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A
ddition to 

A
ddition to 

a,b
a,b
a,b
a,b
a,b
a,b
a,b
a,b

- -unsaturated C
arbonyls

unsaturated C
arbonyls

W
hen the carbonyl group is conjugated w

ith an 
alkene, the tw

o groups can act in tandem
 to 

expand synthetic utility.
a,b
a,b
a,b
a,b

-unsaturated carbonyl
com

pounds can exhibit 
properties of both the carbonyl and alkene group:
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• •
M

ichael reaction:
M

ichael reaction:the nucleophilic addition 
of an enolate anion to an a

,b-unsaturated 
carbonyl com

pound (1,4 addition)
–

E
xam

ple:
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t
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+
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ton
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D
ie
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yl

p
rop

an
e

d
io

ate
(D

ie
th

yl m
alo

n
ate

) M
ichael R

eaction
M

ichael R
eaction

-

F
or uses of M

V
K

 and its derivatives see: J.A
. C

olapret&
 P

.T
. B

uonora, 
E

ncyclopedia of R
eagents F

or O
rganic S

ynthesis, 1995,V
ol5, 3637-3644.
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E
xam

ple:

–
the double bond of an a

,b-unsaturated 
carbonyl com

pound is activated
for 

nucleophilic attack:
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t
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M
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eaction
M

ichael R
eaction
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•
M

echanism
S

tep 1:proton transfer to the base

S
tep 2:addition of N

u: -to the b
carbon of the 

a
,b-unsaturated carbonyl com

pound
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+
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S
tep 3:proton transfer to H

B
 gives an enol

S
tep 4:tautom

erism
 of the less stable enol form

 
to the m

ore stable keto
form
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A
 final note about nucleophilic addition to 

a
,b-unsaturated carbonyl com

pounds:
�

resonance-stabilized enolate anions 
and enam

ines are w
eak nucleophiles

, 

�
react slow

ly w
ith a

,b-unsaturated 
carbonyl com

pounds
�

give 1,4-addition products

M
ichael R

eaction
M

ichael R
eaction
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R
etrosynthesis of 2,6

R
etrosynthesis of 2,6

- -H
eptadione

H
eptadione
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M
V

K
 is the reagent to add a 2-oxobutyl side chain

H
3 C
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2

C O

C
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–
enam

ines also participate in M
ichael reactions

N
1

. C
H

2
=

C
H

C
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2
. H

2
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l

O
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H
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C
l -

+
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P
y

rro
lid

in
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 e
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in

e
o
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xan
o

n
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m
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M
ichael

M
ichael- -A

ldol
A

ldol
in C
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bination:

in C
om

bination:
T

he R
obinson R

ing 
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obinson R
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A

nnulation
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nnulation

�
�

�
�

��

�
�

�
��

�
� �

�
�

�

�����
� �

��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�

����
��

��

M
ichael

M
ichael- -A
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in C
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bination:
T
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obinson R
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T
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obinson R
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nulation

+

E
thyl 2-oxocyclohex-
anecarboxylate

3-B
uten-2-one

(M
ethyl vinyl
ketone)

1
.

N
a

O
E
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(M
ichael reaction)

2
.

N
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G
ilm

an R
eagents

G
ilm

an reagents undergo conjugate addition
to a

,b-unsaturated aldehydes and ketones 
in a reaction closely related to the M

ichael 
reaction:

O

1
.  (C

H
3 )

2 C
uLi, 

e
th

e
r, -78°C

2
.  H

2 O
, H

C
l

O

3-M
e

th
y

l-2-
cy
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h

e
xe

n
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n
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h
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3
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G
ilm

an R
eagents

G
ilm

an reagents are unique am
ong 

organom
etallic

com
pounds in that they 

give alm
ost exclusively 1,4-addition

–
other organom

etallic
com

pounds, including 
G

rignard reagents, add to the carbonyl carbon 
by 1,2-addition

C
H

2
C

uLi
2

E
t2 O

, -78
o

O

C
H

3

O

C
H

3

1)

2)
H

C
l, H

2 O
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organolithium
 and G

rignard reagents, 
on the other hand, are strong 
nucleophiles

(bases), add rapidly to 
carbonyl groups, and give prim

arily 
1,2-addition:

P
hLi

O
O

-Li +
P

h
H

2
O

H
C

l

O
H

P
h

4-M
e

th
y
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n
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y
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n
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P
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y
l-
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1,2 A
ddition

1,2 A
ddition
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T
herm

odynam
ic versus kinetic control

T
herm

odynam
ic versus kinetic control
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u
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T
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O
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T
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E
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M
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D
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N
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P
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ined by relative rates

P
roducts determ

ined by relative stabilities
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C
onjugated 

C
onjugated 
S

ystem
s

S
ystem

s
(O

m
it 20.3)

(O
m

it 20.3)
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from
 heats of hydrogenation-relative stabilities of 

conjugated vs
unconjugated dienes

can be studied:

DDD DH
0

-237 (-56.5)
1,3-B

u
tad

ie
n

e

-126 (-30.1)

-127 (-30.3)

kJ (kcal)/m
ol

N
am

e

1-P
e

n
te

n
e

1-B
u

te
n

e

tran
s-1,3-P

e
n

tad
ie

n
e

1,4-P
e

n
tad

ie
n

e

tra
ns-2-B

u
te

n
e

-115 (-27.6)

cis-2-B
u

te
n

e
-120 (-28.6)

-226 (-54.1)

-254 (-60.8)

S
tru

ctu
ral

F
orm

u
la

C
onjugated 

C
onjugated 

D
ienes

D
ienes

conjugated
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conjugation of the double bonds in 
1,3-butadiene gives an extra stability of 

approxim
ately 17 kJ (4.1 kcal)/m

ol

2
H

2
+

cataly
st

DDD DH
0=

 2(-127 kJ/m
o

l) 

         =
 -254 kJ/m

o
l)

2
2

2
H

2
+

DDD DH
0 =

 -237 kJ/m
o

l
cataly

st

C
onjugated 

C
onjugated 

D
ienes

D
ienes
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–
system

s containing conjugated double bonds, 
not just those of dienes, are m

ore stable than 
those containing unconjugated double bonds

3-C
ycloh

e
xe

n
o

n
e

(le
ss s

tab
le

)
2-C

y
clo

h
e

xe
n

o
n

e
(m

o
re

 s
tab

le
)

O
O

C
onjugated S

ystem
s

C
onjugated S

ystem
s

M
ost significant are a,b

-unsaturated carbonyl 
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ddition

K
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ddition
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M
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1,2 vs vs
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S
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A
 T

w
o S

tep M
echanism

:
A

 T
w

o S
tep M

echanism
:

D
 

D
 D 

D
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 is (-)
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e.g. an S
n1 M

echanism
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•
A

ddition of 1 m
ol of H

B
r to butadiene at     

-78°C
 gives a m

ixture of tw
o constitutional 

isom
ers:

–
these products can be explained by the 
follow

ing tw
o-step m

echanism

1-B
rom

o-2-butene
10%

(1,4-addition)

-78°C

+

+

3-B
rom

o-1-butene
90%

(1,2-addition)

C
H

2
=

C
H

-C
H

=
C

H
2

H
B

r

C
H

2
=

C
H

-C
H

-C
H

2
C

H
2

-C
H

=
C

H
-C

H
2

1,3-B
utadiene

H
H

B
r

B
r

1,2  
1,2  vs vs

1,4
1,4

- -A
ddition

A
ddition


