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KAPBOHWIJ1IbHbIE COEAUHEHUA

K aTomMy Knaccy oTHocAAITCAA coeANHEHUs1, B COCTaB
KOTOPbIX BXOAUT KapOoHunbHas rpynna >C =0 ,

COeAMHEHHas C YrnesoA0pPOAHLIM PaaUKanom U
BoAopoAoM (anbAernabl R —C—H )
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KAPBOHWIJ1IbHbIE COEAUHEHUA

CTpoeHune KapOooHUINLHON rpynnbl

ATom yrnepoaa Kap6oHUNBLHOM rpynmnbl HAXOAUTCA B SP2-ru6pmuaHom
COCTOSIHUN, OH coeauHeH ¢ Tpemsa apyrumm atomamum (C, H, O unmu C, C, O) o-
CBSI3AAMU, OCTaAKOLLAACA p-opOMTanb NepeKkpbiBaeTcA ¢ p-opbutanbio aTtoma

Kucrnopopga, oopasys m-cBisb. KapOOHUNbHbLIN yrriepoa U aTomMbl,
CBsI3aHHbI€ C HUM, feXxaT B O4HOMN MJIOCKOCTHU
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KAPBOHWIJ1IbHbIE COEAUHEHUA

CTpoeHune KapOooHUINLHON rpynnbl

lNoBbIWeHHaA peakuMOHHaAA COCOOHOCTb KapOOHUITbHON rpynnbl
obycnoBreHa npexae BCero pasfiuymeM afieKTpooTpuuaTesibHOCTEN
yrnepoga v Kucrnopopga, npuBoAsLLMM K 3HaYUTESNIbHOMY BKnagy
PEe30HaHCHbIX OMNONAPHLIX hOPM, rae KUCNOPOoA 3apsAXeH oTpuuaTernbHO, a
yrnepoa — NofIoXXUTenbHO
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Mnockasa gocTtynHasa Ans ataku KapOoHuNbHasA rpynna, cogepxawias
ABOWHYIO CBSI3b C 3N1IeKTPoHoAe(ULMTHLIM aTOMOM yrnepoaa, 6onee Bcero
CKIIOHHa K peakuuu HyKneodunbHoro npucoeamHenus (A, )



KAPBOHWIJ1IbHbIE COEAUHEHUA

Peakunun HyKneogunbLHOro npucoeanHeHus

B KkapOOHUINILHOM COeAUHEHMN aTOM yrnepoaa NIIOCKUM,
Nerko AOCTyneH ANA aTaku Hykrneoduna ceBepxy unm
CHU3y oT 3Tton nnockoctu (l)
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KAPBOHWIJ1IbHbIE COEAUHEHUA

Peakunun HyKneogunbLHOro npucoeguHeHus

Hykneodun, nogaBasa anekTpoHbl HA aTOM yrrnepoaa
HauyuHaeT obpa3oBbIBaTb C HUM O-CBfi3b, a KUCIIOpoOA -
npuoodpeTaeT INeKTPOoHbl. ATOM yrnepoaa CTaHOBUTCH
Onn3okK K TeTpasgpuyeckomy. NMpoaykr peakumm
npucoeaunHeHus (lll) - oH, B KOTOpPOM aToOM yrnepoaa
HaxoAuTCs B SP>-rm6puaHOM COCTOSIHMU — TeTpaaap,
Ha Kucriopoge - uenbiu oTpuuaTernibHbIN 3apsaa.
MMeHHO cnoCOOHOCTb KMCnopoaa HecTu
oTpuuaTeNnibHbIN 3apag ooycrnoBnuBaeT peakLuUOHHYH
CMNOCOOHOCTb KApOOHUNBbHbLIX COeANHEHUU NO
OTHOLUEeHUIo K HykKneodunam. Ctadbununsauyums
NOJSIy4eHHOro MOHa NPOUCXOAUT 3a CYeT
npucoeaMHeHns1 NPoToHa BoAbl Unu Kucnotbl (1V)



KAPBOHWIJ1IbHbIE COEAUHEHUA

Peakunun HyKneogunbLHOro npucoeguHeHus

PeakumoHHas cnoCOOHOCTbL KapOOHUIbHbLIX COeAUHEHUN
onpeaenseTcs NPOCTPAHCTBEHHbLIMU U 3NIEKTPOHHbLIMU (hbakTOopamMMm.
NMocKkonbKy B nepexoaHOM COCTOSAHUU yrnepoa KapooHuna HaymHaet
NMPUHMMATb TeTpPas3aApPUYECKY0 KOH(puUrypaumo u atToMmbl, CBA3aHHbIE C
HUM HEeCKONbKO cOnnxarotcs, To Yem bonbuie rpynnbl R1 n R2, tem
CUNbHee OHU NPEenATCTBYIOT TaKoOMy conuxeHuro. Npu yBennyeHuun
obbema 3amecTuTesien, pacrnofioXXeHHbIX Y KapboHuna, peakuMoHHas
CNOCOOHOCTb YMEeHbLUaeTcA

B ToM e HanpaBneHUu AeUCTBYIOT U 3NIEKTPOHHLbIE paKTopbI.
AnKunbHbIe rpynnbl NPOABASAIOT ANIEKTPOHOOAOHOPHbLIN
WHAYKUNOHHLIN 3 eKT, AectabnnmnsnpyroT nepexogqHoe CocTtosiHue,
yBenn4ymBas oTpuuaTenbHbIN 3apag Ha aToMe yrrnepoaa, KOTopbIiu
nogBepraeTcsa atake Hykneoduna



KAPBOHWIJ1IbHbIE COEAUHEHUA

Peakunun HyKneogunbLHOro npucoeguHeHus

EH
H 5 + H,C5,+ H,C 6, + H,C—Cl;5 -+
=0 > :é=o > " c=0 > c=o
H H H,C H,c—cfi

6+ > 0,+ > 6,+ >0,+ H,
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YMeHbLLEHUE PeaKUMOHHOM CNOCOBHOCTN

YBenmueHue nosioTesSb HoOro MHAYKTMBHOIo 3dgpexra akmnbHbIX rpymnn
YMeHb LLEHME NOJIOTES1b HOro 3apaaa Ha KapboHubLHOM aTtoma C
YBennyeHue cTepruyecKux NpeniaTcCTBMM 419 ataky HyKneogpuna



KAPBOHWUJIbHbIE COEOUHEHWUA




KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos

1. l'mapaTauusa

MHormne Kap6oHuUNbHbIE COeaAUHEHNA NOABEPraloTCcs B BOAHOM
pacTBope oopaTUMoUu rmgpartaumm

R\ R\ /OI-I
C=0 +H,0 C.
R1l R1 OH

I'Ipo.quTaMM rmapataumMn anbgerngoB  KETOHOB ABIAKOTCA
reMmHasibHble ANOJIbl



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
1. l'mapaTauusa

f'mapatauma MoXeT NpoTeKkaTb B YCIIOBUSAX KaK OoOLLero KUCINOTHOrO,
TaKk 1 OCHOBHOIO KaTarimsa, T.e. CKOPOCTb NIMMUTUpYHOLLaa cTaaus
BKJIlOMaeT WU MNpPOTOHUpPOBaHME KapOOHMUNBLHOroO CcoeauHeHUs
(KMCNOTHbIM KaTanus), unu npespaweHne H,O B bonee cunbHbI
Hykneodcun —OH



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
1. l'mapaTauusa

KucnomHo-kamanu3supyemasi 2udpamayusi

1 ctagna — KapOboHUNbLHaA rpynna nogsepraeTca ObICTpoOMy
NMPOTOHNPOBAHUIO

R @ R_D R. @
>C=O + H <——/—= \c-o|-| >C=OH
H H H

2 cTagusa - obpa3oBaBLUMMCA KapOKaTUOH ObLICTPO pearmpyeTt
C BoAou ¢ obpasoBaHMeM rugparta anbgermaa
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KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
1. l'mapaTauusa

'udpamayusi anbOe2udoes e rnpucymcmeuu ocHogaHuUlU

f'mpopokcua-moH 3HaunTeribHO Oornee HykneodureH, 4em Monekyna
BoAabl. [loaTOMy Ha nepBOoM cTaguMn OH OLICTPO NMPUCOEAUHSAETCA K
aToMy yrnepoaa KapooHUNbLHOU rpynnbl

R\8+q o © N 7 _2,.. \C/
C=0 + OH
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KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
1. l'mapaTauusa

ANEeKTPOHOAOHOPHbIE 3aMecTUTenun UHruompyrwT obpasoBaHue
rmapata, Torga KaK  J3fieKTPOHOAKUEeNnTOpHble  3aMecTUTenw

aKTUBUPYIOT ero obpasoBaHue. Tak, npwu rmapartauum
TpUXNopaTaHana (xropans) rnerko obpa3yeTca Kpuctanrimyeckumn
rmapart, KOTOpPbIN MOXHO BbIOENUTb H_
— cCl cl ] Cl  OH C/| o
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Ons npeBpaleHUs rmaparta B UCXoaHoe KapoboHUNbLHoOe coeauHeHne
OH porxeH notepATb "OH unu H,0, 4To 3aTpyAHUTENbHO 13-3a
Hann4nsa 3NeKTPOHOAKUEeNTOPHbIX rpynn. Xnopanbrugpart Takxke
CTabMNU3npoBaH 3a cHeT obpa3oBaHMNA BOAOPOAHbLIX CBA3EM



KAPBOHWIIbHbIE COEOAUHEHWA

NpucoegnHeHue O-Hykneodgwunos
1. l'mapaTauusa




KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos

2. Peakuumn co cnuptamu

Anbpgervg B 6e3BogHOM cnupTe, coaepxallem HebonbLioe
KONM4yecTBO 6€3BOAHOMN KUCIOTbI, OOLIYHO, XNTIOPUCTOro Boaopoaa,

npeBpaLlaeTcq B aueTtanb. [lpucoeguHeHMe ogHOU MOMEKY bl cCNUpTa
npuBOAUT K OOpa3oBaHUIO NonyaueTtans

H.C OH
HC CHOH 37\ / CH,OH, -H,0 AN /OMe
_ c S c
H H~  OMe y~  OMe
'I' ,I\.. Fa T o“"ﬁ “é\l O\ \ ==y = o“"ﬁ

N ONA ANN NN/ AN N == O\ N

(1-1 a0 éreyoai 1e)

LT - Y ANNLTEAN

ONA A NN /\\ 7/

(L,1-ael1 aoi éreyoai )



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
2. Peakuumn co cnuptamu

MexaHnam  B3aMMOOAENCTBUA  CNUPTOB C  KAPOOHUIbHbIMMU
coeAMHEHNAMMU ¢ obpa3oBaHUEM aueTariem crieayroLwmm

: @ _
OH OH
CH—C//O + H® CH—C/ - CH—C/@

3 T\y I 3 NH > TNH |
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KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos

2. Peakuuu co cnnptamu

NMonyauetanb npeacraBnsger cobou cnupt U npoctoun 3dwup
OOHOBPEMEHHO, B MNPUCYTCTBMM KUCMOT nonyaueTtarib KakK CcnupTt
pearnpyetr co BTOpOU Mornekynou cnuprta. Ob6pa3oBaHue aueTtaneun

KaTaJiIm3npyeTcsa TOJIbKO KUCJ1I0TaMU
H

('|)'H GBc|>H o
@ MeL/IEHHO @ ., .
H H H H
YCTOVHMBLIV KapBOHMIA NOH

@
CH3_CH_OC2H5<_: CH3_CH_OC2H5 - CH3_(ITH_OC2H5 o H@
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KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
2. Peakuuu co cnnptamu

AueTtanu — npocTblie 3(pupbl N KaK NpocTblie 3(hupbl YCTONYUBDbI MO
OTHOLLUEHUK K OCHOBAHMUSIM, HO B OTNIMYME OT HUX, pacLiensiarTCcs
KACNOTaMN 3HauuUTeNbHO ner4ye. ATO OOBLACHAETCA TeM, YTO Ha
nUMUTUpYOLWEen ctagMm obeux peakumm — oOpa3oBaHue U
paclwiensieHMe aueTtanen — obpasyeTcsA YCTOMUYMBLIA KapOOHUEBbLIU
VOH.



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
2. Peakuuu co cnnptamu

KeTtann o6bI4YHO He MOryT ObITb NONyYeHbl C YAOBETBOPUTENIbHLIM
BbIXOAOM NPV B3auMOAEWCTBUU CMUPTOB U KETOHOB BCleacTBue
HeBbIrOOQHOro MOJIOXXEHUS paBHOBeECUSA B 3TOM crnydae. Xopowwue
pe3ynbraThbl nonyyaroT npu peakumm KETOHOB C
aTunoptodopMmmaTtomMm B NPUCYTCTBUN KUCTIOT

C,H
H\ /OC2H5 ¥ P 5\ OC,H, ﬁ)
N,H.COCH, + C - > \o + H-C-OC,H,
ocsz/ NocH, H,C CHs  vwwes
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KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
2. Peakuuu co cnnptamu

KapboHunbHble coeanHeHua pearupyrotr ¢ THonamm RSH c
obpa3oBaHMeM nornyTuoauetaneu U TuoaueTanenm ropasfno nerye,
yemM COo cnmptamMu. ATo obbACHAETCA OonblUuen HYKNeo(PurbHOCTbIO
cepbl MO CPaBHEHUIO C KUCNIOPOAOM

H,C H.C OH H.C_ SR
N 3 R-SH e /
C=0+ RSH —— \c/ B \c

H 7N ” “sR
H SR H




KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos

3. NMNonumepusaumna anbaernoos

Peakuuns nmeet MHoOro oouiero c oopasoBaHueM auetaneu.
OOpa3yrTca Kak NIMHenHbIe, TaK U LMKNN4Yeckne nonmmMepsbl

nCH,=0 + H,0 — HO-CH,~(-O-CH,-)_, -O-CH,-OH

napadpmanbgerng (NOJIMOKCUMETUSEH)

3TO BeLlecTBO NMpu HarpeBaHUM pereHepupyeT chopmanbaeruva,
NO3TOMY CIYXUT YAOOHbLIM UCTOYHMKOM ra3zooopasHoro
dopmanbpernpa



KAPBOHWIJ1IbHbIE COEAUHEHUA

MpucoeanHeHue O-Hykneodunos

3. NMNonumepusaumna anbaernoos

NMpun HarpeBaHuu ¢ pa3bdbaBneHHOU KUCIOTOM napocgopm obpasyer
TBepAbIu Tpumep — TpuokcumeTuneH (t.nn 61 °C)

A,
T
H,C-.,-CH,

NMonumepsbl dbopmanbaernaa Hawnm B nocnegHee Bpemsa o6onbLuoe
3Ha4YeHMe B Ka4yecTBe NnnacTtuyeckux macc. Ainsa nonyyvyeHus donee
CTaOUSbHbIX NONIMMEPOB 3aLMLLAIT KOHUEBbIe F’MAPOKCUSIbHbIE
rpynnbl NyTemM ankunmpoBaHusa unm auunumpoBaHus. ®upma [onoH
BbiNycKaeT nonumMmep «enbpuH», obnagarowinm NCKMHOYUTENbHOMN
NMPOYHOCTLIO U Nerko hopmyroLLNnNcs



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne O-Hykneodunos
3. NMNonumepusaumna anbaernoos

Auetanbgerug nonuMmepusyeTcAa nog AOeNCTBUEM  KUCKIOT B
LUKITMYeCKMN TpumMmep (napanbagerng) u tetpamep (metanbaeruna)

CH,

Mapanbaerna ncnonb3yeTcs B Ka4eCTBe MariloTOKCUYHOro CHOTBOPHOrO,
meTanbaerng (CHapon) ncnonb3ayerca ans 60pbObI C YNIMTKAMU U CIIU3HAMM



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne C-Hykneodunos
1. MpucoeanHeHne umaHNA-NoOHa

LinaHucTbin BOgopoa NnpucoeauHsAeTcs KO MHOMrMM anbaerngam m
KeToHaMm, obpa3ys umaHruapuabl

0 C|>H
I
CH-C—H + HCN =—= CH3—(|Z—CEN
H

Ll viaHrnopuHavLetansaernaa,
2-I nopoKCMNPONaHOHUTP

JTO nepBas opraHn4yeckKasl peakuus, anst KOTOpou ObIN ycTaHOBMEH
MmexaHusm (JlansopT, 1903 r). OcobeHHOCTbLIO peakuuu ABMAETCS
HeobxoAuMOCTb OCHOBHOro katanusa. HCN — HegoOCTaTO4YHO CUSIbHbLIN
Hykneodwmn, 4yToObl atakoBaTtb C = O. lna npeBpaweHus HCN B 6onee
cunbHbIN HyKNneodun —CN peakuuio npoBOAAT B YCIIOBUSIX OCHOBHOIO
KaTanusa



KAPBOHWIJ1IbHbIE COEAUHEHUA

MpucoeanHeHue C-Hykneodounos

1. MpucoeanHeHne umaHNA-NoOHa

NMpucoeanHeHne —CN obpatnmo M B OTCyTCTBME OOHOpPa NMPOTOHOB
cMellaeTcA B CTOPOHY UCXOAHbIX BewecTB. B npucyrtcTtBun goHopa
NPOTOHOB paBHOBeCHME CMellaeTCA BNpaBO, TaK Kak paBHoBecue,
BKJIlOMaKoLWee LUMaHruapuH, 6onee 6rnaronpuaTHO, YeM paBHOBecwHe,
BKJ1lOMaKoLwee NPoMeXxyTo4YHbIM aHUOH

) = OH
R\ 5t ©cN <|) HY | o)
C=0 = > R C CN = = R (|: CN +Y
R1 MeLNEHHO Al LR R1

Peakuuio npoBoaAT, noobaBnss MUHepasibHYyrHO KUCJ1IOTY K CMeCH
Kap60HMJ1bHOFO coeaAnHeHnsa " LMaAHUCTOro HatTpusa Ansd 06pasoBaHm|
UunMaHUCTOro soaopoaa, Kosfim4ecrteo Aob6aBnsieMon KNCNOTbl AOJMKHO ObITb
HeaAoCTaTO4YHO AnA cBA3biBaHUA BCexX umaHna-mnoHoOB



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne C-Hykneodunos

1. MpucoeanHeHne umaHNA-NoOHa

ATn peakunnm UMeroT NpakTnyeckoe npumMmeHeHune And nony4vyeHus
a-OKCUKUCIIOT, UNaHaJIKeHOB U HelnpeaesibHbIX KUCIOT

OH OF
CH,—C—C=N = CH;—CH—-COOH CH,=CH—-COOH
Il—l \ MoroyHas kuciota 2 AKPWIOBas KnoioTa
'HZO = CH2=CH —C=N

A KPUIIOHUTPW



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne C-Hykneodunos

2. [NpucoegnHeHue peaktmnBa puHbsApa

1500
= abc. ap.) H H>O, H
H > {Eioe 2y "o 22 > R{CH,0H
¢ S R —MgBr
R<—MgBr 1 MgBr
HO® 8@ ®
o (abc. ah.) H H->0, H
R> 0 v SC—0 —2 > R{-CHOH
50 e "3 R, mger MIB R
Ry<>MgBr 1 M9 2
R,0® 60 ® .
R~ Q (abe. o Ry HO,H, _|
2 Te—0 g RGO
50 50 2 R, MgB MgBr %2



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne C-Hykneodunos
3. NpucoeaonHeHne ankKMHNAoOB

ANKuHUAbLI B XXWOKOM aMMMaKe pearupyroT ¢ anbaervgamMmm n KeToHaMmu
C oOpasoBaHMeM ankoKCcuaoB, rUAOPOSIM3OM KOTOPbLIX MonyyaroT
COOTBETCTBYIOLUME aLeTUNIeHOBbIe CNUPThbI

ona O 0
+ H
RO & R\ oo Ny RO
C=0 + NaC=CR — c
H / \ HO L

C=C-R'

Peakuuna ®aBopcKoro



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne C-Hykneodunos
4. NMpucoeauHeHue ankeHoB (Peakuus NMNpuHca)

© ®
1. CH=0 + H———> CH,-OH

= o CH,
2 __~C——CH, + CH,-OH /C+—CH2—CH2—OH
CH, CH,
®
Y, 5 8
3 /C—CHTCHz—OH + CH, =0 - =
CH,
CH, CH, CH3 CH3
? CH, H® ? CH,
®
CH, cH
2 OI-T 2 Ctl\z /CH2

44-Dimethyl-[1,3ldiaxane



KAPBOHWIJ1IbHbIE COEAUHEHUA

NpucoeanHeHmne C-Hykneodunos
4. NMpucoeauHeHue ankeHoB (Peakuus NMNpuHca)

NMpu kucnotHom pasnoxeHunu 4,4-pumetun-1,3amMokcaHa
nosiy4yaeTcs usonpeH

CH, CH,

S
o <’:H2 H, t

= CH;=C—CH=CH, + CH,=0 + H,0
CQZ /
o

CH, CH,



KAPBOHWIJ1IbHbIE COEAUHEHUA

NMpuncoeanHeHmne S-Hykneodgunos

BucynbduTt HaTpus npucoeanHNAETCA K 60SIbLUMHCTBY
anbAernaoB U MeTUJTIKETOHOB

5 © ©
6+(ZC-)-: ?;\ ® /Q://?TED @ CI)H ? Na®
CH3‘C\/\/5E b INE === Cils=t— E=Qi'\'a —>CH3—$—E=O
CH; 0 CH, O CH.O

3
BucynsduTHOE Npon3BoaHOE
aUETOHA. KpUCTayuInHecknm

MPOOYKT



KAPBOHWIJ1IbHbIE COEAUHEHUA

NMpuncoeanHeHmne S-Hykneodgunos

ATy peakuunio NCNOSb3YHOT AN OYUCTKU KapOOHUIbHbIX
COeAMHEHUNN: NONYYEeHHbIN KPUCTANNIMYEeCKUN NPOAYKT OTAENSIOT
OT HEKapOOHUNBLHbLIX NpUMecen u Aob6aBNeHUEM KUCIOTbI UMK
OCHOBaHUA pereHepupyrT KapooHUINIbHOe coeanHeHue

OH

| NaHCO
CH;—C —SONa - CH3—(|Z=O + Na,S0; + H,0 +CO,

CH; CHj,



KAPBOHWIJ1IbHbIE COEAUHEHUA

HykneodunbHoe npucoeanHeHue - oTwlenrieHne

U3BecTeH psa peakuumn HyKrneodunbHOro npucoeanHeHuUs K rpynne
C = 0O, B KOTOpPbIX NPUCOEANHAIOLWMUCA HYKNeodun coaepxuT
KUCNbIN NPOTOH, MO3TOMY CTAaHOBUTCHA BO3MOXHbIM nocrieayroulee
otwenneHue H,0, T.e. npoucxoauT 3ameLleHne atoma kucrnopoaa.
Hanpumep, c anbaerngamm u KeToHamMu B3auMoaeucTBYOT
coeavHeHusl, poacTBeHHble ammuaky G-NH,. B atom cny4ae
peakuuma npoTeKaeT KaK HyKrneodpunbHoe npucoeanHeHue ¢
nocrepyrowmnm oTwenneHnem Boasi (Ad,, E)



KAPBOHWIJ1IbHbIE COEAUHEHUA

HykneodunbHoe npucoeanHeHue - oTwlenrieHne

Peakuusi c¢ N-Hykneocgunamu npeactaBnfieT cobou pasfinyHble
peakuMm amMmMunaka, nepBUYHbIX U BTOPUYHbLIX aMUHOB, rMapa3vHa U

ero npon3BoAHbIX, FIMOPOKCUIIaMMHa U ceMuKapbasmaa

. | & 4680 AR | a3ibaRY
i esi6e6 H,N—G R e NG
Amnn HNN-H (G=AlkAr) |  psgmeru (MMmH) R-CH =NH (=N-Alk, =N-Ar)
Mlaess] N::o denwrnmpasod R—CHTN —NH — CH,
NG seabdaghd : : ('\)': NP.| g eeasdidi R — CHEN-NH-CO-NH,
AR i & R—CH=N-OH
® OH
HN-G, H | -H,0

RC=0 2 > R,C-NH-G > R,C =N-G




KAPBOHWIJ1IbHbIE COEAUHEHUA

HykneodunbHoe npucoeanHeHue - oTwlenrieHne

NMockonbKy Hykrneodun cnabbin — YacTula, He MMetroLasn 3apsaaa, ero
npucoeanHeHue KatanusupyeTtcsi KUCrnoTou. NpeaBaputensHoe
NPOTOHMpPOBaHMEe KapOOHMUNBLHOro coeaAUHEHUA aernaet ero bonee
peakLMOHHOCNOCOOHbLIM: Ha KapOOHUITbLHOM yrnepoae yBenmyinBaeTcs
nonoxutenbHbin 3apsag (), 4yTo no3BonsieT KUcnopoay npnoodpecTn napy
3NEeKTPOHOB B pe3ynbraTte HYKNneounbLHON aTtaku, He nosy4vyas npu aTom
otpuuarenbHoro 3apsiga (ll)

N C) N
R2/ _Rz R, i




KAPBOHWIJ1IbHbIE COEAUHEHUA

HyKneoqovmbHoe npucoep,MHeHMe oTLlensieHue

G —NH,
G * G — NH \/‘D
R, :
\QQ@ o 1 8+ C
yd - R1/(:\‘0H ~f o
R Rl'
: L - R
2
| I
: B . @ N
G —NH G—|\||—H G —nN - .
3 1
. c® ﬂ — ~ Nc=nNG +H®
/ HO | N PN 7
Ri R Ri R, i W,
i B

IlepBas craaust HyKJI€0(PHJIBHON aTAKU 0 KAPOOHHIBHOMY yIJiepoay — 00pa3oBaHue POAYKTA
NMPUCOEeIUHEHHUS 10 ABOIHOI cBsi3U. [IpocTpaHcTBeHHBbIE U JIEKTPOHHBIE (PAKTOPBI AeJIAKT KaPOOHWIbHYIO
IrPYIIY AOCTYIHOM /ISl aTaKH HYKJIE€O(PUIBHBIM peareHToM: a) aTaka HyKJ/J1eouia 1o yriepoay niocKou
rpyIIbI He 3aTPYAHEHA, TPUTOHAJIbHBIH YIVIEPO OTHOCHTEJIBHO OeCpPensiTCTBEHHO NpeBpamaercs B
TeTpayipuyeckuii npome:xkyTouHbiii mpoaykr (II); 0) anexkTpooTprnaTe/bHbIA KUCJI0PO/ JIETKO MPUOOpeTaeT
1 HeceT Ha ce0e OTPpHUATEJIbHBIN 3apsi/l, BOSHUKAKIIMN B IPOMEKYTOYHOM COEIMHEHHUM.

IIponykTsl npucoennnenus (IV) conepaxkar rpynmy ¢ 1BoiiHo# cBsi3b10 C=N-, 00pa3youyiocs B pe3yJbTare
3JIMMHUHUPOBAHUSA MOJIEKYJbI BOABI U3 IEPBOHAYAJBHOIO A/IyKTA



KAPBOHWIJ1IbHbIE COEAUHEHUA

HykneocdunnbHoe npucoeganHeHune - oTwenneHue

Cnepyet yyecTb, 4TO Npon3BoAHbIe aMmmuaka G-NH, (Takke kak u cnupThbl
R-OH) aBnarTCcA OCHOBaHMAMM U B3aMMOAEUCTBYIOT C KUCIIOTaMU, TepAs npu
3TOM CMOCOOHOCTb, pearupoBaTb KaK HyKrneodunbl

k, n/monn c
A

» @
G—NH, + H® == G—NH,

. @ @
R—OH + H® ==—= R OH,
H ykneodwmn H e Hyksieodmn

3 5 pH

pacTBOpP OOMKEH ObITb HACTOSIbLKO CMTabOKUCTIbIM, YTOObI 3HAYUTESNIbHOE
KONIM4EeCTBO peareHTa octaBasfiocb He NPOTOHNPOBAHHbLIM, U HACTOSILKO
CUNIbHOKUCTbIM, YTOObI caenaTb AOCTAaTOYHO PEaKLMOHHOCMNOCOOHLIM
KapOOHUNbLHOE coeaAnHeHue



KAPBOHWIJIbHbIE COEAUHEHUA

MpucoeanHeHne ammmaka

AMMMaK 3HEpPrM4yHo NpuUcoeauHsieTcsa KO MHOMMM anbaernaam u He
TpeobyeT KMCMOro KatanusaTopa. 3TU peakuuu NpUBOAAT K UMUHaM

D
NH, NH,
H3C ’
\ @
C=0 + :NH, =———= CH,-C-O CH,-C-OH CH-C=NH +H.0
- 3 3 | 3 2
H L H l\\.-\--OIé\I éll

N #x O\ N\ sm snenOA/N 52 AN N N\ N A
aodtneUddoea-dl | eae

A30MeTUHbI (MMUHbI) OOLIYHO ManNoOyCTONYMBLI U NErkKo
noaBepraroTcA peakumsm germgpartauum u nonmmepusaumm

NH,
| H,C.

CH,-C-OH = C=NH —— ijéai ®d
| -H,0 H™
H -



KAPBOHWIJIbHbIE COEAUHEHUA

MpucoeanHeHne ammmaka

MeTuneHummH H,C=NH (MeTaHMMWUH) cyLueCTBYeT TONbLKO B
pa3baBrneHHbIX pacTBopax. OH ferko npeBpaLlaeTcsa B YPOTPONUH

NO,
-~ |
3 HNO, N
6CH,=O + 4NH, —> I\@\I _ ah
N N_ _N
/- -~/ OZN/ ~ \N02
Oeééii eo

BrniepBble nony4yeH pycckum xummkom A. M. bytnepoBbim B 1859 roay

AHTncenTUYecKkum npenapart (Kanbuekc), nobaBKka-KoOHcepBaHT (koa E239),
4yacTo NMPUMEHSIETCA B Cbipodenuun, a Takxke ANs KOHcepBauun UKpbl, «Cyxoe

roproyee», B aHarIMTU4ECKOU XMMUU, B NPOU3BOACTBE B3pPbIBYaTbIX BELLEeCTB
(rekcoreH), B Ka4uecTBe UHIIMONTOpPA KOPPO3UN



KAPBOHWIIbHbIE COEOUHEHWA

anICOe,EI,VIHeHVIe nepeBnyHbIX aMUHOB

Peakuuun anbgernaoB U KETOHOB C nepBnN4YHbLIMN aMUWHaMUN BedeT K
noJyiy4eHUIo N-3ameLleHHbIX MMUHOB, KOTOpPbIEe ABNAKOTCA oonee
CTaOUINbHbLIMU COEANHEHUSAMMU, HeXenun npomn3BoaHblie aMMUMNaKa

ot &
\ \
TC=0 4+ HNR === _C=N-R +HQ
aliamea i &i R =Alk, Ar
eee

KeTOHBI pearvpyrotr mearieHHee, 4em asnbagernabl, Aond cMmeweHus
PpaBHOBECUA OTTOHAIOT BOAY



KAPBOHWIJIbHbIE COEAUHEHUA

anICOe,EI,VIHeHVIe nepeBnyHbIX aMUHOB

[lepBUYHbIE apoMaTUYECKNEe aMUHbI B3aMMOOEUCTBYIOT C
apomaTn4ecKuMu anbgerngamMmm ¢ oopasoBaHMemM OcHoO8aHUU

LWughgpa

O 05y = Crnmonl ) +us
H

beH3nnmommHaHInH

3TN peakuumn He TPeOyHOT KaTanmusaTtopa.

LLnddoBbLI o0cHOBaHUA, 0Opa3oBaBLUMECS NMPU B3aUMOOENCTBUMN
NnepBUYHbIX apOMaTUYECKUX aMUHOB C anudaTniecKnmm
anbgerngamm, HeyCTOM4YUBbI U NErko NoIMMepuU3yrTCs



KAPBOHWIIbHbIE COEOUHEHWA

anICOe,qVIHeHVIe nepeBnyHbIX aMUHOB

Xyro Nosed LLndd — ntanbsaHckum xumuk. B
1857 1. OKOHYUN [[ETTUHIEHCKUI YHUBEPCUTET,
raoe yuunca y @. Bénepa. OcHoBHble
nccrnegoBartenbckme paboTbl OTHOCATCS K
opraHunyeckon xumuun. B 1857 1. nonyumn
TUOHUNXNOPUA AENCTBUEM OANOKCHAA Cepbl Ha
neHTaxnopug docdopa. Onuncan (1859)
METOAWNKY KanenbHoro aHanusa. B 1864 .
OTKPbIN NPOAYKTbI KOHOEHCAUUK anbaerngos C
aHUITMHOM U APYrMMU aMUHaMN — a30METUHBI,
no3aHee HasBaHHble ocHosaHuUsMU LLlughgba.
[Mpennioxnn KadeCTBEHHYIO peakuuo Ha
anbaerngbl ¢ PyKCUMHCEPHUCTOU KNCITOTOW
(peakums LWndda), a Takke Ha pypdypon.
CuHTesnpoBan gurannoByto kncnoty. Cosgan
npubop Ans onpeaesnieHns asota no cnocooy,
LLHINDD npeanoxeHHomy X. b. A. [lioma.

CoBMECTHO C ApyrmMn BblgaroLLMMNCA
NTaNbAHCKUMN XUMNKaAMU, B YNCIE KOTOPbIX
6binn 3. MNMatepHo n C. KaHHMUuUapo, ocHOBan B
1871 r. xypHan «Gazzetta Chimica ltaliana».
Hanucan 6uorpadgputo x. MNpuctnu.

Xyro Uosed
1834 — 1915



KAPBOHWIIbHbIE COEOUHEHWA

[MpucoeanHeHune rmpgpasvHa

o H it
O v, 2 (-8 i
H H

rMOPasoH
STE= Micglhis

anICOG,DM HeHune rmapokKkcumiiaMmmHa

9 H P ek
H,C-C + H,N-OH=—=H,C—C +H,0
H H

OKCUM

aleTabL I UM



KAPBOHWIIbHbIE COEOUHEHWA

[MpucoepgmHeHue cemukapbasunpa

0O + 0
S . L I | +
= 29N S - - - H.O
H,C” NH ~NH, Hc'  NH "NH, ?
ceMukapbasup, ceMuKpbazoH

6ytaHOoHa




KAPBOHWIIbHbIE COEOUHEHWA

[MeperpynnupoBka bekmaHa

OKcuMbI Npu AeNCTBUU HA HUX KUCNOT NpeBpaLLaloTcs B
3aMeLlleHHble amuabl KUCNOT (nepeapynnupoeka bekmaHa)

@

R, O H® RN W o N1

_C=N C =N — > R-C=N - >
R1 O R; N -H,0 Q)

I [
H,0 R R R\C N/ R R R
® C=N > — = C—N
HZO/ % _H@ @E)/J % O// \H
[11 |V V

CHavana npoucxoguTt npoToHupoBaHne okcmma (1) n otwenneHne Bogbl. CUHXPOHHO C
oTLWenfeHnemM Boabl K aTOMy a3oTa U3 aHTU-NONOXeHUs murpupyet pagukan R1. Kap6okaTtnoH
(Il) 3axBaTbiBAaeT Morekyny Boabl C obpasoBaHMeM OKcOHun-moHa (lIl). NMpomexyToyHoe
coefMiHeHNe C r’MOpOoOKCUIIOM Y yrrepoga npu gsonHom ceasu (IV) neperpynnmpoBbiBaeTcs B

amug (V).



KAPBOHWJIbHbIE COEAUWHEHWUA
[MeperpynnupoBka bekmaHa

BekmaHoBcKas neperpynnMpoBKka MMeeT MNPOMbIWSIEHHOEe 3Ha4YeHue
Npyu MnofiyYeHUM Kanpornakrama, MUCNONb3yemMoro Afs nony4vYeHus
BbICOKOMOJIEKYNSAPHOro nosfiukanpoamuaa — kKanpoHa (HamnoH-6)

@ @ C=0
7~ S NH

LL uKnorekcaHoH KanpoJsiaktam




KAPBOHWIIbHbIE COEOUHEHWA

BEKMAH

ApHcT OTTO
1853 — 1923

Hemeukuin xummk SpHeT OTTO BekmaH poaunnca B
3onunHreHe. C 1875 no 1878 rr. nay4an xmmuio u
doapmauuio B J1IennumurckoMm yHUBepcuTeETE.
HayuHble paboTbl bekmaHa OTHoOCATCA K
opraHmnyeckon n pusmndeckon xmumun. iccnegosan
CTpoeHue okcumoB; B 1886 r. nokasarn, YTo OKCUMBbI
noa AeUCTBUEM KUCTIbIX areHTOB
neperpynnupoBbIBalOTCA B aMunibl KUCNOT
(neperpynnuposBka bekmaHa). B 1891 r. gencremem
MEeTanIN4Yeckoro HaTpusi Ha gMapuUKeTOHbI
nony4yun metannketunsl. Pazpabotan metoapbl
onpeaeneHnsa MoneKkynsapHbIX Macc PpacTBOPEHHbIX
BELLECTB HA OCHOBAHUM OTKPbLITbIX PpaHcya
Payrnem 3akoHOB — N0 NOHWXEHWUIO TemMnepaTypbl
3amep3aHua (1888) 1 no noBbILLEHNIO TeMnepaTypsl
knneHunst (1889) nx pasbdaBrneHHbIX pacTBOPOB.
N300pEn TepMOMETP, NO3BONSAOLLNIA TOYHO
onpenensTb TeMmnepatypbl BONM3n Touek
3amMep3aHns NN KUNeHns — MetactaTu4yeCcKnm
(AndpdepeHunancHbi) TepmomeTp bekmaHa.



KAPBOHWUJIbHbIE COEAUMHEHUA

Peakunun eHONbHbLIX hOpM anbOernaoB U KETOHOB

OctaBuTb Hagexny,
BCAK croga BXxoasaLnn



KAPBOHWIJIbHbIE COEAUHEHUA

Peakuuun eHonbHbIX hopM anbaernaoB U KETOHOB
CH-KucnotHocTb U KeToeHOosfbHasA TayToMmepus

Noa BNnsiHMeM KapOoOHUIBLHOM rpynnbl aTOMbl BoAOpOAbI,
Haxoasilmecs B A-MONMOXEHUU K KapOoHUNy, NpuoopeTaroT KUCNbIN
Xapakrep, T.e. npoaBnAT CH-KNCNOTHOCTbL. ATOT 3dhcheKT oTHOCUTCA
TOoNbKO K 0-C — H —cBA3sIM. 3TO MOXXHO OO BLACHUTL B TePMMUHAX
pe3oHaHCHOM cTabunusaunm KapbaHmMoHa, obpa3yroLierocst npu
OoTLWenfeHn NPOToHa y a-yreriepogHoro atoma

0 0 0©
o |
CH,-C -CH;, ——= | CH,-CCH, < CH,=C-CH,| +H




KAPBOHWIIbHbIE COEOUHEHWA

Peakuuun eHonbHbIX hopM anbaernaoB U KETOHOB

CH-KucnotHocTb U KeToeHOosfbHasA TayToMmepus

Yyactme atoma Kucrnopoga B AenokanusauMuM OTpuLaTenbHOro
3apsida B 3TOM  aHUOHe TMOATBepXAaeTcA  BO3MOXHOCTbLIO
anekTpodunbHON aTaku, Hanpumep, MNPOTOHUPOBAHMUSA aHMOHaA nNoO
aToMy Kucrnopoaa ¢ o6pasoBaHMeM eHONMbHOW (hopMbIl aLleToHa

o ©

| |
@
CH,=C -CH, + H <—— CH,=C-CH,



KAPBOHWIIbHbIE COEOUHEHWA

Peakuuun eHonbHbIX (hopM anbaernaoB U KETOHOB
CH-KucnotHocTb U KeToeHOosfbHasA TayToMmepus

Ona nopaBnswoLwero 4Yymcna anbaerngoB U KeTOHOB paBHOBecHUe
MeXAy KETOHHON U eHONbHON (hopMamMm CMeLLeHO B CTOPOHY KeTo-

dopmbl

- 3
CH,-C-CH, = CH=C-CH;  Kyy =15 107
CHs-C\/H - CH,=C __ Ky =20 105

H



KAPBOHWIIbHbIE COEOUHEHWA

Peakuuun eHonbHbIX (hopM anbaernaoB U KETOHOB
CH-KucnotHocTb U KeToeHOosfbHasA TayToMmepus

KeToHHas n eHonbHasa doopma aBnsarTcAa nsomepamu. OHu
pa3nu4yaroTca NorioXkeHMemMm atoma Bogopoaa, ABOMHOU U NPOCTOMU
cBaAsen. Takon Bu4 nsaomepum HasbiBaeTcsa Taytomepuen. [insa
anbaernaoB U KETOHOB 3TO KeTOo-eHosbHaA TayTtomepus. XoTtsa
copepxaHue eHonNbHOU (oMbl B anbaernaax u KeToHax HeBeJsimKo,
UX CMOCOOHOCTb NepexoauTb B €eHONbHYI hopMy B 3HAYNTESTbHOWU
Mepe onpepenseT X XMMM4yecKkme CBOUCTBa



KAPBOHWIIbHbIE COEOUHEHWA

Peakuuun eHonbHbIX hopM anbaernaoB U KETOHOB

lNMpouecc nepexoaa Keto-(popMbl B €HOSNIbHYO Ha3bliBaeTCH
eHoNnn3auuen.

B npucytctBUM OCHOBaHUM

@ [ ll. ...6
o 8*90 OH | o: et H,0




KAPBOHWIIbHbIE COEOUHEHWA

HykneodunbHoe npucoeanHeHue, HyKneodgun
— KapO6aHMOH. AnbaonbHasa KoHAeHcauus

AnbdosibHasi KOHOeHcayus - 3TO peakLusi, B KOTOPOU KapOboHUNbLHOe
coeAMHeHne ABNSAeTCA OQHOBPEMEHHO U cybcTpaTom,
nogBepraroWMUMcA atake HyKrneodumnom no KapooHUNbLHOM rpynne -
rpynne, u ICTOYHUKOM KapOaHUOHOB — HyKIeocpunos

OH O
/0 27 %H | 7
\ \ | H
H H
H
A nboonb

3-I' nopokcnbyTaHaub



KAPBOHWIIbHbIE COEOUHEHWA

KpoToHOBas koHAeHCcauus

NMpwn HarpeBaHMM peakLUMOHHOM CMeCU anbaonb AernapaTupyertcsi B
HeHacbILWeHHbIN anbaerng,

O
b a4 OH /0
CH;—CH—CH,—C CH,—CH=CH —C + H,0
| “H “H
OH 2-byTeHans

KpOTOHOBbLIV anbagerng



KAPBOHWIJIbHbIE COEAUHEHUA

KpoToHOBas koHAeHCcauus

[lpoTekaHne peakuun pgermapatauum MOXHO OOBACHUTbL TeM, 4TO
anbaosib copepXuT a-H-aTomMmbl, KOTOpble MOryT Fierko OTLWennATbCA
OCHOBaHUEeM C obOpasoBaHMeM Kap6aHWOHa, MMewLero AOCTaTO4YHO
xopouo yxoasiyto rpynny —OH y coceaHero () atoma yrnepopa

OH H OH
o o
| | +OH (7o //O
CH;- C - CH, - CH-CHO

- OH
CH; CH-CH-CHO _—— c|—|3—c|-|:c|-|—c\
H

JlerkocTb NpoTeKaHMA U HanpaBrneHue peakuuu gervaparaumm TaKkxe
oOycnoBrneHbl YCTOMYMBOCTLIO 0O0pa3yloLlerocs ankeHa: ABOWHas
yrnepoa-yrrnepoaHasi CBA3b ConpsiXXeHa ¢ ABOWHOWM yrnepoa-
KUCNOpPOAHOM CBA3bI0 KapboHuna. B Tex cnyyvasix, korna B
obOpa3syloLmxcs arnkeHax B CUCTEMY COMNpPsXKeHUs BKITIOYEHO
apomaTunyecKkoe KornbLo, anbAosb BblAeNUTb He yaaeTcs



KAPBOHWIIbHbIE COEOUHEHWA

AnbpagonbHasa KoOHOeHcauus

1 ctagna — obpasoBaHMe KapbaHMoHa — HyKneoduna

O B S)
0
cHeC o A0 —c”
2 ~ CH,=C_

“H ~H H
H © L -
OH
HOH
2 cTagus — HyKneodunbHoe npucoeanHeHne

0° 0
/48/@ 70 == CH cl: CH —c//
CH3_C\H CHZ—C\H -— 3 | 2 \H

Cybcrpat H ykneodwsn I



KAPBOHWIIbHbIE COEOUHEHWA

AnbpagonbHasa KoOHOeHcauus

3 cTagusa — cTabunusauunsa ankoronsaT-MOHa 3a cYeT OTpPbIBa
NMPOTOHa OT BOAbI

©
0O OH o
| //O | 7 )
CH3—CH—CH2—C\ + HOH —> CH3—CH—CH2—C\H+ OH
H
bonee annbHoe Bonee cnnbHas Bonee cnabas bonee cnaboe

OCHOBaHME KNTJ10Ta KNa10Ta OCHOBaHME



KAPBOHWIIbHbIE COEOUHEHWA

AnbpagonbHasa KoOHOeHcauus

a-CH-cBsAizmn

/ o i o OH OH o OH (o) OH (o) OH (o)

4 4 // | / | / | Y
HC-C + HCCH;C  — HCCHCH,G 4 HCCHCHCHC 4 HC-CH-CH-C 4 H,CCHCH-CH;C
H H H CH, H cH, H H



KAPBOHWIIbHbIE COEOUHEHWA

AnbpagonbHasa KoOHOeHcauus

Ecnu kapboHuNbLHOEe coeauHeHne He CoAepPXNUT a-BO4OPOAHOTrO
aToMa, TO NPOCTOMN anbAoNbHON KOHAEHCaL U He NPoucxoauT

P

/4 Y |a || || o
“c”  w=cl i cHs c c @ @ @—c C—CH,
Y \H

\ NaOH (pa30.)

A JIbJI0/TEHOW KOHAEHCALIMN HE MPOVICXO AT,
OTCYTCTBYIOT BOAOPOAHBIE aTOMbI Y ci—YI/IEPOJA



KAPBOHWIIbHbIE COEOUHEHWA

[lepekpecTHada anbAonbHaA KOHAeHcauus

JTO anbAoNibHasA KOHAEHCAUUA ABYX Pa3NIMYHbIX KAPOOHUIbHbIX
cCOoeAMHEeHUN, OOQHO U3 KOTOPbIX He COAEPXUT a-BOAOPOAHOro
aToma

o 9 o
74 KoHu, KOH
@C\H + CHs—C—CH; - CH— CHam €= CHa | 5™
BeHzanboerng, AUeToH B A nbpoonb -
KapboHUNbHas MeTUIeHOBast He BbloeNsieTcs
KOMIMOHEHTa KOMIMOHEHTa

0
I

@CH= CH— C— CH,

4-OeHunn-3-6yTeH-2-0H



KAPBOHWIIbHbIE COEOUHEHWA

[lepekpecTHada anbAonbHaA KOHAeHcauus

o o-CH-cBsA3m

Y/ ? //ONaOH H,0, 60 °C P
QC\ + H,C- Hz—C\ T2 - @*HCZ(FQ (68%)

H H CH, H
6eHzanbpemp nponaHasib 2-Mmeun-3-peHuneHTeHas b

kapboHunbHas  MeTwieHoBas
KOMMOHEHTA KOMMOHEHTa

CH.OH
I /2 Na,co,, H,0, 40°C o 0
3 H—C—H +H,C—C ~ HOCH;—C—C_ (82%)

H CH,O0H H
3-MAapoKcu-2,2-ou(rmnapoKCUMETUN )NPonaHasib




KAPBOHWIIbHbIE COEOUHEHWA

[lepekpecTHada anbAonbHaA KOHAeHcauus

a-CH-cBsi3n
? L NaOH, H,0, 60°C o 2 P
H,C- HZ_C\ » | H;C-CH— C\ <« CH;-CH= C\

H H H
nponaHa’sib
MeTUIeHOBas
KOMIMOHEeHTa
Vi V 09 P
H3C-CH—C\ + @ 4+ — QHC—(':H—C —_—
H H CH, H
KapboHWBbHaA
KOMIMOHEHTa
OH (o)
j Va Y,
. HC—(I:H—C.\ — HC=(l:—C\
CH, H CH, H

2-MmeTun-3-peHunneHTeHasnb



KAPBOHWIIbHbIE COEOUHEHWA

KapGouusiba MetuieHoBas [IpoRyKT peaKiuu
ast KOMIIOHEHTA
KOMIIOHEHTAa

c
NH

0] 0O
o | [
CH,—C—0—C —CH,
Y KCYCHBIA aHrnapug,
Konpencanus Ilepkuna

//O
CH —CH—C\

CH
Kopwu4yHaa KucnoTa

) 0
P O Il Il
QC< e oen ¢ >—CH—C/C_OC2H5
—OCH BN
H (”) 25 % —OCH,
STUWIMaAHOBSIA 3dMp (0]
b JdvsmnbeHsnnmaeHmanoHaT
Peaxiiua Kuésenareis
0 0
QC\ CH,—C— OCH, CH=CH—C—OCAH,
H L — STWbeHsnMaeHaLeTaT
a¢mp
7
o @ _C—CH,

CH?\ﬁ—oczH5
0

0
Il
\ﬁ—ocsz

STWNoBLIA 3¢Mp
ALISTYKCYCHOW KNCNOTE STMnbeHsnnMpeHaLeTaToaLETa
0
@—c/ CH NE7 cH=cH—NZo®
N H HwnTtpomeraH

1-H nTpo-2-cheHnnsTeH




KAPBOHWIIbHbIE COEOUHEHWA

NMepkuH

Yunoam NeHpwm
1838 - 1907

C 1853 yyeHuk, a 3aTem accucteHT Asrycta locomaHa B
KoponeBckom xumuyeckom konnegxe B JloHaoHe. B
1884—1885 rT. npe3naeHT 6putaHckoro OblecTea
XUMUYECKON NPOMbILLNIEHHOCTH.

B 1856 rogy lNepkuH nbitancs cosgatb HOBOE JIeKapCTBO
OT Manspuun u, 3KCNepPUMEHTUPYS C KAMEHHOYIONTbHOW
CMOJIOW, MOMy4Yun NyprypHY KPacky, KOTOPYH No3xe
Ha3Basl MOBEMWH (OT aHrMUMCKOro Ha3BaHNA LBeTKa
ManbBbl) — OAVH N3 NEePBbIX CUHTETUYECKUX
OpraHUYecKux KpacuTenemn.

OrpomHas 3acnyra NepkuHa B TOM, YTO OH OLIEHWIT
npakTUyecKoe 3Ha4YeHne CBOEro OTKPbITUSA U YXKe Yepes
rog, opraHm3oBan NPon3BOACTBO MOBENHA, a TaKxkKe
HUTPOBGEH30Ma N aHUNUHA, HeobxoanUMBbIX ANs ero
cuHTesa. [loatomy 1856 rog cuntaeTcs gaTon
BO3HUKHOBEHMSA NPOMbILLNIEHHOCTU CUHTETUYECKNX
Kpacuteneun n Npon3BoacTBa CMONAHbLIX (aHUITMHOBBIX)
Kpacutenen. Takke oH oTkpbin (1868 r.) cnocob
NosTy4eHNs apoMaTUYEeCKNX HEHACbILEHHbIX ([3-
apunakpuoBbIiX) KUCNOT; UccreaoBan 3aBUCMMOCTb
BpaLleHMs NNOCKOCTN nonsipusaumm ceeta B MarHUTHOM
nosie oT CTPYKTYpbl coeanHeHus. B koHUe KOHLOB lepknH
Tak npeycnen B Npon3BOACTBE Kpacutenemn, 4to 6pocmn
HayKy 1 Nog KOHeL, XX13HK Obin BO3BEAEH B pbiLapu U
cTan Copom.



KAPBOHWIJIbHbIE COEAUHEHUA

Peakuua KaHHuuyuapo

Anbperngbl, B KOTOPbIX OTCYTCTBYHOT O-BOAOPOAHbIE aTOMBbI,
BCTYNakoT B peakuno oKUCrieHnA-BocCtaHoBJ1I€eHUA B
npucyTcTeBnn CUJNIbHOIro OCHOBaHUA

O  KOH 0
2 Ar—C\ > Ar-H,C-OH +Ar—C\
y  CnMpT-B0MA OK
O KOH .0
2 R,C—C >~ R,C-H,C-OH +R,C—C
\H cnvpT-B04A \OK
chler COJIb KUCJIOTHI

2HCc=0 —KOHLNaOH _ ey ol + HCOOCNE®

dopmasbaerna M eTaHo/ dopmmaT
HaTpUs




KAPBOHWIIbHbIE COEOUHEHWA

CtaHucnao
KaHHuyuapo

1826 - 1910




KAPBOHWIIbHbIE COEOUHEHWA

HykneodunbHoe npucoeanHeHue

HecmMoTps Ha KaxylLlueecsi oTnn4me 3TOro npeBpaLieHns oT
paccMOTpPeHHbIX paHee, peakuusa KaHHuuUapo npeacraBnsieT co6om
psa nocnenoBaTeNibHbIX CTaAMN HYKNeonbLHOro NnpucoeanHeHus

o)

H-C
H

e
1cTa 10):
X,uvm I‘)

H — H—C—OH

i
H—C—-O—+H
MypaBbMHas
KWUCNOTa
11
2 CTaaus -
i
H—$—09
H

M etTmnaT-moH

AY

H C//O
AN O@

dopmMmaT-UoH

£ od

3 cTaans
H
H— |C —OH
:
M eTaHon



KAPBOHWIJIbHbIE COEAUHEHUA

HykneodunbHoe npucoeanHeHue

1 cTagua — HykneodgpunbHoe npucoeanHeHue noHa OH ¢
obpa3oBaHUEM NPOMeXyTo4yHoro coeauHeHus (l);

2 cTagusa — npeBpaweHne noHa (l) B Mmonekyny KUCNOTbI NyTemM
oTLLenneHus oT Hero rmapua-unoHa H', kotopbin siBnseTcs
HyKneodgusriom B peakuuu npMcoeguHeHna KO BTOPON MOneKyrne
anbperuaa (ll), aHmoH (I) npeBpawaeTca B MypaBbUHYI KUCFOTY

(H);

3 cTagusa — nepeHoc NPOToHa OoT bornee cnaboro oCHoBaHUSA
dopmuaT-noHa Kk 6onee cunbHoMy metTunart-uoHy (V)



KAPBOHWIIbHbIE COEOUHEHWA

[[anoreHnpoBaHue KETOHOB

FanoreHMpOBaHMe KeTOHOB npoucxoauT nytemMm 3amMmeLleHuns
NMCKINIOYUTEJ1IbHO a-BOAOPOAOAHOIO atoOMa

O @
I OH |
CH3—C—CH3 + 3Br, CH3—C—CBI‘3 + 3HBr




KAPBOHWIIbHbIE COEOUHEHWA

[[anoreHupoBaHue KETOHOB

1 cTagusa — MeAsieHHaA: OCHOBaHMe OTPbIBaeT MPOTOH OT aLeToHa,
obpa3ys kapbaHuoH (I)

0 i SO
| S &S C”) O Il
CH;~C—CH; + OH > |CH;=C—CH, <> CH;~C=CH, | + H—OH
- _ | -
a1 éyoeli

2 ctagusa — ObicTpas: aHuoH (I) B3anmoaencTByeT ¢ MorieKynom 6poma,
nonsipu3oBaHHOM NoA BIIUSAHMEM OTpuUaTenbHOro 3apsaa
KapbaHUOHa

ﬁ 0
e | S
CH5=C—CHy=" BM:Br %8P0, cH_C—CHBr + Br




KAPBOHWIIbHbIE COEOUHEHWA

[[anoreHnpoBaHue KETOHOB

//() MenNIeHHO
R1—(|'_'—C\ + OH =—"
H R2
o (o)

€HONAT-aHUOH

o

R1—C|Z—C - R1—C|I:C\
R2 H R2
€HONAT-aHUOH _
IIIaI
-+ Hal, —> R1—(|:—

H

+H - OH

o)

// -
| -+ Hal

R2



KAPBOHWIIbHbIE COEOUHEHWA

[[anoreHupoBaHue KETOHOB

CKopoCTb peakuun 3aBUCUT OT KOHL,EHTPpaL MM aLeToHa 1 OCHOBaHUS,
HO He 3aBUCUT OT KOHLIeHTpaLum 6pomMa; CKOpOCThb rarioreHMpoBaHUs
He 3aBUCUT TaKXXe OT Npupoabl ranoreHa, 6yab To xnop, 6pom unum
noga.

Mocnepyiollee 3amMelL,eHUe aTOMOB BOAOpPOAa NpPoTeKaeT ObicTpee

0O © 0O © O
I Br,, OH Br,, OH I
CH3~C—CH,Br ~ CH;~C—CHBr, ~ CH;~C—CBr,




KAPBOHWIIbHbIE COEOUHEHWA

[FlanodopmHan peakuus

BpomaueToH nerko pacuensiseTcss OCHoBaHMEM C 0Opa3oBaHUEM
opomocopma
e,
&

0:
1. o
H=C OH

C = CHC-—
\ H ykneodmnbHoe | OH
CBr; npucoegHeHne CBr
|
CH;C-O CHsC-0°
Y KCycHasa KuaioTa A UeTaT-UoH
bonee cunbHas KucnoTa | Bonee cnaboe ocHoBaHWe
o
CBry HCBry
Bonee cunbHOE ocHOoBaHWe bpomodopm
Bonee cnabasa KucnoTa

[1epeHoc NpoToHa oT 6bonee
cnaboro ocHoBaHuA K 6onee
CUJIbHOMY



KAPBOHWIJIbHbIE COEAUHEHUA

[FlanodopmHan peakuus

N +
o) o) F-O 10:Na
I I, NaOH, H,0 | NaOH | <~ 8
R—C—CH, - R—C—Cl, —= |R I,
KapboHunbHanA OH
AdKTUBHOCTb B n
YBEJIMMMBAETCH
~HT
—> RCOOH +4-CI,—> RCOO -} CHI,
wonodgopm
nepeHoC NpPoToHa (ranodopm)

OT KMCJI0ThbI K
OCHOBaHMIO



KAPBOHWUJIbHbIE COEOUMHEHUA




KAPBOHWIIbHbIE COEOUHEHWA

B3anmoaencreue anbaermgoB M KETOHOB

C neHTaxnopuaom docdopa

Anbaernabl U KETOHbI NPU B3aMMoaencTBUM C PCI5 OoOMeHUBaloT aTOM
KMcnopoga Ha ABa atoma XJiopa, YTO Ucnorib3yeTcsa ANA Nony4vYeHus

reMMHanbHbIX AUXnopankaHoB (06a aToma xriopa NPUCOEeANHAIOTCA K
OOHOMY U TOMY Xe aToMy yrrepoaa

_0 cl
Z /
I H
['1 porn1oHoBbIN 1,1-uxsiopriporiaH
anbaerna

7 o
CH;CH,~C—CH; + PCl; —— CH;CH,~ C—CH; + POCI;
|

Cl

ByTaHOH 2,2-OnxnopbyTaH



KAPBOHWIIbHbIE COEOUHEHWA

BoccTtaHOBNeHue
H., Ni
CH;—CH=CH —-CHO CH3;— CH5>-CH; CH,OH
K poToHOBbI 1-ByTaHon
a/ibOerna
//O NaBH
CH;-CH-CH;CH;C\ — 45 CHFCH-CH;CH;CH;O0H  (85%)
H C2H50H
4-rieHTeHanb 4-neHTeH-1-on

1) LiAlH,, 3acpup, 0-10 °C
o) " - CH-OH (94%)
— 2) H,0, H*, 0 °C

2-UMKnorekceH-1-oH 2-UuKnorekceH-1-on



KAPBOHWIIbHbIE COEOUHEHWA

BoccTaHoBIeHue

NTvtunanrommnHunrnapua LiAIH4

® o H R OSH P
_Cc=0 4 Al-HLi —  C — -
R | R H
H
i Oeri d5ei a ea
aedoea-eiia
O-CHR,
o ®  H,0,H,S0,
R,CH-O0— Al—O-CHR, Li > 4 R,CHOH + Al(SO,), + Li,SO,

O-CHR,

MexaHu3m peakuuu Ad, — npucoeanHeHue ruapua-MoHa



KAPBOHWIIbHbIE COEOUHEHWA

BoccTtaHoBneHue
BoccTtaHoBneHue no KnemMeHCoOHyY

Zn(Hg), HCI
COCH,CH, - CH,CH.CH,

BoccTtaHoBneHue no KnxxHepy-Bonbdy

CH,
/ \ KOH, 150°C /
o / + NH,NH, = HC CH, +N, +H,0

"\, /

H, CH,




KAPBOHWIJIbHbIE COEAUHEHUA

OkucneHwume

Anbaernabl Nerko OKUCHNAKTCA Aaxe Npu AeUCTBUMU TaKUX cnabbix
OKUCIIUTENEeUn, Kak MOH cepebpa

A0 A0

CH,—CH,~ CZ + 2Ag(NH.),0H —= CHs—CH,~ CL_ + 4NH, + 2Ag + H,0
PeakTuB ToJsuleHca bt
O
] Q
C—y I
@/ Ag,0, H,0, NH, OC\ OH
20 0OC (97%)
3-LUMKNorekceH- 3-UMKnorekceH-
1-kapbanboemn, 1-kapboHoBas KACIOTa
o) o)
|\ W\ Peakuua «cepebpsiHOro sepkanay.
H\C_C/CH Ag,0, H,0, NH; H, _C/C\OH
H,C—Cfl, CH, HCc—CA, CH,
2-MeTW-2-NEeHTeHab (98%)

2-MeTWI-2-NneHTeHoBan
KMUCJI0Ta



KAPBOHWIJIbHbIE COEAUHEHUA

OkucneHwue
OkucneHue KeTOHOB TpebyeT pa3pbiBa yrrnepoa-yrnepoaHou CBA3UN U
noaTomy npoucxoauT Jinllb B AOBOJIbHO XEeCTKUX yCHOBVIFIX
(vcknrovyeHue coctaBnsieT ranopopmHasa peakuus)

0 I
p Y
. CH+CH—C + CH,—C—CH,
CxCs “OH
® [ ponunoHoBasi KMCNOTa ALeToH
CH~ CH;— C—CH—CH, KMnO,H ., T
I
O CH, o o
STUAN30MPONIKETOH Paduenenme _C// \\C—CH _on
(2-MeTvn-3-NeHTaHOoH) e = 3N + a 3
7Cy OH HO
CH,
Y KcycHast W 3omMacnaHada

KUchoTa KWNCNOTa



KAPBOHWUJIbHbBIE COEOAVHEHUA
OkucneHwue

BaxxHOe 3Ha4YeHue MMeeT OKMCIeHUe LUKINYeCKNX KeTOHOB, KOTOpoe
NPUBOAUT K ANKAPOOHOBLIM KMCNOTaM

@)
<:>:0 HN[O]T>HOOC—CH2—CH2—CH2—CH2—COOH
L MIKJTOr &K CaHOH > A IVNMHOBas KNCIOTa




KAPBOHWIJIbHbIE COEAUHEHUA

OTpenbHbIe NpeacTaBUTeNU

MypaBbUHbIN anbaerna

MypaBbuHbIU anbaerng (hopmanbaerua) — 6ecuBeTHbLIN ra3 ¢ Pe3Kum
3anaxom, oyeHb AoBUT. Xopolwlo pacteBopum B Boae (40 % p-op
cdopmanuH). NMNony4yaroT B NPOMbILLUIIEHHOCTN HEMNMOJSTHbIM OKUCJIEHUEM
MeTaHa M KaTanuTuyeckum okucrieHmem metaHora npu 650-700 °CHa
cepebpsHoOM KaTanusartope. Mcnonb3yeTca And nosnyyYyeHus
deHoncopmanbaernaHbIX CMOS, YPOTPOMNKMHA, MEeHTa3pUTpuUTa

CH,0H © CH,OH
o OH
OH | CH,OH
CH,CHO + 3 CH,0 HOCH, -C- CHO ——— HOCH, -C- CH,0H
éHZOH éHZOH

NMpn HUTPOBaAHUM NOMyYarOT NeHTa3puTpuTTeTpaHuTpaTt — BB



KAPBOHWIJIbHbIE COEAUHEHUA

OT,D,eH bHbl€ nMpeacTaBUTesIn
YKCyCHbIVN anbaerna

YKCYCHbIU anbAerng nosiyyaroT rugpartaumen aueTurieHa,
aernapupoBaHueM 3TUNOBOro CnupTa, usomepusaumen oKMcu
aTuneHa. Ucnonb3yeTcs ANA nNony4yeHUs YKCYCHOU KUCNOThI,
YKCYCHOro aHrnapuaa, anbaorss, 3TUNoBoro CnupTa, aTunauerara u

apyrux achuposB

AuUeToH

AUETOH nosny4aro KUCNOTHLIM pa3noXeHueM runepusa, oKMcrneHnem
unun gernapupoBaHuemM nsonponunodeHsona, aueToH-0yTaHONbHbIM
OpoXxxeHnem yrneBonoB, U3 HAACMOSIbLHOW BoAbl NPU CyXON NeperoHke
ApeBeCUHbI. ALLeTOH LUMPOKO Ucnonb3yeTcs B KayecTBe pacTBoOpUTens,
ANs Nony4YeHus MeTUNMeTakpunara



KAPBOHWIJIbHbIE COEAUHEHUA

CnocoObl nony4yeHus

1. OKnucneHue um gerngpumpopaHume nepBnUYHbLIX U BTOPUYHbLIX CNMUPTOB

O O
O /4 [O] |
R — CH,OH L’R_C< R—(l:H—Rl—’R—C—Rl
I epBrHHLIN 5 BTO[Z())I/II_‘I-IHbII\/JI K eToH
CrmpT ATboerva e

B kayecTBe okucnuteneu vaile Bcero ucnonb3syror K,Cr,0.. OkucneHue
BTOPUYHbIX CIUPTOB HE COMNPSXKEeHO C OCNOXHeHUAMU. OKUCneHme nepBUYHbIX
CNUPTOB TPedyeT OCTOPOXKHOCTU, MOCKOSbKY 0Opa3yrowmncsa Ha nepBoun
cTaguu anbgerng cnocoo6eH K ObICTPOMY OKMUCIIEHUIO A0 KapOoHOBOM
KUcnotbl. B aTom criyyae ogHOBpPEeMEHHO C OKUCIIeHUEeM BeayT OTFOHKY

JIerkokmnAawmnx anbaerngoB



KAPBOHWIIbHbIE COEOUHEHWA

CnocoObl nony4yeHus
2. l'mapataumsa ankuHoB (peakuna KyyepoBa)

CH=CH 1,0 - CH —c//O
- HgSO, H @ . Y
A usanboarnn

3. AunnupoBaHue no ®puagenro-KpadTtcy

0
20 alcl
Ar—H + R—C_ = Ar—C—R + HCl

A peH Cl C”)

X lopaHrngpva, KeToH




KAPBOHWIJIbHbIE COEAUHEHUA

CnocoObl nony4yeHus

4, I'M.qponus AuranoreHMeTuUnapeHoB (I)I
CHCI, 0 CH
+ cl, MV
Auxnopme-
TUNGeH30nN

5. BocctaHoBneHue no Po3eHMmyHAay-3anueBy

T G PER
3 “c| PdBasO, 3 N
Oéi dai aeaded | diiéliTané

1 O~ s

iolieiiiaiééenti ol aélKnaea



KAPBOHWIIbHbIE COEOUHEHWA

CnocoObl nony4yeHus

6. Tepmunyeckoe aekapoboKkcunmpoBaHue coneu
KapOOHOBbLIX KUCIIOT

""" . Nai Ni ;—N-—RNi ; +NaNi ,

..........

HC™ " €57 BalOH),; 350-400°C
H e - O:o + BaCO, + H,0
2
~ __IC—QH
0

LiMknoneHTaHOH




KAPBOHWIJIbHbIE COEAUHEHUA

CnocoObl nony4yeHus

6. Tepmunyeckoe aekapoboKkcunmpoBaHue coneu
KapOOHOBbLIX KUCIIOT

ana nosfiydyeHunAa anbgerngoB U KETOHOB UCNONb3YHOT NMNPOJINI

KACINOT B BUAE NapoB Haj okucramMu HekoTopbix meTtannoB (ThO,,
MnO, Ca0O, ZnO) npu temnepartype 400-450 °C

«—lon 2
- CoemmHeHnaMn, Th

el - R—C—R + H0 + CO,
R —[C—0OH

N
@)




KAPBOHWIJIbHbIE COEAUHEHUA

CnocoObl nony4yeHus

7. Baanmopencreme CnoXHbix 3oMpoB C peakTUBOM
‘puHbApa

Peakuusa acdpompoB MypaBbUHON KUCINOTLI C arikur- Unu
apwnmarHMﬁranoreHMnaMM AaeT aribaernabl

H 0
e - RO-MoBr + R e
RO/C =0 6 30m g oS
5 5
BrMg—R,

U3 achmpoB Apyrnux KUCNOT NOMYy4YaroTCH KETOHbI



KAPBOHWIJIbHbIE COEAUHEHUA

CnocoObl nony4yeHus

7. Baanmopencreme CnoXHbix 3oMpoB C peakTUBOM
‘puHbApa

CUHMNBbHaA Kncnorta unu HUTPWUIbI NPU B3auMOOEeNCTBUMN C
PeaKTUBOM rpMHbﬂpa TaKXxe O0aloT ajfibaernabl nJjimn COorBeTCTBeHHO —
KeTOHbI

&t A0 . H.,O, H+ @ ®
2~ > R-C =0 + MgBr + NH,,

aan yoeo | |
5 & R
BrMg—R, R MoBr '

aaR=H, Alk, Ar




KAPBOHWIJIbHbIE COEAUHEHUA

CnocoObl nony4yeHus
8. 'mgpodopmunmnpoBaHme arkeHoOB — OKCOCUHTE3

/O
Ni —NI —Ni —N
c o o o . Nij(NI ), Ob 1 anéyi ueaetaaaea i
Ni ,—Ri =Ni, + NI +1i, L. o
= N\ = Os " " " /
Jeitz: Ni ,—Ni — N
L i
NI,

AN N\ A= , e O N

Ed) 2By (6 26iEsRa
9. lerngpupoBaHMe CNNpTOB.

(o) R R

. /, \ Cu; 300°C
CH,  Cui300%C o & HC—OH = c=o
R OH H \ / -H, /
MepBUYHbLIN 2 H R1 R1
cnupTr Anbpervp, BTOpPUYHbLIA KeToH

cnupr



KAPBOHWIJIbHbIE COEAUHEHUA

CnocoObl nony4yeHus

10. OKncneHuve ankeHoB

Nu3amelleHHbIVW ankeH — ABa anbaernaa — ABe KUCNOThl
TpusameLlueHHbIN ankeH — anbaerna U KeToOH — KUCIoTa U KeTOH
TeTpasamelleHHbIN ankeH — ABa KeTOHa

7
PR KMnO_,H - -
CH, CH, OH

AueroH Y KCycHaA KUONoTa

® 0
EMnO,H_cy.cn ¢+ co, + H0
cy. OH

CH,CH CH CH,

CH

3 3

M30MaCOHHaA KUQora



KAPBOHWIJIbHbIE COEAUHEHUA

CnocoObl nony4yeHus
10. OKucneHue ankeHoB

Bakep-npouecc: KaTaniuTuyeckoe OKUcrieHMe 3TeHa B auetanbgernaa.
OCHOBHOM NPOMbILUNIEHHbIN CIOCOO Nony4YeHUs auetanbaernaa.

CuCl, 0
H,C CH,+PdCLL+H,0 — > HC c + Pd + 2 HCI

Pd +2CuCl, > PdCl, + Cu,Cl, H
2Cu,Cl,+ 0, + 4 HCl —> 2CuCl, + 2 H,0



KAPBOHWIIbHbIE COEOUHEHWA

CnocoObl nony4yeHus
11. O30HONN3 ankeHoB

Nu3amelleHHbIW ankKeH — ABa anbaernaa
TpusameLleHHbIN ankeH — anbaerna U KeToH
TeTpasamelleHHbIN arnkeH — ABa KeTOHa

HC H,C  CHy 1)0,; CH,CI,; -78 °C 0 9
/C:C\ > H,C-H,C-C  + ,C—CH,
H,C H 2) Zn-CH,COOH H H
M 4)0,; chy01,; 78 0C i
C\ - —O + /C\
zonponunuaeH-

LUKINOrexkCaH



KAPBOHWIIbHbIE COEOUHEHWA

CnocoObl nony4yeHus

12. Peakuusa Yopuca-CepreeBa

—OH
(0]
H; C\c//CH

5ol



