Reacoes de Enols e Enolatos

Reacao de Mannich, Condensacao de Claisen e
Sintese dos Esteres Malonico e Acetoacetico
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Relembrando...

Typical bond strengths (kJ mol') in

@) OH
keto and enol forms
Bond mwbond Sum
toH
—
; keto form 440 720 1160
(C=H) (C=0)

enol form 500 620 1120

> 99.99% <0.01% (0-H) (C=0)
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10-30% 70-90%
O OH

<0.01% > 99.99%




Relembrando...

Consequencias:

(0] 0@ enolate anion o
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a-protonation leads back H—[;C‘) Y-protonation leads on
to unconjugated ketone to conjugated ketone
H_
(o) (o) (o) (0] (0] (o)
)S,,’/U\OEt ~ /IK%\OEt ~ )%OEt

Me H Me H Me

S-enantiomer of keto-ester planar, achiral enol R-enantiomer of keto-ester




Relembrando...

MECHANISM 22.1 ACID-CATALYZED TAUTOMERIZATION

Proton transfer Proton transfer
" i "W /H @ _H H H
H H H
IO = I = o 2=
The carbonyl group The cationic
is protonated to form Resonance-stabilized cation intermediate
a resonance-stabilized cation is deprotonated
to give the enol
MECHANISM 22.2 BASE-CATALYZED TAUTOMERIZATION
=) . es oFl

o S {o} 2O | Py G :0

s d, - L =2 X

Resonance-stabilized anion

The « position The anionic intermediate

is deprotonated to form is protonated
a resonance-stabilized anion to give the enol




Relembrando...

A escolha da base:




Relembrando...

A escolha da base:




Relembrando...
MECHANISM 22.4 ALDOL ADDITION

Proton transfer Nucleophilic attack Proton transfer

J e kfj\ M . J T

The a position The enolate serves The resulting alkoxide
is deprotonated to as a nucleophile and ion is protonated to
form an enolate attacks an aldehyde give the product

@)
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NaOH, H,O
- NaOH, H,O
H H —
(25%) (75%)

(80%) (20%)




Relembrando...

MECHANISM 22.6 ALDOL CONDENSATION

PART 1: ALDOL ADDITION

Proton transfer Nucleophilic attack Proton transfer
.‘O‘.

P I
P NP
H X H 5 ki H & H

The a position The enolate serves The resulting alkoxide
is deprotonated to as a nucleophile and ion is protonated
form an enolate attacks an aldehyde

PART 2: ELIMINATION OF H,O

Loss of a

Proton transfer i
leaving group

‘0" :OH . ‘0" :OH

..O..
H)%/K 8 H

H The a position Hydroxide is ejected
is deprotonated to to afford the product
form an enolate




Relembrando...
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Relembrando...

OH (o)
I (0] 0]
¢ )J\ " NaOH H H
H H H H
Formaldehyde
(no a protons)
i HO H O |
Hk _NaOH _ H
~ Heat
L Not isolated ]
(o)
20 o o \)L
)k LDA’ )k M \)UJ\
H H

® Successful crossed aldol reactions
For this kind of crossed aldol reaction to work well we must have two conditions:

e One partner only must be capable of enolization.

* The other partner must be incapable of enolization and be more electrophilic than the
enolizable partner. | |




Relembrando...

Carbonyl substituents that block enolization

Substituent Typical compounds Comments
9 needs special methods: see
most electrophilic H )]\ Mannich reaction
H H
(o)
CF,, CCly )]\ made by halogenation of
' clL,c” >cCl; enols (Chapter 20)
(o)
t-alkyl )]\ many other t-alkyl groups
t-Bu H
o .
alkenyl nucleophile may attack alkene:
Ph/\ H see Chapter 25
o . .
anyl )J\ many other aromatic rings,
Ph H e.g. heterocycles

(o)
OR )J\ )]\ formate esters and carbonates

least electrophilic NR, this is DMF: other amides
unreactive




Formaldeido — o problema

crossed aldol reaction between acetaldehyde and formaldehyde
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H
gi attack on most Haldo
onIy possible H H electrophilic
enolate carbonyl group

OH O

I\/U\

first f d HO :
irst forme
aldol H
HOé\H ﬁ HO
second aldol third aldol
reduction by the Cannizzaro reaction

OH 0° OH

) mo Mo\ |/
H H \ > HO I H ——— \
H HO
o HO OH

d|an|on formed by attack of

hydroxide on formaldehyde: O 0© pentaerythritol

see box for details formate ion




Reacao de Mannich
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1. alkylate amine to give ammonium salt 2. treat with base: ellmmatlon gives enone
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Condensacao de Claisen

o) O o)
)k 1) NaOEt J\/U\
—+>
EtO 2) H;0 EtO
(75%)
Nucleophilic attack Loss of a

Proton transfer Proton transfer

leaving group

.’o’.
A R R 5 G
J w2 g /e —
RO RO i - = o + ROH
X) S RO GBR RO :
** The carbonyl

The a The enolate serves The «a position
position is as a nucleophile group is is deprotonated
deprotonated and attacks an ester, re-formed by to form a doubly
to form an ester forming a tetrahedral ejecting an stabilized enolate
enolate intermediate alkoxide ion
H
.O.

M




Condensacao de Claisen

A escolha da base:

O
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/—\@:QH » S e .
.o — sH ~H + RO — ..o + ROH
R™ TOR R7¢| * R™ 0. R™ ~O:
= JOR =




Condensacao de Claisen Cruzada
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Condensacao de Claisen Intramolecular:
Ciclizacao de Dieckmann
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EtO_¢ 1) NaOEt
1 , 1
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(80%)

Nucleophilic O
site

C o

OEt

( |" Electrophilic
o)

site




Desafio!

Preveja o produto formado:

CH,CO,Et
1) NaOEt
2) HO0*

CH,CO,Et

Resposta: 0
P OEt

CH,COEt 1) NaOEt
L -
2) H;0*

CH,CO,Et




Relembrando...
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Kinetic enolate
(less substituted)

Thermodynamic enolate
(more substituted)

o o . R .
R o 1) LDA, -78°C 1) NaH, 25°C
Free
energy + Base R Kinetic l 2) RX 2) RX l

(G) enolate
O
o R

R Thermodynamic
enolate

Reaction coordinate




Sintese do Ester Malénico
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Diethyl malonate
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Sintese do Ester Malénico
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Sintese do Ester Malénico

o)

31 1
1) NaOEt, EtOH OH
EtO OFt 2) ‘/\-

3) H;0™, heat

@) @) 1) NaOEt
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Sintese do Ester Acetoacético
0O O O

Ethyl acetoacetate
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Sintese do Ester Acetoacético
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Desafio!

Mostre como vocé usaria a sintese do éster acetoacético para preparar o

seguinte composto:
o

Resposta:

v

o 1) NaOEt
/U\)L 2) EtlI
H,C i N I/Y OFt 3) NaOEt
i 2) Iﬁ/

5) H;0", heat




