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19.1 RELATIVE STABILITIES OF ALDEHYDES AND KETONES

CH2 C

O

CH3 H

propanal

CH2 C

O

CH3 H

dipolar resonance structure,
primary oxycarbocation

CH3 C

O

CH3

propanone

CH3 C
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CH3

dipolar resonance structure,
secondary oxycarbocation
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19.2 FORMATION OF CYANOHYDRINS

R C

O

H C N+R C

O

H

CN

H

H2O +

+

OH

CH3 C

O

H H C N+ CH3 C
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H

CN
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cyanohydrin

Keq = 104

CH3 C

O

CH3 H C N+ CH3 C

O

CH3

CN

H

Keq = 20
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19.2 FORMATION OF CYANOHYDRINS

Table 19.1
Equilibrium Constants for 
Cyanohydrin Formation
Compound Keq

acetaldehyde 10,000
acetone 20
benzaldehyde 210
p-methoxybenzaldehyde 30
acetophenone 0.8
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19.3 HYDRATION OF CARBONYL COMPOUNDS

R
C

O

R
+O H

H R
C

OH

R

OH

 gem diol
(a hydrate)

Table 19.2
Equilibrium Constants for 
Hydrate Formation
Compound Keq

methanal 2.2 x 103

ethanal 1
chloroacetaldehyde 40
acetone 1.4 x 10-3

benzaldehyde 8 x 10-3

acetophenone 6.6 x 10-6
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19.3 HYDRATION OF CARBONYL COMPOUNDS
Steric Effects on Nucleophilic Addition Reactions

Figure 19.1 Steric Effects on the Equilibrium of Hydration Reactions
!e carbonyl group of an aldehyde (a) is less sterically hindered than the carbonyl 
group of a ketone (b). !erefore,  ketones react more slowly than aldehydes in nucleo-
philic addition reactions. !e nucleophile here is water.

(a) Hydration of an
aldehyde 

(b) Hydration of a
ketone 
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19.3 HYDRATION OF CARBONYL COMPOUNDS
Steric Effects on Nucleophilic Addition Reactions

Figure 19.2 Steric Effects in Hydrates
!e hydrate of an aldehyde (a) is less sterically hindered than the hydrate of a ketone (b). 

(a) 1,1-propanediol (b) 3,3-pentanediol
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19.3 HYDRATION OF CARBONYL COMPOUNDS
Inductive Effects on Addition Reactions

Figure 19.3 Inductive Effects on the Equilibrium of Hydration Reactions
!e relative energies of acetone and hexa"uoroacetone are arbitrarily set as equal. !e free energy of 
hydration of acetone is positive, whereas the free energy of hydration of hexa"uoroacetone is negative.

(CH3)2C(OH)2

En
er

gy

En
er

gy

En
er

gy

∆Go= + 29.2 kJ mole-1

∆Go= - 24.6 kJ mole-1

(CH3)2CO

(CF3)2C(OH)2

(CF3)2CO
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19.4 MECHANISMS OF ACID- AND  BASE-CATALYZED CARBONYL ADDITION REACTIONS

H Cl

C C HH3C

H H
C C
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H3C H
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+ Cl
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R

R
Nu E

δ δ

δ δ

Nucleophile attacks here Electrophile attacks here

C O

R

R

Nu Eδ δ
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+

X E C O Nu
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Nu C O E
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Acid-Catalyzed Nucleophilic Addition Reactions
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Base-Catalyzed Nucleophilic Addition Reactions
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19.5 FORMATION OF ACETALS AND KETALS, II

Saturday, October 19, 2013



19.5 FORMATION OF ACETALS AND KETALS, II

CH2 CH2CH3

butanal

CH3 C

O

CH2CH3

2-butanone

C

O

H + 2 CH3OH
H+

CH2 CH2CH3 C

OCH3

H

OCH3
methyl acetal of butanal

+ 2 CH3CH2OH
H+

CH3 C

OCH2CH3

CH2CH3

OCH2CH3

ethyl acetal of 2-butanone

O

OH

H

+ CH3OH H+

O

OCH3

H

+ H2O

cyclic acetal

hemacetal + alcohol acetal + water

Adding alcohol pushes the 
equilibrium to the right.

Removing water pulls the 
equilibrium to the right.
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Mechanism of Acetal and Ketal Formation

Saturday, October 19, 2013



19.6 ACETALS AS PROTECTING GROUPS

CH2 CH C
Permanganate will oxidize the double bond and the aldehyde.
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CH2 CH C
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19.6 ACETALS AS PROTECTING GROUPS
Synthesis of Cyclic Acetals
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19.6 ACETALS AS PROTECTING GROUPS
Selective Acetal Synthesis
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19.6 ACETALS AS PROTECTING GROUPS
Protection of Alcohols by Acetal Formation
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19.7 THIOACETALS AND THIOKETALS
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19.8 ADDITION OF NITROGEN COMPOUNDS TO ALDEHYDES AND KETONES, I 
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19.8 ADDITION OF NITROGEN COMPOUNDS TO ALDEHYDES AND KETONES, II

C H
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19.8 ADDITION OF NITROGEN COMPOUNDS TO ALDEHYDES AND KETONES
Stable Imine Derivatives

NH2 OH NH2 NH2 NH2 NH C NH2

O

hydroxyl amine hydrazine semicarbazide

NO2

O2N NH NH2

2,4-dinitrophenylhydrazine

NH2 OH

NH2 NH C NH2
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cyclohexanecarboxaldehyde

cyclohexanecarboxaldehyde 2,4-DNP
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19.9 THE WITTIG REACTION

Wittig Reaction

phosphorus ylide
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19.9 THE WITTIG REACTION
Preparation of Phosphorus Ylides
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butyllithium
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H
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19.9 THE WITTIG REACTION
Mechanism of the Wittig Reaction
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19.9 THE WITTIG REACTION
The Wittig Reaction in Organic Synthesis
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