OCOBEHHOCTU CTPOEHMS,
PEAKLIMOHHOU CNNOCOBHOCTW
U METObl CUHTE3A KAPBOHWUJICOAEPXALLIMX
COEAMHEHUN




KapboHuncoaepxallime coeanHeHns

Op2aHu4Yeckue coeOUHeHUs1, 8 MOJIeKyJie
KomopbIx umeemcsi kKapboHunbHas epynna C=0,
Ha3blearomcsi KapboOHUSIbHBIMU COeOUHEeHUSsIMU,
UJ1U OKCOCOEOUHEHUSIMU.

Anb0ea2udbl cooepxXxam 8 MoJieKysie
Kapb6oHUILHYO 2pynny, 06s13amesibHO
cesi3aHHYO ¢ amoMoOM eodopoda, m. e.
asiboe2udHyro epynny —CH=0.

KemoHskI codepxxam kapb6OHUIILHYIO 2pyriny,
cesizaHHY ¢ d8yMsl y2s51e8000POOCHbLIMU
padukanamu, m. e. KEMOHHY0 2pynny.



KapboHuncogepxallime coeanHEHUS.
Knaccudukauuns

OKCOCOEAOMHEHUA
. 4 4
AJb Jernapl Ketonbl
i i
R—C—H R=C—R
0 0
CHy—C7Z | | I
H § AnundaTtrndeckue § CH3;—C—CHj3
aleTaJ baerug aleToH
““““““““““““““““““ "
Il !
Co -
AJHNUIHUKIHYECKHE
LHKJIOTeKCaH-
Kapbaabaerns ITUKIOTEKCAHOH

Q i
C..
©/ H ApomaTuueckue ©/ \O

OeH3aJIbOEr Ua ; OeHzoeHOH



KapboHuncogepxallime coeanHEHUS.
HomeHKknaTtypa n nsomepus

O O _0
o 7 i
H-C~ CH;—C7Z  CHzCH—C
\H 3 \H \H
MeTaHallb dTAaHaAllb npomnaHanb

(dbopmanbpervn) (aueTanbpervpn) (nponuoHoOBLIN anbaerna)



KapboHuncogepxallime coeanHEHUS.
HomeHKknaTtypa n nsomepus

I i i
C
N
Cl
2-XropumKrorekcaH OeH3anbaerng 3-0pombeH3anbperva
Kapboanbpgerua

Moxxem 5iu amom yasiepoda KemOHHOU 2pynrbl NoJay4Yumab
HomMmep 1 npu cocmaesieHUU Ha3eaHUus1 aflughamu4ecKo20
KemoHa? 5



KapboHuncogepxallime coeanHEHUS.
HomeHKknaTtypa n nsomepus

I I
CH;—C—CHj; CH;CH,—C—CHz5
MpPOMaHoH, OyTaHOH

AUMETUNKETOH METUNITUIIKETOH
(aueToH)



KapboHuncogepxallime coeanHEHUS.
HomeHKknaTtypa n nsomepus

I I
CcHs—C—C(Hs CH3;CH,CH)—C—C¢Hs

ANPEeHUNKeTOH nponungeHnNKeToH
(6eH30¢eHOH)



KapboHuncogepxallime coeanHEHUS.
CnocoObl nony4yeHus

NMonyyeHue U3 yrnesogoponos

OkucneHve ankKkeHoB
Bakep-npouecc

//O

CH,=CH, + PdCl, + H,0 —>CH;—C._ + Pd + 2HCI
H

auetasrboe g, 98%

Pd + CuCl, —> PdCl, + Cu,Cl,

Cu,Cl, + 2HCI1 + 0,50, — CuCl, + H,O
8



KapboHuncogepxallime coeanHEHUS.
CnocoObl nNony4yeHuns

“ W \H‘ "' RN N |

B’ v,“nh' nmdmz/f- I .

urch unsur ‘n.

oa 5’

on
Ve
A -
m B ;:‘t.
' - ® -
“\”‘ - ﬁ K

Wacker Chemie AG

http://www.wacker.com/



KapboHuncogepxallime coeanHEHUS.
CnocoObl nony4yeHus

AunnupoBaHue apoMaTUYeCKnX yrneBoaopoaoB

//O AICL 7 C—CH; + HCI
+ CH;—C{_ - |
Cl S O
XJIOPaHMOpUL,

6eH3on METUIEHWUIKETOH

YKCYCHOW KNC/IOThI

10



KapboHuncogepxallime coeanHEHUS.
CnocoObl nony4yeHus

AunnupoBaHue apoMaTUYeCKnX yrneBoaopoaoB

CH; CHj
AICl; + C Cl
+ CO + HCl ——
-HCl O
=
TOJ1YON RH
4-meTnnbeH3abasrn,

Peakyusi FlammepmaHa-Koxa
11



KapboHuncogepxalimne coeanHeHus.
CnocoObl nony4yeHus

Mony4yeHue M3 QUranoreHnpPou3Bo4HbIX

—» (CH C%O
CH3;CHCI + KOH 2 |[CH;CHOH| 73 CH;—C(
Cl OH .
1,1-mxnopsTaH | " STaHaJ b
I = O L i

CH;CCH,CH3 + 2KOH E’ CH;CCH,CHj ?()’ CH3ﬁCHQCH3
7

| OH O

2,2-pymo by TaH ByTaHOH
12




KapboHuncogepxalimne coeanHeHus.
CnocoObl nony4yeHus

NMony4yeHue n3 cnuptoB. OKUCNEeHne cNMpPToOB

O O

O s O V7
CH,CH,OH——> CH;—CZ e CH3—C<
H OH
ITaAHOJ1 OTaHad/J1b 3TaHOBAaA KNCJ10Ta

YKCYCHast KNCJ10Ta

0

CH:CHCH; ——% CH;CCHx
OH O

MPOMNAHOJT-2 MPOriaHoH

aLETOH 13



KapboHuncogepxalimne coeanHeHus.
CnocoObl nony4yeHus

NerngpupoBaHue cnMpToB

O

~

R—CH,0H —7—>R—CZ
NEPBUYHbIN H
cnvpT aboerng

R—CH—R U » R |(|j R’

OH O
BTOPUYHbIV KETOH

CrpT
14



KapboHuncogepxallime coeanHEHUS.
CnocoObl nony4yeHus

OkucneHue anKkeHoB

I 3

R\ di— [O] \ i Tl /
/C—C\ e /C—O + O—C\

R H R2 H

s



KapboHuncogepxallime coeanHEHUS.
CnocoObl nony4yeHus

TepmMmunyeckoe pasrioxxeHue cosie KapOOHOBBLIX KUCIIOT

0
|

(RCO0),Ca —»R—C—R + CaCOs

COO

/ LAt
(CHy), Ca*® —> (CHp), C=—0O + CaCOs;

N\ o
COO

Peakuus PymF-B'-lKM, 1926



KapboHuncogepxallime coeanHEHUS.
CnocoObl nony4yeHus

Peakuua Ygpuca-CepreeBa-Kpyxanosa

@ + CHy=CH—CH, AlClHCL100°C_ .

CH;—CH—CHj

KYMOJT
03, 95-130°C H,S04, 50-90°C_ + CH,—C—CH,
g
—c CH;
O OH i

FMOPOMEPOKCMA, KYMOJ1a deHon ALETOH



KapboHuncogepxallime coeanHEHUS.
PdPusnyeckmne cBOUCTBA

dopmanbaoerung YKCYCHbIN OeH3anbaerug
anbaeruna

18



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

P-opbuTan

MOoNAPN30BaHHGAA
_ TT-CBA3b




KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

XapaKkTepucTukn ABouHbIX cBa3sen C=C un
C=0

CBsi3b JHeprus, JanHa, HM
KJ2K/MOJIb
C=C 620 0.134

C=0 710 0.121

20



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuuun HykneogunbHOro npucoeguHeHus

A, (om aHan. addition nucleophilic)

R //_\ O OH
NS+ /N | |

B O - Nu >R ? NS5 »R—C—Nuy

MeLn/1eHHO BbICTpO
e = | }y{ |

aJIKOKCN4-NoH NMPOAYKT
oKcocoeamHeHmne NMPUNCOEONHEHNA

21



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

Peakuuun HykneogunbHOro npucoeguHeHus

AJIbOErnppbl KETOHDI
‘ ¢l 0 O 0 ‘ ‘CH3 CH;CH, ‘
s5+/ 5+// S+// N5+ \ S+
Cle—C—(ESus" H—C\ >CH3—>C\ > /C:O > C=—0
1l H H H CHj CHj3
TPUXJIOP3TaHa b METaHaJb 3TaHaJb MponaHoH OyTaHOH

Y MeHbLlIeHUe peaKLMOHHOU CNOCOOHOCTN OKCOCOEAUHEHUHN

>



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

Peakuuun HykneogunbHOro npucoeguHeHus

M Cn

> Cok > Cy
S &

6eH3abaerng aLETOEHOH 6eH30deHOH

Y MeHblUEeHWe PeaK LUOHHOM cnocobHoCTH oxcocoenuueuuﬁ>

23




KapboHuncogepxallime coeanHEHUS.

XnMmumyeckme cBoucTaa

B3anmogeuncreue ¢ umaHuaamMmum meTtansos

udpokcuHumpunamu Ha3bliearomcsi coeOQUHeHUsl, codep)kawjue 8
MOJIeKyJ1e 2UOPOKCUJIbHYO 2pynny u yuaHozapynny

HyKJieodwn

-
7
CH3—C<//+\'CN ==
H

LMaHW G
aLeTabaerng VIOH

CHj;

CN
_| 1,0
C—O | —> CH3CHCN
-OH |
H OH

b 2-TNOPOKCU-
MPOMaHOHUTPWUS

24



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

B3anmopgencreme ¢ BOAOWU

//O OH
CH3—C\ + H)O == CH3;—C—OH
= H
aLeTa/iboerna rmopaT

aLETa/ibag NOa

25



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

B3anmogeucresue co cnuptamm

OC,Hj;
//O
CH3—C\ i CZHSOH -— CH3 C OH
& H
ali€ra/ibiga A 1-3TOKCN3TaHON

(moJyaueTarnb)

26



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

B3anmogeucresue co cnuptamm

CH;

OC,Hs
H+

C OH + C2H50Hi CH3

H

OC,Hs;

C—OC,Hs + H,0

H

1,1- OMSTOKCUSTaH

(aueTasib)

210



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

NMpucoegnHeHne bucynboduta
ﬂ

RCHO + NaHSO; —»RCH ‘s ONa"

bucy nbaqmT ‘ ‘
HaTpUs OH O




KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

NMpucoegnHeHne bucynboduta
ﬁ

RCHO + NaHSO; —»RCH s‘ ONa'

bucynsdT ‘ ‘
HaTpUA OH O

29



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

[MpucoeanHeHune ducynbdurta

30



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

[MpucoeanHeHune ducynbdurta

0
|
C

HCl/ 0 @/ SH + NaCl + H,0 + SO,
H O

]
C—S—ONa —
] i
. g
Na2CO3/H20) ©‘/ \H + Na,SO; + NaHCO;

SHl




KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuuu c MarHMVIOpFaHquCKMMM coeanHEeHNAMU

C,Hs;0C,H; 0-
R—Hal + Mg ——»R—MgHal

PEBKTUB [ PUHBLSPE

Peakuyusi I puHbsipa

NpuHbAp ®paHcya OrocT Buktop
(6.V.1871-13.XI11.1935)
(PpaHuuA)

HobGeneBckasa npemusa no xmmum, 1912 r.

S




KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuun ¢ marHmmopraHm4eckumMmm coeauHeHUsIMu

NEPBYMHLM VDT
ﬁ O—MgBr l
H,0
S+ CH3CH,MgBr — - CCH,CH3 —> CH,CH,CH; + Mg(OH)Br
e H H H

OH
dopmanbaevg 3TUAMarHnmbpoMnA MporaHos+1

33



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuun ¢ marHmmopraHm4eckumMmm coeauHeHUsIMu

UbLITVL, BTOpVMYHLM
- ampr
' '
(|)’ (|)—MgBr (|)H
H,O
CH;—C—H + C4HoMgBr —>CH;—C—H —>CH;-CH—C,4Hy + Mg(OH)Br
YKCYCHbIV HOY TV
anboerng MarHAMGPOMUL, C4Hyg reKkcaHo 2

34



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuun ¢ marHmmopraHm4eckumMmm coeauHeHUsIMu

TPETVMHLM
KETOH c'i"pr

ﬂ O—MgBr OH
H,O
C,Hs—C—CHj; + C3H7MgBr—>C2H5—(|3—CH3—2>C2H5—(|3—C3H7 + Mg(OH)Br

H-Nponwui-

OyTaHoH mMarHbpomma, CsHy CH3

3-METWIrekKcaHoN-3

o



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

B3anmogencreme ¢ aMMHamMm

CrabwmwmEaumn (BHYTPUMONEKY IAPHLIN

Hywmq:m NMEPEHOC MPOTOHA)
5.,.(/;0 ” (|) H+ OH
CH3_C\ als HZN_C2H5 —>CH3C_N_C2H5 _’CH3C_NHC2H5
H |
H H H
arbaerna, aMUH OUNONAPHBLIA NOH aMNHOCTINPT

HYKINEO®UIIbHOE NPUCOEAUHEHUE AN
36



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

B3anmogencreme ¢ aMMHamMm

H=S@s H

CH3;C—N—C,Hj54 —>» (CH;—CH=—=N—C,Hs + H»O

H 3aMeLLIeHHbIN UMUH
AMUHOCTINPT (ocHoBaHwe LLI ndxa)

OTLWUENNEHUE E

S



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

B3anmogencreme ¢ aMMHamMm

= e
C=0 + NH,OH —-5—> (—N—0H
4% e

'
R MMAPOKCNTaMUH OKCM

Anbpeng R'=H
KeToH R'+H

38



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

B3anmogencreme ¢ aMMHamMm

" "

C=0 + NHNH; —5—> C
R

—N—NH,
&t

!
R ' OPasnH rOpa30H

Anbpeng R'=H
KeToH R'+H

39



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

B3anmogencreme ¢ aMMHamMm

" "

/C:O + NHONHCgHj5 0,0 I: /C:N_NH_C6H5

!
R dreHmnnrnopasyH deHmnrnopasoH

Anbpeng R'=H
KeToH R'+H

40



KapboHuncogepxallime coeanHEHUS.

XnMmumyeckme cBoucTaa

BoccTaHoBeHue okcocoeanHeHUN

3 LiAIH,
5150
CH; (3 + H —»
H
anboerva rmapnn:

NOH

'CH3

H

H

C— O

U3 BOOblI

AJTIKOKCUO-UOH

E’ CH;CH,OH

CrMpT

41



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuuun okucneHus
AgzO S NH3 TR [Ag(NH3)2]+OH_

O O
Z ) Y
CHy=C_& 2[Ag(NH;),] 'OH —> CH;—C_ + Ag + 4NH; + 2H,0
OH

42



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

Peakuuun okucneHus

CuSO4 + 2NaOH —>Cu(OH), + NaySOy4
ruopokenamemm (1)

(rosnybon ocafok)
Y %
CH3—C\ + 2Cu(OH),— CH3—C\ + 2H,O + 2CuOH
H
OH rMapoKCua,
memm (1)
(>kenTbI 0CaOoK)
2CuOH —>»Cu,O + H»O
okcnAa
mem (1)
(KpacHbIV 43

OCa0K)



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

KeTo-eHONbHaaA Taytomepus

H O OH  PaBHoBee
| DG % MEX[ly KETO-
C—C — (—C 1 €HOJTbHO
a /" N\ dopvawn
KeTodopMa eHoJIbHas opMa

lMpouecc 8 komopom ocyujecmersisiemcsi nepexood kemogopmMsi 8
€HOJIbHYI0, Ha3bleaemcsi eHosiu3layueu.

44



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

KeTo-eHONbHaaA Taytomepus
©

\ /O \e
VN \

@ e Y.
(ﬁ Al OH
MEL/IEHHO_

Lo C \C_C/
J 2 PT -\

H EHOJT

45




KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

KeTo-eHONbHasa TaytTomepus
OTHOCuUTernbHbIE CKOPOCTU OOpa3oBaHUSA

Kapb6aHUOHOB
CoequHeHHe OTHoOCHUTe/IbHAsI CKOPOCTh
0
l 1
CH;CCH;
1.2x10?
CH;CCH,CI
1.6x10°
CH;CCHCl,
0O O
e 3l 3.6x10’
CH;CCH,CCHj,4
0O O ;
R 2.6x10° 45

CH;CCH,COCH,CH;




KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

KeTo-eHONbHaaA Taytomepus

10 o I
S
CH;—C—C—C—CHj3 ?SCH3_C_CH_C—CH3

=57

H aHWNOH 2,4-neHTaHanoHa
_OH

e f g<|>@ % 0

NG KE C
O AR i N

H H o

Hj

47




KapboHuncogepxallime coeanHEHUS.

Xnmudyeckme ¢

BONCTBA

CooTHOLLUEeHUe MexXxAy eHONbHbLIMU U KeTo-hopmamm

Coenunenue Crtpykrypa EHonbHas
9 dbopma, %
I
Auerton Yz Ok 0,00025
JnaneTni CH3;—C—C—CH; 2 0,0056
&
HuKJI0reKCaHoOH 0 0,020
| I
(H;—C—CH,—C—CHj
AleTIIalleTOH . 80
1,2-HMKJIOreKCAHAHIMOH C]i £ 48 100



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

CooTHOLLUEeHUe MexXxAy eHONbHbLIMU U KeTo-hopmamm

O O
= \,H

&= S

1, 2-UMKJIOrekCaHaMoH

49



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

CooTHOLLUEeHUe MexXxAy eHONbHbLIMU U KeTo-hopmamm

INalETN1

50



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

CooTHOLLUEeHUe MexXxAy eHONbHbLIMU U KeTo-hopmamm

H
O'/ \O BHYTPUMOIEKYISIPHAS]
‘ ‘ I BOJIOPOIHAs CBSA3b B
C C eHoJ1e aUETWIALIETOHa
2,4-NeHTaHaMoHe)
1 /AN (
CH3 C CH3

51



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

AnbaonbHasa KOHOeHcauusa

H ﬁ C|>H R O
36. H* v OH- //
JREgE (L P dehdt 2 0 R—(|ZH—CH =
R R R
H OHH
(- Nl - c//o OH/H,0 | }‘I %
L > = \H T > C C—C‘?—C\
H H H =
/1bA0Tb oL, B-HEHAChILLIEHHBIN

aNsgerna



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

AnbaonbHasa KOHOeHcauusa

v 7
az0. H " v OH- 74
2CH;CHO P > CH;—CH—CH,—C__
H
OH H
O O
7 OH/H,0 7
CH;— (S50 C\H . > CH3—HC:CH—C\H
H H 2—-ByTeHanb

2-OKCVbyTaHasTb (KPOTOHOBbLIV a/lbaerna)
aS1ba0 b 53



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

[MepekpecTHas anbAofibHasA KOHAEeHCcauus

AnbOosibHasi KOHOeHcauusi 08yx pa3/iuvYHbIX
aJibO0e2udoe Ha3blieaemcsi nepeKpecmHouU asibO0osIbHOU

KOHOeHcauueu

o4



KapboHuncogepxalimne coeanHeHus.
XUMMYecKmne cBouCTBa

O O

~ =

CH;— C<H g CH3CH2C<
H

aleTa/ibaar ng nponaHasb

lOH‘

OH 0 OH CH; ﬁ

CH3_CH—CH2—C—H Al CH3CH2 CH—CHz5C—H +

3-oKcnbyTaHas b 2-METW-3-OKCUMEHTaHa b

OH O OH (ﬁ

CH;—CH—CH—C—H + CH3CH,—CH—CH,—C—H

CH;

99
2-MeTUI3-0KcnbyTaHas b 3-OKCUNeHTaHasb



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

[MepekpecTHasa anbaonbHasg KOHAeHcauus

(|3H3 0 0O (|:H3 (|)H O
/ 2 /
CH;—C C\ + CH3—C\ —» CHj (|j CH CHz—C\ Tk
H
CLikas CH; .
2,2-MeTWINPONaHasib STaHasb 4,4- IMMETWT-3-OKCUNMEHTaHA b
CHj; 0O
//
—» CH3;—C—CH=—/CH—C
-H>O | \H
CHj;

4,4-nMmMeTninneHTeH-2-alb

o6



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

[MepekpecTHasa anbaonbHasg KOHAeHcauus

O i OH O N
O | | |
74 OH-
C6H5C\ + CH3;—C—CH; — |CsH;CH—CH,—C—CHj3;
H
OeH3anbaerna /
I
CcHsCH—CH—C—CH;3; + H,O
OeH3a/1baleToH

(4-peHnst 3-0yTeH-2-0H)
O/a



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuuna KaHHuuyuapo

beHzanbaerng, 6eH30aT Kanms 6eH31MNoBLIN CNPT

o8



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuuu c yyactuem yrneBogopoaHoro pagukana

I
0 0
=
CHy—CT 4+ —»1—C c<
H H
1

aLleTa/baern, NOD&b

Sk



KapboHuncogepxallime coeanHEHUS.
XUMMYecKmne cBouCTBa

Peakuuu c yyactuem yrneBogopoaHoro pagukana

O O

N H,S0 s
A ENO, B804, H + H0

60



