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Textbook Assignment: Chapter 16 Cont’d

Homework (for credit): POW 6 posted

Today’s Topics: Additions to carbonyls-acidic a-hydrogens
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Office Hrs: T & Th 9:30-11 and 1-2

��������	
����
�

��
���������	
����
�

��
���������	
����
�

��
���������	
����
�

��
�

��� �

AldehydesAldehydes

And And 

KetonesKetones
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• Tetrahydropyranyl (THP) protecting group

– the THP group is an acetal and, therefore, 
stable to neutral and basic solutions, and to 
most oxidizing and reducting agents

– it is removed by acid-catalyzed hydrolysis

RCH2 OH +
OO RCH2 O

Dihydropyran A tetrahydropyranyl
ether

H+

THP group

AcetalsAcetals as Protecting Groupsas Protecting Groups
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Addition of Nitrogen NucleophilesAddition of Nitrogen Nucleophiles

• Ammonia, 1°aliphatic amines, and 1°aromatic 
amines react with the C=O group of aldehydes 
and ketones to give iminesimines (Schiff bases)

• Water is removed by Dean-Stark trap or 
chemical dehydration (e.g. molecular sieves)

CH3 CH H2 N H+
CH3 CH=N H2 O+ +

Acetaldehyde Aniline     An imine
(a Schiff base)

O

An imine
(a Schiff base)

AmmoniaCyclohexanone

++ NH3 H2 OO NH
H+
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Addition of Nitrogen Addition of Nitrogen NucleophilesNucleophiles
Formation of an imine occurs in two steps

Step 1: carbonyl addition followed by proton 
transfer

Step 2: loss of H2O and proton transfer to solvent

C

O

H2N-R

H

H

C

O:-

N-R
O

H

N-R

H

C+
+

O H

H

H H
C

O
H

N-R N-R
H

C

O
HH

O
H

H

C N-R OH

H

H  An imine

+

+

+
+

+
+ H2 O
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– a value of imines is that the carbon-nitrogen 
double bond can be reduced to a carbon-
nitrogen single bond

+

Dicyclohexylamine

Cyclohexanone

(An imine)

Cyclohexylamine

O

N N

H

-H2 O

H2 / Ni

H+

H2N

Does not have to isolated

Addition of Nitrogen Addition of Nitrogen NucleophilesNucleophiles
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Addition of Nitrogen Addition of Nitrogen NucleophilesNucleophiles

• Secondary amines react with the C=O 
group of aldehydes and ketones to form 
enaminesenamines (alk(alk enenee andand amineamine ))

– the mechanism of enamine formation involves 
formation of a tetrahedral carbonyl addition 
compound followed by its acid-catalyzed 
dehydration

O H-N
H+

N H2 O

An enaminePiperidine
(a secondary amine)

++

Cyclohexanone
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N

O

H O
N

H

H O
H

P ro tona ted
K e ton e

H

N -P ro tona ted
A m ino -a lcoho l

H O
N

H

A m ino -a lcoho l
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H O
N

H

A m ino -a lcoho l

H O
N

H

O -P ro tona ted
A m ino -a lco ho l

H O N

H

2 o  C a rb oca tion

H

N

E nam ine  P roduc t

H

H
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Addition of Nitrogen NucleophilesAddition of Nitrogen Nucleophiles

– the carbonyl group of aldehydes and ketones reacts 
with hydrazine and its derivatives in a manner similar 
to its reactions with 1°amines

O H2 NNH2 NNH2 H2 O+

Hydrazine

+

A hydrazone

H2N-NHCNH2

H2N-OH

H2 N-NH

H2 N-NH NO2

O2 N

Reagent, H2N-R

Hydroxylamine Oxime

Phenylhydrazine

2,4-Dinitrophenyl-
hydrazine

Semicarbazide

2,4-Dinitrophenylhydrazone

Semicarbazone

Name of Derivative FormedName of Reagent

Phenylhydrazone

O
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Acidity of Acidity of aaaaaaaa--HydrogensHydrogens

Hydrogens alpha to a carbonyl group are 
more acidic than hydrogens of other 
hydrocarbons (e.g. alkanes, alkenes, 
aromatic). The acidity is measured as Ka

O
H

H

H

H
a a
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H A   +   H 2O             H 3O +   +   A -

[H 3O + ]  [A -]

[H A ] [H 2O ]
K e q   =

[H 3O + ] [A -]

     [H A ]
[H 2O ] K e q   =

[H 3O + ]  [A -]

     [H A ]
K a   =

Freshman 
Flashback!!

Note: ��and s are 
not used in K
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Acidity of Acidity of aaaaaaaa--HydrogensHydrogens

Hydrogens alpha to a 
carbonyl group are more 
acidic than hydrogens of 
alkanes, alkenes, and 
alkynes but less acidic 
than the hydroxyl 
hydrogen of alcohols

CH3 CH2O-H
O

CH3 CCH2-H

CH2 =CH-H
CH3 CH2-H

CH3C C-H

Type of Bond pKa

16

20

25
44

51
pKa = -log Ka
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aaaa-Hydrogens are more acidic because the 
enolate anion is stabilized by: 
1. delocalization of its negative charge
2. the electron-withdrawing inductive effect of 

the adjacent electronegative oxygen

CH3 -C-CH2 -H

O

:A -

O

CH3 -C CH2

O -

CH3 -C=CH2 H-A

Resonance-stabi l i zed enolate anion

+ +
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KetoKeto --Enol TautomerismEnol Tautomerism

– protonation of the enolate anion on oxygen 
gives the enol form* ; protonation on carbon 
gives the keto form

Enolate anion

Enol formKeto form

-
O

CH3 - C-CH2 CH3 - C= CH2

CH3 - C= CH2

H- A

CH3 - C-CH3 + A -
 A -  + 

H- A
OH

O-

O

*Enol: made from 2 functional groups-alkene and alcohol
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KetoKeto --Enol TautomerismEnol Tautomerism

–– acidacid --catalyzedcatalyzed equilibration of keto and enol 
tautomers occurs in two steps

Step 1: proton transfer to the carbonyl oxygen

Step 2: proton transfer to the base A-

O

CH3 -C-CH3 H-A

O

CH3 -C-CH3

H

A -
+

+

+
Keto form

• •

The conjugate acid
of  the ketone

fast and
reversible

O

CH3 -C-CH2 -H

H

:A-

OH

CH3 -C=CH2 H-A

Enol  f orm

+

+

slow
+
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KetoKeto --Enol TautomerismEnol Tautomerism

KetoKeto --enol enol 
equilibriaequilibria
for simple 
aldehydes 
and 
ketones lie 
far toward 
the keto 
form

OH

O

O

CH3 CH CH2 = CH

CH3 CCH3

Keto form Enol form
% Enol at
Equilibrium

6 x 10-5

OH

CH3 C= CH2 6 x 10-7

O

O OH

OH

1 x 10-6

4 x 10-5
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KetoKeto --Enol TautomerismEnol Tautomerism
For certain types of molecules, however, the enol 

is the major form present at equilibrium
– for b-diketones, the enol is stabilized by conjugation 

of the pi system of the carbon-carbon double bond 
and the carbonyl group

– for acyclic b-diketones, the enol is further stabilized by 
hydrogen bonding (i.e.1,3 diones)
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R
C

O H

O

R
C

O R '

O

R
C

H

O

R
C

R '

O H
R

C
R '

O

H

� � � � � � � � 	
 � � 
 	
 � � � � � � � � � �

� � � � � � � � � � � � 
 � � � 
 � �

� � 
 � � � ��

R
C

R '
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H
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O
xidation

R
ed

uc
tio

n
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Oxidation of AldehydesOxidation of Aldehydes

• Aldehydes are oxidized to carboxylic acids by a 
variety of oxidizing agents, including *H2CrO4

• They are also oxidized by Ag(I) 
– in one method, a solution of the aldehyde in aqueous 

ethanol or THF is shaken with a slurry of silver oxide

 CHO H2 Cr O4 COOH

Hexanal Hexanoic acid

Vanillic acidVanillin

++
CH

HO

CH3 O
O O

CH3 O

HO

COH

Ag 2 O
T HF, H2 O

NaOH
AgHCl

H2 O

* See 10.8 for Jones reagent & PCC: pyridine+•ClCrO3
-
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Oxidation of AldehydesOxidation of Aldehydes

Aldehydes are oxidized by O2 in a radical 
chain reaction
– liquid aldehydes are so sensitive to air that 

they must be stored under N2

Benzoic acidBenzaldehyde

+CH

O O

COH2O2
2
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– ketones are not normally oxidized by chromic 
acid (H2CrO4)

– they are oxidized by powerful oxidants at high 
temperature and high concentrations of acid 
or base

Hexanedioic acid
(Adipic acid)

Cyclohexanone
(keto form)

Cyclohexanone
(enol form)

HNO3

O

HO
OH

O
O OH

One of the starting
materials for Nylon 6,6

Oxidation of KetonesOxidation of Ketones


