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Im
ides

Im
ides

•
T

he functional group of an im
ide

im
ide

is 
tw

o acyl groups bonded to nitrogen
–

both succinim
ide and phthalim

ide are 
cyclic im

ides

P
h

th
alim

id
e

S
u

ccin
im

id
e

N
H

N
H

O
OO

O
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•
A

m
ides

are com
parable in acidity to alcohols

–
w

ater-insoluble am
ides do not react w

ith N
aO

H
 or 

other alkali m
etal hydroxides to form

 w
ater-soluble 

salts

•
S

ulfonam
ides and im

ides are m
ore acidic than 

am
ides

C
H

3
C

N
H

2

O

O OS
N

H
2

N
H

OO

N
H

OO

p
K

a
 8.3

p
K

a
 9.7

p
K

a  10
P

h
th

alim
id

e
S

u
ccin

im
id

e
B

e
n

ze
n

e
su

lfo
n

am
id

e
A

ce
tam

id
e

p
K

a
 15-17

A
cidity of N

A
cidity of N

- -H
 bonds

H
 bonds
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Im
ides

are m
ore acidic than am

ides because: 
1. the electron-w

ithdraw
ing inductive of the tw

o 
adjacent C

=
O

 groups w
eakens the N

-H
  bond, 

and
2. the im

ide anion is stabilized by resonance 
delocalization of the negative charge

O ON
N OO

A
 reso

n
an

ce-stab
ilized

 an
ion

N OO

A
cidity of N

A
cidity of N

- -H
 bonds

H
 bonds
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–
im

ides such as phthalim
ide

readily dissolve 
in aqueous N

aO
H

 as w
ater-soluble salts

(stronger 
acid)

(w
eaker

acid)
(w

eaker
base)

(stronger
base)

pK
a

15.7
pK

a
8.3

+
+

O ON
H

N
-

N
a

+

OO

N
a

O
H

H
2

O

A
cidity of N

A
cidity of N

- -H
 bonds

H
 bonds

T
his property is used to render 

pharm
aceutical agents w

ater soluble:
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T
halidom

ide-sedative, hypnotic 

B
arbituric

A
cid 

1.
S

edative w
as used in pregnant w

om
en

from
 1956~

1962 in E
urope/A

frica
1.

N
ever approved in U

S
2.

C
aused birth defects (teratogen)

3.
Later found use in leprosy treatm

ent

A
cidity of this H

 is used to
M

ake the derivatives soluble
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H
N

N

C
H

2

C
H

3
H

3 C
H

3 C

O
O

S
 N

a

H
N

N
H

C
H

2
H

3 C

O
O

O

S
odium

 P
entothal®

-S
odium

 thiopental

A
nticonvulsant, hypnotic, anxiolytic

P
henobarbital

B
arbituric

A
cid 
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• •
N

ucleophilic acyl substitution:
N

ucleophilic acyl substitution:
an 

addition-elim
ination sequence resulting in 

substitution of one nucleophile for another

T
e

trah
e

d
ral carb

o
n

y
l

ad
d

itio
n

 in
te

rm
e

d
iate

-

+
+

C
N

u
R

C
Y

R
C

N
u

R

O

Y

O
O

:N
u

-
:Y

-

S
u

b
s

titu
tion

    p
ro

d
u

ct

:

C
haracteristic R

eactions
C

haracteristic R
eactions
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–
in the general reaction, the leaving 
group, as an anion, illustrates an 
im

portant point: 
–

the w
eaker the base, the better the 

leaving group

R
2 N

-
R

O
-

O

R
C

O
-

X
-

In
cre

asin
g b

asicity

In
cre

asin
g le

av
in

g
 ab

ility

C
haracteristic R

eactions
C

haracteristic R
eactions
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R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

A
cid C

hlorides
A

cid C
hlorides

–
low

-m
olecular-w

eight acid chlorides 
react rapidly w

ith w
ater 

–
higher m

olecular-w
eight acid chlorides 

are less soluble in w
ater and react less 

readily

C
H

3
C

C
l

O
H

2
O

C
H

3
C

O
H

O
H

C
l

+
+

A
ce

ty
l ch

lo
rid

e

H
ydrolysis-bond breaking using w

ater
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R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

A
nhydrides

A
nhydrides

–
low

-m
olecular-w

eight acid anhydrides 
react readily w

ith w
ater to give tw

o 
m

olecules of carboxylic acid
–

higher-m
olecular-w

eight acid anhydrides 
also react w

ith w
ater, but less readily

C
H

3
C

O
C

C
H

3

O
O

H
2

O
C

H
3

C
O

H
O

H
O

C
C

H
3

O
+

+

A
ce

tic an
h

y
d

rid
e
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S
tep 1:

addition of H
2 O

 to give a T
C

A
I

O

C
H

3 -C
-O

-C
-C

H
3

H

H O
-H

OO
H

H

C
H

3 -C
-O

-C
-C

H
3

H

H O
-H

C
H

3 -C
-O

-C
-C

H
3

O O
HH

H
-O

-H
H

+
+

+

T
e

trah
e

d
ral carb

o
n

yl
ad

d
itio

n
 in

te
rm

e
d

iate

+

O
O

O

��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�

����
��

��

S
tep 2:protonation follow

ed collapse of 
the T

C
A

I

O

C
H

3
-C

-O
-C

-C
H

3

O

H
OH

H
+

O
H

H

C
H

3
C OO

O
C O

C
H

3

H

H
OH

H
+

C
H

3
C

O

OO

C
C

H
3

O
HH

HH

H
+

H

+
O
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R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

E
sters

E
sters

•
E

sters are hydrolyzed only slow
ly, even in 

boiling w
ater

–
hydrolysis becom

es m
ore rapid if they are heated w

ith 
either aqueous acid or base

•
H

ydrolysis in aqueous acid is the reverse of 
F

ischer esterification
–

the role of the acid catalyst is to protonate the 
carbonyl oxygen and increase its electrophilic 
character tow

ard attack by w
ater (a w

eak nucleophile) 
to form

 a tetrahedral carbonyl addition interm
ediate

–
collapse of this interm

ediate gives the carboxylic acid 
and alcohol
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• •
A

cid
A

cid
- -catalyzed ester hydrolysis
catalyzed ester hydrolysis

R
O

C
H

3

C O
H

2 O
H

+
O

H
C

R
O

C
H

3 O
H

H
+

R
O

H
C O

C
H

3 O
H

+
+

 T
e

trah
e

d
ral carb

o
n

y
l

ad
d

itio
n

 in
term

ed
iate

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

E
sters

E
sters
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R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

E
sters

E
sters

•
E

sters are hydrolyzed only slow
ly, even in 

boiling w
ater

–
hydrolysis becom

es m
ore rapid if they are heated w

ith 
either aqueous acid or base

•
H

ydrolysis in aqueous acid is the reverse of 
F

ischer esterification
–

the role of the acid catalyst is to protonate the 
carbonyl oxygen and increase its electrophilic 
character tow

ard attack by w
ater (a w

eak nucleophile) 
to form

 a tetrahedral carbonyl addition interm
ediate

–
collapse of this interm

ediate gives the carboxylic acid 
and alcohol
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• •
A

cid
A

cid
- -catalyzed ester hydrolysis
catalyzed ester hydrolysis

R
O

C
H

3

C O
H

2 O
H

+
O

H
C

R
O

C
H

3 O
H

H
+

R
O

H
C O

C
H

3 O
H

+
+

 T
e

trah
e

d
ral carb

o
n

y
l

ad
d

itio
n

 in
term

ed
iate

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

E
sters

E
sters
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•
H

ydrolysis of an esters in aqueous base is often 
called saponification

saponification
–

each m
ole of ester hydrolyzed requires 1 m

ole of 
base

–
for this reason, ester hydrolysis in aqueous base is 
said to be base prom

oted

–
hydrolysis of an ester in aqueous base involves 
form

ation of a tetrahedral carbonyl addition 
interm

ediate follow
ed by its collapse and proton 

transfer

O

R
C

O
C

H
3

N
aO

H
H

2
O

O

R
C

O
- N

a
+

C
H

3
O

H
+

+

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

E
sters

E
sters
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–
S

tep 1:attack of hydroxide ion (a nucleophile) 
on the carbonyl carbon (an electrophile)

–
S

tep 2:collapse of the T
C

A
I

–
S

tep 3:proton transfer to the alkoxide ion; this 
step is irreversible

and drives saponification 
to com

pletion

R
-C

-O
C

H
3

O

O
H

R
-C OO

H

O
C

H
3

R
-C OO

H

O
C

H
3

R
-C OO

H
O

C
H

3

(1
)

+
(2

)
(3

)
+

+

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

E
sters

E
sters
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H
ydrolysis of an am

ide in aqueous acid
H

ydrolysis of an am
ide in aqueous acid

requires 1 m
ole of acid per m

ole of am
ide

–
reaction is driven to com

pletion by the acid-
base reaction betw

een the am
ine or am

m
onia 

and the acid

2-P
henylbutanoic acid

2-P
henylbutanam

ide

+
+

+
heat

H
2

O
H

C
l

H
2

O
N

H
4

+
 C

l -

P
h

N
H

2

O

P
h

O
H

O

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

A
m

ides
A

m
ides
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S
tep1:protonation of the carbonyl oxygen 
gives a resonance-stabilized cation 
interm

ediate:

R
C O

N
H

2
O

H
H

H

OC
N

H
2

R

H
OC

N
H

2
R

H

C O

N
H

2
R

H

H
2 O

R
eso

n
an

ce-stab
ilized

 catio
n

 in
term

ed
iate +

+

+
+

+
+

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

A
m

ides
A

m
ides
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+
+

OH

H
C O

H

N
H

2
R

O
H

H

C O
H

N
H

3
+

R

O

+
C O

H

N
H

2
R

H

p
ro

to
n

 
tran

sfe
r fro

m
 O

 to
 N

S
tep 2:addition of w

ater (a nucleophile) 
to the carbonyl carbon (an electrophile) 
follow

ed by proton transfer gives a 
T

C
A

I:

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

A
m

ides
A

m
ides
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S
tep 3:collapse of the T

C
A

I and proton 
transfer:

R
CO

H

C
O

H
R

N
H

3

H

C O

N
H

3
+

R

O
H

N
H

4
+

+
+

O
+

O
H

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

A
m

ides
A

m
ides
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H
ydrolysis of an am

ide in aqueous base
H

ydrolysis of an am
ide in aqueous base

requires 1 m
ole of base per m

ole of am
ide

–
reaction is driven to com

pletion by the 
irreversible form

ation of the carboxylate salt

C
H

3
C

N
H

O

N
a

O
H

H
2

O
C

H
3 C

O
-N

a
+

O
H

2
NA
n

ilin
e

S
o

d
iu

m
ace

tate
N

-P
h

e
n

yle
th

an
am

id
e

(N
-P

h
e

n
ylace

tam
id

e
,

       A
ce

tan
ilid

e
)

+
+

h
ea

t

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

A
m

ides
A

m
ides
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–
hydrolysis of nitriles is a valuable route to 
carboxylic acids

C
H

3 (C
H

2 )
8 C

H
2 C

l
K

C
N

C
H

3 (C
H

2 )
9 C

N
H

2 S
O

4 , H
2 O

C
H

3 (C
H

2 )
9 C

O
H

O

 U
n

d
e

cane
n

itrile
h

e
at

U
n

d
e

can
o

ic acid
1-C

h
lorod

e
can

e
e

th
an

ol,
  w

ater

C
H

O
H

C
N

, K
C

N
C

N

O
H

H
2

S
O

4
, H

2
O

C
O

O
H

O
H

he
a

t

B
e

n
zald

e
h

yd
e

B
e

n
zald

e
h

y
d

e
 cy

an
o

h
y

d
rin

(M
an

d
e

lo
n

itrile
)

(race
m

ic)

2-H
y

d
ro

xyp
h

e
n

y
lace

tic acid
(M

an
d

e
lic acid

)
(race

m
ic)

e
th

an
o

l,
w

ate
r

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

N
itriles

N
itriles

*
*
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•
T

he cyano group is hydrolyzed
in aqueous acid

to a carboxyl group and am
m

onium
 ion

–
protonation of the cyano nitrogen gives a cation that 
reacts w

ith w
ater to give an im

idic acid
–

keto-enol tautom
erism

 gives the am
ide:

P
h

C
H

2
C

N
2

H
2

O
H

2
S

O
4

H
2

O
P

h
C

H
2

C
O

H

O

N
H

4
+

H
S

O
4

-

   A
m

m
o

n
iu

m
h

y
d

rog
e

n
 s

u
lfate

P
h

e
n

y
lace

tic
acid

P
h

e
n

y
lace

to
n

itrile

+
he

at
+

+

R
-C

N
H

2
O

H
+

N
H

O
H

R
-C

R
-C

-N
H

2

O

    A
n

 im
id

ic acid
(e

n
ol o

f an
 am

id
e

)

+

A
n

 am
id

e

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

N
itriles

N
itriles

C
an stop at the am

ide if: 1 m
ol H

2 O
 and cat H

2 S
O

4
is used.
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N
ote: In excess aqueous acid-

the am
ide 

continues to undergo hydrolysis to give 
the carboxylic acid:

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

N
itriles

N
itriles

R
-C

N
H

2
O

H
+

N
H

O
H

R
-C

R
-C

-N
H

2

O

    A
n

 im
id

ic acid
(e

n
ol o

f an
 am

id
e

)

+

A
n

 am
id

e

H
2

O
H

+
O

H
R

-C
-N

H
2

O

+
A

n
am

ide
DDD D

R
-C

-

O

C
arboxylic A

cid

N
H

4 +
+
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–
hydrolysis of a cyano group in aqueous base 
gives a carboxylic anion and am

m
onia; 

acidification converts the carboxylic anion to 
the carboxylic acid

C
H

3
(C

H
2

)
9

C
N

N
aO

H
, H

2 O

O

C
H

3
(C

H
2

)
9

C
O

H

C
H

3
(C

H
2 )9

C
O

-N
a

+
O

H
C

l
H

2 O

N
aC

l

N
H

3

N
H

4 C
l

S
od

iu
m

 un
d

e
can

o
ate

 U
n

d
e

can
e

n
itrile

+
h

e
at

U
n

d
ecan

o
ic acid

+
+

R
eaction w

ith H
R

eaction w
ith H

2 2 O
 

O
 - -

N
itriles

N
itriles
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•
A

cid halides react w
ith alcohols to give 

esters
–

acid halides are so reactive tow
ard even 

w
eak nucleophiles such as alcohols that no 

catalyst is necessary
–

w
here the alcohol or resulting ester is 

sensitive to H
C

l, reaction is carried out in the 
presence of a 3°am

ine to neutralize the acid

 B
u

tan
o

y
l

ch
lo

rid
e

C
y

clo
h

e
xy

l b
u

tan
oate

+

C
y

clo
h

e
xan

ol

H
O

H
C

l
C

l

O

+
O

O

R
eaction w

ith A
lcohols

R
eaction w

ith A
lcohols
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•
A

cid anhydrides react w
ith alcohols

to give one 
m

ole of ester and one m
ole of carboxylic acid

–
cyclic anhydrides react w

ith alcohols to give one ester 
group and one carboxyl group

(s
e

c-B
u

tyl h
yd

ro
ge

n
p

h
th

alate

2-B
u

tan
ol

(se
c-B

u
ty

l alco
h

o
l)

+

P
h

th
alic

an
h

yd
rid

e O OO

OO
H

H
O

OO

R
eaction w

ith A
lcohols

R
eaction w

ith A
lcohols

C
H

3
C

O
C

C
H

3

O
H

O
C

H
2

C
H

3
C

H
3

C
O

C
H

2
C

H
3

O
C

H
3

C
O

H
O

A
ce

tic acid
E

th
y

l ace
tate

E
th

an
o

l
A

ce
tic an

h
y

d
rid

e
+

+

O
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–
aspirin is synthesized by treating salicylic acid 
w

ith acetic anhydride

A
cetylsalicylic acid

(A
spirin)

2-H
ydroxybenzoic 

acid
(S

alicylic acid)

+

+

A
cetic acid

A
cetic

anhydride

C
H

3
C

O
H

C
H

3
C

O
C

C
H

3

O
O

C
O

O
H

C
H

3

O

O
H

C
O

O
H

O
O

U
se in P

ractice
U

se in P
ractice
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H
O

N
C

H
3

H
O O

O

N
C

H
3

O O

O

H
3 CH

3 C

O

H
3 C

O

C
l

H
3 C

O

O
C

H
3

O

M
orphine

D
iacetyl-m

orphine
(H

eroin)

B
oth A

cid anhydrides or acid chlorides can be 
used as acylating

agents:

U
se in P

ractice
U

se in P
ractice
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•
E

sters react w
ith alcohols

in the presence 
of an acid catalyst in an equilibrium

 
reaction called transesterification

transesterification

B
utyl propenoate
(B

utyl acrylate)
(bp

147°C
)

1-B
utanol

(bp
117°C

)
M

ethyl propenoate
(M

ethyl acrylate)
(bp

81°C
)

+

+
H

C
l

C
H

3
O

H
M

ethanol
(bp

65°C
)

O
C

H
3

O

H
O

O

O

R
eaction w

ith A
lcohols

R
eaction w

ith A
lcohols
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A
cid halides

react w
ith am

m
onia, 1°am

ines, 
and 2°am

ines to form
 am

ides
–

2 m
oles of the am

ine are required per m
ole of 

acid chloride

C
l

O

2
N

H
3

N
H

2

O

N
H

4
+

C
l -

+
+

H
e

xan
o

y
l

ch
lo

rid
e

A
m

m
on

ia
H

e
xan

am
id

e
A

m
m

on
iu

m
ch

lo
rid

e

R
eaction w

ith A
m

m
onia

R
eaction w

ith A
m

m
onia
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A
cid anhydrides

react w
ith am

m
onia, 

and 1°and 2°am
ines to form

 am
ides

–
2 m

oles of am
m

onia or am
ine are 

required

C
H

3 C
O

C
C

H
3

O
O

2
N

H
3

C
H

3 C
N

H
2

O
C

H
3 C

O
-N

H
4

+
O

+
+

A
ce

tic
an

h
yd

rid
e

A
m

m
on

ia
A

ce
tam

id
e

A
m

m
on

iu
m

ace
tate

R
eaction w

ith A
m

m
onia

R
eaction w

ith A
m

m
onia
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•
E

sters
react w

ith am
m

onia, and 1°and 2°
am

ines to form
 am

ides
–

esters are less reactive than either acid 
halides or acid anhydrides

•
A

m
ides do not react w

ith am
m

onia, or 1°
or 2°am

ines

P
h

O
E

t

O

N
H

3
P

h
N

H
2

O

E
tO

H

P
h

e
n

y
lace

tam
id

e
E

th
yl p

h
e

n
y

lace
tate +

+

E
th

an
o

l

R
eaction w

ith A
m

m
onia

R
eaction w

ith A
m

m
onia
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A
cid chlorides react w

ith salts
of carboxylic 

acids to give anhydrides 
–

m
ost com

m
only used are sodium

 or 
potassium

 salts

+

A
cetyl 

chloride
S

odium
 benzoate

A
cetic benzoic
anhydride

+
C

H
3

C
C

l
-O

C
C

H
3

C
O

C
N

a
+

C
l 

-
N

a
+

O
O

O
O

A
cid C

hlorides w
ith S

alts
A

cid C
hlorides w

ith S
alts
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Interconversions
Interconversions
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–
treating a form

ic ester w
ith 2 m

oles 
of G

rignard
reagent follow

ed by 
hydrolysis in aqueous acid gives a 
2°alcohol 

H
C

O
C

H
3

O
2

R
M

gX
H

2
O

, H
C

l
H

C
-R

R O
H

C
H

3 O
H

+
m

agn
e

siu
m

 
   alko

xid
e

       salt
A

 2° alco
h

o
l

A
n

 e
ste

r of
form

ic acid

+

R
eactions w

ith G
rignard R

eagents
R

eactions w
ith G

rignard R
eagents
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–
treating other esters w

ith a G
rignard 

reagentfollow
ed by hydrolysis in 

aqueous acid gives a 3°alcohol

C
H

3
C

O
C

H
3

O
2

R
M

g
X

H
2

O
, H

C
l

C
H

3
C

-R
R O

H
C

H
3 O

H
m

ag
n

e
siu

m
 

   alk
oxid

e
       salt

+

A
 3° alco

h
o

l
  A

n
 e

ste
r o

f an
y acid

other th
an

 fo
rm

ic acid

+

R
eactions w

ith G
rignard R

eagents
R

eactions w
ith G

rignard R
eagents

��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�
��������	
����
�

��
�

����
��

��

1. addition of 1 m
ole of R

M
gX

 to the carbonyl 
carbon gives a T

C
A

I
2. collapse of the T

C
A

I  gives a ketone (an 
aldehyde from

 a form
ic ester)

O

C
H

3
-C

-O
C

H
3

R
M

g
X

OR

O
C

H
3

C
H

3
-C

[M
gX

]
+

C
H

3
-CR O

C
H

3
O

 -[M
g

X
]

+

1

1

+

-

+

A
 m

ag
n

e
siu

m
 s

alt
(a te

trah
e

d
ral carb

o
n

y
l

ad
d

itio
n

 in
te

rm
e

d
iate

)

A
 ke

to
n

e

2

2

R
eactions w

ith G
rignard R

eagents
R

eactions w
ith G

rignard R
eagents
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3. reaction of the ketone w
ith a 2nd m

ole of 
R

M
gX

 gives a second T
C

A
I

4. treatm
ent w

ith aqueous acid gives the 
alcohol

C
H

3
-C OR

R
M

gX
C

H
3

-C
-R

R O
 - [M

gX
]

+H
2

O
, H

C
l

C
H

3
-C

-R

R O
H

M
ag

n
e

siu
m

 salt
A

 k
e

ton
e

+

A
 3° alco

h
o

l

3
3

(4)

R
eactions w

ith G
rignard R

eagents
R

eactions w
ith G

rignard R
eagents
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O
rganolithium

 com
pounds are even m

ore 
pow

erful nucleophiles than G
rignard 

reagents
–

they  react w
ith esters to give the sam

e types 
of 2°and 3°alcohols as do G

rignard reagents
–

and often in higher yields

R
C

O
C

H
3

1
. 2

R
'L

i

2
. H

2
O

, H
C

l
R

-C
-R

'

O

R
'

O
H

+
C

H
3

O
H

R
eactions w

ith 
R

eactions w
ith 

O
rganolithium

O
rganolithium
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A
cid chlorides at -78°C

 react w
ith G

ilm
an 

reagents to give ketones
–

under these conditions, the T
C

A
I is stable, and it 

is not until acid hydrolysis that the ketone is 
liberated

1
.

(C
H

3 )
2 C

u
L

i,
eth

er,-78°C

2
.

H
2 O

P
entanoylchloride

2-H
exanone

C
l

O
O

R
eactions w

ith 
R

eactions w
ith 

O
rganocuprate

O
rganocuprate

R
eagents

R
eagents

T
his is analgous

to G
ilm

an coupling w
ith alkyl halides.
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–
G

ilm
an reagents react only w

ith acid 
chlorides

–
they do not react w

ith acid anhydrides, 
esters, am

ides, or nitriles under these 
conditions

1
.  (C

H
3

)
2

C
u

L
i, e

th
e

r, -78°C

2
.  H

2
O

O

H
3 C

O
C

l

O

O

H
3 C

O
O

R
eactions w

ith 
R

eactions w
ith 

O
rganocuprate

O
rganocuprate

R
eagents

R
eagents
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R
eduction 

R
eduction 

- -
E

sters by LiA
lH

E
sters by LiA

lH
4 4

M
ost reductions of carbonyl com

pounds now
 

use hydride reducing agents
–

esters are reduced by LiA
lH

4
to tw

o alcohols
–

the alcohol derived from
 the carbonyl group is 

prim
ary

M
ethanol

2-P
henyl-1-

propanol
M

ethyl 2-phenyl-
propanoate

+
1

.
L

iA
lH

4
,

e
th

e
r

2
.

H
2

O
,

H
C

l

C
H

3 O
H

P
h

O
C

H
3

O
P

h
O
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•
R

eduction occurs in three steps plus w
orkup

–
S

teps 1 and 2
reduce the ester to an aldehyde

–
S

tep 3
reduction of the aldehyde follow

ed by w
ork up 

gives a 1°alcohol

A
 te

trah
e

d
ral carb

on
yl

ad
d

ition
 in

term
ed

iate

(1
)

R
C

O
R

'

O

+
H

R
C

O
R

'

OH
R

CH O
(2

)
O

R
'

+

A
 1° alco

h
o

l

R
CH O

+
H

(3)
R

C
H

OH

(4)
R

C
H

O
H

H

R
eduction 

R
eduction 

- -
E

sters by LiA
lH

E
sters by LiA

lH
4 4
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R
eduction 

R
eduction 

- -
E

sters &
 N

aB
H

E
sters &

 N
aB

H
4 4

•
N

aB
H

4
does not norm

ally reduce esters, 
but it does reduce aldehydes and ketones

•
S

elective reduction
is often possible by the 

proper choice of reducing agents and 
experim

ental conditions

O
E

t

O
O

N
aB

H
4

E
tO

H
O

E
t

O
H

O

(race
m

ic)
*
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R
eduction 

R
eduction 

- -
E

sters by D
IB

A
lH

E
sters by D

IB
A

lH

•
D

iisobutylalum
inum

 hydride (D
IB

A
lH

) at -78°C
 

selectively reduces an ester to an aldehyde
–

at -78°C
, the T

C
A

I does not collapse and it is not until 
hydrolysis in aqueous acid that the carbonyl group of 
the aldehyde is liberated

H
exanal

M
ethyl hexanoate

+

1
.  D

IB
A

L
H

, 
to

lu
e

n
e

, -78°C

2
.  H

2
O

, H
C

l

C
H

3
O

H

O
C

H
3

O

H

O
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R
eduction 

R
eduction 

- -
A

m
ides by LiA

lH
A

m
ides by LiA

lH
4 4

•
LiA

lH
4

reduction of an am
ide

gives a 1°, 
2°, or 3°am

ine, depending on the degree 
of substitution of the am

ide

N
H

2

O
1

.  LiA
lH

4
2

.  H
2

O

1
.  LiA

lH
4

2
.  H

2
O

N
M

e
2

O
N

M
e

2

N
H

2

O
ctan

am
id

e
1-O

ctan
am

in
e

N
,N

-D
im

e
th

y
lb

e
n

zam
id

e
N

,N
-D

im
e

th
ylb

e
n

zylam
in

e
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•
T

he  m
echanism

 is divided into 4 steps
–

S
tep 1:transfer of a hydride ion to the 

carbonyl carbon
–

S
tep 2:a Lew

is acid-base reaction and 
form

ation of an oxygen-alum
inum

 bond

R
C

N
H

2

O

+
H

A
lH

3
R

C
N

H
2

OH
A

lH
3

(1)
R

C
N

H
2

OH

(2)
A

lH
3

+

R
eduction 

R
eduction 

- -
A

m
ides by LiA

lH
4

A
m

ides by LiA
lH

4
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–
S

tep 3:redistribution of electrons and ejection 
of H

3 A
lO

-gives an im
inium

 ion
–

S
tep 4:transfer of a second hydride ion to the 

im
inium

 ion com
pletes the reduction to the 

am
ine

R
C

N

OH

A
lH

3H
H

H

R
C

N
H

H
H

R
-C

H
2 -N

H
2

A
n

 im
in

iu
m

 ion

(3)
(4)

A
 1° am

in
e

R
eduction 

R
eduction 

- -
A

m
ides by LiA

lH
A

m
ides by LiA

lH
4 4
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R
eduction 

R
eduction 

- -
N

itriles by LiA
lH

N
itriles by LiA

lH
4 4

•
T

he cyano group of a nitrile is reduced
by 

LiA
lH

4
to a 1°am

ine

6-O
ctenenitrile

6-O
cten-1-am

ine

C
H

3
C

H
=

C
H

(
C

H
2

)
4

C
1

.  L
iA

lH
4

2
.  H

2
O

C
H

3
C

H
=

C
H

(C
H

2 )
4

C
H

2
N

H
2

N
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