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carbonyl compound acts as an electrophile
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ha OH=-iont hasznaltunk (hasznalhattunk), akkor ilyen reakciot is lattunk

enolate acts as a nucleophile
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aim to avoid an unwanted dimerization: the aldol reaction

nucleophilic g

enolate
repeat enolization R OH |R OH
‘) 0 0 and attac:k
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1 electrophilic unwanted |}c}lymer
0 carbonyl R

unwanted "aldol product”

mit tehetunk?

— az oxovegyluletet teljesen enolatta alakitjuk (ez nem mindig konny), majd alki-
lezink [két preparativ [épés]

— az oxovegyuletet részben enolatta alakitjuk, és a jelenlévd alkilez6szerrel azon-
nal tovabb reagaltatjuk (kdvetelmény: a bazis és az alkilez6szer ne reagaljon egy-
massal) [egy preparativ |€pés (one-pot reaction)]



step 1: formation of enolate anion step 2: alkylation (Sy2 reaction with alkyl halide)

1 strong base 1 1
R (complete formation R R
of anion)
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G(\ H weak base R t x,, R
B (anion in equilibrium with
starting material) alkyl halide




methyl

H3C—X

allyl benzyl
Jx "

alkylate very well

primary alkyls
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alkylate well

secondary alkyls
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alkylate slowly

tertiary alkyls

do not alkylate




nitrilek alkilezese
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alkyl halide

depmmnatmn alkylation ¢
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nitrile nitrile ‘enolate’ anion !
B new C—C bond

teljes deprotonalddas

példa a nem teljes deprotonalddasra

CN
//\\/Br
CN

NaOH
BnEt;N@C| © 84% yield
35 °C
a OH-ion és az alkil-bromid kulon fazisban van (igy nem reagalnak egymassal), és a kell6
mennyiségl OH--iont a fazistranszfer katalizator viszi at a vizes fazisbol a szerves fazisba




weak amine base
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nitroalkane nitro-stabilized anion

litium enolatok alkilezése (egy keton alkilezése)

”tlum enOIétOk SZintéZise depm‘tﬂna‘ti@n of a ketone
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az alkilezés alkylation of a ketone enolate
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litium enolatok szintézise
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az alkilezés

miért hasznalunk litium enolatot?

deprotonation of an ester
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THF Rq + i-ProNH
lithium enolate: two

geometries possible
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alkylation of an ester enolate

Li
DY
Me % OR,
Ry

azért, hogy minden molekulabél enolat képzédjék

@ Alkylation of ketones, esters, and carboxylic acids is best carried out using the

lithium enolates.



reactions which compete with aldehyde enolate formation
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N . | j aldol _Li

iF'r[ Qﬂ dEDFOtﬂﬂatIDﬂ__ self-condensation 0 0
f 78 °C H =
H THF H
Ry Ry
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lithium enolate

Ry 1 R

még —78°C-on is gyorsabb az aldol kondenzacid, mint a deprotonalddas

Clﬂ OLi
] addition - _
E NiPr- 78 o0 NiPro

1 Li THF 1

a direkt addicio is versenytars

@ Avoid using lithium enolates of aldehydes.
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» 1. R—X
cat H® 2. HED. H*
enamine

l / \ hydrolysis
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iminium enamine
@ Enamines can be used only with reactive alkylating agents. masként: az énaminok

gyengeén nukleofilek

® allylic halides
® benzyl halides
® o-halo carbonyl compounds



az altalanos reakcio

carbocation formed
from alkyl halide
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MesSiCl
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silyl enol ether

Sy 1 elektrofilre van szukség

egy konkrét példa

0 Me3SiCl, Et3N 0SiMe; E|>I\/ 0
DMF, reflux

TiClyg, |
CH5Cl;, 50 °C, 2.5 h 62% yield




aza-enolate furmatmn MgBr strong base

H2N azaenolateJ<
CHO
cat H+ CN
imine MgBr

acidic proton

az alkilezés

aza-enolate alkylation

J< BnCl % J< J< H® Hzﬂ
Z SN T 'i" \N X0
p!ﬂ o THF, 23 h reflux MgBr
¥
g - ph

azaenolate

S\2 elektrofilre van szikség



self-condensation a problem because of
aldehydes’ electrophilicity

not a stable species highly electrophilic /t\ highly nucleophilic

enol aldehyde enolate
base
R1 = R1 —> Ry -
wﬂl‘l Wﬂ \\f/ff\\o{:.}
secondary primary
amine, RaNH amine, RNH»
cat H' cat H*
Rlx\//\\ base
Ry x, -R2 Ry ©_-Rs
enamine mine aza-enolate
stable, weakly nucleophilic only weakly electrophilic highly nucleophilic

\;L/

self-condensation not a problem because of
imines’ low electrophilicity

Aza-enolates are the best general solution for alkylating aldehydes with most
electrophiles. With very Syj2-reactive alkylating agents, enamines can be used, and
with very Sy 1-reactive alkylating agents, silyl enol ethers must be used



® Specific enol equivalents for aldehydes and ketones

To summarize:

Lithium enolates can be used with Sy2-reactive electrophiles, but cannot be
made from aldehydes

Aza-enolates of aldehydes or ketones can be used with the same Sy2-reactive
electrophiles, but can be made from aldehydes

Enamines of aldehydes or ketones can be used with allylic, benzylic, or
o-halocarbonyl compounds

Silyl enol ethers of aldehydes or ketones can be used with Sy1-reactive (ter-
tiary, allylic or benzylic) alkyl halides



alkylation of a 1,3-dicarbonyl compound (or B-dicarbonyl compound)
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(SNH delocalized enolate Me Me
EtO pK; = 20:

pHz 10-15 not removed X

két konkrét példa
0 0 Et0- CO,Et
NaOEt, EtOH
EtO-» CO5Et '
C\/ = Et 7 Et =

diethyl malonate

Cl 61% yield

UJJ\/“\ NaOEt, EtDH Et0,
BuBr
ethyl acetoacetate

61% vield




decarboxylation of acetoacetate derivatives to give ketones

0

MeO, NaOH, H0  ©g,c HCI, heat ketone
- - * product

R hydrolysis of ester R R
i HEJ T tautomerize

H
0
nij(?j\ heat C.-"/ OH
0 =
enol of ketone

decarboxylation of malonate derivatives to give carboxylic acids

0 0 0
MeO, NaOH, H,0  Sp,c HCI, heat oo
xylic
OMe UEJ OH acid product
hydrolysis of ester
l H® tautomerize
H
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0 OH = “SOH
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carboxylic acid
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kinetikai termék



® Regioselective formation of enolates from ketones

¢ 0 ¢
base base
Ri_ = -<«—— Ry — = Ry
thermodynamic enolate H H kinetic enolate

Thermodynamic enolates are: Kinetic enolates are:
® more substituted ® |ess substituted
® more stable ® |ess stable
® favoured by excess ketone, high e favoured by strong, hindered base,

temperature, long reaction time low temperature, short reaction time
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