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 [lpucoeamHeHme No KpaTHOWU CBA3U
P A P 16. EHOHbI 1 eHanNu

0 NaCN,HCN NC OH 0 NaCN, HCN
5-10 °C 80 °C
Me = Me = Me = :
IR: 3600 (broad), 2250, 1650 IR: 2250, 1715
no absorption near 1700 no absorption at 3600
0 1. BuMgBr 1. BuMgBr, 1% CucCl

OH
- H20 X)\ J\)\ e :
Me 7 :

[R: 3600 (broad), 1640
no absorptlon near 1700




 [lpncoeanHeHmne No KpaTHOWM CBA3N
P A P 16. EHOHbLI 1 eHanNu
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 [lpucoeamHeHme No KpaTHOWU CBA3U
P A P 16. EHOHbI 1 eHanNu
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16. EHOHbLI U eHanu
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* [lpucoeanHeHne No KpaTHOM CBA3MN:
anokcuaupoBaHue

16. EHOHbLI U eHanu
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16. EHOHbLI U eHanu
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Peakuunsa Muxaansa (1883) |m

Peakuunsa Muxaansa n ee poaCTBEHHUKU
MecTo peakumn Munxaanga B psgy npoueccos npmucoegnHeHus/
3amMeLLeHnNsa anekTpodPunbHbIX ankeHoB
*MexaHun3m
*Pa3Hoobpa3sne oCHOBaHMI 1 HYKneogunos
*CTepeoxnmms
*TaHOeMHble peakuun
*KynpaTtbl Kak Hykneounbl
*Peakunsa PobunHcoHa
[lpumeHeHune
«ConpsikeHHOEe 3aMelleHne

*HutpoMunxaanb



Peakuunsa Muxaansa (1883) |m

Katanusnpyemoe ocHoBaHuem, obpamumoe,
npucoeanHeHne HYKNeoduroB K 3aNeKTPoPUrbHbIM
ankeHam. UJ1IN: ankunnpoBaHue eHONATOB
akuentopamu Muxaans.
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Peakuua Muxaanga (1883)

16. EHOHbLI U eHanu

H  CO,Et

CO,Et
product 0 0
emerges —&--- 0 - Starting material
here H enters here
1 2
proton R?
exchange
CO,Et CO,Et CO,Et
catalytic base N 8) catalytic @0 _
H cycle
2 R2 Rl R2
stabilized enolate of reagent enolate of product

enters here

conjugate
0 addition
Michael acceptor___ 5 Y\
Rl



* Peakuusa Muxaans (1883)

16. EHOHbLI U eHanu

CO,Et COLEE H

0 09 . CO,Et
/ )\/COZEt
2 1 H

pK 20-25 pK, 10-15 oK, 20-25 PKa 10-15
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16. EHOHbI 1 eHanu
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PRCH)CHCN + HiO=CHCN —— PhCH,CCH;CH,CN 1003
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Ph 55-60% Ph
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Peakuna Muxaanga: npumepebl

16. EHOHbI 1 eHanu
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* Peakuna Mnxaans: 16. EHOHbI 1 eHanun
CTEPEOXMUS .

OLi* O'I'i(O-:-Pr)3

/J\/ Ti(O-1-Pr)s
CH — )\/CH
R N 3 R N 3

anti o

R enclate  R' R* amticsyn  yield (%)

Et Z t-Bu Ph 95:5 69
Ph Z Me Ph >97:3 70
Ph Z -Bu Ph >02:8 85
i-Pr VA t-Bu Ph >97:3 65
i-Pr E t-Bu Ph 17:83 91




TaHOeMHble peakuun

16. EHOHbLI U eHanu

direct addition ® R
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» Kynpartbl Kak Hykneowunbl

16. EHOHbI 1 eHanu

O * Me,CuLi —= O 9%
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16. EHOHbLI U eHanu

alkylation from less
oLi hindered face 0
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1947
SIR ROBERT ROBINSON for his
investigations on plant products
of biological importance,
especially the alkaloids.

1886-1975



Peakuna PobuHcoHa

16. EHOHbLI U eHanu

the Robinson annelation

product of conjugate addition

product of intramolecular aldol

: 0 0
methyl vinyl 0
ketone Me Me Me
f
+ — - — -
0 0 )
A A

enolizable group

enolizable group



cnonb3oBaHue
npncoegmnHeHus

16. EHOHbLI U eHanu

H
[ OEt  Michael
Enz—® addition zgl
enzyme (e.g. DNA > Enz” @

OEt S OEt
—_— Enz/
polymerase)

ethyl acrylate

Michael acceptor inactivated enzyme
glutathione SH
0
c\/\J\ H

HO, ! . N\/GDEH
= H
NH,

glutamic acid cysteine glycine

detoxification of carcinogens by glutathione

o

glutathione : i \TID)
/i N/ /4

R SH
carcinogen inactivated carcinogen

cannot do conjugate addition



Vicnonb3oBaHue 16. EHOHbI U eHanu
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16. EHOHbI 1 eHanu

@Ji EtsN R
O N
0
H Ho, R ,) \L o R i
R
A @
— S Etg‘NJ >
S = =
M M M
OH OH OH
The organic product is a 1,4-diketone and the thiazolium ylid is released to continue N{;\S
with another cycle of the reaction. Like thiamine, the thiazolium ylid is catalyst. Processes ’ /Ij/
e
OH

like this, which copy nature, are called biomimetic.



ConpsikeHHoe 3aMelleHne

16. EHOHbLI U eHanu

cl MeO” X 100% yield

MexaHuns3m ,EI,BYXCTﬂJJMI?IHbIVI: npucoeanHeHue-oTuiensrieHune

NH- |
c 0 O/ 7w o
o M e HNM 98% yield



e ConpsxeHHoe 3amelleHune
P - 16. EHOHbI 1 eHanNu

NR, O
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ConpsikeHHoe 3amMmelleHne

16. EHOHbLI U eHanu

Tun ankena

Mpumepsbi

Peakuuns

HeHacblweHHble KapHoHWNbHbIE
coeaVHeHus

Nu

ConpsaxxeHHoe NPUCoeanHEH e

HeHacblweHHble HUTPWNbI U HUTPO-
aliKeHbl

NuG} ﬁ’)

N
R/\\<‘/®\OG)

ConpsxeHHoe NnpucoeanHeHne

EHOHbBI 1 T. N. C yxogaLWmMmMK rpynnamm
B8 3-nonoxeHun

NUQ} O:)

ConpsxeHHoe 3ameleHne

M'yaHuaWHbI, aMUAWHBI U HUTPOan-
KeHbl, UMeoLL e XopoLuve yxoasuue
rpynnbl B B-nonoxeHnu

ConpsxeHHoe 3ameleHne

BeH3onbHble KONbUa C 3NeKTPOHOakK-
UenTOPHbIMW 3aMecTUTENAMM N yXoan-
wumu rpynnamm

HykneodunbHoe apomatuyeckoe 3ame-
LWEHWE: MEXaHW3M NPUCOEAVHEHUA—3/U-
MWHUPOBaH WA



ConpsikeHHoe 3aMelleHne

16. EHOHbLI U eHanu

ApunbHble KaTUOHbI

%
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S

Nu@

HykneodunbHoe apomaTuyeckoe 3ame-
LeHue: MexaHn3m Sy 1

[ervgpobeHson

HykneodunbHoe apomaTuyeckoe 3ame-
weHne: MexaHm3sm sNMMNHNPOBaHUA—
NPUCOeAVHEHUA

ANNunbHbIE ranoreHnabl v COXKHble
3GUpPbl aNNUNbHBIX CNUPTOB

HykneodunbHoe 3amewteHume (5,2 nS,2°)

EHONATLI M 3KBVMBaNEHTbl EHONATOB Kak
Hykneodunbl

ConpsiXeHHoe NnpucoeanHeHe




 [lpuncoeanHeHne HUTPOAaIKaHOB
P A P 16. EHOHbLI 1 eHanNu

R'\/"b R X

Y :

R/\ NO, 3 > OZNY\/Y + OZNYK/Y
ase

R R
anti syn
Y = CO5Et, C(O)RS, CN, S(O)Ph, SO,Ph, etc.
base = RO, F, R3N, R3P, tetramethylguanidine (TMG), DBU, etc.

Otkpeita Kohler E. P. B 1916 1. (JACS, 38, 889, (1916))



[MToncoeanHeHmne HUTPoOakaHOB
P A P 16. EHOHbLI 1 eHanNu

X
- f

NH.

R' R’
—  + RCHNO, I\X
X

X= COR, CO,R, CN,
SOsR, etc.



nngbl cepsl

16. EHOHbI 1 eHanu

0 Ph O 0 ® O 0
MEESVCN MEES CHE
©
Ph - P Ph = P Ph
stabilized unstabilized
CN sulfur ylid sulfur ylic
91% yield, mixture 79% yield
of diastereocisomers
0 II o Me
Me” | “@Hz @ o
Me”  “CH,
- =
sulfoxonium ylid sulfonium ylid
89% yield

1% yield carvone



