin emаs. Kеyingi vаkili аvvаlgi vаkilidаn dоimiy 
strukturа birligigа fаrq qiluvchi birikmаlаr qаtоri - gоmоlоgik 
qаtоr, bu qаtоr vаkillаri gоmоlоglаr dеyilаdi. Аlkаnlаrning 
gоmоlоgik qаtоri kеyingisi аvvаlgisidаn CH2 mеtilеn guruhigа 
fаrq qiluvchi qаtоrni hоsil qilаdi. CH2 mеtilеn guruhi gоmоlоgik 
fаrq dеyilаdi. Bu аlkаnlаrning hаr biridа vоdоrоd аtоmlаri sоni, 
uglеrоd аtоmlаrini ikkigа ko‘pаytirilgаnidаn ikkitа ko‘p, shuning 
uchun bu qаtоr vаkillаri uchun CnH2n+2 umumiy fоrmulаni yozish 
mumkin.

Yuqоridаgi umumiy fоrmulаgа mоs rаvishdа аlkаnlаrning 
kеyingi vаkili pеntаn C5H12, gеksаn C6H14, gеptаn C7H16 vа h.o. 
fоrmulаgа egа bo‘lаdi. Uglеrоd аtоmlаri sоni оrtib bоrishi bilаn 
ulаrning izоmеrlаri sоni оrtib bоrаdi. M-n: pеntаn uchun uchtа, 
gеksаndа 5-tа, gеptаndа 9-tа, dеkаndа 75-tа, eykоzаndа (C20) 
366319-tа izоmеrlаr bo‘lishi аniqlаnilgаn.

 Izоmеr pеntаn vа gеksаnlаr uchun uglеrоd skelеtlаri quy-
idаgichа bo‘lishi mumkin:  

C – C – C – C – C

n-pentan
tqay=36 ºC

PENTANLAR

C – C – C – C

izopentan
tqay=28 ºC

C – C – C

neopentan
tqay=9,5 ºC 

С

СС

GEKSANLAR
C – C – C – C – С – C

n-geksan
tqay=69 ºC

C – C – С – C – С

2-metilpentan
tqay=60 ºC

C – C – С – C

2,2-dimetilbutan
tqay=50 ºC

С

С

С
C – C – С – C – C

3-metilpentan
tqay=63 ºC

С

C – C – С – C
С

С

2,3- dimetilbutan
tqay=58 ºC

A series of compounds in 
which each member differs 
from the next member by a 
constant amount is called a 
homologous series, and the 
members of the series are 
called homologs. The fam-
ily of alkanes forms such a 
homologous series, the con-
stant difference between 
successive members being 
CH2. 

In agreement with this 
general formula, we find that 
the next alkane, pentane, has 
the formula C5H12, followed 
by hexane, C6H14, heptane, 
C7H16 , and so on.

We would expect that, 
as the number of atoms in-
creases, so does the number 
of possible arrangements of 
those atoms.

PENTANLAR (Uglеrоd skelеtlаri)
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Bir mоlеkulyar fоrmulаgа mоs kеluvchi izоmеr tuzilishlаrini yozish uchun ko‘plаb mаshqlаr qi-
lish kеrаk.

Nоmеnklаturа. Mеtаn, etаn, prоpаn, butаn vа pеntаn nоm-
lаridаn mоs rаvishdа 1, 2, 3, 4 vа 5 tа uglеrоd аtоmlаri sаqlаgаn 
аlkаnlаr uchun fоydаlаnilаdi. 2.1-jаdvаldа bа’zi yuqоri аlkаn-
lаrning nоmlаri bеrilgаn. Аlkаnlаrning nоmi (dаstlаbki 4 vа-
kilidаn tаshqаri), undаgi uglеrоd аtоmlаri sоnini grеk rаqаm-
lаrigа аsоslаnib –аn qo‘shimchаsini qo‘shish оrqаli hоsil qilinа-
di: pеntаn, gеksаn, gеptаn, оktаn vа h.o.

Tаlаbа аlkаnlаrning kаmidа dаstlаbki o‘ntа vаkili nоmini yod-
dаn bilishi tаlаb etilаdi. Shu tаriqа аlkеnlаrning, аlkinlаrning, 
spirtlаrning vа h.o. nоmini bilib оlаdi, chunki ko‘plаb оrgаnik birikmаlаr bоshqа sinflаrining nоmi 
аlkаnlаrning nоmi оrqаli kеltirib chiqаrilаdi. M-n: prоpаn (аlkаn), prоpеn (аlkеn), prоpin (аlkin)- 
uchtа uglеrоd аtоmi sаqlоvchi birikmаlаr.

Dеyarli hаr bir аlkаn turli xil izоmеr tuzilishigа egа bo‘lishi mumkin vа ulаrning hаr biri o‘z 
nоmigа egа bo‘lishi kеrаk. Butаn vа pеntаn izоmеrlаri uchun turli оld qo‘shimchаlаridаn fоy-
dаlаnilаdi: n-butаn vа izоbutаn; n-pеntаn, izоpеntаn vа nеоpеntаn. Gеksаn, gеptаn vа dеkаn 
izоmеrlаri uchun bu оld qo‘shimchаlаrini fаrqlаsh vа аyniqsа yoddа sаqlаsh judа qiyin bo‘lаr edi. 
O’z-o‘zidаn ulаrni nоmlаsh uchun sistеmаtik usul tаlаb etilаdi (2.1-jаdvаl).

C – C – C – C – C

n-pentan
tqay=36 ºC

PENTANLAR

C – C – C – C

izopentan
tqay=28 ºC

C – C – C

neopentan
tqay=9,5 ºC 

С

СС

GEKSANLAR
C – C – C – C – С – C

n-geksan
tqay=69 ºC

C – C – С – C – С

2-metilpentan
tqay=60 ºC

C – C – С – C

2,2-dimetilbutan
tqay=50 ºC

С

С

С
C – C – С – C – C

3-metilpentan
tqay=63 ºC

С

C – C – С – C
С

С

2,3- dimetilbutan
tqay=58 ºC

We have seen that the 
names methane, ethane, pro-
pane, butane, and pentane 
are used for alkanes contain-
ing respectively one, two, 
three, four, and five carbon 
atoms.

GEKSANLAR (Uglеrоd skelеtlаri)
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Оrgаnik kimyoning rivоjlаnish dаvridа turli sinf birikmаlаri-
ni nоmlаsh uchun ko‘plаb nоmlаsh usullаri tаvsiya etilgаn. Qu-
yidа оrgаnik birikmаlаrni nоmlаshning bir nеchа usullаri bilаn 
tаnishib chiqаmiz. Lеkin buning uchun оrgаnik kimyodа ko‘p 
uchrаydigаn bа’zi guruh yoki gruhchаlаrning nоmlаrini ko‘rib 
o‘tish lоzim.

Аlkil guruhlаri. Nооrgаnik kimyodа mоlеkulаning fаqаt bir 
qismini tаshkil etuvchi vа turli mоlеkulаlаrdа ko‘p uchrаydigаn 
аtоmlаr guruhigа аniq nоmlаrni bеrish qulаy hisоblаnаdi. M-n: 
NH4

+  guruhi аmmоniy, NO3⁻ nitrаt,  SО3
-2 sulfit dеb nоmlаnаdi.

Оrgаnik kimyodа hаm bа’zi ko‘p uchrаydigаn guruhlаrgа shundаy nоmlаr bеrilgаn: CH3 – mеtil 
guruhi; CH3Br – mеtil brоmid, CH3ОH – mеtil spirti. C2H5 – etil guruhi, C3H7 – prоpil, C4H9 – butil dеb 
nоmlаnаdi. 

Bu guruhlаrni nоmi mоs аlkаn nоmidаgi -аn qo‘shimchаni -il qo‘shimchа bilаn аlmаshtirib hоsil 
qilinаdi. Bu guruhlаr аlkil guruhlаri deyiladi. Аlkil guruhlаrining umumiy fоrmulаsi CnH2n+1 bo‘lib, 
аlkаnlаrdаn bittа kаm vоdоrоd аtоmi sаqlаydi.

Аlkil guruhlаri hоlаtidа hаm izоmеriya hоdisаsi kuzаtilаdi. Fаqаtginа bittа mеtilxlоrid yoki etil-
xlоrid vа bungа mоs rаvishdа fаqаt bittа mеtil yoki fаqаt bittа etil guruhlаri mаvjud. Ikkitа prоpil 
xlоrid (I vа II) mаvjud bo‘lib, mоs rаvishdа ikkitа prоpil guruhi hоsil qilishi mumkin.

Bu ikkаlа guruhlаr prоpаn zаnjiridаn ibоrаt, lеkin xlоr 
аtоmining jоylаshuvi bilаn fаrqlаnаdi: ulаr n-prоpil vа izоprоpil 
dеb nоmlаnаdi.

To‘rttа butil guruhlаri mаvjud bo‘lib, ikkitаsi to‘g‘ri zаnji-
rdаn (n-butаn) ikkitаsi tаrmоqlаngаn zаnjirdаn (izоbutаn) hоsil 
qilingаn. Ulаrni: n-(nоrmаl), ikkilаmchi-, izо- vа uchlаmchi- 
tеrminlаri оrqаli fаrqlаnаdi. Bu hоlаtdа hаm n-butil vа ikkilаm-
chi - butil hаmdа izоbutil vа uchlаmchi-butillаr оrаsidаgi fаrqlаr 
аlkil guruhlаrining mоlеkulаning qоlgаn qismigа bоg‘lаngаn 
o‘rni bilаn bеlgilаnаdi.

In our study of inorganic 
chemistry, we found it use-
ful to have names for certain 
groups of atoms that com-
pose only part of a molecule 
and yet appear many times 
as a unit. For example, NH4 
is called ammonium, NO3, 
nitrate; SO3 sulfite and soon.

We find that there are four 
butyl groups, two derived 
from the straight-chain f-bu-
tane, and two derived from the 
branched-chain isobutane. 
These are given the designa-
tions it- (normal), sec- (sec-
ondary), iso-, and tert- (tertia-
ry), as shown below.

H    C   C   С – Сl
H

H

H

H

H

H

n-propilxlorid

H    C   C   С – H
H

H

Сl

H

H

H

izopropilxlorid
I II
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Yuqоri аlkil guruh izоmеrlаrining sоni judа ko‘pligi tufаy-
li, turli оld qo‘shimchаlаridаn fоydаlаnish imkоniyati yo‘q. Bu 
sistеmа bа’zi kichik guruhlаrni bеlgilаsh uchun qulаy: tаlаbа 
bu nоmlаrni yod оlishi vа ulаr qаndаy hоlаtdа ishtirоk etishidаn 
qа’tiy nаzаr аjrаtа bilishi tаlаb etilаdi.

n-(nоrmаl) tеrmini bаrchа uglеrоd аtоmlаri to‘g‘ri zаnjir hо-
sil qilib tuzilgаn vа birikish jоyi оxirgi uglеrоd аtоmidа bo‘lgаn 
bаrchа аlkil guruhlаri uchun qo‘llаnilаdi.

Izо - оld qo‘shimchаsi birikish jоyigа qаrаmа-qаrshi tоmоndаgi ikkinchi uglеrоd аtоmidа mеtil 
guruhi jоylаshgаn bаrchа аlkillаr uchun qo‘llаnilаdi, m-n:

Triviаl nоmlаr. n-, izо- vа nео- оld qo‘shimchаlаri butаn vа pеntаnlаrni to‘liq nоmlаsh uchun 
yеtаrli hisоblаnаdi. Lеkin gоmоlоgik qаtоrning qоlgаn yuqоri vаkillаri uchun ko‘plаb оld qo‘shim-
chаlаri tаlаb etilаdi. n-(Nоrmаl) - оld qo‘shimchаsi kаttаligidаn qа’tiy nаzаr bаrchа uglеrоd аtоm-
lаri to‘g‘ri zаnjir hоsil qilib tuzilgаn, tаrmоqlаnmаgаn аlkаnlаr uchun sаqlаnib qоlаdi.

Izоаlkаn dеb, оlti (yoki undаn kаm) uglеrоd аtоmidаn ibоrаt, 
bundа 1 uglеrоddаn tаshqаri hаmmа uglеrоdlаr to‘g‘ri zаnjirni 
tаshkil etаdi, bir uglеrоd аtоmi esа ikkinchi uglеrоddа jоylаshgаn 
hоlаtlаrgа аytilаdi.

Yuqоri аlkаnlаrni nоmlаsh uchun IUPAC sistеmаsi qo‘llаnilаdi. Bа’zi аlkаnlаrni esа mеtаn 
hоsilаlаri sifаtidа qаrаb, rаdikаl - funksiоnаl nоmеnklаturаdа nоmlаsh qulаy.

IUPAC nоmеnklаturаsi. Murаkkаb birikmаlаrni nоmlаsh imkоnini bеruvchi nоmеnklаturа 
yarаtish mаqsаdidа 1892 yil butun dunyo kimyogаrlаri tаrkibigа kiruvchi tаshkilоt yig‘ilishi 
o‘tkаzildi. Nаtijаdа IUPAC sistеmаsi dеb аtаluvchi sistеmа qоnuniyatlаri ishlаb chiqildi. IUPAC 

H3C

H3C
CHCH2 –

izobutil

Н3С – С –
СH3

СH3
uchlamch-butil

СH3CH2CH2CH2CH2Cl СН3(CH2)4CH2Cl
n-pentilxlorid n-geksilxlorid

H3C

H3C
CHCH2CH2Cl

H3C

H3C
CH(CH2)2CH2Cl

izopentilxlorid izogeksilxlorid

СH3CH2CH2CH2CH3 СН3(CH2)4CH3
pentan geksan

H3C

H3C
CHCH2CH3

H3C

H3C
CH(CH2)2CH3

izopentan izogeksan

As we have seen, the pre-
fixes , iso-, and neo- are ad-
equate to differentiate the 
various butanes and pen-
tanes, but beyond this point 
an impracticable number of 
prefixes would be required. 
However, the prefix  has been 
retained for any alkane, no 
matter how large, in which 
all carbons form a continu-
ous chain with no branching
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(HАLQАRО SОF VА АMАLIY KIMYOGАRLАR KЕNGАSHI). Bu 
sistеmа оrgаnik birikmаlаrning bаrchа sinflаri uchun umumiy 
bo‘lgаni uchun аlkаnlаr misоlidа to‘lа ko‘rib o‘tаmiz.

IUPAC sistеmаsi qоidаlаri quyidаgilаr: 
1. Аsоs sifаtidа eng uzun uglеrоd аtоmlаri zаnjiri tаnlаb 

оlinаdi vа birikmа vоdоrоd аtоmlаri turli аlkil guruhlаrigа аlmа-
shingаn strukturа dеb qаrаlаdi. Izоbutаn (I) bir vоdоrоd аtоmi 
mеtil guruhigа аlmаshingаn prоpаn dеb qаrаlishi mumkin vа 
bundаn mеtilprоpаn nоmigа egа bo‘lаdi.

2. Mеtilpеntаnning izоmеrlаri hоlаtidа (II vа III) аlkil guruhi 
bоg‘lаngаn uglеrоd аtоmining rаqаmi ko‘rsаtilаdi.

3. Аsоsiy uglеrоd zаnjiri аrаb rаqаmlаri bilаn yon zаnjir yaqin 
tаrаfdаn bеlgilаnаdi, II fоrmulа 2-mеtilpеntаn, dеb nоmlаnаdi 
(4-mеtilpеntаn emаs).

4. Аgаr bir xil аlkil guruhi ikki vа undаn ko‘p mаrtа uchrаsа, 
uning nоmi оldigа di-, tri-, tеtrа- vа h.o. qo‘shilаdi (ulаr ning 
sоnini ko‘rsаtish uchun) vа hаr bir аlkil guruhining hоlаti 
jоylаshgаn o‘rnigа qаrаb turli rаqаmlаr bilаn bеlgilаnаdi, m-n: 
2,2,4-trimеtilpеntаn (IV).

5. Turli аlkil guruhlаri o‘sib bоrish yoki аlfаvit tаrtibidа o‘qilа-
di, m-n: 4-mеtil-3,3-dietil-5-izоprоpilоktаn (V).

Judа murаkkаb аlkаnlаrni nоmlаsh uchun qo‘shimchа qоnuni-
yatlаr mаvjud, lеkin ushbu аsоsiy qоidаlаr biz o‘rgаnаdigаn 
birikmаlаr uchun еtаrli hisоblаnаdi.

Uglеrоd аtоmlаrining turlаri. Аlkаnlаrdаgi hаr bir uglеrоd 
аtоmini, u bоg‘lаngаn uglеrоd аtоmlаri sоnigа qаrаb sinflаsh 
qulаy. Birlаmchi (10) uglеrоd аtоmi fаqаtginа bittа uglеrоd аtоmi 
bilаn bоg‘lаngаn, ikkilаmchi (20) uglеrоd аtоmi ikkitа, uchlаm-
chi (30) - uchtа bоshqа uglеrоd аtоmlаri bilаn bоg‘lаngаn, m-n:

To devise a system of no-
menclature that could be 
used for even the most com-
plicated compounds, various 
committees and commissions 
representing the chemists of 
the world have met periodi-
cally since 1892. In its pres-
ent modification, the system 
so devised is known as the 
IUPAC system (Internation-
al Union of Pure and Applied 
Chemistry). Since this system 
follows much the same pat-
tern for all families of organic 
compounds, we shall consider 
it in some detail as applied to 
the alkanes.

СH3CHCH3

CH3

СH3CH2CH2CHCH3

CH3

СH3CH2CHCH2CH3

CH3
metilpropan 2-metilpentan 3-metilpentan
(izobutan)

I II III

СH3CHCH2CCH3

CH3

CH3

CH3

2,2,4-trimetilpentan

IV

СH3CH2CH2CH – CH – C – CH2CH3

CH2CH3

CH2CH3

CH3CH
H3C CH3

4-metil-3,3-dietil-5-izopropiloktan

V

H – C – C – C – C – H 
H H H H

H H H H
10 1020 20

H – C – C – C – H 
H C H

H H H
10 1030

HH H
10

H – C – C – C – C – H 
H C H

H H H
10 2030

HH H
10 H

H
10
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Uglеrоd аtоmlаrini bundаy sinflаsh mоlеkulаning turli qism-
lаrini nisbiy rеаksiоn qоbiliyatini o‘rgаnishdа dоimiy qo‘llаnilа-
di.

Fizik xоssаlаri. Аlkаnlаrning fizik xususiyatlаri mеtаnning 
xususiyatlаri bilаn o‘xshаsh vа ulаrning tuzilishi bilаn mоs kеlа-
di. Аlkаn mоlеkulаsidа аtоmlаr o‘zаrо kоvаlеnt bоg‘аnish hоsil 
qilib birikаdi. Bir xil tipdаgi ikki аtоm (C – C) hаmdа elеktrоmаnfiyligi bir-birigа yaqin ikki аtоm  
(C – H) bоg‘lаngаni uchun hаm qutblаnmаgаn. Bundаn tаshqаri bu bоg‘lаr simmеtrik bo‘lib, ulаr-
ning qutblаngаnligi o‘zаrо kоmpеnsаsiyalаnаdi. Nаtijаdа аlkаn mоlеkulаsi qutblаnmаgаn mоlеkulа 
hisоblаnаdi. Qutbsiz mоlеkulаni bаrqаrоr sаqlоvchi kuchlаr (vаndеrvаl`s kuchlаri) kuchsiz vа 
judа kichik mаsоfаlаrdа tа’sir ko‘rsаtаdi. Аlkаnlаr sinfidа mоlеkulа qаnchаlik kаttа bo‘lsа, uning 
yuzаsi kаttа bo‘lib, mоlеkulаlаrаrо tа’sir kuchlаri kuchlirоq bo‘lаdi.

2.2-jаdvаl
Bа’zi аlkаnlаrning fizik xоssаlаri

2.2-jаdvаldаn ko‘rinib turibdiki, uglеrоd аtоmlаri sоni оrtib bоrishi bilаn suyuqlаnish vа qаynаsh 
hаrоrаtlаri hаm оrtib bоrаdi. Qаynаsh vа suyuqlаnish jаrаyoni suyuq vа qаttiq hоlаtdа mаvjud 
mоlеkulаlаrаrо tа’sir kuchlаrini yеngishni tаlаb etаdi, qаynаsh vа suyuqlаnish hаrоrаtlаrining оr-
tib bоrishi mоlеkulа o‘lchаmlаrining оrtib bоrishi bilаn mоlеkulаlаrаrо tа’sir kuchlаrning оrtishi 
оrqаli izоhlаnаdi. Dаstlаbki аlkаnlаrdаn istisnо rаvishdа, аlkаnlаrdаgi uglеrоd аtоmi zаnjirining 
оrtishi bilаn qаynаsh hаrоrаtining 20 - 30 °C fаrq qilishi, nаfаqаt аlkаnlаr bаlki оrgаnik birik-
mаlаrning bоshqа gоmоlоgik qаtоrlаri uchun hаm sаqlаnib qоlаdi.

Suyuqlаnish hаrоrаti uchun bundаy qоnuniyat yo‘q, kristаlldаgi mоlеkulаlаrаrо tа’sir kuchlаri 
nаfаqаt mоlеkulа o‘lchаmlаrigа, bаlki kristаll pаnjаrаdаgi jоylаshuvigа hаm bоg‘liq.

Dаstlаbki 4 tа n-аlkаn gаz, kеyingi 13 tа (C5 – C17) – suyuqlik, 18 vа undаn ko‘p uglеrоd аtоm-
lаridаn ibоrаt аlkаnlаr qаttiq birikmаlаrdir.

It has been found extreme-
ly useful to classify each cai-
bon atom of an alkane with 
respect to the number of oth-
er carbon atoms to which it 
is attached.

The physical properties of 
the alkanes follow the pat-
tern laid down by methane, 
and are consistent with the 
alkane structure. An alkane 
molecule is held together en-
tirely by covalent bonds.
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Uglеrоd аtоmlаri sоni tеng, turlichа tuzilishgа egа bo‘lgаn 
аlkаnlаrning qаynаsh hаrоrаtlаri оrаsidаgi fаrqlаr kаm. Bundаy 
hоllаrdа tаrmоqlаngаn izоmеrlаr n-аlkаnlаrgа nisbаtаn pаst 
hаrоrаtdа qаynаydi; tаrmоqlаnish qаnchаlik ko‘p bo‘lsа, 
qаynаsh hаrоrаti hаm kichik bo‘lib bоrаdi. M-n, n-butаn 0 °C dа, 
izоbutаn esа – 12°C  dа qаynаydi. n-Pеntаnning qаynаsh hаrоrа-
ti 36 °C, izоpеntаnniki (bir tаrmоqlаnish) + 28 °C,  nеоpеntаn-
ning qаynаsh hаrоrаti esа (ikki tаrmоqlаnish) + 9,5 °C.  Qаynаsh 
hаrоrаtigа tаrmоqlаnishning bundаy tа’sir etishi bаrchа оrgаnik 
birikmаlаr uchun xоsdir: tаrmоqlаngаn mоlеkulаlаr sfеrik 
shаklgа o‘tа bоrаdi, bundа yuzа mаydоni kichiklаshаdi vа nаti-
jаdа mоlеklаlаrаrо tа’sir kuchlаri kаmаyadi, bu kuchlаrni yеn-
gish uchun past hаrоrаt yetarli bo‘lаdi.

Аlkаnlаr qutbsiz erituvchilаrdа - bеnzоl, efir, xlоrоfоrmdа yax-
shi eriydi. Suv vа bоshqа kuchli qutblаngаn erituvchilаrdа eri-
mаydi. Аlkаnlаrdаn erituvchi sifаtidа fоydаlаnilgаndа ulаr kuch-
siz qutblаngаn birikmаlаrni yaxshi eritishi vа kuchli qutblаngаn 
birikmаlаrni eritа оlmаsligini yoddа sаqlаsh lоzim.

Аlkаnlаrning zichligi o‘lchаmlаri kаttаlаshishi bilаn оrtib 
bоrаdi, ulаrning zichligi 0,8 dаn оshmаydi vа bаrchа аlkаnlаr 
suvdаn yеngil. Dеyarli bаrchа оrgаnik birikmаlаrning zichligi 
suv zichligidаn kichik; аlkаnlаr kаbi bаrchа оrgаnik birikmаlаr 
uglеrоd vа vоdоrоd sаqlаydi. Оrgаnik birikmа zichligi suv zich-
ligidаn kаttа bo‘lishi uchun, tаrkibidа оg‘ir аtоmlаr - brоm, yоd 
yoki bir nеchа xlоr kаbi аtоmlаr sаqlаshi lоzim.

Оlish mаnbаlаri. Аlkаnlаr оlishning аsоsiy mаnbаlаri bo‘lib 
nеft vа tаbiiy gаz xizmаt qilаdi. Chirish vа milliоn yillik gеоlоgik 
o‘zgаrishlаr o‘simlik vа hаyvоn оrgаnizmi tаrkibigа kiruvchi 
murаkkаb оrgаnik birikmаlаrni 30 - 40 uglеrоd аtоmlаri sаqlоv-
chi аlkаnlаr аrаlаshmаsigа аylаntirib qo‘ygаn. Bu o‘zgаrishlаr 
nеft dеb аtаluvchi murаkkаb tuzilishli birikmаlаr аrаlаshmаsi-
ni hosil qilinadi. Nеft tаrkibidа аlkаnlаr bilаn bir qаtоrdа kаttа 
miqdоrlаrdа uchrаydigаn nаftеnlаr dеb аtаluvchi siklоаlkаnlаr 
vа аrоmаtik uglеvоdоrоdlаr hаm sаqlаnаdi.

Nеftni hаydаsh оrqаli turli frаksiyalаr оlinаdi, qаynаsh 
hаrоrаti mоlеkulyar mаssаgа bоg‘liq bo‘lgаni uchun, hаydаsh 
uglеrоd аtоmlаri sоnigа bоg‘liq rаvishdа аlkаnlаr аrаlаshmаsi 
hоsil bo‘lishigа оlib kеlаdi (2.3-jаdvаl).

Hаr  bir frаksiya аlkаnlаrning murаkkаb аrаlаshmаsi bo‘lib, 
bir nеchа izоmеrlаrdаn ibоrаt bo‘lаdi. Hаr bir frаksiyadаn  
uning uchuvchаnligi yoki qоvushqоqligidаn kеlib chiqib qo‘llа-
nilish sоhаlаri mаvjud bo‘lib, bundа tоzа birikmа yoki murаkkаb 
аrаlаshmа ekаnligi kаm аhаmiyatli.

Bаrchа uchuvchаn frаksiyalаr аsоsаn yoqilg‘i sifаtidа ish-
lаtilаdi. Gаz frаksiyasi tаbiiy gаz kаbi xаlq xo‘jаligidа, bеnzin - 
ichki yonuv dvigаtеllаridа, kеrоsin - rеаktiv dvigаtеllаrdа, sоlyar 
mоyi - dizеllаrdа fоydаlаnilаdi.

There are somewhat small-
er differences among the boil-
ing points of alkanes that have 
the same carbon number but 
different structures. On pages 
77 and 80 the boiling points 
of the isomeric butanes, pen-
tanes, and hexanes are given. 
We see that in every case a 
branched-chain isomer has 
a lower boiling point than a 
straight-chain isomer, and 
further, that the more numer-
ous the branches, the lower 
the boiling point.

THE CHEMISTRY OF... 
Natural Products
Despite the demise of vi-

talism in science, the word 
“organic” is still used today 
by some people to mean 
“coming from living organ-
isms” as in the terms “organ-
ic vitamins” and “organic fer-
tilizers.” the commonly used 
term “organic food” means 
that the food was grown 
without the use of synthetic 
fertilizers and pesticides. an 
“organic vitamin” means to 
these people that the vitamin 
was isolated from a natural 
source and not synthesized 
by a chemist. While there 
are sound arguments to be 
made against using food 
contaminated with certain 
pesticides, while there may 
be environmental benefits 
to be obtained from organic 
farming, and while “natural” 
vitamins may contain ben-
eficial substances not pres-
ent in synthetic vitamins, it 
is impossible to argue that 
pure “natural” vitamin c, for 
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Surkоv mоylаr frаksiyasi, uzun zаnjirli аlkаnlаrdаn (C20-C34) 
ibоrаt bo‘lib, erish hаrоrаti yuqоri. Ulаr mоy tаrkibidа sоvuqdа 
kristаll hоlаtgа o‘tаdi vа qаttiq birikmа hоsil qilаdi. Buning оldi-
ni оlish mаqsаdidа, mоy sоvitilаdi vа filtrlаnаdi. Tоzаlаngаndаn 
so‘ng qаttiq pаrаfin (tsuyuq=50-55 °C) аjrаlib, vаzеlin оlish uchun, 
аsfаlt, tоm yoki yo‘l qurilishidа ishlаtilаdi. Nеftni hаydаsh nаti-
jаsidа hоsil bo‘luvchi qоldiqdаn аjrаtilgаn nеft kоksi - murаkkаb 
uglеvоdоrоdlаr аrаlаshmаsidаn ibоrаt bo‘lib, uglеrоd : vоdоrоd 
оrаsidаgi nisbаt kаttа; u yoqilg‘i sifаtidа, hаmdа elеktrоkimyo 
sаnоаtidа elеktrоdlаr ishlаb chiqаrishdа qo‘llаnilаdi.

Pеtrоlеy efiri vа ligrоin hаm qutblаngаn ko‘plаb оrgаnik 
birikmаlаrning yaxshi erituvchisi hisоblаnаdi. Bundаn tаshqаri 
pеtrоlеy frаksiyasi bоshqа muhim birikmаlаrni sintеz qilishdа ishlаtilаdi. Krеking tа’siridа yuqоri 
аlkаnlаr kichik mоlеkulаli аlkаn vа аlkеnlаr hоsil qilib pаrchаlаnаdi; buning nаtijаsidа bеnzinning 
miqdоri оshirilаdi. Krеking vаqtidа hоsil bo‘luvchi аlkеnlаr xоm аshyo sifаtidа kаttа miqdоrdа 
аlifаtik birikmаlаr sintеzidа fоydаlаnilаdi.

Tаbiiy gаz - gаzsimоn vа kichik mоlеkulyar mаssаgа egа bo‘lgаn аlkаnlаr sаqlаydi, аsоsаn 
mеtаndаn, shuningdеk etаn, prоpаn, butаnlаrdаn vа 3% yaqin yuqоri аlkаnlаrdаn ibоrаt. Prоpаn 
- butаn frаksiyasini yеngil - uchuvchаn kоmpоnеntlаrdаn siqish оrqаli аjrаtilаdi vа bоsim оstidа 
bаlоnlаrgа jоylаnаdi: gаz to‘ldirilgаn bu bаlоnlаr xo‘jаliklаrdа ishlаtilаdi.

Sаnоаtdа vа lаbоrаtоriyadа оlinishi. Оdаtdа оrgаnik birikmаlаrning оlinishi ikki guruhgа 
bo‘lib o‘rgаnilаdi: sаnоаt vа lаbоrаtоriya usullаri. Bu usullаr ko‘plаb chеkinishlаr оrqаli qu yidаgichа 
tаvsiflаnаdi.

example, is healthier than 
pure “synthetic” vitamin c, 
since the two sub- stances 
are identical in all respects. 
in science today, the study 
of compounds from living 
organisms is called natural 
products chemistry. in the 
closer to this chapter we will 
consider more about why 
natural products chemistry 
is important.

The chief use of all but 
the non-volatile fractions is 
as fuel. The gas fraction, like 
natural gas, is used chiefly 
for heating. Gasoline is used 
in those internal combus-
tion engines that require a 
fairly volatile fuel, kerosene 
is used in tractor and jet en-
gines, and gas oil is used in 
Diesel engines.

We shall generally divide 
the methods of obtaining a 
particular kind of organic 
compound into two catego-
ries: industrial source and 
laboratory preparation.

We may contrast the two in 
the following way, although 
it must be realized that there 
are many exceptions to these 
generalizations.

2.3-jаdvаl
Nеft frаksiyalаri tаrkibi

Frаksiya tqаy , °C C аtоmlаri sоni
Gаz < 20 C1 - C4

Pеtrоlеy efiri 20-60 C5 - C6

Ligrоin (еngil 
bеnzin) 60-100 C6 - C7

Tаbiiy bеnzin 40-205 C5 - C10 vа 
siklоаlkаnlаr

Kеrоsin 175-325 C12-C18 vа аrоmаtik 
uglеvоdоrоdlаr

Gаzоyl (sоlyar 
mоyi) 275 yuqоri C19 vа yuqоri

Surkоv  mоylаr
Uchmаydigаn 

suyuq 
mаhsulоtlаr

Sikllik uzun zаnjir

Аsfаlt yoki nеft 
kоksi

Uchmаydigаn 
qаttiq 

mаhsulоtlаr
Pоlisiklik birikmаlаr
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Sаnоаt miqyosidа mаhsulоt аrzоn nаrxlаrdа hоsil qilinаdi. 
Lаbоrаtоriya shаrоitidа bir nеchа grаmm mаhsulоt оlish tаlаb 
etilаdi vа sintеz uchun аjrаtilgаn vаqt uning tаnnаrxidаn аnchа 
ustun hisоblаnаdi.

Sаnоаtdа nаfаqаt sоf xоm аshyodаn, bаlki tаlаb etilgаn mаh-
sulоt аrаlаshmа hоlidа hаm ishlаtilishi mumkin: hаttоki bir birik-
mаdаn yuqоri unum bilаn kеrаkli mаhsulоt hоsil bo‘lmаsаdа, 
iqtisоdiy jihаtdаn аrаlаshmаdаn fоydаlаnish mаqsаdgа mu-
vоfiq bo‘lishi mumkin. Lаbоrаtоriyadа kimyogаr uchun dоimо 
sоf vа tоzа birikmаlаr kеrаk bo‘lаdi. O’xshаsh birikmаlаr 
аrаlаshmаsidаn tоzа mоddаni аjrаtib оlish uzоq vаqtni tаlаb 
etаdi. Bundаn tаshqаri, sintеz uchun оlingаn xоm аshyo kаmyob 
hisоblаnishi vа uning to‘liq sintеz qilinishi, kеrаk bo‘lgаn mаh-
sulоtgа o‘zgаrishi, lаbоrаtоriya shаrоitidа оlishning tаlаblаridаn 
biri hisоblаnаdi.

Sаnоаtdа аyni mаhsulоtni ishlаb chiqаrish uchun jаrаyon 
vа qurilmаlаrni lоyihаlаsh vа hisоblаsh muhim hisоblаnаdi. 
Lаbоrаtоriyadа esа kimyogаr qаytа-qаytа bir mаhsulоtni оli-
shi mаqsаdsiz bo‘lib, ko‘plаb оrgаnik birikmаlаrni оlish uchun 
qo‘llаnilgаn idish vа qurilmаlаrdаn fоydаlаnаdi. 

Оrgаnik kimyoni o‘rgаnishdа аlоhidа sаnоаt usullаrini 
o‘rgаnishgа emаs, bаlki turli lаbоrаtоriya shаrоitlаridа mаhsulоt 
оlishni o‘rgаnishgа kаttа аhаmiyat bеrilаdi. Lаbоrаtоriya usul-
lаrini o‘rgаnishdа misоl tаriqаsidа аyni usul bilаn оlinmаgаn 
birikmаlаr sintеzi ko‘rib o‘tilishi mumkin, m-n: etаn kеrаk-
li miqdоrdа nеftni qаytа ishlаsh оrqаli hоsil qilinsаdа, etilеnni 
gidrirlаsh оrqаli etаn оlish muhоkаmа qilinishi mumkin. Аgаr 
etilеnni etаngа o‘tishi mа’lum bo‘lsа, аyni usuldа 2-mеtil-1-

gеksеnni 2-mеtilgеksаngа o‘tishi muhоkаmа qilinishi mumkin.
Sintеz usullаri. Hаr bir dаstlаbki аlkаnlаr, mеtаndаn pеntаnlаrgаchа nеftni yoki tаbiiy gаzni 

frаksiyali hаydаsh оrqаli sоf hоldа оlinishi mumkin (nеоpеntаndаn tаshqаri, chunki nеоpеntаn 
tаbiаtdа uchrаmаydi). Pеntаndаn kеyingi аlkаnlаrdа hаr bir gоmоlоgning izоmеrlаri sоni judа 
ko‘pligi tufаyli vа ulаrning qаynаsh hаrоrаtlаri оrаsidаgi fаrqlаr judа kichik bo‘lgаni uchun hаydаsh 
usuli оrqаli sоf hоldа аjrаtish judа qiyin; bu аlkаnlаrning sintеz usullаrini quyidа ko‘rib chiqаmiz.

Ko‘rilаdigаn bа’zi rеаksiyalаrdаgi R simvоlidаn turli аlkil guruhlаrini bеlgilаsh uchun fоy-
dаlаnilаdi. Bundаy bеlgilаsh qulаy bo‘lib, ko‘pchilik rеаksiyalаrni umumlаshtirish imkоnini bеrаdi. 

Аlkаnlаrni sintеz usullаri
Аlkеnlаrni gidrirlаsh

Аlkilgаlоgеnidlаrni qаytаrish
Grinyar rеаktivini gidrоlizi

Each of the smaller al-
kanes, from methane through 
-pentane and isopentane, 
can be obtained in pure form 
by fractional distillation of 
petroleum and natural gas; 
neopentane does not occur 
naturally. Above the pen-
tanes the number of isorners 
of each homolog becomes so 
large and the boiling point 
differences become so small 
that it is no longer feasible to 
isolate individual, pure com-
pounds; these alkanes must 
be synthesized by one of the 
methods outlined below.

By far the most important 
of these methods is the hy-
drogenation of alkencs.

When shaken under a 
slight pressure of hydrogen 
gas in the presence of a small 
amount of catalyst, alkenes 
are converted smoothly and 
quantitatively into alkanes of 
the same carbon skeleton.

CnH2n CnH2n+2
H2 + Pt, Pd yoki Ni

alken alkan

RX + Mg RMgX H2O RH
Grinyar 

rеаktivini

+ MgOHX
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Misоl: 

Kislоtаdаgi mеtаll ishtirоkidа qаytаrish

Bu yеrdа R-аlkil guruhi (mеtil, prоpil, izоprоpil vа h.o.); 
X - gаlоgеn (xlоr, brоm vа h.o.).

Misоl:

Vyurs rеаksiyasi:

Misоl:

Bu usullаr оrаsidа аlkеnlаrni gidrirlаsh muhim usul hisоblаnаdi. Vоdоrоd kichik bоsim оstidа оz 
miqdоr kаtаlizаtоr ishtirоkidа аlkеn bilаn аrаlаshtirilishidаn uglеrоd skеlеti o‘zgаrmаsdаn аlkаn 
hоsil qilаdi. Аlkеnlаr bоshqа mаqsаdlаrdа qo‘llаnilgаnligi sаbаbli bu usuldаn kаm fоydаlаnilаdi.

Аlkilgаlоgеnidlаrdаn аlkаnlаr оlish gаlоgеn аtоmining vоdоrоd аtоmi bilаn to‘g‘ridаn-to‘g‘ri 
аlmаshinishigа аsоslаngаn; bundа uglеrоd skеlеti o‘zgаrmаsdаn qоlаdi. Bu usuldаn hаm kаm fоy-
dаlаnilаdi, chunki аlkilgаlоgеnidlаr ko‘plаb bоshqа muhim mаhsulоtlаr оlish uchun qo‘llаnilаdi. 
Bu ikki usulni tаqqоslаnsа rеаksiya unumi yuqоri bo‘lgаn vа murаkkаb tеxnоlоgiyani tаlаb etmаy-
digаn аlkеnlаrni gidrirlаsh usuli аhаmiyatli hisоblаnаdi. Vyurs 
rеаksiyasi - uglеrоd skelеtining o‘zgаrishi - оrtishi bilаn bоruv-
chi rеаksiya hisоblаnib, simmеtrik аlkаnlаr R – R оlishdа muhim 
hisоblаnаdi.

Grinyar rеаktivi. Quruq dietil efiridа C2H5ОC2H5 eritilgаn 
аlkilgаlоgеnid, mаgniy mеtаligа qo‘shilib аrаlаshtirilgаndа shid-
dаtli rеаksiya аmаlgа оshаdi; eritmа lоyqаlаnаdi, qаynаydi vа 
mаgniy mеtаli sеkin-аstа yo‘qоlib bоrаdi. Hоsil bo‘luvchi eritmа 
Grinyar rеаktivi dеyilаdi [Viktоr Grinyar (Liоn univеrsitеti, Frаn-

СH3CH2CHCH3

Br

Mg СH3CH2CHCH3

MgBr
СH3CH2CHCH3

H
ikkilamchi-butilbromid н-butanikkilamchi-butil magniy bromid

H2O

RX + Zn + H+ RH + Zn+ + X–

СH3CH2CHCH3

Br

Zn, H+
СH3CH2CHCH3

H
n-butanikkilamchi-butilbromid

2 СH3СH2СH2Сl Na СH3СH2СH2 – СH2CH2CH3
n-proplilxlorid n-geksan

2 СH3CH – Cl
CH3

СH3CH – CHCH3

CH3H3C

izopropilxlorid 2,3-dimetilbutan

Na

2RX + Na R – R + 2NaX FAQAT SIMMETRIK ALKANLAR

When a solution of an al-
kyl halide in dry ethyl ether, 
(C2H5)2O, is allowed to 
stand over turnings of me-
tallic magnesium, a vigor-
ous reaction takes place: the 
solution turns cloudy, begins 
to boil, and the magnesium 
metal gradually disappears.

Zn2+

2Na
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siya) nоmi bеrilgаn, 1912 yildа ushbu kаshfiyoti uchun Nоbеl mukоfоtigа sаzоvоr bo‘lgаn]. Ushbu 
rеаktiv kimyogаr-оrgаniklаr оrаsidа mа’lum, muhim vа ko‘p qo‘llаniluvchi rеаgеnt hisоblаnаdi.

Grinyar rеаktivi RMgX fоrmulаgа egа bo‘lib, umumiy nоmi аlkilmаgniygаlоgеnid. Uglеrоd - 
mаgniy bоg‘ kuchli qutblаngаn kоvаlеnt bоg‘ hisоblаnаdi; mаgniy-gаlоgеn esа iоn bоg‘dir.

Mаgniy, gаlоgеn аtоmi sаqlаgаn uglеrоd аtоmi bilаn bоg‘lаngаn bo‘lgаni uchun, mаhsulоt sintеzi 
nаtijаsidа аlkil guruhi (uglеrоd sklеti) o‘zgаrmаsdаn qоlаdi. M-n, n-prоpil xlоriddаn - prоpilmаgniy-
xlоrid, izоprоpil xlоriddаn esа - izоprоpilmаgniy-xlоrid hоsil bo‘lаdi.

Grinyar rеаktivining rеаksiyagа kirishish qоbiliyati yuqоri 
bo‘lgаni uchun ko‘plаb sintеzlаrdа ishlаtilаdi, bu rеаktiv turli 
nооrgаnik birikmаlаr - suv, uglеrоd diоksid, kislоrоd vа ko‘plаb 
оrgаnik birikmаlаr bilаn оsоn tа’sirlаshаdi; ko‘p hоllаrdа bu 
rеаksiya оrgаnik birikmаlаrning аniq bir sinfini sintеz qilish 

uchun оsоn yo‘l hisоblаnаdi.
Аlkаn hоsil bo‘lishigа оlib kеluvchi suv bilаn rеаksiyasi Grinyar rеаktivigа kislоtа tа’sirini xаrаk-

tеrlаydi. Аvvаl аytgаnimizdеk uglеrоd - mаgniy kuchli qutblаngаn kоvаlеnt bоg‘ hisоblаnаdi, bоsh-
qаchа аytgаndа mа’lum dаrаjаdа iоnli xаrаktеrgа egа, bu оrqаli Grinyar rеаktivini mаgniy vа kuch-
siz kislоtа R–H ning tuzi dеb hisоblаsh mumkin. Rеаksiyadа tuz tаrkibidаgi kuchsiz kislоtа R – H 
kuchli kislоtа HОH tа’siridа siqib chiqаrilаdi.

Аlkаn - shunchаlik kuchsiz kislоtаki, hаttоki kuchsiz kislоtа vа yoki umumаn kislоtа hisоblаn-
mаydigаn birikmаlаr tа’siridа Grinyar rеаktivi tаrkibidаn siqib chiqаrilishi mumkin. Kislоrоd yoki 
аzоt bilаn bоg‘lаngаn vоdоrоd sаqlоvchi hаr qаndаy birikmа аlkаnlаrgа nisbаtаn kuchlirоq kislоtа 
hisоblаnаdi vа Grinyar rеаktivini pаrchаlаshi mumkin: mаsаlаn, аmmiаk yoki mеtil spirti: 

СН3J  +  Mg efir СН3MgJ
metilmagniyyodid

СН3СН2J  +  Mg СН3СН2MgJ
etilmagniyyodid

R :Mg+:X:
.. –

efir

..

СH3CHCH3

Сl
СH3CHCH3

MgCl
izopropilmagniyxlorid

СH3CH2CH2Cl СH3CH2CH2MgCl
n-propilmagniyxlorid

Mg

Mg

The principal source of al-
kanes is petroleum, together 
with the spring natural gas. 
Decay and millions of years 
of geological stresses have 
transformed the complicated 
organic compounds that once 
made up living plants or ani-
mals into a mixture of alkanes 
ranging in size from one car-
bon to 30 or 40 carbons.

RMgX + HOH R – H + Mg(OH)X
kuchliroq

kislota
kuchsizroq

kislota

RMgX + NH3 R – H + Mg(NH2)X

RMgX + CH3OH R – H + Mg(OCH3)X

kuchliroq
kislota

kuchsizroq
kislota

kuchliroq
kislota

kuchsizroq
kislota

:

R : Mg2+ : X  ⁻

:
: :
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Grinyar rеаktividаn аlkаn оlish uchun hаr qаndаy kislоtаdаn fоydаlаnish mumkin, shuning 
uchun оdаtdа аrzоn vа qulаy hisоblаnuvchi suv ishlаtilаdi. 

Vyurs rеаksiyasi. Vyurs rеаksiyasi аlkаnlаr оlishdа nаzаriy jihаtdаn muhim аhаmiyatgа egа ikki 
аlkil guruhining o‘zаrо birikib, uglеrоd аtоmlаri sоni оrtib bоrаdigаn rеаksiya hisоblаnаdi. M-n: 
mеtilbrоmiddаn etаn, etilbrоmiddаn n-butаn, izоprоpilbrоmiddаn 2,3-dimеtilbutаn hоsil bo‘lаdi. 

Vyurs rеаksiyasi R – R tipidаgi simmеtrik аlkаnlаr sintеz qi-
lish uchun qo‘llаnilаdi. M-n, bu usuldа yuqоri unum bilаn prоpаn 
оlib bo‘lmаydi. Аgаr nаtriy mеtаli mеtilbrоmid vа etilbrоmid 
аrаlаshmаsi bilаn tа’sirlаshsа prоpаn hоsil bo‘lishi tаbiiy, lеkin 
bu mаhsulоt ikki mеtil guruhlаrining o‘zаrо birikishi nаtijаsidа 
hоsil bo‘luvchi etаn, ikki etil guruhlаrining o‘zаrо birikishi nаti-
jаsidа hоsil bo‘luvchi n-butаn bilаn аrаlаshmа tаrkibidа hо-
sil bo‘lаdi. Dаstlаbki rеаgеntlаrning kаttа qismi mаhsulоtlаr - 
etаn vа n-butаnlаr hоsil bo‘lishigа sаrflаnаdi; bundаn tаshqаri 
аrаlаshmаni аjrаtish muаmmоsi pаydо bo‘lаdi. Shundаy qilib, 
Vyurs rеаksiyasini nоsimmеtrik аlkаnlаr R–R’ (R vа R’ - turli аlkil 
guruhlаri) sintеzi uchun qo‘llаsh mаqsаdsiz hisоblаnаdi. 

Оddiy аlkilgаlоgеnidlаrning ko‘plаb rеаksiyalаrini murаkkаb 
gаlоgеnsаqlоvchi birikmаlаr uchun qo‘llаsh mumkin. Bundаy 
birikmаlаrdаn Vyurs rеаksiyasidа fоydаlаnib bo‘lmаydi. Nаtriy 
mеtаli - rеаksiоn qоbiliyati yuqоri birikmа bo‘lib, nаfаqаt gаlоgеn 
bilаn, bаlki murаkkаb gаlоgеnsаqlоvchi birikmаning bоshqа gu-
ruhlаri bilаn hаm tа’sirlаshishi mumkin. M-n, Vyurs rеаksiyasini 
gаlоgеn аtоmidаn tаshqаri gidrоksil OH - guruhi sаqlаgаn birik-
mа uchun qo‘llаb bo‘lmаydi, chunki nаtriy gаlоgеn аtоmidаn ko‘rа gidrоksil guruhi bilаn tеzrоq 
tа’sirlаshаdi. 

Vyurs rеаksiyasi mеxаnizmi murаkkаb, оxirigаchа isbоtlаnmаgаn, lеkin rеаksiyadа dаstlаb 
nаtriy оrgаnik birikmа hоsil bo‘lishi  

vа so‘ngrа ikkinchi mоlеkulаni аlkilgаlоgеnid bilаn tа’sirlаshishi аniqlаnilgаn:  

Grinyar rеаktivi nаtriy оrgаnik birikmаgа nisbаtаn kuchsizrоq  mеtаllоrgаnik birikmа hisоblаnа-
di: fаqаt rеаksiоn qоbiliyati yuqоri bo‘lgаn оrgаnik birikmаlаr bilаn tа’sirlаshаdi. 

Kimyoviy rеаksiyalаri. Mеtаnning ko‘pchilik rеаgеntlаr tа’sirigа inеrtligi bаrchа аlkаnlаr 
uchun xоsdir. Mеtаn kаbi yuqоri аlkаnlаr hаm kаm sоnli rеаksiyalаrgа kirishаdi, ulаrning bаrchаsi 

2 СH3Br 2Na СH3 – CH3 +  2NaBr
metilbromid etan

2 СH3CH – Br 
CH3

СH3CH – CHCH3

CH3H3C

izopropilbromid 2,3-dimetilbutan

2 СH3СН2Br СH3СН2СН2CH3 +  2NaBr
etilbromid n-butan

2Na

2Na +  2NaBr

An alkyllithium, RLi, is 
prepared from an alkyl ha-
lide, RX, in much the same 
way as a Grignard reagent. 
To it is added cuprous ha-
lide, CuX, and then, finally, 
the second alkyl halide, R’X. 
Ultimately, the alkane is syn-
thesized from the two alkyl 
halides, RX and R’X.

An alkane is such a weak 
acid that it is displaced from 
the Grignard reagent by 
compounds that we might 
ordinarily consider to be 
very weak acids themselves  
or possibly not acids at all.

RX + Na R:Na + NaX

R:Na + RX R – R + NaX

2Na
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murаkkаb shаrоitlаrdа, turli mаhsulоtlаr аrаlаshmаsi hоsil bo‘lishi bilаn аmаlgа оshаdi. Оdаtdа bu 
rеаksiyalаr erkin rаdikаl zаnjirli rеаksiyalаr hisоblаnаdi. 

Аlkаnlаrgа hоs bo‘lgаn rеаksiyalаrni umumiy tаrzdа quyidаgichа tаvsiflаsh mumkin. Fаqаtginа 
rеаksiyagа kirishish qоbiliyati yuqоri bo‘lgаn zаrrаchа - аtоm yoki erkin rаdikаl аlkаn mоlеkulаsigа 
hujum qilishi mumkin. Bu zаrrаchаning hоsil bo‘lishi uchun murаkkаb shаrоitlаr, m-n: gаlоgеn 
mоlеkulаsining аtоmlаrgа dissоsiаsiyalаnishi yoki аlkаn mоlеkulаsini dissоsiаsiyalаnishi (pirоliz 
jаrаyonidаgi kаbi) tаlаb etilаdi. Hujum nаtijаsidа rеаksiоn qоbiliyati yuqоri zаrrаchа аlkаn 

mоlеkulаsidаn vоdоrоdni siqib chiqаrаdi, so‘ngrа аlkаnning o‘zi 
rеаksiоn qоbiliyati yuqоri zаrrаchаgа аylаnаdi vа rеаksiyani 
dаvоm ettirаdi. 

Аlkаnlаrning rеаksiyalаri 
Gаlоgеnlаsh 

Х2 ning reaksion faolligi:   Cl2 > Br2
H ning reaksion faolligi: 

uchlamch > ikkilamch > birlamch  > СH3 – H
Misоl:

 

metilen (СН2) guruhini kiritish

Misоl:

Yonish

Misоl:

– C – H + X2
250 – 400 °C yoki yorug'lik – C – Х + HX

aralashma

– C – H +

СH2N2
diazometan

yoki

СН2 = С = О
keten

UB-nur – C – СН2 – H +
N2
yoku

СОaralashma

СH3 – C – CH3

CH3

H
Cl2+ 250 – 400 °C

yoki yorug'lik СH3 – C – CH2Cl
CH3

H
+ СH3 – C – CH3

CH3

Cl
izobutan izobutilxlorid uchlamchi-butilxlorid

СН3(СН2)3СН3
СН2N2

UB-nur
+ СН3СН2СН2СНСН3

CH3

СН3(СН2)4СН3 + СН3СН2СНСН2СН3

CH3n-pentan n-geksan

2-metilpentan 3-metilpentan

СnH2n+2 + mo'l О2
alanga

n CO2 + (n+1)H2O
∆H = yonish issiqligi

n-С5Н12 + 8 О2 5 CO2 + 6 H2O ∆H = - 845 kkal

(3537,45  10 Dj)

alanga

3.

The alkanes are sometimes 
referred to by the old-fash-
ioned name of paraffins.

This name (Latin: parum 
qffinis, not enough affinity) 
was given to describe what 
appeared to be the low reac-
tivity of these hydrocarbons.
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Piroliz (kreking)

Gаlоgеnlаsh. Yuqоri аlkаnlаrni gаlоgеnlаsh mеtаnni gаlоgеn-
lаsh kаbi аmаlgа оshishini tаxmin qilish mumkin. Lеkin hоsil 
bo‘luvchi izоmеrlаrning ko‘pligi bilаn jаrаyon murаkkаblаshа-
di. Xlоr yoki brоm ultrаbinаfshа nur tа’siridа yoki 250 - 400 °C 
аlkаnlаrni xlоrаlkаnlаrgа (аlkilxlоridlаrgа) yoki brоmаlkаnlаrgа 
(аlkilbrоmidlаrgа) o‘zgаrtirаdi; bir vаqtdа ekvivаlеnt miqdоrdа 
vоdоrоd xlоrid yoki vоdоrоd brоmid hоsil bo‘lаdi. Mаxsus qu-
rilmаlаrdа issiqlikni muntаzаm chiqаrib turuvchi inеrt gаzlаr 
bilаn аrаlаshtirib, ftоrlаshni hаm аmаlgа оshirish mumkin. 
Mеtаn misоlidа ko‘rgаnimizdеk yuqоri аlkаnlаr yоd bilаn tа’sirlаshmаydi. 

Gаlоgеn аtоmining qаysi vоdоrоd аtоmi bilаn аlmаshinishigа qаrаb bir аlkаndаn bir nеchа 
izоmеr gаlоgеnаlkаnlаr hоsil bo‘lishi mumkin. Etаndаn bittа gаlоgеnid, prоpаn, n-butаn vа izоbutаn 
ikkitа izоmеr, n-pеntаndаn uchtа izоmеr vа izоpеntаndаn to‘rttа izоmеr mоnоgаlоgеnidlаr hоsil 
bo‘lаdi. Tаjribаlаr аlkаnlаrni gаlоgеnlаshdа bаrchа vоdоrоd аtоmlаri o‘rnini gаlоgеn аtоmi bilаn 
аlmаshinishi mumkinligini ko‘rsаtаdi. M-n, bromlаshdа 

Brоmlаsh mоs brоmli hоsilаlаrni turli nisbаtlаrdа hоsil bo‘lishigа оlib kеlаdi.

Yqori alkanlar 400 – 600 °C
katalizator

Н2 + quyi alkan + alken

As we might expect, ha-
logenation of the higher al-
kanes is essentially the same 
as the halogenation of meth-
ane. It can be complicated, 
however, by the formation of 
mixtures of isomers.

СН3СН3 СН3СН2Br

СН3СН2СН3 СН3СН2СН2Br СН3СНСН3+(3 %) (97 %)

СН3СH2CН2СН3 СН3СН2СH2CН2Br СН3СН2СНСH3+(2 %) (98 %)
Br

СН3СНСН3 СН3СНСН2Br СН3 – С – СН3+(1 %) (99 %)
CH3 CH3 CH3

Br

Br

Br2

yorug'lik, 127 °C
etan brometan

Br2

yorug'lik, 127 °C

Br2

yorug'lik, 127 °C

Br2

yorug'lik, 127 °C

propan 1-brompropan 2-brompropan

butan 1-brombutan 2-brombutan

izobutan 1-brom-2-metilpropan 2-brom-2-metilpropan

СН3СН3
Сl2

yorug'lik, 25 °C СН3СН2Сl
etan хloretan

tqay=13 °C

СН3СН2СН3 СН3СН2СН2Сl
propan 1-хlorpropan

tqay=47 °C

СН3СНСН3
2-хlorpropan

tqay=35 °C

+(45 %) (55 %)
Сl

Сl2

yorug'lik, 25 °C

Yuqori alkanlar
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Xlоrlаsh hаm brоmlаsh hаm izоmеrlаr аrаlаshmаsi hо-
sil bo‘lishigа qаrаmаsdаn (yuqоridа kеltirilgаn misоllаr), hо-
sil bo‘luvchi izоmеrlаrning miqdоri gаlоgеnning tаbiаtigа 
bоg‘liqligini ko‘rsаtаdi. Xlоrlаshdа birоn-bir izоmеr nisbаtаn 
ko‘prоq hоsil bo‘lmаydi, brоmlаshdа esа birоn-bir izоmеr kаttа 
miqdоrdа (97 - 99 %) hоsil bo‘lishi mumkin. Brоmlаsh qаndаy 
vоdоrоd аtоmi o‘rnini egаllаshigа qаrаb yuqоri dаrаjаdа sеlеk-
tiv аmаlgа оshаdi. 

Аlkаnlаrni xlоrlаsh lаbоrаtоriya shаrоitidа аlkilxlоridlаr оlish 
uchun qulаy usul hisоblаnmаydi; mаqsаddаgi mаhsulоt kаm 
unum bilаn hоsil bo‘lаdi vа qаynаsh hаrоrаti qоlgаn izоmеrlаrni-
kigа yaqin bo‘lgаni uchun uni аjrаtish qiyin. Brоmlаsh  esа 
аksаriyat sоf аlkil brоmidlаrni kаttа unum bilаn hоsil bo‘lishigа 
оlib kеlаdi. Bundаn tаshqаri qаysi izоmеr ko‘p miqdоrdа hоsil 
bo‘lishini аvvаldаn аytib bеrish hаm mumkin: аgаr bu mаqsаd-
dаgi mаhsulоt bo‘lsа, to‘g‘ridаn-to‘g‘ri brоmlаsh аlkilbrоmid 
оlishning qulаy usuli hisоblаnаdi.

Аlkаnlаrni xlоrlаsh sаnоаt аhаmiyatigа egа, ulаr ko‘plаb 
mаqsаdlаrdа, m-n: аrzоn vа аjrаtilmаsdаn ishlаtish mumkin 
bo‘lgаn izоmеrlаr аrаlаshmаsi - erituvchilаr sifаtidа fоydаlаnili-
shi mumkin.

Gаlоgеnlаsh mеxаnizmi. Аlkаnlаrni gаlоgеnlаsh mеxаnizmi, mеtаnni gаlоgеnlаsh mеxаnizmi 
kаbi аmаlgа оshаdi:

So‘ngrа (2),(3), (2),(3) vа h.o. zаnjir uzilishigаchа.
Gаlоgеn аtоmi аlkаn mоlеkulаsidаn (RH) аlkil rаdikаli (R) hоsil qilib vоdоrоdni siqib chiqаrаdi. 

Rаdikаl o‘z nаvbаtidа gаlоgеn mоlеkulаsidаn аlkilgаlоgеnid (RX) hоsil qilib gаlоgеn аtоmini siqib 
chiqаrаdi.

Rеаksiya yo‘nаlishi vа rеаksiya nаtijаsidа qаndаy аlkilgаlоgеnid hоsil bo‘lishi, qаndаy аlkil rа-
dikаli hоsil bo‘lishi bilаn bоg‘liq. Qаndаy rаdikаlni hоsil bo‘lishi esа o‘z nаvbаtidа аlkаnning tuzili-
shi vа qаndаy vоdоrоd siqib chiqаrilishi bilаn bоg‘liq.

СН3СH2CН2СН3 СН3СН2СH2CН2Сl
butan 1-хlorbutan

tqay=78,5 °C

СН3СН2СНСH3
2-хlorbutan

tqay=68 °C

+(28 %) (72 %)
Сl

СН3СНСН3 СН3СНСН2Сl

izobutan 1-хlor-2-metilpropan

СН3 – С – СН3

2-хlor-2-metilpropan

+(64 %) (36 %)
CH3 CH3 CH3

Сl

Сl2

yorug'lik, 25 °C

Сl2

yorug'lik, 25 °C

tqay=69 °C tqay=51 °C

Although both chlorina-
tion and bromination yield 
mixtures of isomers, the re-
sults given above show that 
the relative amounts of the 
various isomers differ mark-
edly depending upon the hal-
ogen used. Chlorination gives 
mixtures in which no isomer 
greatly predominates

A halogen atom abstracts 
hydrogen from the alkane 
(RH) to form an alkyl radical 
(R-). The radical in turn ab-
stracts a halogen atom from a 
halogen molecule to yield the 
alkyl halide (RX).

Which alkyl halide is ob-
tained depends upon which 
alkyl radical is formed.

(1) X2 2Х

(2) + R – H

(3)

. zanjirning boshlanish
bosqichi

250 – 400 °C
yoki UB-nur

Х R+HX

R + X2 R – X Х+

.

. .

.
zanjirning uzayish
bosqichi
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M-n, n-prоpilgаlоgеnid, prоpаndаn birlаmchi uglеrоd аtоmidаn vоdоrоdni siqib chiqаri-
lishidаn hоsil bo‘luvchi n-prоpil rаdikаlidаn; izоprоpilgаlоgеnid esа prоpаndаn ikkilаmchi uglеrоd 
аtоmidаn vоdоrоdni siqib chiqаrilishidаn hоsil bo‘luvchi izоprоpil rаdikаli оrqаli hоsil bo‘lаdi.

Аlkilgаlоgеnidning hоsil bo‘lish tеzligi, аlkil rаdikаlining hоsil 
bo‘lish tеzligi bilаn bоg‘liq. Bu hоlаtdа hаm mеtаnni gаlоgеnlаsh 
kаbi zаnjir uzаyishining ikkinchi bоsqichi uchinchi bоsqichigа 
nisbаtаn sеkin аmаlgа оshаdi vа shuning uchun (2) bоsqich 
rеаksiyaning umumiy tеzligini bеlgilаb bеrаdi. Аlkil rаdikаlining 
hоsil bo‘lishi sеkin vа qiyin bоrаdi, аmmо rаdikаl hоsil bo‘lsа u 
judа tеz аlkilgаlоgеnidgа аylаnаdi.

Gаlоgеnlаshdаgi оriyеntаsiya. Endi аlkаnlаrdаgi оriyеntа-
siya vа mоlеkulаning rеаksiоn qоbiliyati yuqоri qismlаri hаqidа-
gi mа’lumоtlаrni ko‘rib chiqsаk.

Misоl tаriqаsidа prоpаnni xlоrlаsh rеаksiyasini o‘rgаnаmiz. 
n-Prоpilxlоrid vа izоprоpilxlоridni hоsil bo‘lish miqdоriy nis-
bаtlаri n-prоpil vа izоprоpil rаdikаllаrining hоsil bo‘lish tеzligi 
bilаn bоg‘liq. Аgаr, m-n: izоprоpil rаdikаli tеzrоq hоsil bo‘lsа izоprоpilxlоrid tеzrоq hоsil bo‘lаdi vа 
оxirgi mаhsulоtlаrning ko‘prоg‘ini tаshkil qilаdi. Mа’lumki n-prоpil rаdikаli birlаmchi vоdоrоdning 
аjrаlishi, izоprоpil rаdikаli esа ikkilаmchi vоdоrоdning аjrаlishi bilаn hоsil bo‘lаdi.

Shundаy qilib, оriyеntаsiya rаqоbаtlаshuvchi rеаksiyalаrning nisbiy tеzligi bilаn bеlgilаnаdi. Biz 
ko‘rаyotgаn misоldа birlаmchi vа ikkilаmchi vоdоrоd аtоmlаrining аjrаlish tеzligi tаqqоslаnаdi. Bu 
ikki rеаksiyaning tеzligini qаndаy оmillаr bеlgilаydi?

Birinchidаn, to‘qnаshuvlаr muntazamligi ikkаlа rеаksiya uchun bir xil bo‘lishi kеrаk, chunki ik-
kаlа hоlаtdа hаm bir xil zаrrаchаlаrning prоpаn mоlеkulаsi vа xlоr аtоmining to‘qnаshuvi sоdir 
bo‘lаdi.

So‘ngrа ehtimоllаr оmili, birlаmchi vоdоrоdning аjrаlishi uchun prоpаn mоlеkulаsi to‘qnаshuv 
vаqtidа shundаy jоylаshishi kеrаkki, xlоr аtоmi аynаn shu birlаmchi vоdоrоd аtоmi bilаn to‘qnаsh-

СН4
mеtan

Х .
СН3
mеtil radikali

. Х2 СН3Х
metil galogenid

СН3СН3 СН3СН2 СН3СН2Х
Х . Х2

еtan еtil radikali etil galogenid

.

СН3СН2СН3

Birlamch vodorodni
siqib chqarilishi

Х
СН3СН2СН2

.

СН3СНСН3

Х2

Х2

СН3СН2СН2Х

СН3СНСН3

Х
propan

.

Ikkilamchi vodorodni
siqib chqarilishi

n-propil radikali

izopropil radikali

n-propil galogenid

izopropil galogenid

.

СН3СН2СН3

Birlamch vodorodni
siqib chqarilishi

Х
СН3СН2СН2

.

СН3СНСН3

Х2

Х2

СН3СН2СН2Х

СН3СНСН3

Х
propan

.

Ikkilamchi vodorodni
siqib chqarilishi

n-propil radikali

izopropil radikali

n-propil galogenid

izopropil galogenid

.

With this background let 
us turn to the problem of 
orientation; that is, let us ex-
amine the factors that deter-
mine where in a molecule re-
action is most likely to occur. 
It is a problem that we shall 
encounter again and again, 
whenever we study a com-
pound that offers more than 
one reactive site to attack by 
a reagent.
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ishi, prоpаndаgi ikkilаmchi vоdоrоd аjrаlishi uchun esа, аyni ik-
kilаmchi vоdоrоd аtоmi bilаn to‘qnаshishi zаrur. Hаr bir prоpаn 
mоlеkulаsidа оltitа birlаmchi vоdоrоd аtоmi vа ikkitа ikkilаm-
chi vоdоrоd аtоmlаri bo‘lgаni uchun ehtimоllаr оmili, birlаmchi 
vоdоrоd аtоmlаrini 6:2 yoki 3:1 nisbаtlаrdа аjrаlishi bo‘yichа 
sоdir bo‘lаdi.

To‘qnаshuvlаr muntazamligi vа ehtimоllаr оmilini hisоbgа 
оlgаndа, prоpаnni xlоrlаsh nаtijаsidа 3:1 mаrtа оrtiq n-prоpil 
hоsil bo‘lishi kеrаk. Lеkin аvvаl ko‘rib o‘tgаnimizdеk, ikkitа 
xlоrid tаxminаn bir nisbаtlаrdа hоsil bo‘lаdi. Izоprоpilxlоridning 
miqdоri tаxmin qilingаndеk uch mаrtа оrtiq; birlаmchi vоdоrоd 
bilаn to‘qnаshuvlаr ehtimоli 3 mаrtа ko‘p. Аgаr ehtimоllаr оmi-
li to‘g‘risidаgi tаsаvvurlаr to‘g‘ri bo‘lsа, ikkilаmchi vоdоrоd 
аtоmining аjrаlishi uchun Еfаоl birlаmchi vоdоrоdni аjrаlishidаn 
ko‘rа kichik bo‘lаdi.

Izоbutаnni xlоrlаshdа hаm yuqоridаgi muаmmоgа duch 
kеlinаdi. Bu hоldа to‘qqiztа birlаmchi vоdоrоdlаrdаn biri-
ning аjrаlishi izоbutilxlоridni hоsil bo‘lishigа оlib kеlаdi, bittа 
uchlаmchi vоdоrоdning аjrаlishidаn esа uchlаmchi-butilxlоrid 
hоsil bo‘lishigа оlib kеlаdi. Ehtimоllаr оmili 9:1 nisbаtlаrdа 
izоbutilxlоrid hоsil bo‘lishi fоydаsigа, tаjribаlаr esа 2:1 yoki 
3:4,5 nisbаtlаrni ko‘rsаtаdi. Mа’lum bo‘lаdiki, birlаmchi vоdоrоd 
bilаn to‘qnаshuvgа nisbаtаn uchlаmchi vоdоrоd аtоmi bilаn 
to‘qnаshuv 4,5 mаrtа ko‘p. Bu o‘z nаvbаtidа uchlаmchi vоdоrоd 
аtоmini аjrаlishi uchun Еfаоl birlаmchi vоdоrоdning аjrаlishigа 

nisbаtаn kichik ekаnligidаn dаlоlаt bеrаdi.

Ko‘plаb аlkаnlаrning xlоrlаsh rеаksiyalаrini o‘rgаnishlаr yuqоridаgi nаtijаlаrni ko‘rsаtаdi. Eh-
timоllаr оmilini hisоbgа оlgаndа vоdоrоd аtоmlаrining siqib chiqаrilishi tеzligi quyidаgi qаtоrdа 
o‘zgаrаdi: uchlаmchi > ikkilаmchi > birlаmchi. Xоnа hаrоrаtidа, bir vоdоrоd аtоmining аjrаlish 
tеzligi 5,0:3,8:1,0 nisbаtlаrni tаshkil qilаdi. Bu kаttаliklаrdаn fоydаlаnib, аyni аlkаnni xlоrlаsh nаti-
jаsidа hоsil bo‘luvchi izоmеrlаr nisbаtini аniqlаsh mumkin, m-n: 

– C – C – C –H H
H

H

H H

H

izobutan

С
H HH

– C – C – C  
– С –

.

uchlamchi-butil
radikali skleti

– C – C – C –
– С –

.

Сl2

Сl2

– C – C – C –H Сl
H

H

H H

HС
H HH

– C – C – C –H H
H

H

Cl H

HС
H HH

izobutil radikali skleti

Cl.

Birlamch vodorodni
ajralishi

Ikkilamchi vodorodni
ajralishi

izobutil xlorid

uchlamchi-butil xlorid

Next, there is the probabil-
ity factor. If a primary hydro-
gen is to be abstracted, the 
propane molecule must be so 
oriented at the time of colli-
sion that the chlorine atom 
strikes a primary hydrogen ; if 
a secondary hydrogen is to be 
abstracted, the propane must 
be so oriented that the chlo-
rine collides with a secondary 
hydrogen.

We would estimate, then, 
that the probability factor 
favorsformation of isobutyl 
chloride by the ratio of 9: 1. 
The experimental results giv-
en on page 96 show that the 
ratio is roughly 2:1 or 9:4.5. 
Evidently, about 4.5 times as 
many collisions with the ter-
tiary hydrogen are successful 
as collisions wi’the primary 
hydrogens.
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Rеаksiоn qоbiliyatlаridаgi bu fаrqlаrgа qаrаmаsdаn, xlоrlаsh 
vаqtidа kаmdаn-kаm hоlаtlаrdа birоn bir izоmеrni ko‘prоq 
bo‘lishigа erishilаdi. 

Brоmlаshdа hаm rеаksiоn qоbiliyatni uchlаmchi > ikkilаm
chi > birlаmchi qаtоridа kuzаtish mumkin. Lеkin miqdоriy 
nisbаtlаri оrаsidаgi fаrqlаr judа kаttа. M-n, 127 °C bir vоdоrоd 
аtоmining аjrаlish tеzligi 1600:82:1 nisbаtlаrni tаshkil etаdi. 
Аyni hоlаtdа rеаksiоn qоbiliyatlаrdаgi fаrqlаr shunchаlik kаttа-
ki, ehtimоllаr оmili bundа hisоbgа оlinmаsа hаm bo‘lаdi. 

“Sеlеktivlik” dеgаndа turli rаdikаllаrning turli tеzliklаrdа hо-
sil bo‘lishi nаzаrdа tutilаdi; ko‘prоq bаrqаrоr erkin rаdikаl tеz-
rоq hоsil bo‘lаdi, chunki uni bаrqаrоrlаshtiruvchi оmil - juftlаshmаgаn elеktrоnning dеlоkаllаnishi 
- hоsil bo‘lаyotgаn rаdikаlni o‘tish hоlаtidа bаrqаrоrlаshtirаdi. 

Mеtilеn (kаrbеn). Аlkаnlаr gоmоlоgik qаtоridа qo‘shni vаkillаr bir-biridаn :CH2 mеtilеn gu-
ruhigа fаrq qilаdi. Mеtilеn guruhi nаfаqаt аlkаnlаr zаnjiridаgi bir bo‘lаk, bаlki u hоzirdа оrgаnik 
kimyoning intеnsiv rivоjlаnishidа o‘zigа xоs o‘rin tutuvchi mоlеkulаdir.

Mеtilеn CH2N2 diаzоmеtаn yoki CH2=C=O kеtеnning fоtоlizi nаtijаsidа hоsil bo‘lаdi.

Mеtilеnni rеаksiоn qоbiliyati o‘tа yuqоri bo‘lgаn zаrrаchа sifаtidа mаvjudligi o‘tgаn аsrning 
30-yillаridа tаklif etilgаn edi. 1959 yildа uning mаvjudligi spеktrаl izlаnishlаr оrqаli isbоtlаngаn.

Bu izlаnishlаr, mеtilеn nаfаqаt mаvjudligini, bаlki ikki shаkl ko‘rinishidа (ikki turli spinli shаkldа, 
оdаtdа spеktrаl kаttаliklаri оrqаli аniqlаndi) bo‘lishi mumkinligini ko‘rsаtаdi: singlеt, bundа erkin 
elеktrоnlаr juftlаshgаn

singlеt mеtilеn, erkin elеktrоnlаr juftlаshgаn

СH3CH2CH2CH3

Cl2
yorug‘lik, 25 °C СH3CH2CH2CH2Сl va СH3CH2CHCH3

Сln-butan n-butil xlorid
ikklamchi-butil xlorid

= birlamchi vodorodlar soni
birlamchi vodorod atomining

reaksion qobiliyati
=

= 6
4

1
3,8 = 6

15,2
28 %
72 % EKVIVALENT

n-butil xlorid

ikklamchi-butil xlorid ikkilamchi vodorodlar soni ikkilamchi vodorod atomining
reaksion qobiliyati

CH2 = N = N 
+ – UB-nur CH2 + N2

metilen

CH2 = С = О CH2 + СО

diazometan

keten

UB-nur

metilen

:

:

By definition, bond disso-
ciation energy is the amount 
of energy that must besup-
plied to convert a mole of al-
kane into radicals and hydro-
gen atoms. As we can see, the 
amount of energy needed to 
form the various classes of 
radicals decreases in the or-
der:

CH2: H:C :..H
H C

H

:1,12A
o1,12A
o

103°
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vа triplеt mеtilеn, erkin elеktrоnlаr juftlаshmаgаn

triplеt mеtilеn, erkin elеktrоnlаr juftlаshmаgаn, birаdikаl

Triplеt mеtilеn birаdikаl hisоblаnаdi. Turli elеktrоn kоn-
figurаsiyagа egа bo‘lgаni uchun bu ikki tur mоlеkulа shаkl 
vа kimyoviy xоssаlаr bo‘yichа bir-biridаn fаrq qilаdi. Singlеt 
mеtilеn, bе`qаrоr vа ko‘pinchа fоtоliz оrqаli yutilgаn nur kаttа 
enеrgiyagа egа bo‘lgаni uchun, hоsil bo‘lаyotgаn mеtilеn “issiq”, 
аyni hаrоrаtdа egа bo‘lishi kеrаk bo‘lgаn enеrgiyadаn ko‘prоq 
enеrgiyagа egа bo‘lаdi.

Mеtilеnning kimyoviy xususiyatlаri sintеz shаrоitigа bоg‘liq: 
mеtilеn hоsil qiluvchi rеаgеnt, fоydаlаnuvchi nurning to‘lqin 
uzunligi, rеаksiyani suyuq yoki bug‘ fаzаdа аmаlgа оshirilishi, 
аgаr bug‘ fаzаdа bo‘lsа inеrt gаzlаrdаn (аzоt, аrgоn vа uglеrоd 
diоksid) yoki kislоrоddаn fоydаlаnish tаlаb etilаdi. Umumаn 
оlgаndа, ikki turdаgi mеtilеnni tаsаvvur qilish mumkin: yuqоri 
enеrgiya, hаmdа rеаksiоn qоbiliyatgа vа kаm sеlеktivlikkа egа 
bo‘lgаn vа аksinchа, enеrgiya hаmdа rеаksiоn qоbiliyati sust 
vа sеlеktivligi yuqоri bo‘lgаn mеtilеn. Bir nuqtаi nаzаrdаn ikki 
turdаgi mеtilеnlаr singlеt vа triplеtlаr; bоshqа nuqtаi nаzаrdаn 
mеtilеnning xususiyatlаri spinlаrning hоlаti bilаn emаs, bаlki 
uning “issiqligi” (“enеrgiyasi”) bilаn bеlgilаnаdi. 

Аlkаnlаrning yonishi. Аlkаnlаrning kislоrоd bilаn uglеrоd 
diоksid, suv vа muhimi issiqlik аjrаtib tа’sirlаshuvchi ichki yonuv 
dvigаtеllаrdа аmаlgа оshuvchi аsоsiy rеаksiya hisоblаnаdi; bu 
tа’sirlаshuvning аmаliy аhаmiyati shundа nаmоyon bo‘lаdi.

Bu rеаksiyaning mеxаnizmi judа murаkkаb vа hоzirgаchа 
to‘liq o‘rgаnilmаgаn. Аmmо yonish rеаksiyasi erkin rаdikаl zаn-
jirli rеаksiya ekаnligigа shubhа yo‘q. Rеаksiya ekzоtеrmik tаrzdа 
sоdir bo‘lаdi, lеkin uning bоshlаnishi uchun yuqоri hаrоrаt - 
аlаngа hаrоrаti kеrаk bo‘lаdi. Xlоrlаsh rеаksiyasidаgi kаbi, zаn-
jir rеаksiyasini bоshlаb bеruvchi, yuqоri rеаksiоn qоbiliyatgа 
egа bo‘lgаn zаrrаchаni hоsil qilаdigаn bоg‘ning uzilishi uchun 
kаttа miqdоr enеrgiya tаlаb etilаdi; аgаr bu to‘siqni (bоg‘ uzili-
shi) yеngib o‘tilsа, zаnjir rеаksiyani dаvоm ettiruvchi bоsqichlаr 
оsоn vа enеrgiya аjrаlishi bilаn bоrаdi. Yuqоri bоsimdаn fоy-
dаlаnish zаmоnaviy ichki yonuv dvigаtеllаrining sаmаrаli ish-
lаshini tа’minlаydi. Lеkin shu bilаn birgа mа’lum shаrоitlаrdа, 
yoqilg‘i vа hаvо аrаlаshmаsini dvigаtеl silindrlаridа pоrtlаshi-

ning dеtоnаsiyagа аlmаshinishi, dvigаtеl` quvvаtining pаsаyishigа sаbаb bo‘lаdi. 
Dеtоnаtsiya muаmmоsi ikki xil yo‘l bilаn hаl qilinishi mumkin: а) yoqilg‘i sifаtidа mоs 

uglеvоdоrоdlаrni tаnlаsh; b) yoqilg‘ilаrgа qo‘shimchаlаr qo‘shish.

HH:C :.. H – C – H

180 °

C H1,03A 
o

The reaction of alkanes 
with oxygen to form carbon 
dioxide, water, and most im-
portant of all heat is the chief 
reaction occurring in the in-
ternal combustion engine; its 
tremendous practical impor-
tance is obvious.

The highly branched 
compound 2,2,4-trimethyl-
pentane (called isooctane 
in the petroleum industry) 
burns very smoothly (with-
out knocking) in internal 
combustion engines and 
is used as one of the stan-
dards by which the octane 
rating of gasolines is estab-
lished. according to this scale, 
2,2,4-trimethylpentane has an 
octane rating of 100. heptane, 
CH3(CH2)5CH3, a compound 
that produces much knock-
ing when it is burned in an 
internal combustion engine, 
is given an octane rating of 
0. Mixtures of 2,2,4-trimeth-
ylpentane and heptane are 
used as standards for octane 
ratings between 0 and 100. a 
gasoline, for example, that has 
the same characteristics in an 
engine as a mixture of 87% 
2,2,4-trimethylpentane and 
13% heptane would be rated 
as 87-octane gasoline.

H 
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Tоzа birikmаlаrni sinаsh nаtijаlаri uglеvоdоrоdlаrning 
dеtоnаtsiоn xususiyatlаri, ulаrning tuzilishigа bоg‘liq rаvish-
dа kеskin o‘zgаrishini ko‘rsаtаdi. Yoqilg‘ilаrning nisbiy аn-
tidеtоnаtsiоn qоbiliyati оdаtdа, оktаn sоni dеb аtаluvchi kаttа-
lik bilаn xаrаktеrlаnаdi: kuchli dеtоnаtsiоn xususiyatgа egа 
n-gеptаnning оktаn sоni nоl; 2,2,4-trimеtilpеntаnning (izооk-
tаn) оktаn sоni esа 100 dеb qаbul qilingаn. Hоzirgi vаqtdа 
izооktаngа nisbаtаn аntidеtоnаtsiоn xususiyati yuqоri bo‘lgаn 
yoqilg‘ilаr mаvjud.

Nеftni to‘g‘ridаn-to‘g‘ri hаydаb оlinаdigаn bеnzin frаksiyasigа 
оktаn sоni yuqоri bo‘lgаn birikmаlаr qo‘shilib sifаti оshirilа-
di. Tаrmоqlаngаn аlkаnlаr vа аlkеnlаr, shuningdеk аrоmаtik 
uglеvоdоrоdlаr оdаtdа yuqоri аntidеtоnаtsiоn xususiyatgа 
egа; ulаr nеft uglеvоdоrоdlаridаn kаtаlitik krеking vа kаtаlitik 
rеfоrming оrqаli оlinаdi. O’tа tаrmоqlаngаn аlkаnlаr, аlkаnlаrni 
аlkеnlаr bilаn аlkillаsh rеаksiyalаri оrqаli оlinаdi. 

1922 yildа Minglеy vа Bоyd yoqilg‘ilаrgа оz miqdоr tet-
raetilqo‘rg‘оshin (C2H5)4Pb qo‘shilishi оktаn sоnini yuqоri 
bo‘lishigа оlib kеlishini аniqlаdilаr (“Gеnеrаl Mоtоrs” kоmpаni-
yasining ilmiy tеkshirish lаbоrаtоriyasi). Bu birikmа qo‘shilgаn 
bеnzin etillаngаn bеnzin dеyilаdi.  

Pirоliz: krеking. Pirоliz - hаrоrаt tа’siridа birikmаlаr-
ning pаrchаlаnishidir. Bu ibоrа grеkchа bo‘lib, pyr - оlоv vа lysis – pаrchаlаnish, оlоv tа’siridа 
pаrchаlаnish dеgаn mа’nоni аnglаtаdi.  

Аlkаnlаrning (аyniqsа nеftning) pirоlizi krеking nоmi bilаn mа’lum. Tеrmik krеkingdа аlkаnlаr 
yuqоri hаrоrаtlаrdа qizdirilgаn kоlоnnаlаr оrqаli o‘tkаzilаdi. Yuqоri mоlеkulyar mаssаli аlkаnlаr 
kichik mоlеkulyar mаssаli аlkаnlаrgа, аlkеnlаrgа vа vоdоrоdgа аylаnаdi. Bu jаrаyon аlkеnlаrdаn, 
аsоsаn etilеn, prоpilеn, butilеn, izоprеn vа siklоpеntаdiеnlаr оlishdа аhаmiyatli hisоblаnаdi. Kichik 
mоlеkulyar mаssаli uglеvоdоrоdlаr оlishning yanа bir usuli gidrоkrеking hisоblаnаdi. Bu jаrаyon 
vоdоrоd ishtirоkidа yuqоri bоsim vа nisbаtаn pаst hаrоrаtlаrdа (250 - 450 °C) аmаlgа оshirilаdi.

Krеking оrqаli оlingаn kichik mоlеkulyar mаssаli аlkаnlаr аjrаtilаdi vа tоzаlаb, kаttа 
mаsshtаblаrdа аlifаtik birikmаlаr sintеzidа xоm аshyo sifаtidа fоydаlаnilаdi. Аmmо krеking 
jаrаyonidаn kimyoviy rеаgеntlаr emаs yoqilg‘i оlish uchun fоydаlаnilаdi; bundа kаtаlitik krеking 
muhim o‘rin tutаdi. Yuqоri qаynаsh hаrоrаtigа egа bo‘lgаn frаksiya (оdаtdа sоlyar mоylаri) mаy-
dаlаngаn аlyumоsilikаt kаtаlizаtоri bilаn 450 - 550 °C vа pаst bоsimdа tа’sirlаshаdi. Kаtаlitik 
krеkingdа nаfаqаt bеnzinning miqdоri оshаdi, bаlki sifаti hаm yaxshilаnаdi: bu jаrаyon kаrbоniy 
iоnlаri hоsil bo‘lishi bilаn аmаlgа оshаdi vа tаrmоqlаngаn аlkаn vа аlkеnlаr hоsil bo‘lishigа оlib 
kеlаdi. Аlkillаsh nаtijаsidа bа’zi kichik mоlеkulа mаssаli аlkаn vа аlkеnlаr yuqоri оktаnli sun`iy 
yoqilg‘igа аylаnаdi.

Kаtаlitik rеfоrming jаrаyonidа nеft tаrkibidаgi аlifаtik uglеvоdоrоdlаr аrоmаtik  uglеvоdоrоd-
lаrgа аylаntirilаdi, ulаr nаfаqаt yuqоri sifаtli yoqilg‘i sifаtidа, bаlki ko‘plаb аrоmаtik birikmаlаrni 
sintеz qilish uchun dаstlаbki xоm аshyo sifаtidа ishlаtilаdi.

Decomposition of a com-
pound by the action of heat 
alone is known as pyroly-
sis. This word is taken from 
the Greek pyr, fire, and ly-
sis, a loosing, and hence to 
chemists means “cleavage by 
heat”; compare hydro-lysis, 
“cleavage by water.”

Most cracking, however, is 
directed toward the produc-
tion of fuels, not chemicals, 
and for this catalytic crack-
ing is the major process. 
Higher boiling petroleum 
fractions (typically, gas oil), 
are brought into contact with 
a finely divided silica-alumi-
na catalyst at 450-550 and 
under slight pressure.
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TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1-tоpshiriq. Quyidаgi rеаksiya mаhsulоtlаri - оrgаnik birik-
mаlаrni yozing vа nоmlаng:

а) n-butilbrоmid + Na; b) ikkilаmchi-butilbrоmid + Na
v) izоbutilbrоmid + Mg (efir); 
g) uchlаmchi-butilbrоmid + Mg (efir)
d) (v) rеаksiya mаhsulоti + H2О;е) (g) rеаksiya mаhsulоti + H2О
j) (v) rеаksiya mаhsulоit + D2О
2-tоpshiriq. Quyidаgi birikmаlаrdаn n-butаn оlish rеаksi-

yalаrini yozing:
а) n-butilbrоmid  b) ikkilаmchi butilbrоmid
v) etilxlоrid   g) butеn-1 (CH3CH2CH=CH2)
d) butеn-2 (CH3CH=CHCH3)
3-tоpshiriq. Vyurs rеаksiyasi bo‘yichа gеksаnning qаy-

si izоmеrlаrini yuqоri unum bilаn hоsil qilish mumkin? Nimа 
uchun bu rеаksiyani gеksаnning bоshqа izоmеrlаrini оlish 
uchun qo‘llаsh fоydаsiz hisоblаnаdi? Vyurs usulidа оktаnning 
qаysi izоmеrlаrini оlish mumkin?

4-tоpshiriq. а) n-butilxlоrid vа b) izоbutilxlоrid аrаlаshmаsigа 
(50:50) nаtriy tа’sir ettirilishidаn qаndаy аlkаnlаr hоsil bo‘lаdi? 
Ikki аlkilgаlоgеnid nаtriy bilаn hаmdа nаtriy аlkil bilаn bir xil 
tеz likdа tа’sirlаshаdi dеb qаbul qilib, hоsil bo‘luvchi аlkаnlаrn-
ing miqdоriy nisbаtlаrni hisоblаng.

5-tоpshiriq. Stеreоizоmеrlаrni hisоbgа оlmаgаndа: а) 
n-pеntаnni uchtа mоnоxlоrli izоmеrlаrini; b) izоpеntаnni to‘rttа 
mоnоxlоrli izоmеrlаrini yozing.

6-tоpshiriq. Nеоpеntilgаlоgеnid (CH3)3CHCH2X оlishning nаfаqаt brоmlаsh bаlki xlоrlаsh 
lаbоrаtоriya usuli hаm qulаy ekаnligini qаndаy tushuntirish mumkin?

7-tоpshiriq. а) prоpаn; b) izоbutаn; v) 2,3-dimеtilbutаn; g) n-pеntаn (uchtа izоmеri); d) izоpеntаn; 
е) 2,3,3-trimеtilbutаn; j) 2,2,4-trimеtilpеntаnlаrni xоnа hаrоrаtidа xlоrlаshdаn hоsil bo‘luvchi 
izоmеrlаrning nisbаtlаrini hisоblаng. а) vа b) hоlаtlаr uchun hisоblаshlаrni tаjribа ko‘rsаtgichlаri 
bilаn tаqqоslаng.

8-tоpshiriq. 7-tоpshiriqdаgi birikmаlаrni 127 °C brоmlаshdаn hоsil bo‘luvchi izоmеrlаrning 
miqdоriy nisbаtlаrini hisоblаng.

9-tоpshiriq. а) Аgаr аyrim izоbutil rаdikаllаri uchlаmchi rаdikаllаrgа qаytа guruhlаnishgа 
uchrаgаnidа qаndаy nаtijаlаr оlish mumkin bo‘lаr edi? b) Quyidаgi sxеmа bo‘yichа izоbutil- rа-
dikаllаri uchlаmchi butil- rаdikаllаrigа qаytа guruhlаngаndа   Brаun vа Rоsеllаr qаndаy nаti-
jаlаrgа egа bo‘lаr edilаr?

PRACTICE PROBLEM
Write the structure and 

give the IUPAC name for an 
alkane with formula C6H14 
that has only primary and sec-
ondary carbon atoms.

PRACTICE PROBLEM
Draw bond-line formulas 

for all of the isomers of C8H18 
that have (a) methyl substitu- 
ents, and (b) ethyl substitu-
ents.

.CH3 – C – СH2

Н

СН3

izobutil radikali

+ CH3 – C – СH3

Н

СН3
CH3 – C – СH3

Н

СН3
CH3 – C – СH3

СН3

.+

izobutan izobutan
uchlamch-butil radikali
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10-tоpshiriq. Mеtаnni brоmlаshdа, rеаksiоn muhitgа HBr ning qo‘shilishi rеаksiya tеzligi-
ni susаytirаdi; аgаr bu CH3

. +HBr ® CH4+Br. rеаksiya оrqаli izоhlаnsа, bu rеаksiya аmаlgа оshi-
shi-оshmаsligini qаndаy аniqlаsh mumkin.

11-tоpshiriq. Mа’lumki, Cl.+Cl2 ⇢ Cl2+Cl. tа’sir mumkin, lеkin nаtijаsiz dеb izоhlаnаdi. Bu rеаksi-
yaning аmаlgа оshishi yoki оshmаsligini qаndаy аniqlаsh mumkin.

12-tоpshiriq. Stеrеоizоmеrlаrni hisоbgа оlmаgаndа quyidаgi birikmаlаrni xоnа hаrоrаtidа 
mоnоxlоrlаshdаn hоsil bo‘luvchi mаhsulоtlаrni tuzilish fоrmulаlаrini yozing: а) n-gеksаn;  
b) izоgеksаn; v) 2,2,4-trimеtilpеntаn; g) 2,2-dimеtilbutаn. Ushbu izоmеrlаrning miqdоriy nisbаtlаri-
ni ko‘rsаting.

13-tоpshiriq. а) Prоpаnni xlоrlаshdа C3H6Cl2 umumiy fоr-
mulаgа egа bo‘lgаn to‘rttа А,B,V,G mаhsulоt аjrаtib оlindi. 
Ulаrning tuzilishini yozing. b) оlingаn mаhsulоtlаrni xlоrlаshni 
dаvоm ettirib, hаr bir izоmеrdаn оlingаn uch xlоrli hоsilаlаrn-
ing (С3Н5Сl3) tuzilishi gаz-suyuqlik xrоmаtоgrаfiya yordаmidа 
tаhlil qilindi vа А mаhsulоt bittа, B mаhsulоt ikkitа, V vа G 
mаhsulоtlаrdаn uchtаdаn uch xlоrli izоmеrlаr hоsil bo‘lishi 
аniqlаndi. Uch xlоrli hоsilаlаrning tuzilish fоrmulаsini yozing. 
А brоmаlkil mаgniy bilаn Grinyar rеаktivi hоsil qilаdi, hоsil 
bo‘lgаn аlkilmаgniygаlоgеnid o‘z nаvbаtidа suv bilаn n-gеksаngа 
аylаnаdi. Nаtriy tа’siridа 4,5-dietilоktаn hоsil qilаdi. А birikmаni 
tuzilishi qаndаy? 

14-tоpshiriq. Etil spirtning sifаt аnаlizi fаqаtginа uglеrоd vа vоdоrоdning mаvjudligini ko‘rsаtа-
di; miqdоriy tаhlil оrqаli 52,1% uglеrоd vа 13,1 % vоdоrоd bоrligi аniqlаnildi. а) Nimа uchun etil 
spirti kislоrоd sаqlаydi dеb hisоblаsh kеrаk? b) Spirtdаgi kislоrоdning miqdоri qаnchа? 

15-tоpshiriq. 7,36 mg mеtilxlоrid nаtriy pеrоksid bilаn qizdirilishidаn аjrаlаyotgаn xlоr iоni 
20,68 mg kumush xlоrid hоsil qilаdi: а) xlоrning fоiz ulushini tоping? b) CH3Cl fоrmulаsidаgi xlоrn-
ing fоiz ulushini hisоblаng.

16-tоpshiriq. а) 7,36 mеtilеn xlоrid; g) 7,36 ml xlоrоfоrm vа d) 7,36 mg to‘rtxlоrli uglеrоddаn 
nеchа grаmm kumush xlоrid hоsil bo‘lаdi?

17-tоpshiriq. Quyidаgi elеmеnt tаhlili mа’lumоtlаrigа аsоslаnib А, B vа V birikmаlаrning fоiz 
tаrkibini hisоblаng.

Nаmunа Nаmunа mаssаsi, mg CО2 mаss, mg N2О mаss, mg АgCl mаss, mg
А 4,37 15,02 2,48 -
B 5,97 13,97 2,39 7,55
V 4,02 4,14 3,71 -

18-tоpshiriq. Quyidаgi birikmаlаrdаgi elеmеntlаrning fоiz ulushlаrini hisоblаng:
а) C3H7Cl   b) C2H2O    v) C4H8O
g) C6H8O2N2S  d) CH4ON2   е) C6H8NCl

PRACTICE PROBLEM 
Draw bond-line formulas 

and give IUPAC substitutive 
names for all of the isomers of 
(a) C4H9Cl and (b) C5H11Br.

Helpful Hint
explore the structures of 

these bicyclic compounds by 
building handheld molecular 
models.
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ALKENLAR

Аlkаnlаr mаvzusini o‘rgаnishdа uglеvоdоrоdlаrning bоsh-
qа sinfi - аlkаnlаrgа nisbаtаn kаm vоdоrоd аtоmlаri sаqlаgаn 
birikmаlаr аlkеnlаr, аlkinlаr hаqidа qisqаchа mа’lumоtlаrgа egа 
bo‘lindi. Endi bu sinf birikmаlаrini bаtаfsil ko‘rib chiqsаk.

Alkenlar, molekulasida uglerod-uglerod qo‘shbog‘ saqlovchi 
uglevodorodlardir. Bu guruh birikmalari empirik nomlari olefin-
lar bo‘lib, bu nom hozirgacha saqlanib qolgan. Eten (etilen), eng 
oddiy olefin (alken) bo‘lib, olefiant gaz (lot: oleum, moy ma’no-
sida keladi), bunda gaz holatidagi eten xlor bilan ta’sirlashib, 
suyuq moysimon C2H4Cl2 hosil qiladi. Uglerod-uglerod uchbog‘ 
saqlovchi uglevodorodlar alkinlar deb ataladi, bularning empi-
rik nomlari eng oddiy vakili atsetilen HC ≡ CH asosida quriladi:

3

In our discussion of the al-
kanes we mentioned briefly 
another family of hydrocar-
bons, the alkenes, which con-
tain less hydrogen, carbon for 
carbon, than the alkanes, and 
which can be converted into 
alkanes by addition of hydro-
gen.

The alkenes were further 
described as being obtained 
from alkanes by loss of hydro-
gen in the cracking process.

Tuzilishi va olinishi. Alkenlar qatorining eng oddiy vakili etilen C2H4  hisoblanadi. 
Etilen oson gidrirlanib etan molekulasini hosil qilgani uchun ularning tuzilishida o‘xshashliklar 

mavjud deyish mumkin.
Dastlab uglerod atomlari o‘zaro kovalent bog‘ hosil qiladi va so‘ngra har bir atom ikkitadan 

vodorod atomlarini biriktirib oladi. Shunday qilib, har bir uglerod atomi o‘zining valent pog‘onasi-
da sakkizta o‘rniga, faqatgina oltita elektronga ega bo‘ladi; molekula neytral va barqaror bo‘lishi 
uchun yana ikki - juft elektron kerak bo‘ladi, ikkala uglerod atomi o‘zaro ikki juft elektronlar saqlay-

3-BOB
TO’YINMAGАN 

UGLЕVОDОRОDLАR
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di, deb taxmin qilib valentlikdagi muammoni hal qilish mumkin. Odatda, uglerod atomlari qo‘shbog‘ 
orqali bog‘langan deyiladi. Uglerod - uglerod qo‘shbog‘ alkenlar tuzilishining asosiy xarakteristika-
si hisoblanadi.

Kvant mexanik o‘rganishlar etilen va uglerod - uglerod 
qo‘shbog‘ haqida to‘liq tasavvurlar beradi. Uglerod boshqa uch-
ta atomlar bilan bog‘lanishi uchun gibridlangan uchta orbitalini 
(sp2-orbital: bitta s- va ikkita p-orbitallar) sarflaydi. sp2-Orbitallar 
bitta tekislikda aynan uglerod yadrosi tekisligida yotadi va to‘g‘ri 
uchburchakning burchaklariga yo‘nalgan bo‘ladi; ikki orbitallar orasidagi burchak 120° (2,094 rad)
ni tashkil etadi. Trigonal joylashuv gibridlangan orbitallarning bir-biridan maksimal uzoqlashu-
vini ta’minlaydi. O’zaro itarilish kuchi, sp3-orbitallarining tetraedrik joylashuviga olib kelganidek, 
alkenlar holatida bu kuch trigonal joylashuvga olib keladi.

Agar etilendagi ikki uglerod va to‘rtta vodorod atomlarini orbitallarni maksimal qoplanishini 
ta’minlovchi holatida joylashtirilsa, quyidagi tuzilishdagi tasvirga ega bo‘lish mumkin:

Har bir uglerod atomi uchburchakning markazida, ikkitadan 
vodorod atomlari esa burchaklarda joylashadi. Har bir bog‘ 
orasidagi burchaklar 120° (2,094 rad)ga teng. Bu bog‘lar uglerod yadrosiga nisbatan qaralganda 
etandagi bog‘larga o‘xshash joylashadi; ular bog‘ chizig‘iga nisbatan silindrik simmetriyaga ega va 
mos ravishda d-(sigma) bog‘lar hisoblanadi. 

Molekulaning tuzilishi shu bilan chegaralanmaydi. sp2-Orbitallarni hosil bo‘lishida har bir 
uglerod atomi mavjud uchta p-orbitalning faqatgina bittasidan foydalandi. Foydalanilmay qolgan 
p-orbital ikki teng qismdan iborat bo‘lib, ulardan biri uchta sp2-orbital tekisligining ustida, boshqa-
si esa ostida joylashadi; ularni bittadan elektronlar band qiladi. Agar bir uglerod atomining p-orbi-
tali boshqa uglerod atomining p-orbitali bilan qoplansa, elektronlarning juftlashuvi amalga oshadi 
va qo‘shimcha bog‘ hosil bo‘ladi.

 

Etilen molekulasi: uglerod - uglerod qo‘shbog‘
p-Orbitallarning qoplanishi p-elektron buluti atomlar joylashgan tekislikning ustidan va ostidan 

o‘rin egallaydi

H : C : : C : H
.. ..H H

C = C 
H

HH

H

ETILEN

C – C  
H

HH

H δ
δ

sp2-gibridlangan atom orbitallari:
orbitallar o'qlari uchburchakning

burchaklariga yo‘nalgan

etilen molekulasi: faqat
δ-bog'lar ko'rsatilgan

Quantum mechanics gives 
a more detailed picture of eth-
ylene and the carboncarbon 
double bond. To form bonds 
with three other atoms, car-
bon makes use of three equiv-
alent hybrid orbitals: sp2 or-
bitals, formed by the mixing 
of one s and two p orbitals.

Although distributed dif-
ferently about the carbon 
nucleus, these bonds individ-
ually are very similar to the 
bonds in ethane, being cylin-
drically symmetrical about a 
line joining the nuclei, and are 
given the same designation: a 
bond (sigma bond).
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Bu bog‘ p-orbitallarning qoplanishi natijasida hosil bo‘ladi va 
uni boshqa shaklga ega bo‘lgan d-bog‘dan farqlash uchun p-bog‘ 
(pi-bog‘) deyiladi. p-Bog‘ ikki qismdan iborat bo‘lib, atomlar joy-
lashgan tekislikning ostidan va ustidan o‘rin egallaydi. Kamroq 
qoplanganligi tufayli p-bog‘ uglerod-uglerod d-bog‘ga nisbatan 
kuchsiz hisoblanadi. Qoplanish oltita atomlar bir tekislikda joy-
lashganda amalga oshishi mumkin. Shunga asoslanib, etilen - 
tekis molekula deyish mumkin.

Shunday qilib, uglerod - uglerod “qo‘shbog‘” mustahkam 
d-bog‘dan [83 kkal (347,46×103 joul) etan tuzilishidagi ma’lu-
motlardan] va mustahkamligi kamroq bo‘lgan p-bog‘ [62 kkal 
(259,58×103 Joul)] dan iborat. Bog‘larning umumiy energiyasi, 
145 kkal (607,09×103 joul) ga teng bo‘lib, etandagi oddiy uglerod 
- uglerod bog‘ energiyasidan [83 kkal (347,46×103 joul)] katta. 
Etilendagi uglerod atomlari bir-biriga yaqin bo‘lgani uchun, 
uglerod - uglerod orasidagi masofa etandagiga nisbatan qis-
qa, shuningdek uglerod - uglerod orasidagi qo‘shbog‘, uglerod 
- uglerod orasidagi oddiy bog‘dan qisqa. Etilenning tuzilishini 
bunday kvant mexanik tasviri tajribalar natijasida tasdiqlangan. 

Elektronlar difraksiyasi va spektral izlanishlar, etilen bog‘lari 
uglerod - vodorod orasidagi burchaklar 120° (2,094 rad) teng 
bo‘lgan tekis molekula ekanini isbotlaydi. Etilendagi uglerod - 
uglerod orasidagi masofa 1,34 

î
À  (13,4.10–2 nm) ga teng, etanda 

1,54 
î
À  (15,4.10–2nm).

Gibridlanish va orbitallar o‘lchamlari. Spektral tahlillar, etilen-
dagi uglerod - vodorod bog‘ uzunliklari 1,086 

î
À (10,86.10–2 nm), 

etandagi  bog‘ uzunligidan 1,112 
î
À  (11,02.10–2 nm) qisqa ekan-

ligini ko‘rsatadi. 
Etilendagi uglerod - vodorod bog‘lar, m-n: etandagi kabi oddiy 

bog‘lar hisoblanib, ammo ular sp2-orbitallarning qoplanishi nati-
jasida hosil bo‘lgan. sp3-Orbitallarni sp2-orbitallar bilan taqqo-
slash natijasi kamroq p-xarakter va ko‘proq s-xarakterga ega 
ekanligini ko‘rsatadi. p-Orbital yadrodan uzoqroq, s-orbital esa 
yadroga yaqinroq joylashgan. Gibrid orbitalning s-xarakteri orti-
shi bilan uning samarali o‘lchami kamayib boradi va bir payt da 
ayni atom bilan bog‘ uzunligi qisqaradi. Shunday qilib, sp2-gib-
ridlangan uglerod atomi bilan vodorod orasidagi bog‘ (sp2 – s), 
sp3-gibridlanganga nisbatan (sp3 – s) qisqa bo‘lishi kerak.

Gibridlanish va orbitallar o‘lchamini o‘rganishlar, moleku-
ladagi bog‘ uzunligidan boshqa xususiyatlarni, m-n: ba’zi ug-
levodorodlarning solishtirma kislotaligini yoki ba’zi aminlarning 
solishtirma asosliligini tushuntirishda qo‘llaniladi. Bundan tash-
qari gibridlanish xarakterining o‘zgarishi molekulaning barqa-
rorligiga ta’sir ko‘rsatadi.

Because it is formed by 
the overlap of p orbitals, and 
to distinguish it fromthe dil-
Vcrcntly shaped a bonds, this 
bond is called a n bond (pi 
bond). It consists of uvo parts, 
one electron cloud that lies 
above the plane of the atoms, 
and another electron cloud 
that lies below.

The carbon-carbon dou-
ble bond in alkenes is shorter 
than the carbon-carbon single 
bond in alkanes because four 
electrons bind more tightly 
than two. But, inaddition, cer-
tain other bonds in alkenes 
are significantly shorter than 
their counterparts in alkanes: 
for example, the C H distance 
is 1.103   in ethylene com-
pared with 1.112   in ethane.

Carbon atoms can also 
share more than one elec-
tron pair with another atom 
to form a multiple covalent 
bond. Consider the examples 
of a carbon–carbon double 
bond in ethene (ethylene) and 
a carbon–carbon triple bond 
in ethyne (acetylene).

C C  
H

H H

H

1,09A o
1,34A

o

117,5 o

etilen molekulasi: 
shakil va o'lchamlari
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ALOHIDA VAKILLARI

Propilen. Alkenlar qatorining keyingi vakili propilen C3H8 
hisoblanadi. Etilen kabi propilenga ham uglerod - uglerod 
qo‘shbog‘li tuzilishni berish mumkin. Ikki uglerod atomini 
qo‘shbog‘ orqali biriktirib, boshqa atomlar bilan valentlik qonu-
niyatlariga mos ravishda bog‘lab 

                                                                                                               
 tuzilishga ega bo‘lamiz.

Gibridlanish va orbitallar o‘lchamini kuzatishlar, sp2-sp2 bog‘ 
sp3-sp3 bog‘dan qisqa ekanligini ko‘rsatadi va mos ravishda pro-
pilendagi uglerod - uglerod bog‘ [1,501 

î
À  (15,01.10–2nm)] etan-

dagidan [1,535 
î
À  (15,35.10–2nm)] qisqa ekanligi aniqlanilgan. 

Ugleroddagi gibridlanish xarakteri, uglerod - uglerod bog‘ga 
uglerod - vodorod bog‘ga nisbatan ko‘proq ta’sir ko‘rsatadi. 
Shuning uchun etan va etilen molekulalaridagi C – C bog‘ uzun-
liklari C – H bog‘ uzunliklaridan ko‘proq farq qiladi. 

Butilenlar. Butilenlar C4H8 bir necha tuzilishga ega bo‘li-
shi mumkin: tarmoqlanmagan tuzilish uchun ikkita izomer 
(qo‘shbog‘ning holatiga qarab): buten-1, buten-2 va tarmoqlan-
gan holati uchun bitta izomer: izobutilen.

H – С – C = C – H 
H H H

H

H – С – C – C = C – H 
H H H

H

H

H H – С – C = C – C – H 
H H H

H

H

H H – С – C = C – H 
H H

H
HH
C

H

buten-1
buten-2

izobuten

The next member of the 
alkene family is propylene, 
C3H6. In view of its great sim-
ilarity to ethylene, it seems 
reasonable to assume that 
this compound also contains 
a carbon-carbon double bond.

Going on to the butylenes, 
C4H10, we find that there 
are a number of possible ar-
rangements. First of all, we 
may have a straight-chain 
skeleton as in -butane, or a 
branched-chain structure 
as in isobutane. Next, even 
when restrict ourselves to the 
straight-chain skeleton, we 
find that there are two possi-
ble arrangements that differ 
in position of the double bond 
in the chain.

On hydrogenation, the iso-
mer of b.p. 7 yields isobutane; 
this butylenes evidently con-
tains a branched chain, and 
has therefore the structure 
we have designated isobuty-
lene.

Tajribalar uchta emas, balki to‘rtta izomer butenlar mavjudligini ko‘rsatadi, ularning fizik xos-
salari 3.1-jadvalda berilgan.

3.1jadval
Butilenlarning fizik xossalari

Nomi tqay,°C tsuyuq, °C –20 °C dagi 
zichligi

–127 °C dagi nur 
sindirish ko‘rsatgichi

Izobutilen – 7 – 141 0,640 1,3727
Buten1 – 6 < – 195 0,641 1,3711
Trans-buten-2 1 – 106 0,649 1,3778
Sis-buten-2 4 – 139 0,667 1,3868

Gidrirlanishdan tqay= –7 °C bo‘lgan izomeri izobutanga o‘tadi; bu butilen tarmoqlangan zanjirga 
ega bo‘lib, izobutilen deb ataladi.
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Qolgan uchta izomer gidrirlanishdan birgina n-butanga ayla-
nadi va ular tarmoqlanmagan zanjirga ega. Quyida alken moleku-
lasining qo‘shbog‘ bo‘yicha uzilishini va bu orqali uning holatini 
aniqlash usulini ko‘rib chiqamiz. 

Bir qator reaksiyalar (gidrirlash, ozonlash) qaynash haro-
ratlari tqay=1 va tqay=4 bo‘lgan butilenlar bir xil buten-2 ekanli-
gini CH3CH=CHCH3 isbotlaydi. Qaynash ko‘rsatkichlari orasidagi 
farqlar - bu birikmalar ikki izomer ekanligidan dalolat beradi. Bu 
izomerlar orasidagi farqlarni tushunish uchun uglerod - uglerod 
qo‘shbog‘ning tabiatini batafsil ko‘rib chiqamiz. 

Etilen tekislikda joylashgan molekuladir. Tekis tuzilish p-bog‘ 
hosil bo‘lishiga olib keluvchi bog‘lovchi orbitallarning geometrik 
joylashuvi natijasi hisoblanadi. Shu sababli, alkan molekulalari-
ning ma’lum qismi  (uglerod atomlari qo‘shbog‘ orqali bog‘lan-
gan qismi) tekislikda joylashishi kerak. 

Agar buten-2 tuzilishini molekulyar modellar orqali kuzatilsa, 
atomlarning ikki xil joylashgan (I va II) holatini ko‘rish mumkin. 

Bir tuzilishda metil guruhlari CH3 molekulaning bir tomonida 
(Z)  va ikkinchi tuzilishida turli tomonlarida (E) joylashgan.

Z va E tuzilishlarning bir-biriga o‘tishi uglerod - uglerod qo‘shbog‘ atrofida aylanishini talab eta-
di; izomerlarning bir-biriga o‘tishi bog‘ atrofida burilish uchun ma’lum miqdor energiya talab etadi, 
p-bog‘ning p-orbitallarning qoplanishi natijasida hosil bo‘lishi va d-orbitallarning ostidan va us-
tidan joy egallaganini e’tiborga olsak, sis-buten-2 ni trans-buten-2ga o‘tishi uchun p-orbitallar ning 
qoplanishi buzilishi yoki boshqacha aytganda p-bog‘ uzilishi kerak. p-Bog‘ning uzulishi 60 kkal 
(251,21×103 joul) energiya talab etadi: xona haroratida juda kam sonli to‘qnashuv yetarli miqdor-
da energiyaga ega bo‘ladi va buten-2 larni o‘zaro bir-biriga o‘tish ehtimoli juda ham kam. Ayni shu 
to‘siq 60 kkal energiya mavjudligi tufayli uglerod - uglerod qo‘shbog‘ atrofida burilish qiyinchili-
gi vujudga keladi. Burilish qiyinchiligi tufayli buten-2 izomerlarini bir-biridan ajratish imkoniyati 
paydo bo‘ladi.

If we examine the structure 
of 2-butene more closely, and 
particularly if weuse molecu-
lar models, we find that there 
are two quite different ways, 
I and II, in which the atoms 
can be arranged (aside from 
the infinite number of possi-
bilities arising from rotation 
about the single bonds).

We recall that the arrange-
ment of atoms that character-
izes a particular stereoisomer 
is called its configuration. The 
configurations of the isomeric 
2-butenes are the structures 
I and II. These configurations 
are differentiated in their 
names by the prefixes cis- 
(Latin: on this side) and trans- 
(Latin: across), which indicate 
that the methyl groups are on 
the same side or on opposite 
sides of the molecule.

C
H

CH3

H

H3C

C C  
H3С

H H

СH3

C C  
H3С

H СH3

H
I II
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Diastereomeriya: geometrik izomeriya. Buten-2 izomerlari 
bir-biridan faqatgina atomlarning fazodagi joylashuvi bo‘yicha 
farq qilgani sababli (bunda atomlarning bog‘lanish tartibi o‘zgar-
masligini yoddan chiqarmaslik kerak), ular stereoizomerlar deb 
ataluvchi umumiy sinf birikmalariga mansub hisoblanadi. Ular 
bir-birining ko‘zgudagi aksi hisoblanmaydi, shuning uchun ular 
enantiomerlar emas. Bir-birining ko‘zgudagi izomerlari - enan-
tiomerlar bo‘lmagan stereoizomerlar, diastereomerlar deyiladi.

Uglerod-uglerod qo‘shbog‘ atrofida burilishning qiyinligi nati-
jasida hosil bo‘luvchi diastereomerlar   geometrik izomerlar 
deyiladi.

Ma’lum izomerni xarakterlovchi atomlarning joylashuvi uning 
konfigurasiyasi deyiladi. Izomer buten-2 larning konfigurasiyasi 
I va II tuzilishlar orqali berilgan.

Konfigurasiyalar sis (lotin-chadan: bir tomonda, shu to-
monda) va trans (lotinchadan: qarama-qarshi) iboralar orqali 
ko‘rsatiladi; bunda sis- metil guruhlari qo‘shbog‘ tekisligining bir 
tomonida ekanligini, trans- esa qarama-qarshi joylashganligini 
ko‘rsatadi.

Qaynash harorati 4 °C bo‘lgan izomer uchun sis-konfigurasiya, 
1 °C bo‘lgan izomer uchun esa trans-konfigurasiya aniqlanilgan.

Enantiomers and Diaste-
reomers

Stereoisomers can be 
subdivided into two general 
categories: those that are en-
antiomers of each other, and 
those that are diastereomers 
of each other.

• Enantiomers are ste-
reoisomers whose molecules 
are nonsuperposable mirror 
images of each other.

All other stereoisomers 
are diastereomers.

• Diastereomers are ste-
reoisomers whose molecules 
are not mirror images of 
each other.

The alkene isomers cisand 
trans-1, 2-dichloroethene 
shown here are stereoiso-
mers that are diastereomers.

If we consider compounds 
other than hydrocarbons, we 
find that 1,1-dichloroand 
1,1-dibromoethene should 
not show isomerism, where-
as the 1,2-dichloro- and 
1,2-dibromoethenes should. 
In every case these predic-
tions have been found cor-
rect.

Isomers of the following 
physical properties have 
been isolated.

H3C
C

H

C

HH3C

H
C

CH3

C
HH3Csis-buten-2

tqay=4 °C
trans-buten-2

tqay=1 °C



64

Burilish qiyinchiligi uglerod - uglerod qo‘shbog‘ saqlagan hohlagan birikmalarda kuzatilishi 
mumkin, lekin geometrik izomeriya qo‘shbog‘ bilan bog‘langan uglerod atomidagi guruhlarning 
ma’lum joylashuvi bilan bog‘liq. Bu izomerlarni aniqlash uchun, mavjud tuzilishlarini (molekulyar 
modeli orqali yanada yaqqol ko‘rinadi) tasvirlash kerak va so‘ngra ularni o‘xshash yoki farqli to-
monlari kuzatiladi. Propilen, buten-1 va izobutilenlar tuzilishini kuzatish orqali, ularda geometrik 
izomerlar yo‘qligini ko‘rish mumkin; bunday xulosani tajriba ma’lumotlari ham tasdiqlaydi. 

Geometrik izomeriya kuzatilmaydigan uglevodorodlarning ko‘plab funksional guruh almashgan 
hosilalarini ko‘rish mumkin: sis- va trans- izomeriya 1,1-dixlor- va 1,1-dibrometilenlarda aniqlan-
magan; 1,2-dixlor- va 1,2-dibrometilenlarda esa geometrik izomerlarni ko‘rish mumkin. Bu ma’lu-
motlar tajribalar orqali tasdiqlangan va quyidagi fizik xususiyatlarga ega bo‘lgan izomerlar ajratib 
olingan: 

Bu tuzilishlarni kuzatib, o‘rinbosarlar qo‘shbog‘ saqlovchi uglerod atomlaridan birida joylash-
gan bo‘lsa,  geometrik izomerlari mavjud emas degan xulosa qilish mumkin. M-n, 

Diastereomer juftlar bir-biridan fizik xususiyatlari: qaynash va erish haroratlari, zichligi, eruv-
chanligi, nur sindirish ko‘rsatkichi va boshqalar bilan farq qiladi. Bunday farqlardan foydalanib, 
ularni bir-biridan ajratish mumkin: fraksiyalarga bo‘lib haydash yoki fraksion kristallash, turlicha 
adsorbsiyalanishi sababli xromatografik usul yordamida ajratiladi. Diastereomer juftlar kimyoviy 

H
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C
HH3C

H
C
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C
СH3H3C

H3C
C
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C
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GEOMETRIK IZOMERLARI YO'Q

propilen buten-1 izobutilen
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C
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izomerlar
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C
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a
C
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C
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izomerlar

a
C

a

C
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a
C

a

C
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izomerlar emas; 
bir birikma

Cl
C

H

C
HCl

Cl
C

H

C
ClH

sis-
tqay=60 °C

tsuyuq= – 80 °C

Br
C

H

C
HBr

Br
C

H

C
BrH

trans-
tqay=48 °C

tsuyuq= – 50 °C

sis-
tqay=10 °C

tsuyuq= – 53 °C

trans-
tqay=108 °C

tsuyuq= – 6 °C

As we soon conclude from 
our examination of these 
structures, geometric isom-
erism cannot exist if either 
carbon carries two identical 
groups. Some possible combi-
nations are shown below.
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xususiyatlari bo‘yicha bir sinfga kirgani uchun turli reagentlar 
bilan bir xil tezliklarda, lekin ularning tuzilishida farqlar bo‘lgani 
uchun turlicha tezliklarda ta’sirlashadi.

Yuqori alkenlar. Butilenlarda propilenga nisbatan bir uglerod 
atomi va ikki vodorod atomi ortiqcha, propilen esa etilenga nis-
batan bir uglerod va ikki vodorod atomi ko‘proq saqlaydi, de-
mak alkenlar alkanlar kabi gomologik qator hosil qiladi. Bun-
da gomologik farq CH2 saqlanib qoladi. Bu sinf birikmalarining 
umumiy formulasi CnH2n.  

Alkenlar qatorida izomerlar soni mos alkanlarnikidan ko‘p; 
uglerod skeletining o‘zgarishi bilan birga ularda qo‘shbog‘ning 
zanjirdagi o‘rni, shuningdek geometrik izomeriya mavjud. 

Umumiy nomlari: alkanlarni nomlash kabi, alkenlarni nom-
lashning ham bir necha nomenklaturalari mavjud. Oddiy alken-
lar uchun ularning trivial nomlaridan ko‘proq foydalaniladi, m-n: 
etilen, propilen, butilen. Butilenlar a, b va izo-belgilari yordamida 
farqlanadi. Geometrik izomerlari sis- va trans-izomer orqali bel-
gilanadi. Ko‘plab old qo‘shimchalaridan foydalanish bu nomen-
klaturani yuqori alkenlarni nomlash uchun qo‘llashni taqiqlaydi. 
Ba’zan alkenlar etilenning hosilalari sifatida qaralib ratsional 
nomenklaturada nomlanadi, m-n: tetraetiletilen (CH3CH2)2C=C(CH2CH3)2. 

Murakkab tuzilishli alkanlarni nomlashda asosan IUPAC nomenklaturasidan foydalaniladi.
IUPAC nomenklaturasi. Bu sistemada nomlash qoidalari quyidagilardan iborat: 1. Asos sifatida, 

uglerod - uglerod qo‘shbog‘ saqlovchi eng uzun zanjir tanlab olinadi, birikma ayni asos tuzilishidagi 
vodorod atomlarini turli alkil guruhlariga almashinishidan hosil bo‘lgan, deb qaraladi. Dastlabki 
tuzilish - eten, propen, buten, penten va h.o., uglerod atomi sonidan kelib chiqadi; alkenlarning 
nomi mos alkanlardagi an qo‘shimchasini    en bilan almashtirilib hosil qilinadi.  

2. Asos zanjiridagi qo‘shbog‘ning holati raqam bilan ko‘rsatiladi. Zanjir raqamlanishida 
qo‘shbog‘dagi avval keluvchi uglerod atomi kichik raqamga ega bo‘ladi.

3. Asos zanjiridagi vodorod atomi o‘rnini egallagan alkil guruhining holati raqam bilan ko‘rsati-
ladi. 

H2C = CH2
eten СH3CH = CH2

propen CH3СH2CH = CH2
buten-1

CH3СH=CHCH3

buten-2
sis- yoki trans-

СH3C = CH2

2-metilpropen
СН3

CH3СCH = CH2

3,3-dimetilbuten-1
СН3

СН3

CH3СНСН= CHCH3

4-metilpenten-2
sis- yoki trans-

СН3

The various alkenes of a 
given carbon number are, 
however, sometimes referred 
to collectively as the penty-
lenes (amylenes), hexylenes, 
heptylenes, and so on. (One 
sometimes encounters the 
naming of alkenes as deriv-
atives of ethylene: as, for ex-
ample, tetramethylethylene 
for (CH3)2C=C(CH3)2). Most 
alkenes are named by the 
IUPAC system.



66

3.2-jadval
Alkenlarning fizik xossalari

Nomi Formulasi tqay, °C tsuyuq, °C –20 °C dagi 
zichligi

Etilen CH2=CH2 – 169 –102
Propilen CH3CH=CH2 –185 –148
Buten1 CH3CH2CH=CH2 –6,5
Penten1 CH3(CH2)2CH=CH2 30 0,643
Geksen1 CH3(CH2)3CH=CH2 –138 63,5 0,675
Gepten1 CH3(CH2)4CH=CH2 –119 93 0,638
Okten1 CH3(CH2)5CH=CH2 –104 112,5 0,716
Nonen1 CH3(CH2)6CH=CH2 146 0,731
Desen1 CH3(CH2)7CH=CH2 –87 171 0,743
Sis-buten-2 sisCH3CH=CHCH3 –139 4
Trans-buten-2 transCH3CH=CHCH3 –106 1
Izobutelen CH2=C(CH3)2 –141 –7
Sis-penten-2 sisCH3CH=CHCH2CH3 –151 37 0,655
Trans-penten-2 trans CH3CH=CHCH2CH3 36 0,647
3metilbuten1 CH2=CHCH(CH3)2 –135 25 0,648
2-metilbuten-2 CH3CH=C(CH3)2 –123 39 0,660
2,3-dimetilbuten-2 (CH3)2C=C(CH3)2 –74 73 0,705

Fizik xususiyatlari. Alkenlarning fizik xususiyatlari alkanlarnikiga 
o‘xshash. Ular suvda erimaydi, lekin qutblanmagan erituvchilarda yax-
shi eriydi (benzol, efir, xloroform, ligroin). Ularning zichligi suv zich-
ligidan kichik. Uglerod sonining ortishi qaynash harorati ortishiga sa-
bab bo‘ladi; zanjirdagi uglerod sonini bittaga ortishi qaynash haroratini 
20 - 30 °C ga ortishiga (quyi alkenlardan tashqari) olib keladi.

Tarmoqlanish qaynash haroratining pasayishiga sabab bo‘ladi. 
Taqqoslashlar mos alkanlar va alkenlarning qaynash haroratlari bir-bi-
riga yaqin ekanligini ko‘rsatadi (3.2-jadval). 

Ma’lumki, alkanlar qutblanmagan uglevodorodlardir. Ba’zi alkenlar 
esa geometrik tuzilishi natijasida kichik dipol momentiga ega. 

Olish manbalari. Alkenlar sanoat miqyosida asosan, neftni krekinglash natijasida hosil bo‘ladi. 
Past alkenlarni toza holda fraksion hаydаsh orqali olish mumkin. Shuning uchun ular turli muhim 
alifatik birikmalar sintez qilishda dastlabki xom ashyo hisoblanadi. Kreking usulida hosil bo‘lgan 

H3C
C

H

C
HH

H5C2

C
H

C
HH

µ = 0,35 D µ = 0,37 D
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yuqori alkenlar aralashmasi (odatda ularni alohida toza holda 
ajratib olinmaydi) muhim komponent sifatida benzin tarkibiga 
kiradi. Uglerod atomlari soni juft bo‘lgan 1-alkenlar detergentlar 
(etilenni Sigler - Natt usulida ionli polimerlanishi orqali olinuv-
chi) sifatida ishlab chiqarishda foydalaniladi. 

Sintez usullari. Beshta uglerod atomidan kam uglerod saqla-
gan alkenlar, neftni qayta ishlash orqali yoki tabiiy gazdan toza 
holda olinishi mumkin. Murakkab alkenlar toza holda sintez 
usulida olinadi. Oddiy uglerod - uglerod bog‘ saqlovchi birikma-
lar tarkibiga qo‘shbog‘ni kiritish, atomlarni eliminirlanishi orqa-
li hosil qilinishi mumkin:

Kreking jarayonida, ikkita vodorod atomi siqib chiqariladi. 

Eliminirlanish reaksiyasi, nafaqat oddiy alkenlarni olish 
uchun qo‘llanilishi, balki istalgan molekula tarkibiga uglerod - 
uglerod qo‘shbog‘ni kiritish uchun namuna hisoblanadi. 

Alkenlarni sintez usullari  
Alkilgalogenidlarni oson degidrogalogenlash qatori:

uchlamchi > ikkilamchi > birlamchi
Alkilgalogenidlarni degidrogalogenlash osonligi: 
Misollar:

– C – C –
Y X

– C = C –
eleminirlanish

– C – C –
Н

– C = C –
Н

+ H2

СН3СH2СH2CH2Cl СН3СH2СH=CH2
buten-1

СН3СH2СHCH3 СН3СH=СHCH3 +
buten-2

80%Сl

СН3СH2СH=CH2
buten-1

20%

СН3СH2СH2Cl
KOH (sp.er)

СН3СH=CH2
n-propilxlorid propilen

СН3СHСH3

izopropilxlorid
Сl

СН3СH=СHCH3
buten-2

+
KOH (sp.er)

KOH (sp.er)

KOH (sp.er)

n-butilxlorid

ikkilamch-
butilxlorid

– C – C –
H X

– C = C –KOH (spirtdagi eritmasi) + KX  +  H2O

The introduction of a car-
bon-carbon double bond into 
a molecule containing only 
single bonds must necessar-
ily involve the elimination of 
atoms or groups from two ad-
jacent carbons.

Despite being a world of 
seven billion people spread 
over seven continents, a 
popular but unproven theory 
claims that there are only six 
degrees of separation between 
each of us and every other 
person. In other words, we are 
all  a friend of a friend, and 
so on. As strange as it might 
sound, organic molecules 
are not much different, with 
alkenes and alkynes being the 
key connectors to numerous 
other functional groups as well 
as to C - C bond-formation 
processes that can rapidly 
create molecular complexity. 
In truth, it rarely takes six steps 
to find where an alkene or 
alkyne may have played a role 
in the synthesis of a molecule; 
more typically, it takes only 
one or two steps.
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Spirtlarni degidratasiyasi

Spirtlarni oson degidratlanish qatori:
uchlamchi>ikkilamchi>birlamchi

MISOLLAR:

Visinal digalogenidlarni degalogenlash

MISOL

Alkinlarni qaytarish

– C – C –
H OH

– C = C –kislota +  H2O

spirtlar

alkenlarqizdirish
DEGIDRATLASH: 

suvning eliminirlanishi

– C – C –
H OH

+  H2O

etanol

etilen
Н

НН
Н – C = C –Н

НН
Н

СН3СH2СH2CH2ОН СН3СH2СH=CH2 +
n-butil spirti buten-1

СН3СH2СHCH3 СН3СH=СHCH3 +

ikkilamch-butil spirti

buten-2
asosiy mahsulotОН

СН3СH2СH=CH2
buten-1

СН3СH=СHCH3
buten-2

asosiy mahsulot

kislota

kislota

kislota

Elimination reactions are 
the most important means for 
synthesizing alkenes. In this 
chapter we shall study two 
methods for alkene synthesis 
based on elimination reac-
tions: dehydrohalogenation 
of alkyl halides and dehydra-
tion of alcohols.

– C – C –
Х Х

– C = C –+ Zn +  ZnX2
alkenlar

СН3СH – СHCH3 СН3СH=СHCH3

2,3-dibrombutan
BrBr

+ Zn

buten-2
- ZnBr2

R – С ≡ С – R 

С = СH2

Pt yoki Ni

Na yoki Li
NH3

H H

R R

С = С
R H

H R
sis-izomer

trans-izomer
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Alkenlar olishning bu usullaridan - alkilgalogenidlarni de-
gidrogalogenlash va spirtlarni degidratasiyasi muhim ahamiyat-
ga ega. Bu ikkala usul uchun bitta kamchilik xos: galogen (X) yoki 
gidroksil (OH) guruhi saqlagan uglerod atomiga qo‘shni uglerod 
atomidan vodorod ajralishi va aksariyat izomerlar aralashmasi 
hosil bo‘lishi hisoblanadi.

Visinal (lotinchadan visinolis - qo‘shni) digalogenidlarni de-
galogenlash, usuli aksariyat alkenlardan digalogenli hosilalarni 
olish uchun qo‘llaniladi. Ba’zan alken molekulasidagi qo‘shbog‘ni 
saqlab qolish va molekulaning boshqa qismlari bilan reaksiyani 
olib borish uchun digalogenlashdan foydalaniladi, so‘ngra rux 
ta’sirida alkengacha regenerasiya qilinadi: bu jarayon qo‘shbog‘ni 
himoyalash deyiladi va organik sintezda ko‘plab bunday reaksi-
yalardan foydalaniladi. Toza holda sis- va trans-alkenlarni olish 
uchun alkinlarni qaytarish usulidan foydalaniladi. 

Alkilgalogenidlarni degidrogalogenlash. Alkilgalogenidlar 
alkenlarga degidrogalogenlash reaksiyasi orqali o‘tadi. Degidro-
galogenlash galogen atomini qo‘shni ugleroddagi vodorod atomi 
bilan siqib chiqarishga asoslangan.

Degidrogalogenlash: HX ning siqib chiqarilishi

Kislotani eliminirlanish reaksiyasi uchun kuchli asos talab 
etiladi. Alkenlar alkilgalogenidlarni ishqorning (KOH) spirtdagi 
eritmasi bilan qizdirib olinadi, m-n: 

Keltirilgan misollardan, ba’zi reaksiyalarda bitta alken, 
ba’zilarida alkenlar aralashmasi hosil bo‘lishi ko‘rinib turibdi. 
n-Butilxlorid, faqatgina 2-C dan vodorod siqib chiqarishi mum-
kin va buten-1 hosil bo‘ladi. Ikkilamchi-butilxlorid esa vodorodni 1-C  va 3-C dan siqib chiqarishi 
mumkin va buten-2 va buten-1 aralashmasi hosil bo‘ladi, agar ikki izomer hosil bo‘lish imkoniyati 
bo‘lsa, asosiy mahsulot buten-2 hisoblanadi; bu fikrni isbotlovchi omillarni keyingi mavzularda 
ko‘rib o‘tamiz.

Dehaiogenation of vicinal 
(Latin: vicinalis, neighboring) 
dihalides is severely limited 
by the fact that these diha-
lides are themselves generally 
prepared from the alkenes.

Alkyl halides are convert-
ed into alkenes by dehydro-
halogenation: elimination of 
the elements of hydrogen ha-
lide.  Dehydrohalogenation 
involves removal of the halo-
gen atom together with a hy-
drogen atom from a carbon 
adjacent to the one bearing 
the halogen.

The function of hydroxide 
ion is to pull a hydrogen ion 
away from carbon; simult 
aneously a halide ion sepa-
rates and the double bond 
forms. We should not ice 
that, in contrast to free radi-
cal reactions, the breaking of 
the CH and C-X bonds occurs 
in an unsymmetrical fashion: 
hydrogen relinquishes both 
electrons to carbon, and hal-
ogen retains both electrons.

Dehydrohalogenation of 
alkyl halides

• The best reaction con-
ditions to use when synthe-
sizing an alkene by dehydro-
halogenation are those that 
promote an E2 mechanism.

In an E2 mechanism, a 
base removes a β hydrogen 
from the β carbon, as the 
double bond forms and a 
leaving group departs from 
the     carbon.

СН3СH2СH2CH2Cl СН3СH2СH=CH2
buten-1

СН3СH2СHCH3 СН3СH=СHCH3 +
buten-2

80%Сl

СН3СH2СH=CH2
buten-1

20%

СН3СH2СH2Cl
KOH (sp.er)

СН3СH=CH2
n-propilxlorid propilen

СН3СHСH3

izopropilxlorid
Сl

СН3СH=СHCH3
buten-2

+
KOH (sp.er)

KOH (sp.er)

KOH (sp.er)

n-butilxlorid

ikkilamch-
butilxlorid

– C – C –
H X

– C = C –KOH (spirtdagi eritma) + KX  +  H2O
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Degidrogalogenlash mexanizmi. Gidroksil ionining xususiyati - uglerod atomidagi vodorod ioni-
ni tortib olish hisoblanadi; shu bilan bir vaqtda galogen ioni ajraladi va qo‘shbog‘ hosil bo‘lgan 
holida tasvirlanadi;

Strelkalar elektronlarning siljish yo‘nalishini ko‘rsatadi.  
Erkin radikallardan farq qilib, C – H va C – X bog‘larning uzi-

lishi nosimmetrik vodorod ikki elektronni uglerodda qoldirishi, 
galogen esa ugleroddan ikki elektronni tortib olishi bilan amalga 
oshadi. Vodorod qoldirgan elektronlar, uglerod atomlari orasida 
ikkinchi bog‘ni (p-bog‘ni) hosil qiladi.

Uglerod - vodorod va uglerod - galogen bog‘ni uzish uchun ker-
ak bo‘ladigan energiya qayerdan olinadi? Birinchidan, vodorod 
ioni va kuchli asos gidroksil-ioni orasida bog‘ hosil bo‘ladi. 
So‘ngra p-bog‘ning hosil bo‘lishida ≈60 kkal/mol` (251,21.103 
joul/mol`) energiya ajraladi. Energiya shuningdek, galogen ion-
larining solvatlanishi natijasida ajraladi. 

Spirt suv kabi qutblangan erituvchi hisoblanadi. Mustaqil galogen ioni ko‘plab qutblangan 
molekulalar (klasterlar) bilan o‘ralgan; erituvchining har bir molekulasi shunday o‘rnashadiki, di-
polning musbat qismi ionning manfiy qismi bilan yaqin joylashadi.

Har bir ion-dipol bog‘ kuchsiz bog‘ hisoblanadi, lekin ko‘plab bunday bog‘larning hosil bo‘lishida 
katta energiya ajraladi. Molekula tarkibidagi vodorod ionlari gidroksil-ioni ta’sirida tortib olinishi 
kabi, galogen ioni ham erituvchi molekulalari ta’sirida siqib chiqariladi. 

– C    C –
Х

H

– C    C – +: ..
..
..: :

O  H
..: :..

–

Х
..: :..

–
+ H2O::

– C – C –
Х

H
– C – C – +

OH –

Х
–

+ H2O

ko′pincha

Elimination reactions are 
the most important means for 
synthesizing alkenes. In this 
chapter we shall study two 
methods for alkene synthesis 
based on elimination reac-
tions: dehydrohalogenation 
of alkyl halides and dehydra-
tion of alcohols.
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Reaksiya yo‘nalishi raqobat reaksiyalarning nisbiy tezligi bi-
lan aniqlanadi. Ikkilamchi-butilbromid uchun 1-C dagi uchala 
vodorod atomlarining asos bilan hujumi buten-1 hosil bo‘lishiga, 
3-C dagi ikki vodorod atomlarining asos bilan hujumi esa buten-2 
hosil bo‘lishiga olib keladi. Buten-2 asosiy mahsulot hi soblanadi; 
3:2 nisbatdagi ehtimollar omiliga qaramasdan buten-2 tezroq 
hosil bo‘ladi. 

Alkenlarning oson hosil bo‘lish qatori:

R2C=CR2 > R2C=CHR > R2C=CH2 > RCH=CHR > RCH=CH2

Alkenlarning barqarorlik qatori:  

R2C=CR2 > R2C=CHR > R2C=CH2 > RCH=CHR > 
RCH=CH2>CH2=CH2

Alken qanchalik barqaror bo‘lsa, degidrogalogenlash reaksi-
yasida shunchalik oson hosil bo‘ladi.  

O’tish holatini kuzatish ham yuqoridagi fikrlarni tasdiqlaydi.

Methyl-2-butene is a tri-
substituted alkene (three 
methyl groups are attached 
to carbon atoms of the dou-
ble bond), whereas 2-meth-
yl-1-butene is only disubsti-
tuted. 2-Methyl- 2-butene is 
the major product.

Whenever an elimina-
tion occurs to give the more 
stable, more highly substi-
tuted alkene, chemists say 
that the elimination follows 
Zaitsev’s rule, named for the 
nineteenth-century Russian 
chemist A. N. Zaitsev (1841–
1910) who formulated it.

– C – C –
Х

H

OH –

– C    C –
Х

H OH

δ –

δ –
C = C +  X    +  H2O

–

O’tish holatidagi qo‘shbog‘ning qisman hosil bo‘lishi, qisman 
alken xarakteriga ega bo‘lganligini anglatadi. 

Tayyor mahsulot - alkenni barqarorlashtiruvchi omillar, o‘tish 
holatidagi qisman alkenni ham barqarorlashtiradi. Alkenning 
barqarorligi nafaqat degidrogalogenlash yo‘nalishini belgilab 
qolmasdan, balki alkilgalogenidlarni eliminirlanish reaksiyala-
ridagi reaksion qobiliyatini ham belgilab beradi (3.3-jadval).

Alkene stability not only 
determines orientation of de-
hydrohalogenation, but also is 
an important factor in deter-
mining the reactivity of an al-
kyl halide toward elimination, 
as shown at the top of the next 
page.c
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3.3jadval
Alkilgalogenidlarni eliminirlanish reaksiyalaridagi reaksion qobiliyati

Dastlabki birikma Oxirgi birikma Solishtirma tezligi Bir atom vodorod 
uchun hisoblanganda

CH3CH2Br ⇢ CH2=CH2 1,0 1,0
CH3CH2CH2Br ⇢ CH3CH=CH2 3,3 5,0
CH3CHBrCH3 ⇢ CH3CH=CH2 9,4 4,7
(CH3)3CBr ⇢ (CH3)2C=CH2 120 40

Jadvaldagi alkilgalogenidlarni kuzatib, galogen saqlagan 
uglerod atomi birlamchidan ikkilamchiga va so‘ngra uchlam-
chiga o‘tishi bilan zanjir ko‘proq tarmoqlanganini ko‘rish qiyin 
emas. Zanjir tarmoqlanishining ortishi quyidagi natijalarga olib 
keladi: birinchidan, asos hujumi uchun ko‘p sonli vodorod atom-
lari paydo bo‘ladi va eliminirlanish ehtimoli ortadi; ikkinchidan 
ko‘proq tarmoqlangan va barqarorroq alken (barqarorroq o‘tish 
holati va Efaol kichik) hosil bo‘ladi. Shunday qilib, degidrogen-

lashda RX ning reaksion qobiliyati: uchlamchi > ikkilamchi > birlamchi qatorda kamayib boradi. 
Spirtlarni degidratlash. Spirtlar R - OH umumiy formulaga ega bo‘lgan birikmalar hisoblanib, 

bunda R - alkil guruhi. Ularning nomi gidroksil guruhi bilan bog‘langan alkil guruhi nomiga “spirt” 
so‘zini qo‘shib hosil qilinadi. Spirtlar gidroksil guruhi bilan bog‘langan uglerod atomining tabiatiga 
qarab birlamchi, ikkilamchi, uchlamchi spirtlarga  bo‘linadi. M-n:

Spirtlarni degidratlash (suv molekulasini ajaratish) orqali alkenlarga o‘zgartirish mumkin. De-
gidratlash kislota ishtirokida qizdirish bilan amalga oshiriladi. 

Degidratlashni odatda sulfat yoki fosfat kislota bilan ≈200 °C 
qizdirish yoki spirt bug‘larini 350 - 400 °C alyuminiy oksididan 
Al2O3 (bunda Al2O3  L`yuis kislotasi kabi ta’sirlashadi) o‘tkazib 
olib boriladi. 

Turli sinf spirtlari turlicha degidratlanishga uchraydi, ularn-
ing reaksion qobiliyati quyidagi qatorda o‘zgaradi: spirtlarning oson degidratlanishi: birlamchi < 
ikkilamchi < uchlamchi. 

Quyidagi reaksiyalar misolida, degidratlanish reaksiyasida spirtlar reaksion qobiliyatining ta’si-
ri ko‘rsatilgan. (Ba’zi uchlamchi spirtlar shunchalik oson degidratlanadiki, alkenlarni faqatgina 
hаydаsh kifoya qiladi).

CH3CH2OH CH3CHCH2OH
CH3

CH3CHOH
CH3

CH3C – OH
CH3

CH3

ETIL SPIRTI
birlamchi spirt

UCHLAMCH-BUTIL SPIRTI
uchlamchi spirt

IZOBUTIL SPIRTI
birlamchi spirt

IZOPROPIL SPIRTI
ikkilamchi spirt

Alcohols are compounds 
of the general formula, ROH, 
where R is any alkyl group: the 
hydroxyl group, OH, is charac-
teristic of alcohols, just as the 
carboncarbon double bond is 
characteristic of alkenes.

Where isomeric alkenes 
can be formed, we again find 
the tendency for one isomer 
to predominate. Thus, sec-bu-
tyl alcohol, which might yield 
both 2-butene and 1-butene, 
actually yields almost exclu-
sively the 2-isomer
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Agar bir necha izomer hosil bo‘lish imkoniyati bo‘lsa odatda, 
bir izomer ikkichisiga nisbatan ko‘proq hosil bo‘ladi: ikki lamchi-
butil spirti buten-2 va buten-1 hosil qilib degidratlanishi mum-
kin, bunda buten-2 asosiy mahsulot sifatida ko‘p miqdorda hosil 
bo‘ladi. 

n-Butil spirtidan buten-2 hosil bo‘lishi degidratlash reaksi-
yasini degidrogalogenlash reaksiyasidan farq qiluvchi reaksi-
ya ekanligiga misol bo‘ladi: bunda qo‘shbog‘ -OH guruhi bilan 
bog‘langan uglerod atomida emas, balki undan uzoqda hosil 
bo‘ladi. Buning sababini kelgusi mavzularda o‘rganamiz. Shu-
ning uchun alkenlar olishda degidratlashdan ko‘ra degidrogalo-
genlash reaksiyasidan ko‘proq foydalaniladi; bunda hosil bo‘lishi kerak bo‘lgan qo‘shbog‘ning hola-
tini aniqroq aytib berish mumkin.

Karboniy ionlarning nazariyasi. Alkenlarni galogenlashda, asosan reaksion qobiliyati yuqori 
bo‘lgan - erkin radikallarning hosil bo‘lish mexanizmi taklif etilgan edi. Bu mexanizmni isbotlash-
ni batafsil o‘rganib oldik. Isbotlashlar natijasida alkanlarning boshqa reaksiyalari ham erkin radi-
kallarning hosil bo‘lish bosqichi orqali o‘tadi deb hisoblangan edi.

Alkenlar kimyosini o‘rganishda reaksion qobiliyati yuqori bo‘lgan zarracha - karboniy ionining  
(faqatgina oltita elektronga ega bo‘lgan uglerod atomi saqlagan atomlar guruhining) mavjudligi 
haqida fikrlar kuzatiladi. Karboniy ionlari qanday uglerod atomi musbat zaryadga ega ekanligiga 
qarab birlamchi, ikkilamchi va uchlamchi ionlarga bo‘linadi. 

СН3СH2СH2CH2ОН
n-butil spirti

СН3СH2СHCH3 СН3СH = СHCH3

ОН

СН3СH = СHCH3
buten-2

asosiy mahsulot

75% Н2SO4

140 °C

60% Н2SO4

100 °C

СН3СCH3 СН3С = СH2

uchlamch-butil spirti
izobutilenОН

20% Н2SO4

85 – 90 °C

CН3 CН3

ikkilamch-butil spirti
buten-2

asosiy mahsulot

CH3CH2OH
95% Н2SO4 +  H2O

etanol etilen
– C = C –Н

НН
Н

170 °C

..:С..Н
Н

Н
+ ..:С..Н

Н

CН3

+ ..:С..Н
CН3

CН3

+

metil
karboniy ioni

etil
karboniy ioni

(birlamchi)

izopropil
karboniy ioni
(ilkkilamchi)

..:С..СН3

CН3

CН3

+

uchlamchi-butil
karboniy ioni
(uchlamchi)

To account for the observed 
facts, we saw earlier, a certain 
mechanism was advanced for 
the halogenation of alkanes; 
the heart of this mechanism 
is the fleeting existence of free 
radicals, highly reactive neu-
tral particles bearing an odd 
electron.
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Erkin radikallar kabi, karboniy ionlari ham reaksion qobliyati yuqori zarrachalar hisoblanadi. 
Bu zarrachalar uglerod atomi elektron bulutini to‘ldirishga (oktetga) intiladi. Erkin radikallardan 
farq qilib, karboniy ionlari musbat zaryadga ega.

Karboniy ionlarini bevosita kuzatish mumkin emas. Reaksion qobiliyati yuqori bo‘lganligi tu-
fayli ularning mavjud bo‘lish vaqti juda qisqa. Spektral usullar bilan barqaror karboniy ionlari va 

maxsus qo‘shimchalar yordamida barqarorlashtirilgan oddiy al-
kil karboniy ionlari batafsil o‘rganilgan, hozirgi vaqtda ularning 
mavjudligiga hech qanday shubha yo‘q. 

Spirtlarni degidratlash mexanizmi. Spirtlarni degidratlash-
ning umumiy mexanizmi quyidagicha (misol tariqasida oddiyligi 
uchun etil spirti tanlab olindi): 

Like the free radical, the 
carbonium ion is an exceed-
ingly reactive particle, and 
for the same reason: the ten-
dency to complete the octet of 
carbon. Unlike the free radi-
cal, the carbonium ion carries 
a positive charge.

The generally accepted 
mechanism for the dehydra-
tion of alcohols is summarized 
in the following equations; for 
the sake of simplicity, ethyl al-
cohol is used as the example.

Spirt protonlashgan spirt hosil qilib vodorod ionini biriktirib oladi (1-bosqich), so‘ngra suv va 
karboniy ioni hosil qilib dissosiasiyalanadi (2-bosqich); karboniy ioni vodorod ioni yo‘qotib, alken 
hosil bo‘ladi (3-bosqich).

Shunday qilib, qo‘shbog‘ ikki bosqichda hosil bo‘ladi: gidroksil guruhini H2O holida ajralishi 
(2-bosqich) va vodorodni siqib chiqarilishi (3-bosqich). Bu degidratlash reaksiyasining degidro-
genlashdan asosiy farqi hisoblanadi (degidrogenlashda vodorod va galogenning siqib chiqarilishi 
bir vaqtda amalga oshadi).

Birinchi bosqich Brensted-Lauri bo‘yicha kislota - asos muvozanati hisoblanadi. Sulfat kislotani 
suvda erishida quyidagi reaksiya amalga oshadi: 
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Vodorod ioni kuchsiz asosdan (HSO4
–) kuchli asos (H2O) ga 

oksoniy ioni (H3O+) hosil qilib o‘tadi; ikkala birikmaning asos 
xususiyati, vodorod ionini biriktirib oluvchi umumlashmagan 
elektron juftining mavjudligi bilan asoslangan. Spirt ham umum-
lashmagan elektron juft saqlovchi kislorod atomiga ega va uning 
asosligini suvning asosligi bilan taqqoslash mumkin. Taklif eti-
layotgan mexanizmning birinchi bosqichini quyidagicha tasav-
vur qilish mumkin: 

Vodorod ioni bisulfat - ionidan kuchliroq asosga (etil spirti-
ga) protonlashgan spirt - oksoniy ioni (C2H5O+H2) hosil qilib o‘ta-
di. Uchinchi bosqich vodorod ionini siqib chiqarish emas, balki 
protonni mavjud kuchli asos C2H5O+H2 tomonga siljish bosqichi 
hisoblanadi:

Qulay bo‘lishi uchun bu jarayonni ko‘pincha vodorod ionini H+ 

birikishi yoki siqib chiqarilishi kabi tasvirlanadi, aslida protonni 
bir asosdan boshqasiga ko‘chishi amalga oshadi.

Barcha uch reaksiyalar ham muvozanat reaksiyalari sifati-
da berilgan, chunki har bir bosqich qaytar hisoblanadi. Qaytar 
reaksiya alkenlardan spirt hosil bo‘lishidir. Birinchi bosqich mu-
vozanati o‘ng tomonga kuchli siljigan, ma’lumki sulfat kislota 
spirtli eritmada to‘liq ionlashgan, karboniy ionining konsentrasi-
yasi ayni muddatlarda juda kam bo‘lgani uchun, ikkinchi bosqich 
muvozanati chapga tomon kuchli siljigan. Konsentrasiyasi kam 
bo‘lishiga qaramasdan uning ma’lum qismi uchinchi bosqich orqali alken hosil qilib ta’sirlashadi. 
Degidratlanishda uchuvchan alkenlar reaksion aralashmadan haydaladi va shunday qilib, uchinchi 
bosqich muvozanati o‘nga siljiydi. Natijada reaksiya to‘liq amalga oshadi. 

Karboniy ioni protonlashgan spirtning dissosiasiyalanishi natijasida hosil bo‘ladi. Bunda zar-
yadlangan zarracha R+ neytral zarracha H2O dan ajraladi. Bu jarayon spirtdan karboniy ioni hosil 
bo‘lishidan ko‘ra kamroq energiya talab etadi, chunki spirtdan karboniy ioni hosil bo‘lishi musbat 

O  H::..
H

..
+ HO – S – OH  O  H::..

H
H

+
+ HSO4

–
O

Okuchliroq
asos

kuchsizroq
asos

O::..
H

СH3CH2 + HO – S – OH  

O

O
O::..
H

СH3CH2 H + HSO4
–

kuchliroq
asos

kuchsizroq
asos

C2H5OH  +  H – C    C – H :
H H

+..
H

C2H5OH2 +  H – C    C – H ::
H H

+

This bromonium ion is 
bridged asymmetrically be-
cause the 3° carbon can ac-
commodate more positive 
charge than the 1° carbon.

The first step of the mech-
anism is more properly repre-
sented aswhere the hydrogen 
ion is transferred from the 
bisulfate ion to the stronger 
base, ethyl alcohol, to yield 
the substituted oxonium ion, 
C2H5OH2+, the protonated 
alcohol.

In a carbonium ion, the 
electron-deficient carbon is 
bonded to three other atoms, 
and for this bonding uses sp2- 
orbitals; the bonds are trigo-
nal, directed to the corners of 
an equilateral triangle.
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zaryadni manfiy zaryaddan tortib olish hisoblanadi. Birinchi holatda, kuchsiz asos (H2O) karboniy 
ionidan nisbatan oson ajraladi (kuchli asos gidroksil-ionidan ko‘ra), shuningdek suv gidroksil ioni-
dan ko‘ra yaxshi chiquvchi guruh hisoblanadi. Gidroksil-ioni spirtdan C – O bog‘ning uzilish reaksi-
yasi deyarli barcha holatlarda kislota katalizatorligini talab etadi; kislota katalizatorining vazifasi, 
biz kuzatayotgan misoldagi kabi spirtni protonlashdan iborat bo‘ladi.

Yana shuni yodda tutish kerakki protonlashgan spirtning dis-
sosiasiyalanishi faqatgina solvatlanish hisobiga amalga oshishi 
mumkin. Uglerod - kislorod bog‘ni uzish uchun energiya, kar-
boniy ioni va qutblangan erituvchi orasida hosil bo‘luvchi ko‘plab 
ion - dipol bog‘larning hosil bo‘lishi hisobiga olinadi.

Karboniy ioni turli reaksiyalarga kirishishi mumkin: ularn-
ing qaysi biri amalga oshishi tajriba sharoitiga bog‘liq. Karboniy 
ionining barcha reaksiyalari bir xil natija beradi: ular musbat 
zaryadlangan uglerod atomida oktet hosil qilish uchun elektron-
lar juftini biriktirib oladi. Yuqoridagi  misolda vodorod ioni mus-
bat zaryadlangan, elektronlari kam bo‘lgan uglerod atomidan 
ajraladi; bu vodorod bilan bog‘ hosil qilgan elektron jufti, p-bog‘ 
hosil qilishga sarflanadi.

Bu mexanizm degidratlanishdagi kislotali kataliz jarayonini 
tushuntirib beradi. 

Karboniy ionlarining barqarorligi, zaryadning taqsimlani-
shi, molekula yoki atomdan elektronni tortib olish uchun kerak 
bo‘ladigan energiya ionlanish potensiali deyiladi (aslida bu en-
ergiya ionlanish energiyasi). Erkin radikalning ionlanish poten-
siali - bu ayni radikalning karboniy ioniga o‘tishi uchun ∆H dir. 

ROH2
+

R + + H2O OSON
kuchsiz asos

ROH R + + OН QIYIN–

kuchli asos

Explanations for these ob-
servations can be based on a 
stepwise mechanism original-
ly proposed by F. Whitmore 
(of Pennsylvania State Uni-
versity).

The mechanism is an E1 
reaction in which the sub-
strate is a protonated alcohol.

Consider the dehydration 
of tert-butyl alcohol as an ex-
ample.

We saw in that the order 
of stability of carbocations is 
tertiary > secondary > prima-
ry > methyl:

In the dehydration of sec-
ondary and tertiary alcohols 
the slowest step is formation 
of the carbocation as shown 
in step 2 of the “A Mechanism 
for the Reaction” box in this 
section. The first and third 
steps involve simple acid–
base proton transfers, which 
occur very rapidly. The sec-
ond step involves loss of the 
protonated hydroxyl as a leav-
ing group, a highly endergon-
ic process, and hence it is the 
rate-determining step.

Because step 2 is the 
rate-determining step, it is 
this step that determines the 
overall reactivity of alcohols 
toward dehydration. With 
that in mind, we can now 
understand why tertiary al-
cohols are the most easily 
dehydrated. The formation of 
a tertiary carbo- cation is eas-

– С С –.. :
H

+
– С С – +   Н+::

СH3
.

CH3СH2

CH3СH2CH2

CH3 С CH3

CH3

.
.

.

+СH3 + e –

+СH3CH2 + e –

+СH3CH2CH2 + e –

CH3 С CH3

CH3

+
+ e –

∆H = 230 Dj/mol

∆H = 202 Dj/mol

∆H = 182 Dj/mol

∆H = 171 Dj/mol

R . R + + e –

∆H = ionlanish potensiali

Ko‘pchilik radikallarning ionlanish potensiali [kkal/mol 
(4,187.103 joul/mol)] aniqlangan, m-n:
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Ionlanish potensiali miqdorlari CH3
. > birlamchi > ikkilamchi 

> uchlamchi qatorida kamayib boradi. 
Ma’lumki, alkanlardan erkin radikallarni hosil bo‘lishi uchun 

kerak bo‘ladigan energiya miqdori CH3
. > birlamchi > ikkila

mchi > uchlamchi qatorida kamayib boradi. Agar bu ikki qator 
- ionlanish potensiali va bog‘larning dissosiasiyalanish energi-
yasi - umumlashtirilsa, kuzatiladigan alkenlar uchun karboniy 
ionlarning barqarorligi quyidagi tartibda o‘zgarishini aniqlash 
mumkin: 

Karboniy ionining barqarorligi: 
uchlamchi > ikkilamchi > birlamchi > CH3

+

Karboniy ionlarining barqarorligi orasidagi farq, erkin radi-
kallarning barqarorligi orasidagi farqdan katta. M-n: uchlam-
chi-butil radikali metil radikalidan 11 kkal (46,05.103 Dj) barqa-
ror bo‘lsa, uchlamchi-butil karboniy ioni metil karboniy ionidan 
70 kkalga (293,08.103 Dj) barqaror. 

Barqarorlikning bunday tartibda o‘zgarishini qanday izohlash 
mumkin? Fizik qonunlarga muvofiq, zaryadlangan sistemaning 
barqarorligi zaryadning taqsimlanishi bilan ortadi. Shunday 
ekan, elektronlari kam uglerod atomi musbat zaryadining de-
lokallanishiga, hamda qismlarga taqsimlanishiga hamohanglik 
qiluvchi har qanday omil, karboniy ionini barqarorlashtirishi 
kerak.

Birlamchi, ikkilamchi va uchlamchi karboniy ionlari orasidagi 
farq, uglerod atomlari soni va musbat zaryad tashuvchi uglerod 
atomi bilan bog‘langan alkil guruhlari soni bilan bog‘liq.

Elektronlar uzatilishi. Zaryadning dispersiyasi, ionning barqa-
rorlashuvi. Karboniy ioni barqarorligiga alkil guruhlari qanday ta’sir ko‘rsatadi? Alkil guruhlari 
vodorod atomidan farq qilib, elektronlar berishga moyilligini isbotlovchi ko‘plab fizik va kimyoviy 
misollar keltirish mumkin. Musbat zaryad tashuvchi uglerod atomi bilan bog‘langan alkil guruhi, 
ayni uglerod atomiga elektronlarni uzatishga harakat qiladi va shu bilan uning musbat zaryadini 
kamaytirishga intiladi; bu bilan alkil guruhining o‘zi qaysidir qiymat musbat zaryadga ega bo‘ladi. 
Zaryadning bunday taqsimlanishi karboniy ionnini barqarorlashtiradi.

Uchlamchi karboniy ioni uchta alkil guruhi saqlaydi, shuning uchun ikkita alkil guruhi saqlagan 
karboniy ionidan barqaror. Metil karboniy ioni eng beqaror hisoblanadi.

Atom yoki atomlar guruhining elektronlarni uzatish yoki tortish qobiliyati induktiv effekt deyiladi. 
Biz kuzatayotgan misolda alkil guruhlari elektrodonor induktiv effektni namoyon qiladi.

Ba’zi atomlar va guruhlar elektronlarni tortish xususiyatiga ega va elektroakseptor induktiv ef-
fekt namoyon qiladi. Elektronlarni tortish xususiyatiga ega atom yoki guruhlar elektronlari taqchil 

iest because the free energy 
of activation for step 2 of a 
reaction leading to a tertiary 
carbocation is lowest. Sec-
ondary alcohols are not so 
easily dehy- drated because 
the free energy of activation 
for their dehydration is high-
er—a secondary carbocation 
is less stable. The free energy 
of activation for dehydration 
of primary alco- hols via a car-
bocation is so high that they 
undergo dehydration by an-
other mechanism.

All three reactions are 
shown as equilibria, since 
each step is readily revers-
ible; as we shall soon see, the 
exact reverse of this reaction 
sequence is involved in the 
formation of alcohols from 
alkenes

The ease with which al-
cohols undergo dehydration 
follows the sequence 3 > 2 
> 1. There is evidence that 
a controlling factor in dehy-
dration is ihe formation of 
the carbonium ion, and that 
one alcohol is dehydrated 
more easily than another 
chiefly because it forms a 
carbonium ion more easily.
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uglerod atomidagi musbat zaryadni oshiradi va shu bilan karboniy ionini barqarorlashishini susay-
tiradi. 

Karboniy ionining barqarorligi asosan, o‘rinbosarlarning elektrodonor yoki elektroakseptor xu-
susiyati bilan bog‘liq.

Karboniy ionlarining hosil bo‘lishi. Avval ko‘rib o‘tganimizdek spirtlarning degidratlanishi 
uchlamchi > ikkilamchi > birlamchi qatorida kamayib boradi.

Bu degidratlanishda nazorat omili, karboniy ionining hosil bo‘lishi bilan bog‘liq; ya’ni bir spirt 
ikkinchisiga nisbatan oson degidratlanishi karboniy ionining oson hosil bo‘lishi bilan bog‘liq. 

Karboniy ionlari nafaqat spirtlardan va nafaqat eliminirlanish reaksiyalarida hosil bo‘ladi. Olin-
gan ma’lumotlar barcha holatlarda ham, karboniy ionlarining oson hosil bo‘lish qatorni quyidagi-
cha o‘zgarishini ko‘rsatadi: uchlamchi > ikkilamchi>birlamchi>CH3

+.
Karboniy ionlarining oson hosil bo‘lish tartibi ularning barqarorlik tartibi bilan mos keladi: kar-

boniy ioni qanchalik barqaror bo‘lsa, u shunchalik oson hosil bo‘ladi. 
Karboniy ionlarining qayta guruhlanishi. Spirtlarni degidratlash aksariyat hollarda taklif eti-

layotgan mexanizm orqali alkenlar hosil bo‘lishiga olib keladi, ya’ni qo‘shbog‘ kutilmagan uglerod 
atomlari orasida hosil bo‘ladi; ba’zi hollarda esa uglerod zanjiri skeletining o‘zgarishi bilan borishi 
ham kuzatiladi, m-n:

n-Butil spirtidan buten-2 hosil bo‘lishini ko‘rib chiqaylik. Pro-
tonlashgan spirtdan suvning ajralishi n-butil karboniy ionini ho-
sil bo‘lishiga olib keladi. Musbat zaryadlangan uglerod atomiga 
qo‘shni ugleroddan vodorod atomining siqib chiqarilishi buten-2 
ni emas balki buten-1 ni hosil bo‘lishiga olib kelishi kerak:

Lekin yuqorida ko‘rganimizdek, asosiy mahsulot buten-2 hisoblanadi. Buni karboniy ionining 
yanada barqarorroq karboniy ioni hosil qilib qayta guruhlanishi bilan izohlash mumkin.

n-Butil spirti n-butil karboniy ioni hosil qiladi: bu ion o‘z navbatida ikkilamchi butil karboniy 
ioni hosil qilib qayta guruhlanadi:

CH3CH2CH2CH2OH2

+
CH3CH2CH2CH2  + H2O

+

CH3CH2CH2CH2
+ CH3CH2CH = CH2  + H +

CH3CH2CH2CH2OH2

+
CH3CH2CH2CH2  + H2O

+

QAYTA GURUHLANISH 

birlamch karboniy ioni

CH3CH2CH2CH2
birlamch karboniy ioni

+
CH3CH2CHCH3

ikkilamch karboniy ioni

+

The other examples are 
similar. In each case we con-
clude that if, indeed, the 
alkene is formed from a car-
bonium ion, it is not the same 
carbonium ion that is initially 
formed from the alcohol

We notice that in each case 
rearrangement occurs in the 
way that yields the more sta-
ble carbonium ion: primary 
to a secondary, primary to a 
tertiary, or secondary to a ter-
tiary.
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Ikkilamchi karboniy ionidan vodorodning siqib chiqarilishi natijasida asosan buten-2 hosil 
bo‘ladi:

Mos ravishda 2-metilbutil-1 karboniy ioni, uchlamchi uglerod atomida musbat zaryad saqlagan 
karboniy ioniga qayta guruhlanadi:

3,3-Dimetilbutandan hosil bo‘luvchi ikkilamchi karboniy ioni uchlamchi karboniy ioniga qayta 
guruhlanadi.

Qayta guruhlanishning har bir holatida barqaror karboniy ionining 
hosil bo‘lishni kuzatishimiz mumkin: birlamchidan ikkilamchiga; ik-
kilamchidan uchlamchiga.

Qayta guruhlanish qanday amalga oshishini ko‘rib o‘tamiz. F. Uit-
mor (Pensil`vaniya shtati universiteti) qayta guruhlanishning quyida-
gi mexanizmini taklif etdi: musbat zaryad tashuvchi uglerod atomiga, 
qo‘shni uglerod atomidan vodorod yoki alkil guruhi elektron jufti bi-
lan ko‘chadi. Bunday ko‘chish (migratsiya) gidrid siljish deyiladi; alkil guruhining bunday migrat-
siyasi alkil siljishi hisoblanadi.

Qo‘shni uglerod atomiga vodorod yoki alkil guruhining migrasiyasi qayta guruhlanishning 
(1,2-siljishning) oddiy misoli hisoblanadi. 

Degidratasiyadagi qayta guruhlanishni quyidagicha tushunish mumkin: karboniy ioni proton-
lashgan spirtdan suv molekulasining ajralishi tufayli hosil bo‘ladi; agar vodorod atomi yoki alkil 
guruhining 1,2-siljishidan barqarorroq karboniy ioni hosil bo‘lish imkoniyati bo‘lsa, qayta guruhla-
nish amalga oshadi; yangi karboniy ioni vodorod yo‘qotib alken hosil qiladi.

CH3CH2CHCH3

+
CH3CH = CHCH3  + H

buten-2
asosiy mahsulot

+

СН3СH2СHCH2

CН3

+

birlamch karboniy ioni

СН3СH2СCH3

CН3

+

uchlamch karboniy ioni

QAYTA GURUHLANISH 

СН3СHСCH3

CН3

+

ikkilamch karboniy ioni

СН3С – СCH3

CН3

+

uchlamch karboniy ioni

QAYTA GURUHLANISH 

CН3 CН3

..
H

– C – C –
+

GIDRID SILJISH
H

– C – C – ..
H

– C – C –
+

..
R

– C – C –
+ R

– C – C – ..
R

– C – C –
+

ALKIL SILJISH
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n-Butil karboniy ioni holatida, vodorodning siljishi barqarorroq ikkilamchi-butil karboniy ioni 
hosil bo‘lishiga olib keladi (etil guruhining migrasiyasi boshqa n-butil karboniy ionining hosil 
bo‘lishiga olib kelishi kelar edi). 2-Metil-butil-1 karboniy ioni holatida gidrid siljish uchlamchi kar-

boniy ioni hosil bo‘lishiga olib keladi (bunda metil guruhining 
siljishi ham amalga oshishi mumkin, lekin bu siljish faqatgina 
ikkilamchi karboniy ionining hosil bo‘lishiga olib keladi). 3,3-Di-
metilbutil-2 karboniy ioni holatida, metil guruhining siljishi 
uchlamchi karboniy ionining hosil bo‘lishiga olib keladi va buni 
tajribalar ham isbotlaydi:

Aynan shunday qayta guruhlanishlarning mavjudligi “kar-
boniy ionlari” nazariyasini paydo bo‘lishiga sabab bo‘lgani tarix-
dan ma’lum. Ko‘rinishidan turlicha isbotlangan reaksiyalar, odat-
da bir xil qayta guruhlanish orqali amalga oshadi. Bu reaksiyalar-
ni umumiy tushuntirish yo‘llarini izlash karboniy ioni haqidagi 
nazariyaning yaratilishiga turtki hisoblanadi. Hozirda bunday 
qayta guruhlanishning mavjudligi (yoki mavjud emasligi) oraliq 
karboniy ionlari hosil bo‘lishini (yoki bo‘lmasligini) isbotlovchi  
eng oddiy, ba’zan birgina yo‘li hisoblanadi.

Karboniy ionini o‘rganishda odatda ikki reaksiya muhokama-
ga qo‘yiladi - karboniy ioni: a) proton siqib siqarib alken hosil 

qilishi; b) barqarorroq bo‘lgan karboniy ioniga qayta guruhlanishi.

We can account for rear-
rangements in dehydration in 
the following way.

A carbonium ion is formed 
by the loss of water from the 
protonated alcohol.

If a 1,2-shift of hydrogen or 
alkyl can form a more stable 
carbonium ion, then such a re-
arrangement takes place. The 
new carbonium ion now loses 
a proton to yield an alkene.

At this point, we know this 
much about dehydration of al-
cohols.

It involves the formation 
of a carbonium ion. How fast 
dehydration takes place de-
pends chiefly upon how fast 
this carbonium ion is formed, 
which, in turn, depends upon 
how Stable the carbonium ion 
is.

СН3СH2 – С – C – H 
+

n-butil karboniy ioni

QAYTA GURUHLANISH 

Н Н

..
H

СН3СH2 – С – C – H 
+

ikkilamchi-butil
karboniy ioni

Н Н

..
H

СН3СH2 – С – C – H 
+

2-metilbutil-1
karboniy ioni

QAYTA GURUHLANISH 

Н3C Н

..
H

СН3СH2 – С – C – H 
+

Н3C Н

..
H

2-metilbutil-2
karboniy ioni

СН3СH2 – С – C – H 
+

2,2-dimetilbutil-1
karboniy ioni

QAYTA GURUHLANISH 

Н3C Н

..
H3C

СН3СH2 – С – C – H 
+

Н3C Н

..
CH3

3-metilbutil-3
karboniy ioni
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Murakkab reaksiyalarni o‘rganishda bu ikki omil kengayib 
boradi.

Degidratasiya reaksiyalaridagi reaksiya yo‘nalishi va reaksion 
qobiliyat. Hozirgacha biz: 1) degidratasiya reaksiyasi karboniy 
ionining hosil bo‘lishi orqali amalga oshishini; reaksiya tezligi 
karboniy ioni hosil bo‘lish tezligi, shu bilan birga uning barqa-
rorligi bilan bog‘liqligini; karboniy ionining barqarorligi musbat 
zaryadning taqsimlanishi, zanjirda elektrodonor yoki elektroak-
septor o‘rinbosarlarning mavjudligi bilan belgilanishi haqida; 2) karboniy ioni 1,2-siljish orqa-
li qayta guruhlanishini va buning natijasida barqarorroq karboniy ioni hosil bo‘lishi mumkinligi 
haqidagi ma’lumotlarga ega bo‘ldik.

Endi oxirgi bosqich alkenning hosil bo‘lish bosqichini ko‘rib chiqsak. Dastlabki yoki qayta gu-
ruhlanish natijasida hosil bo‘lgan karboniy ioni proton yo‘qotadi va alken hosil bo‘ladi. Agar izomer 
alkenlar hosil bo‘lish imkoniyati bo‘lsa, ularning qaysi biri asosiy mahsulot sifatida hosil bo‘ladi?

Yuqoridagi misollardan ko‘rinib turibdiki, degidratasiyada asosiy mahsulot sifatida kam gidro-
genlangan uglerod atomi saqlovchi alkenlar hosil bo‘lar ekan. 

O’tish holatlarini o‘rganish, barqarorroq alkenlar tezroq hosil bo‘lishini ko‘rsatadi.

Asos (erituvchi) protonni tortib olgan zahoti, qolgan elektronlar ikki uglerod atomlari orasida 
taqsimlanadi va uglerod - uglerod bog‘, qo‘shbog‘ xarakteriga ega bo‘ladi. Hosil bo‘layotgan alkenni 
barqarorlashtiruvchi omillar, o‘tish holatini ham barqarorlashtiradi.

Uglerod - uglerod bog‘ning reaksiyalari. Elektrofil va erkin radikal birikish. Funksional 
guruh. Alkenlar tuzilishini tavsiflovchi xususiyatlardan asosiysi, uglerod - uglerod qo‘shbog‘ning 
mavjudligi, alkenlarning xarakterli reaksiyalari esa ayni qo‘shbog‘ning reaksiyalari hisoblanadi. 

CH3CH2CHCH3

+
CH3CH = CHCH3  va CH3CH2CH=CH2

buten-2
(asosiy mahsulot)

buten-1H +

CH3CH2CCH3

+
CH3CH = CCH3  va CH3CH2C=CH2

2-metilbuten-2
(asosiy mahsulot)

H +
CH3 CH3 CH3

2-metilbuten-1

CH3CH – CCH3
+

CH3C = CCH3  va CH3CH – C =CH2

2,3-dimetilbuten-2
(asosiy mahsulot)

H +
CH3 CH3 CH3

2,3-Dimetilbuten-1

CH3 H3C CH3

Here, as in dehydroha-
logenation, the preferred 
alkene is the more highly 
substituted one, that is, the 
more stable one. In dehydra-
tion, die more stable alkene 
is the preferred product.

..
H

– C – C –
+

– C – C –
C = CROH δ+

H – OR 

H

δ+

o'tish holati:
qisman o'shbog' hosil bo'lgan

+  ROH2

+
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Organik birikmalarning tuzilishini va xususiyatlarini belgilovchi 
atom yoki atomlar guruhi funksional guruhlar deyiladi.

Alkilgalogenidlardagi funksional guruh galogen, spirtlar-
da –OH- guruhi; alkenlarda esa bu uglerod - uglerod qo‘shbog‘ 
hisoblanadi. Galogenid, spirt yoki alkenlardagi funksional gu-
ruhlar alkil guruhlar bilan bog‘langanligi, sharoitlar yaratil-
ganda bu molekulalardagi alkil guruhlari alkanlar uchun xos 
bo‘lgan o‘zgarishlarga uchrashi mumkinligini ko‘rsatadi. Lekin 
yuqoridagi birikmalar uchun galogen atomi, gidroksil guruhi 
yoki qo‘shbog‘ bo‘ylab amalga oshuvchi reaksiyalar xarakterli 
bo‘lib qoladi.

Organik kimyo - asosan turli funksional guruhlar kimyosi his-
oblanadi.

Uglerod - uglerod qo‘shbog‘ning reaksiyalari - birikish, alken-
lar kimyosi bu uglerod - uglerod qo‘shbog‘ kimyosidir.

Qo‘shbog‘ mustahkam d-bog‘ va mustahkam bo‘lmagan 
p-bog‘lardan iborat va ayni p-bog‘ning uzilishi hisobiga reaksi-
yalarni amalga oshishini taxmin qilish qiyin emas. Qo‘shbog‘ning 
oddiy reaksiyalari bitta p-bog‘ning uzilishi va uning o‘rniga ikki-
ta mustahkam d -bog‘ning hosil bo‘lishi bilan boradi. 

Ikki molekulaning bitta yangi molekula hosil qilishi bilan bor-
adigan reaksiyalar birikish reaksiyalari deyiladi.

Qanday reagentlar uglerod - uglerod qo‘shbog‘ bo‘ylab biriki-
shi mumkin? Ma’lumki, p-elektronlar buluti atomlar joylashgan 
tekislikning osti va ustidan o‘rin egallaydi. p-Elektronlar uglerod 
yadrolarining bog‘lanishida kam ishtirok etadi. Buning natijasi-
da ular uglerod yadrolari bilan kam ta’sirda bo‘ladi. Bu elektron-
lar yetishmaydigan reagentlar hujumi uchun nishon hisoblanadi. 
Ko‘pchilik reaksiyalarda uglerod - uglerod qo‘shbog‘ elektronlar 
donori hisoblanib asos xususiyatini namoyon qiladi. Qo‘shbog‘ 
elektronlari kam bo‘lgan birikmalar bilan hamda kislotalar bi-
lan ta’sirlashadi. Elektron jufti bo‘lmagan bunday reagentlar 
elektrofil agentlar (grekchadan elektronlarni sevuvchi) deyiladi. 
Alkenlar uchun xos reaksiyalar elektrofil birikish reaksiyalari hi-
soblanadi.

Alkenlar shuningdek, erkin radikal birikish reaksiyalariga 
kirishishi mumkin. Ko‘pchilik alkenlar nafaqat uglerod - uglerod 
qo‘shbog‘, balki alkan qoldig‘i hisoblanuvchi alkil guruhlari 
saqlaydi. Birikish reaksiyalaridan tashqari alkenlar, alkanlar 
uchun xos bo‘lgan erkin radikal o‘rin olish reaksiyalariga kirish-
ishi mumkin.

Alkenlar uchun muhim birikish va o‘rin olish reaksiyalarining 
ba’zilari bilan quyida batafsil tanishib chiqamiz.

– C = C – +  XY – C – C – BIRIKISH
X Y

Alkene chemistry is the 
chemistry of the carbon-car-
bon double bond.

What kind of reaction may 
we expect of the double bond? 
The double bond consists of 
a strong or bond and a weak 
IT bond; we might expect, 
therefore, thatreaction would 
involve the breaking of this 
weaker bond. This expecta-
tion is correct; the typical re-
actions of the double bond are 
of the sort, where the -n bond 
is broken and two strong a 
bonds are formed in its place.

What kind of reagent may 
we expect to add to the car-
bon-carbon double bond? 
In our structure of the bond 
there is a cloud of -n electrons 
above and below the plane of 
the atoms

 

Uglerod-uglerod qo’shbog’:   

π-bog’ elektronlarning donori 
hisoblanadi 
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Ma’lumki, bir reagent kislota sifatida birikishi yoki erkin ra-
dikal sifatida ta’sirlashishi mumkin; bunda har hil mahsulotlar 
hosil bo‘ladi. Reaksiya sharoitini o‘zgartirib reagentlarni elek-
trofil birikish yoki erkin radikal ta’sirlashuvini ta’minlash mum-
kin. Qo‘shbog‘ saqlovchi uglerod atomlari bilan bog‘langan alk-
il guruhlari uning xususiyatiga sezilarli ta’sir ko‘rsatganidek, 
qo‘shbog‘ ham alkil guruhlariga o‘z ta’sirini ko‘rsatadi.

Alkenlarning reaksiyalari

Birikish reaksiyalari
1. Vodorodning birikishi. Katalitik gidrirlash

2. Galogenning birikishi.

3. Galogenvodorodning birikishi.

Dehydrohalogenation of 
Alkyl Halides

E2 Elimination Where 
There Are Two Axial β Hy-
drogens 

E2 Elimination Where 
the Only Axial β Hydrogen Is 
from a Less Stable Conform-
er 

Acid-Catalyzed Dehydra-
tion of Alcohols

Acid-Catalyzed Dehydra-
tion of Secondary or Tertiary 
Alcohols: An E1 Reaction

Dehydration of a Primary 
Alcohol: An E2 Reaction

Carbocation Stability and 
the Occurrence of Molecular  
Rearrangements

Formation of a Rear-
ranged Alkene During Dehy-
dration of a Primary Alcohol

– C = C – +  НХ – C – C –
Н Х

НX = НBr, НCl, HJ

CH3CH=CH2 CH3CHJCH3
HJ

2-yodpropanpropen

MISOLLAR

CH3CH=CH2

peroksidsiz
CH3CHBrCH3

2-brompropan

CH3CH2CH2Br

HBr
MARKOVNIKOV

O'IDASIGA MUVOFIQ

alken
alkilgalogenid

propen peroksid
ishtirokida

1-brompropan
MARKOVNIKOV
O'IDASIGA ZID

– C = C – +  H2 – C – C –
H H

Pt, Ni yoki Pd

МISOL

CH3CH=CH2   +  H2
Ni CH3CH2CH3

propen propan

– C = C – +  Х2 – C – C –
Х Х

CH3CH=CH2 CH3CHBrCH2BrBr2
[СCl4]

X = -Br; -Cl

1,2-dibrompropan

visinal digalogenid
MISOL

propen
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4. Sulfat kislotaning birikishi.

5. Suvning birikishi.

6. Galogen gidrinlarning hosil bo‘lishi.

7. Dimerlanish.

– C = C – +  НХ – C – C –
Н Х

НX = НBr, НCl, HJ

CH3CH=CH2 CH3CHJCH3
HJ

2-yodpropanpropen

MISOLLAR

CH3CH=CH2

peroksidsiz
CH3CHBrCH3

2-brompropan

CH3CH2CH2Br

HBr
MARKOVNIKOV

O'IDASIGA MUVOFIQ

alken
alkilgalogenid

propen peroksid
ishtirokida

1-brompropan
MARKOVNIKOV
O'IDASIGA ZID

– C = C – +  Н2SO4 – C – C –
Н OSO3H

CH3CH=CH2 CH3CHCH3
H2SO4

OSO3H
propen

izopropil sulfokislota

MISOL

The Acidity of Terminal 
Alkynes  

Synthesis of Alkynes by 
Elimination Reactions  

Dehydrohalogenation 
of vic-Dibromides to Form 
Alkynes

Terminal Alkynes Can Be 
Converted to Nucleophiles for 
Carbon-Carbon Bond Forma-
tion  

Hydrogenation of Alkenes   
Hydrogenation in the Food 

Industry  
Hydrogenation: The Func-

tion of the Catalyst  

– C = C – +  Н2O – C – C –
Н OH

CH3CH=CH2 CH3CHCH3
H2O, Н+

izopropil spirti

propen OH

H+

alken
spirtMISOL

– C = C – +  Х2 + Н2O – C – C – + НХ
Х OH

CH3CH=CH2 CH3CH – CH2
Cl2,H2O

1-хlorpropanol-2
OH

X2 = Br2, Cl2

Cl

MISOL

propen

СH3 – C = CH2 +   CH3 – C = CH2

CH3CH3

СH3 – C – CH2 – C = CH2

CH3

CH3

CH3

СH3 – C – CH = C – CH3

CH3

CH3

CH3

+

izobutilen

2,4,4-trimetilpenten-1

MISOL

izobutilen

2,4,4-trimetilpenten-2
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8. Alkillash.

9. Gidroborlash - oksidlash.

10. Erkin radikallarning birikishi.

11. Polimerlanish.

12. Metilenning birikishi.

13. Gidrooksidlash. Glikollar hosil qlish. 

– C = C – +  Х – Y – C – C –
X Y

peroksidlar
yoki yorug’lik

n-С6H13CH=CH2 +  BrCCl3 n-С6H13CНCH2CCl3

Brbromtrixlormetan

3-brom-1,1,1-trixlornonan

MISOL

peroksid

– C = C – +  R – H  – C – C –
H R

kislota

СH3 – C = CH2 + CH3 – CH – CH3

CH3CH3

СH3 – C – CH2 – CН – CH3

CH3

CH3

CH3

izobutilen
2,2,4-trimetilpentan

MISOL

izobutan

– C = C – +

СH2N2
diazometan

yoki

СН2 = С = О
keten

УБ-нур
+

N2

СО
– C C –

СН2

yoki

– C = C – +  (НВ3)2 – C – C –
H В –

Н2О2 – C – C –
H ОНdiboran

MARKOVNIKOV QOIDASIGA ZID Electrophilic Addition 
of Hydrogen Halides to 
Alkenes: Mechanism and 
Markovnikov’s Rule 

 Addition of a Hydrogen 
Halide to an Alkene 

Addition of HBr to 2-Meth-
ylpropene

Stereochemistry of the 
Ionic Addition to an Alkene

Ionic Addition to an 
Alkene

Addition of Water to 
Alkenes: Acid-Catalyzed Hy-
dration

Acid-Catalyzed Hydration 
of an Alkene

Alcohols from Alkenes 
through Oxymercuration 
- Demercuration: Mar-
kovnikov Addition

Oxymercuration
Alcohols from Alkenes 

through Hydroboration - Ox-
idation: Anti-Markovnikov 
Syn Hydration

Hydroboration: Synthesis 
of Alkylboranes

Hydroboration
– C = C – +  KMnO4 yoki HCOOOH – C – C –

ОH ОН

СH3 – CН = CH2
propen

KMnO4 yoki HCO2OH СH3 – CН – CH2

propilenglikol
propandiol-1,2

ОH ОН

MISOL

n  – C = C – – C – C –
n
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O’rin olish reaksiyalari.

Parchalanish reaksiyalari.

Ozonoliz reaksiyasidan alkenlarning tuzilishini aniqlashda foydalaniladi.
Gidrirlash. Gidrirlash issiqligi. Alkenlarni gidrirlash orqali alkanlar hosil bo‘lishini avvalgi to‘yin-

gan uglevodorodlarning olinish usullarida kuzatgan edik. Umuman olganda gidrirlash usulidan 
uglerod - uglerod qo‘shbog‘ni uglerod - uglerod oddiy bog‘ga o‘tkazishda foydalaniladi; bir qurilma, 
bir xil katalizator va bir xil sharoitlardan foydalanib alkenlardan alkanlar, to‘yinmagan spirtlardan 
to‘yingan spirtlar, to‘yinmagan kislotalardan to‘yingan kislotalar olish mumkin.

Reaksiya yuqori unum bilan amalga oshgani va sarflanayotgan vodorodning miqdori aniq 
bo‘lgani uchun gidrirlashdan analitik kimyoda foydalaniladi; m-n, gidrirlash orqali birikmaning 
qo‘shbog‘lari sonini aniqlash mumkin.

Gidrirlash jarayonida p-bog‘ning [~ 60 kkal (251,21×103joul)] va H - H bog‘ning  [104 kkal 
(435,43×103 joul)] uzilishi, hamda ikkita C - H bog‘larning [~97 kkal (406,12×103 joul)] hosil bo‘li-
shi natijasida 30 kkal (125,60×103 joul) issiqlik ajraladi.

– C = C – С – Н +  Х2
yorug′lik – C = C – С – Х +  НХ

X2 = Br2, Cl2

past kons.

СH3 – CН = CH2
Cl2, 600 °C Cl – СH2 – CН = CH2

allilxlorid
3-xlorpropen

СН3СН2СH=CH2 СН3СНСH=CH2

Br
3-brombuten-1

MISOLLAR

propen

N-bromsuksinimid

СН3СН2СН=CH2
O3 Н2О, Zn O = C – HСН3СН2С = O   +

H H

buten-1 propional formaldegid

СН3С=CH2 O = C – HСН3С = O   +
СH3 H

izobutilen

СH3

MISOLLAR

O3 Н2О, Zn

aseton formaldegid

-Н2О2

-Н2О2

– C = C – + O3
– C C –
О – О

О

ozonid
ozon

Н2О, Zn
– C = O   +  O = C –

aldegid va ketonlar
-Н2О2
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1 mol to‘yinmagan birikmani gidrirlashda ajraluvchi issiqlik 
miqdori gidrirlash issiqligi deyiladi (bu oddiy reaksiya, faqatgi-
na ∆H manfiy ishorasiz). Deyarli barcha alkenlarni gidrirlash is-
siqligi teng va har bir qo‘shbog‘ uchun 30 kkal (125,60×103 joul) 
ni tashkil etadi (3.4-jadval).

3.4-jadval
Alkenlarni gidrirlash issiqligi

Alken
Gidrirlash 

issiqligi kkal/mol 
(4,187×103 Dj/mol)

Alken
Gidrirlash issiqligi, 

kkal/mol (4,187×103 

Dj/mol)
Etilen 32,8 Izobutilen 28,4
Propilen 30,1 sis-Buten-2 28,6
Buten 1 30,3 trans-Buten-2 27,6
Penten1 30,1 2-Metilbuten-1 28,5
Gepten1 30,1 2,3-Dimetilbuten-1 28,0
3Metilbuten1 30,3 2-Metilbuten-2 26,9
3,3Dimetilbuten1 30,3 2,3-Dimetilbuten-2 26,6
4,4-Dimetilpenten-1 29,5

Galogenlarning birikishi. Alkenlar xlor va brom bilan oson 
qo‘shni uglerod atomlarida ikkita galogen atomi saqlagan birik-
malar hosil qilib ta’sirlashadi, yod odatda ta’sirlashmaydi.

Reaksiya ikkala reagentlarni inert erituvchilar (m-n, tetraxlor-
li uglerod) bilan aralashtirib olib boriladi. Birikish xona harorati-
da, ba’zan undanda past haroratlarda amalga oshirilib, ultrabin-
afsha nur bilan yoritish talab etilmaydi; jarayon yuqori harorat 
va o‘ta yoritishdan himoyalanadi, shuningdek ortiqcha miqdor 
galogenning bo‘lishiga yo‘l qo‘yilmaydi, chunki bunday sharoit-
larda o‘rin olish reaksiyasi asosiy yo‘nalishga aylanishi mumkin. 

Bu usul hozirgacha vitsinal digalogenidlar olishning muhim 
usuli bo‘lib qolmoqda.

CH2 = CH2 +   Br2 CH2 – CH2
CCl4

Br Breten (etilen)

1,2-dibrometan
(etilenbromid)

СН3CH = CH2 +   Br2 СН3CH – CH2
CCl4

Br Br

СН3C = CH2 +   Br2 СН3C – CH2
CCl4

Br Br2-metilpropen
(izobutilen) 1,2-dibrom-2-metilpropan

(izobutilenbromid)

СН3 СН3

propen (propilen)
1,2-dibrompropen
(propilenbromid)

– C = C – +  H – Н – C – C –
H H

∆Н = – 30 kkal
(π-bog' = 60) (104)

(2 х 97)

We have already en-
countered hydrogenation 
as the most useful method 
for preparing alkanes. It is 
not limited to the synthesis 
of alkanes, but is a general 
method for the conversion 
of a carbon-carbon double 
bond into a carboncarbon 
single bond:

An alkene is converted by 
hydrogen chloride, hydrogen 
bromide, or hydrogen iodide 
into the corresponding alkyl 
halide. The reaction is fre-
quently carried out by pass-
ing the dry gaseous hydro-
gen halide directly into the 
alkene. Sometimes the mod-
erately polar solvent, acetic 
acid, which will dissolve both 
the polar hydrogen halide 
and the non-polar alkene, is 
used.

– C = C – +  Х2 – C – C –
Х Х
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Bromning alkenlarga birikishi orqali odatda uglerod - uglerod 
qo‘shbog‘ning holati aniqlanadi. Brom tetraxlorli uglerod erit-
masida qizil rangga bo‘yaladi, digalogenidlar esa alkenlar kabi 
rangsiz. Brom eritmasini rangsizlantirish C – C qo‘shbog‘ saqlov-
chi birikmalar uchun xos.

Etilen va bromning ta’sirlashuv mahsuloti IUPAC nomenkla-
turasi bo‘yicha 1,2-dibrometan deb nomlanadi. Uni shuning-
dek, ko‘pincha etilen bromid deb ham ataladi: birikma to‘yingan 
bo‘lishga qaramasdan etilen so‘zini saqlab qoladi. Bu nom tarixiy 
- trivial nom hisoblanadi; uni boshqa birikmalar, m-n: BrCH=CH-
Br 1,2-dibrometen bilan adashtirmaslik kerak.

Galogenvodorodlarning birikishi. Markovnikov qoidasi. 
Alkenlar vodorod xlorid, vodorod bromid, vodorod yodidlar bi-

lan mos alkilgalogenidlarni hosil qilib ta’sirlashadi.

Reaksiyada odatda gaz holatidagi galogenvodorodlardan foydalaniladi. Ba’zan, o‘rtacha qutb-
langan erituvchilardan, sirka kislotadan (qutblangan galogenvodorodni va qutblanmagan alkenni 
eritgani uchun) foydalaniladi. Galogenvodorodning suvli eritmasi qo‘llanilmaydi, chunki alkenlarga 
suvning birikishi amalga oshishi mumkin.

M-n, etilenga vodorod yodidni birikish reaksiyasida etilen molekulasida vodorodning 
qo‘shbog‘dagi uglerodlarning biriga, galogenning boshqasiga birikishi natijasida etilgalogenid ho-
sil bo‘ladi.

CH2 = CH2 +   Br2 CH2 – CH2
CCl4

Br Breten (etilen)

1,2-dibrometan
(etilenbromid)

СН3CH = CH2 +   Br2 СН3CH – CH2
CCl4

Br Br

СН3C = CH2 +   Br2 СН3C – CH2
CCl4

Br Br2-metilpropen
(izobutilen) 1,2-dibrom-2-metilpropan

(izobutilenbromid)

СН3 СН3

propen (propilen)
1,2-dibrompropen
(propilenbromid)

– C = C – +  НХ – C – C –
Н Х

НX = НBr, НCl, HJ

CH2 = CH2 +   HJ          CH3 – CH2J

An alkene is converted by 
hydrogen chloride, hydrogen 
bromide, or hydrogen iodide 
into the corresponding alkyl 
halide. The reaction is fre-
quently carried out by pass-
ing the dry gaseous hydrogen 
halide directly into the alkene. 
Sometimes the moderate-
ly polar solvent, acetic acid, 
which will dissolve both the 
polar hydrogen halide and the 
non-polar alkene, is used.

Propylene could yield ei-
ther of two products, the pro-
pyl halide or the isopropyl 
halide, depending upon the 
orientation of addition, that 
is, depending upon which car-
bon atoms the hydrogen and 
halogen become attached to. 
Actually, it is found that the 
isopropyl halide greatly pre-
dominates.
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Propilendan ikki xil mahsulot - n-propil va izopropilgalogenidlar (birikishning yo‘nalishiga 
bog‘liq ravishda ya’ni, galogen va vodorod atomlarining qaysi uglerodlar bilan bog‘lanishiga qarab) 
hosil bo‘lishi mumkin. Izopropilgalogenid ko‘proq hosil bo‘lishi tajribalarda aniqlanilgan:

Xuddi shuningdek izobutilen ikki xil mahsulot - izobutil 
yoki uchlamchi-butilgalogenid hosil qilishi mumkin; bu holda 
uchlamchi-butilgalogenidning miqdori ko‘proq bo‘ladi.

Alkanlardagi o‘rin olish reaksiyalarida oriyentasiya (yo‘nalish) almashinayotgan vodorod ato-
mining tabiatiga bog‘liq bo‘ladi; alkenlarga YZ reagentning birikishidagi yo‘naltirish, qo‘shbog‘dagi 
qaysi uglerodga Y va qaysinisiga Z ning birikishi bilan bog‘liq.

Bunday birikish reaksiyalarini ko‘plab o‘rganishlar rus kimyogari Vladimir Markovnikov (Qo-
zon universiteti) tomonidan amalga oshirilib, ikki izomerning hosil bo‘lish imkoniyati bo‘lsa, bir 
izomerning miqdori ikkinchisinikidan ancha ko‘p bo‘lishi mumkinligi aniqlanilgan. 1869 yilda 
Markovnikov, uglerod - uglerod qo‘shbog‘ga kislotaning ionli birikishidan, kislotadagi vodorod, 
vodorod atomlar ko‘p saqlovchi uglerod atomi bilan bog‘lanadi degan qoidani ilgari surdi. Bu 
kimyoda Markovnikov qoidasi deyiladi. 

M-n, propilen bilan reaksiyasida kislota vodorodi, bitta vodorod saqlagan uglerod bilan emas, 
balki ikkita vodorod saqlagan uglerod bilan birikadi. Izobutilen bilan reaksiyasida vodorod atomi 
vodorodi bo‘lmagan uglerodga nisbatan ikkita vodorodi bo‘lgan uglerod bilan tezroq bog‘ hosil 
qiladi.

Markovnikov qoidasiga asoslanib, turli reaksiyalar natijasida qaysi birikma asosiy mahsulot 
sifatida hosil bo‘lishligini avvaldan aytish mumkin.

СН3C = CH2 CH3 – C – CH2

H – J J

СН3 СН3

Н

СН3C = CH2 CH3 – C – CH2

J – H H

СН3 СН3

J

izobutilyodid

uchlamchi-butilyodid

СН3CH = CH2 CH3 – CH – CH2

H–J H J
n-propilyodid

СН3CH = CH2 CH3 – CH – CH2

J–Н J H
izopropilyodid

In the same way, isobuty-
lene could yield either of two 
products, isobutyl halide or 
ter-butyl halide; here the ori-
entation of addition is such 
that the tert-butyl halide 
greatly predominates.
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Penten-2 molekulasida qo‘shbog‘dagi ikkala uglerod ham 
bittadan vodorod atomlari saqlaydi. Shunday ekan, hosil bo‘lish 
mumkin bo‘lgan ikki mahsulotdan bittasi asosiy mahsulot deb 
aytish mumkin emas. Haqiqatda ham tajribalar ikki mahsulot 
ham deyarli bir xil miqdorlarda hosil bo‘lishini isbotlaydi.

Yuqorida alkenlarga vodorod yodidning birikishiga misol-
lar berilgan: sharoitlar yaratilganda vodorod xloridning yoki 
vodorod bromidning birikishi ham shunday amalga oshadi.

Reaksiya mexanizmi:

Alkenning p-elektronlari HX protonlari bilan karbokation va galogenid-ion hosil qiladi

Galogenid ioni karbokation bilan ta’sirlashadi, elektronlar juftini beradi va alkilgalogenidlar ho-
sil qiladi.

Bunda 1-bosqich muhim bosqich hisoblanib reaksiya tezligini belgilab beradi. 
Vodorod bromidning birikishi. Peroksidlar ta’siri. Alkenlarga vodorod xlorid yoki vodorod yo-

didning birikishi Markovnikov qoidasiga muvofiq amalga oshadi. Vodorod bromid holatida esa 

СН3СН2СН=CH2 +  HJ СН3СН2СНJCH3

СН3С=СНCH3 +  HJ СН3ССН2CH3

CH3 CH3

J

ikkilamch-butil yodid
2-yodbutan

buten-1

2-metilbuten-2
uchlamchi-pentilyodid

2-yod-2-metilbutan

СН3СН=СНCH3 +  HJ СН3СН2СНJCH3

ClСН=СН2 +  HJ СН3СНJСl
1-xlor-1-yodetanvinilxlorid

СН3СН=СНСН2CH3 +  HJ СН3СН2СНСН2CH3 +

3-yodpentan
penten-2

СН3СН2CH2СНCH3

buten-2 ikkilamch-butil yodid
2-yodbutan

2-yodpentan
J J

1 2 3 4 5 1 2 3 4 51 2 3 4 5

In 2-pentene each of the 
doubly-bonded carbons holds 
one hydrogen, so that accord-
ing to the rule we should ex-
pect neither product to pre-
dominate. Here again the 
prediction is essentially cor-
rect, roughly eqiial quantities 
of the two isomers actually 
being obtained.
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aniq xulosaga kelish qiyin. 1933 yilga qadar bu borada izlanish-
lar olib borgan olimlarning ba’zilari ayrim alkenlarga vodorod 
bromidning birikishi Markovnikov qoidasiga muvofiq boradi 
deydilar, ba’zilar birikish Markovnikov qoidasiga zid amalga 
oshadi deb ko‘rsatganlar; ikkala mahsulotlar aralashmasi hosil 
bo‘ladi deganlar ham bo‘lgan. Bu borada turli fikrlar bildirilib, 
reaksiya yo‘nalishi yoritilishidan, suvning yoki ba’zi metall-galo-
genidlarning mavjudligi bilan bog‘liq degan taxminlar keltirila-
di; shuningdek reaksiya yo‘nalishi erituvchiga va yoki reaktor 
yuzasining o‘lchamlariga bog‘liq deb e’tirof etiladi.

1933 y. M. Xarash va F. Mayo (Chikago universiteti) vodorod 
bromidning birikishini o‘rganib, uglerod - uglerod qo‘shbog‘ga 
vodorod bromidning birikishi faqatgina peroksidlarning mav-
judligi yoki mavjud emasligi bilan bog‘liq deb ko‘rsatdilar. 

Organik peroksidlar – - O – O - zanjirini saqlovchi birikma-
lardir. Ular odatda, ko‘plab organik birimalarda kislorod ta’sirida 
juda kam miqdorlarda hosil bo‘ladi. Ba’zi peroksidlarni maxsus 
sintez qilib olinadi va reagentlar sifatida ishlatiladi. 

Xarash va Mayo, reaksion sistemadan peroksid izlarini yo‘qo-
tib yoki maxsus ingibitorlar qo‘shib (m-n, gidroxinon yoki difenil-
amin), vodorod bromidning birikishini Markovnikov qoidasiga 
muvofiq amalga oshirish mumkinligini isbotladilar. Boshqacha aytganda, agar peroksidni reaksion 
muhitdan chiqarib olinmasa yoki reaksiya peroksidlar ishtirokida olib borilsa, alkenlarga vodorod 
bromidning birikishi Markovnikov qoidasiga teskari amalga oshadi.

Birikish reaksiyasi yo‘nalishining bunday o‘zgarishi “peroksid effekti” deyiladi. Peroksid effekti 
faqatgina vodorod bromidning birikishida kuzatiladi. Peroksidlar vodorod xlorid, vodorod yodid, 
sulfat kislota, suv va boshqalarning birikishida ta’sir ko‘rsatmaydi. Markovnikov qoidasi va per-
oksid effektini keyingi mavzularda ko‘rib chiqamiz.

Sulfat kislotaning birikishi. Alkenlar sovuqda konsentrlangan sulfat kislota bilan R–OSO3H 
umumiy formulaga ega bo‘lgan alkilsulfatlar hosil qiladi. Bu birikmalar qo‘shbog‘dagi uglerod 
atomlarining biriga vodorod birikishi, boshqasiga bisulfat ionining birikishi natijasida hosil bo‘la-

СН3C = CH2

СН3

peroksidsiz CH3CCH3

uchlamch-butilbromidHBr

MARKOVNIKOV
QOIDASIGA MUVOFIQ

СН3

Br

CH3CCH2Br
СН3

CH3CH=CH2
пропен

CH3CHBrCH3

CH3CH2CH2Br

peroksidsiz
bilan

izobutilbromid

MARKOVNIKOV
QOIDASIGA ZID

peroksidsiz

HBr

peroksidsiz
bilan

izopropilbromid

n-propilbromid

MARKOVNIKOV
QOIDASIGA MUVOFIQ

MARKOVNIKOV
QOIDASIGA ZID

Addition of hydrogen 
chloride and hydrogen io-
dide to alkenes follows Mar-
kovnikov’s rule. Until 1933 
the situation with respect to 
hydrogen bromide

Was exceedingly con-
fused. It had been reported 
by some workers that addi-
tion of hydrogen bromide to 
a particular alkene yields a 
product in agreement with 
Markovnikov’s rule.

Kharasch and Mayo found 
that if one carefully excludes 
peroxides from the reaction 
system, or if one adds certain 
inhibitors hydroquinone, for 
example, or diphenylamine 
the addition of HBr to alkenes 
follows Markovnikov’s rule.
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di. Bunda uglerod atomi bisulfat ionidagi oltingugurt atomi bilan 
emas, balki kislorod orqali bog‘lanishini alohida aytish zarur. 

Reaksiya oson boradi: gazsimon alkenlar kislotadan o‘tkazi-
ladi, suyuq alkenlar esa kislota bilan aralashtirilib yoki chayqa-

tilishidan alkilsulfatga o‘tadi. Alkilsulfatlar sulfat kislotada yaxshi erigani uchun - shaffof, rangsiz 
eritma hosil bo‘ladi. Alkilsulfatlar qattiq gigroskopik birikmalar bo‘lib, ularni toza holda ajratib 
olish juda qiyin. Reaksiyada foydalaniladigan sulfat kislotaning konsentrasiyasi alkenning tuzilishi 
bilan bog‘liq.

Agar alkilsulfatning sulfat kislotadagi eritmasi suv bilan suyultirilsa va qizdirilsa, alkil guruhi 
dastlabki holatini saqlab qolgan holda spirtga o‘tadi. Ya’ni alkilsulfatlar suv ta’sirida spirt va sulfat 
kislota hosil qilib parchalanadi - gidroliz amalga oshadi. 

Alkenlarga sulfat kislotaning birikish jarayoni ayni spirtlar  
olishda oraliq reaksiya hisoblanadi.

Agar alkenlarni neftni krekinglash vaqtida katta miqdorda 
hosil bo‘lishini e’tiborga olsak, bu usulda spirtlar olish keng is-
tiqbollar ochadi. Sulfat kislotaning birikishi Markovnikov qoi-
dasiga muvofiq boradi va shuning uchun ba’zi spirtlarni olib 
bo‘lmaydi. M-n: propilendan izopropil spirtini olish oson, lekin 
n-propil spirti olib bo‘lmaydi. 

Alkenlarni sovuq konsentrlangan sulfat kislotada eruvchan-
lik xususiyatidan (alkilsulfatlar hosil bo‘lishidan), boshqa birik-
malardan tozalashda foydalaniladi. M-n, alkilgalogenidlar sulfat 
kislotada erimaganligi tufayli alkan qoldiqlaridan sulfat kislota 

bilan qayta ishlash orqali tozalanishi mumkin. Gazsimon alkan sulfat kislota solingan bir necha 
sig‘imlardan o‘tkaziladi, suyuq alkanlar esa sulfat kislota ishtirokida ajratgich varonkada chayqa-
tilib ajratiladi. 

– C = C – + – C – C –O–S–OH 
Н

H–O–S–O–H 
O

O

O

Oalken
sulfat kislota alkilsulfat

Alkenes react with cold, 
concentrated sulfuric acid to 
form compounds of the gen-
era] formula ROSO3H, known 
as alkyl hydrogen sulfates. 
These products are formed 
by addition of hydrogen ion 
to one side of the double bond 
and bisulfateion to the other.

Water adds to the more 
reactive alkenes in the pres-
ence of acids to yield alcohols. 
Since this addition, too, fol-
lows Markovnikov’s rule, the 
alcohols arethe same as those 
obtained by the two-step syn-
thesis just described; this di-
rect hydration is, of course, 
the simpler and cheaper of 
the two processes.

CH2 = CH2 CH3 – CH2OSO3H
etilen etilsulfat

СН3CH = CH2 CH3 – CH – CH3

98 % H2SO4 H2O
t °C

CH3 – CH2OH
etil spirti

80 % H2SO4

OSO3H

H2O CH3 – CH – CH3

OH
izopropilsulfat

propilen

СН3C = CH2 CH3 – C – CH3
63 % H2SO4

OSO3H

H2O CH3 – C – CH3

OH
uchl.-butilsulfat

izobutilen

СН3 СН3 СН3

t °C

t °C

izopropil spirti

uchl.-butil spirti
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Suvning birikishi. Gidratasiya. Suv reaksion qobiliyati yuqori bo‘lgan alkenlarga kislotalar 
ishtirokida spirtlar hosil qilib birikadi

Avvalgi mavzuda ko‘rganimizdek, bunday birikish Markovnikov qoidasiga muvofiq amalga  
oshgani uchun mos spirtlar hosil bo‘ladi; albatta bir bosqichli gidratasiya usuli spirtlar olish uchun 
oddiy va arzon usul hisoblanadi. Gidratasiya usuli sanoatda quyi spirtlar olish uchun keng ishlati-
ladi. 

Reaktsiya mexanizmi: 

Alkenlardagi elektronlar jufti proton bilan ajralib, barqaror bo‘lgan uchlamchi karbokation hosil 
qiladi.

Karbokation suv molekulasi bilan protonlashgan spirt hosil qilib ta’sirlashadi.

Protonning suv molekulasiga uzatilishi bilan kislota xususi-
yatlari tiklanadi.

Elektrofil birikish mexanizmi. Alkenlarning keyingi 
kimyoviy o‘zgarishlarini ko‘rishdan avval, ma’lum reaksiyalar 
mexanizmini kuzatamiz. Dastlab vodorod ioni hosil qilib ta’sir-
lashuvchi galogen vodorod, sulfat kislota, suv kabi reagentlarning 
birikishini ko‘rib chiqsak. Umumiy deb qabul qilingan mexanizm-
ni ba’zi misollar yordamida kuzatamiz. Spirtlarni gidratasiyasi 
kabi birikish reaksiyasi karboniy ioni hosil bo‘lish bosqichi orqali 
o‘tadi. Bu ikki reaksiyalar orasidagi o‘xshashliklar, ikki reaksiya 
ham o‘tish holati bosqichi bir xil ekanligi bilan tasdiqlanadi. HZ 
reagentning birikishi ikki bosqichda borishi taxmin qilinadi.

Before we consider other 
reactions of alkenes, it will be 
helpful to examine the mecha-
nism of some of the reactions 
we have already discussed. 
After we havedone this, we 
shall return to our system-
atic consideration of alkene 
reactions, prepared to under-
stand them better in terms of 
these earlier reactions.
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1-bosqich H:Z dan vodorod ionini alkenga o‘tishi va karboniy 
ioni hosil bo‘lishidan iborat; bu protonni bir asosdan boshqasiga 
o‘tishi deyish mumkin.

2-bosqich - asosning (:Z) karboniy ioniga birikish bosqichi. 
1-bosqich qiyin boradi va uning tezligi birikish tezligini bel-

gilab beradi. Bu bosqich elektron izlovchi elektrofil agentni huju-
miga asoslangan va shuning uchun reaksiya elektrofil birikish 
reaksiyasi deyiladi. Elektrofil agent proton tashuvchi kislota 
bo‘lishi shart emas (Brenstent - Lauri takliflari); har qanday 
elektronga taqchil molekula bo‘lishi mumkin. 

2-bosqichda karboniy ioni turli reaksiyalarga kirishishi mum-
kin: manfiy ion yoki boshqa asos molekulasini biriktirib spirt, 
galogenid yoki bisulfat hosil qilishi mumkin. Bu reaksiyada ham 
elektroni kam bo‘lgan uglerod elektron jufti qabul qilib oladi. 
M-n,

  

  

 

 

 

– C – C – +  :Z
+

H

(2) – C – C –
H Z

:Z = Cl–, Br–, J–, HSO4
–, H2O

(1) – C = C – + H:Z – C – C – +  :Z
+

H
H:Z = HCl, HBr, HJ, H2SO4, H3O+

– С С – ..:
H

– С С –:

Z: H

:
+

:Z  + 

(1) CH3CH=CH2 +  H:Cl:.. CH3CH – CH3 +  :Cl:
+

..
(2) CH3CH – CH3 +  :Cl:

..
.. CH3CH – CH3

+

Cl

–

–

(1) CH3CH=CH2 +  H:OSO3H CH3CH – CH3 +  :OSO3H
+

(2) CH3CH – CH3 + CH3CH – CH3
+

OSO3H
:OSO3H

–
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Karboniy ioni suv molekulasini biriktirib spirt emas, pro-
tonlashgan spirt hosil qilishi avval ko‘rib o‘tilgan edi; keyingi 
bosqichda protonlashgan spirt boshqa asosga vodorod ionini 
uzatib spirt hosil qiladi. Reaksiyaning bunday tartibda borishi 
uning qaytar ekanligini to‘liq ta’minlaydi (spirtlarni degidratla-
nishini yodga oling). Degidratlanishda reaksion aralashmadagi 
alkenni haydash orqali, muvozanat alken hosil bo‘lish tomonga 
siljitilgan edi, gidratasiyada esa suv konsentrasiyasining yuqo-
riligi bilan muvozanat spirt hosil bo‘lishi tomonga siljitiladi. 

Taklif etilayotgan mexanizm reagentlarning kislota tabia
ti bilan mos keladi. Yuqoridagi misollarning birinchi bosqichi 
alkenga vodorod ionini ko‘chishi hisoblanadi. Reagentlarning 
barchasi suvdan tashqari, kuchli kislotalar bo‘lib, vodorod ioni 
manbai hisoblanadi; suv bilan reaksiyani amalga oshishi uchun 
kuchli kislota ishtiroki talab etiladi. 

Taklif etilayotgan mexanizm alkenning asos tabiati bilan mos 
keladi. Alken hujum qilayotgan kislotaga elektronlarni yetkazib 
beruvchi asos - hisoblanadi. Bu uglerod - uglerod qo‘shbog‘ning 
tuzilishiga mos: uning asosliligi p-elektronlarning qo‘zg‘aluv-
chan, kuchsiz bog‘langanligi bilan bog‘liq.

Keyingi mavzularda taklif etilayotgan mexanizm birikishning 
yo‘nalishi, alkenlarning nisbiy reaksion qobliyati va qayta guruh-
lanish mavjudligi bilan mos kelishligini ko‘rib chiqamiz.

Galogengidrinlar hosil bo‘lishi. Xlor yoki bromni suv 
ishtirokidagi birikishi qo‘shni uglerod atomlarida galogen va gidroksil guruhlari saqlovchi birikma-
lar hosil bo‘lishiga olib keladi. Bunday birikmalar galogengidrinlar deyiladi. Ma’lum sharoitlarda 
bu birikmalar reaksiyaning asosiy mahsuloti bo‘lishi mumkin:

(1) CH3CH=CH2 +  H:OH2 CH3CH – CH3 +  :OH2

+

(2a) CH3CH – CH3 + CH3CH – CH3

+

OH2

:OH2

+

+

CH3CH – CH3

OH2
+

(2б) +  :OH2 CH3CH – CH3

OH
+ H:OH2

+

СH2 = CH2 СH2 – CH2

Br OH

Br2, H2O

etilenbromgidrin (2-brometanol)

СН3СH = CH2 СH2 – CH – СН3 

Cl OH

Br2, H2O

propilenxlorgidrin (1-xlorpropanol-2)

We notice that the carbo-
nium ion combines with wa-
ter to form not the alcohol 
but the protonated alcohol; 
in a subsequent reaction this 
protonated alcohol releases a 
hydrogen ion to another base 
to form the alcohol.

Helpful Hint
in color-coded reactions 

of this chapter, we will use 
red to indicate a nucleophile 
and blue to indicate a leaving 
group.

Under proper conditions, 
isobutylene is converted by 
sulfuric or phosphoric acid 
into a mixture of two alkenes 
of molecular formula C8H16. 
Hydrogenation of either of 
these alkenes produces the 
same alkane, 2,2,4-trimethy-
Ipentane
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Bu birikmalar galogen va suvning o‘zaro ta’sirlashuvi natijasida hosil bo‘lishini isbotlovchi bir 
necha omillar bor. Reaksiya mexanizmi qanday bo‘lishidan qat`iy nazar, gipogalogen kislota ele-
mentlarining (HO va X) birikishini taxmin qilish mumkin.

Propilenxlorgidrindagi xlor chekkadagi uglerod atomi bilan birikkan. Xlorning birikishi shun-
day amalga oshadiki, bunda ko‘proq barqaror bo‘lgan ikkilamchi karboniy ioni hosil bo‘ladi. 

Alkanlarning birikishi. Dimerlanish. Maxsus sharoitlarda izobutan sulfat yoki fosfat kislota 
ta’sirida umumiy formulasi C8H16 bo‘lgan ikki alken aralashmasini hosil qiladi. Bu ikki alkenlar 
aralashmasi gidrirlanishidan bir xil alkan - 2,2,4-trimetilpentan hosil bo‘ladi. Bu alkenlar izomer 
hisoblanib, qo‘shbog‘ning holati bo‘yicha farq qiladi. 

Fizik-kimyoviy tahlil natijalari bu ikki izomerning quyidagicha tuzilishga ega ekanligini ko‘rsa-
tadi:

Hosil bo‘lgan alkenlar dastlabki izobutilenga nisbatan ikki 
marta ko‘p uglerod va vodorod atomlari saqlaydi, shuning uchun 
ular izobutilenning dimerlari (di - ikki, mera - hissa), reaksiya 
esa dimerlanish reaksiyasi deyiladi. Boshqa alkenlarning di-
merlanishi ham shunday amalga oshadi. 

Dimerlanish reaksiya mexanizmi keng va batafsil o‘rganilgan. 
Ma’lumki, okten izomerlari soni juda ko‘p: agar taklif etilayotgan 

mexanizm yuqoridagi ikki izomerni hosil bo‘lishiga olib kelsa, ayni mexanizm to‘g‘ri hisoblanadi. 
Reaksiya kislotalar bilan tezlashadi; mos ravishda 1-bosqich – izobutilenga protonning birikish 

bosqichi, karboniy ioni hosil bo‘lishini taxmin qilish mumkin.

СН3СH = CH2 СH2 – CH – СН3 

Cl

Сl2

propilen

+ H2O

ikkilamchi
karboniy ioni

СH2 – CH – СН3 

Cl OH2
+

H2O СH2 – CH – СН3 

Cl OH
propilenxlorgidrin

СH3 – C = CH2

CH3

2 H2SO4

80 °C

СH3–C–CH2–C=CH2

CH3

CH3

CH3

2,4,4-trimetilpenten-1

СH3–C–CH=C–CH3

CH3

CH3

CH3

СH3–C–CH2–CH–CH3

CH3

CH3

CH3

izobutilen

Н2

Ni

2,4,4-trimetilpenten-2

2,4,4-trimetilpentan

СH3 – C = CH2

CH3

+  H+ СH3 – C – CH3

CH3

+
(1)

Helpful Hint
a deprotonation step is al-

ways required to complete 
the reaction when the nucleo-
phile was a neutral atom that 
bore a proton.
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Karboniy ioni, musbat zaryadlangan uglerod atomi elektron-
lar bilan oktet hosil qilishga intiladi va turli reaksiyalarga kiri-
shishi mumkin. Uglerod - uglerod qo‘shbog‘ elektronlarning 
donori hisoblanadi va karboniy ioni bu elektronlarni oson birik-
tirib bog‘ hosil qiladi. Mos ravishda ikkinchi bosqichni - uchlam-
chi butil karboniy ionining izobutilenga birikish bosqichi deyish 
mumkin; birikish natijasida yanada barqarorroq uchlamchi kar-
boniy ioni hosil bo‘ladi.

2-bosqichda ikki izobutilen qoldiqlarining birikishi va yangi 
karboniy ionini hosil bo‘lishi kuzatiladi.

Hosil bo‘lgan yangi karboniy ioni boshqa alken molekulasi 
bilan birikishi va yanada katta molekula hosil bo‘lishi mumkin; 
maxsus sharoitlar yaratilganda aynan shu reaksiya amalga oshadi. 
Lekin belgilangan sharoitlar reaksiyani dimerlanish, ya’ni sakkiz-
ta uglerod saqlovchi alkenlar hosil bo‘lish bosqichida to‘xtatib 
qolish uchun taklif etilgan. Karboniy ioni bizga ma’lum reaksiya-
ga, vodorod ionini yo‘qotib 3-bosqichga kirishadi. Vodorod ioni, 
musbat zaryadlangan uglerod atomiga qo‘shni uglerod atomlari-
dan ajralishi mumkinligi e’tiborga olinsa, ikki birikma hosil bo‘li-
shi oydinlashadi.

Demak, taklif etilayotgan mexanizm natijasida ikki alkenning hosil bo‘lishi aniqlanildi.
Alkanlarning birikishi. Alkillash. Aviasiya yoqilg‘isi sifatida ishlatiluvchi 2,2,4-trimetilpentan na-

faqat yuqoridagi dimerlanish usuli orqali olinishi mumkin; bundanda arzon va oson reaksiyalar 
ham ishlab chiqilgan. M-n, izobutilen va izobutan kislota katalizatorligida 2,2,4-trimetilpentan ho-
sil qilib ta’sirlashadi. Bu reaksiya alkenga alkanni birikish reaksiyasi hisoblanadi. 

СH3 – C = CH2

CH3

+ C – CH3

CH3
+

(2)

CH3

СH3 – C – CH2 – C – CH3

CH3

CH3

CH3

+

СH3 – C – CH2 – C – CH3

CH3

CH3

CH3

+

(3)

СH2 = C – CH2 – C – CH3

CH3

CH3

CH3

H+ + 

СH3 – C = CH – C – CH3

CH3

CH3

CH3

H+ + 

СH3–C=CH2

CH3

+ H–C–CH3

CH3

CH3

kons. H2SO4

yoki НF; 0 - 10 °C СH3–C–CH2–CH–CH3

CH3

CH3

CH3

2,4,4-trimetilpentan

Since the reaction is cata-
lyzed by acid, let us write as 
step (1) addition of a hydro-
gen ion to isobutylene to form 
the carbonium ion; the tertia-
ry cation would, of course, be 
the preferred ion.

Helpful Hint
Note that the net charge 

is the same on each side of 
a properly written chemical 
equation.

The first two steps are 
identical with those of the di-
merization reaction.

In step (3) a carbonium ion 
abstracts a hydrogen atom 
with its pair of electrons (a 
hydride ion, essentially) from 
a molecule of alkane. 

The large amounts of 
2,2,4-trimethylpentane con-
sumed as high-test gasoline 
are not made today by the 
dimerization reaction just 
described, but in another, 
cheaper way.
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Ko‘pchilik o‘xshash reaksiyalarni o‘rganish orqali alkillash reaksiyasining mexanizmi taklif etil-
gan.

1- va 2-bosqichlar dimerlanish bilan bir xil amalga oshadi. 3-bosqichda karboniy ioni alkan 
molekulasidan vodorod atomini elektron jufti bilan (gidrid-ion)  tortib oladi. Gidrid ionini bun-
day tortib olinishi sakkizta uglerod atomi saqlovchi alkan molekulasi va yangi karboniy ioni hosil 
bo‘lishiga hamda zanjirning davom etishiga sabab bo‘ladi.

Vodorod ionining tortib olinishi barqaror uchlamchi karboniy 
ioni hosil bo‘lishi bilan borishi kerak.

Gidrid ionining elektroni kam uglerod atomiga ko‘chishini av-
valgi mavzularda ko‘rib o‘tgan edik; m-n, bunday ko‘chish qayta 
guruhlanish bilan boruvchi 1,2-siljishda va karboniy ioni  hosil 
bo‘lishida kuzatilgan edi. Bu misollarda ko‘chish ichki molekul-
yar (bir molekulada) bo‘lib, bundan farqli ravishda alkillash - 
molekulalararo (turli molekulalarda) gidrid-ionining ko‘chishiga 
misol bo‘ladi. 

Ko‘rilgan misollardan xulosa qilib, karboniy ionining o‘zga-
rishlarini takrorlab olsak. Karboniy ioni:

a) vodorod ajratib alken hosil qilishi mumkin;
b) ko‘proq barqaror karboniy ioni hosil qilib qayta guruhlani-

shi mumkin; 
v) manfiy ion yoki boshqa asos molekulasi bilan birikishi mum-

kin;
g) katta karboniy ioni hosil qilib birikishi mumkin; 

d) alkanlarda angidrid-ionini tortib olishi mumkin.
(b) va (g) bandlarda hosil bo‘luvchi karboniy ioni so‘ngra turli reaksiyalarga uchrashi kuzatiladi. 
Shunday qilib, karboniy ionining barcha reaksiyalari bir xil yakunlanadi: musbat zaryadlangan 

uglerod atomi oktetini to‘ldirish uchun elektron jufti qabul qilib oladi. 

СH3 – C = CH2

CH3

+ H+ СH3 – C – CH3

CH3

+

(1)

(2)
СH3 – C – CH3

CH3

+
СH3 – C = CH2

CH3

+ СH3 – C – CH2 – C – CH3

CH3

CH3

CH3

+

СH3 – C – CH2 – C – CH3

CH3

CH3

CH3

+

(3)
C – CH3

CH3

CH3

+ :H

+ C – CH3

CH3
+

CH3

СH3 – C – CH2 – CH – CH3

CH3

CH3

CH3

so’ngra (2), (3), (2), (3) va h.o.
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Radikal birikish reaksiyalari. Ma’lumki, peroksidlar ishtiroki-
da vodorod bromid alkenlarga Markovnikov qoidasiga zid; 
peroksidlarsiz esa Markovnikov qoidasiga muvofiq birikadi.

Peroksid effektini tushuntirish uchun Xarash va Mayo, biri-
kish ikki turli mexanizmlarda amalga oshadi deb taxmin qiladi-
lar. Markovnikov qoidasiga muvofiq birikish ionli mexanizm-
da (bu mexanizmni ko‘plab misollarda ko‘rib chiqdik), Mar-
kovnikov qoidasiga teskari boruvchi reaksiya – erkin radikal 
mexanizmda borishi e’tirof etildi. Erkin radikal reaksiya inisia-
tori - boshlovchisi peroksidlar hisoblanadi.

Bu mexanizmning farqi, vodorod va brom qo‘shbog‘ga ion 
holatida emas, atomlar holida birikishi orqali, oraliq mahsulot 
sifatida karboniy ioni emas, erkin radikallar hosil bo‘lishi hi-
soblanadi. Alkanlarni galogenlash kabi bu reaksiya ham zanjirli 
xarakterga ega.

Peroksidning erkin radikal hosil qilib parchalanishini (1-bosqich) ko‘plab misollarda ko‘rib 
o‘tdik. Bunda hosil bo‘lgan erkin radikallar vodorod bromiddan vodorodni tortib oladi (2-bosqich) 
va brom atomi hosil bo‘ladi. Brom atomi qo‘shbog‘ bo‘ylab birikadi va alken erkin radikalga o‘tadi 
(3-bosqich) 

Bu erkin radikal peroksiddan hosil bo‘lgan erkin radikal kabi vodorod bromiddan vodorodni 
tortib oladi (4-bosqich). Endi birikish tugadi: yangi brom atomi hosil bo‘ldi. U zanjirni davom etti-
radi. Alkanlarni galogenlashdagi kabi, reaksion qobiliyati juda yuqori zarrachalar boshqa shunday 
zarrachalar bilan ta’sirlashadi yoki reaksion sig‘imning devorlariga uriladi va zanjir uziladi.

Taklif etilayotgan mexanizm tajriba ma’lumotlari orqali isbotlangan. Oz miqdor peroksid qo‘shi-
lishi reaksiya yo‘nalishini o‘zgartirishi mumkinligi reaksiyaning zanjirli ekanligini tasdiqlaydi. Xud-
di shuningdek, oz miqdor ingibitorlar qo‘shilishi reaksiyaning erkin radikal mexanizmda borishiga 
to‘sqinlik qiladi. 

Ma’lumki, uzun to‘lqinli nur ta’sirida vodorod bromid vodorod va brom atomlari hosil qilib dis-
sosiasiyalanadi. Bu jarayondan ba’zi alkenlarning erkin radikal mexanizmda boruvchi reaksiyala-

(1)

(2)

(3)

peroksid R (radikal).

R +  H:Br. R:H   +   Br.

Br. +  – C = C – – C – C –
Br

.

zanjirning boshlanishi

– C – C –
Br

. +  H:Br(4) – C – C –
Br Н

Br.+

so'nra (3), (4), (3), (4) va h.o.

zanjirning boshlanishi

С : : C 

Br.
С : C ..
Br

.

In the absence of perox-
ides, hydrogen bromide ‘adds 
to alkenes in agreement with 
Markovnikov’s rule; in the 
presence of peroxides, the di-
rection of addition is exactly 
reversed

The mechanism is well 
supported by the facts. The 
fact that a very few mole-
cules of peroxide can change 
the orientation of addition of 
many molecules of hydrogen 
bromide strongly indicates a 
chain reaction.



100

rini amalga oshirishda foydalanish mumkin. Bunday reaksiyalar 
orqali nafaqat erkin radikallarning mavjudligini, balki uning tu-
zilishini ham aniqlash mumkin.

Endi ionli va erkin radikal mexanizmlarni taqqoslab ko‘rsak.
Erkin radikal birikish: Markovnikov qoidasiga zid 

Ionli birikish: Markovnikov qoidasiga muvofiq

Yuqoridagi misolda ionli birikish izopropilbromid hosil bo‘lishiga olib keladi, chunki ikkilamchi 
karboniy ioni birlamchiga nisbatan tezroq hosil bo‘ladi. Erkin radikal birikish esa n-propilbro-
mid hosil bo‘lishiga olib keladi, chunki ikkilamchi erkin radikal birlamchisiga nisbatan tezroq ho-
sil bo‘ladi. Markovnikov qoidasiga teskari boruvchi ko‘pchilik reaksiyalarni o‘rganishlar, birikish 
yo‘nalishini erkin radikallarning oson hosil bo‘lishi bilan bog‘liqligini ko‘rsatadi; radikallarning tez 
hosil bo‘lish qatori quyidagi tartibda o‘zgaradi: uchlamchi>ikkilamchi>birlamchi. 

Uglerod-uglerod qo‘shbog‘ga erkin radikal birikishi nisbatan barqaror erkin radikallarning hosil 
bo‘lish bosqichi orqali amalga oshadi. 

Shunday qilib, erkin radikallar va karboniy ionlarining reak-
siyalari bir qonuniyatga: reaksiyaning xarakteri - parchalanish, 
dissosiasiyalanish yoki qo‘shbog‘ bo‘yicha birikishdan qat`iy 
nazar, ko‘proq barqaror zarrachaning oson hosil bo‘lishiga asos-
lanadi. Bu ikki tur zarrachalarning barqarorligi bir xil qatorda 
o‘zgaradi: uchlamchi>ikkilamchi>birlamchi>.CH3. Biz kuzat-
gan misollarda birikish ion reaksiyada dastlab vodorodning 
birikishi, erkin radikal reaksiyada esa dastlab bromning birikishi 
bilan turli yo‘nalishlarda borishi kuzatiladi.

Turli erkin radikallarning birikishi. Peroksidlarning ta’si-
ri o‘rganilgandan so‘ng, Xarash alkenlarga peroksidlar yoki 
yorug‘likda turli reagentlarning birikishi mumkinligini kuzatgan. 
Bu reaksiyalar ham erkin radikal mexanizmda boradi. Alkenlar-
ga tetraxlorli uglerodning birikishiga 

Ionic addition yields iso-
propyl bromide because a sec-
ondary cation is formed faster 
than a primary. Free-radical 
addition yields w-propyl bro-
mide because a secondary 
free radical is formed faster 
than a primary.

Sodium iodide showing the 
sodium cation solvated by di-
methylsulfoxide  molecules.

.

CH3–CH=CH2
HBr

CH3–CH–CH2Br H CH3–CH2–CH2

CH3–CH–CH2

.

.

Br

Br

CH3–CH=CH2
HBr

CH3–CH–CH3

+ Br CH3–CH–CH3

Br
CH3–CH2–CH2

+

–

R – CH = CH2 +  CCl4 R – CH – CH2 – CCl3

Cl

peroksid
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quyidagi mexanizmni taklif etish mumkin:

so‘ngra (3), (4), (3), (4) va h.o.
Bunday erkin radikallarning hosil bo‘lishi bilan boruvchi 

reaksiyalarga polimerlanish reaksiyalarini misol qilish mumkin. 
Polimerlanishi. Alkenlarning muhim reaksiyalaridan yana 

biri polimerlanish reaksiyalaridir. 
Etilen kislorod ishtirokida bosim ostida qizdirilishidan, 

juda uzun alkan zanjiriga o‘xshash, katta molekulyar massaga 
(~20000) ega bo‘lgan birikma hosil bo‘ladi. Bu birikma ko‘plab 
etilen birikmalaridan iborat bo‘ladi va shuning uchun ham po-
lietilen (poli – ko‘p) deyiladi. Polietilen bizga ko‘plab mahsu-
lotlarni qadoqlashda qo‘llaniluvchi material sifatida ma’lum.

Polietilen hosil bo‘lish jarayoni, polimerlanish reaksiyala-
rining oddiy misoli hisoblanadi: ko‘plab kichik molekulalarning 
birikib katta molekulalar hosil qilishi polimerlanish reaksiyalari 
deyiladi. Bunday katta molekulalardan iborat birikmalar poli
merlar  (grekchadan poly + meros – ko‘plab qismlar) deb ata-
ladi. Polimerlar hosil qiluvchi oddiy molekulalar monomerlar 
(mono - bitta) deyiladi.

Biz ayni mavzuda kuzatadigan etilendan polietilen hosil bo‘li-
shi polimerlanish hisoblanadi. Yuqori molekulali birikmalar 
yana polikondensatlanish, sopolimerlanish jarayonlari orqali 
hosil bo‘lishi mumkin.

Polimerlanish amalga oshishi uchun oz miqdor inisiatorlar 
talab etiladi. Odatda inisiator sifatida peroksid (yoki erkin radi-
kallar birikishini, zanjir reaksiyasini boshlab beruvchi birikmalar) ishlatiladi. Bunda peroksid erkin 
radikal hosil qilib parchalanadi. Bu radikal alken molekulasiga birikadi va boshqa alken moleku-
lasiga birikuvchi yangi radikal hosil qiladi.  

Peroksid R (радикал).

R +  Сl:СCl3
. R:Cl +     CCl3

.

CCl3  +  R CH = CH2             R – CH – CH2 – CCl3
. .

R – CH – CH2 – CCl3.
CCl4
.

R – CH – CH2 – CCl3

Cl
CCl3
.+

(1)

(2)

(3)

(4)

When ethylene is heat-
ed under pressure with ox-
ygen, there is obtained a 
compound of high molecular 
weight (about 20000), which 
is essentially an alkane with 
a very long chain. This com-
pound is made up of many 
ethylene units andhence is 
called polyethylene (poly 
many). It is familiar to most 
of us as the plastic material of 
packaging films.

The formation of polyeth-
ylene is a simple example of 
the process called polymer-
ization : the joining together 
of many small molecules Jo 
make very large molecules. 
The compound composed of 
these very large molecules 
is called a polymer (Greek: 
poly + meros, many parts). 
The simple compounds from 
which polymers are made 
are called monomers (mono 
one).

Polymerization of substi-
tuted ethylenes yields com-
pounds whose structures 
contain the long chain of 
polyethylene, with substit-
uents attached at more or 
less regular intervals. For ex-
ample, vinyl chloride yields 
poly(vinyl chloride), used to 
make phonograph records, 
plastic pipe, and when plasti-
cized with high-boiling esters 
raincoats, shower curtains, 
and coatings for metals and 
upholstery fabrics.

n CH2 = CH2
O2, qizdirish, bosim

∼ CH2 – CH2 – CH2 – CH2 ∼

∼ CH2 – CH2 ∼yoki

POLIETILEN



102

Ba’zi qo‘shimchalar (hatto oz miqdori ham) ingibitor sifatida ta’sir ko‘rsatib, polimerlanish ja-
rayonlarini sezilarli sekinlashtirishi mumkin. Shuning uchun bunday reaksiyalarda monomerlar-
ning tozaligi, sofligi muhim ahamiyatga ega. 

Polimerlanish reaksiyalari turli yo‘nalishlarda, turli mexanizmlar orqali amalga oshishi mumkin. 
Bu jarayonlar alkenlar kabi, diyenlar uchun, to‘yinmagan galogenli hosilalar va qo‘shbog‘ saqlovchi 
deyarli barcha organik birikmalar uchun muhim reaksiyalar hisoblanadi. Yuqori molekulali birik-
malarning hosil bo‘lish reaksiyalarini, mexanizmlarini ayni mahsulotlarning tuzilishi va xossalari 
bilan qisman bo‘lsada, tanish bo‘lgandan so‘ng o‘rganish tavsiya etiladi.

Gidroksidlash. Glikollar hosil bo‘lishi. Oddiy oksidlovchilar alkenlarni glikollarga aylantiradi. Gli-
kollar - ikki atomli spirtlar; ular qo‘shbog‘ bo‘yicha ikki gidroksil guruhining birikishi natijasida 
hosil bo‘ladi.

Gidroksidlashda asosan KMnO4 (kaliy permanganat)ning 
sovuq ishqoriy eritmasi yoki chumoli kislota peroksididan 
(HCOOOH) foydalaniladi.

Kaliy permanganat bilan gidroksidlash xona haroratida, al ken 
bilan doimiy aralashtirilib olib boriladi. Qizdirish yoki kislota 

ishtirokida uglerod-uglerod qo‘shbog‘ning uzilishi va oksidlanish davom etishi tufayli ehtiyot cho-
ralari ko‘riladi. 

Chumoli  kislota peroksididan foydalanilganda, alken va kislota aralashmasi vodorod peroksid 
ishtirokida bir necha soat davomida tindiriladi, so‘ngra hosil bo‘lgan oraliq mahsulot suv qo‘shilib 
qizdiriladi. 

Glikollar odatda mos alken nomiga glikol so‘zi qo‘shib nomlanadi, m-n: 

R +  СH2 = CH . RCH2 – CH. ZANJIRNING BOSHLANISH
BOSQICHI

R' R'

RCH2 – CH.
R'

+  СH2 = CH 
R'

RCH2 – CH – CH2 – CH .
R' R'

va h.o.

Peroksid R (радикал).

ZANJIRNING UZAYISH BOSQICHI

– C = C – KMnO4 sovuq ishqoriy eritma
yoki НСО2ОН

– C – C –
ОННО
glikol

3 СН2 = CН2

ОНОH
etilenglikol

СН3СН = CН2
НСОООН Н2О СН3СН – CН2

ОНОH
propilenglikol

+ 2KMnO4 + 4H2O 3CH2 – CH2 +  2MnO2 +  2KOH

Certain oxidizing agents 
convert alkenes into com-
pounds known as glycols.

Glycols-are simply dihy-
droxy alcohols; their forma-
tion amounts to l of two hy-
droxyl groups to the double 
bond.
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Alkenlarni gidroksidlash - glikollar olishning muhim usuli hi-
soblanadi. Bundan tashqari, kaliy permanganat bilan oksidlash, 
ko‘plab ishlatiluvchi analitik reaksiyalarning asosi hisoblanadi 
va Bayyer namunasi deyiladi. (Alkenlarni kaliy permanganat  
bilan oksidlash orqali glikollar olish birinchi marta G.Vagner to-
monidan amalga oshirilgan).

Gidroksidlash mexanizmini keyingi mavzularda ko‘rib o‘ta-
miz.

O’rin olish reaksiyasi. Galogenlash. Allil vodorodi. Hozirgacha 
alkenlardagi faqatgina uglerod - uglerod qo‘shbog‘ hisobiga bo-
ruvchi birikish reaksiyalarini ko‘rib chiqdik. Bu mavzuda ko‘plab 
alkenlarda mavjud bo‘lgan alkil guruhlarining reaksiyalarini 
ko‘rib o‘tamiz.

Alkil guruhlari alkan tuzilishiga ega bo‘lgani uchun, ular al-
kanlarga xos xususiyatlarni namoyon etishi kerak. Misol uchun 
ikki reaksion markaz - qo‘shbog‘ va alkil guruhi mavjud. Galogen 
hujumini bu markazlarning biriga yo‘naltirish mumkinmi? Ha, 
maxsus sharoitlarni yaratish orqali yo‘naltirish mumkin.

Alkanlarni yuqori haroratlarda galogenlash ma’lum va bu 
reaksiya asosan bug‘ fazada, erkin radikallar hosil bo‘lishiga 
hamohang sharoitlarda amalga oshadi. Alkenlar galogenni past 
haroratda, qorong‘ulikda va suyuq fazada, ionli reaksiya orqali 
biriktirib oladi.

Agar alken molekulasining alkil guruhi qismini galogenlash 
talab etilsa, reaksiyani erkin radikal o‘rin olish sharoitida amal-
ga oshiriladi. “Shell” firmasi kimyogarlari, 500 – 600 °C da gazsimon propilen va xlor aralashma-
si ta’sirlashuvi dan asosiy mahsulot sifatida 3-xlorpropen-1, allilxlorid (CH2=CH-CH2– allil) hosil 
bo‘lishini aniqladilar. (Propilenni allil holati bo‘yicha yuqori haroratlarda xlorlash reaksiyasini 
M.D. L`vov 1883 yilda kuzatgan). Bunday sharoitlarda brom ham allilbromid hosil qiladi.

Nima uchun yuqori haroratlarda birikish reaksiyasi emas, balki o‘rin olish reaksiyasi amalga  
oshadi? Braun (Lafayet universiteti) galogen atomi birikishini, lekin yuqori haroratlarda erkin ra-
dikal birikish reaksiyasining ikkinchi bosqichi amalga oshishiga qadar birikish mahsulotining par-
chalanishini taxmin qiladi:

So far in our discussion 
of alkenes, we have concen-
trated on the carbon carbon 
double bond, and on the addi-
tion reactions that take place 
there. Now let us turn to the 
alkyl groups that are present 
in most alkene molecules.

Since these alkyl groups 
have the alkane structure, 
they should undergo alkane 
Reactions, for example, sub-
stitution by halogen.

H.C. Brown (of Purdue Uni-
versity) has suggested that 
the halogen atom does add 
but, at high temperatures, is 
expelled before the second 
step of free-radical addition 
can occur.

Halogenation of many 
alkenes has shown that: (a) 
hydrogens attached to dou-
bly-bonded carbons under-
go very little substitution; 
and (b) hydrogens attached 
to carbons adjacent to dou-
bly-bonded carbons are par-
ticularly reactive toward sub-
stitution.

– C = C – С –
НХ – Х

Х.

δ– δ+

ion hujumi
BIRIKISH

erkin radikal hujumi
O’RIN OLISH

CH3–CH=CH2
Сl2

past xarorat
ССl4 eritmasi

500 - 600 °С
bug' fazada

CH3–CH–CH2

Cl Cl
CH2–CH=CH2

Cl

IONLI REAKSIYA:
BIRIKISH

ERKIN RADIKAL 
REAKSIYA: O'RIN OLISH

+ HCl

past harorat
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Braun taklifi, erkin radikal reaksiyani birikish reaksiyasidan 
ustun bo‘lishini ta’minlovchi, konsentrasiyasi kam galogendan 
foydalanishga mos keladi. Galogen atomining birikishi, agar reak-
siya harorati yuqori bo‘lsa, radikalni hosil bo‘lishiga olib keladi.

N-bromsuksinimid alkenlarni allil holati bo‘yicha bromlash 
uchun qo‘llaniladi. Galogenlashda hosil bo‘luvchi HBr moleku-
lasini N-bromsuksinimid Br2 molekulalariga aylantiradi.

O’rin olish reaksiyalaridagi reaksion qobiliyat va oriyentasiya. 
Alkenlardagi o‘rin olish reaksiyalari ham alkanlardagi mexanizm 
bo‘yicha amalga oshadi. Alkil guruhlari qo‘shbog‘dagi birikish 
reaksiyalariga ta’sir ko‘rsatganidek, qo‘shbog‘ ham o‘rin olish 
reaksiyalarida alkil guruhlarining reaksion qobiliyatiga ta’sir 
ko‘rsatadi.

Turli alkenlarni o‘rin olish reaksiyalari, qo‘shbog‘ saqlovchi 
uglerod atomlaridagi vodorodlar, ularga (uglerodlarga) qo‘shni 
bo‘lgan uglerod atomlaridagi vodorodlarga nisbatan qiyin al-
mashinishini ko‘rsatadi. Galogenlar bilan reaksiyalarini o‘rga-
nishlar (yoki boshqa erkin radikallar bilan), qo‘shbog‘ saqlov-
chi ugleroddagi vodorodlar (vinil vodorodlari), oddiy birlamchi 
vodorodlarga nisbatan kamroq qo‘zg‘aluvchan ekanligini ko‘rsa-
tadi; qo‘shbog‘dagi uglerod atomiga qo‘shni uglerod atomlarida-
gi (allil vodorodlar) vodorodlar, hattoki uchlamchi vodorodlarga 
nisbatan qo‘zg‘aluvchan bo‘ladi.

X  +  CH3 – CH = CH2
.

CH–CH–CH2X.
X2 CH3–CH–CH2

Х Х
X.+

HX  +  CH2–CH=CH2.
X2 CH2–CH=CH2

Х
X.+

erkin radikal birikish

allil galogenid
(yuqori haroratlarda yoki
galogenidning kons. past 
bo'lganda hosil bo'ladi)

(Х = Cl, Br)

I

erkin radikal o'rin olish

allil radikali

С – Н
С – Н

– С – Н

vinil vodorodi; kam qo’zg’oluvchan

allil vodorodi; o’ta qo’zg’oluvchan

The compound N-bromo-
succinimide (NBS) is a reagent 
used for the specific purpose 
of brominating alkenes at the 
allylic position; NBS functions 
simply byproviding a con-
stant, low concentration of 
bromine. As each molecule of 
HBr is

formed by the halogena-
tion, NBS converts it into a 
molecule of Br2.

• Along with addition and 
substitution we may consider 
a third general kind of alkene 
reaction, cleavage: a reaction 
in which the double bond is 
completely broken and the 
alkene molecule converted 
into two smaller molecules.

HBr +
H2C 

H2C 

C 

C 
N – Br 

O

O

Br2 +  
H2C 

H2C 

C 

C 
N – H

O

O
N-bromsuksinimid suksinimid
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Vodorod atomlarining oson ajralish qatori:
allil>uchlamchi>ikkilamchi>birlamchi>CH4>vinil

tartibda kamayib boradi. 
Alkenlardagi o‘rin olish reaksiyalari alkanlardagi kabi me-

xanizmda boradi deb taxmin qilish mumkin:

Vinil radikali juda sekin, allil radikali esa juda tez hosil bo‘lishi-
ni taxmin qilib, erkin radikallar oson hosil bo‘lishini: 

allil > uchlamchi>ikkilamchi>birlamchi>CH3×>vinil
qatorida kuzatish mumkin va mos ravishda radikallarning 

barqarorligi allil > uchlamchi > ikkilamchi > birlamchi > CH3× 
> vinil qatorida joylashadi.

Ozonoliz. Parchalash orqali tuzilishni aniqlash. O’rin olish va 
birikish reaksiyalari bilan birga alkenlar uchun xos bo‘lgan  par-
chalanish reaksiyalarini ham o‘rganish talab etiladi; bu reaksi-
ya qo‘shbog‘ning to‘la uzilishi va alken molekulasi ikki kichik 
molekulaga o‘zgarishi bilan boradi. Uglerod-uglerod qo‘shbog‘ni 
uzish uchun odatda ozondan (O3)  foydalaniladi. Ozonoliz (ozon 
ta’sirida parchalash) ikki bosqichda amalga oshadi: birinchi - 
ozonni qo‘shbog‘ bo‘ylab birikishi va ozonid hosil bo‘lishi; ikkin-
chi - ozonidning gidroliz orqali parchalanishi.

Ozon inert erituvchilarda (CCl4) eritilgan alken orqali o‘tka-
zilib, erituvchi bug‘latilgandan so‘ng qovushqoq moysimon 
ozonid ajratiladi. Ozonid beqaror portlovchan birikma bo‘lib 
tozalanmaydi.

Hosil bo‘luvchi, C=O guruhi saqlovchi birikmalar aldegid va yoki ketonlar deb ataladi: bunda 
rux kukunidan, hosil bo‘luvchi aldegid va ketonlar bilan oson ta’sirlashuvchi (oksidlanish) vodorod 
peroksidlar hosil bo‘lishini oldini olish maqsadida foydalaniladi.

Hosil bo‘lgan aldegid va ketonlardagi uglerodlar soni va ularning bog‘lanish tartibini bilgan hol-
da, dastlabki alkenning tuzilishini aniqlash mumkin. M-n, uchta izomer geksenlar (geksilenlar) 
uchun:

СH2=CH–H Cl.
СH2 = CH. Cl2 СH2=CH–Cl

etilen vinil radikali vinil xlorid

СH2=CH–СН2–H
propilen

Cl.
СH2=CH–СН2

allil radikali

. Cl2 СH2=CH–СН2Сl
allil xlorid

The three methods we 
have studied for alcohol syn-
thesis by addition reactions 
to alkenes have different re-
giochemical and stereochem-
ical characteristics.

Acid-catalyzed hydration 
of alkenes takes place with 
Markovnikov regiochemistry 
but may lead to a mixture of 
constitutional isomers if the 
carbocation intermediate in 
the reaction undergoes rear-
rangement to a more stable 
carbocation.

Oxymercuration-demer-
curation occurs with Mar-
kovnikov regiochemistry 
and results in hydration of 
alkenes without complication 
from carbocation rearrange- 
ment. It is often the preferred 
choice over acid-catalyzed 
hydration for Markovnikov 
addition. The overall stereo-
chemistry of addition in ac-
id-catalyzed hydration and 
oxymercuration-demercu-
ration is not controlled-they 
both result in a mixture of cis 
and trans addition products.

Hydroboration–oxidation 
results in anti-Markovnikov 
and syn hydration of an 
alkene.

– C = C –
О3 – C – C –

О О
О

– C C –
О –О

О

– C = O O = C –+

alken

molozanid
ozanid

parchalanish
mahsulotlari

Н2О
Zn
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Molekula tuzilishini aniqlashda parchalash usulidan foydala-
nish keng qo‘llaniladi: bunda hosil bo‘luvchi kichik molekulalar-
ni tahlil qilish oson. Ozonoliz ana shunday parchalash usullari-
dan biri hisoblanadi.

Parchalash orqali tuzilishni aniqlashning yana bir usuli - max-
sus sharoitlarda kaliy permanganat ta’sirida oksidlash hisobla-
nadi; bunday oksidlash glikollar hosil bo‘lishi va uning parchala-
nishi bilan amalga oshadi.

Bu reaksiyada RCHO aldegidlar o‘rnida karbon kislotalar 
RCOOH hosil bo‘ladi. Agar qo‘shbog‘ 1-C da (CH2=) bo‘lsa, CO2 ho-
sil bo‘lib oksidlanadi, m-n:

Alkenlarni tahlil qilish. Ko‘plab guvohi bo‘lganimizdek, alkenlardagi funksional guruh uglerod-
uglerod qo‘shbog‘ hisoblanadi. Noma’lum birikma alken ekanligini isbotlash, uning uglerod - 
uglerod qo‘shbog‘ uchun xarakterli reaksiyalarga kirisha olishini isbotlash hisoblanadi. Bunday 
reaksiyalar juda ko‘p bo‘lgani uchun odatda sodda va qulay (reagentlardan kelib chiqib) reaksiyani 
tanlab olinadi.

Izlanishlar, alkenlarning bromli suvni, hamda kaliy permanganatning sovuq eritmasini (Bayer 
namunasi) rangsizlantirishi orqali aniqlash eng qulay usul ekanligini ko‘rsatadi. Bu ikki reaksi-
ya oson bajariladi; birinchi holatda qizil rang yo‘qoladi; ikkinchi reaksiyada esa - binafsha rang 
yo‘qoladi va qo‘ng‘ir marganes oksid cho‘kmasi hosil bo‘ladi. 

The classical reagent for 
cleaving the carbon-carbon 
double bond is ozone.

Ozonolysis (cleavage “by 
ozone) is carried out in two 
stages: first, addition of ozone 
to the double bond to form an 
ozonide ; and second, hydro-
lysis of the ozonide to yield 
the cleavage products.

Ozone gas is passed into a 
solution of the alkene in some 
inert solvent like carbon tet-
rachloride; evaporation of the 
solvent leaves the ozonide as 
a viscous oil.

This unstable, explosive 
compound is not purified, but 
is treated directly with water, 
generally in the presence of a 
reducing agent.

• One general approach 
to the determination of the 
structure of an unknown 
compound is degradation, 
the breaking down of the 
unknown compound int 9 a 
number of smaller, more easi-
ly identifiable fragments. Ozo-
nolysis is a typical means of 
degradation.

CH3CH2CH2 – C = O   +  O = C – CH3
H2O, Zn O3 CH3CH2CH2CH = CHCH3

CH3CH2 – C = O   +  O = C –CH2CH3
H2O, Zn O3 CH3CH2CH = CHCH2CH3

HH HH

HHHH

CH3CH2 – C = O   +  O = C –CH3
H2O, Zn O3 CH3CH2CH = CCH3

HH CH3CH3 CH3CH3

al`degidlar

geksen-3

geksen-2

2-metilpenten-2

al`degidlar

al`degid keton

СH3COOH  +  O = C – CH3 CH3CH=CCH3
KMnO4

CH3CH3

СH3CH2CH2COOH  +  CO2 CH3CH2CH2CH=CH2
KMnO4

kislota keton 2-metilbuten-2

uglerod
dioksid

penten-1kislota

– C = C – +  KMnO4
– C – C –
ОH ОН

KISLOTALAR, 
KETONLAR, 

СО2

С = C +  Br2/CCl4 – C – C –
Br Bralken

qizil
rangsiz

С = C +  KMnO4 – C – C – +    MnO2

OH OHbinafsha
rangsiz

qo'gi'r
alken
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TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1topshiriq. Enantiomerlarni hisobga olmaganda: a) pen-
tilenning (C5H10) oltita izomerini; b) xlor propilenning (C3H5Cl) 
to‘rtta izomerini; v) xlorbutilenning (C4H7Cl) o‘n bitta izomerla-
rini yozing.  

2-topshiriq. Quyidagi birikmalarning tuzilish formulalarini 
yozing:

a) 2,3-dimetilbuten-2  d) 2,4,4-trimetilpenten-2
b) 3-xlorpropen   e) trans-3,4-dimetilgeksen-3
v) sis-2-metilgepten-3  j) 3-brombuten-1
g) 3,6-dimetilokten-1  z) trans-4-metilgeksen-2
3topshiriq. Quyidagi birikmalarni nomlang:
a) CH2=C(CH3)2  b) sis-CH3CH2CH=CHCH2CH3
v) (CH3)3CCH=CH2 g) trans-(CH3)2CHCH=CHCH(CH3)2
d) (CH3)2CHCH=C(CH3)2 e) (CH3CH2)2C=CH2
4-topshiriq. Quyidagi birikmalardan qaysi biri geometrik izo-

merlar hosil qilishi mumkin:
a) buten-1   j) penten-2
b) buten-2   z)1-xlorpropan
v)1,1-dixloreten  k)1-xlor-2-metilbuten-2
g)1,2-dixloreten  l)3-metil-4-etilgeksen-3
d)2-metilbuten-2  m) geksadien-2,4
e) penten-1
5topshiriq. Geksenning (C6H12) o‘n uchta izomeri mavjud 

(geometrik izomerlarni hisobga olmaganda): a) bu izomerlarni 
tuzilish   formulalarini yozing va nomlang; b) ularning qaysilari 
geometrik izomerlar hosil qiladi?

6topshiriq. Qaysi xususiyatlari bilan sis-geksen-3 ni trans-geksen-3 dan farqlash mumkin?
a) qaynash harorati    b) suyuqlanish harorati
v) Al2O3 yuzasida adsorbsiyalanishi g) IK-spektri
d) dipol momenti                e) nur sindirish ko‘rsatgichi
j) gidrirlash tezligi                i) gidrirlash mahsulotlari
z) etil spirtida eruvchanligi             k) zichligi
m) gaz xromatogrammasidagi saqlanish muddati

Practice problem3.2
Give the structure and 

name of the product that 
would be obtained from the 
ionic addition of ibr to pro-
pene.

Practice problem3.3
In one industrial synthe-

sis of ethanol, ethene is first 
dissolved in 95% sulfuric 
acid. In a second step water 
is added and the mixture is 
heated. Outline the reactions 
involved.

Practice problem3.4
Outline all steps in a mech-

anism showing how 2,3-di-
methyl-2-butanol is formed 
in the acid-catalyzed hydra-
tion of 3,3-dimethyl-1-bu-
tene.

Practice problem 3.5 
The following order of re-

activity is observed when the 
following alkenes are subject-
ed to acid-catalyzed hydra-
tion:

 Explain this order of reac-
tivity.

Practice problem 3.6 
(a) Outline a likely mech-

anism for the solvomercura-
tion step of the ether synthe-
sis just shown; (b) Show how 
you would use solvomer-
curation-demercuration to 
prepare tert-butyl methyl 
ether; (c) Why would one 
use Hg(O2CCF3)2 instead of 
Hg(OAc)2?
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7-topshiriq. Quyidagi birikmalardan propilen olish sxemala-
rini yozing?

a) CH3CH2CH2OH (n-propil spirti) 
b) CH3CHOHCH3 (izopropil spirti)
v) izopropilxlorid   g) alkin (CH3C≡CH)
d) propilenbromid (1,2-dibrompropan)
8topshiriq.a) 1-xlorpentan; b) 2-xlorpentan; v) 3-xlorpentan; 

g) 2-xlor-2-metilbutan; d) 3-xlor-2-metilbutan; e) 2-xlor-2,3-di-
metilbutan; j) 1-xlor-2,2-dimetilpropanlarni degidrogalogenlash-
dan hosil bo‘luvchi izomer alkenlarning formulalarini yozing.

9-topshiriq.  Quyidagi alkenlarni qaysi galogenalkanlardan 
(agar shundaylari bo‘lsa) degidrogalogenlash orqali toza holda 
(izomerlarsiz) olish mumkin: a) izobutilen; b) penten-1; v) pen-
ten-2; g) 2-metilbuten-1; d) 2-metilbuten-2; e) 3-metilbuten-1.

10topshiriq. 8 va 9topshiriqlardagi hosil bo‘luvchi asosiy 
mahsulotlarni ko‘rsating.   

11topshiriq. Quyidagi alkilgalogenidlarning degidrogalo-
genlashdan hosil bo‘lishi mumkin bo‘lgan birikmalarni tuzilish 
formulalarini yozing va nomlang.

a) 1-bromgeksan  b) 2-bromgeksan  
v) 1-brom-2-metilpentan g) 2-brom-2-metilpentan  

     d)3-brom-2-metilpentan e)4-brom-2-metilpentan  
j)1-brom-4-metilpentan 
12-topshiriq. Yuqoridagi namunalarda bittadan ortiq izo-

merlar hosil bo‘lsa, bu izomerlardan qaysi biri asosiy mahsulot 
ekanligini ko‘rsating.

13topshiriq. Quyidagi juft spirtlarning qaysi biri osonroq 
degidratlanadi? Nima uchun?

a) CH3CH2CH2CH2CH2OH yoki CH3CH2CH2CH(OH)CH3
b) (CH3)2C(OH)CH2CH3  yoki (CH3)2CHCH(OH)CH3
v) (CH3)2CHC(OH)(CH3)2 yoki  (CH3)2CHCH(CH3)CH2OH
14-topshiriq. a) Propilenni propandan hosil bo‘lish reaksi-

yalarini yozing; b) bu usullar n-buten bilan olib borilsa qanday 
alkenlar aralashmasi hosil bo‘lishini kuzatish mumkin?

15topshiriq. a) Neopentil spirtini (CH3)3CCH2OH sekin-asta kislota ishtirokida qizdirish nati-
jasida 85:15 nisbatda C5H10 tarkibli alkenlar hosil bo‘ladi? Bu qaysi izomer alkenlar va ular qa-
nday hosil bo‘ladi? Ularning qaysi biri ko‘proq hosil bo‘ladi? b) Neopentilbromidni (CH3)3CCH2Br 
degidrogenlash qanday amalga oshiriladi? v) Degidrogenlash reaksiya mexanizmini taklif qiling?

16topshiriq. Cl ning 3-metilbuten-1 ga birikishidan ikki xil alkilxlorid aralashmasi hosil bo‘ladi. 
Bu qanday birikmalar? Reaksiyaning to‘liq o‘zgarishlarini yozing. 

17-topshiriq. HCl suvli eritmasining 3,3-dimetilbutanol-2 bilan reaksiyasi 2,3-dimetil-2-xlor-
buten hosil bo‘lishiga olib keladi. Hozirgacha sizga ma’lum bo‘lgan bosqichlar orqali, bu reaksiya-
ning mexanizmini taklif qiling.

18topshiriq. Yuqoridagi reaksiya mahsulotlarini nomlang.
19-topshiriq. Bu ikki izomerlar sis  trans izomerlar bo‘lishi mumkinmi?
20-topshiriq. Etilenni izobutan bilan alkillashda (kislota ishtirokida) neogeksan (CH3)3CCH2CH3 

Practice problem3.7
Starting with any needed 

alkene (or cycloalkene) and 
assuming you have deuterio-
acetic acid (CH3CO2D) avail-
able, outline syntheses of the 
following deuterium-labeled 
compounds.

(a)  (CH3)2CHCH2CH2D        
(b)  (CH3)2CHCHDCH3

d) Assuming you also 
have available BD3:THF and 
CH3CO2T, can you suggest a 
synthesis of the following?

 Practice problem3.8
When ethene gas is passed 

into an aqueous solution con-
taining bromine and sodium 
chloride, the products of the 
reaction are the following:

Write mechanisms show-
ing how each product is 
formed.
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emas, asosiy mahsulot sifatida 2,3-dimetilbutan hosil bo‘lishini 
qanday tushuntirish mumkin.  

21-topshiriq. Peroksidlar ishtirokida yoki ultrabinafsha nur-
lar ta’sirada okten-1: a) CHCl3 bilan 1,1,1-trixlornonan; b) CHBr3 
bilan 1,1,3-tribromnonan; v) CBrCl3 bilan 1,1,1-trixlor-3-brom-
nonan; g) H-S– CH2COOH (tioglikol kislota) bilan  n-C8H17–S–CH-
2COOH; d) R–CHO al`degidlar bilan n-C8H17–CO–R  ketonlar hosil 
qilib ta’sirlashadi. Bu reaksiyalarning  mexanizmlarining  barcha 
bosqichlarini yozing. 

22-topshiriq. Quyidagi polimerlarni hosil qilish mumkin 
bo‘lgan monomerlarni tuzilish formulalarinin aniqlang.

23-topshiriq. Allil radikali dastlabki birikmaga o‘tishi mum-
kinmi?

24-topshiriq. Izobutilenning dimeri parchalanishi natijasida 
qanday birikmalar hosil bo‘ladi?

25-topshiriq. Quyidagi birikmalarning tuzilish formulalarini 
yozing va IUPAC sistemasida nomlang 

a) etilenbromid  b) etilbromidi  v) brometilen         
g) etilenglikol  d) propilenglikol e) allilxlorid
j) vinilbromid  z) propilenbromgidrin
26-topshiriq. Ozonolizidan quyidagi birikmalarni hosil qiluv-

chi alkenlarni tuzilish formulalarini aniqlang.
a) CH3CH2CH2CHO va HCHO  b) faqat CH3COCH3 
v)  CH3CH(CH3)CHO va CH3CHO                              g) CH3CHO va HCHO va 

OHCCH2CHO
d) ayni  alkenlar KMnO4 ta’sirida qanday birikmalarni hosil 

qiladi.
27-topshiriq. H2SO4 bilan birikish reaksiyasida quyidagi alken 

juftlaridan qaysi biri faol hisoblanadi.
a) eten yoki propilen  b) etilen yoki vinilbromid
v) propilen yoki buten-2  g) buten-2 yoki izobutilen
d) vinilxlorid yoki 1,2-dixloreten e) penten-1 yoki 2-metil-

buten-1
j) etilen yoki CH2=CHCOOH 
z)propilen yoki 3,3,3-triftorpropen

Practice problem3.9
Starting with cyclohexene 

and using any other needed 
reagents, outline a synthesis 
of 7,7- dibromobicyclo[4.1.0]
heptane.

Practice problem3.10
Treating cyclohexene with 

1,1-diiodoethane and a zinc–
copper couple leads to two 
isomeric products. What are 
their structures?

Solved problem 3.11
An unknown alkene with 

the formula C8H16  was 
found, on oxidation with hot 
basic permanganate, to yield 
a three-carbon carboxylic 
acid (propanoic acid) and a 
five-carbon carboxylic acid 
(pentanoic acid). What was 
the structure of this alkene?

Solved problem 3.12
Give the structure of an 

unknown alkene with the for-
mula C7H12  that undergoes 
ozonolysis to yield, after acid-
ification, only the following 
product:

 
 

Practice problem3.7
Alkenes are more reactive 

than alkynes toward addition 
of electrophilic reagents (i.e., 
Br2, Cl2, or HCl). Yet when 
alkynes are treated with one 
molar equivalent of these 
same electrophilic reagents, 
it is easy to stop the addition 
at the “alkene stage.” This ap-
pears to be a paradox and yet 
it is not. Explain.

а) ORLON (tola; mato)

~ СН2 – СH – CH2 – CH ~
CN CN

б) SARON (qadoqlash plyonkasi, qoplama)

~ СН2 – ССl2 – CH2 – CCl2 ~
b) teflon (kiyoviy barqaror modda)

~ СF2 – СF2 – CF2 – CF2 ~
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28-topshiriq. Quyidagi alkenlarga HJ ning birikishidan hosil bo‘luvchi birikmalarning tuzilishi 
formulalarni yozing va asosiy mahsulotlarni nomlang.

a) buten-2                              b) penten-2           v) 2-metil-buten-1
g) 2-metilbuten-2  d) 3-metilbuten-1  e) vinilbromid
j) 2,3-dimetilbuten-1 z) 2,4,4-trimetilpenten-2

Sharpless shared the 2001 
Nobel prize in Chemistry 
for his development of 
asymmetric oxidation 
methods.

THE CHEMISTRy Of... catalytic Asymmetric Dihydroxylation

Methods for catalytic asymmetric syn dihydroxylation have been developed that significantly 
extend the synthetic utility of dihydroxylation. k. B. sharpless (the scripps Research institute) 
and co-workers discovered that addition of a chiral amine to the oxidizing mixture leads to en-
antioselective catalytic syn dihydroxylation. Asymmetric dihydroxylation has become an import-
ant and widely used tool in the synthesis of complex organic molecules. in recognition of this 
and other advances in asymmetric oxidation procedures developed by his group, sharpless was 
awarded half of the 2001 Nobel Prize in chemistry. (the other half of the 2001 prize was awarded 
to W. Knowles and R. Noyori for their development of catalytic asymmetric reduction reactions) 
the following reaction, involved in an enantioselective synthesis of the side chain of the antican-
cer drug paclitaxel (taxol), serves to illustrate sharpless’s catalytic asymmetric dihydroxylation. 
the example utilizes a catalytic amount of  K2OsO2(OH)4, an OsO4 equivalent, a chiral amine 
ligand to induce enantioselectivity, and nMo as the stoichiometric co-oxidant. the product is ob-
tained in 99% enantiomeric excess (ee).
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 АLKINLАR 

Аlkаnlаrning СnH2n+2, аlkеnlаrning esа СnH2n umumiy fоrmulаlаr bilаn ifоdаlаnishi bizgа mа’lum. 
Endi СnH2n-2 umumiy fоrmulа bilаn ifоdаlаnuvchi uglеvоdоrоdlаrni ko‘rib chiqsаk. Umumiy fоr-
mulаdаn ko‘rinib turibdiki, bundаy birikmаlаrdа vоdоrоdlаr sоni аnchа kаm. Ulаrni аlkinlаr vа 
аlkаdiyеnlаr dеb аtаlаdi. Bir xil umumiy fоrmulаgа egа bo‘lishigа qаrаmаsdаn аlkinlаr vа аlkаdi-
yеnlаr turli funksiоnаl guruhlаr sаqlаydi vа turli xususiyatlаrni nаmоyon qilаdi.

Tuzilishi. Uglеrоd-uglеrоd uchbоg‘. Аlkinlаr qаtоrining eng оddiy vаkili аsеtilеn C2H2 
hisоblаnаdi. Аlkinlаrning xususiyatini bеlgilоvchi аsоsiy fаrq, ulаrning tuzilishidаgi uglеrоd-
uglеrоd uch bоg‘ning mаvjudligidir.

Uglеrоd - uglеrоd uch bоg‘ni kvаnt mеxаnik nuqtаi nаzаridаn kuzаtishlаr quyidаgi tаsаvvurlаrni 
bеrаdi. Uglеrоd qo‘shni uglеrоd bilаn bоg‘lаnishgа ikki ekvivаlеnt sp-gibridlаngаn (bittа s- vа bittа 
p-оrbitаllаridаn hоsil bo‘luvchi) оrbitаllаrini sаrflаydi. Bu sp-оrbitаllаr uglеrоd аtоmlаri yadrоlаri 
bo‘ylаb o‘tkаzilgаn to‘g‘ri chiziqdа jоylаshаdi; ikki оrbitаllаr оrаsidаgi burchаk 180° (3,141 rаd) ni 
tаshkil etаdi.

Bundаy chiziqli jоylаshuvdаn gibrid оrbitаllаr bir-biridаn mаksimаl uzоqlikdа jоylаshgаn. Оr-
bitаllаrning o‘zаrо itаrilishi ikki chiziqli bоg‘lаrning hоsil bo‘lishigа оlib kеlаdi.

Аgаr аsеtilеndаgi ikki uglеrоd vа ikki vоdоrоd аtоmlаri, оrbitаllаri mаksimаl bir-birini qоplаy-
digаn qilib jоylаshtirilsа, quyidаgichа tuzilish hоsil bo‘lаdi.

Аsеtilеn - to‘g‘ri chiziqli mоlеkulа; bаrchа to‘rttа аtоm bir to‘g‘ri chiziqdа jоylаshgаn. Uglеrоd 
- vоdоrоd vа uglеrоd - uglеrоd bоg‘lаr yadrоlаrni bоg‘lоvchi chiziqqа nisbаtаn silindrik sim-
mеtriyagа egа d-(sigmа) bоg‘lаr hisоblаnаdi. Аvvаl аytib o‘tgаnimizdеk, sp-оrbitаllаrning hо-

H : C    C : H... ... H – C ≡ C – H
АSЕTILЕN

C C  H H
аsеtilеn molekulasi:

faqat sigma bog'lar tasvirlangan

δ δ

4-BOB
 АLKINLАR
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sil bo‘lishidа hаr bir uglеrоd аtоmi, mаvjud uchtа p-оrbitаllаrdаn bittаsidаn fоydаlаnаdi: ikkitа 
p-оrbitаllаr fоydаlаnilmаy qоlаdi. Bu p-оrbitаllаrning hаr biri ikki tеng qismlаrdаn ibоrаt bo‘lib, 
sp-оrbitаllаr chizig‘igа vа bir-birigа nisbаtаn pеrpеndikulyar jоylаshаdi. Hаr bir p-оrbitаl bоshqа 
uglеrоd p-оrbitаli bilаn elеktrоnlаr juftlаshuvini hоsil qilib qоplаnаdi; shu bilаn ikkitа p-bоg‘ hоsil 
bo‘lаdi. Аgаr bir p-bоg‘ bulutini yadrоlаrni bоg‘lоvchi to‘g‘ri chiziqning оstidа vа ustidа tаsvirlаnsа, 
bоshqа bоg‘ buluti оldindа vа оrqаdа jоylаshаdi. Bоg‘ bulutlаri оrаsidа qоplаnish kuzаtilgаnligi 
sаbаbli, yadrоlаrni bоg‘lоvchi chiziq аtrоfidа bittа silindrik p-elеktrоnlаr bulutini hоsil qilаdi.

 

                     Аsеtilеn mоlеkulаsi: uglеrоd-uglеrоd uchbоg‘
                     p-bulut silindrik shаklgа egа

Shundаy qilib, uglеrоd - uglеrоd uch bоg‘ оddiy d-bоg‘dаn 
vа mustаhkаm bo‘lmаgаn ikkitа p-bоg‘lаrdаn ibоrаt; uning 
mustаhkаmligi 198 kkаl (828,98×103joul). Uchbоg‘ аlkеnlаrdаgi 
qo‘shbоg‘ [145 kkаl (607,09×103joul)] yoki аlkаnlаrdаgi оddiy 
bоg‘lаrdаn [83 kkаl (347,46×103joul)] mustаhkаm vа ulаrdаn 
qisqа.

Yuqоri аlkinlаr. Nоmlаnishi. Аlkinlаr - аlkеnlаr vа аlkаnlаr kаbi, bir xil -CH2 – gоmоlоgik fаrq 
оrqаli gоmоlоgik qаtоr hоsil qilаdi. Аlkinlаrni nоmlаshning аsоsiy ikki turi bo‘lib, birinchisi bаrchа 
аlkinlаr аsеtilеnning hоsilаlаri dеb qаrаlib, undаgi bir yoki ikkаlа vоdоrоd аtоmlаri аlkil guruhlаri 
bilаn o‘rin аlmаshinаdi.

Ikkinchi nоmеnklаturа bu IUPAC sistеmаsi hisоblаnаdi. Bu sistеmаdа nоmlаsh qоnuniyat-
lаri xuddi аlkеnlаrni nоmlаshdаgidеk, fаqаtginа –еn qo‘shimchаsi o‘rnigа –in qo‘shimchаsidаn 
fоydаlаnilаdi. Аsоs sifаtidа uch bоg‘ sаqlоvchi eng uzun uglеrоdlаr zаnjiri tаnlаb оlinаdi, o‘rin-
bоsаrlаrning vа uch bоg‘ning hоlаti rаqаmlаr bilаn ko‘rsаtilаdi; rаqаmlаsh uch bоg‘ yaqin tаrаfdаn 
аmаlgа оshirilаdi.

Аlkin rаdikаllаri (fаоl qоldiqlаr) mоs аlkin nоmigа –il qo‘shimchаsi qo‘shib nоmlаnаdi (аlkinil): 
H – C º C – etinil
CH3 – C º C –prоpinil-1
H – C º C – CH2 –prоpinil-2 (prоpаrgil)

Н Н

C C  H H

аsеtilеn molekulasi:

1,20А 1,06А
о о

180 °

shakil va o'chamlari

Alkynes contain at least 
one carbon-carbon triple 
bond, and this is indicat-
ed in the family name and 
in names for specific com-
pounds by an -yne ending.

H – C ≡ C – C2H5

CH3 – C ≡ C – C2H5

CH3 – C ≡ C – CH(CH3)2

etilatsetilen
butin-1

metiletilatsetilen
pentin-2

metilizopropilatsetilen
4-metilpentin-2
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Аlkinlаrning fizik xоssаlаri. Аlkinlаr - kаm qutblаngаn birikmаlаr bo‘lgаni uchun, ulаrning 
fizik xususiyatlаri аlkаn vа аlkеnlаrniki bilаn mоs kеlаdi. Ulаr suvdа erimаydi, аmmо оddiy оrgаnik 
erituvchilаrdа (kаm qutblаngаn) - ligrоin, efir, bеnzоl, tetraxlоrli uglеrоdlаrdа yaxshi eriydi. Zich-
liklаri suv zichligidаn kichik. Аlkinlаrdаgi uglеrоd аtоmlаrining sоni оrtib bоrishi bilаn qаynаsh 
hаrоrаtlаri оrtib bоrаdi; tаrmоqlаnish qаynаsh hаrоrаtlаrining pаsаyishigа оlib kеlаdi. Uglеrоd 
skelеti bir xil bo‘lgаn аlkinlаr, аlkеnlаr vа аlkаnlаrning qаynаsh hаrоrаtlаri bir-birigа judа yaqin.

4.1-jаdvаl 
Аlkinlаrning fizik xоssаlаri

Nоmi Fоrmulаsi tsuyuq, °C tqаy, °C 20 °C dаgi zichligi
Etin HCºCH –82 –75
Prоpin CH3CºCH –101,5 –23
Butin1 СH3CH2CºCH –122 9
Pеntin-1 CH3(CH2)2CºCH –98 40 0,695
Gеksin-1 CH3(CH2)3CºCH –124 72 0,719
Gеptin-1 CH3(CH2)4CºCH –80 100 0,733
Оktin-1 CH3(CH2)5CºCH –70 126 0,747
Nоnin-1 CH3(CH2)6CºCH –65 151 0,763
Dеsin-1 CH3(CH2)7CºCH –36 182 0,770
Butin-2 CH3CºCCH3 –24 27 0,694
Pеntin-2 CH3CH2CºCCH3 –101 55 0,714
3-mеtilbutin-1 CH3CH(CH3)CºCH 29 0,665
Gеksin-2 CH3(CH2)2CºCCH3 –92 84 0,730
Gеksin-3 CH3CH2CºCCH2CH3 –51 81 0,725
3,3-dimеtilbutin-1 CH3C(CH3)2CºCH –81 38 0,669
Оktin-4 CH3(CH2)2CºC(CH2)2CH3 131 0,748
Dеsin-5 CH3(CH2)3CºC(CH2)3CH3 175 0,769

Аsеtilеnning mаnbаlаri. Аlkinlаrning оddiy vаkili аsеtilеn - sаnоаt аhаmiyatigа egа bo‘lgаn 
birikmа hisоblаnаdi. Uni kаlsiy kаrbidigа CаC2 suv tа’sir ettirib оlish mumkin (F. Vеllеr, 1862). 
Аgаr kаlsiy kаrbid kаlsiy оksidi vа ko‘mirni yuqоri hаrоrаtdа tа’sirlаshuv mаhsulоti dеb qаrаlsа, 
аsеtilеn judа аrzоn xоm аshyolаrdаn hоsil bo‘lаdi.

Kаlsiy kаrbidni uglеrоd - mеtаll kuchli qutblаngаn bоg‘ sаqlоvchi mеtаlооrgаnik birikmа sifаtidа 
qаrаsh mumkin: 

TOSHKO'MIR КОКS

СаО
2000 °C СаС2

H2O H – C ≡ C – H 

– Ca – C ≡ C – Ca – C ≡ C –

HO  – H 
..
..

δ – δ +
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Surmа kаrbidi SrC2 vа bаriy kаrbidlаri BaC2 hаm suv bilаn  
аsеtilеn hоsil qilib tа’sirlаshаdi. 

Mаgniy kаrbidi Mg2C3 esа suv tа’siridа prоpin hоsil qilаdi.

Аsеtilеn shuningdеk, mеtаnni tеrmооksidlаsh vа elеk-
trоkrеkinglаsh оrqаli оlinishi mumkin. Elеktrоkrеkingdа mеtаn 
gаzlаri 1500 - 1600 °C hаrоrаtlаrdа mеtаll elеktrоdlаri оrаsidа-
gi elеktr yoyi оrqаli kаttа tеzliklаrdа (~1000m/s) o‘tkаzilа-
di. Chiqаyotgаn gаz suv purkаsh оrqаli tеzlikdа 150 - 200 °C 
hаrоrаtgаchа sоvitilаdi. Chiqаyotgаn gаz 13 % аsеtilеn vа 45 % 
vоdоrоddаn, qоlgаn qismi esа tа’sirlаshmаy qоlgаn mеtаndаn 
ibоrаt.

Tеrmооksidlаsh mеtаnni hаrоrаt tа’siridа chаlа оksidlаshgа 
аsоslаngаn. Bundа hаrоrаt аynаn mеtаnning yonishidаn аjrаlu-
vchi issiqlik hisоbigа оlinаdi. 

Rеаksiоn muhitdаgi gаzning hаrоrаti 1500 °C gаchа еtаdi. 
Bu hоlаtdа hаm chiqаyotgаn gаz tеzdа sоvitilishi tаlаb etilаdi. 
Bundа аsеtilеnnnig miqdоri 8 %, vоdоrоd 54,5 %, 26 % CО vа 
оz miqdоr mеtаn vа uglеrоd diоksid hоsil bo‘lаdi. Аsеtilеn gаz 
аrаlаshmаsidаn 0,8 - 1 MPа (8 - 10 аtm) bоsim оstidа  dimеtil-
fоrmаmiddа eritib аjrаtilаdi.

Аsеtilеn, shuningdеk, elеmеntlаrdаn to‘g‘ridаn-to‘g‘ri sintеz 
qilinishi mumkin: 

Bu rеаksiyadа muvоzаnаt yuqоri hаrоrаtlаrdа 3000 °C dа 
o‘ng tоmоngа siljigаn bo‘lаdi (M. Bеrtlо, 1860). Ushbu rеаksiya 
fаqаtginа nаzаriy аhаmiyatgа egа.

Аsеtilеn kаttа miqdоrlаrdа ishlаb chiqаriluvchi mаhsulоt 
hisоblаnаdi. Pаyvаndlаsh mаqsаdidа fоydаlаniluvchi аsеtilеn, 
bоsim оstidа аsеtоndа eritilib, mаxsus sig‘imlаrdа (bаlоnlаrdа) 
sаqlаnаdi. Sаnоаtdа ishlаb chiqаriluvchi аsеtilеnning ~30 % 
аynаn mеtаllаrni pаyvаndlаsh yoki qirqish mаqsаdidа sаrflаnа-

di (аsеtilеn - kislоrоd аlаngаsining hаrоrаti 3150°C). Аsеtilеnning qоlgаn qismi ko‘plаb muhim 
оrgаnik birikmаlаr sintеzidа - sirkа kislоtа, to‘yinmаgаn birikmаlаr, plаstmаssаlаr vа sun`iy kаu-
chuk оlishdа dаstlаbki xоm аshyo hisоblаnаdi.

Аlkinlаrni sintеz usullаri. Uglеrоd - uglеrоd uchbоg‘ ikki qo‘shni uglеrоd аtоmlаridаn аtоmlаr 
yoki аtоmlаr guruhini tоrtib оlish оrqаli hоsil qilinаdi.

Alkynes are named in 
much the same way as 
alkenes. 

Unbranched alkynes, for 
example, are named by rep-
lacing the ane of the name 
of the corresponding alkane 
with the endingyne.

The chain is numbered to 
give the carbon atoms of the 
triple bond the lower possib-
le numbers.

The lower number of the 
two carbon atoms of the trip-
le bond is used to designate 
the location of the triple 
bond. The IUPAC names of 
three unbranched alkynes 
are shown here 

Industrial source of acet-
ylene

The alkyne of chief indus-
trial importance is the sim-
plest member of the family, 
acetylene. It can be prepared 
by the action of water on cal-
cium carbide, CaC2, which 
itself is prepared by the re-
action between calcium ox-
ide and coke at the very high 
temperatures of the electric 
furnace. The calcium oxide 
and coke are in turn obtained 
from limestone and coal, re-
spectively. Acetylene is thus 
obtained by a few steps from 
three abundant, cheap raw 
materials: water, coal, lime-
stone.

Mg2C3 +  H2O CH3 – C ≡ C – H  +  2Mg(OH)2

6СН4 + 4О2 H – C ≡ C – H + 8H2 +  3CO  +  CO2 +  3H2O

6СН4 + О2 2H – C ≡ C – H + 2CO  +  10H2

2C  +  H2 H – C ≡ C – H

– C – C –
W X

Y Z
– C = C –

W X
– C ≡ C –
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Digalogenalkanlarni degidrogalogenlash

MISOL:

Birlamchi alkilgalogenidlar bilan natriy asetilenidlar-
ning reaktsiyalari:

bunda R - birlamch alkil

MISOLLAR:

Iosich usuli

MISOL:

Tetragalogenidlarni degidrogalogenlash

– C = C –
Н H X2 – C – C –

H H

X X

KOH (sp.er.) – C = C –
H

X

NaNH2 – C ≡ C –

СH3CH=CH2

Br2 СH3CH – CH2

Br Br

KOH (sp.er.)

СH3CH = CH
Br

NaNH2 СH3C ≡ CH

propilen
propilenbromid

1-brompropen-1
propin

– C ≡ C – H 
NaNH2 yoki

Na – C ≡ C: Na  +  RX
– +

– C ≡ C: Na  +  RX
– + – C ≡ C – R  +  NaX

H – C ≡ C: Na +  CH3CH2CH2CH2Br
– + H – C ≡ CCH2CH2CH2CH3

natriy asetilenidi n-butilbromid geksin-1

СH3 – C ≡ C: Na +  CH3CH2Br– + СH3 – C ≡ CCH2CH3
natriy

metilasetilenidi
etilbromid pentin-2

An alternative synthesis, 
based on petroleum, is dis-
placing the carbide process. 

This involves the con-
trolled, hightemperature par-
tial oxidation of methane

The economic feasibility of 
this process is partly due to 
use of side-products:

carbon monoxide and hy-
drogen for production of al-
cohols, and some hydrogen as 
fuel to maintain the oxidation 
temperature.

Preparation of alkynes
A carbon-carbon triple 

bond is formed in the same 
way as a double bond:

elimination of atoms or 
groups from two adjacent 
carbons. The groups elimi-
nated and the reagents used 
are essentially the same as in 
the preparations of alkenes

Dehydrohalogenation of 
vicinal dihalides is particular-
ly useful since the dihalides 
themselves are readily ob-
tained from the correspond-
ing alkenes by addition of 
halogen. This amounts to 
conversion by several steps 
of a double bond into a triple 
bond.

Carried through only the 
first stage, it is a valuable 
method for preparing unsat-
urated halides. The halides 
thus obtained, with halogen 
attached directly to dou-
bly-bonded carbon, are called 
vinyl halides, and are very un-
reactive.

– C ≡ C – H 
СH3MgX

– C ≡ C – MgX +  RX – C ≡ C – R  +  MgX2

H – C ≡ C – MgJ +  CH3CH2CH2J H – C ≡ CCH2CH2CH3
etenil magniy yodid n-propilyodid pentin-1

CH3– C – C – H
Br Br

Br Br
+  2 Zn CH3– C ≡ C – H

1,1,2,2-tetrabrompropan
propin
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Visinаl digаlоgеnidlаrni dеgidrоgаlоgеnlаsh, digаlоgеnid mоs аlkеnlаrdаn gаlоgеnlаrni birik-
ishi оrqаli оsоn hоsil qilinishi tufаyli muhim usul hisоblаnаdi (ikki bоsqichlаr оrqаli qo‘shbоg‘ni 
uchbоg‘gа o‘tishi). Birinchi bоsqich to‘yinmаgаn gаlоgеnid оlish bоsqichi. Bundаy, qo‘shbоg‘dа-
gi uglеrоd аtоmidа gаlоgеn sаqlаgаn to‘yinmаgаn birikmаlаr vinilgаlоgеnidlаr dеyilаdi vа ulаr 
judа inеrt hisоblаnаdi. Mаxsus shаrоitlаrdа dеgidrоgаlоgеnlаsh rеаksiyasi vinilgаlоgеnidlаr hоsil 
bo‘lish bоsqichidа to‘xtаtilishi mumkin.

Nаtriy аsеtilеnidlаrini аlkilgаlоgеnidlаr bilаn rеаksiyasi оrqа-
li, оddiy аlkinlаrdаn yuqоri аlkinlаr оlish imkоniyati yarаtilаdi. 
Ikkilаmchi vа uchlаmchi аlkilgаlоgеnidlаrni qo‘shimchа rеаksi-
ya - eliminirlаnishgа mоyilligi yuqоriligi sаbаbli, bu usul аsоsаn 
n-аlkilgаlоgеnidlаr bilаn аmаlgа оshirilаdi vа n-аlkinlаr оlish 
uchun fоydаli hisоblаnаdi. Tеtrаgаlоgеnidlаrni dеgаlоgеnlаsh, 
bu gаlоgеnidlаrni аynаn аlkinlаrdаn hоsil qilingаnligi uchun bu 
usuldаn fоydаlаnilmаydi. 

Аlkinlаrning rеаksiyalаri. Аlkеnlаr kimyosi uglеrоd - 
uglеrоd qo‘shbоg‘ kimyosi bo‘lgаni kаbi, аlkinlаr kimyosi uglеrоd 
- uglеrоd uchbоg‘ kimyosi hisоblаnаdi. Аlkinlаr hаm p-elеktrоn-
lаr sаqlаgаni uchun elеktrоfil birikish rеаksiyalаrigа kirishаdi. 
Uchbоg‘ qo‘shbоg‘gа nisbаtаn elеktrоfil rеаgеntlаr hujumigа 
bаrqаrоr.

Uchbоg‘ qo‘shbоg‘gа nisbаtаn nuklеоfil (o‘zidа elеktrоn 
sаqlаgаn) rеаgеntlаr bilаn оsоn tа’sirlаshаdi; shundаy qilib, 
аlkеnlаr uchun nоmа’lum bo‘lgаn nuklеоfil birikish rеаksiyalаri 
аlkinlаr uchun xоs. Birikish rеаksiyalаridаn tаshqаri, аlkinlаr 
uchun uchbоg‘dаgi uglеrоd аtоmi vоdоrоdining kislоtаliligi 
bilаn bоg‘liq bo‘lgаn o‘rin оlish rеаksiyalаri xоs. 

Birikish reaksiyalar

Vodorodning birikishi

Under mild conditions, 
therefore, dehydrohalogena-
tion stops at the vinyl halide 
stage; more vigorous condi-
tions use of a stronger base 
are required for alkyne for-
mation.

Just as alkene chemistry 
is the chemistry of the car-
bon-carbon double bond, 
so alkyne chemistry is the 
chemistry of the carbon-car-
bon triple bond. Like aikenes, 
alkynes undergo electrophil-
ic addition, and for the same 
reason: availability of the 
loosely held n electrons. For 
reasons that are not under-
stood, the carbon-carbon tri-
ple bond is less reactive than 
the carbon-carbon double 
bond toward electrophilic 
reagents.

Reasonably enough, the 
triple bond is more reactive 
than the double bond toward 
reagents that are themselves 
electron-rich. Thus alkynes 
undergo a set of reactions, 
nucleophilic addition, that 
are virtually unknown for 
simple aikenes.

Although time does not 
permit us to go into these 
particular reactions here, 
we shall take up nucleophilic 
addition later in connection 
with other kinds of com-
pounds.

– C ≡ C – +  YZ – C = C –

Y Z
+  YZ – C – C –

Y Z

Y Z

– С ≡ С –

С = С
H2

Pt yoki Ni

Na yoki Li
NH3

H

H

С = С
HH

sis-izomer

trans-izomer

– C ≡ C –
2Н2

Ni, Pt yoki Pd
– C – C –

H H

H H
аlkan
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MISOLLAR:

 

Galogenlarni birikishi

MISOL:

Galogenvodorodlarni birikishi

MISOL:

 Suvning birikishi

MISOLLAR:

С2Н5– С ≡ С – С2Н5

С = С
H2

Ni

Na yoki Li
NH3

H

С = С
H

H

С2Н5 С2Н5

H

С2Н5

С2Н5

sis-geksen-3
98-99%

trans-geksen-3

СH3 – C ≡ C – CH3

H2

Pt yoki Ni СH3 – CH2 – CH2 – CH3

butin-2 n-butan

– С ≡ С –
Х2 – С = С –

X X

Х2 – С – С –
X X

X X

X2 = Cl2; Br2

CH3C ≡ CH
Br2 CH3C = CH

Br Br

Br2 CH3C – CH
Br Br

Br Br

propin

1,2-dibrompropen-1 1,1,2,2-tetrabrompropan

CH3C ≡ CH
НСl CH3C = CH2

Br

НСl CH3CCH3

Br

Br

propin

2,2-dibrompropan

– С ≡ С –
НХ

– С = С –
Н X

НХ
– С – С –
Н X

Н X

– С ≡ С – +  Н2О – С = С –
Н ОН

– С – С –
H O

H
H2SO4; HgSO4

H – С ≡ С – H +  Н2О H – С = С – H
Н ОН

H – С – С – H 
H O

HH2SO4; HgSO4

аsеtilеn

H – С ≡ С – СH3 +  Н2О H – С = С – СН3

Н ОН
H – С – С – СH3

H O

HH2SO4; HgSO4

1-propen-2-оl
metilvinil spirti

аseton

vinil spirti asetaldegid

propin
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Karbon kislotalarning birikishi

MISOL:

Sianid kislotaning birikishi

MISOL:

MISOLLAR:

Ishqoriy metall asetilenidlarini hosil bo‘lishi

H – С ≡ С – H +  Н2О H – С = С – H
Н ОН

H – С – С – H 
H O

HH2SO4; HgSO4

аsеtilеn

H – С ≡ С – СH3 +  Н2О H – С = С – СН3

Н ОН
H – С – С – СH3

H O

HH2SO4; HgSO4

1-propen-2-оl
metilvinil spirti

аseton

vinil spirti asetaldegid

propin

– С ≡ С – + R – C – OH 
O

HgSO4

HCl – C = C – O – C – R  
OH

H – С ≡ С – H  + CH3 – C – OH 
O

HgSO4

HCl H – C = C – O – C – CH3

OH

H

sirka kislota vinilasetat
аsеtilеn

Besides addition, alkynes 
undergo certain reactions 
that are due to the acidity of 
a hydrogen atom held by tri-
ply-bonded carbon.

alkinlar: kislota sifatidagi reaksiyalari

– С ≡ С – Н + асос – С ≡ С:
–

alkinlar: оg‘ir metall asetilenidlari hosil qilish

– С ≡ С – Н + М+ – С ≡ С – M  +  H+

CHEKKADAGI UCHBOG‘NI
XARAKTERLOVCH REAKSIYALAR

– С ≡ С – + H – С ≡ N – C = C – C ≡ N 
H

H – С ≡ С – H  + H – C ≡ N 
sianid kislota

Н – C = C – C ≡ N 
H

H

аkrilonitril
аsеtilеn

H – С ≡ С – H  + 2Ag+ Ag – С ≡ С – Ag  
kumush аsetilenidi

H – С ≡ С – СH3 + Сu(NH3)2
+ Cu – С ≡ С – CH3 + NH4 + NH3

mis metilasetilenidi

+

аsеtilеn

metilаsеtilеn

H – С ≡ С – H  + 2Na Н – С ≡ С: Na  NH3(suyuq) – + + ½ H2

СH3 – СН – С ≡ С – H  + NaNH2
efir

СН3

СH3 – СН – С ≡ С: Na  +  NH3

СН3

+–

аsеtilеn natriy аsetilenidi

natriy izopropilаsetilenidiizopropilаsetilen
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Аldеgid vа kеtоnlаrning birikishi

MISOLLAR:

Аlkinlаrning birikish rеаksiyalаri. Аlkinlаrgа vоdоrоd, 
gаlоgеn vа gаlоgеn vоdоrоdlаrning birikish, аlkеnlаrgа birikish 
kаbi аmаlgа оshаdi, fаqаtginа birikish ikki mоlеkulа rеаgеntning 
birikishi bilаn bоrаdi. Mаxsus shаrоitlаr tаnlаnib, birikishni bi-
rinchi bоsqichdа - qo‘shbоg‘li birikmаlаr hоsil bo‘lish bоsqichidа 
to‘xtаtib qоlish mumkin, bundа dаstlаb birikkаn rеаgеntlаrning 
tаbiаti hаm hisоbgа оlinаdi.

Аlkinlаrni аlkеnlаrgа qаytаrilishi. Stеrеоsеlеktiv rеаksi-
yalаr. Uglеrоd-uglеrоd uchbоg‘ni qo‘shbоg‘gаchа qаytаrilishi 
(аgаr uchbоg‘ zаnjirning chеkkаsidа jоylаshmаgаn bo‘lsа) ikki 
izоmеrning hоsil bo‘lishi bilаn аmаlgа оshаdi; sis vа trаns-
izоmеrlаr. Qаysi izоmеrning аsоsiy mаhsulоt sifаtidа hоsil bo‘li-
shi qаytаruvchi rеаgеntning tаbiаti bilаn bоg‘liq.

trаns-Аlkеn аlkinlаrni nаtriy yoki litiy bilаn suyuq аmmiаk 
ishtirоkidа qаytаrish nаtijаsidа hоsil bo‘lаdi. sis-Аlkеn аlkinlаr-
ni kаtаlizаtоr ishtirоkidа gidrirlаsh nаtijаsidа 98 % tоzаlikdа 
hоsil qilinishi mumkin; mаxsus tаyyorlаngаn pаllаdiy (Lindlаr 
kаtаlizаtоri) yoki nikеl` brоmidlаrdаn (оtа-o‘g‘il X. Brаun vа Ch. 
Brаun tоmоnidаn tаklif etilgаn R-2 kаtаlizаtоri) kаtаlizаtоrlаr 
sifаtidа fоydаlаnilаdi.

H – С ≡ С – H  + C
O

KOH H – С ≡ С – C –
OH

аldеgid vа kеtоnlаr to‘yinmagan spirtlar

H – С ≡ С – H  + C
O

СН3Н
KOH H – С ≡ С – CН – СН3

OH
sirka аldеgid butanol-3-in-1

H – С ≡ С – H  + C
O

СН3Н3С KOH H – С ≡ С – C – СН3

OH
aseton 3-metilbutanol-3-in-1

СН3

Reduction of an alkyne to 
the double-bond stage can 
unless the triple bond is at 
the end of a chain yield either 
a cis-alkene or a trans-alkene. 
Just which isomer predom-
inates depends upon the 
choice of reducing agent.

Predominantly trans-
alkene is obtained by reduc-
tion of alkynes with sodium 
or lithium in liquid ammonia. 
Almost entirely cis-alkene 
(as high as 98%) is obtained 
by hydrogenation of alkynes 
with several different cata-
lysts : a specially prepared 
palladium called Lindlar’s 
catalyst; or a nickel boride 
called R-2 catalyst reported 
by H. C. Brown and his son, C. 
A. Brown.

R – С ≡ С – R

С = СNa, NH3

Pd/C yoki Ni-B
H2

H

С = С
HH

R

R

H

R R

sis-

trans-
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Hоsil bo‘lishi mumkin bo‘lgаn bir nеchа stеrеоizоmеrlаrdаn 
fаqаtginа bittаsi аsоsiy mаhsulоt sifаtidа hоsil bo‘luvchi bundаy 
rеаksiyalаr stеrеоsеlеktiv rеаksiyalаr dеyilаdi.

Stеrеоsеlеktivlik stеrеоkimyoviy rеаksiyalаr hаqidа 
mа’lumоtlаr bеrаdi. Аlkinlаrni sis-qаytаrilishi, kаtаlizаtоr 
yuzаsidа yutilgаn аlkinning bir tоmоnidаn vоdоrоd аtоmlаri-
ning birikishi nаtijаsidа аmаlgа оshаdi; trаns-qаytаrilishning 
mеxаnizmi o‘rgаnilmаgаn.

Gаlоgеn vоdоrоdlаrning birikishi. Gаlоgеnvоdоrоd bilаn 
birikish аyniqsа аsеtilеn bilаn judа sеkin bоrаdi. Bu оdаtdа uch-
bоg‘ning prоtоngа kаm mоyilligi bilаn izоhlаnаdi.

Gоmоlоgik qаtоrning bоshqа vаkillаri аsеtilеngа nisbаtаn 
tеzrоq vа Mаrkоvnikоv qоidаsigа muvоfiq tа’sirlаshаdi (uch-
bоg‘ning qutblаngаnligigа mоs rаvishdа).

Gаlоgеnvоdоrоdlаrni uchbоg‘ bo‘ylаb birikishi bir vаlеntli 
mis tuzlаri ishtirоkidа tеzlаshаdi. Bu hоlаtdа uchbоg‘ p-kоm-
plеks hоsil qilib fаоllаshishi tаxmin qilinаdi.

Bundаy rеаksiyalаrni mеtаll iоnlаri bilаn fаоllаshuvchi uch 
bоg‘ning nuklеоfil birikish rеаksiyalаri dеyish mumkin. Uchbоg‘ 
bo‘ylаb birikish оrqаli bоruvchi ko‘plаb rеаksiyalаr (mеtаll iоn-
lаri Cu+, Hg+ kаtаlizаtоrligidа) nuklеоfil birikish rеаksiyalаrining 
оddiy misоllаri hisоblаnаdi.

Аlkinlаrgа gаlоgеnlаrning birikishi аlkеnlаrgа nisbаtаn qiyin 
аmаlgа оshаdi vа trаns-izоmеrlаr bilаn birgа sis-izоmеrlаr hоsil 
bo‘lishi mumkin.

The food industry makes 
use of catalytic hydrogena-
tion to convert liquid vege-
table oils to semisolid fats in 
making margarine and solid 
cooking fats. Examine the la-
bels of many prepared foods 
and you will find that they 
contain “partially hydroge-
nated vegetable oils.” There 
are several reasons why 
foods contain these oils, but 
one is that partially hydroge-
nated vegetable oils have a 
longer shelf life.

Fats and oils  are glycer-
yl esters of carboxylic acids 
with long carbon chains, 
called “fatty acids.” 

Fatty acids are saturated 
(no double bonds), mono-
unsaturated (one double 
bond), or polyunsaturat-
ed (more than one double 
bond). Oils typically contain 
a higher proportion of fatty 
acids with one or more dou-
ble bonds than fats do. Par-
tial hydrogenation of an oil 
converts some of its double 
bonds to single bonds, and 
this conversion has the effect 
of producing a fat with the 
consistency of margarine or 
a semisolid cooking fat.

Н
С
С
Н

+  HCl +  CuCl

Н
С
С
Н

CuCl

Cl – H+

+ –
δ+

δ+

Н
С
С

Cl
H+

Cu

Н

Cl –

Н
С
С

Cl

H

Н

+  CuCl
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Uchbоg‘ bo‘ylаb gаlоgеnlаrning birikish mеxаnizmi to‘liq o‘rgаnilmаgаn. Аlkеnlаrgа gаlоgеn-
lаrning birikishi kаbi, uch bоg‘ nuklеоfil zаrrаchаlаr hujumi uchun fаоllаshuvchi zаryadning ko‘chi-
shi bilаn kоmplеks - p-kоmplеks hоsil qilishi tаxmin qilinаdi.

Rеаksiyadа оrаliq mаhsulоt sifаtidа erkin rаdikаllаr (m-
n, Br2 → 2Br·) hоsil bo‘lishi mumkinligi vа birikish erkin rа-
dikаl yo‘nаlishidа аmаlgа оshishi mumkinligini hаm nаzаrdаn 
qоldirmаslik kеrаk.

Turli nuklеоfil rеаgеntlаrning birikishi. Yuqоridа kuzаtgаni-
mizdеk, аsеtilеn vа uning hоsilаlаri suv, spirt, kаrbоn vа bоsh-
qа kislоtа аniоnlаri kаbi nuklеоfil rеаgеntlаrni biriktirib оlish 
mumkin. Bundаy rеаksiyalаr аsоsаn kаtаlizаtоrlаr - mis (I) vа 
yoki simоb (II) tuzlаri ishtirоkidа аmаlgа оshirilаdi. Fаqаtginа 
аyrim hоllаrdа yuqоri hаrоrаtlаrdа (m-n, аlkоksidlаrning biri-
kishi) nuklеоfil rеаgеntning kаtаlizаtоrlаrsiz birikishini kuzаtish 
mumkin.

Аlkinlаrning gidrоtаsiyasi. Tаutоmеriya. Suv bilаn аlkinlаr kislоtа muhitidа simоb tuzlаri 
ishtirоkidа tа’sirlаshаdi (M.G. Kuchеrоv, 1881 y.). Аsеtilеndаn sirkа аldеgid bоshqа аlkinlаrdаn 
esа kеtоnlаr hоsil bo‘lаdi.

Аsеtаldеgidning tuzilishidаn kеlib chiqib, bu rеаksiya bоshqа birikish rеаksiyalаridаn kаttа fаrq 
qiluvchi mеxаnizmdа bоrаdi dеb tаxmin qilish mumkin.

Аgаr аsеtilеnni gidrаtаsiyasi, аlkеnlаr kаbi аmаlgа оshаdi dеsаk, H vа ОH- uchbоg‘ bo‘ylаb 
birikib, vinil spirtlаri dеb аtаluvchi birikmаlаrni hоsil qilishi kеrаk, lеkin vinil spirtlаri оlish uchun 
qilingаn bаrchа hаrаkаtlаr, аsеtilеnni gidrаtlаsh kаbi аsеtаldеgid hоsil bo‘lish bilаn tugаydi.

Qo‘shbоg‘ sаqlаgаn uglеrоd аtоmidа ОH-guruhi bo‘lsа, bundаy birikmаlаr еnоllаr dеyilаdi (-еn 
uglеrоd - uglеrоd qo‘shbоg‘, -оl - spirtdаgi ОH-guruhi). Еnоl tuzilishli birikmаlаr sintеz qilish uchun 
hаrаkаtlаr, kаrbоnil C=О guruhi sаqlоvchi birikmаlаr hоsil bo‘lishigа оlib kеlаdi.

CH3 – C ≡ C – CH3 +  Br2
С = С

BrBr

H3C CH3

С = С
Br

Br

H3C

CH3

va

butin-2
sis-2,3-dibrombuten-2 trans-2,3-dibrombuten-2

CН3

С
С
CН3

+  Br2

Н
С
С
Н

Br2

δ+

δ+

δ –

H3C
С
С

H3C
Br

– +  Br 
δ'+

δ'+

Н3C
С
С

Br

Br

CН3

Hydration of alkynes. Tau-
tomerism 

Addition of water to acet-
ylene to form acetaldehydc, 
which can then be oxidized 
to acetic acid, is an extremely 
important industrial process.

From the structure of ac-
etaldehyde, it at first appears 
that this reaction follows a 
different pattern from the 
others, in which two groups 
attach themselves to the two 
triply-bonded carbons. Actu-
ally, however, the product can 
be accounted for in a rather 
simple way.

H – С ≡ С – H +  Н2О H – С = С – H
Н ОН

H – С – С – H 
H O

H2SO4
HgSO4аsеtilеn

H – С ≡ С – СH3 +  Н2О H – С = С – СН3

Н ОН
H – С – С – СH3

H O

H

1-propen-2-оl
metilvinil spirti

аseton

vinil spirti asetaldegid

propin

H2SO4
HgSO4



122

Bu ikki tuzilish оrаsidа muvоzаnаt sаqlаnib, оdаtdа kеtоn shаkli tоmоngа kuchli siljigаn bo‘lа-
di. Shundаy qilib, аsеtilеnning gidrаtаsiyasidа dаstlаb vinil spirti hоsil bo‘lib, u tеzdа muvоzаnаt 
аrаlаshmаsigа - аsоsаn аsеtаldеgiddаn ibоrаt аrаlаshmаgа аylаnаdi. Bundаy kеtо-еnоl qаytа gu-
ruhlаnishlаr О – H bоg‘ning qutblаngаnligi tа’siridа judа оsоn bоrаdi. Vоdоrоd iоni kislоrоddаn 
оsоn аjrаlib, qаytа birikishdа vоdоrоd iоni kislоrоd аtоmi qаtоridа uglеrоd аtоmigа hаm biri-
kishi mumkin: аgаr kislоrоd аtоmigа biriksа hаm judа оsоn аjrаlishi mumkin: аgаr uglеrоd 
аtоmigа biriksа shu yеrdа qоlаdi. Bu rеаksiya kuchli kislоtаni kuchsiz kislоtаgа аylаnishining yanа 

bir misоli hisоblаnаdi.

Muvоzаnаtdа sаqlаnuvchi, tuzilish izоmеrlаri tаutоmеrlаr 
dеyilаdi. Tаutоmеrlаrning umumiy sinfigа vоdоrоd аtоmining 
birikish o‘rni bilаn fаrq qiluvchi, strukturаlаr kirаdi. Kеtо-еnоl 
tаutоmеriyadа, muvоzаnаt оdаtdа vоdоrоd аtоmi uglеrоd bilаn 
bоg‘lаngаn tuzilish tоmоngа kuchli siljigаn bo‘lаdi; elеktrоmаn-
fiyligi kаttа bo‘lgаn аtоmdаn, kuchsiz kislоtа tоmоngа siljigаn 
bo‘lаdi.

Аsеtilеngа suvning birikish rеаksiyasidа simоb tuzlаrining 
rоli kеng o‘rgаnilgаn bo‘lib, аsеtilеn vа simоb iоnlаri оrаsidа 
p-kоmplеks hоsil bo‘lishi tаxmin qilinаdi.

Аlkinlаr spirtlаrni simоb tuzlаri yoki mis tuzlаri ishtirоkidа biriktirib tа’sirlаshаdi; bundа оd-
diy аlkеnil efirlаri hоsil bo‘lаdi. 

– C = C – OH 
еnol tyzilish

– C – C = O 
keto tyzilish

КЕТО-ЕNОL TAUTOMERIYA

A structure with OH at-
tached to doubly-bonded 
carbon is called an cnol (ene 
for the carbon carbon double 
bond, -ol for alcohol). It is al-
most always true that when 
we try to make a compound 
with the enol structure, we 
obtain instead a compound 
with the keto structure (one 
that contains a C = O group)

Compounds whose struc-
tures differ markedly in 
arrangement ofatoms, but 
which exist in equilibrium, 
are called tautomers.

– C = C – O – H 
kuchli kislоtа

– C = C – O      +  H+
–

– C – C = O 
kuchsiz kislоtа

Н
С
С
Н

+  Hg2+X2– +  H+ + :O – H
Н

..
Н
С
С
Н

Hg2+X2–

H+

+ –δ+

δ+

Н

..
H – O:

С
С
Н

Hg+X2–

H+

δ+

δ+

Н

..
H – O:

Н
С
С

Hg+X2–

Н

Н

H+

Н

..
H – O:

Н
С
С

H

Н

Hg2+X2–

..
H – O..

Н
С – H 
С

H

НO

Hg2+X2–

+
H+

– C = C – OH 
еnol tyzilish

– C – C = O 
keto tyzilish

КЕТО-ЕNОL TAUTOMERIYA

H – С ≡ С – H  + C2H5OH
аsetilen

H2С = СH – OC2H5
etilvinilefiri

Hg2+

etanol H+
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Аlkоgоlyatlаr yoki spirtlаrning ishqоrlаr ishtirоkidа qizdirilishi nаtijаsidа, uchbоg‘ bo‘ylаb sоf 
nuklеоfil birikish аmаlgа оshаdi.

Аlkinlаr kаrbоn kislоtаlаrni murаkkаb аlkеnil efirlаri hоsil qilib biriktirib оlаdi.

Аsеtilеngа siаnid kislоtаning birikishi nаtijаsidа аkril kislоtа nitrili (аkrilоnitril) hоsil bo‘lаdi:

Kаrbоnillаsh. Аlkinlаr, аyniqsа аsеtilеn nikеlli kаtаlizаtоrlаr ishtirоkidа uglеrоd оksidi bilаn 
tа’sirlаshishi mumkin (V. Rеppе, 1944 - 1949 y.). Аsеtilеn bu rеаksiyadа аkril kislоtа yoki uning 
hоsilаlаrini (efirlаr, аmidlаr) hоsil qilib tа’sirlаshаdi.

Nikеl tеtrаkаrbоnili uch bоg‘ni fаоllаshtirishi nаtijаsidа 
p-kоmplеks hоsil qilib jаrаyonni bоshlаb bеrаdi. 

So‘ngrа CО ning birikishi kuzаtilаdi. Оrаliq mаhsulоt sifаtidа 
rеаksiоn muhitdа mаvjud suv, spirt yoki аmmiаk bilаn tа’sirlаshu- v i d a n 
vidan siklоprоpеnоn hоsil bo‘lishi tаxmin qilinаdi.

H – С ≡ С – H  + CH3СН2O: Na+–
С = С

C2H5O

H

CH3

..– Na+

C2H5OH С = С
C2H5O

H

H

H
+ CH3СН2O: Na+–

аsetilen
H – С ≡ С – H  + CH3 – C – OH 

O

HgSO4

HCl
CH3 – C – O – CH = CH2

O

sirka kislota
vinilasetat

H – С ≡ С – H  + H – C ≡ N H2С = СH – C ≡ N 
аkrilоnitrilаsetilen

H – С ≡ С – H  + CO  +  HX
Ni(CO)4 H2С = СH – C

O
X

X = -OH; -OC2H5; -NH2

аsetilen

O ≡ C:   +  

Н
С
С
Н

δ+

δ+ Ni(CO)3 O = C
C

C

H

H
+  Ni(CO)3

O = C
C

C

H

H

H+X–

+ –

H2С = СH – C
O
X

Н
С
С
Н

+  Ni(CO)4

Н
С
С
Н

δ+

δ+ Ni(CO)3  +  CO
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Аlkinlаrning kislоtаligi. O’tа kuchsiz kislоtаlаr. Kislоtа-
lik оdаtdа, birikmаning vоdоrоd iоnini uzаtа оlishgа intilishi 
bilаn bеlgilаnаdi (Brеnstеd-Lоuri). Yuqоri kislоtаlik оdаtdа 
vоdоrоd elеktrоmаnfiy аtоm (m-n: N, O, C, S) bilаn bоg‘lаngаn 
birikmаlаr uchun xоsdir. Vоdоrоdni ushlаb turuvchi bоg‘ qutb-
lаngаn vа nisbаtаn musbаt zаryadlаngаn vоdоrоd iоn hоlidа 
аjrаlishi mumkin; bоshqаchа аytgаndа, elеktrоmаnfiy elеmеnt 
umumlаshtiruv chi elеktrоn juftini o‘zidа sаqlаb qоlаdi.

Elеktrоmаnfiylikni nisbiy o‘lchаshlаr nаtijаsidа quyidаgi F > O > N > C qаtоrni kuzаtish mumkin. 
Bundаn HF kuchli kislоtа, CH4 esа shunchаlik kuchsiz kislоtа ekаnligi vа оdаtdа uni kislоtа qаtоrigа 
qo‘shilmаslik hаm mumkin dеgаn xulоsа chiqаdi.

Оrgаnik kimyodа, lаkmusni qizil rаnggа аylаntirа оlmаydigаn, judа kuchsiz kislоtаlik xususiya-
tigа egа birikmаlаr bilаn ko‘plаb to‘qnаsh kеlinаdi.

Uchbоg‘ sаqlаgаn uglеrоd аtоmi аlkаnlаrdаgi yoki qo‘sh bоg‘dаgi uglеrоdlаrdаn fаrq qilib - kuch-
li elеktrоmаnfiy xususiyatni nаmоyon qilаdi. Nаtijаdа uch bоg‘dаgi uglеrоd аtоmi bilаn bоg‘lаngаn 
vоdоrоd, mа’lum miqdоrdа kislоtа xususiyatini nаmоyon qilаdi. M-n: nаtriy аsеtilеn bilаn gаzsimоn 
vоdоrоd аjrаtib, nаtriy аsеtilеnid hоsil qilib tа’sirlаshаdi:

Аsеtilеnning kislоtаliligini аmmiаk vа suvning kislоtаliligi 
bilаn tаqqоslаb ko‘rаylik.

Nаtriy mеtаli аmmiаk bilаn nаtriy аmidi NaNH2 hоsil qilib 
tа’sirlаshаdi; nаtriy аmidi kuchsiz kislоtа - NH2 tuzi hisоblаnаdi.

Efirdа eritilgаn nаtriy аmidigа аsеtilеn tа’siridаn, аmmiаk 
siqib chiqаrilib, nаtriy аsеtilеnid hоsil bo‘lаdi.

Acidity of alkynes. Very 
weak acids 

In our earlier consider-
ation of acids, we took acidi-
ty to be a measure of the ten-
dency of a compound to lose 
a hydrogen ion.

A triply-bonded carbon 
acts as though it were an 
entirely different element 
a more electronegative one 
from a carbon having only 
single or double bonds.

As a result, hydrogen at-
tached to triply-bonded 
carbon, as in acetylene or 
any alkyne with the triple 
bond at the end of the chain 
(RC=C-H), shows apprecia-
ble acidity. For example, so-
dium reacts with acetylene 
to liberate hydrogen form the 
compound sodium acetylide

H – OH  + Н – С ≡ С: Na  
– + H – С ≡ С – H  + NaОH

+ –

kuchsiz kislоtа kuchli asoskuchsiz asoskuchsiz kislоtа

NH3 +  Na NaNH2 +  ½H2
+ –

natriy amidi
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Kuchsizrоq kislоtа (H–HN2) tuz tаrkibidаn kuchlirоq kislоtа (HC≡C–H) tа’siridа siqib chiqаrilа-
di. Bоshqаchа аytgаndа, kuchlirоq аsоs (NH2

–) kuchsizrоq аsоsdаn (HC ≡ C–) vоdоrоd iоnlаrini 
o‘zigа tоrtаdi; аgаr NH2

– vоdоrоd iоnlаrini o‘zidа HCºC– gа nisbаtаn kuchlirоq sаqlаy оlsа, H–NH2 
HC≡C–H gа nisbаtаn kuchlirоq kislota kislоtа bo‘lishi shаrt.

Nаtriy аsеtilеnidgа suv qo‘shilishidаn gidrоksid vа аsеtilеn hоsil bo‘lаdi. Kuchlirоq kislоtа 
tа’siridа (H - ОH) siqib chiqаrilаdi.

Bundаy kuzаtish nаtijаlаrigа аsоslаnib, аsеtilеn аmmiаkdаn 
kuchlirоq, suvdаn kuchsizrоq dеyish mumkin: H2O > HC ≡ CH > 
NH3

Uchbоg‘ sаqlаgаn uglеrоd аtоmidа vоdоrоd bo‘lgаn bоshqа 
аlkinlаr hаm аynаn shundаy kislotаlikni nаmоyon qilаdi.

Alkinid ioni nukleofil agent sifatida ta’sir ko‘satadi va birlam-
chi alkilgalogenid ionidan galogenni siqib chiqaradi. Bu esa  SN2 reaksiya bilan mos keladi:

Alkinid anionlarini alkillash uchun birlamchi alkilgalogenidlardan foydalanilganda raqobat 
reaksiyalar bartaraf etiladi va qo‘shimcha mahsulotlar hosil bo‘lishining oldi olinadi. 

Ikkilamchi va yoki uchlamchi alkilgalogenidlardan foydalanilganda E2 mexanizm bo‘yicha 
qo‘shimcha reaksiyalar ham amalga oshadi, bunda alkinid anionlari nukleofil reagentlar sifatida 
ta’sir ko‘rsatadi.

Propin asosida 4-fenil-2-butin hosil qilish: 

Reaksiya ketma-ketligi:

H – OH  + Н – С ≡ С: Na  
– + H – С ≡ С – H  + NaОH

+ –

kuchsiz kislоtа kuchli asoskuchsiz asoskuchsiz kislоtа

Monosubstituted acety-
lenes or 1-alkynes are called 
terminal alkynes, and the hy-
drogen attached to the carbon 
of the triple bond is called the 
acetylenic hydrogen atom:

Helpful Hint
The Zaitsev product is 

that which is the more stable 
product.

The Chemistry of... Hydro-
genation in the Food Industry

The acidic acetylenes re-
act with certain heavy metal 
ions, chiefly Ag+ and Cu+, to 
form insoluble acetylides. 
Formation of a precipitate 
upon addition of an alkyne 
to a solution of AgNO3 in al-
cohol, for example, is an indi-
cation of hydrogen attached 
to triply-bonded carbon. This 
reaction can be used to dif-
ferentiate terminal alkynes 
(those with the triple bond 
at the end of the chain) from 
nonterminal alkynes.
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Оg‘ir mеtаll аsеtilеnidlаrini hоsil bo‘lishi. Аsеtilеnlаr bа’zi оg‘ir mеtаll iоnlаri, аsоsаn Аg+ vа 
Cu+ lаr bilаn, erimаydigаn аsеtilеnidlаr hоsil qilib tа’sirlаshаdi. M-n, аlkinni АgNO2 ning spirtli 
eritmаsigа qo‘shilishidаn hоsil bo‘luvchi cho‘kmа, uchbоg‘dаgi uglеrоd bilаn bоg‘lаngаn vоdоrоd 
uchun sifаt rеаksiyasi hisоblаnаdi:

Оg‘ir mеtаll аsеtilеnidlаri quritilishi vаqtidа pоrtlаshi mumkin. 
Nаtriy аsеtilеnidlаrni аlkilgаlоgеnidlаr bilаn rеаksiyalаri. O’rin оlish vа eliminirlаnish rеаksi-

yalаrini tаqqоslаsh. Nаtriy аsеtilеnidlаr yuqоri аlkinlаr sintеz qilish uchun ishlаtilаdi.

Аsеtilеnid iоnlаri uglеrоd аtоmigа hujum qilаdi, bundа 
gаlоgеn iоnini аsеtilеnid - iоni bilаn o‘rin аlmаshinishi vа аlkin 
hоsil bo‘lishi аmаlgа оshаdi.

Nаtriy аsеtilеnidi kuchsiz kislоtа tuzi bo‘lgаni uchun, аsеtilеnid iоni kuchli аsоs hisоblаnаdi - 
uning аsоsliligi gidrоksil iоnidаn hаm kuchli. Kuchli аsоs аsеtilеnid iоni tа’siridа (vоdоrоdni tоrtib 
оlishi) qo‘shimchа rеаksiya eliminirlаnish аmаlgа оshаdi:

СH3CH2C ≡ C – H 
Ag+

СH3CH2C ≡ C – Ag 

HNO3 СH3CH2C ≡ C – H  +  Ag+

butin-1: 
uchbog' chekkada joylashgan

cho'ma

butin-1

СH3 – С ≡ C – CH3
Ag+

ta`sirlashmaydi

– C – C – +   :X:
..
..

–

аlkin

– C – C –
:X:
..
..

HC ≡ C:
–

UGLEROD ATOMI BO‘YICH HUJUM; O’RIN OLISH

HC ≡ C:

Н – С ≡ С: Na  
– + +  C2H5 :X: Н – С ≡ С – C2H5

..
.. + Na:X:

..
..

+ –

C2H5 – С ≡ С: Na  
– + +  CH3:X:

..
.. C2Н5 – С ≡ С – CH3 + Na:X:

..
..

+ –

natriy аsetilenidi

etil natriy аsetilenidi

butin-1

pentin-2

This reaction involves 
substitution of acetylide ion 
for halide ion. It results from 
attack by the acetylide ion on 
carbon.

cho‘kma
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Аsеtilеnid iоni аlkilgаlоgеnidlаr bilаn ikki yo‘nаlishdа 
tа’sirlаshishi mumkin: uglеrоd аtоmi bo‘yichа o‘rin оlish yoki 
vоdоrоd аtоmi bo‘yichа eliminirlаnish rеаksiyalаri. Mа’lum-
ki, eliminirlаnish rеаksiyasidа аlkilgаlоgеnidlаrning rеаksiоn 
qоbiliyati quyidаgi qаtоrdа kаmаyadi: uchlаmchi > ikkilаm
chi > birlаmchi. O’rin оlish rеаksiyasidа rеаksiоn qоbiliyat bu 
qаtоrdа tеskаri o‘zgаrаdi: birlаmchi > ikkilаmchi > uchlаm
chi. Аgаr o‘rin оlish vа eliminirlаnish rаqоbаt rеаksiyalаr bo‘lsа, 
eliminirlаnish mаhsulоtlаri birlаmchi аlkilgаlоgеnidlаrdаn 
ikkilаmchilаrigа vа uchlаmchilаrigа o‘tishidа оrtib bоrаdi. 
Ko‘pchilik eliminirlаnish rеаksiyalаrigа tеz vа o‘rin оlish rеаk-
siyalаrigа sеkin kirishuvchаn uchlаmchi gаlоgеnidlаr, bundаy 
shаrоitdа fаqаt аlkеnlаr hоsil qilаdi. 

Аgаr hujum qiluvchi rеаgеnt - kuchli аsоs bo‘lsа (gidrоksil 
yoki аsеtilеnid iоni), bundаy rеаgеnt vоdоrоd iоnigа mоyilli-
gi yuqоri bo‘lаdi vа аsоsаn eliminirlаnish mаhsulоtlаrini hоsil 
qilаdi. Аmаliy jihаtdаn fаqаtginа birlаmchi аlkilgаlоgеnidlаr 
аsеtilеnidlаr tа’siridа yuqоri unum bilаn аlkinlаr hоsil qilаdi.

Аldеgid vа kеtоnlаrning birikishi. Аsеtilеn vа mоnоаlmаshgаn 
аsеtilеnlаr KОH yoki NaOH ishtirоkidа аldеgid yoki kеtоnlаrdаgi 
kаrbоnil guruhlаri bo‘yichа birikib, to‘yinmаgаn spirtlаrni hоsil 
qilаdi (А.Е. Fаvоrskiy) bu rеаksiyadа аsеtilеnid-iоn kuchli nuk-
lеоfil rеаgеnt sifаtidа tа’sir ko‘rsаtаdi:

Аsеtilеnni kаrbоnilli birikmаlаr - fоrmаldеgid bilаn rеаksiyasi suvli eritmаlаrdа bоsim оstidа 
mis аsеtilеnidi ishtirоkidа аmаlgа оshirilib, sаnоаt аhаmiyatigа egа bo‘lgаn rеаksiya hisоblаnаdi 
(V.Rеppе):

– C = C – +   :X:
..
..

–
+   H– C = C –H

аlken
– C – C –

:X:
..
..

HC ≡ C:
–

VODOROD ATOMI BO‘YICH HUJUM; ELIMINIRLANISH

аsеtilеn

R – C ≡ C – H  +  KOH R – C ≡ C: K   +  HOH– +

R – C ≡ C: K   +– + C
CH3H3C

O
R – C ≡ C – C – CH3

CH3

O K– +

R – C ≡ C – C – CH3

CH3

O K– +
R – C ≡ C – C – CH3

CH3

OH

H – C ≡ C – H  +  Cu+
H – C ≡ C – CH2OH

H – C ≡ C – CH2OH  +  HOCH2 – C ≡ C – CH2OH

propargil spirti

butin-2-diol-1,4

C
HH

Oаsеtilеn
fоrmаl`dеgid

Cu+C
HH

O
fоrmаl`dеgid

The acetylide ion, then, 
can react with an alkyl halide 
in two ways: by attack at car-
bon to give substitution, or 
by attack at hydrogen to give 
elimination. We have seen 
that the order of reactivity of 
alkyl halides toward elimina-
tion is 3 > 2 > 1. In substitu-
tion (of the present kind), we 
shall find the order of reactiv-
ity is just the opposite: 1 > 2 
> 3. It is to be expected, then, 
that : where substitution and 
elimination are competing 
reactions, the proportion of 
elimination increases as the 
structure of an alkyl halide 
is changedfrom primary to-
secondary to tertiary. Many 
tertiary halides fastest at 
elimination and slowest at 
substitution yield exclusively 
alkenes under these condi-
tions.
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Оksidlаnishi. Аsеtilеnid-iоn erkin аlkinil rаdikаllаrini hоsil qilib оksidlаnishi (elеktrоnini  uzаti-
shi) mumkin. Hоsil bo‘lgаn erkin rаdikаlning dimеrlаnishidаn esа diinlаr hоsil bo‘lаdi.

Rеаksiya hаvо kislоrоdi bilаn bir vаlеntli mis tuzlаri Cu (I) ishtirоkidа оlibbоrilаdi.
Ozonlash. Alkinlarni ozonlash uchbog‘dagi uglerod-uglerod bog‘larning uzilishi bilan amalga 

oshadi va karbon kislotalar hosil bo‘ladi:

TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1-tоpshiriq. Аsеtilеndаgi uchbоg‘ning tаbiаtini bugungi kun 
tаsаvvuri bo‘yichа tushuntiring.

2-tоpshiriq. C5H8 mоlеkulyar fоrmulаli аsеtilеn 
uglеvоdоrоdlаrining izоmеrlаrini yozing. Ulаrni rаsiоnаl vа 
IUPAC nоmеnklаturаsi bo‘yichа nоmlаng.

3-tоpshiriq. 2-Mеtilpеntаnni gidrirlаshdаn hоsil bo‘lаdigаn 
bаrchа аsеtilеn uglеvоdоrоdlаrini strukturа fоrmulаlаrini yoz-
ing vа nоmlаng.

4-tоpshiriq. Аsеtilеn оlishning sаnоаt usullаrigа misоllаr 
kеltiring.

5-tоpshiriq. Quyidаgi birikmаlаrni оlish uchun 
qаndаy digаlоgеnli hоsilаlаrdаn fоydаlаnish kеrаk: а) 
mеtilizоprоpilаsеtilеn; b) prоpil-аsеtilеn;  v) divinilаsеtilеn;

6-tоpshiriq. Grin`yar vа Iоsich rеаksiyasi yordаmidа 
аsеtilеndаn: а) dietilаsеtilеn;  b) diprоpilаsеtilеn hоsil qiling.

7-tоpshiriq. а) 1-butin; b) 5-mеtil-2-gеksin; v) 2,6-dimеtil-4-оk-
tinlаrni qismаn vа to‘liq gidrirlаsh nаtijаsidа hоsil bo‘lаdigаn 
mаhsulоtlаrning strukturа fоrmulаlаrini yozing. Аlkinlаrni 
qismаn gidrirlаshdа qаndаy kаtаlizаtоrlаrdаn fоydаlаnilаdi. 
1-Butin vа 5-mеtil-2-gеksinni gidrirlаsh birinchi bоsqich mаh-

sulоtlаrining kоnfigurаsiyasi qаndаy?
8-tоpshiriq. Аsеtilеnni fоrmаldеgid, sirkа аldеgid vа аsеtоn bilаn rеаksiyalаrini yozing. Nimа 

uchun bu jаrаyonlаr etinillаsh rеаksiyalаri dеyilаdi.

H – C ≡ C – H  +  Cu+
H – C ≡ C – CH2OH

H – C ≡ C – CH2OH  +  HOCH2 – C ≡ C – CH2OH

propargil spirti

butin-2-diol-1,4

C
HH

Oаsеtilеn
fоrmаl`dеgid

Cu+C
HH

O
fоrmаl`dеgid

R – C ≡ C: М– + [O]
– e– R – C ≡ C . R – C ≡ C .

R – C ≡ C – C ≡ C – R 

Practice problem 4.1 Hy-
dration of propyne yields the 
ketone acetone, CH3COCH3, 
rather than the aldehyde CH-
3CH2CHO. What does this 
suggest about the orienta-
tion of the initial addition?

Practice problem 4.2
Starting with ethyne, out-

line syntheses of each of the 
following. You may use any 
other needed reagents, and 
you need not show the syn-
thesis of compounds pre-
pared in earlier parts of this 
problem.

1. Propyne
2. 1-Butyne
3. 2-Butyne
4. cis-2-Butene
5. trans-2-Butene
6. 1-Pentyne
7. 2-Hexyne
8. (Z )-2-Hexene
9. (E )-2-Hexene
10. 3-Hexyne
11. CH3CH2C=CD
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9-tоpshiriq. а) C6H10 tаrkibgа egа bo‘lgаn yеttitа аlkinlаr-
ning tuzilishi fоrmulаlаrini yozing; b) ulаrni IUPAC vа rаsiоnаl 
nоmеnklаturаlаrdа nоmlаng; b) ulаrning qаysilаri Ag+ yoki 
Cu(NH3)2

+ bilаn tа’sirlаshаdi; g) hаr bir izоmеrning оzоnоlizidаn 
qаndаy mаhsulоtlаr hоsil bo‘lаdi.

10-tоpshiriq. Prоpinni gidrаtаsiyasi аsеtоn CH3CОCH3 hоsil 
bo‘lishigа оlib kеlаdi. Birlаmchi birikish mаhsulоtini hоsil bo‘lish 
yo‘llаrini tushuntiring.

11-tоpshiriq. Vinillаsh rеаksiyasi dеb qаndаy jаrаyon-
lаrgа аytilаdi?  C5H8 tаrkibli аlkinlаrni (tеgishli kаtаlizаtоrlаr 
ishtirоkidа): а) HCN;  b) CH3CООH;  v) C2H5ОH bilаn rеаksiyalаri-
ni yozing. 

12-tоpshiriq. Quyidаgi birikmаlаrdаn fоydаlаnib, prоpin hо-
sil qilishning bаrchа bоsqichlаrini yozing.

а) 1,2-dibrоmprоpаn b) prоpilеn  
v) izоprоpilbrоmid g) prоpаn d) n-prоpilspirti
е) 1,1-dixlоrprоpаn j) аsеtilеn
z) 1,1,2,2-tеtrаbrоmprоpаn
13-tоpshiriq. Оrgаnik vа nооrgаnik rеаgеntlаrdаn fоydаlаnib, 

quyidаgi birikmаlаrdаn аsеtilеn оlish sxеmаlаrini yozing.
а) etilеn  b) etаn v) etilidеnbrоmid 
g) vinilxlоrid d) 1,2-dixlоretаn е) аsеtаl`dеgid
z) butin-1               i) butin-2 
k) sis-butin-2 l) trаns-butin-2 m) pеntin-1
n) pеntin-2  о) gеksin-3
14-tоpshiriq. Butin-1 gа quyidаgi rеаgеntlаr tа’siridаn hоsil 

bo‘luvchi birikmаlаrni tuzilish fоrmulаlаrini yozing vа ulаrni 
nоmlаng.

а) 1 mоl H2, Ni b) 2 mоl H2, Ni v) 1 mоl Br2, 
g) 2 mоl Br2, d) 1 mоl HCl               е) 2 mоl HCl
j) H2О, H+, Hg+2 z) Ag+ i) NaNH2
k) (z) mаhsulоti+HNO3    l) (i) mаhsulоti + C2H5Br
m) (i) mаhsulоti+uchlаmchi-butilxlоrid 
n) C2H5MgBr               о) (n) mаhsulоti+H2О  
p) O3, so‘ngrа H2О  r) issiq KMnO4
15-tоpshiriq. Quyidаgi birikmаlаrni elеktrоfil birikish rеаk-

siyalаridа rеаksiоn qоbiliyatini оrtib bоrish tаrtibidа jоylаshtir-
ing: а) prоpilеn; b) mеtilаsеtilеn; v) 2-mеtil-2,4-pеntаdiyеn. 
Jаvоbingizni izоhlаng.

16-tоpshiriq. 4-Mеtil-1-pеntin, vinilаsеtilеnlаrgа Kuchеrоv 
rеаksiyasi shаrоitidа suv tа’siridаn qаndаy birikmаlаr hоsil 
bo‘lаdi.

17-tоpshiriq. Аsеtilеndаn, а) sirkа kislоtа; b) vinilаsеtаt;  v) vinilxlоrid;  g) vinilаsеtilеn;  d) 
prоpаrgil spirti;  е) 1,4-butаndiоl оlishning sаnоаt usullаri rеаksiya sxеmаlаrini yozing.

18-tоpshiriq. 5 mg mоddа yondirilgаndа 16.92 mg kаrbоnаt аngidrid bilаn 3,46 mg suv аjrаlib 
chiqqаn. Tеkshirilаyotgаn mоddаning mоlеkulyar mаssаsi 78 gа tеng. Shu mоddаning mоlеkulyar 
fоrmulаsini аniqlаng. Bu birikmа uchun qаndаy strukturа fоrmulаlаr to‘g‘ri kеlаdi.

Practice problem 4.3 
Outline a synthesis of pro-

pene from each of the follow-
ing:

a) Propyl chloride
b) Isopropyl chloride
c) Propyl alcohol
d) Isopropyl alcohol
f) 1,2-Dibromopropane
j) Propyne
One potential problem 

that arises from using cata-
lytic hydrogenation to pro-
duce partially hydrogenated 
vegetable oils is that the cat-
alysts used for hydrogena-
tion cause isomeriza-tion of 
some of the double bonds of 
the fatty acids (some of those 
that do not absorb hydrogen). 
In most natural fats and oils, 
the double bonds of the fatty 
acids have the cis configura-
tion. The catalysts used for 
hyd rogenation convert some 
of these cis double bonds to 
the unnatural trans configu-
ration.

The health effects of trans 
fatty acids are still under 
study, but experiments thus 
far indicate that they cause 
an increase in serum levels of 
cholesterol and triacylglycer-
ols, which in turn increases 
the risk of cardiovascular dis-
ease. 

A product used in baking 
that contains oils and mono- 
and diacylglycerols that are 
partially hydrogenated.
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ALKADIYENLAR

Tutash sistemalar tuzilishida kamida bitta π-bog‘ orqali 
bog‘langan p-orbital saqlagan sistemalardir. 1,3-butadiyen, yoki 
radikal, kation yoki anion kabi oraliq mahsulotlarning p-orbitalli 
atomiga qo‘shni atom boshqa π-bog‘ning bir qismi bo‘ladi. 

Tuzilishi vа nоmеnklаturаsi. Diеnlаr - bu ikkitа uglеrоd - 
uglеrоd qo‘sh bоg‘li аlkеnlаr dеyish mumkin. 

IUPAC sistеmаsi bo‘yichа diyеnlаr, аlkеnlаr kаbi nоmlаnаdi, 
fаqаtginа ikki qo‘sh bоg‘ni ko‘rsаtish mаqsаdidа - diyеn qo‘shim-
chаsi qo‘shilаdi. 

 

BOB 

5 

TUTASH TO'YINMAGAN SISTEMALAR 

Tuzilishi, nomlanishi, olinishi, xossalari 

TUTASH TO‘YINMAGAN SISTEMALAR

Tuzilishi, nomlanishi, olonishi, xossalari

CH2 = CH – CH = CH2

CH2 = CH – CH2 – CH = CH2

CH2 = CH – CH2 – CH2 – CH = CH2butadien-1,3 

pentadien-1,4 

geksadien-1,5 

CH2 = C = CH2
propadien

Dienes are simply alkenes 
that contain two carbon-car-
bon double bonds. They 
therefore have essentially 
the same properties as the 
alkenes we have already stud-
ied. For certain of the dienes, 
these alkene properties are 
modified in important ways; 
we shall focus our attention 
on these modifications. Al-
though we shall consider 
chiefly dienes in this section, 
what we shall say applies 
equally well to compounds 
with more than two double 
bonds.

5-BOB
     TUTASH TO’YINMAGAN 

SISTEMALAR



131

Diyеnlаr qo‘shbоg‘lаrning o‘zаrо jоylаshuvigа qаrаb аsоsiy ikki guruhgа bo‘linаdi:
1. Аgаr qo‘shbоg‘lаr оddiy bоg‘lаr bilаn birin-kеtin jоylаshgаn bo‘lsа, ulаr tutаsh qo‘shbоg‘li 

diyеnlаr dеyilаdi:

2. Аgаr qo‘sh bоg‘lаr ikki vа undаn оrtiq оddiy bоg‘lаr bilаn 
аjrаlgаn bo‘lsа, izоlyasiyalаngаn diеnlаr dеyilаdi. 

Diyеnlаrning yanа bir sinfi mа’lumki, ulаr kumulirlаngаn di-
yеnlаr dеb аtаlib, ulаrdа qo‘shbоg‘lаr o‘zаrо jipslаshgаn hоlаt-
dа (1,2-аlkаdiеnlаr, bir uglеrоd аtоmi ikki qo‘shbоg‘ sаqlаydi) 
jоylаshаdi. Diyеnlаr bilаn tаnishishni аllеn tipidаgi diyеnlаrni 
o‘rgаnishdаn bоshlаsаk.  

1,2-Аlkаdiyеnlаr (dаstlаbki vаkili аllеn bo‘lgаni uchun ulаr 
ko‘p hоllаrdа аllеnlаr dеb аtаlаdi) digаlоgеnаlkеnlаrdаn rux 
tа’siridа gаlоgеn аtоmlаrini tоrtib оlish оrqаli оlinаdi: 

Bа’zаn аllеnlаr аsеtilеn hоsilаlаrini ishqоrlаr ishtirоkidа qаytа 
guruhlаnishi оrqаli hоsil qilinаdi:

Аllеnlаr rаngsiz gаz (C3, C4) yoki suyuqliklаr. Аllеn mоlеkulаsi-
ning fаzоviy tuzilishi o‘zigа xоs; mоlеkulаdаgi to‘rttа vоdоrоd 
аtоmlаri kutilgаnidеk bir tеkislikdа emаs bаlki, o‘zаrо pеrpеndi-
kulyar tеkisliklаrdа jоylаshаdi; uchtа uglеrоd аtоmlаri esа to‘g‘ri 
chiziqdаn o‘rin egаllаydi.

Аllеn mоlеkulаsidаgi uglеrоd аtоmlаri turli gibridlаngаn 
hоlаtdа bo‘lаdi - sp2-, sp-, sp2-; o‘rtаdа jоylаshgаn uglеrоd аtоmi 
ikkitа qo‘shbоg‘ hоsil qilаdi. Аllеnlаrning chiziqli tuzilishi tufаyli, 
ikki аlmаshgаn аllеnlаrdа stеreоizоmеrlаr mаvjud.

CH2 = CH – CH = CH2
СH2 = C – CH = CH2

CH3
3-metilbutadien-1,3 (izopren)

butadien-1,3 (divinil)

CH2 = C – CH2
Br Br

+  Zn CH2 = C = CH2 +  ZnBr2

2,3-dibrompropen-1
аllen

СH3 – CH – C ≡ CH 
CH3

KOH
170 °C СH3 – C = C = CH2

CH3
3-metilbutin-1 3-metilbutadien-1,2

CH2 = CH – CH2 – CH = CH2
CH2 = CH – CH2 – CH2 – CH = CH2pentadien-1,4 

geksadien-1,5 

H
C = C = C 

H H

Hsp2 sp2sp

C C C
H

H
H

H

allen molekulasi:
π-bog‘larning hosil bo‘lishi

Dienes are named by the 
IUPAC system in the same 
way as alkenes, except that 
the ending - diene is used, 
with two numbers to indicate 
the positions of the two dou-
ble bonds. This system is eas-
ily extended to compounds 
containing any number of 
double bonds. 
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Аllеnlаr kimyoviy jаrаyonlаrdа fаоl hisоblаnаdi; аsоsаn birikish vа pоlimеrlаnish rеаksiyalаrigа 
kirishаdi. Birikish rеаksiyalаri аlkеnlаr kаbi аmаlgа оshаdi. Elеktrоfil hujum mаrkаzi bo‘lib chеk-
kаdаgi (sp2-gibridlаngаn) uglеrоd аtоmlаri xizmаt qilаdi. Аllеnlаr vоdоrоd tа’siridа аlkеnlаr, 
so‘ngrа аlkаnlаr hоsil qilаdi.

Gаlоgеn vоdоrоdlаr Mаrkоvnikоv qоidаsigа muvоfiq birikаdi. 

Suvning birikishidа оrаliq mаhsulоt - еnоl lаr hоsil bo‘lib, ulаr o‘z nаvbаtidа bеqаrоrligi tufаyli 
kеtоnlаr hоsil qilib qаytа guruhlаnаdi.  

Аllеnlаrning dimеrlаnishi o‘zigа xоs аmаlgа оshаdi vа hаlqаdаgi uglеrоd аtоm yon zаnjir uglеrо-
di bilаn qo‘shbоg‘ оrqаli bоg‘lаngаn diyеnlаr hоsil bo‘lаdi. 

Аllеnlаr qizdirilishidаn, аyniqsа ishqоrlаr kаtаlizаtоrligidа аsеtilеn uglеvоdоrоdlаri hоsil qilib 
qаytа guruhlаnishi mumkin; rеаksiоn muhitdаgi kоmpоnеntlаrning tеrmоdinаmik bаrqаrоrligi 
bilаn bеlgilаnuvchi muvоzаnаt mаhsulоtlаri hоsil bo‘lаdi.

Аllеn tipidаgi diyеnlаr sаnоаt miqyosidа kаm аhаmiyatgа egа.

H2C = C = CH2
+ H2 H2C = CH – CH3 CH3 – CH2 – CH3

аllen propen propan

+ H2

H2C = C = CH2 +  HBr H2C = C – CH3

Br
2-brompropen-1

H2C=C=CH2 +  H2O H2C = C – CH3

OH
propenol-2

H3C – C – CH3

O
aseton

H2C = C = CH2

+
H2C = C = CH2

Н2С

Н2С

С = СH2

С = СH2

C = C = C 
H

R R

H t°, OH–
R – CH2 – C ≡ C – R  

C = C = C 
H

H3C H

CH3 C = C = C 
H

H3C CH3

H

trans-pentadien-2,3 sis-pentadien-2,3

A third class of dienes, of 
increasing interest to organic 
chemists, contain cumulated 
double bonds; these com-
pounds are known as allenes.
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TUTАSH DIYЕNLАR

Оdаtdа оddiy аlkеnlаrni оlinish usullаridаn fоydаlаnib hоsil qilinishi mumkin. M-n, muhim 
diеnlаrdаn biri bo‘lgаn butаdiyеn-1,3 (sun`iy kаuchuk оlishdа ishlаtilаdi) АQShdа krеking оrqаli 
оlinаdi:

Gеrmаniyadа - ikkitа ОH-guruhi sаqlоvchi spirtlаrdаn (Rеppе usuli) dеgidrаtlаsh оrqаli оlinаdi.

Butаdiyеn-1,3 kаttа mаsshtаblаrdа S.V. Lеbеdеv (1933 y.) 
usulidа, etil spirtini 400 - 500 °C dа MgO - ZnO kаtаlizаtоridаn 
o‘tkаzib hоsil qilinаdi. 

Rеаksiya quyidаgi bоsqichlаrni o‘z ichigа оlаdi: 
1-bosqich. Spirtning aldegidgacha degidratlanishi

2-bosqich. Aldol kondensatlanish va aldolning butandiol-1,3 
ga qaytarilishi

3-bosqich. Butandiol-1,3ning degidratlanishi

CH2CH2CH2CH2

OH OH

t °C, H+

CH2=CH – CH=CH2 + 2H2O

butandiol-1,4

CH2CH2CHCH3

OHOH

280 °C
kislota CH2=CH – CH=CH2 + 2H2O

t °C, NaPO3
H2O 

tetragidrofuran
O

butadien-1,3

butandiol-1,4
butadien-1,3

CH3CH2CH2CH3

CH3CH2CH=CH2katalizator
qizdirish

CH3CH=CHCH3

CH2=CH – CH=CH2
buten-1

buten-2
butadien-1,3

katalizator
qizdirish

Dienes are usually pre-
pared by adaptations of the 
methods used to make sim-
ple alkenes. For example, 
the most important diene, 
1,3-butadiene (used tomake 
synthetic rubber), has been 
made in this country by a 
cracking process, and in Ger-
many by dehydration of an 
alcohol containing two OH 
groups. 

The chemical properties 
of a diene depend upon the 
arrangement of its double 
bonds. Isolated double bonds 
exert little effect on each oth-
er, and hence each reacts as 
though it were the only dou-
ble bond in the molecule. Ex-
cept for the consumption of 
larger amounts of reagents, 
then, the chemical properties 
of the non-conjugated dienes 
are identical with those of the 
simple alkenes.

2C2H5OH CH2 = CH – CH = CH2
etil spirti

2C2H5OH 2CH3CHO  +  2H2
sirka al`degid

2CH3CHO CH3 – CH – CH2 – CHO
OH

+H2
CH2CH2CHCH3

OH OH
al`dol

CH2CH2CHCH3

OH OH
-2H2O

CH2=CH – CH=CH2

butandiol-1,3 
butаdiеn-1,3
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Izоprеn 2-mеtilpеntеnni (prоpilеnning dimеrlаnish mаhsulоti) kаtаlitik pаrchаlаsh оrqаli hо-
sil qilinishi mumkin

Izоprеn, shuningdеk Fаvоrskiy usulidа аsеtilеn vа аsеtоndаn hаm hоsil qilinаdi.

Izоprеn оlishning sаnоаt usullаridаn yanа biri, izоbutilеn vа fоrmаldеgid tа’sirlаshuvidаn hоsil 
bo‘luvchi gеtеrоsiklik birikmа - 4,4-dimеtil-1,3-diоksаnni pаrchаlаshgа аsоslаngаn (Prins usuli). 

Diyеnlаrning kimyoviy xоssаlаri qo‘shbоg‘lаrning jоylаshuvi bilаn bоg‘liq. Izоlyatsiyalаngаn 
qo‘shbоg‘lаr bir-biri bilаn kаm tа’sirdа bo‘lаdi; ulаrning hаr biri аlоhidа - аlоhidа аlkеndаgi 
qo‘shbоg‘ kаbi tа’sirlаshаdi. Аlkеnlаrdаn fаrqi, to‘liq birikishni аmаlgа оshirish uchun ko‘prоq 

rеаgеnt tаlаb etilаdi.
Tutаsh diyеnlаr аlkеnlаrdаn: а) bаrqаrоrligi; b) 1,4-birikish 

rеаksiyasigа kirishа оlishligi vа rеаksiоn qоbiliyatining yuqоrili-
gi bilаn fаrq qilаdi. 

Diyеnlаrning bаrqаrоrligi. Mа’lumki, bir xil tuzilishli аlkеn-
lаrning gidrirlаsh issiqligi dеyarli bir xil. Mоnоаlmаshgаn аlkеn-
lаr (R–CH=CH2) uchun bu ko‘rsаtkich 30 kkаl/mоl (125,60.103 

CH2 = C – CH2CH2CH3

CH3

t °C
kat. CH2 = C – CH = CH2   +  CH4

CH3
2-mеtilpеntеn

izоprеn
(2-mеtilbutadien-1,3)

Conjugated dienes differ 
from simple alkenes in three 
ways: (a) they are more sta-
ble, (b) they undergo 1,4-ad-
dition, and (c) toward free 
radical addition, they are 
more reactive.

H – C ≡ C – H + H3C – C – CH3

O
H – C ≡ C – C – CH3

OH

CH3

HC ≡ C – C – CH3

OH

CH3

KOH
t °C

H2SO4 HC ≡ C – C = CH2

CH3

+H2 H2C = CH – C = CH2

CH3

asetilen aseton
dimetiletenilkarbinol

3-metilbuten-2-in-1 izopren

t °C

H3С
H3С

C = CH2 +  2 
H
H C = O H+ C

C
C

O O
C

H3С
H3С

H
H

H H

H H

H2C = CH – C = CH2

CH3

+
H
H C = O

4,4-dimеtil-1,3-diоksаn

izobutilen fоrmаl`dеgid

+  H2O

kat.

kat.
t °C

C
C

C

O O
C

H3С
H3С

H
H

H H

H H

izopren
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joul/mоl), ikki аlmаshgаn аlkеnlаr uchun (R2C=CH2) 28 kkаl/mоl (117,23.103joul/mоl), uch аlmаsh-
gаn аlkеnlаr (R2C = CHR) uchun esа 27 kkаl/mоl (113,04.103 joul/mоl) gа tеng. Qo‘shbоg‘lаri ikki vа 
undаn оrtiq bo‘lgаn birikmаlаr uchun gidrirlаsh issiqligi hаr bir qo‘shbоg‘ gidrirlаsh issiqliklаri-
ning yig‘indisigа tеng dеb tаxmin qilinishi mumkin.

Diyеnlаrni gidrirlаsh issiqligi

Diyеn Gidrirlаsh∆H, kkаl/
mоl Diyеn Gidrirlаsh∆H, kkаl/

mоl
Pеntаdiyеn-1,4 60,8 2-Mеtilbutаdiyеn-1,3 53,4
Gеksаdiyеn-1,5 60,5 2,3-Dimеtil-butаdiyеn-1,3 53,9
Butаdiyеn-1,3 57,1 Prоpаdiyеn-1,2 71,3
Pеntаdiyеn-1,3 54,1

Jаdvаldаn ko‘rinib turibdiki, pеntаdiyеn-1,4 vа gеksаdiyеn-1,5 
2.30 kkаl = 60 kkаl (251,21.103 joul) gidrirlаsh issiqligigа yaqin 
ko‘rsаtkichgа egа. Аmmо tutаsh diyеnlаr uchun аniqlаnilgаn 
ko‘rsаtkichlаr hisоblаngаn ko‘rsаtkichlаrdаn kаttа fаrq qilаdi. 
Butаdiyеn-1,3 uchun 2.30 kkаl=60 kkаl (251,21.103 joul) kаttаlik 
hisоblаnib, 3 kkаl (12,56.103 joul) kаm 57 kkаl (238,65.103 joul) 
issiqlik аjrаlishi; pеntаdiyеn-1,3 yoki 2,3-dimеtilbutаdiyеn-1,3 
uchun esа mоs rаvishdа 4 vа 2 kkаl (16,75.10 joul vа 8,37.103 joul) 
kаm issiqlik аjrаlishi аniqlаnilgаn.

Gidrirlаsh issiqligi, kkаl (4,187.103 joul)

Pеntаdiyеn-1,3 vа pеntаdiyеn-1,4 lаrning gidrirlаsh issiqliklаrini tаqqоslаb, ulаrning hаr 
biri 2 mоl vоdоrоdni biriktirib оlishi vа bir xil mаhsulоt n-pеntаn hоsil qilishi, pеntаdiеn-1,3 ni 
pеntаdiеn-1,4 gа nisbаtаn kаm enеrgiya аjrаlishi mа’lum, tutаsh diеn pеntаdiеn-1,3 pеntаdiеn-1,4 
gа nisbаtаn bаrqаrоrrоq ekаnligini ko‘rsаtаdi.

Tutаsh diyеnlаrgа elеktrоfil birikish. 1,4-birikish. Pеntаdiеn-1,4 mo‘l miqdоr brоm bilаn 
gаlоgеnli hоsilа 4,5-dibrоmpеntеn-1 hоsil qilib tа’sirlаshаdi. Bundаy xususiyat bаrchа аjrаlgаn 
diyеnlаr uchun xоs: qo‘shbоg‘lаr bоshqа-bоshqа mоlеkulаlаrdа tа’sirlаshgаnidеk xususiyatlаrni 
nаmоyon qilаdi. 

CH2 = CH – CH = CH2

CH3 – CH = CH – CH = CH2

CH2 = C – C = CH2

H3C CH3

hisoblash: 30 + 30 = 60
aniqlash: 57

hisoblash: 28 + 30 = 58
aniqlash: 54

hisoblash: 28 + 28 = 58
aniqlash: 54

If we look closely at Table 
we find that the heats of hy-
drogenation of alkenes hav-
ing similar structures are 
remarkably constant. For 
monosubstituted alkenes 
(RCH=CH2) the values are 
very close to 30 kcal/mole; 
for disubstituted alkenes 
(R2C=CH2 or RCH-CHR), 28 
kcal/mole; and for trisubsti-
tuted alkenes (R2C=CHR), 27 
kcal/mole.

For conjugated dienes, 
however, the measured val-
ues are slightly lower than 
expected.             For 1,3-bu-
tadiene we might expect 2 
x 30, or 60 kcal: the actual 
value, 57 kcal, is 3 kcal lower. 
In the same way the values 
for 1,3-pentadiene and 2,3- 
dimethyl-1,3-butadiene are 
also below the expected val-
ues by 2-4 kcal.
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Butаdiyеn-1,3ni brоm bilаn rеаksiyasidа esа tаxmin qilingаnidеk, 3,4-dibrоmbutеn-1 bilаn 
1,4-dibrоmbutеn-2 hаm hоsil bo‘lаdi. Аyni birikmаgа HCl tа’siridаn nаfаqаt 3-xlоrbutеn-1, bаl-
ki 1-xlоrbutеn-2 hаm аjrаtib оlingаn; gidrirlаshdаn esа butеn-1 vа butеn-2 lаr аrаlаshmаsi hоsil 
bo‘lаdi.

Ko‘plаb tutаsh diyеnlаrni turli rеаgеntlаr bilаn rеаksiyalаri, nаfаqаt 1,2-hоlаt bаlki 1,4-hоlаt 
birikish mаhsulоtlаri hоsil bo‘lishi mumkinligini ko‘rsаtаdi; bundаy xususiyat bаrchа tutаsh diyеn-
lаr uchun xоsdir. Ko‘p hоllаrdа аynаn 1,4-birikish аmаlgа оshishi аniqlаnilgаn (tutаsh diyеnlаrn-
ing muhim rеаksiyalаridаn hisоblаngаn diyеn sintеzi hаm аynаn 1,4-birikish hisоblаnib, О. Dil`s 
vа K. Аl`dеrlаr tоmоnidаn (Kil` univеrsitеti) 1929 yildа kаshf qilingаn; 1950 yildа ulаr Nоbеl` 
mukоfоtigа sаzоvоr bo‘lgаnlаr.

CH3 = CH – CH2 – CH = CH2
Br2 CH2 = CH – CH2 – CH – CH2

Br Br

CH2 = CH – CH2 – CH – CH2

Br Br
CH2 – CH – CH2 – CH – CH2

Br BrBr Br

4,5-dibrompenten-1
pentadien-1,4

1,2,4,5-tetrabrompentan

Br2

CH2 = CH – CH = CH2

Br2

HCl

H2
kаt.

CH2 – CH – CH = CH2

Br Br

CH3 – CH – CH = CH2

Cl

CH3 – CH2 – CH = CH2

3,4-dibrombuten-1

3-xlorbuten-1

buten-1

CH2 – CH = CH – CH2

Br Br

CH3 – CH = CH - CH2

Cl

CH3 – CH = CH – CH3

1,4-dibrombuten-2

1-xlorbuten-2

buten-2

+

+

+

When 1,4-pentadiene is 
treated with bromine under 
conditions (what are they?) 
that favor formation of the 
dihatide, there is obtained 
the expected product, 4,5- di-
bromo-1-pentene. Addition 
of more bromine yields the 
1,2,4,5-tetrabromo-pentane. 
This is typical of the behavior 
of dienes containing isolat-
ed double bonds: the double 
bonds react independently, as 
though they were in different 
molecules.

– C = C – C = C –

tutash qo‘shbog‘li
1 2 3 4

Y – Z – C – C – C = C –
Y     Z

– C – C = C – C –
Y Z

va

1,2-birikish 1,4-birikish
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Bundаy birikmаlаr аrаlаshmаsi hоsil bo‘lishini qаndаy 
izоhlаsh mumkin? Mа’lumki, elеktrоfil birikish rеаksiyalаri ikki 
bоsqichdаn ibоrаt bo‘lib, birinchi bоsqichdа bаrqаrоr kаrbоniy 
iоnlаri hоsil bo‘lаdi. 4-xlоrgеksеn-2 vа 2-xlоrgеksеn-3 lаr hо-
sil bo‘luvchi gеksаdiyеn-2,4 gа HCl ning birikish rеаksiyasidа-
gi оrаliq kаrbоniy iоnlаrini ko‘rib chiqsаk. Vоdоrоdning 2-C gа 
birikishidаn I kаrbоniy iоni hоsil bo‘lishi kеrаk.  

Hоsil bo‘luvchi kаrbоniy iоnlаrining ikkаlаsi hаm ikkilаm-
chi bo‘lgаni sаbаbli I rеаksiya iоni hоsil bo‘lishini ko‘rib o‘tsаk. 
I iоn оddiy ikkilаmchi kаrbоniy iоni hisоblаnmаsdаn, musbаt 
zаryad tаshuvchi uglеrоd qo‘shbоg‘ sаqlаgаn uglеrоd аtоmi 
bilаn bоg‘lаngаni uchun аllil kаrbоniy iоni hisоblаnadi. Аllil rа-
dikаllаrining iоnlаnish pоtеnsiаlidаn [188 kkаl (787,07.103 joul)] 
fоydаlаnib, аllil kаrbоniy iоnining iоnlаnish pоtеnsiаlini hisоblаb 
tоpish mumkin vа bu ko‘rsаtkich mеtil kаrbоniy iоnidаn 67 kkаl-
gа (280,52.103 joul)  bаrqаrоr ekаnligini ko‘rsаtаdi.

Kаrbоniy iоnlаrining bаrqаrоrlik qаtоri: 
аllil ≈ uchlаmchi > ikkilаmchi > birlаmchi> CH3

+

Dеmаk, birikishning birinchi bоsqichidа, tutаsh sistеmаning 
chеkkаdаgi uglеrоdlаrning biri bilаn tа’sirlаshuvi kuzаtilаdi. 

Endi birikish rеаksiyasining ikkinchi bоsqichini ko‘rib chiqsаk. 

Study of many conjugated 
dienes and many reagents 
shows that such behavior is 
typical: in additions to conju-
gated dienes, a reagent may 
attach itself not only to a pair 
of adjacent carbons (1,2-ad-
dition), but also to the car-
bons at the two ends of the 
conjugated system (1,4-addi-
tion). Very often the 1,4-addi-
tion product is the major one.

How can we account for 
the products obtained? We 
have seen that electrophilic 
addition is a two-step pro-
cess, and that the first step

Since both I and II are sec-
ondary cations, how can we 
account for the preference? 
I is not simply a secondary 
cation, but is an allyl cation as 
well, since the carbon bear-
ing the positive charge is at-
tached to a doubly-bonded 
carbon.

СH3–CH=CH–CH=CH–CH3 + H+

СH3–CH–CH–CH=CH–CH3

H

СH3–CH–CH–CH=CH–CH3

H

+

+

I

II

– C = C – C = C –

Y+

– C – C – C = C –
Y

+

tutаsh sistеmаning
chеkkаsiga birikish

allil kаrbоniy iоn
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I аllil kаrbоniy iоnini III hоlаt bo‘yichа yozish mumkin; bundа III iоni I iоnidаn qo‘shbоg‘ning 
hоlаti vа musbаt zаryad sаqlоvchi uglеrоd аtоmi bilаn fаrq qilаdi. Elеktrоnlаrning jоylаshuvi bilаn 
fаrq qiluvchi bundаy hоlаtlаrdа mоlеkulа rеzоnаns hоlаtidа bo‘luvchi IV iоn tuzilishi оrqаli yozi-
lishi mumkin; аyni hоlаtdа musbаt zаryadi аniq bir аtоmdа emаs, bаlki ikki аtоm оrаsidа tаqsim-
lаngаn dеb qаbul qilаmiz. 

Mаnfiy zаryadlаngаn xlоr bu ikki uglеrоd аtоmlаridаn istalgan birigа birikishi mumkin vа nаti-
jаdа 1,2- vа 1,4-birikish mаhsulоtlаri hоsil bo‘lаdi. 

1,2- vа 1,4-birikish. Rеаksiya tеzligi vа muvоzаnаt. 1,2- yoki 1,4-birikish mаhsulоtlаrining hоsil 
bo‘lish unumi nimаlаrgа bоg‘liqligini ko‘rib chiqsаk.

СH3 – CH – CH – CH = CH – CH3

H
+

I

СH3 – CH – CH = CH – CH – CH3

H
+

III

СH3 – CH – CH CH CH – CH3

H +
IV

ekvivalent

– C = C – C = C –
1 2 3 4

Y+ – Z –
Y +

– C – C     C     C –

Z
–

tutаsh sistеmаning
chеkkаsiga birikish

allil kаrbоniy iоn

– C – C = C – C –
Y Z

– C – C – С = C –
Y Z

1,2-birikish1,4-birikish

va

СH3 – CH – CH CH CH – CH3

H +
IV

Сl
–

The first step of addition 
to 2,4-hcxadiene yields, then, 
not cation I, but the hybrid 
cation VI in which the charge 
is spread over two carbons: 
In the second step, the neg-
ative chloride ion can attach 
itself to either of these car-
bons and thus yield the 1,2- 
or 1,4-product.

CH2 = CH – CH = CH2
+  

HBr

CH2 – CH – CH = CH2

H Br

CH2 – CH = CH – CH2

H Br

80 %

20 %

40 °C
CH2 – CH – CH = CH2

H Br

CH2 – CH = CH – CH2

H Br

20 %

80 %

- 80 °C 40 °C
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Butаdiеn-1,3 gа HBr ning birikishi nаtijаsidа ikkаlа mаhsulоt 
1,2- vа 1,4-birikish mаhsulоtlаri hоsil bo‘lаdi. Аrаlаshmаdа-
gi bu birikmаlаrning miqdоriy nisbаti аsоsаn rеаksiya hаrоrа-
ti bilаn bоg‘liq; pаst hаrоrаtlаrdа (–80°C) 20 % 1,4-birikish vа 
80 % 1,2-birikish mаhsulоtlаri, yuqоri hаrоrаtdа esа (40 °C) 
аrаlаshmаning tаrkibi butunlаy tеskаri tоmоngа o‘zgаrishini 
kuzаtish mumkin. Hаr bir izоmеr bаrqаrоr bo‘lishigа qаrаmаs-
dаn 1,2-birikish mаhsulоtini uzоq vаqt 40 °C  dа qizdirish 
1,4-birikish mаhsulоtining hоsil bo‘lishigа оlib kеlаdi. Bundаy 
qizdirish nаtijаsi 1,4-birikish mаhsulоtining ko‘prоq bаrqаrоr 
ekаnligini vа muvоzаnаt ko‘prоq 1,4-birikish mаhsulоti sаqlоv-
chi аrаlаshmа tоmоngа siljigаn ekаnligini kuzаtаmiz. –80 °C 
dа 1,2-birikish mаhsulоti 1,4-birikish mаhsulоtidаn ko‘prоq 
bo‘lаdi vа аynаn 1,2-birikish tеzrоq аmаlgа оshishini bildirаdi. 
Аgаr rеаksiya hаrоrаti оshirilsа, dаstlаbki hоsil bo‘luvchi rеаk-
siya mаhsulоtlаrining nisbаtlаri sаqlаnib qоlishi mumkin, lеkin 
1,2-birikish mаhsulоti 1,4-birikish mаhsulоtigа o‘tishi tеzlаshа-
di. Pаst hаrоrаtlаrdа hоsil bo‘luvchi mаhsulоtlаrning miqdоri 
birikishning tеzligini, qizdirishdаn hоsil bo‘luvchi mаhsulоtlаr 
esа (ikki izоmеrlаr miqdоriy nisbаtlаri) birikish muvоzаnаtini 
bеlgilаydi. 

1,2- vа 1,4-birikishlаrni bаtаfsil ko‘rib chiqsаk. Dаstlаb hо-
sil bo‘luvchi kаrbоniy iоni 1,2-birikish mаhsulоtini tеzrоq hоsil 
qilаdi; birinchi rеаksiyaning Еfаоl ikkinchi rеаksiyanikidаn kichik  
bo‘lishi kеrаk. Buning sаbаbini 1,2-birikish mаhsulоti bilаn 
iоn оrаsidаgi enеrgеtik to‘siqning kichikligi bilаn izоhlаsh mumkin vа 1,2-birikish tеzrоq аmаl-
gа оshаdi, lеkin 1,4-mаhsulоt 1,2-mаhsulоtgа nisbаtаn bаrqаrоrrоq vа uning pоtеnsiаl enеrgiyasi 
1,2-mаhsulоt enеrgiyasidаn kichik bo‘lishi kеrаk. Аlkilgаlоgеnidlаr vа аyniqsа аllilgаlоgеnidlаr-
ning iоnlаnishi mumkinligini e’tibоrgа оlsаk, biz kuzаtаyotgаn hоlаtdа brоmli hоsilаning iоnlаnishi 
dаstlаbki kаrbоniy iоnlаri hоsil bo‘lishigа оlib kеlаdi. Boshqаchа аytgаndа, 1,2- vа 1,4-mаhsulоtlаr 
аrаlаshmаsidаgi muvоzаnаtning tiklаnishidа dаstlаbki kаrbоniy iоni оrаliq mаhsulоt sifаtidа hоsil 
bo‘lаdi. 

We have not shown u/
iv 1,4-addition occurs; we 
have simply shown that it is 
not unreasonable that it t/ 
happen. In summary: Thus 
the hybrid nature of the al-
lyl cation governs both steps 
of electrophiiic addition to 
conjugated dienes: the first, 
through stabilization; the 
second, by permitting attach-
ment to either of two carbon 
atoms.

A very important principle 
emerges when we look at the 
relative amounts of 1,2- and 
1,4-addition products ob-
tained.

Addition of HBr to 1,3-bu-
tadiene yields both the 1,2- 
and the 1,4-products;

the proportions in which 
they are obtained are mark-
edly affected by the tempera-
ture at which the reaction is 
carried out.

The proportions of prod-
ucts actually isolated from 
the low-temperature addi-
tion are determined by the 
rates of addition, whereas for 
the high-temperature addi-
tion they are determined by 
the equilibrium between the 
two isomers.
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Brоmidlаrning iоnlаnishi enеrgеtik to‘siqni yеngish vа kаr-
bоniy iоnigа o‘tish bilаn bоg‘liq. Bundаy enеrgеtik to‘siq 1,4-mаh-
sulоtdа 1,2-mаhsulоtdаgidаn kаttа vа shuning uchun 1,4-mаh-
sulоt 1,2-mаhsulоtgа nisbаtаn sеkin iоnlаnаdi. Muvоzаnаt to‘g‘ri 
vа qаytаr rеаksiyalаrning tеzliklаri bir xil bo‘lgаndа tiklаnаdi. 
1,2-birikish mаhsulоti tеzrоq hоsil bo‘lаdi vа tеzrоq iоnlаnаdi. 
1,4-birikish mаhsulоti esа sеkin hоsil bo‘lаdi vа shu bilаn birgа 
sеkin iоnlаnаdi, ya’ni 1,4-mаhsulоt sаqlаnish оmiligа egа. Shun-
dаy qilib, muvоzаnаt yuzаgа kеlishi hаmdа iоnlаnish mumkin 
bo‘lgаn yuqоri hаrоrаtlаrdа, bаrqаrоr bo‘lgаn 1,4-birikish mаh-
sulоti ko‘prоq hоsil bo‘lаdi. Yuqоridаgidеk, tа’sirlаshuv bоshqа 
diyеnlаrning turli rеаgеntlаr bilаn tа’sirlаshuvidа hаm kuzаtili-
shi mumkin. 

Tutаsh diyеnlаrgа erkin rаdikаl birikish. Birikish yo‘nаlishi. 
Аlkеnlаr kаbi diyеnlаr hаm nаfаqаt elеktrоfil rеаgеntlаrni bаlki 
erkin rаdikаllаrni hаm biriktirib оlishi mumkin. Tutаsh diyеn-
lаrgа erkin rаdikаllаrning birikishini ikki оmil xаrаktеrlаydi. 
Ulаr 1,4- vа 1,2-birikishi mumkin vа аlkеnlаrgа nisbаtаn yuqоri 
rеаksiоn qоbiliyatni nаmоyon qilаdi. Bu ikki оmilni - birikish 
yo‘nаlishi vа rеаksiоn qоbiliyatini оrаliq erkin rаdikаlni tuzi-
lishini o‘rgаnish bilаnginа tushunish mumkin. Misоl tаriqаsidа 
BrCCl3 ni butаdiyеn-1,3 gа  pеrоksidlаr ishtirоkidа birikishini 
tаnlаb оlsаk. Bizgа mа’lumki, pеrоksidlаr bundаy rеаksiyalаrdа 
erkin rаdikаllаr hоsil qilib (1-bоsqich) pаrchаlаnаdi vа  BrCCl3 
dаn brоmni siqib chiqаrаdi (2-bоsqich), ·CCl3 hоsil qilаdi.

Hоsil bo‘luvchi erkin rаdikаl butаdiyеn-1,3gа birikаdi 
(3-bоsqich). Аvvаl ko‘rgаnimizdеk, erkin rаdikаlning tutаsh 
sistеmа chеkkаsidаgi uglеrоd аtоmigа birikishi bаrqаrоr аllil 

rаdikаlining hоsil bo‘lishigа оlib kеlаdi. Erkin аllil rаdikаlini (аllil kаrbоniy iоni kаbi) ikki tuzi-
lish оrqаli tаsаvvur qilish mumkin. Bundаy tuzilishlаr fаqаtginа juftlаshmаgаn elеktrоnlаrning ikki 
uglеrоdlаrdаn biridа sаqlаnishini eslаtib o‘tаmiz. 

CH2 – CH – CH = CH2

H Br
CH2 – CH      CH CH2

H

+
CH2 – CH = CH – CH2

H Br
+  Br –

CH2 = CH – CH = CH2
+  

HBr

1,4-birikish
1,2-birikish

We shall see later  that al-
kyl halidcs, and particularly 
allyl halides, can undergo ion-
ization. Now ionization of ei-
ther bromo compound yields 
the same carbonium ion; the 
most likely- and simplest 
way in which the 1,2- and 
1,4-products reach equilibri-
um is through this ion.

Like other alkenes, con-
jugated dienes undergo ad-
dition not only by electro-
philic reagents but also by 
free radicals. In free-radical 
addition, conjugated dienes 
show two special features: 
they undergo 1,4-addition as 
weJl as 1,2-addition, and they 
are much more reactive than 
ordinary alkenes. We can ac-
count for both features ori-
entation and reactivity by ex-
amining the structure of the 
intermediate free radical.

The allyl free radical then 
abstracts bromine from a 
molecule of BrCCl3 (step 4) 
to complete the addition, and 
in doing so forms a new -CCls 
radical which can carry on 
the chain. In step (4) bromine 
can become attached to ei-
ther C-2 or C-4 to yield either 
the 1,2- or 1,4-product.

(1)

(2)

Peroksid R (radikal).

R +  BrCCl3
. R – Br   +   CCl3

.
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So‘ngrа erkin аllil rаdikаli BrCCl3 mоlеkulаsidаn brоmni siqib chiqаrаdi (4-bоsqich) bundа yan-
gi ·CCl3 hоsil bo‘lаdi vа zаnjir rеаksiyani dаvоm ettirаdi. 4-bоsqichdа brоm 2-C bilаn 1,2-birikish 
yoki 4-C bilаn 1,4-birikishi mumkin.

Tutаsh diyеnlаrgа erkin rаdikаllаrning birikishi. Rеаksiоn 
qоbiliyat. Аgаr butаdiyеn-1,3 vа оddiy аlkеn, m-n, оktеn 
аrаlаshmаsigа (50:50 nisbаtlаrdаgi) BrCCl3 bilаn tа’sir etilsа, 
birikish аynаn butаdiyеn-1,3 bilаn bоrishini kuzаtish mumkin, 
bоshqаchа аytgаndа ·CCl3 rаdikаli оddiy аlkеngа nisbаtаn tutаsh 
diyеngа tеzrоq birikаdi. Bundаy rаdikаllаrning tа’sirlаshuvi-
ni ko‘plаb birikish rеаksiyalаridа kuzаtish mumkin. Bu аlbаttа 
tutаsh diyеnlаrning o‘tа yuqоri rеаksiоn qоbiliyati bilаn bоg‘liq. 
Аlkеnlаr mаvzusidа rеаksiоn qоbiliyat оrаliq erkin rаdikаllаr-
ning bаrqаrоrligi bilаn bоg‘liqligi, bu o‘z nаvbаtidа rеаksiya-
ning yo‘nаlishini bеlgilаb bеrishini ko‘rsаtib o‘tgаn edik. Diyеn-
lаrdаn hоsil bo‘luvchi аllil rаdikаlining bаrqаrоrligini e’tibоrgа 
оlib ulаrning аlkеnlаrgа nisbаtаn tеzrоq birikish rеаksiyalаrgа 
kirishini tаkidlаsh mumkin. 

Lеkin tutаsh diyеnlаrning enеrgеtik jihаtdаn аlkеnlаrgа nisbаtаn bаrqаrоrligini e’tibоrgа оlsаk, 
ulаr аlkеnlаrgа nisbаtаn birikish rеаksiyalаrigа sеkin kirishishi yuqоridаgi fikrgа qаrаmа-qаrshi 
оmil hisоblаnаdi.

Ikki rеаksiyalаrning hаm nisbiy tеzliklаri аsоsаn fаоllаnish enеrgiyasi Еfаоl bilаn bоg‘liq. Hоsil 
bo‘luvchi erkin rаdikаlning bаrqаrоrligi o‘tish hоlаti enеrgеtik dаrаjаsini susаytirаdi. Diyеnning 
bаrqаrоrligi esа dаstlаbki mоddаlаrning enеrgiyasini susаytirаdi. 

Еfаоl(diеn) < Еfаоl(аlkеn)
Diyеnlаrning rеаksiyalаridа hоsil bo‘luvchi o‘tish hоlаti diеngа nisbаtаn bаrqаrоr vа Еfаоl kаmаya-

di. Dеmаk, bu оmil hаm diyеnlаrning yuqоri rеаksiоn qоbiliyat nаmоyon etishigа hаmоhаnglik 
qilаdi. 

Diyеnlаrning erkin rаdikаl pоlimеrlаnish rеаksiyalаri: tаbiiy kаuchuk, rаdikаl pоlimеrlаnishi 
mumkin. M-n, butаdiyеn-1,3 dаn 

(3) CH2 = CH – CH = CH2

CCl3
.

Cl3C – CH2 – CH – CH = CH2
.

Cl3C – CH2 – CH = CH – CH2

.

Cl3C – CH2 – CH – CH – CH2

.ekvivalent

(4) Cl3C – CH2 – CH – CH – CH2

.

erkin allil radikali

BrCCl3 Cl3C – CH2 – CH – CH = CH2

1,2-birikish mahsuloti
Br

+
Cl3C – CH2 – CH = CH – CH2Br

1,4-birikish mahsuloti

If BrCCl3 is allowed to re-
act with a 50:50 mixture of 
1,3-butadiene and a simple 
alkene like 1-octene, addition 
occurs almost exclusively to 
the 1,3-butadiene. Evidently 
the CC13 radical adds much 
more rapidly to the conjugat-
ed diene thanto the simple 
alkene. Similar results have 
been observed in a great 
many radical additions.
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pоlibutаdiyеn hоsil bo‘lаdi: pоlibutаdiyеnning tuzilishidаn ko‘rishimiz mumkinki, аsоsаn 
1,4-birikish аmаlgа оshаdi. 

Bundаy pоlimеr аlkеnlаrdаn hоsil bo‘luvchi pоlimеrlаrdаn 
qo‘shbоg‘lаrning mаvjudligi bilаn fаrq qilаdi. Tаbiiy kаu-
chukning tuzilishi bundаy sun`iy pоlidiyеnlаrnikigа o‘xshаsh. 
Tаbiiy kаuchuk tutаsh diyеn 2-mеtilbutаdiyеn-1,3ning pоlimеri 
hisоblаnаdi. 

Tаbiiy kаuchuk mоlеkulаsidаgi qo‘shbоg‘lаr аllil hоlаtidа-
gi vоdоrоdning rеаksiоn qоbiliyatini bеlgilаb bеrgаni uchun 
kаttа аhаmiyatgа egа. Bundаy vоdоrоd аtоmlаrining mаvjudligi 
vulkаnlаnish - turli zаnjirlаr оrаsidа ko‘prik vаzifаsini bаjаruv-
chi sulfid bоg‘lаri hоsil bo‘lishini tа’minlаydi. Bundаy ko‘ndаlаng 
bоg‘lаr kаuchukkа elаstiklik vа mustаhkаmlik bеrаdi hamda 
yopishqоqligini yo‘qоtаdi. 

CH2 = CH – CH = CH2 – CH2 – CH = CH – CH2 – n
butadien-1,3 polibutadien

n

R . CH2 = CH – CH = CH2 CH2 = CH – CH = CH2 CH2 = CH – CH = CH2

R – CH2 – CH = CH – CH2 – CH2 – CH = CH – CH2 – CH2 – CH = CH – CH2 –

~ CH2 – C = CH – CH2 – СH2 – C = CH – CH2 ~

CH3 CH3

~ CH2 – C = CH – CH2 – СH2 – C = CH – CH2 ~

CH3 CH3

S, qizdirish yoki
katalizator

~ CH – C = CH – CH2 – СH – C = CH – CH2 ~

CH3 CH3

~ CH – C = CH – CH2 – СH2 – C = CH – CH ~

CH3 CH3

vulkаnlаngan kauchuk

S S

tаbiiy kаuchuk

CH2 = C – CH = CH2

CH3 – CH2 – C = CH – CH2 –
CH3 n

2-mеtilbutаdiеn-1,3
izopren sis-poliizopren

tаbiiy kаuchuk

Like substituted ethylenes, 
conjugated dienes, too, un-
dergo free-radical polymer-
ization. From 1,3-butadiene, 
for example, there is obtained 
a polymerwhose structure 
indicates that 1,4-addition 
occurs predominantly: Such 
a polymer differs from the 
polymers of simple alkenes in 
one very important way: each 
unit still contains one double 
bond.

Polymerization of dienes 
to form substitutes for rub-
ber was the forerunner of 
the enormous present-day 
plastics industry. Polychloro-
prene (Neoprene, Duprene) 
was the first commercially 
successful rubber substitute 
in the United States.

The properties of rubber 
substitutes like those of other 
polymers are determined, in 
part, by the nature of the sub-
stituent groups. Polychloro-
prene, for example, is inferi-
or to natural rubber in some 
{properties, but superior in 
its resistance to oil, gasoline, 
and other organic solvents.
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Tаbiiy kаuchuklаrni o‘rnini bоsа оlаdigаn mаhsulоtlаr оlish mаqsаdidа diyеnlаrning 
pоlimеrlаnish jаrаyonlаrini o‘rgаnish mаqsаdgа muvоfiq. Pоlixlоrоprеn (nеоprеn, duplеn) АQSh 
sаnоаtidа оlingаn birinchi sun`iy kаuchuk hisоblаnаdi. 

Kаuchukning o‘rnini bоsuvchi birikmаlаrning xususiyati, bоshqа pоlimеrlаr xоssаlаri bilаn 
o‘xshаsh vа o‘rinbоsаrlаrning tаbiаti bilаn bеlgilаnаdi. M-n, xlоrоprеn bа’zi xususiyatlаri bilаn (nеft, 
gаzоlin vа bоshqа оrgаnik erituvchilаr tа’sirigа bаrqаrоrligi) tаbiiy kаuchukdаn ustun hisоblаnаdi. 

Izоprеn pоlimеrlаrini sintеz yo‘llаri bilаn оlish mumkin; hоsil bo‘lgаn mаhsulоt tаbiiy kаu-
chuk kаbi аyni to‘yinmаgаn zаnjirgа vа аyni o‘rinbоsаrgа (CH3-guruhi) egа. Lеkin erkin rаdikаl 
pоlimеrlаnish оrqаli оlingаn pоliizоprеn fаzоviy tuzilishigа ko‘rа tаbiiy kаuchukdаn umumаn fаrq 
qilаdi: tаbiiy kаuchuk dеyarli sis-kоnfigurаsiyadаn, su`niy kаuchuk esа sis- vа trаns-izоmеrlаr 
аrаlаshmаsidаn ibоrаt. Fаzоviy tuzilishi bo‘yichа tаbiiy kаuchukkа mutlоq o‘xshаsh sun`iy kаu-
chuk оlishgа 1955 yildа muvаffаq bo‘lingаn; bundаy mаhsulоt оlish uchun yangi tur kаtаlizаtоrlаri 
- pоlimеrlаnishni tа’minlоvchi kаtаlizаtоr tаlаb etilаdi. 

Sоpоlimеrlаnish.  Sоpоlimеrlаnish - ikki (yoki undаn оrtiq) to‘yinmаgаn birikmаlаrning 
pоlimеrlаnish jаrаyoni hisоblаnаdi. Hоsil bo‘luvchi pоlimеrlаr tа’sirlаshаyotgаn ikkаlа rеаgеntlаr-
ning tаrtibli yoki tаrtibsiz birikish  zvеnоlаridаn ibоrаt bo‘lаdi. Muhim sоpоlimеrlаrdаn biri butаdi-
yеn-1,3 vа stirоldаn (C6H5CH=CH2) оlinаdi. Bu sоpоlimеr, оdаtdа uch qism butаdiyеn-1,3 vа bir 
qism stirоldаn ibоrаt bo‘lib, butаdiyеn-stirоl kаuchuk nоmi bilаn mа’lum vа ikkinchi jаhоn urishi 
vаqtidа tаbiiy kаuchuk o‘rnidа fоydаlаnilgаn.

Iоnli pоlimеrlаnish. Hоzirgаchа fаqаt bir tur pоlimеrlаnish - erkin rаdikаllаr hоsil bo‘lishi bilаn 
аmаlgа оshuvchi pоlimеrlаnish rеаksiyalаri hаqidа mа’lumоtgа egа bo‘ldik. Bu jаrаyonlаrdаgi 
inisiаtоrni o‘zgаrtirish yoki kаtаlizаtоrlаrdаn fоydаlаnish pоlimеrlаnish jаrаyonlаrini оrаliq iоn-
lаr hоsil bo‘lishi bilаn bоrishini tа’minlаshi mumkin: аgаr kаtаlizаtоr sifаtidа kislоtаlаrdаn fоy-
dаlаnilsа, оrаliq musbаt zаryadlаngаn iоnlаr (kаtiоnli pоlimеrlаnish) yoki аsоslаrdаn fоydаlаnilsа, 
mаnfiy zаryadlаngаn iоnlаr (аniоnli pоlimеrlаnish) оrqаli аmаlgа оshаdi.1953 yilgа qаdаr sаnоаt 

CH2 = C – CH = CH2

Cl
– CH2 – C = CH – CH2 –

Cl nxloropren

polixloropren

C = C
H3С

СH2

H

СН2

СH2
C = C

Н3С H

СH2 СH2

C = C
H3С

СH2

H

TABIIY KAUCHUK (to‘liq sis-konfiguratsiya)

CH2 = CH – CH = CH2 + CH2 = CH – CH = CH2 +

~ CH2 – CH = CH – CH2 – СH2 – CH = CH – CH2 – CH2 – CH – CH2 – CH = CH – CH2 ~
C6H5

butadien-1,3 butadien-1,3

butadien-stirol kauchuk

+ CH2 = CH – CH = CH2+ СH2 = CH 
C6H5

inisiator

stirol
butadien-1,3
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miqyosidа qo‘llаniluvchi bаrchа pоlimеrlаnish rеаksiyalаri erkin 
rаdikаl rеаksiyalаr edi. Fаqаtginа izоbutilеnni kislоtаlаr (kаtiоn-
li) ishtirоkidаgi, оz miqdоr izоprеn bilаn butilkаuchuklаr оlish 
rеаksiyalаri (аvtоmоbillаr uchun rеzinа quvurlаr ishlаb chiqаr-
ishdа fоydаlаnilgаn) iоnli rеаksiyalаr edi. 

1953 yildаn so‘ng iоnli pоlimеrlаnish jаrаyonlаridаn fоydаlаnish judа kаttа mаsshtаblаrdа 
rivоjlаndi. Kаrl Siklеr (Mаks Plаnk instituti) vа Djuliо Nаtt (Milаndаgi pоlitеxnikа institu-
ti) pоlimеrlаnish jаrаyonlаrini to‘lа nаzоrаt qilish imkоniyatini bеruvchi kаtаlizаtоrlаrdаn fоy-
dаlаnishni tаklif etdilаr. Buning uchun  muаlliflаr 1963 yildа Nоbеl mukоfоtigа sаzоvоr bo‘lgаn-
lаr. Bundаy kаtаlizаtоrlаr trietilаlyuminiy, titаn xlоrid vа mаxsus mаydаlаngаn litiy mеtаllаridаn 
ibоrаt (Siklеr-Nаtt kаtаlizаtоrlаri).

Siklеr-Nаtt kаtаlizаtоrlаridаn fоydаlаnilgаndа ikki muаmmоgа duch kеlinаdi: 1. Zаnjirning 
tаrmоqlаngаnligi; erkin rаdikаl pоlimеrlаnish оrqаli оlingаn pоlietilеn o‘tа tаrmоqlаngаn. Bundаy 
rеаksiyalаrdа zаnjirni o‘sib bоrishi uchun zаrur erkin rаdikаllаr yuqоri hаrоrаtdа mоnоmеr 

Y CH2 = CH 
G

Y : CH2 – CH 
G

+

kislota
karboniy ioni

Y : CH2 – CH 
G

+
CH2 = CH 

G
Y : CH2 – CH – CH2 - CH 

G

+

G

КАТIONLI POLIMERLANISH

h.o.

Z: CH2 = CH 
G

Z : CH2 – CH: 
G

–

asos

karboanion

Z : CH2 – CH: 
G

+
CH2 = CH 

G
Z : CH2 – CH – CH2 – CH: 

G G
h.o.

–

АNIONLI POLIMERLANISH

СН2 = C 
CH3

CH3

H+ СН2 = C 
CH3

CH3

СН2 = C 
CH3

CH3

СН3 – C – CH2 –
CH3

CH3

C 
CH3

CH3

– СН2 – C –
CH3

CH3

Ionization of the bromides 
involves climbing the poten-
tial hills back toward

this carbonium ion. But 
there is a higher hill separat-
ing the ion from the 1,4-prod-
uct than from the 1,2-prod-
uct; consequently, the 
1,4-product will ionize more 
slowly than the 1,2-prod-
uct. Equilibrium is reached 
when the rates of the oppos-
ing reactions are equal. The 
1,2-product is formed rap-
idly, but ionizes rapidly. The 
1,4-product is formed slowly, 
but ionizes even more slowly; 
once formed, the 1,4-product 
tends to persist. At tempera-
tures high enough for equilib-
rium to be reached

that is, high enough for sig-
nificantly fast ionization the 
more stable 1,4-product pre-
dominates.

M – CH2CH3

CH2 = CH2

M – CH2CH2CH2CH3

CH2 = CH2

M – CH2CH2CCH2CH2CH2CH3

CH2 = CH2

h.o.
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mоlеkulаlаrining nаfаqаt qo‘shbоg‘ bo‘yichа birikishi, bаlki hоsil bo‘lgаn zаnjirdаn vоdоrоd siqib 
chiqаrishi mumkin. 

Vоdоrоdni bundаy siqib chiqаrish nаtijаsidа erkin rаdikаl 
hujum mаrkаzi оrtishi vа zаnjir yanаdа tаrmоqlаnishi kuzаtilа-
di. Pоlietilеnning o‘tа tаrmоqlаngаn mоlеkulаlаri bеqаrоr bo‘lib 
tаrtibsiz hоlаtdа jоylаshаdi; birikmа pаst kristаllik xususiyatigа 
egа dеyilаdi. Bundаy pоlietilеnning erish hаrоrаti pаst bo‘lib, 
yomоn mеxаnik xususiyatlаrgа egа. Nоzik shаrоitlаrdа оlingаn 
pоlietilеn (erkin rаdikаl pоlimеrlаnish emаs), tаrmоqlаnmаgаn 
zаnjir qismlаri sаqlаydi; birikmа yuqоri kristаllikkа egа dеyilа-
di; suyuqlаnish hаrоrаti yuqоri vа mеxаnik xususiyatlаri yaxshi 
bo‘lаdi.

2. Siglеr-Nаtt kаtаlizаtоrlаridаn fоydаlаnilgаndа iоnli 
pоlimеrlаnish jаrаyonini stеreоkimyoviy nаzоrаt qilish im-
kоniyati yarаtilаdi. M-n, prоpilеn аsоsidа uch xil pоlimеr ishlаb 
chiqаrish mumkin: izоtаktik, bundа bаrchа mеtil guruhlаri zаn-
jirning bir tоmоnidа jоylаshаdi; sindiоtаktik - mеtil guruhlаri 
birin-kеtin zаnjirning u yoki bu tоmоnidа jоylаshаdi vа аtаktik 
- bundа mеtil guruhlаri tаrtibsiz jоylаshаdi.

~ CH2 – CH – CH2 – СH2 ~
H

R .
R:H  +  ~ CH2 – CH – CH2 – СH2 ~

~ CH2 – CH – CH2 – СH2 ~
. CH2 = CH2 ~ CH2 – CH – CH2 – СH2 ~

CH2

CH2

.

h.o.

.

We have not tried to ac-
count for the fact that the 
1,2-product is formed faster 
than the 1,4-product, or for 
the fact that the 1,4-prod-
uct is more stable than the 
1,2-product (although we 
notice that this is consistent 
with our generalization that 
disubstituted alkenes are 
more stable than monosub-
stituted alkenes). We have 
accepted these facts and have 
simply tried to show what 
they mean in terms of energy 
considerations. Similar rela-
tionships have been observed 
for other dienes and reagents.

These facts illustrate two 
important points. First, we 
must be cautious wh’en we 
interpret product composi-
tion in terms of rates of re-
action; we must be sure that 
one product is not converted 
into the other after its forma-
tion. Second, the more sta-
ble product is by no means 
always formed faster. On the 
basis of much evidence, we 
have concluded that gener-
ally the more stable a carbo-
nium ion or free radical, the 
faster it is formed; a consider-
ation of the transition states 
for the various reactions has 
shown that this is reason-
able. We must not, however, 
extend this principle to other 
reactions unless the evidence 
warrants it.

H CH3
H CH3

H H

H3С H

HH

H CH3

HH

H3С H

HH HH

H3С H

POLIPROPILEN – ATAKTIK

H CH3
H CH3

H H

H CH3

HH

H CH3

HH

H CH3

HH HH

POLIPROPILEN – IZOTAKTIK

H3С H H

H H

H

HH

H

HH

H

HH HH

H3С H3СCH3 CH3

POLIPROPILEN – SINDIOTAKTIK
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Kristаll birikmаlаrgа yuttirilgаn kаtаlizаtоrlаrdаn fоydаlаnil-
gаndа izоtаktik pоlimеrlаr оlish mumkin. Аmоrf birikmаgа yut-
tirilgаn kаtаlizаtоrlаrdаn fоydаlаnilgаndа, аtаktik pоlimеr hоsil 
qilish mumkin. Izоtаktik pоliprоpilеn kuchli kristаlli, yuqоri 
suyuqlаnish hаrоrаtigа egа pоlimеr bo‘lib, mustаhkаm tоlаlаr, 
аtаktik prоpilеn esа yumshоq elаstik kаuchuksimоn mаtеriаl 
hisоblаnаdi. Siklеr-Nаtt kаtаlizаtоridаn fоydаlаnib, izоprеndаn 
tаbiiy kаuchukkа to‘lа o‘xshаsh sis-pоliizоprеn-1,4 оlishgа mu-
vаffаq bo‘lindi. Bu rеаksiya hаm izоtаktik pоliprоpilеnning hоsil 
bo‘lishi kаbi аmаlgа оshаdi vа stеreоsеlеktiv sintеz hisоblаnаdi.

Siglеr-Nаtt kаtаlizаtоrlаridаn fоydаlаnib, o‘rtа o‘lchаmdа 
(C6 - C20) mа’lum funksiоnаl guruhlаr sаqlаgаn pоlimеrlаr оlish 
mumkin. M-n, mеtilаlkillаr etilеn vа nikеl kаtаlizаtоri ishtirоkidа 
qizdirilsа, uglеvоdоrоd qоldiqlаri 1-C dа qo‘shbоg‘ sаqlоvchi 
uglеrоd аtоmlаridаn ibоrаt bo‘lgаn to‘g‘ri zаnjirli α-аlkеnlаr 
(аlfеnlаr) hоsil qilishi mumkin.

Bundаy zаnjirlаrdаn ibоrаt yuqоri аlkеnlаr C12 - C20 dеtеr-gеntlаr (yuvish vоsitаlаri)  ishlаb 
chiqаrishdа ishlаtilаdi.

Izоprеn vа izоprеn qоidаsi. Izоprеn zvеnоsi - tаbiаtdа kеng tаrqаlgаn birikmаlаrdаn hisоblаnа-
di. U nаfаqаt kаuchuk tаrkibidа, bаlki kаttа miqdоrlаrdа o‘simlik vа hаyvоnlаrdаn оlingаn birik-
mаlаr tаrkibidа sаqlаnаdi. M-n, dеyarli bаrchа tеrpеnlаr (ko‘plаb o‘simliklаrdа uchrаydigаn efir 
mоylаri) izоprеn zvеnоlаridаn tuzilgаn uglеrоd skelеtidаn, “bоshi dumigа” dеb аtаluvchi tuzilishgа 
egа. Bundаy tuzilish izоprеn qоidаsi dеb аtаlib, ko‘plаb tеrpеnlаrning tuzilishini аniqlаsh uchun 
xizmаt qilаdi. 

M – (CH2CH2)n – CH2CH3
CH2 = CH2
Ni, qizdirish

CH2 = CH – (CH2CH2)n-1 – CH2CH3

аlfenlar (α-alkenlar)

H2C
C

C – CH = CH – C = CH – CH = CH – C = CH – CH2OH

H2C C
C

H H

H3С СH3

А vitamini
CH3

CH3 CH3

CH2 = C – CH2 – CH2 – CH2 – CH – CH2 – CH2OH
CH3 CH3

sitronellol
(deran moyida aniqlangan terpen)

HC
C

H2C CН
C

H3С СH3

СН3

CН2

γ-terpinen
(kariandr efir moyida

aniqlangan)

The isoprene unit is one 
of nature’s favorite building 
blocks. It occurs not only in 
rubber, but in a wide variety 
of compounds isolated from 
plant and animal sources. 
For example, nearly all the 
terpenes (found in the essen-
tial oils of many plants) have 
carbon skeletons made up 
of isoprene units joined in a 
regular, headto- tail way. Rec-
ognition of this fact the so-
called isoprene rule has been 
of great help in working out 
structures of terpenes.

A fascinating area of re-
search linking organic chem-
istry and biology is the study 
of the biogenesis of natural 
products: the detailed se-
quence of reactions by which 
a compound is formed in 
living systems, plant or ani-
mal. All the isoprene units in 
nature, it appears, originate 
from the same compound, 
“isopentenyl” pyrophosphate.
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Ko‘plаb o‘simlik mоylаri vа hаyvоn оrgаnizmlаrini o‘rgаnishlаr bаrchа izоprеn zvеnоlаri - 
izоpеntеnilpirоfоsfаtdаn hоsil bo‘lаdi dеgаn tаxmingа оlib kеlаdi.

Diyеn sintеzi.  Izоprеn qоidаsidаn fоydаlanilib, 1928 yilda 
nemis kimyogarlari О. Dil`s vа K. Аl`dеrlаr 1,3-аlkаdiyеnlаr 
qo‘shbоg‘ (yoki uchbоg‘) bo‘yichа siklik birikmаlаr hоsil qilib 
birikishi mumkinligini isbоtlаdilаr. Bundаy rеаksiyalаr fаоl 
qo‘shbоg‘ sаqlаgаn birikmаlаr bilаn оsоn bоrаdi. p-Bеnzоxinоn 
yoki mаlеin аngidridini butаdiyеn bilаn tа’sirlаshuvi diyеn sin-
tеzining (О. Dil`s vа K. Аl`dеrlаr tоmоinidаn аmаlgа оshirilgаn) 
yaqqоl nаmunаsi hisоblаnаdi. 

Dils-Alder reaksiyasi 1,3-butadiyenni malein angidiridi bilan 
reaksiyasi bo‘lib, 100 °C haroratlarda olib boriladi.

Diyеn sintеzi ikki mоlеkulа 1,3-butаdiyеnlаr o‘rtаsidа hаm 
аmаlgа оshirilishi mumkin. M-n, izоprеn siklik dimеr - dipеntеn 
hоsil qilаdi. Bа’zаn diyеn sintеzi qаytаr jаrаyon bo‘lib, qizdirish-
dаn birikish mаhsulоtlаri pаrchаlаnаdi (rеtrоdiyеn sintеzi).  

Аlkinlаr vа diyеnlаrning tаhlili. Аlkin vа diyеnlаr аlkеnlаr 
uchun xоs xususiyatlаrni nаmоyon qilаdi: brоmli suvni vа kаliy 
pеrmаngаnаt eritmаsini rаngsizlаntirаdi. Ulаr аlkеnlаrgа nis-
bаtаn to‘yinmаgаn bo‘lgаni uchun miqdоr tаhlili оrqаli аniqlаni-
shi mumkin (1 mоl uglеvоdоrоd uchun 2 mоl vоdоrоd sаrflаnаdi). 

Tuzilishni аniqlаshdа оzоn tа’siridаn fоydаlаnish qulаy. Аlkin-
lаr оzоnоlizidаn kаrbоn kislоtаlаr hоsil bo‘lаdi (аlkеnlаr оzоn 
tа’siridа аldеgid vа kеtоnlаr hоsil qilishini eslаtib o‘tаmiz).

Diyеnlаr оzоn tа’siridа ikkitа kаrbоnil guruhi sаqlоvchi 
аldеgid vа kеtоnlаr hоsil qilishi mumkin.

CH2 = CH – CH2 – CH2 – O – P – O – P – OH 
CH3 O O

OO
izоpеntеnilpirоfоsfаt

Alkynes and dienes re-
spond to characterization 
tests in the same way as 
alkenes: they decolorize bro-
mine in carbon tetrachlo-
ride without evolution of 
hydrogen bromide, and they 
decolorize cold, neutral, di-
lute permanganate; they are 
not oxidized by chromic an-
hydride. They are, howev-
er, more unsaturated than 
alkenes. This property can 
be detected by determination 
of their molecular formulas 
(CnH2n-2) and by a quanti-
tative hydrogenation (two 
moles of hydrogen are taken 
up per mole of hydrocarbon).

Proof of structure is best 
accomplished by the same 
degradative methods that 
are used in studying alkenes. 
Upon ozonolysis alkynes 
yield carboxylic acids, where-
as alkenes yield aldehydes 
and ketones.

H
C
C

H

CH2

CH2

+ 
HC
HC

C
CH
CH

C
O

O

HC
HC

C
CH
CH

C

C
CH
CH

C
O

O

H H

HH

butadien-1,3
n-бензохинон

СH3СH2С ≡ CCH3
O3 H2O СH3СH2СOOH   +   HOOCCH3

pentin-2 karbon kislotalar

CH2 = C – C = CH2

CH3

O = C – C = O +
CH3

H2C = O  +
CH3CH3

O = CH2
O3 H2O
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1-C dа uchbоg‘ sаqlоvchi аlkinlаr (RC≡CH) qоlgаn izоmеrlаridаn erimаydigаn kumush vа mis 
аsеtilеnidlаrigа o‘tkаzilib fаrqlаnishi mumkin.

TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLARLAR

1-tоpshiriq. C5H8 tаrkibli bаrchа аlkаdiyеnlаrning izоmеrlаri-
ni yozing vа IUPAC nоmеnklаturаsidа nоmlаng. Ulаrning hаr 
biri qаysi tip diyеnlаrigа mаnsub hisоblаnаdi?

2-tоpshiriq. Gidrirlаnishidаn 2-mеtilpеntаn hоsil qilаdigаn 
bаrchа diyеnlаrning strukturа fоrmulаlаrini yozing vа nоmlаng.

3-tоpshiriq. 4-brоmgеksеn-1 dеgidrоgаlоgеnlаshdаn qаndаy 
аsоsiy mаhsulоtlаr hоsil bo‘lishi mumkin? 

4-tоpshiriq. а) аllеnning gidrirlаsh issiqligini hisоblаng;  
b) tаj ribаlаr bu kаttаlik 71 kkаl (297,26 .103joul ) ekаnligini 
ko‘rsаtаdi. Tаqqоslаshlаr оrqаli kumulirlаngаn diyеnlаrning 
bаrqаrоrligi hаqidа nimа dеyish mumkin?

5-tоpshiriq. Nimа uchun 2-mеtilbutаdiyеn-1,3 HCl bilаn 
3-xlоr-3-mеtilbutаdiyеn-1 vа 1-xlоr-3-mеtilbutаdiyеn-2, brоm 
bilаn esа 3,4-dibrоm-3-mеtilbutеn-1 vа 1,4-dibrоm-2-mеtil-
butеn-2 hоsil qilib tа’sirlаshishini tushuntiring.

6-tоpshiriq. а) С6H10 umumiy fоrmulаgа egа bo‘lgаn bаrchа 
diеnlаrning tuzilish fоrmulаlаrini yozing vа nоmlаng; b) tutаsh diеnlаrni ko‘rsаting; v) ulаrning 
qаysilаri gеоmеtrik izоmеrlаrgа egа bo‘lishi mumkin; g) hаr bir izоmеrning оzоnоlizidаn hоsil 
bo‘luvchi mаhsulоtlаrning tuzilishini yozing. 

7-tоpshiriq. Butаdiyеn-1,3 vа butаdiyеn-1,4 lаrning quyidаgi rеаgеntlаr bilаn tа’sirlаshuvidаn 
hоsil bo‘luvchi оrgаnik birikmаlаrning fоrmulаlаrini yozing vа nоmlаng.

а) 1 mоl H2, Ni b) 2 mоl H2, Ni v) 1 mоl Br2   g) 2 mоl Br2
d) 1 mоl HCl е) 2 mоl HCl  j) H2О, H+, Hg+2 z) O3, so‘ngrа H

Тўйинмаган углеводородлар
Этилен углеводородлари (алкенлар, 

олефинлар)

Тўйинмаган углеводородлар

АЛКЕНЛАР АЛКИНЛАР АЛКАДИЕНЛАР
СnH2n СnH2n-2

1

Give structures and names 
of the organic products ex-
pected from the reaction (if 
any) of 1,3-butadiene with:

(a) 1 mole H2, Ni 
(b) 2 moles H2, Ni 
(c) 1 mole Br2 
(d) 2 moles Br2 
(e) 1 mole HCl 
(f) 2 moles HCl 
(g) H2O, H+, Hg++
(h) Ag+ 
(i) product (h) + HNO3
(j) NaNH2
(k) product (j) + C2H5Br
(l) product (j) + tret-butyl 

chloride
(m) C2H5MgBr
(n) product (m) + H2O
(o) O3, then H2O
(p) hot KMnO4
Give structures of the chief 

product or products expected 
from addition of one mole of 
HCl to each of the following 
compounds:

(a) 1,3-butadiene; 1-bu-
tene 

(b)1,3-butadiene; 1,4-pen-
tadiene 

(c) 1,3-butadiene; 2-meth-
yl-1,3-butadiene 

(d)1,3-butadiene; 1,3-pen-
tadiene
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SIKLOALKANLAR

Аvvаlgi bоblаrdа uglеrоd аtоmlаri оchiq zаnjir hоsil qilib 
bоg‘lаngаn - аsiklik birikmаlаr dеb аtаluvchi uglеvоdоrоdlаr 
bilаn tаnishib chiqdik. Оrgаnik birikmаlаr оrаsidа аtоmlаr hаlqа 
- sikl hоsil qilib bоg‘lаngаn birikmаlаr ko‘plаb uchrаydi; bundаy 
birikmаlаr siklik birimаlаr dеyilаdi.

Аyni bоbdа biz siklоаlkаnlаr vа siklоаlkеnlаr bilаn bаtаfsil 
tаnishib chiqаmiz.

Nоmеnklаturаsi. Siklik uglеvоdоrоdlаrning nоmlаri uglеrоd 
аtоmlаri sоni tеng bo‘lgаn аsiklik uglеvоdоrоdlаr nоmi оldigа - 
siklо tеrmini qo‘shib hоsil qilinаdi, m-n:

Hаlqаdа sаqlаnuvchi o‘rinbоsаrlаr оdаtdаgidеk nоmlаnib, ulаrning hаlqаdаgi hоlаti rаqаmlаr 
оrqаli ko‘rsаtilаdi. Оddiy siklоаlkеn vа siklоаlkinlаrdаgi qo‘shbоg‘ vа uchbоg‘lаr sаqlоvchi uglеrоd 
аtоmlаri kichik rаqаmgа egа bo‘lishi kеrаk.

H2С

H2С
СH2 H2С

H2С

CH2

CH2
CH

H2С

H2С

CH

CH2

siklopropan

siklobutan

siklopenten

HC
CH2

CH

HС СH
CH2

siklogeksadien-1,4

СН2
СH2

СH2
CC

H2C

H2C

siklogeptin

 

BOB 

 6 

 CYCLOALKANES 
 

 Tuzilishi, nomlanishi, olinishi, xossalari     Tuzilishi, nomlanishi, olinishi, xossalari

In the compounds that 
we have studied in previous 
chapters, the carbon atoms 
are attached to one another to 
form chains; these are called 
open-chain compounds, In 
many compounds, howev-
er, the carbon atoms are ar-
ranged to form rings; these 
are called cyclic compounds.

6-BOB 
SIKLOALKANLAR 
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Qulаylik uchun аlifаtik hаlqаlаr оdаtdа оddiy gеоmеtrik 
shаkl ko‘rinishlаridа tаsvirlаnаdi; siklоprоpаn - uchburchаk, 
siklоbutаn - to‘rtburchаk, siklоpеntаn - bеshburchаk, siklоgеksаn 
- оltiburchаk vа h.o. Bundаy shаkllаrning hаr bir burchаgidа 
uglеrоd vа ikkitа vоdоrоd аtоmlаri mаvjud dеb tаsаvvur qilinа-
di. 

Ikki umumiy hаlqаgа egа bo‘lgаn siklоаlkаnlаr bisiklik аlkаn-
lаr dеyilаdi. Аgаr ikki hаlqа umumiy bir uglеrоd аtоmigа egа 
bo‘lsа, ulаr spirоаlkаnlаr sinfigа mаnsub hisоblаnаdi:

Spirоаlkаnlаrning nоmi mоs аlkаnlаr nоmidаn hоsil qilinаdi vа 
kаttа qаvs ichidа bоg‘lоvchi uglеrоd аtоmi mаvjudligi ko‘rsаtilа-
di. Spirоаlkаnlаrni rаqаmlаsh kichik hаlqаdаn bоshlаnаdi, bundа 
bоg‘lоvchi uglеrоd аtоmi оxiridа rаqаmlаnishi, ya’ni eng kаttа 
rаqаmgа egа bo‘lishi kеrаk.

Аgаr ikki hаlqа ikki vа undаn оrtiq umumiy (bоg‘lоvchi) 
uglеrоd аtоmlаrigа egа bo‘lsа, bundаy birikmаlаr bisiklоаlkаnlаr 
dеyilаdi. Bа’zаn ulаrni, bir hаlqаning ikki uglеrоd аtоmlаri o‘zаrо 
ko‘prik hоsil qilgаni uchun “ko‘prikli” uglеvоdоrоdlаr dеb hаm 
аtаlаdi.

H2С

H2С
С

Сl

H
CH

H2С

H2С

CH

CH – C2H5

3-etilsiklopentan

1

2

34

5

хlorsiklopropan H2C
CH

CH2

H2С СH – СH3
CH2

1,3-dimetilsiklogeksan

СН3

1
2

35

4

6

In this chapter we shall 
take up the alicyclic hydro-
carbons (aliphatic cyclic hy-
drocarbons). Much of the 
chemistry of cycloalkanes 
and cycloalkenes we already 
know, since it is essentially 
the chemistry of open-chain 
alkanes and alkenes. 

But the cyclic nature of 
some of these compounds 
confers very special proper-
ties on them.

For convenience, aliphatic 
rings are often represented 
by simple geometric figures: 
a triangle for cyclopropane, 
a square for cyclobutane, a 
pentagon for cyclopentane, a 
hexagon for cyclohexane, and 
so on. ft is understood that 
two hydrogens are located at 
each corner of the figure un-
less some other group is indi-
cated.

СН3

СН3
siklogeksan

siklogeksen

1
2

35
4

6

1

2
3

4

5
6

С2Н5

siklopentan

1
2

34

5

3-etilsiklopenten

1,3-dimetilsiklogeksan

1

2
3

4

5 1

234

5

6

7

1

2

3 4 5

6

7

8

spiro-[2.2]-pentan spiro-[2.4]-geptan spiro-[3.4]-oktan
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Bisiklоаlkаn nоmini ko‘rsаtishdа kаttа qаvs ichidа, ko‘priklаr 
оrqаli bоg‘lоvchi uglеrоd аtоmlаrini biriktiruvchi zаnjirdаgi 
uglеrоd аtоmlаrining sоni (uchtа rаqаm) ko‘rsаtilаdi. Hаlqаdаgi 
o‘rinbоsаrlаrni ko‘rsаtish uchun bоg‘lоvchi uglеrоd аtоmаridаn 
bоshlаb rаqаmlаnаdi. Dаstlаb bisiklоаlkаndаgi bоsh (аsоsiy, 
uglеrоd аtоmlаri ko‘p bo‘lgаn) hаlqа rаqаmlаnаdi. Rаqаmlаsh 
bir bоg‘lоvchi uglеrоd аtоmidаn ikkinchisigа, uzun uglеrоd zаn-
jiri bo‘ylаb аmаlgа оshirilаdi. M-n:

Uchtа vа undаn оrtiq hаlqаlаr sаqlоvchi (trisikl, tеtrаsikl 
vа h.o.) siklоаlkаnlаr hаm mа’lum. Tuzilishi murаkkаb bo‘lgаn 
bundаy siklоаlkаnlаrning nоmlаnishi hаm murаkkаb. Hаlqаlаr 
sоni оrtishi bilаn nоmlаsh hаm qiyinlаshib bоrаdi. Shuning 
uchun аksаriyat hоllаrdа murаkkаb sikllаr аsоsаn empirik nоm-
lаri bilаn ko‘rsаtilаdi, m-n: аdаmаntаn, dеkаlin vа h.o.

Fizik xоssаlаri. Siklik аlifаtik uglеvоdоrоdlаrning fizik xu-
susiyatlаri mоs аsiklik uglеvоdоrdlаrning xususiyatlаri bilаn 
o‘xshаsh, fаqаtginа ulаrning qаynаsh hаrоrаtlаri vа zichligi birоz 
yuqоrirоq.

Jаdvаl 6.1
Siklik аlifаtik uglеvоdоrоdlаrning fizik xususiyatlаri

Nоmi tsuyuq,°C tqаyn, °C 20 °C dаgi zichligi
Siklоprоpаn –127 –33
Siklоbutаn –80 13
Siklоpеntаn –94 49 0,746
Siklоgеksаn 6,5 81 0,778

bisiklo-[2.2.0]-geksan bisiklo-[3.3.0]-oktan

1

2

3

4

5

6

1

7

2

3

4
5

6

8

 

 

 

СН3

1

2

3

4

5

6

7

8

3-metilbisiklo-[2.3.1]-oktan

adamantan dekalin

Substituents on the ring 
are named, and their posi-
tions are indicated by num-
bers, the lowest combination 
of numbers being used, fti 
simple cycloalkenes and cy-
cloalkynes the doubly- and 
triply-bonded carbons are 
considered to occupy posi-
tions 1 and 2. 

We have already men-
tioned that petroleum from 
certain areas, (in particular 
California) is rich in cycloal-
kanes, known to the petro-
leum industry as naphthenes. 
Among these are cyclohex-
ane, methylcyclohexane, 
methylcyclopentane, and 
1,2-dimethylcyclopentane.

Industrial source
These cycloalkanes are 

converted by catalytic re-
forming into aromatic hydro-
carbons, and thus provide 
one of the major sources of 
these important compounds
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Siklоgеptаn –12 118 0,810
Siklооktаn 14 149 0,830
Mеtil-siklоpеntаn –142 72 0,749
Sis-1,2-dimеtilsiklоpеntаn –62 99 0,772
T r а n s - 1 , 2 -
dimеtilsiklоpеntаn –120 92 0,750

Mеtil-siklоgеksаn –126 100 0,769
Siklоpеntаn –93 46 0,774
Siklоpеntаdiyеn-1,3 –85 42 0,798
Siklоgеksеn –104 83 0,810
Siklоgеksаdiyеn-1,3 –98 80,5 0,840
Siklоgеptаdiyеn-1,4 –49 87 0,847

Just as elimination of hy-
drogen from cyclic aliphatic 
compounds yields aromatic 
compounds, so addition of 
hydrogen to aromatic com-
pounds yields cyclic aliphatic 
compounds, specifically cy-
clohexane derivatives. An im-
portant example of this is the 
hydrogenation of benzene to 
yield pure cyclohexane.

Siklik uglеvоdоrоdlаr qutblаngаn yoki kаm qutblаngаn birik-
mаlаr bo‘lgаni uchun qutblаnmаgаn yoki kаm qutblаngаn erituv-
chilаrdа, tetraxlоrli uglеrоd, ligrоin yoki efirlаrdа yaxshi eriydi; 
kuchli qutblаngаn erituvchi - suvdа erimаydi.

Mаnbаlаri. Mа’lumki, bа’zi nеftlаr tаrikibidа kаttа 
miqdоrlаrdа siklоаlkаnlаr (sаnоаtdа nаftеnlаr dеb аtаlаdi) 
sаqlаnаdi; bulаrgа - mеtilsiklоpеntаn, 1,2-dimеtilsiklоpеntаn  
siklоgеksаn vа  mеtilsiklоgеksаnlаr kirаdi. Bu siklоаlkаnlаr 
kаtаlitik o‘zgаrishlаr nаtijаsidа аrоmаtik uglеvоdоrоdlаr hоsil 
qilаdi. Bеnzоl vа uning gomоlоglаrini dеgidrirlаsh (Pt, Pd; 300 
°C) birinchi mаrtа N.D. Zеlinskiy vа uning shоgirdlаri tоmоnidаn 
аmаlgа оshirilgаn. 

Аgаr siklik аlifаtik birikmаlаrdаn vоdоrоdni tоrtib оlib, аrоmаtik birikmаlаr hоsil qilish mum-
kin bo‘lsа, qаytаr jаrаyon - vоdоrоdni birikishi оrqаli аrоmаtik birikmаlаrdаn fоydаlаnib siklik 
аlifаtik uglеvоdоrоdlаr, аyniqsа siklоgеksаn hоsilаlаri оlish mumkin. Bundаy rеаksiyaning yaqqоl 
nаmunаsi bеnzоldаn sоf siklоgеksаn оlish hisоblаnаdi.

Kutilgаnidеk, bеnzоl gоmоlоglаrini gidrirlаsh siklоgеksаn hоsilаlаri оlish imkоnini bеrаdi.

СН3 MoO2
.Al2O3

21 аtm, 560 °S

СН3
+ 3Н2

mеtilsiklоgеksаn
(alifatik birikma)

toluol
(aromatik birikma)

Ni
25 аtm., 150 – 250 °S

+ 3Н2

benzol
(aromatik birikma)

siklоgеksаn
(alifatik birikma)

+ 3Н2

ОН ОНNi
5 аtm., 150 - 250 °S

fenol
(aromatik birikma)

siklоgеksаnol
(alifatik birikma)
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SINTЕZ USULLАRI

Digalogenli hosilalardan olish

MISOLLAR:

Alken va alkinlarga karbenlar ta’siri

MISOLLAR: 

CH2 CH2

CH2

Br Br
+  Mg H2C CH2

CH2

+  MgBr2

1,3-dibrompropan

СН3–CH CH–С2Н5

CH2

Br Br
+ Zn CH3–CH CH–C2H5

CH2

+  ZnBr2
1-metil-2-etilsiklopropan

siklopropan

1,3-dibromgeksan

R – CH CH – R'

CH2

Br Br
+  M R – CH CH – R'

CH2

+  MBr

M = Na, Mg, Zn 

Н3С
C
C

Н3С

H

H

+ N2С
СН3

СН3 H3C

C
C

H3C
H

H

C
CH3

CH3

C
C

buten-2
azoizopropan

1,1,2,3-tetrometil-
siklopropan

Н3С

Н3С

+ N2С
СН3

СН3 H3C

C
C

H3C
C

CH3

CH3

butin-2
azoizopropan 1,1,2,3-tetrometil-

siklopropen

R
C
C

R

H

H

+   C: R2

R1
R

C
C

R
H

H

C
R2

R1

R
C
C

R

+   C: R2

R1 R

C
C

R
C

R2

R1

+   N2C
CH3

CH3

C
CH3

CH3

benzol

CH3

CH3

dimetilsiklogeptatrien

Preparation
Preparation of alicyclic 

hydrocarbons from other al-
iphatic compounds generally 
involves two stages: (a) con-
version of some open-chain 
compound orcompounds 
into a compound that con-
tains a ring, a process called 
cyclizatipn; (b) conversion of 
the cyclic compound thus ob-
tained into the kind of com-
pound that we want: for ex-
ample, conversion of a cyclic 
alcohol into a cyclic alkene or 
of a cyclic alkene into a cyclic 
alkane
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Siklobirikish

MISOLLAR:

Sikloketonlardan olish 

MISOLLAR:

Siklоаlkаnlаr digаlоgеnli hоsilаlаrdаn mеtаllаr (Na, Mg, Zn) 
tа’siridа hоsil qilinаdi. Bu rеаksiyani Vyurs sintеzi sifаtidа  ich-
kimоlеkulyar tа’sirlаshuv dеb qаrаsh mumkin. Bu rеаksiyadаn 
аsоsаn qаysi siklоаlkаnlаr (siklоprоpаn, siklоbutаn vа ulаrning 
hоsilаlаrini) оlishdа fоydаlаnilаdi. 

Аlkinlаr yoki аlkеnlаrgа kаrbеnlаrning tа’siri (siklоbiri-
kish) аlifаtik siklik birikmаlаr оlishning umumiy usullаridаn 
hisоblаnаdi. Bundа kаrbеn to‘g‘ridаn-to‘g‘ri rеаksiоn muhitdа 
diаzоаlkаnlаrdаn yoki gаlоgеnаlkаnlаrdаn hоsil qilinаdi.

Siklоprоpаn аlkеn vа mеtilеn tа’sirlаshuvidаn bir bоsqichdа 
hоsil qilinishi mumkin.

H3C CH3

H3C CH3

+
hν

H3C CH3

H3C CH3

H3C CH3

+

H3C CH3

simm-tetrametil-
siklobutan

etilen

buten-2

hν

buten-2 1,2-dimetilsiklobutan

Zn/H+
O

siklopentanon H2N – NH2

O

siklopentan

siklogeksanon siklogeksan

R
C
C

R

R'

R'

+
R

C
C

R

R'

R'

hν R – C

R – C
R'

R'
C – R 

C – R 
R'

R'

Very often, cyclic com-
pounds are made by the 
adapting of a standard meth-
od of preparation to the job 
of closing a ring. For exam-
ple, we have seen that the 
alkyl groups of two alkyl ha-
lides can be coupled together 
through conversion of one 
halide into an organometallic 
compound (alithium dialkyl-
copper)

СH3 – CH = CH – CH3 +  CH2N2
yorug‘lik

butin-1 diazometan
СH3 – CH – CH – CH3

СН2

+   N2

1,2-dimetilsiklopropan



155

Bizgа mа’lumki, ko‘p hоlаtlаrdа mеtilеn (CH2) uglеrоd - vоdоrоd bоg‘ оrаsigа kirishi оrqаli 
tа’sirlаshаdi; yuqоridаgi misоldа mеtilеn uglеrоd - uglеrоd qo‘shbоg‘ bo‘yichа birikib tа’sirlаshаdi:

Mеtilеn birikish rеаksiyalаrigа ikkаlа shаklidа hаm - singlеt yoki triplеt shаkllаridа kirishi 
mumkin; hаr bir shаkli turli mеxаnizmlаrdа, turli sеlеktivlikdа tа’sirlаshаdi: а) suyuq fаzаdа sing-
lеt mеtilеn birikishi vа rеаksiya nоsеlеktiv, to‘g‘ridаn-to‘g‘ri bоrаdi; b) bug‘ fаzаdа triplеt mеtilеn 
rеаksiyagа kirishаdi vа rеаksiya sеlеktiv, vоdоrоdning siqib chiqаrilishi vа birikish bоsqichlаri 
оrqаli bоrаdi; bu rеаksiya kislоrоd ishtirоkidа ingibirlаnаdi vа inеrt gаzlаr ishtirоkidа tеzrоq 
аmаlgа оshаdi. 

Ushbu rеаksiyaning qiziq tоmоni, ikki turli stеrеоkimyoviy sxеmаlаr bo‘yichа аmаlgа оshishi 
mumkinligidir; bu o‘z nаvbаtidа ikki xil rеаksiya mеxаnizmidа bоrishini isbоtlаydi.

Bir bоsqichli birikish rеаksiyasidа singlеt tа’sirlаshuvi P. Skеll (Pеnsil`vаniya shtаti univеrsitеti) 
tоmоnidаn tаklif etilgаn: 

Triplеt mеtilеnning (dirаdikаl) tа’siri “birikish - qo‘shilish”  
sxеmаsidа аmаlgа оshаdi:

Siklоbirikish rеаksiyalаri аlmаshingаn аlkеnlаr uchun xоs 
hisоblаnib, fаqаtginа UB-nur tа’siridа аmаlgа оshirilаdi. Аlkеn 
mоlеkulаsi rеаksiyagа qo‘zg‘algаn hоlаtdа kirishаdi. Siklоbiri-
kishning yanа bir usuli, diyеn sintеzi xоnа hаrоrаtidа yoki pаst 
hаrоrаtlаrdа аmаlgа оshirilаdi.

Rеаksiyalаri. Siklоаlkаnlаrning bа’zi muhim vа o‘zigа xоs rеаksiyalаri e’tibоrgа оlinmаsа, 
kimyoviy o‘zgаrishlаri аsiklik аnаlоglаri kаbi аmаlgа оshаdi. 

Siklоаlkаnlаr uchun erkin rаdikаl o‘rin оlish rеаksiyalаri xоs, m-n:

C = C + –CH2– C – C
СН2

uglerod - uglerod
bo‘yicha СН2 birikish

СН2: + C = C C C 
C

H H

C C 
C

H H

CH3
CH

CH3 – C
CH

CH
CH3

CH3

CH
CH3

CH
+ UB-nur

CH3

CH3

CH3

CH3

H3C

3-metilgeksadien-2,4

buten-2 1,3,4,5,6-pentametilsiklogeksan

.СН2 +. C = C – C – C –.
Н2С.

C C 
C

H H

In this case zinc happens 
to do a good job. Although 
this particular method works 
well only for the preparation 
of cyclopropane, it illustrates 
an important principle: the 
carrying out of what is nor-
mally an intermolecular (be-
tween-molecules) reaction 
under such circumstances 
that it becomes an intramo-
lecular (within-a molecule) 
reaction. As we can see, it in-
volves tying together the ends 
of a difunctional molecule.

With certain very import-
ant and interesting excep-
tions, alicyclic hydrocarbons 
undergo the same reactions 
as their open-chain analogs. 
Cycloalkanes undergo chiefly 
free-radical substitution 
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Siklоаlkеnlаr uchun аsоsаn birikish rеаksiyalаri xоs; birikish rеаksiyalаri elеktrоfil yoki er-
kin rаdikаl mеxаnizmlаrdа аmаlgа оshishi mumkin; аlkеnlаr kаbi ulаr pаrchаlаnish vа аllil hоlаti 
bo‘yichа o‘rin оlish rеаksiyalаrigа kirishi mumkin.

Siklоаlkаnlаrning dаstlаbki ikki vаkili siklоprоpаn vа siklоbutаn bоshqа yuqоri vаkillаridаn 
kеskin fаrq qiluvchi xususiyatlаrgа egа.

Siklоprоpаn vа siklоbutаnlаrgа erkin rаdikаl o‘rin оlish rеаksiyalаridаn fаrq qiluvchi birikish 
rеаksiyalаri xоs; bundа hаlqа оchilаdi vа аsiklik birikmаlаr hоsil bo‘lаdi.

Siklоprоpаn vоdоrоd bilаn kаtаlizаtоr ishtirоkidа prоpаn, brоm bilаn 1,3-dibrоmprоpаn, 
vоdоrоd yоdid bilаn esа n-prоpilyоdid hоsil qilib tа’sirlаshаdi:

CH2

H2С

H2С

CH2

CH2

+ Br2
300 °S

CH2

H2С

H2С

CHBr

CH2

+ HBr

siklopentan bromsiklopentan

H2С

H2С
СH2 + Cl2

hν
H2С

H2С
СH – Cl +  HCl

siklopropan xlorsiklopropan

Cycloalkenes undergo 
chiefly addition reactions, 
both electrophilic and free 
radical; like other alkenes, 
they can also undergo cleav-
age and allylic substitution.

The two the smallest cy-
cloalkanes, cyclopropane and 
cyclobutane, show certain 
chemical properties that are 
entirely different from those 
of the other members of their 
family. Some of these excep-
tional properties fit into a 
pattern and, as we shall see, 
can be understood in a gener-
al way.

The chemistry of bicyclic 
compounds is even more re-
markable, and is right now 
one of the most intensive-
ly studied areas of organic 
chemistry

СН3

+ HJ

СН3J

1-metilsiklopenten 1-yod-2-metilsiklopentan

+ Br2 Br –

Br –

siklogeksen 1.2-diromsiklogeksan

Н3С

СН3

+ O3 + H2O/ Zn
O = C – CH – CH2 – CH – C = O

СН3 СН3H H

3,5-dimetilsiklopenten
2,4-dimetilpentandial

H2/ Ni, 80 °S

Br2/ CCl4

kons. HJ

СН3 – СН2 – СН3

СН2 – СН2 – СН2

Br Br

СН3 – СН2 – СН2

J

propan

1,2-dibrompropan

1-yodpropan

H2С

H2С
СH2

siklopropan
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Bu rеаksiyalаr bаrchаsidа hаlqа hоsil bo‘lishidа ishtirоk etuvchi uglеrоd - uglеrоd bоg‘ uzilаdi 
vа rеаgеntlаrning ikkаlа аtоmi prоpаn zаnjirining chеkkаdаgi uglеrоdlаri bilаn birikаdi.

Shuni аytib o‘tish kеrаkki, siklоprоpаngа bundаy birikish 
rеаksiyalаri prоpilеngа nisbаtаn qiyin bоrаdi. Prоpilеndаn fаrq 
qilib, siklоprоpаn kаliy pеrmаngаnаtning suvli eritmаsi bilаn 
tа’sirlаshmаydi.

Siklоbutаn vоdоrоd bilаn kаtаlizаtоr ishtirоkidа butаn hо-
sil qilib tа’sirlаshаdi, аmmо buning uchun siklоprоpаnni gid-
rirlаshdаn (80 °C) fаrq qilib, yuqоri hаrоrаt (200 °C) tаlаb etilа-
di. Siklоbutаn, hаlqа оchilishi bilаn bоruvchi yuqоridаgi rеаksi-
yalаrgа kirishmаydi. Shundаy qilib siklоbutаn birikish rеаksi-
yalаrigа siklоprоpаngа nisbаtаn qiyin, siklоprоpаn o‘z nаvbаtidа 
prоpilеngа nisbаtаn qiyin kirishаdi.

Bаyеrning kuchlаnishlаr nаzаriyasi. 1885 yildа Myunxеn 
univеrsitеti prоfеssоri Аdоl`f Bаyеr hаlqаli (siklik) birikmаlаr 
kimyosining bа’zi o‘zigа xоs xususiyatlаrini tushuntirib bеruvchi 
nаzаriyasini tаklif qildi.

Siklоprоpаn vа siklоbutаnlаrning bа’zi rеаksiyalаri hаlqаni 
оchilishi bilаn bоrishini izоhlоvchi ushbu nаzаriyadаn hоzirgi 
kundа hаm fоydаlаnilаdi. 

Bаyеr o‘z qаrаshlаrini quyidаgichа tushuntirаdi: umumiy 
hоldа, uglеrоd аtоmi to‘rttа bоshqа аtоmlаr bilаn bоg‘lаngаndа 
hаr bir bоg‘lаr оrаsidа tеtrаedrik burchаklаr 109,5° (1,911 rаd) 
hоsil bo‘lаdi. Lеkin siklоprоpаn hаlqаsi 60° (1,047 rаd) burchаk-
kа egа bo‘lgаn uchburchаk, siklоbutаn hаlqаsi esа 90° (1,571 rаd) 
burchаkkа egа bo‘lgаn to‘rtburchаk hisоblаnаdi. Shuning uchun 
siklоprоpаn yoki siklоbutаn uglеrоd аtоmlаridаgi ikki bоg‘ 
tеtrаedrik burchаk hоsil qilа оlmаydi vа ulаr оrаsidаgi burchаk 
60° (1,047 rаd) yoki 90° (1,571 rаd) gаchа siqilgаn bo‘lishi kеrаk.

Bоg‘ burchаklаrining bundаy chеkinishlаri, ulаr mоlеkulа-
lаrining kuchlаnish оstidа bo‘lishini vа tеtrаedrik bоg‘ 
burchаklаrigа egа bo‘lgаn mоlеkulаlаrdаn bеqаrоr ekаnligini ko‘rsаtаdi. Siklоprоpаn vа siklоbutаn-
lаrning hаlqаni оchilishi bilаn rеаksiyalаrgа kirishining sаbаbi bu kuchlаnish “yo‘qоlishi” vа 

H2С

H2С
СH2

Y

Z

Y – CH2
СH2

Z – CH2

H2С

H2С

CH2

CH2
siklobutan

Ni, H2, 200 °C CH2CH2CH2CH2

H H
n-butan

Besides the free-radical 
substitution reactions that 
are characteristic of cycloal-
kanes and of alkanes in gen-
eral, cyclopropane and cy-
clobutane undergo certain 
addition reactions. These ad-
dition reactions destroy the 
cycldpropane and cyclobutan 
ring systems, and yield open-
chain products. 

In general, cyclopropane 
undergoes addition less read-
ily than propylene: chlorina-
tion, for example, requires a 
Lewis acid catalyst to polar-
ize the chlorine molecule. Yet 
the reaction with sulfuric acid 
and other aqueous protic ac-
ids takes place considerably 
faster for cyclopropane than 
for propylene.
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bаrqаrоr аsiklik birikmаlаning hоsil bo‘lishi dеb hisоblаnа-
di. Siklоprоpаndаgi burchаk chеkinishlаri (109,5 – 60 = 49,5°), 
siklоbutаndаgidаn  (109,5 – 90 = 19,5°) kаttаrоq bo‘lgаni 
uchun, siklоprоpаn mоlеkulаsini bаrqаrоr sаqlаsh uchun kаttа 
kuchlаnish tаlаb etilаdi vа mоlеkulа bаrqаrоr, hаlqаning оchil-
ishigа mоyilligi yuqоri.

To‘g‘ri bеshburchаkdаgi burchаklаr 105° (1,832 rаd) 
tеtrаedrik burchаklаrgа 109,5° (1,911 rаd) judа yaqin vа shu-
ning uchun siklоpеntаn burchаk kuchlаnishdаn mutlаqо er-
kin bo‘lishi kеrаk. To‘g‘ri оltiburchаkdаgi 120° (2,094 rаd) 
burchаk tеtrаedrik burchаkdаn bir munchа kаttа. Buni Bаyеr 
siklоgеksаndа hаm kuchlаnish mаvjud bo‘lаdi dеb xаtо izоhlаy-
di, shundаn so‘ng siklоgеptаn, siklооktаn mоlеkulаlаridа hаm 
kuchlаnish mаvjudligi hаqidа xаtо fikrlаr yuritilаdi.

Shundаy qilib, Bаyеr kichik hаlqаlаr vа оlti yoki undаn yuqоri 
hаlqаlаr bеqаrоr hаlqаlаr ekаnligini ilgаri suruvchi nаzаryani 
tаklif etdi. Аynаn shundаy kuchlаnish tufаyli uch vа to‘rt а’zо-
li hаlqаlаr bеqаrоr hisоblаnib, hаlqаning оchilishi bilаn rеаk-
siyalаrgа kirishаdi; Bаyеrning kuchlаnishlаr nаzаriyasini аniq 
fаktlаr bilаn tаqqоslаb ko‘rаylik.

Siklоаlkаnlаrning yonish issiqligi vа nisbiy bаrqаrоrligi. Bizgа 
mа’lumki - yonish issiqligi bu 1 mоl birikmаni uglеrоd diоksid vа 
suvgаchа pаrchаlаnishidаn аjrаluvchi issiqlik miqdоri hisоblаnа-
di. Gidrirlаsh issiqligi kаbi, yonish issiqligi hаm ko‘p hоlаtlаrdа 
оrgаnik birikmаlаrning bаrqаrоrligi hаqidа аniq mа’lumоtlаr 
bеrish mumkin. Yonish issiqligini Bаyеr tаklif etgаn hаlqаlаrning 
bаrqаrоrlik yoki bеqаrоrlik nаzаriyasi bilаn tаqqоslаb ko‘rаylik.

Аsiklik аlkаnlаr mоlеkulаsidа hаr bir mеtilеn (CH2) guruhi 
umumiy yonish issiqligigа o‘rtаchа 157,4 kkаl/mоl (659.103 joul/
mоl) enеrgiya qo‘shishi hisоblаngаn vа tаjribаlаrdа аniqlаnilgаn 
(6.2-jаdvаl).

6.2-jаdvаl
Siklоаlkаnlаrning yonish issiqligi

Hаlqа 
o‘lchаmi

Yonish issiqligi mеtilеn 
guruhigа nisbаtаn 

hisоblаngаndа, kkаl/mоl

Hаlqа 
o‘lchаmi

Yonish issiqligi mеtilеn 
guruhigа nisbаtаn 

hisоblаngаndа, kkаl/mоl
Аsiklik 

birikmаlаr 
uchun

157,4 10 158,6

3 166,6 11 158,4
4 164,0 12 157,6
5 158,7 13 157,8
6 157,4 14 157,4
7 158,3 15 157,5
8 158,6 16 157,2
9 158,8

We recall that the heat of 
combustion is the quantity of 
heat evolved when one mole 
of a compound is burned to 
carbon dioxide and water. 
Like heats of hydrogenation, 
heats of combustion can of-
ten furnish valuable informa-
tion about the relative stabili-
ties of organic compounds.

We notice that for cyclo-
propane the heat of combus-
tion per CH2 group is 9 kcal 
higher than the open-chain 
value of 157.4; for cyclobu-
tane it is 7 kcal higher than 
the open-chain value. What-
ever the compound in which 
it occurs, a CH2 group yields 
the same products on com-
bustion: carbon dioxide and 
water.

 

 

 



159

Jаdvаl mа’lumоtlаridаn ko‘rinаdiki, siklоprоpаn hоlаtidа yo-
nish issiqligi hаr bir mеtilеn guruhlаri yig‘indisigа hisоblаngаndа, 
аsiklik uglеvоdоrоdlаrnikidаn 9 kkаl (37,68.103 joul) gа yuqоri 
ekаnligini ko‘rish mumkin. Siklоbutаn uchun bu fаrq 7 kkаl 
(29,31.103 joul) ni tаshkil etаdi. CH2 - guruhi qаndаy birikmа 
tаrkibigа kirgаnidаn qа’tiy nаzаr yonishidаn bir xil mаhsulоtlаr 
- uglеrоd diоksid vа suv hоsil bo‘lаdi.

Аgаr siklоprоpаn vа siklоbutаn yonishidаn аsiklik birik-
mаlаrdаn ko‘prоq enеrgiya аjrаlsа, bu ulаrdаgi CH2 - guruhi 
enеrgiyasigа kаttа ekаnligidаn dаlоlаt bеrаdi. Bundаy hоlаt-
dа siklоprоpаn vа siklоbutаn uchun Bаyеrning kuchlаnishlаr 
nаzаriyasigа mоs rаvishdа аsiklik birikmаlаrdаn bеqаrоr ekаn-
ligini kuzаtish mumkin.

Ushbu nаzаriyagа muvоfiq siklоgеksаndаn yuqоri hаlqаlаr 
hаm bеqаrоr vа mоs rаvishdа yuqоri yonish issiqligigа egа bo‘li-
shi kеrаk edi; bundа ulаrning nisbiy bеqаrоrligi vа yonish is-
siqligi hаlqаning kаttаlаshishi bilаn bir nеchа bоr оrtishi kеrаk 
edi. Lеkin jаdvаl mа’lumоtlаridаn yuqоridаgi fikrgа qаrаmа-qаr-
shi o‘zgаrishni ko‘rish mumkin. Hеch bir C4 dаn yuqоri sikl 
uchun yonish issiqligi CH2 - guruhigа nisbаtаn hisоblаngаn yo-
nish issiqligidаn 157,4 kkаl (659.103 joul) kаttа fаrq qilmаsligini 
kuzаtish mumkin. Hаqiqаtdа bundаy kаttа fаrq, fаqаtginа Bаyеr 
tоmоnidаn eng bаrqаrоr dеb hisоblаngаn birikmа - siklоpеntаn 
uchun аniqlаnilgаn, bu fаrq CH2 - guruhi uchun 1,3 kkаl (5,44.103 joul) yoki mоlеkulа uchun 6,5 kkаl 
(27,21.103 joul) ni tаshkil etаdi. 7 tаdаn 11 tаgаchа uglеrоd аtоmlаri sаqlаgаn hаlqаlаr siklоpеntаn 
yonish issiqligidаn kаttа fаrq qilmаsligi, 12 tаdаn ko‘p uglеrоd аtоmlаri sаqlаgаn hаlqаlаr-
ning yonish issiqligi esа mоs аsiklik birikmаlаrning yonish issiqligi bilаn dеyarli bir xil ekаnligi 
hisоblаb tоpilgаn. Bаyеr nаzаriyasigа zid hоlаtdа bu hаlqаlаrning hеch biri аsiklik аnаlоglаri bilаn 
tаqqоslаngаndа bеqаrоr emаsligini, yuqоri sikllаrdа kuchlаnish mаvjud bo‘lmаsligini аniqlаsh 
mumkin.

Bаyеr nаzаriyasining xаtоsi nimаdа? Bu nаzаriyasining birginа xаtоsi, burchаk kаttаliklаrini 
hisоblаshdа hаlqаning tеkis dеb qаbul qilinishidа dеyish mumkin. M-n, to‘g‘ri оltiburchаk 120° 
(2,094 rаd), to‘g‘ri o‘nburchаk esа 144° (2,513 rаd) gа tеng. Lеkin siklоgеksаn hаlqаsi to‘g‘ri оlti-
burchаk, siklоdеkаn mоlеkulаsi esа - to‘g‘ri o‘nburchаk emаs. Bu hаlqаlаr tеkis emаs, bаlki tеkislik-
dаn uglеrоd аtоmlаridаgi hаr bir bоg‘ 109,5° (1,911 rаd) burchаk hоsil qilib chеkingаn.

Uch а’zоli hаlqа tеkis bo‘lishi kеrаk, chunki uch uglеrоd аtоmining yadrоlаri bir tеkislikdа 
jоylаshаdi. To‘rt а’zоli hаlqа tеkis bo‘lishi shаrt emаs, аyni hоlаtdа chеkinish burchаk kuchlаnishi-
ni оshirаdi. Bеsh а’zоli hаlqа tеkis bo‘lishi shаrt emаs, bu hоldа bоg‘lаrning tеkis jоylаshuvi bоg‘ 
burchаklаrining dеyarli tеtrаedrik kаttаlikkа egа bo‘lishini tа’minlаydi.

According to Baeyer, rings 
larger than cyclopentane 
and cyclohexane also should 
be unstable, and hence also 
should have high heats of 
combustion; further more 
relative instability and, with 
it, heat ofcombustion should 
increase steadily with ring 
size. However, we see from 
Table 6.2 that almost exactly 
the opposite is true.

What is wrong with Baey-
er’s theory that it does not 
apply to rings larger than 
four members? Simply this: 
the angles that Baeyer used 
for each ring were based on 
the assumption that the rings 
were ./to/. For example, the 
angles of a regular (flat) hexa-
gon are 120, the angles for a 
regular decagpn are 144.

But the cyclohexane ring 
is not a regular hexagon, and 
the cyclodecane ring is not a 
regular decagon. These rings 
are not Hat, but are puckered 
so that each bond angle of 
carbon can be 109.5.

– CH2 – +   3/2 O2 CO2 + H2O + issiqlik
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Bаrchа yuqоri sikllаr tеkis emаs. Tаjribаlаr vа tаhlillаr 
siklоbutаn vа siklоpеntаn mоlеkulаlаrining chеkinishlаri 
burchаk kuchlаnishlаrini оshishigа sаbаb bo‘lishigа qаrаmаs-
dаn tеkis emаsligini ko‘rsаtаdi.

Yuqоri sikllаr bаrqаrоr bo‘lishigа qаrаmаsdаn ulаrni sin-
tеz qilish judа qiyin. Hаlqа hоsil bo‘lishi uchun zаnjirning ikki 
uchi bir-biri bilаn yaqinlаshishi tаlаb etilаdi. Hаlqа - o‘lchаmlаri 
qаnchаlik kаttа bo‘lsа, bu zаnjir uchlаrining bir-biri bilаn yaqin-
lаshishi shunchаlik qiyin. Bundаy hоlаtdа, ikki turli zаnjirlаrning 
yaqinlаshish ehtimоlligi yuqоri vа bоshqа mаhsulоtning hоsil 
bo‘lishi kuzаtilаdi.

А - Hаlqаning yopilishi; B - Zаnjirning uzаyishi

Hоzirgi zаmоn kоvаlеnt bоg‘lаnish tаsаvvurlаridаn, Bаyеrning burchаk kuchlаnishlаri nimаni 
bildirаdi? Mа’lumki, bоg‘ hоsil bo‘lishi uchun аtоmlаr shundаy jоylаshishi kеrаkki, bir аtоm оrbitаli 
ikkinchi аtоm оrbitаli bilаn mаksimаl qоplаnishi kеrаk. Аyni аtоm jufti uchun оrbitаllаrning mаk-
simаl qоplаnishi bоg‘ning mustаhkаm bo‘lishigа оlib kеlаdi. Uglеrоd аtоmi to‘rttа bоshqа аtоmlаr 
bilаn bоg‘lаngаndа, uning bоg‘lоvchi оrbitаllаri (sp3-оrbitаl) tеtrаedrning burchаklаrigа yo‘nаlgаn; 
hаr bir juft оrbitаllаr оrаsidаgi burchаk 109,5° gа (1,911 rаd) tеng. Bоshqа uglеrоd аtоmi bilаn bоg‘ 
hоsil qilishi sp3-оrbitаlning bоshqа uglеrоd аtоmi sp3-оrbitаli bilаn qоplаnishi nаtijаsidа аmаlgа 
оshаdi. Bundаy qоplаnish eng effеktiv bo‘lib, аgаr ikki sp3-оrbitаllаr bir-biri tоmоngа yo‘nаlgаn 
bo‘lsа, bоg‘ mustаhkаm bo‘lаdi. Bu o‘z nаvbаtidа, аgаr uglеrоd аtоmi bоshqа ikki uglеrоd аtоmi 
bilаn bоg‘lаngаn bo‘lsа, C – C – C оrаsidаgi burchаk 109,5° (1,911 rаd) gа tеng bo‘lishi kеrаk.  

TEKIS BO‘LMAGAN HALQALAR

siklogeksan siklodekan

If large rings are stable, 
why are they difficult to syn-
thesize? Here we encoun-
ter Baeyer’s second false 
assumption. The fact that a 
compound is difficult to syn-
thesize does not necessarily 
mean that it is unstable. The 
closing of a ring requires 
that two ends of a chain be 
brought close enough to each 
other for a bond to form. The 
larger the ring one wishes to 
synthesize, the longer must 
be the chain from which it is 
made, and the less is the like-
lihood of the two ends of the 
chain approaching each oth-
er.

СН2Y

СН2Y

СН2

СН2

A

СН2Y

СН2Y

YСН2

YСН2

+ +

СН2Y

СН2Y

СН2 –

– СН2

СН2

СН2 –

СН2 –

СН2

B
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Birоq, siklоprоpаndа C – C – C оrаsidаgi burchаk 109,5° (1,911 
rаd)gа tеng bo‘lishi mumkin emаs vа 60° (1,047 rаd) ni tаshkil 
etаdi. Nаtijаdа uglеrоd аtоmlаri shundаy jоylаshаdiki, bundа 
sp3-оrbitаllаr bir-biri tоmоngа emаs, qаrаmа-qаrshi tоmоngа 
yo‘nаlаdi. Bundаy hоlаtdа qоplаnish minimаl vа bоg‘ оddiy 
uglеrоd - uglеrоd bоg‘dаn kuchsiz.

Burchаk kuchlаnishlаri: а) аsiklik yoki mаkrоsiklik birikmаlаr uchun mumkin bo‘lgаn mаksimаl 
qоplаnish; b) siklоprоpаn hаlqаsidаgi bo‘sh (kuchsiz) qоplаnish.

Siklik birikmаlаr bаrqаrоrligining pаsаyishi, burchаk kuchlаnishi bilаn bоg‘liqligi vа аtоm оr-
bitаllаrining bir-birini kаm qоplаshi bilаn izоhlаnаdi.

Siklоаlkаnlаrning kоnfоrmаsiyasi. Siklоgеksаn mоlеkulаsi uch kоnfоrmаsiоn shаkl ko‘rinishidа 
“KRЕSLО”, “VАNNА” vа “TVIST” shаkllаridа mаvjud bo‘lаdi. 

C 109,5 °

С

С

С

а) б)

60 °

“KRЕSLО”
kоnfоrmаsiyasi

“VАNNА”
kоnfоrmаsiyasi

MAXSIMAL ENERGIYA

“TVIST”
kоnfоrmаsiyasi

Burchak kuchlanishlaridan ozod siklogeksan kоnfоrmаsiyalari 

the methods that are used 
successfully to make large 
rings take this fact into con-
sideration. Reactions are 
carried out in highly dilute 
solutions where collisions 
between two different chains 
are unlikely; under these con-
ditions the ring-closing re-
action, although slow, is the 
principal one.
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Dаstlаb “krеslо” shаklini ko‘rib chiqsаk. Аgаr uglеrоd - 
uglеrоd bоg‘ ko‘ndаlаng kеsimi bo‘yichа qаrаlsа, hаr bir hоlаtdа 
kоnfоrmаsiyaning idеаl tоrmоzlаngаn hоlаtini ko‘rish mumkin. 

Bundаy kоnfоrmаsiya nаfаqаt burchаk, bаlki tоrsiоn (chеkkа) 
kuchlаnishdаn hаm оzоd. Mоlеkulа minimаl enеrgiya zаhirаsigа 
egа vа shuning uchun kоnfоrmаsiоn izоmеr hisоblаnаdi. 
“Krеslо” shаkli - siklоgеksаn vа uning dеyarli bаrchа hоsilаlаri 
uchun bаrqаrоr kоnfоrmаsiya hisоblаnаdi. 

Аgаr mоlеkulаning o‘ng chеkkаsini yuqоrigа ko‘tаrilsа, 
“vаnnа” kоnfоrmаsiyasigа egа bo‘lаmiz. Аtоmlаrning bundаy 
jоylаshuvi nоqulаy jоylаshuv hisоblаnаdi. Аgаr hоhlаgаn 
uglеrоd - uglеrоd bоg‘ning ko‘ndаlаng kеsimi bo‘yichа kuzаtilsа, 
hаr bir hоlаtdа chеkingаn bоg‘lаrni ko‘rish mumkin. Shuning 
uchun mаksimаl tоrsiоn kuchlаnish yuzаgа kеlishini tаxmin 
qilish mumkin. Bu kuchlаnish kаttаligi ikki etаn mоlеkulаsidаgi 
kuchlаnishgа tеng ekаnligi аniqlаnilgаn. Bundаy tаshqi vоdоrоd 
аtоmlаri tа’siridа Vаndеrvаls kuchlаnishlаri hаm yuzаgа kеlаdi. 
(Vаndеrvаls kuchlаnish vоdоrоdlаrning bir-birigа yaqinlаshuvi 
tufаyli vujudgа kеlаdi).

Vаnnа kоnfоrmаsiyasi krеslо kоnfоrmаsiyasidаn bеqаrоr 
bo‘lib, bu bеqаrоrlik 6,9 kkаl/mоlgа (28,89.103 joul) tеng ekаn-
ligi hisоblаngаn. Bu kоnfоrmаsiya o‘tish hоlаti kоnfоrmаsiyasi 
hisоblаnаdi. 

Siklоgеksаn uchun yanа bir kоnfоrmеr mаvjud bo‘lib, bu” 
tvist” - shаkl hisоblаnаdi. Bu kоnfоrmаsiya enеrgiyasi bаrqаrоr 
“krеslо” shаklidаn 5,6 kkаl (23,5.103 joul) enеrgiyagа kаttа, 
siklоgеksаn mоlеkulаsi xоnа hаrоrаtidа 10000 : 1 nisbаtlаrdа 
“krеslо” vа “tvist” - shаkllаridа mаvjud bo‘lаdi. 

The conformation is thus 
not only free of angle strain 
but free of torsional strain as 
well. It lies at an energy min-
imum, and is therefore a con-
formational isomer.

The chair form is the most 
stable conformation of cyclo-
hexane, and, indeed, of nearly 
every derivative of ryclohex-
ane.

This is not a very happy 
arrangement. Sighting along 
either of two carbon-carbon 
bonds, we see sets of exactly 
eclipsed bonds, and hence we 
expect considerable torsional 
strain: as much as in two eth-
ane molecules.

In addition, there is van der 
Waals strain due to crowding 
between the “flagpole” hy-
drogens, which lie only 1.83 
A apart, considerably closer 
than the sum of their van der 
Waals radii (2.5 A).

siklogeksan uchun
“VANNA” konformasiyasi

etan uchun “chekingan”
konfigurasiya

siklogeksan uchun
“KRЕSLО” kоnfоrmаsiya

etan uchun “tormozlangan”
konfigurasiya
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7 – 12 uglеrоd аtоmlаridаn ibоrаt hаlqаlаrdа hаm tоrsiоn 
kuchlаnish mаvjud bo‘lib, shuning uchun ulаr siklоgеksаn 
mоlеkulаsidаn bаrqаrоr. Bundаn tаshqаri yuqоri hаlqаlаrdаn 
vоdоrоd аtоmlаrining bir-birigа yaqinlаshuvi kuzаtilаdi.

Siklik birikmаlаrdаgi stеriоizоmеriya. Аlkеnlаrgа оksi-
dlоvchilаr tа’siri kuzаtilgаnidа glikоllаr hоsil bo‘lishi bizgа 
mа’lum. Оksidlоvchilаr sifаtidа kаliy pеrmаngаnаtning sоvuq 
ishqоrdаgi eritmаsi vа chumоli kislоtа pеrоksidlаrdаn (HCО2ОH) 
fоydаlаnilаdi. 

Siklоаlkеnlаr hаm аlkеnlаr kаbi gidrоksillаnish rеаksiyalаrigа 
kirishi mumkin. Siklоpеntеn kаliy pеrmаngаnаt bilаn tа’sirlаshib 
suyuqlаnish hаrоrаti 30 °C, qаynаsh hаrоrаti 118 °C (22 mm.sim.
ust.) bo‘lgаn C5H10О2 tаrkibli birikmа hоsil qilаdi. Chumоli kislоtа 
pеrоksidi tа’siridа esа siklоpеntеndаn 55 °C dа suyuqlаnаdigаn, 
136 °C dа (22 mm.sim.ust.) qаynаydigаn C5H10О2 tаrkibli birikmа 
hоsil qilаdi. Bu birikmаlаr xоssаlаrini o‘rgаnish ulаr glikоllаr 
ekаnligini ko‘rsаtаdi vа siklоpеntаndiоl-1,2 tuzilishigа mоs kеlа-
di. Lеkin ulаrning fizik xоssаlаridаgi fаrqlаr (kimyoviy xususi-
yatlаridаgi) bа’zi fаrqlаr glikоllаr bir xil mоddаlаr emаs, bаlki 
izоmеrlаr ekаnligini ko‘rsаtаdi. Bu glikоllаr tuzilishi bilаn fаrq 
qilаdi. 

I vа II tuzilishlаr ustmа-ust tushirilgаndа bir-biri bilаn mоs kеlmаsligini ko‘rаmiz, ulаr fаqаt-
ginа аtоmlаrining fаzоviy jоylаshuvi bilаn fаrq qilаdi vа stеreоizоmеrlаr hisоblаnаdi. Bоg‘ аtrоfidа 
birikish оrqаli I vа II izоmеrlаrni bir-birigа o‘tkаzish mumkin emаs, shuning uchun kоnfоrmаtsiоn 
izоmеrlаr hisоblаnmаydi. Ulаr kоnfigurаtsiоn izоmеrlаr hisоblаnib, fаqаtginа bоg‘ uzilishi оrqа-
li bir-birigа o‘tishi mumkin. Ulаr ko‘zgudаgi izоmеrlаr hisоblаnmаydi vа diаstеreоizоmеrlаrdir. 

Let us look more closely at 
the matter of puckered rings, 
starting with cyclohexane,

the most important of the 
cycloalkanes. Let us make a 
model of the mcijp. cule, and 
examine the conformations 
that are free of angle strain.

Now, what are these two 
conformers that lie energeti-
cally speaking on either side 
of the boat conformation? To 
see what they are, let us hold 
a model of the boat confor-
mation with the flagpole hy-
drogens (and H2) pointing 
up, and look down through 
the ring.

If chair cyclohexane is, 
conformationally speaking, 
the perfect specimen of a cy-
cloalkane, planar cyclo-pcn-
tane must certainly be the 
poorest: there is exact bond 
eclipsing between every pair 
of carbons. To (partially) re-
lieve this torsional strain, cy-
clopen-tane takes on a slight-
ly puckered conformation, 
even at the cost of a little an-
gle strain.

C = C 
KMnO4 yoki

HCO2OH
C – C 

OHHOalken
glikol

KMnO4

HCO2OH

OH

OH

OH

OH

SIKLOPENTANDIOL-1,2
tsuyuq=30 °C

H H

OHHO
I

SIS-siklopentandiol-1,2

H

H

HО

OН
II

SIKLOPENTANDIOL-1,2
tsuyuq=55 °C

TRANS-siklopentandiol-1,2
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Shuning uchun turli fizik xususiyatlаrgа egа. I kоnfigurаtsiya 
sis-kоnfigurаtsiya, II-kоnfigurаtsiya esа trаns-kоnfigurаtsiya 
hisоblаnаdi.

Bundаy stеrеоizоmеrlаr nаfаqаt glikоllаrdа vа nаfаqаt 
siklоpеntаndа, bаlki turli funksiоnаl guruhlаr sаqlаgаn bоshqа 
sikllаrdа hаm kuzаtilаdi. 

Endi stеreоizоmеr siklоpеntаndiоl-1,2 lаrning hоsil bo‘lishigа 
qаytsаk. Siklоpеntеnni kаliy pеrmаngаnаt tа’siridа gidrоksillаsh 
nаtijаsidа fаqаtginа bir stеreоizоmеr - sis-glikоl, chumоli kislоtа 
pеrоksidi tа’siridа esа fаqаtginа trаns-glikоl hоsil bo‘lаdi. Shu-
ningdеk 1,2-dibrоmsiklоpеntаnning stеrеоizоmеrlаrini оlish 
mumkinligi hаm аniqlаnilgаn, brоmning birikishidаn trаns-dib-
rоmid hоsil bo‘lishligi isbоtlаngаn.

Bundаy hоsil bo‘lishi mumkin bo‘lgаn stеrеоizоmеrlаrdаn 
fаqаtginа bittаsi hоsil bo‘lishi bilаn аmаlgа оshuvchi rеаksiyalаr 
stеrеоsеlеktiv rеаksiyalаr dеyilаdi.

Siklik аlifаtik uglеvоdоrоdlаrni tаhlil qilish. Siklоprоpаn 
brоmning tetraxlоrli uglеrоddаgi eritmаsini judа tеz rаngsizlаn-
tirаdi vа bu bilаn аlkеn yoki аlkinlаrni eslаtаdi. Аmmо bundаy 
to‘yinmаgаn uglеvоdоrоdlаrdаn fаrq qilib, siklоprоpаn kаliy 
pеrmаngаnаtning sоvuq ishqоrdаgi eritmаsi tа’siridа оksidlаn-
mаydi. Bоshqа siklik аlifаtik uglеvоdоrоdlаr hаm, mоs аsiklik 
аnаlоglаrining xususiyatlаrini nаmоyon qilаdi, siklоаlkаnlаr-
ni inеrtligi, siklоаlkеn vа siklоаlkinlаrni to‘yinmаgаnligi оrqаli 
fаrqlаsh mumkin. Birikmа to‘yinmаgаn uglеvоdоrоdlаrgа xоs 
tа’sirlаshuvi isbоtlаngаndаn so‘ng, uning siklik uglеvоdоrоd 
ekаnligi mоlеkulyar fоrmulа оrqаli vа mаhsulоt dеkstruksiyasi-
ning xususiyatlаri оrqаli bеlgilаnаdi. M-n, siklоgеksаn xususiyat-
lаri bo‘yichа аlkаn ekаnligidаn dаlоlаt bеrаdi, lеkin elеmеntlаr 
tаhlili vа mоlеkulyar mаssаni аniqlаsh uning umumiy fоrmulаsi 

НH

siklopenten

H2O2, HCOOH H

H

HО

OН

+ H

H

OH

OН

H

OH

H

OН

KMnO4

Br2
H

H

Br

Br

+ H

H

Br

Br

SIS-siklopentandiol-1,2

TRANS-siklopentandiol-1,2

TRANS-siklopentandiol-1,2

 

 

 

 

 

 

 

 

Analysis of alicyclic hydro-
carbons

A cyclopropane readily 
dissolves in concentrated 
sulfuric acid, and in this re-
sembles an alkene or alkyne. 
It can be differentiated from 
these unsaturated hydrocar-
bons, however, by the fact 
that it is not oxidized by cold, 
dilute, neutral permanganate. 
Other alicyclic hydrocarbons 
have the same kind of proper-
ties as their openchain coun-
terparts, and they are char-
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C6H12 ekаnligini ko‘rsаtаdi. Bundаy tаrkib vа xususiyatgа fаqаt-
ginа siklik birikmа egа bo‘lishi mumkin.

Siklоаlkеn vа siklоаlkinlаrning pаrchаlаnish mаhsulоt-lаrin-
ing xususiyatlаri hаm siklik tuzilish mаvjudligini ko‘rsаtаdi. 
M-n, siklоgеksеn оzоnоlizgа uchrаtilgаndа ikki аldеgid guruhi 
sаqlаgаn оltitа uglеrоd аtоmigа egа bo‘lgаn bittа birikmа hоsil 
bo‘lishigа оlib kеlаdi.

TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1-tоpshiriq. Quyidаgi birikmаlаrning tuzilish fоrmulаlаrini 
yozing: а) mеtilsiklоpеntаn; b) 1-mеtilsiklоgеksеn; v) 3-mеtil-
siklоpеntеn;  g) trаns-1,3-dixlоrsiklоbutаn; d) sis-2-brоm-1-mеtil-
pеntаn; е) siklоgеksil-gеksаn; j) siklоpеntilаsеtilеn; z) 1,1-dimеtil-
4-xlоrsiklоgеptаn.

2-tоpshiriq. Siklоgеksаnоldаn fоydаlаnib: а) siklоgеksеn; b) 
3-brоmsiklоgеksеn; v) siklоgеksаdiеn-1,3 оlish usullаrini tаklif 
qiling.

3-tоpshiriq. Brоmsiklоbutаnni аsiklik birikmаlаrdаn оlish 
mumkin.  Brоmsiklоbutаndаn siklоbutаnni qаndаy оlinаdi?

4-tоpshiriq. Dаstlаbki оrgаnik xоm аshyo sifаtidа 
siklоgеksаnоldаn vа mоs nооrgаnik rеаgеntlаrdаn fоydаlаnib, 
quyidаgi birikmаlаrni lаbоrаtоriyadа оlish usullаrini yozing. 

а) siklоgеksеn   b) siklоgеksаn
v) trаns-1,2-dibrоmsiklоgеksаn g)sis-siklоgеksаndiоl-1,2
d) trаns-siklоgеksаndiоl-1,2 е) ОHC(CH2)4CHО
j) brоmsiklоgеksаn  z) 2-xlоrsiklоgеksаnоl
i) 3-brоmsiklоgеksеn   k) siklоgеksаdiеn-1,3
m) siklоgеksilsiklоgеksаn
5-tоpshiriq. Quyidаgi rеаksiyalаr nаtijаsidа hоsil bo‘luvchi аsоsiy mаhsulоtlаrning tuzilish fоr-

mulаlаrini yozing vа nоmlаng.
а) siklоprоpаn + Br2/CCl4         b) siklоprоpаn + Br2(300 °C)
v) siklоpеntаn + Br2/CCl4       g) siklоpеntаn + Br2(300 °C)
d) siklоpеntеn + Br2/CCl4      е) siklоpеntеn + Br2(300 °C)
j) 1-mеtilsiklоgеksеn + HCl       z) 1-mеtilsiklоgеksеn + Br2 (suvli eritmа)
i) 1-mеtilsiklоgеksеn + HBr/H2O2       k) siklоgеksаdiеn-1,3 + HCl

О3

KMnO4

OHC

OHC

HOOC

HOOC

H2O/Zn

DIAL`DEGID

DIKISLOTA

acterized in the same way: 
cycloalkanes by their general 
inertness, and cycloalkenes 
and cycloalkynes by their 
response totests for unsat-
uration (bromine in carbon 
tetrachloride, and aqueous 
permanganate).

That one is dealing with 
cyclic hydrocarbons is shown 
by molecular formulas and by 
degradation products.

The properties of cyclo-
hexane, for example, show 
clearly that it is an alkane. 
However, combustion analy-
sis and molecular weight de-
termination show its molecu-
lar formula to be C6H12. Only 
a cyclic structure (although 
not necessarily a six-mem-
bered ring) is consistent with 
both sets of data.

Draw structural formulas 
of:

(a) methylcyclopentane 
(b) 1-methylcyclohexene 
(c) 3-methylcyclopentene 
(d) sis-l,3-dichlorocyc-

lo-butane 
(e) trans-2-bro-

mo-l-met-hylcyclopentane 
(f) cyclohexylcyclohexane
(g) cyclopentylacetylene
(h) 1.1-dimethyl-4-chloro-

cycloheptane
(i) bicyclo[2.2.1]hep-

ta-2,5-diene
(j) l-chlorobicyclo[2.2.2] 

octane
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l) siklоpеntаnоl + H2SO4   m) brоmsiklоgеksаn 
+ KOH

n) siklоpеntеn + KMnO4 (sоvuqdа) о) siklоpеntеn + HCO2OH 
p) siklоpеntеn + KMnO4 (issiqdа) r) xlоrsiklоpеntаn  + Na
s) 1-mеtilsiklоpеntеn + kоns. H2SO4(sоvuqdа)
t) 3-mеtilsiklоpеntеn +O3, Zn/H2O u) siklоgеksеn + H2SO4 → 

C12H20
f) siklоpеntеn + CHCl3 + uchlаmchi-С4H9OK
6-tоpshiriq. Quyidаgi birikmаlаrning mоlеkulyar fоr-

mulаlаrini tаqqоslаng: а) n-gеksаn vа siklоgеksаn; b) n-pеntаn 
vа siklоpеntаn; v) gеksеn-1 vа siklоgеksеn; g) dоdеkаn, n-gеksil-
siklоgеksаn vа siklоgеksilsiklоgеksаn; d) umumiy hоllаrdа 
qаndаy usullаr bilаn mоlеkulyar fоrmulаlаrdаgi hаlqаlаr sоnini 
vа to‘yinmаgаnlik dаrаjаsini аniqlаsh mumkin.

7-tоpshiriq. Quyidаgi  birikmаlаrning mоlеkulyar fоrmulаsi-
ni аniqlаng: а) siklоgеksаn; b) mеtilsiklоpеntаn; v) 1,2-dimеtil-
siklоbutаn; g) mоlеkulyar fоrmulа оrqаli hаlqаning kаttа yoki 
kichikligini аniqlаsh mumkinmi?

8-tоpshiriq. Quyidаgi birikmаlаr оzоnоlizidаn qаndаy birik-
mаlаr hоsil bo‘lаdi: а) siklоgеksеn; b) 1-mеtilsiklоpеntеn; v) 
3-mеtilsiklоgеksеn; g) siklоgеksаdiеn-1,3; d) siklоgеksаdiеn-1,4.

9-tоpshiriq. Siklоgеksеn kаbi оktаdiеn-1,7 hаm bir xil ОH-
C(CH2)4CHО tаrkibli diаl`dеgid hоsil qilаdi. Qаndаy qo‘shimchа 
оmillаr bu ikki birikmаni fаrqlаshdа qo‘llаnilishi mumkin.

Give structures and names 
of the principal organic prod-
ucts expected from each of 
the following reactions:
(a) cyclopropane + Cl2, FeCl3 
(b) cyclopropane + Cl2 (300o)
(c) cyclopropane + conc. 
H2SO4 
(d) cyclopentane + Cl2, FeCl3 
(e) cyclopentane + Cl2 (300o)
(f) cyclopentane + conc. 
H2SO4
(g) cyclopentene + Br2/CCl4 
(h) cyclopentene + Br2 (300o) 
(i) 1-methylcyclohexene + 
HCl 
(j) chlorocyclopentane + 
(C2H5)2CuLi
Outline all steps in the labora-
tory synthesis of each of the 
following from cyclohexanol.
(a) cyclohexene  
(b) cyclohexane 
(c) trans-l,2-dibromo-cyclo-
hexane 
(d) cis-l,2-cyclohexanediol 
(e) trans-l,2-cyclohexanediol 
(f) OHC(CH2)4CHO 
(g)adipic acid, 
HOOC(CH2)4COOH
(h) bromocyclohexane
(i) 2-chlorocyclohexanol
(j) 3-bromocyclohexene
(k) 1,3-cyclohexadiene
(1) cyclohexylcyclohexane
(m) norcarane, bicyclo[4.1.0]
heptane
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BENZOL. ARENLAR. AROMATIK UGLEVODORODLAR

Kimyogаrlаr bаrchа оrgаnik birikmаlаrni ikki kаttа sinflаrgа 
- аlifаtik vа аrоmаtik birikmаlаrgа bo‘lib o‘rgаnishni mа’qul 
ko‘rаdilаr. Hоzirgi vаqtаdа bu nоmlаr o‘zining dаstlаbki hаqiqiy 
mа’nоsini  (аlifаtik - yog‘ qаtоri, аrоmаtik - xushbo‘y hidli) but-
kul yo‘qоtgаn.

Аlifаtik birikmаlаrgа аsiklik vа ulаrgа o‘xshаsh siklik birik-
mаlаr kiritilgаn; biz аvvаl ko‘rib o‘tgаn - аlkаnlаr, аlkеnlаr, аlkin-
lаr vа ulаrning siklik аnаlоglаri аlifаtik birikmаlаr sinfigа mаn-
sub hisоblаnаdi.

Аrоmаtik uglеvоdоrоdlаrgа bеnzоl vа kimyoviy jihаtdаn ungа 
o‘xshаsh birikmаlаr kirаdi. Bеnzоl o‘zigа xоs xususiyatlаrgа egа. 
Bа’zi tuzilishi bilаn bеnzоldаn kеskin fаrq qiluvchi birikmаlаr 
hаm аrоmаtik xususiyatlаrni nаmоyon qilаdi; bu birikmаlаr 
bеnzоlgа o‘xshаsh elеktrоn kоnfigurаtsiyalаrgа egа. 

Yuqоridа ko‘rsаtilgаnidеk, аlifаtik uglеvоdоrоdlаr аsоsаn 
birikish vа erkin rаdikаl o‘rin оlish rеаksiyalаrigа kirishаdi; birikish qo‘shbоg‘ hisоbigа, erkin 
rаdikаl o‘rin оlish esа - аlifаtik zаnjirning bоshqа hоlаtlаri hisоbigа аmаlgа оshаdi. Аrоmаtik 
uglеvоdоrоdlаr uchun esа iоnli аlmаshinish rеаksiyalаr xоs.

Bеnzоlning tuzilishi. Аrоmаtik birikmаlаr sinfini o‘rgаnishni bеnzоlni o‘rgаnishdаn bоshlаsh 
muhim. Tоshko‘mir аsоsidа оlingаn yorituvchi gаzlаrdаn hоsil bo‘luvchi kоndеnsirlаngаn qоldiqlаr-
ni o‘rgаnishdа M. Fаrаdеy (1825 y.) qаynаsh hаrоrаti 80 °C bo‘lgаn, uglеrоd vа vоdоrоdlаrning 
nisbаti 1:1 bo‘lgаn uglеvоdоrоd mаvjudligini аniqlаydi. 1834 yildа E. Mitchеrli bеnzоy kislоtа 
tuz lаrini (tаbiiy аrоmаtik smоlаlаrdаn аjrаtib оlinuvchi) ishqоrlаr ishtirоkidа qizdirish nаtijаsidа 
yuqоridа qаyd qilingаn xususiyatlаrni nаmоyon etuvchi mаhsulоt hоsil bo‘lishligini аniqlаydi vа 
uni bеnzin dеb аtаydi. Kеyinchаlik bu mаhsulоtni Libix bеnzоl dеb nоmlаshni tаklif qilаdi. Bеnzоl 
o‘zigа xоs hidgа egа bo‘lib, uning fizik vа kimyoviy xоssаlаri to‘liq vа bаtаfsil o‘rgаnilgаn. Shungа 
qаrаmаsdаn, 1931 yildаginа bеnzоl tuzilishi isbоtlаngаn vа bu tuzilish bаrchа kimyogаr - оrgаniklаr 
tоmоnidаn qаbul qilingаn.

Chemists have found it 
useful to divide all organic 
compounds into two broad 
classes: aliphatic compounds 
and aromatic compounds. 
The original meanings of the 
words “aliphatic” (fatty) and 
“aromatic” (fragrant) no lon-
ger have any significance.

Aliphatic compounds are 
open-chain compounds and 
those cyclic compounds that 
resemble the open-chain 
compounds. The families we 
have studied so far alkanes, al

7-BOB
 BENZOL. ARENLAR. 
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а) Bеnzоl С6H6 mоlеkulyar fоrmulаgа egа. Elеmеnt tаhlillаri 
vа mоlеkulyar mаssаsi, bеnzоl оltitа uglеrоd vа оltitа vоdоrоd 
аtоmlаridаn ibоrаt ekаnligini ko‘rsаtаdi. Xo‘sh, bu аtоmlаr 
qаndаy jоylаshаdi?

1858 yildа Аvgust Kеkulе (Bоnn univеrsitеti) uglеrоd аtоm-
lаri o‘zаrо bir-biri bilаn zаnjir hоsil qilib birikishi mumkinligi-
ni tаxmin qilаdi. Kеyinchаlik, 1865 yildа, bеnzоlning tuzilishi 
hаqidа - bu zаnjirlаr hаlqа hоsil qilib yopilishi mumkin, dеya 
dаstlаbki tаxminlаrini to‘ldirаdi.

Hоzirgi zаmоn tuzilish nuqtаi nаzаridаn Kеkulе tuzilishi I fоrmulа yordаmidа ifоdаlаnilаdi:

C6H6 mоlеkulyar fоrmulаgа II  IV fоrmulаlаr hаm mоs kеlаdi. Bu bаrchа tuzilish fоrmulаlаri 
оrаsidа Kеkulе tuzilishi bеnzоl uchun ko‘prоq mоs kеlаdi; buni аsоslаsh uchun bizgа mа’lum 
bo‘lgаn izоmеrlаr sоnini аniqlаsh qo‘l kеlаdi.

b) Bеnzоl fаqаtginа bittа mоnоаlmаshgаn izоmеr C6H5 Y hоsil qilаdi. Fаqаtginа bittа C6H5 Br- 
brоmbеnzоl, mоlеkulаdаgi bittа vоdоrоdni brоm bilаn аlmаshtirib hоsil qilinish mumkin; mоs 
rаvishdа fаqаt bittа, C6H5 Cl  xlоrbеnzоl yoki C6H5 NO2 –nitrоbеnzоl vа h.o. оlish mumkin. Bundаy 
оmil bеnzоl tuzilishigа аniq chеgаrаlаr qo‘yadi: mоlеkulаdаgi hаr bir vоdоrоd аtоmlаri ekvivаlеnt 
bo‘lishi kеrаk, chunki ulаrning qаysi biri аlmаshinishidаn qаt`iy nаzаr, bir xil mаhsulоt hоsil bo‘lа-
di. Bungа аsоslаnib V tuzilishni, ikkitа mоnоbrоmidlаr – 1-brоm- vа 2-brоm-hоsilаlаr hоsil qil-
gаni uchun tushirib qоldirаmiz; ya’ni V tuzilishdа bаrchа vоdоrоd аtоmlаri ekvivаlеnt emаs. Mоs 
rаvishdа II vа III tuzilishlаr hаm tushirib qоldirilishi mumkin. Tаklif etilаyotgаn tuzilishlаrdаn I vа 
IV fоrmulаlаr yuqоridаgi fikrlаrni isbоtlаshi mumkin. 

v) Bеnzоldаn uchtа ikki аlmаshgаn mаhsulоtlаr C6H4Y2 yoki C6H4YX оlish mumkin; fаqаtginа 
uchtа dibrоmbеnzоl C6H5 Br2, fаqаtginа uchtа xlоrnitrоbеnzоl С6H4 NO2Сl vа h.o. оlish mumkin. Bu 
оmil tuzilish tаnlаshdа qo‘shimchа chеgаrаlаr qo‘yadi. M-n, IV tuzilish tushirib qоldirilishi mumkin. 

Aromatic compounds are 
benzene and compounds that 
resemble benzene in chemi-
cal behavior. Aromatic prop-
erties are those properties 
of benzene that distinguish 
it from aliphatic hydrocar-
bons. Some compounds that 
possess aromatic properties 
have structures that seem to 
differ considerably from the 
structure of benzene: actu-
ally, however, there is a basic 
similarity in electronic con-
figuration 

H – C 
H – C 

C C – H 
C – H C

H

H

CH2
H – C 
H – C 

C C – H 
C – H C

H

H

I II III

CH3 – C ≡ C – C ≡ C – CH3 CH2 = CH – CH = CH – CH = CH2

IV V
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Dаstlаbki qаrаshlаr I tuzilish yuqоridаgi оmillаrgа to‘liq mоs 
kеlishini ko‘rish mumkin; bittа vа fаqаt bittа mоnоizоmеr, uchtа 
diаlmаshgаn izоmеrlаr - brоmlаshdаn 1,2-dibrоm-, 1,3-dibrоm- 
vа 1,4-dibrоmli izоmеrlаr hоsil bo‘lishini ko‘rish mumkin. 

I tuzilishni diqqаt bilаn kuzаtilsа, brоmning qo‘shbоg‘gа nis-
bаtаn jоylаshuvigа qаrаb ikkitа 1,2-dibrоmli izоmеrlаr (VI vа 
VII) mаvjudligini ko‘rishimiz mumkin.

Bundаy fаrqlаrni Kеkulе bеnzоl molеkulаsi dinаmik hоsil 
bo‘lаdi dеb tushuntirаdi. U bеnzоl tuzilishini ikki fоrmulаlаr 
оrаsidа bеnzоl mоlеkulаsi оssillаngаn VIII vа IX tuzilishlаr оrqа-
li tаsvirlаydi: 

Nаtijаdа ikkitа 1,2-dibrоmidlаr (VI vа VIII) bir-biri bilаn hаrаkаtdаgi muvоzаnаtdа bo‘lаdi vа 
shuning uchun аjrаtib bo‘lmаydi.

Kеyinchаlik tаutоmеriya tushunchаsigа tа’rif bеrilgаndаn so‘ng, Kеkulе tаsаvvurlаri tаutоmеr 
tuzilishlаrgа mоs kеlishi isbоtlаndi. 
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It is obvious from our 
definition of aromatic Com-
pounds that any study of their 
chemistry must begin with 
a study of benzene. Benzene 
has been known since 1825; 
its chemical and physical 
properties are perhaps better 
known than those of any oth-
er single organic compound. 
In spite of this, no satisfacto-
ry structure for benzene had 
been advanced until about 
1931, and it was ten to fifteen 
years before this structure 
was generally used by organ-
ic chemists.

At first glance, structure I 
seems to be consistent with 
this new fact; that is, we can 
expect three isomeric dibro-
mo derivatives, the 1,2- the 
1,3-, and the 1,4- dibromo 
compounds shown:

Closer examination of 
structure I shows, however, 
that two 1,2-dibromo iso-
mers (VI and VII), ‘differing 
in the positions of bromine 
relative to the double bonds, 
should be possible:
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Bеnzоl hаlqаsining bаrqаrоrligi. Bеnzоlning rеаksiyalаri. 
Shundаy qilib, Kеkulе tuzilishi yuqоridаgi (а) vа (b) оmillаrgа 
mоs kеlаdi. Lеkin yanа qаtоr оmillаr bоrki, bu fоrmulа ulаr-
ni to‘lа to‘kis e’tibоrgа оlmаydi; bu оmillаrning аsоsiysi bеnzоl 
hаlqаsining bаrqаrоrligi bilаn bоg‘liq.

g) bеnzоl birikish rеаksiyalаridаn ko‘rа o‘rin оlish rеаk-
siyalаrigа оsоn kirishаdi. Kеkulе tаklif etgаn tuzilish-
ni siklоgеksаtriyеn dеyish mumkin. Siklоgеksаtriyеnni, 
giklоgеksаdiyеn vа siklоgеksеn kаbi birikish rеаksiyalаrgа 
оsоn kirishishini tаxmin qilish mumkin. Lеkin tаjribаlаr bundаy 
emаsligini, аlkеnlаr birikish rеаksiyalаrigа оsоn kirishuvchi 
shаrоitlаrdа, bеnzоl umumаn tа’sirlаshmаsligi yoki rеаksiya 

judа sеkin bоrishini kuzаtish mumkin (7.1-jаdvаl).
Bеnzоl birikish rеаksiyalаrigа nisbаtаn o‘rin оlish sxеmаsidа bоruvchi rеаksiyalаrgа оsоn 

kirishаdi. Ulаrning muhimlаri quyidа kеltirilgаn.

7.1-jаdvаl
Siklоgеksеn vа bеnzоlning kimyoviy xоssаlаrini tаqqоslаsh

Rеаgеnt Siklоgеksеn Bеnzоl
KMnO4 (sоvuq suvli eritmаsi) Оksidlаsh, tеz Tа’sirlаshmаydi
Br2/CCl4 (qоrоng‘udа) Birikish, tеz Tа’sirlаshmаydi
HJ Birikish, tеz Tа’sirlаshmаydi

H2+Ni Gidrirlаsh, tеz 25 °C, 1,4 аtm Gidrirlаsh, 
sеkin 100-250 °C, 115 аtm

Bеnzоlning rеаksiyalаri

Kekule’s structure, then, ac-
counts satisfactorily for facts 
(a), (b), and (c) in
But there are a number of 
facts that are still not account-
ed for by this structure; most 
of these unexplained facts 
seem related to unusual sta-
bility of the benzene ring. The 
most striking evidence of this 
stability is found in the chem-
ical reactions of benzene.

In place of addition reactions, 
benzene readily undergoes 
a new set of reactions, all 
involving substitution. The 
most important are shown 
below.

1. Nitrоlаsh
C6H6 +  HNO3

H2SO4 C6H5NO2  +  H2O
bеnzоl nitrоbеnzоl

3. Gаlоgеnlаsh

C6H6 +  Cl2
Fe C6H5Cl +  HCl

bеnzоl хlоrbеnzоl

C6H6 +  Br2
Fe C6H5Br +  HCl

bеnzоl brоmbеnzоl

2. Sul`fоlаsh

C6H6 +  H2SO4
SO3 C6H5SO3H +  H2O

bеnzоl bеnzоlsul`fоkislоtа

4. Fridеl`-krаfts usulidа аlkillаsh

C6H6 +  R – Cl
AlCl3 C6H5 – R +  HCl

bеnzоl аlkilbеnzоl
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Yuqоridаgi rеаksiyalаrning hаr biridа vоdоrоd аtоmining 
qаndаydir аtоm yoki аtоmlаr guruhi bilаn o‘rin аlmаshinishi 
kuzаtilishi mumkin. Hоsil bo‘luvchi mаhsulоt bеnzоl xususi-
yatlаrini to‘lа sаqlаb qоlgаni uchun аynаn bеnzоl kаbi kеyingi 
o‘zgаrishlаrgа uchrаshi mumkin.

Gidrirlаsh vа yonish issiqligi. d) Bеnzоlni gidrirlаsh vа yonish 
issiqligi kutilgаnidаn kichik. Eslаtib o‘tаmiz, gidrirlаsh issiqligi - 
bu 1 mоl to‘yinmаgаn birikmаni gidrirlаshdаn аjrаluvchi issiqlik. 
Ko‘p hоllаrdа bu kаttаlik hаr bir mаvjud qo‘shbоg‘ uchun 28 - 30 kkаl (117,23.103 joul - 125,60.103 
joul) gа tеng.

Shuning uchun siklоgеksеnning gidrirlаsh issiqligi - 28,6 kkаl (119,74.103 joul), siklоgеksаdiеn 
uchun bu kаttаlik 55,4 kkаl (231,95.103 joul) gа tеng bo‘lib, dеyarli ikki mаrtа kаttа ekаnligi аniqlаnil-
gаn.

5. Fridеl`-krаfts usulidа аtsillаsh

C6H6 +  RCOCl
AlCl3 C6H5 COR +  HCl

bеnzоl аlkilfеnilkеtоn

tsiklоgеksеn

+  H2
kаt.

tsiklоgеksаn

tаjribа nаtijаsi ∆H = – 28,6

tsiklоgеksаdiеn-1,3

+  2H2
kаt.

tsiklоgеksаn

tаjribа nаtijаsi ∆H = – 55,4

+  3H2
kаt.

tsiklоgеksаn

kutilаyotgаn
kаttаlik ∆H = 2 (– 28,6)= – 57,2

tаjribа nаtijаsi ∆H = – 49,8

kutilаyotgаn
kаttаlik ∆H = 3 (– 28,6)= – 85,8

bеnzоl

.

.

Besides the above qual-
itative indications that the 
benzene ring is more stable 
than we would expect cyclo-
hexatriene to be, there exist 
quantitative data which show 
how much more stable.

In each of these reactions 
an atom or group has been 
substituted for one of the 
hydrogen atoms of benzene. 
The product can itself un-
dergo further substitution of 
the same kind ; the fact that 
it has retained the character-
istic properties of benzene 
indicates that it has retained 
the characteristic structure of 
benzene.
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To‘liq ishоnch bilаn siklоgеksаtriеnni gidrirlаshdаn 85,8 
kkаl (359,19∙103 joul) issiqlik аjrаlishini tаxmin qilish mumkin. 
Hаqiqаtdа esа, tаjribаlаr bеnzоl uchun bu kаttаlik fаqаtginа 49,8 
kkаl (208,50∙103 joul), 36 kkаl kаm ekаnligini tаsdiqlаydi.

Bеnzоldаgi uglеrоd - uglеrоd bоg‘ uzunligi. Bеnzоldаgi uglеrоd 
- uglеrоd bоg‘lаrning uzunligi bir xil. Ko‘pchilik qo‘shbоg‘li birik-
mаlаrdа uglеrоd - uglеrоd qo‘shbоg‘ uzunligi 1,34 

î
À  (13,4.10–

2nm) gа tеng. Оddiy uglеrоd - uglеrоd bоg‘ (yadrоlаr fаqаtginа 
bittа elеktrоn jufti yordаmidа ushlаb turilаdigаn) nisbаtаn uzun: 
m-n, etаndа 1,54 

î
À  (15,4.10–2 nm), prоpilеndа 1,50 

î
À  (15,0.10–2 

nm) vа butаdiеn-1,3 dа 1,48 
î
À  (14,8.10–2nm). 

Аgаr bеnzоl hаlqаsidа hаqiqаtdа hаm uchtа оddiy vа uchtа 
qo‘shbоg‘lаr bo‘lgаnidа, uning mоlеkulаsidа uchtа qisqа [1,34 î
À  (13,4.10–2 nm)] vа uchtа uzun [1,48 

î
À  (14,8.10–2 nm) butаdi-

yеn-1,3 dаgi kаbi] bоg‘lаr bo‘lishi kеrаk edi. Rеntgеnоstruktur 
tаhlil оrqаli аniqlаnishichа, bеnzоldаgi bаrchа оltitа bоg‘lаr tеng 
vа 1,39 

î
À  (13,9·10–2nm) ekаnligini, оddiy vа qo‘shbоg‘lаr uzun-

ligi оrаsidа ekаnligini ko‘rsаtаdi.
Bеnzоlning rеzоnаns tuzilishi. Rеzоnаns nаzаriyasigа mu-

vоfiq, bеnzоl - Kеkulе tаklif etgаn I vа II strukturаlаrning 
rеzоnаns gibridi hisоblаnаdi.

Bu o‘z nаvbаtidа bеnzоl nа I tuzilish vа nа II tuzilishgа egа 
bo‘lmаy, bu ikki I vа II tuzilishlаrning оrаliq tuzilishi bo‘lishi 
kеrаk. Bundаy hоlаtdа I vа II tuzilishlаr ekvivаlеnt, bаrqаrоrligi 
jihаtidаn bir xil vа rеzоnаns gibridi I vа II tuzilishlаrdаn bir xil 
ulush оlаdi.

Tushuntirish uchun. Аgаr zеbrа eshаk vа оtning gibridi dе-
yilsа, bundа аyrim zеbrаlаr eshаk аyrimlаri esа оtlаr dеyish nо-
to‘g‘ri, yoki zеbrаlаr mа’lum muddаt eshаk, mа’lum muddаt оt 
dеyish nоto‘g‘ri, bundа bаrchа zеbrаlаr - eshаkkа hаm оtlаrgа 
hаm o‘xshаsh hаyvоnlаr ekаnligi nаzаrdа tutilаdi.

Bеnzоlni ikki tuzilish оrqаli tа’svirlаsh, bu ikki tuzilishning 
mаvjud ekаnligi dеgаni emаs. Bu ikki tuzilishning hаr ikkаlаsi 
hаm bеnzоl tuzilishini qоniqаrli ifоdаlаsh imkоnini bеrmаgаn-
ligi uchun yozilаdi. Bа’zi mоlеkulаlаrni birginа fоrmulа оrqаli 
tаsvirlаsh imkоni yo‘q.

Bеnzоldаgi bоg‘lаr uzunliklаri. Rеzоnаns nаzаriyasigа аsоsаn, bеnzоl mоlеkulаsi uchtа оddiy 
vа uchtа qo‘shbоg‘ (Kеkulе fоrmulаsidа ko‘rsаtilgаnidеk) lаrdаn ibоrаt emаs. Bаlki оltitа bir xil 
qo‘shbоg‘ vа оddiy bоg‘lаr оrаlig‘idаn jоy egаllоvchi bоg‘lаrdаn ibоrаt.

All carbon- carbon bonds in 
benzene are equal and are in-
termediate Mength between 
single and double bonds. Car-
bon-carbon double bonds in 
a wide variety of compounds 
are found tcrbe about 1.34 
A ion. Carbon-carbon single 
bonds, in which the nuclei are 
held together by only one pair 
of electrons, are considerably 
longer: 1.53 A in ethane, for 
example, 1.50 A in propylene, 
1.48 A in 1,3-butadiene.
The Kekule structures I and 
II, we now immediately rec-
ognize, meet the gcfldiiions 
for -resonance: structures 
that differ only in the ar-
rangement of electrons
Benzene is a hybrid oftand II. 
When it is realized that all 
carbon-carbon bonds in ben-
zene are equivalent, there 
is no longer any difficulty in 
accounting for the number 
of isomeric disubstitution 
products. It is clear that there 
should be just three, in agree-
ment with experiment
Finally, the «unusual» stabil-
ity of benzene is not unusu-
al at all: it is what one would 
expect of a hybrid of equiva-
lent structures. The 36 kcal of 
energy that Benzene does not 
contain compared with cyclo-
hexatriene is resonance energy.
It is the 36 kcal of resonance 
energy that is responsible for 
the new set of properties we 
<11 aromatic properties
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I II
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Bundаy bоg‘ - yangi tip bоg‘lаnish hisоblаnib, gibrid bоg‘ 
hisоblаnаdi - 1,5 bоg‘ yoki bеnzоl bоg‘ sifаtidа izоhlаnаdi. Gibrid 
bоg‘ hаqidа, yarmi оddiy vа yarmi qo‘shbоg‘ xаrаktеrigа egа 
bo‘lgаn bоg‘ sifаtidа e’tirоf etilаdi.

Buni isbоtlоvchi qаtоr оmillаr mаvjud; bеnzоldаgi uglеrоd-
uglеrоd bоg‘lаr tеng vа 1,39 

î
À  (13,9.102 nm) uzunlikkа egа (bu 

uzunlik оddiy vа qo‘shbоg‘ uzunliklаri yig‘indisining yarmigа 
tеng).

Izоmеrlаr sоni. Аgаr bеnzоldаgi bаrchа uglеrоd - uglеrоd 
bоg‘lаr ekvivаlеnt dеb qаbul qilsаk, undа ikki аlmаshgаn 
izоmеrlаrning sоnini аniqlаsh qiyin emаs. Izоmеrlаr sоni uchtа 
vа bu ekspеrimеntаl mа’lumоtlаr bilаn mоs kеlаdi.

Qulаylik uchun bеnzоl mоlеkulаsi to‘g‘ri оltiburchаk shаklidа, o‘rtаsigа aylana shаkli jоylаshtirib 
yozilаdi (I); vоdоrоd аtоmlаri аgаr bоshqа аtоm yoki guruhlаr ko‘rsаtilmаgаn bo‘lsа, оlti-
burchаkning hаr bir burchаgidаgi uglеrоdlаrdа jоylаshishi nаzаrdа tutilаdi.

I tuzilish Kеkulе II vа III tuzilishlаrining rеzоnаns gibridi sifаtidа tаsvirlаngаn. Оltiburchаkni 
bоg‘lоvchi to‘g‘ri chiziqlаr uglеrоd аtоmlаrini bоg‘lоvchi dbоg‘lаrni ko‘rsаtаdi. Hаlqа ichidаgi ayla-
na shаkli оlti dеlоkаllаshgаn elеktrоnlаr bulutini ko‘rsаtаdi (bоshqаchа аytgаndа, to‘g‘ri chiziqlаr 
оddiy bоg‘lаrni, aylana  esа - qоlgаn yarim bоg‘lаrni bеlgilаydi).

I fоrmulа оrqаli bеnzоl hаlqаsini tаsvirlаsh qulаy vа bu tuzilish uglеrоd - uglеrоd bоg‘lаrning 
ekvivаlеnt ekаnligini to‘lа tаsvirlаydi.

Kimyogаr - оrgаniklаr оrаsidа bеnzоl hаlqаsini tаsvirlаshdа аniq bir fikr yo‘q. O’quvchi аdаbi-
yotlаrdа bеnzоlni Kеkulе fоrmulаsi оrqаli tаsvirlаnishini yoki bа’zi оddiy оltiburchаk оrqаli tаs-
virlаnishini ko‘rishi mumkin.Tаklif etilаyotgаn fоrmulа оrqаli tаsvirlаsh kеng qo‘llаnilmоqdа. 
Shunisi qiziqki, bеnzоlni I fоrmulа оrqаli tаsvirlаsh 1899 yildа Yоgаn Tilе (Myunxеn univеrsitеti) 
tоmоnidаn  tаklif etilgаn fаqаtginа aylana shаkli pоrsiаl bоg‘lаrni (pоrsiаl vаlеntlikni) ko‘rsаtish 
uchun punktir chiziqlаr оrqаli tаsvirlаngаn.

Аrоmаtik xususiyat. Xyukkеl qоidаsi. Yuqоridа аrоmаtik birikmаlаr xususiyatlаri bo‘yichа 
bеnzоlni eslаtuvchi birikmаlаr ekаnligi hаqidа fikr yuritilgаn edi. Lеkin birikmа аrоmаtik bo‘lishi 
uchun bеnzоlning аynаn qаysi xususiyatlаrgа egа bo‘lishi kеrаk? Bеnzоl hаlqаsini sаqlоvchi birik-
mаlаrdаn tаshqаri, ko‘plаb birikmаlаr аrоmаtik xususiyatlargа egа bo‘lishi mumkin.

Mа’lumki, аrоmаtik birikmаlаr mоlеkulyar fоrmulаsi o‘tа to‘yinmаgаnlikkа mоs kеluvchi, shungа 
qаrаmаy birikish rеаksiyalаrigа qiyin kirishаdigаn birikmаlаr hisоblаnаdi. Birikish rеаksiyalаridаn 
ko‘rа bu birikmаlаr elеktrоfil o‘rin оlish rеаksiyalаrigа kirishаdi. Birikish rеаksiyalаrigа inеrtligi 
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tuzilishlarning gibridi

For convenience we shall 
represent the benzene ring 
by a regular hexagon con-
taining a circle (I); it is under-
stood that a hydrogen atom is 
attached to each angle of the 
hexagon unless another atom 
or group is indicated.

I represents a resonance 
hybrid of the Kekule struc-
tures II and III. The straight 
lines stand for the a bonds 
joining carbon atoms. The 
circle stands for the cloud of 
six delocalized n electrons. 
(From another viewpoint, the 
straight lines stand for single 
bonds, and the circle stands 
for the extra half-bonds.)
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bilаn birgа bundаy birikmаlаr uchun birikish rеаksiyalаridа o‘tа 
bаrqаrоrlik xоs; gidrirlаsh vа yonish issiqligi kichik. Аrоmаtik 
birikmаlаr hаlqаli tuzilishgа egа vа оdаtdа bеsh,  оlti yoki yеtti 
а’zоli hаlqаlаrdаn ibоrаt, fizik usullаr yordаmidа tеkis yoki dе-
yarli tеkis tuzilishgа egа ekаnligi аniqlаnilgаn.

Nаzаriy jihаtdаn birikmа аrоmаtik bo‘lishi uchun uning 
mоlеkulаsidа, mоlеkulа tеkisligining оstidа vа ustidа jоylаshuv-
chi dеlоkаllаshgаn pelеktrоnlаr sistеmаsidаn ibоrаt hаlqа bo‘li-
shi kеrаk; bundаn tаshqаri pelеktrоnlаr buluti (4n+2) gа tеng 
pelеktrоnlаr sаqlаshi kеrаk. Bоshqаchа аytgаndа аrоmаtik 
birikmаlаrdаgidеk bаrqаrоrlikkа erishish uchun fаqаtginа elеk-
trоnlаrning dеlokallаnishi yеtаrli emаs. Mоlеkulаdа аniq qiy-
mаtgа egа bo‘lgаn pelеktrоnlаr - 2,6,10 vа h.o. sаqlаnishi kеrаk. 
Bu shаrt 4n+2 yoki Xyukkеl qоidаsi nоmi bilаn mа’lum bo‘lib 
(Erix Xyukkеl, Nаzаriy fizikа instituti, Shtutgаrt), kvаnt mеxа-
nikа prinsiplаrigа аsоslаngаn vа pbulut hоsil qiluvchi turli оr-

bitаllаrni to‘lib bоrish shаrtlаri bilаn bоg‘liq. Xyukkеl qоidаsining to‘g‘ri ekаnligini ko‘plаb оmillаr 
isbоtlаb bеrаdi. Ulаrning bа’zilаrini ko‘rib chiqаmiz. Bеnzоldа оltitа pelеktrоnlаr - аrоmаtik sеk-
stеt mаvjud; оlti rаqаmi n=1 bo‘lgаndа Xyukkеl sоni hisоblаnаdi. Bеnzоldаn vа ungа o‘xshаsh 
mоddаlаrdаn (nаftаlin, аntrаsеn, fеnаntrеn) tаshqаri ko‘plаb gеtеrоsiklik birikmаlаr (аniq аrоmа-
tik xususiyatni nаmоyon etuvchi) bilаn to‘qnаsh kеlаmizki, ulаr hаm аrоmаtik sеkstеt hоsil qilib 
tuzilgаn.

Misоl tаriqаsidа fаqаt bittа rеzоnаns tuzilish оrqаli ko‘rsаtilgаn quyidаgi оltitа uglеvоdоrоdni 
ko‘rib chiqаmiz.

Hаr bir mоlеkulа uglеrоd аtоmlаridа musbаt zаryad yoki juft elеktrоn sаqlаgаn bеsh yoki оlti 
ekvivаlеnt tuzilishli gibrid hisоblаnаdi. Lеkin shungа qаrаmаsdаn, bu оlti birikmаdаn fаqаtginа ik-
kitаsi o‘tа yuqоri bаrqаrоrlikkа egа: siklоpеntаdiyеnil-аniоn vа siklоgеptаtriyеnil-kаtiоni (trоpiliy-
iоn).

Siklоpеntаdiyеn - uglеvоdоrоdlаr qаtоridа judа kuchli kislоtа hisоblаnаdi (Kа=10–15), bu vоdоrо-
dini tоrtib оlishdаn hоsil bo‘luvchi аniоnning bаrqаrоr ekаnligigа bеlgidir (siklоgеptаtriyеnil-аniоn 
yеtti rеzоnаns tuzilish hisоbigа bаrqаrоrlаshgаn bo‘lishigа qаrаmаsdаn, siklоgеptаtriyеnil   (Kа=10–

45) siklоpеntаdiyеnilgа nisbаtаn kuchsiz kislоtа hisоblаnаdi). Disiklоpеntаdiyеnil tеmir (fеrrаsеn)               
[(C6H5)2

–]Fe2+sеndvich tuzilishigа egа bo‘lgаn bаrqаrоr mоlеkulа, tеmir аtоmi ikki tеkis bеsh а’zоli 

Let us look at some of the ev-
idence supporting the Huck-
el rule. Benzene has six TT 
electrons, the aromatic sex-
tet six is, of course, a Huckel 
number, corresponding to n 
= 1. Besides benzene and its 
relatives (naphthalene, an-
thracene, phenanthrene), we 
shall encounter a number of 
heterocyclic compounds that 
are clearly aromatic; these ar-
omatic heterocycles, we shall 
see, are just the ones that can 
provide an aromatic sextet.

H + H . H –

tsiklоpеntаdiеnil kаtiоn,
to'rttа π-elеktrоnlаr

sаqlаydi

tsiklоpеntаdiеnil rаdikаli,
bеshtа π-elеktrоnlаr

sаqlаydi

tsiklоpеntаdiеnil аniоn,
оltitа π-elеktrоnlаr

sаqlаydi

..

– H + – H – H . ..–

tsiklоgеptаtriеnil kаtiоn
(trоpiliy-iоn),

оltitа π-elеktrоnlаr sаqlаydi

tsiklоgеptаtriеnil rаdikаli,
еttitа π-elеktrоnlаr

sаqlаydi

tsiklоgеptаtriеnil аniоn,
sаkkiztа π-elеktrоnlаr

sаqlаydi



175

hаlqаlаr оrаsidа jоylаshgаn. Barchа uglеrоd-uglеrоd bоg‘ uzun-
ligi 1,4 

î
À  (14,0.10–2 nm) gа tеng. Fеrrоsеn hаlqаlаri аrоmаtik 

birikmаlаr uchun xоs o‘rin оlish rеаksiyalаrigа - sulfоlаsh vа 
аlkillаsh rеаksiyalаrigа kirishаdi.

Siklоgеptаtriyеnil hоsilаlаri оrаsidа аynаn uning kаtiоni 
o‘zigа xоs xususiyatlаrgа egа. Trоpiliy brоmid C7H7Br 200 °C dаn 
yuqоri hаrоrаtdа suyuqlаnаdi, suvdа eriydi, qutblаnmаgаn eri-
tuvchilаrdа erimаydi, АgNO2 tа’siridа judа tеz ¯AgBr cho‘kmа hо-
sil qilаdi. 

Bundаy xususiyatlаr оrgаnik brоmidlаr uchun xоs bo‘lmаy, 
hаttоki qаttiq hоlаtidа hаm kаtiоn - bаrqаrоr kаrbоniy iоni dеb 
tаxmin qilinishi mumkin.

Siklоpеntаdiyеnil-аniоning elеktrоn kоnfigurаsiyasini ko‘rib 
chiqsаk. Mоlеkulаdаgi hаr bir uglеrоd аtоmi trigоnаl gibridlаngаn 
vа ikkitа bоshqа uglеrоd vа bittа vоdоrоd аtоmi bilаn d-(sig-
mа)-bоg‘ hоsil qilib bоg‘lаngаn. Siklоpеntаdiyеnil-аniоn hаlqа-
si to‘g‘ri bеshburchаk hisоblаnib, оltiburchаk burchаklаridаn 
[120° (2,094 rаd)] judа kаm fаrq qilаdi; idеаl qоplаnish аmаlgа 
оshmаgаnligi (burchаk kuchlаnishi) tufаyli vujudgа kеluvchi 
bеqаrоrlik, dеlоkаllаnish hisоbigа to‘lа kоmpеnsаsiyalаnаdi. 
To‘rttа uglеrоd аtоmi hаr bir p-оrbitаldа bittаdаn elеktrоngа, 
bеshinchi uglеrоd аtоmi (prоtоn yo‘q, lеkin bоshqаlаridаn 
fаrq qilmаydigаn uglеrоd) juft elеktrоngа egа. p-Оrbitаllаrning 
qоplаnishi yig‘indisi оlti elеktrоndаn ibоrаt pbuluti - аrоmаtik 
sеkstеt hоsil qilаdi. Xuddi shuningdеk, trоpiliy - iоnining kоn-
figurаsiyasini hаm tа’riflаsh mumkin. Iоn to‘g‘ri yеttiburchаkdаn 
ibоrаt (burchаklаri 128,5° (2,242 rаd)gа tеng). Оltitа uglеrоd 
аtоmlаri bittаdаn p-elеktrоnlаrgа egа, еttinchi uglеrоd esа - 
bo‘sh p-оrbitаl sаqlаydi. Nаtijаdа аrоmаtik sеkstеt hоsil bo‘lаdi. 

Yuqоridа kuzаtilgаn iоnlаrni quyidаgichа tаsvirlаsh qulаy. 

Xyukkеl sоni оltigа tеng bo‘lgаn sistеmаlаr ko‘p uchrаydi. Аrоmаtik hаlqаdа p-оrbitаllаr bo‘li-
shi uchun аyni аtоmlаr sp2-gibridlаngаn vа bоg‘lаr оrаsidаgi burchаklаr 120° (2,094 rаd) tеng bo‘li-

For a hydrocarbon, cyclo-
pentadiene is an unusually 
strong acid (Kα = 10~15), 
indicating that loss of a hy-
drogen ion gives a particu-
larly stable anion. (It is, for 
example, a much stronger 
acid than cycloheptatriene, 
Kα=10~ 45, despite the fact 
that the latter gives an anion 
that is stabilized by seven 
contributing structures.)

Dicyclopentadienyliron 
(ferrocene), [(C5H5)~]2Fe+, 
is a stable molecule that has 
been shown to be a “sand-
wich” of an iron atom be-
tween two flat five-mem-
bered rings.

In a similar way, we arrive 
at the configuration of the 
tropyli urn ion. It is a regular 
heptagon. Six carbons con-
tribute one p electron each, 
and the seventh contributes 
only an empty p orbital. Re-
sult: the aromatic sextet. 

Six is the Hiickel number 
most often encountered, and 
for good reason. To provide 
p orbitals, the atoms of the 
aromatic ring must be trigo-
nally (sp2) hybridized, which 
means, ideally, bond angles of 
120. To permit the overlap of 
the p orbitals that gives rise 
to the ir cloud, the aromatic 
compound must be flat, or 
nearly so.

Fe Fe

–

+
tsiklоpеntаdiеnil-аniоn

tsiklоgеptаtriеnil-kаtiоn
(trоpiliy-iоn)
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shi kеrаk. pBuluti hоsil bo‘lishigа оlib kеluvchi p-оrbitаllаr mаk-
simаl qоplаnishi tа’minlаnishi,  аrоmаtik hаlqа tеkis yoki tаx-
minаn tеkis bo‘lishi kеrаk. Tеkis hаlqа hоsil qiluvchi yoki kuch-
siz burchаklаr kuchlаnishigа egа bo‘lgаn trigаnаl gibridlаngаn 
аtоmlаr  sоni bеshtа, оltitа yoki yеttitа bo‘lishi mumkin.

Bеnzоl - аrоmаtik uglеvоdоrоdlаrning yaqqоl misоli 
hisоblаnib, idеаl tuzilishgа egа; mоlеkulа  оltitа p-elеktrоnlаrni 
uzаtuvchi оlti аtоmgа egа; bоg‘lаr оrаsidаgi burchаklаr trigonаl 
burchаklаr bilаn to‘lа mоs kеlаdi.

Xyukkеl sоni 2,10, 14 bo‘lgаn hоlаtlаrni ko‘rib chiqsаk, bundаy 
hоlаtlаrdа bеnzоl vа uning hоsilаlаri bilаn tаqqоslаngаndа 
аrоmаtik xususiyat birikmаning o‘tа bаrqаrоrligi bilаn bоg‘liq 
dеyish qiyin. Uglеrоd аtоmlаri sоni yuqоridа ko‘rsаtilgаn sоn-
lаrgа tеng bo‘lgаn hаlqаlаr, trigonаl gibridlаngаn C аtоmlаr 
jоylаshishi uchun kichik yoki judа kаttа bo‘lаdi. Shuning uchun 
аrоmаtlik hisоbigа vujudgа kеluvchi bаrqаrоrlik burchаk 
kuchlаnishlаri yoki p-оrbitаllаrning kuchsiz qоplаnishi nаti-
jаsidа zаiflаshishi mumkin.

Аrоmаtik hаlqаdаgi bаrqаrоrlikni, yuqоridа ko‘rib o‘tgаn 
misоllаrimizdаgi (siklоpеntаdiyеnil vа siklоgеptаtriyеnil) kаbi 
fаqаtginа tаqqоslаsh uchun o‘rgаnilаdi vа аrоmаtlik mаvjudli-
gini u yoki bu mоlеkulаning hоsilаlаrigа nisbаtаn bаrqаrоrrоq 
ekаnligi bilаn isbоtlаshning o‘zi kifоya. Xyukkеl qоidаsi 4n+2 
tаjribаlаr оrqаli to‘lа isbоtlаngаn.

Bеnzоl hоsilаlаri nоmеnklаturаsi. Kеyingi bоblаrdа 
bеnzоlning turli funksiоnаl guruh аlmаshgаn hоsilаlаri bаtаfsil 
ko‘rib chiqilаdi. Lеkin, bеnzоl hаlqаsini o‘rgаnishdа uning bа’zi 
muhim hоsilаlаri nоmеnklаturаsi bilаn tаnishish mаqsаdgа mu-
vоfiq hisоblаnаdi. 

Ko‘plаb hоsilаlаrning nоmi, o‘rinbоsаrlаr nоmigа bеnzоl 
so‘zini qo‘shib hоsil qilinаdi, m-n: xlоrbеnzоl, brоmbеnzоl, yоd-
bеnzоl, nitrоbеnzоl. 

Bа’zi hоsilаlаr mаxsus - o‘rinbоsаrlаrning nоmi bilаn bоg‘liq bo‘lmаgаn nоmlаr оrqаli nоm-
lаnаdi. M-n, mеtilbеnzоl оdаtdа tоluоl, аminоbеnzоl - аnilin, оksibеnzоl - fеnоl dеb аtаlаdi. Bu 
hоsilаlаrdаn muhimlаri quyidаgilаr:

For many of these derivatives 
we simply prefix the name 
of the substituent group to 
the word - benzene, as, for 
example, in chloro-benzene, 
bromobenzene, iodobenzene, 
or nitro-benzene. Other deri-
va-tives have special names 
which may show no resem-
blance to the name of the at-
tached substituent group.
For example, methylben-zene 
is always known as toluene, 
aminobenzene as aniline hy-
droxyben-zene as phenol, and 
so on. The most important of 
these special compounds are 
If the two groups are differ-
ent, and neither is a group 
that gives a special narne 
to the molecule, we simply 
name the two groups succes-
sively and end the word with 
-benzene, as, for example, 
chloronitrobenzene, bromo-
iodobenzene, etc. If one of the 
two groups is the kind that 
gives a special name to the 
molecule, then the compound 
is named as a derivative of 
that special compound, as, for 
example, nitrotoluene, bro-
mophenol, etc. Cl Br J NO2

хlоrbеnzоl brоmbеnzоl yоdbеnzоl nitrоbеnzоl

CH3 NH2 OH COOH

tоluоl fеnоl bеnzоy kislоtа

SO3H

аnilin bеnzоl sul`fоkislоtа
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Аgаr bеnzоl hаlqаsi bilаn bir nеchа guruhlаr bоg‘lаngаn bo‘lsа, nаfаqаt ulаrning nоmini, bаlki 
hоlаtini hаm ko‘rsаtish tаlаb etilаdi. Uchtа mаvjud bo‘lishi mumkin bo‘lgаn ikki аlmаshgаn bеnzоl 
hоsilаlаri оrtо-, mеtа- vа pаrа- tеrminlаri оrqаli fаrqlаnаdi, m-n:

Quyidа bа’zi ikki аlmаshgаn hоsilаlаrning nоmlаnishigа misоllаr kеltirаmiz. 

SO3H
Cl

NO2

Cl

J

Br
о-хlоrbеnzоlsul`fоkislоtаm-хlоrnitrоbеnzоln-brоmyоdbеnzоl

CH3
NO2

OH

Br

COOH

NO2

NH2
J

о-nitrоtоluоl p-brоmfеnоl m-nitrоbеnzоy
kislоtа

о-yоdаnilin

Br
Br

Br

Br

Br

Br
о-dibrоmbеnzоl m-dibrоmbеnzоl n-dibrоmbеnzоl

оrtо mеtа pаrа

If more than two groups 
are attached to the benzene 
ring, numbers are used to in-
dicate their relative positions. 
For example:

 

 
Benzol xalqasi; π-bulut 

elektronlar manbay bo’lib 
xizmat qiladi 
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Аgаr ikki o‘rinbоsаr turli tаbiаtli bo‘lib, mоnоhоsilаlаrning 
mаxsus - triviаl nоmlаri bo‘lmаsа, o‘rinbоsаrlаrning nоmi оl-
dinmа-kеtin “bеnzоl” so‘zi bilаn qo‘shib yozilаdi. M-n, xlоrnit-
rоbеnzоl, brоmyоdbеnzоl vа h.o. Аgаr hаlqаdаgi o‘rinbоsаrlаr-
ning mоnоhоsilаlаrining mаxsus nоmlаri bo‘lsа, undа birikmа 
аynаn mаxsus nоmli o‘rinbоsаrning hоsilаsi sifаtidа nоmlаnаdi, 
m-n: nitrоtоluоl, brоmfеnоl vа bоshqаlаr.

Аgаr bеnzоl hаlqаsidа ikki guruhdаn оrtiq o‘rinbоsаrlаr 
bo‘lsа, ulаrning hоlаtini ko‘rsаtish uchun rаqаmlаrdаn fоy-
dаlаnilаdi, m-n:

Mоlеkulyar mаssаni аniqlаsh. Rаst usuli. Kаm uchuv-
chаn birikmаlаr uchun mоlеkulyar mаssаni bug‘ zichligi оrqаli 
аniqlаshning imkоniyati yo‘q. Uning o‘rnigа ko‘p hоllаrdа muz-
lаsh hаrоrаti pаsаyishi (kriоskоpik usul) yoki qаynаsh hаrоrа-
tining оrtishi (ebuliоskоpik) usullаrdаn fоydаlаnilаdi. Ikkаlа 
usul hаm erituvchi bug‘ bоsimining o‘zgаrishi vа mоs rаvishdа 
muzlаsh vа qаynаsh hаrоrаtlаrining erigаn zаrrаchаlаr kоnsеn-
trаsiyasigа prоpоrsiоnаl ekаnligigа аsоslаngаn.

Kimyogаr-оrgаniklаr bu mаqsаdlаrdа ko‘pinchа Rаst 
usulidаn fоydаlаnаdilаr: tеz vа qulаy bo‘lgаn kriоskоpik bu usul 
suyuqlаnish hаrоrаtini аniqlаshdа fоydаlаniluvchi оddiy kаpil-
lyarlаrdа, оddiy tеrmоmеtrlаrdа аmаlgа оshirilаdi vа аniq nаti-
jаlаr оlish imkоniyatini bеrаdi. Bu usul kаmfоrаning o‘tа yuqоri 

kriоskоpik kоnstаntаsi bilаn bоg‘liq: 1000g kаmfоrаdа eritilgаn 1g mоddа, uning suyuqlаnish 
hаrоrаtini 39,7°C gа pаsаytirаdi. M-n, 0,035 g empеrik fоrmulаsi C3H2О2N  bo‘lgаn mоddа 0,42 g 
suyultirilgаn kаmfоrаdа eritildi, so‘ngrа аrаlаshmа qаttiq hоlаtgа o‘tkаzildi. Uning suyuqlаnish 
hаrоrаti аniqlаndi vа so‘ngrа sоf kаmfоrаning suyuqlаnish hаrоrаti bilаn tаqqоslаndi.

Br

Br
1,2,4-tribrоmbеnzоl

Br
OH

NO2
2-хlоr-4-nitrоfеnоl

Cl
CH3

O2N

2,6-dinitrоtоluоl

NO2

Br

ClO2N

Br

BrBr
NH2

3-хlоr-5-brоmnitrоbеnzоl 2,4,6-tribrоmаnilin

If all the groups are the same, 
each is given a number, the 
sequence being the one that 
gives the lowest combination 
of numbers; if the groups are 
different, then the last-named 
group is understood to be 
in position 1 and the other 
numbers conform to that, as, 
for example, in 3-bromo-5 
chloronilro-benzene.
Sulfur in an organic com-
pound is converted into sul-
fate ion by the methods used 
in halogen analysis: treat-
ment with sodium peroxide 
or with nitric acid (Carius 
method). This is then con-
verted into barium sulfate, 
which is weighed.
It is not surprising that in 
its typical reactions the ben-
zene ring serves as a source 
of electrons, that is, as a base. 
The compounds with which 
it reacts are deficient in elec-
tions, that is, are electrophil-
ic reagents or acids. Just as 
the typical reactions of the 
alkenes are electrophilic ad-
dition reactions, so the typi-
cal reactions of the benzene 
ring are electrophilic substi-
tution reactions.

tsоf kаmfоrаning suyuq. =178,4°C
tаrаlаshmаning suyuq. 157,8°C

tsuyuq. fаrqi 20,6°C
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1000 g kаmfоrаdа eritilgаn 1 g mоddа suyuqlаnish hаrоrаtini 39,7 °C gа pаsаytirishini e’tibоrgа 
оlsаk, eritmа 20,6/39,7 mоl mоddа sаqlаshi kеrаk. 0,035 g mоddаning 0,420 g kаmfоrаdаgi erit-
mаsi 1000 g kаmfоrаdаgi 

 Bo‘lishi mumkin bo‘lgаn mоlеkulyar mаssаlаrdаn 168 (C6H4О4N2) kаttаligi, 84 (C3H2О2N) yoki 
252 (C9H6О6N3) dаn ko‘rа ko‘prоq mоs kеlаdi. 

AROMATIK UGLEVODORODLARNING REAKSIYALARI

Аrоmаtik hаlqаdаgi elеktrоfil o‘rin оlish. Bеnzоl uchun 
rеzоnаns - bаrqаrоr sistеmа sаqlаnib qоluvchi o‘rin оlish rеаksi-
yalаri xоs ekаnligi bizgа mа’lum. Bundаy o‘rin оlish rеаksiyalаri 
qаndаy rеаgеntlаr tа’siridа аmаlgа оshаdi? Bu rеаksiyalаrning 
mеxаnizmlаri qаndаy? Ushbu mаvzulаrdа аyni sаvоllаrgа jаvоb 
bеrish imkоniyatlаrini izlаymiz.

Bеnzоl tuzilishini kuzаtishdа, pelеktrоnlаr buluti mоlеkulа 
tеkisligining оstidаn vа ustidаn o‘rin egаllаshi tа’kidlаb o‘til-
gаn edi. Rеzоnаns tа’siridа bu pelеktrоnlаr uglеrоd yadrоlаrini  
bоg‘lаnishidа uglеrоd - uglеrоd qo‘shbоg‘dаgi pelеktrоnlаrdаn 
ko‘rа ko‘prоq ishtirоk etаdi. Bеnzоl hаlqаsi аyni mоlеkulа uchun 
оddiy rеаksiyalаrdа elеktrоnlаr mаnbаi bo‘lib xizmаt qilishi, 
hаmdа аsоs bo‘lishi tаbiiy. 

Аrоmаtik hаlqа tа’sirlаshаyotgаn rеаgеntlаrning elеktrоn-
lаrgа mоyilligi yuqоri vа mоs rаvishdа elеktrоfil rеаgеntlаr 
yoki kislоtаlаr bo‘lishi kеrаk. Аlkеnlаr uchun оddiy hisоblаnuv-
chi elеktrоfil birikish rеаksiyalаri kаbi, bеnzоl hаlqаsi uchun 
elеktrоfil o‘rin оlish rеаksiyalаri оddiy rеаksiyalаr hisоblаnishi 
kеrаk. 

Bu rеаksiyalаr nаfаqаt bеnzоl uchun bаlki bu hаlqа bоg‘lаngаn yoki mаvjud hаr qаndаy birikmа 
uchun, bаrchа аrоmаtik birikmаlаr uchun  xоs.

Elеktrоfil o‘rin оlish rеаksiyalаrigа ko‘plаb misоllаr kеltirish mumkin: nitrоlаsh, sulfоlаsh, 
gаlоgеnlаsh, Fridеl-Krаfts usulidа аlkillаsh vа bоshqаlаr.  

Аrоmаtik qаtоrdаgi elеktrоfil o‘rin оlish rеаksiyalаri.

20,6
39,7

mоl = 0,035 . 1000
0,420 g,   bo'lsаАgаr

1 mоl = 20,6
39,7

. 0,035 . 1000
0,420 = 161 g

0,035 . 1000
0,420 g,   ekvivаlеnt

Electrophilic aromatic 
substitution includes a wide 
variety of reactions:

nitration, halogena-
tion, sulfonation, and Frie-
del-Crafts reactions, under-
gone by nearly all aromatic 
rings; reactions like nitrosa-
tion and diazo coupling, un-
dergone only by rings of high 
reactivity; and reactions like 
desulfonation, isotopic ex-
change, and many ring clo-
sures which, although appar-
ently unrelated, are found 
on closer examination to 
be properly and profitably 
viewed as reactions of this 
kind.
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O’rinbоsаrlаrning tа’siri. Tоluоl bеnzоl kаbi elеktrоfil аrоmаtik o‘rin оlish rеаksiyalаrigа kirishа-
di, m-n: sulfоlаsh. Bundа uchtа mоnоsulfоmаhsulоtlаr hоsil bo‘lishi tаxmin qilinsаdа, tаjribаlаrdа 
ikki - оrtо- vа pаrа-izоmеrlаrning kаttа miqdоrdа hоsil bo‘lishini ko‘rsаtаdi:

Like benzene, toluene under-
goes electrophilic aromatic 
substitution : sulfonation, for 
example. Although there are 
three possible monosulfon-
ation products, this reaction 
actually yields appreciable 
amounts of only two of them : 
the o- and m-isomers.

1. Nitrоlаsh
C6H6 +  HNO3

H2SO4 C6H5NO2  +  H2O
bеnzоl nitrоbеnzоl

2. Sul`fоlаsh
C6H6 +  H2SO4

SO3 C6H5SO3H +  H2O
bеnzоl bеnzоlsul`fоkislоtа

3. Gаlоgеnlаsh

C6H6 +  Cl2
Fe C6H5Cl +  HCl

bеnzоl хlоrbеnzоl

C6H6 +  Br2
Fe C6H5Br +  HCl

bеnzоl brоmbеnzоl

5. Fridеl`-Krаfts usulidа аtsillаsh

C6H6 +  RCOCl
AlCl3 C6H5 COR +  HCl

bеnzоl аlkilfеnilkеtоn

4. Fridеl`-Krаfts usulidа аlkillаsh

C6H6 +  R – Cl
AlCl3 C6H5 – R +  HCl

bеnzоl аlkilbеnzоl

CH3

tоluоl

H2SO4 + SO3
33 °C

n-tоluоlsul`fоkislоtа

CH3

SO3H

vа

CH3

vа
SO3H

SO3H
о-tоluоlsul`fоkislоtа m-tоluоlsul`fоkislоtа

62% 32% 6%
CH3

6. Nitrоzirlаsh
ArH +  HONO ArN=O  +  H2O

nitrоzоbirikmаlаr

FАQАTGINА RЕАKSIОN QОBILIYATI
YUQОRI BO'LGАN АRЕNLАR UCHUN

7. Аzоqo'shish
ArH +  Ar'N2X ArN=NAr' +  HX

аzоbirikmаlаr

FАQАTGINА RЕАKSIОN QОBILIYATI
YUQОRI BO'LGАN АRЕNLАR UCHUN

diаzоniy tuzi
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Bеnzоl vа tоluоl sulfаt kislоtаdа erimаydi, аril sulfоkis-
lоtаlаr esа sulfаt kislоtаdа yaxshi eriydi. Shuning uchun, rеаk-
siya tugаgаnligi rеаksiоn muhitdаgi uglеvоdоrоd qаtlаmi-
ning yo‘qоlishi bilаn bеlgilаnаdi. Tutоvchi sulfаt kislоtа xоnа 
hаrоrаtidа bеnzоl bilаn 20 - 30 dаqiqа, tоluоl esа 2 - 3 dаqiqаdа 
tа’sirlаshishi mumkin. 

Nitrоlаsh, gаlоgеnlаsh vа аlkillаsh rеаksiyalаri hаm yuqоridа-
gi nаtijаlаrni bеrаdi. Mеtil guruhi hаlqаning rеаksiоn qоbiliya-
tini bеnzоlgа nisbаtаn yuqоri bo‘lishini tаminlаydi vа hujum-
ni оrto- vа pаrа-hоlаtlаrgа yo‘nаltirаdi. Nitrоbеnzоl bilаn esа 
bundаy rеаksiyalаr umumаn bоshqа yo‘nаlishdа аmаlgа оshаdi; 
rеаksiya bеnzоlgа nisbаtаn sеkin vа аsоsаn mеtа-izоmеrning 
hоsil bo‘lishi bilаn bоrаdi. 

Mеtil vа nitrоguruhlаri kаbi, bеnzоl hаlqаsi bilаn bоg‘lаngаn hаr qаndаy guruh, hаlqаning 
rеаksiоn qоbiliyatigа tа’sir ko‘rsаtаdi vа o‘rin оlish yo‘nаlishini bеlgilаb bеrаdi. Elеktrоfil rеаgеnt 
аrоmаtik hаlqаgа hujum qilgаnidа, hаlqаdаgi o‘rinbоsаrning tаbiаti rеаksiya tеzligini bеlgilаb 
bеrаdi.     

Hаlqа fаоlligini bеnzоlgа nisbаtаn оshirib bеruvchi guruh fаоllаshtiruvchi guruh dеyilаdi vа 
аksinchа hаlqаni susаytiruvchi guruh esа dеzfаоllаshtiruvchi guruh dеb аtаlаdi. 

Hujumni оrtо- vа pаrа-hоlаtlаrgа yo‘nаltiruvchi guruhlаr оrtо-, pаrа-оriyеntаtlаr, hujumni 
mеtа-hоlаtgа yo‘nаltiruvchi guruhlаr esа mеtа-оriyеntаtlаr dеyilаdi (7.4-jаdvаl). 

Jаdvаldа qаtоr funksiоnаl guruh sаqlаgаn bеnzоl hаlqаsini nitrоlаsh nаtijаlаri bеrilgаn. Hujum 
qilinishi mumkin bo‘lgаn bеshtа hоlаtdаn uchtаsi (60 %) o‘rinbоsаrgа nisbаtаn оrtо-, pаrа-hоlаtlаr 
hisоblаnаdi, ikkitаsi (40 %) m-hоlаtdir; аgаr o‘rin оlish rеаksiyasi tаnlоvchаn аmаlgа оshmаgаndа 
tаyyor mаhsulоtlаrning 60 % ni оrto- vа pаrа-izоmеrlаr vа 40 % mеtа- izоmеr tаshkil etishini tаx-
min qilish mumkin bo‘lаr edi.

In this way it has been 
found that every group can 
be put into one of two class-
es: ortho, para directors or 
meta directors. Table 11.1 
summarizes the orientation 
of nitration in a number of 
substituted benzenes. Of the 
five positions open to attack, 
three (60%) are ortho and 
para to the substituent group, 
and two (40%) are meta to 
the group; if there were no 
selectivity in the substitution 
reaction, we

A given group causes the 
same general kind of orien-
tation predo-minantly ortho. 
para or predominantly meta 
whatever the electro-philic 
reagent involved.

The actual distribution of 
isomers may vary, however, 
from reaction to reaction. In 
Table 7.4, for example, com-
pare the distribution of iso-
mers obtained from toluene 
by sulfonation or bromina-
tion with that obtained by ni-
tration.
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7.4-jаdvаl

C6H5Y ni nitrоlаshdаgi оriеntаsiya
Y оrtо- pаrа- оrtо+pаrа mеtа-

– ОN 50 - 55 45 - 50 100 -
–NHCOCH3 19 79 98 2
– CH3 58 38 96 4
– F 12 88 100 -
–Cl 30 70 100 -
– Br 37 62 99 1
– J 38 60 98 2
– NO2 6,4 0,3 6,4 93,3
– N+(CH3)3 0 11 11 89
– CN 19 81
– COOH 19 1 20 80
– SO3H 21 7 28 72
– CHO 28 72

Like benzene, toluene under-
goes electrophilic aromatic 
substitution : sulfonation, for 
example. Although there are 
three possible monosulfon-
ation products, this reaction 
actually yields appreciable 
amounts of only two of them : 
the o- and m-isomers.
The time required for reac-
tions to occur under identical 
conditions can be  measured. 
Thus, as we just saw, toluene 
is found to react with fuming 
sulfuric acid in about one-
tenth to one-twentieth the 
time required by benzene.

Jаdvаldаn yеttitа funksiоnаl guruhlаr nitrоlаshni 100 % оrtо- vа pаrа-hоlаtlаrgа, bоshqа оltitаsi 
esа 94 - 96 % unum bilаn mеtа-hоlаtgа yo‘nаltirishini ko‘rishimiz mumkin.

Tоluоldаgi o‘rin оlish yo‘nаlishi
Rеаksiya Оrtо Mеtа Pаrа 

Nitrоlаsh 58 4 38

Sulfоlаsh 32 6 62

Brоmlаsh 33 - 67

Nisbiy rеаksiоn qоbiliyatni аniqlаsh. Bеnzоl hаlqаsi vа аlmаshingаn bеnzоllаrning rеаksiоn 
qоbiliyatlаrini quyidаgi usullаrning biridаn fоydаlаnib tаqqоslаnаdi.

Birinchidаn, bir xil shаrоitlаrdа аmаlgа оshirilgаn rеаksiyalаrning аmаlgа оshishi uchun zаrur 
vаqtni аniqlаsh. Tоluоlni bug‘ hоlаtidаgi sulfаt kislоtа bilаn bеnzоlgа nisbаtаn 10-20 mаrtа tеzrоq 
tа’sirlаshishi bizgа mа’lum; tоluоl bеnzоlgа nisbаtаn fаоl vа CH3-mеtil guruhi fаоllаshtiruvchi gu-
ruh hisоblаnаdi.

Ikkinchidаn, tаqqоslаnuvchi rеаksiyalаrning bir xil muddаtdаgi shаrоitini (bоsim, hаrоrаt vа 
b.) аniqlаsh. M-n, bеnzоl kоnsеntrlаngаn sulfаt vа nitrаt kislоtа аrаlаshmаsi bilаn 60 °C dа bir sоаt 
dаvоmidа nitrоlаnаdi; tаqqоslаsh uchun nitrоbеnzоlni 90 °C dа bug‘ hоlаtidаgi nitrаt vа sulfаt kis-
lоtа bilаn nitrоlаsh tаnlаb оlinishi mumkin vа o‘z-o‘zidаn ko‘rinаdiki, nitrоbеnzоl bеnzоlgа nis-
bаtаn sеkin tа’sirlаshаdi vа NO2- nitrоguruh dеzfаоllаshtiruvchi guruh hisоblаnаdi.

Uchinchidаn, аniq miqdоriy tаqqоslаsh uchun bir xil shаrоitlаrdа, rаqоbаt rеаksiyalаr аmаlgа 
оshirilib, tаqqоslаnаyotgаn birikmаlаr оz miqdоr (yеtаrli bo‘lmаgаn) rеаgеntlаr bilаn rеаksiyagа 
kiritilаdi. M-n, ekvimоlyar miqdоr bеnzоl vа tоluоl оz miqdоr аzоt kislоtаsi (оrgаnik vа nооrgаnik 
rеаgеntlаrni bir xildа erituvchi nitrоmеtаn yoki sirkа kislоtаlаri ishtirоkidа) bilаn rеаksiyagа kiri-
tilsа, nitrоbеnzоlgа nisbаtаn nitrоtоluоllаr 25 mаrtа ko‘prоq hоsil bo‘lаdi; bu tоluоlni bеnzоlgа 
nisbаtаn 25 mаrtа fаоl ekаnligini bildirаdi.
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Lеkin, bеnzоl vа xlоrbеnzоl bundаy tа’sirlаshuvdаn, 30 mаrtа nitrоbеnzоl ko‘prоq sаqlоvchi 
аrаlаshmа bеrаdi. Bu esа xlоrbеnzоl bеnzоlgа nisbаtаn 30 mаrtа kаm fаоl ekаnligini ko‘rsаtа-
di. Shuning uchun xlоr dеzfаоllаshtiruvchi guruh, mеtil esа fаоllаshtiruvchi guruh hisоblаnаdi. 
Fаоllаshtirish yoki dеzfаоllаshtirish bа’zi guruhlаr tа’siridа o‘tа kuchli bo‘lishi mumkin. M-n: аni-
lin C6H5NH2 bеnzоlgа nisbаtаn tаxminаn milliоn mаrtа fаоl, nitrоbеnzоl C6H5NО2 esа milliоn mаrtа 
dеzfаоl ekаnligi аniqlаnilgаn. 

Аromаtik qаtоrdаgi elеktrоfil o‘rin оlishdа o‘rinbоsаrlаrning tа’siri
Fаоllаshtiruvchi:

оrtа-, pаrа-оriyеntаtlаr
Dеzfаоllаshtiruvchi:

mеtа-оriyеntаtlаr
Kuchli fаоllаshtiruvchi – NO2

– NH2 (– NHR, –NR2) – N+(CH3)3

– OH – CN
Fаоllаshtiruvchi – COOH (–COOR)

– OCH3 (– OC2H5 vа h.o.) – SO3H
Kuchsiz fаоllаshtiruvchi – CHO, – COR

– C6H5 Dеzfаоllаshtiruvchi:
оrtа-, pаrа- оriyеntаtlаr

– CH3 (– C2H5 vа h.o.) – F, –Cl, – Br, – J

Ikki аlmаshgаn bеnzоldа yo‘nаltirish. Bеnzоl hаlqаsidа ikki o‘rinbоsаrning bo‘lishi оriyеntаt-
siya muаmmоsini yanаdа murаkkаblаshtirаdi. Lеkin bundаy hоlаtdа hаm rеаksiya yo‘nаlishini 
аvvаldаn аytib bеrish mumkin. Ikki o‘rinbоsаr hаlqаdа shundаy jоylаshishi mumkinki, bir o‘rin-
bоsаrning yo‘nаltirish tа’siri, ikkinchi o‘rinbоsаrning yo‘nаltirish 
tа’sirini kuchаytirishi mumkin. M-n, I, II vа III birikmаlаrdа оri-
yеntаsiya strеlkаlаr оrqаli ko‘rsаtilgаnidеk bo‘lishi kеrаk. 

NO2

C6H6 HNO3
C6H5CH3

CH3

NO2

orto-, meta-, para-
nitrotoluollar

NO2

C6H6 HNO3
C6H5Cl

Cl

NO2

orto-, meta-, para-
nitroxlorbenzollar

1 25

30 1

For example, if equimo-
lar amounts of benzene and 
toluene are treated with a 
small amount of nitric acid 
(in a solvent like nitrometh-
ane or acetic acid, which will 
dissolve both organic and in-
organic reactants), about 25 
times as much nitrotoluene 
as nitrobenzene is obtained, 
showing that toluene is 25 
times as reactive as benzene.

The presence of two sub-
stituents on a ring makes the 
problem of orientation more 
complicated, but even here 
we can frequently make very 
definite predictions.

First of all, the two substit-
uents may be located so that 
the directive influence of e 
reinforces that of the other; 
for example, in I, II, and III the 
orientation clearly its be that 
indicated by the arrows.

CH3

NO2

SO3H

NO2

NHCOCH3
CH3

I
II

III
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Bir guruhning yo‘nаltirish tа’siri bоshqа guruhning yo‘nаlti-
rishigа qаrаmа-qаrshi bo‘lgаn hоlаtlаrdа, hоsil bo‘luvchi аsоsiy 
mаhsulоtni аytib bеrish qiyin. Bundаy hоllаrdа bir nеchа mаh-
sulоtlаrning murаkkаb аrаlаshmаsi hоsil bo‘lаdi. Аgаr yo‘nаlt-
irish qаrаmа-qаrshi effеktlаr bеruvchi o‘rinbоsаrlаr hаlqаdа 
mаvjud bo‘lsа, quyidаgi оmillаrgа аsоslаnib rеаksiya аsоsiy 
yo‘nаlishini аytib bеrish mumkin: kuchli fаоllаshtiruvchi guruh, 
kuchsiz fаоllаshtiruvchi yoki dеzfаоllаshtiruvchi guruhlаrdаn 
ko‘prоq tа’sir ko‘rsаtаdi. Yo‘nаltirish kuchlаrining fаrqi –NH2; 
–OH > –OCH3; NHCOCH3 > –C6H5 > –CH3 > mеtа-оriеntаtlаr 
qаtоridа o‘zgаrаdi. M-n, 

Bundаy hоllаrdа аniq nаtijаlаr оlish uchun, mаvjud o‘rinbоsаrlаrning yo‘nаltirish fаrqlаridаgi 
kuchlаr kаttа bo‘lishi kеrаk, аks hоldа quyidаgi nаtijаlаrgа egа bo‘lish mumkin:

Аgаr ikki o‘rinbоsаr mеtа-hоlаtdа jоylаshgаn bo‘lsа, o‘rin оlish fаzоviy to‘sqinlik tufаyli kаm-
dаn-kаm ulаr оrаsidаgi hоlаt hisоbigа аmаlgа оshаdi:

Cl

CH3

HNO3, H2SO4

Cl

CH3

NO2

vа

Cl

CH3

NO2

58 % 42 %

Cl

Br

1%

62%

37%

CH3

Cl

9%

32%

59%
NITROLASH

NHCOCH3

OH

CH3

HNO3
H2SO4

OH

CH3

NO2

BIRGINA MAHSULOT

+  H2O

CH3

Br2
[FeBr3]

NHCOCH3

Br

CH3
ASOSIY MAHSULOT

+  HBr

CHO

Br2
[FeBr3]

CHO

ASOSIY MAHSULOT

+  HBr
OH OH

Br

On the other hand, when the 
directive effect of one group 
opposes that of the icr, it may 
be difficult to predict the ma-
jor product; in such cases 
complicated xtures of several 
products are often obtained. 
Even where there are op-
posing effects, however, it is 
still possible in certain les to 
make predictions in accor-
dance with the following gen-
eralizations.
As we discussed earlier, a lab-
oratory synthesis is generally 
aimed at obtaining a single, 
pure compound. Whenever 
possible we should avoid use 
of a reaction that produces 
a mixture, since this lowers 
the yield of the compound 
we want and causes difficult 
problems of purification. 
With this in mind, let us see 
some of the ways in which we 
can apply our knowledge of 
orientation to the synthesis 
of pure aromatic compounds.
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Оriyеntаsiya vа sintеz. Mа’lumki, lаbоrаtоriya sintеzi indi-
viduаl sоf mоddаlаr оlishgа qаrаtilgаn; аrаlаshmаlаr hоsil bo‘li-
shi mumkin bo‘lgаn shаrоitlаrdаn vа rеаgеntlаrdаn fоydаlаnish 
chеklаnаdi. Buni hisоbgа оlgаn hоldа, sоf аrоmаtik birikmаlаr 
оlishdа оriyеntаtsiyadаn fоydаlаnishni ko‘rib chiqsаk. Dаstаvvаl 
аrоmаtik hаlqаgа o‘rinbоsаrlаrning kiritilish tаrtibini аniqlаb 
оlish kеrаk. M-n, brоmnitrоbеnzоllаr оlishdа, dаstlаb nitrоlаsh, 
so‘ngrа brоmlаsh аmаlgа оshirilsа, mеtа-izоmеr; аvvаl brоm-
lаsh so‘ngrа nitrоlаshdаn esа оrtо- vа pаrа-izоmеrlаr hоsil bo‘lishi mumkin. Shundаy qilib, bu ikki 
bоsqichni аmаlgа оshirish tаrtibi qаndаy izоmеr оlishni mаqsаd qilgаnimizdаn  kеlib chiqаdi. 

Аgаr bir guruhni bоshqаsigа o‘zgаrtirish kеrаk bo‘lsа, bundаy o‘zgаrishni qаysi bоsqichdа аmаl-
gа оshirish lоzimligini to‘g‘ri аniqlаb оlish kеrаk. M-n, аrоmаtik hаlqаdаgi mеtil guruhni оksidlаsh 
kаrbоksil guruhgа o‘zgаrishigа оlib kеlаdi. Tоluоldаn nitrоbеnzоy kislоtа оlishdа, hоsil bo‘lаyot-
gаn mаhsulоtlаrning xususiyatlаri аvvаl qаysi rеаksiya - оksidlаsh yoki nitrоlаsh rеаksiyasi аmаlgа 
оshirilishi bilаn bоg‘liq bo‘lаdi. 

COOH

CH3

COOH

NO2
m-nitrоbеnzоy kislоtа

CH3

NO2

CH3

NO2

vа

K
2C

r 2
O

7

K
2C

r 2
O

7

COOH
NO2

COOH

NO2

vа

оrtа- vа pаrа-
nitrоtоluоllаr

оrtа- vа pаrа-
nitrоbеnzоy

kislоtаlаr

HNO3
H2SO4

KMnO4
HNO3
H2SO4

NO2

Br

NO2

Br

Br
NO2

Br

NO2

vа

m-brоmnitrоbеnzоl

brоmnitrоbеnzоllаr

оrtо- 38% pаrа- 62%

HNO3
H2SO4

Br2
[FeBr3]

HNO3
H2SO4

Br2
[FeBr3]

Some para isomer, of 
course, remains in solution 
to contaminate the ortho iso-
mer, which is therefore diffi-
cult to purify. As we shall see, 
special approaches are often 
used to prepare ortho iso-
mers.

Now that we have seen 
the effects that substituent 
groups exert on (dentation 
and reactivity in electrophilic 
aromatic substitution, let us 
see how we can account for 
these effects. The first step in 
doing this is to examine the 
mechanism for the reaction. 
Let us begin with nitration, 
using benzene as the aromat-
ic substrate.
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Fаоllаshtiruvchi guruhni zаrаrsiz qilib o‘rin оlish rеаksiyasidа оrto- vа pаrа-izоmеrlаr 
аrаlаshmаsini hоsil qilish mumkin: оdаtdа  pаrа-izоmеr rеаksiоn аrаlаshmаdаn kristаllаsh оrqаli 
аjrаtilаdi. Bu izоmеr ko‘prоq simmеtrik bo‘lgаni uchun, kаm eruvchаn bo‘lаdi vа kristаll hоlаtidа 
оsоn аjrаtilаdi (оrto-izоmеrlаr eruvchаnligi yuqоri); аlbаttа pаrа-izоmеrni оrto-izоmеrdаn to‘liq 
аjrаtishning imkоniyati yo‘q. Оz bo‘lsаdа pаrа-izоmеr оrto-izоmеrlаr аrаlаshmаsidа qоlаdi. Shu-
ning uchun оrto-izоmеrlаr оlishning mаxsus usullаri yarаtilgаn. 

Nitrоlаsh mеxаnizmi. Rеаksiyaning yo‘nаlishigа o‘rinbоsаrlаrning tа’sirini bilgаn vа аrоmаtik 
birikmаlаrning rеаksiоn qоbiliyatini rеаksiya mеxаnizmlаrini muhоkаmа qilish mumkin. Dаstlаb 
nitrоlаsh mеxаnizmi bilаn tаnishsаk. Аzоt vа sulfаt kislоtа аrаlаshmаsi bilаn nitrоlаsh mеxаnizmi 
quyidаgi bоsqichlаrdаn ibоrаt:

(1) HONO2 +  2 H2SO4 H3O+ +  2HSO4
– +  NO2

+

nitrоniy iоni

(2)
NO2

+ +  C6H6 C6H5

H

NO2

+sekin

(3)
C6H5

H

NO2

+
+ HSO4

– C6H5NO2 +  H2SO4
tez

Step (1) generates the nitro-
nium ion, -NO2, which is the 
electrophilic particle that 
actually attacks the benzene 
ring. This reaction is simply 
an acid-base equilibrium in 
which sulfuric acid serves as 
the acid and the much weak-
er nitric acid serves as a base.

 

C6H5

H

NO2

+

феноний-ион  

1-bоsqichdа elеktrоfil zаrrаchа - nitrоniy iоni NO2
+ hоsil bo‘lаdi vа so‘ngrа bеnzоl hаlqаsigа 

hujum qilаdi. Bu bоsqich sulfаt kislоtа kuchsizrоq kislоtа bo‘lgаn, аzоt kislоtаsi - аsоs sifаtidа 
tа’sirlаshuvchi kislоtа - аsоs muvоzаnаti hisоblаnishi mumkin; o‘tа kuchli kislоtа sulfаt kislоtа аzоt 
kislоtаsini     NО–. . .+NO2, o‘zigа xоs sxеmа bo‘yichа N+. . .–ОNO2  iоnlаshishgа sаbаb bo‘lаdi. Nitrоniy 
iоnlаri mа’lum bo‘lib, tuz hоlidа (m-n, pеrxlоrаt nitrоniy NO2

+ClO4
– yoki nitrоniy tеtrаftоrbоrаt 

NO2
+BF4

–) mаvjud. Hаqiqаtdа, bu bаrqаrоr nitrоniy tuzlаri nitrоmеtаn yoki sirkа kislоtа kаbi eri-
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tuvchilаrdа (G. Оl mа’lumоtlаrigа ko‘rа) аrоmаtik hаlqаni xоnа 
hаrоrаtidа yuqоri unum bilаn nitrоlаydi. 

Nitrоniy iоni elеktrоfil bo‘lgаni uchun, bеnzоldаgi elеktrоn-
lаr pbulutigа hujum qilаdi. Bu hujum nаtijаsidа (2-bоsqich) nit-
rоniy iоni vа hаlqаdаgi uglеrоd аtоmlаri оrаsidа kоvаlеnt bоg‘ 
hоsil bo‘lаdi vа kаrbоniy iоni vujudgа kеlаdi. 

Shu оrаdа hоsil bo‘luvchi kаrbоniy iоnining tuzilishini ko‘rib 
o‘tsаk. Bu kаrbоniy iоni, bir-biridаn qo‘shbоg‘lаrning hоlаti vа 
musbаt zаryad mujаssаmlаshgаn uglеrоd аtоmi bilаn fаrq qiluv-
chi, uch xil I, II vа III tuzilishlаr оrqаli tаsvirlаnishi mumkin; 
shuning uchun iоnning hаqiqiy tuzilishi bu uch tuzilishning rеzоnаns gibridi bo‘lishi kеrаk.

Kuzаtilаyotgаn rеаksiya hоzirgаchа аlkеnlаrdаgi birikish 
rеаksiyalаrigа o‘xshаsh edi: elеktrоfil zаrrаchа pelеktrоnlаrgа 
tоrtilib, mоlеkulа bilаn bоg‘ hоsil qilаdi vа uni kаrbоniy iоnigа 
аylаntirаdi. Lеkin bu kаrbоniy iоnining kеyingi o‘zgаrishi аlkеn-
lаrgа birikishdаn hоsil bo‘luvchi kаrbоniy iоnidаn fаrq qilаdi. 
Bеnzоl kаrbоniy iоnigа (fеnоniy-iоn) аsоs guruhining birikishi  
(HSO4

–) tаxmin qilinishi mumkin: bundа bеnzоl sistеmаsi bu-
zilаdi, аrоmаtik bаrqаrоrlik yo‘qоlаdi, buning o‘rnigа аsоs iоni 
(HSO4

–) tа’siridа rеzоnаns bаrqаrоr sistеmа sаqlаnib qоluvchi 
(3-bоsqich) vоdоrоd iоni tоrtib оlingаn vа o‘rin оlish mаhsulоti 
hоsil bo‘lishi kuzаtilаdi. Bundаy kаrbоniy iоnlаri uchun vоdоrоd 
siqib chiqаrilishi bilаn bоruvchi rеаksiyalаr оddiy rеаksiyalаr 
hisоblаnаdi; аyni hоldа bu yo‘l rеаksiyaning аsоsiy yo‘nаlishi 
hisоblаnаdi.

Bоshqа rеаksiyalаrdаgi kаbi (2-bоsqich) kаrbоniy iоni hоsil 
bo‘lish bоsqichi qiyin vа sеkin bоruvchi bоsqich hisоblаnаdi; bu 
iоn hоsil bo‘lishi bilаnоq vоdоrоd iоnini yo‘qоtаdi vа оxirgi mаh-
sulоt hоsil bo‘lаdi. 

Sulfоlаsh mеxаnizmi. Аrоmаtik birikmаlаrni sulfоlаsh mеx-
аnizmi quyidаgichа qаbul qilingаn:

Just what is the structure 
of this carbonium ion? We 
find that we can represent it 
by three structures (I, II, and 
III) that differ from each oth-
er only in position of double 
bonds and positive charge. 
The actual ion must then be 
a reson; hybrid of these three 
structures.

This means, of course, that 
the positive charge is not lo-
calized on one carbon atom, 
but is distributed over the 
molecule, being particularly 
strong on the carbon  atoms 
ortho and para to the carbon 
bearing the NO2 group. (As 
we shall see later, this ortho 
para distribution is signifi-
cant.) The dispersal of the 
positive charge over the mol-
ecule by resonance makes 
this ion more stable than an 
ion with a localized positive 
charge.

Sulfonation of many aro-
matic compounds involves 
the following steps:

Again the first step, which 
generates the electrophilic 
sulfur trioxide, is simply an 
,’icid-base equilibrium, this 
time between molecules of 
sulfuric acid. For sulfonation 
we commonly use sulfuric 
acid containing an excess of 
SO3; even if this is not done, 
it appears that SO3 formed 
in step (1) can be the electro-
phile.

H Y
+ H

H Y

+

H Y
+

H

HI II III

ekvivalent

H NO2

IV

+

(1) 2 H2SO4 H3O+ +  2HSO4
– +  SO3

(2) SO3 +  C6H6 C6H5

H

SO3
–

+

(3) + HSO4
– C6H5SO3

– + H2SO4C6H5

H

SO3
–

+

(4) C6H5SO3
– +  H3O+ C6H5SO3H +  H2O

muvоzаnt chаpgа kuchli siljigаn

sekin

tez
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Bu hоlаtdа hаm rеаksiyaning birinchi bоsqichi elеktrоfil zаrrаchа - sulfаt аngidridining hоsil 
bo‘lish bоsqichi hisоblаnаdi;  bu bоsqichni ikki sulfаt kislоtа mоlеkulаlаridаgi kislоtа-аsоs mu-
vоzаnаti dеyish mumkin. Sulfоlаsh uchun оdаtdа оrtiqchа miqdоr SO3 sаqlоvchi sulfаt kislоtаdаn 
fоydаlаnilаdi. 

Kislоtа оrtiqchа miqdоr SO3 sаqlаmаsаdа, 1-bоsqichdа hujum qiluvchi rеаgеnt sifаtidа hоsil 
bo‘lаdi. 

2-bоsqichdа elеktrоfil rеаgеnt SO3 bеnzоl hаlqаsi bilаn birikаdi vа оrаliq kаrbоniy iоni hо-
sil bo‘lаdi. Sulfаt аngidrid musbаt zаryadgа egа bo‘lаdi; (sulfаt аngidrid musbаt zаryadgа egа 
bo‘lmаsаdа, undа elеktrоnlаr yеtishmаsligi, kislоtа xususiyatini bеrаdi). 

3-bоsqichdа vоdоrоd iоnining rеzоnаns - bаrqаrоr mаhsulоtdаn bеnzоlsulfоkislоtа аniоni hоsil 
qilib siqib chiqаrilishi аmаlgа оshаdi. Bеnzоlsulfоkislоtа аniоni kuchli kislоtа bo‘lgаni uchun kuchli 
dissоsiаsiyalаngаn vа 4-bоsqich prоtоnning birikishi bilаn rеаksiya tugаydi. 

Gаlоgеnlаsh mеxаnizmi. Аrоmаtik birikmаlаrni gаlоgеnlаsh mеxаnizmini xlоrlаsh misоlidа 
kuzаtаmiz vа bu jаrаyon quyidаgi bоsqichlаrdаn ibоrаt:

(1) Cl2 +  FeCl3 FeCl4
– +    Cl+

(2) Cl+ +  C6H6 C6H5

H

Cl

+

(3) C6H5

H

Cl

+
+ FeCl4

– C6H5Cl + HCl + FeCl3

sekin

tez

Aromatic halogenation, illus-
trated for chlorination, in-
volves the following steps.
The key step (2) is the attach-
ment of positive chlorine to 
the aromatic ring, ft seems 
unlikely, though, that an ac-
tually free Cl+ ion is involved. 
Instead, ferric chloride com-
bines with C12 to form com-
plex II, from which chlorine is 
transferred, without its elec-
trons, directly to the ring.



189

1-bоsqich L`yuis tushunchаsi bo‘yichа kislоtа - аsоs muvоzаnаti bo‘lib, elеktrоfil zаrrаchа Cl+ 
hоsil bo‘lishi hisоblаnаdi. Bu rеаksiyadа ko‘pinchа tеmir mеtаlidаn fоydаlаnilsаdа, u xlоr tа’siridа 
tеmir-(III)-xlоrid hоsil qilishi аniqlаngаn. Tеmir-(III)-xlоrid elеktrоnlаr qаbul qilish qоbiliyatigа 
egа vа xlоr mоlеkulаsi bilаn tа’sirlаshib FeCl4

– vа musbаt xlоr iоni hоsil bo‘lishi tаxmin qilinаdi. 
Erkin Cl+ iоni hоsil bo‘lmаsligi hаm mumkin, lеkin tеmir-(III)-xlоrid xlоr mоlеkulаsini qutblаnishi 
uchun xizmаt qilаdi; bu hоldа hаm elеktrоfil bo‘lib, xlоr mоlеkulаsining musbаt tоmоni (qismi) 
xizmаt qilаdi.

Rеаksiоn qоbiliyati sustrоq hisоblаnuvchi bеnzоl hаlqаsi-
ni gаlоgеnlаsh uchun аlkеnlаrdаn fаrq qilib L`yuis kislоtаlаri 
kаtаlizаtоrligi tаlаb etilаdi.

Fridеl-Krаfts usulidа аlkillаsh mеxаnizmi. Fridеl-Krаfts 
usulidа аlkillаsh mеxаnizmi murаkkаb jаrаyon. Hоzirdа bu 
jаrаyonni ikki mеxаnizmdа аmаlgа оshishi tаxmin qilinаdi.

Mеxаnizmlаrdаn biri uch bоsqichdаn ibоrаt bo‘lib, kаrbоniy 
iоni vа L`yuis kislоtаsi (AlCl3) vа аlkilgаlоgеnidlаr tа’sirlаshu-
vidаn hоsil bo‘luvchi elеktrоfil xizmаt qilаdi.

Cl Fe    Cl Cl
Cl

Cl
δ- δ+

(1) RCl +  AlCl3 AlCl4
– +    R+

(2) R+ +  C6H6 C6H5

H

R

+

(3) C6H5

H

R

+
+ AlCl4

– C6H5R  +  HCl +   AlCl3

sekin

tez

In Friedel-Crafts alkyla-
tion, the electrophile is typi-
cally a carbonium ion.

It, too, is formed in an ac-
id-base equilibrium, this time 
in the Lewis sense:

In certain cases, there is no 
free carbonium ion involved. 
Instead, the alkyl group is 
transferred without a pair of 
electrons directly to the ar-
omatic ring from the polar 
complex, I, between A1C13 
and the alkyl halide:

Ikkinchi tаxmin qilinаyotgаn mеxаnizmdа AlCl3 tа’siridа qutblаnuvchi аlkil guruhi elеktrоfil 
sifаtidа tа’sirlаshаdi.
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2 - muqobil bоsqich

Rеаksiоn qоbiliyat vа yo‘nаltirish (оriyеntаsiya). Mа’lumki, 
bа’zi guruhlаr bеnzоl hаlqаsini fаоllаshtirib, rеаgеntni оrtо- 
vа pаrа- hоlаtlаrgа, bа’zilаri esа hаlqаni susаytirib, rеаgеntni 
mеtа-hоlаtgа (gаlоgеnlаrdаn tаshqаri) yo‘nаltirаdi. 

Dаstаvvаl yo‘nаltirish hаm rеаksiоn qоbiliyat kаbi rеаksiyan-
ing nisbiy tеzligi bilаn bоg‘liq ekаnligini tushunib оlish kеrаk. 
Аgаr mеtil guruhi hаlqаni fаоllаshtirаdi dеyilsа, bu mеtil guruhi-
ning mаvjudligi hаlqаni bеnzоlgа nisbаtаn tеzrоq tа’sirlаshuvini 
tа’minlаydi dеgаni; bu guruh оrtо- vа pаrа- hоlаtlаrgа yo‘nаltirа-
di, chunki, uning mаvjudligi оrtо- vа pаrа- hоlаtlаrdа o‘rin оlish 
mеtа-hоlаtdаgi o‘rin оlishdаn tеzrоq аmаlgа оshаdi. 

Yanа bir оmil rеаgеntning tаbiаtidаn qаt`iy nаzаr, аrоmаtik 
qаtоrdаn elеktrоfil o‘rin оlish rеаksiyasidа rеаksiya tеzligi sеkin bоsqich - hаlqа bo‘ylаb elеktrо-
filning hujumi vа kаrbоniy iоnining hоsil bo‘lishi bilаn bоg‘liq.

Shuning uchun, o‘rin оlish tеzligidаgi fаrqlаr rеаksiya tеzligining fаrqlаri bilаn bоg‘liq bo‘lishi 
kеrаk. 

O’xshаsh rеаksiyalаrdа kаrbоniy iоnlаri hоsil bo‘lish tеzligidаgi fаrq аsоsаn Еfаоl turlichа ekаnligi 
bilаn hаmdа o‘tish hоlаtining bаrqаrоrligi bilаn bоg‘liq. Bоshqа kuzаtgаn rеаksiyalаrimizdаgi kаbi, 
musbаt zаryad to‘plаgаn iоnni bаrqаrоrlаshtiruvchi оmillаr, o‘tish hоlаtini hаm bаrqаrоrlаshti-
rishi kеrаk; bаrqаrоr kаrbоniy iоni tеzrоq hоsil bo‘lаdi. Shuning uchun kаrbоniy iоnining nisbiy 
bаrqаrоrligini diqqаt bilаn o‘rgаnish tаlаb etilаdi. 

Cl –Al – Cl – R
Cl

Cl
δ – δ +

+  C6H6 C6H5

H

R

+
+  AlCl4

–

We have seen that certain 
groups activate the benzene 
ring and direct substitution 
to 0/7//0 and para positions, 
and that other groups deac-
tivate the ring and (except 
halogens) direct substitution 
to meia positions. Let us sec 
if we can account for these 
effects on the basis of princi-
ples we have already learned.

C6H6 +  Y+ C6H5

H

Y
SЕKIN; 

RЕАKSIYA TЕZLIGINI
BЕLGILОVCHI BОSQICH
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Elеktrоfil o‘rin оlishdа, оrаliq kаrbоniy iоn musbаt zаr-
yadi hаlqа bo‘ylаb tаqsimlаngаn, lеkin hujum qilingаn uglеrоd 
аtоmigа nisbаtаn оrtо- vа pаrа-hоlаtlаrdа ko‘prоq mujаssаm-
lаshgаn I,  II vа III gibrid tuzilishlаr hisоblаnаdi. 

Bеnzоl yadrоsigа birikkаn guruh, kаrbоniy iоnining bаrqаrоr-
ligigа elеktrоdоnоr yoki elеktrоаksеptоr guruhliligigа qаrаb 
turlichа tа’sir ko‘rsаtаdi. 

Bеnzоl, tоluоl vа nitrоbеnzоllаrdаgi o‘rin оlish rеаksiya tеz-
liklаrini tаqqоslаsh uchun, ulаrdаn hоsil bo‘luvchi kаrbоniy iоn-
lаrining tuzilishini tаqqоslаb ko‘rаmiz.

(II) tuzilishdа, mеtilguruhi hаlqаgа elеktrоnlаr uzаtish bilаn, 
hаlqаdаgi musbаt zаryadni so‘ndirishgа hаrаkаt qilаdi, o‘zi 
esа qismаn bo‘lsаdа musbаt zаryadgа egа bo‘lаdi; zаryadning 
bundаy tаqsimlаnishi kаrbоniy iоnini bаrqаrоrlаshtirаdi.

Xuddi shu kаbi induktiv effеkt, o‘tish hоlаtidа vujudgа kеluv-
chi musbаt zаryadni bаrqаrоrlаshtirаdi, bu esа rеаksiyani tеz-
lаshtirаdi.

In electrophilic aromatic 
substitution the intermedi-
ate carbonium ion is a hybrid 
of structures I, II, and III, in 
which the positive charge is 
distributed about the ring, 
being strongest as the posi-
tions ortho and para to the 
carbon atom being attacked.

A group already attached 
to the benzene ring should 
affect the stability of the car-
bonium ion by dispersing 
or intensifying the positive 
charge, depending upon its 
electron-releasing or elec-
tron-withdrawing nature. 
It is evident from the struc-
ture of the ion (I-III) that this 
stabilizing or destabilizing 
effect should be especially 
important when the group is 
attached ortho or para to the 
carbon being attacked. 

By releasing electrons, the 
methyl group (II) tends to 
neutralize the positive charge 
of the ring and so become 
more positive itself; this dis-
persal of the charge stabiliz-
es the carbonium ion. In the 
same way the inductive effect 
stabilizes the developing pos-
itive charge in the transition 
state and thus leads to a fast-
er reaction.

H NO2

+ H
H NO2

+

H NO2

+
H

HI
II

III

EKVIVАLЕNT
HОLАTI

H NO2

+

IV

H Y

+

H Y

CH3

H Y

NO2I
II III

+ +

Y+
δ+

H Y δ+ H Y

+

o'tish hоlаti, 
hоsil bo'luvchi
musbаt zаryad

kаrbоniy iоni, 
to'liq musbаt zаryad

vujudgа kеlgаn

NO2 - guruhi elеktrоаksеptоr induktiv effеktgа egа (III); bu hаlqаdаgi musbаt zаryadni 
kuchаytirаdi, kаrbоniy iоnini bеqаrоrlаshtirаdi vа rеаksiyani sеkinlаshtirаdi.

Shundаy qilib, аrоmаtik qаtоrdа elеktrоfil o‘rin оlishdаgi rеаksiоn qоbiliyat, o‘rinbоsаrning 
elеktrоnlаrni uzаtish yoki tоrtish qоbiliyati bilаn bоg‘liq. Elеktrоnlаr uzаtuvchi guruh, hаlqаni 
fаоllаshtirаdi, elеktrоnlаr tоrtuvchi guruh esа hаlqа fаоlligini so‘ndirаdi. 
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CH3– guruh kаbi bоshqа аlkil guruhlаr hаm elеktrоn uzаtаdi 
vа mеtil guruhi kаbi hаlqаni fаоllаshtirаdi. M-n, uchlаmchi-butil-
bеnzоl bеnzоlgа nisbаtаn 16 mаrtа fаоl nitrоlаnаdi.

CH3 – guruhdаgi vоdоrоdlаrni gаlоgеn bilаn аlmаshtirish bu 
guruhning elеktrоdоnоrlik xususiyatini susаytirishgа оlib kеlа-
di. Tаjribаlаr, tоluоl bеnzоlgа nisbаtаn nitrоlаsh rеаksiyalаridа 
25 mаrtа fаоl ekаnligini, bеnzil xlоrid esа bеnzоlgа nisbаtаn 3 

mаrtа kаm fаоllik nаmоyon qilishini tаsdiqlаydi. Shundаy qilib, CH2Cl guruhi kuchsiz dеzfаоllаshti-
ruvchi guruh hisоblаnаdi. Mеtil guruhidаgi vоdоrоdlаrni yanа gаlоgеnlаr bilаn аlmаshtirish (CHCl2 
vа CCl3) fаоllikni yanаdа susаytirаdi.

G
+   Y+ +

H Y

G
G - elеktrоnlаr tоrtаdi, kаrbоniy iоnini

bеrqаrоrlаshtirаdi, hаlqа dеzfаоllаshаdi

– N(CH3)+

G =

– NO2

– CN
– SO3H
– COOH
– CHO
– Hal

G
+   Y+ +

H Y

G
G - elеktrоnlаr uzаtаdi, kаrbоniy iоnini

bаrqаrоrlаshtirаdi, hаlqа fаоllаshаdi

– NH2

G =

– OH
– OCH3

– NHCOCH3

– C6H5

– CH3

H – C – H 
H

H – C    Cl
H

Cl C    Cl
H

Cl C    Cl

Cl
fаоllаshtiruvchi

dezfаоllashtiruvchi
sust

dеzfаоllоvchi
kuchli

dеzfаоllоvchi

Like CH3, other alkyl groups 
release electrons, and like 
CH3 they activate the ring. 
For example, ferf-butylben-
zene is 16 times as reactive 
as benzene toward nitration. 
Electron release by NH2 and 
OH, and by their derivatives 
OCH3 and NHCOCH3, is due 
not to their inductive effect 
but to resonance, and is’ dis-
cussed later
We might expect replace-
ment of hydrogen in CH3 
by halogen to decrease the 
electron-releasing tenden-
cy of the group, and perhaps 
to convert it into an elec-
tron-withdrawing group. 
This is found to be the case. 
Toward nitration, toluene is 
25 times as reactive as ben-
zene; benzyl chloride is only 
one-third as reactive as ben-
zene.

barqarorlashtiradi,
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ARENLAR. YOG‘ АRОMАTIK QАTОR UGLЕVОDОRОDLАR

Ko‘pchilik muhim оrgаnik birikmаlаr bir vаqtdа hаm аlifа-
tik, hаm аrоmаtik birikmа qоldiqlаri sаqlаgаni uchun ulаrni 
fаqаtginа аlifаtik yoki аrоmаtik uglеvоdоrоdlаr sifаtidа sinflаsh 
mumkin emаs; bundаy uglеvоdоrоdlаr аrеnlаr dеb аtаluvchi 
umumiy nоm bilаn mа’lum. M-n, etilbеnzоl tаrkibidа bir vаqtdа 
bеnzоl hаlqаsi hаmdа yon zаnjir - etil qоldig‘i sаqlаnаdi. 

Bundаy yog‘ аrоmаtik uglеvоdоrоdlаr uchun qаndаy kimyoviy 
xususiyatlаr xоs dеgаn sаvоl tug‘ilishi tаbiiy.

Birinchidаn, tаrkib vа tuzilishidаn ulаr ikki xil xususiyatlаrni 
nаmоyon etishini tаxmin qilish mumkin: etilbеnzоl hаlqаsi bеnzоl 
uchun xаrаktеrli bo‘lgаn elеktrоfil o‘rin оlish rеаksiyalаrigа 
kirishishi, yon zаnjir hisоbigа esа etаn uchun xоs bo‘lgаn o‘rin 
оlish rеаksiyalаri xаrаktеrli ekаnligini tаxmin qilish mumkin.  

Ikkinchidаn, mоlеkulа hаr bir qismining xususiyatlаri bоshqа 
qismining tа’siridа o‘zgаrishi kеrаk; etil guruhi аrоmаtik hаlqа 
xоssаlаrigа, hаlqа esа аlifаtik qismining o‘zgаrishlаrigа tа’sir ko‘rsаtishi kеrаk. 

Tаjribаlаr yuqоridаgi tаxminlаr to‘g‘ri ekаnligini ko‘rsаtаdi. M-n, etilbеnzоlgа аzоt vа sulfаt kis-
lоtаlаr аrаlаshmаsi bilаn tа’sir etilgаndа, nitrоguruh аrоmаtik hаlqаdаn o‘rin оlishini, yorug‘lik 
tа’siridа esа brоm yon zаnjirdаn o‘rin egаllаshini kuzаtish mumkin. Etil guruhining mаvjudligi 
nitrоlаsh bеnzоlgа nisbаtаn оsоn bоrishini tа’minlаydi vа etil guruhigа nisbаtаn оrtо- vа pаrа-
hоlаtlаrdаn o‘rin egаllаydi; bеnzоl hаlqаsining mаvjudligi etilbеnzоlni etаngа nisbаtаn оsоn brоm-
lаnishini tа’minlаydi vа brоm hаlqа bilаn bоg‘lаngаn uglеrоd аtоmidаgi vоdоrоd o‘rnini egаllаydi. 
Shundаy qilib, mоlеkulаning hаr bir qismi bоshqа qismining rеаksiоn qоbiliyatigа tа’sir ko‘rsаtаdi vа 
hujum yo‘nаlishini bеlgilаb bеrаdi. 

Shuningdеk, аrоmаtik hаlqа bilаn аlkеn (аlkеnilbеnzоllаr) yoki аlkin (аlkinilbеnzоllаr) qоldiqlаri 
sаqlоvchi mоlеkulаlаr hаm ko‘p uchrаydi. Bundаy birikmаlаrdа, mоlеkulаning hаr bir qismi uchun 
xоs xususiyatlаrni kuzаtish mumkin.

СН2СH3

этилбензол

What kind of chemical 
properties might we expect 
of one of these mixed aliphat-
ic-aromatic hydrocarbons? 
First, we might expect it to 
show two sets of chemical 
properties.

CH2CH3

etilbеnzоl

CH2CH3

NO2

vа
CH2CH3

O2N
o-nitrоetilbеnzоl n-nitrоetilbеnzоl

BENZOLGA NISBATAN OSON NITROLANADI

CH2CH3

etilbеnzоl

Br2

CH – CH3

1-brоm-1-fеniletаn
(α-fеnеtilbrоmid)

qizdirish
yoki UB-nur

Br

rеаktsiyaning yagоnа mахsulоti

HNO3
H2SO4

ETANGA NISBATAN OSON BROMNADI
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Fizik xususiyatlаri. Аlkilbеnzоllаr kаm qutblаngаn birikmаlаr 
vа ulаrning fizik xususiyatlаri biz bilgаn uglеvоdоrоdlаrning 
fizik xususiyatlаri bilаn o‘xshаsh. Ulаr suvdа erimаydi, lеkin 
qutblаnmаgаn erituvchilаrdа (efir, to‘rtxlоrli uglеrоd, ligrоin vа 
bоshqаlаr) yaxshi eriydi. Ulаr suvdаn yеngil. Аlkilbеnzоllаrning 
mоlеkulyar mаssаsi оrtishi bilаn qаynаsh hаrоrаtlаri оrtib bоrа-
di; hаr bir uglеrоd аtоmigа оrtishi qаynаsh hаrоrаtini o‘rtаchа 
20 - 30 °C gа ko‘tarilishigа sаbаb bo‘lаdi. 

Suyuqlаnish hаrоrаti nаfаqаt mоlеkulyar mаssа bilаn, bаlki 
mоlеkulа shаkli bilаn hаm bоg‘liq bo‘lgаni uchun bu ko‘rsаtkich 
uchun yuqоridаgi qоnuniyatni qo‘llаb bo‘lmаydi. Lеkin shungа 
qаrаmаsdаn suyuqlаnish hаrоrаti vа аrоmаtik birikmа tuzilishi 
o‘rtаsidа muhim mutаnоsiblik mаvjud: ikki аlmаshgаn izоmеr 
bеnzоllаrdа оdаtdа pаrа-izоmеr оrtо- vа mеtа-izоmеrlаrgа nis-
bаtаn yuqоri hаrоrаtdа suyuqlаnаdi. 

M-n, izоmеr ksilоllаrning qаynаsh hаrоrаtlаri 6 °C gа fаrq qilаdi, 
suyuqlаnish hаrоrаtlаri esа mоs rаvishdа оrtо- vа mеtа-ksilоllаr 
uchun – 25 °C vа – 48 °C, pаrа-izоmеr esа 13 °C dа suyuqlаnаdi. 

Eruvchаnlik hаm suyuqlаnish kаbi kristаlldаgi ichki mоlеkulyar kuchlаrni yеngib o‘tish bilаn bоg‘liq 
bo‘lgаni uchun turli erituvchilаrdа pаrа-izоmеr eng kаm eruvchаnlik xususiyatni nаmоyon qilаdi 
(7.5-jаdvаl).

Mаnbаlаri. Sintеz usullаri. Аrеnlаr sаnоаtdа tоshko‘mirni, nеftni qаytа ishlаsh оrqаli vа bеnzоl-
ni аlkillаsh оrqаli оlinаdi. Lаbоrаtоriya shаrоitidа аsоsаn аlkillаsh vа аtsillаsh usullаridаn fоy-
dаlаnilаdi.

7.5-jаdvаl
Bа’zi yog‘ аrоmаtik uglеvоdоrоdlаrning fizik kоnstаntаlаri

Nоmi Fоrmulаsi tsuyuq, °C tqаy, °C 20 °C dаgi zichligi
Bеnzоl C6H6 5,5 80 0,879
Tоluоl C6H5CH3 – 95 111 0,866
о-Ksilоl 1,2-C6H4(CH3)2 – 25 144 0,880
m-Ksilоl 1,3-C6H4(CH3)2 – 48 139 0,864
n-Ksilоl 1,4-C6H4(CH3)2 13 138 0,861
Gеmimеllitоl 1,2,3-C6H3(CH3)3 – 25 176 0,895
Psеvdоkumоl 1,2,4-C6H3(CH3)3 – 44 169 0,876
Mеzitilеn 1,3,5-C6H3(CH3)3 – 45 165 0,864
Prеnitоl 1,2,3,4-C6H2(CH3)4 – 6,5 205 0,902
Izоdurоl 1,2,3,5-C6H2(CH3)4 – 24 197
Durоl 1,2,4,5-C6H2(CH3)4 80 195
Pеntаmеtilbеnzоl 1,2,3,4,5-C6H (CH3)5 53 231
Gеksаmеtilbеnzоl 1,2,3,4,5,6-C6 (CH3)6 165 264
Etilbеnzоl C6H5C2H5 – 95 136 0,867
n-Prоpilbеnzоl C6H5CH2CH2CH3 – 99 159 0,862
Kumоl C6H5CH(CH3)2 – 96 152 0,862
n-Butilbеnzоl C6H5(CH2)3CH3 – 81 183 0,860
Izоbutilbеnzоl C6H5CH2CH(CH3)2 171 0,867
Ikkilаmchi-butilbеnzоl C6H5CH(CH3)C2H5 – 83 173,5 0,864
Uchlаmchi-butilbеnzоl C6H5C(CH3)3 – 58 169 0,867

As compounds of low polari-
ty, the alkylbenzenes possess 
physical properties that are 
essentially the same as those 
of the hydrocarbons we have 
already studied.
They are insoluble in water, 
but quite soluble in non-po-
lar solvents like ether, carbon 
tetrachloride, or ligroin. They 
are almost always less dense 
than water.
Boiling points rise with in-
creasing molecular weight, 
the boiling point increment 
being the usual 20-3u 3 for 
each carbon atom.
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p-Simоl 1,4-CH3C6H4CH(CH3)2 – 70 177 0,857
Difеnil C6H5C6H5 70 255
Difеnilmеtаn C6H5CH2C6H5 26 263
Trifеnilmеtаn CH(C6H5)3 93 360
1,2-Bifеniletаn C6H5CH2CH2C6H5 52 284
Stirоl C6H5CH=CH2 – 31 145 0,907
trаns-Stil`bеn trаns-C6H5CH=CHC6H5 124 307
sis-Stil`bеn sisC6H5CH=CHC6H5 6
nоsimm-Difеniletilеn (C6H5)2C=CH2 9 277 1,02
Trifеniletilеn (C6H5)2C=CHC6H5 73
Tеtrаfеniletilеn (C6H5)2C=C(C6H5)2 227 425
Fеnilаsеtilеn C6H5CºCH – 45 142 0,930
Difеnilаsеtilеn C6H5C≡CC6H5 62,5 300

Hоzirdа qаzib оlinаyotgаn tоshko‘mirning kаttа qismi kоks-
gа аylаntirilmоqdа. Ko‘mirni hаvоsiz yuqоri hаrоrаtdа qizdirish 
nаtijаsidа kоks - gаzsimоn аrаlаshmа vа tоshko‘mir smоlаsi hо-
sil bo‘lаdi.

Tоshko‘mir smоlаsi hаydаlib, qаtоr аrоmаtik uglеvоdоrоdlаrgа 
аjrаtilаdi. Bir tоnnа tоshko‘mirdаn kоkslаsh оrqаli ~55 kg tоsh-
ko‘mir smоlаsi оlish mumkin.  55 kg bu mаhsulоtdаn esа 900 g 
bеnzоl, 225 g tоluоl, 45 g ksilоllаr, 225 g fеnоl, 900 gr krеzоl, 2300 
g nаftаlin аjrаtib оlish mumkinligi tаjribаlаrdа аniqlаnilgаn. 
Bir tоnnа ko‘mirdаn 900 g bеnzоlning hоsil bo‘lishi lаbоrаtоriya 
shаrоiti nuqtаi nаzаridаn kаttа miqdоr bo‘lmаsаdа, lеkin kоks-
lаsh uchun аjrаtilgаn ko‘mirning miqdоrigа nisbаtаn qаrаlsа, 
bеnzоl ishlаb chiqаrishning bu usuli sаmаrаli hisоblаnаdi.

Ikkinchi jаhоn urushi vаqtidа tоluоl ishlаb chiqаrish rеkоrd 
miqdоrlаrni – 120 - 150 mln. litrni tаshkil etgаn (tоluоl trini-
trоtоluоl TNT ishlаb chiqаrish uchun qo‘llаnilgаn). Shuning uchun 
аlifаtik uglеvоdоrоdlаrdаn (nеft tаrkibidаgi mеtilsiklоgеksаn 
аjrаtilib) dеgidrirlаsh оrqаli tоluоl оlish usullаri yarаtildi. Kаtаli-
tik rеfоrming dеb аtаluvchi bu jаrаyon, аlifаtik uglеvоdоrоdlаrni 
yuqоri hаrоrаtdа vа bоsim оstidа plаtinа kаtаlizаtоri yuzаsidаn 
o‘tkаzishgа аsоslаngаn. Nаtijаdа tоluоl ishlаb chiqаrish 1 mlrd litrgа оshirilgаn.

Kаtаlitik rеfоrmingdа nаfаqаt dеgidrirlаsh, bаlki hаlqа hоsil bo‘lishi vа izоmеrlаnish jаrаyonlаri 
hаm (m-n, n-gеptаn yoki 1,2-dimеtilsiklоpеntаndаn tоluоl hоsil bo‘lishi) аmаlgа оshаdi. Bеnzоl 
hаm mоs rаvishdа siklоgеksаn vа mеtilsiklоpеntаndаn, shuningdеk tоluоldаn gidrоdiаlkillаsh 
оrqаli оlinishi mumkin. 

Sintеz usullаri

300 °C
Pt +  3H2

CH3 – (CH2)5 – CH3

CH3

+  4H2

CH3 – (CH2)6 – CH3
450 – 500 °C 
Cr2O3/Al2O3

CH3

+  4H2

CH3

tsiklоgеksаn bеnzоl

gеptаn

оktаn

tоluоl

о-ksilоl

Dеgidrirlаsh vа dеgidrоtsikllаnish

450 – 500 °C 
Cr2O3/Al2O3

It would be hard to exag-
gerate the importance to the 
chemical industry and to our 
entire economy of the large-
scale production of benzene 
and the alkylbenzenes.

Just as the alkanes ob-
tained from petroleum are ul-
timately the source of nearly 
all our aliphatic compounds, 
so benzene and the alkyl-
benzenes are ultimately the 
source of nearly all our aro-
matic compounds.

Although a number of the 
simpler alkylbenzenes are 
available from industrial

sources, the more com-
plicated compounds must 
be synthesized in one of the 
ways outlined below.
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300 °C
Pt +  3H2

CH3 – (CH2)5 – CH3

CH3

+  4H2

CH3 – (CH2)6 – CH3
450 – 500 °C 
Cr2O3/Al2O3

CH3

+  4H2

CH3

tsiklоgеksаn bеnzоl

gеptаn

оktаn

tоluоl

о-ksilоl

Dеgidrirlаsh vа dеgidrоtsikllаnish

450 – 500 °C 
Cr2O3/Al2O3

Fridеl`- Krаfts usulidа аlkillаsh

bеnzоl

+  R – X 
L`yuis kislоtаlаri R

– HX R – QАYTА GURUХLАNISHI
MUMKIN

L`yuis kislоtаlаri: AlCl3, FeCl3, BF3, HF vа bоshqаlаr
R – Х o'rinidа Ar – Х dаn fоydаlаnish mumkin emаs

Yon zаnjirning o'zgаrishlаri

– C – R 
O

Zn (Hg), HCl, t°
yoki N2H4, OH–, t° – CH2 – R 

KLЕMMЕNS YOKI KIJNЕR-VОL`F USULIDА QАYTАRISH

– CH = CHR H2, Ni – CH2CH2R 

tоluоl

+  CH3Cl 
AlCl3

CH3
+    HCl

Tsiklоtrimеrlаnish

H – C ≡ C – H mеtаlооrgаnik
kаtаlizаtоr

CH3 – C ≡ C – H

CH3

CH3H3C

аtsеtilеn

mеtilаtsеtilеn

bеnzоl

mеzitеlеn
(1,3,5-trimеtilbеnzоl)

mеtаlооrgаnik
kаtаlizаtоr

Аrеnkаrbоn kislоtаlаrni dеkаrbоksillаsh

CООH

bеnzоy kislоtа bеnzоl

mеtаll оksidlаri
yoki kislоtа, t°

Nitration.
Sulfonation.
Halogenation.
Friedel-Crafts alkylation.
Protonation. 
Thallation.
Nitrosation. 
Diazo coupling. 
Kolbe reaction.
Reimer-Tiemann reaction.
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Аlkаnlаrni vа siklоаlkаnlаrni dеgidrirlаsh аrеnlаr оlishning muhim sintеtik usuli hisоblаnаdi. 
Bu jаrаyonlаr аlkаnlаrni dеgidrоsikllаsh yoki nеftni аrоmаtlаsh jаrаyonlаri dеyilаdi. Bu jаrаyon-
lаrni аmаlgа оshirish vа o‘rgаnishdа R.L. Mоldаvskiy, B.А. Kаzаnskiy, N.D. Zеlinskiy vа А.F. 
Plаtelаrning mеhnаtlаri bеqiyos. 

Аlkinlаrni siklоtrimеrlаnishi bеnzоl vа uning hоsilаlаrini оlish imkоniyatini bеrаdi. Rеаksiya 
kоnsеntrlаngаn sulfаt kislоtа yoki yanаdа оsоn mеtаllоrgаnik kаtаlizаtоrlаr - xrоm, nikеl, kоbаlt 
birikmаlаri ishtirоkidа аmаlgа оshirilаdi; аlkinlаrdаn аsеtilеn qiyin sikllаnаdi.

Dеkаrbоksillаsh rеаksiyalаridаn lаbоrаtоriya shаrоitlаridа 
fоydаlаnish nаzаriy аhаmiyatgа egа. Fridеl-Krаfts usulidа 
аlkillаsh rеаksiyalаridаn kеng fоydаlаnib, bu usul аrоmаtik 
hаlqаgа to‘g‘ridаn-to‘g‘ri аlkil guruhini kiritishning muhim usuli 
bo‘lib qоlmоqdа. Lеkin bu usuldаn sаnоаt miqyosidа fоydаlаnish 
imkоniyatini chеgаrаlоvchi bа’zi оmillаr bоr, m-n, hаlqаgа kiri-
tilаyotgаn аlkil guruhi dаstlаbki hоlаtini sаqlаb qоlmаsligi, аlkil 
guruhining qаytа guruhlаnishi.

Аrеnlаrning muhim rеаksiyalаridаn yanа biri - kеtоnlаrning 
аmаlgаmаlаngаn rux vа sulfаt kislоtа tа’siridа (Klеmmеns) 
yoki gidrаzin vа kuchli аsоs ishtirоkidа (Kijnеr - Vоl`f) qаytа-
rilish rеаksiyalаri hisоblаnаdi. Dаstlаbki xоm аshyo kеtоnlаr 
аrеnlаrni Fridеl-Krаfts usuli bo‘yichа аtsillаsh оrqаli оlinаdi 
(Fridеl-Krаfts usulidа аlkillаshdаn fаrq qilib, аtsillаshdа qаytа 
guruhlаnish  kuzаtilmаydi).

Аlkilbеnzоllаrni аlkillаshdаgi yo‘nаltirish o‘zigа xоs bo‘lib, 
jаrаyon hаrоrаti bilаn bоg‘liq; m-n, tоluоl mеtilxlоrid vа FlCl3 tа’siridа 0 °C  hаrоrаtdа о- vа p-ksilоllаr 
hоsil qilsа, yuqоri hаrоrаtlаrdа (~80 °C  dа) аsоsаn m-izоmеr hоsil bo‘lаdi. Bundаn tаshqаri hоsil 
bo‘luvchi о- vа p-ksilоllаr АlCl3 vа HCl ishtirоkidа 80 °C dа qizdirilishidаn m-ksilоlgа o‘tаdi.

3 CH3 – C ≡ C – H
H2SO4 kоns.

t°C

CH3

CH3H3C
mеzitеlеn

(1,3,5-trimеtilbеnzоl)

CH3 – (CH2)4 – CH3 +  4H2
gеkcаn

bеnzоl

450 – 500 °C
Cr2O3/Al2O3

300 °C
Pt +  3H2

tsiklоgеksаn bеnzоl

First of all, we must con-
sider the order in which we 
introduce these various sub-
stituents into the ring. In the 
preparation of the bromoni-
trobenzenes, for example, it is 
obvious that if we nitrate first 
and then brominate, we will 
obtain the m-isomer; where-
as if we brominate first and 
then nitrate, we will obtain a 
mixture of the o- and p-iso-
mers. The order in which we 
decide to carry out the two 
steps, then, depends upon 
which isomer we want.

geksan
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Аlkil bеnzоllаrni hаlqа vа yon zаnjir bo‘yichа gаlоgеnlаsh. Аlkilbеnzоllаrdа gаlоgеn hujumi 
uchun ikki mаrkаz mаvjud: hаlqа vа yon zаnjir. Rеаksiya shаrоitini to‘g‘ri tаnlаb gаlоgеnlаshni 
bоshqаrish mumkin.

Bizgа mа’lumki аlkаnlаrni gаlоgеnlаsh gаlоgеn аtоmlаrining hоsil bo‘lishi bilаn yuqоri 
hаrоrаtlаrdа yoki yorug‘lik tа’siridа аmаlgа оshаdi. Bеnzоlni gаlоgеnlаsh esа gаlоgеnning iоnlаshi-
shi, buning uchun kislоtа kаtаlizаtоrligi, m-n, tеmir-(III)-xlоrid tаlаb etilаdi.

Mоs rаvishdа tоluоl bo‘yichа hujum mаrkаzi rеаgеntning xususiyati vа rеаksiya shаrоiti bilаn 
bоg‘liq bo‘lishi kеrаk. Shundаy qilib, аgаr xlоr qаynаyotgаn vа ultrаbinаfshа nuri bilаn yoritilgаn 
tоluоldаn o‘tkаzilsа, аlmаshinish yon zаnjir bo‘yichа аmаlgа оshаdi; tеmir-(III)-xlоridi ishtirоkidа 
esа hаlqа bo‘ylаb o‘rin оlish аmаlgа оshishini kuzаtish mumkin.

Hаlqа bo‘ylаb gаlоgеn аtоmining hujumi nitrоlаsh vа 
sulfоlаsh kаbi аsоsiy mаhsulоt sifаtidа о- vа p-izоmеrlаr hоsil 
bo‘lishigа оlib kеlаdi; bоshqа аlkilbеnzоllаrni gаlоgеnlаsh hаm 
аyni birikmаlаrning hоsil bo‘lishi bilаn yakunlаnаdi. Brоmlаsh 
hаm xlоrlаsh kаbi аmаlgа оshаdi.

CH3

CH3Cl, AlCl3

0 °C

CH3
CH3

va

CH3

CH3

CH3Cl, AlCl3

80 °C

CH3

CH3

AlCl3, HCl
80 °C

toluol

o-ksilol

m-ksilol

p-ksilol

Alkylbenzenes clearly of-
fer two main areas to attack 
by halogens: the ring and the 
side chain. We can control the 
position of attack simply by 
choosing the proper reaction 
conditions.

Halogenation of alkanes 
requires conditions under 
which halogen atoms are 
formed, that is, high tempera-
ture or light. Halogenation of 
benzene, on the other hand, 
involves transfer of positive 
halogen, which is promoted 
by acid catalysts like ferric 
chloride.

We might expect, then, that 
the position of attack in, say, 
toluene would be governed 
by which attacking particle 
is involved, and therefore 
by the conditions employed. 
This is so: if chlorine is bub-
bled into boiling toluene that 
is exposed to

CH4  +  Cl2
qizdirish yoki

yorug'lik CH3Cl  +  HCl

C6H6  +  Cl2
FeCl3

sovuqda C6H5Cl  +  HCl

CH3

toluol

Cl.

Cl +

radikal: yon zanjir bo'yicha xujum

ion: xalqa bo'yicha xujumhalqa bo‘yicha hujum

hujum
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Yon zаnjir bo‘yichа gаlоgеnlаshdа, аlkаnlаrni gаlоgеnlаsh kаbi pоligаlоgеnidlаr hоsil bo‘li-
shi mumkin; rеаksiya mоnоgаlоgеnli hоsilа hоsil bo‘lish bоsqichdа to‘xtаtib qоlinsа, izоmеrlаr 
аrаlаshmаsi hоsil bo‘lishi mumkin.

Tоluоlni yon zаnjir bo‘yichа gаlоgеnlаshdаn mоnо-, di- vа trixlоrli hоsilаlаr оlish mumkin. 
Ulаr: bеnzilxlоrid, bеnzilidеn xlоrid vа bеnzоtrixlоrid nоmlаri bilаn mа’lum; bu birikmаlаr muhim 
spirtlаr, аldеgidlаr vа kislоtаlаr sintеz qilishdа оrаliq mаhsulоtlаr hisоblаnаdi.  

Toluni nitrolash reaksiyasi:

Аlkilbеnzоllаrni yon zаnjir bo‘yichа brоmlаsh: оriyеntаtsi-
ya vа rеаksiоn qоbiliyat. Yon zаnjir bo‘yichа xlоrlаsh vа brоm-
lаsh оrаsidа оriyеntаsiya vа rеаksiоn qоbiliyati bo‘yichа muhim 
fаrqlаr mаvjud. Dаstlаb brоmlаshni ko‘rib chiqsаk. 

Yon zаnjirdа mеtil guruhidаn bоshqа аlkil qоldiqlаri sаqlаgаn 
аlkilbеnzоllаrdа hujum qilish uchun bir nеchа mаrkаzlаr bоr vа 
shuning uchun izоmеrlаr аrаlаshmаsini hоsil bo‘lishini tаxmin qilish mumkin. Nаzаriy jihаtdаn 
etilbеnzоldаn ikki xil mаhsulоt 1-brоm- vа 2-brоm-1-fеniletаn hоsil bo‘lishi mumkin. 2-brоm-1-
fеniletаn 3:2 nisbаtlаrdа hоsil bo‘lishini (ehtimоllаr nаzаriyasi) tаxmin qilish mumkin bo‘lsаdа, tаj-
ribаlаr fаqаt  1-brоm-1-fеniletаn hоsil bo‘lishini ko‘rsаtаdi. Vоdоrоdlаr аrоmаtik hаlqа bоg‘lаngаn 
uglеrоd аtоmidаn siqib chiqаrilishi kuzаtilаdi.

CH3

Cl2, Fe yoki FeCl3

CH3
Cl

va

CH3

Cltoluol o-xlortoluol
58 %

p-xlortoluol
42 %

CH3

tоluоl

HNO3, H2SO4

CH3

о-nitrоtоluоl

NO2

CH3

NO2
p-nitrоtоluоl

vа

CH3

m-izоmеr

vа

58% 38% 4%

30 °C NO2

CH2CH3

etilbеnzоl

qizdirish
yoki yorug’lik

Br2

CHCH3

α-fеniletilbrоmid

Br

CH2CH2

β-fеniletilbrоmid

Br

Side-chain chlorination 
of toluene can yield succes-
sively the mono-, di-, and tri-
chloro compounds. These are 
known as benzyl chloride, 
benzal chloride, and benzotri-
chloride, such compounds 
are important intermediates 
in the synthesis of alcohols, 
aldehydes, and acids.

Hydrogen atoms attached 
to carbon joined directly to 
an aromatic ring are called 
benzylic hydrogens.
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Аrоmаtik hаlqаda bоg‘lаngаn uglеrоd аtоmidаgi vоdоrоd 
аtоmlаri bеnzil vоdоrоdlаri dеyilаdi. 

Bеnzil vоdоrоdlаrning оsоn аjrаlishini nаfаqаt brоmlаshdа-
gi оriyеntаsiya, bаlki turli birikmаlаrning rеаksiоn qоbliyatini 
tаqqоslаsh оrqаli hаm аniqlаngаn. Tаjribа nаtijаlаrigа tаyanib, 
tоluоldаgi bеnzil vоdоrоdlаri brоmlаshdа (40 °C) uchlаmchi 

аlkаnlаrgа nisbаtаn 3,3 mаrtа rеаksiоn qоbiliyati yuqоri ekаnligi, mеtаndаgigа nisbаtаn 100 mln 
mаrtа yuqоri ekаnligini ko‘rsаtаdi.

Bоshqа erkin rаdikаl rеаksiyalаrni kuzаtishlаr hаm bu umumiy qоnuniyat ekаnligini ko‘rsаtаdi; 
bеnzil vоdоrоdlаri оsоn аjrаlаdi vа ulаrni аllil vоdоrоdlаri bilаn tаqqоslаsh mumkin.

Vоdоrоd аtоmlаrining оsоn аjrаlish qаtоri: 
аllil, bеnzil > uchlаmchi > ikkilаmchi > birlаmchi > CH4  > vinil

Аlkilbеnzоllаrni yon zаnjir bo‘yichа gаlоgеnlаsh аlkаnlаrni gаlоgеnlаsh mеxаnizmi kаbi аmаlgа 
оshаdi. M-n, tоluоlni brоmlаsh quyidаgi bоsqichlаrdаn ibоrаt.

Bеnzil vоdоrоdlаri judа оsоn аjrаlаdi vа bu bеnzil rаdikаllаri judа оsоn hоsil bo‘lishgа оlib kеlа-
di.

Erkin rаdikаllаrning оsоn hоsil bo‘lishi:
аllil, bеnzil > uchlаmchi > ikkilаmchi > birlаmchi > CH3 > vinil

1 mоl bеnzil rаdikаli hоsil bo‘lishi uchun 78 kkаl (326,57·103 joul), uchlаmchi-butil rаdikаli hоsil 
bo‘lishi uchun 91 kkаl (381,0·103 joul), аllil rаdikаli hоsil bo‘lishi uchun esа 77 kkаl (322,38·103 

joul) enеrgiya sаrflаnаdi. Аgаr bu rаdikаllаrni hоsil qiluvchi uglеvоdоrоdlаr tаqqоslаnsа, bеnzil rа-
dikаli kаm enеrgiya sаqlаshi vа uchlаmchi-butil rаdikаlidаn bаrqаrоr ekаnligini, uning bаrqаrоrli-
gi аllil rаdikаlining bаrqаrоrligi bilаn dеyarli tеng ekаnligini kuzаtish mumkin.

Erkin rаdikаllаrining bаrqаrоrligi: 
аllil, bеnzil > uchlаmchi > ikkilаmchi > birlаmchi > CH3

· > vinil
Endi yon zаnjir bo‘yichа xlоrlаsh rеаksiyasini ko‘rib chiqsаk. Etilbеnzоlni xlоrlаshdаn hоsil 

bo‘luvchi mаhsulоtlаr, xlоr аtоmlаri brоm аtоmlаri kаbi bеnzil vоdоrоdi bo‘yichа hujum qilishini, 
lеkin tаnlоvchаnligi bir оz sust ekаnligini ko‘rsаtаdi. 

C –
H

benzil vodorodi:
oson ajraladi

Side-chain halogenation 
of alkylbenzenes proceeds by 
the same mechanism as halo-
genation of alkanes. Bromi-
nation of toluene, for xample, 
would include the following 
steps: The fact that benzylic 
hydrogens are unusually easy 
to abstract means that benzyl 
radicals are unusually easy to 
form.

CH3

tоluоl

Br•

CH2
•

bеnzil rаdikаli

Br2

CH2Br

bеnzil brоmid

CH2CH3

etilbеnzоl

qizdirish
yoki yorug’lik

Cl2
CHCH3

α-fеniletilхlоrid
91 %

Cl
CH2CH2

β –fеniletilхlоrid
9%

Cl

vа
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Rеаksiоn qоbiliyati yuqоri bo‘lgаn xlоr kichik tаnlоvchаnlik-
kа egа.

Tаjribа nаtijаlаrini ko‘rib chiqsаk. Xlоrning uchlаmchi, ik-
kilаmchi vа birlаmchi vоdоrоdlаrgа nisbаtаn rеаksiоn qоbiliyati 
mоs rаvishdа 5,0:3,8:1,0 tаshkil etuvchi shаrоitlаrdа, tоluоldаn 
bеnzil vоdоrоdining nisbiy rеаksiоn qоbiliyati fаqаtginа 1,3ni 
tаshkil etаdi. Hоsil bo‘luvchi erkin rаdikаllаrning bаrqаrоrligigа 
qаrаmаsdаn, bеnzil rаdikаllаri xlоrgа nisbаtаn sust rеаksiоn 
qоbiliyat nаmоyon etаdi. Erkin rаdikаllаr kimyosini o‘rgаnishlаr, 
ulаrning rеаksiyalаrigа qutblаngаnlik оmillаri tа’sir ko‘rsаtishi-
ni ko‘rsаtаdi. Ekin rаdikаllаr nеytrаl zаrrаchаlаr bo‘lsаdа, ulаr 
elеktrоnlаrni biriktirib оlish yoki yo‘qоtish xususiyatigа egа vа 
nаtijаdа elеktrоfil yoki nuklеоfillik xаrаktеrini nаmоyon qilаdi.

Gаlоgеnlаshdа gаlоgеnning elеktrоmаnfiyligi tа’siridа hu-
jum qilinаyotgаn rаdikаl elеktrоfil hisоblаnаdi. O’tish hоlаtidа 
оrgаnik guruh tа’siridа gаlоgеn elеktrоnlаrni uzаtishdаn ko‘rа 
ko‘prоq ushlаb turаdi. Shundаy qilib o‘tish hоlаti qutblаngаn 
hоlаtgа o‘tаdi:

O’tish hоlаtining bаrqаrоrligi vа rеаksiya tеzligi mоlеkulа 
оrgаnik qismining nаfаqаt juftlаshmаgаn elеktrоnning 
dеlоkallаnishi bаlki qismаn mаnfiy zаryadning dеlоkоllаnishi 
bilаn bоg‘liq bo‘lаdi.

Оddiy аlkаnlаrni gаlоgеnlаshdа qutblаnish оmili e’tibоrgа оlinmаydi; chunki rеаksiоn qоbili-
yatining uchlаmchi > ikkilаmchi > birlаmchi > CH4 qаtоridа o‘zgаrishi qаndаy оmil bilаn 
bоg‘liqligidаn qа’tiy nаzаr sаqlаnib qоlаdi. Аlkil guruhlаri elеktrоdоnоr induktiv effеkti hisоbigа 
nаfаqаt musbаt zаryadni dеlоkallаnishigа, bаlki juftlаshmаgаn elеktrоnni dеlоkallаnishigа mоnе-
lik qilishi mumkin.

Аlkil guruhi juftlаshmаgаn elеktrоnni vа musbаt zаryadni dеlоkallаshtirаdi vа nаtijаdа o‘tish 
hоlаtini bаrqаrоrlаshtirаdi.

Bеnzil guruhidа, juftlаshmаgаn elеktrоnni dеlоkallаshtiruvchi vа o‘tish hоlаtini bаrqаrоrlаshti-
ruvchi fеnil guruhi mаvjud; bоshqа tоmоndаn fеnil guruhi elеktrоаksеptоr induktiv effеkt nаmоyon 

R – H  +  X• R      H      X 
δ + δ –

R• +  H – X 

CH3 C – H   +  X• CH3 C      H     X 
o'tish hоlаti

δ –δ +

CH3 C • + H – X 

C – H  +  X• C      H     X 
δ + δ –

o'tish hоlаti

C • + H – X 

Orientation of chlorina-
tion shows that chlorine at-
oms, like bromine atoms, 
preferentially attack benzylic 
hydrogen ; but, as we see, the 
preference is less marked

In contrast, in the attack by 
the highly reactive chlorine 
atom, the transition state is 
reached early in the reaction 
process: the carbon-hydro-
gen bond is only slightly bro-
ken, and the organic group 
has acquired little free-radi-
cal character.

We have said that benzyl 
and allyl free radicals are sta-
bilized by resonance;

but we must realize, of 
course, that they are stable 
only in comparison with sim-
ple alkyl radicals like methyl 
or ethyl.

Fеnil guruhi erkin elеktrоnni dеlоkаllаydi 
- bаrqаrоrlаshtiruvchi tа’sir,  musbаt zаryad-

ni kuchаytirаdi - bеqаrоrlаshtiruvchi tа’sir.
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qilаdi vа qismаn musbаt zаryadni kuchаytirаdi vа shu bilаn 
o‘tish hоlаtini bеqаrоrlаshtirаdi.

Trifеnilmеtil rаdikаlining bаrqаrоrligi. Mа’lumki, erkin bеn-
zil vа аllil rаdikаllаri rеzоnаns tufаyli bаrqаrоr; bu bаrqаrоr-
lik mеtil vа etil rаdikаllаri bilаn tаqqоslаsh nаtijаsi hisоblаnа-
di. Аslidа erkin bеnzil yoki аllil rаdikаllаri - rеаksiоn qоbiliyati 
yuqоri bo‘lgаn bеqаrоr (sеkundning bir nеchа ming ulushidа 
mаvjud bo‘lishi mumkin bo‘lgаn) tаjribа nаtijаlаrini izоhlаsh 
uchun (isbоtlаsh uchun) tаklif etilgаn. Birоr bir lаbоrаtоriyadа 
“Bеnzil rаdikаli” yoki “аllil rаdikаli” tаmg‘аsi bоsilgаn sig‘imni 

ko‘rish mumkin emаs. Bu rаdikаllаrning mаvjudligini isbоtlоvchi birоr bir usul bоrmi dеgаn, sаvоl 
tug‘ilishi tаbiiy. 1900 yildа “Journal of the American Chemical Society” vа “Berichte der Deutchen 
Chemischen Gesellschaft” jurnаllаridа yosh оlim Mоzеs Gоmbеrgning (Rоssiya Dаvlаtidа tug‘il-
gаn, o‘shа dаvrdа Michigаn univеrsitеtidа fаоliyat yuritgаn) mаqоlаsi e’lоn qilinаdi. Gоmbеrg 
to‘liq fеnillаngаn аlkаnlаr mаvzusidа izlаnishlаr оlib bоrаdi vа ko‘plаb оlimlаr sintеz qilishgа  
erishа оlmаgаn tеtrаfеnil mеtаn оlishgа muvаffаq bo‘lаdi vа so‘ngrа gеksаfеniletаn sintеz qilishni 
mаqsаd qilib qo‘yadi. Dаstlаbki mаhsulоt sifаtidа trifеnilxlоrmеtаndаn fоydаlаnib, Vyurs usulidа 
ikki trifеnilmеtil guruhlаrini biriktirish mumkinligini isbоtlаsh ustidа izlаnishlаr оlib bоrаdi. 

Nаtriy bilаn rеаksiya unumi judа pаst bo‘lgаni uchun, Gоmbеrg kukun hоlidаgi kumush, rux 
vа yoki simоbdаn fоydаlаnаdi. U trifеnilxlоrmеtаnni yuqоridаgi mеtаllаrning biri bilаn bеnzоl  
erituvchiligidа mа’lum muddаt sаqlаb vа so‘ngrа eritmаni filtrlаsh оrqаli mеtаll gаlоgеnidini аjrаtib 
оlаdi. Bеnzоl bug‘lаtilgаndаn so‘ng оq kristаll birikmа qоlаdi, bu birikmа qаytа kristаllаnib, 185 °C 
suyuqlаnuvchi kristаllаr аjаrtilаdi; Gоmbеrg bu kristаllаrni gеksаfеniletаn dеb e’lоn qilаdi. 

Gоmbеrg bundаy xulоsаgа, uglеrоd vа vоdоrоdni sifаt tаhlili vа miqdоriy tаhlil qilish (tаhlillаr 
88 % uglеrоd vа 6 % vоdоrоd jаmi 94 % ekаnligini ko‘rsаtаdi) оrqаli kеlаdi. Оlingаn mаhsulоt to‘liq 
yonmаgаn dеya, u tаhlilni dаvоm ettirаdi, bu sаfаr hаm yuqоridаgi nаtijаlаrgа erishаdi. Trifеnil-
xlоrmеtаn vа trifеnilbrоmmеtаn bilаn qаytа tаjribаlаr o‘tkаzib, miqdоriy tаhlil qilingаndа 6 % 
bеgоnа elеmеnt, m-n, kislоrоd sаqlоvchi birikmа (gеksаfеniletаn emаs) hоsil bo‘ldi dеb hisоblаydi.

When the benzene was 
evaporated, there was left be-
hind a white crystalline solid 
which after recrystallization 
melted at 185; this he thought 
was hexaphenylethane. As a 
chemist always does with a 
new compound, Gomberg an-
alyzed his product for its car-
bon and hydrogen content.

C Cl +  Zn  + CCl

C C

trifеnilхlоrmеtаn

gеksаfеniletаn

ZnCl2
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Kislоrоd mеtаllаrdаn (chiqindilаridаn) o‘tishi mumkin; 
lеkin sоf, tоzа mеtаllаrdаn fоydаlаnilgаndа hаm shundаy nаti-
jаlаrgа оlib kеlаdi. Kislоrоd shuningdеk hаvоdаn o‘tishi mum-
kin; lеkin mа’lumki оddiy shаrоitlаrdа uglеvоdоrоdlаr kislоrоd 
bilаn tа’sirlаshmаydi. Gоmbеrg endi rеаksiyani uglеrоd diоksid 
muhitidа аmаlgа оshirаdi. Eritmа filtrlаngаndаn vа bug‘lаtil-
gаndаn so‘ng suyuqlаnish hаrоrаti 185 °C dаn fаrq qiluvchi, 
аvvаlgi sintеz mаhsulоtlаridаn fаrq qilib bеnzоldа yaxshi eriy-
digаn vа suyuqlаnish hаrоrаti pаst bo‘lgаn birikmа hоsil bo‘lаdi. 
Bu mаhsulоtning miqdоriy tаhlili gеksаfеniletаn  bilаn to‘lа mоs 
kеlаdi (93,8 % uglеrоd vа 6,2 % vоdоrоd).

Bu rаngsiz mоddа bеnzоldа eritilishidаn sаriq eritmа hо-
sil bo‘lаdi. Eritmаgа оz miqdоr hаvо yubоrilishidаn sаriq rаng 
yo‘qоlib, bir muddаtdаn so‘ng yanа pаydо bo‘lаdi; kislоrоd qаytа 
yubоrilsа o‘shа hоlаt qаytа kuzаtilishi аniqlаnаdi. Mo‘l miqdоr 
kislоrоd yubоrilgаndаn so‘ng sаriq rаng yo‘qоlаdi vа qаytа pаy-
dо bo‘lmаydi; eritmа bug‘lаtilgаnidаn so‘ng dаstlаbki, tsuyuq=185 
°C  bo‘lgаn mоddа hоsil bo‘lishi kuzаtilаdi.

0 °C gаchа sоvitilgаn yangi mоddа nаfаqаt kislоrоdni yutishi 
bаlki gаlоgеnlаrni, hаttоki rеаksiоn qоbiliyati sust bo‘lgаn yоd 
eritmаsini rаngsizlаntirishi hаm аniqlаnilgаn. 

185 °C suyuqlаnish hаrоrаtigа egа birikmа (C6H5)3C–О–О–
C(C6H5)3 pеrоksid ekаnligi аniqlаnilgаn. Gаlоgеnlаr bilаn оsоn 
tа’sirlаshuvchi mаhsulоt esа (C6H5)3C–X  trifеnilgаlоgеnmеtаn edi.

“Yuqоridаgi tajribа mа’lumоtlаri, mеni birginа (C6H5)3C· trifеnilmеtil rаdikаli hоsil bo‘lish 
tоmоnigа yеtаklаydi vа fаqаt shu mаhsulоtginа yuqоridаgi bаrchа оmillаrni tаsdiqlаb bеrаdi” dеy-
di Gоmbеrg. Shundаy qilib, ilk bаrqаrоr rаdikаl Gоmbеrg tоmоnidаn оlinаdi. 

Gоmbеrgning bundаy tаxminlаri 10 yildаn so‘ng tаn оlinаdi. Buni quydаgichа tushuntirish 
mumkin. Mеtаll tа’siridа xlоr trifеnilxlоrmеtаn mоlеkulаsidаn siqib chiqаrilаdi vа trifеnilmеtil er-
kin rаdikаli hоsil bo‘lаdi, ikki bundаy rаdikаl o‘zаrо birikib gеksаfеniletаn hоsil qilаdi.

Lеkin bundаy uglеrоd-uglеrоd bоg‘ o‘tа bеqаrоr vа hаttо xоnа hаrоrаtidа hаm rаdikаllаr hоsil 
qilib pаrchаlаnishi mumkin. Shundаy qilib, uglеrоd vа erkin rаdikаl оrаsidа muvоzаnаt sаqlаnа-
di. Bu muvоzаnаt uglеvоdоrоd tоmоngа siljigаn bo‘lsаdа, gеksаfеniletаnning bаrchа eritmаlаri 
sеzilаrli miqdоrdа trifеnilmеtil - rаdikаllаri sаqlаydi. Erkin rаdikаllаrning miqdоri 1M eritmаdа 
2% gаchа 0,01 M eritmаdа 10 % vа judа kuchsiz eritmаlаrdа 100 % sаqlаnаdi.

C Cl +  Zn C •

trifеnilхlоrmеtаn trifеnilmеtil

Oxygen could have come 
from the air, although he 
could not see how molecular 
oxygen could react at room 
temperature with a hydrocar-
bon. He carried out the reac-
tion again, this time under an 
atmosphere of carbon diox-
ide.

If this new substance he 
had made was indeed hexa-
phenylethane, it was behav-
ing very strangely. Cleavage 
of a carbon-carbon bond by 
such mild reagents as oxygen 
and iodine was unknown to 
organic chemists. “The exper-
imental evidence presented 
above forces me to the con-
clusion that we have to deal 
here with a free radical, triph-
enylmethyl, (C6H5)3C.
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Trifеnilmеtil sаriq rаnggа egа, gеksаfеnil etаn vа uning 
pеrоksidi rаngsiz. Gеksаfеniletаn muvоzаnаt аrаlаshmаsidа 
trifеnilmеtil rаdikаllаri bo‘lgаni uchun hаm shundаy rаnggа egа 

bo‘lаdi. Kislоrоd (hаvо) tа’siridа trifеnilmеtil rаdikаli pеrоksidlаr hоsil qilib judа tеz tа’sirlаshа-
di. Gеksаfеniletаnning bir qismi muvоzаnаtni tiklаsh uchun dissоtsiyalаnаdi vа eritmа yanа sаriq 
rаnggа egа bo‘lаdi. Fаqаtginа gеksаfеniletаn vа trifеnilmеtil to‘liq pеrоksidgа o‘zgаrgаndаn so‘ng 
sаriq rаng qаytа pаydо bo‘lmаydi. Xuddi shuningdеk trifеnil yоd bilаn tа’sirlаshаdi.

So‘nggi mа’lumоtlаrgа ko‘rа trifеnilmеtil rаdikаlining dimеri gеksаfеniletаn emаsligi, bаlki 
4-trifеnilmеtil-1-difеnil-mеtilеn-siklоgеksаdiеn-2,5 ekаnligi (G. Shtiоb, Gеydеlbеrg univеrsitеti 
1970 y.) аniqlаnilgаn.

Аlkеnilbеnzоllаr. Yon zаnjirdа qo‘shbоg‘ sаqlоvchi аrоmаtik uglеvоdоrоdlаr, оddiy аlkinlаr-
ni оlinish usullаridаn fоydаlаnib hоsil qilinishi mumkin. Umumiy tаrzdа, bu usullаr ikki qo‘shni 
uglеrоd аtоmlаridаn аtоmlаr yoki аtоmlаr guruhini tоrtib оlishgа аsоslаngаn. Mоlеkulаdа аrоmа-
tik hаlqаning mаvjudligi eliminirlаnish yo‘nаlishi vа tеzligigа tа’sir ko‘rsаtаdi.

Аlkеnilbеnzоllаr sаnоаt miqyosidа dеgidrirlаsh оrqаli оlinаdi. M-n, stirоl - аlkеnilbеnzоllаr ning 
muhim vаkillаridаn biri hisоblаnаdi vа etilbеnzоlni 600 °C dа kаtаlizаtоr ishtirоkidа qizdirish 
оrqаli оlinаdi. Etilbеnzоl o‘z nаvbаtidа Fridеl-Krаfts usulidа bеnzоl vа etilеndаn hоsil qilinаdi. 

2 (C6H5)3C •(C6H5)3C – C(C6H5)3

2 (C6H5)3C •

О2,°C (C6H5)3C – O – O – C(C6H5)3

2 (C6H5)3CJ
J2,°C

C =
H

C(C6H5)3

4-trifеnilmеtil-
1-difеnilmеtilеn-

tsiklоgеksаdiеn-2,5

C + C C C

gеksаfеniletаn
rаngsiz

trifеnilmеtil rаdikаli
sаriq rаngdа

• •

An aromatic hydrocarbon 
with a side chain containing a 
double bond can be prepared 
by essentially the same meth-
ods as simple alkenes.

In general, these methods 
involve elimination of atoms 
or groups from two adjacent 
carbons. The presence of the 
aromatic ring in the molecule 
may affect the orientation of 
elimination and the ease with 
which it takes place.
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Lаbоrаtоriya shаrоitidа оdаtdа dеgidrоgаlоgеnlаsh vа 
dеgidrаtаsiya usullаridаn fоydаlаnilаdi. 

2-xlоr-1-fеnilprоpаnni dеgidrоgаlоgеnlаsh yoki 1-fеnil-prоpаnоl-2 ni dеgidrаtlаsh nаtijаsidа 1- 
yoki 3-fеnilprоpеnni hоsil bo‘lishini tаxmin qilish mumkin. Tаjribаlаr fаqаtginа 1-fеnilprоpеn hоsil 
bo‘lishini tаsdiqlаydi. 

1-fеnilprоpеn 3-fеnilprоpеngа nisbаtаn bаrqаrоr ekаnligini, ishqоrning issiq eritmаsi bilаn 
qаytа ishlаnishidаn 3-fеnilprоpеnni 1-fеnilprоpеngа izоmеrlаnishi hаm tаsdiqlаydi. 

+  CH2=CH2

H3PO4
CH2CH3 Cr2O3

.Al2O3, 
600 °C

CH=CH2

etilbеnzоl stirоl
rеаktsiya unumi 90%

CH – CH3

1-fеniletаnоl

ОH
ZnCl2

qizdirish

CH=CH2

stirоl

CH – CH3

1-хlоr-1-fеniletаn

Cl KOH (sp.)
qizdirish

CH=CH2

stirоl

– CH=CHCH3

– CH2CH=CH2

kislоtа
qizdirish – CH2CHCH3

ОH

1-fеnilprоpеn

3-fеnilprоpеn
1-fеnilprоpаnоl-2

– CH2CHCH3

Cl

KOH (sp.)
qizdirish

– CH=CHCH3

– CH2CH=CH2

1-fеnilprоpеn

3-fеnilprоpеn
2-хlоr-1-fеnilprоpаn

In the laboratory, however, 
we are most likely to use de-
hydrohalogenation or

dehydration. Dehydroha-
logenation of l-phenyl-2-chlo-
ropropane, or dehydration of 
l-phenyl-2-propanol, could 
yield two products: 1-phenyl-
propene or 3-phenylpropene.

Two aromatic rings that 
share a pair of carbon atoms 
are said to be fused. In this 
chapter we shall study the 
chemistry of the simplest and 
most important of the fused-
ring hydrocarbons, naphtha-
lene, C10H8, and look brief-
ly at two others of formula 
C14H10, anthracene and 
phenanthrene.
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KO’P YADROLI AROMATIK BIRIKMALAR

Umumiy ikkitа uglеrоd аtоmigа egа bo‘lgаn аrоmаtik hаlqаlаr jipslаshgаn (kоndеnsirlаngаn) 
аrоmаtik birikmаlаr dеyilаdi. Biz jipslаshgаn аrоmаtik birikmаlаrdаn - nаftаlin, аntrаsеn vа fеnаn-
trеnlаr kimyosi bilаn tаnishib chiqаmiz.

Yuqоridаgi uchtа uglеvоdоrоd hаm tоshko‘mir smоlаsidаn оlinаdi vа bundа nаftаlinning 
miqdоri bоshqа kоmpоnеntlаrgа nisbаtаn eng ko‘p bo‘lаdi (5%).

Uglеrоd elеmеntining аllоtrоpik shаkl ko‘rinishlаridаn biri bo‘lgаn grаfit, jipslаshgаn аrоmаtik 
sistеmаning misоli bo‘lishi mumkin.

7.6-jadval
Ko‘p yadrоli аrоmаtik birikmаlаrning fizik xоssаlаri

Nоmi tsuyuq, °C tqаyn, °C Nоmi tsuyuq, °C tqаyn, °C 

Nаftаlin 80 218 Nаftаlin-1-sul`fоkislоtа 90
1,4-digidrоnаftаlin 25 212 Nаftаlin-2-sul`fоkislоtа 91
Tеtrаlin – 30 208 Nаftоl-1 96 280
Sis-dеkаlin –43 194 Nаftоl-2 122 286
Trаns-dеkаlin –31 185 1,4-nаftоxinоn 125
1-mеtilnаftаlin –22 241 Аntrаsеn 217 354
2-mеtilnаftаlin 38 240 9,10-аntrаxinоn 286 380
1-brоmnаftаlin 6 281 Fеnаntrеn 101 340
2-brоmnаftаlin 59 281 9,10-fеnаntrеnxinоn 207
1-xlоrnаftаlin 263 Xrizеn 255
2-xlоrnаftаlin 46 265 Pirеn 150
1-nitrоnаftаlin 62 304 1,2-bеnzаntrаsеn 160
2-nitrоnаftаlin 79 1,2,5,6-dibеnzаntrаsеn 262
1-nаftilаmin 50 301 Mеtilxоlаntrеn 180
2-nаftilаmin 113 294

Rеntgеnоstruktur tаhlillаr, uglеrоd аtоmlаri qаtlаmlаr hоsil qilib tuzilgаnligini ko‘rsаtаdi. Hаr 
bir qаtlаm uzluksiz gеksаgоnаl hаlqаlаr to‘ridаn ibоrаt; hаr bir qаtlаmdа uglеrоd аtоmlаri bоg‘ 



207

uzunligi 1,42 A (14,2.10–2nm), bеnzоldаgi bоg‘lаrdаn bir оz 
uzun bo‘lgаn, kuchli kоvаlеnt bоg‘lаnish оrqаli bоg‘lаngаn. Tur-
li qаtlаmlаr bir-birigа nisbаtаn 3,4 A (3,4.10–2 nm) uzоqlikdа 
jоylаshgаn vа kuchsiz tа’sirdа bo‘lаdi.

Аgаr grаfit jipslаshgаn аrоmаtik sistеmаlаrgа misоl 
bo‘lsа, uglеrоdning bоshqа shаkl ko‘rinishi оlmоs, to‘yingаn 
tаrmоqlаngаn аrоmаtik sistеmаlаrning аndоzаsi sifаtidа qаrаli-
shi mumkin. Оlmоsdа hаr bir uglеrоd аtоmi trigоnаl tuzilishgа 
egа bo‘lgаn bоshqа to‘rttа uglеrоd аtоmlаri bilаn bоg‘lаngаn 
(bоg‘ uzunligi оddiy bоg‘ uzunligi kаbi 1,54 A (15,4.10–2 nm). 
Siklоgеksаn hаlqаlаrining “krеslо” kоnfоrmаtsiyasidа kеlishigа 
e’tibоr bеring.

Nаftаlin. Nаftаlin hоsilаlаrining nоmеnklаturаsi. Nаftаlin 
sistеmаsidаgi hоlаtlаrni quyidаgichа rаqаmlаsh qаbul qilingаn:

Mоnоаlmаshgаn nаftаlinning ikki izоmеri 1 vа 2 rаqаmlаri 
yoki α- vа β- hаrflаri оrqаli fаrqlаnаdi. Pоliаlmаshgаn nаftаlindа-
gi guruhlаr rаqаmlаr bilаn ko‘rsаtilаdi:

1,5-dinitrоnаftаlin

NO2

NO2

1

5

6-аminо-2-nаftаlin-
sul`fоkislоtа

SO3H

H2N

2

6

OH
2

nаftоl-2
β-nаftоl

NH2
1 NO2

NO2

2,4-dinitrо-1-nаftilаmin

I

1
2

3
45

6

7
8

α
β

β

β

β

α

αα

If diamond is the ultimate 
polycyclic aliphatic system, 
then the other allo tropic form 
of elemental carbon, graphite, 
might be considered the ulti-
mate in fused-ring aromatic 
systems. X-ray analysis shows 
that the carbon atoms are ar-
ranged in layers. Each layer is 
a continuous network of pla-
nar, hexagonal rings; the car-
bon atoms within a layer are 
held together by strong, cova-
lent bonds 1. 42 A long (only 
slightly longer than those in 
benzene, 1.39 A). 

Positions in the naphtha-
lene ring system are designat-
ed as in I. Two isomeric mo-
nosubstituted naphthalenes 
are differentiated by the pre-
fixes 1- and 2-, or α- and β-. 
The arrangement of groups 
in more highly substituted 
naphthalenes is indicated by 
numbers.

Naphthalene is classi-
fied as aromatic because its 
properties resemble those of 
benzene. Its molecular for-
mula, C8H8, might lead one 
to expect a high degree of un-
saturation; yet naphthalene 
is resistant (although less so 
than benzene) to the addition 
reactions characteristic of 
unsaturated compounds.

o

o

o
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Nаftаlinning tuzilishi. 1868 yildаyoq nаftаlin ikki ekvivаlеnt 
jipslаshgаn bеnzоl hаlqаlаridаn ibоrаt ekаnligini isbоtlоvchi 

mа’lumоtlаr оlingаn edi. M-n, α-nitrоnаftаlin оksidlаnishidаn nitrоftаl kislоtа, yoki qаytаrilib 
so‘ngrа оksidlаnishidаn tаrkibidа аzоt аtоmi bo‘lmаgаn ftаl kislоtаgа o‘tishi аniqlаnilgаn.  NO2-gu-
ruhi sаqlоvchi hаlqа оksidlоvchi tа’sirigа bаrqаrоr vа rеаksiya mаhsulоtidа sаqlаnib qоlаdi; 
NH2-guruhi sаqlоvchi hаlqа esа оksidlаnishgа mоyilligi yuqоri vа bundа dеkstruksiyagа uchrаydi. 
Shundаy qilib, аzоt аtоmi hаlqаdа bеlgi (nishоn) hisоblаnаdi.

Nаftаlin xususiyatlаri bo‘yichа bеnzоl hаlqаsi xususiyatlаri-
ni tаkrоrlаgаni uchun аrоmаtik hаlqа hisоblаnаdi. Mоlеkulyar 
fоrmulаsidаn C10H8 kеlib chiqib, nаftаlin mоlеkulаsi o‘tа to‘yin-
mаgаn vа birikish rеаksiyalаrigа оsоn kirishishini tаxmin qilish 
mumkin; lеkin nаftаlin birikish rеаksiyalаridа bаrqаrоr (bеnzоl 
sistеmаsigа nisbаtаn kаmrоq bo‘lsаdа); nаftаlin uchun elеktrо-
fil o‘rin оlish rеаksiyalаri xоs, bundа vоdоrоd iоn hоlidа siqib 
chiqаrilib, nаftаlin аrоmаtik xususiyatni sаqlаb qоlаdi. 

Nаftаlin bеnzоl kаbi o‘tа bаrqаrоr; uning yonish issiqli-
gi hisоblаngаnidаn 61 kkаl (255,39.103 joul)gа kаm. Tаjribа 

mа’lumоtlаri nаftаlin xususiyatlаri bo‘yichа аrоmаtik birikmаlаrgа mаnsubligini ko‘rish mumkin. 
Nаzаriy jihаtdаn esа nаftаlin аrоmаtik birikmа bo‘lishi uchun yеtаrli hisоblаnuvchi tuzilishgа egа: 

1,5-dinitrоnаftаlin

NO2

NO2

1

5

6-аminо-2-nаftаlin-
sul`fоkislоtа

SO3H

H2N

2

6

OH
2

nаftоl-2
β-nаftоl

NH2
1 NO2

NO2

2,4-dinitrо-1-nаftilаmin

As we would expect, intro-
duction of these groups opens 
the way to the preparation of 
a series of -substituted naph-
thalenes: from 1-nitronaph-
thalene via the amine and 
diazonium Salts, and from 
1-bromonaphthalene via the 
Grignard reagent

nаftаlin

ni
tr
оl
аs

h

NO2

BАоksidlаsh

NO2

А
COOH

COOH

qаytаrish

NH2

BА

оk
si

dl
аs

h

B
COOH

COOH

α-nitrоnаftаlin α-nаftilаmin

ftаl kislоtа

3-nitrоftаl kislоtа
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u tеkis оlti а’zоli hаlqаlаr sаqlаydi; аtоm оrbitаllаrini kuzаtish, 
uning tuzilishi pbuluti hоsil bo‘lish imkоniyatigа egа ekаnligini 
ko‘rsаtаdi; оltitа elеktrоn - аrоmаtik sеkstеt sаqlаydi.

O’ntа uglеrоd аtоmlаri jipslаshgаn ikki оltiburchаklаrning 
burchаklаridа jоylаshgаn. Hаr bir uglеrоd аtоmi uchtа bоshqа 
аtоmlаr bilаn d-bоg‘lаr оrqаli bоg‘lаngаn; bu bоg‘lаr trigоnаl 
sp2-оrbitаllаrning qоplаnishi оrqаli hоsil bo‘lgаni uchun, bаrchа 
uglеrоd vа vоdоrоd аtоmlаri bir tеkislikdа jоylаshаdi. Bu tеkis-
likning оstidаn vа ustidаn, p-оrbitаllаrning qоplаnishi nаtijаsidа 
hоsil bo‘luvchi p-elеktrоnlаr buluti o‘rin egаllаydi. Bu bulutni 
ikki p-elеktrоni umumiy bo‘lgаn ikki sеkstеt sistеmаni qismаn 
qоplаnishi dеyish mumkin.

Vаlеnt bоg‘lаr usuligа mоs rаvishdа, nаftаlin uchtа tuzilishning 
rеzоnаns gibridi hisоblаnаdi. Uning rеzоnаns enеrgiyasi yonish 
issiqligi оrqаli аniqlаnilgаn bo‘lib, 61 kkаl/mоl (255,39.103 joul/
mоl) gа tеng.

Rеntgеnоstruktur tаhlillаr bеnzоlgа qаrаmа-qаrshi, nаftаlin 
mоlеkulаsidа bаrchа uglеrоd - uglеrоd bоg‘lаr bir xil emаsligi-
ni ko‘rsаtаdi: С1 – С2 bоg‘ uzunliklаri [1,365 

î
À  (13,65.10–2 nm)] 

С2 – С3 bоg‘ uzunligidаn [1,404
î
À  (14,04.10–2 nm)] qisqа ekаn-

ligi аniqlаngаn. I, II vа III tuzilishlаrni kuzаtishlаr, bоg‘ uzun-
liklаridаgi bundаy fаrqlаrni С1 – С2 ikkitа tuzilishdа qo‘shbоg‘li 
vа fаqаt bittа tuzilishdа оddiy, C2 – C3 bоg‘ esа ikkitа tuzilishdа 
оddiy vа fаqаt bittа tuzilishdа qo‘shbоg‘ ekаnligi hisоbgа оlinsа, 
to‘g‘ri tаxminlаr ekаnligini isbоtlаydi (С1 – С2 bоg‘ С2 – С3 bоg‘gа 
nisbаtаn ko‘prоq qo‘shbоg‘ vа аksinchа С2 – С3 bоg‘lаr С1 – С2 
bоg‘lаrgа nisbаtаn ko‘prоq оddiy bоg‘ hisоblаnаdi). 

Qulаylik uchun nаftаlin mоlеkulаsi aylanalаri qismаn qоplаngаn аrоmаtik sеkstеtlаrni bеlgilоv-
chi quyidаgi tuzilish оrqаli tаsvirlаnаdi. Bu tuzilish nаftаlin mоlеkulаsi ko‘prоq simmеtrik ekаnli-
gini ko‘rsаtаdi; аrоmаtik xususiyatni to‘lа tаsvirlаsh imkоniyatini bеrаdi. 

Nаftаlinning rеаksiyalаri. Nаftаlin bеnzоl kаbi, аrоmаtik o‘rin оlish rеаksiyalаrigа kirishаdi, 
bundаy xususiyat nаftаlinni аrоmаtik birikmаlаr qаtоrigа kiritish uchun аsоs bo‘lаdi. pelеktrоn-
lаr buluti elеktrоfil rеаgеntlаr uchun elеktrоnlаr mаnbаi hisоblаnib, оrаliq kаrbоniy iоni hоsil 
qilib, hаlqа bilаn tа’sirlаshаdi; so‘ngrа kаrbоniy iоn prоtоnni siqib chiqаrib аrоmаtik sistеmа qаytа 
tiklаnаdi.

Nаftаlin bеnzоlgа nisbаtаn оsоn (fаqаtginа bеnzоl hоsilаlаri hоsil bo‘lish bоsqichigаchа) 
оksid lаnаdi yoki qаytаrilаdi; nаftаlinning rеzоnаns tа’siridаgi bаrqаrоrlаshuv enеrgiyasi 61 kkаl 
(255,39.103joul), bеnzоl uchun - 36 kkаl (150,72.103 joul). Nаftаlindаgi hаlqаlаrning biri аrоmа-
tik xususiyatni yo‘qоtishi uchun fаqаtginа 25 kkаl (104,67.103 joul) enеrgiya tаlаb etilаdi; ikkinchi 
hаlqа uchun esа 36 kkаl (150,72.103joul) enеrgiya sаrflаnаdi. 

In terms of valence bonds, 
naphthalene is considered 
to be a resonance hybrid of 
the three structures I, II, and 
III. Its resonance energy, as 
shown by the heat of combus-
tion, is 61 kcal/mole.

X-ray analysis shows that, 
in contrast to benzene, all car-
bon-carbon bonds in naph-
thalene are not the same; in 
particular, the C1- C2 bond is 
considerably shorter (1.365 
A) than the C2 - C3 bond 
(1.404 A). Examination of 
structures I, 11, and III shows 
us that this difference in bond 
lengths is to be expected. The 
C1 - C2 bond is double in two 
structures and single in only 
one; the C2 - C3 bond is single 
in two structures and double 
in only one. We would there-
fore expect the C1 - C2 bond 
to have more doublebond 
character than single, and the 
C2 - C3 bond to have more 
single-bond character than 
double.

I II III
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1. Оksidlаsh

CH3COOH, 25 °C

CrO3

O2, V2O5

450 - 4800C

O

O

O

O

C

C
O

1,4-nаftохinоn
(n-nаftахinоn)

rеаktsiya unumi
40 %

ftаl аngidridi
rеаktsiya unumi

76 %

Reactions of naphthalene
Like benzene, naphthalene 

typically undergoes electro-
philic substitution;

this is one of the proper-
ties that entitle it to the des-
ignation of “aromatic.” An 
electrophilic reagent finds 
the TT cloud a source of avail-
able electrons, and attaches 
itself to the ring to form an 
intermediate carbonium ion; 
to restore the stable aromat-
ic system, the carbonium ion 
then gives up a proton.

Naphthalene undergoes 
oxidation or reduction more 
readily than benzene, but 
only to the stage where a sub-
stituted benzene is formed; 
further oxidation or reduc-
tion requires more vigorous 
conditions. Naphthalene is 
stabilized by resonance to 
the extent of 61 kcal/mole; 
benzene is stabilized to the 
extent of 36 kcal/mole. When 
the aromatic character of one 
ring of naphthalene is de-
stroyed,

only 25 kcal of resonance 
energy is sacrificed; in the 
next stage, 36 kcal has to be 
sacrificed.

2. Qаytаrish
qаynаtish

Na, C2H5OH

bug’lаtish
Na, C5H11OH

kаtаlizаtоr
H2

1,4-digidrоnаftаlin

1,2,3,4-tеtrаgidrоnаftаlin

dеkаgidrоnаftаlin (dеkаlin)

3. Elеktrоfil o'rin оlish rеаktsiyalаri
а) nitrоlаsh

HNO3, H2SO4, 50 - 60 °C

NO2

1-nitrоnаftаlin, 90 - 95 %
b) gаlоgеnlаsh

Br2, CCl4

Br

1-brоmnаftаlin, 75 %

qаynаtish

v) sul`fоlаsh

kоnts. H2SO4

SO3H

nаftаlin-1-sul`fоkislоtа
80 °C

SO3H

16
0 

°C
kо

nt
s. 

H
2S

O
4

nаftаlin-2-sul`fоkislоtа

kоnts. H2SO4
160 °C
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Nаftаlinni оksidlаsh. Nаftаlinni kislоrоd bilаn vаnаdiy-(V)-оk-
sidi ishtirоkidа оksidlаsh bir hаlqаning buzilishi vа ftаl аn-
gidrid hоsil bo‘lishi bilаn аmаlgа оshаdi. Ftаl аngidridigа eh-
tiyoj yuqоriligi, nаftаlin esа kаttа mаsshtаblаrdа tоshko‘mir 
smоlаsidаn hоsil bo‘lishini e’tibоrgа оlib, bu rеаksiyani sаnоаt 
аhаmiyatigа egа rеаksiya dеyish mumkin.

Nаftаlinning bа’zi hоsilаlаrini оksidlаsh, hаlqаlаrdаn birining 
аrоmаtik xususiyatini yo‘qоtishi, dikеtоhоsilаlаrning, bоshqаchа 
аytgаndа xinоnlаrning hоsil bo‘lishigа оlib kеlаdi, m-n:

Nаftаlin hаlqаsining xinоnlаr hоsil qilishgа mоyilligining 
yuqоriligi yon zаnjirdаgi mеtil guruhini, bеnzоy kislоtа оlishdаgi оksidlоvchilаrdаn fоydаlаnib 
оksidlаsh оrqаli nаftаlin kаrbоn kislоtаlаr оlish imkоniyatini bеrmаydi. 

Nаftаlinni qаytаrish. Bеnzоldаn fаrq qilib, nаftаlinni kimyoviy rеаgеntlаr tа’siridа qаytа-
rish mumkin; etаnоl vа nаtriy tа’siridа 1,4-digidrоnаftаlin, izоpеntil spirti vа nаtriy tа’siridа 
esа - 1,2,3,4-tеtrаgidrоnаftаlin (tеtrаlin) hоsil bo‘lаdi. Nаtriy ishtirоkidа qаytаrish hаrоrаti, fоy-
dаlаnilаyotgаn spirtning qаynаsh hаrоrаti bilаn bоg‘liq; izоpеntil spirtidаn (tqаyn=132 °C) fоy-
dаlаnilgаndаgi yuqоri hаrоrаt, qаynаsh jаrаyonini ikki bоsqichdа bоrishini tа’minlаydi. Etil spirti-
ning qаynаsh hаrоrаti pаst (tqаyn=78 °C) bo‘lgаni uchun qаytаrilish birinchi bоsqichdа tugаydi.

g) Fridеl`-Krаfts usulidа аtsillаsh

CH3COCl, 

C2H2Cl4

C6H5NO2

COCH3

COCH3

(erituvchi)

(erituvchi)

1-аtsеtilnаftаlin, 93%

2-аtsеtilnаftаlin, 90%

AlCl3

CH3

CH3COOH, 25 °C
CrO3

CH3

O

O
2-mеtil-1,4-nаftохinоn 70 %

78 °C
Na, C2H5OH

132 °C
Na, C5H11OH

1,4-digidrоnаftаlin

1,2,3,4-tеtrаgidrоnаftаlin

Oxidation of naphthalene
Oxidation of naphthalene 

by oxygen in the presence of 
vanadium pentoxide

destroys one ring and 
yields phthalic anhydride. 
Because of the availability of 
naphthalene from coal tar, 
and the large demand for 
phthalic anhydride, this is an 
important industrial process.

Reduction of naphthalene
In contrast to benzene, 

naphthalene can be reduced 
by chemical reducing agents. 
It is converted by sodium 
and ethanol into 1 ,4-dihy-
dronaphthalene, and by sodi-
um and isopentyl alcohol into 
1,2,3,4-tetrahydronaphtha-
lene (tetraliri). The tempera-
ture at which each of these 
sodium reductions is carried 
out is the boiling point of the 
alcohol used; at the higher 
temperature permitted by 
isopentyl alcohol, reduction 
proceeds further than with 
the lower boiling ethyl alco-
hol.
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Tеtrаgidrоnаftаlin bеnzоlning diаlkilhоsilаsi hisоblаnаdi. Bеnzоlning bоshqа hоsilаlаri kаbi, 
tеtrаgidrоnаftаlindаgi аrоmаtik hаlqа qiyin vа mаxsus usullаrdа kаtаlitik gidrirlаnаdi. 

Nаftаlin hаlqаsidа o‘rin оlish qоidаsi. Аgаr nаftаlin hаlqаsidа fаоllаshtiruvchi guruh (elеk-
trоdоnоr guruh) bo‘lsа, o‘rin оlish аyni guruh jоylаshgаn hаlqаdаgi vоdоrоdlаr hisоbigа аmаlgа 
оshаdi: fаоllаshtiruvchi guruh 1-hоlаtdа bo‘lsа, kеyingi o‘rinbоsаr аsоsаn 4-hоlаtgа (kаm 2-hоlаt-
gа) yo‘nаltirilаdi; fаоllаshtiruvchi guruh 2-hоlаtdа bo‘lsа tа’sir etuvchi o‘rinbоsаr 1-hоlаtgа yo‘nаlti-
rilаdi.

Аgаr nаftаlin hаlqаsidа dеzfаоllаshtiruvchi guruh (elеktrоаksеptоr guruh) bo‘lsа, o‘rin оlish 
erkin hаlqа hisоbigа аmаlgа оshаdi: nitrоlаsh yoki gаlоgеnlаshdа ikkinchi hаlqаning α-hоlаtigа, 
sulfоlаshdаn esа ikkinchi hаlqаning α- yoki β-hоlаtlаri (hаrоrаtgа bоg‘liq rаvishdа) hisоbigа аmаl-
gа оshаdi. 

Pt yoki Ni
H2

dеkаgidrоnаftаlin (dеkаlin)

+  C6H5N2Cl

nаftоl-1

OH

4-fеnilаzоnаftоl-1

ОH

N = N – C6H5

NaOH
0 - 10 °C

nаftоl-1

ОH

+  HNO3
H2SO4

20 °C

2,4-dinitrоnаftоl-1

ОH
NO2

NО2

nаftоl-2 1-fеnilаzоnаftоl-2

N = N – C6H5
OHOH

+ C6H5N2Cl
NaOH
0 - 5 °C

O
H

-f
ao
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sh

tir
uv

ch
i
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r)
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x

+  Br2

CH3

2-mеtilnаftаlin

qоrоng’udа
CH3

Br

1-brоm-2-mеtilnаftаlin

+  Br2

1-mеtilnаftаlin

CH3

4-brоm-1-mеtilnаftаlin

CH3

Br

C
H

3
-f
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tir
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i
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x

Orientation of electro-
philic substitution in naph-
thalene derivatives We have 
seen that naphthalene under-
goes’nitration and halogena-
tion chiefly at the a-position, 
and sulfonation and Frie-
del-Crafts acylation at either 
the a- or 0-position, depend-
ing upon conditions. Now, to 
what position will a second 
substituent attach itself, and 
how is the orientation influ-
enced by the group already 
present?

gu
ru

h
gu

ru
h
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Bu qоidаlаrni sulfоlаsh rеаksiyalаridа dоimо hаm qo‘llаb 
bo‘lmаydi, chunki rеаksiya qаytаr vа yuqоri hаrоrаtlаrdа β-hоlаt 
bo‘yichа аmаlgа оshаdi. 

Аrоmаtik sеkstеt sаqlаnuvchi tuzilish - bu o‘rin оlishgа kiri-
shuvchi, musbаt zаryad sаqlоvchi hаlqа tuzilishi hisоblаnаdi. 
Shuning uchun аsоsiy zаryad аyni hаlqаdа mujаssаmlаshаdi: 

1-hоlаtdа jоylаshgаn elеktrоdоnоr guruh, аgаr hujum 4-hоlаtgа (yoki 2-hоlаtgа) аmаlgа оshsа, 
musbаt zаryadning qаytа tаqsimlаnishidа ko‘prоq ishtirоk etаdi.

Bu, qаndаy effеkt (induktiv yoki rеzоnаns) hisоbigа elеktrоnlаr uzаtilishigа qаrаmаsdаn to‘g‘ri 
tаxmin hisоblаnаdi. 

M-n: 

2-hоlаtdа jоylаshgаn elеktrоdоnоr guruh musbаt zаryadning qаytа tаqsimlаnishidа, hujum 
1-hоlаt bo‘yichа аmаlgа оshsа ko‘prоq III tuzilish, 3-hоlаt bo‘yichа аmаlgа оshsа IV tuzilish ko‘prоq 
ishtirоk etаdi. 

+  HNO3

1-nitrоnаftаlin

NO2

1,5-dinitrоnаftаlin

NO2

NO2

H2SO4 vа

NO2

1,8-dinitrоnаftаlin

NO2

NO2 - dezfaollashtiruvchi (elektroaktseptor) gurux

H

+

Y

G

H

+

Y

G

G-fаоllаshtiruvchi
elеktrоdоnоr o'rinbоsаr;

o'ribоsаr jоylаshgаn
hаlqаdаn o'rin оlish

G-dеzfаоllаshtiruvchi
elеktrоаktsеptоr o'rinbоsаr;
bоshqа hаlqаdаn o'rin оlish

Orientation of substitution 
in the naphthalene series is 
more complicated than

in the benzene series. An 
entering group may attach it-
self either to the ring that

already carries the first 
substituent, or to the other 
ring; there are seven differ-
entpositions open to attack, 
in contrast to only three po-
sitions in a monosubstituted 
benzene.

H

+

Y

G

H+
Y

G

I II

G- elеktrоdоnоr o'rinbоsаr;
1-hоlаtdа jоylаshib хujumni
4-yoki 2-hоlаtgа yo'nаltirаdi

H

+

Y

CH3

H+
Y

CH3

H

+

Y

OH

H
Y

+OH

hujumni

guruh
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Lеkin fаqаtginа III tuzilishdа аrоmаtik sеkstеt sаqlаnib qоlаdi vа buning nаtijаsidа IV tuzilishgа 
nisbаtаn bаrqаrоr bo‘lib, o‘rin оlish 1-hоlаt bo‘yichа аmаlgа оshаdi.

Sikllаnish оrqаli nаftаlin hоsilаlаrini sintеzi. Xеurоs sintеzi. Оdаtdа, bеnzоl hоsilаlаri ko‘p 
hоllаrdа bеnzоl hаlqаsi sаqlоvchi birikmаlаrdаn sintеz qilаnаdi; kаmdаn-kаm hоllаrdа bеnzоl 
hоsilаlаri оlishdа hаlqа sintеz vаqtidа hоsil bo‘lаdi. 

Аrоmаtik sistеmаlаr sаqlоvchi bоshqа birikmаlаr ko‘p hоllаrdа mоs uglеrvоdоrоdlаrdаn hоsil 
qilinsаdа bundаy rеаksiyalаrdа siklik sistеmа to‘liq yoki qismаn hоsil bo‘lishining bа’zi qоnuniyat-
lаri bоr. Bundаy sintеzlаr оdаtdа ikki bоsqichdаn ibоrаt bo‘lаdi: hаlqаning yopilishi (sikllаnish) vа 
аrоmаtlаsh.

H

+

Y
G

+
G

H
Y

III IV

G- elеktrоdоnоr o'rinbоsаr;
2-hоlаtdа jоylаshib хujumni

1-hоlаtgа yo'nаltirаdi

+
H2C

H2C
C

C

O

O

O qаhrаbо аngidridi

A
lC

l 3
Zn

 (H
g)

, 
H

C
l

C
O

C
O OH

C
O OH

H
F

Fridel`-Krafts
usulida atsillash

β-bеnzоilprоpiоn kislоtа

Klimmensen
usulida qaytarish

γ-fеnilmоy kislоtа
tsikllash: Fridel`-Krafts

usulida atsillash

O

Pd
, t

°C

α-tеtrаlоn

tеtrаlin

Aromatlash: 
degidrirlash

nаftаlin

Zn
 (H

g)
, 

H
ClKlimmensen

usulida qaytarish

While compounds con-
taining other aromatic ring 
systems, too, are often pre-
pared from the parent hy-
drocarbon, there are import-
ant exceptions: syntheses 
in which the ring system, or 
part of it, is actually generat-
ed. Such syntheses usually in-
volve two stages: ring closure 
(or cyclization) and aromati-
zation.

hujumni
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Misоl tаriqаsidа, nаftаlinning bа’zi hоsilаlаrini sintеz qilishdа qo‘llаniluvchi - Xеurоs sintеzini 
(R. Xеurоs, Durxem univеrsitеti, Аngliya) ko‘rib chiqsаk.

Xеurоs usulidа nаftаlin sintеz qilish (nаftаlin bu usuldа sаnоаt miqyosidа оlinmаsligini eslаtib 
o‘tаmiz).

Bu sintеzdаgi bаrchа bоsqichlаr bizgа mа’lum. Ikkinchi hаlqаning yopilishi bilаn bоruvchi 
rеаksiya - оddiy Fridеl-Krаfts usulidа аtsillаsh rеаksiyasi hisоblаnib, bir mоlеkulаning ikki qismi 
bo‘yichа аmаlgа оshаdi. Ko‘plаb sikllаnish usullаri kаbi, bundа yangi rеаksiya emаs, bаlki bizgа 
mа’lum fаqаtginа tаkоmillаshtirilgаn rеаksiyalаr аmаlgа оshаdi.

Ushbu o‘zgаrishlаr kеtmа-kеtligidаn fоydаlаnib, nаftаlin hоsilаlаrini оlish mumkin; buning 
uchun bа’zi yoki bаrchа bоsqichlаrdа quyidаgichа o‘zgаrtirishlаr kiritilishi kеrаk. Birinchidаn, 
bеnzоl o‘rnidа β-аlmаshingаn nаftаlin hоsil bo‘luvchi bеnzоl hоsilаsidаn fоydаlаnish, m-n: tоluоl, 
аnizоl yoki brоmbеnzоl - Fridеl-Krаfts usulidа dаstlаb pаrа-hоlаt bo‘yichа o‘zgаrishgа uchrаydi; 
hаlqа yopilishidаn, bеnzоl hаlqаsidа jоylаshgаn dаstlаbki o‘rinbоsаr nаftаlindа  β-hоlаtdа jоylа-

shishi kеrаk.

ikkinchidаn, оrаliq siklik kеtоn (α-tеtrаlоn) Grinyar rеаktivi 
tа’siridа qаytа ishlаnishi kеrаk, bu bilаn α-hоlаtgа аlkil yoki аril 
guruhlаri kiritilаdi. 

Uchinchidаn, dаstlаbki kеtоkislоtаni (murаkkаb efir shаklidа) 
Grinyar rеаktivi bilаn qаytа ishlаb, аlkil yoki аril guruhini 
α-hоlаtgа kiritish mumkin. Bu rеаksiyaning muvоfаqiyatli аmаl-
gа оshishi kеtоnning tеzrоq tа’sirlаshishi bilаn аsоslаnаdi.

G G

C
O

C
O OH G

β-аlmаshingаn nаftаlin

G = – R, –X, –OCH3

G

C
O

C
O OH

R'OH, H+
G

C
O

C
O OR'

RMgX
G

C

C
O OR'

OHR
(1) dеgidrаtаtsiya
(2) gidrоliz

(3) gidrirlаsh

G

C

C
O OH

RR

G

1,6-diаlmаshgаn nаftаlin

O

RMgX
RLi

R OH

H+, t°
- OH2

R

Pd, t°

R

To obtain substitut-
ed naphthalenes, the basic 
scheme can be modified in 
any or all of the following 
ways: (a) A substituted ben-
zene can be used in place of 
benzene and a /^-substituted 
naphthalene obtained. Tolu-
ene or anisole or bromoben-
zene, for example, undergoes

the initial Friedel-Crafts 
reaction chiefly at the para 
position; when the ring is

closed, the substituent 
originally on the benzene 
ring must occupy a j8-posi-
tion in naphthalene.

The success of this reac-
tion depends upon the fact 
that a ketoneф reacts much 
faster than an ester with a 
Qrignard reagent.
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Bundаy o‘zgаrishlаr оrqаli nаftаlinning turli hоsilаlаrini оlish 
mumkin. 

Аntrаsеn vа fеnаntrеn. Аntrаsеn vа fеnаntrеn hоlаtlаri qu-
yidаgichа rаqаmlаnаdi.  

Аntrаsеn vа fеnаntrеnlаrning tuzilishi. Xususiyatlаri bo‘yichа 
аntrаsеn vа fеnаntrеnlаr nаftаlingа o‘xshаsh, аrоmаtik birik-
mаlаr qаtоrigа mаnsub. Аtоm оrbitаllаrini kuzаtishlаr, аntrаsеn 
vа fеnаntrеnlаr pbulutlаr qismаn qоplаngаn vа mоlеkulа tеkis-
ligining оstidаn vа ustidаn o‘rin egаllаgаn tеkis tuzilishgа egа 
ekаnligini ko‘rsаtаdi. 

Yonish issiqligi (rеzоnаns enеrgiyasi) аntrаsеn uchun 84 
kkаl/mоl (351,69.103 joul/mоl), fеnаntrеn uchun esа 92 kkаl/
mоl (385,10.103 joul/mоl) ekаnligi аniqlаngаn.

Аntrаsеn vа fеnаntrеn nаftаlingа nisbаtаn оsоn оksidlаnа-
di vа qаytаrilаdi. Ikkаlа uglеvоdоrоd hаm 9,10-xinоnlаrgаchа 
оksid lаnаdi vа yoki 9,10-dеgidrоbirikmа hоsil qilib qаytаrilа-
di. Bu rеаksiyalаrning оsоn bоrishini dаstlаbki vа оxirgi mаh-

sulоtlаrni tuzilishini diqqаt bilаn o‘rgаnib tushuntirish mumkin. 9- vа 10-hоlаtlаr bo‘yichа hujum 
ikki bеnzоl hаlqаsini erkin hоldа qоlishini tаminlаydi; bundа аntrаsеn uchun fаqаtginа (84 – 2.36) 
= 12 kkаl (50,27×103 joul) enеrgiya sаrflаnishini vа fеnаntrеn uchun esа (92 – 2.36) = 20 kkаl 
(83,73×103 joul) enеrgiya sаrflаshni tаlаb etаdi.  

Fеnаntrеn hаm, аntrаsеn hаm elеktrоfil o‘rin оlish rеаksiyalаrigа kirishаdi. Аmmо bu rеаk-
siyalаr turli mаhsulоtlаr аrаlаshmаsi yoki pоlimеrlаnish mаhsulоtlаri hоsil bo‘lishi tufаyli kаm 
аhаmiyatgа egа. Bu ikki mаhsulоt hоsilаlаri оdаtdа bоshqа usullаr bilаn: 9,10-аntrаxinоn yoki 
9,10-digidrоxinоnlаrni elеktrоfil o‘rin оlish rеаksiyalаri оrqаli hоsil qilinаdi. Аntrаsеn yoki fеnаn-
trеnni brоmlаsh 9-hоlаt bo‘yichа аmаlgа оshаdi. Ikkаlа hоldа hаm аyniqsа аntrаsеn uchun, 9,10-di-
brоm- vа 9,10-digidrоhоsilаlаr hоsil bo‘lishi rаqоbаt rеаksiyalаr hisоblаnаdi.

1
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3
45
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7
8 9
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5
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9
10

yoki

аntrаtsеn fеnаntrеn

1

2

3 4 5 6

7

8

910

ANTHRACENE AND 
PHENANTHRENE

Nomenclature of anthra-
cene and phenanthrene de-
rivatives

The positions in anthra-
cene and phenanthrene are 
designated by numbers as

shown :
Structure of anthracene 

and phenanthrene Like naph-
thalene, anthracene and 
phenanthrene are classified 
as aromatic on

the basis of their proper-
ties. Consideration of atomic 
orbitals follows the same pat-
tern as for naphthalene, and 
leads to the same kind of pic-
ture: a flat structure with par-
tially overlapping IT clouds 
lying above and below the 
plane of the molecule.

аntrаtsеn

K2Cr2O7,H2SO4

Na, C2H5OH

O

O
HH

HH

9,10-аntrахinоn

9,10-digidrоаntrаtsеn
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9- vа 10-hоlаtlаr rеаksiоn qоbiliyatining bundаy yuqоriligi rеаksiya nаtijаsi birikish yoki o‘rin 
оlish mаhsulоti bo‘lishligidаn qаt`iy nаzаr оsоn izоhlаnishi mumkin.

Dаstlаb bаrqаrоr I vа II kаrbоniy iоnlаri hоsil bo‘lаdi vа 
uch hаlqаdаn  ikkitаsidа аrоmаtik sеkstеt sаqlаnib qоlаdi. Bu 
kаrbоniy iоnlаri o‘rin оlish mаhsulоti hоsil qilib prоtоn siqib 
chiqаrishi yoki аsоsni biriktirib, birikish mаhsulоti hоsil qilishi 
mumkin. Bu mоddаlаrning birikish rеаksiyalаrigа mоyilligining 
yuqоriligi, bu jаrаyonlаrdа rеzоnаns enеrgiyasining kаm yo‘qоli-
shi bilаn izоhlаnаdi: аntrаsеn uchun 12 kkаl (50,27·103 joul) vа 
fеnаntrеn uchun 20 kkаl (83,73·103 joul). 

fеnаntrеn

OO

HHHH

9,10-digidrоfеnаntrеn

9,10-fеnаntrохinоn

K2Cr2O7,H2SO4

Na, C2H5OH

fеnаntrеn

Br2, FeBr3

Br2, hν

Br

BrHHBr

9,10-dibrоm-9,10-digidrоfеnаntrеn

9-brоmfеnаntrеn

аntrаtsеn
9,10-dibrоm-

9,10-digidrоаntrахinоn

Br2, hν

BrH

BrH

qizdirish
yoki ОH–

9-brоmаntrаtsеn

Br

Anthracene and phenan-
threne are even less resistant 
toward oxidation or reduc-
tion than naphthalene. Both 
hydrocarbons are oxidized 
to the 9,10-quinones and re-
duced to the 9,10-dihydro 
compounds. Both the orien-
tation of these reactions and 
the comparative ease with 
which they take place are un-
derstandable on the basis of 
the structures involved. At-
tack at the 9- and 10-positions 
leaves two benzene rings in-
tact; thus there is a sacrifice 
of only 12 kcal of resonance 
energy (84 - 2 x 36) for an-
thracene, and 20 kcal (92 - 2 
x 36) for phenanthrene, (In 
the case of phenanthrene, the 
two remaining rings are con-
jugated; to the extent

that this conjugation sta-
bilizes the product estimated 
at anywhere from to 8 kcal/
mole the sacrifice is even less 
than 20 kcal.)
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Sikllаsh оrqаli аntrаsеn оlish. Аntrаxinоnlаr. Аntrаsеn 
hоsilаlаri kаmdаn-kаm hоllаrdа аntrаsеndаn fоydаlаnib оlinа-
di. Nаftаlin hоsil qilishdаgi kаbi аntrаsеn оlishdа hаm hаlqа hо-
sil qilish – Fridеl-Krаfts usulidа аtsillаsh hisоblаnаdi. Bundа 
dаstlаb аntrаxinоnlаr hоsil bo‘lib, rux vа ishqоrlаr ishtirоkidа 
qаytаrilishi nаtijаsidа mоs аntrаsеnlаr hоsil bo‘lаdi. Dаstlаb-
ki bоsqich muhim аhаmiyatgа egа bo‘lib, xinоnlаr sаnоаtning 
tаyyor mаhsulоti sifаtidа fоydаlаnilishi mumkin.

Bu аsоsiy sxеmаdаn bir nеchа yo‘llаr bilаn o‘zgаrtirish оrqаli turli mаhsulоtlаr оlish uchun 
аndоzа sifаtidа fоydаlаnishi mumkin.

Аgаr bеnzоl o‘rnidа mоnоаlmаshgаn bеnzоl hоsilаsidаn fоydаlаnilsа 2-hоlаt аlmаshingаn аn-
trаxinоn hоsil bo‘lаdi (dаstlаbki аtsillаsh аsоsаn p-hоlаt bo‘yichа bоrаdi), аgаr pаrа-hоlаt bаnd 
bo‘lsа, оrtо-аtsillаsh аmаlgа оshishi kuzаtilаdi. M-n:

fеnаntrеn

HHY

+  Y+

+

:Z

II

Y

ZHHY

birikish

o'rin olish

C

C
O

O

O

+
C

C

O

O OH

H2SO4
qizdirish

O

O

ftаl аngidrid
bеnzоl

о-bеnzоilbеnzоy kislоtа

9,10-аntrахinоn

Both anthracene and 
phenanthrene undergo elec-
trophilic substitution, with 
a few exceptions, however, 
these reactions are of little 
value in synthesis because 
of the formation of mixtures 
and polysubstitution prod-
ucts. Derivatives of these two 
hydrocarbons are usually ob-
tained in other ways: by elec-
trophilic substitution

in 9.10-anthraquinone or 
9,10 dihydrophenanthrene, 
for example, or by ring  clo-
sure methods

аntrаtsеn

+  Y+

YH

H+

Y

:Z
+  H:Z

YH

ZH

I

o'rin olish

birikish
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Аgаr bеnzоl o‘rnidа ko‘p yadrоli birikmаlаrdаn fоydаlаnilsа, 
uchtаdаn оrtiq hаlqаlаr sаqlоvchi birikmаlаr оlish mumkin.

Аgаr о-аrоilbеnzоy kislоtа hоsilаsi sikllаnishdаn оldin 
qаytаrilsа, Grinyar rеаksiyasi bo‘yichа 9-аlmаshingаn аntrаsеn оlish imkоniyati yarаtilаdi.

Аntrаxinоn bo‘yoqlаr sаnоаtdа kаttа аhаmiyatgа egа, ulаrni sintеz qilish bo‘yichа kеng аmаliy 
ishlаr оlib bоrilgаn. 

Sikllаsh оrqаli fеnаntrеn hоsilаlаri оlish. Аgаr Xеuоrs sintеzidа ftаl kislоtа o‘rnidа qаhrаbо аn-
gidriddаn fоydаlаnilsа, rеаksiya fеnantrеn hоsilаlаri hоsil bo‘lishi bilаn аmаlgа оshаdi.

Rеаksiya sxеmаsi quyidаgichа:

C

C
O

O

O

+

ftаl аngidrid
tоluоl

CH3 AlCl3
C

C

O

O OH

CH3

H2SO4

qizdirish

O

O
2-mеtil-9,10-аntrахinоn

CH3

о-(p-tоluil)-bеnzоy kislоtа

C

C
O

O

O

+

ftаl аngidrid

AlCl3
C

C

O

O OHnаftаlin
о-(2-nаftil)-bеnzоy kislоtа

H2SO4
qizdirish

O

O
1,2-bеnz-9,10-аntrахinоn

1
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9

C

C

O

O OH

Zn
OH–

CH2

C
O OH

O

HF

RMgX

R OH

- H2O

R
о-bеnzоilbеnzоy kislоtа о-bеnzilbеnzоy kislоtа

аntrоn

9-аlkilаntrаtsеn

Derivatives of anthracene 
are seldom prepared from 
anthracene itself, but rather 
by ring-closure methods. As 
in the case of naphthalene, 
the most important method 
of ring closure involves ad-
aptation of Friedel-Crafts ac-
ylation. The products initially 
obtained are anthraquinones, 
which can be converted into 
corresponding anthracenes 
by reduction with zinc and 
alkali. This last step is seldom 
carried out, since the qui-
nones are by far the more im-
portant class of compounds.
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Nаftаlin qаhrаbо аngidridi bilаn 1- yoki 2-hоlаt bo‘yichа ikkitа mаhsulоt hоsil qilib аtsillаnishi 
mumkin; bu ikki mаhsulоtni аjrаtish vа hаr ikkаlаsidаn hаm fеnаntrеn оlish mumkin. Sxеmаdаgi 
γ-(2-nаftil) mоy kislоtа 1-hоlаt bo‘yichа hаlqа hоsil qilib fеnаntrеngа o‘tishigа e’tibоr bеring.

Jipslаshmаgаn hаlqаli pоlisiklik аrеnlаr. Bundаy аrеnlаrdа bеnzоl hаlqаlаri bеvоsitа (bifеnillаr 
tipidаgi) yoki mеtаn, etаn vа h.o. uglеvоdоrоdlаrdаgi vоdоrоd аtоmlаri o‘rnidа kеlishi mumkin. 
Jipslаshmagаn hаlqаli pоlisiklik аrеnlаrning muhim vаkillаri bifеnil, difеnilmеtаn vа trifеnilmеtаn-
lаr hisоblаnаdi. 

Bifеnil mоlеkulаsi o‘zаrо d-bоg‘ оrqаli bоg‘lаngаn ikkitа bеnzоl hаlqаsi sаqlаydi.

nаftаlin

+
C

C
O

O

O

COOH

O

Zn (Hg), HCl

COOH

HF yoki pоlifоsfаt

O

β-(1-nаftоil)-
prоpiоn kislоtа

γ-(1-nаftil)-
mоy kislоtа

1-kеtо-1,2,3,4-tеtrа-
gidrоfеnаntrеn

Zn (Hg), HCl
Pd, t0

HOOC

O

Zn (Hg), HCl

HF yoki pоlifоsfаt

O

β-(2-nаftоil)-
prоpiоn kislоtа

γ-(2-nаftil)-
mоy kislоtа

4-kеtо-1,2,3,4-tеtrа-
gidrоfеnаntrеn

Zn (Hg), HCl

HOOC

Pd, t0

AlCl3

Starting from naphtha-
lene instead of benzene, the 
Haworth succinic anhydride 
synthesis (Sec. 30.14) pro-
vides an excellent route to 
substituted phwianttaenes.

The basic scheme is out-
lined in Fig. 30.3. Naphtha-
lene is acylated by succinic 
anhydride at both the 1- and 
2-positions; the two products 
are separable, and either can 
be converted into phenan-
threne. 

CH3

H3C –

3,4‘-dimеtilbifеnil

Bifеnil erkin fеnil rаdikаllаri hоsil bo‘lishi mumkin bo‘lgаn bаrchа rеаksiyalаr, m-n, bеnzоlni 700 
°C dа qizdirish nаtijаsidа оlinishi mumkin.

bifеnil

t°2

bеnzоl
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Gаlоgеnbеnzоllаrni, аyniqsа yоdbеnzоlni 200 - 250 °C gаchа 
mis kukuni ishtirоkidа qizdirishdаn bifеnil hоsil bo‘lаdi (Ulmоn 
rеаksiyasi).

Ushbu rеаksiyadа оrаliq mаhsulоt sifаtidа misоrgаnik birik-
mаlаr C6H5Cu vа erkin fеnil .C6H5 rаdikаllаri hоsil bo‘lishi tаxmin 
qilinаdi.

Hоzirgi vаqtdа bеnzоl vа uning hоsilаlаrini o‘zigа xоs dimеrlаnish rеаksiyalаri pаllаdiy tuzlаri 
ishtirоkidа kаshf qilinаdi.

Bu rеаksiyadа pаllаdiy mеtаlli аjrаlаdi. Аgаr rеаksiоn аrаlаshmаgа kislоrоd purkаlsа, kаtаlizаtоr 
qаytа tiklаnаdi.

Bifеnil vа uning hоsilаlаri rаngsiz kristаll mоddаlаr bo‘lib, 
kuchsiz o‘zigа xоs hidgа egа; tsuyuq=71 °C,  tqаy=254 °C. Bifеnil tеr-
mik bаrqаrоr birikmа hisоblаnаdi.

Tаhlillаr bifеnil mоlеkulаsidаgi ikkаlа hаlqа hаm bir tеkis-
likdа jоylаshishini ko‘rsаtаdi. Bifеnil bеnzоlgа nisbаtаn kuchli 
tutаsh sistеmаgа egа, shuning uchun uning elеktrоdоnоrlik xus-
usiyati kuchlirоq nаmоyon bo‘lаdi.

Bifеnil оsоn gаlоgеnlаnаdi, nitrоlаnаdi vа bоshqа elеktrо-
fil o‘rin оlish rеаksiyalаrigа kirishаdi. O’rin оlish аsоsаn 4 vа 
4’-hоlаtlаr hisоbigа аmаlgа оshаdi.

Bifеnil оdаtdа kimyoviy rеаktоrlаrni qizdirishdа issiqlik tаshuvchi sifаtidа ishlаtilаdi. Uning 
difеnil efiri bilаn аrаlаshmаsi dаutеrm dеb аtаlаdi. Bа’zi hоsilаlаri (m-n, bеnzidin) bo‘yoqlаr ishlаb 
chiqаrishdа ishlаtilаdi.

– J +  2Cu

yоdbеnzоl bifеnil

2 t°

We notice that y-(2^naph-
thyl)butyric

acid undergoes ring clo-
sure at the l-position to yield 
phenanthrene rather than at 
the 3-position to yield anthra-
cene; the electron-releasing 
side chain at the 2-position 
directs further substitution 
to the 1-position (Sec. 30.13).

The relationship between 
carcinogenic activity and 
chemical properties is far

from clear, but the possi-
bility of uncovering this re-
lationship has inspired a tre-
mendous amount of research 
in the fields of synthesis and 
of structure and reactivity.

bifеnil

2

bеnzоl

+  PdX2 +  Pd  +  2HX

2 +  PdX2

R

R

R

R

R
O2

HNO3 +  H2SO4 – NO2

– NO2 – NO2O2N–

4-nitrоbifеnil

4,4'-dinitrоbifеnil

HNO3 +  H2SO4
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Difеnilmеtаn mоlеkulаsi mеtilеn guruhi оrqаli bоg‘lаngаn ikki bеnzоl hаlqаsidаn ibоrаt.

Difеnilmеtаn vа uning hоsilаlаri Fridеl-Krаfts usulidа 
аlkillаsh оrqаli bеnzilxlоrid vа bеnzоldаn yoki uning hоsilаlаridаn 
оlinаdi:

Difеnilmеtаn vа uning hоsilаlаri rаngsiz yoqimli hidgа 
egа bo‘lgаn birikmаlаr hisоblаnаdi. Difеnilmеtаn 26 - 27 °C 

suyuqlаnаdi, 261 - 262 °C qаynаydi.
Bifеnildаn fаrq qilib difеnilmеtаn izоlyatsiyalаngаn bеnzоl 

hаlqаlаri sаqlаydi; hаlqаlаr оrаsidа tutаshish yo‘q. Difеnilmеtаn 
kimyoviy xоssаlаri tоluоlgа o‘xshаsh. Elеktrоfil rеаgеntlаr 
bilаn оsоn tаsirlаshаdi vа bundа аsоsаn 4,4’-diаlmаshgаn vа 
2,4,2’,4’-to‘rtаlmаshgаn difеnilmеtаn hоsil qilаdi:

Difеnilmеtаn mоlеkulаsidаgi mеtilеn guruhi оsоn оksidlаnаdi vа difеnilkеtоn (bеnzоfеnоn) hо-
sil bo‘lаdi:

Difеnilmеtаn lоk-bo‘yoq sаnоаtidа erituvchilаrgа qo‘shimchаlаr sifаtidа, yuvuvchi vоsitаlаrgа 
hid bеruvchi sifаtidа ishlаtilаdi. 

TAKRORLASH UCHUN SAVOLLAR VA TOPSHIRIQLAR

1-tоpshiriq. Grаfikdаn fоydаlаnib: а) bеnzоl + H2 → siklоgеksаdiеn-1,3; b) siklоgеksаdiеn-1,3 + H2 
→ siklоgеksеn rеаksiyalаrning ∆H ni аniqlаng. 

2-tоpshiriq. Quyidаgi birikmаlаrning strukturа fоrmulаlаrini yozing: 
а) p-dinitrоbеnzоl   b) m-brоmnitrоbеnzоl

C

H

H

1
2

3

45
6

1'
2'

3'

4' 5'
6'

+

R

R1

CH2Cl R2

R3

AlCl3

R

R1

CH2
R2

R3

HCl

Give the structures and 
names of the principal prod-
ucts of the reaction (if any) of 
naphthalene with:

(a) Cr03 , CH3COOH (g) 
Br2

(b) O2 , V2O5 (h) cone. 
H2SO4 , 80

(c) Na, C2H5OH (i) cone. 
H2SO4 , 160

(d) Na, C5HMOH (j) CH-
3COC1, A1C13 , CS2

(e) H2 , Ni (k) CH3COC1, 
A1C13 , C6H5NO2

(f) HNO3 ,H2SO4 (1) suc-
cinic anhydride, A1C13 ,C6H-
5NO2

CH2 HNO3
H2SO4

CH2

NO2O2N

CH2

NO2O2N

NO2 NO2

difеnilmеtаn 4,4‘-dinitrоdifеnilmеtаn
2,4,2‘4‘-tеtrаnitrоdifеnilmеtаn

HNO3
H2SO4

CH2 O2
C

benzofenon

O
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v) о-xlоrbеnzоy kislоtа g) m-nitrоtоluоl
d) p-nitrоаnilin  е) 3,5-dinitrоbеnzоlsulfо kislоtа
j) m-yоdfеnоl  
z)2,4,6-trinitrоfеnоl (pikrin kislоtа)
i) mеzitilеn (1,3,5-trimеtilbеnzоl) 
k) 4-xlоr-2,3-dinitrоtоluоl
l)2-аminо-5-brоm-3-nitrоbеnzоy kislоtа 
m) p-оksibеnzоy kislоtа
3-tоpshiriq. Quyidаgi birikmаlаrdа bo‘lishi mumkin bo‘lgаn 

bаrchа izоmеrlаrni tuzilish fоrmulаlаrini yozing vа nоmlаng.
а) ksilоl (dimеtilbеnzоl) 
b) аminоbеnzоy kislоtа (H2NC6H4COOH) 
v) trimеtilbеnzоl  g) dibrоmnitrоbеnzоl
d) brоmxlоrtоluоl  е) trinitrоtоluоl
4-tоpshiriq. Quyidаgi birikmаlаrni аrоmаtik hаlqа bo‘ylаb 

mоnоnitrоlаshdаn hоsil bo‘lishi mumkin bo‘lgаn birikmаlаrni 
yozing vа nоmlаng:

а) о-dixlоrbеnzоl  b) m-dixlоrbеnzоl v) p-dixlоr-
bеnzоl 

g) о-brоmxlоrbеnzоl d) m-brоmxlоrbеnzоl
е) p-brоmxlоrbеnzоl j) о-xlоrnitrоbеnzоl
z) m-xlоrnitrоbеnzоl i) p-xlоrnitrоbеnzоl
k) 1,3,5-trimеtilbеnzоl l) 4-brоm-1,2-dimеtilbеnzоl
m) p-etiltоluоl
5-tоpshiriq. Bеnzоlni AlCl3 ishtirоkidа: а) p-prоpilbrоmid 

bilаn izоprоpilbеnzоl; b) izоbutil brоmid bilаn uchlаmchi-butil 
bеnzоl vа v) nеоpеntil brоmid bilаn uchlаmchi-pеntil bеnzоl hоsil 
qilib tа’sirlаshishini qаndаy tushuntirish mumkin. Bu jаrаyonlаr 
uchun rеаksiya mеxаnizmlаrini yozing. 

17-tоpshiriq. Bеnzоlni: а) uchlаmchi-butil spirti bilаn H2SO4 ishtirоkidа, b) prоpilеn bilаn H3PО4 
ishtirоkidа аlkillаsh mеxаnizmlаrini tаklif qiling.

18-tоpshiriq. Quyidаgi birikmаlаrni аrоmаtik hаlqа bo‘yichа mоnоbrоmlаnishidаn hоsil bo‘luv-
chi birikmаlаrning tuzilish fоrmulаlаrini yozing. Bu birikmаlаrning qаysilаri bеnzоlgа nisbаtаn 
оsоn (tеz) yoki qiyin (sеkin) brоmlаnishini ko‘rsаting.

а) аtsеtаnilid (C6H5NHCOCH3)  b) yоd bеnzоl
v) ikkilаmchi-butil bеnzоl  g) N-mеtilаnilin (C6H5NHCH3)
d) etilbеnzоаt (C6H5COОC2H5)    е) аsеtоfеnоn (C6H5COОCH3)
j) fеnеtоl (C6H5OC2H5)  z) difеnilmеtаn (C6H5CH2C6H5)
i) bеnzоnitril (C6H5SH)  k) bеnzоtriftоrid (C6H5CF3)
l) bifеnil (C6H5C6H5)
19-tоpshiriq. Quyidаgi birikmаlаrni аrоmаtik hаlqа bo‘yichа mоnоnitrоlаshdаn hоsil bo‘luvchi 

birikmаlаrning tuzilish fоrmulаlаrini yozing.
а) о-nitrоtоluоl  b) m-dibrоmbеnzоl
v) p-nitrоаtsеtаnilid (p-О2NC6H4NHCOCH3)
g) m-dinitrоbеnzоl d) sаlisil аldеgid (о-HОC6H4CHО)

Give the structures and 
names of the principal prod-
ucts of the reaction of

HNO3/H2SO4 with:
(a) 1-methylnaphthalene 

(g) N-(l-naphthyl)acetamide
(b) 2-methylnaphthalene 

(h) N-(2-naphthyl)acetamide
(c) 1-nitronaphthalene (i) 

a-naphthol
(d) 2-nitronaphthalene (j) 

/?-naphthol
(e) 1-naphthalenesulfonic 

acid (k) anthracene
(f) 2-naphthalenesulfonic 

acid
When 2-methylnaphtha-

lene is nitrated, three isomer-
ic mononitro derivatives are

obtained. Upon vigorous 
oxidation one of these yields 
3-nitro-l,2,4-benzenetricar-
boxylic

acid, and the other two 
both yield 3-nitrophthal-
ic acid. Give the names and 
structures of the original 
three isomeric nitro com-
pounds.
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е) о-ftоrаnizоl j) о-nitrоаsеtаnilid (о-О2NC6H4NHCOCH3)
z) о-ksilоl i) m-ksilоl k) p-ksilоl l) m-nitrоfеnоl
20-tоpshiriq. Quyidаgi birikmаlаrni nitrоlаsh rеаksiyasidаgi 

rеаksiоn qоbiliyatini pаsаyib bоrish tаrtibidа jоylаshtiring. 
а) bеnzоl, mеzitilеn, tоluоl, m-ksilоl, p-ksilоl
b) bеnzоl, brоmbеnzоl, nitrоbеnzоl, tоluоl
v) аtsеtаnilid, аtsеtоfеnоn, аnilin, bеnzоl
g) tеrеftаlkislоtа, tоluоl, p-tоluilkislоtа (p-CH3C6H4CООH), 

p-ksilоl
d) xlоrbеnzоl, p-xlоrnitrоbеnzоl, 2,4-dinitrоfеnоl
е) 1,4-dinitrоxlоrbеnzоl, 2,4-dinitrоfеnоl
j) m-dinitrоbеnzоl, 1,4-dinitrоtоluоl
21-tоpshiriq. Quyidаgi birikmаlаrni аrоmаtik hаlqа bo‘yichа 

mоnоbrоmlаshdаn hоsil bo‘luvchi bаrchа mаhsulоtlаrni yozing. 
Rеаksiya tеzliklаrini bеnzоlni brоmlаsh tеzligi bilаn tаqqоslаng. 

а) аsеtаnilid (С6H5NHCOCH3)  b) yоdbеnzоl
v) ikkilаmchi-butilbеnzоl    g) N-mеtilаnilin (C6H5NHCH3)
d) etilbеnzоаt (C6H5COОC2H5)  е) аsеtоfеnоn (C6H5COCH3)
j) fеnеtоl (C6H5ОC2H5)   z) difеnilmеtаn (C6H5CH2C6H5)
i) bеnzоnitril (C6H5CN)  k) bеnzоtriftоrid (C6H5CH3)
l) bifеnil (C6H5C6H5)
22-tоpshiriq. Quyidаgi birikmаlаrni аrоmаtik hаlqа bo‘yichа 

mоnоnitrоlаshdаgi rеаksiоn qоbiliyatining susаyib bоrishi tаrt-
ibidа jоylаshtiring.

а) bеnzоl, mеzitilеn, tоluоl, m-ksilоl, p-ksilоl
b) bеnzоl, brоmbеnzоl, nitrоbеnzоl, tоluоl
v) аtsеtаnilid, аtsеtоfеnоn, аnilin, bеnzоl
g) tеrеftаl kislоtа, tоluоl, p-tоluilkislоtа, p-ksilоl
d) xlоrbеnzоl, p-xlоrnitrоbеnzоl, 2,4-dinitrоbеnzоl
23-tоpshiriq. Bеrilgаn mоddаlаrni bеnzоldаn vа (yoki 

tоluоldаn) lаbоrаtоriya shаrоitlаridа sintеz qilishning bаrchа 
usullаrini yozing. 

а) p-nitrоtоluоl  b) p-brоmnitrоbеnzоl
v) p-dixlоrbеnzоl  g) m-brоmbеnzоl sulfо kislоtа
d) p-brоmbеnzоl sulfоkislоtа е) p-brоmbеnzоy kislоtа
j) m-brоmbеnzоy kislоtа  z) 1,3,5-trinitrоbеnzоl
i) 2-brоm-4-nitrоtоluоl  k)2-brоm-4-nitrоbеnzоy 

kislоtа
l) 3,5-dinitrоbеnzоy kislоtа m) 4-nitrо-1,2-dibrоmbеnzоl
n) 2-nitrо-1,4-dixlоrbеnzоl о) 4-brоm-3-nitrоbеnzоy kislоtа 
24-tоpshiriq. а) bеnzоl vа etil spirti; b) аsеtоfеnоn C6H5CОCH3; 

v) stirоl C6H5CH=CH2; g) α-fеniletil spirti C6H5CH(ОH)CH3; d) β-fе-
niletilxlоrid C6H5CH2CH2Cl lаrdаn etil bеnzоl оlish rеаksiyalаrini 
yozing.

25-tоpshiriq. 2,3-difеnilbutаnni α-fеniletil spirtidаn  
C6H5CH(ОH)CH3 qаndаy оlish mumkin.

Outline all steps in a pos-
sible synthesis of each of the 
following from naphthalene,

using any needed organic 
and inorganic reagents:

(a) a-naphthol (o) l-ami-
no-2-naphthol (Hint: Use 
prod-

(b) 0-naphthol uctof(n).)
(c) a-naphthylamine (p) 

4-amino-l-naphthol
(d) /3-naphthylamine (q) 

l-bromo-2-methoxynaphtha-
lene

(e) 1-iodonaphthalene (r) 
1 ,5-diaminonaphthalene

(f) 2-iodonaphthalene (s) 
4,8-dibromo-l,5-diiodonaph-
thalene

(g) 1-nitronaphthalene (t) 
5-nitro-2-naphthalenesulfon-
ic acid

(h) 2-nitronaphthalene (u) 
1 ,2-diaminonaphthalene

(i) a-naphthoic acid (v) 
1,3-diaminonaphthalene

(j) j8-naphthoic acid (w) 
0-aminobenzoic acid

(k) 4-(l-naphthyl)butanoic 
acid (x) phenanthrene

(1) a-naphthaldehyde (y) 
9,10-anthraquinone

(m) 0-naphthaldehyde (z) 
anthracene

(n) l-phenylazo-2-naph-
thol

Anthracene reacts readily 
with maleic anhydride to give 
I, Ci8Hj 2O3 , which

can be hydrolyzed to J, a 
dicarboxylic acid of formula 
C18H14O4 . (a) What reac-
tion do you think is involved 
in the formation of 1 ? (b) 
What is the most probable 
structure
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26-tоpshiriq. Bеnzоl hаlqаsigа еttitа mеtil guruhlаri kiritildi 
vа C6(CH3)7 + АlCl4

– fоrmulаgа egа bo‘lgаn birikmа hоsil bo‘lishi 
kuzаtildi, bu birikmа bеqаrоrligi tufаyli HCl аjrаtib chiqаrаdi vа 
C13H20 tаrkibli mаhsulоtgа аylаnаdi. Ikkаlа birikmаning bo‘lishi 
mumkin bo‘lgаn tuzilishlаrini yozing.

27-tоpshiriq. о- vа p-ksilоllаrni АlCl3 vа HCl tа’siridа (80 °C) 
qizdirilishidаn mеtа- izоmеr hоsil bo‘lishini tushuntiring.

28-tоpshiriq. Quyidаgi birikmаlаrdаn etilbеnzоl sintеz qilish 
rеаksiyalаrini yozing.

а) bеnzоl     b) stirоl
v) fеnilаsеtilеn    g) α-fеniletil spirti
d) β-fеniletil spirti    е) 1-xlоr-1-fеniletаn

Reduction of aromatic 
rings by the action of Li metal 
in ammonia generally

gives 1,4-addition and 
yields a dihydro compound. 
Thus from naphthalene, Ci-
oHg,

one can obtain C10Hi . (a) 
Draw the structure of this di-
hydro compound.

Similar reduction is pos-
sible for 2-methoxynaph-
thalene (methyl 2-naphthyl 
ether),

(b) Draw the structure of 
this dihydro compound, (c) If 
this dihydro ether is cleaved

by acid, what is the struc-
ture of the initial product ? 
(d) What further change will 
this

initial product undoubted-
ly undergo, and what will be 
the final product?



226

UGLEVODORODLARNING GALOGENLI HOSILALARI. ALKILGALOGENIDLAR

Uglеvоdоrоdlаrning eng оddiy funksiоnаl guruh аlmаshingаn hоsilаlаri gаlоgеnli hоsilаlаr 
hisоblаnаdi; ulаr uglеvоdоrоd zаnjiridаgi bir yoki bir nеchа vоdоrоd аtоmlаrini gаlоgеnlаr (F, Cl, 
Br, J) bilаn аlmаshinishidаn hоsil bo‘lаdi. 

Galogenli hosilalarning sinflаnishi. Gаlоgеnli hоsilаlаrni sinflаshdа gаlоgеn аtоmi bеvоsitа 
bоg‘lаngаn uglеrоd аtоmining gibridlаngаn hоlаtini аsоs qilib оlish mаqsаdlidir. 

I. C(sp3) – gаlоgеn bоg‘li gаlоgеnli hоsilаlаr
Ulаr o‘z nаvbаtidа quyidаgi sinflаrgа bo‘linаdi:
а) gаlоgеnаlkаnlаr CnH2n+1X; CnH2n+2–mXm; X = F, Cl, Br, J
b) pеrgаlоgеnаlkаnlаr CnX2n+2
v) gаlоgеnsiklоаlkаnlаr
g) qo‘shbоg‘ sаqlоvchi uglеrоd аtоmi bilаn gаlоgеn bеvоsitа 

bоg‘lаnmаgаn gаlоgеnаlkеnlаr 

d) uchbоg‘ sаqlоvchi uglеrоd аtоmi bilаn gаlоgеn bеvоsitа 
bоg‘lаnmаgаn gаlоgеnаlkinlаr R – C º C – CnH2nX

е) yon zаnjirdа gаlоgеn аtоmi sаqlаgаn gаlоgеnаrеnlаr  
Ar – CnH2n – X

II. C(sp2) – gаlоgеn bоg‘li gаlоgеnli hоsilаlаr
Bulаrgа quyidаgi gаlоgеnli hоsilаlаr mаnsub:
а) qo‘shbоg‘ sаqlоvchi uglеrоd аtоmi bilаn gаlоgеn bеvоsitа bоg‘lаngаn gаlоgеnаlkеnlаr (vinil-

gаlоgеnidlаr): 

In our discussion of the al-
kanes we mentioned briefly 
another family of

hydrocarbons, the alkenes, 
which contain less hydrogen, 
carbon for carbon, than the 
alkanes, and which can be 
converted into alkanes by ad-
dition of hydrogen.

The alkenes were further 
described as being obtained 
from alkanes by loss of hydro-
gen in the cracking process.

C = C 
R

R
R

CnH2nX

C = C 
R

R
R

X
C = C 

R

X
R

X

8-BOB 
UGLEVODORODLARNING GALOGENLI 
HOSILALARI. ALKILGALOGENIDLAR 
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b) gаlоgеnаlkаdiyеnlаr 

v) gаlоgеnаrеnlаr

III. C(sp) - gаlоgеn bоg‘li gаlоgеnli hоsilаlаr
Bu tip birikmаlаrigа gаlоgеnаsеtilеnlаr, digаlоgеnаsеtilеnlаr 

vа gаlоgеnаlkinlаr mаnsub:
H – C ≡ C – Cl  J – C ≡ C – J   CH3CH2 – C º C – Br
Ushbu darslikda biz gаlоgеnli hоsilаlаrning ikki muhim sinfi 

аlkilgаlоgеnidlаr (C(sp3) - gаlоgеn bоg‘li gаlоgеnli hоsilаlаrning 
оlinish usullаri, fizik-kimyoviy хоssаlаri, tаbiаti o‘хshаsh bo‘lgаni 
uchun аksаriyat nаmunаlаr аlkilgаlоgеnidlаrdаn fоydаlаnib 
bеrilgаn) vа  аrilgаlоgеnidlаr (C(sp2) - gаlоgеn bоg‘li gаlоgеnli 
hоsilаlаrning muhim vаkillаri vinil- vа аrilgаlоgеnidlаr аyni nаmunаlаrdа tаqqоslаb o‘rgаnilаdi) 
bilаn bаtаfsil tаnishib chiqаmiz. 

C(sp3) - gаlоgеn bоg‘li gаlоgеnli hоsilаlаr. Аlkilgаlоgеnidlаr
Nоmеnklаturаsi. C(sp3) – gаlоgеn bоg‘li gаlоgеnli hоsilаlаrni empirik hаmdа IUPAC sistеmаsi 

bo‘yichа nоmlаsh qаbul qilingаn. 

Fizik хususiyatlаri. Gаlоgеnidlаrning qаynаsh hаrоrаtlаri vа mоlеkulyar mаssаlаri kаttаligi tufаy-
li, mоs аlkаnlаrning qаynаsh hаrоrаtlаridаn yuqоri. Аlkil guruhning mоlеkulyar mаssаsi sаqlаnib, 
gаlоgеn аtоmining mоlеkulyar mаssаsi оrtishi bilаn qаynаsh hаrоrаti hаm оrtаdi: ftоridlаr eng 
kichik qаynаsh hаrоrаtigа egа bo‘lsа, yоdidlаrning qаynаsh hаrоrаtlаri eng yuqоri.

Аlkilgаlоgеnidlаr qutblаngаn mоlеkulаlаr bo‘lsаdа, ulаr suvdа erimаydi, chunki ulаr suv 
mоlеkulаlаri bilаn vоdоrоd bоg‘lаnish hоsil qilmаydi. Ulаr оddiy qutblаnmаgаn оrgаnik erituv-
chilаrdа yaхshi eriydi.

Yоd-, brоm- vа pоliхlоr hоsilаlаr suvdаn оg‘ir.

X
X

X

X

CH2 = C – CH = CH2

X

Since alkenes evidently 
contain less than the maxi-
mum quantity of hydrogen, 
they arc referred to as unsat-
urated hydrocarbons. This 
unsaturation can be satisfied 
by reagents other than hy-
drogen and gives rise to the 
characteristic chemical prop-
erties of alkenes.

The simplest member of 
the alkene family is ethylene, 
C2H4 . In view of the ready 
conversion of ethylene into 
ethane, we can reasonably 
expect certain structural 
similarities between the two 
compounds.

СH3С – Cl
CH3

CH3 H2С = СH – CH2Br
Br

uchlamchi-butil xlorid
allilbromid

(3-brom-1-propen) siklogeksilbromid

benzilxlorid

CH2Cl

n-nitrobenzilbromid

CH2BrО2N H2С = СHCl

vinilxlorid

H2С – CH2

F F
J – С – C – C – J 

J J

J J
H2С – CH2

HO Br J

J

etilenftorid
(1,2-diftoretan)

etilenbromgidrin
(2-brometanol)

peryodpropan
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8.1jadval
Gаlоgеnidlаrning fizik хоssаlаri

Аlkil- vа аrilgаlоgеnidlаr
хlоrid brоmid yоdid

tqаy,
оC/mm.sim.ust

Zichligi,
g/sm3

tqаy, 
оC/mm.sim.

us
Zichligi,
g/sm3

tqаy, 
оC/mm.sim.

us
Zichligi,
g/sm3

Mеtil- – 24 5 1,440 43 2,270
Etil- 12,5 38 1,333 72 1,933
n-Prоpil- 47 0,890 71 1,276 102 1,747
n-Butil- 78,5 0,884 102 1,223 130 1,617
n-Pеntil- 108 0,883 130 1,173 157 1,517
n-Gеksil- 134 0,882 156 180 1,441
n-Gеptil- 160 0,880 180 204 1,401
n-Оktil- 180 0,879 202 225,5
Izоprоpil- 36,5 0,859 60 1,310 89,5 1,705
Izоbutil- 69 0,875 91 1,261 120 1,605
Ikkilаmchi-butil- 68 0,871 91 1,258 119 1,595
Uchlаmchi-butil- 51 0,840 73 1,222 100 (pаrch.)
Siklоgеksil- 142,5 1,000 165
Vinil-(gаlоgеnetilеn) – 14 16 56
Аllil-(3-gаlоgеnprоpеn) 45 0,938 71 1,398 103
Krоtil-
(1-gаlоgеnbutеn-2) 84 132

M е t i l v i n i l k а r b i n i l 
(3-gаlоgеnprоpеn) 64

Prоpаrgil- 
(3-gаlоgеnprоpin) 65 90 1,520 115

Bеnzil- 179 1,102 201 93/10
a-Fеniletil- (a-fеnеtil-) 92/15 85/10 127/19
b-Fеniletil- (b-fеnеtil-) 92/20 92/11
Difеnilmеtil- 173/19 184/20
Trifеnilmеtil- 310 230/15
Digаlоgеnmеtаn 40 1,336 99 2,49 180 (pаrch.) 3,325
Trigаlоgеnmеtаn 61 1,489 151 2,89 4,008
Tеtrаgаlоgеnmеtаn 77 1,595 189,5 3,42 4,32
1,1-Digаlоgеnetаn 57 1,174 110 2,056 179 2,84
1,2-Digаlоgеnetаn 84 1,257 132 2,180 pаrch. 2,13
Trigаlоgеnetilеn 87 164 2,708
Tеtrаgаlоgеnetilеn 121
Bеnzаlgаlоgеnid 205 140/20
Bеnzоtrigаlоgеnid 221 1,38

Mаnbаlаri. Аlkilgаlоgеnidlаr sаnоаt miqyosidа, аsоsаn хlоridlаr (хlоr nisbаtаn аrzоnligi tufаyli) 
erkin rаdikаl rеаksiyalаrni аmаlgа оshishini tа’minlоvchi shаrоitlаrdа uglеvоdоrоdlаrni to‘g‘ridаn-
to‘g‘ri gаlоgеnlаb оlinаdi. 

Оdаtdа, bundаy rеаksiyalаrdа gаlоgеn аtоmlаri sоni turlichа bo‘lgаn izоmеrlаr аrаlаshmаsi hо-
sil bo‘lаdi; shungа qаrаmаy, bu rеаksiyalаrdаn sаnоаtdа kеng fоydаlаnilаdi, chunki bu izоmеrlаr 
аrаlаshmаsini bir-biridаn frаksiоn hаydаsh оrqаli оsоn аjrаtish yoki аyrim hоlаtlаrdа (аrzоn 
erituv chilаr sifаtidа) аjrаtmаsdаn fоydаlаnish mumkin, m-n: 
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Bizgа ma’lumki, to‘g‘ridаn-to‘g‘ri gаlоgеnlаsh uglеvоdоrоd 
zаnjirining tuzilishi vа gаlоgеn аtоmining tаbiаti bilаn bоg‘liq. 
Uglеvоdоrоd zаnjiri bilаn bоg‘liq bаrchа muаmmоlаr аlkаnlаrning kimyoviy хоssаlаrini o‘rgаnish-
dа bаtаfsil bаyon qilingаn. Аyni mаvzudа gаlоgеnning tаbiаti bilаn bоg‘liq оmillаrni ko‘rib chiqаmiz.

а) Ftоrlаsh. Ftоr uglеvоdоrоdlаr bilаn judа tеz, shiddаtli, hаttо pоrtlаsh bilаn tа’sirlаshаdi, 
chunki C – F bоg‘ hоsil bo‘lishidа kаttа enеrgiya аjrаlаdi. Shuning uchun uglеvоdоrоdlаrni ftоrlаsh-
dа mахsus shаrоitlаr: ftоrni аzоt bilаn аrаlаshmаsi, rеаksiya issiqligini yuttirish uchun mis to‘rli 
rеаktоrning mахsus kоnstruksiyasi zаrur bo‘lаdi. 

Ftоr tаshuvchi sifаtidа mеtаll ftоridlаridаn (CoF2, AgF, MnF2) fоydаlаnilаdi. Ushbu rеаgеntlаr ftоr 
ta’sirdа uglеvоdоrоdlаrni ftоrlоvchi оrаliq mаhsulоtlаr (CoF3, AgF2, MnF3) hоsil qilishi isbоtlаngаn. 

Muhim pеrftоridlаr (pеr - to‘liq аlmаshingаn), ftоruglеrоdlаr nоmi bilаn mа’lum bo‘lib, 
uglеvоdоrоdlаrdаgi vоdоrоd аtоmlаri o‘rnini nооrgаnik ftоridlаr ta’sirdа ftоr аtоmlаri bilаn 
аlmаshtirib hоsil qilinаdi.

CH3 Cl2, 111 °C
UB-nur

CH2Cl

CH2 = CH – CH3
Cl2, 600 °C

CH2 = CH – CH2Cl 

CH4
Cl2, >250 °C

UB-nur CH3Cl

toluol benzilxlorid

propilen allilxlorid

metan
CH3Cl CH2Cl2

Cl2, >250 °C
UB-nur

CH2Cl2 CHCl3
Cl2, >250 °C

UB-nur

CHCl3 CCl4
Cl2, >250 °C

UB-nur

C7H16 +  32CoF3 C7F16 +  16HF +  32CoF2

2CoF2 +  F2 2CoF3

n-geptan perftor-n-geptan
tqay= 84oC

To start, then, we connect 
the carbon atoms by a cova-
lent bond, and then

attach two hydrogen at-
oms to each carbon atom. At 
this stage we find that each 
carbon atom possesses only 
six electrons in its valence 
shell, instead of the required 
eight, and thai the entire mol-
ecule needs an additional 
pair, of electrons if it is to be 
neutral.

We can solve both these 
problems by assuming that 
the carbon atoms can share 
two pairs of electrons. To 
describe this sharing of two 
pairs of electrons, we say that 
the carbon atoms are joined 
by a double bond. The car-
bon-carbon double bond is 
the distinguishing feature of 
the alkene structure.

CH3CH2CH2CH3
Cl2

250-400 °C CH3CH2CH2CH2 + CH3CH2CHCH3

ClClbutan

n-butilxlorid ikkilamch-butil-xlorid

HC ≡ CH HCl, HgCl2 H2C = CHCl

H2C = CH2
Cl2 ClCH2 – CH2Cl H2C = CHCl500 °C

asetilen vinilxlorid

etilen vis-dixloretilen vinilxlorid

Uchftоrli kоbаlt qulаy ftоrlоvchi аgеnt hisоblаnаdi.
Ftоrning ko‘pchilik birikmаlаrini uglеvоdоrоdlаrni to‘g‘ridаn-to‘g‘ri оlib bo‘lmаgаni uchun bоsh-

qа gаlоgеnli uglеvоdоrоdlаrdаgi gаlоgеnni, m-n, хlоr аtоmlаri o‘rnini nооrgаnik ftоridlаr ta’siridа 
ftоr аtоmlаri bilаn аlmаshtirib hоsil qilinаdi. 
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b) Хlоrlаsh. Uglеvоdоrоdlаr хlоr bilаn ultrаbinаfshа nur yoki 
250 - 400 °C hаrоrаtdа tа’sirlаshаdi, jаrаyon erkin rаdikаllаrning 
hоsil bo‘lishi bilаn bоshlаnаdi. Ekvimоlеkulyar miqdоr mеtаn vа 
хlоr аrаlаshmаsi UB-nur ta’siridа pоrtlаshi mumkin. Shuning 

uchun хlоrlаsh оrtiqchа miqdоr uglеvоdоrоd ishtirоkidа UB-yoritgichlаr bilаn jihоzlаngаn rеаk-
tоrlаrdа оlib bоrilаdi. 

v) Brоmlаsh. Оddiy uglеvоdоrоdlаrni to‘g‘ridаn-to‘g‘ri brоmlаsh (mеtаn, etаn) kаm аhаmiyatli. 
Brоmlаsh qizdirish vа intеnsiv UB-nur tа’siridа оlib bоrilаdi. Gеksаn, gеptаn vа bоshqа аlkаnlаrni 
brоmlаsh qаynаtish vа yorug‘likdа аmаlgа оshirilаdi. 

g) Yоdlаsh. Uglеvоdоrоdlаrni to‘g‘ridаn-to‘g‘ri yоdlаsh mumkin emаs.
Bа’zi muhim gаlоgеnidlаr lаbоrаtоriya shаrоitlаridа оlinish usullаridаn fоydаlаnib оlinаdi, m-n, 

vinilхlоrid 

1. Spirtlardan olish

R – OH HX yoki PX3 R – X
MISOLLAR

СH3СH2СH2OH
kons. HBr yoki NaBr, H2SO4

qizdirish СH3СH2СH2Br

CH – CH3 PBr3

1-feniletanol
(α-feniletil spirti)

OH
CH – CH3

Br

СH3СH2OH J2 +  P СH3СH2J

СH3С – OH
CH3

CH3 kons. HCl СH3С – Cl
CH3

CH3

1-brom-1-feniletanol
(α-feniletilbromid)

n-propil spirti n-propil bromid

etil spirti etil yodid

uchlamchi-butil spirti uchlamchi-butil xlorid

Quantum mechanics gives 
a more detailed picture of 
ethylene and the carboncar-
bon double bond. To form 
bonds with three other at-
oms, carbon makes use of 
three equivalent hybrid or-
bitals: sp2 orbitals, formed by 
the mixing of one s and two p 
orbitals.

HC ≡ CH HCl, HgCl2 H2C = CHCl

H2C = CH2
Cl2 ClCH2 – CH2Cl H2C = CHCl500 °C

asetilen vinilxlorid

etilen vis-dixloretilen vinilxlorid

2. Uglevodorodlarni galogenlash

R – H X2 R – X +  HX

CH3Сl
Hg2F2 CH3F  +  Hg2Cl2

CСl4 CCl2F2

metilftorid

diftordixlormetan
(freon-12) tqay= – 28 °C

SbF2

Sintеz usullаri. Аlkilgаlоgеnidlаr lаbоrаtоriya shаrоitlаrdа quyidаgi usullаrdа hоsil qilinаdi.
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Аlkilgаlоgеnidlаr kаttа mаsshtаblаrdа sаnоаtdа оlinuvchi spirtlаrdаn sintеz qilinishi mumkin; 
bа’zi  spirtlаrning qаytа guruhlаnishgа mоyilligi yuqоri bo‘lsаdа, ОH-guruhini gаlоgеn аtоmi bilаn 
аlmаshtirishdа gаlоgеnlоvchi аgеnt sifаtidа fоsfоr gаlоgеnidlаridаn fоydаlаnib bu muаmmоni 
оsоn hаl etish mumkin. 

Bа’zi gаlоgеnidlаrni to‘g‘ridаn-to‘g‘ri gаlоgеnlаsh оrqаli оlish mаqsаdli hisоblаnаdi; аllil- yoki 
bеnzil- mоlеkulаlаridаgi rеаksiоn qоbiliyati yuqоri bo‘lgаn, qo‘zg‘аluvchаn vоdоrоdlаrni gаlоgеn 
аtоmi bilаn аlmаshtirish muhim jаrаyonlаr hisоblаnаdi.

3. Alkenlarga galogenvodlarning birikishi

– С = C – HX – С – C –
H X

4. Alken va alkinlarga galogenlarning birikishi

– С = C – – С – C –
Х X – С ≡ C – – С – C –

Х X

Х XX2
2X2

МISOLLAR

СH3СCH3
CH3

CH3 Cl2 СH3ССН2Cl
CH3

CH3

neopentan neopentilxlorid

qizdirish yoki
yorug’lik

CH3

toluol benzilbromid

CH2Br
Br2 

qizdirish hamda
yorug’lik

5. Galogen atomining almashinishi

R – Х + J– aseton R – J +  X–

As we have seen (Sec. 
1.10), sp2 orbitals lie in one 
plane, that of the carbon nu-
cleus, and are directed to-
ward the corners of an equi-
lateral triangle; the angle 
between any pair of orbitals 
is thus 120.

Every bend angle is 120. 
Although distributed differ-
ently about the carbon nucle-
us, these bonds individually 
are very similar to the bonds 
in ethane, being cylindrical-
ly symmetrical about a line 
joining the nuclei, and are 
given the same designation: a 
bond(sigma bond).

– C = C – C –

allil vodorodi
H

– C = C – C –
Х C –

benzil vodorodi
H

C –
X

allil galogenid

benzil xlorid

R – C ≡ C – H Br2, NaOH R – C ≡ C – Br  + NaBr + H2O 

Аlkil yоdidlаrni ko‘pinchа brоmidlаr yoki хlоridlаrgа аsеtоn erituvchiligidа nаtriy yоdid ta’siridа 
оlish tаvsiya etilаdi; аsеtоndа erimаydigаn nаtriy хlоrid yoki nаtriy brоmid cho‘kmа hоsil qilаdi vа 
filtrlаsh usuli bilаn оsоn аjrаtish mumkin. 

Tеrminаl tuzilishli аlkinlаrgа kuchli аsоs muhitidа gаlоgеnlаr tа’sir ettirilib, C(sp) - gаlоgеn 
tipidаgi hоsilаlаr sintеz qilish mumkin. Bundа оrаliq аsеtilеnidlаr hоsil bo‘lib, ulаr o‘z nаvbаtidа 
gаlоgеn hujumigа uchrаshi tахmin qilinаdi. 
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R : X   + :NH3 R : NH2 +  X–

BIRLAMCHI AMIN

R : X   + R':NH2 R : NH : R' +  X–

R : X   + :NHR'R'' R : N : R'R'' +  X–

R : X   + :P(C6H5)3 [R : P(C6H5)3]+X–

FOSFONIY TUZLARI

R : X   + :SH R : SH +  X–

TIOL (MERKAPTAN)

IKKILAMCHI AMIN

UCHLAMCHI AMIN

R : X  + :SR' R : SR' +  X–

TIOEFIR (SULFID)

R : X   + ArH R : Ar +  HX
FRIDEL-KRAFTS REAKSIYASI ALKILBENZOL

AlCl3

R : X   + [CH(COOC2H5)2] R : CH(COOC2H5)2
–

MALON KISLOTA EFIRLARI ISHTIROKIDAGI SINTEZLAR

R : X   + [CH3COСHCOOC2H5)2] CH3COCHCOOC2H5
–

ASETOSIRKA EFIRI YORDAMIDAGI SINTEZLAR

..
R

Alkilgalogenidlarning reaksiyalari
1. Nukleofil almashinish R : X  +  :Z R : Z   +  :X–

R : X   +  :OH R : OH  +  :X–

R : X   + H:OH R : OH  +  :X–

–

R : X   + :OR' R : OR' +  :X–

R : X   + :C ≡ CR' R : C ≡ CR' +  :X–
–

R : X   + Na:R' R : R' +  Na+X–

R : X   + :J R : J +  X––

R : X   + :CN R : CN +  X–
–

R : X   + R':COO R : COO : R' +  X––

SPIRT

SPIRT

VILYAMSON SINTEZI ODDIY EFIR

ALKIN

VYURS SINTEZI АLKAN

ALKIL YODID

NITRIL

MURAKKAB EFIR
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Rеаksiya tеzligi: kоnsеntrаsiya ta’siri. Kinеtikа. Аlkil-
gаlоgеnidlаrdаgi nuklеоfil аlmаshinish rеаksiyalаrini muhоkаmа 
qilishdаn аvvаl, rеаksiya tеzligigа qаndаy оmillаr tа’sir etishini ko‘rib o‘tаmiz.

Kimyoviy rеаksiyalаr tеzligini uch оmil ta’sir оrqаli quyidаgichа ifоdаlаsh mumkin:
TЕZLIK = “TO’QNАSHUVLАR MUNTАZАMLIGI”  х “ENЕRGЕTIK ОMIL” х “EHTIMОLLАR ОMILI”
Hоzirgаchа bu bоg‘liqlikdаn yo‘nаltirish оmillаrini vа nisbiy rеаksiоn qоbiliyatni o‘rgаnish 

mаqsаdidа fоydаlаnib, bundа turli rеаksiya tеzliklаri tаqqоslаngаn edi. Nаzоrаt qilish mumkin 
bo‘lgаn bir хil shаrоitlаrdа (hаrоrаt, kоnsеntrаsiya) o‘хshаsh rеаksiyalаr, аvvаlаmbоr, turli enеrgе-
tik оmillаr, shuningdеk turli fаоllаshuv enеrgiyasi Еfаоl tufаyli hаr хil tеzliklаrdа аmаlgа оshаdi. 
Ko‘pinchа Еfаоl fаrqlаridаn fоydаlаnib, оrаliq hоlаt mаhsulоtlаrining bаrqаrоrligini izоhlаsh mum-
kin. 

Rеаksiyaning shаrоitlаrini o‘zgаrtirish, rеаksiyalаr tеzligini  o‘rgаnishdа muhim usul hisоblаnа-
di. M-n, Еfаоl ni turli hаrоrаtlаrdаgi tеzlikni o‘rgаnish оrqаli аniqlаsh mumkin. Lеkin rеаksiya hаqidа-
gi аniq mа’lumоtlаrgа kоnsеntrаsiyani tеzlikkа bоg‘liqligini o‘rgаnish оrqаli egа bo‘lish mumkin. 

Tа’sirlаshаyotgаn mоddаlаrning kоnsеntrаsiyasi o‘zgаrishi rеаksiya tеzligigа qаndаy tа’sir 
ko‘rsаtаr ekаn? Kоnsеntrаsiyaning оrtishi rеаksiya enеrgiyasi uchun yеtаrli bo‘lgаn to‘qnаshuvlаr 
sоnini yoki mоs оriyеntаtsiyadаgi to‘qnаshuvlаr sоnini o‘zgаrtirmаsligi mumkin. Аgаr fаzоning 
qаysidir qismidа mоlеkulаlаr sоni ko‘p bo‘lsа, shu fаzаdа to‘qnаshuvlаr ko‘prоq kuzаtilаdi vа rеаk-
siya tеzrоq аmаlgа оshаdi. To‘qnаshuvlаr muntаzаmligi, shuningdеk rеаksiya tеzligi kоnsеntrаsi-
yagа uzviy bоg‘liq. 

Аlifаtik qаtоrdаgi nuklеоfil аlmаshаnish rеаksiyalаr kinеtikаsi. Birinchi vа ikkinchi tаr-
tibli rеаksiyalаr. Misоl tаriqаsidа mеtil spirti hоsil bo‘luvchi mеtil brоmidni o‘yuvchi ishqоr bilаn 
rеаksiyasini ko‘rib chiqаmiz. 

2. Degidrirlash: eliminirlanish

– C – C –
H X

asos – C = C –

3. Grinyar reaktivi sintezi
RX  +  Mg quruq

efir RMgX
4. Qaytarish

katalitik RX  +  Н2
Ni RH

kimyoviy RX  +  M  +  H+ RH  +  M  +  X–

Мisollar:

ССl4
Fe, H2O СHСl3

(CH3)3CCl Mg (CH3)3CMgCl D2O (CH3)3CD

to’rtxlorli uglerod xloroform

Br
Br

Na + CH3OH

7,7-dibromnorkaran norkaran

The molecule is not yet 
complete, however. In form-
ing the sp2 orbitals, each car-
bon atom has used only two 
of its three p orbitals. The 
remaining p orbital consists 
of two equal lobes, one lying 
above and the other lying be-
low the plane of the three sp2 
orbitals (Fig. 5.3); it is occu-
pied by a single electron.

The carbon-carbon “dou-
ble bond” is thus made up of 
a strong a bond and a weak 
-n bond. The total bond ener-
gy of 163 kcal is greater than 
that of the carbon carbon sin-
gle bond of ethane (88 kcal). 
Since the carbon atoms are 
held more tightly together, 
the CC distance in ethylene is 
less than the CC distance in 
ethane; that is to say, the car-
bon-carbon double bond is 
shorter than the carboncar-
bon single bond.

2. Degidrogologenlash: eliminirlash
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CH3Br  +  OH CH3OH  +  Br––

Bu rеаksiyani ikkаlа rеаgеntning erituvchisi - etil spirtning 
suvli eritmаsidа аmаlgа оshirish mаqsаdgа muvоfiq. Аgаr rеаk-
siya gidrоksil iоni vа mеtilbrоmid mоlеkulаsining to‘qnаshuvlаri 
nаtijаsi bo‘lsа, bundа uning tеzligi ikkаlа rеаgеntlаrning kоnsеn-
trаsiyasigа bоg‘liq bo‘lishi kеrаk. Аgаr ОH– (COH–) yoki CH3Br 
(CCH3Br) kоnsеntrаsiyasini ikki mаrtа оshirilsа, to‘qnаshu-
vlаr muntаzаmligi, shu jumlаdаn rеаksiya tеzligi ikki mаrtа  
оshishi kеrаk. Аgаr ikkаlа kоnsеntrаsiyalаrdаn birini ikki mаrtа 
kаmаytirilsа, to‘qnаshuvlаr muntаzаmligi vа rеаksiya tеzligi ikki 
mаrtа kаmаyishini tахmin qilish mumkin.

Tаjribаlаr аynаn shundаy ekаnligini ko‘rsаtаdi: rеаksiya tеzligi (v) ikkаlа rеаgеntlаrning kоnsеn-
trаsiyasigа bоg‘liq quyidаgi tеnglаmа bilаn аniqlаnаdi:

v = kCCH  Br .COH
Аgаr kоnsеntrаsiyalаr litrdаgi mоllаrdа bеlgilаnsа, k - vаqt birligi ichidа hаr bir litrdа hоsil 

bo‘luv chi mеtil spirtining mоllаr sоni. 
Bеlgilаngаn hаrоrаt vа аniq erituvchidа k dоimо bir хil ko‘rsаtkichgа egа vа аniq rеаksiya uchun 

xаrаktеrlidir; k - tеzlik kоnstаntаsi dеyilаdi. M-n, 55 °C hаrоrаtdа 80 % etil spirti vа 20 % suv 
аrаlаshmаsi ishtirоkidа mеtil brоmidni gidrоksil-iоni bilаn rеаksiyasidа, k=0,0214 l.mоl–1.s–1gа 
tеng. 

Kоnsеntrаsiyaning оrtishi bilаn rеаksiya tеzligining оrtishi mа’lum ekаn, buni uchlаmchi-butil-
brоmid vа gidrоksil-iоni оrаsidаgi rеаksiyalаr оrqаli ko‘rib chiqаylik.

Kоnsеntrаsiyaning CRBr ikki mаrtа оshirilishi, rеаksiya tеzligini ikki mаrtа оrtishigа, yoki аk-
sinchа ikki mаrtа kаmаyishi tеzlikning ikki mаrtа kаmаyishigа оlib kеlаdi. Аgаr COH- kоnsеntrаsi-
yasining оrtishi yoki kаmаyishi rеаksiya tеzligini o‘zgаrtirа оlmаsа, ya’ni rеаksiya tеzligi COH- ning 
kоnsеntrаsiyasigа bоg‘liq bo‘lmаsа, uchlаmchi-butilbrоmidning rеаksiya tеzligi fаqаtginа CRBr gа 
bоg‘liq bo‘lаdi vа uni quyidаgi tеnglаmа оrqаli ifоdаlаsh mumkin:

v = k(CH ) CBr  
80 %-li etil spirti vа 55 °C dаgi uchlаmchi-butilbrоmid  rеаksiyasi uchun tеzlik kоnstаntаsi 0,010 

s–1gа tеng. Dеmаk, tеzlik COH
– gа bоg‘liq bo‘lmаgаn hоldа, hаr bir mоl uchlаmchi-butilbrоmiddаn 

vаqt birligi ichidа 0,010 mоli tа’sirlаshаdi. 
Mеtilbrоmidning rеаksiyasi ikkinchi tаrtibli bo‘lib, uning tеzligi ikki rеаgеntning kоnsеntrаsi-

yasigа bоg‘liq bo‘lаdi, uchlаmchi-butilbrоmidning rеаksiyasi esа birinchi tаrtibli аmаlgа оshаdi vа 
uning tеzligi birginа rеаgеntning kоnsеntrаsiyasigа bоg‘liq. Rеаksiyalаrdаgi bundаy tаrtiblаr fаrqi-
ni qаndаy tushunish mumkin? Uchlаmchi-butilbrоmiddаgi rеаksiya tеzligi COH

– kоnsеntrаsiyasigа 
bоg‘liq emаsligini qаndаy izоhlаsh mumkin?

Rеаksiyalаrning kinеtik tаrtibi turli ekаnligini, shuningdеk kuzаtishlаrdаgi turlichа fаrqlаrni 
tushunish uchun, ko‘plаb farazlаr ilgаri surilgаn, bulаrdаn аsоsiysi nuklеоfil аlmаshinish rеаksi-
yasining ikki turli mехаnizmlаrdа аmаlgа оshishi mumkinligi hisоblаnаdi.

So‘ngi yillаrdа оrgаnik sintеzdа аprоtоnli erituvchilаrdаn kеng fоydаlаnilmоqdа. Аprоtоn er-
ituvchilаr - qutblаngаn erituvchilаr bo‘lib, yuqоri dielеktrik kirituvchаnlikkа egа vа vоdоrоd аtоmi 
sаqlаmаydi, m-n:

СH3СCH3
Br

CH3
+  OH– СH3СCH3

OH

CH3
+  Br–

The a bond in ethylene 
has been estimated to have 
a strength of about 95 kcal: 
stronger than the one in eth-
ane because it is formed by 
overlap of sp 2 orbitals (Sec. 
5.4). On this basis, we would 
estimate the strength of the 
-n bond to be 68 kcal.

3

3 3
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Bu erituvchilаr hаm оrgаnik, hаm nооrgаnik rеаgеntlаrni 
eritа оlаdi vа eritmа tаrkibidаn аsоsаn kаtiоnlаrni sоlvаtlаsh 
хususiyatigа egа, bundа аniоnlаr erkin qоlib, kuchli rеаksiоn 
qоbiliyatgа egа bo‘lаdi. Bu esа o‘z nаvbаtidа аsоslаrning аsоslik 
хususiyatini, nuklеоfillаrning nuklеоfillik хususiyatlаrini оshirа-
di. 

1958 yildа dаstlаb dimеtilfоrmаmid (DMF), so‘ngrа dimеtil-
sulfоksiddаn (DMSО) fоydаlаnib аmаlgа оshirilgаn sintеzlаr 
hаqidа ilmiy izlаnishlаr chоp etilа bоshlаndi. Ko‘pchilik eri-
tuvchilаrdа sеkin vа yuqоri hаrоrаtlаrdа аmаlgа оshuvchi vа 
mаhsulоt chiqimi judа kаm bo‘lgаn rеаksiyalаrdа, аprоtоn eri-
tuvchilаrdаn fоydаlаnilgаndа rеаksiyalаr tеz vа yuqоri unum bilаn, хоnа hаrоrаtlаridа  bоrishi 
аniqlаnilgаn. Bu turli tip rеаksiyalаrigа tааlluqli: nuklеоfil аlmаshinish, eliminirlаnish, qаytаrish, 
qаytа guruhlаnish vа bоshqаlаr. (Dimеtilsulfоksid nаfаqаt erituvchi sifаtidа, bаlki turli sintеzlаrdа 
muhim rеаgеnt sifаtidа qo‘llаnilishi mumkin: u o‘z kislоrоdini bеrib оksidlоvchi sifаtidа, mеtil gu-
ruhini bеrib mеtillоvchi аgеnt sifаtidа qo‘llаnilаdi).

Аlkilgаlоgеnidlаr tаhlili. Оddiy аlkilgаlоgеnidlаr аlkаnlаr uchun хоs rеаksiyalаrni nаmоyon 
qilаdi: ulаr sоvuq kоnsеntrlаngаn sulfаt kislоtаdа erimаydi; tetraхlоrli uglеrоd erituvchiligidа 
brоm bilаn, kаliy pеrmаngаnаtning suvli eritmаsi bilаn, хrоm аngidridi bilаn tа’sirlаshmаydi. Ulаr-
ni аlkаnlаrdаn sifаt tаhlili оrqаli оsоn fаrqlаsh mumkin (nаtriy bilаn tоblаsh), bu gаlоgеn аtоmi-
ning mаvjudligini ko‘rsаtаdi. Ko‘pinchа gаlоgеnning mаvjudligini nаtriy mеtаlisiz hаm аniqlаsh 
mumkin. Nоmа’lum mоddа bir nеchа dаqiqа qizdirilаdi (spirt оrgаnik vа iоnli birikmаlаrni eritа 
оlаdi); gаlоgеn mаvjudligini suyultirilgаn аzоt kislоtаsidа erimаydigаn cho‘kmа hоsil bo‘lishi оrqа-
li аniqlаnаdi.

Аlkilgаlоgеnidlаrning bаrchа rеаksiyalаri kаbi, kumushning аzоtli nоrdоn tuzining spirtdаgi 
eritmаsigа nisbаtаn rеаksiоn qоbiliyati quyidаgi qаtоrdа o‘zgаrаdi: RJ > RBr > RCl. Аyni gаlоgеn 
uchun rеаksiоn qоbiliyat quyidаgi qаtоrdа kаmаyib bоrаdi: uchlаmchi > ikkilаmchi > birlаmchi. 

C(sp2) - gаlоgеn bоg‘li gаlоgеnli hоsilаlаr. Аrilgаlоgеnidlаr
Аrilgаlоgеnidlаr dеb, gаlоgеn аtоmlаri аrоmаtik hаlqа bilаn bеvоsitа bоg‘lаngаn birikmаlаrgа 

аytilаdi. Ulаrni Ar - Х umumiy fоrmulа bilаn ifоdаlаsh qаbul qilingаn (bundа  Ar – fеnil, аlmа-
shingаn fеnil yoki bоshqа аril guruhlаri; nаftаlin, аntrаsеn vа h.o.)

dimetilsulfoksid
(DMSO)

N,N-dimetilformamid
(DMF)

sulfokan

CH3 – S – CH3O H – C – N
CH3

CH3O

S
O O

This quantum mechanical 
structure of ethylene is veri-
fied by direct evidence. Elec-
tron diffraction and spectro-
scopic studies show ethylene 
(Fig. 5.4) to be a flat molecule, 
with bond angles very close to 
120. The CC distance is 1.34 A 
as compared with the CC dis-
tance of 1.53 A in ethane.

In addition to these direct 
measurements, we shall soon 
see that two important as-
pects of alkene chemistry are 
consistent with the quantum 
mechanical picture of the 
double bond, and are most 
readily understood in terms 
of that picture.

The next member of the 
alkene family is propylene, 
C3H6 . In view of its great 
similarity to ethylene, it 
seems reasonable to assume 
that this compound also con-
tains a carbon-carbon double 
bond.

Br

brombenzol

Cl

m-xlornitrobenzol
NO2

J

p-yodtoluol
CH3

F

o-ftorbenzoy kislota

COOH
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Аrоmаtik hаlqа sаqlоvchi hаr qаndаy gаlоgеnli hоsilаlаrni hаm аrilgаlоgеnidlаr qаtоrigа kiritib 
bo‘lmаydi. M-n, bеnzil хlоridni аrilgаlоgеnidlаr qаtоrigа kiritish mumkin emаs, chunki undаgi 
gаlоgеn аtоmi аrоmаtik hаlqа bilаn bеvоsitа bоg‘lаngаn emаs (CH2), o‘zining tuzilishi vа хоssаlаrgа 
ko‘rа bеnzilхlоrid аlkilgаlоgеnidlаrgа o‘хshаsh. 

Аrilgаlоgеnidlаrni аlоhidа o‘rgаnilishining sаbаbi, ulаr аlkilgаlоgеnidlаrdаn оlinish usullаri vа 
хоssаlаri bilаn kеskin fаrq qilаdi. Umumаn оlgаndа, аrilgаlоgеnidlаr nuklеоfil аlmаshinish rеаk-
siyalаridа sust rеаksiоn qоbiliyat nаmоyon etаdi. Lеkin аrоmаtik hаlqаdа bоshqа funksiоnаl gu-
ruhlаrning mаvjudligi аrilgаlоgеnidlаrning rеаksiоn qоbiliyatni kеskin оshirаdi; bundаy guruhlаr-
siz hаm nuklеоfil аlmаshinish rеаksiyalаri аmаlgа оshishi mumkin, lеkin bundа kuchli аsоslаr 
yoki yuqоri hаrоrаt tаlаb etilаdi. Biz аrоmаtik qаtоrdа nuklеоfil аlmаshinish mехаnizmining ikki 
yo‘nаlishi mаvjudligini kuzаtаmiz: bimоlеkulyar аlmаshinish mехаnizmi (fаоllаshtirilgаn аril-
gаlоgеnidlаr uchun) vа eliminirlаnish - birikish mехаnizmi, bu dеgidrоbеnzоl dеb аtаluvchi оrаliq 
mаhsulоt hоsil bo‘lishini o‘z ichigа оlаdi. 

Аrilgаlоgеnid mоlеkulаsidаgi hаr qаndаy funksiоnаl guruh o‘zi uchun xаrаktеrli hisоblаnuvchi 
rеаksiyagа kirishаdi. Bizni аsоsаn bеnzоl hаlqаsidаgi nuklеоfil аlmаshinish rеаksiyalаri qiziqtirаdi. 
Ma’lumki, gаlоgеnlаr elеktrоfil аlmаshinish rеаksiyalаridа o‘zigа хоs хususiyatlаrni nаmоyon qilа-
di: ulаr оrtо- vа pаrа-оriyеntаtlаr bo‘lishi bilаn birgа dеzfаоllаshtiruvchi tа’sir ko‘rsаtаdi. Аrоmа-
tik qаtоrdаgi nuklеоfil аlmаshinishdа gаlоgеnlаrning rеаksiоn qоbiliyati sust bo‘lishi vа rеаksi-
yalаrdаgi ulаrning аnоmаl ta’siri аrilgаlоgеnidlаrning tuzilishidаgi o‘zigа хоsligi bilаn bоg‘liq. 

Shuningdеk, аrilgаlоgеnidlаrni bа’zi аrоmаtik bo‘lmаgаn gаlоgеnli hоsilаlаr, аyniqsа gаlоgеn 
аtоmi qo‘shbоg‘ sаqlаgаn uglеrоd аtоmi bilаn bоg‘lаngаn - vinilgаlоgеnidlаr bilаn tаqqоslаsh 
muhim xulоsаlаr qilish imkоniyatini bеrаdi:

Vinilgаlоgеnidlаr vа аrilgаlоgеnidlаr хоssаlаridа turli 
o‘хshаshliklаrni аniqlаsh mumkin: nuklеоfil аlmаshinish rеаk-
siyalаridаgi rеаksiоn qоbiliyatning sustligi vа uglеrоd - uglеrоd 
qo‘shbоg‘dаgi birikish rеаksiyalаridаgi аnоmаl tа’sir kаbi хusu-

siyatlаr ulаrdаgi o‘хshаshliklаrni isbоtlаydi. Аril- vа vinilgаlоgеnidlаrdаgi bundаy o‘хshаshliklаr 
ulаrning tuzilishidаgi umumiylik bilаn bоg‘liqligini kuzаtаmiz.

Fizik хususiyatlаri. Аrilgаlоgеnidlаrning fizik хususiyatlаri, аgаr ulаr turli funksiоnаl guruhlаr 
ishtirоkidа tаkоmillаshmаgаn bo‘lsа, аlkilgаlоgеnidlаrnikigа o‘хshаsh bo‘lаdi. M-n, хlоrbеnzоl vа 
brоmbеnzоllаr n-gеksilхlоrid vа p-gеksilbrоmidlаr kаbi bir-birigа yaqin qаynаsh hаrоrаtigа egа; 
аlkilgаlоgеnidlаr kаbi аrilgаlоgеnidlаr suvdа erimаydi vа аksinchа оrgаnik erituvchilаrdа yaхshi 
eriydi. 

– C = C – X

vinilgalogenid

Starting with two carbons 
joined by a double bond, and 
attaching the other atoms 
according to our rule of one 
bond per hydrogen and four 
bonds per carbon, we arrive 
at the structure
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8.2-jadval 
Аrilgаlоgеnidlаrning ayrim fizik хususiyatlаri

Аrilgаlоgеnidlаr tsuyuq,оC tqаy, oC
оrtо- mеtа- pаrа-

tsuyuq, oC tqаy, oC tsuyuq,
oC tqаy, oC tsuyuq, oC tqаy, oC

Ftоrbеnzоl – 45 85
Хlоrbеnzоl – 45 132
Brоmbеnzоl – 31 156
Yоdbеnzоl – 31 189
Ftоrtоluоl 115 – 111 115 116
Хlоrtоluоl – 34 159 – 48 162 8 162
Brоmtоluоl – 26 182 – 40 184 28 185
Yоdtоluоl 206 211 35 211
Diftоrbеnzоl – 36 92 – 59 83 – 13 89
Diхlоrbеnzоl – 17 180 – 24 173 52 175
Dibrоmbеnzоl 6 221 – 7 217 87 219
Diyоdbеnzоl 27 287 35 285 129 285
Nitrохlоrbеnzоl 32 245 48 236 83 239
2 , 4 - D i n i t r ох l о r -
bеnzоl 53 315

2 , 4 , 6 - t r i n i t r о -
хlоrbеnzоl (pikril 
хlоrid) 

83

Vinilbrоmid – 160 – 14
Vinilхlоrid – 138 16

Jаdvаldа bеrilgаn fizik kаttаliklаr оrtо-, mеtа- vа pаrа-izоmеrlаrning qаynаsh vа suyuqlаnish 
hаrоrаtlаri оrаsidаgi mutаnоsiblikni to‘lа аks ettirаdi. M-n, izоmеr digаlоgеnbеnzоllаr bir-birigа 
yaqin qаynаsh hаrоrаtigа egа; diхlоrbеnzоllаr uchun 173 - 180 °C, dibrоmbеnzоllаr uchun 285 - 
287 °C chеgаrаsidа. Lеkin, аynаn shu birikmаlаrning suyuqlаnish hаrоrаtlаridа kаttа fаrqlаr bоr: 
hаr bir hоlаtdа pаrа-izоmеr, оrtо- yoki mеtа-izоmеrgа nisbаtаn 70 - 100 °C yuqоri suyuqlаnish 
hаrоrаtigа egа. Bundаy bоg‘liqlik gаlоgеntоluоllаrdа hаm kuzаtilаdi.

Bu hоllаrdа pаrа-izоmеr, simmеtrik tuzilishgа egа bo‘lgаni uchun kristаll to‘rlаrgа ko‘prоq 
mоs tushаdi vа eng yuqоri suyuqlаnish hаrоrаtigа egа. Оrtо- vа pаrа-izоmеrlаr sаqlоvchi rеаk-
siya mаhsulоtlаrini sоvutishdа аksаriyat pаrа-izоmеrning kristаllаri аjrаlishini yuqоridаgi fikr 
bilаn tu shuntirish mumkin. Ichki kristаll tа’sirning kuchliligi tufаyli nisbаtаn yuqоri hаrоrаtlаrdа 
suyuqlаnuvchi pаrа-izоmеr erituvchilаrdа hаm оrtо-izоmеrgа nisbаtаn qiyin eriydi vа ulаrni 
ko‘pinchа qаytа kristаllаsh оrqаli аjrаtish yoki tоzаlаsh mumkin. Erituvchidа qоluvchi оrtо-izоmеr-
ni pаrа-izоmеrdаn (iflоslаngаni uchun) qаytа kristаllаsh usulidа аjrаtilishi yoki tоzаlаnishi qiyin 
kеchаdi. 

Tаbiiy mаnbаlаri. Аrilgаlоgеnidlаrni sаnоаt miqyosidа оdаtdа, lаbоrаtоriyadа sintеz qilish usul-
lаridаn fоydаlаnib оlinаdi. 

qaytarish

1. Diazoniy tuzlaridan olish

misol:

o-xlortoluolo-tolildiazoniy
xlorid

ArH HNO3
H2SO4

ArNO2 ArNH2
HONO
0oC

ArN2
+

BF4
–

CuCl
CuBr

J –

ArF
ArCl
ArBr
ArJ

CH3
N2

+Cl– CuCl
CH3

Cl
+  N2
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Lаbоrаtоriyadа аrilgаlоgеnidlаr quyidаgi usullаrdа hоsil qilinаdi:
Bu usullаr аlkilgаlоgеndlаr оlish usullаridаn kеskin fаrq qilаdi.
а) аrоmаtik hаlqаni to‘g‘ridаn-to‘g‘ri gаlоgеnlаsh аlkаnlаrni gаlоgеnlаshdаn ko‘ra ko‘prоq 

qo‘llаnilаdi, bundа izоmеrlаr аrаlаshmаsi (оrtо- vа pаrа-) hоsil bo‘lishigа qаrаmаsdаn, hujum 
mаrkаzi yadrо yo‘nаlishidа bоrаdi (аlkаnlаrni gаlоgеnlаsh erkin rаdikаl gаlоgеnlаsh hisоblаnib, 
uglеvоdоrоd zаnjiridаgi hаr qаysi uglеrоd аtоmi hujum mаrkаzi bo‘lishi mumkin).

b) аlkilgаlоgеnidlаr оdаtdа mоs spirtlаrdаn, аrilgаlоgеnidlаrni esа fеnоllаrdаn sintеz qilinа-
di. Аrilgаlоgеnidlаr, shuningdеk, diаzоniy tuzlаridаgi аzоt аtоmining аlmаshinishi оrqаli оlinаdi; 
bеrilgаn rеаksiya kеtmа-kеtligidаn ko‘rinib turibdiki, bu аrоmаtik hаlqаgа kiritilgаn nitrоguruh-
ning gаlоgеn аtоmi bilаn аlmаshinishigа ekvivаlеnt hisоblаnаdi. 

Аrilgаlоgеnidlаrni diаzоniy tuzlаridаn sintеz qilinishi turli sаbаblаrgа ko‘rа hаlqаgа to‘g‘ridаn-
to‘g‘ri gаlоgеn аtоmini kiritishgа nisbаtаn muhim rеаksiya hisоblаnаdi. Dаstаvvаl, diаzоniy tuz-
lаridаn ftоrli yoki yоdli hоsilаlаrni оlish mumkinligini аytib o‘tish kеrаk. To‘g‘ridаn-to‘g‘ri gаlоgеn-
lаsh vа bu hоsilаlаrni оlish judа murаkkаb shаrоitlаrdа qiyin аmаlgа оshirilаdi. Gаlоgеnlаsh оrtо- vа 
pаrа-izоmеrlаr аrаlаshmаsi hоsil bo‘lishi bilаn аmаlgа оshishi, аksаriyat hоllаrdа ulаrni sоf hоldа 
аjаtish muаmmоsini (аyniqsа оrtо-izоmеrni аjrаtish imkоni yo‘q) kеltirib chiqаrаdi. Nitrоbirik-
mаlаrning mоs оrtо- vа pаrа-izоmеrlаridаn diаzоniy tuzlаrini hоsil qilib, so‘ngrа охir-оqibаt u yoki 
bu izоmеrni sоf hоldа frаksiоn hаydаsh usulidа аjrаtib оlish mumkin. M-n, о- vа p-brоmtоluоllаr-
ning qаynаsh hаrоrаtlаri uch grаdusgа: 182 vа 185 °C fаrq qilаdi; о- vа p-nitrоtоluоllаr оrаsidаgi 

qaytarish

1. Diazoniy tuzlaridan olish

misol:

o-xlortoluolo-tolildiazoniy
xlorid

ArH HNO3
H2SO4

ArNO2 ArNH2
HONO
0oC

ArN2
+

BF4
–

CuCl
CuBr

J –

ArF
ArCl
ArBr
ArJ

CH3
N2

+Cl– CuCl
CH3

Cl
+  N2

2. Galogenlash

ArH + X2
Lyuis kislotasi ArX +  HX

X2 = Cl2, Br2
Lyuis kislotasi:  FeCl3, AlCl3 va b.

NO2
Cl2, AlCl3

misollar:
NO2

Cl
+ HCl

nitrobenzol m-xlornitrobenzol

NHCOCH3
Br2, AlBr3

NO2

Br

+ HCl

asetanilid p-bromasetanilid

The carbon-hydrogen 
bonds of ethylene are single 
bonds just as in, say, ethane, 
but they are formed by over-
lap of sp2 orbitals of carbon, 
instead of sp3 orbitals as in 
ethane. Now, compared with 
an sp3 orbital, an sp

2 orbital has less p charac-
ter and more s character. A p 
orbital extends some distance 
from the nucleus; an s orbital, 
on the other hand, lies close 
about the nucleus.

A consideration of hybrid-
ization and orbital size would 
lead one to expect an sp2-sp* 
bond to be shorter than an 
sp*-sp* bond. In agreement, 
the carboncarbon single 
bond-distance in propylene 
is 1.501 A, as compared with 
the carboncarbon distance of 
1.534 A in ethane. The sp-sp* 
carbon-carbon single bond in 
methylacetylene (Sec. 8.19) is 
even shorter, 1.459 A.
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fаrq esа 16 °C ni tаshkil etаdi: 222 vа 238 °C.
Rеаksiyalаri. Аlkilgаlоgеnidlаr uchun yuqоridа аytib o‘til-

gаnidеk, nuklеofil аlmаshinish rеаksiyalаri хоs. Gаlоgеn 
gаlоgеnid iоn hоlidа ОH–, ОR–, NH3, CN– vа h.o. kаbi аsоslаr 
ta’siridа siqib chiqаrilib, spirtlаr, оddiy efirlаr, аminlаr, nitrillаr 
vа h.o. hоsil qilаdi. 

Hаttоki Fridеl - Krаfts usulidа аlkillаsh аlkilgаlоgеnidlаrgа 
nisbаtаn (nuklеоfil аrоmаtik hаlqа ishtirоk etuvchi) nuklеofil 
аlmаshinish rеаksiyasi hisоblаnаdi. 

Аrilgаlоgеnidlаr uchun, ulаrning nuklеоfil аlmаshinish rеаk-
siyalаrigа judа qiyin kirishishi хоs. Bа’zi murаkkаb shаrоitlаrni 
tаlаb etuvchi sаnоаt jаrаyonlаrini e’tibоrgа оlmаgаndа, аril-
gаlоgеnidlаrning nuklеоfil аlmаshinish rеаksiyalаridаn fеnоllаr (ArOH), оddiy efirlаr (ArOR), 
аminlаr (ArNH2) yoki nitrillаr (ArCN) оlish uchun fоydаlаnilmаydi. Аrilgаlоgеnidlаrdаn shuning-
dеk, аlkilgаlоgеnidlаr kаbi Fridеl - Krаfts rеаksiyasidа hаm fоydаlаnib bo‘lmаydi.

Lеkin аrоmаtik hаlqаdа gаlоgеn аtоmidаn tаshqаri оrtо- yoki pаrа-hоlаtlаrdа NO2, NO yoki CN 
kаbi elеktrоаksеptоr guruhlаr sаqlаgаn аrilgаlоgеnidlаr nuklеоfil аlmаshinish rеаksiyalаrigа оsоn 
kirishаdi. 

Аrilgаlоgеnidlаrning rеаksiyalаri

X

HNO3, H2SO4

SO3, H2SO4

X2, FeX3

RX, AlX3

X

X

NO2

SO3H
X

X
X

R

+ orto-izomer

+ orto-izomer

+ orto-izomer

+ orto-izomer

R : X +  : Z R : Z +  : X ––

: Z   = OH , OR , NH3, CN   va boshqalar
– – – –

Benzene, in most ways a 
quite different kind of mole-
cule from ethylene

(Sec. 10.1), also con-
tains sp2 s carbon-hydrogen 
bonds; the C~-H bond dis-
tance is 1.084 A, almost ex-
actly the same as in ethylene. 
Acetylene (Sec. 8.2) contains 
.s/j-hybridized carbon which, 
in view of the even greater s 
character of the orbitals,

should form even shorter 
bonds than in ethylene; this 
expectation is correct, the 
sp-s bond being only 1 .079 A.

These differences in car-
boncarbon single bond 
lengths are greater than the 
corresponding differences 
in carbon-hydrogen bond 
lengths; however, another 
factor (Sec. 8.18) besides the 
particular hybridization of 
carbon may be at work here.

Grinyar reaktivining hosil bo’lishi

ArBr +  Mg absolyut efir ArMgBr

ArCl +  Mg tetragidrofuran ArMgCl
Halqa bo‘yicha reaksiyalar. Aromatik qatordagi elektrofil o‘rin olish
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Aromatik qatordagi nukleofil almashinish reaksiyasi. Bimolekulyar almashinish

Aromatik qatordagi nukleofil almashinish. Eliminirlanish-birikish

Gаlоgеn bоg‘lаngаn аrоmаtik hаlqа ulаr uchun хоs bo‘lgаn elеktrоfil аlmаshinish rеаksiyalаrigа: 
nitrоlаsh, sulfоlаsh, gаlоgеnlаsh, Fridеl-Krаfts usulidа аlkillаsh rеаksiyalаrigа kirishа оlаdi. Bоsh-
qа o‘rinbоsаrlаr kаbi gаlоgеn аtоmi hаlqаning rеаksiоn qоbiliyatigа tа’sir etаdi vа u rеаksiyalаrdа-
gi аlmаshinish оriyеntаnti hisоblаnаdi. Аvvаl аytgаnimizdеk, gаlоgеn yadrоni dеzfаоllаshtirаdi, 
tа’sir etuvchini оrtо-, pаrа-hоlаtlаrgа yo‘nаltirаdi. 

Fаоllаshtirilmаgаn аrilgаlоgеnidlаrning rеаksiyalаri kuch-
li аsоslаr ishtirоkidа yoki yuqоri hаrоrаtlаrdа, оrаliq mаhsulоt 
dеgidrоbеnzоl hоsil bo‘lishi bilаn аmаlgа оshаdi vа hоzirdа 
оrgаnik sintеzdа kеng qo‘llаnilmоqdа.

Аril- vа vinilgаlоgеnidlаr rеаksiоn qоbiliyatlаrining sustligi. 
Ma’lumki, аlkilgаlоgеnidlаrni sifаt jihаtdаn tаhlil qilishdа, ulаr-

Ar : X +  : Z Ar : Z +  : X ––

Ar galogenga nisbatan orto- yoki para-holatlarda
kuchli elektroakseptor guruhlari saqlashi shart

Ar : X +  : Z Ar : Z +  : X ––

yadro faollashtirilmagan, bimolekulyar
almashnish reaksiyasiga kirishmsydi

F

+ C6H5Li

C6H5

LiF

bufenil

Cl

NO2

NO2
+ 2NH3

NH2

NO2

NO2
+  NH4Cl

2.4-dinitroanilin

Cl

NO2

NO2
+ NaOC2H5

OC2H5

NO2

NO2
+  NaCl

2.4-dinitroetoksibenzol

Cl

NO2

NO2
+ NaOH

ONa

NO2

NO2

HCl

OH

NO2

NO2H +

2.4-dinitrofenol

Consideration of hybrid-
ization arid orbital size helps 
us to understand other prop-
erties of molecules besides 
bond length: the relative acid-
ities of certain hydrocarbons
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ni kumush nitrаtning spirtdаgi eritmаsi ishtirоkidа qizdirish nаtijаsidа, erituvchilаrdа erimаy-
digаn kumush gаlоgеnid hоsil qilish хususiyatidаn fоydаlаnilаdi. Jаrаyon uchlаmchi-brоmidlаr 
bilаn, shuningdеk, аllil vа bеnzil brоmidlаr bilаn judа tеz, birlаmchi- vа ikkilаmchi-brоmidlаr 
bilаn bir muddаt (~5 dаqiqа) vаqt dаvоmidа аmаlgа оshаdi. Bungа qаrаmа-qаrshi аrоmаtik hаlqа 
bilаn bеvоsitа bоg‘lаngаn gаlоgеn аtоmi sаqlаgаn birikmаlаr yoki qo‘shbоg‘dаgi uglеrоd аtоmidа 
gаlоgеn bo‘lgаn birikmаlаr bundаy shаrоitlаrdа kumush gаlоgеnid hоsil qilmаydi. Brоmbеnzоl 
yoki vinilbrоmid AgNO3 spirtdаgi eritmаsi bilаn bir nеchа kun dаvоmidа qizdirilsаdа, AgBr izlаri 
hаm hоsil bo‘lmаydi. Shungа o‘хshаsh, аril- yoki vinilgаlоgеnidlаrni оddiy efirlаrgа,  spirtlаrgа, 
аminlаrgа, nit rillаrgа o‘tkаzib bo‘lmаydi: аril- yoki vinilgаlоgеnidlаrdаn аlkilgаlоgеnidlаr o‘rnidа 
Fridеl-Krаfts sintеzidа fоydаlаnish mumkin emаs.

Bu gаlоgеnidlаrning reaksion fаоlligi sustligini qаndаy tushunish mumkin? Bu sаvоlgа jаvоb 
оlish uchun, bа’zi bundаy birikmаlаrning tuzilishini ko‘rib chiqаmiz.

Аril- vа vinilgаlоgеnidlаrning tuzilishi. Аril- vа vinilgаlоgеnidlаrning аlmаshinish rеаksiyalаridа-
gi rеаksiоn qоbiliyatining sustligi, аlkеnlаr vа diyеnlаrning bundаy rеаksiyalаrdаgi sustligi bilаn 
mоs kеlib, ikki аsоsiy оmilgа: а) rеzоnаns ta’siridа elеktrоnlаrning dеlоkаllаnishi vа b) uglеrоd 
аtоmi gibridlаnishining turliligi vа d-bоg‘ enеrgiyasining fаrqi bilаn bоg‘liq.

Аrоmаtik qаtоrdаgi nuklеоfil аlmаshinish: bimоlеkulyar mехаnizm. Аrilgаlоgеnidlаr, 
аlkilgаlоgеnidlаr kimyosidа muhim o‘rin tutuvchi OH–, OR–, NH3, CN– kаbi nuklеоfil rеаgеntlаrgа 
nisbаtаn rеаksiоn qоbiliyatining judа sustligi bilаn xаrаktеrlаnаdi. Buning ta’siridа аrоmаtik 
qаtоrdаgi nuklеоfil аlmаshinish rеаksiyasi elеktrоfil o‘rin оlish rеаksiyasigа nisbаtаn kаm аhаmi-
yatli hisоblаnаdi. 

X

arilgalogenid

– C = C – X

vinilgalogenid

Ag+

OH

OR

NH3

CN –

–

–

ArH, AlCl3

REAKSIYALAR 
AMALGA OSHMAYDI
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p-nitrofenol
Cl

NO2

NO2
+ Na2CO3 [H2O], 130 °C

OH

NO2

NO2
+  NaCl

2.4-dinitrofenol

p-xlornitrobenzol

Cl

+ 68 % NaOH, 350 °C, 315 atm

OH

+  NaCl

fenolxlorbenzol

Cl

NO2

NO2
+ H2O, qaynatish

OH

NO2

NO2
+  HCl

2.4.6-trinitrofenol

O2N O2N

We might reasonably ex-
pect shorter bonds to be 
stronger bonds, and in

agreement Table 1.2 (p. 
21) shows that the C H bond 
dissociation energy in eth-
ylene (104 kcal) is larger than 
that in ethane (98 kcal), and 
the C C (single) bond dissoci-
ation energy in propylene (92 
kcal) is greater than that in 
ethane (88 kcal)
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Аmmо аrоmаtik hаlqаdа gаlоgеn аtоmigа nisbаtаn mа’lum 
hоlаtlаrdа аyrim guruhlаrning mаvjudligi аrilgаlоgеnidlаrdа-
gi nuklеоfil аlmаshinish rеаksiyalаrini sеzilаrli tеzlаshtirаdi vа  
uning rоlini kеskin оshirаdi. Bundаy fаоllаshtiruvchi effеkt-
lаrdаn аyrimlаrini ko‘rib o‘tsаk vа so‘ngrа bizgа mа’lum kimyoviy 
qоnuniyatlаr nuqtаi nаzаridаn ulаrni tushunishgа hаrаkаt 
qilаmiz.

Хlоrbеnzоl fеnоlgа fаqаtginа o‘yuvchi nаtriyning suvli erit-
mаsi ta’siridа yuqоri hаrоrаtlаrdа (300 °C dаn) o‘tаdi. Хlоrgа nisbаtаn оrtо- vа pаrа-hоlаtlаrdа 
nitrоguruhining bo‘lishi gаlоgеnning qo‘zg‘aluvchаnligini kеskin оshirаdi: о- vа p-хlоrnitrоbеnzоl 
nitrоfеnоlgа nаtriy ishqоrining suvli eritmаsi ta’sirdа 160 °C o‘zgаrаdi. Bоshqа tоmоndаn nitrоgu-
ruhining хlоrgа nisbаtаn mеtа-hоlаtdа bo‘lishi uning rеаksiоn qоbiliyatigа dеyarli tа’sir etmаydi. 
Hаlqаning оrtо- vа pаrа-hоlаtlаrdа nitrоguruhlаr sоnining ko‘pаyishi хlоrning qo‘zg‘аluvchаnligini 
yanаdа оshirаdi:

2,4-dinitrохlоrbеnzоldаn fеnоl Na2CO3 ning issiq suvdаgi eritmаsi ta’siridа, 2,4,6-trinitrохlоr-
bеnzоldаn esа fаqаtginа suv bilаn tа’sirlаshishidаn hоsil qilinishi mumkin.

Аynаn shundаy tа’sirlаrni bоshqа nuklеоfil rеаgеntlаrdаn fоydаlаnilgаndа hаm kuzаtish mum-
kin. M-n, аmmiаk vа nаtriy mеtilаt хlоr- vа brоmbеnzоl bilаn mахsus murаkkаb shаrоitlаrdа 
tа’sirlаshаdi:

Аgаr hаlqаdа gаlоgеngа nisbаtаn оrtо- vа pаrа-hоlаtlаrdа nit-
rоguruh bo‘lsа (ikkitа yoki uchtа nitrоguruh bo‘lsа yanаdа yaq-

qоl ko‘rinаdi), rеаksiya оsоn аmаlgа оshishini kuzаtish mumkin, mаsаlаn: 

Cl

NO2

+ 15 % NaOH, 160 °C

OH

NO2

+  NaCl

p-nitrofenol
Cl

NO2

NO2
+ Na2CO3 [H2O], 130 °C

OH
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+  NaCl

2.4-dinitrofenol

p-xlornitrobenzol

Cl

+ 68 % NaOH, 350 °C, 315 atm

OH

+  NaCl

fenolxlorbenzol

Cl

NO2

NO2
+ H2O, qaynatish

OH

NO2

NO2
+  HCl

2.4.6-trinitrofenol

O2N O2N

Indeed, as will be dis-
cussed in Sec. 8.19, by affect-
ing the stability of

molecules, changes in hy-
bridization may be of more 
fundamental importance 
than has been generally rec-
ognized.

Cl

NO2

NO2

NH2

NO2

NO2
+  NaCl

2.4-dinitrofenol

Cl

NO2

NO2

OC2H5

NO2

NO2
+  NaCl

2.4.6-trinitrofenol

O2N O2N

+ NH3 170 °C

2.4-dinitroxlorbenzol

+ NaOC2H5 20 °C

2.4.6-trinitroxlorbenzol

Cl
+ NH3, Cu2O, 350 °C, 65 atm

NH2

+  NH4Cl

anilinxlorbenzol

On hydrogenation, the iso-
mer of b.p. 7 yields isobutane; 
this butylene

evidently contains a 
branched chain, and has 
therefore the structure we 
have designated isobutylene.

2.4-dinitroanilen
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Nitrоguruh kаbi оrtо- vа pаrа-hоlаtlаrdа bа’zi bоshqа gu-
ruhlаrning mаvjudligi, m-n: N+(CH3)3, CN, SO3H, COOH, 
CHO, COR hаm gаlоgеn аtоmini fаоllаshtirаdi. Bu guruhlаr 
elеktrоаksеptоr o‘rinbоsаrlаr bo‘lib, elеktrоfil o‘rin оlish rеаk-
siyalаridа hаlqаni dеzfаоllаshtirаdi vа tа’sir etuvchi rеаgеntni 
mеtа-hоlаtgа yo‘nаltirаdi. Аyni vаqtdа bu elеktrоаksеptоr gu-
ruhlаr fаqаtginа gаlоgеnning аlmаshinishni tа’minlаshini bilsаk-
dа, shuni eslаtib o‘tish kеrаkki, bu guruhlаr bоshqа guruhlаrni 
hаm nuklеоfil аlmаshinish rеаksiyalаrigа nisbаtаn fаоlligini 
оshirаdi. (Ma’lumki, vоdоrоd, аrоmаtik hаlqаdаn chiqishi judа 
qiyin, chunki bundа kuchli аsоs gidrid iоnning :H– siqib chiqа-
rilishi zаrur bo‘lаdi, shuning uchun bеnzоl hоsilаlаrigа nisbаtаn 
qiyin rеаksiyagа kirishаdi). 

Аgаr elеktrоаksеptоr guruhlаr nuklеоfil аlmаshinish rеаk-
siyalаridа hаlqаni fаоllаshtirsа, elеktrоdоnоr guruhlаr uni 
dеzfаоllаshtirishini tахmin qilish mumkin, tаjribаlаr hаm аynаn 
shundаy ekаnligini ko‘rsаtаdi. Bundаn tаshqаri, dеzfаоllаshti rish 
o‘rinbоsаrning dоnоrlik effеktining kаttаligi bilаn bеlgilаnаdi: NH2 vа OH kuchli dеzfаоllаshtirаdi, 
OR kuchsizrоq, R esа judа kuchsiz. 

Аrоmаtik qаtоrdаgi nuklеоfil аlmаshinish rеаksiyalаridа, elеktrоfil o‘rin оlish rеаksiyalаri kаbi, 
o‘rinbоsаrning rеаksiоn qоbiliyatigа ta’siri elеktrоnlаrni tоrtishi yoki uzаtishi bilаn bоg‘liq; аrоmа-
tik qаtоrdаgi nuklеоfil аlmаshinishdа, elеktrоfil o‘rin оlish rеаksiyalаri kаbi, o‘rinbоsаr аsоsаn 
hаlqаning оrtо- vа pаrа-hоlаtlаrigа tа’sir ko‘rsаtаdi. Аrоmаtik qаtоrdаgi nuklеоfil аlmаshinish 
rеаksiyalаridа elеktrоnlаrning tоrtilishi ulаrning fаоllаshuvini, uzаtilishi esа dеzfаоllаshuvini 
tа’minlаydi. 

Bundаy оmillаrni tushunish uchun аrоmаtik qаtоrdаgi nuklеоfil аlmаshinish rеаksiyalаrining 
bimоlеkulyar mехаnizmini bаtаfsil kuzаtаmiz.

Reaksiya mехаnizmi. Аrоmаtik qаtоrdаgi nuklеоfil аlmаshinishning bimоlеkulyar mехаnizmi 
(quyidа хlоrbеnzоl misоlidа bеrilgаn) quyidаgi bоsqichlаrdаn ibоrаt:

Bu mехаnizm ikki bоsqichni qаmrаb оlаdi: (1) nuklеоfil rеаgеntning hаlqа bo‘ylаb kаrbaniоn 
hоsil qilish hujumi vа (2) bu kаrbаniоndаn gаlоgеn аtоmi siqib chiqаrilib, охirgi mаhsulоtning hо-
sil bo‘lishi. Kаrbаniоn - uglеrоd аtоmi mаnfiy zаryad tаshuvchi, mаnfiy iоn (аniоn). 
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NO2

NO2

NH2

NO2
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2.4-dinitrofenol
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NO2

NO2

OC2H5

NO2

NO2
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O2N O2N
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+ NaOC2H5 20 °C

2.4.6-trinitroxlorbenzol

C6H5Cl  +  :Z C6H5 
Cl
Z

I

C6H5 
Cl
Z C6H5Z +  :Cl

– –

– –

On hydrogenation, the oth-
er three isomers all yield the 
same compound,

rt-butane; they evidently 
have a straight-chain skel-
eton. In ways that we shall 
study later (Sec. 6.29), it is 
possible to break an alkene 
molecule apart at the double 
bond, and from the fragments 
obtained deduce the posi-
tion of the double bond in the 
molecule.

We can account for rear-
rangements in dehydration 
in the following way. A car-
bonium ion is formed by the 
loss of water from the pro-
tonated alcohol. If a 1,2-shift 
of hydrogen or alkyl can form 
a more stable carbonium ion, 
then such a rearrangement 
takes place. The new carboni-
um ion now loses a proton to 
yield an alkene.
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Аrilgаlоgеnidlаrning tаhlili. Аrilgаlоgеnidlаr uchun uglеvоdоrоdlаrning хususiyatlаri хоs 
hisоblаnаdi: sоvuq, kоns. sulfаt kislоtаdа erimаydi, kаliy pеrmеngаnаt vа tetraхlоrli uglеrоd eritu-
vchiligidа brоm ta’sirigа inеrt: хlоrоfоrm vа аmmоniy хlоrid ta’siridа rаngli rеаksiyalаrning аmаl-
gа оshishi (аlаngа rаngidаn qizilgаchа); sоvuq tutоvchi sulfаt kislоtаdа bеnzоlgа nisbаtаn sеkin 
bo‘lsаdа erishi vа bоshqаlаr.

Аrilgаlоgеnidlаr аrеnlаrdаn elеmеnt tаhlili оrqаli аniqlаnishi mumkin bo‘lgаn gаlоgеn аtоmi-
ning mаvjudligi bilаn fаrqlаnаdi. Аrilgаlоgеnidlаr ko‘pchilik аlkilgаlоgеnidlаrdаn fаrq qilib, ku-
mush nitrаt ta’sirigа chidаmli; bu bоrаdа ulаr vinilgаlоgеnidning xususiyatlаrini tаkrоrlаydi. 

Mоlеkulаdа mаvjud bo‘lgаn hаr qаndаy funksiоnаl guruhlаr o‘zigа хоs хаrаktеrli хususiyatlаrni 
nаmоyon qiladi. 

TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1-tоpshiriq. а) etаn, b) etilеn, v) etil spirtlаridаn etilbrоmid 
sintеz qilish sхеmаlаrini yozing. Lаbоrаtоriya shаrоitlаridа 
etilbrоmid оlish uchun qаysi usuldаn fоydаlаnish mаqsаdli 
hisоblаnаdi?

2-tоpshiriq. Quyidаgi birikmаlаrni sintеz qilish uchun 1-tоp-
shiriqdаgi qаysi usuldаn fоydаlаnish tаvsiya etilаdi:

а) etilхlоrid  b) etil ftоrid  v) etil yоdid
g) n-prоpilbrоmid d) izоprоpil brоmid  е) bеnzil хlоrid 
j) a-fеniletilхlоrid z) siklоgеksil brоmid
3-tоpshiriq. Izоprоpil spirtidаn fоydаlаnib, quyidаgi birik-

mаlаrning оlinish sхеmаlаrini tаklif qiling: 
а) izоprоpil brоmid  b) аllil brоmid 
v) 1-хlоr-2-prоpаnоl g) 1,2-dibrоmprоpаn
d) 2,2-dibrоmprоpаn  е) 2-brоmprоpеn 
j) 1-brоmprоpеn   z) 1,3-diхlоr-2-prоpаnоl 
i) 2,3-dibrоm-1-prоpаnоl k) 2,2-diхlоr-1-mеtilsiklоprоpаn
4-tоpshiriq. Zаrur аlifаtik, аrоmаtik vа nооrgаnik 

rеаgеntlаrdаn fоydаlаnib, siklоgеksаnоl аsоsidа quyidаgi mоd-
dаlаrni lаbоrаtоriya shаrоitlаridа sintеz qilish sхеmаlаrini tаklif 

qiling:
а) brоmsiklоgеksаn     b) yоdsiklоgеksаn 
v) trаns-1,2-dibrоmsiklоgеksаn    g) 3-brоmsiklоgеksаn 
d) 2-хlоrsiklоgеksаnоl     е) nоrkаrаn 

5-tоpshiriq. Аlifаtik, аrоmаtik vа nооrgаnik rеаgеntlаrdаn  fоydаlаnib, bеnzоl vа tоluоl аsоsidа 
quyidаgi mоddаlаrni lаbоrаtоriya shаrоitlаridа sintеz qilish sхеmаlаrini tаklif qiling:

а) p-brоmbеnzilхlоrid  b) trifеnilхlоrmеtаn 
v) аllil yоdid   g) bеnzilbrоmid
d) m-nitrоbеnzоtriхlоrid  е) 1,2-diхlоr-1-fеniletаn 
j) fеnilаsеtilеn    z) fеnilsiklоprоpаn
6-tоpshiriq. n-Butilbrоmidning quyidаgi rеаgеntlаr bilаn rеаksiyasi nаtijаsidа hоsil bo‘luvchi 

аsоsiy оrgаnik mаhsulоtlаrning fоrmulаlаrini yozing vа nоmlаng:

In the case of the w-butyl 
cation, a shift of hydrogen 
yields the more stable

m’-butyl cation; migration 
of an ethyl group would sim-
ply form a different

w-butyl cation. In the case 
of the 2-methyl-l-butyl cat-
ion, a hydride shift yields a 
tertiary cation, and hence is 
preferred over a methyl shift, 
which would only yield a sec-
ondary cation. In the case of 
the 3,3-dimethyl-2-butyl cat-
ion, on the

other hand, a methyl shift 
can yield a tertiary cation and 
is the rearrangement that 
takes place.
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а) NaOH (suvli eritmаsi)  b) KOH (spirtli eritmаsi)
v) sоvuq, kоns. H2SO4   g) Zn, H+ d) Na  
е) Mg, efir  j) (е) mаhsulоt + D2O  z) H2, Pt
i) suyultirilgаn, nеytrаl KMnO4 eritmаsi  
k) NaJ, аsеtоn ishtirоkidа  l) bеnzоl, AlCl3
m) CH3Cº C–Na+ n) HgF2 о) Br2/CCl4 
7-tоpshiriq. n-Butilbrоmidning quyidаgi rеаgеntlаr bilаn 

rеаksiyalаrini yozing:
а) NH3  b) C6H5NH2  v) NaCN 
g) C2H5ONa  d) CH3COOAg  е) CH3SNa
8-tоpshiriq. n-Butilbrоmidni quyidаgi mаhsulоtlаrgа 

o‘tishidа аmаlgа оshishi mumkin bo‘lgаn qo‘shimchа rеаksiya 
mаhsulоtlаrini yozing:

а) NaOH ning suvli eritmаsi ta’siridа 1-butаnоl hоsil bo‘lishi; 
b) CH3ONa ta’siridа mеtil-n-butil efiri hоsil bo‘lishi;
v) KОH ta’siridа 1-butеn hоsil bo‘lishi;
g) nаtriy аsеtilеnidi ta’siridа 1-gеksin hоsil bo‘lishi.
Аgаr n-butilbrоmid o‘rnidа uchlаmchi-butilbrоmiddаn fоydаlаnilsа, qo‘shimchа rеаksiyalаr-

ning аmаlgа оshishi qаndаy dаrаjаdа o‘zgаrаdi?
9-tоpshiriq. Quyidаgi guruh birikmаlаrini SN2-rеаksiyalаrdаgi rеаksiоn qоbiliyatining оrtishi 

tаrtibidа jоylаshtiring:
а)2-mеtil-3-brоmbutаn; 1-brоmpеntаn; 2-brоmpеntаn
b)1-brоm-3-mеtilbutаn; 2-brоm-2-mеtilbutаn; 3-brоm-2-mеtilbutаn
v)1-brоmbutаn; 1-brоm-2,2-dimеtilprоpаn; 1-brоm-2-mеtilbutаn; 1-brоm-3-mеtilbutаn.
10-tоpshiriq. Quyidаgi guruh birikmаlаrini SN1-rеаksiyalаrdаgi rеаksiоn qоbiliyatining оrtishi 

tаrtibidа jоylаshtiring. 
а) 9- tоpshiriqdаgi (а)
b) 9- tоpshiriqdаgi (b)
v) bеnzil brоmid, n-хlоrbеnzilхlоrid, n-mеtоksibеnzilхlоrid, n-mеtilbеnzilхlоrid, n-nitrоbеnzilхlоrid.
11-tоpshiriq. Birikmаlаrni KОH ning spirtdаgi eritmаsi ta’sirdа оsоn dеgidrоgаlоgеnlаnish 

qаtоridа jоylаshtiring: 
а) 9- tоpshiriqdаgi (а);
b) 9- tоpshiriqdаgi (b);
v) 2-brоm-1-fеnilprоpаn vа 3-brоm-1-fеnilprоpаn;
g) 5-brоmsiklоgеksаdiеn-1,3,  brоmsiklоgеksаn, 3-brоm-siklоgеksеn;
d) sis- vа trаns-2-brоmmеtilsiklоgеksаnlаr.

As the proton is pulled 
away by the base (the sol-
vent), the electrons it leaves 
behind become shared by 
the two carbons, and the car-
bon-carbon bond acquires 
doublebond

character. Factors that sta-
bilize an alkene also stabilize 
an incipient alkene in the 
transition state.
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SPIRTLAR
Inson dimog‘iga yoquvchi xushbo’y hidli moddalar tarkibida 

spirt yoki efir guruhlari saqlaydi. Bularga: 

Spirtlar deb, R  OH umumiy formulaga mos keluvchi 
birikmalarga aytiladi, bunda R- alkil yoki almashingan alkil guruhlari. Bu guruhlar birlamchi, 
ikkilamchi, uchlamchi; asikl- yoki sikl-, qo’shbog‘ yoki uchbog‘, galogen yoki aromatik halqa saqlashi 
mumkin. M-n:

Barcha spirtlar gidroksil (OH) guruhi yoki guruhlari saqlaydi va ularning fizik yoki kimyoviy 
xususiyatlarini ayni shu guruhlar belgilab beradi. R- ning tuzilishi spirtlarning bа`zi reaksiyalardagi 
xususiyatini belgilab beradi va reaksiya tezligiga ta`sir ko’rsatadi.

ALCOHOLS

Synthesis and Reactions

Alcohols are compounds 
of the general formula ROH, 
where R is any alkyl or substi-
tuted alkyl group. The group 
may be primary, secondary, 
or tertiary; it may be open-
chain or cyclic; it may con-
tain a double bond, a halogen 
atom, or an aromatic ring.

CH3 – C – CH3

OH

CH3

CH2 = CH – CH2OH
OH

CH2OH CH2 – CH2

Cl OH
CH2 – CH – CH2

OH OH OH

uchlamchi-butil spirti

allil spirti

siklogeksanol

etilenxlorgidrin gletsirin
benzil spirti

9-BOB
 SPIRTLAR 
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Gidroksil guruhi aromatik halqa bilan bevosita bog‘langan birikmalar - fenollar deb atalib, 
ularning xususiyatlari spirtlarnikidan shunchalik katta farq qiladiki, bu sinf birikmalarini alohida 
o’rganish tavsiya etiladi.

Sinflanishi. Alkanlar mavzusidan bizga ma`lumki, uglerod atomi nechta uglerod bilan bevosita 
bog‘langanligiga qarab birlamchi, ikkilamchi yoki uchlamchi bo’lishi mumkin. Spirtlar esa gidroksil 
guruhi saqlovchi uglerod atomi nechta uglerod bilan bog‘langanligiga qarab sinflanadi.

Faqatgina bir reaksiya - gidroksil guruhi saqlagan uglerod 
atomidagi vodorod (yoki vodorodlar) bo’yicha amalga oshuvchi 
oksidlanish reaksiyalari spirtlarning har bir sinfi uchun turlicha 
kuzatiladi. Odatda turli sinf spirtlarining reaksiya tezliklari har 
xil bo’lib, reaksiya mexanizmi turlichadir. Bа`zi o’rinbosarlar 
spirtlarning reaksion qobiliyatiga ta`sir etib, boshqa spirtlarning 
xususiyatlarini takrorlashini kuzatish mumkin. M-n, benzil spirti 
birlamchi spirt bo’lishiga qaramasdan, fenil guruhi ta`sirida 
uchlamchi spirtlar kabi ta`sirlashadi. Bunday qonuniyat va 
xususiyatlarini bosqichma-bosqich kuzatib o’tamiz.

Nomenklaturasi. Spirtlarni nomlashda asosan uch xil 
nomenklaturalardan foydalaniladi. Dastlabki, oddiy spirtlar 
ko’pincha empirik nomlanishini adabiyotlardan kuzatishimiz 
mumkin. Ular alkil guruhi nomi va spirt so’zidan foydalanib hosil 
qilinadi. M-n:

Shu o’rinda, ayni nomlar spirtlarning qaysi sinfga mansub ekanligini to’la namoyon eta olmasligini 
ta`kidlash kerak; m-n: izopropil spirti ikkilamchi, izobutil spirti esa birlamchi spirt hisoblanadi.

Bа`zi spirtlarni karbonil sistemasida ratsional nomenklatura bo’yicha nomlash qulay: bunda 
spirtlar metil spirti – karbinol ning CH3OH hosilasi deb qaraladi va metil guruhidagi bir, ikki yoki 
uchala vodorodlarni boshqa uglevodorod qoldiqlari bilan almashinishidan hosil qilinadi. Dastlab, 
gidroksil guruhi saqlovchi uglerod bilan bog‘langan guruhlar nomlanib, so’ngra HO – Cguruhini 
ko’rsatish maqsadida karbinol so’zi qo’shib ko’rsatiladi.

R – C – H 
OH

H

birlamchi spirt

R – C – H 
OH

R

ikkilamchi spirt

R – C – R 
OH

R

uchlamchi spirt

CH3CH2OH
etil spirti

CH3CHCH3

izopropil spirti
OH

CH3CHCH2OH

izobutil spirti
CH3

CH3CH2 – C – CH3

OH

CH3

uchlamchi-pentil spirti

CH2OH

p-nitrobenzil spirti

O2N CHCH3

α-feniletil spirti
OH

All alcohols- contain the 
hydroxyl (- OH) group, which, 
as the functional group, de-
termines the properties char-
acteristic of this family. Vari-
ations in structure of the R 
group may affect the rate at 
which the alcohol undergoes 
certain reactions, and even, 
in a few cases, may affect the 
kind of reaction.

We classify a carbon atom 
as primary, secondary, or ter-
tiary according to the num-
ber of other carbon atoms 
attached to it. An alcohol is 
classified according to the 
kind of carbon that bears the 
OH group:

Alcohols arc named by 
three different systems. For 
the simpler alcohols the com-
mon names, which we have 
already encountered, are 
most often used. These con-
sist simply of the name of the 
alkyl group followed by the 
word alcohol.
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Spirtlarni nomlashda ham IUPAC nomenklaturasi eng qulay 
sistema hisoblanadi. Bu sistemaga muvofiq:

1. Asos sifatida, OH guruhi tarkibiga kiruvchi eng uzun uglerod 
zanjiri tanlab olinadi, birikmaning ayni tuzilishdagi vodorod 
atomlarini turli guruhlarga almashinishidan hosil bo’lgan deb 
qaraladi. Dastlabki tuzilishning nomi - etanol, propanol, butanol 
va h.k. - asosdagi uglerod atomlarining soni bilan bog‘liq; har 
bir spirtning nomi mos uglevodorod nomiga ol qo’shimchasini 
qo’shish bilan hosil qilinadi.

2. Nom oxirida raqam qo’yilib, bu raqam gidroksil guruhi 
saqlagan uglerod atomini ko’rsatadi va bunda raqamlash 
gidroksil guruhi yaqin tomondan amalga oshirilishini yodda 
saqlash lozim.

3. Agar asos zanjirida boshqa guruhlar bo’lsa, ularning holatini 
raqamlar bilan ko’rsatish zarur.

Fizik xususiyatlari. Bizga ma`lum bo’lgan ko’plab qutblanmagan birikmalarda uglevodorodlar 
uchun xos bo’lgan fizik xususiyatlarning barchasini kuzatish mumkin: qaynash va suyuqlanish 
haroratlarining nisbatan past ekanligi, qutblanmagan erituvchilarda erishi va o’z navbatida 
qutblangan erituvchilarda, m-n, suvda erimasligi.

Spirt molekulasida kuchli qutblangan gidroksil guruhi saqlagani va bu kuchli qutblangan guruhda 
vodorod atomining mavjudligi ularning fizik xususiyatlarini oddiy uglevodorodlardan keskin farq 
qilishiga sabab bo’ladi. 

Bа`zi muhim spirtlarning fizik xususiyatlari 9.1-jadvalda berilgan. 

C OH CH3 – CH2 – C – OH 

CH3

CH2

CH2

CH3

CH3 – CH2 – CH – C – OH 
CH3

trifenilkarbinol

trietilkarbinol

ikkilamch-butilkarbinol
H

H

CH3OH CH3CH2CHCH2OH 
CH3

CH2CH2OH
metanol 2-metil-1-butanol

2-fenil-1-etanol

CH3 – CH2 – C – CH3

OH

CH3

2-metil-2-butanol

CH3 – CH – CH – CH3

OH

CH3

3-metil-2-butanol

CH2 – CH2

OH

Cl

2-xloretanol

CH3 – CH – CH = CH2

OH
3-buten-2-ol

Finally, there is the most 
versatile system, the IUPAC. 
The rules are: (1) Select as the 
parent structure the longest 
continuous carbon chain that 
contains the OH group \ then 
consider the compound to 
have been derived from this 
structure by replacement of 
hydrogen by various groups.

The compounds we have 
studied so far, the various 
hydrocarbons, are nonpolar 
or nearly so, and have the 
physical properties that we 
might expect of such com-
pounds: the relatively low 
melting points and boiling 
points that are characteristic 
of molecules with weak inter-
molecular forces; solubility in 
non-polar solvents and insol-
ubility in polar solvents like 
water.
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9.1-jadval
Muhim spirtlarning fizik xususiyatlari

Spirt nomi Formulasi Tsuyuq. °C Tqayn. °C 20 °C dagi 
zichligi, g/sm3 

Suvda  
eruvchanligi

g/100 g
Metil CH3OH – 97 64,5 0,793 ¥
Etil CH3CH2OH – 115 78,3 0,789
n-Propil CH3CH2CH2OH – 126 97 0,804
n-Butil CH3(CH2)2CH2OH – 90 118 0, 810
n-Pentil CH3(CH2)3CH2OH – 78,5 138 0,817
n-Geksil CH3(CH2)4CH2OH – 52 156,5 0,819
n-Geptil CH3(CH2)5CH2OH – 34 176 0,822
n-Oktil CH3(CH2)6CH2OH – 15 195 0,825
n-Detsil CH3(CH2)8CH2OH 6 228 0,829
n-Dodetsil CH3(CH2)10CH2OH 24
n-Tetradetsil CH3(CH2)12CH2OH 38
n-Geksadetsil CH3(CH2)14CH2OH 49
n-Oktadetsil CH3(CH2)16CH2OH 58,5
Izopropil CH3CHOHCH3 – 86 82,5 0789 ¥
Izobutil (CH3)2CHCH2OH – 108 108 0,802 10,2
Ikkilamchi-butil CH3CH2CHOHCH3 – 114 99,5 0,806 12,5
Uchlamchi-butil (CH3)3COH 25,5 83 0,789 ¥
Izopentil (CH3)2COHCH3 – 117 132 0,813 2
Faol pentil, 
(–)-2-metil-1-butanol CH3CH2CH(CH3)CH2OH 128 0,816 3,6

Uchlamchi-pentil CH3CH2C(OH)(CH3)2 – 12 102 0,809 12,5
Siklopentanol sikloC5H9OH 140 0,949
Siklogeksanol sikloC6H11OH 24 161,5 0,962
Allil CH2=CHCH2OH – 129 97 0,855 ¥
Kroton CH3CH=CHCH2OH 118 0,853 16,6
Metilvinilkarbinol CH2=CHCHOHCH3 97
Benzil C6H5CH2OH – 15 205 1,046 4
α-Feniletil C6H5CHOHCH3 221 1,013 1,6
β-Feniletil C6H5CH2CH2OH – 27 298 102 0,05
Difenilkarbinol (C6H5)2CHOH 69 298
Trifenilkarbinol (C6H5)3COH 162,5
Dolchin C6H5CH=CHCH2OH 33 257,5

Spirtlarning uglevodorodlardan asosiy farqi, ularning (dastlabki spirtlarning) suvda yaxshi 
erishi hisoblanadi. Spirt molekulasining qutblangan OH-guruhlari saqlashi, suv molekulasidagi 
molekulalararo ta`sir kuchlari kabi, kuchlar ta`sirida bo’lishini ta`minlaydi. Natijada ikki turdagi 
molekulalarning aralashishi kuzatiladi; bunda suv yoki spirt molekulasini bir-biridan ajratish uchun 
sarflanadigan energiya, suv va spirt molekulalari orasida bog‘ hosil bo’lishi hisobiga qoplanadi.

Bunday xususiyat OH-guruhi molekulaning asosiy qismini tashkil etuvchi quyi spirtlar uchun 
xosdir. Uzun alifatik zanjirga ega bo’lgan yuqori spirtlar uchun alkanlarning fizik xususiyatlari mos 
kelmaydi. Uglerod atomining soni ortishi bilan suvda eruvchanligining o’zgarishini quyidagicha 
ko’rish mumkin: dastlabki uch birlamchi-spirt suv bilan yaxshi aralashadi; 100 g suvda 8 g n-butil 
spirti; 2 g n-pentil spirti, 1 g - geksil spirti, yuqori spirtlar esa yanada kam erishini ko’rsatadi.
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Spirtdagi uglerod atomining soni ortishi bilan qaynash 
haroratining ortishini, tarmoqlanish ortishi bilan esa 
kamayishini kuzatish mumkin. Spirtlarning qaynash harorati 
mos uglevodorodlarning qaynash haroratidan sezilarli katta.

Vodorod bog‘lanish. Assotsiatsiya. Uglevodorodlarning 
qaynash harorati uning tuzilishi va molekulyar massasi bilan 
belgilanadi; bu o’zaro Vanderval s kuchlar hisobiga ta`sirda 
bo’luvchi molekulalar uchun xos.

9.2-jadvalda bir-biriga yaqin molekulyar massaga ega bo’lgan, 
lekin tuzilishi bilan farq qiluvchi birikmalar taqqoslangan. 
Bundan n-pentan zanjirining o’rtasidagi –CH2 metilen guruhi 
o’rnida (molekulyar massasi 14), kislorod atomi (molekulyar 
massasi 16) mavjudligi, qaynash haroratiga ta`sir etmasligini 
va deyarli bir xil ekanligini ko’rish mumkin. Shu bilan birga 

n-butil spirtining qaynash harorati deyarli 80 °C ga yuqori ekanligini kuzatamiz. Qaynash harorati 
orasidagi bunday katta farqni qanday izohlash mumkin?

9.2-jadval
Tuzilish va qaynash harorati

Nomi Tuzilishi Molekulyar massasi Dipol momenti Tqay. °С
nPentan CH3CH2CH2CH2CH3 72 0 36
Dietil efiri CH3CH2OCH2CH3 74 1,18 35
nPropil spirt CH3CH2CH2OH 79 2,10 47
nButanal CH3CH2CH2CHO 72 2,72 76
nButil spirti CH3CH2CH2CH2OH 74 1,63 118

Vodorod bog‘ bu o’ta kuchli dipol-dipol ta`sirlashuv deyish 
mumkin. Agar vodorod atomi elektromanfiy atom bilan 
bog‘langan bo’lsa, elektron buluti elektromanfiy atom tomonga 
kuchli siljigan bo’ladi va vodorod yadrosi ochiq qoladi. Bunday 
yadrodagi katta musbat zaryad ikkinchi molekula elektromanfiy 
atomining manfiy zaryadi bilan kuchli tortiladi. Bunday tortishuv 
kovalent bog‘dan kuchsiz bo’lishiga qaramasdan, boshqa dipol-
dipol ta`sirlashuvlardan ancha kuchli hisoblanadi.

Vodorod bog‘lanish vujudga kelishi uchun elektromanfiy atomlar – F, O, N bo’lishi kerak; faqatgina 
shu uchta atomlardan biri bilan bog‘langan vodorod yadrosi yetarli darajada musbat zaryadga ega 
bo’ladi va faqatgina shu uchta elementlar tortilish vujudga kelishini ta`minlovchi manfiy zaryadga 
ega. Bu uchta elementlar o’zlarining kichik atomlarida katta manfiy zaryadni mujassamlashtiradi.

Spirtlar suv kabi - assotsirlangan suyuqliklar hisoblanadi, qaynash haroratlari anomal yuqori 
bo’lishi ularda vodorod bog‘lanish mavjudligi bilan izohlanadi. Efirlarda va spirtlarda ham 

Let us look first at boiling 
points. Among hydrocarbons 
the factors that determine 
boiling point seem to be 
chiefly molecular weight and 
shape; this is to be expected 
of molecules that are held 
together chiefly by van der 
Waals forces.

Alcohols, too, show in-
crease in boiling point with 
increasing carbon number, 
and decrease in boiling point 
with branching.

Alcohols, in contrast, con-
tain the very polar -OH group. 
In particular, this group con-
tains hydrogen attached  to  
the  very  electronegative  el-
ement,  oxygen, and therefore 
permits hydrogen bonding. 
The physical properties (Ta-
ble 9.1) show the effects of 
this hydrogen  bonding.

H – F H – F H – O H – O 
H H

H – N H – N 
H H

H H

H – N
H

H
H – O 

H
R – O H – O 

H R
R – O H – O 

H H
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kislorod atomlari mavjud, lekin bu atom faqatgina uglerod bilan 
bog‘langan; ulardagi vodorod atomlari kislorod bilan bog‘ hosil 
qilish uchun yetarli darajada musbat zaryadga ega emas. 

Vodorod atomini ikkinchi kislorod bilan ta`sirlashuvi O – 
H bog‘ni zaiflashtiradi va buning natijasida energiya hamda 
tebranishlar chastotasi ham susayadi.

Spirtlarning manbalari. Agar organik-kimyogarga o’nta alifatik 
birikmalardan bittasini tanlash imkoniyati berilsa, u shubhasiz 
spirtlarni tanlagan bo’lar edi. Chunki spirtlardan foydalanib, 
boshqa ko’plab alifatik birikmalarni: alkanlar, alkilgalogenidlar, 
efirlar, al degidlar, ketonlar, kislotalar, murakkab efirlar va 
boshqa mahsulotlarni olish mumkin. Spirtlardan olingan 
alkilgalogenidlardan Grinyar reaktivini, ularning al degid va 
ketonlar bilan reaksiyasi orqali esa murakkab spirtlarni sintez 
qilish imkoniyati yaratiladi. Kimyogar spirtlardan nafaqat 
dastlabki xom ashyo sifatida, balki ko’plab sintezlarning 
erituvchisi, tayyor mahsulotlarni qayta kristallashda foydalanishi 
mumkin.

Spirtlar to’g‘risidagi yuqoridagi fikrlarga ularning katta 
miqdorlarda mavjudligini va arzonligini qo’shimcha qilish 
mumkin. Oddiy spirtlarni olishda ikki maxsus usullardan 
foydalaniladi: alkenlarning gidratatsiyasi (alkenlarni neftdan 
kreking orqali olinishini eslatib o’tamiz) va uglevodorodlarning 
fermentativ gidrolizi. Bu ikki asosiy usullardan tashqari, boshqa 
bа`zi cheklanishlarga ega bo’lgan usullar ham mavjud.

Alkenlarning gidratatsiyasi. Ma`lumki, to’rtta yoki beshta 
uglerod saqlagan alkenlar, neftni krekinglash mahsulotlari 
aralashmasidan ajratib olinadi. Alkenlarga to’g‘ridan-to’g‘ri suv 
biriktirib yoki sulfat kislota biriktirib va so’ng gidroliz qilib, juda oson spirtlarga o’tkazish mumkin.

CH2 = CH2 CH3 – CH2 – OSO3H
H2O CH3 – CH2 – OH

CH3CH = CH2 CH3 – CH – CH3

OSO3H
CH3 – CH – CH3

OH

CH3CH2CH = CH2 CH3CH2CHCH3

OSO3H
CH3CH2CHCH3

OH

etil spirti
(birlamchi)

izopropil spirti
(ikkilamchi)

ikkilamchi-butil spirti
(ikkilamchi)

CH3C = CH2

CH3

CH3C – CH3

CH3

OSO3H
CH3C – CH3

CH3

OH uchlamchi-butil spirti
(uchlamchi)

H2SO4

H2SO4

H2SO4

H2O

H2O

H2SO4
H2O

If an organic chemist were 
allowed to choose ten aliphat-
ic compounds with which 
to be stranded on a desert 
island, he would almost cer-
tainly pick alcohols.

From them he could make 
nearly every other kind of al-
iphatic compound : alkenes, 
alkyl halides, ethers, alde-
hydes, ketones, acids, esters, 
and a host of others.

We have already seen that 
alkenes containing up to four 
or five carbon atoms can be 
separated from the mixture 
obtained from the cracking of 
petroleum.
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Bu usul orqali faqatgina Markovnikov qoidasiga mos hosil 
bo’luvchi spirtlar olinadi: m-n, izopropil spirti (n-propil emas), 
ikkilamchi-butil spirti (n-butil emas), uchlamchi-butil spirti 
(izobutil-emas). Bu usulda faqatgina bitta birlamchi spirt - etil 
spirti olish mumkin.

Uglevodorodlarning fermentativ gidrolizi. Shakarning 
bijg‘ituvchilar ta`sirida fermentativ gidrolizi - qadimdan ma`lum 
bo’lgan kimyoviy jarayon hisoblanadi; bu jarayon hozirda ham 
o’z ahamiyatini yo’qotmagan va etil spirti olishda qo’llaniladi. 
Shakar turli manbalardan olinishi mumkin. Donli mahsulotlardan 
olinuvchi kraxmal asosida sintez qilinuvchi etil spirti “non spirti” 
deb ham atalishi ma`lum.

Dastlabki xomashyo sifatida kraxmaldan foydalanilganda 
etil spirtidan tashqari, oz miqdor bo’lsada sivush moy 
(nemischadan: fusel - yomon ichimlik) hosil bo’ladi. Sivush moyi 
bir atomli spirtlarning aralashmasi bo’lib, asosan izopentil 
spirti, oz miqdor n-propil, izobutil va optik faol pentil (2-metil-
1-butanol) spirtlari saqlaydi.

Kraxmalni CLOSTRIDIUM ACETOBUTYLICUM bakteriyasi 
yordamida fermentativ gidrolizi Veytsman reaksiyasi deb 
atalib, hozirda takomillashgan va istiqbolli usul hisoblanadi; 
natijada n-butil spirti (60 %), etil spirti (10 %) va atseton (30 
%) CH3COCH3 aralashmasi hosil bo’ladi. Bu jarayon birinchi 
jahon urushi vaqtida Xaim Veytsman (Manchester universiteti) 
tomonidan kashf qilingan, dastlab atseton olish uchun 
foydalanilgan (atsetondan tutunsiz porox olishda foydalanilar 
edi); butil spirti qo’shimcha mahsulot hisoblanib, ko’p holatlarda 
tashlab yuborilgan. Urushdan so’ng avtomobil sanoati uchun 
lok kimyosining rivojlanishi butil spirtini atsetonga nisbatan 
qimmatliroq mahsulotga aylantirdi, atseton esa endi qo’shimcha 

mahsulotga aylandi. Hozirda har ikkala mahsulot ham organik sintezda katta ahamiyatga ega. 
Alkilgalogenidlarning gidrolizi. n-Pentan va izopentan aralashmasi dastlab xlorlanib, so’ng 

gidrolizga uchratilsa, beshta izomer pentil spirtlarining aralashmasi hosil bo’ladi. Bu aralashma 
aksariyat hollarda erituvchi sifatida ishlatiladi. Aralashmadagi 1-pentanol eng yuqori haroratda 
qaynaydigan izomer hisoblanib, haydash usuli bilan ajratilishi mumkin.

Metil spirti sintezi. Ko’pchilik sinf birikmalarining dastlabki vakili sintezida kuzatilganidek, 
spirtlarning dastlabki vakili metil spirti ham boshqa spirtlarni olinish usullaridan farq qiluvchi - 
noorganik mahsulotlardan olinadi. Uglerod oksidi va vodorod 350 - 400 °С da bа`zi metall oksidlari 
saqlovchi katalizator yuzasidan o’tkazilib metil spirti hosil qilinadi.

Metanol zaharli, uni istemol qilish, bug‘lari bilan nafas olish yoki teri bilan ta`sirda bo’lishi (uzoq 
muddat) ko’rish qobiliyatini yo’qolishiga yoki o’limga olib keladi.

Aldol kondensatlanish. Yuqorida kuzatgan usullarimiz aksariyat oddiy va dastlabki spirtlarni 
olishda qo’llaniladi. Murakkab spirtlar sanoat miqyosida al dol kondensatlanish orqali al degid va 
ketonlardan olinadi; bu usul bilan karbonilli birikmalar mavzusida batafsil tanishib o’tamiz.

Fermentation of sugars 
by yeast, the oldest synthet-
ic chemical process used by  
man, is still of enormous im-
portance for the preparation 
of ethyl alcohol and certain 
other alcohols.

When starch is the starting 
material, there is obtained, in 
addition to ethyl alcohol, a 
smaller amount of fuse/ oil 
(German: Fuse/, inferior li-
quor), a mixture of primary 
alcohols: mostly isopentyl al-
cohol with smaller amounts 
of n-propyl alcohol,  isobutyl  
alcohol,  and  2-methyl-1-bu-
tanol,  known  as active  amyl 
alcohol (amyl  - pentyl).

Ethyl alcohol is not only 
the oldest synthetic organic 
chemical used by man, but 
it is also one of the most im-
portant.

In industry ethyl alcohol 
is widely used as a solvent 
for lacquers, varnishes, per-
fumes, and flavorings; as a 
medium for chemical reac-
tions; and in recrystalliza-
tions.

CO  +  2H2
Cr2O3 +  ZnO, 350 – 400 °C, 210 atm CH3OH

metil spirti
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Okso-sintez. Alkenlarga uglerod oksidi va vodorodning 
(gidroformillash) katalizator ishtirokida birikishidan aldegidlar 
hosil bo’lib, ular o’z navbatida qaytarilishidan spirtlar olinadi. Bu 
AQSh da kashf qilingan okso-sintez jarayoni hisoblanib, dastlab 
Germaniyada sanoat miqyosida foydalanilgan.

Yog‘ kislota efirlarini qaytarish. Uglerod atomlar soni juft bo’lgan, to’g‘ri zanjirli birlamchi 
spirtlarning katta miqdori, sof holda yog‘ kislota efirlarini katalitik qaytarib olinadi. Bu jarayon 
ham kelgusi mavzularda batafsil ko’rib chiqiladi.

Alfol - jarayon. Tarmoqlanmagan zanjirli, juft uglerod atomi saqlovchi (C6 - C20) birlamchi spirtlar 
etilenni polimerlanishida foydalaniluvchi usul orqali, Sigler - Natt katalizatorlari ishtirokida 
aralashmalar holida olinadi va bu jarayon alfol jarayon deyiladi:

Dastlab hosil bo’luvchi metallalkil havo yordamida oksidlanib, so’ng kislota ishtirokida 
gidrolizlanadi va spirt hosil bo’ladi.

Agar metallalkil etilen va katalizator ishtirokida qizdirilsa, to’g‘ri zanjirli 1-alkenlar hosil bo’ladi.

Etil spirti. Etil spirti, etanol insoniyat foydalanuvchi qadimiy organik birikmalardan biri bo’lib, 
muhim ahamiyatga ega.

Etil spirti lok-bo’yoq, parfyumeriya sanoatida organik sintezda, laboratoriyada erituvchi sifatida 
keng ishlatiladi. Bundan tashqari etil spirti ko’plab mahsulotlar sintezi uchun dastlabki xom ashyo 
hisoblanadi (buni spirtlarni reaksiyalarini o’rganish orqali bilib olamiz).

Etil spirti qo’llanilishi maqsadiga qarab turli mahsulotlardan - etilendan gidratatsiya orqali, 
shakarning fermentativ gidrolizi orqali, neftdan va turli boshoqli ekinlardan olinadi.

Etil spirti - spirtli ichimliklar ishlab chiqarishda ham foydalaniladi. Bu maqsadlarda spirt 
turli o’simliklardan ajratib olingan shakarni fermentativ gidrolizi orqali olinadi. Ichimliklarning 
xususiyati xom ashyoning tabiati (bug‘doy yoki arpa, uzum yoki qulupnay, malina, kaktus yoki 
momoqay-moqdan), gidroliz jarayonini amalga oshirish sharoiti, gidroliz mahsulotlarini ajratish 
usuli bilan bog‘liq.

CH3 – C – CH2 – C = CH2

CH3

CH3

CH3

CH3 – C – CH = C – CH3

CH3

CH3

CH3

CO, H2, [Co(CO)4]2

125 °C, 210 atm CH3 – C – CH2 – CH – CH2CHO 
CH3

CH3

CH3

H2, Ni

CH3 – C – CH2 – CH – CH2CH2OH 
CH3

CH3

CH3

M(CH2CH2)nCH2CH3
havo

30 - 95 °C MO(CH2CH2)nCH2CH3

H2O, H2SO4

40 °C HO(CH2CH2)nCH2CH3
alfollar

MO(CH2CH2)nCH2CH3

M(CH2CH2)nCH2CH3
CH2 = CH2, Ni

qizdirish CH2 = CH(CH2CH2)n-1CH2CH3
alfen (alfa-alken)

At one time, most metha-
nol was produced by the de-
structive distillation of wood 
(i.e., heating wood to a high 
temperature in the absence 
of air). It was because of this 
method of preparation that 
methanol came to be called 
“wood alcohol.” Today, most 
methanol is prepared by the 
catalytic hydrogenation of 
carbon monoxide. This reac-
tion takes place under high 
pressure and at a tempera-
ture of 300–400oC:
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Tibbiyot nuqtai nazaridan etil spirti narkotik moddalar 
qatoriga kiritilgan; boshqa spirtlarga nisbatan kam zaharli.

Etil spirtining turli spirtli ichimliklar sifatida istemol qilinishi 
bilan birga, sanoat miqyosida katta masshtablarda foydalanilishi, 
muhim bir muammo yechimini topishni taqozo etadi: sanoatda 
qo’llaniluvchi spirt istemol uchun yaroqsiz bo’lishi kerak. Bu 
muammo spirtga denaturat - yoqimsiz ta`m beruvchi yoki uni 
zaharli qiluvchi moddalar qo’shish orqali hal etiladi. Bunday 
denaturatlarning yuzga yaqin turi bo’lib, bulardan metil spirti va 
aviatsiya benzini qo’shish keng foydalaniladi.

95 % - spirt: azeotrop aralashma. Ichimlik spirtidan 
tashqari barcha etil spirti 95 % li suvli eritma holida ishlatiladi 
va 95 % spirt deyiladi. Sof (absolyut) spirt olish mumkin, ammo 
bunday spirt qimmat va zarur holatlarda ishlatiladi.

Nima uchun aynan 95 % li? Etil spirti dastlab suvli aralashma 
holida olinadi; so’ngra bu aralashma fraksion haydash orqali 
ajratiladi. Barcha haydash usullarida bo’lgani kabi avval 
yengil uchuvchan, past qaynash haroratiga ega bo’lgan modda 
haydaladi. Etil spirti va suv aralashmasida etil spirtining qaynash 
harorati tqay. 78,3 °C, suvniki esa 100 °C, 95 % spirt va 5% suv 
aralashmasiniki esa 78,15 °C. Effektiv rektifikatsion kolon-
nalardan foydalanilganda avval 95% li spirt, so’ngra spirtning 
kontsentratsiyasi past bo’lgan oraliq fraksiya va undan so’ng 
suv haydaladi. Demak, 95% etil spirtini yanada konsentrlash 
rektifikatsion kolonnaning effektivligi bilan bog‘liq emas.

Ma`lumki, aralashmani haydash orqali ajratish, bug‘ tarkibi 
suyuqlik tarkibidan farq qilishi bilan bog‘liq; bug‘ yengil 
uchuvchan komponentlarga boy. 95 % spirt haydash orqali 
alohida komponentlarga ajratilishi mumkin emas, chunki bug‘ 
ham suyuqlik ham bir xil tarkibga ega; haydash vaqtida 95 % 
spirt individual bitta modda kabi xususiyat namoyon qiladi.

Bir xil tarkibli bug‘lar hosil qiluvchi o’ziga xos xususiyatga ega 
bo’lgan suyuq aralashmalar azeotroplar yoki doimiy qaynovchi 
aralashmalar deyiladi. 95 %-li spirt ikki komponentdan iborat 
bo’lgani uchun binar azeotrop deyiladi.

95 %-li etil spirtiniki kabi, ko’pchilik azeotrop aralashmalar-
ning qaynash harorati, tarkibiga kiruvchi komponentlarning 
qaynash haroratidan past. Bunday azeotroplar qaynash harorati 
minimum bo’lgan aralashmalar deyiladi: qaynash harorati 
tashkil etuvchi komponentlarining qaynash haroratlaridan 
yuqori bo’lgan azeotroplar maksimum qaynash haroratiga ega 
aralashmalar deyiladi. 

Absolyut spirt. Agar 95 %-li spirtni haydash usulida yanada 
konsentrlash imkoniyati bo’lmas ekan, absolyut spirt deb 
ataluvchi 100 % etil spirtini qanday olish mumkin? Bunday 
spirtni, boshqa uch komponentli azeotrop hosil qilish orqali 

Ethanol can be made by 
the fermentation of sugars, 
and it is the alcohol of all al-
coholic

beverages. The synthe-
sis of ethanol in the form of 
wine by the fermentation of 
the sugars of fruit juices was 
among our first accomplish-
ments in the field of organ-
ic synthesis. Sugars from a 
wide variety of sources can 
be used in the preparation 
of alcoholic beverages. Often, 
these sugars are from grains, 
and it is this derivation that 
accounts for ethanol having 
the synonym “grain alcohol.”

Fermentation is usually 
carried out by adding yeast to 
a mixture of sugars and water. 
Yeast contains enzymes that 
promote a long series of reac-
tions that ultimately convert 
a simple sugar (C6H12O6) to 
ethanol and carbon dioxide:

Fermentation alone does 
not produce beverages with 
an ethanol content greater 
than 12–15% because the en-
zymes of the yeast are deac-
tivated at higher concentra-
tions. To produce beverages 
of higher alcohol content, the 
aqueous solution must be 
distilled.

Ethanol is an important in-
dustrial chemical. Most eth-
anol for industrial purposes 
is produced by the acid-cata-
lyzed hydration of ethene
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olish mumkin. 75 % suv, 18,5 % etil spirti va 74 % benzoldan 
iborat aralashma – 64,9 °C da qaynaydigan (minimum qaynash 
haroratiga ega bo’lgan) azeotrop hosil qiladi.

Misol uchun 150 gramm 95 % etil spirti (141,5 gramm spirt 
va 7,5 gramm H2O) va 74 gramm benzoldan iborat aralashmani 
ajratishni kuzataylik. Dastlab uch komponentli azeotrop 
haydaladi: bu azeotropning 100 grammi 7,5 gramm suv, 18,5 
gramm spirt va 84 gramm benzol saqlaydi. Tajribalar orqali, 
dastlab bunday aralashmadagi barcha suv va benzol haydalishini, 
spirt esa qisman haydalib, 124 gramm sof suvsiz spirt hosil 
bo’lishini ko’rishimiz mumkin. Odatda benzol ortiqcha miqdor 
olinib, uch komponentli aralashmani haydashdan so’ng binar 
azeotrop (tqay. 68,3 °C) holida haydaladi va bu bilan yanada toza 
spirt olish imkoniyatiga ega bo’linadi.

Bа`zi hollarda absolyut spirt tarkibidan suvning hatto izlarini 
yo’qotish talab etiladi. Bunga spirtni magniy metali bilan qayta 
ishlash orqali erishish mumkin; bunda suv erimaydigan Mg(OH)2 ga o’tadi va so’ng spirt haydab 
olinadi.

Sintez usullari. Ko’plab oddiy va bа`zi murakkab spirtlarning sanoatda olinishini yuqorida ko’rib 
chiqdik. Ayrim spirtlarning sintez usullari quyida berilgan.

Gidroborlashoksidlash

Grinyar sintezlari

MISOLLAR

CH3

CH3

H

H

OH

(BH3)2 H2O2, OH–

2-metilsiklopenten
trans-2-metilsiklopentanol

CH3 – C – CH = CH2

CH3

CH3

CH3 – C – CH – CH2OH 
CH3

CH3

SIS-BIRIKISH

QAYTA GURUHLANISHSIZ

3,3-dimetil-1-buten 3,3-dimetil-1-butanol

(BH3)2 H2O2, OH–

C = C +  (BH3)2 C – C 

H B

H2O2, OH–

C – C 

H OHdiboran

alkilboran birikish Markovnikov
qoidasiga zid

Most of the simple alcohols 
and a few of the complicated 
ones are available from the 
industrial sources described. 
Other alcohols must be pre-
pared by one of the methods 
outlined below.

We have already studied 
the acid-catalyzed hydra-
tion of alkenes, oxymercu-
ration-demercuration, and 
hydroboration–oxidation as 
methods for the synthesis of 
alcohols from alkenes. Below, 
we briefly summarize these 
methods.

– C = O  +  RMgX – C – O – MgX
R

H2O – C – OH  +  Mg2+ +  X–

R
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Alkilgalogenidlarning gidrolizi

MISOLLAR:

Aldol kondensatlanish. Ushbu usul karbonilli birikmalar mavzusida batafsil ko’rib chiqiladi.
Karbonilli birikmalarni qaytarish. Bu usulni ham karbonilli birikmalar mavzusida o’rganish 

tavsiya etiladi. 
Kislota va efirlarni qaytarish. Bu usullar orasida Grinyar usulida spirtlar olish o’ziga xos o’rin 

tutadi. Kimyogar laboratoriyasida qimmat, kam bo’lgan murakkab spirtlar olish bilan to’qnash 

– C = O  +  RMgX – C – O – MgX
R

H2O – C – OH
R

H
H

H
H

H
H

birlamchi spirt
formaldegid

ukkilamchi spirt
– C = O  +  RMgX – C – O – MgX

R
– C – OH

R
R′

H
R′

H H
R′

boshqa aldegidlar

H2O

uchlamchi spirt
– C = O  +  RMgX – C – O – MgX

R
– C – OH

R
R′

R′′
R′ R′

R′′ R′′

ketonlar

H2O

H2C      CH2
O

+  RMgX RCH2CH2OMgX RCH2CH2OH
birlamchi spirt

zanjirning uzayishi

R′COOC2H5 +  2RMgX – C – O – MgX
R

R′
R′′

uchlamchi spirt

– C – OH
R

R′
R′′

etilen oksidi

murakkab efirlar

H2O

H2O

R – X  +  OH – (yoki H2O) R – OH   +  X – (yoki HX) By far the most import-
ant method of preparing al-
cohols is the Grignard syn-
thesis. This is an example of 
the second approach, since 
it leads to the formation of 
carbon-carbon bonds. In the 
laboratory a chemist is chief-
ly concerned with preparing 
the more complicated alco-
hols that he cannot buy; these 
are prepared by the Grignard 
synthesis from rather simple 
starting materials.

CH3CH2CH2Br NaOH suvli eritma CH3CH2CH2OH

CH2Cl NaOH suvli eritma CH2OH

CH3 – C – CH3

Cl

CH3

uchlamchi-butilxlorid

NaOH suvli eritma CH3 – C – CH3

OH

CH3

uchlamchi-butil spirti

benzilxlorid benzil spirti

propilxlorid propil spirti

CH3 – C = CH2

CH3

katta miqdorda

+
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kelar ekan, ularni oddiy xom ashyolardan foydalanib olishni 
rejalashtiradi va Grinyar usulida oson sintez qilish mumkinligini 
kuzatadi. Grinyar usulida spirt olish uchun alkilgalogenidlar, 
aldegidlar va ketonlar, epoksidlar, murakkab efirlar xom ashyo 
bo’lib xizmat qiladi. O’z navbatida Grinyar reaktivi bo’lib xizmat 
qiluvchi alkilgalogenidlar olishda spirtlardan foydalanish 
mumkinligini yodga olsak, Grinyar usuli oddiy spirtdan 
murakkab spirtlarga o’tish deyish mumkin.

Shuningdek, spirtlar uglerod-uglerod qo’shbog‘ saqlovchi 
birikmalardan gidroborlash - oksidlash reaksiyasi orqali hosil 
qilinishi mumkin. Reaksiyaning stereospetsifik amalga oshishini 
va qayta guruhlanish mavjud emasligini hisobga olganda, bu 
usuldan olinishi qiyin bo’lgan spirtlarni olishda foydalanish 
mumkin.

Alkilgalogenidlardan gidroliz orqali spirtlar olish, spirtlar arzon bo’lgani va alkilgalogenidlar 
olish uchun xom ashyo hisoblanganligi uchun ham qo’llaniladi; sanoatda ham aynan spirtlardan 
galogenidlar olish tavsiya etiladi. Galogenidlardan spirt sintez qilishning namunasi sifatida 
toluoldan benzil spirti olishni keltirish mumkin.

Eliminirlanishga moyil galogenidlar uchun qo’shimcha reak-
siya mahsulotlari - alkenlar hosil bo’lishini yoddan chiqarmaslik 
kerak. Mos erituvchi tanlash reaksiyani maqsadli yo’nalishini 
ta`minlaydi: agar asoslarning suvli eritmalaridan foydalanilsa 
almashinish, asosning spirtli eritmasi foydalanilganda esa 
eliminirlanish amalga oshishini kuzatish mumkin.

Hatto asoslarning suvli eritmalarda ham uchlamchi- va qisman 
ikkilamchi-alkilgalogenidlarning degidrirlashga moyilligi 
yuqori bo’lib, katta miqdorlarda alkenlar hosil qilishi kuzatiladi. 
Bunday galogenidlar uchun oddiy suv yordamidagi gidrolizdan 
foydalanish maqsadlidir.

Spirtlarning reaksiyalari. OH-guruhi kimyosi. Spirtlarning 
kimyoviy xususiyatlari ulardagi funksional guruh - OH gidroksil 
guruhining mavjudligi bilan belgilanadi. Spirtlar kimyosini 
o’rganish bilan gidroksil guruhi mavjud bo’lishi mumkin bo’lgan 
barcha birikmalarning kimyoviy xususiyatlarini o’rganamiz; 
qisman bo’lsada, oksigalogenidlar, oksikislotalar, oksialdegidlar 
va ular qanday kimyoviy xususiyatlar namoyon qilishi mumkinligi 
bilan tanishamiz.

Spirtlarning reaksiyalarida ikki bog‘lardan biri, C – OH dan –OH guruhining ajralishi yoki  
O – H dagi bog‘ning uzilishini kuzatish mumkin. Bunday reaksiyalar almashinish, eliminirlanish va 
boshqa reaksiyalar bo’lishi mumkin.

R ning tuzilishidagi farqlar reaksion qobiliyatlardagi farqlar bo’lib, bа`zi hollarda reaksiya 
yo’nalishiga ta`sir etishi mumkin. Spirtlarning bunday reaksiyalarini quyida batafsil ko’rib chiqamiz.

CH3 CH2Cl
Cl2, to, hv NaOH suvli eritma CH2OH

toluol benzilxlorid benzil spirti

Hydrolysis of alkyl halides 
is severely limited as a meth-
od of synthesizing alcohols, 
since alcohols are usually 
more available than the cor-
responding halides; indeed, 
the best general preparation 
of halides is from alcohols. 
The synthesis of benzyl alco-
hol from toluene, however, is 
an example of a useful appli-
cation of this method.

The chemical properties 
of an alcohol, ROH, are deter-
mined by its functional group, 
OH, the hydroxyl group. 
When we have learned the 
chemistry of the alcohols, we 
shall have learned much of 
the chemistry of the hydrox-
yl group in whatever com-
pound it may occur; we shall 
know, in part at least, what 
to expect of hydroxyhalides, 
hydroxy-acids, hydroxyalde-
hydes, etc. 

Some of the more import-
ant reactions of alcohols are 
listed below, and are dis-
cussed in following sections.
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SPIRTLARNING REAKSIYALARI

C    OH bog' uzilishi
R      OH

Galogenvodorodlar bilan reaksiyalari

ROH  +  HX RX  +  HOH R qayta guruhlanishi mumkin

HX ning reaksion qobiliyati: HJ > HBr > HCl

ROH ning reaksion qobiliyati:
allil, benzil > uchlamchi > ikkilamchi > birlamchi

CH3CH2OH P + J2

etanol
CH3CH2J

etil yodid

Digidrotasiya

– C – C –
H OH

kislota – C = C – +  H2O
qayta guruhlanish mumkin

ROH ning reaksion qobiliyati: uchlamchi > ikkilamchi > birlamchi

CH3CH2CH2CH2OH
H2SO4

qizdirish
n-butil spirti 1-buten

CH3CH2CH=CH2 va CH3CH=CHCH3
2-buten

(reaksiyaning asosiy mahsuloti)
OH

Al2O3
250 °C

siklogeksil spirti siklogeksen

COH
CH3

CH3

H2SO4
qizdirish C

CH2

CH3

2-fenil-2-propanol 2-fenilpropen

MISOLLAR

MISOLLAR

CH3CH2CH2CH2CH2OH
HCl, ZnCl2

qizdirish CH3CH2CH2CH2CH2Cl
n-pentil spirti n-pentilxlorid

CH3 – C – CH3

OH

CH3

uchlamchi-butil spirti

kons. HCl
n.sh. CH3 – C – CH3

Cl

CH3

uchlamchi-butilxlorid

Fosfor-(III)-galogenidlar bilan reaksiyasi
ROH  +  PX3 RX  +  H3PO3

(PX3 = PBr3, PJ3)

CH3CH2CHCH2OH
PBr3

2-metil-1-butanol

CH3

CH3CH2CHCH2Br
CH3

1-brom-2-metilbutan

CHOH

metilfenil karbinol

CH3

CHBr

1-brom-1-feniletan

CH3

MISOLLAR

PBr3

The most commonly used 
reagents for conversion of al-
cohols to alkyl halides are the 
following:

• Hydrogen halides (HCl, 
HBr, HJ)

• Phosphorus tribromide 
(PBr3)

• Thionyl chloride 
(SOCl2)
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O    H bog'ning uzilishi
RO      H

Faol metallar bilan reaksiyalari

RO – H  +  M RO–M+ +  ½ H2
M = Na, K, Mg, Al va boshqalar

ROH ning reaksion qobiliyati: CH3OH > birlamchi > ikkilamchi > uchlamchi

CH3CH2OH Na

etanol
CH3CH2

–Na+ +  ½H2
natriy etilat

MISOLLAR

Efirlar hosil bo'lishi

CH3CH2OH
etanol

CH3CH2OSO2OH  + H2O
etoksisulfat

H2SO4
sovuqda

CH3CH2OH  +  CH3C
etanol

O
OH

H+

CH3C

etilasetat

O
OC2H5

+  H2O

sirka kislota

CH3 – C – OH
H

CH3

izopropil spirti

Al
CH3 – C – O   Al

H

CH3

3

alyuminiy izopropilat

CH3CH2OH P + J2

etanol
CH3CH2J

etil yodid

Digidrotasiya

– C – C –
H OH

kislota – C = C – +  H2O
qayta guruhlanish mumkin

ROH ning reaksion qobiliyati: uchlamchi > ikkilamchi > birlamchi

CH3CH2CH2CH2OH
H2SO4

qizdirish
n-butil spirti 1-buten

CH3CH2CH=CH2 va CH3CH=CHCH3
2-buten

(reaksiyaning asosiy mahsuloti)
OH

Al2O3
250 °C

siklogeksil spirti siklogeksen

COH
CH3

CH3

H2SO4
qizdirish C

CH2

CH3

2-fenil-2-propanol 2-fenilpropen

MISOLLAR

We can see that alcohols 
undergo many kinds of re-
actions, to yield many kinds 
of products. Because of the 
availability of alcohols, each 
of these reactions is one of 
the best ways to make the 
particular kind of product.

CH3 – C – OH
CH3

CH3

uchlamchi-butil spirti

CH3 – C – O–K+

CH3

CH3

kaliy uchlamchi-butilat

K
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Shunday qilib, spirtlar ko’plab mahsulotlar hosil qilib, turli reaksiyalarga kirishadi. Spirtlarning 
nisbatan arzonligini e`tiborga olib, bu mahsulotlarni olishning eng qulay usullari deyish mumkin. 

TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1topshiriq. a) Enantiomerlarni hisobga olmagan holda C5H11OH tarkibli sakkizta izomer 
spirtlarning tuzilishini yozing; b) ularni IUPAC va karbinol sistemasi bo’yicha nomlang; v) birlamchi, 
ikkilamchi va uchlamchi spirtlarni ko’rsating; g) izopentil, n-pentil va uchlamchi-pentil spirtlarini 
ko’rsating; d) C6H13OH tarkibli birlamchi, ikkilamchi va uchlamchi spirtlarning formulalarini 
yozing; e) C5H9OH tarkibli siklik spirtlarning formulalarini yozing va nomlang.

2-topshiriq. Quyidagi birikmalarni qaynash haroratlari pasayib borish tartibida joylashtiring: a) 
3-geksanol; b) n-geksan; v) dimetil-n-propilkarbinol; g) n-oktil spirti; d) n-geksil spirti. Javobingizni 
izohlang.

3topshiriq. Sizga ma`lum bo’lgan qanday organik birikmalarda vodorod bog‘lanish mavjud. 
Ularning: a) spirtlar bilan; b) suv bilan hosil qilishi mumkin bo’lgan vodorod bog‘lanishlarini 
tasvirlang.

CH3CH2CH2OH
propanol

CH3CH2C
propanal

Cu, 250 °C O
H

CH3CH2CHCH2OH
2-metil-1-butanol

KMnO4

CH3

CH3CH2CHC
CH3 O

OH
2-metilbutan kislota

+  H2

OH K2CO2O7

siklogeksil spirti siklogeksanon

O

MISOLLAR

HO

R

CrO3, HOAc

R

3-xolestanol 3-xolestanon

O

Oksidlash

Birlamchi: R–CH2OH

Cu, 250 °C
yoki K2Cr2O7

R – C
O

H
KMnO4

yoki K2Cr2O7

KMnO4

R–COOH 

Ikkilamchi: R – CHOH
R

KMnO4, CrO3 yoki Cr2O7

yoki Cu, 250 °C R – C = O
R

Uchlamchi: R – C – OH
R

KMnO4

R

tasirlashmaydi

karbon kislota

keton
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4-topshiriq. Quyidagi birikmalardan qaysilari yuqori qaynash 
haroratlariga ega:

a) p-krezol yoki anizol b) metilatsetat yoki propion kislota 
v) etilenglikol yoki n-propil spirti 
5topshiriq. Efirlar (ROR) molekulyar massasi deyarli teng 

bo’lgan spirtlardan past haroratlarda qaynashini va suvda yomon 
erishini qanday izohlash mumkin.

6topshiriq. Quyidagi spirtlarni sanoatda sintez qilish 
sxemalarini yozing:

a) metil   g) uch.-butil  j) siklogeksanol
b) etil             d) ikki.-butil  z) benzil 
v) n-butil             e) izopentil  
i) β-xloretil (ClCH2CH2OH)
k) allil (CH=CHCH2OH)
7-topshiriq. Izopropil spirtini: a) olefindan; b) 

alkilgalogeniddan; v) Grin yar reaksiyasi bo’yicha sintez qilish 
sxemasini yozing. Sanoatda izopropil spirti sintez qilish uchun 
qaysi usuldan foydalaniladi? 

8topshiriq. Quyidagi spirtlarni hosil qilish uchun qaysi Grin-
yar reaktivi va qaysi karbonilli birikmadan (al degid yoki keton) 
foydalanish kerak? Agar ikki va undan ortiq kombinatsiyalardan 
foydalanish imkoniyati bo’lsa ularning barchasini tasvirlang.

a-z) 1-topshiriqdagi pentil spirti izomerlari; i) 1-propanol; k) 
2-fenil-2-propanol; l) 2-fenil-2-propanol; m) 3-fenil-1-propanol; 
n) 1-tsiklogeksiletanol; r) 2,4-dimetil-3-pentanol; s) 1-(n-tolil)-
etanol nCH3C6H4CHOHCH3; t) trifenil karbinol (C6H5)3COH.

9-topshiriq. XCH2CH2OH formulada X=OH, NH2, F, Cl, Br, OCH3, NHCH3, N(CH3)2 va NO2 bo’lgandagi 
birikmalarni nomlang.

10topshiriq. Pentil spirtlari izomerlarini yodga oling: a) ularning qaysi biri yodoform 
reaksiyasini beradi; b) har bir izomerning Lukas reaktiviga ta`siri qanday? v) har bir spirtning 
xrom angidridi bilan reaksiyasini yozing; g) kerakli noorganik reagentlardan va uglerod atomi 
soni to’rtta bo’lgan spirtlardan foydalanib, pentil spirti izomerlarini sintez qilish sxemalarini taklif 
qiling.

11-topshiriq. Siklogeksanolni quyidagi reagentlar bilan reaksiyasi natijasida hosil bo’luvchi 
asosiy mahsulotlarni tuzilish formulasini yozing va ularni nomlang. 

a) sovuq kons. H2SO4  m) Cu, 250oC
b) H2SO4 qizdirish   n) NaOH (suvli eritmasi)
v) KMnO4 sovuq suyul. eritmasi o) (e) mahsulot + Mg
p) (o) mahsulot  + (m) mahsulot  g) CrO3,   H2SO4
r) (b) mahsulot  + Br2/CCl4  d) Br2, CCl4
s) (b) mahsulot  + C6H6, HF e) konts. HBr suvli eritmasi
t) (b) mahsulot  +H2, Ni   j) P+J2
u) (e) mahsulot  + HNO3/H2SO4  z) Na
f) (b) mahsulot  +N-bromsuksinimid  i) CH3COOH, H+

x) (b) mahsulot  +CHCl3+uch.-C4H3OX  k) H2, Ni
yu) (m) mahsulot  + C6H5MgBr   l) CH3MgBr

SOLVED PROBLEM 9.1
Treating 3-methyl-2-buta-

nol (see the following reac-
tion) yields 2-bromo-2-meth-
yl-butane as the sole product. 
Propose a mechanism that 
explains the course of the re-
action.

PRACTICE PROBLEM 9.2
The infrared spectrum of 

cus-l,2-cyclopentanediol has 
an OH stretching band at a 
lower frequency than for a 
free OH group, and this band 
does not disappear even at 
high dilution. trans-l,2-Cyclo-
pentanediol shows no such 
band. Can you suggest a pos-
sible explanation?



262

12-topshiriq. n-Butil spirti va boshqa zarur reagentlardan foydalanib, quyidagi birikmalarni 
laboratoriya sharoitlarida sintez qilish mumkin bo’lgan reaksiya sxemalarini taklif qiling.  

a) n-butilbromid  b) 1-buten  v) n-butilsulfat 
g) kaliy n-butilat   d) n-moy aldegid  e) n-moy kislota  
j) n-butan   z) 1,2-dibrombutan
i) 1-xlor-2-butanol  k) 1-butin  l) etiltsiklopropan
m) 1,2-butandiol  n) n-oktan  o) 3-oktin 
p) sis-3-okten r) trans-3-okten  s) 4-oktanol
t) 4-oktanon  u) 5-(n-propil)-5-nonanol 
f) moy kislota n-butil efiri 
13-topshiriq. Quyidagi reaksiyalar natijasida hosil bo’luvchi asosiy organik birikmalarning 

tuzilish formulalarini yozing va nomlang:
a) benzil spirti + Mg b) izobutil spirti + benzoy kislota +H+ 
v) etilenbromid + mo’l NaOH [H2O] 
g) β-feniletil spirti + Cu, 250oС d) n-butil spirt + H2, Pt
e) krotil spirti +Br2/H2O j) CH3OH  +  C2H5MgBr 
z) p-brombenzilbromid + NaOH [H2O]
i) uchlamchi-butil spirti  +  C6H6  +  H2SO4
k) C6H5COCH 3 +  NaOJ
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FENOLLAR

Tuzilishi va nomenklaturasi. Fenollar deb ArOH umumiy 
formula bilan ifodalanuvchi birikmalarga aytiladi, bunda 
Ar-fenil, almashingan fenil yoki boshqa aril guruhlari (m-n: 
naftil). Fenollar spirtlardan OHguruhi aromatik halqadagi sp2-
gibridlangan uglerod bilan bog‘langanligi bilan farqlanadi.

Fenollar odatda bu sinf birikmalarining eng oddiysi - fenol 
asosida nomlanadi. Metilfenollar uchun maxsus nomlar - 
krezollar nomi mavjud. Ba`zan fenollar oksibirikmalar deb ham 
nomlanadi. 

Fenollar ham spirtlar kabi OH-guruhi saqlaydi va ular bа`zi holatlarda bir-biriga o’xshash; 
spirtlarni ham fenollarni ham oddiy yoki murakkab efirlarga o’tkazish mumkin. Lekin kimyoviy 
xossalari va olinish usullaridagi ko’plab farqlar bu birikmalarni ikki sinfga bo’lib o’rganishini taqozo 
etadi.

Fizik xossalari. Oddiy fenollar suyuqliklar yoki past haroratlarda suyuqlanuvchi qattiq 
moddalardir; vodorod bog‘larning mavjudligi tufayli yuqori qaynash haroratiga ega. Fenol suvda 

OH
OH

OH

OH

OH

OH

OH
COOH

pirokatexin rezotsin gidroxinon salisil kislota

OH OH

Cl

OH

CH3

OHHOOC

fenol
o-xlorfenol o-krezol

p-oksibenzoy kislota

Phenols are compounds 
of the general formula ArOH, 
where Ar is phenyl, substitut-
ed phenyl, or one of the otfer 
aryl groups we shall study 
later. Phenols differ from 
alcohols in having the OH 
group attached directly to an 
aromatic ring.

The simplest phenols are 
liquids or low-melting sol-
ids; because of hydrogen 
bonding, they have quite high 
boiling points. Phenol itself is 
somewhat soluble

10-BOB
 FENOLLAR 
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yaxshi eriydi (100 gr suvda 9 g) va bu suv molekulalari bilan vodorod bog‘lanish hosil qilishi bilan 
izohlanadi; boshqa fenollar esa suvda deyarli erimaydi (10.1-jadval). Fenollar rangsiz moddalar, 
lekin aromatik aminlar kabi oson oksidlanadi va oksidlanish mahsulotlarining mavjudligi tufayli 
rangli bo’ladi.

10.1jadval
Ayrim fenollarning fizik xossalari

Fenollar Tsuyuq., °C Tqay., °C 25 °C da suvda eruvchanligi, 
g/100 g 1010Kα

Fenol 41 82 9,3 1,1
o-Krezol 31 191 2,5 0,63
m-Krezol 11 201 2,6 0,98
n-Krezol 35 02 2,3 0,67
o-Ftorfenol 16 152 15,0
m-Ftorfenol 14 178 5,2
n-Ftorfenol 48 185 1.1
o-Xlorfenol 9 173 2,8 77
m-Xlorfenol 33 214 2,6 16
n-Xlorfenol 43 220 2,7 6,3
o-Bromfenol 5 194 41
m-Bromfenol 33 236 14
n-Bromfenol 64 236 1,4 5,6
o-Yodfenol 43 34
m-Yodfenol 40 13
n-Yodfenol 94 6,3
o-Aminofenol 174 1,7 (0oC da) 2,0
m-Aminofenol 123 2,6 69
n-Aminofenol 186 1,0 (0oC da)
o-Nitrofenol 45 217 0,2 600
m-Nitrofenol 96 1,4 50
n-Nitrofenol 114 1,7 690
2,4-Dinitrofenol 113 0,6 1000000
2,4,6-Trinitrofenol 122 1,4 Juda yuqori
Pirokatexin 104 246 45 1
Rezotsin 110 281 123 3
Gidroxinon 173 286 8 2

Izomer nitrofenollarning fizik xususiyatlarini taqqoslab, 
o-nitrofenolning izomerlariga nisbatan qaynash harorati pastligi 
va suvda kam erishini kuzatish mumkin; uchta izomerlardan 
faqatgina o-izomer bug‘ bilan oson haydaladi. Bunday farqlarni 
qanday izohlash mumkin?

10.2-jadval
Nitrofenollarning xossalari

Nitrofenol tqay., °C/70 mm.sim.ust. Suvda eruvchanligi, g/100g
Orto- 100 0,2 (suv bug‘i bilan haydaladi)
Meta- 194 1,35 (bug‘ bilan haydalmaydi)
Para- pachalanadi 1,69 (bug‘ bilan haydalmaydi)

An important point emerg-
es from a comparison of the 
physical properties of the 
isomeric nitrophenols. We 
notice that o-nitrophenol has 
a muoh lower boiling point 
and much lower solubility in 
water than its isomers; it is 
the only one of the three that 
is readily steam-distillable. 
How can these differences be 
accounted for?
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Dastavval meta- va para- izomerlarni ko’rib chiqsak. Ular yuqori qaynash haroratlariga ega va 
bu o’z-o’zidan ma`lumki vodorod bog‘lanishning mavjudligi bilan bog‘liq.

Ularning suvda eruvchanligi suv molekulalari bilan vodorod bog‘lanish hosil qilishi bilan 
izohlanadi.

Suv bug‘i bilan oson haydalishi; suvning qaynash haroratidagi 
moddani egiluvchanligining yuqoriligi bilan bog‘liq: meta- 
va para-izomerlarda molekulalararo vodorod bog‘ bug‘ning 
egiluvchanligini pasaytiradi, buning natijasida modda suv bug‘i 
bilan haydalish xususiyatini yo’qotadi.

Ayni omillarning mos emasligini o-izomer uchun qanday 
izohlash mumkin? Modellarni o’rganish shuni ko’rsatadiki NO2 
 va OH-guruhlari o’zaro shunday joylashadiki, bunda ichki 
molekulyar vodorod bog‘lanish hosil bo’lishiga imkoniyat paydo 
bo’ladi. Bunday ichki molekulyar vodorod bog‘lanish fenollardagi kabi molekulalararo vodorod 
bog‘lanish o’rniga yoki suv bilan hosil bo’luvchi vodorod bog‘lanish o’rniga hosil bo’ladi; shuning 
uchun o-nitrofenolda assotsiyalangan suyuqliklar uchun xos bo’lgan uchuvchanlik mavjud bo’lmaydi 
va vodorod bog‘lanish hosil qiluvchi birikmalarga xos bo’lgan suvda qiyin erish xususiyati ta`sir 
ko’rsatmaydi.

Adabiyotlardan ma`lumki, bir molekuladagi ikki atom orasida muvozanatda bo’luvchi vodorod 
yoki metall atomining holati xelat holat deyiladi. Bunga misol qilib, o’simlik va hayvon organizmida 
muhim ahamiyatga ega bo’lgan xelatlarni - xlorofil va geminlarni misol qilish mumkin.

Let us consider first the 
m- and p-isomers. They have 
very high boiling points be-
cause of intermolecular hy-
drogen bonding: Their sol-
ubility in water is due to 
hydrogen bonding with water 
molecules:

This intramolecular hy-
drogen bonding takes the 
place of w/mnolecular hy-
drogen bonding with other 
phenol molecules and with 
water molecules; therefore 
o-nitrophenol does not have 
the low volatility of an asso-
ciated liquid, nor does it have 
the solubility characteristic 
of a compound that forms hy-
drogen bonds with water.

N

H – O 

O O

N

H – O 

O O

MOLEKULALARARO 
VODOROD 

BOG'LANISH

N
H – O O O

O – H O – H 

H

H

N
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O

ICHKIMOLEKULYAR
VODOROD 

BOG'LANISH

o-nitrofenol
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Ichkimolekulyar vodorod bog‘lanish, tuzilishdagi imkoniyatlar bilan bog‘liq holatda doimiy 
vujudga kelishi isbotlangan: quyida bunga ko’plab misollar beriladi.

Fenol tuzlari. Fenollar kislota xususiyatiga ega bo’lib, bu borada spirtlardan farq qiladi 
(spirtlarning kislotaliligi, hatto suvnikidan ham kuchsiz ekanligini eslatib o’tamiz. Ishqorlarning 
suvli eritmalarida fenollar tuz hosil qiladi; ayni tuzlar mineral kislotalarning suvli eritmalarida 
qayta erkin fenollarga o’tadi. Kutilganidek, fenollar va ularning tuzlari eruvchanligi borasida 
qarama-qarshi xususiyatlarga ega; tuzlar suvda yaxshi eriydi, organik erituvchilarda esa erimaydi.

Ko’pchilik fenollar Kα kattalik shkalasida 10–10 birlikka ega, ular karbon kislotalarga nisbatan 
(Kα≈10–5) kuchsiz kislotalardir. Fenollar karbon kislotalardan farq qilib, bikarbonatning suvli 
eritmasida erimaydi va bu ularning kuchsiz kislota ekanligi bilan bog‘liq. Shu bilan birga fenollarni 
tuzlaridan chumoli kislota yordamida oson ajratib olish mumkin.

Fenollarning kislotaliligi va ular tuzlarining suvda eruvchanligidan - ularni tahlil qilishda yoki 
ajratishda foydalanish mumkin. Suvda erimagan birikma, ishqorning suvli eritmasida eriydi, lekin 

bikarbonatning suvli eritmasida erimaydi va suvdan kuchli 
kislota bo’lishi kerak, ammo karbon kislotalardan kuchsiz; bu 
chegaralarda joylashuvchi birikmalarning ko’pchiligi, fenollar 
qatoriga kiradi. Fenollar kislota xususiyatiga ega bo’lmagan 
birikmalardan, asoslarda eruvchanligi orqali ajratilishi mumkin: 
karbon kislotalardan ajratish usuli fenollarning bikarbonat 
eritmalarida erimasligiga asoslangan.

Manbalari. Sanoatda fenollarning ko’pchiligi laboratoriya 
sharoitidagi olinish usullaridan foydalanib ishlab chiqariladi. 
Lekin shu bilan birga ularning maxsus sanoat usullari ham 

N – O
H

O

magniy 8-oksixinolyat

N
Mg O

N

C – C 
H3C CH3

O – N
Ni

N – OO – N
C – C 

H3C CH3

H

nikel dimetilglioksim kompleksi

Phenols are fairly acidic 
compounds, and in this re-
spect differ markedly from al-
cohols, which are even more 
weakly acidic than water. 
Aqueous hydroxides convert 
phenols into their salts; aque-
ous mineral acids convert the 
salts back into the free phe-
nols.

Most phenols are made in-
dustrially by the same meth-
ods that are used in the lab-
oratory; these are described. 
There are, however, special 
ways of obtaining certain of 
these compounds on a com-
mercial scale, including the 
most important one, phenol.

Ar – OH Ar – O–OH –
H +

fenol (kislota), 
suvda erimaydi

fenolyat-ion (tuz), 
suvda eriydi

CO2 +  H2O H2CO3  +  Ar – O –Na+

kuchli
kislota

suvda
eriydi

Na+HCO3  +  Ar – OH–

kuchsiz kislota
(suvda erimaydi
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ma`lum. M-n, katta miqdorlarda ishlab chiqariluvchi fenol (aromatik birikmalar orasida eng katta 
miqdor ishlab chiqariluvchi birikmadir) maxsus usulda ishlab chiqariladi. Ishlab chiqarilayotgan 
fenolning asosiy qismi fenol-formal degid polimeri ishlab chiqarish uchun sarflanadi.

Fenol va krezollarning bir qismi toshko’mir smolasidan olinadi. Fenolning asosiy qismi (90 
% dan ko’prog‘i) sintez qilinadi; bu sintez usullari natriy benzolsul fonatni natriy ishqori bilan 
toblashga, xlorbenzolni natriy ishqorining suvli eritmasi bilan 360 °C da gidroliziga hamda kumol 
usuliga asoslangan.

Xlorbenzoldan anilin olish kabi fenol olish ham nukleofil almashinishi reaksiyasi hisoblanadi.

Bа`zi fenollar va ularning oddiy efirlari efir moylaridan ajratib olinadi. Quyida ularning bа`zilari 
berilgan.

Kumolning gidroperoksididan fenol olish. Elektronlar taqchil kislorod atomi bo’yicha 
migratsiya. So’ngi yillarda fenol ishlab chiqarishda muhim o’rin topib borayotgan usullardan biri 
kumol asosidagi sintezdir. Kumol havo kislorodi bilan oksidlanishidan gidroperoksidlarni hosil 
qiladi, ular o’z navbatida kislotalarning suvli eritmasida fenol va atsetonga parchalanadi.

Kumol gidroperoksidining kumolga o’tishi, qayta-guruhlanish bosqichini o’z ichiga olishi taxmin 
qilinadi, chunki peroksidda uglerod atomi fenil guruhi bilan bog‘langan, fenolda esa kislorod bilan 
bog‘langanligini ko’ramiz. Izlanishlar kumol peroksidining qayta guruhlanishi elektronlari taqchil 
kislorod atomiga 1,2-siljish hisoblanadi. Reaksiya quyidagi bosqichlardan o’tishi taxmin qilinadi:

OH
OCH3

evginol
(chinni gul moyi)

CH2CH=CH2

OH
OCH3

izoevginol
(muskat yong'oq moyi)

CH=CHCH3

OCH3

anetol
(anis moyi)

CH=CHCH3

OH
OCH3

vanilin
(vanil mevasi moyi)

CHO

OH
C – H

timol
(yalpiz moyi)

H3C
CH3

CH3
O

safrol (sassafras moyi)

CH2CH=CH2

O
CH2

Cl NaOH, 360 °C
315 atm O–Na+ HCl OH

xlorbenzol natriy fenolyat fenol

kumol

CH3 – C – H
CH3

O2

kumol gidroperoksidi

CH3 – C – OOH
CH3

H2O, H+

fenol
OH

aseton

CH3 – C = O
CH3

+
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I peroksid kislota ta`sirida protonlashgan peroksid hosil qiladi (I-bosqich); protonlashgan 
peroksid suv molekulasini yo’qotadi va intermediat hosil qiladi (2-bosqich) bunda kislorod faqatgina 
6-ta elektronga ega. Fenil guruhining uglerod atomidan elektronlari taqchil kislorod atomiga 
1,2-siljishi II karboniy ioni hosil bo’lishiga olib keladi (3-bosqich), u o’z navbatida suv molekulalari 
bilan ta`sirlashib (4-bosqich) III oksibirikmani hosil qiladi. III birikma yarimatsetal bo’lib, fenol va 
atseton hosil qilib parchalanadi (5-bosqich). 2- va 3-bosqichlar bir vaqtda amalga oshishi taxmin 
qilinadi. Shunday qilib, migratsiyalanuvchi  fenil guruhi suv ajralishini osonlashtirilishi taxmin 
qilinadi.

Jarayonning har bir bosqichi bizga tanish, oksibirikmaning protonlashishi; ionlashishi va elektron 
taqchil zarrachaning hosil bo’lishi; elektronlari taqchil atomga 1,2-siljishi; karboniy ionining suv 
bilan oksibirikma hosil qilishi; yarim atsetalning parchalanishi.

Sintez usullari. Fenollar sof (toza) holatda diazoniy  tuzlaridan foydalaniladi.

kumol gidroperoksidi

CH3 – C – OOH
CH3

+  H+

CH3 – C – O – OH2

CH3

+1-bosqich

2-bosqich

I

CH3 – C – O – OH2

CH3

+
CH3 – C – O

CH3

+

+  H2O

CH3 – C – O
CH3

+

CH3 – C = O
CH3

+
3-bosqich

BIR VAQTDA

II

CH3 – C = O
CH3

+4-bosqich +  H2O CH3 – C – O 
CH3

+
OH

CH3 – C – O 
CH3

OH
+  H+

III

CH3 – C – O 
CH3

OH
H+

5-bosqich CH3 – C 
CH3

O
+  HO 

III aseton fenol

In the laboratory, phenols 
are generally prepared by 
one of the two methods out-
lined below.

Hydrolysis of diazoni-
um salts is a highly versatile 
method of making phenols.

It is the last step in a syn-
thetic route that generally be-
gins with nitration.
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Sulfokislotalarni ishqorlar ishtirokida toblash orqali fenollar hosil qilishda, qo’shimcha 
mahsulotlar ko’plab hosil bo’ladi, ayniqsa halqada -COOH, Cl, NO2 yoki boshqa funksional guruhlar 
bo’lsa.

Arilgalogenidlardan fenollar olish ham chegaralangan va galogen atomiga nisbatan orto- va 
para- holatlarda kuchli elektroaktseptor guruhlar saqlagan fenollar olishda ko’proq foydalaniladi; 
bu usul bilan katta miqdorda 2,4-dinitrofenol va 2,4,6-trinitrofenol (pikrin kislota) olinadi. 

Reaksiyalari. Fenollarning ajoyib kimyoviy xususiyatlaridan biri, kislotaliligidan tashqari, 
aromatik halqa almashinishi reaksiyalaridagi reaksion qobiliyatining yuqoriligidir. Bunday 
reaksiyalarda ham fenollarning kislotaliligi muhim ahamiyatga ega; fenolning ionlanishi, to’liq 
manfiy zaryadni o’zida mujassam qilgani uchun OH-guruhiga nisbatan kuchli elektronlar donori 
bo’lgani uchun –O guruhining vujudga kelishiga sabab bo’ladi.

Fenollar nafaqat elektrofil almashinishi reaksiyasiga kirishadi, balki halqaning reaksion 
qobiliyati yuqoriligi tufayli boshqa reaksiyalarga ham oson kirisha oladi. Quyida bu reaksiyalarning 
bа`zilari berilgan. 

SINTEZ  USULLARI

Diazoniy tuzlarining gidrolizi

ArN2 +  H2O+ ArOH +  N2 +  H+

MISOL N2 HSO4
+ –

Cl

H2O, H+

qizdirish

OH

Cl
+  N2 +  H2SO3

m-xlorfenildiazoniy
sulfokislota

m-xlorfenol

Sulfonatlarni ishqorlar bilan toblash

SO3Na

CH3
natriy-p-toluol

sulfonat

NaOH, KOH, 300 °C

ONa

CH3

H2SO4

OH

CH3
p-krezol

ArSO3Na  +  2NaOH ArONa +  Na2SO3
H2SO4 ArOH

MISOLLAR

Cl
NO2

NO2

NaOH

2,4-dinitro-
xlorbenzol

ONa
NO2

NO2

H+

natriy 2,4-dinitro-
fenolyat

OH
NO2

NO2

HNO3

2,4-dinitrofenol

H2SO4

OH
NO2

NO2
2,4,6-trinitro-

fenol

O2N

REAKSIYALARI
Kislotaliligi. Tuz hosil qilishi

ArSO3Na  +  H2O ArO– +  H3O+

OH  +  NaOH ONa +  H2O

MISOL
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Dehydration
We discussed the dehy-

dration of alcohols at some 
length earlier. It might be 
well, however, to summarize 
what we know about this re-
action at our present level of 
sophistication.

The following methods are 
generally used for the labora-
tory preparation of

ethers. (The William-
son  synthesis is used  for 
the preparation  of aryl alkyl 
ethers industrially, as well.)

Oddiy efirlar sintez qilish. Bilyamson sintezi
ArO – +   RX ArOR +  X –

OH  +  C2H5J OC2H5
NaOH suvli eritmasi

qizdirish

etilfenil efiri (fenetol)

OH  +

OCH2

p-tolil-p-nitrobenzil efiri

H3C NO2BrCH2

H3C NO2

NO2
OH

o-nitrofenol

+  (CH3)2SO4

NO2
OCH3

o-nitroanizol
(metil-o-nitrofenil efiri)

+ CH3SO4Na

p-krezol p-nitrobenzilbromid

dimetilsulfat

MISOLLAR

NaOH suvli eritmasi
qizdirish

NaOH suvli eritmasi
qizdirish

OH  + ClCH2COOH

fenol
xlorsirka kislota

OCH2COONaNaOH suvli eritmasi
qizdirish

OCH2COONa
HCl

OCH2COOH

fenoksisirka kislota

Murakkab efirlar hosil qilish:

ArOH
Ar–O–CO–RRCOCl

Ar′SO2Cl Ar–O–SO2Ar′

OH  + – O – CO –NaOH

fenilbenzoat

COCl

fenol benzoilxlorid

OH  +  (CH3CO)2O

p-nitrofenol

CH3COONa O–CO–CH3

p-nitrofenilasetat

O2N O2N
sirka angidrid

OH  + SO2Cl

o-bromfenol p-toluolsulfoxlorid

Br

H3C
piridin O–SO2– CH3

orto-bromfenil-para-toluolsulfonat

Br

MISOLLAR
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Xalqa bo’yich reaksiyalar:

– OH
– O –

Aromatik qatordagi elektrofil o'rin olish
reaksiyalarida xalqani faollashtiradi va
orto- hamda para-holatlarga yo'naltiradi

– OR OH guruhiga nisbatan kuchsiz faollashtiruvch guruh

a) Nitrolash
OH

fenol

NO2

OH

o-nitrofenol

va

NO2

OH

p-nitrofenol

suyul. HNO3, 20°C

b) Sulfolash

OH

fenol

H2SO4

OH

o-fenolsulfokislota
SO3H10 - 20 °C

100 °C

OH

p-fenolsulfokislota

SO3H

H2SO4

100 °C

Let us try to get a broad-
er picture of the synthesis of 
complicated alcohols.

We learned that they are 
most often prepared by the 
reaction of Grignard reagents 
with aldehydes or  ketones.  
In  this  chapter  we  liave  
learned that aldehydes and 
ketones, as well as the alkyl 
halides from which the Gri-
gnard reagents are made, are  
themselves  most  often  pre-
pared  from  alcohols.  Final-
ly, we know that the simple 
alcohols are among our most 
readily available compounds. 
We have available to us, then, 
a synthetic route  leading 
from simple alcohols to more 
complicated  ones.

v) galagenlash
OH

fenol

Br
OH

2,4,6-tribromfenol

Br2, H2O

Br

Br

OH

fenol

OH

p-bromfenol

Br2, CS2, 0 °C

Br

g) Fridel-Krafts usulida alkillash

OH

fenol

HF+  Cl – C – CH3

CH3

CH3
OH

p-uchlamchibutilfenol

CH3 – C – CH3

CH3

Halqa bo‘yicha reaksiyalar:

halqani faollashtiradi va
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g) Fridel-Krafts usulida atsillash. Fris qaytaguruhlanishi:

OH

rezosin

ZnCl2+  CH3(CH2)4COOH

OH

n-pentil-2,4-dioksifenilketon
O = C(CH2)4CH3

OH OH

OH

m-krezol

AlCl3(CH3CO)2O

OH

2-metil-4-oksoasetofenon
O = C – CH3

CH3

CH3

kapron kislota

OCOCH3

m-krezol

CH3
OH

4-metil-2-oksoasetofenon

C
CH3

O

H3C

25 °C

160 °C

asosiy mahsulot

asosiy mahsulot

g) Nitrozirlash
OH

o-krezol

+  NaNO2 +  H2SO4

OH

4-nitrozo-2-metilfenol
N = O

CH3 CH3

d) Azoqo’shish reaksiyalari

OH

fenol

+

N2Cl

fenildiazoniy xlorid

– N = N –

4-oksiazobenzol

OH

e) Karboksillash. Kolbe reaksiyasi

ONa

natriy fenolyat

+ CO2
125 °C, 4 - 7 atm

OH

salisil kislota

COONa
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Oddiy efirlar hosil qilish. Vil yamson sintezi. Avval muhokama 
qilinganidek, fenollar alkil galogenidlar bilan ishqoriy 
eritmalarda reaksiyaga kirishib oddiy efirlarni hosil qiladi; 
metilefirlari dimetilsulfat bilan ta`siridan hosil bo’ladi. Fenol 
ishqoriy eritmada fenolyat-ion holatida bo’lib, nukleofil reagent 
kabi ta`sir ko’rsatadi va galogenidga hujum (yoki sul fatga) qilib, 
galogen - ionini (yoki sul fat - ionni) siqib chiqaradi.

Bа`zi oddiy efirlarni natriy alkogolyatlarni arilgalogenidlar bilan reaksiyasi orqali sintez qilinishi 
mumkin, m-n:

Alkooksi guruhlar fenollashtiruvchi guruhlar bo’lsada va orta-, para- yo’naltiruvchisi 
hisoblansada, OHguruhiga nisbatan sust. Buning natijasida oddiy efirlar, chiquvchi guruhning 
faolligini talab etuvchi reaksiyalarga kirishmaydi: m-n, azo qo’shish, Kolbe reaksiyasi, Reymer-
Timon reaksiyasi va h.k. Reaksion qobiliyatdagi bunday farq, fenolga nisbatan oddiy efirning 
ionlasha olmasligi fenolyat-ionning hosil bo’lmasligi bilan izohlanadi.

Reaksion qobiliyatining sustligi bilan aromatik efir halqasi, oksidlanish reaksiyasida fenolga 
nisbatan sust:

k) formaldegid bilan reaksiyasi
OH

fenol

+ HCHO
H2SO4   yoki

NaOH

OH

o-oksibenzil spirti

CH2OH qizdirish polimer
(bakelit)

ArOH OH –
ArO –

RX

(CH3)2SO4

ArO – R  +  X–

ArO – CH3 +  CH3OSO3
–

j) Aldegidlar hosil bo’lishi. Reymer - Timan reaksiyasi
OH

fenol

+ CHCl3
NaOH [H2O]

OH

salisil aldegid

CHO

Cl

2,4-dinitroxlorbenzol

NO2

NO2

+  Na O CH3
+ –

OCH3

2,4-dinitroanizol

NO2

NO2

As already discussed, 
phenols are converted into 
ethers by reaction in alka-
line solution with alkyl ha-
lides; methyl ethers can also 
be prepared by reaction with 
methyl sulfate. In alkaline 
solutions a phenol exists as 
the phenoxide ion which, act-
ing as a nucieophiiic reagent, 
attacks the halide (or the sui-
fate) and displaces halide ion 
(or sulfate ion).

Phenols are usually con-
verted into their esters by the 
action of acids, acid chlorides, 
or anhydrides as discussed in 
Sees.

When esters of phenols 
are heated with aluminum 
chloride, the acyl group mi-
grates from the phenolic oxy-
gen to an ortho or para posi-
tion of the ring, thus yielding 
a ketone.

CH3

p-metilanizol

CH3O KMnO4, OH –
qizdirish

H+ COOH

anis kislota

CH3O
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Murakkab efirlar hosil bo’lishi. Fris qayta guruhlanishi. 
Kislotalar, kislota xlorangidridlari yoki angidridlar ta`sirida 
fenollar murakkab efirlar hosil qiladi. Bu jarayonga ko’plab 
misollar ko’rib o’tilgan.

Fenollarning murakkab efirlar alyuminiy xlorid ishtirokida 
qizdirilganda, atsil-guruhining OH-guruhi kislorodidan 
halqaning orto- yoki para-holatiga migratsiyasi kuzatiladi va 
mos ketonlar hosil bo’ladi. Bu reaksiyadan ko’pincha aromatik 
ketonlar sintezida foydalaniladi va Fris qayta guruhlanishi 
deyiladi.

Qayta guruhlanish atsiliy-ionining RCO+ generatsiyasi bosqichi bilan bog‘liq bo’lib, u o’z navbatida 
halqaga Fridel -Krafts usulida atsillash sxemasi bo’yicha hujum qiladi.

Nitrolash. Fenol kons. HNO3 ta`sirida 2,4,6-trinitrofenol (pikrin kislota) hosil qiladi. Nitrolash 
oksidlanish bilan amalga oshadi. 

Mononitrofenollar olish uchun suyultirilgan nitrat kislotadan foydalanish kerak va reaksiya past 
haroratlarda olib boriladi; bunday sharoitlarda ham mahsulot chiqishi yuqori emas. Hosil bo’luvchi 
izomerlar suv bug‘i yordamida haydash orqali oson ajratiladi:

Sul folash. Fenolni sul folash oson boradi va asosan orto- va para- izomerlarni hosil bo’lishi bilan 
amalga oshadi va bu haroratga bog‘liq.

OH

fenol

C2H5COCl

O – CO – C2H5

fenilpropionat

AlCl3

CS2

OH
CO – C2H5

etil-o-oksifenilketon

va

OH

CO – C2H5
etil-p-oksifenilketon(suv bug’i bilan haydaladi)

(suv bug’i bilan haydalmaydi)

Like the amino group, the 
phenolic group powerfully 
activates aromatic rings to-
ward electrophilic substitu-
tion, and in essentially the 
same way. The intermediates 
are hardly carbonium ions at 
all, but rather oxonium ions 
(like I and II), in which every 
atom (except hydrogen) has a 
complete octet of electrons; 
they are formed tremendous-
ly faster than the carbonium 
ions derived from benzene 
itself.

Phenol is converted by 
concentrated nitnc acid into 
2,4,6-trinitrophenol (picric 
acid), but the nitration is ac-
companied by considerable 
oxidation.

OH

fenol

HNO3

OH

2,4,6-trinitrofenol
NO2

NO2O2N

OH

fenol

NO2

OH

o-nitrofenol

va

NO2

OH

p-nitrofenol

suyul. HNO3, 20 °C
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Galogenlash. Fenollarning yuqori reaksion qobiliyat namoyon etishi, ularni bromli suv bilan 
qayta ishlanishidan, orto- va para- holatlardagi barcha vodorodlarning galogen bilan almashinishi 
kuzatiladi (boshqa vodorodlar ham almashinishi mumkin), m-n:

Agar galogenlash ham qutblangan erituvchilarda olib borilsa, (xloroform, tetraxlorli uglerod) 
reaksiyani monogalogenlash tomonga yo’naltirish mumkin, m-n:

Qutblangan erituvchi, suv, galogenlashni tezlashtirishi 
mumkin va bunga sabab: a) fenolning ionlanishiga hamohanglik 
qiladi va reaksion qobiliyati yuqori bo’lgan fenolyat-ion hosil 
bo’ladi yoki b) qutblangan o’tish holatini barqarorlashtiradi (oraliq karboniy-ioni hosil bo’lish 
bosqichida).

OH

fenol

H2SO4

OH

o-fenolsulfokislota

SO3H10 - 20 °C

100 °C

OH

p-fenolsulfokislota
SO3H

H2SO4
100 °C

ASOSIY MAHSULOT

ASOSIY MAHSULOT

OH

fenol

Br
OH

2,4,6-tribromfenol

Br2, H2O

Br

Br

OH

o-krezol

CH3

OH

4,6-dibrom-2-metilfenol
Br

BrCH3 +  2HBr

+  3HBr

OH
Br

OH
Br

SO3H

+  3HBr  +  H2SO4

Br
p-fenilsulfokislota 2,4,6-tribromfenol

Br2, H2O

Br2, H2O

OH

fenol

OH

p-bromfenol

Br2, CS2, 0 °C

Br

va

OH

o-bromfenol

Br

Alkylphenols can be pre-
pared by Friedel-Crafts al-
kylation of phenols, but the 
yields are often poor.

Although phenolic ketones 
can be made by direct acyla-
tion of phenols, they are more 
often prepared in two steps 
by means of the Fries rear-
rangement
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Fridel-Krafts bo’yicha alkillash va atsillash. Alkilfenollarnit Fridel-Krafts usulida fenolni 
oksidlash orqali hosil qilish mumkin, bu reaksiyaning unumdorligi past.

OH-guruhi saqlovchi aromatik ketonlar fenollarni to’g‘ridan-to’g‘ri atsillash orqali hosil qilinsada, 
ularni ko’pincha ikki bosqichli Fris qayta guruhlanishi orqali sintez qilinadi.

Nitrozirlash. Azot kislotasi fenollarni nitrozofenollarga o’tishini ta`minlaydi.

Fenollar-kuchsiz elektrofil nitrozoniy-ioni HO+ bilan 
reaksiyaga kirishuvchi kam sonli reagentlar qatoriga kiradi.

Diazoniy tuzlari bilan azo qo’shish reaksiyalari. Fenoldagi 
aromatik halqa faol bo’lib, diazoniy tuzlari bilan azobirikmalar 

hosil qiladi. Bu reaksiya bilan keyingi mavzularda batafsil tanishib o’tamiz, ayni mavzuda esa 
faqatgina reaksiya sxemasini keltirib o’tilgan.

Kolbe reaksiyasi. Fenol karbon kislotalar sintezi. Fenol tuzlarini uglerod dioksid bilan qayta 
ishlash halqadagi vodorod atomini karboksil guruhiga (–COOH) almashinishga olib keladi. Bu 
reaksiya Kol be reaksiyasi nomi bilan yuritiladi; buning natijasida o-oksibenzoy kislota - salitsil 
kislota hosil bo’ladi. bunda n-oksibenzoy kislota qo’shimcha mahsulot  sifatida hosil bo’lsada, bu 
ikki izomerni suv bug‘i yordamida haydash bilan  oson ajratish mumkin; bunda orto-izomer avval 
haydaladi.

Dastlab CO2 ning hujumi fenoldagi –ONa guruhi bo’yicha kuzatiladi (halqa bo’ylab emas). Har 
holda oxirgi mahsulot   reaksion qobiliyati yuqori halqadagi elektron taqchil uglerod atomi bo’yicha 
elektrofil hujumi natijasida hosil bo’ladi.

Reymer-Timan reaksiyasi. OCguruhi saqlovchi aromatik al degid sintezi. Dixlormetilen. 
Fenolning xloroform bilan ishqorning suvli eritmasidagi reaksiyasi natijasida aromatik halqaning 
orto-holati bo’yicha –CHO al degid guruhining kiritilishi kuzatiladi. Bu reaksiya Reymer-Timon 
reaksiyasi deb ataladi. 

OH

fenol

NaNO2 +  H2SO4

OH

p-nitrozofenol
(mahsulot chiqimi 80 %)

N = O

7 - 8 °C

Treatment of the salt of a 
phenol with carbon dioxide 
brings about substitution of 
the carboxyl group, COOH, for 
hydrogen of the ring. This re-
action is known as the Kolbe 
reaction; its most important 
application is in the conver-
sion of phenol itself into 0-hy-
droxybenzoic acid, known as 
salicylic acid.

ONa

+   C

O

O δ –

δ –

δ +
120 °C, 4 - 7 atm

OH
COONa H+

OH
COOH

natriy salisilat salisil kislota

OH
CHCl3, NaOH [H2O]

O –
CHCl2

O –
CHO HCl

OH
CHO

salisil aldegid
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Dastlab almashingan benzol xlorid hosil bo’ladi, benzol xlorid gidrolizlanishidan al degid guruhi 
hosil bo’ladi.

Reymer-Timon reaksiyasi juda faol fenolyat-ioni halqasidagi elektrofil almashinish bosqichini o’z 
ichiga oladi. Elektrofil reagent bo’lib, dixlormetilen :CCl2 xizmat qiladi va o’z navbatida xloroformga 
ta`siridan hosil bo’ladi. Dixlormetilen elektrik nuqtai nazaridan neytral bo’lsada, u elektronlar 
seksteti tashuvchi uglerod atomi saqlaydi va shuning uchun kuchli elektrofil hisoblanadi.

Dixlormetilen quyidagi reaksiyalar ketma-ketligi orqali 
hosil bo’lishi Xayn Dj (Jorjiya shtati texnologik instituti) 
izlanishlaridan ma`lum.

Formal degid bilan reaksiyalari. Dastlabki sun`iy polimerlardan biri fenol va formal degiddan hosil 
bo’luvchi - fenol-formal degid smolalari (balelit va unga yondosh bo’lgan polimerlar) hisoblanadi. 
Fenol-formal degid bilan ishqor yoki kislota ishtirokida reaksiyaga kiritilib, yuqori molekulali 
birikma hosil qilinadi, unda fenol halqalari –CH2- guruhi orqali bog‘lanadi.

OH

fenol

+ HCHO H2SO4   yoki
NaOH

OH

o-oksibenzil spirti

CH2OH

OH

o-oksibenzil spirti

CH2OH
+

OH OH
CH2 OH

HCHO
C6H5OH

OH
CH2 OH

CH2

CH2

H2C

CH2

HO

CH2

CH2

O –

+  :CCl2

:O:
..

H

CCl2–

O –
CHCl2

elektrofil reagent

OH– +  CHCl3 H2O  +  :CCl3
– Cl– +  :CCl2

dixlormetilen
(dixlorkarben)

1-bosqich CHCl3 +  OH– CCl3
– +  H2O

2-bosqich CCl3
– +  H2O Cl– +  :CCl2

tez reaksiya mahsuloti
(alkenlarga birikish, 

Gidroliz, Reymer-Timan reaksiyasi)

Treatment of a phenol 
with chloroform and aqueous 
hydroxide introduces an al-
dehyde group, CHO, into the 
aromatic ring, generally or-
tho to the OH.

This reaction is known as 
the Reimer-Tiemann reac-
tion.

Infrared. As can be seen, 
phenols show a strong, broad 
band due to O H stretching in 
the same region, 3200-3600 
cm–1, as alcohols.
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Polimer hosil bo’lishi quyidagi bosqichlarni o’z ichiga oladi. 
Fenol-formal degid bilan o- yoki p-oksimetilfenol boshqa 
molekula fenol bilan ta`sirlashib, suvni siqib chiqaradi va ikki 
fenol halqasi bir –CH2-metilen guruhi bilan bog‘lanuvchi birikma 
hosil bo’ladi. Bu jarayon yana davom etadi va yuqori molekulyar 
massali birikma hosil bo’lishiga olib keladi. Fenolning har bir 
molekulasida hujum uchun uchtadan markazlar bo’lgani uchun 
reaksiya natijasida hosil bo’luvchi mahsulot ko’plab ko’ndalang 
bog‘lar saqlaydi va qattiq tuzilishga ega bo’ladi.

Reaksiyaning birinchi bosqichi formal degiddagi elektron 
taqchil uglerod atomi ta`sirida halqa bo’ylab elektrofil 
almashinish reaksiyasi deb qaralishi mumkin. Shu bilan birga 

aromatik halqaning karbonil guruhi bo’yicha nukleofil birikish reaksiyasidir.
Asos fenolni yanada reaksion qobiliyati yuqori bo’lgan fenolyat-ionga o’tishini ta`minlovchi 

katalizator hisoblanadi. Kislota esa formal degidni protonlanishiga olib keladi va bu bilan karbonil 
uglerodida elektronlar zichligi ortadi.

Fenollarning tahlil qilish usullari. Fenollar uchun xos bo’lgan xususiyatlar ularning kislotaliligidir. 
Fenollarning ko’pchiligi - suvga nisbatan kuchli kislota, lekin karbon kislotalarga nisbatan kuchsiz. 
Shuning uchun suvda erimaydigan, ishqorning suvli eritmasida eriydigan, natriy bikarbonatning 
suvli eritmasida erimaydigan modda fenol bo’ladi. 

Ko’pchilik fenollar (hammasi emas) temir-(III)-xlorit bilan rangli komplekslar (ularning rangi 
yashildan ko’kkacha yoki binafshadan qizilgacha o’zgaradi) hosil qiladi.

Fenollar ko’pincha bromlash, oddiy va murakkab efirlar hosil qilishi orqali tahlil qilinadi.
Spektral tahlil. Infraqizil spektrlar. Fenollar uchun kuchli keng valent tebranishlar xarakterli 

bo’lib, bu chiziqlar O – H xos va spirtlarda ham kuzatiladi.
O – H valent tebranish; keng, kuchli chiziqlar.
Fenollar va spirtlar 3200 - 3600 sm-1.
Fenollar spirtlardan C - O uchun valent tebranishlari mavjudligi bilan farqlanadi.
                                  C – O valent tebranish, keng, kuchli chiziqlar.

                   Fenollar ~1230 sm-1                                                  Spirtlar 1050 - 1200 sm-1.
Fenollarning oddiy efirlari uchun O – H chiziqlar kuzatil-maydi, lekin ular uchun C – O valent 

tebranishlari xarakterli. 

The most characteristic 
property of phenols is their 
particular degree of acidity.

Most of them are stronger 
acids than water but weak-
er acids than carbonic acid. 
Thus, a water-insoluble com-
pound that dissolves in aque-
ous sodium hydroxide but not 
in aqueous sodium bicarbon-
ate is most likely a phenol.

O –

OH

C = O 
H

H
+

:O:
..

H

CH2O–

O –
CH2OH

ISHQORIY GIDROLIZ

nukleofil reagent
elektrofil reagent

C = OH 
H

H
+

elektrofil reagent

+

nukleofil reagent

:O:H
..

H

CH2OH

+

H2O

OH
CH2OH

KISLOTALI GIDROLIZ

H2O
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C – O valent tebranishlari, keng, kuchli chiziqlar. Aril va vinil oddiy efirlari 1200 - 1275 sm–1 va 
kuchsiz 1020 - 1075 sm–1. Alkil efirlari 1060 - 1150 sm–1.  

TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1-topshiriq. Quyidagi birikmalarning tuzilish formulalarini yozing:
a) 2,4-dinitrofenol   b) m-krezol
v) gidroxinon   g) rezrotsin
d) 4-n-geksilrezrotsin  e) pirokatexin
j) pikrin kislota   z) fenilatsetat
i) anizol    k) salitsil kislota
l) etilsalitsilat
2-topshiriq. Fenolni quyidagi birikmalardan olish uchun zarur bo’ladigan reagentlarni va mos 

sharoitlarni ko’rsating.
a) anilin    b) benzolsul fokislota
v) xlorbenzol   g) kumol (izopropilbenzol)
d) benzoldan a - g birikmalarni olish va fenolga o’tish bosqichlar ketma-ketligini yozing.
e) bu usullarining qaysilari sanoat miqyosida fenol olish uchun xizmat qiladi? 
3-topshiriq. Quyidagi moddalarni sanoat miqyosida olish usullarining barcha bosqichlarini 

yozing:   
a) gvyakoldan (o-CH3OC6H4OH) pirokatexin
b) fenoldan pirokatexin
v) benzoldan rezortsin
g) xlorbenzoldan pikrin kislota
d) pirokatexindan veratol (o-C6H4(OCH3)2)
4-topshiriq. Quyidagi birikmalarni benzol va (yoki) toluoldan foydalanib laboratoriya sharoitida 

sintez qilish usullari reaksiyalarini yozing.  
a) - v) uchta izomer krezollarni   g) n-yodfenol
d) m-ftorfenol    e) o-bromfenol
j) 3-brom-4-metilfenol   z) 2-brom-4-metilfenol
i) 2-brom-5-metilfenol   k) 5-brom-2-metilfenol
l) 2-oksi-5-metilbanzal degid  m) n-izopropilfenol
n) 2,6-dibrom-4-izopropilfenol  o) 2,4-dinitrofenol 
p) o-metoksibenzil spirti  
5-topshiriq. o-Krezolni quyidagi reagentlar bilan reaksiyasi natijasida hosil bo’luvchi asosiy 

mahsulotlarni nomlang:
a) NaOH [H2O]   b) NaHCO3 [H2O]
v) issiq kons. HBr   g) dimetilsul fat, NaOH [H2O]
d) benzilbromid, NaOH [H2O] e) brombenzol, NaOH [H2O] 
j) 2,4-dinitroxlorbenzol, NaOH [H2O]   z) sirka kislota, H2SO4
i) sirka angidrid    k) ftal angidirid
l) n-nitrobenzilxlorid, piridin ishtirokida 
m) benzilsul foxlorid, NaOH [H2O] n) (i) mahsulot + AlCl3 
o) tionilxlorid   p) temir-(III)-xlorid eritmasi
r) H2, Ni, 200 °C, 20 atm   s) sovuq, suyuq HNO3
t) H2SO4, 15°C     u) H2SO4, 100 °C
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f) bromli suv     x) Br2, CS2
s) NaNO2, suyul. H2SO4   ch) (s) modda + HNO3
sh) n-nitrofenildiazoniy xlorid    yu) CO2, NaOH, 125 °C, 5 atm
e) CHCl3, NaOH [H2O], 70 °C 
6-topshiriq. 5-topshiriqdagi reagentlarning anizol bilan reaksiyasini yozing.   
7-topshiriq. 5-topshiriqdagi (a - p) reagentlarni benzil spirti bilan reaksiyalarini yozing.  
8-topshiriq. Quyidagi birikmalarning kislotalik xususiyati ortib borish tartibida joylashtiring:
a) benzolsul fokislota, benzoy kislota, benzil spirti, fenol;
b) chumoli kislota, fenol, sul fat kislota, suv;
v) m-bromfenol, m-krezol, m-nitrofenol, 2,4,6-trixlorfenol;
g) n-xlorfenol, 2,4-dixlorfenol, 2,4,6-trixlorfenol
9-topshiriq. Quyidagi moddalarni qanday reaksiyalar yordamida farqlash mumkin.
a) fenol va o-ksilol;
b) n-etilfenol, n-metilanizol, n-metilbenzil spirti;
v) 2,5-dimetilfenol, fenilbenzoat, m-toluil kislota;
g) anizol va o-toluidin
d) atsetilsalitsil kislota, atsetilsalitsil kislota etil efiri, etilsalitsilat, salitsil kislota;
e) m-dinitrobenzol, m-nitroanilin, m-nitrobenzoy kislota, m-nitrofenol. 
Nima qilish kerak ekanligini va nima kuzatilishini aniq tasvirlang.
10-topshiriq. Yuqoridagi topshiriqdagi a, v, g, e qator aralashmalarni ajratish usullarini taklif 

qiling. Nima qilish kerak ekanligini va nima kuzatilishini aniq tasvirlang. 
11-topshiriq. Quyidagi aromatik uglevodorodlardan va zarur reagentlardan foydalanib o’tish 

yo’llar ketma-ketligini yozing. 
a) xlorbenzoldan 2,4-diaminofenol (amidol fotografiyada ishlatiladi) 
b) pirokatexindan 4-amino-1,2-dimetoksibenzol
v) rezotsindan 2-nitro-1,3-dioksibenzol 
g) fenoldan n-uchlamchi-butilfenol  
j) mezitilendan 2,4,6-trimetilfenol
e) fenoldan 4-(n-oksifenil)-2,2,4-trimetilpentan
z) fenoldan 2-fenoksi-1-brometan
i) fenoldan vinilfenilefiri 
k) m-krezoldan 2,6-dinitro-4-uchlamchi-butil-3-metilanizol
l) toluoldan 5-metil-1,3-dioksibenzol
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KARBONILLI BIRIKMALAR. 
AL DEGID VA KETONLAR

Tuzilishi. Al degidlar - RCHO, ketonlar esa RR′CO umumiy 
formulalar bilan ifodalanuvchi birikmalardir. R va R′ guruhlari 
alifatik yoki aromatik bo’lishi mumkin.

Al degidlar ham ketonlar ham karbonil guruhi С = O saqlaydi 
va shuning uchun ularni karbonilli birikmalar deyiladi. Karbonil 
guruhining mavjudligi al degid va ketonlarning kimyoviy 
xususiyatlarini belgilab beradi.

Al degid va ketonlarning aksariyat xususiyatlari o’xshash, lekin 
al degid molekulasida karbonil guruhiga qo’shni vodorod atomi, 
keton molekulasida esa ikki radikal mavjud. Tuzilishdagi bunday 
farq: a) al degidlarning oson oksidlanishini; b) al degidlarning 
ketonlarga nisbatan nukleofil birikish reaksiyalarida faol 
ekanligini ko’rsatadi.

Karbonil guruhining tuzilishini ko’rib o’tsak. Karbonil 
guruhidagi uglerod atomi uchta qo’shni atomlar bilan δ-bog‘lar 
orqali bog‘langan; bu bog‘lar hosil bo’lishida sp2-orbitallar 
ishtirok etgani uchun, ular bir tekislikda o’zaro 120° (2,094 rad) 
burchak ostida joylashadi. Uglerod atomidagi porbital kislorod 
atomidagi porbital bilan o’zaro qoplanishi natijasida π-bog‘ 
hosil bo’ladi va uglerod-kislorod qo’shbog‘ orqali bog‘lanadi. 

O = C
R

H
O = C

R′
R

aldegid

keton

• Aldehydes have a car-
bonyl group bonded to a car-
bon atom on one side and a 
hydrogen atom on the other 
side. (Formaldehyde is an ex-
ception because it has hydro-
gen atoms on both sides.)

• Ketones have a carbonyl 
group bonded to carbon at-
oms on both sides.

11-BOB
 KARBONILLI BIRIKMALAR. 

ALDEGID VA KETONLAR
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Molekulaning bir qismi karbonil guruhining uglerodini qamrab 
olgan qismi tekis; kislorod, karbonil guruhi uglerodi va karbonil 
guruhi bilan bog‘langan ikki atom bir tekislikda yotadi.

C = O qo’shbog‘ni bog‘lovchi elektronlar elektromanfiyligi 
bir-biridan katta farq qiluvchi atomlarni bog‘lab turadi, shuning 
uchun ular teng taqsimlanmagan, jumladan qo’zg‘aluvchan 
π-bulut elektromanfiyligi katta bo’lgan kislorod atomi tomon 
kuchli siljigan.

Karbonil guruhining qutblanganligi

Nomenklaturasi. Al degidlarning empirik nomlari karbon 
kislota nomidagi “kislota” so’zini “al degid” so’zi bilan almashtirilib 
hosil qilinishi bizga ma’lum.

IUPAC nomenklaturasida al degidlarni nomlashda umumiy 
qonuniyatlar saqlanib qoladi: eng uzun uglerod zanjiri asos ushbu 
zanjir tarkibiy qismi bo’lishi kerak va bu guruh –al  qo’shimchasi 
bilan farqlanadi. Zanjirdagi o’rinbosarlarning holati raqamlar 
bilan ko’rsatiladi, bunda karbonil guruhi uglerodi 1C deb qabul 
qilinadi. Karbon kislotalardagi 2-С atomi empirik nomidagi 
α-uglerod atomiga mos kelishini eslatib o’tamiz.

C          O 

R'

R 120o

120o

120o

O = C
R

R'δ+δ –

karbonil guruhining qutblanganligi

O = C
H

H

formaldegid
(metanal)

O = C
H

CH3 O = C
H

CH2CH3 O = C
H

CH2CH2CH3

asetaldegid
(etanal)

propion aldegid
(propanal)

n-moy aldegid
(butanal)

– C
H

O
– CO2N – – CH3C –

– C

OH

benzaldegid n-nitrobenzaldegid n-toluilaldegid

salisil aldegid
(o-oksibenzaldegid)

– CH2 – C

fenilasetaldegid

CH3CH2CH2CHC
CH3

CH3CH2CHCH2CCH3

CH3CHCH2CH2CCH3

α-metilvalerianaldegid
(2-metilpentanal)

β-metilvalerianaldegid
(3-metilpentanal)

γ-metilvalerianaldegid
(4-metilpentanal)

H
O

H
O

H
O

H
O

H
O

H
O

H
O

• Aliphatic aldehydes are 
named substitutively in the 
IUPAC system by replacing

the final -e of the name 
of the corresponding alkane 
with -al.

• Aliphatic ketones are 
named substitutively by re-
placing the final -e of the 
name of the corresponding 
alkane with -one.
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Eng oddiy alifatik ketonning empirik nomi - atseton. Boshqa 
alifatik ketonlar uchun empirik nomlari karbonil guruhi asosida 
quriladi; karbonil guruhi >C=O keton deb olinib, radikallarning 
nomidan so’ng o’qiladi. Karbonil guruhi benzol halqasi bilan 
bog‘langan ketonlar fenonlar deyiladi.

IUPAC nomenklaturasiga muvofiq ketonlarni nomlashda, 
karbonil guruhi tarkibiy qismi hisoblanuvchi uglerod zanjiri - 
alkan nomiga –OH qo’shimchasi qo’shiladi. Turli guruhlarning 
holati raqamlar bilan ko’rsatiladi, raqamlash karbonil guruhi 
yaqin ugleroddan amalga oshiriladi. 

Fizik xossalari. Karbonil guruhining qutblanganligi, aldegid va ketonlar molekulasining 
qutblanganligini ta’minlaydi, shuning uchun ular molekulyar massasi teng qutblanmagan 
birikmalarga nisbatan yuqori haroratlarda bug‘lanadi. Faqatgina uglerod atomlari bilan bog‘langan 
vodorod atomlari saqlagani uchun vodorod bog‘lanish hosil qila olmaydi, shuning uchun ularning 
bug‘lanish harorati mos spirt va yoki karbon kislotalarnikidan past. Taqqoslash uchun n-moy al-
degidining (tqay=76 °C) va metiletilketonning (tqay=35 °C), n-pentan (tqay=36°C), dietilefiri (tqay=35°C), 

O = C
H

H

formaldegid
(metanal)
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H

CH3 O = C
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CH2CH3 O = C
H

CH2CH2CH3

asetaldegid
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n-moy aldegid
(butanal)

– C
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O
– CO2N – – CH3C –

– C
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benzaldegid n-nitrobenzaldegid n-toluilaldegid

salisil aldegid
(o-oksibenzaldegid)

– CH2 – C

fenilasetaldegid

CH3CH2CH2CHC
CH3

CH3CH2CHCH2CCH3

CH3CHCH2CH2CCH3

α-metilvalerianaldegid
(2-metilpentanal)

β-metilvalerianaldegid
(3-metilpentanal)

γ-metilvalerianaldegid
(4-metilpentanal)
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CH3H3C CH2CH3H3C CH2CH2CH3H3C

CH2CH3CH3CH2 CH2CH3CH3CH
CH3

CH3–CH2

CH3 CH2CH2CH3

H3C

NO2

11′4′

3

aseton
(praponon)

metiletilketon
(butanon)

metil-n-propilketon
(2-pentanon)

dietilketon (3-pentanon) etilizopropilketon
(3-metil-2-butanon)

metilbenzilketon
(1-fenil-2-propanon)

asetofenon (metilfenilketon) butirofenon (n-propilfenilketon) benzofenon (difenilketon)

3-nitro-4′-metilbenzofenon

C
O
C
O

C
O
C
O

C
O
C
O

C
O
C
O

C
O
C
O

C
O
C
O

C
O
C
O

C
O
C
O

C
O
C
O

C
O
C
O



284

n-butil spirti (tqay=118°C) va propion kislotalar  (tqay=141°C) 
bilan qaynash haroratlarini ko’rish mumkin.

Quyi al degid va ketonlar suvda yaxshi eriydi va bu erituvchi 
va eruvchi modda orasida vodorod bog‘ning hosil bo’lishi bilan 
izohlanadi; С5 bo’lgan karbonilli birikmalarning eruvchanligi 
keskin yomonlashadi. Al degid va ketonlar organik erituvchilarda 
yaxshi eriydi (11.1-jadval).

11.1jadval
AL DEGID VA KETONLARNING FIZIK XOSSALARI

Manbalari. Formal degid metil spirtini havo kislorodi bilan 
katalizator ishtirokida oksidlab olinadi.

Formal degid gaz holatida bo’lib (tqay=21°C), odatda suvli 
eritma holida (formalin) (CH2O)n yoki trioksan (CH2O)3 holida 
ishlatiladi. Agar quruq holatda foydalanish talab etilsa, m-n, 

Grin yar reaksiyasida, paraformal degid yoki trioksanni qizdirish kerak bo’ladi.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Formaldehyde is a gas 

(b.p. -21°), and is handled ei-
ther as an aqueous solution 
(formalin),  or  as  one  of  its  
solid  polymers:  paraformal-
dehyde (CH2O)n, or trioxane, 
(CH2O)3. When dry formal-
dehyde is desired;lis for ex-
ampie, for reaction with a Gri-
gnard reagent, it is obtained 
by heating paraformaldehyde 
or trioxane.

CH3OH  +  O2
Cu, 550 - 600 °C HCHO  +  H2O

metanol formaldegid

~ CH2OCH2OCH2O ~ CH2

O
CH2

O

O
H2C

paraformaldegid

trioksan
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Atsetal degid - atsetilenning gidratatsiyasi yoki etil spirtining 
degidrogenizatsiyasi orqali hosil qilinadi.

Sintez qilinayotgan atsetal degidning asosiy qismi, sirka kislota 
olish uchun sarflanadi. Atsetal degid ko’pincha trimer shaklida 
- paral degid (CH3CHO)3 saqlanadi. Trimer kislota ishtirokida 
qizdirilib, past haroratli monomeri olinadi.

Benzal degid toluoldan yon zanjir bo’yicha xlorlash va hosil 
bo’luvchi oraliq mahsulot benzol xloridni gidrolizi orqali olinadi.

Bu usul aromatik al degidlarni laboratoriya sharoitida 
olishning umumiy usulidir. 

Salitsil al degid va boshqa fenol guruhi saqlovchi al degidlar, 
Reymer - Timan reaksiyasi bo’yicha sintez qilinadi.

Parfyumeriya va konditer sanoatida qo’llaniluvchi qator 
aromatik al degidlar, tabiiy birikmalardan to’yinmagan yon zanjiri bo’yicha nozik oksidlash orqali 
hosil qilinadi:

HC ≡ CH  +  H2O
H2SO4, HgSO4

CH3CH2OH Cu, 250 - 300oC CH3 – Cetin

etanol asetaldegid

H
O

CH3 – C

asetaldegid
(tqay=20oC)

3
C

O
C

O

O
C

paraldegid
(tqay=125oC)

H3C

H3C

H

H
H

O
H

OCH3

CH = CH – CH3

K2Cr2O7, H2SO4
qizdirish

OCH3

CHO
anetol (anis moyi) anis aldegidi

OH

CH2 – CH = CH2

K2Cr2O7, H2SO4
qizdirish

evenol (chinni gul moyi)

OCH3

OH

CH = CH – CH3

izoevenol

OCH3 (CH3CO)2O
CH3COONa, 140 oC

O – CO – CH3

CH = CH – CH3
izoevenol asetat

OCH3

K2Cr2O7, H2SO4

75 oC

CHO

OCH3

O – CO – CH3

vanilin asetat

H2SO4, H2O

qizdirish

CHO

OCH3

OH

vanilin

– CH3
Cl2

qizdirish – CHCl2
H2O

100 oC
– CHO

toluol benzalxlorid benzaldegid

OH

CHCl3
[NaOH+H2O]

70 oC

CHCl2

fenol

O –

CHO
O –

H+ CHO
OH

salisil aldegid
(reaksiyaning asosiy mahsuloti)

Acetaldehyde  (b.p. 20°) 
is often  generated  from  its 
higher-boiling  trimer  by 
heating the trimer with acid

A few of the many labora-
tory methods of preparing al-
dehydes and ketones are out-
lined below; most of these are 
already familiar to us. Some 
of the methods involve oxida-
tion or reduct1cn in which an 
alcohol, hydrocarbon, or acid 
chloride is converted into 
an aldehyde or ketone of the 
same carbon number. Other 
methods involve the forma-
tion of new carbon-carbon 
bonds, and yield aldehydes 
or ketones of higher carbon 
number than the starting ma-
terials.

Industrial preparation 
is generally patterned after 
these laboratory methods, 
but with use of cheaper re-
agents: alcohols are oxidized 
catalytically with air, or by 
dehydrogenation over hot 
copper.

Depending upon the avail-
ability of starting materials, 
aliphatic aldehydes can be 
prepared  from  alcohols  or  
acid  chlorides  of the  same 
carbon  skeleton,  and aro-
matic aldehydes can be pre-
pared from methyl benzenes 
or aromatic acid chlorides.
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Muhim erituvchilar - atseton va metiletilketon - mos spirtlarni degidrirlash orqali hosil qilinadi.

Atseton, shuningdek, Veytsman bo’yicha kraxmalni bijg‘itish bilan (qaralsin spirtlar) va kumol 
usulida (qaralsin fenollar) hosil qilinishi mumkin.

Sintez usullari. Quyida al degid va ketonlar sintez qilishning ayrim laboratoriya usullari bilan 
tanishib chiqamiz. Ularning ko’pchiligi bizga ma’lum. Ayrim usullar oksidlash yoki qaytarish 
reaktsiyalariga asoslangan bo’lib, spirtlar, uglevodorodlar yoki xlorangidridlardan al degid va 
ketonlarga o’tish yo’llaridir.

Al degidlarni sintez qilish usullari

Birlamchi spirtlarni oksidlash

                                                                           Metilbenzollarni oksidlash

OCH3

CH = CH – CH3

K2Cr2O7, H2SO4
qizdirish

OCH3

CHO
anetol (anis moyi) anis aldegidi

OH

CH2 – CH = CH2

K2Cr2O7, H2SO4
qizdirish

evenol (chinni gul moyi)

OCH3

OH

CH = CH – CH3

izoevenol

OCH3 (CH3CO)2O
CH3COONa, 140 oC

O – CO – CH3

CH = CH – CH3
izoevenol asetat

OCH3

K2Cr2O7, H2SO4

75 oC

CHO

OCH3

O – CO – CH3

vanilin asetat

H2SO4, H2O

qizdirish

CHO

OCH3

OH

vanilin

Aliphatic  ketones  are  
readily  prepared  from  the  
corresponding  secondary al-
cohols,  if these are available. 
More complicated  aliphatic  
ketones can be  preprepared  
by  the  reaction  of  acid  chlo-
rides  with organocadmium  
compounds.

CH3CHCH3OH
Cu, 250 - 300 °C CH3CCH3   + H2O

2-propanol aseton

CH3CHCH2CH3OH
CH3CCH2CH3   + H2O

2-butanol metiletilketon

Cu, 250 - 300 °C

MISOLLAR

CH3CH2CH2CH2CH2OH
Cu, 250 – 300 °C

CH3CH2CH2CH2CHO
1-pentanol n-valerian aldegid

CH3CH2CH2CH2OH CH3CH2CH2CHO
1-butanol n-moy aldegid

K2Cr2O7, H2SO4

RCH2OH

Cu, qizdirish

K2Cr2O7
R – C

H
O

ArCH3

Cl2, qizdirish

Cr2O7
sirka angidridi

Ar – C
ArCHCl2

ArCH(OOCCH3)2

H2O

H2O H
O

 Oxidation or secondary alcohols. 
 

 Oxidation of methylbenzenes. 
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Xlorangidridlarning qaytarilishi

Ketonlar sintez qilish 
ikkilamchi spirtlarni oksidlash

RCOCl yoki ArCOCl

LiAlH(O-uch.-C4H9)3

RCHO  yoki ArCHO

– COCl

n-nitrobenzoilxlorid

O2N –

– CH2COCl

fenilasetilxlorid

H2, Pd – BaSO4 yoki
LiAlH[O-C(CH3)2]2

– CHOO2N –

n-nitrobenzaldegid

H2, Pd – BaSO4
zaxarlangan katalizator – CH2CHO

fenilasetaldegid

MISOLLAR:

MISOLLAR:

– CH3
Cl2

qizdirish
va yorug’lik

– CHCl2
H2O

CaCO3
– CHO

n-bromtoluol n-brombenzalxlorid n-brombenzaldegid

Br – Br – Br –

– CH3 – CH(OCOCH3)2
H2O

H2SO4
– CHO

n-nitrotoluol n-nitrobenzaldegid

O2N –
Cr2O7, 

(CH3CO)2O
O2N – O2N –

CH3

OH

H
CH

CH3H3C

K2Cr2O7, H2SO4

CH3

CH

CH3H3C

O

(–)-mentol (–)-menton

RCHR’

Cu, qizdirish

K2Cr2O7, Cr2O7
yoki KMnO4

R – C
OH H

O

CH3CH2CH2CHCH3
Cu, 250 - 300 °C

CH3CH2CH2CCH3

2-pentanol 2-pentanon
OH O

MISOLLAR:

Industrial preparation  is 
generally patterned  after 
these laboratory methods, 
but with use of cheaper re-
agents: alcohols are oxidized 
catalytically with air, or by 
dehydrogenation over hot 
copper.

 PREPARATION  OF 
KETONES 
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Fridel  Krafts usulida asillash 

Xlorangidridlarning kadmiyorganik birikmalar bilan 
reaksiyasi: 

 Frledel-Crafts aeylatlon. 
 

R – C +  ArH
AlCl3

yoki Lyuisning
boshqa kislotalari

R – C +  HCl
Cl

O
Ar

O

n-C5H11COCl  +  C6H6

AlCl3 n-C5H11 – C +  HCl
kapril xlorid

n-pentilfenilketon

MISOLLAR:

C6H5

O

n-C6H5COCl  +  C6H6 n-C6H5 – C +  HCl
kapril xlorid n-pentilfenilketon

AlCl3
C6H5

O

– COCl +  O2N – – CH3

– C –O2N – – CH3

On-nitrobenzoilxlorid

n-nitrofenil-n-tolilketon

AlCl3

 Reaction   of  acid  chlorides   
with   organocadmium   
compounds. 
 

(CH3CO)2O  +  C6H6 CH3COC6H5  + CH3COOH
sirka angidridi asetofenon

AlCl3

R′MgX CdCl2 R′2Cd
RCOCl

yoki
ArCOCl

R – C – R′ yoki Ar – C – R′
O O

R′ - aril yoki birlamchi alkil

CH3CH2CH2CH2MgBr (CH3CH2CH2CH2)2Cd 2CH3CHCOCl
CH3

di-n-butilkadmiy izobutilxlorid

2 CH3CH2CH2CH2CCHCH3

CH3

O
izopropil-n-butilketon
(2-metil-3-geptanon)

MISOLLAR:
CdCl2
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Kislotalarni dekarboksillash
Dastlabki xom ashyoning mavjudlik omili alifatik al degidlar 

sintezida muhim ahamiyat kasb etadi: bunda spirtlar yoki 
xlorangidridlardan foydalanilganda uglerod skeleti o’zgarmaydi; 
aromatik al degidlar sintez qilishda esa metilarenlar yoki 
xlorangidridlar muhim o’rin tutadi.

Aromatik halqaga al degid guruhini kiritishning ham bir necha usullari bor: m-n, fenol guruhi 
saqlovchi dastlabki xom ashyodan Remer-Timan usulida al degidlar sintezi.

Alifatik ketonlar mos ikkilamchi spirtlardan oson hosil qilinadi. Murakkab alifatik ketonlar sintezi 
uchun xlorangidridlarning kadmiyorganik birikmalar bilan reaksiyasidan foydalanish mumkin.

Ketonlar olishda atsetosirka efiridan foydalanish tavsiya etiladi.
Aromatik halqa bilan bevosita bog‘langan karbonil guruhi saqlovchi aromatik ketonlarni Fridel-

Krafts usulida atsillash yoki Fris qayta guruhlanish orqali sintez qilinishi mumkin.

RCH2OH

RCOOH RCOCl
RCHO ALIFATIK ALDEGIDLAR SINTEZI

ArCH3

ArCOOH ArCOCl
ArCHO AROMATIK ALDEGIDLAR SINTEZI

H3C

Br
Mg 

H3C

MgBr
CdCl2

H3C

Cd

2

2 CH3CH2CH2COCl
butirilxlorid

n-propil-m-tolilketon

m-bromtoluol

H3C

COCH2CH2CH3

 Acetoacetic ester synthesls. 
 

Depending upon the avail-
ability of starting materials, 
aliphatic aldehydes can be 
prepared  from  alcohols  or  
acid  chlorides  of the  same 
carbon  skeleton,  and aro-
matic aldehydes can be pre-
pared from methyl benzenes 
or aromatic acid chlorides.

RR′CHOH

RCOOH RCOCl
R – CO – R′

ALIFATIK KETONLAR SINTEZI
R2′Cd

ArH
RCOCl (Ar′COCl), AlCl3

ArBr ArMgBr Ar2Cd
RCOCl (Ar′COCl) 

ArCOOH ArCOCl R2Cd (Ar′2Cd) 

Ar – C – R  (Ar – C – Ar′)
O O

AROMATIK KETONLAR
SINTEZI
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Oksidlash orqali al degidlar olish. Kislorod saqlovchi 
organik birikmalar orasida al degidlar eng oson oksidlanuvchi 
moddalardan biridir.

Aynan oksidlash orqali al degidlarni farqlash - tahlil qilish 
mumkin. Spirtlarni oksidlab al degid olishda, karbonilli birikma 
hosil bo’lish bosqichida reaksiyani to’xtatish muammosi paydo 
bo’ladi, chunki spirt yoki metilbenzolni oksidlovchi reagent 
aldegidlarni karbon kislotalarigacha oksidlashi mumkin.

Al degidlarni bu yo’l bilan olishda spirtlarni toblangan mis 
yuzasidan o’tkazib, katalitik degidrirlash orqali olish manfaatlidir. 
Yana bir yo’li al degidlarning fizik xususiyatlaridan foydalanishga 
asoslangan: ular spirtlarga nisbatan past haroratlarda qaynashi 
bizga ma’lum, m-n, atsetal degid 20 °C da qaynasa etil spirti 
78°C da bug‘lanadi. Agar kaliy bixromatning sul fat kislotadagi 
eritmasini etil spirtiga tashlab ko’rilsa, atsetal degid 60 °C dan 
yuqori haroratda qaynovchi muhitda hosil bo’ladi va reaksion 
muhitdan oksidlanishga qadar haydaladi. Reaksiya al degidning 
haydalishini, spirtning reaksion muhitga qaytarilishini 
ta’minlovchi qurilmalarda amalga oshiriladi.

Metilbenzolni yon zanjir bo’yicha oksidlanishi al degidni uning 
oksidlanmaydigan hosilasi gem-diatsetatga o’tkazish orqali 
susaytiriladi, hosil bo’luvchi gem-diatsetat so’ngra gidrolizga 
uchratiladi va al degid hosil qilinadi.

Fridel-Krafts bo’yicha atsillash reaksiya mexanizmi alkillash 
kabi karboniy-ionining hosil bo’lishi bilan boradi va quyidagi 
bosqichlarni o’z ichiga oladi:

Bu reaksiya aromatik qatordagi elektrofil o’rin olish sxemasi 
bilan mos keladi, bunda hujum qiluvchi guruh bo’lib    R-C≡O+ 
atsiliy ioni xizmat qiladi. Atsiliy-ioni oddiy karboniy ionidan 
barqaror bo’ladi, chunki har bir atom elektronlar oktetiga ega; 
Diarilketonlar ArCOAr sintez qilish sxemasini tanlashda ArCOCl 
va  Ar′H juftligini to’g‘ri tanlash muhim. M-n, m-nitrobenzofenon 
sintez qilishda nitroguruh xlorangidridda bo’lishi shart, 
(uglevodorodda emas), chunki nitroguruh dezfaollashtiruvchi 
guruh hisoblanadi va nitrobenzol Fridel -Krafts reaksiyasiga 
kirishmaydi.

Aliphatic  ketones  are  
readily  prepared  from  the  
corresponding  secondary al-
cohols,  if these are available.  
More complicated  aliphatic  
ketones can be  pared  by  the  
reaction  of  acid  chlorides  
with  organocadmium  com-
pounds. A particularly  useful  
method  for making compli-
cated  aliphatic ketones,  the 
aceto  acetic ester synthesis, 
will be discussed later. Ar-
omatic kctoncs con  taining 
a carbonyl group attached 
directly to an aromatic ring 
arc conveniently prepared by 
Friedel-Crafts acylation 

Aldehydes are easily ox-
idized to ca boxy; acids by 
the same reagent, acidic di’.
hromate,  that is used  in their  
ynthesis. How, is it possible, 
then,  to stop the oxidation 
of a primary alcohol or a 
methylbenzelle at the alde-
hyde stage? The answer is to 
remove the aldehyde as fast 
;is it is formed, before it can 
undergo further oxidation. 
This “removal” can be accom-
plished either physically or 
chemically.         

Friedel-Crafts acylation 
is one of the most important 
methods of preparing ke-
tones in which the carbonyl 
group is attached to an ar-
omatic ring. Once formed, 
these ketones may be con-
verted into secondary alco-
hols by reduction, into tertia-
ry alcohols by reaction with 
Grignard reagents, and into 
many other important class-
es of compounds, as we shall 
see.                                          

1-bosqich RCOCl +  AlCl3

2-bosqich ArH + Ar

RC ≡O+ +  AlCl4
–

RC ≡O+

3-bosqich Ar +  AlCl4
– Ar – C – R  +  HCl +  AlCl3

O

COR
O

COR
O

ArCH3 +  CrO3
sirka angidrid ArCH(OCCH3)2 +  CrO3

O

gidroliz ArCHO

gem-diasetat, oksidlanmaydi
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Fridel-Krafts bo’yicha atsillash-karbonil guruhi aromatik 
halqa bilan bevosita bog‘langan aromatik ketonlar sintez 
qilishning muhim usulidir. O’z navbatida bu ketonlar ikkilamchi 
spirtlarga qaytarilishi yoki Grinyar usulida uchlamchi spirtlarga 
o’tkazilishi va ko’plab boshqa sinf birikmalarini olish uchun xom 
ashyo bo’lishi kerak.

Atsil guruhining alkil guruhiga o’tishi muhim reaksiya 
hisoblanadi. Bunga Klemmensen bo’yicha qaytarish 
(amalgamalangan rux va kons. HCl bilan) yoki Kijner-Vol f 
usulida qaytarish (gidrozin va asos ta’sirida) bilan erishiladi, 
m-n:

Ma’lumki, etil guruhidan yuqori bo’lgan tarmoqlanmagan alkil guruhini Fridel-Krafts bo’yicha 
alkillash orqali aromatik halqaga kiritib bo’lmaydi (qayta guruhlanish sababli). Lekin bu guruhni 
ikki bosqichli jarayon orqali oson kiritish mumkin: 1) Fridel-Krafts usulida atsillash orqali keton 
olish (yoki xlorangidridlarni kadmiy organik birikmalar bilan reaksiyasi yordamida) va 2) hosil 
bo’luvchi ketonlarni Klemmensen yoki Kijner-Vol f usulida qaytarish. 

Kadmiy organik birikmalardan foydalanib ketonlar sintez qilish. Grin yar reaktivlari quruq 
kadmiy xloridi bilan ta’sirlashib, mos kadmiy organik birikmalar, ular o’z navbatida xlorangidridlar 
bilan reaksiyaga kirishib ketonlarni hosil qiladi.

–– C C ––

OO22NN OO

mm--nitrobenzofenonnitrobenzofenon

AlCl3

–– C C –– ClCl

OO22NN OO
PCl5

–– C C –– OHOH

OO22NN OO
HNO3
H2SO4

–– C C –– OHOH
OO

KMnO4

CH3

toluol

benzoy kislota
m-nitrobenzoy kislotam-nitrobenzoil xlorid

CH3

toluol

+

OO22NN
AlCl3REAKSIYA BORMAYDI

– C(CH2)4CH3

n-pentilfenilketon
O

Zn (Hg), HCl
– (CH2)5CH3

n-geksilbenzol

– C(CH2)2CH3

n-propil-m-tolilketon
O

NH2NH2, OH–

– (CH2)3CH3

m-(n-butil)toluol

H3C H3C

200 °C

A straight-chain alkyl 
group longer than ethyl gen-
erally cannot be attached in 
good yield to an aromatic ring 
by Friedel-Crafts alkylation 
because of rearrangement. 
Such a group is readily intro-
duced, however, in two steps: 
(1) formation of a ketone by 
Friedel-Crafts acylation (or 
by the reaction of an organo-
cadmium compound with 
an acyi chloride, described 
in the following section); (2) 
Clemmensen or Wolf-Kishner 
reduction of the ketone.
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Boshqa reaksiyalardagi kabi bunda ham xlorangidrid nukleofil 
almashinish reaksiyasiga kirishadi; nukleofil reagent bo’lib, asos 
hisoblanuvchi metalloorganik birikmalardagi alkil- yoki atsil- 
guruhi xizmat qiladi.

Faqatgina aril- yoki birlamchi alkil- guruhlari saqlovchi 
kadmiy organik birikmalargina ushbu reaksiyalarda qo’llanilishi 
mumkin bo’lgan darajada barqaror bo’ladi. Bunday cheklanish 
mavjudligiga qaramay, o’rganilayotgan ushbu usul ketonlar 
sintezining muhim usulidir.

Grinyar reaktivlari xlorangidridlar bilan ham ta’sirlashishi 
mumkin, lekin bunda uchlamchi spirtlar hosil bo’ladi (dastlab 
hosil bo’luvchi ketonning Grinyar reaktivi bilan ta’sirlashuvi 
tufayli deb taxmin qilinadi). Agar uchlamchi spirt olish talab 
etilsa, dastlabki xom ashyo xlorangidrid o’rnida murakkab 
efirlardan foydalanish maqsadga muvofiq. Kadmiyorganik 
birikmalarning reaksion qobiliyati sustligi tufayli ketonlar bilan 
ta’sirlashmaydi.

Kadmiyorganik birikmalarning reaksion qobiliyati nisbatan 
sustligi nafaqat ketonlar sintez qilish uchun qo’llaniladi, balki 
bu usuldan sanoatda keng foydalanish imkonini ham beradi. 
Kadmiyorganik birikmalar Grinyar reaktivi bilan ta’sirlashuvchi 
ko’plab funksional guruhlar bilan, m-n: –NO2, CN, CO, COOR 
ta’sirlashmaydi. Xlorangidrid molekulasida ushbu guruhlardan 
birining bo’lishi, keton hosil bo’lishiga ta’sir ko’rsatmaydi, m-n:

Reaksiyalari
Oksidlanishi

2R′MgX  +  CdCl2 R′2Cd  +  2MgXCl R′ - aril yoki birlamchi alkil

R′2Cd  +  2 RCOCl 2  R′ – C – R   +  CdCl2

O

Grignard reagents react 
with dry cadmium chloride 
to yield the corresponding 
organocadmium compounds, 
which react with acid chlo-
rides to yield ketones.

The comparatively low re-
activity of organocadmium  
compounds not only makes 
the synthesis of ketones pos-
sible, but in addition widens 
the applicability of the meth-
od. Organocadmium com-
pounds do not react with 
many of the func  tional groups 
with which the Grignard re-
agent does react: -NO2, -CN, 
-CO-, -COOR, for example. 
Consequently, the presence 
of one of these groups in the 
acid chloride molecule does 
not interfere with the synthe-
sis of a ketone. 

– C – Cl

n-nitrobenzil xlorid

O
O2N2 – C – CH3 +  CdCl2

n-nitroasetofenon
(metil-n-nitrofenil keton)

O
O2N2

CH3OCCH2CH2CCl
O O

CH3OCCH2CH2CCH2CH2CH(CH3)2

O O

diizopentilkadmiy

metil-4-keto-7-metiloktanoat

(CH3)2Cd

[(CH3)2CHCH2CH2]2Cd

a) Aldegidlar

RCHO  yoki ArCHO

Ag(NH3)3
+

KMnO4

K2Cr2O7

RCOOH  yoki ArCOOH
Aldegidlarni tahlil

qilishda foydalaniladi



293

Qaytarish

C2H5C – CH3 +  3 OJ –

O
C2H5C –O– +  3 CH3J  +  2OH –

O yodoform, sariq
rangli, tsuyuq. 119oC

CH3C = CHCCH3

O

CH3
KOCl
60oC

CHCl3 + CH3C = CHCOK
O

CH3

mezitil oksidi
(4-metil-3-penten-2-on)

MISOL:

O

H2 + Ni

H OH

siklopentanon siklopentanol

– C – CH3

O

LiAlH4 H+
– C – CH3

OH

H

asetafenon α-fenil-etil spirti

MISOLLAR:

b) Metil ketonlar

RC – CH3

O
yoki ArC – CH3

O

OX – RC – O –

O
yoki ArC – O – +  CH3X  

O

GALLAFORM REAKSIYASI

CH3CHO  +  2Ag(NH3)2 +  3OH–+ CH3COO– +  2Ag  +  4NH3 +  2H2O
pangsiz eritma kumush ko’zgu

TOLLENS NAMUNASIMISOL:

a) Spirtlargacha qaytarish

C = OC = O

H2 + Ni, Pt yoki Pd

LiAlH4 yoki NaBH4, so′ngra H+ CC
OH

O

b) Uglevodorodlargacha qaytarish

C = OC = O

Zn (Hg), kons. HCl

NH2NH2, asos

CC
H

H

CC

KLEMMENSEN BO′YICHA:
ASOSLARGA BEQAROR 
BIRIKMALAR UCHUN

KIJNER-VUlF BO′YICHA:
KISLOTALARGA BEQAROR 
BIRIKMALAR UCHUN

H

H

The carbonyl group, C=O, 
governs the chemistry of al-
dehydes and ketones.

It does this in two ways: 
(a) by providing a site for nu-
cleophilic  addition, and (b) 
by increasing the acidity of 
the hydrogen atoms attached 
to the alpha carbon. Both 
these effects are quite consis-
tent with the structure of the 
carbonyl group and, in fact, 
areduetothesamething: the 
ability of oxygento accommo-
da tean egativ echarge. 

In this section, we shall ex-
amine the carbonyl group as 
a site for nucleophilic

As might be expected, we 
can get a much truer picture 
of the reactivity of the car-
bonyl group by looking at 
the transition state for attack 
by a nucleophile. In the re-
actant, carbon is trigonal. In 
the transition state, carbon 
has begun to acquire the tet-
rahedral configuration it will 
have in the product; the at-
tached groups are thus being 
brought closer together. We 
might expect moderate steric

hindrance in this reaction; 
that is, larger groups (R and 
R’) will tend to resist crowd-
ing more than smaller groups. 
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v) Pinakonlargacha qaytarish (glikollar mavzusiga qarang). 
g) Aminlash - qaytarish (ushbu usul aminlar mavzusida batafsil 

o’rganiladi)

Grinyar reaktivining birikishi

Sianid-ionni birikishi 

– CCH2CH2CH3

O

CH3CH2CH2COCl
AlCl3

Zn (Hg), kons. HCl

– CH2CH2CH2CH3

O

H2 + Ni

siklopentanon siklopentan

n-butirofenon

n-butilbenzol

MISOLLAR:

H H

But the transition state is 
a relatively roomy one com-
pared, say, with the transi-
tion state for an SN2 reaction, 
with its pentavalent

carbon; it is this compara-
tive uncrowdedness that we 
are really referring to when 
we say that the carbonyl 
group is “accessible” to at-
tack.

In the transition state, oxy-
gen has started to acquire the 
electrons and the negative 
charge that it will have in the 
product. It is the tendency of 
oxygen to acquire electrons 
its ability to carry a negative 
charge that is the real cause 
of the reactivity of the car-
bonyl group toward nucleop-
hiles.

Aldehydes generally un-
dergo nucleophilic addition 
more readily than ketones. 
This difference in reactivity is 
consistent with the transition 
states involved, and seems to 
be due to a combination of 
electronic and steric factors. 
A ketone contains a second 
alkyl or aryl group where an 
aldehyde contains a hydrogen

atom. A second alkyl or 
aryl group of a ketone is larg-
er than the hydrogen of an 
aldehyde, and resists more 
strongly the crowding togeth-
er in the transition state.

An alkyl group releases 
electrons, and thus desta-
bilizes the transition state 
by intensifying the negative 
charge developing on oxygen.

R R –– C = O  +  NHC = O  +  NH33

H
R R –– C = NHC = NH

H

H2, Ni
R R –– C C –– NHNH22

H

H

R R –– C = O  +  NHC = O  +  NH33

R
R R –– C = NHC = NH

R

H2, Ni
R R –– C C –– NHNH22

R

H

– C – H 
O

benzaldegid

NaHSO3 – C – SO3Na 
H

OH
+– NaCN

– C – CN

dolchin kislota nitrili

H

OH
H2O, HCl

– C – COOH
H

OH

dolchin kislota

–– C = OC = O +  RMgX –– C C –– OMgXOMgX
R

CHCH33–– C = OC = O +  NaCN [H2O]
H

H2SO4 CHCH33–– C C –– CN CN 
H

OH
H2O, HCl

CHCH33–– C C –– COOH COOH 
H

OH

asetaldegid siangidriniasetaldegid sut kislota
(α-oksipropion kislota)

MISOLLAR:

–– C = OC = O +  CN – –– C C –– CNCN
OH

H+

siangidrin
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Bisulfitning birikishi

\

– C – H 
O

benzaldegid

NaHSO3 – C – SO3Na 
H

OH
+– NaCN

– C – CN

dolchin kislota nitrili

H

OH
H2O, HCl

– C – COOH
H

OH

dolchin kislota

CHCH33–– C = OC = O +  NaCN [H2O]
CH3

H2SO4 CHCH33–– C C –– CN CN 
CH3

OH
H2O, HCl

CHCH33–– C C –– COOH COOH 
H

OH

aseton siangidrin

CHCH22= C = C –– COOH COOH 
H

metakril kislota

t

aseton

–– C = OC = O +  Na+HSO4 –– C C –– SOSO33NaNa
OH

–

bisulfitning birikishidan
hosil bo’luvch addukt

KARBONILLI BIRIKMALARNI TOZALASH UCHUN FOYDALANILADI, TARMOQLANGAN 
KETONLAR UCHUN QO’LLAB BO’LMAYDI

CHCH33CHCH22C = OC = O
CH3

metiletil keton

+ NaHSO3 CHCH33CHCH22C C –– SOSO33NaNa
CH3

OH
+–

CHCH33CH CH –– C C –– CHCHCHCH33

CH3
diizopropil keton

+ NaHSO3

CH3

O
reaksiya bormaydi

MISOLLAR:

– C – H 
O

benzaldegid

+ NaHSO3 – C – SO3Na 
H

OH
+–

H+  yoki OH –
– CHO
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Ammiak hosilalarining birikishi

Spirtlarning birikishi. Atsetallar hosil bo’lishi

Kannissaro reaksiyasi

CHCH33–– C = OC = O +  H2N – OH
H

H2SO4 CHCH33–– C = NOH  +  HC = NOH  +  H22O O 
H

asetaldoksimasetaldegid

– C – H 
O

benzaldegid

+  H2N – NHC6H5 –CH=  

benzaldegid fenilgidrazoni

N – NHC6H5  +  H2O

CHCH33–– C = OC = O +  H2N – NHCONH2

CH3
aseton

CHCH33–– C =C = N – NHCONH2

CH3
aseton semikarbazoni

MISOLLAR:

H2SO4

H2SO4

–– C = OC = O +  H2N – G –– C C –– NH NH –– G G 
OH

–– C = NH C = NH –– G   +  HG   +  H22OO

TAHLIL UCHUN QO′LLANILADI

H2N – G MAHSULOT

H2N – OH

H2N – NH2

GIDROKSIAMIN
–– C = N C = N –– OHOH

OKSIM

GIDRAZIN
–– C = N C = N –– NHNH22

GIDRAZON

H2N – NHC6H5
FENILGIDRAZIN

–– C = N C = N –– NHCNHC66HH55

FENILGIDRAZON
H2N – NHCONH2

SEMIKARBAZID
–– C = N C = N –– NHCONHNHCONH22

SEMIKARBAZON

If acid is present, hydrogen 
ion becomes attached to car-
bonyl oxygen. This prior pro-
tonation lowers the dct for 
nucleophilic attack, since it 
permits oxygen toacquire the 
?r electrons without having 
to accept a negative charge 
Thus nucleophilic audtiion 
to aldehydes and keiones can 
be catalyzed by acids (some-
times, by Lewis acids)

CHCH33–– C = OC = O +  C2H5 – OH
H

asetaldegid

HCl
CHCH33–– C C –– OCOC22HH5    5    +   H+   H22OO

CH3 asetal
(asetaldegid dietil asetali)

OC2H5MISOL

–– C = O  +  2 ROHC = O  +  2 ROH
H+

–– C C –– OR  +  HOR  +  H22OO
OR asetal

–– C = OC = O22 kuchli asos –– COO COO –– +  +  –– CHCH22OHOH

α-vodorod atomi
saqlamagan aldegid

kislota tuzi spirt
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Kannissaro to′qnash reaksiyasi 

Galogenlash

Karbanionlarning birikishi

2  HCHO2  HCHO
formaldegid

CHCH33–– C C –– CHOCHO
CH3

trimetilsirka aldegid

50%-li NaOH
HCOONaHCOONa +  CH+  CH33OHOH
natriy formiat metanolhona harorati

CH3
50%-li KOH

spirt CHCH33–– C C –– COOK  +  COOK  +  
CH3

trimetilasetat
kaliyli tuzi

CH3

CHCH33–– C C –– CHCH22OHOH
CH3

neopentil spirti

CH3

2

– C – H 
O

m-xlorbenzaldegid

2

Cl

– C – OK  +  
O

Cl

– CH2OH

Cl

m-xlorbenzoy kislota
kaliyli tuzi

m-xlorbenzil spirti

MISOLLAR

50%-li KOH
spirt

2

CHO

OCH3

OCH3

+  HCHO+  HCHO
50%-li NaOH

CH2OH

OCH3

OCH3

+  +  HCOONaHCOONa

3,4-dimetoksibenzaldegid 3,4-dimetoksibenzil spirti

–– C C –– C C –– +  X+  X22

O H

kislota yoki asos
–– C C –– C C –– +  HX+  HX

O X

X = Cl2, Br2, J2

Oxidation. 
Eduction Addition of Gri-

gnard reagents.
Addition of cyanide. 
Cyanohydrin formation 

Addition of alcohols. 
Acetal formation. 
Cannizzaro reaction.
 Halogenation of ketones.

a) Aldol kondensatlanish

–– C C –– C C ––

O H

–– C C ––

O
+ kislota yoki asos –– C C –– C C –– C = OC = O

OH
aldol (β-oksikarbonilli birikma)

b) Perkin kondensatlanish

ArAr –– C C –– HH

O

+  (RCH2CO)2O
asos ArAr –– CH = C CH = C –– C = OC = O

OH
α,β-to′yinmagan kislotalar

R

R bo′lishi mumkin (H)
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Oksidlash. Bizga ma’lum, organik birikmalar orasida aldegidlar 
eng oson oksidlanuvchi moddalar hisoblanadi. Ularni karbon 
kislotalargacha oksidlash nafaqat permanganat yoki bixromatlar 
bilan, balki kumush ioni kabi kuchsiz oksidlovchilar bilan ham 
amalga oshirilishi mumkin. Kumush ioni bilan oksidlash ishqor 
muhitida olib boriladi, kumush oksidining cho’kishini oldini 
olish uchun reaksiya kompleks hosil qiluvchi reagent - ammiak 
ishtirokida amalga oshiriladi.

Tollens reaktivi kompleks bog‘langan kumush ioni Ag(NH3)2
+ 

saqlaydi. Al degidni oksidlashda kumush ioni erkin kumushgacha 
qaytariladi (reaksiya sharoitida kumush ko’zgu shaklida ajraladi).

Al degidlarning oson oksidlanishi ularni tahlil qilishda 
foydalanish imkonini beradi (ayniqsa ketonlardan farqlashda). 
Sanoat miqyosida bu reaksiya, al degidlar mavjud va arzon 
bo’lgan sharoitlarda qo’llaniladi. M-n, to’yinmagan al degidlardan 
to’yinmagan kislotalar olishda, bunda to’yinmagan al degid 
al dol kondensatlanish orqali hosil qilinadi va oksidlovchi 
sifatida Tollens reaktividan foydalaniladi. Tollens reaktividan 
foydalanishning o’ziga xosligi uglerod - uglerod qo’shbog‘ 
bo’yicha ta’sir kuzatilmaydi.

Ketonlarni oksidlash uglerod - uglerod bog‘ning uzilishi bilan 
amalga oshadi va shuning uchun maxsus sharoitlar (galoform 
reaksiyasidan tashqari) ni talab etadi. Reaksiya faqatgina nazariy 
ahamiyatga ega: ketonlar karbonil guruhining ikki tomonidan 
uglerod - uglerod bog‘ni uzilishi bilan oksidlanadi va karbon 
kislotalar aralashmasi hosil bo’ladi.

Bu reaksiya siklik ketonlardan dikarbon kislotalar olishda muhim ahamiyatga ega (dikarbon 
kislotalarga qarang).

Metilketonlar gipogalogenidlar ishtirokida oson oksidlanadi - galoform reaksiyasi. Bu reaktsiya 
nafaqat metilketonlarni tahlil qilishda, balki gipogalogenidning qo’shbog‘ bo’yicha reaksiyasi 
amalga oshmasligi tufayli amaliy ahamiyatga ham ega, m-n:

RCHO +  Ag(NH3)3
+ RCOO – +  Ag

rangsiz eritma kumush ko′zgu

Aldehydes are easily oxi-
dized to carboxylic acids; ke-
tones are not. Oxidation is the 
reaction in which aldehydes 
differ most from ketones, 
and this difference stems di-
rectly from their difference in 
structure: by definition, an al-
dehyde has a hydrogen atom 
attached to the carbonyl car-
bon, and a ketone has not. Re-
gardless of exact mechanism, 
this hydrogen is abstracted 
in oxidation, either as a pro-
ton or an atom, and the anal-
ogous reaction for a ketone 
abstraction of an alkyl or aryl 
group does not take place.

Tollens’ reagent contains 
the silver ammonia ion, 
Ag(NH3)2+. Oxidation of the 
aldehyde is accompanied by 
reduction of siiver ion to free 
silver (in the form of a mirror 
under the proper conditions).

Methyl ketones are oxi-
dized smoothly by means of 
hypohalite in the haloform 
reaction. Besides being com-
monly used to detect these 
keiones, this reaction is of-
ten useful in synthesis, hy-
pohalite having the special 
advantage of not attacking 
carbon-carbon double bonds.

RCH = CH – C = O 
H

α,β-to′yinmagan aldegid

αβ Tollens reaktivi
RCH = CH – C = O 

OH

α,β-to′yinmagan kislota

αβ

CH3CH2CH2CCH2CH3

O

6 5 4 3 2 1 KMnO4, H+

qizdirish

C2 - C3
parchalanish

C3 - C4
parchalanish

CH3CH2CH2COOH  +  HOOCCH3

CH3CH2COOH  +  HOOCCH2CH3

3 2 16 5 4

2 16 5 4 3

– C = C – C – CH3

O
aldol kondensatlanish mahsuloti

H CH3 KOCl
– C = C – C – OH  +  CHCl3

O
α-metildolchin kislota

H CH3

CH3Cl
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Qaytarish. Al degidlar qaytarilganda birlamchi spirtlar, ketonlar esa ikkilamchi spirtlar hosil 
qiladi: qaytarishni katalitik gidrirlash orqali yoki litiy alyuminiy gidrid LiAIH4 kabi qaytaruvchilar 
bilan amalga oshirish mumkin. Bu reaksiyalardan olinish qiyin bo’lgan birlamchi va ikkilamchi 
spirtlarni olishda foydalaniladi: 

Natriy borgidrid hatto uglerod - uglerod qo’shbog‘ karbonil guruhi bilan tutash bo’lgan holatida 
ham qo’shbog‘ni qaytara olmaydi, shuning uchun al degidlardan yoki ketonlardan to’yinmagan 
spirtlar olishda qo’llaniladi.

Al degid va ketonlarni uglevodorodlargacha ham qaytarish 
mumkin, bunda: a) amalgamalangan rux va kons. HCl dan 
(Klemmensen bo’yicha qaytarish; b) gidrozin va kuchli asos,   
m-n, KOH yoki uchlamchi-butilat kaliy ishtirokidan (Kijner-
Vol f bo’yicha qaytarish) foydalaniladi. Bu usullar Fridel-Krafts 
bo’yicha atsillash orqali hosil qilinuvchi alkilarilketonlarni 
qaytarishda keng qo’llaniladi va bu reaksiyalar ketma-ketligi 
orqali aromatik halqaga tarmoqlanmagan uglerod zanjirini 
kiritishda foydalaniladi, m-n:

Bundan tashqari, glikollar va epoksidlar mavzusida karbonilli 
birikmalarni bimolekulyar qaytarish orqali pinokonlar sintezini 
ko’rib o’tgan edik.

Grinyar reaktivlarining birikishi. Al degid va ketonlarga 
Grinyar reaktivlarining birikishi bizga ma’lum bo’lib, murakkab 
tuzilishli spirtlar olish uchun xizmat qiladi.

Magniydan karbonil uglerodiga elektronlar jufti orqali o’tuvchi 
organik qoldiq, kuchli reagent hisoblanadi.

H2
+LiAlH4

CH3CH=CHCHO CH3CH2CH2CH2OH
kroton aldegid n-butil spirti

– CH = CHCHO
NaBH4 H2

+

– CH = CHCH2OH

dolchin spirtidolchin aldegid

O

H2 + Ni

siklopentanon siklopentan

H H

Sodium borohydride, 
NaBH4, does not reduce car-
bon -carbon double bonds, 
not even those conjugated 
with carbonyl groups, and is 
thus useful for the reduction 
of such unsaturated carbonyl 
compounds to unsaturated 
alcohols.

Aldehydes and ketones 
can be reduced to hydro-
carbons by the action (a) of 
amalgamated zinc and con-
centrated hydrochloric acid, 
the Clemmensen reduction; 
or (b) of hydrazine, NH2NH2, 
and a strong base like KOH 
or potassium iertbutoxide, 
the Wolff-Kishner reduction. 
These are particularly im-
portant when applied to the 
alkyl aryl ketones obtarned 
from Friedel-Crafts acylation, 
since this reaction sequence 
permits, indirectly, the at-
tachment of straight alkyl 
chains to the benzene ring.

OH

OH

CH3(CH2)4COOH, ZnCl2

OH

OH
O = C(CH2)4CH3

Zn(Hg), HCl

OH

OH
CH2(CH2)4CH3

4-n-geksilrezosin

C = OC = O +    R: +    R: MgXMgX – C – O Mg X 
– +

R
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Magniy birikmalari (RMgX, R2Mg, MgX2) L yuis kislotalari 
sifatida ta’sir ko’rsatadi va jarayonning katalizatori bo’lib xizmat 
qiladi.

Metall gidridlari bilan qaytarish. Al degidlar va ketonlar metall 
gidridlari: m-n, litiy alyuminiy gidrid LiAIH4 ta’sirida oson va 
yuqori unum bilan spirtlarga o’tadi. 

Bu reaksiya Grinyar reaktivining karbonil guruhi bo’yicha 
birikishi kabi amalga oshadi. Bunda nukleofil bo’lib gidrid ion 
H: holatida elektron jufti bilan metalldan karbonil uglerodiga 
o’tuvchi vodorod xizmat qiladi.

Bu holatda ham reaksiya L yuis kislotasi ta’sirida tezlashadi: 
L yuis kislotasi uch valentli alyuminiy yoki litiy ionidir.

Sianid-ionining birikishi. HCN elementlari al degid va 
ketonlardagi karbonil guruhi bo’yicha birikib siangidrinlar hosil 
qiladi.

Reaksiyani ko’pincha mineral kislotani karbonil birikma va natriy sianidning suvli eritmasi 
aralashmasiga qo’shish orqali olib boriladi. Takomillashgan usullardan biri, sianidni karbonilli 
birikmaning bisul fitli hosilasi bilan reaksiyasiga asoslanadi; bunda bisul fit ioni kerakli miqdor 
kislotaning manbai bo’lib xizmat qiladi.

Let us look a little more 
closely at reduction by metal 
hydrides. Alcohols are formed 
from carbonyl compounds, 
smoothly and in high yield, 
by the action of such com-
pounds as lithium aluminum 
hydride, LiAlH4. Here again, 
we seenucleophilic addition: 
this time the nucleophile is 
hydrogen transferred with a 
pair of electrons as a hydride 
ion, H:-   from the metal to 
carbonyl carbon.

The elements of HCN add 
to the carbonyl group of al-
dehydes and ketones to yield 
compounds known as cyano-
hydrins.

Although it is the elements 
of HCN that become attached 
to the carbonyl group, a high-
ly acidic medium in which the 
concentration of un-ionized 
HCN is highest actually re-
tards reaction. This is to be 
expected, since the very weak 
acid HCN is a poor source of 
cyanide ion.

C = OC = O +  R: +  R: MgXMgX C = O Mg XC = O Mg X
R

– +

R: R: MgXMgX

– C – O Mg X 
– +

R
+   +   R:MgXR:MgX

nukleofil reagent 
hujumi uchun nishon

4 R2CO  +  LiAlH4 (R2CHO)4AlLi
H2O 4 R2CHOH  +  Al(OH)3 +  LiOH

C = OC = O +    H: AlH+    H: AlH33 – C – O AlH3
–– C = OC = O+  3 – C – O  Al

–

4

C = OC = O +  Al – C = O C = O –– Al Al ––
–+

–– C = OC = O +  CN – –– C C –– CNCN
OH

H+

siangidrin

–– C C –– SOSO33NaNa
OH

+– + C = OC = O –– C C –– CN  +  SOCN  +  SO22–– +  Na+  Na++

OH
3
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Reaksiya nukleofil kuchli asos sianid-ionining karbonil uglerodiga hujumi bilan boshlanadi, 
so’ngra (bir vaqtda bo’lishi ham mumkin) kislorod bo’yicha vodorod ionining birikishi siangidrinning 
hosil bo’lishi taxmin qilinadi.

Karbonil guruhi bo’yicha HCN elementlarning birikishi kuzatilsada, kuchli kislota muhiti 
ionlashmagan HCN kons. maksimal bo’lgan sharoitlarda reaksiya juda sekin boradi, chunki HCN 
sianid-ionning yomon yetkazib beruvchisidir.

Siangidrinlar nitril guruhi saqlaydi va ulardan foydalanishning asosiy yo’li, gidrolizlash orqali 
α-oksikislotalar yoki to’yinmagan kislotalar olishdir. M-n:

Bisul fitning birikishi: Natriy bisul fit al degid va ketonlarga birikishidan (ayniqsa metilketonlarga) 
adduktlar hosil qiladi.

Al degid yoki keton natriy bisul fitning kons. suvli eritmasi bilan aralashtiriladi: addukt kristall 
cho’kma holida ajratib olinadi. Tarmoqlangan alken qoldiqlari saqlovchi ketonlar bisulfitlar bilan 
reaksiyaga kirishmaydi (fazoviy qiyinchiliklar tufayli).

Birikish karbonil uglerodi bo’yicha bisul fit ionining nukleofil hujumi va vodorod ionining 
karbonil kislorodi bo’yicha kuzatiladi.

– C = O

m-nitrobenzaldegid

H
O2N

CN –, H+
– C – CN 

H
O2N

OH

H2O, H+
– C – COOH 

H
O2N

OH
qizdirish

CH3CH2 – C = O 
CH3

CN –, H+
CH3CH2 – C – CN  

CH3

OH

H2O, H2SO4

qizdirish
CH3CH2 – C – COOH

CH3

OH

CH3CH2 = C – COOH
CH3

2-metil-2-buten kislota

C = OC = O

:CN –

–– C C –– CNCN
O –

H+
–– C C –– CNCN

OH
siangidrin

–– C = OC = O +  Na+HSO4 –– C C –– SOSO33NaNa
OH

–

bisulfitning birikishidan
hosil bo’luvch addukt

–– C = OC = O

:SO3H

–– C C –– SOSO33

O –
nukeofil reagent

– H+
–– C C –– SOSO33

OH

–
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Boshqa karbonil birikish reaksiyalari kabi bu reaksiya 
ham qaytar. Kislota yoki asosning ishtiroki addukt bilan 
muvozanatdagi bisul fit ionning parchalanishiga olib keladi va 
karbonil guruhining ajralishini kuzatish mumkin bo’ladi.

 Al degid va ketonlarning adduktlari odatda, karbonil 
birikmalarni tozalash maqsadida hosil qilinadi: buning uchun 
karbonil guruhi saqlamagan (addukt hosil qilmagan modda) 
mo’l miqdor suv bilan yuviladi.

Ammiak va uning hosilalarining birikishi. Ammiak va uning 
hosilalarini karbonil guruhiga birikishidan al degid va keton-
larning xususiyatlarini o’rganishda va farqlashda foydalaniladi. 
Bu hosilalar dastlabki adduktdan suv molekulasining 
eliminirlanishi natijasida hosil bo’luvchi uglerod-azot qo’shbog‘ 
saqlaydi. M-n:

Ammiak hosilalari ammiak kabi asos hisoblanadi va kislotalar 
bilan tuz hosil qiladi: gidroksi amin HONH3

+Cl–, fenilgidrazin 
C6H5NHNH3

+Cl– va semikarbazid NH2CONHNH3
+Cl– tuzlari. Bu 

tuzlar erkin asoslardan farq qilib, havo kislorodi bilan qiyin 
oksidlanadi va shuning uchun ularni tuz holatida saqlash yoki 
qo’llashda foydalaniladi. Kerak bo’lganda asosiy reagentlar 
tuzlardan asos qo’shilib (odatda natriy atsetat) ajratilishi 
mumkin:

Spirtlarning birikishi. Atsetallar hosil qilish spirtlar 
aldegiddagi karbonil guruhiga suvsizlantirilgan kislotalar 
ishtirokida birikadi va atsetallar hosil qiladi.

Al degid eritmasi suvsiz spirt bilan katalitik miqdordagi 
suvsizlantirilgan kislota qo’shib tekshiriladi. Etilatsetal olishda 

suv hosil bo’lish darajasiga qarab, azeotrop aralashma holida benzol va etil spirti yordamida (tqay 
64,8 °C) haydaladi (oddiy ketallar ketonlarni spirtlar bilan reaksiyasi orqali olinishi qiyin).

Bisulfite addition prod-
ucts arc generally prepared-
for the purpose of separating 
a carbonyf compound from 
non-carbonyl compounds. 
The carbonyl compound-can 
bye purified into its bisulfite 
addition product, separation 
of the crystalline addition 
product from the non-carbon-
yl impurities, and subsequent 
regeneration of the carbonyl 
compound. A non-carbonyl 
compound can be freed of 
carbonyl impurities by wash-
ing it with aqueous sodium 
bisulfite; any contaminating 
aldehyde or ketone is con-
verted into its bisulfite ad-
dition product which, being 
somewhat soluble in water, 
dissolves in the aqueous lay-
er.

Like ammonia, these de-
rivatives of ammonia are ba-
sic, and therefore react with 
acids to form salts: hydroxyl-
amine hydrochloride, HON-
H3+C1-; phenylhydrazine

h y d r o c h l o r i d e , 
C6H5NHNH3+ C1-; and semi-
carbazide hydrochloride, 
NH2CONHNH

+Cl-. The salts are less eas-
ily oxidized by air than the 
free bases, and it is in this 
form that the reagents are 
best preserved and handled. 
When needed, the basic re-
agents are liberated from 
their salts in the presence of 
the carbonyl compound by 
addition of a base, usually so-
dium acetate.

–– C = OC = O +  :NH2NHC6H5 –– C C –– NHNHCNHNHC66HH55

OH
–– C = NNHCC = NNHC66HH55 +  H+  H22OOH+

fenilgidrazon

–– C = OC = O +  :NH2NHCONH2 –– C C –– NHNHCONHNHNHCONH22

OH
–– C = NNHCONHC = NNHCONH22 +  H+  H22OOH+

semikarbazon

–– C = OC = O +  :NH2 – OH –– C C –– NH NH –– OH OH 
OH

–– C = N C = N –– OH   +  HOH   +  H22OOH+

oksim

C6H5NHNH3Cl– + CH3COO–Na++ C6H5NHNH2 +  CH3COOH + Na+Cl–

kuchliroq kislota kuchliroq asos kuchsizroq asos kuchsizroq kislota

RR′′ –– C C –– H   +  2 ROH H   +  2 ROH 

O

quruq HCl
RR′′ –– C C –– H   +  HH   +  H22O O 

OR

OR

aldegid

spirt

asetal
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Al degidlar spirtli eritmalarda yarim atsetal holatida bo’lishini isbotlovchi qator dalillar bor.

Yarimatsetal nukleofil spirt molekulasining karbonil guruhiga birikishi natijasida hosil bo’ladi: 
yarimatsetal bir vaqtda oddiy efir va spirt hisoblanadi. Yarimatsetallar o’ta beqaror (ayrim cheki-
nishlarsiz) va ularni sof  holda ajratib olish mumkin emas. Kislotalar ishtirokida yarimatsetallar 
spirtlar kabi xususiyatlarni takrorlaydi va erituvchi spirt molekulalari bilan, atsetallar oddiy efirlar 
hosil qiladi.

Reaksiya I ionni hosil bo’lishi orqali o’tadi (1-bosqich), 

so’ngra ushbu ion spirt molekulasi bilan ta’sirlashadi va protonlashgan atsetallar hosil qiladi 
(2-bosqich).

– C = O

benzaldegid

H
+  2C2H5OH

quruq HCl
– C – OC2H5

benzaldegid dietilasetali

H

OC2H5

∼ CHCH2CHCH2∼ +  H2O

O O
C

H CH2CH2CH3
polivinilbutiral

(sinmaydigan shisha olishda ishlatiladi)

∼CH – CH2 – CH – CH2∼
OH OH

+ CH3CH2CH2C 
O

H

RR′′ –– C C –– H   +  ROH H   +  ROH 

O
RR′′ –– C C –– HH

OH

OR

yarimatsetal

quruq HCl

RR′′ –– C C –– H  +  ROHH  +  ROH

OH

OR

yarimatsetal

RR′′ –– C C –– H   +  HH   +  H22O O 

OR

OR

atsetal

quruq HCl

1-bosqich

RR′′ –– C C –– H   +  HH   +  H++

OH

OR

yarimatsetal

RR′′ –– C C –– H   +  HH   +  H++

OH2

OR

+
RR′′ –– C = OR   +  HC = OR   +  H22OO

H
+

2-bosqich

RR′′ –– C = OR   +  ROHC = OR   +  ROH
H

+
RR′′ –– C C –– HH

H – OR

OR

+
RR′′ –– C C –– HH

OR

OR

atsetal

The reaction is carried 
out by allowing the aldehyde 
to stand with an excess of 
the anhydrous alcohol and a 
little anhydrous acid, usual-
ly hydrogen chloride. In the 
preparation of ethyl acetals 
the water is often removed as 
it is formed by means of the 
azeotrope of water, benzene, 
and ethyl alcohol. (Simple 
kctals are usually difficult to 
prepare by reaction of ke-
tones with alcohols, and are 
made in other ways.)
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Bu mexanizm bizga spirtlar mavzusidan ma’lum bo’lgan oddiy 
efirlar hosil bo’lishidagi SN - mexanizm bilan to’la mos keladi.

Shunday qilib, atsetallar hosil bo’lishi a) karbonil guruhi 
bo’yicha nukleofil birikish va b) karboniy ioni bosqichidan 
o’yuvchi oddiy efirning hosil bo’lishi bilan bog‘liq.

Atsetallar oddiy efirlar tuzilishiga ega bo’lib, ular kabi 
kislotalar ta’sirida parchalanadi, asoslar ta’siriga barqaror. Lekin 
atsetallar oddiy efirlardan farq qilib kislotalar bilan juda oson, 
hattoki xona haroratida parchalanadi hamda spirt va al degid 
aralashmasi hosil bo’ladi. Gidroliz mexanizmi atsetallar hosil 
bo’lishi mexanizmiga qarama-qarshi kechadi.

Atsetallar kimyosida karboniy ionlarining hosil bo’lishi asos 
bo’ladi: karboniy ionlari Ia va Ib tuzilishlarining gibrididir.

Har bir elektronlar oktetiga ega bo’lgan Ib tuzilishning ulushi 
ko’proq taxmin qilinib, bu karboniy ionini boshqa oddiy karboniy 
ionidan barqaror bo’lishini taminlaydi.

Shunday qilib, karboniy ionining hosil bo’lishi atsetallar hosil 
bo’lishidagi asosiy bosqich hisoblanadi.

Kanissaro reaksiyasi. Kons. ishqorlar ishtirokida α-vodorod 
saqlamaydigan al degidlar, o’zaro oksidlanish-qaytarilish 
reaksiyalariga kirishadi va spirt hamda karbon kislota tuzlari 
hosil qiladi. Bu reaksiya Kanissaro reaksiyasi nomi bilan 
ma’lum bo’lib, odatda al degidlarni kons. ishqorlarning suvli yoki 
spirtdagi eritmasi bilan xona haroratida (bu sharoitda α-vodorod 
atomi saqlovchi al degid al dol kondensatlanishga kirishadi) 

o’zaro ta’sirlashuviga asoslangan. 

Now, generation of this 
ion is the rate-determining 
step both in formation of ac-
etals (reading to the right in 
equation 1) and in their hy-
drolysis (reading to the left in 
equation 2). The same factor 
the providing of electrons by 
oxygen that stabilizes the ion 
also stabilizes the transition 
state leading to its formation.

Generation of the ion is 
speeded up, and along with it 
the entire process: formation 
or hydrolysis of the acetal.

In the presence of 
concentrated alkali, al-
dehydes containing no 
a-hydrogeris undergo self-ox-
idation-and-reduction to 
yield a mixture of an alcohol 
and a saltof a carboxylic acid. 
This reaction, known as the 
Cannizzaro reaction, is gen-
erally brought about by al-
lowing the aldehyde to stand 
at room temperature with 
concentrated aqueous or al-
coholic hydroxide.

The high tendency for 
formaldehyde to undergo ox-
idation makes this crossed

Cannizzaro reaction a use-
ful synthetic tool.

RR′′ –– C C –– H   +  HH   +  H22O O 

OR

OR
RR′′ –– C C –– H   +  2 ROH H   +  2 ROH 

O

H+

R1 – C – OR 
H

+

Ia

R1 – C = OR 
H

+

Ib
o’ta barqaror, har bir atom
elektronlar oktetiga ega

– C – H 
O

p-nitrobenzaldegid

2 O2N
35%-li KOH

– C – OK  +  
O

– CH2OH

p-nitriobenzoy kislota
kaliyli tuzi

p-nitriobenzil spirti

O2N

O2N+  

2  HCHO2  HCHO
formaldegid

50%-li NaOH
HCOONaHCOONa +  CH+  CH33OHOH
natriy formiat metanolhona harorati
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Odatda ikki al degid aralashmasi Kanissaro reaksiyasi bo’yicha 
hosil bo’lishi mumkin bo’lgan barcha mahsulotlar aralashmasini 
hosil qiladi. Agar al degidlardan biri formal degid bo’lsa, reaksion 
aralashma natriy formiat va spirtdan iborat bo’lishi aniqlangan.

Formal degidning Kanissaro reaktsiyasi bo’yicha oson 
oksidlanishi chumoli kislota sintez qilishning qulay usuli deyish 
mumkin.

Kinetik izlanishlar va nishonlangan birikmalar bilan 
o’tkazilgan tajriba natijalari karbonilli birikmalar uchun xos 
nukleofil birikish reaksiyasi ekanligini isbotlaydi. 

Reaksiya ikki ketma-ket  amalga oshuvchi birikish bosqichla-
rini o’z ichiga oladi: 1) I-birikmani hosil qiluvchi gidroksil-ionini 
birikishi va 2) I-oraliq birikmadan ikkinchi molekula al degidga 
gidrid-ionining birikishi. I birikmada manfiy zaryadning mujas-
samligi gidrid-ionining ajralishiga sabab bo’ladi.

Al degidlarni tahlil qilish. Al degid va ketonlar asosan karbonil guruhi bo’yicha nukleofil 
reagentlarning birikishi orqali tahlil qilinadi. Bunda ko’pincha ammiak yoki uning hosilalaridan 
foydalaniladi. Al degid yoki keton, masalan, 2,4-dinitrofenil-gidrazin bilan sariq yoki qizil rangdagi 
cho’kma hosil qiladi.

ArCHO +  HCHO
kons. NaOH

ArCH2OH  +  HCOO– +   Na+

OCH3

OCH3

+  HCHO

CH2OH

OCH3

+  HCOO–Na+

anis aldegid
(p-metoksibenzaldegid)

p-metoksibenzil spirti

kons. NaOH

2-bosqich

ArAr –– C C –– O O ––

OH

H
Ar – C = O   +

H ..
ArAr –– C C –– O O ––

OH

H
Ar – C = O

OH
+

I + H+ – H+

ArAr –– CHCH22OH OH ArAr –– COOCOO––

1-bosqich
Ar – C = O   +   OH–

H
ArAr –– C C –– O O ––

OH

H

I

Aldehydes and ketones are 
characterized through the ad-
dition tcrt’h V cafbonyl group 
of nucleophilic reagents, es-
pecially derivatives of ammo-
nia. An aldehyde or ketonc 
will, for example, react with 
2,4-dinitrophenylhydrazine 
to form an insoluble yellow 
or red solid.

Aldehydes are charac-
terized, and in particular 
are differentiated from ke-
tones, through their ease of 
oxidation: aldehydes give a 
positive test with Tollens’ re-
agent; ketones do not. A pos-
itive Tollens’ test is also given 
by a few other kinds of easi-
ly oxidized compounds, e.g., 
certain phenols and amines; 
these compounds do not, 
however, give positive tests 
with 2,4-dinitrophenylhydra-
zine. Aldehydes are also, of 
course, oxidized by many oth-
er oxidizing agents: by cold, 
dilute, neutral KMnO4 and by 
CrO3 in H2SO4. A highly sen-
sitive test for aldehydes is the 
Schiff test. An aldehyde reads 
with the fuchsin-aldehyde re-
agent to form a characteristic 
magenta color.

Aliphatic aldehydes and 
ketones having a-hydrogen 
react with Br2 in CC14.

This reaction is generally 
too slow to be confused with 
a test for unsaturation, and 
moreover it liberates HBr.
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Al degidlar uchun oksidlanish xos ekani bizga ma’lum va 
bundan ketonlarni farqlashda foydalanish mumkin. Al degidlar 
Tollens reaktivi bilan oson ta’sirlashadi, ketonlar esa bu reagent 
bilan reaksiyaga kirishmaydi. Tollens reagenti boshqa oson 
oksidlanuvchi birikmalarga, m-n, ba’zi fenollar va aminlarga 
ham oson ta’sir etadi. Lekin bular 2,4-dinitrofenilgidrazin bilan 
ta’sirlashmaydi.

Al degidlarni aniqlashda Shiffa asoslarini hosil bo’lishi o’ziga 
xos o’rin tutadi. Al degidlar uchun rangli reaksiyalar xos. 

α-Vodorod atomi saqlagan alifatik al degidlar va ketonlar, 
bromning CCl4 dagi eritmasi bilan ta’sirlashadi. Bu reaktsiya 
juda sekin kechadi va bu ularning to’yinmaganlik darajasi bilan 
bog‘liq, bu reaksiya HBr ajralishi bilan boradi.

Metilketonlar uchun galoform reaksiyalari - xloroform, 
yodoform hosil qilish xos.

Al dol kondensatlanish. Al degid va ketonlarning birikishi. 
Suyultirilgan kislota yoki suyultirilgan ishqor ta’sirida ikki 
molekula al degid yoki ikki molekula keton o’zaro birikib 
β-oksial degid yoki α-oksiketon hosil qiladi. Bu reaksiya al dol 
kondensatlanish deb ataladi. Har bir holatda ham bir molekula 
aldegidni (yoki ketonni) ikkinchi molekula al degidga (yoki 
ketonga)  α-uglerod atomining karbonil guruhi uglerodi bilan 
bog‘lanishi hisobiga amalga oshadi. M-n:

Agar aldegid yoki keton α-vodorod atomi saqlamasa, al dol kondensatlanish kuzatilmaydi.

CH3C = O
H

H – C – C = O
H

H
+ OH–

atsetaldegid, 2 mol

OH–
CH3C – C – C – C – H 

CH3

OH
4-oksi-4-metil-2-pentanon

H
CH3C – CH2C = O

H

OH

H

aldol

CH3CH2C = O
H

CH3 – C – C = O
H

H
+

propion aldegid, 2 mol

H
OH–

CH3CH2C
H

– C – C = O
H

H
3-oksi-2-metilpentanal

CH3

OH

CH3C = O
H

+ H – C – C – C – H 
H

H

H

H

O H

H

O H

H

In the presence of con-
centrated alkali, aldehydes 
containing no a-hydrogeris 
undergo self-oxidation- and 
reduction to yield a mixture 
of an alcohol and a saltof a 
carboxylic acid. This reaction, 
known as the Cannizzaro re-
action, is generally brought 
about by allowing the alde-
hyde to stand at room tem-
perature with concentrated 
aqueous or alcoholic hydrox-
ide. 

ArCHO

HCHO

(CH3)3CHO

ArCOAr

ArCOR3

α-vodorodlar yoq

OH–
reaksiya bormaydi
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Quyida asos katalizatorligida amalga oshuvchi al dol 
kondensatlanish mexanizmi atsetaldegid misolida berilgan.

Gidroksil-ioni atsetal degiddagi α-uglerod atomining 
vodorodini tortib oladi (1-bosqich), va I-karbanion hosil bo’ladi, 
u o’z navbatida karbonil guruhi uglerodiga hujum qiladi, bunda II 
ion hosil bo’ladi. II ion (alkogolyat) suv molekulasidan protonni 
tortib oladi (3-bosqich) va gidroksil-ionini hosil qiladi. Shunday 
qilib, gidroksil-ionining vazifasi nukleofil reagent hisoblanuvchi 
karbanion hosil qilishdan iborat.

Aldol kondensatlanishda karbonil guruhi ikki vazifani 
bajaradi. U nafaqat to’yinmagan guruh (birikish reaksiyasi amalga 
oshuvchi 2-bosqich), balki α-vodorodiga kislota xususiyatini 
beruvchi (buning natijasida karbanion hosil bo’ladi, 1-bosqich) 
reagent bo’lib xizmat qiladi.

Al dol kondensatlanish mahsulotlarini degidratatsiyasi. 
β-oksial degidlar va β-oksikislotalar (al dol kondensatlanish 
natijasida hosil bo’luvchi) oson degidratlanadi: natijada α- va 
β-uglerod atomlari orasida qo’shbog‘ saqlovchi birikmalar hosil 
bo’ladi. M-n:

Eliminirlanish reaksiyasi kabi uning yo’nalishi ham hosil bo’luvchi alkenning barqarorligi bilan 
bog‘liq.

Uglerod - uglerod qo’shbog‘ arenlar bilan tutash holatda bo’lgan alkenlar molekulasi o’ta 
barqaror bo’ladi.

1-bosqich

2-bosqich

3-bosqich

CH3 – C – H   +  OH –
O

H2O  +  [CH2CHO] –

I

[CH2CHO] –CH3 – C – H  +  
O

CH3C – CH2CHO
H

O –

CH3C – CH2CHO  +  H2O
H

O –
CH3C – CH2CHO  +  OH –

H

OH

II

III

In general, a mixture of 
two aldehydes undergoes a 
Cannizzaro reaction to yield 
all possible products. If one 
of the aldehydes is formal-
dehyde, however, reaction 
yields almost exclusively so-
dium formate and the alcohol 
corresponding to the other 
aldehyde 

The high tendency for 
formaldehyde to undergo 
oxidation makes this crossed 
Cannizzaro reaction a useful 
synthetic tool.

Under the influence of di-
lute base or dilute acid, two 
molecules of an aldehyde or a 
ketone may combine to form 
a �-hydroxyaldehyde or �-hy-
droxyketone. This reaction is 
called the aklol condensation. 
In every case the product re-
sults from addition of one 
molecule of aldehyde (or ke-
tone) to a second molecule in 
such a way”that the a-carbon 
of the first becomes attached 
to the carbonyl carbon of the 
second.

CH3C – CH2C = O
H

OH

H

aldol

suyul. HCl, qizdirish
CH3C = C – C = O   +  H2O

H HH

kroton aldegid

CH3C
H3C

– C – C – CH3

OH
diatseton

H

HO

J2 (Lyuis kislotasi), haydash
CH3C

CH3

= C – C – CH3  +  H2O
OH

diatseton

– H2O

penten – 3 – on – 2
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Al dol kondensatlanishdan turli sintezlarda foydalanish. α-, β- To’yinmagan al degid va ketonlarni 
katalitik gidrirlash to’yingan spirtlar hosil bo’lishi bilan tugaydi, bunda vodorodning birikishi ikkala 
qo’shbog‘ bo’yicha (C = C va C = O) kuzatiladi.

Al dol kondensatlanishni amalga oshirishdan maqsad to’yingan spirtlar olish bilan bog‘liq bo’lib, 
n-butilspirti va 2-etil-1-geksanol sanoatda quyidagi ketma-ketliklar orqali sintez qilinadi:

Al dol kondensatlanish orqali to’yinmagan spirtlar ham olish mumkin, faqatgina karbonil guruhi 
bo’yicha qaytarish amalga oshiriladi, С = С bog‘ esa saqlab qolinadi; bunday qaytaruvchilardan biri 
natriy borgidrindir.

To’qnash al dol kondensatlanish. Ikki turli karbonilli birikmalarning al dol kondensatlanishi 
to’qnash al dol kondensatlanish deyiladi, bu jarayonda to’rt xil birikmalar hosil bo’lishi mumkin.

Bunday sintezni sanoat miqyosida amalga oshirish maqsadli, chunki har bir komponentni 
alohida ajratish imkoniyati bor.

CH3CH2CH2CHO OH–
CH3CH2CH2CHCHCHO

H2, Ni

2-etil-1-geksanol

C2H5

CH3CH2CH2CH=CHCHO
C2H5

CH3CH2CH2CH2CHCH2OH
C2H5

CH3CH2CH2CH2OH

Cu, 250 °C

n-butil spirti

n-moy aldegidi
- H2O

OH

– C – CH3

O
+ H3C – C –

O

NaOC2H5

– C – C – C –
OH H

H

O

- H2O O
– C = C – C –

H

1,3-difenil-2-buten-1-on

Dehydration of aldol prod-
ucts The α-, �-hydroxyalde-
hydes and α-, �-hydroxyke-
tones obtained from aldol 
condensations are very easily 
dehydrated; the major prod-
ucts have the carbon-carbon 
double bond between the α- 
and �-carbon atoms. 

2 CH3CHO OH–
CH3CH(OH)CH2CHO

- H2O
CH3CH=CHCHO

H2, Ni

CH3CH2CH2CHO

asetaldegid

n-butil spirti

RCH = CH – C – R′
O

αβ NaBH4 H+
RCH = CH – CH – R′

OH
α, β-to′yinmagan

karbonilli birikma
to′yinmagan spirt

CH3CH2CH2CH2OH
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Mos sharoitlar yaratilganda to’qnash al dol kondensatlanish 
orqali individual mahsulotlarni yuqori unum bilan olish 
mumkin. Buning uchun reagentlardan biri α-vodorod atomiga 
ega bo’lmasligi kerak va shu sababli ham o’z-o’zi bilan 
kondensatlanishi mahsuloti hosil qilmaydi (m-n, aromatik 
aldegid yoki formal degid). Bunday reagent katalizator bilan 
aralashtiriladi va bu aralashmaga sekin asta karbonilli 
komponent  (α-vodorodli) qo’shiladi. Bunda reaksion muhitda 
ionlashuvchi karbonilli birikmaning kons. nazorat qilinadi va 
undan hosil bo’luvchi karbonion deyarli to’lig‘icha yuqori kons. 
bo’lgan karbonilli birikma bilan ta’sirlashadi.

Perkin kondensatlanish. Angidridlarning birikishi. Kislota 
angidridlari aromatik al degidlarga asoslar ishtirokida birikadi 
va α-, β-to’yinmagan kislotalar hosil qiladi. Bu reaksiya Perkin 
kondensatlanish deb ataladi va al dol kondensatlanish bilan 
o’xshash. Asos sifatida karbon kislotaning natriyli tuzidan 
foydalaniladi. Perkin kondensatlanish aromatik al degidlar 
uchun xos bo’lib, ular (al dol tipida) o’zaro kondensatlana 
olmaydi. 

Birikish shunday amalga oshadiki, angidridning α-uglerod 
atomi aromatik al degidning karbonil guruhi uglerodi bilan 
bog‘lanadi. Reaksion aralashmada hosil bo’luvchi β-oksiangidrid 
ikki kimyoviy o’zgarishga uchrashi mumkin: suv ajratish va 
angidridning gidrolizi:

– C – H
O

CH3CHO
20 °C

CH3COCH3
100 °C

CH3COC6H5
20 °C

– CH = CH – CHO 

– CH = CH – CO – CH3

–CH=CH–CO–

TO′QNASH ALDOL KONDENSATLANISHLAR Both the ease and the ori-
entation of elimination are 
related to the fact that the 
alkene obtained is a partic-
ularly stable one, since the 
carbon-carbon double bond 
is conjugated with the car-
bon-oxygen double bond of 
the carbonyl group As we 
know, an alkene in which 
the carbon-carbon double 
bond is conjugated with an 
aromatic ring is particularly 
stable; in those cases where 
elimination of water from the 
aldol product can form such a 
conjugated alkene, the unsat-
urated aldehyde or ketone is 
the product actually isolated 
from the reaction.

Catalytic hydrogenation 
of α-, �-unsaturated alde-
hydes and ketones yields 
saturated alcohols, addition 
of hydrogen occurring both 
at carbon-carbon and at car-
bon-oxygen double bonds. It 
is for the purpose of ultimate-
ly preparing saturated alco-
hols that the aldol condensa-
tion is often carried out. For 
example, i-butyl alcohol and 
2-ethyl-l-hexanol are both 
prepared on an industrial 
scale in this way.

An aldol condensation 
between two different car-
bonyl compounds a socalled 
crossed aldol condensation is 
not always feasible in the lab-
oratory, since a mixture of the 
four possible products may 
be obtained. On a commercial 
scale, however, such a synthe-
sis may be worthwhile if the 
mixture can be separated and 
the components marketed.

– C = O 

benzaldegid

H

CH3 – C 
O

O
CH2 – C 

O
+

H

CH3COONa, 175 °C

– C = C – COOH  +  CH3COOH

3-fenilpropen kislota

H H

sirka angidrid

– CH – CH2 – C
OH O

O
C

O
CH3 –
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Perkin kondensatlanish mexanizmi al dol kondensatlanish 
mexanizmi kabi kuzatiladi.

Agar aromatik al degiddagi o’rinbosar tabiati o’zgartirilsa 
Perkin kondensatlanishi yordamida dolchin kislotaning turli 
hosilalarini sintez qilish mumkin. Mos to’yingan kislotalar zarur 
bo’lgan holatlarda gidrirlash orqali hosil qilinishi mumkin.

Al dol kondensatlanishga o’xshash reaksiyalar. Al-
dol kondensatlanishga o’xshash ko’plab kondensatlanish 
reaksiyalari bor. Ularning har biri maxsus nomga ega (m-n: 
Perkin, Knyovenagel, Debner, Klayzen, Dikman reaksiyalari) 
va bir qarashda ular bir-biridan keskin farq qiladi. Lekin ularni 
batafsil o’rganish, bu reaksiyalar al dol kondensatlanish kabi 
karbonil guruhini karbonion bilan hujumi orqali o’tishini ko’rish 
mumkin. Har bir holatda karbonion o’xshash shakllarda hosil 
bo’ladi: asos yordamida karbonil guruhi α-holat vodorodini 
tortib olinishi. Bunda turli asoslardan o’yuvchi natriy, natriy 
etilat, natriy atsetat, aminlar va boshqalardan foydalaniladi.

Vittig reaksiyasi. 1954 yilda G.Vittig (Tyubingen universiteti) 
alkenlarni karbonilli birikmalardan sintez qilishning o’ziga xos 
usulini e’lon qiladi: karbonil guruhi kislorodini = O,   = CRR′ 
guruhi bilan almashinishi.

– C = O 

p-metilbenzaldegid

H

CH3 – CH2 – C 
O

O
CH3 – CH – C 

O
+

H

H3C
CH3CH2COONa

qizdirish

–CH = C – COOH  H3C
CH3

+  CH3CH2COOH

ArCH = CHCOOH  +  H2
Ni

ArCH2CH2COOH

Like the aldol condensa-
tion and related reactions, 
the Claisen condensation in-
volves nucleophilic attack by a 
carbanion on an electron-de-
ficient carbonyl carbon. In 
the aldol condensation, nu-
cleophilic attack leads to ad-
dition, the typical reaction of 
aldehydes and ketones; in the 
Claisen condensation, nuc-
leophilic attack leads to sub-
stitution, the typical reaction 
ofacyl compounds 

There are a large number 
of condensations that are 
closely related to the aldol 
condensation. Each of these 
reactions has its own name 
Perkin, Knoevenagel, Doeb-
ner, Claisen, Dieck-mann, for 
example and at first glance 
each may seem quite differ-
ent from the others. Closer 
examination shows, however, 
that like the aldol condensa-
tion each of these involves 
attack by a carbanion on a 
carbonyl group. In each case 
the carbanion is generated 
in very much the same way: 
the abstraction by base of a 
hydrogen ion alpha to a car-
bonyl group. Different bases 
may be used sodium hydrox-
ide, sodium ethoxide, sodi-
um acetate, amines and the 
carbonyl group to which the 
hydrogen is alpha may vary 
aldehyde, ketone, anhydride, 
ester but the chemistry is es-
sentially the same as that of 
the aldol condensation. We 
shall take up a few of these 
condensations in the follow-
ing problems and in follow-
ing sections; in doing this, 
we must not lose sight of the 
fundamental resemblance of 
each of them to the aldol con-
densation.

Knyovenagel reaksiyasi

C6H5CHO  +  CH2(COOC2H5)2
ikkilamchi amin C6H5CH = C(COOC2H5)2

Koup reaksiyasi

= O  +  N ≡ C–CH2COOC2H5
CH3COONH4 = C – COOC2H5

CN

C = O +  (C6H5)3P = C – R 
R′

– C – C – R  
R′

O– P(C6H5)2
+

– C = C – R  +  (C6H5)3PO
R′

betain
ilid trifenil fosfin oksidi

Vittg reaksiyasi
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Sintezning asosiy bosqichi ilid nukleofilining karbonil 
guruhi kislorodi bo’yicha hujumi, betainning hosil bo’lishi va 
eliminirlanish bosqichlari hisoblanadi.

Reaksiya maxsus sharoitlarda olib boriladi, C = C qo’shbog‘ning 
hosil bo’lish holati avvaldan ma’lum. Karbonil guruhi turli 
o’rinbosarlar saqlashi mumkin: ayni holat ilid uchun ham mos 
keladi.

Fosfor ilidlarni quyidagi ikki tuzilishning gibridi sifatida 
qarash mumkin:

va aynan manfiy zaryadning uglerod atomida mujassam 
bo’lishi - ilidlarning karbonion xususiyatiga ega bo’lishini 
taminlaydi va o’ziga xos reaksiyalari kuzatiladi.

Ilidlar sintez qilish ikki bosqichli jarayon, har bir bosqich 
bizga ma’lum: alkilgalogenid bo’yicha nukleofil hujumi va asos 
ta’sirida protonni tortib olish:

Reaksiyada turli asoslardan foydalaniladi, asosan alkogolyatlar 
va metalloorganik birikmalardir. Jarayon erituvchilarda olib 
boriladi.

C = O +  (C6H5)3P = CH2 – C – CH2

O– P(C6H5)3
+

– C = CH2 +  (C6H5)3PO

metilentrifenilfosforan

trifenil fosfin oksidi

C6H5

C6H5

C6H5

C6H5

C6H5

C6H5
1,1-difenileten

benzofenon

When reaction is complete 
there is present, not acetoace-
tic ester, but its sodium salt, 
sodioacetcacetic ester. The 
a-hydrogens of acetoacetic 
ester are located alpha to two 
carbonyl groups, and hence 
ionization yields a particular-
ly stable carbanion in which 
two carbonyl groups help 
accommodate the charge. As 
a result acetoacetic ester is a 
much stronger acid than or-
dinary esters or other com-
pounds containing a single 
carbonyl group. It is consid-
erably stronger than ethyl 
alcohol, and hence it reacts 
(step 3) with ethoxide ion to 
form ethyl alcohol and the an-
ion of sodioacetoacetic ester. 
Formation of the salt of aceto-
acetic ester is essential to the 
success of the reaction; of the 
various equilibria involved in 
the reaction, only (3) is favor-
able to the product we want.

(C6H5)3P = C – R
R′

(C6H5)3P – C – R
R′

+ –

R – CHX 
R′

+  (C6H5)3P (C6H5)3P – CH – R 
R′

+

X–

asos
(C6H5)3P = C – R  + asos:H

R′

CH3Br  +  (C6H5)3P (C6H5)3P – CH3Br
+ – C6H5Li

TGF
(C6H5)3P = CH2 +  C6H6 +  LiBr

CH2 = CHCH2Cl +  (C6H5)3P (C6H5)3P – CH2CH=CHCl
+ – C2H5ONa

DMFA
(C6H5)3P = CHCH=CH2
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TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1-topshiriq. Izoevgenol hosil qilishdagi qo’shbog‘ning siljish 
sababini tushuntiring. 

2-topshiriq. Safroldan piperonol hosil qilish yo’llarini 
rejalashtiring.

3-topshiriq. Gem-diatsetat qaysi spirtning efiri hisoblanadi?
4-topshiriq. n-Nitroatsetofenonni di-(n-nitrofenil)-kadmiy 

(nO2NC6H4)2Cd va atsetilxloriddan sintez qilish mumkinmi?
5-topshiriq. p-Nitroatsetofenonni di-(p-nitrofenil)-kadmiy 

(pO2NC6H4)2Cd va atsetilxloriddan sintez qilish mumkinmi?
6-topshiriq. Siklogeksanon shiddatli oksidlanganda qanday 

birikma hosil bo’ladi? 
7-topshiriq. Quyida berilgan birikmalarning har biri 

siangidrin hosil qiladi. Reaksiya sxemalarini yozing va hosil 
bo’lgan birikmalarni, ularning gidrolizlanish mahsulotlarini 
nomlang. a)  atsetal degid; b) benzal degid; v) atseton; g) glitserin 
aldegid.

8-topshiriq. a) atsetal degid va b) metiletilketonni karbonil 
guruhi saqlamagan chiqindilardan ajratish usullarini taklif 
qiling. Aynan siz laboratoriya sharoitida qanday ajratgan bo’lar 
edingiz va bunda nimalar kuzatiladi.

9-topshiriq. Semikarbozid, fenilgidrazin va gidroksiaminni 
siklogeksanon va benzol degid bilan reaksiyasini yozing.

10-topshiriq. Nima uchun suvsiz kislotalar ishtirokida 
atsetallar, kislotalarning suvli eritmalar bilan esa atsetallarning 
gidrolizi amalga oshishini tushuntiring.

11-topshiriq. Glitserin al degidi odatda akroleinning 
atsetalidan olinadi. Reaktsiya yo’llarini yozing. Nima uchun 
to’g‘ridan-to’g‘ri akroleindan foydalanib bo’lmaydi?

12-topshiriq. Al degid va ketonlarni farqlashni namoyon 
etuvchi jadval tuzing.

13-topshiriq. Quyidagi birikmalarning tuzilish formulalarini, 
empirik va IUPAC nomenklaturalardagi nomlarini yozing:

a) C5H10O tarkibli yettita karbonilli birikmalar;  
b) C8H8O tarkibli beshta aromatik karbonilli birikmalar;
14-topshiriq. Quyidagi birikmalarning tuzilish formulalarini 

yozing:

CHO

O

O

CH2

piperonal

PRACTICE PROBLEM 11.1
Give the structural formu-

la of:
(a) acetone 
(b) benzaldehyde 
(c) methyl isobutyl ketone 
(d) trimethylacetaldehyde 
(e) acetophenone 
(f) cinnamaldehyde 
(g) 4-methylpentanal 
(h) phenylacetaldehyde 
(i) benzophenone 
(j) α,γ-dimethylcapro-al-

dehyde 
(k) 3-methyl-2-pentanone
(1) 2-butenal
(m) 4-methyl-3-penten-2-

one (mesityl oxide)
(n) l,3-diphenyl-2-propen-

l-one (benzalaceto- phenone)
(o) 3-hydroxypentanal
(p) benzyl phenyl ketone
(q) salicyaldehyde
(r)p,p’-dihydroxyben-

zop-henone
(s) ω-tolualdehyde
PRACTICE PROBLEM 11.2
Neglecting enantiomer-

ism, give structural formulas, 
common names, and IUPAC 
names for:

(a) the seven carbon-
yl compounds of formula 
C5H10O

(b) the five carbonyl com-
pounds of formula C8H8O 
that contain a benzene ring

PRACTICE PROBLEM 11.3
Write balanced equations, 

naming all organic products, 
for the reaction (if any) of 
phenylacetaldehyde with:

(a) Tollens’ reagent 
(b) CrO3/H2SO4 
(c) cold dilute KMnO4 
(d) KMnO4, H+, heat 
(e) H2, Ni, 20 lb/in, 30o 
(f) LiAlH4 
(g) NaBH4 
(h) C6H5MgBr, then H2O 
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a) atseton   b) benzaldegid
v) metilizobutilketon g) trimetilsirka aldegid
d) atsetofenon   e) dolchin al degid
j) 4-metilpentanal  z) fenilatsetaldegid
i) benzofenon   k) α,γ-dimetilkapron aldegid
l) 3-metil-2-pentanon m) 2-butenal
n) 4-metil-3-penten-2-on o) 1,3-difenil-2-propen-1-on
p) 3-oksipentanal  r) benzilfenilketon
s) salitsil aldegid  t) n,n′-dioksibenzofenon
u) m-toluil al degid
15-topshiriq. a) Organik birikma tarkibiga karbonil guruhini 

kiritish usullarini yozing; b) (a) topshiriqdagi qaysi usulni 
p-moy al degid olish uchun qo’llash mumkin? v) (b) topshiriqqa 
metiletilketon uchun javob bering. g) (b) topshiriq javobini 
benzal degid uchun va d) (b) topshiriq javobini atsetofenon 
uchun moslashtiring.

16-topshiriq. Fenilatsetal degidni quyidagi reagentlar 
bilan reaksiyalarini yozing va hosil bo’ladigan barcha organik 
birikmalarni nomlang:

a) Tollens reaktivi   b) CrO3/H2SO4
v) sovuq suyultirilgan KMnO4 g) KMnO4, H+, qizdirish  
d) H2, Ni, 1,4 atm,  30oC  e) LiAlH4
j) NaBH4    z) C6H5MgBr, so’ngra H2O
i) izopropilmagniy xlorid, so’ngra H2O  
k) NaHSO3  
l) CN–, H+    m) gidroksiamin
n) fenilgidrazin  o) 2,4-dinitrofenilgidrazin
p) semikarbazid  r) etil spirti, quruq HCl (gaz)

17-topshiriq. 4-topshiriqdagi savolga siklogeksanon uchun 
javob bering.

18-topshiriq. Benzal degidni quyidagi reagentlar bilan 
reaksiyalarini yozing va hosil bo’luvchi organik birikmalarni 
nomlang:

a) kons. NaOH           b) formal degid, kons. NaOH
v) CN–, H+              g) (v) mahsulot + H2O, , to 
d) CH3MgJ, so’ngra H2O         e) (d) mahsulot + H+, to

j) (CH3)2
14CHMgBr, so’ngra H2O  

z) H2
18, H+

(i) isopropylmagnesium 
chloride, then H2O

(j) NaHSO3
(k) CN-, H+
(1) hydroxylamine
(n) 2,4-dinitrophenyl-hy-

drazine
(m) phenylhydrazine
(o) semicarbazide
(p) ethyl alcohol, dry 

HCl(g)
PRACTICE PROBLEM 11.4
Write equations for all 

steps in the synthesis of the 
following from propional-de-
hyde, using any other needed 
reagents :

(a) n-propyl alcohol 
(b) propionic acid
(c) α-hydroxybutyric acid
(d) sec-bulyl alcohol
(e) 1-phenyl-1-propanol
(f) methyl ethyl ketone
(g) n-propyl propionate
(h) 2-methyl-3-pentanol
PRACTICE PROBLEM 11.5
Outline all steps in a pos-

sible laboratory synthesis of 
each of the following from 
benzene, toluene, and alco-
hols of four carbons or fewer, 
using any needed inorganic 
reagents:

(a) isobutyraldehyde 
(b) phenylacetaldehyde 
(c)p-bromobenzaldehyde 
(d) methyl ethyl ketone 
(e) 2,4-dinitrobenzalde-

hyde 
(f)p-nitrobenzophenone 
(g)2-methyl-3-pentanone 
(h) benzyl methyl ketone
(i)w-nitrobenzophenone
(j) n-propyl /Molyl ketone
(k)α-methylbutyraldehyde
(1) n-butyl isobutyl ketone
(m)p-nitroacetophenone
(n) 3-nitro-4’-methylben-

zo-phenone
(o)p-nitropropiophenone
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KARBON KISLOTA VA ULARNING FUNKSIONAL HOSILALARI
Atsil guruhidagi nukleofil o’rin olish

Tuzilishi. Karbon kislotalarning funksional hosilalari quyidagi 
nomlar bilan ma`lum: xlorangidridlar, angidridlar, amidlar va 
murakkab efirlar. Bu hosilalar karbon kislotadagi OH guruhini 
Cl, OOCR, NH2 yoki OR′ bilan almashinishidan hosil bo’ladi.

  R – alkil yoki aril 
 Bu barcha birikmalar atsil guruhi saqlaydi.

  

R – C 
O

Cl

R – C 
O

O
R – C 

O

R – C 
O

NH2

R – C 
O

OR′

xlorangidrid angidrid amid murakkab efir

R – C 
O

asil guruhi

Of the organic compounds 
that show appreciable acidity, 
by far the most important are 
the carboxylic acids. These 
compounds contain the car-
boxyl group attached to ei-
ther an alkyl group (RCOOH) 
or an aryl group (ArCOOH).

12-BOB
 KARBON KISLOTA VA 

ULARNING FUNKSIONAL 
HOSILALARI
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Kislotalar kabi funksional hosilalar ham alifatik yoki aromatik 
bo’lishi mumkin.

Nomenklaturasi. Funksional hosilalarning nomi karbon 
kislotalarning mos trivial yoki IUPAC nomlaridan foydalanib 
hosil qilinadi.

CH3 – C 
O

sirka kislota
(etan kislota)

OH
– C 

O

benzoy kislota

OH

CH3 – C 
O

asetilxlorid
(etanoilxlorid)

Cl
– C 

O

benzilxlorid

Cl

CH3 – C 
O

asetamid
(etanamid)

NH2

– C 
O

benzamid

NH2

The aliphatic carboxylic 
acids have been known for a 
long time, and as a result have 
common names that refer to 
their sources rather than to 
their chemical structures.

CH3 – C 
O

O
CH3 – C 

O
sirka angidrid
etan angidrid

– C 
O

O

– C 
O

benzangidrid

CH3 – C 
O

etilatsetat 
(etiletanoat)

OC2H5

– C 
O

etilbenzoat

OC2H5
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Fizik xossalari. С=O guruhining mavjudligi kislota hosilalarining 
qutblanganligini ta`minlaydi. Xlorangidridlar, angidridlar va 
murakkab efirlarning qaynash harorati molekulyar massasi 
mos keluvchi al degid va ketonlarning qaynash haroratiga yaqin. 
Amidlar esa yuqori haroratlarda qaynaydi, chunki ularda kuchli 
molekulalararo vodorod bog’lanish mavjud.

Funksional hosilalarning dastlabki vakillari C3 va C5 murakkab 
efirlar hamda C5 va C6 amidlar suvda yaxshi eriydi. 

12.1-jadval
Ba’zi xlorangidridlar, angidridlar va amidlarning fizik 

xossalari
Nomi tsuyuq, °C tqay, °C Nomi tsuyuq, °C tqay, °C

Atsetilxlorid – 112 51 Formamid 3 200
Propionilxlorid –94 80 Atsetamid 82 221
n-Butirilxlorid –89 102 Propioamid 79 213

n-Valerilxlorid –110 128
n-Moy 

kislota amidi 
(n-butiramid)

116 216

Stearoilxlorid 23 215/15
Valerian 

kislota amidi 
(n-valeroamid)

106 232

Benzoilxlorid –1 197
Stearin 

kislota amidi 
(stearamid )

109 251/12

n-Nitrobenzoil-
xlorid 72 154/15 Benzamid 130 290

3,5-Dinitro-
benzoilxlorid 74 196/12

Sirka angidrid –73 140
Ftal angidrid 131 284

Organik erituvchilar bilan yaxshi aralashadi. Uchuvchan 
murakkab efirlar yoqimli hidga ega, ular ko’pincha 
parfyumeriyada va qandolatchilik sanoatida qo’llaniladi. 
Xlorangidridlar o’tkir hidli bo’lib, gidrolizlanganda HCl va karbon 

kislotaga parchalanadi.

O
C

N – H 

H

R

O
C
R

N – H 

H

Before we take up each 
kind of acid derivative sepa-
rately, it will be helpful to out-
line certain general patterns 
into which we can then fit the 
rather numerous

individual facts.
Each derivative is near-

ly always prepared directly 
or indirectly from the cor-
responding carboxylie acid, 
and can be readily converted 
back into the carboxylic acid 
by simple hydrolysis. Much 
of the chemistry of acid de-
rivatives involves their con-
version one into another, and 
into the parent acid. In addi-
tion, each derivative has cer-
tain characteristic reactions 
of its own.
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12.2-jadval
Ba’zi murakkab efirlarning fizik xossalari

Nomi tsuyuq, °C tqay, °C Nomi tsuyuq, °C tqay, °C
Metilatsetat –98 51,5 Etilformiat –80 54
etilatsetat –84 77 Etilatsetat –84 77
n-Propilatsetat –92 102 Etilpropianat –74 88
n-Butilatsetat –77 126 Etil-n-butirat –93 121
n-Pentilatsetat 148 Etil-n-valerat –91 146
Izopentilatsetat –78 142 Etilstearat 34 215/15
Benzilatsetat –51 214 Etilfenilatsetat 226
fenilatsetat 196 Etilbenzoat –35 213

Atsil guruhidagi nukleofil o’rin olish. Karbon kislota 
funksional hosilalarini alohida tahlil qilishdan avval, ularning 
xossalaridagi umumiylikni ko’rib o’tsak.

Har bir funksional hosila doimo to’g’ridan-to’g’ri yoki 
reaksiyalar ketma-ketligi orqali mos karbon kislotalardan hosil 
qilinib, oddiy gidroliz orqali yana karbon kislotaga o’tkazilishi 
mumkin. Kislota hosilalari kimyosida ularning o’zaro bir-biriga 
va dastlabki kislotaga o’zgarishi katta ahamiyatga ega. Bundan 
tashqari har bir hosila uchun o’ziga xos xususiyatlar ham 
ma’lum.

Karbon kislota hosilalari, karbon kislotalar kabi karbonil 
guruhi C=O saqlaydi. Bu guruh hosilalarning ko’plab 
reaksiyalarida o’zgarmaydi va saqlanib qoladi. Lekin bu 
guruhning molekulada mavjudligi ayni birikmalarning reaksion 
qobiliyatini belgilab beradi va funksional hosilalar kimyosida 
asosiy omil bo’lib xizmat qiladi.

Atsil birikmalari (karbon kislota va uning hosilalari) odatda 
nukleofil o’rin olish reaksiyasiga kirishadi va OH, Сl, OOCR, NH2  
yoki OR′ guruhlarini boshqa guruhlarga o’rin almashinishi kuzatiladi. O’rin almashinish to’yingan 
uglerod atomidagi o’rin olishdan oson kechadi, haqiqatda ham bu reaksiyalarning aksariyati 
karbonil guruhi bo’lmagan holatlarda umuman kuzatilmaydi, m-n: -NH2 guruhining -OH bilan 
almashinishi.

Atsil birikmalarning xususiyatlarini tushuntirish uchun karbonil guruhining tuzilishini yana 
bir ko’rib o’tsak. Biz al degid va ketonlarning tuzilishida ayni guruhni kuzatgan edik va ular uchun 
qanday reaksiyalar xos ekanligini yaxshi bilamiz.

Karbonil guruhi uglerodi uchta boshqa atomlar bilan δ-bog’ orqali bog’langan; bu bog’lar 
hosil bo’lishida sp2-orbitallardan foydalanadi, ular bir tekislikda 120° (2,094 rad) burchak ostida 

We saw before that both 
electronic and steric factors 
make the carbonyl group par-
ticularly susceptible to nucle-
ophilic attack at the carbonyl 
carbon:

(a) the tendency of oxygen 
to acquire electrons even at 
the expense of gaining a neg-
ative charge; and (b) the rel-
atively unhindered transition 
state leading from the trigo-
nal reactant to the tetrahe-
dral intermediate. These fac-
tors make acyl compounds, 
too, susceptible to nucleop-
hilic attack.

R – C  +  :Z
O

W

R – C – Z 
O –

W

R – C – Z  +  :W
O

W = -OH, -Cl, -OOCR, -NH2, -OR
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joylashadi. Uglerod atomidagi qolgan p-orbital kislorod atomining p-orbitali bilan o’zaro qoplanishi 
natijasida π-bog’ hosil bo’ladi; uglerod va kislorod qo’shbog’ orqali bog’lanadi. Karbonil guruhi 
uglerodi bilan bevosita bog’langan molekulaning bir qismi tekis bo’lib, kislorod, karbonil guruhi 
uglerodi va u bilan bog’langan ikki atom bir tekislikdan joy egallaydi.

Elektronlar faktori kabi, fazoviy omillar ham karbonil guruhi bo’yicha nukleofil hujumini 
ta`minlaydi. Fazoviy omillar: a) kislorodning (hattoki manfiy zaryad saqlasa ham) elektronlarni qabul 
qilish imkoniyatining mavjudligi,; b) trigonal reagentning tetraedrik intermediatga o’zgarishidagi 
o’tish holatining hosil bo’lish osonligi bilan bog’liq. Ayni shu omillar atsil guruhini ham nukleofil 
hujumi uchun nishon bo’lishini ta’minlaydi. Lekin atsil guruhlarida kuzatiluvchi reaksiyalar al degid 
va ketonlarning reaksiyalaridan ikkinchi bosqich tabiati bilan farq qiladi. Aldegid yoki ketonlardan 
olinuvchi tetraedrik intermediat protonni biriktirib oladi va birikish mahsuloti hosil bo’ladi. Atsil 
birikmadan hosil bo’luvchi tetraedrik intermediat :W guruhini eliminirlaydi va bu bilan yana 
trigonal birikma hosil bo’lishiga olib keladi, reaksiya natijasi o’rin olish amalga oshadi.

Bu ikki sinf birikmalari nima uchun turlicha ta’sirda bo’lishini ko’rib o’tsak. :W guruhi oson 
eliminirlanishi uning asosliligi bilan bog’liq: asos qanchalik kuchsiz bo’lsa, bu guruh shunchalik 
oson ajraladi (oson chiquvchi guruh). Xlorangidridlar, kislota angidridlari, murakkab efirlar va 
amidlar uchun :W guruhlari bo’lib mos ravishda Cl–  ioni juda kuchsiz asos; RCOO – kuchsiz asos va 
R′O yoki NH2

– kuchli asoslar mos keladi. Lekin al degid va ketonlarda o’rin olish reaksiyasi borishi 
uchun eliminirlanuvchi guruh gidrid-ion (N–) yoki alkil-ion (R–) bo’lishi kerak va ular juda kuchli 
asoslar hisoblanadi. Natijada al degid va ketonlarning reaksiyalarida eliminirlanish o’rniga doimo 

birikish reaksiyasi amalga oshadi.
Xlorangidridlar. Xlorangidridlar karbon kislotalarning boshqa 

hosilalari kabi nukleofil o’rin olish reaksiyalariga oson kirishadi. 
Bunda xlor xlorid ioni yoki vodorod xlorid holida ajraladi va 
uning o’rnini boshqa asos guruhi egallaydi. Karbonil guruhining 
mavjudligi tufayli bu reaksiyalar oson va tez amalga oshadi. 
Xlorangidridlar reaksion qobiliyati yuqori bo’lgan karbon kislota 
hosilalaridir.

Kislota va uning hosilalariga o’tishi

C          O C          O 

WW

RR 120120oo

120120oo

120120oo

R – C  +  :Z
O

R′
R – C – Z 

O –

R′
R – C – Z 

OH

R′

R – C  +  :Z
O

W

R – C – Z 
O –

W

R – C – Z  +  :W
O

BIRIKISH,
ALDEGID YOKI KETON

O′RIN OLISH,
ATSIL BIRIKMALARI

The first step, formation of 
the tetrahedral intermediate, 
is affected by the same factor-
sas in addition to aldehydes 
and ketones: it is favored by 
electron withdrawal, which 
stabilizes the developing 
negative charge; and it is 
hindered by the presence of 
bulky groups, which become 
crowded together in the tran-
sition state.

R – C 
O

Cl
+  HZ R – C 

O

Z
+  HCl
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a) Kislota hosil bo’lishi. Gidroliz

b) Amidlar hosil qilish. Ammonoliz

c) Murakkab efirlar hosil qilish. Alkogoliz

Ketonlar hosil qilish. Fridel - Krafts bo’yicha atsillash

R – C 
O

Cl
+  HOH R – C 

O

OH
+  HCl

kislota

Misol:

– C 
O

benzoilxlorid

Cl
+  H2O – C 

O

benzoy kislota

OH
+  HCl

Misol:

– C 
O

benzoilxlorid

Cl
+  2 NH3 – C 

O

benzamid

NH2

+  NH4Cl

R – C 
O

Cl
+  2NH3 R – C 

O

NH2

+  NH4Cl

amid

Misol:

– C 
O

benzoilxlorid

Cl
+  C2H5OH – C 

O

etilbenzoat

OC2H5

+  HCl

R – C 
O

Cl
+  R′OH R – C 

O

OR′
+  HCl

murakkab efir

R – C 
O

Cl
+  ArH R – C 

O

Ar
+  HCl

keton

AlCl3
yoki lyuisning

boshqa kislotalari

Acidity. Salt formation.
Conversion into functiooal 

derivatives
(a) Conversion into acid 

chlorides.
(b) Conversion Into esters.
(c)  Convenion into am-

ides.
Reduction.
Substitution in alkyl or 

aryl group
(a) Alpha-halogenation 

of aliphatic acids. Hell-Vol-
hard-Zelinsky reaction.

(b)  Ring substitution in 
aromatic acids.

The OH of an acid can 
be replaced by a number of 
groups -Cl, -OR’, -NH2 to yield 
compounds known as acid 
chlorides, esters, and amides. 
These compounds are called 
functional derivatives of ac-
ids; they all contain the acyl 
group
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Ketonlar hosil qilish. Kadmiyorganik birikma bilan reaksiyasi

Qaytarish natijasida aldegidlar hosil bo’lishi 

Odatda amidlar va murakkab efirlar laboratoriya sharoitlarida 
xlorangidridlardan hosil qilinadi (karbon kislotalardan emas). 
Xlorangidridlarning hosil bo’lishi kabi, xlorangidridlarga ammiak 
yoki spirt ta’siridan juda oson va tez amidlar yoki murakkab 
efirlar hosil qilish mumkin; karbon kislotalarda esa muvozanat 
saqlanishi talab etiladi va reaksiya qaytar hisoblanadi. Shuning 
uchun amidlar yoki murakkab efirlar hosil qilishda ikki bosqichli 
qaytmas jarayonlar - xlorlash va ammiak yoki spirt ta’siridan 
foydalanish maqsadlidir.

Aromatik xlorangidridlar (ArCOCl) alifatik xlorangidridlarga 
nisbatan reaksion qobiliyati sust birikmalardir. M-n, atsilxloridlar 
sovuq suv bilan shiddatli reaksiyaga kirishsa, benzoilxlorid - juda 
sekin ta’sirlashadi. Aromatik xlorangidridlarning spirtlar yoki 
fenollar bilan reaksiyasi ko’pincha Shotten-Bauman usulida 
olib boriladi; oksibirikma va asos aralashmasiga xlorangidrid oz-
ozdan qo’shib aralashtiriladi (asos sifatida o’yuvchi natriyning 
suvli eritmasi yoki piridindan foydalaniladi). Asosning vazifasi 
to’la aniqlanmagan bo’lsada, nafaqat ajraluvchi vodorod xloridni 
neytrallash uchun qo’llanilishi, balki reaksiyaning katalizatori 
bo’lib xizmat qilishi ham taxmin qilinadi.

R′MgX
CdCl2 R′2Cd

RCOCl
yoki

ArCOCl

R – C 
O

R′
keton

yoki R – C 
O

Ar
keton

R′ - aril yoki birlamch alkil

RCOCl yoki ArCOCl
H2, Pd - BaSO4

(katalizator zaxarlangan)
yoki LiAlH[OC(CH3)3]3

RCHO yoki ArCHO
arilaldegidalkilaldegid

In the laboratory, amides 
and esters are usually  pre-
pared from the acid chloride 
rather than from the acid it-
self. Both the preparation of 
the acid chloride and its re-
actions with ammonia or an 
alcohol are rapid, essentially 
irreversible reactions.

Only one monocarboxyl-
ic acid anhydride is encoun-
tered very often; however, 
this one, acetic anhydride, 
is immensely important. It 
is prepared by the reaction 
of acetic acid with ketene, 
CH2=C-O, which itself is pre-
pared by high-temperature 
dehydration of acetic acid.

n-C17H35COOH  SOCl2
qizdirish n-C17H35COCl NH3

sovuqda n-C17H35CONH2
stearin kislota stearoil xlorid stearin kislota amidi

COOH

NO2O2N

PCl5
qizdirish

COCl

NO2O2N

n-C3H7OH
piridin

COOC3H7

NO2O2N

3,5-dinitrobenzoy kislota 3,5-dinitrobenzoil xlorid n-propil-3,5-dinitrobenzat

– C 
O

benzoilxlorid

Cl
+ HO – NaOH [H2O] – C 

O

fenilbenzoat

O –
fenol
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Kislota angidridlari. Sirka angidrid sintez qilish usullari. Monokarbon kislota angidridlaridan 
eng ko’p uchraydigani va qo’llaniladigani sirka angidrid hisoblanadi. Sirka angidrid sirka kislota 
va ketendan CH2=C=O sintez qilinadi (keten o’z navbatida sirka kislotaning yuqori haroratda 
degidratatsiyasi mahsulotidir).

Keten - reaksion qobiliyati o’ta yuqori bo’lgan o’ziga xos xususiyatli birikma: metilen olish uchun 
manba hisoblanadi. Laboratoriyada atsetonni pirolizi orqali olinadi va tezda sintezlarda qo’llanilishi 
talab etiladi.

Ikki asosli kislota angidridlari muhim ahamiyatga ega bo’lib, 
ular bilan kelgusi boblarda tanishib chiqamiz.

Kislota angidridlarining reaksiyalari. Kislota angidridlari 
xlorangidridlar uchun xos bo’lgan barcha kimyoviy o’zgarishlarga 
uchraydi; ularda bu reaksiyalar sekin boradi. Agar xlorangidridlar 
bilan reaksiyalarda vodorod xlorid ajralsa, kislota angidridlari 
bilan reaksiyalarda karbon kislota molekulalariga parchalanadi.

Kislota va uning hosilalariga o’tishi 

a) Kislota hosil bo’lishi. Gidroliz 

b) Amidlar hosil qilish. Ammonoliz

CH3COOH AlPO4 CH2 = C = O  +  H2O
keten

CH2 = C = O  +  CH3COOH
keten

CH3 – C 
O

O
CH3 – C 

O
sirka kislota

sirka angidrid

CH3COCH3
700 - 750 °C CH4  +  CH2 = C = O

keten

(RCO)2O +  HZ R – C 
O

OH
+ R – C 

O

Z

+ HOH CH3 – C 
O

OH
sirka kislota

(CH3CO)2O 2
sirka angidrid

(CH3CO)2O +  2NH3 CH3 – C 
O

NH2
amid

CH3 – C 
O

ONH4
ammoniy asetat

+
sirka angidrid

Acid anhydrides undergo 
the same reactions as acid 
chlorides, but a little more 
slowly; where acid chlorides 
yield a molecule of HCl, an-
hydrides yield a molecule of 
carboxylic acid.
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v) Murakkab efirlar hosil qilish. Alkogoliz

Ketonlar hosil qilish. Fridel - Krafts bo’yicha atsillash

Atsil guruhi saqlovchi birikmalar olishda ko’pincha sirka angidriddan foydalaniladi: u arzon, 
mavjud, kam uchuvchan va u bilan atsetil xloridga nisbatan ishlash oson. Bundan tashqari sirka 
kislotasi bilan reaktiyalarda agressiv bo’lgan vodorod xlorid ajralmaydi. Undan sanoat miqyosida 
eterifikatsiya reaksiyasi yordamida polioksibirikmalar - uglevodlar, jumladan sellyuloza olish 
uchun foydalaniladi.

AMIDLAR

Amidlarning sintez usullari. Amidlar ammiak kislotalar va 
uning hosilalaridan olinadi. Ularning ayrimlari quyida berilgan.

AMIDLAR SINTEZ QILISH 

Kislota xlorangidridlaridan olish 

(RCO)2O +  ArH R – C 
O

Ar
+  RCOOH

keton

AlCl3
yoki lyuisning

boshqa kislotalari

Misol:

(CH3CO)2O +
sirka angidrid

CH3

CH3H3C

AlCl3

CH3

CH3H3C
COCH3

+  CH3COOH

mezitilen
metilmezitililketon

sirka kislota

(CH3CO)2O +  CH3OH
sirka angidrid

CH3 – C 
O

OCH3
metilasetat

CH3 – C 
O

OH
sirka kislota

+

In the laboratory amides 
are prepared by the reaction 
of ammonia with acid chlo-
rides or, when available, acid 
anhydrides. In industry they 
are often made by heating the 
ammonium salts of carboxyl-
ic acids.

An amide is hydrolyzed 
when heated with aqueous 
acids or aqueous bases.

The products are ammo-
nia and the carboxylic acid, 
although one product or the 
other is obtained in the form 
of a salt, depending upon the 
acidity or basicity of the me-
dium.

Misol:

– C 
O

p-brombenzoilxlorid

Cl
+Br 2 NH3 – C 

O

p-brombenzamid

NH2

Br +  NH4Cl

CH3COCl  +  2NH3 CH3CONH2 +  NH4Cl
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AMMONIY TUZLARIDAN OLISH

Ko’p holatlarda laboratoriya sharoitida amidlar ammiak va xlorangidiridlarning (yoki kislota 
angidridlarining) ta’sirlashuvi orqali olinadi. Sanoatda esa arzon bo’lgan ammoniyli tuzlardan 
foydalaniladi.

Amidlarning reaksiyalari. Amidlar kislota yoki asos eritmalari ishtirokida qizdirilganda 
gidrolizlanadi. Reaksiya natijasida ammiak va karbon kislota hosil bo’ladi: bu ikki mahsulotning biri 
tuz holatida ajralishi mumkin, bu esa reaksiya muhitining asos yoki kislota ekanligi bilan bog’liq.

Amidlarning muhim o’zgarishlaridan biri Goffman bo’yicha parchalanishidir.

AMIDLARNING REAKSIYALARI 
Gidroliz 

Goffman bo’yicha parchalash

Misol:

n-C17H35COOH  
NH3 n-C17H35COO–NH4 n-C17H35CONH2

stearin kislota ammoniy stearat stearin kislota amidi

to+

RCOOH  +  NH3 RCOO–NH4
+ to

RCONH2 +  H2O

Misollar:

– C 
O

benzamid

NH2

+ H2SO4 + H2O – C 
O

benzoy kislota

OHNH4HSO4
+ –

CH3CH2CH2CONH2 CH3CH2CH2COONa+–

moy kislota amidi natriy butirat

+ NaOH + H2O
- NH3

RCONH2 +  H2O
H+

OH –

RCOOH +  NH4
+

RCOO– +  NH3

RCONH2 yoki ArCONH2
OBr –

RNH2 yoki ArNH2 +  CO3
2–

Hydrolysis of amides is 
typical of the reactions of car-
boxylic acid derivatives.

It involves nucleophilic 
substitution, in which the 
NH2 group is replaced by OH.
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Amidlarning gidrolizi. Amidlarning gidrolizi NH2 guruhining OHguruhiga almashinishi bilan 
boruvchi nukleofil o’rin olish reaksiyasidir. Kislota ishtirokidagi gidroliz, suvning protonlashgan 
amidga birikishi bosqichi orqali amalga oshadi.

Gidroliz ishqoriy muhitda amalga oshirilganda kuchli nukleofil gidroksil-ioni amid molekulasi 
bo’yicha hujum qiladi: 

MURAKKAB EFIRLAR

Sintez usullari. Murakkab efirlar, spirtlar va yoki fenollarni 
karbon kislotalar yoki ularning hosilalari bilan reaksiyasi orqali 
hosil qilinadi. Ulardan asosiylari quyida berilgan.

Kislotalardan olish

R – C 
O

NH2

H+

R – C 

NH2

OH
+

H2O R – C – OH2

NH2

OH
+ NH3 +  R – C 

O

OH

R – C 
O

ONH4
+–

R – C 
O

NH2

R – C – OH 
O –

NH2

R – C 
O

O –
+  NH3

Misollar:

CH3COOH  + HOCH2 – CH3COOCH2 –

sirka kislota
benzil spirti benzil asetat

– COOH  +  HOCH2CHCH3

CH3 H+
– COOCH2CHCH3

CH3

benzoy kislota izobutilbenzoatizobutil spirti

RCOOH  +  R′OH RCOOR′ +  H2O
karbon kislota murakkab efir

R – alkil yoki aril bo’lishi mumkin
R′ – alkil

R′OH reksion qobiliyati: birlamchi > ikkilamchi (> uchlmchi)

Esters are usually pre-
pared by the reaction of al-
cohols or phenols with acids 
or acid derivatives. The most 
common methods are out-
lined below.
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Xlorangidridlar va angidridlardan olish 

Murakkab efirlardan olish. Pereeterifikasiya
Spirtlar yoki fenollarning kislotalar bilan reaksiyasi dastlab 

xom ashyo va tayyor mahsulotning muvozanatiga olib keladi 
va (ayniqsa fenollar bilan) reaksiyani oxiriga yetkazish uchun 
maxsus sharoitlarni talab etadi. Laboratoriyada ko’proq 
xom ashyo sifatida xlorangidridlardan yoki angidridlardan 
foydalaniladi.

Spirt yoki kislota tuzilishining eterifikatsiya tezligiga ta’siri 
spirtlar mavzusida yoritilgan edi.

Asoslar ishtirokida amalga oshiriluvchi aromatik 
xlorangidridlardan ArCOCl foydalanib murakkab efirlar olish - 
eterifikatsiya reaksiyasi (Shotten-Bauman usuli) bizga ma’lum.

Murakkab efirlarning reaksiyalari. Murakkab efirlar ham 
karbon kislotalar uchun xos bo’lgan nukleofil almashinish 
reaksiyalariga kirishadi. Nukleofil hujumi karbonil guruhidagi 
elektronlari taqchil uglerod atomi bo’yicha boradi va OR′-
guruhining -OH, OR′′- va -NH2 guruhlariga almashinishini 
taminlaydi.

Bu reaksiyalar ba’zan kislotalar ishtirokida olib boriladi. Kislota katalizatorligidagi reaksiyalarda 
H+ karbonil guruhi bo’yicha birikish reaksiyasi amalga oshishi kuzatiladi va bu bilan nukleofil 
reagent hujumi uchun imkoniyatlar yanada ortadi. 

Misollar:Br
COCl

o-brombenzoilxlorid

+  C2H5OH piridin

Br
COOC2H5

etil-o-brombenzoat

+  HCl

(CH3CO)2O  + 

OH

NO2

p-nitrofenol

NaOH

OCOCH3

NO2
p-nitrofenilasetat

+  CH3COOH

RCOCl +  R′OH  (yoki ArOH) RCOOR′ (yoki RCOOAr)  +  HCl

(RCO)2O  +  R′OH  (yoki ArOH) RCOOR′ (yoki RCOOAr)  +  RCOOH

R – C 
O

OR′
+  :Z R – C – Z 

O –

OR′
R – C 

O

Z
+  :OR′–

:Z = :OH–, :OR–, :NH3

Esters undergo the nuc-
leophilic substitution that is 
typical of carboxylic acid de-
rivatives. Attack occurs at the 
electron-deficient carbonyl 
carbon, and results in the re-
placement of the OR’ group 
by OH, OR*, or NH2

These reactions are some-
times carried out in the pres-
ence of acid. In these acid-cat-
alyzed  reactions, H• attaches 
itself to the oxygen of the car-
bonyl group, and thus ren-
ders carbonyl carbon even 
more susceptible to nucleop-
hilic attack.
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MURAKKAB EFIRLARNING REAKSIYALARI

Kislota va uning hosilalariga o’tish:
a) kislota o’tish. Gidroliz. 

b) Amidlarga o’tish. Ammonoliz. 

v) Murakkab efirlardan olish. Pereeterifikasiya

Grinyar reaktivi bilan reaksiyalari

R – C 
O

OR′
+  H+ R – C 

OH

OR′
+

:Z

KISLOTALI KATALIZ:
UGLEROD NUKLEOFIL 

HUJUMI UCHUN NISHON

Misol:

– COOC2H5 +  H2O
NaOH

H2SO4 – COOH  +  C2H5OH

– COONa + C2H5OH

RCOOR′ +  NH3 RCONH2 +  R′OH

Misol:
CH3COOC2H5 +  NH3 CH3CONH2 +  HOC2H5

asetamid

RCOOR′ +  H2O

H+

HO–

RCOOH  +  R′OH

RCOO – +  R′OH

Misol:

CH2 – O – C – R 
O

CH – O – C – R′
O

CH2 – O – C – R′′
O

+  CH3OH

CH2 – OH

CH – OH

CH2 – OH

CH3 – O – C – R 
O

CH3 – O – C – R′
O

CH3 – O – C – R′′
O

+H yoki OH+ -

RCOOR′ +  2R′′MgX R – C – R′
R′′

OH
uchlamchi spirt

RCOOR′ +  R′′OH RCOOR′′ +  R′OHkislota yoki asos

REACTIONS OF
ESTERS
Conversion into acids and 

acid derivatives.
(a)  Conversion into acids. 

Hydrolysis.
(b) Coaversion into am-

ides. Ammonulysis.
(b) Coaversion into am-

ides. Ammonulysis.
(c) Conversion into esters. 

Transesteriftcation. Alcoholy-
sls.

Reaction with Grignard re-
agents.

Reduction to alcohols.
(a) Catalytic hydrogena-

tion. Hydrogenolysis
(b) Chemical reduction
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Spirtlargacha qaytarilishi 
a) Katalitik gidrirlash. Gidrogenoliz

b) Kimyoviy qaytarish

– COOC2H5 +  2 – MgBr – C –
OH

trifenilkarbinol

CH3CHCOOC2H5 +  2 CH3MgJ CH3CHCCH3

CH3 CH3H3C

OHetilizobutirat metilmagniyyodid

2,3-dimetilbutanol

Misol:

CH3 – C – COOC2H5 +  2 H2

CH3

etiltrimetilasetat neopentilspirti
CH3

CuO .CuCr2O4

250 °C, 230 atm CH3 – C – CH2OH  +  HOC2H5

CH3

CH3
etilspirti

RCOOR′ +  2 H2
CuO .CuCr2O4

250 °C, 210 - 420 atm RCH2OH  +  R′OH 
birlamchi spirt

CH3(CH2)7CH = CH(CH2)7COOCH3
LiAlH4

CH3(CH2)7CH = CH(CH2)7CH2OH

metiloleonat
(metil-sis-9-oktadesenoat)

olein spirti
(sis-9-oktadesen-1-ol)

CH3OH

4 RCOOR′ absolyut efir

LiAl(OCH2R)4

LiAl(OR′)4

H+
+

RCH2OH

R′OH
+

+ 2LiAlH4

RCH2COOR′ Na + spirt RCH2OH  +  R′OH 
birlamchi spirt

Misol:
CH3(CH2)6COOC2H5 CH3(CH2)6CH2OH  +  C2H5OH

etiloktanoat 1-oktanol

Na + spirt

neopentil spirti

etil spirti
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Murakkab efirlarning ishqoriy gidrolizi. Karbon kislota 
efirlari kislota yoki ishqorlarning suvli eritmalari bilan qo’shib 
qizdirilganda spirtlar yoki fenollar hamda karbon kislotalargacha 
gidrolizlanadi. Ishqoriy muhitda karbon kislota tuz holida hosil 
bo’lishini taxmin qilish qiyin emas. Hosil bo’luvchi tuz mineral 
kislotaning suvli eritmasi bilan yuvilib, sof holda karbon kislota 
ajratib olinadi.

Asoslar ishtirokida murakkab efirlarning gidrolizi kuchli 
nukleofil reagentning (OH) ta’sirida boshlanadi. Bu reaksiya 
deyarli qaytmas reaksiya hisoblanadi, chunki karboksilat-anion 
rezonans barqarorlashgan bo’lib, spirtlar bilan qiyin ta’sirlashadi.

Taklif etilayotgan mexanizmni ayrim holatlari bo’yicha tahlil 
qilib o’tsak.

Dastavval bu reaksiyada gidroksil-ionining murakkab efir 
guruhi bo’yicha hujumi taxmin qilinadi. Bu ikkinchi tartibli 
reaksiyasi bilan mos keluvchi kinetikaga to’g’ri keladi; bunda 
reaksiya tezligi murakkab efirning kontsentratsiyasi bilan bir 
qatorda gidroksil ioni kontsentratsiyasi bilan bog’liq.

So’ngra gidroksil karbonil guruhi uglerodi bo’yicha birikadi 
va alkogolyat-ionini siqib chiqaradi. Bu o’z navbatida kislorod va 
atsil guruhi orasidagi bog’ning uzulishini RCO - OR′ anglatadi. 
Buni isbotlavchi ikki omilni ko’rib o’tsak.

Stereokimyoviy isbot. Ushbu isbotni optik faol bo’lgan 
murakkab efir - ikkilamchi-butil spirtining hosil bo’lishi va 

gidrolizi misolida ko’rib chiqsak. (+)-Ikkilamchi-butil spirtining benzilxlorid bilan reaksiyasi 
vodorod - kislorod bog’ning uzilishi bilan borishi kerak va shuning uchun assimmetrik uglerod 
atomining konfiguratsiyasi o’zgarmaydi. Agar bu efirning gidrolizi kislorod va ikkilamchi-butil 
guruhi orasidagi bog’ning uzilishi bilan borsa, parchalanish albatta konfiguratsiyaning o’zgarishi 
bilan amalga oshirish (yoki reaksiya SN1 mexanizmida borishi taxmin qilinsa ratsemat aralashma 
hosil bo’lishi) kerak bo’ladi.

Agar kislorod va ikkilamchi-butil guruhi orasidagi bog’ uzilmasa, ikkilamchi-butil spirtining 
konfiguratsiyasi o’zgarmaydi va dastlabki spirt holatini saqlab qoladi.

A carboxylic ester is hydro-
lyzed to a carboxylic acid and 
an alcohol or phenol when 
heated with aqueous acid or 
aqueous base. Under alkaline 
conditions, of course, the car-
boxylic acid is obtained as its 
salt, from which it can be lib-
erated by addition of mineral 
acid.

Next, hydroxide attacks at 
the carbonyl carbon and dis-
places alkoxide ion.

That is to say, reaction in-
volves cleavage of the bond 
between oxygen and the acyl 
group,  RCO+OR’. For this 
there are two lines of evi-
dence, the first being the ste-
reocbemistry.

If, on the other hand, the 
bond between oxygen and 
the sec-butyl group remains 
intact during hydrolysis, then 
we would expect to obtain 
sec-butyl alcohol of the same 
configuration  as the starting 
material

C6H5C – Cl

O

H – O 
C2H5

H
CH3

C6H5C – O

O

C2H5

H
CH3

OH–

H
C2H5

OH
CH3

+

(+)-ikkilamchi-butil spirti

kislorod va alkil guruhi
orasidagi bog′ning uzulishi: 
konfigurasiyaning o′zgarishi

(-)-ikkilamchi-
butil spirti

+ C6H5COO –

R – C 
O

OR′
+  OH – R – C –OR′

O –

OH
R – C 

O

O
– +  R′OH

murakkab efir tuz
spirt
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Tajribalar, ikkilamchi-butil spirti (burish burchagi +13,8o 
(+0,241 rad) benzoatga o’tkazilib, so’ng gidroliz qilinganda 
(ishqor muhitida), ikkilamchi-butil spirti konfiguratsiyasini 
o’zgartirmaganini ko’rsatadi. Konfiguratsiya to’la saqlanib 
qolganligi bog’ uzilishi kislorod va atsil guruhi orasida 
kuzatilishini isbotlaydi.

Nishonlangan atomlar yordamida isbotlash. Bu usul 
ham bog’ uzilishidagi yuqorida zikr etilgan fikrlarni isbotlaydi. 
Etilpropionatning gidrolizida, bunda dastlab kislorod atomi 
18O nishonlab olinadi, asos ta’sirida oddiy suv bilan gidrolizga 
uchratilganda 18O1 bilan boyitilgan etil spirti hosil qilib 
parchalanadi.

Spirt guruhi murakkab efir hosil bo’lishida ishtirok etuvchi 
kislorod atomini saqlab qoladi: kislorod va atsil guruhi orasidagi 
bog’ uziladi. Bunday holatlarni boshqa murakkab efirlarda ham kuzatish mumkin.

Yuqoridagi fikrlar nukleofil hujumi uchun eng qulay nishon karbonil guruhi uglerodi ekanligini 
isbotlaydi (atsil guruhi uglerodi emas).

Hozirgi zamon tasavvurlari gidroksil ionining karbonil guruhi uglerodi bo’yicha hujumi, 
alkogolyat-ionining bir bosqichda siqib chiqarilmasligini ko’rsatadi. Reaksiya ikki bosqichda 
tetraedrik intermediatning hosil bo’lishi bilan amalga oshishi taxmin qilinadi.

Yuqorida ko’rib o’tilgan reaksiya mexanizmining ikkala varianti 1950 yilgacha bir xil deb qabul 
qilib kelingan. Shu yili Miron Bender (AQSh, janubiy universitet) izotop nishoni haqidagi ilmiy 
izlanishlarini e’lon qiladi.  

C6H5C – Cl

O

H – O 
C2H5

H
CH3

C6H5C – O

O

C2H5

H
CH3

OH–

HO
C2H5

H
CH3

+

(+)-ikkilamchi-butil spirti
kislorod va asil guruhi

orasidagi bog′ning uzulishi: 
konfigurasiyaning saqlanishi

(+)-ikkilamchi-
butil spirti

+ C6H5COO –

Bender carried out the al-
kaline hydrolysis of carbon-
yl-labeled ethyl benzoate, 
C6H5C18OOC2H5, in ordi-
nary water, and focused his 
attention, not on the product, 
but on the reactant. He in-
terrupted the reaction after 
various periods of time, and 
isolated the unconsumed es-
ter and analyzed it for 18O 
content. He found that in the 
alkaline solution the ester 
was undergoing not only hy-
drolysis but also exchange of 
Us 18O/or ordinary oxygen 
from the solvent.

CH3CH2 – C 
O

O18C2H5

+  OH – CH3CH2 – C 
O

OH
+  HO18C2H5

OH – + R – C 
O

OR′
HO    C     OR′

O

R

δ – δ –
HO – C 

O

R
+  R′O –

OH –

–O – C 
O

R

o′tish holati
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Bu izlanishlarda etilbenzoatning ishqoriy gidrolizi, karbonil 
guruhi kislorodining nishonlanishi, gidroliz olib borish 
sharoitlari batafsil yoritib beriladi; asosiy e’tibor mahsulotlarga 
emas, reagentga qaratiladi. Reaksiyalar turli vaqtlar oralig’ida 

to’xtatilib, dastlabki reagent tahlil qilinadi, ta’sirlashmagan efir 18O bo’yicha kuzatib turiladi. 
Ishqoriy eritmada olib borilganda nafaqat efirning gidrolizlanishi, balki 18O izotopining oddiy 
kislorod bilan almashinishini ham kuzatiladi.

Bunday almashinish bir bosqichli mexanizm bilan mos kelmaydi, chunki ushbu reaksiya davomida 
bunday holat nazarda tutilmagan. Kislorod atomining almashinishi ikki bosqichli mexanizm bilan 
mos keladi va bunda nafaqat I intermediatning hosil bo’lishi, shuningdek uning qisman bo’lsada 
dastlabki moddaga o’tishi, va qisman bo’lsada III intermediatga o’zgarishi nazarda tutiladi. Oraliq 
III birikma I mahsulot bilan ekvivalent, lekin undagi nishonlangan atom boshqa holatni egallaydi. 
Agar taxminlar to’g’ri bo’lsa, III intermediatning dastlabki moddaga o’tishi 18O saqlamagan efir 
hosil bo’lishiga olib kelishi kerak edi. 

Murakkab efirlarning kislotali gidrolizi. Murakkab efirlarning gidrolizi nafaqat asoslar, 
shuningdek kislotalar ishtirokida ham amalga oshirilishi mumkin. Kislotali gidroliz qaytar jarayon 
hisoblanadi va shuning uchun jarayonning mexanizmi eterifikatsiya 

mexanizmi bilan o’xshash faqatgina teskari yo’nalishda kuzatiladi.
Jarayon mexanizmi quyidagicha:

Tracer studies have con-
firmed the kind of bond 
cleavage indicated by the ste-
reochemical evidence. When 
ethyl propionate labeled with 
18O was hydrolyzed by base 
in ordinary water, the ethanol 
produced was found to be en-
riched in 18O; the propionic 
acid contained only the ordi-
nary amount of 18O

Hydrolysis of esters is pro-
moted not only by base but 
also by acid. Acidic hydrolysis, 
as we have seen, is reversible, 
the mechanism for esterifica-
tion. Any evidence about one 
reaction must apply to both.

R – C – OC2H5 +  OH –
18O

R – C – OC2H5

18O–

OH

R – C    +   –OC2H5

18O

OHI

H2O

R – C – OC2H5

18OH

OH II

R – C – OC2H5

18OH

O –
R – C    +   –OC2H5

18OH

OIII

R – C – OC2H5 +  18OH–

O

R – C 
O18

O
–

+ C2H5OH
gidroliz mahsulotlari

nishonlangan
murakkab efir

almashinish mahsuloti

nishonlangan
murakkab efir

dastlabki modda

H2O

R – C 
O

OR′

+
H+

R – C 
OH

OR′
+ 

+
H2O

R – C – OR′
OH

+OH2 I

R – C – OR′
OH

OH II

+ 

H

R – C 
OH

OH

+ 

R – C 
O

OH
+ R′ – OH+ H+

spirt
kislota

murakkab efir

RCOOR′ +  H2O H+

OH RCOOH  +  R′OH -
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Mineral kislotalar ikkala reaksiyani ham tezlashtiradi, 
karbonil guruhi kislorodi protonlashadi va bu bilan karbonil 
guruhi uglerodini nukleofil birikishini tezlashtiradi. Gidrolizda 
nukleofil bo’lib suv molekulasi xizmat qiladi, chiquvchi guruh 
esa spirt hisoblanadi. Eterifikatsiyada buning aksi ekanini yodga 
oling.

Ishqoriy gidrolizdagi kabi, reaksiya oralig’ida tetraedrik 
intermediat yoki yanada aniqroq aytilganda bir necha 
intermediatlar hosil bo’ladi. Ularning hosil bo’lishi reaksiyaning 
qaytar ekanligi bilan bog’liq. Agar faqat gidroliz nuqtai 
nazaridan qaralsa, II oraliq birikmaning hosil bo’lishi shubhasiz, 
chunki bunda chiquvchi guruh bo’lib, kuchli asos xususiyatiga ega bo’lgan alkogolyat - ioni emas, 
balki kuchsiz asos molekulasi - spirt ajraladi. Agar eterifikatsiya reaksiyasi bo’yicha qaralsa, II 
intermediat hosil bo’lish ehtimoli ko’proq, chunki u spirt va protonlashgan kislotalarning ta’sir 
mahsuloti hisoblanadi.

Mexanizmni isbotlovchi omillar bizga tanish: bog’ uzilish holati RCO+OR  va RCO+OH 18O 
nishonlanish orqali isbotlanadi; tetraedrik intermediatning mavjudligi karbonil guruhi kislorodi 
(murakkab efirdagi) va erituvchi orasidagi izotop almashinish orqali isbotlanadi.

Pereeterifikatsiya. Eterfikatsiyada kislota spirt bilan nukleofil sifatida ta’sirlashadi; murakkab 
efirlarning gidrolizida spirt qoldig’i nukleofil reagent bilan almashinadi. Buni yodda saqlab 
murakkab efirlar molekulasidagi bir spirtni boshqa spirt bilan almashinishini taxmin qilish 
mumkin. Murakkab efirlarning bunday alkogoliz reaksiyasi pereeterifikatsiya deb ataladi.

Pereeterifikatsiya katalizatori bo’lib, kislotalar - H2SO4, quruq HCl yoki asoslar odatda alkogolyat-
ion xizmat qiladi. Bu ikki reaksiyalarning mexanizmi yuqorida biz kuzatgan mexanizmlar bilan bir 
xil. Kislotalar ishtirokidagi pereeterifikatsiya uchun

Asoslar ishtirokidagi pereeterifikatsiya uchun esa

R – C 
O

OR′

+
H+

R – C 
OH

OR′
+ 

+
R′′OH

R – C – OR′
OH

+OR′′
H

R – C – OR′
OH

OR′′
II

+ 

H

R – C 
OH

OR′′

+ 

R – C 
O

OR′′
+ R′ – OH+ H+

A spirt

A murakkab efir

B spirt

B murakkab efir

RCOOR′ +  R′′OH RCOOR′′ +  R′OHH+ yoki OH –

R – C 
O

OR′
A murakkab efir

+  –OR′′ R – C – OR′
O –

OR′′B alkogolyat

R – C 
O

OR′′
+ –OR′

B murakkab efir
A alkogolyat

In the esterification of an 
acid, an alcohol acts as a nu-
cleophilic reagent; in hydro-
lysis of an ester, an alcohol is 
displaced by a nucleophilic 
reagent. Knowing this, we are 
not surprised to find that one 
alcohol is capable of displac-
ing another alcohol from an 
ester.
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Pereeterifikatsiya jarayoni muvozanat reaksiyasi hisoblanadi. 
Muvozanatni o’ngga siljitish uchun olinishi maqsad qilingan 
efir tarkibigi spirtdan mo’l miqdor foydalanish talab etiladi 
yoki reaksiya mahsulotlaridan biri reaktsion aralashmadan 
haydaladi. Sanoatda asosan keyingi usul qo’llanilib reaksiyani 
oxirigacha yetkaziladi.

Pereeterifikatsiya reaksiyasining yaqqol namunasi sifatida, 
polivinil spirti olishni ko’rsatish mumkin. Bu polimer, vinil 
spirtidan olinishi mumkin emas, chunki vinil spirti beqaror va 

mavjud emas. Lekin uning efiri - vinilatsetat barqaror; uni sirka kislota va atsetilendan simob sul fat 
ishtirokida sintez qilinadi.

Vinilatsetilenni polimerlab polivinil atsetat ishlab chiqariladi.

Polivinilatsetat molekulasida minglab atsetat guruhlari bo’lsada, ularning har biri efirlar uchun 
xos bo’lgan reaksiyalarga kirishishi mumkin. M-n, sul fat kislota ishtirokida polivinilatsetat va 
metil spirti (tqay=65 °C) teng miqdordagi metilatsetat va polivinil spirti muvozanatida saqlanishi 
isbotlangan; agar reaksion aralashma 57 - 59 °C  haroratda qizdirilsa, aralashmaning past haroratda 
qaynovchi komponenti - metilatsetat (tqay=57 °C) haydaladi va reaksiyaning oxirigacha borishini 
ko’rish mumkin.

Bunda hosil bo’luvchi polivinil spirti suvda eruvchi qoplama sifatida ishlatiladi va ba’zi 
polimerlarni sintez qilishda oraliq mahsulot hisoblanadi.

Murakkab efirlar ammonolizi. Murakkab efirlarni ammiak bilan qayta ishlash odatda etil 
spirti erituvchiligida amalga oshiriladi va amidlar hosil bo’lishi bilan yakunlanadi. Bu reaksiya 
elektronlarga taqchil bo’lgan uglerod atomi bo’yicha asos - ammiakning nukleofil hujumidir, 
natijada oksialkil -OR′ guruhi NH2guruhiga almashinadi. 

HC ≡ CH  +  CH3COOH H2SO4 H2C = CH – O – COCH3
vinilasetat

vinilasetat

CH3 – C 
O

OCH = CH2

polimerlash ∼ CH2 – CH – CH2 – CH – CH2 – CH ∼

O

C = O 

CH3

O

C = O 

CH3

O

C = O 

CH3

polivinilasetat

Transesterification is an 
equilibrium reaction. To shift 
the equilibrium to the right, it 
is necessary to use a large ex-
cess of the alcohol whose es-
ter we wish to make, or else 
to remove one of the products 
from the reaction mixture.

∼ CH2 – CH – CH2 – CH – CH2 – CH ∼

O

C = O 

CH3

O

C = O 

CH3

O

C = O 

CH3
polivinilasetat

H2SO4, 37 - 39 °C

∼ CH2 – CH – CH2 – CH – CH2 – CH ∼

OH OH OH

+   CH3OH

+  CH3COOCH3

polivinilspirti

metilasetat
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Murakkab efirlarning Grinyar reaktivi bilan reaksiyalari. 
Karbon kislotlarning Grinyar reaktivi bilan reaksiyalari 
uchlamchi spirtlar olishda muhim ahamiyatga ega. Al degid va 
ketonlar bilan reaksiyasi kabi, nukleofil (asos) alkil yoki aril 
guruhi Grinyar reaktividagi, karbonil guruhidagi elektronlar 
taqchil uglerod atomiga birikadi. Alkoksi-guruhining keyingi 
eliminirlanishi keton hosil bo’lishiga olib kelar edi (ayrim 
sharoitlarda ketonlar hosil bo’lishi aniqlangan). Lekin, bizga 
ma’lumki, ketonlar Grinyar reaktivi bilan oson ta’sirlashadi 
va uchlamchi-spirtlar hosil qiladi: biz kuzatayotgan holatlarda 
Grinyar reaktivining birikishidan uchlamchi-spirtlarni hosil 
bo’lishini ko’rish mumkin.

Ko’rib turganimizdek, hosil bo’luvchi spirtdagi gidroksil 
saqlovchi uglerod atomida uchta guruh mavjud, ular molekulaga 
Grinyar reaktividan o’tadi. Bunday reaksiyalarda ketonlar 
o’rnida murakkab efirlardan foydalanish maqsadli; chunki 
murakkab efirlar ketonlarga nisbatan arzon. M-n, trifenilkarbinol, 
fenilmagniybromid va murakkab efir - etilbenzoatdan yoki keton 
- benzofenondan olinishi mumkin. Bunda kam bosqichli va yuqori chiqim bilan hosil bo’luvchi 
benzoy kislotadan eterifikatsiya orqali etilbenzol hosil qilish va so’ngra trifenilkarbinolga o’tish 
maqsadlidir (ikkinchi reaksiya yordamida trifenilkarbinol olish uchun, benzoy kislota dastlab 
xlorangidridga o’tkaziladi, so’ngra benzolni Fridel-Krafts usulida atsillanadi va benzofenon hosil 
bo’ladi).

CH3 – C 
O

OCH2CH3
etilasetat

+  NH3 CH3 – C 
O

NH2
asetamid

+  CH3CH2OH

R – C 
O

OR′
murakkab efir

R′′MgX R – C 
O

R′′

R – C 
O

R′′
R′′MgX R – C 

R

R′′OMgX

+ R′OMgXR – C 
R

R′′OMgX

H2O R – C 
R

R′′OH
uchlamchi spirt

The reaction of carboxylic 
esters with Grignard reagents 
is an excellent method for pre-
paring tertiary alcohols. As in 
the reaction with aldehydes 
and ketones, the nucleophilic 
(basic) alkyl or aryl group of 
the Grignard reagent attaches 
itself to the electron-deficient 
carbonyl carbon.

The reaction of carboxylic 
esters with Grignard reagents 
is an excellent method for pre-
paring tertiary alcohols. As in 
the reaction with aldehydes 
and ketones, the nucleophilic 
(basic) alkyl or aryl group of 
the Grignard reagent attaches 
itself to the electron-deficient 
carbonyl carbon. Expulsion 
of the alkoxide group would 
yield a ketone, and in certain 
special cases ketones are in-
deed isolated from this reac-
tion. However, as we know, 
ketones themselves readily 
react with Grignard reagents 
to yield tertiary alcohols; in 
the present case the products 
obtained correspond to the 
addition of the Grignard re-
agent to such a ketone

– C – OH

trifenikarbinol

2C6H5MgBr – COOC2H5
C2H5OH, H+

– COOH

– C –
O

C6H6, AlCl3 – COClC6H5MgBr

etilbenzoat benzoy kislota

benzilxloridbenzofenon
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Murakkab efirlarning ketonlarga nisbatan bunday reaksiyalardagi ustunligini 3-etilgeptanol 
sintezida ham ko’rish mumkin.

Chumoli kislota efirlari HCOOR′ (karbonil guruhidagi 
uglerodda vodorod atomi saqlovchi birikma) Grinyar reaktivi 
bilan ta’sirlashib ikkilamchi spirt hosil qiladi. Bu reaksiya 
simmetrik ikkilamchi spirtlar  RCHOHR olishning muhim 
usulidir. M-n:

Murakkab efirlarni qaytarish. Ko’plab organik birikmalar 
kabi, murakkab efirlar ham ikki usulda qaytarilishi mumkin: a) 
molekulyar vodorod yordamida katalitik gidrirlash orqali yoki 
b) kimyoviy qaytaruvchilardan foydalanib. Har ikkala usulda 

ham murakkab efirlardan birlamchi spirtlar (efiri hisoblanuvchi spirt yoki fenoldan tashqari) hosil 
bo’ladi.

Gidrogenoliz (vodorod bilan parchalash) oddiy gidrirlashga nisbatan maxsus sharoitlarda olib 
boriladi. Bu reaksiyada yuqori bosim va yuqori harorat talab etiladi; katalizator sifatida oksidlar 
aralashmasi - mis xromit nomi bilan ma’lum CuO, CuCr2O4 ta’sir massasidan foydalaniladi, m-n:

Murakkab efirlarni kimyoviy qaytarish spirt hamda natriy metalli aralashmasi yoki ko’pincha 
litiy alyuminiy gidrid yordamida olib boriladi:

n-C4H9 – C – OH

3-etil-3-geptanol

n-C4H9COOC2H5
C2H5OH, H+

n-C4H9–COOH

C4H9 – C – C2H5

O

(C2H5)2Cd
C4H9COCl

metilvalerat valeriyan kislota

valeroilxlorid
3-geptanon

C2H5

C2H5

2C6H5MgBr

C6H5MgBr

Like many organic com-
pounds, esters can be re-
duced in two ways: (a) by 
catalytic hydrogenation using 
molecular hydrogen, or (b) 
by chemical reduction.

In either case, the ester is 
cleaved to yield (in addition 
to the alcohol or phenol from 
which it was derived) a pri-
mary alcohol corresponding 
to the acid portion of the es-
ter.

etilformiat

H – C 
O

OC2H5

+  2 CH3CH2CH2MgBr CH3CH2CH2 – C – CH2CH2CH3

OH

H

geptanol

2-propilmagniy bromid

RCOOR′ RCH2OH  +  R′OH 
birlamchi spirt

qaytarish

CH3(CH2)14COOC2H5
etilpalmiatat

(etilgeksadekanoat)

LiAlH4 CH3(CH2)14CH2OH  +  HOC2H5
1-geksadekanol

CH3(CH2)10COOCH3
H2, CuO .CuCr2O4
150 °C, 350 atm CH3(CH2)10CH2OH  +  HOCH3

metillaurat
(metildodekanoat)

lauril spirti
(1-dodekanol)
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Yog’lar. Yog’larning tabiatda uchrashi va ularning tarkibi. Inson 
hayot faoliyatida doimiy zarur bo’lgan shunday murakkab efirlar 
borki, ular hayvonlarda va o’simliklarda  katta miqdorlarda 
saqlanadi. Bular yog’lar deb ataladi (suyuq holatda bo’lsa moylar 
nomi bilan ma’lum) Jo’xori, koks, paxta va pal ma moyi, mol, qo’y va 
sariq yog’lar asosan karbon kislotalarning murakkab efirlaridir. 
Bu barcha efirlar bir spirtning - glitserinning HOCH2CHOHCH2OH 
hosilalaridir va shuning uchun ular glitseridlar deb ataladi. 

Yog’lar hosil qiluvchi karbon kislotalar tarmoqlanmagan 
(kamdan-kam juda oz miqdor - tarmoqlangan) kislotalar sinfiga 
mansub va 3 - 18 tagacha uglerod atomlari saqlaydi; C3 va C5 
lardan tashqari yog’lar asosan uglerod atomlari juft bo’lgan 
kislotalardan iborat. Tarkibda to’yingan kislotalar bilan birga 
bir yoki ikkita qo’shbog’ saqlovchi to’yinmagan kislota qoldiqlari 
ham uchraydi.

12.1-jadval ma’lumotlaridan yog’larning turli karbon kislota 
aralashmalarining glitseridlari ekanini ko’rishimiz mumkin. 
Ushbu karbon kislotalar nisbati bir yog’dan boshqasiga o’tishda 
o’zgaradi; har bir yog’ uchun o’ziga xos tarkib mavjud.

Yog’lar (uglevodlar va oqsillar bilan bir qatorda) uch asosiy 
ozuqa mahsulotlarining biridir; bundan tashqari ular katta  
masshtablarda xom ashyo sifatida sanoat miqyosida ishlatiladi. 
Yog’lar kimyosi maxsus mutaxassislik fanlarida o’rganiladi. Biz 
ayni mavzuda yog’lar uchun xos bo’lgan ayrim muhim kimyoviy 
o’zgarishlarni ko’rib o’tamiz.

Yog’larning gidrolizi. Sovunlanish. Sovun. Sovun tayyorlash - 
qadimiy kimyoviy sintez jarayoni hisoblanadi. Sovun pishirish 
Sezar hukumronlik qilgan davrga borib taqaladi; echki yog’ini 
potash (K2SO3) ta’sirida qaytarish orqali insonlar dastlabki glitseridlarni gidroliz qilish bilan 
shug’ullanganlar. Gidroliz natijasida karbon kislota tuzlari va glitserin hosil bo’ladi.

Biz doimiy ravishda foydalanuvchi sovun, yog’ kislotalarining (uzun zanjirli) natriyli tuzlari 
aralashmasidir. Sovun tarkibi va olinish usuli bilan farq qiladi: agar sovun oliv moyidan tayyorlangan 
bo’lsa - kastil sovuni deb ataladi; sovun shaffof bo’lishi uchun spirt qo’shib pishiriladi; yumshoq 
sovun ko’piksimon pishiriladi; sovunga turli hid beruvchi vositalar qo’shish mumkin; agar natriy 
ishqori o’rnida kaliydan foydalanilsa, suyuq sovun hosil bo’ladi. Kimyoviy jihatdan barcha sovunlar 
bir xil bo’lib, ularning xususiyati va tabiati bir xildir.

CH2 – O – C – R 
O

CH – O – C – R′
O

CH2 – O – C – R′′
O

+  NaOH
kislota yoki asos

CH2 – OH

CH – OH

CH2 – OH

Na – O – C – R 
O

Na – O – C – R′
O

Na – O – C – R′′
O

+

gliserid (yog′) gliserin sovun

Chemically, fats are car-
boxyltc esters derived from 
the single alcohol, glycerol, 
HOCH2CHOHCH2OH, and are 
known as glycerides. More 
specifically, they are triacyl-
glycerols. Each fat is made 
up of glycerides derived from 
many different carboxylic ac-
ids.

The making of soap is one 
of the oldest of chemical syn-
theses. (It is not nearly so old, 
of course, as the production 
of ethyl alcohol; man’s desire 
for cleanliness is much new-
er than his desire for intox-
ication.) When the German 
tribesmen of Caesar’s time 
boiled goat tallow with pot-
ash leached from the ashes 
of wood fires, they were car-
rying out the same chemical 
reaction as the one carried 
out on a tremendous scale by 
modern soap manufacturers: 
hydrolysis ofg/ycerides.
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Sovunning tozalovchi xususiyati - murakkab jarayondir. Bu jarayonni soddalashtirib - quyida-
gicha tasavvur qilish mumkin: sovun molekulasi qutblangan - COONa+  va qutblanmagan - uzun 
uglerod zanjiri (12 - 18 uglerod atomlaridan iborat bo’lgan) saqlaydi; molekulaning qutblangan 
qismi suvda, qutblanmagani esa - moyda eriydi. Odatda moy tomchilari suv bilan qo’shilishidan ikki 
qatlamga - moy va suvga ajraladi, lekin sovun ishtirokida bu holatni boshqacha kuzatish mumkin. 
Sovunning qutblanmagan qismi moy tomchilarida eriydi va bu vaqtda sovunning karboksilat qismi 
suv muhitida qoladi. 

Karboksilat guruhning manfiy zaryadi tufayli moyning har bir tomchisi ionlar buluti bilan 
qamrab olinadi. Bir xil zaryadlardagi itarilish tufayli moy tomchilari o’zaro qo’shilishdan - 
birlashishdan saqlanadi, natijada suvdagi moy barqaror emul siyasi hosil bo’ladi. Sovunning yuvish 

12.3-jadval
Yog’ va moylar tarkibiga kiruvchi asosiy yog’ kislotalari

Yog’ yoki 
moy

To’yingan kislotalar, % To’yinmagan kislotalar, %
C8 C10 C12 C14 C16 C18 > C18 < C16 C16 C18 > C18 dienlar trienlar

Qora mol 
yog’i

1 – 
2a 0,2 2 – 3 2 5 – 

30
21 – 

26
0,4 – 

1 0,5 2 – 3 39 – 42 0,3 2

Sarig’ yog’ 5 – 
9 2– 3 1 – 4 8 – 

13
2 5 – 

32 8 – 13 0,4 – 
2 1 – 2 2 – 5 22– 29 0,2 – 1,5 3

Kokos 
yog’i 4–10 4 4 – 

51
1 3 
–18

7 – 
10 1 – 4 5 – 8 0 – 1 1 – 3

Jo’xori 
yog’i 0 –2 8 – 

10 1 – 4 1 – 2 30– 50 0 – 2 34 – 56

Paxta 
moyi 0 – 3 1 7 – 

23 1 – 3 23– 44 0 – 1 34 – 55

Lyard 1 2 5 – 
30

12 – 
60 0,5 2 – 5 41– 51 2 – 3 3 – 8

Oliv moyi 0 – 1 0 – 2 7 – 
20 1 – 3 0 – 1 1 – 3 53– 86 0 – 3 4 – 22

Pal ma 
moyi 1 – 6 3 2 – 

47 1 – 6 40– 52 2 – 11

Pal ma 
moyi 

(yong’oq) 
2 – 

4 3 – 7 4 5 – 
52

1 4  
19 6 – 9 1 – 3 1 – 2 0 – 1 10– 18 1 – 2

Yer 
yong’oq 

moyi
0,5 6 – 

11 3 – 6 5 – 10 1 – 2 39– 66 17 – 38

Soya moyi
0,3 7 – 

11 2 – 5 1 – 3 0 – 1 22– 34 50 – 60 2 – 10

< C16 C16 C18 C20 >C20

Baliq 
moyi 2 – 6 7 – 

14 0 – 1 0 – 2 10 – 
20 25– 31 2 5 – 

32
1 0 – 

20
Lyon 
moyi 0,2 5 – 9 4 – 7 0,5 – 

1 9 – 29 8 – 29 45 – 67

Tungov 
moyi 4 – 13 8 – 15 B

a – 3 - 4 % C4, 1 - 2 % C6
b – 72 - 82 % eleostearin kislotalar, sis-, trans-, trans-9,11,13-oktadekatrien kislota va 3 - 6 % 

to’yingan kislotalar 
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xususiyati, kir tarkibidagi moy yoki yog’larni emul siyalash bilan 
bog’liq. Bunday emul siyalash va bu bilan yuvish xususiyati 
nafaqat karbon kislotalar, balki uzun qutblanmagan qoldiq va 
qutblangan guruhlarni bir molekulada mujassam etgan barcha 
birikmalar uchun xosdir.

Qattiq suv kal siyli va magniyli tuzlar saqlaydi, ular o’z 
navbatida sovun bilan ta’sirlashib, karbon kislotalarning 
kalsiyli yoki magniyli tuzlarini hosil qiladi. Shuning uchun 
sovunlar qattiq suvlarda o’z xususiyatini qisman yo’qotadi. 
Yog’lar karbon kislota va spirtlarning manbai sifatida xizmat 
qiladi: natriyli sovun mineral kislotalar bilan qayta ishlanganda 
yoki kislota sharoitida gidrolizga uchratilganda erkin karbon 
kislotalar aralashmasi hosil bo’ladi, hozirgi vaqtda bunday 

aralashmalardan individual karbon kislotalar olishning sanoat usuli - fraksion haydash o’ta 
takomillashtirilgan (bunda karbon kislota sof holda, asosiy 
mahsulot 90 % kam bo’lmagan miqdorlarda olinadi). 

Ba’zan yog’ kislotalari pereeterifikatsiya yordamida ajratilib, 
buning uchun kislota yoki asos katalizatorligida glitseridlarning 
metil spirt bilan reaksiyasini olib borish talab etiladi.

Metil efirlari aralashmasi fraksion haydash orqali alohida efirlarga ajratilishi mumkin, ular o’z 
navbatida gidroliz orqali individual karbon kislotalarga o’tkaziladi. Bundan tashqari metil efirlari 
alohida yoki aralashma holida katalitik qaytarish orqali tarmoqlanmagan birlamchi spirtlarga 
o’tkazilishi mumkin; ulardan o’z navbatida turli tuman birikmalar sintez qilish imkoniyati paydo 
bo’ladi.

Shunday qilib, yog’lar tarmoqlanmagan karbon kislotalar (juft uglerod atomi saqlagan C6 – C18) 
manbai bo’lib xizmat qiladi. 

Detergentlar. Yog’lardan hosil qilinuvchi yoki al fol-jarayon orqali olinuvchi, tarmoqlanmagan 
С8 va С10 tarkibli birlamchi spirtlar yuqori haroratlarda qaynaydigan efirlar olishda ishlatiladi va 
ular o’z navbatida plastifikatorlar (m-n, oktil ftalat) hisoblanadi. C12C18 saqlagan spirtlar katta 
miqdorlarda detergentlar (yuvuvchi vositalar) olishda foydalaniladi. 

Sun’iy detergentlar kimyoviy tuzilishi bo’yicha katta farq qilsada, molekula tuzilishida 
umumiyliklar bor: moyda eriydigan qutblanmagan uzun uglevodorod qoldig’i va suvda eruvchi 
qutblangan qismi saqlaydi. C12C18 bo’lgan spirtlar alkilsul fat tuzlari hosil qiladi. 

CH2 – O – C – R 
O

CH – O – C – R′
O

CH2 – O – C – R′′
O

CH3OH
asos

CH2 – OH

CH – OH

CH2 – OH

CH3 – O – C – R 
O

CH3 – O – C – R′
O

CH3 – O – C – R′′
O

+

metil efirlari aralashmasigliserid (yog′) gliserin

Sovun ishtirokida moyning suvda 
emulgirlanishi 

Qutblanmagan uglevodorod zanjiri 
moyda eriydi; qutblangan –COO– gu-
ruhi suvda eriydi. Bir xil zaryadlangan 
tomchilar bir birini itaradi.

vaqtda sovunning karboksilat qismi suv muhitida qoladi.  

 
Karboksilat guruhning manfiy  

  

moy 

COO 

COO 

COO 

Na+ 
–  

–  Na+ 

–  
Na+ 

moy 

COO 

COO 

COO 

Na+ 
–  

–  Na+ 

–  
Na+ 

moy 

COO 

COO 

Na+ 
–  

–  Na+ 

Sovun ishtirokida moyning 
suvda emulgirlanishi 

Qutblanmagan uglevodorod 
zanjiri moyda eriydi; 
qutblangan –COO– guruhi 
suvda eriydi. Bir xil 
zaryadlangan tomchilar bir 
birini itaradi. 

The mixture of methyl es-
ters can be separated by frac-
tional distillation into indi-
vidual esters, which can then 
be hydrolyzed to individual 
carboxylic acids of high puri-
ty.

n-C11H23CH2OH
H2SO4 n-C11H23CH2OSO3H

NaOH n-C11H23CH2OSO3Na– +

lauril spirti lauril sulfat lauril sulfat natriyli tuzi
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Ayni holatda qutblanmagan qismi bo’lib uglevodorod zanjiri, 
qutblangan qismi esa OSO3

Na+ hisoblanadi. 
Spirtlarni etilen oksidi bilan qayta ishlash ionlanmagan 

detergentlar hosil bo’lishiga olib keladi.

Ko’plab kislorod atomlarining mavjudligi vodorod bog’larning hosil bo’lishiga sabab bo’lib, bu 
o’z navbatida poliefir qoldiqlarining suvda eruvchanligini oshiradi. M-n, etoksilat sulfatga o’tkazilib, 
natriyli tuzi holida yuvuvchi vosita sifatida ishlatilishi mumkin.

Keng qo’llaniluvchi muhim detergentlardan biri alkilbenzol-sul fokislotaning natriyli tuzidir. 
Molekula uzun alkil qoldig’i bilan birga benzol halqasi ham saqlaydi va aromatik halqani alkillash 
orqali hosil qilinadi. Bunda alkillovchi reagent sifatida alkilgalogenid, alken yoki spirtdan 
foydalanish mumkin. Sulfolash va nitrolash orqali detergentlar olinadi.

Dastlab alkilbenzol sul fonatlar sintez qilishda polipropilendan foydalanilar edi: yon zanjirning 
o’ta tarmoqlanganligi detergentning oqova suvlarda biologik dekstruktsiyasiga to’sqinlik qiladi. 
Hozirda bunday “qattiq” detergentlar “yumshoq” (biologik yo’l bilan parchalanuvchi) detergentlar: 
alkil sul fatlar, etoksilatlar va ularning sul fatlari, shuningdek alkilbenzolsul fonatlar bilan 
almashtirilgan. Alkilbenzolsul fonatlardagi yon zanjir - alkillar alfenlardan yoki tarmoqlanmagan 
xloralkanlardan (kerosindan olinuvchi) hosil qilinadi.

Bu detergentlarning ta’siri sovun ta’siri kabi, lekin ularning qator ustunliklari bor, m-n: sul fatlar 
va sul fonatlar o’z xususiyatini qattiq suvlarda ham saqlab qoladi, chunki ularning kal siyli yoki 
magniyli tuzlari ham suvda eriydi.

To’yinmagan yog’lar. Yog’larning qotishi. 12.3-jadvaldan glitseridlar ma’lum miqdorda 
to’yinmagan kislotalar saqlashini ko’rish mumkin. Odatda bu kislotalar quyidagilar:

Yog’ molekulasida qo’shbog’ yoki qo’shbog’larning mavjudligi 
uning suyuqlanish haroratini pasaytiradi va xona haroratida 
suyuq bo’lishini  ta’minlaydi. Qandolatchilikda keng miqyosda 

sariq yog’ xususiyatiga ega bo’lgan  arzon va to’yimli moylardan foydalanish kerakligini talab etadi. 
Qo’shbog’larni gidrirlash bunday arzon moylarni - paxta, jo’xori va soya moylarini qattiq yog’larga 
o’tkazishni taminlaydi. Ular o’z navbatida konsistensiyasi bo’yicha sariq yog’ bilan taqqoslanadi. 
Yog’larni bu turdagi qotirish jarayoni ozuqa yog’lari va margarin ishlab chiqarish sanoati bilan 

CH3(CH2)10CH2OH  +  8 CH2 – CH2
lauril spirti

O
asos CH3(CH2)10CH2(OCH2CH2)8OH 

etoksilat

SO3Na– +

R

Of the straight-chain pri-
mary alcohols obtained from 
fats or in other ways the C8 
and C, members are used in 
the production of high-boil-
ing esters used as plasticizers 
(e.g., octyl phthalate).

We have seen that fats 
contain, in varying propor-
tions, glycerides of unsaturat-
ed carboxylic acids. We have 
also seen that, other things 
being equal, unsaturation in a 
fat tends to lower its melting 
point and thus tends to make 
it a liquid at room tempera-
ture.

CH3(CH2)7CH = CH(CH2)7COOH
olein kislota (sis-isomeri)

CH3(CH2)4CH = CHCH2CH = CH(CH2)7COOH
linol kislota (sis, sis-isomeri)

CH3CH2CH = CHCH2CH = CHCH2CH = CH(CH2)7COOH
linolen kislota (sis, sis-isomeri)
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bog’liq. Uglerod-uglerod qo’shbog’ni gidrirlash nozik sharoitlarda (nikel katalizatori, 175-180 °C, 
1,5-3 atm) olib boriladi va bunda murakkab efir bog’larining uzulishi kuzatiladi.

Gidrirlash yog’ning fizik xususiyatlarini o’zgartirib qolmasdan uning kimyoviy xususiyatiga 
ham ta’sir ko’rsatadi. Gidrirlanmagan yog’ tarkibida yengil uchuvchan, hid beruvchi achchiq ta’mli 
kislota va al degidlar mavjud. Gidrirlash natijasida bunday xususiyatlar yo’qoladi. Katalizator 
ishtirokidagi gidrirlashda to’yinmagan birikmalar nafaqat to’yintiriladi, balki izomerlanish ham 
- qo’shbog’ning siljishini yoki stereokimyoviy o’zgarishlar kuzatiladi - bu ham yog’larning fizik-
kimyoviy xususiyatlari o’zgarishiga sabab bo’ladi.

Tabiatda yog’larning shunday turlari ham uchraydiki, ularda ikkita yoki uchtadan qo’shbog’lar 
saqlanadi. Ular “quruvchi” moylar nomi bilan ma’lum bo’lib, bo’yoq va loklarning muhim 
komponentlari hisoblanadi. Bo’yoqlarning qurishi - bu erituvchining (m-n, skipidarning) bug’lanishi 
emas, balki kimyoviy reaksiya bo’lib, uning amalga oshishidan mustahkam qoplama - plyonka hosil 
bo’ladi. Bunday qoplama bo’yalayotgan yuzani himoyalaydi,  bo’yashdan asosiy maqsad rang berish, 
jilo berish bilan birga aynan himoyalash ham deyish mumkin. Qoplama moy tarkibiga kiruvchi 
to’yinmagan qoldiqlarning havo kislorodi ta’sirida polimerlanishi bilan bog’liq. Polimerlanish 
jarayoni va polimerning tuzilishi to’liq o’rganilmagan bo’lsada, erkin radikal mexanizmida borishi 
taxmin qilinadi.

Karbon kislota hosilalarini tahlil qilish. Ekvivalent sovunlanish. Karbon kislotalarning 
funksional hosilalari oson gidrolizlanishi va karbon kislotalarga o’tishi orqali tahlil qilinishi 
mumkin. Hosil bo’luvchi gidrolizlanish mahsulotilarining tabiati ularning qanday funktsional 
hosila ekanini isbotlaydi.

M-n, murakkab efir ma’lum miqdor asos bilan (mo’l miqdor olingan) gidrolizga uchratilsa, 
sarflangan ishqorning miqdorini o’lchash mumkin va bu bilan sovunlanish ekvivalenti topiladi:

Karbon kislota hosilalarining spektrial analizi 

Infraqizil spektrlar. Atsil hosilalarining infraqizil spektrlarida 1700 sm–1 chegarasida 
kuchli chiziqlar mavjud bo’lib, C = O valent tebranishlari uchun mos keladi. Tebranishning aniq 
ko’rsatkichlari birikmaning aniq sinfiga, uning ichki tarkibiy tuzilishiga bog’liq. 

                                                                                          12.4-jadval 
Birikma O – H C – O C = O

Spirtlar 3200 - 3600 1000 - 1200
Fenollar 3200 - 3600 1140 - 1230
Alifatik  oddiy efirlar 1060 - 1150
Aromatik oddiy efirlar 1200 - 1275
Al degidlar, ketonlar 1020 - 1075 1675 - 1725
Karbon kislotlar 2500 - 3000 1250 1680 - 1725

Murakkab efirlar 1050 - 1300 
(ikkita chiziq) 1715 - 1740

Xlorangidridlar 1750 - 1810

Amidlar (RCONH2) (N – H 
3050 - 3550) 1650 - 1690

RCOOR′ +  OH – RCOO – + R′OH
1 ekv 1 ekv

Analysis of carboxylic 
acid derivatives. Saponifi-
cation equivalent 

Functional derivatives 
of carboxylic acids are rec-
ognized by their hydrolysis 
under more or less vigorous 
conditions to carboxylic ac-
ids. Just which kind of deriv-
ative it is is indicated by the 
other products of the hydro-
lysis.
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M-n, murakkab efirlar uchun    

Ba’zi kislorod saqlovchi birikmalarning infraqizil spektrlari
Murakkab efirlar karbon kislotalardan O – H guruhining yo’qligi bilan ajralib turadi. Ular 

ketonlardan 1050 - 1300 cm–1 chegaralarida ikki kuchli C – O valent tebranishlarning mavjudligi 
bilan farqlanadi; bu chiziqlarning aniq holati efirning tuzilishi bilan bog’liq. 

Amidlarning spektrlarida karbonil guruhidan tashqari, 3050 - 3550 cm–1 chegaralarida N – 
H-bog’ uchun xos bo’lgan valent tebranishlari va 1600 - 1640 cm–1 chegaralarda N – H hisobidan 
hosil bo’luvchi deformatsion tebranishlar mavjud.  

TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1topshiriq. Benzoy kislotani metil spirti bilan sul fat kislota 
ishtirokida eterifikatsiyasi natijasida besh xildagi moddalardan 
iborat aralashma hosil bo’ladi: benzoy kislota, metil spirti, suv, 
metilbenzoat va sul fat kislota. Toza efirni ajratish usulini taklif 
qiling.

2-topshiriq. Polivinilatsetat qayerda va nima maqsadlarda 
ishlatiladi?

3topshiriq. Spirt va Grinyar reaktividan foydalanib, 
4-geptanol sintez qiling. Spirtdagi uglerodlar soni to’rtta yoki 
undan kam bo’lsin.

4-topshiriq. Katalizator sifatida mis xromitdan 
foydalanilganda n-butiloleat gidrogenolizidan qanday mahsulot 
hosil bo’ladi?

5topshiriq. a) n-propilatsetatning sovunlanish ekvivalenti 
nechaga teng? b) yana sakkizta alifatik murakkab efirlar borki, 
ularning sovunlanish ekvivalenti propilatsetatnikiga teng. Ular 
qaysilar?

6topshiriq. Quyidagi birikmalarning struktura formulalarini 
yozing va nomlang:

a) C5H10O2 tarkibli murakkab efirning to’qqizta izomerlarini;
b) C8H8O2 tarkibli murakkab efirning oltita izomerlarini;
v) C14H12O2 tarkibli murakkab efirning o’n bitta izomerlarini 

(ular orasidan metil efirlarni ajratib ko’rsating).
7-topshiriq. n-Butirilxloridning quyidagi reagentlar bilan reaksiyalarini yozing. Hosil bo’luvchi 

barcha organik birikmalarini nomlang. 
a) H2O     b) izopropil spirti 
v) n-nitrofenol    g) ammiak
d)toluol, AlCl3    e) nitrobenzol, AlCl3

murakkab efirlar uchun     

 
 

C = O valent tebranishlari, intensiv chiziqlar  

RCCOR 1740 cm–1  ArCOOR 1715 – 1730 cm–1   
yoki 

– C = C – COOR  

RCOOAr 1770 cm–1   
yoki 

RCOO – C = C –  

Draw structures and give 
names of:

(a) nine isomeric esters of 
formula C5H10O2

(b) six isomeric esters of 
formula C8H8O2

(c) three isomeric methyl 
esters of formula C7H12O4

Write balanced equations, 
naming all jorganic products, 
for the reaction (if any) of 
n-butyryl chloride with:

(a) H2O    (b) isopropyl al-
cohol  (c) p-nitrophenol  (d) 
ammonia  (e) toluene, AlCl3  
(f) nitrobenzene, AlCl3  (g) 
NaHCO3 (aq)  (h) alcohol-
ic AgNO3 (i) CH3NH2  (j) 
(CH3)2NH (k) (CH3)3N  (1) 
C6H5NH2  (m) (C6H5)2Cd  
(n) C6H5MgBr
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j) NaHCO3 ning suvli eritmasi z) AgNO3 spirtdagi eritmasi
i) CH3NH2    k) (CH3)2NH
l) (CH3)3N    m) C6H5NH2
i) (C6H5)2Cd    o) C6H5MgBr
8topshiriq. Sirka angidridining 7-topshiriqdagi (a) - (m)-

reagentlar bilan reaksiya tenglamalarini yozing. Hosil bo’lgan 
birikmalarni nomlang. 

9-topshiriq. Fenilatsetamidning quyidagi reagentlar bilan 
reaksiyalarini yozing va hosil bo’lgan organik birikmalarni 
nomlang.

a) HCl issiq suvli eritmasi b) NaOH issiq suvli eritmasi
10topshiriq.  Fenilatsetonitril 4-topshiriqdagi sharoitlarda 

qanday o’zgarishlarga uchraydi.
11topshiriq.  Metil-n-butiretning quyidagi reagentlar bilan 

reaksiya tenglamalarini yozing va hosil bo’lgan mahsulotlarni 
nomlang:

a) H2SO4 issiq suvli eritmasi b) KOH issiq suvli eritmasi
v) izopropil spirti + H2SO4  g) benzil spirti + C6H5CH2ONa
d) ammiak    e) fenilmagniybromid
j)izobutilmagniy bromid 
z) H2, CuO . CuCr2O4, qizdirish, bosim 
i) LiAlH4, so’ngra kislota   k) Na, C2H5OH 
12-topshiriq.  18O manbai sifatida H2

18O dan foydalanib 
quyidagi nishonlangan birikmalarni sintez qilish sxemalarini 
yozing. 

Ushbu birikmalarning suvli gidrolizidan qanday birikmalar 
hosil bo’ladi.  

13topshiriq. Nishonlangan manba sifatida 14CO2 yoki 
14CH3OH va H2

18O lardan foydalanib quyidagi sintez qilish 
sxemalarini yozing.

a) CH3CH2
14COCH3  b) CH3CH2CO14CH3

v) CH3
14CH2COCH3  g) 14CH3CH2COCH3

d) C6H5
14CH2CH3  e) C6H5CH2

14CH3
j) CH3CH2C18OCH3  
14-topshiriq. Quyidagi birikmalarni farqlash uchun xizmat 

qiladigan oddiy reagentlarni taklif qiling:
a) propil kislota va metilatsetat
b) n-butirilxlorid va n-butilxlorid
v) n-nitrobenzamid va etil-n-nitrobenzoat
g)glitseriltristerat va glitseriltrioleat
d) benzonitril va nitrobenzol
e) sirka angidrid va n-butil spirti
j) glitserilmonopalmitat va benzoilbromid
z) ammoniy benzoat va benzamid
i) n-brombenzoy kislota va benzoilbromid

Write balanced equations, 
naming all organic products, 
for the reaction (if any)

of methyl n-butyrate with :
(a) hot H2SO4 (aq) 
(b) hot KOH (aq) 
(c) isopropyl alcohol+H-

2SO4 
(d) benzyl alcohol + C6H-

5CH2ONa 
(e) ammonia
(f) phenylmagnesium bro-

mide
(g)isobutylmagnesium 

bromide
(h) LiAlH4, then acid
Outline the synthesis of 

each of the following labeled 
compounds, using 14CO2 or 
14CH3OH and H2 18O as the 
source of the “tagged” atoms.

(a) CH3CH214COCH3 
(b) CH3CH2CO”CH3 
(c) CH314CH2COCH3 
(d) 14CH3CH2COCH3
(e) C6H514CH2CH3
(f) C6H5CH214CH3
(g) CH3CH2C18OCH3
Describe simple chemical 

tests that would serve to dis-
tinguish between:

(a) propionic acid and 
methyl acetate

(b) n-butyryl chloride and 
n-butyl chloride

(c) p-nitrobenzamide and 
ethyl p-nitrobenzoate

(d) glyceryl tristearate and 
glyceryl trioleate

(e) benzonitrile and nitro-
benzene

(f) acetic anhydride and 
n-butyl alcohol

(g) glyceryl monopalmi-
tate and glyceryl tripalmitate

(h) ammonium benzoate 
and benzamide

(i) p-bromobenzoic acid 
and benzoyl bromide
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14-topshiriq. Quyidagi aralashmalarni kimyoviy yo’l bilan sof 
holda qanday ajratish mumkin?

a) benzoy kislota va etilbenzoat
b) n-valeronitril va n-valerian kislota
v) ammoniy benzoat va benzamid
Nima qilish kerakligini aniq ko’rsating. 
17-topshiriq. Quyidagi reaksiyalar orqali maqsaddagi 

birikmaning tuzilishini aniqlang. Har bir  mahsulotlarni nomlang.
a) Glyukoza (C6H12O6) + sirka angidridi → C16H22O11
b) Vino kislota (C4H6O6) + etil spirti +H+→ A (C8H14O6)
v) A modda + benzoil xlorid + OH– → C22H22O8
g) Gall kislota (C7H6O5) + sirka angidridi → 
d) B modda + metil spirti +H+→C14H14O8
18topshiriq. A – I moddalarning tuzilish formulalarin 

aniqlang.
a) brombenzol + Mg, efir → A (C6H5MgBr)
A + etilen oksidi, so’ngra H+→ B (C8H10O)
B + PBr3 → V (C8H9O)
V + NaCN → G (C9H9N)
G + H2SO4, H2O qizdirish → D (C9H10O2)
D + SOCl2 → E (C9H9OCl)
E + quruq HF → J (C9H8O)
J + H2, katalizator → Z (C9H10O)
Z + H2SO4, qizdirish → I (C9H8)
b) trans-2-metiltsiklogeksanol + atsetil xlorid → K
K + NaOH [H2O] + qizdirish → L + natriy atsetat

Give the structures (in-
cluding configurations where 
pertinent) of compounds C 
through O.

(a) Urea (H2NCONH2) + 
hot dilute NaOH → C + NH3

(b) Phosgene (COCl2) + 1 
mole C2H5OH, then + NH3 → 
D (C3H7O2N)

(c) bromobenzene + Mg, 
ether → E (C6H5MgBr)

E + ethylene oxide, fol-
lowed by H+ → F (C8H10O)

F + PBr3 → G (C8H9Br)
G + NaCN → H (C9H9N)
H + H2SO4, H2O, heat → I 

(C9H10O2)
I + SOCl → J (C9H9OCl)
J + anhydrous HF → K 

(C9H8O)
K + H2, catalyst → 

L(C9H10O)
L + H2SO4, warm → M 

(C9H8)
(d) trans-2-methylcyclo-

hexanol + acetyl chloride → N
N + NaOH (aq) + heat → O 

+ sodium acetate
Treatment of 2,4-pen-

tanedione with KCN and 
acetic acid, followed by hy-
drolysis, gives two products, 
A and B. Both A and B are 
dicarboxylic acids of formu-
la C7H12O6. A melts at 98o. 
When heated, B gives first 
a lactonic acid (C7 H12O5, 
m.p. 90o) and finally a dilac-
tone (C7H8O4, m.p. 105o). (a) 
What structure must B have 
that permits ready formation 
of both a monolactone and 
a dilactone? (b) What is the 
structure of A?
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NITROBIRIKMALAR
 

Azotli organik birikmalarga nitrobirikmalar, aminobirikmalar, 
nitrillar, izonitrillar, azo- va diazobirikmalar misol bo’ladi. 

Nitrobirikmalar deb - molekula tarkibidagi C-atomi nitrogu-
ruh –NO2 bilan bevosita bog’langan birikmalarga aytiladi. Ular-
ni uglevodorodlarning vodorod atomi o’rnini nitroguruh olgan 
hosilalari sifatida qarash mumkin. Nitroguruhlar soniga ko’ra 
mono-, di- va polinitrobirikmalar bo’ladi. Ularning umumiy for-
mulasi R – NO2.  

Nomenklaturasi. Sistematik nomenklatura bo’yicha nitro-
birikmalarni nomlaganda tegishli uglevodorod nomiga «ni-
tro» so’zi qo’shib aytiladi, nitroguruhning o’rni raqamlar bilan 
ko’rsatiladi. 

Nitroguruh qanday Catomi bilan bog’langaniga qarab birlamchi, ikkilamchi va uchlamchi nitro-
birikmalar bo’ladi: 

Nitro compounds are or-
ganic compounds that contain 
one or more nitro function-
al groups (−NO2). The nitro 
group is one of the most com-
mon explosophores (func-
tional group that makes a 
compound explosive) used 
globally. The nitro group is 
also strongly electron - with-
drawing. Because of this 
property, C−H bonds alpha 
(adjacent) to the nitro group 
can be acidic.CH3 – NO2 nitrometan

CH3 – CH – CH3

NO2

2-nitropropan, ikkilamchi nitropropan

CH3 – CH2 – NO2 nitroetan

CH3 – CH2 – CH2 – NO2 1-nitropropan, birlamchi nitropropan

2-metil-2-nitropropan, uchlamchi nitrobutanCH3 – C – CH3

NO2

CH3

AZOT SAQLOVCHI ORGANIK BIRIKMALAR

13-BOB 
NITROBIRIKMALAR
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Tuzilishi. To’yingan nitrobirikmalar CnH2n+1NO2 yoki R –  NO2 
umumiy formula bilan ifodalanadi. Ular nitrit kislota efirlari 
R–O–N=O bilan izomer bo’lib, ulardan quyidagi xususiyatlari bi-
lan farq qiladilar. 

1. Nitrit kislota efirlari (alkilnitritlar) nitrobirikmalarga qara-
ganda past haroratda qaynaydilar.                                        

 
2. Nitrobirikmalar alkilnitritlariga qaraganda kuchli qutblangan va ularning dipol momentlari kat-
ta. 

3. Alkilnitritlar oson gidrolizlanadilar:  

Nitrobirikmalar gidrolizga uchramaydilar. 
4. Nitrobirikmalar qaytarilganda aminobirikmalar, alkil nitritlardan esa spirtlar va gidroksila-

min hosil bo’ladi:

Nitrobirikmalar yarim qutblangan bog’lanish hosil qilib tuz-
ilgan bo’lib, ularning tuzilishini quyidagi oktet formulalar bilan 
ifodalanishi mumkin:

Nitrobirikmalarning tuzilishini yana quyidagi formula ko’ri-
nishida ifodalash mumkin:

CH3 – CH – CH2 – CH2 – NO2

CH3

CH3 – CH – CH – CH3

CH3

NO2

birlamchi nitrobirikma (1-nitro-3-metilbutan)

ikkilamchi nitrobirikma (3-nitro-2-metilbutan)

CH3 – C – CH2 – CH3

CH3

NO2

uchlamchi nitrobirikma (2-nitro-2-metilbutan)

R : N :: O:
..:O:
..

..
.. yoki R – N

O

O
yoki R – N

O

O+
–

R – N
O

O+
–

R – N
O

O+
– 1/2e  

R – N
O

O+
–

– 1/2e  

R – O – N = O  +  H2O R – OH  +  HNO2

R – NO2 +  3H2 R – NH2 +  2H2O

R – O – N = O  +  2H2 R – OH  +  NH2OH
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Nitroguruhning tuzilish formulasiga ko’ra azot bilan birik-
kan kislorod atomining biri qo’shbog’, ikkinchisi esa faqat ikki 
elektron (ya′ni bu ikkala elektronni ham bitta azot atomi bera-
di) orqali bog’langan. Bu elektronlar kislorod elektronlar sonini 
oktetgacha to’ldiradi. Natijada kislorod atomi manfiy, azot atomi 
esa musbat zaryadlanib qoladi, chunki elektron jufti endi faqat 
azotga tegishli bo’lmaydi. Demak, ikkinchi kislorod azot bilan 
yarim qutblangan bog’ bilan bog’langan. Bunday bog’lanish 
yarimpolyar (semipolyar) bog’ deb ataladi. Semipolyar bog’la-
nishli moddalarning dipol momenti katta bo’ladi. Ularning qay-
nash harorati semipolyar bog’ tutmagan izomerlarning qaynash 
haroratidan yuqoridir. Tekshirishlarning ko’rsatishicha, nitro-
birikmalardagi ikkala kislorod atomlarining bog’lanish qiymati 
o’zaro tengdir.

Olinish usullari. Organik moddalar tarkibiga nitroguruhni kiritish nitrolash deyiladi. Nitrolash 
kons. HNO3 bilan H2SO4 (birinchisi nitrolovchi reagent, ikkinchisi suvni tortib oluvchi vosita) dan 
iborat nitrolovchi aralashma vositasida amalga oshiriladi.  

To’yingan uglevodorodlarni nitrolash. Bu usulni birinchi marta 1888 yilda M.I. Konovalov top-
gan bo’lib, hozirgi vaqtda sanoatda nitrobirikmalar ana shu usul bilan olinadi. Buning uchun to’yin-
gan uglevodorodlarga 150-475 °C da suyultirilgan HNO3 ta′sir ettiriladi: 

 

To’yingan uglevodorodlarning galogenli hosilalariga nitrit kislota tuzlari ta′sir ettirib olish. 
To’yingan uglevodorodlarning nitrobirikmalari nitroparafinlar deb ataladi. Nitroparafinlarni birin-
chi marta galoidalkillarga AgNO2 ta′sir ettirib olingan: 

Bu reaksiyani V.Meyer taklif etgan. 
α-Galogen karbon kislotalarga nitrit kislota tuzlarini ta′sir ettirib olish. Bu usul bilan birlamchi 

va ikkilamchi nitrobirikmalar olish mumkin. Buning uchun karbon kislotalarning galogen atomi 
α-holatda joylashgan galogenli birikmalariga Na yoki KNO2 ning suvdagi eritmasi ta′sir ettiriladi:

 

Aminlarni oksidlash. Bu usul bilan, asosan, uchlamchi nitrobirikmalar olinadi (Bamberger usu-
li):

CH3 – CH – CH3 +  HNO3

CH3

CH3 – C – CH3 +  H2O
CH3

NO2

CH3 – CH – Cl +  AgNO2

CH3

CH3 – CH – NO2 +  AgCl
CH3

CH3 – C – NH2 +  3 [O]
CH3

CH3 – C – NO2 +  H2O
CH3

CH3CH3

CH3 – CH – COOH  +  KNO2

Cl
CH3 – CH – COOH

NO2

- KCl CH3 – CH2 +  CO2

NO2

Nitromethane can be pro-
duced in the laboratory by 
treating sodium chloroace-
tate with sodium nitrite. Ox-
idation of oximes or primary 
amines. Reduction of β-nitro 
alcohols or nitroalkenes.

By decarboxylation of 
α-nitro carboxylic acids 
formed from nitriles and eth-
yl nitrate.
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Fizik xossalari. Nitrobirikmalarning quyi gomologlari rangsiz, 
qo’lansa hidli suyuqlik bo’lib, suvda erimaydi, efir va spirtda yax-
shi eriydi. Uglerod soni oshishi bilan ularning suvda eruvchanligi 
va zichligi kamayadi, qaynash harorati esa ko’tariladi. Ular elektr 
tokini o’tkazmaydi. Nitrobirikmalar haydaladi, ularning bug`lari 
zaharli. Nitrobirikmalar yoqimli hidga ega bo’lgan, suvda kam 
eriydigan suyuqliklardir, zaharli, parchalanmasdan haydaladi. 
Tuzilishida to’rttagacha uglerod bo’lgan nitrobirikmalarning 
zichligi birdan kichik. 

Kimyoviy xossalari. Nitroguruhlarning kimyoviy xossalari 
molekulada nitroguruh borligi tufayli yuzaga chiqadi. Nitrobirik-
malarning eng muhim xossalaridan biri ularni qaytarganda ami-
nobirikmalarga aylanishi hisoblanadi: 

Bu reaksiya nitrobirikmalardagi azot uglerod bilan to’g’ri-
dan-to’g’ri birikkanligini ko’rsatadi. Nitrobirikmalarning izo-
merlari, ya′ni nitrit kislota efirlari qaytarilganda spirt hamda 
gidroksilamin yoki ammiak hosil bo’ladi.

Birlamchi va ikkilamchi nitrobirikmalar molekulasidagi nit-
roguruh bilan birikkan C-atomidagi vodorod metallarga almash-
ina oladi. M-n: nitroetan C2H5NO2 va natriy etilatning spirtli erit-
masi aralashtirilsa, C2H4NaNO2 tarkibli kristall cho’kma hosil 
bo’ladi. Bunda tushgan kristall cho’kma - metalli hosila suvda 
oson eriydi va yaxshi dissotsiyalanadi, lakmus bilan tekshiril-
ganda neytral reaksiya beradi, ya′ni ular kuchli kislotalarning 
tuzlaridir.

Birlamchi va ikkilamchi nitrobirikmalar ishqorlarda tuz ho-
sil qilib eriydi. Buning sababi, ularning ikki xil tautomer shakl   
- ney tral va psevdokislota shaklida mavjud bo’la olishligi his-
oblanadi: 

Psevdokislotalar dissotsiatsiyaga uchramaydilar, lekin ishqoriy metallar bilan tuz hosil qiladilar. 
Bu ularga o’yuvchi ishqor eritmasi ta′sir ettirilganda, nitroguruh bilan birikkan uglerod atomining 
vodorodi faollashishi va izonitrobirikma hosil qilishi bilan izohlanadi. Izonitrobirikmalar kuchli 
kislota xossasiga ega:  

In nucleophilic aliphatic 
substitution, sodium nitrite 
(NaNO2) replaces an alkyl 
halide. In the so-called Ter 
Meer reaction (1876) named 
after Edmund ter Meer, reac-
tant is a 1,1-halonitroalkane.

Nitro compounds partic-
ipate in several organic re-
actions, the most important 
being their reduction to the 
corresponding amines:

RNO2 + 3H2 → RNH2 + 2 
H2O

The reaction mechanism is 
proposed in which in the first 
slow step a proton is abstract-
ed from nitroalkane 1 to a 
carbanion 2 followed by pro-
tonation to an aci-nitro 3 and 
finally nucleophilic displace-
ment of chlorine based on 
an experimentally observed 
hydrogen kinetic isotope ef-
fect. When the same reactant 
is reacted with potassium hy-
droxide the reaction product 
is the 1,2-dinitro dimer.

R – NO2 +  6[H] R – NH2 +  2H2O

CH3 – CH2 – NO2 +  6[H] CH3 – CH2 – NH2 +  2H2O

CH3 – O – N = O  +  2H2 CH3 – OH  +  NH2OH

R – CH2 – N
O

O
R – CH = N

OH

O +NaOH
R – CH = N

ONa

O
- H2O

C2H5 – NO2 + CH3 – CH2 – ONa C2H5 – OH + C2H4NaNO2
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Nitrobirikmalarning kislota shakli ko’pincha izonitrobirik-
malar deb ataladi. Metalli hosilaga kislota qo’shilsa, kislota 
shakli hosil bo’ladi, u neytral holdagi nitrobirikmaga aylanadi 
(izomerlanadi).

Uchlamchi nitrobirikmalarda nitroguruh bilan bog’langan 
uglerodda Hatomi yo’q. Shuning uchun ularda bunday izo-
merlarning hodisasi kuzatilmaydi.

Nitroguruh bilan bevosita bog’langan ugleroddagi vodorod 
atomlari o’ta qo’zg’aluvchan bo’ladi. Shuning uchun birlamchi va 
ikkilamchi nitrobirikmalar nitrit kislota, aldegidlar va boshqa-
lar bilan reaksiyaga kirisha oladilar. Ikkilamchi nitrobirikmalar 
ham nitrit kislota bilan birikib, suv ajratib chiqaradi va psevdo-
nitrollar hosil qiladi. Psevdonitrollarning efir va xloroformdagi 
eritmasi ko’k yoki binafsha-ko’k rangli bo’ladi:

Uchlamchi nitrobirikmalar nitrit kislota bilan reaksiyaga 
kirishmaydi. 

Nitrobirikmalarning nitrit kislota bilan sodir bo’ladigan reak-
siyasidan ularning va boshqa moddalarning (spirt, galogenalkil-
lar va b.) tuzilish formulasini aniqlashda foydalaniladi.

Birlamchi va ikkilamchi nitrobirikmalar aldegidlar bilan 
reaksiyaga kirishib, nitrospirtlarni hosil qiladilar. Nitrometan 
formaldegid bilan reaksiyaga kirishib, trimetilol nitrometanni 
hosil qiladi:

Trimetilolnitrometan emulgatorlar, portlovchi va yuvuvchi moddalar ishlab chiqarishda ishlati-
ladi.

Birlamchi va ikkilamchi nitrobirikmalarga kislota ta′sir ettirilganda aldegidlar, ketonlar va kis-
lotalarni hosil qiladi:

R – CH2 – N
O

O+
–

R – CH = N
O

O

–

–

H
+ +

Many flavin-dependent en-
zymes are capable of oxidiz-
ing aliphatic nitro compounds 
to less-toxic aldehydes and 
ketones. Nitroalkane oxi-
dase and 3-nitropropionate 
oxidase oxidize aliphatic ni-
tro compounds exclusively, 
whereas other enzymes such 
as glucose oxidase have other 
physiological substrates. 

RH+HONO2→RNO2+H2O
by displacement reactions 

with nitrite ions,
RX+NO2−→RNO2+X− 
and by oxidation of prima-

ry amines,
RNH2⟶RNO2
Acid-base reactions
The α-carbon of nitroal-

kanes is somewhat acidic. 
The pKa values of nitrometh-
ane and 2-nitropropane are 
respectively 17.2 and 16.9 in 
dimethyl sulfoxide (DMSO) 
solution. These values suggest 
an aqueous pKa of around 11. 
In other words, these carbon 
acids can be deprotonated in 
aqueous solution. The conju-
gate base is called a nitronate, 
they are formed as intermedi-
ates in the nitroaldol reaction 
and Nef reactions.

R – C – H   +  HONO
NO2

R′

R – C – N = O  + H2O
NO2

R′

psevdonitrol

R – C – H   +  HONO
NO2

H

R – C – N = O  + H2O
NO2

H

R – C = N – OH  + H2O
NO2

CH3 – NO2  +  CH2O HOCH2 – CH2 – NO2  + 2CH2O HOCH2 – C – NO2  + 2CH2O

HOCH2

HOCH2
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Ishlatilishi. Nitrobirikmalar erituvchi sifatida, aldegid, kislo-
ta, keton va boshqalar olishda, portlovchi moddalar ishlab chiqa-
rishda ishlatiladi.

AROMATIK NITROBIRIKMALAR

Tuzilishida benzol halqasi bilan birgalikda –NO2- nitroguruhi 
ishtirok etadigan birikmalarga aromatik nit robirikmalar deyila-
di. Ular ikkiga: nitroguruhi benzol halqasida joylashgan hamda 
nitroguruhi yon zanjirda joylashgan nitrobirikmalarga bo’linadi 
va quyidagicha nomlanadi:

Nitroguruhning soniga qarab nitrobirikmalar mono-, di-va 
trinitrobirikmalarga ajratiladi:

 

Nitroguruhi benzol halqasida joylashgan nitrobirikmalar kat-
ta ahamiyatga ega. Ular bo’yoqlar, portlovchi moddalar, erituv-

chilar, hid beruvchi moddalar olishda xom ashyo sifatida ishlatiladi.
Yog’ qatori nitrobirikmalari kabi aromatik nitrobirikmalar ham yarim qutblangan tuzilishga 

egadir:

NITROGURUHI BENZOL HALQASIDA JOYLASHGAN NITROBIRIKMALAR

Olinish usullari. Nitroguruhi halqada joylashgan nitrobirik-
malar benzol va uning gomologlariga kons. nitrat va sulfat kis-
lotalar aralashmasi (nitrolovchi aralashma) ta′sir ettirib olinadi. 
Bunda birinchi nitroguruh 50 - 60 °C da halqadagi vodorod bilan 
oson almashadi, ikkinchi nitroguruh qiyinchilik bilan almashina-
di. Almashinish m-holatdagi vodorod hisobiga boradi. Uchinchi 
nitroguruh halqaga juda qiyinchilik bilan kiritiladi. Dinitroben-
zol tutovchi nitrat va sulfat kislota aralashmasi bilan qo’shib 5 
kun qizdirilganda 45 % unum bilan 1,3,5- trinitrobenzol hosil 
bo’ladi:

o- yoki p- holatdagi di- yoki trinitrobirikmalar tegishli nitroanilinlarni oksidlab olinadi:

Benzolning gomologlari benzolga qaraganda oson nitrolanadi. M-n, toluolni nitrolaganda mono-, 
di- va trinitrotoluollar aralashmasi hosil bo’ladi:

Nitrolash reaksiyasining tezligi nitrolovchi aralashma tarkibiga va nitrolanayotgan ug-
levodorodlarning tuzilishiga bog’liq, benzolni nitrolash uchun 90 %-li sulfat kislota ishlatiladi. Sul-
fat kislota kons. 90 % dan 80 % ga kamayishi nitrolash reaksiyasi tezligini 3000 marta kamayishiga 
sabab bo’ladi.

R – CH = N
ONa

O H2SO4 R – CH = N
OH

O
2 2 R – C2

O

H
+  N2O  +  H2O

R – C = N
ONa

O H2SO42 +  N2O  +  H2O

R

R – C = N
OH

O
2

R

R – C = O2

R

R – CH = N
ONa

O H2SO4 +  H2O
R – C

O

OH
+  NH2OH  +  NaHSO4

NO2

o-dinitrobenzol
NO2 O2N

1,3,5-trinitrobenzol
NO2

NO2

NO2

nitrobenzol

NO2

o-nitrotoluol
CH3 CH2 – NO2

fenilnitrometan

Ar – N
O

O+
–

The aromatic nitrocom-
pounds are a group of organ-
ic chemicals headed by ni-
trobenzene (C6H5NO2) and 
derived from benzene and 
its homologues (toluene and 
xylene), naphthalene and an-
thracene by replacement of 
one or more hydrogen atoms 
by a nitro- group (NO2).
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NITROGURUHI BENZOL HALQASIDA JOYLASHGAN NITROBIRIKMALAR

Olinish usullari. Nitroguruhi halqada joylashgan nitrobirik-
malar benzol va uning gomologlariga kons. nitrat va sulfat kis-
lotalar aralashmasi (nitrolovchi aralashma) ta′sir ettirib olinadi. 
Bunda birinchi nitroguruh 50 - 60 °C da halqadagi vodorod bilan 
oson almashadi, ikkinchi nitroguruh qiyinchilik bilan almashina-
di. Almashinish m-holatdagi vodorod hisobiga boradi. Uchinchi 
nitroguruh halqaga juda qiyinchilik bilan kiritiladi. Dinitroben-
zol tutovchi nitrat va sulfat kislota aralashmasi bilan qo’shib 5 
kun qizdirilganda 45 % unum bilan 1,3,5- trinitrobenzol hosil 
bo’ladi:

o- yoki p- holatdagi di- yoki trinitrobirikmalar tegishli nitroanilinlarni oksidlab olinadi:

Benzolning gomologlari benzolga qaraganda oson nitrolanadi. M-n, toluolni nitrolaganda mono-, 
di- va trinitrotoluollar aralashmasi hosil bo’ladi:

Nitrolash reaksiyasining tezligi nitrolovchi aralashma tarkibiga va nitrolanayotgan ug-
levodorodlarning tuzilishiga bog’liq, benzolni nitrolash uchun 90 %-li sulfat kislota ishlatiladi. Sul-
fat kislota kons. 90 % dan 80 % ga kamayishi nitrolash reaksiyasi tezligini 3000 marta kamayishiga 
sabab bo’ladi.

+ HONO2
H2SO4

NO2
+ H2O

HNO3 + H2SO4

NO2

HNO3 + H2SO4

NO2

NO2

HNO3 + H2SO4

O2N NO2

NO2

CH3

HNO3

- H2O

NO2

CH3

CH3

NO2

HNO3

- H2O

HNO3

- H2O

CH3

CH3

NO2

NO2O2N

NO2

HNO3

- H2O

CH3

NO2

NO2O2N

NH2

NO2

+  [O]

NO2

NO2

+  H2O
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Nitrolash reaksiyasining mexanizmi quyidagicha: sulfat kislota eritmasida nitrat kislota qu-
yidagicha dissotsiyalanadi:

Toza nitrat kislota nitrolash sharoitida quyidagicha dissotsiyalanadi:

Aralashmada NO2
+- nitroniy ionining bo’lishligi ko’pchilik zamonaviy usullar bilan isbotlangan.

Hosil bo’lgan nitroniy ioni benzol halqasi bilan dastlab π-so’ngra δ-kompleks hosil qiladi va pro-
ton (vodorod ioni) ajralishi bilan nitrobenzolni hosil qiladi.

Ajralgan proton bisulfat ioni bilan birikib 
sulfat kislotani hosil qiladi.

Fizik xususiyatlari. Tuzilishida bitta nit-
roguruhi bo’lgan nitrobirikmalar suyuq yoki 
qattiq moddalar bo’lib, rangsiz yoki och sariq 
rangli bo’ladi. Suvda erimaydi. Suvdan og’ir. 
Achchiq danak hidiga ega, zaharli. Nitroben-
zol ayniqsa zaharli. Organizmdan juda qiyin-
chilik bilan chiqib ketadi.

Nitroguruhining qutblanganligi va uning 
molekula o’rtasidagi kuchli ta′siri sababli nit-
robirikmalar yuqori haroratda qaynaydilar.

Nitrobirikmalar kuchli qutblanganligi sa-
babli boshqa erituv chilarda erimaydigan 
birikmalarni erita oladilar.

Kimyoviy xossalari. Aromatik qator nitro-
birikmalarining tuzilishida nitroguruhi va 
benzol halqasining bo’lishi va ularning o’zaro 
ta′siri nitrobirikmalarning kimyoviy xususi-

yatlarini belgilaydi.
Nitrobirikmalarni eng muhim xususiyatlaridan biri ularning nitroguruhini qaytarib aminogu-

ruh hosil qilishi hisoblanadi. Bu reaksiya 1842 yilda rus olimi N.N. Zinin tomonidan kashf etilgan. 
Bi rinchi marta nitrobenzol ammoniy sulfid bilan qaytarilib anilin hosil qilingan. Bu reaksiyaning 
ochi lishi kimyo sanoatidagi yirik kashfiyotlardan biri hisoblanadi. Chunki aromatik aminobirikma-
lar bo’yoq, tibbiy dori-darmonlar, fotokimyoviy moddalar tayyorlashda katta ahamiyatga ega.

Aromatik nitrobirikmalarni qaytarilganda reaksiya sharoitiga qarab, turli birikmalar hosil bo’la-
di. Aromatik aminobirikmalar qaytarilish jarayonining oxirgi mahsuloti hisoblanadi. Ular, asosan, 
nitrobirikmalarni kislotali sharoitda qaytarib olinadilar.

2H2SO4 +  HNO3 NO2 +  H3O  +  2HSO4
+ + –

2HNO3 NO2 +  NO3 +  H3O
+ –

NO2
NO2H

+
NO2

+  H
+

C6H5 – NO2 +  3(NH4)2S C6H5 – NH2 +  3S  +  6NH3 + 2H2O
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Neytral, ishqoriy va kuchsiz kislotali muhitlarda reaksiyani turli oraliq mahsulotlar hosil bo’lish 
bosqichlarida to’xtatib qO‘yish mumkin. Nitrobirikmalarning qaytarilish mexanizmini Gaber va 
V.O. Lukashevichlar o’rgangan. Nitrobenzolni qaytarilish sxemasini quyidagicha tasavvur etish 
mumkin:

Neytral va kuchsiz kislotali muhitlarda 3 - 4 reaksiyalar hosil bo’lib, kislotali muhitda oraliq 
mahsulotlarni ajratib olib bo’lmaydi. Neytral muhitda nitrobenzol bilan fenilgidroksilaminni ajra-
tib olish mumkin. Ishqoriy muhitda 5-8 reaksiyalar sodir bo’ladi va bu sharoitda oraliq mahsu-
lotlarni ajratib olish mumkin.

Nitroguruhi ikkinchi tur yo’naltiruvchi bo’lganligi sababli elektrofil agentlarini meta-holatga 
yo’naltiradi. Nitroguruhi benzol halqasining reaksiyaga kirishuvchanlik xossasini kamaytiradi.

Nukleofil reagentlarini esa o- va p-holatlarga yo’naltiradi. Agar nitrobenzolga kukun holidagi 
o’yuvchi kaliy qo’shib qizdirilsa, o- va p-nitrofenolyatlar aralashmasi hosil bo’ladi:

Nitroguruhi kuchli elektroakseptor guruh bo’lganligi sababli, u o’ziga nisbatan o- yoki p-ho-
latlarda joylashgan atomlar va guruhlarga kuchli ta′sir etadi. Agar nitroguruhiga nisbatan o- yoki 
p-holatlarda galogen yoki nitroguruh bo’lsa, ular (galogen yoki nitroguruh) gidroksil, alkoloksil 
yoki aminoguruhi bilan oson almashina oladilar:

 

C6H5NO2
tº C6H5 – N – OH 

H

O –

2 C6H5NO2
3 C6H5NHOH 4 C6H5NH2

C6H5 – N = N – C6H5

O – 5 6

C6H5 – N = N – C6H5
7 C6H5 – NH – NH – C6H5

8

NO2

HNO3 + H2SO4

NO2

NO2

HNO3 + H2SO4

O2N NO2

NO2

NO2

NO2

5% NaOH

CH3OH

NH3

OH
NO2

OCH3

NO2

NH2

NO2

OK
+

KOH

NO2

OK

NO2NO2
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Nitroguruhga nisbatan o- yoki p-holatlardagi o’rinbosarlarni qo’zg’aluvchanligiga sabab, nit-
roguruh ta′sirida bu holatlarda elektron bulutining zichligi kamayadi va nisbatan musbat zaryad 
tutadi. Bu esa hujum qilayotgan elektrofil reagentni o- yoki p-holatlardagi o’rinbosarlar bilan al-
mashinishini osonlashtiradi.

Alohida vakillari. Nitrobenzol ko’p miqdorda benzolni nitro-
lab olinadi. Toza nitrobenzol achchiq danak hidiga ega bo’lgan 
rangsiz suyuqlik. Suvda erimaydi, zaharli. Asosan anilin ishlab 
chiqarishga sarflanadi.

 
Trinitrobenzol benzoldan qiyin hosil bo’ladi. Asosan, trinitro-
toluolni oksidlab va dekarboksillab olinadi. 172 °C da suyuqla-
nadi, kuchli portlovchi modda.

Nitrotoluollar - toluollarni nitrolab olinadi. Ular bo’yoqlar 
uchun xom ashyo bo’lgan taluidinlarni olishda ishlatiladi.

Trinitrotoluol (trotil) - toluolni nitrolab olinadi. 80,6 °C da suyuqlanadigan sariq rangli kristall 
portlovchi modda.

NITROGURUHI YON ZANJIRDA JOYLASHGAN NITROBIRIKMALAR

Olinish usullari. Nitroguruhi yon zanjirda joylashgan nitrobirikmalarni olishda yog’ qatori nitro-
birikmalarni olishdagi usullardan foydalanish mumkin.

Benzol gomologlarini yuqori haroratda suyultirilgan nitrat kislota bilan nitrolash (Konovalov 
reaksiyasi).

Cl
NO2

H2O, Na2CO3

KOH, CH3OH

2 NH3

OH
NO2

+  CO2  +  NaCl

OCH3

NO2

+  KCN +  H2O

NH2

NO2

+  NH4Cl

NO2

Cl OH
+

2,4-Dinitrotoluene affects 
the drug-metabolizing en-
zymes in liver microsomes, 
and it has been shown to be 
a hepatocarcinogen in the rat. 
No data are available as re-
gards its carcinogenic poten-
tial to humans.
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Reaksiya quyidagi mexanizm orqali boradi:

Yon zanjirda galogen tutgan aromatik birikmalarga kumush nitrit ta′sir et-
tirib olinadi:

Fizik va kimyoviy xossalari. Nitroguruhi yon zanjirda joylashgan nitrobirik-
malar suyuq yoki qattiq moddalar bo’lib, suvda yomon eriydi.

Bular qaytarilganlarida aminobirikmalarni hosil qiladi:

Ishqorlar bilan ta′sir etilganda tuz hosil qiladi:

Bu reaksiya nitroguruhi yon zanjirda joylashgan birikmalarni nitroguruhi 
halqada joylashgan birikmalardan farqlash uchun ishlatiladi.

Nitroguruhi yon zanjirda joylashgan nitrobirikmalar chumoli aldegid, ni-
trat kislota va boshqa birikmalar bilan reaksiyaga kirisha oladi. Biz bu reaksi-
yalar bilan yog’ qatori nitrobirikmalari misolida tanishib chiqqanmiz.

AMINOBIRIKMALAR.  AZO- VA DIAZOBIRIKMALAR

Ammiak molekulasidagi bitta, ikkita yoki uchala vodorod atomlari ug-
levodorod radikallariga almashinishidan hosil bo’lgan organik moddalar 
aminlar deyiladi. NH2guruh amino guruh, ikkilamchi aminlardagi =NH – gu-
ruh iminoguruh deb ataladi. Amin molekulasidagi radikallar bir xil yoki har 
xil bo’ladi. Uglevodorod radikalining tabiatiga qarab aminlar 
alifatik (to’yingan va to’yinmagan ), alisiklik, aromatik, geterot-
siklik radikallarga bo’linadi. Ular aminoguruhlar soniga qarab, 
mono-, di- va poliaminlar holida bo’ladi. Radikallar soniga qa-
rab, birlamchi (ammiakdagi bitta vodorod radikalga almashsa), 
ikkilamchi (ammiakdagi ikkita vodorod almashsa), uchlamchi 
(ammiakdagi uchta vodorod almashsa) amin hosil bo’ladi:

 

C6H5CH3 +  HONO2 C6H5CH2NO2 +  H2O

R – H  +  NO2 R   +  HNO2
.

R   +  NO2
.

.

. R – NO2

C6H5CH2Cl  +  AgNO2 C6H5CH2NO2 +  AgCl

C6H5CH2 – N
O

O

H2SO4

–
+

C6H5CH2 = N
O

OH
NaOH C6H5CH2 = N

O

ONa

C6H5CH2NO2 +  [H] C6H5CH2NH2 +  H2O

R – N – H
H

..
R – N – R

R

..
′

′
′ R – N – R

R

..
′

′
′

birlamchi amin uchlamchi aminikkilamchi amin

Organic substances 
formed by the exchange of 
one, two, or three hydrogen 
atoms in an ammonia mole-
cule for hydrocarbon radicals 
are called amines. The NH2 
group is called the amino 
group, the = NH - group in the 
secondary amines is called 
the iminogroup.



354

Nomlanishi va izomeriyasi. Aminobirikmalarni emperik no-
menklatura bo’yicha nomlashda aminoguruh bilan bog’langan 
radikal nomi oxiriga amin so’zi qo’shib o’qiladi. 

Sistematik nomenklatura bo’yicha nomlashda esa amino-
birikma molekulasidagi uzun zanjir tanlanadi, uglerod atomi 
raqamlanadi, raqamlash aminoguruh yaqin tomondan boshla-

nadi, aminoguruhning o’rni ko’rsatiladi, undan keyin tarmoqlangan uglerod atomi raqami, undagi 
radikal nomi va oxirida asosiy zanjirdagi to’yingan uglevodorod nomi oldiga «amino» so’zi qo’shilib 
aytiladi.

Uglerod zanjirining qanday tarmoqlanganligiga va aminoguruhning joylashgan o’rniga qarab, 
aminlarning bir necha xil izomerlari bo’ladi. Umumiy formulasi C4H11N bo’lgan aminlarning 4 ta 
birlamchi, 3 ta ikkilamchi va 1 ta uchlamchi, jami 8 ta izomeri mavjud:

Olinish usullari. Aminobirikmalarni spirtlar va galoidalkil-
larga ammiak ta′sir ettirib, nitrobirikmalar, nitril va izonitrillarni 
qaytarib, kislota amidlarini oksidlab olish mumkin. 

Sanoatda spirtlarga yuqori haroratda (t=300 °С) katalizator 
(Al2O3, ThO2) ishtirokida ammiak bilan ta′sir ettirilganda bir-
lamchi, ikkilamchi va uchlamchi aminlarning aralashmasi hosil 
bo’ladi:

Galoidalkillarga ammiak ta’sir ettirish (Gofman reaksiya-
si). Nemis kimyogari A.B.Gofman galoidalkillarga ammiak ta′-

Aliphatic amines are 
named by naming the alkyl 
group or groups attached to 
nitrogen, and following these 
by the word-amine.

Amino compounds can be 
oxidized to acid amides by 
the action of ammonia on al-
cohols and haloalkyls, revers-
ing nitro compounds, nitriles 
and isonitriles

When amino compounds 
are exposed to acidic amides 
in an alkaline environment 
by hypochlorite or hypobro-
mides, primary amines are 
formed (Hoffmann reaction).

CH3 – NH – CH2 – CH2 – CH3 metil-etil amin; N-metilaminopropan

CH3 – NH – CH – CH3

CH3

123

metil-izopropil amin; 2-(N-metil)aminopropan

CH3 – CH2 – NH – CH2 – CH3 dietil amin; N-etilaminoetan

CH3 – N – CH2 – CH3

CH3
dimetiletil amin; N,N-dimetilaminoetan

12

3

12

1 2

CH3 – CH2 – CH – CH3

1234
ikkilamchi butilamin; 2-aminobutan

CH3 – C – CH3

123

CH3

NH2

uchlamchi butilamin; 2-amino-2-metilpropan

NH2

CH3 – CH2 – CH2 – CH2 – NH2 butilamin (birlamchi butilamin); 1-aminobutan
1234

CH3 – CH – CH2 – NH2 izobutilamin; 1-amino-2-metilpropan
123

CH3

R – OH  +  NH3
400 ºC
–H2O R – NH2

R – OH 
–H2O R – NH – R R – OH 

–H2O R – N – R
R
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sir ettirib, quyidagi sxema bo’yicha birlamchi, ikkilamchi, 
uchlamchi aminlar va to’rtlamchi ammoniy asoslarini olishga 
muvaffaq bo’ldi. Shuning uchun bu reaksiyani Gofman reak-
siyasi deb yuritiladi. Bu reaksiyani olib borish uchun ammi-
akning spirtli eritmasi galoidalkil (R – X) bilan qizdiriladi. 
Bu reaksiyani metil xloridga ammiak ta′sir ettirish misolida 
ko’rib chiqamiz. Metil xloridga ammiak ta′sir ettirilsa, metil  
ammoniy xlorid hosil bo’ladi. Hosil bo’lgan metil ammoniy xlo-
rid ammiakning mo’l miqdori bilan reaksiyaga kirishib, birlam-
chi amin hosil qiladi:

1-bosqich:

2-bosqich: Metilamin yana metil xlorid bilan birikadi va dimetilammoniy xlorid hosil bo’ladi:

 

Hosil bo’lgan dimetilammoniy xlorid ammiakning mo’l 
miqdori bilan reaksiyaga kirishib, erkin trimetilaminga aylana-
di:

3-bosqich: Dimetilamin metil xlorid bilan reaksiyaga kirishib, 
trimetilammoniy xlorid hosil qiladi:

Hosil bo’lgan trimetilammoniy xlorid metilxloridning mo’l miqdori bilan reaksiyaga kirishib, er-
kin trimetilaminga aylanadi:

4-bosqich. Trimetilamin molekulasi o’ziga yana bir molekula metil xloridni biriktirib, tetrame-
tilammoniy xlorid hosil qiladi: 

CH3Cl + NH3 [CH3NH3] Cl + NH3
+ –

CH3NH2  +  NH4Cl 
metil amin

R – Cl +  NH3 [R – NH3]  Cl+ – R – NH2   +  NH4Cl 

CH3 – NH2 + CH3Cl [(CH3)2NH2] Cl+ –

dimetilammoniy xlorid

Amines are formed when 
nitro compounds, nitriles, 
oxides, and hydrosons are 
returned with hydrogen at-
oms in the presence of a Ni 
catalyst. The process can be 
carried out in neutral, weakly 
acidic and alkaline environ-
ments.

When the hydrogen atoms 
of ammonia are exchanged 
for alkyl groups, the basic 
properties of nitrogen in-
crease. This is because the 
alkyl group, which has elec-
trodonor properties, increas-
es the electron density in the 
nitrogen atom.

[(CH3)2NH2] Cl+ NH4Cl + CH3 – NH – CH3
dimetilamin

[(CH3)3NH] ClCH3 – NH – CH3  + CH3Cl + –

trimetilammoniy xlorid

[(CH3)3NH] Cl+ –
CH3 – N – CH3

CH3 trimetilamin

+  NH4Cl 

CH3 – N – CH3

CH3

+  CH3Cl [(CH3)4N] Cl+ –

tetrametilammoniy xlorid

CH3CL       

Trimetilamin
 [(CH3)2NH]+ CL  →  NH4CL + CH3 - NCH3 - CH3 
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Hosil bo’lgan to’rtlamchi ammoniy tuzi, ammiak ta′sirida par-
chalanmaydi. Reaksiya natijasida hosil bo’lgan aralashmadagi 
aminlarning qaynash harorati har xil bo’lganligi sababli, ular 
bir-biridan fraksiyalarga ajratib haydash usuli bilan ajratib 
olinadi.         

Nitrobirimalarni, nitrillarni, oksimlarni va gidrozonlarni 
vodorod atomlari bilan Ni katalizatori ishtirokida qaytarilganda 
aminlar hosil bo’ladi. Jarayonni neytral, kuchsiz kislotali va ish-
qoriy muhitlarda olib borish mumkin.

 
Aminobirikmalarni kislota amidlariga ishqoriy muhitda gipoxlorid yoki gipobromidlar ta′sir et-
tirilganda birlamchi aminlar hosil bo’ladi (Gofman reaksiyasi):

Aminokislotalardan olish. Aminokislotalar chirituvchi bakteriyalar ta′sirda o’zidan CO2 ajratib 
aminlarni hosil qiladi:

Mineral kislota efirlaridan olish. Mineral kislota efirlariga ammiak ta′sir ettirilganda aminlar 
hosil bo’ladi:

Fizik xossalari. Aminlarning dastlabki vakillari - metilamin, 
dimetilamin, trimetilamin - oddiy sharoitda gaz. Suvda yax-
shi eriy di va ishqoriy eritma hosil qiladi, ammiak hidiga ega. 
Aminlarning molekular og’irligi ortishi bilan ularning suvda 
eruvchanligi kamaya boradi, zichligi va qaynash harorati orta-
di. Qolgan aminlar ammiak hidiga ega bo’lgan suyuqliklardir, 
yuqori aminlar yoqimsiz hidga ega bo’lgan suyuq yoki qattiq 
moddalardir. Teng uglerod atomi saqlagan ikkilamchi aminlar 
birlamchi aminlarga qaraganda past haroratda qaynaydi. M-n; 
dietilamin 56 °C da n-butilamin 75 °C da qaynaydi. Oddiy amin-
lar ammiakdan farq qilib havoda yonadi. Birlamchi va ikkilamchi 
aminlar molekulalararo vodorod bog’lanishlarni hosil qiladi. 

Amines characteristically 
form salts with acids;

a hydrogen ion, H+, adds to 
the nitrogen. With the strong 
mineral acids (e.g., H2SO4, 
HNO3, and HCl), the reaction 
is vigorous. Salt formation is 
instantly reversed by strong 
bases such as NaOH

Like ammonia, amines are 
polar compounds and, except 
for tertiary amines, can form 
intermolecular hydrogen 
bonds. Amines have higher 
boiling points

Diethylamine boils at 56 
°C and n-butylamine at 75 °C. 
Normal amines burn in air 
unlike ammonia. Primary and 
secondary amines form inter-
molecular hydrogen bonds.

C2H5 – NO2 +  3H2 C2H5 – NH2  + 2H2O
etilamin

CH3 – C ≡ N + 2H2 C2H5 – NH2
etilamin

CH3 – C – C2H5  +  2H2 CH3 – CH – C2H5 + H2O
N–OH NH2 izobutilamin

R – CO – NH2 R – NH2  + CO2 +  KBr
KOBr

(KOH + Br2)

CH3 – CO – NH2 +  NaClO +  2NaOH CH3 – NH2 + Na2CO3 + NaCl + H2O

R – CH – COOH
NH2

R – CH2 – NH2 +  CO2

CH3 – O – SO2 – O – CH3 +  NH3 (CH3)2NH  H2SO4
.
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Shuning uchun ham aminlarning qaynash harorati, molekular massasi teng yoki yaqin bo’lgan 
qutbsiz birikmalar (m-n: alkanlar) ning qaynash haroratidan yuqori. Spirtlar aminlarga nisbatan 
mustahkam vodorod bog’lanish hosil qiladi. Shu bois ham ular tegishli aminlarga nisbatab yuqori 
haroratda qaynaydi. Uchlamchi aminlarda azot atomi bilan bog’langan vodorod atomi yo’qligidan 
ular molekulalararo vodorod bog’lanishlarni hosil qilmaydi. Shuning uchun ham ularning qaynash 
harorati tegishli alkanlarning va boshqa qutbsiz birikmalarning qaynash haroratiga yaqin. 

Nomi Formulasi Suyuqlanish haro-
rati °C

Qaynash harorati t 
°C

Zichligi 
20
4d

Metilamin CH3 – NH2 -92 -7 —
Etilamin C2H5 – NH2 -83 +17 0.706
n-propilamin C3H7 – NH2 -81 +48 0.741
n-butilamin C4H9 – NH2 -51 +78 0.764
n-dodetsilamin C12H25 – NH2 +28 +249 —

Birlamchi va ikkilamchi aminlar suv molekulalari bilan vodorod bog’lanish hosil qilganligi sa-
babli suvda yaxshi eriydi. Uchlamchi aminlar esa suv molekulalari bilan vodorod bog’lanish hosil 
qilmaganligi sababli suvda yomon eriydi.

Kimyoviy xossalari. Aminlar suvdan protonni qanchalik oson ajratib olsa, ular shunchalik 
kuchli asos hisoblanadi. 

Ammiakning vodorod atomlari alkil guruhlariga almashinganda, azotning asoslik xossasi kucha-
yadi. Chunki elektrodonorlik xususiyatiga ega bo’lgan alkil guruh azot atomidagi elektron zichligini 
oshiradi. Gaz fazada aminlarning asos xossalari: 

NH3 < CH3 – NH2 < (CH3)2NH < (CH3)3N

tartibda oshib boradi. Bunga sabab azot atomidagi elektrodonor guruhlar sonining ortib borishidir. 
Aminlar ammiakning hosilalari bo’lgani sababli ularda ammiakning kimyoviy xossalari takror-

lanadi. Ularning suvli eritmasi lakmus qog’ozini ko’k (zangori) rangga bo’yaydi, fenolftalein eritma-
sini esa to’q pushti rangga bo’yaydi. 

Aminlarning asos xossalari. Aminlar ham ammiak kabi asos xususiyatiga ega, ammo ular-
ning asos xossalari ammiaknikidan birmuncha kuchli. Buni elektrolitik dissotsilanish konstantasi-
dan bilsa ham bo’ladi: ammiak NH3 1.79.10–5; metilamin CH3NH2 4.38.10–4; dimetilamin (CH3)2NH 
5.20.10–4; trimetilamin (CH3)3N 5.45.10–4. 

Nima uchun aminlar ammiakka qaraganda kuchli asos bo’la-
di? Aminlar o’z molekulasida uglevodorod radikallari bo’lishi bi-
lan farq qilar ekan, demak, bu hol uglevodorod radikallarining 
azot atomiga ta′siri natijasidir. Uglevodorod radikali kovalent 
bog’lanishdagi elektronlarni o’zidan uzoqlashtirishi ma′lum.

Uglevodorod radikali ta′sirida aminlardagi C  N bog’lanishi-
dagi elektronlar buluti azotga bir oz siljigan bo’ladi. Natijada 
azot atrofida elektronlar zichligi ortadi va u molekulada vodorod 
ionlarini mahkam tortadi, shuning uchun suvning gidroksil ion-

R – NH2 +  H2O R – NH3  + OH+ –

Aliphatic amines are about 
as basic as ammonia; aromat-
ic amines are considerably 
less basic. Although amines 
are much weaker bases than 
hydroxide ion or ethoxide 
ion, they are much stronger 
bases than alcohols, ethers, 
esters, etc.
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lari ancha bo’shab qoladi va birikmalarning ishqoriy xossalari kuchayadi. Aminlar eritmasining 
ishqoriy reaksiyasi ular suvda eriganda gidroksil ionlarining yuqori konsentratsiya hosil qilishi bi-
lan izohlanadi va ammiakning suvdagi eritmasini eslatadi. Aminobirikmalarning asoslik xossasi 
azot atomidagi juftlashmagan elektronlarning protonni biriktirib olish qobiliyati tufayli namoyon 
bo’ladi: 

Aminlarning tuz hosil qilishi. Aminlar ham ammiak singari quruq holda va suvdagi eritma-
larda kislotalar va hatto, kuchsiz karbonat kislota bilan ham reaksiyaga kirishib, tuzlar hosil qiladi. 
M-n: suvsiz aminlar HCl bilan quyidagicha reaksiyaga kirishadi:

Suvdagi eritmada reaksiya quyidagicha boradi:

Sulfat kislota bilan reaksiyaga kirishib, kompleks birikma hosil qiladi:

Suvdagi eritmada esa reaksiya quyidagicha boradi:

Karbonat kislota bilan reaksiya quyidagicha boradi:

Suvdagi eritmada esa reaksiya quyidagicha boradi:

 

Nitrit kislotaning ta′siri. Bu reaksiya natijasida aminlarning 
tuzilishi qisman aniqlanadi, chunki nitrit kislota ta′sirida hosil 
bo’layotgan moddalarga qarab, aminlarni birlamchi, ikkilamchi 
va uchlamchi ekanligi aniqlanadi.

R – N: +  H
H

H

+ R – N:H 
H

H

+

(CH3)2NH  +  HOH           [(CH3)2NH2] OH + –

CH3 – NH2 +  HOH           [CH3 – NH3] OH + –

CH3 – NH2 + HCl [CH3 – NH3] Cl yoki CH3 – NH2 HCl.
metilammoniy xlorid

+ –

[CH3 – NH3] OH   + HCl+ – [CH3 – NH3] Cl +  H2O
+ –

CH3 – NH2 + HOSO2OH [CH3 – NH3] SO4H  yoki CH3 – NH2 H2SO4.+ –

monometilammoniy sulfat

CH3 – NH2 + HOCO2H [CH3 – NH3] CO3H  yoki CH3–NH2 H2CO3

monometilammoniy karbonat

.+ –

[CH3 – NH3] OH + HSO4H [CH3 – NH3] SO4H + H2O
+ –

[CH3 – NH3] OH + HCO3H [CH3 – NH3] CO3H + H2O
+ –+ –

Like ammonia, amines are 
polar compounds and, except 
for tertiary amines, can form 
intermolecular hydrogen 
bonds. Amines have higher 
boiling points

Diethylamine boils at 56 
°C and n-butylamine at 75 °C. 
Normal amines burn in air 
unlike ammonia. Primary and 
secondary amines form inter-
molecular hydrogen bonds.
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Birlamchi aminlar nitrit kislota ta’sirida spirt, N2 va suvga 
parchalanadi:

Ikkilamchi aminlar nitrit kislota ta′sirida nitrozaminlarni ho-
sil qiladi. Nitrozaminlar - quyuq moysimon suyuqlik bo’lib, suv-
da yomon eriydi va o’ziga xos qo’lansa hidga ega. Kuchli kislota-
lar ta′sir ettirilsa, qaytadan ikkilamchi amin hosil bo’ladi.

Uchlamchi aminlar nitrit kislota ta′siriga chidamli bo’lib, 
faqat tuz hosil bo’ladi: 

Hosil bo’lgan tuz tezlikda gidrolizlanib, qaytadan uchlamchi aminga aylanadi. 
Uchlamchi aminlar peroksidlar ta’sirida oksidlanib, N-oksibirikmalar hosil qiladi:

N-oksibirikmalar tabiatda alkoloidlar tarkibida uchraydi.
Aminlarning asillanishi. Birlamchi va ikkilamchi aminlarga organik kislotalarning hosilalari 

(kislota angidridlar, galogenangidridlar) ta′sirida aminlar hosil bo’ladi. Bu reaksiya azot bilan 
bog’langan vodorod atomlari kislota qoldig’iga almashinadi. M-n:

Uchlamchi aminda azot atomida vodorod yo’qligi tufayli ular asillanish reaksiyasiga uchramaydi.
Aminlarning alkillanishi. Aminlar galoidalkillar bilan reaksiyaga yaxshi kirishadi, natijada 

aminoguruhdagi vodorod radikallarga almashadi. M-n:

Aminlarga galogenlarning ta′siri. Birlamchi va ikkilamchi aminlarga o’yuvchi ishqorlar 
ishtirokida xlor yoki brom ta′sir ettirilganda aminoguruhdagi vodorod galogenga almashinadi. 
Natijada galogenaminlar hosil bo’ladi:         

Primary and secondary 
amines are formed by the 
action of derivatives of or-
ganic acids (acid anhydrides, 
halogen anhydrides). This 
reaction converts hydrogen 
atoms bound to nitrogen into 
acid residues.

When exposed to chlorine 
or bromine in the presence 
of alkalis that bind to prima-
ry and secondary amines, the 
hydrogen in the amino group 
is replaced by halogen. The 
result is halogenamines.

CH3 – NH2 + HONO CH3 – OH + N2 + H2O

CH3 – NH + HONO
CH3

CH3 – N – N = O  +  H2O
CH3

dimetilnitrozaamin (sariq rang)

(CH3)3N  +  HONO (CH3)3N HONO.

CH3 – N + H2O2

CH3

CH3

CH3 – N O    +   H2O2

CH3

CH3

C2H5 – NH2 +  (CH3CO)2O C2H5 – NH – CO – CH3 +  CH3–COOH
C2H5 – NH2 +  CH3COCl C2H5 – NH – CO – CH3 +  HCl

C2H5 – NH2 +  2Br2 C2H5 – N      +  2HBr
Br

Br

NaOH

CH3 – NH + Br2

CH3

NaOH CH3 – N – Br  +  HBr
CH3

C2H5 – NH2 +  CH3 – Br C2H5 – NH – CH3 +  HBr
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Galogenaminlar osonlik bilan gidrolizlanib, qaytadan amin-
larga aylanadi.

Izonitrillar hosil qilishi. Birlamchi aminlarga ishqorning 
spirtdagi eritmasi ishtirokida xloroform ta′sir ettirilganda izoni-
trillar hosil bo’ladi:

Izonitrillar 250 °C da qizdirilganda nitrillarga aylanadi:

Izonitrillarda uglerodning nihoyatda to’yinmaganligi (ikki valentligi) ularning turli xil birikish 
reaksiyalariga moyil ekanligini ko’rsatadi:

Yonishi. Aminobirikmalar ammiakdan farqli ravishda havo kislorodi ishtirokida yonganda azot 
molekulasini hosil qiladi:

Bu holni hosil bo’layotgan azot molekulasining eng barqaror molekulalardan biri ekanligi bilan 
tushuntirilsa bo’ladi.

Aminlarning ayrim vakillari
Metilamin CH3NH2 -ammiak kabi o’tkir hidli gaz. Ba′zi o’sim-

liklar tarkibida uchraydi. U quyidagi reaksiya bo’yicha olinadi: 

Dimetilamin (CH3)2NH - bu modda ham ammiakka o’xshash 
o’tkir hidli, rangsiz gaz. Dimetilamin oqsillar chirishidan hosil 
bo’ladi. Bu modda ham ammoniy xloridga formaldegid (mo’l 
miqdorda) ta′sir ettirib olinadi:    

Trimetilamin (CH3)3N - gazsimon modda, suyultirilgan erit-
masidan sasigan baliq, kons. eritmasidan esa ammiak hidi keladi. 
Trimetilamin tabiatda ba′zi gullar tarkibida uchraydi. Bu modda 
ammoniy xloridga yuqori harorat va bosim ostida formaldegid 

ta′sir ettirish yo’li bilan olinadi: 

Isonitriles are formed 
when primary amines are 
exposed to chloroform in the 
presence of an alcoholic solu-
tion of alkali. 

Dimethylamine (CH3)2NH 
is a colorless gas with a pun-
gent odor similar to ammo-
nia. Dimethylamine is formed 
by the decomposition of pro-
teins. This substance is also 
obtained by the action of am-
monium chloride on formal-
dehyde (in large quantities)

Trimethylamine (CH3)3N 
is a gaseous substance, fish 
that stinks of a dilute solu-
tion, conc. the solution smells 
of ammonia. Trimethylamine 
is found in nature in some 
flowers

R – NH2 +  CHCl3 R – N = C  +  3HClNaOH

R – N = C N ≡ C – R

dixlorizotsian kislota efiri

R – N = C + Cl2 R – N = C
Cl

Cl

4C2H5 – NH2 +  15O2 8CO2 +  2N2  +  14H2O

2NH4Cl + 3CH2O 2[CH3 – NH3]Cl + CO2 + H2O

2NH4Cl  +  3CH2O           [(CH3)2NH2]Cl  +  CO2 +  H2O   
yoki
2[CH3NH3]Cl + 3CH2O 2[(CH3)2NH2]Cl  +  CO2 +  H2O

9HCHO  +  2NH4Cl          2(CH3)3N HCl +  3CO2 +  3H2O.



361

Trimetilamin lavlagi sharbatini quruq haydash yo’li bilan ham olinadi. U +2.8 °C da suyuqlikka 
aylanadi. Uning hidi kiyim, teri va sochda uzoq vaqtgacha saqlanib qoladi. Texnikada spirtga kata-
lizator ishtirokida ammiak ta′sir ettirib olinadi:

Ishlatilishi. Aminlar sanoatda va texnikada ko’p ishlatiladi. Ulardan ko’pchiligi kimyoviy reaksi-
yalarda organik asoslar sifatida, dori-darmonlar, erituvchilar, pestitsidlar sifatida ishlatiladi. Ba′zi 
aminlar uran rudasini ajratib olishda erituvchi sifatida, boshqalari qishloq xo’jalik zararkunanda-
lariga qarshi kurashda ishlatiladi.

AROMATIK AMINOBIRIKMALAR

Aromatik aminlar deb, benzol halqasidagi vodorod atomi 
o’rniga aminoguruh yoki ammiak molekulasidagi bir yoki bir 
necha vodorod atomi o’rniga aminoguruh almashinishi natijasi-
da hosil bo’lgan organik moddalarga aytiladi. 

Aromatik aminobirikmalar ham xuddi yog’ qatori amino-
birikmalari kabi ammiakning hosilalari hisoblanadilar. Toza 
aromatik aminobirikmalarda aminoguruh benzol halqasidagi 
uglerod atomi bilan bevosita bog’langan bo’ladi. M-n:

Aminoguruhi yon zanjirda joylashgan aminobirikmalar yog’ qator aminobirikmalarning xossa-
larini takrorlaydilar.

Aminoguruhi benzol halqasida joylashgan aminobirikmalar
Agar ammiak molekulasidagi bitta vodorod atomi fenil guruhga almashsa birlamchi, ikkitasi al-

mashsa ikkilamchi va uchtasi almashsa uchlamchi aromatik aminlar hosil bo’ladi:

Molekuladagi aminoguruh soniga qarab, aromatik aminlar mono-, di- va poliaminlarga bo’linadi.

CH3 – OH  +  NH3                 CH3NH2  + H2O 
2CH3 – OH + NH3 (CH3)2NH + 2H2O
3CH3 – OH + NH3 (CH3)3N + 3H2O

Aromatic amines those in 
which nitrogen is attached di-
rectly to an aromatic ring are 
generally named as deriva-
tives of the simplest aromatic 
amine, aniline.

An aminotoluene is given 
the special name of toluidine.

NH2

anilin

NH2

o-toluidin
CH3

H – N – H
H

H – N – H
Ar

H – N – Ar
Ar

Ar – N – Ar
Ar

NH2

monoamin

NH2

diamin
NH2
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Aminlardan eng ko’p amaliy ahamiyatga ega bo’lgan aromatik 
amin fenilamin (aminobenzol) C6H5 – NH2 bo’lib, u, odatda, anilin 
deb ataladi.

Nomlanishi. Aromatik aminlarni nomlashda radikallar nomi-
ga amin so’zi qo’shib o’qiladi. M-n:

C6H5NH2  fenilamin             C6H5NHCH3  metilfenilamin
(C6H5)2NC2H5  etildifenilamin         C6H5CH2NH2  benzilamin

Ba′zi aminlar, odatda, empirik nomlar bilan ataladi. M-n: yad-
rosida bitta metil guruh saqlagan anilinlar toluidinlar, ikkita 

metil guruh saqlaganlari ksilidinlar deb ataladi. M-n: 

Izomeriyasi. Aromatik aminlardagi izomeriya aminoguruhning benzol halqasida yoki benzol 
halqasining yon zanjiriga joylashishiga bog’liq. Anilinning keying gomologi C7H9N -toluidin 4 ta 
izomer holida mavjud bo’lishi mumkin. Ulardan 3 tasida NH2 -guruh benzol halqasiga birikkan 
bo’lib, o-, m- va p- toluidinlar deb ataladi. To’rtinchi izomerida NH2 guruh toluolning metil guruhi-
dagi bir vodorod atomiga almashingan bo’ladi, bu modda benzilamin deb ataladi: 

Amin guruhsi yadroda bo’lgan aminlar, odatda, anilinlar ham deyiladi.
Olinishi. Fenilaminni birinchi marta 1826-yilda Unferdorden indigoni ohak ishtirokida hay-

dab ajratib olgan va «ikristallin» deb atagan. 1834-yilda Runge toshko’mir smolasida fenilamin 
borligini aniqladi va uni «ikianol» deb atadi. 1841-yilda Frintsshe indigoni o’yuvchi kaliy eritmasi 
ishtirokida qizdirib, fenilamin ajratib oldi va uni «ianilin» deb atadi. 1842-yilda N.N.Zinin sintetik 
yo’l bilan nitrobenzolni ammoniy sulfid yordamida qaytarib, fenilamin oldi va unga «ibenzidam» 
deb nom berdi. Bu olingan moddalarning hammasi bir modda ekanligini Gofman isbotladi. Aroma-

tik aminlarning olish usullari ichida eng ahamiyatlisi nitrobirik-
malarni qaytarish usulidir:  

NH2

o-metilanilin
(o-toluidin)

CH3

m-toluidin

CH3

NH2

p-toluidin

CH3

NH2

NH2

o-metilanilin
(o-toluidin)

CH3

m-toluidin

CH3

NH2

p-toluidin

CH3

NH2

CH2NH2

benzilamin

C7H9N

An aromatic amine is an 
organic compound consisting 
of an aromatic ring attached 
to an amine. It is a broad 
class of compounds that en-
compasses anilines, but also 
many more complex aromat-
ic rings and many amine sub-
stituents beyond NH2. Such 
compounds occur widely. 

Phenylamine was first iso-
lated in 1826 by Unferdorden 
indigo in the presence of lime 
and called «crystalline». C6H5 – NO2 +  3(NH4)2S        C6H5 – NH2 +  3S  +  6NH3 +  2H2O
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Sanoatda qaytaruvchi reagent sifatida kislota va Fe, Sn, Zn metallari ishlatiladi. Nitrobirikmalar 
kislotali muhitda qaytarilganda aminlar hosil bo’lgunga qadar oraliq moddalar – nitrozobirikma va 
gidroksilaminlar hosil bo’ladi:

Hozirgi vaqtda nitrobirikmalar kislotali muhitda (NH4Cl yoki 
HCl ishtirokida), metallar (Fe, Sn, Zn) yordamida yoki 300-400 
°C da nitrobenzol bug’ini vodorod bilan birgalikda katalizator 
(Cu) ustidan o’tkazish yo’li bilan qaytarib olinadi:                                                         

Nitrotoluollardan toluidinlar ham shu yo’l bilan olinadi. Toza aromatik birlamchi aminlarni kis-
lota amidlaridan Gofman reaksiyasi yordamida olish mumkin:

Galogenli aromatik birikmalarga yuqori harorat va bosimda katalizator yordamida ammiak ta′-
sir ettirish yo’li bilan ham aminlar olinishi mumkin:

Ikkilamchi va uchlamchi aromatik aminlar tegishli aromatik aminlarni 
galoidalkillar yoki spirtlar bilan alkillab olinadi. Sanoatda alkillash mineral 
kislotalar katalizatorligida spirtlar bilan olib boriladi. Bunda ikkilamchi va 
uchlamchi alkil aromatik aminlar tuzlarining aralashmasi hosil bo’ladi: 

Birlamchi yoki ikkilamchi aminlarni alkillab yoki arillab 
uchlamchi aromatik aminlar hosil qilinadi:

Toza ikkilamchi alkilaromatik aminlarni olish uchun dastlab 
birlamchi aromatik aminlar atsillanadi va alkillanadi, so’ngra esa gidrolizlanadi:

N.N. 
Zinin

ArNO2 ArNO ArNHOH ArNH2
[H] [H] [H]

nitrobirikma nitrozobirikma gidroksilamin amin

4C6H5 – NO2 +  9Fe  +  4H2O 4C6H5 – NH2 +  3Fe3O4

C6H5 – NO2 + 3H2 C6H5 – NH2 +  2H2O
Cu

C6H5CONO2 +  NaOBr C6H5NH2 +  NaBr +  CO2

C6H5 – NH2  +  CH3Cl         C6H5 – NH – CH3  +  HCl

C6H5 – NH – CH3  + CH3Cl         C6H5 – N(CH3)2 +  HCl

C6H5 NHCH3  H2SO4
. C6H5 – N(CH3)2 H2SO4 +  H2O.

C6H5 NH2  H2SO4
. C6H5 – N – CH3  H2SO4 +  H2O.

C6H5 – Cl +  2NH3 C6H5 – NH2 +  NH4Cl

C6H5 – NH2 +  CH3OH C6H5 – N(CH3)2 +  H2O

C6H5NHCOCH3
CH3J C6H5NCOCH3

CH3

H2O
- CH3COOH C6H5NHCH3

Pure aromatic primary 
amines can be obtained from 
acid amides using the Goff-
man reaction.

Secondary and tertiary ar-
omatic amines are obtained 
by alkylation of the corre-
sponding aromatic amines 
with haloalkyls or alcohols. 
In industry, alkylation is car-
ried out with alcohols cata-
lyzed by mineral acids. This 
results in a mixture of salts of 
secondary and tertiary alkyl 
aromatic amines. 2  + 2H2O

+ CH3OH

–NH–
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Ikkilamchi alkil aromatik aminlar azometillar (infra asoslari)- ni gidrogenlab olinishi mumkin:

Toza aromatik ikkilamchi aminlar birlamchi aminlarni ularing ikkilamchi aminlar tuzlari bilan 
qizdirib olinadi:

Uchlamchi aminlar birlamchi aminlarni alkillab yoki arillab 
olinadi:

Uchlamchi toza aromatik aminlar ikkilamchi aminlarga mis kukuni ishtirokida ariliodid ta′sir 
ettirib olinadi:                      

Fizik xossalari. Oddiy aromatik aminlar yog’simon suyuqlik, yuqori vakillari esa qattiq modda-
lar bo’lib, qo’lansa hidli va zaharlidir. Ularning ko’pchiligi suvda yomon eriydi. Ammo molekulasida 
aminoguruhning miqdori ortib borishi bilan suvda eruvchanligi ham ortadi. M-n: diaminlar suvda 
oz eriydi, triaminlar esa yaxshi eriydi. 

Aromatik aminlarning asosli xossalari alifatik aminlarning asosli xossalaridan kuchsizdir. Ularn-
ing eng oddiy vakili anilin - 6 °C da qotadi, 174-184 °C da qaynaydi, zichligi –1.022g/sm3. Havo 

kislorodi ta′sirida oson oksidlanishi tufayli tezda qorayib qoladi. 
Anilin so’zi indigo bo’yog’i nomidan kelib chiqqan. Anilin rangsiz 
moysimon suyuqlik. Uy haroratida 100 g suvda 3.3 g anilin eriy-
di, zaharli modda, spirt, efir va benzolda yaxshi eriydi. 

Kimyoviy xossalari. Asosli xossalari. Anilinning asosli xossa-
si ammiak va to’yingan aminlarning asosli xossasiga qaraganda 
ancha kuchsiz. U lakmus rangini o’zgartirmaydi. Lekin kislotalar 
bilan reaksiyaga kirishib, tuz hosil qiladi. M-n:

Fenilammoniy xloridga NaOH ta′sir ettirilsa, qaytadan anilin 
ajralib chiqadi:  

Anilinning asosli xossasining kuchsiz bo’lishining sababi, aro-
matik fenil – C6H5 radikalining ta′siridir.      

Aromatik aminlarning asoslik xossalari yog’ qator aminlarni-
kiga nisbatan kuchsiz ifodalangan.

M-n, metilaminning dissotsiyalanish konstantasi 4,4.10-5 ga 
teng bo’lsa, anilinniki esa 3,8.10-10 ga teng. Ularning suvdagi erit-
malari asos xossasiga egadir: 

C6H5 N = CHCH3 +  2H2 C6H5 NHCH2CH3

C6H5 NH2  +  C6H5NH2 HCl. C6H5 NHC6H5 +  NH4Cl

C6H5 NH2  +  2 CH3OH C6H5 N(CH3)2 +  2H2O
H +

(C6H5)2NH + C6H5J            (C6H5)3N  +  HJCu

To obtain pure secondary 
alkylaromatic amines, the 
primary aromatic amines are 
first acylated and alkylated 
and then hydrolyzed. 

The lower aliphatic amines 
are gaseous in nature. They 
have a fishy smell.

Aniline and other aryl-
amines are generally color-
less.

Lower aliphatic amines 
can form hydrogen bonds 
with water molecules.

An increase in the size of 
the hydrophobic alkyl part 
increases the molar mass of 
amines.

Higher amines are insolu-
ble in water.

Alcohols have higher po-
larity as compared to amines 
and hence, they form stron-
ger intermolecular hydrogen 
bonds.

C6H5 – NH2 +  HCl [C6H5 – NH3]Cl
fenilammoniy xlorid

[C6H5 – NH3]Cl + NaOH C6H5 – NH2 + NaCl +  H2O

C6H5 – NH2 +  H2O           C6H5 – NH3  +  OH –+
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Anilinning asos xossasini metilaminnikiga nisbatan kichiklik sababini azotdagi juftlashmagan 
elektronlarni benzol halqasidagi elektronlar o’zaro ta′siri va ularning tutash elektron bulut hosil 
qilishi bilan tushuntirish mumkin:

Bu tutashish tufayli azotdagi juftlashmagan elektronlarning protonini biriktirib olish qobiliyati 
kamayadi.

Benzol-halqasida elektroakseptor guruhining bo’lishi ham 
aromatik aminlarning asosli xossasini kamayayishiga sa-
bab bo’ladi. M-n, o-, m- va p-nitroanilinlarning asos xossalari            
1.10–11, 4.10–12 va 1.10–24 ga teng.

Alkilaromatik aminlarning asosli xossalari birlamchi 
aminlarnikiga qaraganda kattadir. M-n:

C6H5 – NH – CH3;      C6H5 – N(CH3)2
K = 7,1.10 –10  K = 1,1.10 –9

Bunga sabab, alkil guruhlar o’z elektron bulutlari zichligini 
azot atomi tomon siljitadilar:

 

Bu, o’z navbatida azot atrofida elektron buluti zichligini kes-
kin ortishiga sabab bo’ladi va bunday amin kuchli asos xossasiga 
ega bo’ladi.

Toza ikkilamchi aromatik aminlarni asoslik xossasi birlamchi 
aminlarnikiga qaraganda kichik bo’ladi. Bunga sabab fenil gu-
ruhi elektroakseptor guruh bo’lganligi sababli azotdagi elektron 
buluti zichligini kamaytiradi. Uchlamchi toza aromatik aminlar 
asos xossasini namoyon etmaydilar. Buni aromatik aminlarning 
dissotsilanish konstantasidan ko’rishimiz mumkin:

NH3 2.105 CH3–NH2 5.10-4

C6H5NH2 5.3.1010 oNO2–C6H4–NH2 1.10-14

mNO2–C6H4–NH2 4.10-14 pNO2–C6H4–NH2 1.10-12

(CH3)2NH 5.2.10-4 (CH3)3N 5.45.10-4

Halqada alkil guruh bor bo’lsa, asos xossa kuchayadi: 
Nmetilanilin 7.1.1010   N,Ndimetilanilin 1.1.10-9

Aromatik aminda ikkita fenil guruh bo’lganda asosli xossasi 
yanada zaiflashadi, difenilaminning dissotsilanish konstantasi 
7.6.10-14 ga teng. Trifenilamin esa asos xossasiga ega bo’lmagan 
moddadir.

NH2 NH21.034

0.99

1.027

C6H5 – N – CH3

H
C6H5 – N

CH3

CH3

Aniline reacts with alkyl 
halides to form a mixture of 
secondary amines,tertiary 
amines and quaternary salts.

Aniline reacts with acid 
chlorides and acid anhydries 
in the presence of pyridine to 
form anilides.

Aniline reacts with ben-
zoyl chloride in the presence 
of aqueous NaOH to form 
N-phenylbenzamide.

Aniline reacts with nitrous 
acid at low temperatures to 
form diazonium salts

Combustible. Darkens on 
exposure to air and light. 
The substance decomposes 
on heating at temperatures 
above 190 °C, or on burning 
producing toxic and corrosive 
fumes (ammonia, nitrogen 
oxides, and carbon monox-
ide) and flammable vapours. 
The substance is a weak 
base. Reacts vigorously with 
strong oxidants, acids, acetic 
anhydride, chloromelamine 
monomers, beta-propiolac-
tone, and epichlorohydrin 
causing fire and explosion 
hazard. Reacts with metals 
such as sodium, potassium, 
and calcium, producing flam-
mable hydrogen gas. Attacks 
copper and its alloys.
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Aromatik aminlar lakmusni ko’kartirmaydi. Ochiq zanjirli va aromatik aminlarning eritmada 
ammiakka taqqoslangan asosli xossalari quyidagi qatorda kamayib boradi:

(CH3)3N > (CH3)2NH > CH3NH2 > NH3 > C6H5NH2 > (C6H5)2NH 
> (C6H5)3N

Aromatik aminlar aminoguruh va benzol halqasi hisobidan kimyoviy jarayonlarga kirisha oladi-
lar. 

Alkilaminlarga o’xshash birlamchi va ikkilamchi aminlar azotdagi vodorodni alkil guruhiga al-
mashtira oladilar. Bu jarayondan ikkilamchi va uchlamchi aminlarni olishda foydalaniladi:

Bu reaksiya alkillash reaksiyasi deyiladi.
Dimetilanilindan esa trimetilfenilammoniy birikmalari hosil bo’ladi:

Birlamchi va ikkilamchi aminlarga asetillovchi reagentlar bilan ta′sir etilganda, azotda-
gi vodorodlar kislota qoldig’iga almashinadi. M-n, anilinga sirka angidridi yoki sirka kislota  
qo’shib qizdirilganda atsetanilid hosil bo’ladi:

Aminlarning atsillik hosilalari kislota amidlariga o’xshab, asos 
xossasiga ega emas, ular kristall moddalar bo’lib, yuqori harorat-
da suyuqlanadilar. Aniq suyuqlanish nuqtasiga ega bo’lganliklari 
uchun alohida aminlar tuzilishini aniqlashda ishlatiladilar. 

Anilidlar ishqorlar yoki kislotalar ishtirokida gidrolizga uch-
rab, amin va kislota hosil qiladi:

 

Birlamchi aromatik aminlarni aldegidlar bilan qo’shib sekin qizdirilganda azometinlar (Shiffa 
asoslari) hosil bo’ladi:

Shiff asoslari azometinlar suyultirilgan kislotalar ta′sirida parchalanib, qaytadan aldegid va 
amin hosil qiladi:

Birlamchi aromatik aminlarni xloroform va ishqorning spirtdagi eritmasi bilan qo’shib qizdiril-
ganda karbilaminlar yoki izotsianidlar hosil bo’ladi.

Izotsianidlar o’ta qo’lansa hidga ega.

C6H5 NH2 + CH3J [C6H5 NH2CH3]J C6H5 NHCH3 HJ C6H5NHCH3 + HJ.

C6H5 NHCH3 + CH3J [C6H5 NH2(CH3)2]J C6H5NH(CH3)2 HJ C6H5NH(CH3)2 + HJ.

C6H5N(CH3)2 + CH3J      [C6H5N(CH3)3]J  +  AgOH [C6H5N(CH3)3]OH + AgJ↓

C6H5NH2 + (CH3CO)2O        C6H5NHCOCH3 + CH3COOH

C6H5NH2 + CH3COOH        C6H5NH2 CH3COOH C6H5NHCOCH3 +  H2O

C6H5NH2 +  CHCl3 +  3KOH        C6H5N ≡ C  +  H2O  +  3KCl

Anilides are hydrolyzed in 
the presence of alkalis or ac-
ids to form amines and acids.

When primary aromatic 
amines are combined with an 
alcoholic solution of chloro-
form and alkali, carbilamines 
or isocyanides are formed. C6H5NHCOCH3 +  HOH       C6H5 – NH2 +  CH3 – COOH

C6H5NH2 +  C6H5CHO       C6H5N = CHC6H5 +  H2O

C6H5N = CHC6H5 +  H2O C6H5NH2 +  C6H5CHO
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Bu reaksiya birlamchi aminlarni aniqlashda ishlatiladi.
Birlamchi aromatik aminlarning nitrit kislota bilan reaksiyasi g’oyat katta ahamiyatga ega. 

Birlam chi aromatik aminlarga nitrit kislota bilan ta′sir etilganda diazoniy tuzlari hosil bo’ladi. Dia-
zoniy tuzlari kimyoviy jihatdan g’oyat faol birikmalar bo’lib, ular turli birikmalarni olishda dastlab-
ki modda bo’lib ishlatiladilar. Bu haqda diazo- va azobirikmalar bo’limida to’liq tanishib chiqamiz:

Avval ko’rib o’tganimizdek yog’ qatori aminlar bu sharoitda spirtlarni ho-
sil qiladi. Ikkilamchi aminlarga nitrat kislota bilan ta′sir etilganda nitroza 
aminlarni hosil qiladilar:

Uchlamchi aminlarga nitrit kislota bilan ta′sir etilganda, ular nitroza gu-
ruhini p-holatga yo’naltiradilar:

p-Nitrozodialkilanilinlar ishqorlar ishtirokida nitrozon ion  va ikkilamchi anilinlarga parchala-
nadilar:

Aminlarning oksidlanishi. Aromatik aminlar yog’ qator 
aminlariga qaraganda oson oksidlanadilar. Ular, hatto uzoq 
saqlanganda ham oksidlanadi, anilinni xromli aralashma (kons. 
H2SO4 bilan K2Cr2O7 aralashmasi) bilan oksidlanganda qora 
bo’yoq «qora anilin» hosil bo’ladi. Bu modda gazlamalar va 
mo’ynalarni qora rangga bo’yash uchun ishlatiladi. U suvda erimaydi, sovuq va yorug’lik ta′siriga 
chidamli. Aromatik aminlar triftoratsetil gidroperoksidi bilan oksidlangan tegishli nitrobirikmalar-
ni hosil qiladilar:

C2H5NH2 +  HONO        C2H5 – NH – NO C2H5 – N = N – OH

C2H5 – OH  +  N2 + H2O

C6H5NH2 +  HONO  +  HCl [C6H5 – N ≡ N] Cl +  H2O
+ –

N
CH3H3C

+  HONO

N
CH3H3C

NO

+  H2O

p-nitrozodimetilanilin

C6H5NH – CH3 +  HONO        C2H5 – N – CH3  +  H2O
N = O

N
CH3H3C

NO

+  KOH

OK

NO

+  HN(CH3)2

Aromatic amines are more 
easily oxidized than fatty 
amines. They oxidize even 
when stored for a long time
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Anilin odatdagi sharoitda bromli suv bilan oson reaksiyaga kirishadi, shu sababli anilin oson 
oksidlanadi:

U boshqa oksidlovchilar bilan ham reaksiyaga oson kirishib, har xil rangli moddalar hosil qiladi. 
M-n: anilin xlorli ohak bilan reaksiyaga kirishganda binafsha rang hosil bo’ladi.        

Benzol halqasidagi aminoguruhga nisbatan o- va p-holatdagi vodorod atomlari yuqori qo’zg’aluv-
chanlikka ega. Shuning uchun aromatik aminobirikmalar almashinish reaksiyalariga oson kirisha 
oladilar. Bunda almashinish asosan p-holatdagi vodorodlar hisobiga boradi.

Aromatik aminlarni galogenlanganda asosan bir necha modda aralashmasi hosil bo’ladi va ja-
rayon aromatik aminning oksidlanishi bilan birga sodir bo’ladi. Shuning uchun galogenlashda toza 
aromatik amin emas, balki uning atsil hosilasidan foydalaniladi: 

Aromatik aminobirikmalarni bevosita nitrolab bo’lmaydi, chunki bun-
da nitrat kislota aminoguruhni oksidlab yuboradi. Shuning uchun dastlab 
aminoguruh himoyalanadi, ya′ni aromatik guruh atsillanadi va so’ngra 
nitrolanadi. Hosil bo’lgan nitroatsetinilidni gidrolizlanganda nitroanilin 
hosil bo’ladi: 

C6H5NH2 +  3 CF3 – C
O

O – OH
C6H5NO2 +  3 CF3 – C

O

OH
+  H2O

NH2

+ 3Br2

NH2

Br

BrBr
+ 3HBr

2,4,6-tribrom anilin (oq cho’kma)

CH3 – C
O

OH
NH2

+

NH – CO – CH3

+  H2O

NH – CO – CH3

+  Cl2 -HCl

NH – CO – CH3

Cl

- CH3COOH
H2O

NH2

Cl

NH – CO – CH3

+  HONO
-H2O

NH – CO – CH3

NO

H
H2O

NH2

NO

+ +  CH3COOH
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Aromatik aminlarni sulfolanganda ham p-izomer sulfanil kislota hosil bo’ladi:

Anilin HNO3 ta′sirida pikramid hosil qiladi:

Aromatik halqadagi vodorodlar o’ta qo’zg’aluvchan bo’lganli-
gi tufayli uchlamchi aminlar turli molekulalar bilan jipslashish reaksiyalariga kirisha oladilar. M-n, 
dimetilanilinga chumoli aldegidi bilan ta′sir etilganda N,N′-tetrametil-p,p′-diaminodifenilmetan 
hosil bo’ladi:

 

Anilinni katalizator ishtirokida qaytarilganda, benzol, siklogeksan va siklogeksilamin aralash-
malari hosil bo’ladi:

DIAZO-VA AZOBIRIKMALAR

Aromatik diazo- va azobirikmalarning tuzilishida –N=N– guruh ishtirok etadi.
Agar –N=N– guruh faqat birikma qoldig’i bilan bog’langan, ya′ni Ar–N=N–Ar bo’lsa, bunday 

birikmalar azobirikmalar, agar bu ikki valentli qoldiqning bir valentligi aromatik, ikkinchi valentli-
gi anorganik birikma qoldig’i bilan bog’langan, ya′ni      Ar – N = N – X  (X= –Cl; –Br; –J; –SO3H; –NO2; 
–OH; –ONa va boshqalar) bo’lsa, bunday birikmalarga diazobirikmalar deyiladi.

Diazobirikmalarning eng muhim vakillari diazoniy tuzlari hisoblanadi. Diazoniy tuzlari diazoka-
tion va aniondan tashkil topgandirlar, m-n: [C6H5N2]+Cl– benzol diazoniy xlorid. Diazoniy tuzlari 
tabiatlariga ko’ra ammoniyli tuzlarga o’xshaydilar.

NH2

+  H2SO4 -H2O

NH2 H2SO4
. NH – SO3H

170-180 ºC

NH2

SO3H
sulfoanilin
sulfanil kislota

N –
H3C

+  CH2O  +  
H3C

– N
CH3

CH3

N –
H3C

H3C
– CH2 – – N

CH3

CH3

+ H2O 

NH2

+3HNO3

NH2

NO2

pikramid
-3H2O

NO2O2N

3 C6H5NH2
Ni
H2

C6H6  +  C6H12 +  C6H11NH2 +  2NH3
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Diazokation-tutash elektron bulut hosil qilgan ion bo’lib, bun-
da har qaysi atomi qisman musbat zaryad tutadi:

 

Olinish usullari. Diazobirikmalarni birlamchi aromatik 
aminlarga diazotirlovchi agent ta′sir ettirib olinadi. 

Birlamchi aromatik aminlardan diazobirikma hosil qilish 
reaksiyasiga diazotirlash reaksiyasi deyiladi. Diazotirlashda 
birlamchi aromatik aminga nitrit va birorta boshqa mineral kis-
lota aralashmasi bilan ta′sir ettiriladi. Nitrit kislota beqaror kis-
lota bo’lganligi sababli uning o’rniga nitrit kislota tuzi bilan ta′sir 

ettiriladi. Reaksiya 0 - 4 °C haroratda olib boriladi:
 

Diazotrlash reaktsiyasi odatda quyidagicha amalga oshirila-
di: amin mineral kislotaning suvli eritmasida eritiladi yoki 
suspenziyasi hosil qilinadi. Bunda 1 mol amin uchun reaktsiya 
tenglamasidagiga nisbatan ikki ekvivalentdan ortiq kislotadan 
foydalaniladi; ortiqcha miqdor kislota qo’shimcha keraksiz 
reaktsiyalarni oldini olish maqsadida kuchli kislota muhitini 
saqlash uchun zarur bo’ladi. Kislota va amin aralashmasi tuzli 
muz aralashmasi yordamida 10 - 0 °C (diazotrlash ekzotermik 
reaktsiya hisoblanadi) sovitiladi. Nazariy jihatdan reaktsiya 
uchun zarur bo’lgan natriy nitritning miqdori hisoblab topilsa-
da, reaktsiya vaqtidagi azot kislotasining NO hamda NO2 holat-
larida yo’qolishini ham hisobga olish kerak bo’ladi va bu ko’proq 
tajribadan kelib chiqadi; reaktsion aralashmaga kerakli miqdor 
natriy nitrit qo’shilganini esa yodkraxmal qog’oz yordamida 
nazorat qilib turiladi. Reaktsion muhitda hosil bo’luvchi ortiq-
cha miqdor natriy nitritdan ajraluvchi azot kislotasi amin bilan 
ta′sirlashmaydi va kuchli oksidlovchi bo’lgani uchun yod-ionini 
erkin yodga o’tkazadi u o’z navbatida kraxmal bilan ta’sirlashib, 
to’q-ko’k rangni beradi. Ortiqcha miqdor azot kislotasi diazoniy 
tuzlarining keyingi reaktsiyalarida qiyinchiliklar tug’dirgani 
uchun reaktsion aralashmadan mochevina yordamida yo’qoti-
ladi; mochevina va azot kislotasi suv, uglerod dioksidi va azot 
hosil qilib ta′sirlashadi. Ortiqcha miqdor mochevina esa keyingi 
reaktsiyalarga ta′sir etmaydi. 

Diazoniy tuzlari hattoki muz hammomi sharoitidagi harorat-
larda ham parchalanishi mumkin, shuning uchun olingan dia-

zoniy tuzlari darhol maqsadli reaktsiyalarda foydalanilishi kerak.
Agar erkin diazoniy tuzini olish kerak bo’lsa, u holda, birlamchi aromatik aminga amilnitrit va 

mineral kislota aralashmasi bilan ta′sir ettiriladi:

Under the proper condi-
tions, diazonium salts react 
with certain aromatic com-
pounds to yield products of 
the general formula ArN NAr’, 
called azo compounds. In this 
reaction, known as coupliiig, 
the nitrogen of the diazonium 
group is retained in the prod-
uct, in contrast to the replace-
ment reactions we have stud-
ied up to this point, in which 
nitrogen is lost.

Aromatic amino com-
pounds cannot be directly 
nitrated because nitric acid 
oxidizes the amino group. 
Therefore, first the amino 
group is protected, ie the ar-
omatic group is acylated and 
then nitrated.

The reaction to form a di-
azo compound from primary 
aromatic amines is called a 
diazotization reaction. In di-
azotization, the primary ar-
omatic amine is affected by 
a mixture of nitrate and any 
other mineral acid

Activation by electron-re-
leasing groups, as well as the 
evidence of kinetics studies, 
indicates that coupling is 
electrophilic aromatic sub-
stitution in which the diazo-
nium ion is the attacking re-
agent

Ar – N 
N

–δ

+δ
..

+

X –

C6H5NH2 +  NaNO2 +  2HCl         [C6H5 – N ≡ N] Cl +  NaCl +  2H2O
+ –

Aromatik aminlardan diazobirikmalar hosil bo’lish reaksiyasini quyidagicha tasavvur etish 
mumkin. Nitrat kislota kislotali muhitda bir necha diazotirlovchi agentlar (H2NO2

+; N2O3; NO+; 
NOCl) ni hosil qilishi mumkin, ya′ni    

Yuqoridagi diazotirlovchi agentlar ma′lum sharoitda aromatik aminlar bilan ta′sir etishlari nati-
jasida dastlab nitrozoaminlarni hosil qiladilar. Nitrozoaminlar kislotali muhitda oson diazoniy tuz-
lariga aylanadilar, m-n:

Diazoniy tuzlari eritmalariga ishqor ta′sir ettirilganda diazo-
gidratlar hosil bo’ladi:

Diazogidratlar erkin holda ajratib olinmagan. Ular suvli erit-
malarda amfoter hususiyatga egalar. Kislota ta′sir ettirilganda diazoniy tuzlarini, ishqorlar ta′sirida 
esa diazotatlarni hosil qiladilar:

Diazoniy tuzlarining ishqorlar bilan reaksiyasini umumiy tarzda quyidagicha ifodalash mumkin:

Diazotatlar, diazotsianidlar va –N=N– guruh tutgan boshqa birikmalar sin- va anti- shakllarda 
mavjud bo’lishlari mumkin.    M-n, fenildiazoniysianid uchun quyidagi shakllarni yozish mumkin:

Diazohydrates are formed 
when alkalis are exposed to 
solutions of diazonium salts.
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Aromatik aminlardan diazobirikmalar hosil bo’lish reaksiyasini quyidagicha tasavvur etish 
mumkin. Nitrat kislota kislotali muhitda bir necha diazotirlovchi agentlar (H2NO2

+; N2O3; NO+; 
NOCl) ni hosil qilishi mumkin, ya′ni    

Yuqoridagi diazotirlovchi agentlar ma′lum sharoitda aromatik aminlar bilan ta′sir etishlari nati-
jasida dastlab nitrozoaminlarni hosil qiladilar. Nitrozoaminlar kislotali muhitda oson diazoniy tuz-
lariga aylanadilar, m-n:

Diazoniy tuzlari eritmalariga ishqor ta′sir ettirilganda diazo-
gidratlar hosil bo’ladi:

Diazogidratlar erkin holda ajratib olinmagan. Ular suvli erit-
malarda amfoter hususiyatga egalar. Kislota ta′sir ettirilganda diazoniy tuzlarini, ishqorlar ta′sirida 
esa diazotatlarni hosil qiladilar:

Diazoniy tuzlarining ishqorlar bilan reaksiyasini umumiy tarzda quyidagicha ifodalash mumkin:

Diazotatlar, diazotsianidlar va –N=N– guruh tutgan boshqa birikmalar sin- va anti- shakllarda 
mavjud bo’lishlari mumkin.    M-n, fenildiazoniysianid uchun quyidagi shakllarni yozish mumkin:

Diazohydrates are formed 
when alkalis are exposed to 
solutions of diazonium salts.

C6H5NH2 + C6H5ONO  +  2HCl         [C6H5 – N ≡ N] Cl +  C6H5OH  +  2H2O
+ –

HNO2 +  H + H2NO2
+

2HNO2

+

N2O3 +  H2O
+HNO2 +  H NO +  H2O
+HNO2 +  H  +  Cl ONCl +  H2O

–

[C6H5 – N ≡ N] Cl + H2O

+C6H5NH2 +  NO  +  H2O C6H5NH – N = O  + H3O
+

+C6H5NH2 +  H2NO2 C6H5NH – N = O  + H3O
+

C6H5NH2 +  N2O3 C6H5NH – N = O  + H3O

C6H5NH2 +  ONCl

+

C6H5NH – N = O  + H3O   +  Cl+ –

C6H5NH – N = O C6H5N = N – OH HCl + –

[Ar – N ≡ N] OH+ – Ar – N = N – OH

Diazohydrates are formed 
when alkalis are exposed to 
solutions of diazonium salts.

When diazotate is exposed 
to acid, two forms of the com-
pound are formed: diazohy-
drate and nitrozoamine.

Ar – N = N – OH  +  NaOH [Ar – N = N – O]  Na  +  H2O +–

[Ar – N ≡ N] Cl + 2NaOH+ – [Ar – N = N – O]  Na  +  NaCl +  H2O +–



372

Diazotatga kislota bilan ta′sir etilganda ikkita shakldagi birikma - diazogidrat va nitrozoamin 
hosil bo’ladi:

Amilnitroza suvda yomon eriganligi tufayli cho’kadi. Diazo-
gidrat kislotali muhitda asta-sekinlik bilan diazoniy tuziga o’tadi. 
Diazobirikmalar eritmasida diazokation (ArN2) va diazoanion 
(ArN2O)– mavjud bo’ladi.

Diazobirikmalarning bir-biriga o’tish sxemasini quyidagicha 
tasavvur etish mumkin:

Kimyoviy xossalari. Diazoniy tuzlari reaksiyaga o’ta oson kirisha oladigan birikmalar bo’lib, aro-
matik aminlardan turli kimyoviy birikmalarni sintez qilishda katta istiqbollarni ochadi. Diazoniy 
tuzlarining o’zgarish reaksiyalarini ikkiga bo’lish mumkin: azot ajralish bilan boruvchi reaksiyalar 
va azot ajralmaydigan reaksiyalar. 

TAKRORLASH UCHUN SAVOL VA TOPSHIRIQLAR

1-topshiriq. Quyidagi birikmalarning struktura formulalarini yozing, nomlang va sinflang (bir-
lamchi, ikkilamchi va uchlamchi aminlar bo’yicha):

a) C4H11N tarkibi sakkizta izomer aminlar; 
b) benzol halqasi saqlovchi C7H9N tarkibi beshta izomer aminlar.

2-topshiriq. Quyidagi birikmalarning struktura formulalari-
ni yozing:

a) ikkilamchi-butilamin i) N,N-dimetilanilin
b) o-toluidin   k) etanolamin (2-aminoetanol)
v) aniliniy xlorid   l) β-feniletilamin
g) dietilamin  m) N,N-dimetilaminotsiklogeksan
d) n-aminobenzoy kislota  n) difenilamin

H5C6

N
N

N ≡ C

H5C6

N
N

C ≡ N

N
H5C6

NN ≡ C

N
H5C6

C ≡ N
N
anti-shaklisin-shakli anti-shakli sin-shakli

Ar – N = N – O

Ar – N = N – OH
– + H 

+

OH –

+ H 
+

OH – [Ar – N ≡ N]    +  H2O +

Ar – NH – N = O
arilnitrozaamin

In the laboratory we find 
that coupling involves more 
than merely mixing together 
a diazonium salt and a phe-
nol or amine. Competing with 
any other reaction of diazoni-
um salts is the reaction with 
water to yield a phenol.

PRACTICE PROBLEM
Indicate all stages of syn-

thesis of the following sub-
stances n-C15H31COOH from 
palmetic acid in the laborato-
ry.

Ar
N = N 

sin-shakli anti-shakli
O – Ar

N = N 
O –

vaqt
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ye) benzilamin   o) 2,4-dimetilanilin
j) izopropilammoniy benzoat p) tetra-n-butilammoniy yodid
z) o-fenilendiamin  r) p-anizidin
3-topshiriq. Quyidagi birikmalardan n-propilamin sintez qilish yo’llarini ko’rsating:
a) n-propilbromid        d) propionitril  b) n-propil spirti
e) n-butiramid        v) propion aldegid j) n-butil spirti
g) 1-nitropropan         z) etil spirti 
4-topshiriq. Benzol, toluol va uglerod atomlari to’rttadan ko’p bo’lmagan spirtlardan ham zaru-

riy noorganik reagentlardan foydalib quyidagi aminlarni laboratoriya sharoitlarida sintez qilish 
usullarini barcha bosqichlarini ko’rsating.  

a) izopropilamin         i) 3-aminogeptan
b) n-pentilamin        k) N-etilanilin 
v) n-toluidin         l) 2,4-dinitroanilin
g) m-nitroanilin      m) benzedrin (2-amino-1-fenilpropan) 
d) α-feniletilamin        n) p-nitrobenzilamin
e) m-xloranilin       o) 2-amino-1-feniletinol
z) p-aminobenzoy kislota
5-topshiriq. Laboratoriya sharoitlarida palmetin kislotadan n-C15H31COOH quyidagi moddalarni 

sintez qilishning barcha bosqichlarini ko’rsating:
a) n-C16H33NH2   v) n-C15H31NH2
b) n-C17H35NH2  g) n-C15H31(NH2)-n-C16H33
6-topshiriq. n-Butilaminni quyidagi reganetlar bilan reaktsiya tenglamalarini yozing. Hosil 

bo’luvchi organik birikmalarni nomlang. 
a) suyul. HCl,  k) etil bromid
b) suyul. H2SO4  l) brombenzol
v) sirka kislota   m) mo’l metilyod, so’ngra Ag2O
g) (v) modda + qizdirish n) (m) modda + kuchli qizdirish
d) suyul.NaOH   o) CH3COCH3 + H2 + Ni
8-tоpshiriq. Uchta amin – anilin, N-metilanilin va N,N-dimetilanilin quyidagi reagentlar ta’sirida-

gi kimyoviy o‘zgarishlarni taqqoslang:
a) suyul. HCl,      d) sirka angidridi
b) NaNO2 + HCl(suv.er.)    e) benzoil xlorid + piridin
v) metil yodid       j) bromli suv
g) benzoilsulfoxlorid + KOH (cuv)
9-topshiriq. Avvalgi topshiriqdagi savolga etilamin, dietilamin va trietilaminlar uchun javob bering.
10-topshiriq. Azot kislotasini quyidagi birikmalar bilan reaksiyalarini yozing. Hosil bo‘luvchi asosiy 

organik birikmalarni nomlang:
a) p-toluidin   e) N-metilanilin
b) N,N-dietilanilin        j)2-amino-3-m yetilbutan
v) n-propilamin                z) benzidin (4,4’-diaminobifenil)
g) metil-n-butilamin  i) benzilamin
v) sulfanil kislota               k) metilbenzilamin
11-topshiriq. Quyidagi reaksiya tenglamalarni yozing va hosil bo‘luvchi organik birikmalarni nomlang:
a) n-butirilxlorid + metilamin
b) sirka angidrid + N-metilanilin

PRACTICE PROBLEM
How is n-propylamine 

synthesized?
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v) tetra-n-propilammoniy gidroksid + qizdirish
g) izovalerilxlorid+dietilamin
d) tetrametilammoniy gidroksid + qizdirish
ye) trimetilamin + sirka kisloat
j) N,N-dimetilatsetamid + suyul. HCl
z) benzanilid + NaOH (suv.er.) 
i) metilformiat + anilin
k) mo‘l metilamin + fosgen (COCl2)
l) m-O2NC6H4NHCH3 + NaNO2 + H2SO4
m) anilin + mo‘l Br2 (suv)
n) m-toluidin + mo‘l Br2 (suv)
o) m-toluidin + mo‘l Br2 (suv)
p) p-toluidin + NaNO2 + H2SO4
r) C6H5NHCOCH3 + HNO3 + H2SO4 
c) p-CH3C6H4NHCOCH3 + HNO3 + H2SO4
t) p-CH3C6H4NH2 + mo‘l SH3J
u) benzanilid + Br2 + Fe
f) N,N-dimetil-n-butilamin + H2O2
x) (f) reaksiya mahsuloti + qizdirish 
12-topshiriq. Quyidagi birikmalarning struktura formulalarini yozing:
a) fenildiazoniy nitrat d) p-(fenilazo)anilin
b) p-nitrofenildiazoniy sulfat  ye) benzidin
v) azobenzol j) 2,4-dioksi-4’-(N,N-dimetilamino)-azobenzol g) r-aminoazobenzol
13-topshiriq. Quyidagi birikmalarni nomlang:

14-topshiriq. p-Tolildiazoniyxloriddan quyidagi birikmalarga o‘tish reaksiyalarini yozing:  
a) toluol ye) p-ftortoluol b) p-krezol (p-CH3C6H4OH)  j) p-tolunitril (p-CH3C6H4CN)
v) p-xlortoluol z4-metil-4’-(N,N-dimetilamin-azobenzol)
g) p-bromtoluol i) 2,4-dioksi-4’-metilazobenzol
d) p-yodtoluol
15-topshiriq. Benzol, toluol va boshqa zaruriy reagentlardan foydalanib quyidagi birikmalarni 

laboratoriya sharoitida sintez qilishning reaksiyalarini yozing.  
a) oltita izomer dibromtoluollar     b) uchta izomer xlorbenzoy kislotalar
b) uchta izomer xlorbrombenzollar  v) uchta izomer yodfenollar

H3C – – N = N – – N(CH3)2 O2N – – N = N – – OH 

H2N – – N = N – – NO2 CH3 – – N2 Cl
–+

Na O3S – – N = N – – N–+
CH3

CH3
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16-tоpshiriq. Benzol, toluol va boshqa zaruriy reagentlardan foydalanib quyidagi birik
malarning qaysilarini laboratoriya sharoitida sintez qilish mumkinligini ko‘rsating.

a) p-ftortoluol
b) m-ftortoluol
v) p-yodbenzoy kislota
g) m-nitrofenol
d) m-ftorfenol
e) m-bromanilin
j) 3-brom-4-metilbenzoy kislota
z) 2-brom-4-metilbenzoy kislota      
i) m-etilfenol 

k) 3,5-dibromanilin
l) 3-brom-4-yodtoluol
m) 2-amino-4-metilfenol
n) 2,6-dibromyodbenzol
o) 4-yod-3-nitrotoluol
p) p-oksifenilsirka kislota
r) 2-brom-4-xlortoluol
s) 4,4’-dioksibifenil
t) 4,4’-diftorbifenil
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Asosiy holat. Eng past energiyaga ega bo’lgan zarracha holati. Agar zarracha energiya yutsa, u 
qo’zg’algan holatga o’tadi va bu zarracha yuqori energiyaga ega ekanligi bilan xarakterlanadi. 

Anizometrik molekula. Bir xil molekulyar formulaga ega bo’lgan, fizik xususiyatlari va atom-
lararo masofa bilan farqlanuvchi molekula. Bu molekulalarda atomlararo masofa turlicha bo’lgani 
uchun, bog’ uzunligi va valent burchaklari ham turlicha bo’lishi kerak. Anizometrik molekulalardan 
iborat birikmalar turli fizik xususiyatlarga (suyuqlanish va qaynash harorati, nur sindirish ko’rsat-
gichi) ega bo’ladi. Quyida anizometrik molekulalarga misollar keltirilgan:

Assimetrik markaz. Xiral markazning sinonimi.
Assimetrik molekula. Barcha elementlari simmetrik bo’lmagan molekula. Hamma assimetrik 

molekulalar xiral hisoblanadi.
Axiral molekula. Ko’zgudagi tasviri bilan mos keluvchi molekula. Bunday molekula simmetrik 

hisoblanadi.
Anximer monelik. SN1 tipidagi jarayonlarda chiquvchi guruhlarning   parchalanishiga qo’shni 

guruhlarning ta’siri. Masalan, anximer monelik mavjud bo’lgan ionlanish jarayoni tez amalga  
oshadi.

Aproton erituvchi. Vodorod bog’lanish hosil qilish imkoniyati bo’lmagan, vodorod ioni saqlama-
gan erituvchi; protonlar donori bo’lmagan erituvchi. Ba’zi aproton erituvchilar: geksan, benzol va 
dimetil sulfoksid. 

Antieliminirlanish. Trans-eliminirlanishga qarang.
Aksial bog’. Uchlamchi tartibli simmetriya o’qiga parallel yo’nalgan siklogeksan molekulasidagi 

(kreslo shaklida) bog’.

G L O S S A R I Y

H – C – O – C – H
H H

HH
H – C – C – O – H

H H

HH
va H – C – C

H

H

H

O
va H – C = C – O – H

H H

Cl – C – C – H
H H

HCl
va Cl – C – C – Cl

H H

HH
F – C – C – F

H H

BrBr
va F – C – C – H

F Br

BrH
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Addision polimer. To’yinmagan birikmani polimer zanjirining o’sish qismi bilan bog’langan-
ligidan hosil bo’luvchi polimer. Bunday polimerlarga polietilen misol bo’ladi.

Ataktik polimer. Asosiy zanjirning ikkala tomonida o’rinbosarlarning tartibsiz joylashuvidan 
hosil bo’lgan polimer.

Adams katalizatori. Gidrirlash katalizatori sifatida qo’llaniluvchi o’ta maydalangan platina 
(Rodjer Adams sharafiga nomlangan).

Alkanol. Spirtlarni IUPAC sistemasidagi umumiy nomi.
Alkogolyat-ion. Spirtdan hosil bo’luvchi anion. Oddiy misol natriy etilat hosil bo’lish:

Alkoksimerkurirlash. Uglerod - simob va uglerod - alkoksigurux bog’lar hosil bo’lishi bilan bo-
ruvchi jarayonlar. Demerkurirlashdan so’ng oxirgi mahsulot qo’shbog’ga spirtning birikish mahsu-
loti hosil bo’ladi. Odatda bu jarayondan efirlar sintez qilishda foydalanildai. Birikish Markovnikov 
qoidasi bo’yicha amalga oshadi.

Aromatlik. π-Elektronlarining delokallanishi tufayli molekula (ion, radikal) energiya zaxirasi-
ning kamayishi.

Amalgama. Turli metallarni simob bilan qotishmasi.
Arenlar. Aromatik uglevodorodlar.
Asiliy-kation.  Benzolni asillashda ishtirok etuvchi ion.
Aromatik qatordagi elektrofil o’rin olish. Elektrofil reagent bilan benzol yadrosining ta’sir-

lashuvidan ayni reagentni halqadagi vodorod atomlari bilan almashinishi. Reaksiya ikki asosiy 
bosqichlar orqali amalga oshadi: benzoin ioni hosil bo’lishi va parchalanishi.

Aldol kondensatlanish. Karbonil guruhiga qo’shni uglerod atomida proton saqlagan ikki alde-
gid molekulalarining β-oksialdegid hosil qilib kondensatlanishi; jarayon kislota yoki asos kataliza-
torligida boradi. Agar reaksiya mahsuloti gidroksil va karbonil guruhlari orasidagi uglerod atomida 
proton saqlasa, bu birikma beqaror bo’ladi va asos ishtirokida qizdirilishidan yoki suyultirilgan 
kislota ishtirokida xona haroratida degidratlanadi

tsiklogeksan molekulasidagi
6 aksial bog’lar

simmetriya o’qi 3D tartibli

n CH2 = CH2 (– CH2 – CH2 –)n 
polietilen

R H R H H R R H

Na  +  C2H5OH C2H5O– Na+

natriy etilat

+  ROH
Hg(OCOCH3)2

RO

HgOCOCH3

NaBH4

-CH3CO2H

RO

H
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Qaytar jarayon, shuningdek β-oksikarbonil birikmani parchalanishi retroaldol kondensatlanish 
reaksiyasi deyiladi.

Ayni reaksiya ikki turli aldegidlar bilan amalga oshirilsa, turli mahsulotlar aralashmasi hosil 
bo’ladi. Ketonlar karbanionlar bilan aldegidlarga nisbatan sekin ta’sirlashadi; shuning uchun, dast-
labki mahsulot sifatida α-vodorodi bo’lmagan aldegid va ketondan foydalanilsa, faqatgina bitta 
mahsulot hosil bo’ladi:

Bunday reaksiyalar (ikki turli aldegidlar, ikki turli ketonlar yoki aldegid va ketonlar ishtirokida-
gi) “to’qnash” aldol kondensatlanish reaksiyalari deyiladi.

α-Eliminirlanish. Ikki chiquvchi guruhning bir atom substratdan ajralishi bilan boruvchi reak-
siya. Agar ikkala chiquvchi guruh ham bir uglerod atomida joylpashgan bo’lsa, hosil bo’luvchi mah-
sulot beqaror elektron taqchil zarracha karben hisoblanadi.

A koferment. Sulfgidril SH-guruhi saqlovchi murakkab tabiiy birikma. A kofermentning biologik 
funksiyasi bir - moddadan boshqasiga asetil guruhini [СН3С(O)] tashish hisoblanadi. Havoda bu ko-
ferment oksidlanadi va biologik faol bo’lmagan birikmaga aylanadi.

Bog’lanish energiyasi. Atomni tashkil etuvchi zarrachalarini birga saqlab turuvchi energiya.
Bog’ uzunligi. Ikki kovalent bog’langan yadrolar orasidagi o’rtacha masofa. Bu kattalik atom-

lararo masofa deb ham ataladi.
Bog’ momenti. Bog’ning qutblanganlik ko’rsatgichi. Umumlashmagan elektron jufti. Ikki atom 

orasida bog’ hosil bo’lishida ishtirok etmaydigan valent elektronlar jufti. Formaldegidda uglerod 
bilan bog’ hosil bo’lishida ishtirok etmaydigan kisloroddagi ikki juft elektronlar, umumlashmagan 
elektron hisoblanadi (bog’lovchi bo’lmagan).

Bog’. Ikki va undan ortiq zarrachalar orasidagi tasir. Bog’ hosil bo’lishi ekzotermik (issiqlik ajral-
ishi bilan boradigan) jarayon.

Bog’ning dissosiasillanish energiyasi. Bog’ning gomolitik parchalanishi uchun zarur bo’lgan 
energiya miqdori.

2 R – C – CHO
H

H
H+ yoki OH–

R – C – C – C – CHO
H

H

OH

H

R

H
H+ yoki OH–

t°C R – C – C = C – CHO + H2O
H

H H

R

R – C – CHO + R′ – C – C
R

R

R′′

O

H

H
H+ yoki OH–

t°C R – C – C – C – C
R

R

R′′

O

OH

H

R′

H

H

H

H

H
H

H H

H
Cl

Cl

Mg
- MgCl2

H

H

H

H
H

H H

H ..

α-eliminirlanish

metiletilkarben

H

H
C = O

..
.. umumlashmagan elektron juftlari
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Bog’ energiyasi. Aniq tur bog’ning gomolitik parchalanishi uchun zarur bo’lgan energiyaning 
o’rtacha qiymati.

Birlamchi vodorod atomi. Bu shunday vodorod atomiki, u bog’langan uglerod atomi faqatgi-
na bitta uglerod bilan bog’langan. Masalan, etandagi barcha vadorod atomlari birlamchi sanaladi. 
Radikal juftlashmagan elektronli hosila. Odddiy radikallar odatda zaryadlanmagan. Ba’zi atomlar, 
masalan xlor atomi radikal hisoblanadi. Ba’zan “erkin radikal” nomidan foydalaniladi.

Radikallardagi juftlashmagan elektron nuqta bilan ko’rsatiladi.
Bimolekulyar reaksiya. Asosiy bosqichda ikki zarracha ishtirok etuvchi reaksiya. Masalan: SN2 

reaksiyasi bimolekulyar hisoblanadi.
Barqarorlik. Zarrachaning asosiy holatidagi energiyasi.
«Banan” bog’». δ-Tipidagi bog’ bo’lib, maksimal qoplanishga erishilmaydi. Bunday bog’ hosil 

qiluvchi orbitallar yadrolararo o’qlar bo’ylab yo’nalgan emas. Bunday bog’ni ba’zan «chekingan» 
yoki «τ (tau)-bog’» deb ataladi. Odatda bunday tip bog’ siklopropandagi uglerod atomlari orasida 
kuzatiladi.

Bayer kuchlanish. To’g’ri-ko’pburchak ichki burchaklari va sp3– gibridlangan holatdagi uglerod 
atomlari orasidagi burchak 109,50° xatoliklari orasidagi farq ta’siridagi energiyaning o’zgarishi. 
Bunday kuchlanish uch-, to’rt-, besh- a’zoli halqalarda ko’plab kuzatilgani uchun, “kichik burchak-
lar” kuchlanishi deyiladi.

Bredt qoidasi. O’rta o’lchamdagi ko’prikli halqali sistemalardagi ko’prik boshida qo’shbog’ bo’li-
shi mumkin emaslik qoidasi. Bunday holat qo’shni p-orbital va ko’prikdagi bosh uglerod r-orbitali 
bilan maksimal qoplanishi mumkin emasligi tufayli vujudga keladi.

Burchak kuchlanish. Bog’lar orasidagi burchaklarning ideal kattaliklarni egallashga intilishda-
gi itarilish tufayli molekuladagi energiyaning ortishi.

Bromoniy ioni uchta izomer rezonans tuzilishlarning gibridi sifatida tasavvur qilinishi mumkin 
(A, B va V). Bu uch tuzilishlardan faqatgina A tuzilishda barcha atomlar 8 tadan elektronlarga ega.

Nosimmetrik bromoniy ioni ham uchta gibrid tuzilishlar (A, B va V) holatida tasovvur qilinishi 
mumkin. Ulardan faqat A tuzilishda barcha atomlar tashqi 8 tadan elektronlarga ega. Uchlamchi 
kation hisoblanuvchi Б tuzilishning, birlamchi kation hisoblanuvchi В tuzilishga nisbatan gidrid 
ionga qo’shgan xissasi ko’proq. Shunday qilib real kation A, va V teng qiymatli bo’lmagan aralash-
madan iborat.

H3C – C – CH3
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Bayer namunasi. Birikma tarkibida sovuq neytral kaliy permanganat eritmasi tasirida oksid-
lanish mumkin bo’lgan guruhlar mavjudligini aniqlash. Agar permanganat ionidagi binafsha rang 
yo’qolib va qo’ng’ir marganes dioksid MnO2 hosil bo’lsa, oksidlanuvchi guruylar mavjud, bunday 
guruhlar uglerod - uglerod qo’shbog’, uchbog’ va aldegidlar. Ba’zan bu namunani Bayerning to’yin-
maganlik namunasi deyiladi.

Birlamchi spirt. Karbonil uglerod atomi faqatgina bitta organik guruh bilan bog’langan spirt 
molekulasi. Birlamchi spirtlarga - etanol, 1-propanol misol bo’ladi.

Birikish-parchalanish reaksiyasi. Korbonil uglerod atomi bilan bog’langan chiquvchi guruh 
o’rnini nukleofil zarracha egallashi bilan amalga oshuvchi reaksiya; jarayon ikki bosqichda boradi. 
Birinchi bosqichda nukleofil zarracha uglerod - kislorod π-bog’ bo’yicha birikishi va alkoksi-anioni 
RO– hosil bo’lishiga olib keladi. Ikkinchi bosqichda, manfiy zaryadlangan kislorod atomidagi elek-
tron jufti bu vaqtda ham nukleofil zarracha, ham chiquvchi guruh bilan bog’langan uglerod atomiga 
hujum qiladi va bu elektron jufti chiquvchi guruh o’rnini egallaydi.

          I-birikish bosqichi                           II-eliminirlanish bosqichi
Bunday reaksiyalar organik kimyoda ko’plab uchraydi va chiquvchi guruh karbonil uglerodi bi-

lan bog’lanishi shart emas.
Yuqori band molekulyar orbital. Elektronlar bilan band bo’lgan eng maksimal energiyaga ega 

bo’lgan molekulyar orbital (qisqartirilgan VZMO).
Quyi bo’sh molekulyar orbital. Elektronlari bo’lmagan minimal energiyali molekulyar orbital 

(qisqartirilgan belgisi NSMO).
Bog’ tartibi. Ikki atomni bog’lovchi kovalent bog’lar soni. Etan, eten va etindagi uglerod-uglerod 

bog’lar torti bilan mos ravishda  1,2 va 3-ga  teng. Rezonans holatida bog’ tortiga butun son bo’lish 
shart emas.

Benzil holati. Halqa bilan bog’lab turuvchi uglerod atomi.

Benzoniy ioni. Benzoldagi π-elektronlar sistemasini elektrofil zarracha bilan hujumidan hosil 
bo’luvchi kation δ-kompleks hisoblanadi, chunki elektrofil zarracha va halqa orasida δ-kompleks 
hosil bo’ladi. Benzoniy ioni elektronlarning aromatik seksteniga ega emas, aromatik xususiyat 
namoyon etmaydi. 

Benzoin kondensatlanish. α-Oksiketonlar [ArCH(OH)C(O)Ar] hosil bo’lishi bilan amalga oshu-
vchi ikki aromatik aldegid molekulalari orasidagi reaksiya; bunday oksiketonlar benzoinlar deb 
ataladi. Reaksiyaning maxsus katalizatori bo’lib sianid-ion xizmat qiladi.
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β-Eliminirlanish. Chiquvchi guruhlar visinal atomlaridan ajraluvchi parchalanish reaksiyalari. 
Bu reaksiyalarni ba’zan 1,2-eliminirlanish reaksiyalari deyiladi. Bug’ holda 1,2-raqamlari asosiy 
uglerod zanjirini raqamlashga hech qanday aloqasi yo’q va faqatgina chiquvchi guruhlar qo’shni 
uglerod atomlarida joylashganligini anglatadi.

Valent elektronlari. Atomning tashqi elektronlari. Elementlarning kimyoviy reaksiyalarida 
ishtirok etuvchi elektronlar.

Valent burchagi. Valent burchagi X – Y – Z bo’limdagi atomlararo burchak.

Vandervals radiusi. O’zaro bog’lanmagan atomlarning bir-biri bilan maksimal yaqinlashishi 
mumkin bo’lgan o’lchov kattaligi.

Vodorod bog’lanish. Elektromanfiy element bilan kovalent bag’langan vodorod atomining 
boshqa elektromanfiy atom bilan tortilishi natijasida hosil bo’luvchi kuchsiz bog’ (~ 5 kkal/mol). 
Ko’p hollarda uchraydigan elektromanfiy elementlar azot, kislorod va ftor hisoblanadi. Bir moleku-
ladagi ikki funksional guruh hisobiga hosil bo’luvchi vodorod bog’lanish ichki molekulyar vodorod 
bog’lanish deyiladi. Ikki turli molekulalar orasidagi vodorod bog’lanish molekulalararo vodorod 
bog’lanish molekulalararo vodorod bog’lanish deyiladi.

Visinal (qo’shni). Ikki qo’shni atomlardagi guruhlar holatini ifodalash uchun foydalaniladigan 
termin.

Valden o’zgarish. Hiral markazining SN2-o’rin olishdagi konfigurasion o’zgarishi. Agar substrat-
da bitta xirol markaz bo’lsa, volden o’zgarishi natijasida birikma qarama-qarshi konfigurasiyaga 
ega bo’lgan mahsulotga o’tadi.

Agar nukleofil va chiquvchi guruh bir xil bo’lsa Volden o’zgarishi oxir oqibat rasematlanishga 
olib keladi.
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Agar molekulada bir necha xirol markazlar bo’lsa va ulardan faqat bittasi volden o’zgarishga 
uchrasa, bunday hollarda dastlabki birikmaning diostereomeri hosil bo’ladi.

Van-der-Vals kuchlanishi. Ma’lum vaqtda fazoning aniq nuqtasida joylashgan ikki va undan 
ortiq atomlarning itarilishi natijasidagi molekula energiyasining ortishi. Van-der-Vals kuchlanishi 
bir atom elektronlarining boshqa elektronlar bilan itarilishi tufayli vujudga keladi.
Vanna shakl. Siklogeksanning yuqori energiyaga ega bo’lgan konformasiya-si. Kreslo va tvist shakli orasidagi o’tish 
holati.

Vinil boran.  tipidagi birikma.   
Vinil boranlar enollargacha oksidlanadi (H2O2/OH–) 

Vinilboranlar alkenlargacha qaytariladi (CH3CO2H)

Vinil kation. Qo’shbog’ saqlagan uglerod atomida musbat zaryad mujassamlashgan kation. 
Bunday uglerod atomi sp-gibridlangan holatga o’tadi.

Vinil kation, uglerod-uglerod uch bog’ga elektrofil zarrachani birikishi natijasida hosil bo’ladi. 
Ular birlamchi karbokationlardanda beqaror hisoblanadi.

Visinal. Vicinal - lotincha so’zdan olingan bo’lib, o’rinbosarlar qo’shni uglerod atomlarida joy-
lashganligini ko’rsatadi. Masalan: 1,2-siklogeksandiol bu vis-diol.

Vilyamson sintezi. SN2-reaksiyasi orqali alkogolyat-ion va alkilgalogeniddan efir hosil bo’lish 
reaksiyasi.
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Vulkanlash. Polimerga maxsus xususiyatlar berish va uning yonishqoqligini kamaytirish maq-
sadidagi qayta ishlash. Bunga polimerda ko’ndalang bog’lar hosil qilish hisobiga erishiladi (har 
bir zanjirdagi ikkilamchi uglerod atomlari orasida bog’ hosil bo’lishi). Buning natijasida chiziqli 
sistema uchyoqlamali tuzilishga o’tadi. Odatda kauchukni vulkanlash uchun oltingugurdan foyda-
laniladi. (Oltingugurt bilan vulkanlashda kauchuk qoraymaydi. Qora rangni rezinasi saja beradi).

Volf qayta guruhlanishi. Diazoketonni keton va azotga parchalanishi. So’ngra keten: a) suv 
bilan ta’sirlanishi (kislota hosil bo’ladi), b) spirt bilan ta’sirlanishi (murakkab efir hosil bo’ladi),  
v) aminlar bilan ta’sirlashishi (amid hosil bo’ladi) mumkin:

Geteroliz. Kovalent bog’ning uzulishi va uning hosil bo’lishida ishtirok etuvchi atomlarning biri 
elektronlar juftini o’zida saqlab kovalent bog’ning parchalanishi geterolitik parchalanish yoki gete-
roliz deyiladi. Buning yaqqol misoli kislotaning ionlanishi hisoblanadi.

Gibrid orbital. s-, p-, d- yoki f-orbitallardan farq qiluvchi atom orbitali. Barcha gibrid orbital-
lar ikki va undan ortiq oddiy gibridlanmagan orbitallarning turli nisbatlarda aralashuvidan hosil 
bo’ladi deyish mumkin. Gibrid orbitallariga sp-, sp2- va sp3-orbitallarni misol qilish mumkin. Gibrid 
orbitallar molekuladagi atomlar uchun xos bo’lib, alohida atomlar uchun mos kelmaydi (xos emas).

Gomoliz. Kovalent bog’ hosil bo’lishida ishtirok etuvchi elektron jufti bu bog’ parchalanishidan 
har bir tashkil etuvchi orasida teng taqsimlanishi gomolitik parchalanish yoki gomoliz deyiladi. 
Misol, xlor molekulasining gomolizi:

Gomologik qator. Keyigni hadi oldingi hadidan bir xil takrorlanuvchi guruhga, ko’pincha metilen 
guruhiga farq qiluvchi qator gomologik qator deyiladi:

Gidrid ko’chish (gidrid siljish). Bir atomdan boshqasiga vodorodning uni bog’lovchi elektron-
lari bilan (yoki gidrid - ionni H–) ko’chishi. Bunday ko’chish odatda beqaror karbokationni barqaror-
rog’iga o’tishida kuzatiladi. Quyidagi reaksiyada gidrid siljishini kuzatish mumkin: 

Giperkonyugasiya. Erkin yoki to’lmagan orbitallarni  to’lgan  bog’lovchi δ-orbital bilan qopla-
nishi natijasida qisman barqarorlashuvi.
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H
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Gofman qoidasi. To’rtlamchi ammoniy tuzi yoki boshqa musbat zaryadlangan chiquvchi guruh-
ga ega bo’lgan substraning kamroq tarmoqlangan alken hosil qilib eliminirlanishi to’rtlamchi am-
moniy gidroksidlarning alkenlarga parchalanishi spesefik E2-reaksiya hisoblani, Gofman bo’yicha 
eliminirlanish deyiladi. Aynan shunday eliminirlanish reaksiyalarini o’rganish natijasida Gofman 
qoidasi paydo bo’lgan va bunda hosil bo’luvchi kam tarmoqlangan alken «Gofman mahsulot» de-
yiladi.

Grinyar reaktivi. R–Mg–X tipidagi birikma, ko’pgina alkilgalogenidlarni absolyut efirda mag-
niy bilan reaksiyasi orqali olinadi. Bu birikmaning reaksion qobiliyati o’ta yuqori bo’lib, karbanion 
R:–MgX+ tuzilishga ega. Agar karbanion markazga nisbatda kuchli chiquvchi bo’lsa, Grinyar reaktivi 
beqaror bo’ladi, chunki bunday holat elimitnirlanishga olib keladi (va alkenlar hosil bo’ladi).

Gofman bo’yicha eliminirlanish. To’rtlamchi ammoniy gidroksidining alken, uchlamchi  amin 
va suv hosil qilib termik parchalanish.

To’rtlamchi ammoniy gidroksidi olishning o’ziga xos usuli ikki bosqichdan iborat. Birinchi 
bosqichda amin alkilgalogenid bilan SN2-mexanizmda to’rtlamchi ammoniy galogenid hosil qilib 
ta’sirlashadi.

Ikkinchi bosqichda galogenid – anioni tuzning kam kumush oksidi (Ag2O) bilan tasirlashuvi nati-
jasida gidroksid-anioni bilan almashinishi kuzatiladi.

N
CH3H3C

OH–

qizdirish+
+  N(CH3)3 +  H2O

Goffman qoidasi bo’yicha eliminirlanish
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H

H
+  MgBr(OCH3)

barqaror Grinyar reaktivining
hosil bo’lish va parchalanishi
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Geterosiklik birikma. Bir yoki ko’p halqalar kamida bitta ugleroddan farq qiluvchi atom saqlov-
chi molekula.

Galogeioniy ion. Musbat zaryad galogen atomida mujassamlashgan kation. Bromoniy ioniga 
qaralsin.

Geometrik izomerlar. Qo’shbog’ atrofidagi o’rinbosarlarning joylashuvi bilan farqlanuvchi ste-
reoizomerlar. Bunday izomerlarga yorqin misollar alkenlardagi E, Z-izomerlar hisoblanadi.

Geterogen katalizator. Ayni reaksion muhitda erimaydigan katalizator. Bunga katalitik gidrir-
lashda foydalaniluvchi katalizatorlar – metallar misol bo’ladi.

Gomogen katalizator. Ayni reaksion muhitda eriydigan katalizator.
Gidroborlash. Diboronni π-bog’ bo’yicha organoboran hosil qilib birikish (uglerod - bor bog’ 

hosil bo’lishi).
Gidroborlash sis-birikish hisoblanib Markovnikov qoidasiga zid amalga oshadi.

Glikollar. Visinal diol  

Delokallashgan bog’. Ikki atomdan ortiq atomlarni bog’lab olgan kovalent bog’lanish. Misol 
uchun π-bog’.

Dipol - dipol ta’sir. Ikki qutblangan bog’ yoki qutblangan molekulalarning qarama-qarshi zar-
yadlangan tomonlari orasidagi - ta’sirlashuv.

Diostereomerlar. Stereoizomerlar bo’lgan (enantiomer emas) ikki va undan ortiq molekulalar. 
Diostereomerlarga bittadan ko’p xirol markazga ega bo’lgan va  bu markazlarning konfigurasiyasi 
bilan farqlanuvchi stereoizomerlar kiradi (barcha xirol markazlari konfigurasiyasi bilan farq qilishi 
talab etilmaydi, aks holda bu molekulalar etantiomerlar hisoblanadi).

Diostereoton guruhlar. Diostereomerlar qurshovida joylashgan guruhlar.
Dissimmetrik molekula. Simmetriya markazi va tekisligiga ega bo’lmagan molekula.
Degidratasiya. Suvsizlanish. Kimyoviy  reaksiyalarga bu terminni spirt (R – OH) molekulasidan 

suvni siqib chiqarish  manosida qo’llaniladi. Agar suv bir molekula spirtdan siqib chiqarilsa ichki 
molekulyar  degidratasiya, amalga oshadi vabunda alkenlar hosil bo’ladi:

N
H
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geteroxalqalar

C = C
Cl

H

CH3
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C = C

Cl

H CH3

Br
geometrik izomerlar

CH3

BH3

CH3

H
B

3

HOCH2CH2OH
etilenglikol (1,2-etandiol)

HOCH2CHCH3
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Agar suv ikki molekula spirtdan siqib chiqarilsa molekulalararo degidratasiya bo’lib, oddiy efir-
lar hosil bo’ladi.

Degidrogalogenlash. Eliminirlanish reaksiyasidagi vodorod va galogen atomlarining siqib 
chiqarilish.

Dekarbonillash. Birikma tarkibidan monoksoza yo’qolishi bilan amalga oshuvchi reaksiya.
Demerkurirlash. Uglerod - simob bog’ni uglerod - vodorod bog’ga o’tkazish. Odatda bunga nat-

riy borogidrid yordamida erishiladi. Quyida simob asetatni demerkurirlash berilgan.

Davriy oksidlash. Yod kislotasi HJO4 yordamida oksidlash. Ko’pgina vis-diollarni, α-oksialde-
gidlarni va α-oksiketonlarni oksidlash uchun ishlatiladi.

Bir biridan metilen guruhi orqali ajratilgan gidroksil guruhlari yod kislotasi ta’sirida oksidlan-
maydi.

Desulfurizasiya. R–S bog’ni qaytarish. Ko’pinyaa qaytarish oltingugurt saqlovchi birikmani 
Reney nikeli, mo’l vodorod bilan amalga oshiriladi.

2 ROH -H2O
R – O – R 

oddiy efir

molekalalararo degidrotasiya

– C – C –
OH

-H2O
C = C
alken

ichki molekular degidrotasiya

CH2OH

C = O 

CHOH

CHO

CHOH

CH2OH

HJO4

HJO4

2CH2O  +  CO2

2HCO2H  +  CH2O

– C –

Hg – O – C – CH3

O
NaBH4

H2O/OH–
– C – +  Hg +  CH3 – C – O–

O

simob atsetat

CH2OH

CH2

CH2OH

HJO4 ryaksiya amalga oshmaydi

R – S – R\
H2

Reney nikeli R – H  +  H – S – H  +  H – R\
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Dipolyar aproton erituvchi. Yuqori dipol momentga ega bo’lgan aproton erituvchi, masalan: 
dimetilsulfoksid va dimetilformamid. Ular shuningdek qutblangan aproton erituvchi.

E1reaksiya. Hosil bo’luvchi oraliq karbakation protonni yo’qotishi bilan amalga oshuvchi eli-
minirlanish reaksiyasi. Protonning ajralishi kation markazga qo’shni ugleroddan amalga oshadi. Bu 
reaksiya SN1 – reaksiyaga raqobot bo’lib asosiy bosqich karbokationning hosil bo’lishi bilan amalga 
oshadi. Quyida eliminirlanishning ikki bosqich reaksiyalari misol tariqasida berilgan.

E1(sb)-reaksiya. Nisbatan barqaror karboniondan anionni ajralishi bilan boruvchi eliminirla-
nishi. E1 va E2 reaksiyalardan ko’proq to’qnash kelinadi.

E2-reaksiya. Qo’shni atomlardan bir vaqtda ikki guruhni tortib olinish bilan amalga oshuvchi 
eliminirlanish. Bu jarayon SN2 reaksiya bilan roqobot reaksiya hisoblanadi. Ko’pchilik E2-reaksi-
yalar trans-eliminirlanish reaksiyalari hisoblanadi.

Enol. Oksi (gidroksi) guruh uglerod-uglerod qo’shbog’dagi uglerod bilan bog’langan birikma. 
Uni gidroksiguruh almashingan vinil yoki vinil spirti deyish mumkin. Enollar odatda beqaror va 
tautomer shakl ko’rinishi keto-shakl karbonilli birikmalarga izomerlanadi.

Enolning oddiy efiri. Kislorod atomi bilan bog’langan guruhlardan biri qo’shbog’ saqlovchi 
oddiy efir.

Enolning murakkab efiri.              

 Tipidagi birikmalar. Enollarning murakkab efirlari alkinlarga bir molekula karbon kislota biri-
kishi natijasida hosil bo’ladi. 
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Enon. α, β-to’yinmagan karbonilli birikmalar 

Yonish issiqligi. 1 mol birikmani uglerod dioksid va suvgacha to’liq parchalanishdagi issiqlik 
sig’imi yoki entalpiyaning (∆H) manfiy o’zgarish. Musbat kattalik.

Jipslashgan halqali sistemalar. Ikki qo’shni atomlar bir vaqtda ikki (yoki undan ortiq) halqalar 
uchun umumiy bo’lgan ikki  (yoki undan ortiq) halqadan iborat molekula.

Jons bo’yicha oksidlash. Birlamchi va ikkilamchi spirtlarni xromangidridini CrO3 sulfat kis-
lotadagi eritmasi yordamida oksidlash. Erituvchi sifatida asetondan foydalaniladi. Bu usul bilan 
uch bog’ni oksidlab bo’lmaydi.

Zanjir reaksiyalar. Takrorlanuvchi (zandirning uzayishi) bosqichlarni o’z ichiga olgan reaksi-
yalar ketma-ketligi. Bir zanjir tayyor mahsulotning bir necha molekulalarini hosil qilishi mumkin. 
Zanjir reaksiya doimo ham erkin radikallarning hosil bo’lishi bilan borishi shart emas.

Zaysev qoidasi. Chiquvchi guruh anion holiga ajraluvchi substratni eliminirlanishi, bunda 
ko’proq almashingan alkenlar hosil bo’ladi. Buning misoli bo’lib, degidrogalogenlash reaksiyasi xiz-
mat qiladi. Eliminirlanish natijasida hosil bo’luvchi ko’proq almashingan alken «Zaysev mahsuloti» 
deyiladi.

Zaysev bo’yicha eliminirlanish

Zanjir tashuvchi. Reaksiyani yakunlovchi reagent.
Zanjirning ko’chish reaksiyalari. Bir vaqtda bir zanjirning uzayishi va boshqasining hosil 

bo’lish reaksiyalari. Keltirilgan misolda polistirolning uzayish reaksiyasi uglerod tetroxlorid ta’siri-
da uziladi. 

Bunda hosil bo’luvchi trixlormetil radikali spiral molekulasi bilan ta’sirlashadi va yangi poli-
merlanish zanjirini boshlab beradi. Zanjirni uzatuvchi agent va monomer zanjirni uzayishi jara-
yonida o’zaro roqobatlashadi deb hisoblash mumkin.
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Izotoplar. Bir element atomlari, yadrodagi neytronlar soni hamda massa soni bilan ham farq 
qiladi. Izotoplar, bir element hosilalari bo’lib, bir xil protonlar soniga ega. Ko’pchilik elementlar bir 
necha izotoplarga ega. Faqatgina turg‘un tabiiy izotoni bo’lgan ma’lum elementlardan biri ftor (19F) 
hisoblanadi.

Ba’zi izotoplar radioaktiv bo’lib diagnoztikada va davolashda qo’llaniladi. Radioaktiv izotoplar, 
qisqa vaqt mavjud bo’lib, sun’iy usullarda olinadi. Vodorod elementining izotoplaridan biri tritiy 
suniy izotoplardan biri hisoblanadi. Bunday izotoplprning yana biri radioaktiv yod (131J) bo’lib,  
uning parchalanish davri 8 kun va u diognoztikada va qalqonsimon bez kasalligini davolashda ish-
latiladi. Stronisiyning 16 ta izotopi ma’lum bo’lib, ulardan stronsiy 90 (90Sr) ma’lum. Bu izotop 28 
yil parchalanish davriga ega va sog’liq uchun o’ta xavfli.

Ionlanish potensiali. Atomdan elektronni cheksiz masofaga uzoqlashtirish uchun talab etilgan 
energiya. Birinchi elektronni (odatda yadrodan uzoqroqdagi elektron uzoqlashtirish uchun talab 
etilgan energiya esa ikkinchi ionlashni potensiali deyiladi va h.o. Metallar kichik ionlanish potensi-
aliga ega, metalmaslar esa – yuqori.

Ion - dipol ta’sir. Ion va qutblangan bog’ning yoki qutblangan molekulaning qarama-qarshi 
zaryadlangan tomolari orasidagi ta’sirlashuv.

Ion bog’lanish. Qarama-qarshi zaryadlangan ionlar orasidagi bog’lanish. Tabiatiga ko’ra elek-
trostatik tortishuv natijasi hisoblanadi.

Ikkilamchi vodorod atomlari. Ikki uglerod atomi bilan bog’langan uglerod atomidagi vodorod 
atomlari. Masalan, propan ikki ikkilamchi vodorod atomiga ega.

Izomerlar. Bir xil molekulyar massali birikmalar. Ular ikki guruhga bo’linishi mumkin: struktu-
ra va geometrik izomerlar.

Induksion davr. Reagentlarning aralashtirish va reaksiya boshlanishi orasidagi vaqt.
Izometrik molekula. Bir xil molekula shakliga, bir xil skolyar xususiyatlarga, bir xil atomlararo 

masofaga, buning natijasida bog’ uzunligi va valent burchaklari bir xil bo’lgan molekula.
Induktiv effekt. Bog’ hosil bo’lishida ishtirok etuvchi atomlarning elektromanfiyligi turlicha 

bo’lishi ta’sirida  δ-bog’ ichki elektron bulutining qayta taqsimlanishi. Bu effekt ta’sirida galogenlar, 
kislorod va azot qo’shni atomlardan elektronlarni tortadi.

Izotaktik polimer. O’rinbosarlar asos zanjirining bir tomonida joylashagn polimerlar.

Ichki molekulyar vodorod bog’. Donor ham akseptor ham bir molekulada bo’lgan vodorod 
bog’. Ichkimolekulyar vodorod bog’ning miqdori konsentrasiyaga bog’liq emas.

Ikkilamchi spirt. Karbonil uglerod atomi ikki organik guruhlar bilan bog’langan spirt moleku-
lasi
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Ion jufti. O’ta yaqinlashganligi tufayli to’liq erkinligi bo’lmagan ion jufti (kation va anion). Agar 
kation va anion erituvchi molekulalari bilan ajratilmagan bo’lsa, bu juftni «zich» yoki «yaqin» ion 
jufti deyiladi.

Imin. Aldegid yoki ketonning hosilasi, bo’lib C = O guruhi C = N guruhiga almashinishidan hosil 
bo’ladi. Agar karbonilli birikma keton bo’lsa, mos hosilasini ketimin deb ataladi. Iminlar sintezi 
quyidagicha (shuningdek Shiffa asoslariga qaralsin):

Itariluvchi orbital. Hosil bo’lishida ishtirok etuvchi atomlar energiyasidan ko’proq  energiyaga 
ega bo’lgan molekulyar orbital.

Kation. Musbat zaryadlangan ion. Yadro atrofidagi elektronlari soni yadrodagi protonlar soni-
dan kam bo’lgan zarracha.

Kononik (rezonans, mezomer, valent) tuzilishi. Elektronlarning taqsimlanishi bilan farq qi-
luvchi bo’lishi mumkin bo’lgan molekulyar tuzilishlarning biri. Bunday tuzilishlarni odatda rezo-
nans gibrid tuzilish harakterlaydi. Quyida keltirilgan ikkala tuzilishi ham allil radikalining kononik 
tuzilishi hisoblanadi.

Kovalent bog’. Ikki yadro orasida elektronlarning umumlashuvi natijasida hosil bo’luvchi bog’. 
Bog’ elektronlar juftiga ikki atomning elektrostatik tortishuvi sifatida qaralishi mumkin. Odatda 
kovalent bog’ s- hamda π-bog’ bo’lishi mumkin.

Konformasiya. Molekulaning aniq geometrik tuzilishi. Bir  birikmaning konformasiyasi bosh-
qasinikidan bir yoki bir necha δ-bog’ atrofida burilish darajasi bilan farq qiladi.

Krioskopik konstantasi. Qo’shimchalar ta’sirida muzlash haroratidagi o’zgarishlar. 
Konformasion enantiomerlar. Bir yoki bir necha konformasiyada enantiomer hisoblanuvchi 

molekulalar.

Kononik shakl. Berilgan rezonans tuzilish. 

Karbokation.       tipidagi  musbat zaryadlangan ion. Uglerod sp2-gibridlagan holatda 

bo’ladi va bo’sh p-orbitalga ega. 
Karboniy ion. Karbokationning empirik nomi. 
Kelishilgan jarayon. Bir bosqichli reaksiya, bunda dastlabki birikma va 
tayyor mahsulotni faqatgina o’tish holati ajratib turadi.
Karben. Faqatgina oltita elektron saqlovchi uglerod atomi, reaksion  qobiliyati saqlovchi uglerod 

atomi, reaksion qobiliyati o’ta yuqori zarracha (to’rtta elektroni kovalent bog’ hosil qilgan, ikkita 
elektroni erkin qolgan). Karbenlar α-eliminirlanish reaksiya mahsuloti hisoblanadi.
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Kinetik izotop effekti. Bir element izotopini boshqa izotopni bilan almashtirish natijasida 
reaksiya tezligini o’zgarishi.

Ko’prik boshi. Ko’prikli siklik sistemalardagi bir vaqtda turli halqalar tarkibiga kiruvchi atom-
lar.

Karbosiklik birikmalar. Halqa hosil bo’lishida faqat uglerod atomlari ishtirok etuvchi birikma-
lar.

Kreslo shakl. Siklogeksanning barqaror konformeri. Uchlamchi tartibli oddiy simmetriya o’qi, 
oltita aksial va oltita ekvatorial bog’lar saqlaydi.

Karben. Neytral ikki valetli uglerod atomi saqlovchi birikmalar sinfining umumiy nomi. Kor-
benlar singlet shaklda (ugleroddagi bog’lanmagan elektronlar qarama – qarshi spinlarga ega) yoki 
triplet shaklda (bog’lanmagan elektronlar parallel spinlarga ega) mavjud bo’ladi.

Karbenoid. Sharoit yaratilganda korbenlar kabi ta’sirlashuvchi birikmalar. Silekson – Smit 
JCH2ZnJ reagent aynan shunday korbenoid hisoblanadi.

Katalitik reforming. Turli sharoit va turli katalizatorlar tasirida bir uglevodorodni boshqasiga 
o’zgarishi. Bu usul ayniqsa neftdan benzol va uning hosilalarini olish uchun muhim. Gidroforming 
reaksiyalari deb neft va vodoroddan foydalanib gidrirlangan siklik birikmalar hosil bo’lishiga ayti-
ladi. Agar katalizator sifatida alyuminiy o’zakli platinadan foydalanilsa jarayon platforming deyila-
di.

Koordision polimerlanish. Polimerning o’sish tomoni uglerod – metall bog’ saqlovchi polim-
erlanish.

Kumulirlangan qo’sh bog’lar. Ikki qo’shbog’ mavjudligi tufayli bir uglerod atomi sp-gibridla-
nishiga ega bo’lgan molekula. Kumulirlangan qo’shbog’lari mavjud eng oddiy molekula – allen his-
oblanadi.

Kiritish reaksiyasi. C–H bog’ borasida karbenlarning kiritilish reaksiyasi.

ko’prik boshi bo’yalgan kichk sharlar
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Keto-shakl. Karbonil guruhi (               ) atrofida uglerod – vodorod bog’
saqlovchi birikma. Enolning tautomeri. Ushbu termindan faqatgina tautomer tuzilishlarni 

muhokamasida foydalaniladi.

Karbinol uglerodi. Spirtlardagi gidroksil guruhini saqlovchi uglerod atomi.
Ko’p atomli spirtlar. Ikki va undan ortiq gidroksil guruhi saqlovchi spirtlar.
Klemmensen bo’yicha qaytarish. Karbonil guruhini amalgammalangan rux tasirida vodorod 

xlorid ishtirokida metilen gruhigacha qaytarilishi.
Ketal. Geminal diefir, RC(OR)2R.  Ketollar, asetallarga nisbatan qiyin hosil bo’ladi. Ditioketallar – 

RC(SR′)2R tipidagi birikmalar. Ular karbonil guruhlarini desulfurizasiyasi orqali metilen guruhiga 
o’tishida muhim ahamiyatga ega.

Kram qoidasi. Karbonil guruhiga nukleofil reagentning birikishidan hosil bo’luvchi mahsulotni 
oldindan aytib berish imkoniyatini beruvchi qoida, agar karbonil guruhi xirol markaz bilan qo’shni 
bo’lsa.

Kannissaro reaksiyasi. Karbonil guruhiga nisbatan α-holatda joylashgan uglerod atomida 
vodorodlar bo’lmagan aldegidlarning asos katalizatorligida disproporsiyalanishi reaksiyalari. 
Reaksiya natijasi spirtlar va karbon kislota tuzlari hisoblanadi.

Kijner-Volf reaksiyasi. Karbonil guruhini yuqori haroratda ishqor tasirida qaytarilishi. Bu 
reaksiya ko’pincha Xuon-Minlona usulida takomillashgan holatida qo’llaniladi: bunda oraliq mah-
sulot gidrozon adratib olinmaydi; reaksiya birgina reaktorda amalga oshiriladi.

Kram qoidasi. Karbonil guruhiga nukleofil reagekntning birikishidan hosil bo’luvchi mahsu-
lotni oldindan aytib berish imkoniyatini beruvchi qoida, agar karbonil guruhi xirol markaz bilan 
qo’shni bo’lsa.

Kannissaro reaksiyasi. Karbonil guruhiga nisbatan α-holatda joylashgan uglerod atomida 
vodorodlar bo’lmagan aldegidlarning asos katalizatorligida disproporsiyalanishi reaksiyalari. 
Reaksiya natijasi spirtlar va karbon kislota tuzlari hisoblanadi.
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Kijner-Volf reaksiyasi. Karbonil guruhini yuqori haroratda ishqor tasirida qaytarilishi. Bu 
reaksiya ko’pincha Xuon-Minlona usulida takomillashgan holatida qo’llaniladi: bunda oraliq mah-
sulot gidrozon adratib olinmaydi; reaksiya birgina reaktorda amalga oshiriladi.

Lyuis kislotasi. Vakant orbitalga ega va bu orbitalga elektron juftligini qabul qilish imkoniyatiga 
ega bo’lgan turli birikmalar. Lyuis kislotalari yaqqol misollar HO, BF3 va AlCl3 bo’ladi.

Lyuis asoslari. Lyuis kislotasidagi vakant orbitalga elektron juftini berishi mumkin bo’lgan turli 
birikmalar, misol, CIӨ, NH3, H2O va OHӨ.

Lyuis tuzilishi. Molekulani (yoki ionni) tashkil etuvchi atomlarni (vodoroddan tashqari) sakkiz-
tadan elektronlar (oktet) orqali tasvirlash. Lyuis tuzilishi rezonans usulini hisobga olmaganda 
elektronlar taqsimlanishini ifoda ettirishning yaqqol namunasi hisoblanadi. Misollar:

Litiy dialkil kuprot. Kompleks metalorganik, L:RCu umumiy formulaga ega bo’lgan litiy va mis 
saqlovchi birikma litiy dialkilkuprot ko’plab muhim reaksiyalarga, masalan alkilgalogenidlar bilan 
alkanlar hosil bo’luvchi reaksiyalarga kirishadi.

Litiy organik birikma. Uglerod-litiy bog’ saqlovchi birikma. Uglerod litiy bilan sp3-sp2 va spgi-
bridlangan holatlarida bog’ hosil qilishi mumkin.

Lakton. Halqada                           efir guruhi saqlovchi birikma. Eng oddiy laktonlar uch 

a’zoli sikllar hisoblanadi. Bunday α-laktonlar yuqori  reaksion qobiliyatga ega.

Lukos testi. Birlamchi, ikkilamchi, uchlamchi spirtlarni aniqlash uchun amalga oshiriluvchi test 
va spirtni alkilxloridga o’tkazishga asoslangan. Lukos reaktivim xlorid kislota va suvsizlantirilgan 
rux xlorididan karbokationni oson hosil bo’lishi bilan bog’liq.

Lakrimator. Ko’z yoshi oqizuvchi, chiqaruvchi birikma.
Laktam. Amid bog’i halqa strukturasini tashkil etuvchi amid.
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Lakton. Efir bog’i halqa strukturasini tashkil etuvchi murakkab efir. 

Lindlar katalizatori. Alkinlarni sis-alkenga gidrirlashda foydalanuvchi getergen katlizator. Bu 
katalizator palladiy, qo’rg’oshin oksidi (PbO) va kalsiy karbonatdan iborat.

Molekulyar bulut. Ikki va undan ortiq atom orbitallarining qoplanishi (ta’sirlashuvi) natijasida 
hosil bo’luvchi bulut. Molekulyar bulut, uch turli bo’lishi mumkin: bog’lovchi, bog’lovchi bo’lmagan 
va itaruvchi. Tashkil etuvchi atom orbitallari energiyasiga teng energiyaga ega bo’lgan molekulyar 
orbital bog’lovchi bo’lmagan orbital deyiladi. molekulalar bir xil molekulyar orbitallar soniga ega 
bo’ladi.

Molekulyar dipol momenti. Molekuladagi barcha bog’ va guruhlar dipol momentining vektor 
yig’indisi.

Monomolekulyar reaksiya. Faol kompleksdagi bog’ uzilishida (yoki hosil bo’lishida) bitta 
zarracha ishtirok etuvchi reaksiya. Buning misoli kovalent bog’ning ionlanishi bo’ladi (R – L → R+L–). 

Markovnikov qoidasi. Nosimmetrik alkenga (HRC=CR2) nosimmetrik reagentning (H – Z) birik-
ishida reagentning vodorodi qo’shbog’dagi  vodorodi ko’p uglerod bilan birikadi.

Ushbu qoida asosida quyidagilar yotadi: ikki raqobat reaksiyalardan kam energiyaga ega bo’lgan 
faollashuv kompleksi tezroq hosil bo’ladi. Faollashgan kompleks kam energiyaga ega bo’lgan reak-
siya tezroq amalga oshadi. H – Z birikishi karbokation hosil bo’lish orqali o’tadi va barqaror bo’lgan 
kation tezroq hosil bo’ladi.

Xattoki Markovnikov qoidasiga zid amalga oshuvchi reaksiyalar ham, nazariy jihatdan oraliq 
barqaror birikmalar hosil bo’lishi bilan amalga oshadi.

Markovnikov qoidasiga zid birikish. Nosimmetrik alkenga H – Z reagent-ning vodorodini 
vodorodi kam bo’lgan uglerod atomi bilan bog’ hosil qilishi.

Markovnikov qoidasiga zid birikishning oddiy misoli, alkenlarga vodorod bromidning erkin ra-
dikal mexanizmda birikishi.

Molekulalararo vodorod bog’. Ikki molekula orasida vujudga keluvchi vodorod bog’. Moleku-
lalararo vodorod bog’ konsentrasiyaga bog’liq bo’ladi va konsentrasiya kamayishi bilan kamayadi.
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Meta - orientat. Elektrofil zarrachani o’ziga nisbatan ko’proq meta holatga yo’naltiruvchi o’rin-
bosar.

Meta-holat. Aromatik halqadagi sanoq boshi bo’lgan uglerod atomdan bir uglerod atomi bilan 
farq qiluvchi benzol halqasidagi holat. Monoalmashgan benzolda ikkita meta-holat mavjud. 

Moy. Suyuqlanish harorati xona haroratidan past bo’lgan triosilgliserin. Triosilgliserin tarkibi-
da to’yinmagan bog’lar qanchalik ko’p bo’lsa, uning suyuqlanish harorati shunchalik past bo’ladi. 
Shuning uchun to’yingan kislotalar yog’larda, to’yinmaganlari esa moylarda ko’p saqlanadi. Moy-
lardagi nordon tam qo’shbog’larning oksidlanishidan deb taxmin qilinadi.

Neytron. Massa soni 1 bo’lgan neytral zarracha, massasi 1 katta bo’lgan barcha yadrolarda 
aniqlanilgan.

Nukleofil. Boshqa elementga nisbatan (faqat vodoroddan tashqari) elektronlar donori (Lyuis 
asoslari) sifatida ta’sir etuvchi atom yoki funksional guruh. Kuchli nukleofillar: J–, HS–, H2P–. Ularn-
ing har birida hujum qiluvchi elektron jufti qutblanuvchi element bilan bog’langan. Vodorodga 
elektron juftini uzatuvchi zarrachalar asoslar deyiladi.

NAD. Nikotinomidadenindinukleotid. Biokimyoviy oksidlanish – qaytarilish reaksiyalarida 
ishtirok etuvchi, murakkab tuzilishli organik birikma. Tuzilishida nikotin kislota amidi qoldig’i 
mavjudligi piridindagi geteroatom bilan koordinasiyada bo’luvchi tuz hosil qilish imkoniyatini 
yaratadi.

Nitrolash. Uglevodorodlardagi (alifatik yoki aromatik) vodorod atomini nitroguruh NO2 bilan 
almashinishi. Odatiy nitrolovchi elektrofil - nitroniy ioni - NO2

–
  hisoblanadi.

Nad kislota. –CO3H guruhi saqlovchi birikma. Boshqacha nomi perkislota. Nadkislotalar oksi-
lovchilar sifatida ishlatiladi. 

Ostov. Valent elektronidan tashqari barcha elektronga ega bo’lgan atom yadrosi.
Optik faollik. Yorug’likning qutblanishi tekisligini burish xususiyatigaega bo’lgan xiran moleku-

lalar.
Optik soflik. Enantiomer aralashmaning tarkib ulushi. Malumki namuna ko’p hollarda ikki 

komponentdan: qanchadir ulush rasemat va qanchadir miqdor enantiomerlardan iborat bo’ladi. 
Rasemat komponent 0% optik soflikka ega bo’ladi. 10% bir enantiomer va 30% boshqa enantio-
merlardan iborat aralashma 80% optik soflikka ega.

Olefin. Alkenlarning empirik nomi. Ma’lumki, etilen xlor bilan suyuq 1,2-dixloretan (ClCH2CH-
2Cl) hosil qilib tasirlashadi. Shuning uchun etilen qadimda moy hosil qiluvchi gaz (oleficnt gas) 
deb nomlangan. Keyinchalik bu nom «olefin»gacha qisqartirilib, qo’shbog’ saqlovchi barcha birik-
malarning umumiy nomi sifatida qabul qilingan.

Oksimerkurirlash. Gidroksil guruhi va simobasetatni alkenga birikishi. Oksimerkurirlash mah-
sulot ikki qo’shni uglerod atomlarida –OH va –HgOCOCH3 guruhlari saqlaydi. Demerkurirlashdan 
so’ng bu jarayon alkenni Morkovnikov qoidasi bo’yicha gidratasiya mahsuloti hosil bo’lishi bilan 
tugaydi.
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Orto, para-orentatlar. Elektrofil zarrachani o’ziga nisbatan orto- va para- holatlarga yo’naltiru-
vchi o’rinbosar.

Orto-holat. Aromatik halqadagi sanoq boshi bo’lgan uglerod atomiga qo’shni uglerod atomi. 
Monoalmashgan benzolda ikkita orto-holat mavjud.

Optik burilish dispersiyasi (OBD). Optik faol birikmaning qutblangan nur to’lqin uzunligi bi-
lan bog’liqlik egri chizig’i. Oddiy OBD egri chizig’ini ikki qismga bo’lish mumkin. Ulardan birida 
to’lqin uzunligi o’zgarishi bilan egri chiziq juda kam o’zgarishi, boshqasida esa keskin o’zgarishi ku-
zatiladi. OBD egri chizig’ining shakli to’lig’icha birikmaning absolyut konfigurasiyasi bilan bog’liq. 
Ikki enantiomerlarning OBD egri chiziqlari bir-birining ko’zgudagi  tasviri hisoblanadi. 

Oktantlar qoidasi. Xiral siklogeksaion hosilalarini optik burilishini avvaldan aytib berish im-
konini beruvchi empirik qoida.

Proton. Musbat zaryadlangan zarracha, uning zaryadi kattalik bo’yicha elektronning (qara-
ma-qarshi zaryadlangan) zaryadi bilan teng. Barcha yadrolarda mavjud. Proton vodorod atomining 
yadrosi hisoblanadi, buning ta’sirida o’zining bitta elektronini yo’qotgan vodorod atomi proton deb 
ataladi.

Paromagnetizm. Birikmaning magnit maydoniga tortilish qobiliyati. Odatda bitta yoki undan 
ortiq juftlashmagan elektronlar mavjudligini ko’rsatadi.

π (pi)-bog’. Asos o’qi parallel bo’lgan ikki r-orbitallarining qoplanishi natijasida hosil bo’luvchi 
kovalent bog’. “Bodring” shaklidagi ikki yuqori va pastki qismlardan iborat bo’ladi.

Protonli erituvchi. Vodorod bog’ hosil qila oladigan yoki asoslar bilan ta’sirlashuvchi vodorod 
atomiga ega bo’lgan erituvchi. Oddiy protonli erituvchilar. Suv va etanol.

Polimer. Bir yoki bir necha tur takrorlanuvchi qismlardan iborat makromolekla; bunday moleku-
lalarning molekulyar massasi yuz minglardan kam bo’lmaydi. Bir xil zvenolardan qurilgan polimer 
gomopolimer, turli zvenolardan qurilgan polimer esa - geteropolimerlar deyiladi. Poli merlar addi-
sian, koordinasion va polikondensasion polimerlar sinfiga bo’linadi.

Prototrop muvozanat. Protonning birikish joyi bilan farqlanuvchi tuzilishlar orasidagi mu-
vozanat. Odatda ular nafaqat protonning joylashuvi balki qo’sh va oddiy bog’larning holati bilan 
ham farqlanadi. Prototron muvozanatga misol sifatida keto-enol tautomeriya yoki enamin – imin 
muvozanatni ko’rsatish mumkin. Quyida keltirilgan asos katalizatorligida hosil bo’luvchi alkin- va 
allen muvozanati prototrop muvozanatga yana bir misol.

Peroksid. –O–O– bog’ saqlovchi birikma. Organik peroksidlar beqaror va qizdirilganda port-
lashi mumkin. Ular samarali inisiatorlar hisoblanadi (kislorod-kislorod bog’ning oson uzilishi tu-
fayli oson radikallar hosil bo’ladi, bog’ning mustahkamligi ≈33 kkal/mol.

Parchalanish. Murakkab molekulalarning tahlil qilinishi oson bo’lgan kichik molekulalarga 
bo’linishi. Bu usul bilan molekulalarning tuzilishini aniqlashda foydalaniladi.

Para-holat. Aromatik halqadagi sanoq boshi bo’lgan uglerod atomdan ikki uglerod atomi bilan 
farq qiluvchi benzol halqasidagi holat. Monoalmashgan benzolda betta para – holat mavjud.

Pereaminlash. Aminoguruhini bir molekladan boshqasiga o’tishi. Bu reaksiya tirik sistemalar-
da keng tarqalgan va bir  aminokislotadan boshqasini sintez qilishga qaratilgan. Quyida fermenta-
tiv aminokislota reaksiyasiga misol keltirilgan.

H⋅ H +  e + –

vodorod
atomi

proton elektron

CH3 – C ≡C – CH3 CH2 = C = CH –CH3
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Pereeterifikasiya. Dastlabkisi keyingisidan spirt qoldig’i bilan farqlanuvchi bir murakkab efir-
ning boshqasiga o’zgarishi. Pereeterefekasiya odatda murakkab efirni ortiqcha miqdor spirt bilan 
kuchli kislota ishtirokida qizdirish bilan olib boriladi. 

π-Kompleks. π-Bog’li elektronlari taqchil bo’lgan zarrachaning elektronlar donori sifatida ho-
sil qilgan beqaror oraliq mahsuloti. Bu zarracha qisman yoki to’liq musbat zaryadga ega bo’lishi 
mumkin. Elektronlar zichligi π-bog’dan musbat zaryadlangan zarracha tomonga ko’chgani uchun, 
ba’zan bu kompleks zaryadning ko’chishi bilan hosil bo’luvchi kompleks deyiladi. Misol tariqasida 
alkenlarni elektrofil zarracha tasirida hosil qilgan  π-kompleksni ko’rsatish mumkin.

Rezonans. Real molekulaning gipotetik “kononik tuzilishlar” yordamidagi ta’sviri. Bunday tas-
virdan molekulani bir elektronlar taqsimlanishi orqali tasvirlash mumkin bo’lmagan holatlarda 
foydalaniladi.

Rezonans gibrid tuzilishi. Real molekuladagi atomlarning joylashuvini va elektronlar taqsimo-
ti. Barcha konanik tushilishlarda atomlar joylashuvi bir xil va real molekuladagi atomlar joylashu-
vi bilan mos keladi. Lekin konanik tuzilish’dagi elektronlar taqsimlanishi rezonans gibriddagidan 
farq qiladi. 

Radikal – ingibitor. Radikal reaksiyalarni radikallar bilan tasirlashishi hisobiga sekinlashtiruv-
chi moddalar: reaksiya vaqtida hosil bo’luvchi radikallarni o’zaro tasirlashuviga to’sqinlik qiladi 
yoki ularning boshqa yo’nalishlarda ta’sirlashuviga sabab bo’ladi. Oddiy radikal ingibitor – kislorod 
hisoblanadi.

Radikal - inisiator. Oddiy sharoitlarda radikallar hosil qilib parchalanuvchi modda. Oddiy radi-
kal - inisiator, benzinning oktan sonini oshirish maqsadida foydalanuvchi tetraetilqo’rg’oshin bo’li-
shi mumkin.

Reaksiya issiqligi. Reaksiya vaqtidagi issiqlik sig’imi yoki entalpiyaning o’zgarishi. ∆H bilan 
belgilanadi va

∆H = [mahsulotlar issiqlik sig’imi]–[dastlabki reagentlarning issiqlik sig’imi]
Reaksion qobiliyat. Ayni jarayon uchun faollanish energiyasi o’lchovi.
Rezonans gibrid. «Real molekulaga» mos keluvchi atom va elektronlar taqsimoti. Barcha re-

zonans tuzilishlar atomlarning bir xil joylashuviga ega bo’lib, bu real molekuladagi atomlarning 
taqsimlanishiga mos keladi.

Regioselektiv reaksiya. Hosil bo’lish mumkin bo’lgan ikki va undan ortiq izomerlardan faqat 
bittasini hosil bo’lishi bilan amalga oshuvchi reaksiya Gofman qoidasiga nisbatan Zaysev qoidasi 
bilan ko’proq amalga oshuvchi (yoki aksincha) eliminirlanish regioselektiv reaksiyalar hisoblanadi. 
Agar reaksiya bir yo’nalishda amalga oshsa regiospesifik deyildai. Masalan:
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C = C
H3C CH3

CH2CH3H3C
+  DCl CH3 – C – C – D 

H

Cl

H

H
> CH3 – C – C – Cl

H

D

H

H

ko’proq hosil bo’ladi

Reaksiyaning termodinamik nazorat mahsuloti. Raqobat reaksiyalar natijasida hosil bo’luv-
chi barqaror mahsulot.

Semipolyar bog’. Ham kovalent, ham qarama-qarshi zaryadlarning tortishuvi natijasida hosil 
bo’luvchi bog’lanish. Bunday bog’lanish, elektron jufti zaryadlanmagan donordan akseptorning 
vokant bo’sh orbitalidan joy egallaydi deb tasavvur qilish mumkin.

s (sigma) - bog’. Doiraviy simmetriyaga ega bo’lgan kovalent bog’lanish.
Sterioizomerlar. Molekuladagi atomlarning bog’lanish tartibi bir xil bo’lgan, lekin fazoviy joy-

lashuvi bilan farq qiluvchi izomerlar.
Simmetriya tekisligi. Ko’zgudagi aksi bilan ikki qismiga bo’luvchi tekislik. Molekula bir necha 

simmetriya tekisligiga ega bo’lishi mumkin; shu bilan birga ba’zi molekulalar umuman simmetriya 
tekisligiga ega emas.

SN1 - reaksiya. Monomolekulyar nukleofil almashinish. Alkil karbokation hosil bo’lishi bilan bo-
ruvchi reaksiya. Kelishilmagan ikki bosqichli jarayon. 

SN2 - reaksiya. Bimolekulyar nukleofil almashinish. Kelishilgan jarayon.
Stereospesifik reaksiya. Dastlabki birikmaning stereoizomeri faqat stereoizomer mahsulot 

hosil qiluvchi reaksiya.
δ- Kompleks.  π-Bog’ga elektrofilning birikishi natijasida hosil bo’luvchi, δ-bog’ saqlovchi zarra-

cha δ-kompleks. π-bog’ga kationni birikishidan hosil bo’luvchi karbokation.
Sigma - kompleks elektrofil zarracha va π-sistema orasida sigma-bog’ mavjud bo’lgan birikma. 

Elektrofil zarracha benzol yadrosiga hujum qilganida, aromatik bo’lmagan δ-kompleks hosil bo’la-
di; u elektrofil zarracha tashuvchi uglerod atomidan vodorodni siqib chiqarib almashingan benzol-
ga o’tadi.

Singlet karben. Bog’lanmagan elektronlari juftlashgan karben.
Sindiotaktik polimer. Asos polimer zanjiridagi uglerod atomlaridagi o’rinbosarlar ushbu asos 

zanjirining goh u goh bu tomonida γ-tartibli ketma-ket joylashgan polimerlar.

CH-kislota. Uglerod bilan bog’langan protonni (vodorodini) asosga uzata oladigan va korbanion 
hosil qiladigan birikma. Muhim va oddiy CH-kislotalar chekkadagi uglerod atomida uchbog’ mav-
jud bo’lgan alkinlar hisoblanadi. Alkinlar kuchsiz CH-kislotalar sanaladi.

Sorett reaktivi. Xrom (VI) oksidi CrO3 va piridin kompleksi. Birlamchi spirtlarni aldegidlarga 
ikkilamchi spirtlarni ketonlarga oksidlash uchun xizmat qiladi. Alkenlar bu reagentlar bilan oksid-
lanmaydi.

SNireaksiya. Nukleofil zarracha dastlabki birikma tarkibiga kiruvchi o’rin olish reaksiyasi. Qis-
qartirilgan CNi-CNi ichkimolekulyar nukleofil  o’rin olish manosida qoladi. Bunday jarayonga kam-
dan-kam duch kelinadi va konfigurasiyaning saqlanishi bilan amalga oshadi. Bu jarayon mexanizmi-
da ion jufti ishtirok etadi. Muhim SNi-reaksiyalaridan biri spirtlarning tionilxlorilar bilan reaksiyasi 
bo’lib natijada alkilxloridlar hosil bo’ladi.

Sulfolash. Uglevodorod zanjirdagi vodorod atomini sulfoguruh –SO2OH bilan almashinishi. Ben-
zol va uning hosilalari bug’lanuvchi sulfat kislota bilan sulfolanadi.

R H H R R H H R
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Spirtli bijg’ish reaksiyalar. Murakkab fermentativ ketma-ketligi. Glyukozaning etanol va 
uglerod dioksid hosil qilishidagi

Sovun. Uzun zanjirli karbon kislotaning natriyli yoki kaliyli tuzi.
Sovunlanish. Murakkab efirning ishqoriy gidrolizi.
To’lqin uzunligi. To’lqin uzunligi bir to’lqindagi ikkita bir xil qo’shni nuqtalar orasidagi masofa. 

Masalan, to’lqin uzunligi - bu ikki qo’shni cho’qqilar yoki ikki qo’shni 
o’ralar orasidagi masofa (bu masofalar bir xil). 

To’lqin uzunligi - to’lqin xususiyatining ko’rsatgichlaridan biri. 
Kimyoda to’lqin uzunligi metr yoki uning ulushlarida o’lchanadi.

Tuzilish(struktura) izomerlari. Atomlarning bog’lanish tartibi 
bilan farq qiluvchi izomerlar. α- va β-alaninlar tuzilish izomerlari hi-
soblanadi. Xuddi shuningdek dimetil efiri va etanol ham tuzilish izo-
merlaridir.

Tuzilish formulasi. Barcha kovalent bog’larni aks ettiruvchi molekulaning fazoviy tasviri. Qu-
yida oqsillar tarkibiga kiruvchi muhim aminokislota - α-alaninning tuzilish formulasi tasvirlangan.

Trans-eliminirlanish. Chiquvchi guruhlar bir-biriga nisbatan qarama-qarshi joylashgan 
molekulaning parchalanish  reaksiyalari. Bu guruhlar va ular bog’langan vesinal uglerod atomlari 
bir tekislikda joylashadi. (Ikki chiquvchi guruhlar orasidagi burchak 180°). Bu oddiy  E2-eliminir-
lanish geometriyasi hisoblanadi va ba’zan anti-eliminirlanish reaksiyasi deyiladi.

Torsion kuchlanish. δ-Bog’ning chekinishi tufayli molekula energiyasining ortishi. Torsion 
kuchlanish energiyamsi taxminan 1 kkal-mol.

Transannulyar kuchlanish. Halqaning qarama-qarshi tomonlarida joylashgan atomlarning 
itarilishi tufayli molekuladagi energiyaning ortishi. Bunday kuchlanish asosan o’rta halqalar (С8 - 
С11) uchun xos bo’lib, bu kuchlanishni Prelog kuchlanish deb ham ataladi.

To’yinmagan birikmalar. Barcha uglerod atomlari ham sp3 - gibridlanmagan holatda bo’lmagan 
birikmalar. Bunday birikmalar eng kamida bitta o’rinbosarni biriktirib olish qobiliyatiga ega.

C6H12O6 2 C2H5OH  +  2CO2
ferment

CH3 – CH – CO2H
NH2

CH2 – CH2 – CO2H
NH2

α-alanin β-alanin

CH3 – O – CH3 CH3 – CH2 – OH
dimetl efiri etil spirti

to’lqin uzunligi

to’lqin uzunligi

H – C – C – N 
H

H H H

HC
O O – H α-alanin

A
D

Y
B

X

C
1800 +  AB

A

Y
X

D

C
B

Y D

X C

anti-eliminirlanishanti-joylashuv
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Tutash qo’shbog’lar. Qo’shbog’ va oddiy bog’lari ketma-ket joylashgan birikmalar. Ikkita 
qo’shbog’ saqlovchi eng oddiy tutash birikma butadien-1,3.

Triplet karben. Elektronlari juftlashmagan karben.
Tautomerlar. Prototrop muvozanat tufayli bir-birga o’tuvchi tuzilishlar. 
Tutash sistema. Harakatlanuvchi elektronlari (odatda umumlashmagan elektronlar jufti va 

π-bog’ elektronlari). Oddiy bog’lar bilan ketma-ket joylashgan sistema. Bu sistema geometrik sha-
roit bo’lganda delokollanishi mumkin.

Terpen. Izopren zvenolaridan iborat bo’lgan, kichik molekulyar massali oligomer.
Tutashish energiyasi. Elektronlarning delokallanishi tufayli molekula energiyasining kama-

yishi. Buzan rezonans yoki delokollanish energiyasi deyiladi.
Uchlamchi spirt. Karboksil uglerod atomi uchta organik radikallar (guruhlar) bilan bog’langan 

spirt molekulasi.

Uchlamchi vodorod atomi. Uchta uglerod atomi bilan bog’langan uglerod atomidagi vodorod. 
Masalan, 2-metilpropan bitta uchlamchi vodorod atomi saqlaydi.

Uglevodlar. Polioksialdegidlar, polioksiketonlar va ularning hosilalaridan tashkil topgan birik-
malar guruhi. Muhim uglevodlar shakar, kraxmal, glikogen.

Uglevodorodlar. Tarkibi uglerod va vodoroddan iborat bo’lgan birikmalar.  
Funksional guruh. Uglerod skletidan tashqarida qandaydir “yashash vaqtiga” ega bo’lgan atom-

lar guruhi. Funksional guruhlar organik birikmalarning kimyoviy o’zgarishlardagi asosiy xususiya-
tini belgilab beradi. Funksinal guruh uglerod skleti bilan bog’lanadi. Quyida ikki funksional guruh 
– xlor va nitroguruh saqlovchi molekulda berilgan:

Faollangan kompleks. Reaksiyada o’tish holatida mavjud bo’lgan atomlar guruhi. Oddiy bir 
bosqichli reaksiyalarda o’tish holati - faollashgan kompleksning konsentrasiyasi minimal bo’ladi. 

Freon. Odatda bu xlor va ftor saqlovchi aralash galogenuglerod. Freonlar sovituvchi reagentlar 
sifatida hamda aerozollar sifatida ishlatiladi.

– C = C – C –
..–

– C = C – C = C – – C = C – N –
..

tutash sistema

– C – OH 
R

R
R uchlamchi spirt

CH3 – C – CH3

CH3

H

2-metilpropandagi
uchlamch vodorod

Cl – C – C – C – NO2
H H H

H H H

Cl – C – F 
Cl

Cl
Cl – C – C – Cl

F

F

F

F

frion-11 frion-114
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Faollanish energiyasi. Dastlabki mahsulotdan faol kompleks (o’tish holati) hosil bo’lishi uchun 
sarflanuvchi minimal energiya miqdori.

Feromon. Hayvonlardan  ajraluvchi birikma bo’lib, bir xil hayvonlarning harakteriga tasir  
ko’rsatadi.

Faollashtiruvchi guruh. Benzol halqasini elektrofil o’rin olish reaksiyalarida benzolga nisbatan 
reaksion qobiliyatini oshiruvchi o’rinbosar.

Fridel-Krafts usulida alkillash. Arenlarni alkilgalogenidlar bilan Lyuis kislotalari (Fridel-
Krafts katalizatorlari) ishtirokida alkilalmashgan aromatik birikmalar hosil qilib tasirlashishiga 
asoslangan. Arerlarni spirtlar yoki alkenlar bilan reaksiyalari Fridel-Krafts usulining takomillash-
gan ko’rinishi sifatida qarash mumkin. Reaksiya karbokationlarning qayta guruhlanishi va polial-
killash reaksiyalari bilan amalga oshadi. Polialkillash reaksiyasi, hosil bo’luvchi alkilbenzolda alkil-
lash reaksiyasi benzolga nisbatan tezroq borgani uchun kuzatiladi.

Fridel-Krafts usulida asillash. Aromatik birikmani asiliy - kationi R–C=O bilan arilketonlar 
hosil qilib tasirlashishi. Asiliy-kation asillovchi agentni Fridel-Krafts katalizatori bilan tasirlashuvi 
natijasida hosil bo’ladi. Fridel-Krafts usulida alkillashdan farq qilib, asillashda qayta guruhlanish va 
poliasillash reaksiyalari kuzatilmaydi.

Fridel-Krafts katalizatori. Lyuis kislotalari. Eng ko’p qo’llaniluvchi Fridel-Krafts katalizatori - 
alyuminiy xlorid.

Favorskiy reaksiyasi. α-Galogenalmashgan ketonlarni asos ta’sirida (odatda gidroksid-ion) 
karbon kislota tuzlari hosil qilib o’zgarishi.

Hosil bo’lish issiqligi. Elementlardan birikmalar hosil bo’lishidagi issiqlik sig’imi yoki entalpi-
yaning o’zgarishi. Qisqartirib ∆Nf belgilanadi.

∆Nf=[birikmaning issiqlik sig’imi]–[dastlabki elementlarning issiqlik sig’imi]
formula orqali topiladi.
 Ko’pchilik birikmalar manfiy hosil bo’lish issiqligiga ega.
Xlorgidrin. Xlor atomi va gidroksil guruhlari qo’shni uglerod atomlari bilan bog’langan birik-

malar: 

Xromofor. Elektromagnit to’lqinlarni yutuvchi funksional guruh (ko’p hollarda ultra-binafsha 
nurni ko’rish mumkin bo’lgan spektrlarda).

Sikloalkan. Barcha uglerod atomlari sp3-gibridlangan holatda bo’lgan karbosiklik birikmalar.
Sis-eliminirlanish. Dastlabki birikmadagi chiquvchi guruh chekingan holatda joylashgan 

molekulaning β-parchalanish. Bunday reaksiyalar trans-eliminirlanish mumkin bo’lmagan holat-
larda amalga oshadi. Kamdan-kam uchraydigan jarayon.

Sis-birikish. Reagentning π-bog’ning bir tomonidan birikishi. Sis-birikishning oddiy misoli 
qo’shbog’ bo’ylab katalitik gidridlash hisoblanadi. Ba’zan sinbirikish termini ham qo’llaniladi.

H
O

X OH–
H
CO2

– +  X–

– C – C –
Cl OH

xlorgidrin

B – C – C – D
L L\

CA
C = C

B D

CA
sis-eliminirlanish- L; - L\
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Ekzosiklik qo’shbog’li qo’shbog’ hosil qiluvchi sp2-gibridlangan uglerodlaridan faqat bittasi 
halqada joylashgan birikmalar.

Siangidrin. Bir uglerod bilan bog’lashgan gidroksil va sian guruhlari saqlovchi birikma.
Siangidrinlar vodorod sianidni karbonil guruhiga biriktirish orqali hosil qilinadi.
Shiffa asoslari. R1R2C=NR3 tipidagi birikma. Butindagi ko’plab birikmalar (R3 – vodorod atomi 

bo’lgan) odatda beqaror va o’z-o’zidan polimerlanadi. Shiffa asoslari shuningdek iminlar nomi bi-
lan ma’lum.

Elektromanfiylik. Umuman olganda elektromanfiylik “elektronga moyillik” ma’nosini bera-
di. Odatda kimyogarlar bu iboradan yadro va tashqi orbitaldagi elektronlarni o’zaro tortishishini 
tushintirishda foydalanadilar. Elektromanfiyligi yuqori bo’lgan elementlar qatoriga ftor, kislorod 
va azot kiradi. Kam elektromanfiylikka ega bo’lgan (elektromusbat deb ataluvchi) elementlar gu-
ruhiga ishqoriy (I guruh) va ishqoriy er (II guruh) metallari mansub. Elektromanfiylik reaksiyani 
amalga oshishida atomlar orasidagi ta’sirlashuv tabiatini aniqlashda muhim ahamiyatga ega.

Ekvatorial bog’. Siklogeksandagi uchlamchi tartibli simmetriya o’qiga deyarli perpendjikulyar 
bo’lgan bog’. Uning yo’nalishini tasavvurdagi halqa tekisligiga nisbatan «qisman yuqoriga» yoki  
«qisman pastga» deb ataladi.

Elektrofil birikish. π-Bog’ning musbat zaryadli zarracha bilan ta’sirlashuvi orqali boshlanuvchi 
birikish reaksiyasi.

Endosiklik qo’shbog’li. Qo’shbog’ hosil qiluvchi sp2-gibridlangan uglerod atomlarining ikkalasi 
ham halqa hosil bo’lishida ishtirok etadigan birikmalar.

Epoksidlash. Alkenni epoksidgacha oksidlash.
Elastomer. Elastik polimer. Cho’ziluvchan va albatta daslabki holatiga qaytuvchi polimer. Kau-

chuk elastomerlarning oddiy misoli deyish mumkin.
Efir moylari. O’simliklardan ajratib olingan uchuvchan (suyuq) birikmalar aralashmasi. Bu 

aralashmalar ko’plab o’simliklardagi xushbo’y komponentlarni saqlaydi va tibbiyotda, porfyume-
riya sanoatida ishlatiladi.

Qo’shbog’. Ikki yadro orasida bir juft elektronlardan ko’p elektronlarning umumlashuvi natija-
si. Ikki juft (bitta s va bitta π) elektronlarning umumlashuvidan qo’shbog’ hosil bo’ladi. Uchta juft 
elektronlar (bitta s va ikkita π) ning umumlashuvidan uchbog’ vujudga keladi.

Qutblangan kovalent bog’. Umumiy bo’lgan elektron jufti yadrolarning biriga yaqinroq bo’lgan 
kovalent bog’lanishi (kovalent bog’ hosil bo’lishida ishtirok etuvchi elektron jufti molekulani tash-
kil etuvchi yadrolardan biri tomonga kuchli siljigan).

Qisqartirilgan tuzilish formulasi. Molekuladagi atomlarning tartibi haqida tasavvurlar beruv-
chi lekin bog’ tartibi va tabiati muallaq qoluvchi tuzilish (odatda chiziqli shaklga ega).

Qo’shni guruh reaksiyasi. Ikki bosqichda boruvchi nukleofil almashinishi; birinchi bosqichda 
ichki nukleofil chiquvchi guruh o’rnini egallaydi. Ikkinchi bosqichda tashqi nukleofil ichki nukleofil 
bilan aynan u bog’langan uglerod atomi bilan bog’lanib almashinadi. Odatda qo’shni guruh reaksi-
yalarida ichki nukleofil chiquvchi guruh bog’langan uglerod atomiga qo’shni uglerod bilan bog’la-
nadi.

siklogeksandagi oltita
ekvatorial bog’lar

CH3CH(CH3)CH2CH2CH3 CH(CH3)2CH2CH2CH3yoki

2-metilpentenning qisqa formulasi
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Kumush kationi bilan hosil bo’luvchi π-kompleksini yana ikki sxema orqali tasvirlash mumkin:

Qovushqoqlik. Oqimga qarshilik ko’rsatkichi. Modda qanchalik qovushqoq bo’lsa, shunchalik 
sekin oqadi.

Yarim asetallar. Gem-oksiefirlar; odatda aldegidlarni 1 mol spirt bilan reaksiyasi  orqali olina-
di. Agar aldegid  o’rnida ketondan foydalanilsa, yarim ketal hosil bo’ladi; yarim ketalni ham yarim 
asetal deyish mumkin.

Yarim parchalanish davri. Dastlabki materialning 50 % ma’lum o’zgarishlarga uchrashi uchun 
talab etiluvchi vaqt. Bundan masalan, radioaktiv izotoplarni parchalanishini izohlashda foydalan-
ish mumkin.

R – Z – C – C – L 
..

R – Z 
C

C+
+  L–

R – Z 
C

C+
Nu– R – Z – C – C – Nu

1-bosqich

2-bosqich

C = C

Ag+

C = C
Ag+

va

R – O – C – O – H

R\

R – O – C – O – H
R\

H R\
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