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Enamine
This process is

reversible adding H2o
drives it to the left ketone

and taking H2O away drives

it to the right enamine
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HEH

Major
Contributor

Minor
Contributor

YI.fi 1
An en amine is A smaller i.e less

a mini me of reactive version of

an enolate an enolate a C

is a nucleophile



































































E Ii

EEE.EE






































Michael

Robinson

Iverson





































0



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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Nucleophiles 
react here via 
conjugate 
addition


































































Initial Products

Michael Reaction
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2) Mild

(Chemist opens flask 
and adds a mild acid)
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Tephile

take a

proton
away

G

make
a

bond

0
β α Adffon

β α

Enol

Take a
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proton





































































Overall Balanced Equation

t.EE n

Ney

Nuc Rz
α

KRE A nucleophile Nuc makes a

new C C bond at the

β carbon of a carbonyl

Nucleophiles β dicarbonyl
enamine or amine

Michael CHECH
E z

Acceptor z H alkyl OR NHR

aldehyde ketone ester amide
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Examples

Nucleophile 19 1 1.0 equivalent
NaOEt

in
Michael

Racemic





































































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

carbonyl carbon

C o is a strongerMotive Products bond than EC

Nuc CH2 CH2 E zvs.CH
Nuc

Opportunity Intermediates

Nuc CH CHÉÉz

I HECH End
Nuc citz z

Enolate No charge delocalization
or pi way

a.EEEI
delocalization and
a pi way
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Robinson Annulation Part 1 - Michael Reaction Steps
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Take a

pr.atay
Make a
bond

This step is
catalytic in 8H

a

Add a
proton
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Robinson Annulation Part 2 - Aldol and Dehydration Steps

O H

OH H

Heat

Aldol Reaction Product

Michael Reaction Product

Spontaneous 
dehydration - multiple steps

You are not responsible for 
these

Final Products
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H Clt
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From the first sheet Make a

catalytic in bondAldo

4

Add a

proton

Dehydration

1855

New C C

bond





































































This is the only Robinson annulation
reaction you will see on exams

cH tic

LIE s

1 MichaelReaction Racemic
2 Aldol Reaction
3 Dehydration

w
AKA Dream Team
of reactions that

happen in a cascade

ÉÉÉ E
The Robinson annulation can be

used to assemble complex
molecules like this steroid


