
Review of Keto-Enol Tautomerism and -
Substitution of Carbonyl GroupsSubstitution of Carbonyl Groups
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Malonic and Acetoacetic Ester Syntheses

Di-substitutions:
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Examples of Malonic and Acetoacetic Ester Synthesis 

Ph
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Attack by Enolates on the Carbonyl: Aldol Condensation

(catalytic amount)
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Dehydration of Aldols

Dehydration Drives a 
Ketone Condensation

A li ti f Ald l C d tiApplication of Aldol Condensation

H2/Pt H2/Pt
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Mixed Aldol Reactions
Synthetically not useful

useful mixed aldol reactions

CH2O   +    H3CCHO                HOCH2CH2CHO
OH-

OH-
2 CH2O CH2O

(HOCH2)3CCHO (HOCH2)4C   +  
  HCO2HOH-

Aldehydes without hydrogen OAldehydes without -hydrogen 
as nucleophile acceptors: CHO

O

+
OH- O

Homo-coupling can be minimized by slow addition.p g y

One of the substrates has much more acidic proton:
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Mixed Aldol Reactions
OH-

CH3CHO    + C

O

H3C CH3 C

O

CH2 CH3CH
OH

H3C

(realized by slow addition of acetaldehyde into acetone and base solution;(realized by slow addition of acetaldehyde into acetone and base solution; 
self-condensation of acetone is reversible and unfavorable) 

more acidic, less hinderedbulky, strong base

O
LDA

OLi OLi

+

O
H

H

THF 78 oC

less acidic, more 

major               minor
kinetic       thermodynamic
product product

THF, -78 oC

Use a stoichiometric 
amount of strong base to 
completely convert one of hinderedproduct             productcompletely convert one of 

the substrates into enolate.

strong bases: LDA, Ph3CNa, NaH, NaNH2, etc.

CH3CHO    +

OLi
O

LiO O
Li

O OOH
H3O+

(bulky)
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3

Mixed Aldol and Mannich Reaction

CH3CHO    + H2N CH3CH N
LDA

N C
H

NH2CC
H

H2C

N
LiO N

Li
O

CHO
H3O+

Li CHO∆

Aldehydes are protected before it is made into lithium salts; in the form of imine, y p ; ,
it is less reactive and not attacked by carboanion.

Mannich Reaction
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Mechanism and Application of Mannich Reaction

C
O

+ CH O + Me NH HCl

O via the more stable 
enol intermediateC +    CH2O   +   Me2NH  HCl CH2NMe2  HClCH

CH3

O O O

major
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C
+     CH2O    +    Me2NH  HCl

CH3

CH2N(CH3)2

CH3(H3C)2NH2C

major                                         minor

Claisen Condensation

Mechanism:Mechanism:

H3O+

aqueous work-up
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Deprotonation of keto-ester drives the equilibrium.

Retro- and Mixed Claisen Condensation

lacking an acidic H

not obtainedRetro-Claisen Condensation:

Mixed Claisen Condensations:

One of the substrates 
does not have -protons:

O O O
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H OCH2CH3

O

H3C OCH2CH3

O
+

EtONa
OCH2CH3

O
OHC

Formate: without -proton; more reactive, less hindered, better nucleophile acceptor

Mixed Claisen Condensation
t b l hilgood nucleophile

O
O

H
NaH

H OCH2CH3

O
+

O
O

H
EtONa

CO2Et
ONa

H

strong base, poor nucleophilegood nucleophile

H H CHOH

Oxlate: electron-
deficient, good 

nucleophile acceptornucleophile acceptor

Claisen reactions between a 
ketone and an ester; ketones 
are more acidic than esters

Acid halides and anhydries may 
also be nucleophile acceptors; 

such condensations are irreversible

19-12

O

R' X
O-

-H2C

O O

R'

O
X = Cl, Br, OCOR''



Intramolecular Aldol and Claisen Condensations

more compounds withOHC
CHO OH-

more compounds with 
acidic -protons

OHC
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Conjugate Carbonyl Addition: the Michael Addition

More Michael Addition Substrates
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The Stork Reaction and Robinson Annulation Reaction

Enamines are neutral, easily prepared and handled; more , y p p ;
importantly, monoketones can be made into enamines 
and undergo the Stork reaction, while enolates only from 
-dicarbonyl compounds work well for Michael addition.
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Enolation of Asymmetric Ketones
more acidic, less hinderedbulky, strong base

O
LDA

OLi OLi

+

O
H

H

major minor

THF, -78 oC

less acidic, more 
hindered

major               minor
kinetic       thermodynamic
product             product

O
Et3N

Me3SiCl

OTMS OTMS

+
PhCHO

TiCl4

O
Ti

O

Ph

O
Ti

O

Ph
H3O+

O OH

Phminor             major
th d ithermodynamic

product
Lewis acid
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Enamine Alkylation and Acylation

O

N
H

+
N

CH3

H
H N

CH3+steric interaction minor                    major

R X
N

CH3R
O

CH3R

R OR'

O
N

CH3R

O

H3O+

O
CH3R

O

N
CH3
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Acyl Anion Equivalents

19-18

pKa = 31.1

Thiazolium Salt Catalyze Aldehyde Coupling

pKa = 17-19 acidicpKa = 17-19,  acidic
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Benzoin Condensation

proton

electron deficient, electrophilic

proton 
shift

Umpolung or polarity inversion in organic chemistry is the chemical modification 
of a functional group with the aim of the reversal of polarity of that group. 
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Besides the above 3 examples, find another case of 
umpolung of carbon atom in our lecture notes. 


