
Chapter 16



During a condensation reaction, a small molecule is 
eliminated from the initial adduct. 



Condensations of enolate anions with 
aldehydes

Condensations can be carried out using ketones
(G=alkyl; Claisen-Schmidt condensation), esters 
(G=OR; Knoevenagel condensation), or mixed 
anhydrides (G=OCOR; Perkin condensation)



Claisen-Schmidt and Knoevenagel
condensations

Claisen-Schmidt reaction: 
ketone enolate nucleophile, 
aldehyde electrophile

Knoevenagel condensation: 
cyanoacetate ester enolate
nucleophile, aldehyde
electrophile

Knoevenagel condensation: 
nitroalkane enolate
nucleophile, aldehyde
electrophile



Darzens condensation

Alkoxide anion generated by 
addition to the aldehyde is 
trapped by the alkyl halide as 
an intramolecular electrophile

The E(O) enolate of the 
haloester reacts through a 
chelated transition state to give 
the cis-2,3-diphenyl-oxirane: 
the alkyl group of the aldehyde
ends up trans to the carbonyl 
group.



Asymmetric Darzens condensation

Using a chiral phase transfer catalyst and 
lithium hydroxide as the base in a non-polar 
ether solvent allows the enantiomerically
enriched epoxide to be formed.
Note how the alkyl group of the aldehyde
again ends up trans to the carbonyl group in 
this reaction



Aza-Darzens condensation
Addition of a diazoester to an imine
constitutes a formal nitrogen analog of 
the Darzens condensation.
The reaction may proceed by either of 
two mechanisms depending on the 
exact reaction conditions.



Corey-Chaykovsky reaction
Sulfur ylides add to 
carbonyl and imine
groups to give three-
membered
heterocycles.
Addition of sulfonium
ylides to ketones and 
aldehydes gives 
epoxides.
Addition of 
sulfoxonium ylides to 
a,b-unsaturated 
ketones gives 
cyclopropyl ketones



Stobbe condensation

The Stobbe condensation involves the addition of the enolate
of a succinate ester to an aldehyde or ketone. The product of 
the reaction is a half-ester, where the ester is conjugated, and 
the carboxylic acid is not.



Figure 16.1

The course of 
the Stobbe
condensation



Reaction synopsis: Claisen-Schmidt 
reaction



Reaction synopsis: Knoevenagel
condensation



Reaction synopsis: Perkin 
condensation



Reaction synopsis: Darzens
condensation



Reaction synopsis: Corey-
Chaykovsky reaction



Reaction synopsis: Stobbe
condensation



Figure 16.2

The path of 
the Claisen
condensation



Crossed Claisen condensation: A

• b-ketoester A is the homocoupling product of ester 16.38
• b-ketoester D is the homocoupling product of ester 16.39
• b-ketoesters C and D lack an acidic hydrogen between the two carbonyl 

groups, so these condensation reactions are easily reversed
• b-ketoester B is the heterocoupling product of the two esters, and it has 

the acidic hydrogen between the carbonyl groups. This product is favored 
with long reaction times



Crossed Claisen condensation: B

• the esters in red 
have no acidic a
hydrogens, so 
none of them can 
form an enolate
anion
• the product of 
the crossed 
Claisen
condensation is 
the only one 
obtained in these 
reactions



Dieckmann and Thorpe-Ziegler 
condensations

• The intramolecular
variant of the Claisen
condensation is known 
as the Dieckmann
condensation. The 
rpoduct is a cyclic b-
ketoester

• The nitrile analog of the 
Dieckmann
condensation is known 
as the Thorpe-Ziegler 
condensation. The 
product is a b-amino-a,
b-unsaturated nitrile



Decarboxylation of b-ketoacids

• b-ketoacids are 
susceptible to 
decarboxylation under 
conditions of acid 
hydrolysis

• the Krapcho
decarboxylation
involves SN2 attack of 
chloride anion on the 
methyl group of a 
methyl ester, and 
decarboxylation of the 
revealed b-ketoacid



Reaction synopsis: Claisen
condensation



Reaction synopsis: Dieckmann
condensation



Reaction synopsis: Thorpe-Ziegler 
condensation



Reaction synopsis: Decarboxylation



Figure 16.3

The models of the C—X 
bond in heteroatom-
stabilized carbanions.  
The resonance 
description of the 
bonding is shown below 
the orbital diagram.



Figure 16.4

Rationalizing the stereochemistry of the 
concerted mechanism for the Wittig reaction



Tandem reaction of phosphorus ylide

In step 1, the ylide acts as a carbon nucleophile to effect the SN2 displacement of 
bromide anion, giving a new phosphonium salt
In step 2, the new phosphonium ion is deprotonated to a new phosphonium ylide
In step 3, the Wittig reaction is carried out



Representative Wittig reactions with 
unstabilized phosphonium ylides

Note the Z
stereochemistry in 
the new alkene
double bonds



Wittig reactions with stabilized 
phosphonium ylides

Stabilized phosphonium ylides preferentially 
form E alkenes



Figure 16.5

The possible 
outcomes of 
the Schlosser 
modification of 
the Wittig 
reaction



Representative Schlosser modifications 
of the Wittig reaction

Trapping of the oxidophosphorane with a halogen or an electrophile
larger than formaldehyde leads to the E alkene.
[The oxidophosphorane may have the structure of the conjugate base 
of the oxaphosphetane]



Figure 16.6

The computational 
model of an 
oxaphosphetane
conjugate base



Representative Horner-Wadsworth-
Emmons reactions

The E isomer 
is the major 
product, or 
the only 
product of the 
reaction



Seyferth-Gilbert homologation

Reaction converts an aldehyde into an alkyne
The carbon skeleton is extended by one carbon



The Bestmann modification of the 
Seyferth-Gilbert homologation

Figure 16.7

The reaction path 
of the Bestmann
modification of 
the Seyferth-
Gilbert 
homologation (in 
highlight box)



Corey-Fuchs homologation

Step 1 of this sequence is the Corey-Fuchs reaction. 
Treatment of the resulting vinylidene dibromide gives a 
vinylidene carbene that rearranges to the alkyne.



Reaction synopsis: Wittig reaction



Reaction synopsis: Horner-
Wadsworth-Emmons (HWE) reaction



Reaction synopsis: Schlosser 
modification of the Wittig reaction



Reaction synopsis: Seyferth-Gilbert 
homologation



Reaction synopsis: Corey-Fuchs 
homologation 



Peterson olefination

• a two-step process involving sequential addition to the carbonyl group and 
elimination to give the alkene

• initial adduct will fragment under either acidic or basic conditions
• stereochemistry of fragmentation of the same adduct changes when the 

reaction is carried out under acidic, rather than basic conditions



Figure 16.8

Mechanism 
of the Julia-
Kocieński
reaction



Julia-Kocieński reaction

the reaction is especially compatible with 
functional groups sensitive to reduction



Ramberg-Bäcklund reaction

• first step of the reaction is a nucleophilic ring closure to give the thiirane
dioxide

• suprafacial extrusion of SO2 from the thiirane dioxide gives the alkene



Figure 16.9

Olefination with methylenetitanocene reagents



Representative olefinations with 
Tebbe reagent

The reagent reacts with esters to give enol ethers



Olefination with the Lombardo 
reagent

• reagent tolerates sensitive functionality
• unhindered aldehydes tend to give pinacols as 

products instead of the alkene
• best used with ketones and hindered aldehydes



Reaction synopsis: Peterson 
olefination



Reaction synopsis: Julia-Lythgoe
olefination



Reaction synopsis: Julia-Kocieńsky
Olefination



Reaction synopsis: Ramberg-
Bäcklund reaction



Reaction synopses: Tebbe, Petasis, 
and Lombardo olefinations



Michael-initiated ring closures (MIRC)

• leaving group 
is in the 
Michael 
acceptor in 
this reaction

• leaving group 
is in the 
initiating 
nucleophile in 
this reaction



Figure 16.10

The mechanism of the Robinson annelation (annulation) 



Robinson annelations in steroid 
synthesis



Figure 16.11

The mechanism of the Morita-Baylis-Hillman reaction



Asymmetric Morita-Baylis-Hillman 
reaction

• In this reaction, the chiral catalyst derived from 
the quinine skeleton gives the R allylic alcohol in 
high enantiomeric excess 



MBH-initiated cyclization



Benzoin condensation

reaction is catalyzed by cyanide anion and by NHCs



Intramolecular benzoin
condensation catalyzed by an NHC

• the triazolium ion reacts with the triethylamine to 
generate the N-heterocyclic carbene catalyst



Reaction synopsis: Robinson 
annelation (annulation)



Reaction synopsis: Morita-Baylis-
Hillman reaction



Reaction synopsis: Benzoin
condensation


