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Conjugate	Addition	
	

	

 	
	
	

	
	
A)	Alkenes	adjacent	to	a	carbonyl	are	conjugated	and	are	therefore	electrophilic. 

B)	These	species	are	called	a,b	unsaturated	carbonyl	compounds.	

C)	a,b	unsaturated	carbonyl	compounds	are	conjugated,	in	that	the	pi	electrons	of	the	C=C	
and	C=O	bonds	can	delocalize	over	all	four	atoms.	This	lends	some	degree	of	extra	
stabilization	to	these	species,	because	pi	electrons	prefer	to	delocalize.	

D)	Nucleophiles	can,	however,	react	at	the	b	carbon	atom	in	a	process	called	conjugate	
addition.	

E)	Conjugate	addition	is	favorable	because	the	intermediate	formed	is	a	resonance	
stabilized	enolate,	thus	relatively	low	energy. 
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Initial Products

Michael Reaction
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2) Mild

(Chemist opens flask 
and adds a mild acid)

OH

H

H

H

e

p
it

t

I H H

It I

H H






































































































































Baggara

Mmmmm mamm

mmm
oooo

mmhg






































































































































Overall Balanced Equation
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Examples

Nucleophile
1 t.org ivalent

NaOEt

on

Michael Mild






































































































































Why is conjugate addition
reaction at C C favored
over reaction at the

carbonyl carbon

Motive Products

Nuc CH2 CH2 E zvs.CH it cInc

Opportunity Intermediates

Nuc Cha CH z

I H2CHÉÉI
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Robinson Annulation Part 1 - Michael Reaction Steps
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Robinson Annulation Part 2 - Aldol and Dehydration Steps

O H
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Heat

Aldol Reaction Product

Michael Reaction Product

Spontaneous 
dehydration - multiple steps

You are not responsible for 
these
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This is the only Robinson annulation
reaction you will see on exams
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The wicked strong base that

changes things
Li

it HIT1

Lithium Diisopropylamide PKa 40

LDA H LDA






































































































































Aldehydes

R 1 I LDA r Ein H LDA
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Initial Products

Claisen Condensation
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No chiral centers in this case

Final Products
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(Chemist opens flask 
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Aldol with
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Take a
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Mechanism B

CH
Break a

bond
a E P
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This is a much more stable anion

compared to ocH3 providing a

strongdriving force motive for
the Claisen condensation reaction






































































































































What if we use 0.5 equivalents
of LDA with an ester

H on LDA HEY on H LDA

a E off
2 HCl H2O

Mona
H dE cf E.in



What if we use 1.0 equivalent
of LDA with an ester

H Ic E on LDA H fI on H LDA

2 Br

f SNZ

or



What if we use 1.0 equivalent
of with an ester

E on HEFE on to

a E off
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Overall Reaction

H tfE ont.am on ton
1 0 equivalent

1 equivalent
0.5 equivalents equivalents
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comes from comes from is left over

first step second step from originalformation loss of n
of the leaving group

that
enolate from ester was not

see mechanism used
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Carboxylic acids

Ketones
Carboxylic esters

Aldehydes

β-Keto esters

β-Hydroxy aldehydes

α,β-Unsaturated aldehydes

β-Diketone

α,β-Unsaturated, nitriles, 
ketones, or esters

β-Diester

β-Substituted 
aldehydes, 
nitriles, ketones, 
or esters

Substituted ketone

β-Ketoaldehyde

Substituted aldehyde

Acid Chlorides
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