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Course Outline
(1) Nomenclature, Synthesis and Reactions of Aldehydes &

Ketones.

(2) Enols and the Chemistry of Enolates.

(3) Nomenclature, Synthesis & Reactions of Carboxylic Acids.

(4) Nomenclature, Synthesis & Reactions of Acid Chlorides

(5) Nomenclature, Synthesis & Reactions of Esters.

(6) Nomenclature, Synthesis & Reactions of Amides

(7) Nomenclature, Synthesis & Reactions of Phenols.

(8) Nomenclature, Synthesis & Reactions of Amines.
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Course Evaluation

(a) Assignments covering Aldehydes, Ketones and Carboxylic 

Acids, Esters, Amides and Amines.

(b) Continuous Assessment Test covering Aldehydes, Ketones 

and Carboxylic Acids, Esters, Amides and Amines

(c) Practicals.

(d) Final Exam.
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Reference Books

• Organic Chemistry by Francis A. Carey

• Organic Chemistry by John McMurry

• Fundamentals of Organic Chemistry by T. W. 
Solomons

• Organic Chemistry by Paula Bruice

• Organic Chemistry by Jonathan Clayden
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To the Student
• This course is very wide, almost to the point that without a proper

strategy may appear overwhelming. However, it may be rendered
manageable if the student recognizes the fact that most of the
reactions of organic compounds are centered on functional groups
and, more importantly, are controlled by three fundamental concepts
(Bond polarization arising from differences in electronegativity
between the bonded atoms, nucleophilicity and electrophilicity).

• To simplify the chemistry of this course, most of it will be covered
from a mechanistic perspective. Avoid cramming every reaction
mechanism, but endeavour to recognize the basis upon which each
elementary step of the mechanism is written. All that the reaction
mechanism needs to be is to be reasonable: Founded on the known
properties about the reagent employed or the known aspects of the
reaction in question. While writing a reaction mechanism, endeavour
to observe the laws of chemistry: The law of preservation of mass.
Balance the atoms and charges in every elementary step of the
reaction mechanism.
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General Introduction
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ALDEHYDES & KETONES
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Introduction
Aldehydes and Ketones
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Both aldehydes and ketones are characterised by the presence of

the C=O group, but differ only on the substituents attached to the

C=O group.

Aldehydes have atleast one hydrogen atom attached directly to

the carbonyl carbon, while ketones lack a hydrogen atom

attached directly to the carbonyl carbon.



Naturally Occurring Aldehydes
A variety of aldehydes occur widely in nature from which they can be directly isolated.

Some of them are responsible for the unique fragrant odours characteristic of many fruits.
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Naturally Occuring Ketones

A variety of ketones occur widely in nature from which they can

be directly isolated. Some of them are responsible for the unique

fragrant odours characteristic of many fruits and fine perfumes.
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IUPAC Nomenclature of Aldehydes

11

The characteristic suffix in the substitutive /systematic/IUPAC

names of open-chain aliphatic aldehydes is –al.

IUPAC names aliphatic aldehydes are derived by adding the –al

suffix to the IUPAC name of the parent alkane.

Aliphatic aldehydes are thus named as alkanals.

Note that when deriving the name of a compound by combining

a prefix and a suffix, if the prefix ends with a vowel and the

suffix begins with a vowel, drop the vowel in the prefix to

generate the appropriate name of the compound.



IUPAC Nomenclature of Aldehydes
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The systematic names of simple aldehydes can thus be derived

from the systematic names of the parent alkanes of the same

carbon chain length as shown below:

Number of 

Carbons

Name of 

Parent Alkane

Structure of 

Aldehyde

Systematic Name of 

Aldehyde

1 Methane Methanal

2 Ethane Ethanal

3 Propane Propanal

4 Butane Butanal

5 Pentane Pentanal

H C H

O

CH3 C H

O

CH3CH2 C H

O

CH3CH2CH2 C H

O

CH3CH2CH2CH2 C H

O



Guidelines for IUPAC Nomenclature of 
Substituted Aldehydes
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The IUPAC name of a substituted open-chain aliphatic aldehyde

is derived by:

1) First, identifying the longest continuous chain that contains

most, if not all, the aldehyde groups. This becomes the parent

chain of the aldehyde.

2) Numbering in the parent chain starts at the aldehyde carbon:

the carbonyl carbon is counted as part of the principal chain

of the aldehyde. It is by default C-1.



IUPAC Nomenclature of Substituted 
Aldehydes

14

3) The parent name is derived by replacing the terminal –e in

the name of the parent alkane or alkene by the suffix –al to

provide the parent (root) name of the aldehyde.

4) Substituents are arranged in alphabetical order in the

complete name of the aldehyde. Their positions in the parent

chain are indicated with locants 1,2, 3 etc.



IUPAC Nomenclature of Substituted 
Aldehydes

15

Priority of Citation of Common Functional groups as Principal

Functional Groups in Nomenclature.

Acid > Aldehyde > Ketone > Alcohol > Amine> Alkyne 

>Alkene > Alkane

Note that this order mirrors the oxidation state of the functional groups



IUPAC Nomenclature of Substituted 
Aldehydes

16

When the parent chain contains two aldehyde groups the suffix –

dial is used instead of -al. Since the suffix –dial does not begin

with a vowel; the parent name of such aldehydes is usually of the

form: alkanedial or alkenedial. Note that the terminal –e in the

name of the parent alkane or alkene is not dropped in this case.



IUPAC Nomenclature of Cyclic Aldehydes

17

The IUPAC name of a cyclic aldehyde, whereby the formyl

group is attached directly to a ring system, is derived by adding

the suffix –carbaldehyde to the IUPAC name of the appropriate

cycloalkane or arene corresponding to the ring system.

Since the suffix –carbaldehyde does not begin with a vowel, the

terminal –e in the name of the parent cycloalkane or arene is

retained. These compounds are therefore named as

cycloalkanecarbaldehydes or arenecarbaldehydes.



IUPAC Nomenclature of Substituted Cyclic 
Aldehydes

18

For substituted cyclic aldehydes, the carbon in the ring to which

the formyl group is attached is by convention C-1.

Structures with more than one formyl group attached to a ring

are named with appropriate suffixes dicarbaldehyde,

tricarbaldehyde etc.

The location of each carbaldehyde group in such structures is

indicated with a locant to differentiate among the other possible

isomers.



IUPAC Nomenclature of Ketones
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The characteristic suffix in the IUPAC / systematic names of

ketones is –one.

The IUPAC name of a ketone is derived adding the –one suffix

to the IUPAC name of the parent alkane or alkene.

Aliphatic ketones are thus named as alkanones or alkenones.



IUPAC Nomenclature of Ketones

20

The systematic names of the simple ketones can thus be derived

from the systematic names of the parent alkanes with the same

carbon chain length as shown below:

Number of 

Carbons

Name of 

Parent Alkane

Structure of 

Ketone

Systematic Name 

of Ketone

3 Propane Propanone

4 Butane Butanone

5 Pentane Pentan-2-one

5 Pentane Pentan-3-one



Guidelines for IUPAC Nomenclature of 
Substituted Ketones

21

The systematic names of substituted ketones are generated by:

1) First identifying the longest continuous alkyl chain that

contains most, if not all, the keto groups. This provides the

parent (principal) chain of the ketone.

2) Number the chain from the end that gives the carbonyl carbon

the lowest possible address number.

3) The parent name of the ketone is then derived by replacing the

terminal –e in the systematic name of the parent alkane or

alkene, corresponding to the longest continuous chain

containing the carbonyl group, with an –one suffix.



Guidelines for IUPAC Nomenclature of 
Substituted Ketones
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4) In the parent name, the location of the carbonyl group is

cited with a number corresponding to the location of the

carbon of the carbonyl group when counted from the end that

gives the carbonyl carbon the lowest possible number.

5) For substituted ketones, the names of the substituents are

arranged in alphabetical order in the full name of the ketone.



IUPAC Nomenclature of Substituted Ketones
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If the parent chain has more than one keto-group, the molecule is

named as an alkanedione or alkanetrione, as appropriate for the

number of keto groups present in the parent chain. In each case,

address numbers that indicate the exact location of the keto-

groups in this chain are also specified in the parent name.



IUPAC Nomenclature of Cyclic Ketones
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Cyclic ketones are named as cycloalkanones.

In cyclic ketones the carbonyl carbon is by convention assigned

as C-1 and the rest of the substituents on the ring are given the

lowest possible number.



IUPAC Nomenclature of Cyclic Ketones
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Cyclic ketones with two keto groups are named as

cycloalkanediones.



Alternative IUPAC Nomenclature of 
Aromatic Ketones

26

An alternative IUPAC nomenclature of simple aromatic ketones

combines the prefix of the acyl group attached to the phenyl

group and the suffix –ophenone.

(The suffix –ophenone indicates that the acyl group is attached

directly to a benzene (aromatic) system).



Nomenclature of Polycarbonyl Compounds

27

If the carbonyl group of an aldehyde or ketone is part of the

parent chain of a structure with a functional group of higher

priority, the (=O) group (not the (C=O) group is named as an

oxo- group

Priority of Functional Groups in Nomenclature.

Acid > Aldehyde > Ketone > Alcohol > Amine> Alkyne 

>Alkene > Alkane

When occurring outside the parent chain of molecule containing

a functional group of higher priority than the carbonyl group, the

carbonyl group is treated and named as a substituent.



Names of Carbonyl Groups as Substituents

28

Number of 

Carbons

Prefix Structure of 

Carbonyl Group

Name of Carbonyl

Substituent

IUPAC

Name

1 Form- Formyl Methanoyl

2 Acet- Acetyl Ethanoyl

3 Propion- Propionyl Propanoyl

4 Butyr- Butyryl Butanoyl

5 Valer- Valeryl Pentanoyl

The name of the carbonyl substituent is derived by adding a –yl

suffix to a prefix corresponding to the carbon chain length in the

carbonyl substituent.



IUPAC Nomenclature of Polycarbonyl
Compounds

29

If the carbonyl group is immediately outside the parent chain, it

is named with the appropriate carbonyl prefix based on the

length of the substituent.



Synthesis of Aldehydes and Ketones
Introduction

30

Many aldehydes and ketones are important industrial chemicals.

Acetone, for example, is a common industrial solvent of wide

application; while formaldehyde has long been employed in the

preservation of biological specimen.

Although some of these aldehydes and ketones occur naturally,

they are only present in small quantities in nature to be

commercially viable for exploitation.

The industrial application of such aldehydes and ketones will

require that an alternative commercially viable source be found

to access them.

An efficient synthesis of these compounds could provide an

alternative source to their isolation from nature.



Synthesis of Aldehydes and Ketones
Preparative Strategies

31

Highlighted below are some of the most common strategies by

which aldehydes and ketones are prepared.

The common starting materials for the preparation of aldehydes

and ketones are alcohols, alkenes and alkynes.



Synthesis of Aldehydes and Ketones
Oxidation of Alcohols to Aldehydes and Ketones
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The oxidation of a secondary alcohol gives a ketone irrespective

of the strength of the oxidizing agent or reaction solvent. Further

oxidation of a ketone is not possible.

The most common method for preparing aldehydes and ketones

involves oxidation of alcohols. The oxidation of a primary

alcohol gives either an aldehyde or a carboxylic acid depending

on the strength of the oxidizing agent and the solvent employed.



Strong Oxidizing Agents

33

Since most strong oxidizing agents are inorganic reagents that

are only soluble in water, they oxidize primary alcohols all the

way to carboxylic acids.

Strong oxidizing agents oxidize secondary alcohols to ketones

Oxidation of secondary alcohols with strong oxidizing agents

may be used to prepare ketones

Oxidation of primary alcohols with strong oxidizing agents

cannot therefore be used to prepare aldehydes. There is need to

consider alternative strategies.



Strong Oxidizing Agents
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Examples of Strong Oxidizing Agents



Examples of Oxidations with Strong 
Oxidizing Agents in Aqueous Media
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Modified Chromium (VI) Reagents
Oxidation of Primary Alcohols to Aldehydes in Organic 

Solvents 

37

The Cr(VI) reagents commonly employed to oxidize primary

alcohols to aldehydes and secondary alcohols to ketones when

carried out in anhydrous organic solvents are PCC and PDC.

Both of these reagents are soluble in dichloromethane, the

organic solvent in which most oxidations employing these

reagents is commonly undertaken in.



Synthesis of Aldehydes and Ketones
PCC and PDC Oxidations of Alcohols

40

Primary alcohols are oxidized to aldehydes and secondary

alcohols to ketones by PCC.

Tertiary alcohols have no hydrogen on their hydroxyl-bearing

carbon and do not, therefore, undergo oxidation .



Synthesis of Aldehydes and Ketones
Ozonolysis of Alkenes Under Reductive Cleavage

41

Ozonolysis of alkenes under reductive conditions (Zn/H2O or

Dimethylsulfide (CH3SCH3)) provides aldehydes or ketones

depending on the substitution pattern on the alkenes.

Both acyclic and alicyclic alkenes undergo the ozonolysis

reaction



Synthesis of Aldehydes and Ketones
Ozonolysis of Alkenes Under Reductive Cleavage
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Both acyclic and alicyclic alkenes undergo the ozonolysis

reaction



Synthesis of Aldehydes and Ketones
Mechanism of Ozonolysis Under Reductive Cleavage
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Synthesis of Ketones
Reaction of Nitriles with Grignard Reagents 

Summary

Example

44

CR N R'MgBr CR R'

N MgBr
H3O+

CR R'

O

Iminium salt

+

KetoneNitrile Grignard reagent

Highly nucleophilic organometallic reagents such as the

Grignard reagents undergo nucleophilic addition to nitriles to

provide iminium salts which upon acid-catalyzed hydrolysis

provide ketones.



Synthesis of Ketones
Mechanism of Conversion of Nitriles to Ketones

A Grignard or organolithium reagent attacks a nitrile to give the 

magnesium or lithium salt of an imine. Acidic hydrolysis of the 

imine leads to the ketone. 
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Synthesis of Aromatic Ketones
Friedel-Crafts Acylation of Arenes

46

Friedel-Crafts acylation is an excellent method for the synthesis

of aromatic ketones (alkyl aryl ketones or diaryl ketones). It

cannot be employed to prepare aliphatic ketones (alkyl alkyl

ketones).

Examples



Synthesis of Aromatic Ketones
Mechanism of the Friedel-Crafts Acylation
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The reaction is based on electrophilic aromatic substitution.



Reactions of Aldehydes and Ketones
Duality of Reactivity

The bond polarization in the carbonyl group (C=O) directs the

chemistry of aldehydes and ketones.

It does this two ways:

(a) By providing a site for nucleophilic addition direct to the

carbonyl carbon

48

Illustration

The addition reactions are the most common reactions of

aldehydes and ketones.



Reactions of Aldehydes and Ketones
Duality of Reactivity
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(b) By increasing the acidity of the hydrogen atoms attached to

the a-carbon thus directing bases to the a-acidic proton. The

enolate generated reacts with an electrophile leading to an

overall substitution reaction.



Oxidation of Aldehydes and Ketones

50

Aldehydes are readily oxidized to carboxylic acids by common

oxidizing agents, but ketones are relatively resistant to oxidation.

Strong oxidizing agents such as CrO3, Na2Cr2O7 or K2Cr2O7 and

KMnO4 oxidize aldehydes to carboxylic acids of the same chain

length as the parent aldehyde.



Oxidation of Aldehydes and Ketones

51

Because aldehydes oxidize so easily, a mild reagent such as

Ag2O or its ammonical complex can be used to oxidize them

selectively in the presence of other oxidizable functional groups

such as hydroxyl groups.

The ease of oxidizability of aldehydes over ketones is the basis

of several laboratory tests that distinguish aldehydes from

ketones. Key among these are the Tollens and Fehlings test.



Tollens Test for Aldehydes
(The Silver Mirror Test)

52

The Tollens’ test involves adding a solution of a silver-

ammonical complex (the Tollens’ reagent) to an unknown

compound.

If an aldehyde is present, its oxidation reduces silver ion to

metallic silver that manifests as a beautiful silver mirror

deposited on the inner surface of the reaction vessel.

Ketones give a negative test (solution remains colourless) to the

Tollens test.

The only other class of compounds that gives a positive test in

the Tollens test are the phenols.



Tollens Test for Aldehydes
(Summary)

53

The Tollens test is a laboratory test that is used to distinguish

aldehydes from ketones.

(i) The silver-ammonia complex is reduced by aldehydes (but not

ketones) to metallic silver.

(ii) Silver metal deposits as a mirror on the glass surface.

AcetophenoneBenzaldehyde



Nucleophilic Addition to Aldehydes and 
Ketones

(General Principles)

54

Two variations of nucleophilic attack to the carbonyl are

encountered based on the strengths of the nucleophiles involved.

(a) Nucleophilic attack with strong nucleophiles occurs directly

and are irreversible. They change the hybridization of the

electrophilic carbon atom from sp2 to sp3.

Note that nucleophillic addition occurs first, followed by

protonation



Nucleophilic Addition to Aldehydes and 
Ketones

(General Principles)

55

(b) Weak nucleophiles can only effectively attack an activated

carbonyl group. Although, a carbonyl group is a weak base, it

can become protonated and thus activated in an acidic media.

Such reactions are usually reversible.

Note that protonation occurs first, followed by nucleophillic

addition



Reduction of Aldehydes and Ketones
Two basic definitions of reduction are recognized:

Definition of reduction: Option 1

Addition of the elements of hydrogen

56

Definition of Reduction: Option 2

Removal of the elements of oxygen

We will observe both categories in the reduction of aldehydes

and ketones.



Reduction of Aldehydes and Ketones

57

Covalent metal hydrides adequately illustrate the reduction based

on the addition of hydrogen.

The covalent metal hydride reduce aldehydes and ketones to

primary and secondary alcohols, respectively.



Reduction of Aldehydes and Ketones

58

R C

O

H

NaBH4

R C

H

H

OHor

LiAlH4

R C

O

R'

NaBH4

R C

H

R'

OHor

LiAlH4

Aldehyde

Ketone Secondary alcohol

Primary alcohol

Examples



Reduction of Aldehydes and Ketones
Mechanism of Reduction

59

Reduction with Lithium aluminium hydride

Reduction with Sodium borohydride



Reductive Deoxygenation of Aldehydes and 
Ketones

(Wolff-Kishner Reduction)

Aldehydes and ketones undergo the Wolff-Kishner reduction of

the carbonyl group to provide a hydrocarbon.

Example

A strongly basic media and high temperatures are required to

effect the reduction.
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Mechanism of the Wolff-Kishner Reduction

61

The Wolff-Kishner reduction is presumed to proceed through a

hydrazone intermediate, followed by a series of deprotonation

and protonations.



Reactions of Aldehydes with Weak 
Nucleophiles

(Hydration)

62

RCHO + H2O R C H

OH

OH
Aldehyde Aldehyde hydrate

(Geminal diol)

Aldehydes undergo an addition reaction with water to form

aldehyde hydrates.

Although the reaction is rapid, it is reversible and the resulting

hydrates are unstable and cannot be readily isolated because they

lose water reverting back to the starting aldehyde.

Water is a weak nucleophile and only undergoes reactions

readily with highly electron deficient aldehydes and ketones.



Reactions of Aldehydes with Weak 
Nucleophiles

(Hydration)

63

However, there are certain hydrates that show exceptional

stability. Hydrates derived from formaldehyde and chloral are

stable and isolable.



Reaction of Ketones with Weak 
Nucleophiles

Hydration

64

Ninhydrin, a triketone employed in the detection of amino acids,

peptides and proteins, exists principally in the form of its very

stable hydrate.

Ketones also undergo hydration to form a ketone hydrate, albeit

less readily than aldehydes.

Example



Mechanism of Hydration of Aldehydes and 
Ketones

65

Since water is a weak nucleophile, this reaction takes place more

readily with highly electrophilic aldehydes and ketones only.

Even though ketones are less reactive compared to aldehydes,

very reactive ketones also undergo the hydration reaction



Reaction of Aldehydes and Ketones with 
Weak Nucleophiles

Acyclic Hemiacetal and Acetal Formation

66

Aldehydes and ketones react with alcohols under acid-catalysed

conditions to form acetals or ketals. Due to the use of an acid

catalyst, these reactions are reversible.

Example



Mechanism of Hemiacetal and Acetal
Formation

67

Step 1: The carbonyl oxygen is first activated with an acid

catalyst (H+). The nucleophilic alcohol then attacks, followed by

loss of a proton.



Mechanism of Hemiacetal and Acetal Formation
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Step 2: Protonation of the hydroxyl group of the hemiacetal

formed in Step 1 activates the hydroxyl group by converting it

into a good leaving group.



Mechanism of Hemiacetal and Acetal
Formation

69

Note that in this acid-catalysed reaction, all the requirements on

the species that are stable under these conditions are observed.

Step 3: The carbocation undergoes nucleophilic (alcohol)

addition, and the process is completed by loss of a proton

(deprotonation).



Reaction of Aldehydes and Ketones with 
Weak Nucleophiles

Cyclic Hemiacetal and Acetal Formation

70

Cyclic hemiacetals contain the ether functionality in a cyclic ring

system. 5 or 6-membered cyclic hemiacetals are relatively strain

free and form spontaneously. 4-Hydroxybutanal exists

principally as the cyclic hemiacetal in solution.

5-Hydroxypentanal also exists in solution predominantly as the

cyclic hemiacetal.



Reaction of Aldehydes and Ketones with 
Weak Nucleophiles

Mechanism of Cyclic Hemiacetal Formation

71

Monosaccharide sugars, themselves polyhydroxy aldehydes or

polyhydroxy ketones, exist principally as cyclic hemiacetals.

The hydroxyl group of 5-hydroxypentanal is favourably located

to intramolecularly cyclize with the carbonyl group.



Reaction of Aldehydes and Ketones with 
Weak Nucleophiles
Cyclic Acetal Formation

72

The cyclic hemiacetals react further with alcohols under acid-

catalysed conditions to form cyclic acetals.

Note that only one equivalent of an alcohol is required.



Reaction of Aldehydes and Ketones with 
Weak Nucleophiles

Mechanism of Cyclic Hemiacetal and Acetal Formation

73



Reaction of Aldehydes and Ketones with 
Weak Nucleophiles
Cyclic Acetal Formation

74

Ketones also react with alcohols (2 equiv) under acid-catalysed

conditions to form cyclic acetals.

Both intermolecular and intramolecular versions of ketal

formations are possible.

Intramolecular version

Intermolecular version



Reaction of Aldehydes and Ketones with HCN 
Cyanohydrin Formation

75

Cyanohydrins are compounds containing a hydroxyl and a cyano

group attached to the same carbon atom.

Both aldehydes and ketones react with HCN under base-

catalysed or NaCN catalysed conditions to provide

cyanohydrins.



76

A base-catalyst is needed to generate a catalytic amount of the

more nucleophilic cyanide to react with the carbonyl .

Since hydrogen cyanide is a weak acid, the addition to aldehydes

and ketones can not be acid-catalysed. In fact, for best results,

cyanide anion must be present. Cyanide ion is a strong base and

a strong nucleophile.

Hydrogen cyanide (H-C≡N) is a toxic, water-soluble and mildly

acidic liquid that boils at 26 oC.

Cyanohydrin Formation



Reaction of Aldehydes with HCN
Mechanism of Cyanohydrin Formation

NaOH catalysed reaction 

77



Reaction of Ketones with HCN
Mechanism of Cyanohydrin Formation
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NaCN catalysed reaction



Cyanohydrins in Biological Systems

79

Cyanohydrins occur in diverse biological systems and serve

varied roles in these systems.

The reversibility of cyanohydrin formation is applied defensively

by the millipede Apheloria corrugata. It enzymatically breaks

down mandelonitrile into benzaldehyde and hydrogen cyanide

before spraying the poison at an enemy.



Reaction of Primary Amines with Aldehydes
and Ketones
Imine Formation

80

Aldehydes and ketones react with ammonia or primary amines to

form imines.

Reaction of benzaldehyde with ammonia or phenylamine



Mechanism of Imine Formation

81

Aldehydes and ketones undergo nucleophilic addition reactions

with amines to initially form carbinolamines. The carbinolamine

intermediate is unstable and subsequently undergoes a

dehydration (an elimination) reaction to form an imine product.



Other Imine Derivatives of Aldehydes and 
Ketones

82

Monosubstituted amine derivatives also react with aldehydes and

ketones to form various derivatives.



Qualitative Tests for Aldehydes and Ketones

83

Aldehydes and ketones can be identified and distinguished using

two qualitative tests: Bradys Test and Tollens Test or Benedicts

Test

(a) Bradys Test with 2,4-Dinitrophenylhydrazine

Aldehydes and ketones react immediately with Bradys reagent

(2,4-dinitrophenylhydrazine) to form a yellow or orange

precipitate.



Qualitative Tests for Aldehydes and Ketones

84

(b) The Tollens Test: Aldehydes can be easily distinguished from

ketones by their ease of oxidation.

Aldehydes readily undergo oxidation with the Tollens reagent

with deposition of metallic silver (commonly manifested as a

silver mirror on the sides of a test tube).

Since ketones are resistant to oxidation, no metallic silver is

generated when treated with the Tollens reagent.



Qualitative Tests for Aldehydes and Ketones

85

(c)  The Benedicts Test for Reducing Sugars

Reducing sugars are capable of existing in solution as

polyhydroxy aldehydes (Aldoses). The aldehyde functionality

being oxidizable can reduce Cu(II) in CuSO4 present in the

benedicts solution to Cu(I) usually manifested as a reddish

brown deposit of Cu2O.



Reaction of Aldehydes and Ketones with 
Strong Nucleophiles

Organometallic Reagents 

86

Aldehydes and ketones react with strong nucleophiles such as

organometallic reagents (Grignard, organolithium and sodium

acetylide reagents) to provide alcohols.

Reaction with sodium acetylide



Reactions with Organometallic Reagents
Mechanism of Addition to the Carbonyl Group

87

The carbanion of the organometallic reagent acts as a powerful

nucleophile attacking the electrophilic carbonyl carbon to initiate

the addition reaction.

Examples



Reaction of Aldehydes and Ketones with 
Wittig Reagents 

Wittig Reaction: Addition-Elimination

88

The Wittig reaction is a ligand exchange reaction. It is more

important in the synthesis of alkenes from aldehydes or ketones.

Example 1

Example 2

R1

R

C O +
R1

R

C C

R2

R3

+ Ph3P OC PPh3
R3

R2

Ylide



Reaction of Aldehydes and Ketones with Wittig 
Reagents 

Preparation of Wittig Reagents

89

The Wittig reagents are prepared by heating an alkyl halide and

triphenylphosphine. The alkyl halide has to have at least a

hydrogen atom on the carbon on which the halide is attached.

The preparation of the effective reagent (ylide) occurs in two

steps:

(i) SN2 substitution reaction

(ii) The phosphonium bromide salt is converted to the ylide or

ylene using a strong base such as n-butyl lithium (n-BuLi).



Reaction of Aldehydes and Ketones with 
Wittig Reagents 

Preparation of Wittig Reagents

90

Example 1

Example 2.



Reaction of Aldehydes and Ketones with Wittig 
Reagents

Mechanism of  the Wittig Reaction

91

The phosphorus ylene exists in two hybrid structures: The ylide

form has a negative charge on carbon that is responsible for the

nucleophilic attack on the carbonyl carbon.

(i) Addition of the nucleophilic ylide to the carbonyl compound.

(ii) Spontaneous decomposition of the oxaphosphetane



Keto-Enol Tautomerism
and the Chemistry of 

Enolates
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Keto-Enol Tautomerism
The Genesis
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Although, most of the reactions of aldehydes and ketones take

place directly to the carbonyl, the bond polarization in the C=O

group also extends to the a-carbon; rendering the a-hydrogens

acidic. The a-carbon is thus a secondary site of reactivity for

aldehydes and ketones.

The a-proton is thus exchangeable (can migrate) or can be easily

abstracted by a base.



Keto-Enol Tautomerism
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This acidity enhances the migratory aptitude of these a-acidic

hydrogens to the adjacent oxygen of the carbonyl group and

accounts for the capacity of aldehydes and ketones to exist in

equilibrium with their enol forms.

Example



Enolizable Aldehydes and Ketones
Keto-Enol Tautomerism
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Although, the keto and enol forms co-exist in equilibrium, the

keto- and aldehyde forms of these compounds usually

predominate in their respective equilibriums.

Note that C=O bond in the keto form is stronger and more stable

than C=C in the enol form. This partly explains why, in the

absence of any other stabilizing effect on the enol form, the keto

form predominates in the keto-enol equilibrium.



Enolizable Aldehydes and Ketones
Keto-Enol Tautomerism
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Example

Between enolizable ketones and aldehydes, ketones have a

greater tendency to enolize than aldehydes.

Since enols are alkenes and the more substituted alkenes on the

double bond are more stable, enols derived from ketones are

more substituted than those from aldehydes.



Ketones with Enhanced Enol Tautomers
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Although, the keto forms of enolizable ketones usually

predominate in the keto-enol equilibriums, under special

stabilization, the enol tautomer may predominate.

The fraction of the enol tautomer in aqueous solution is

considerably greater for a b-diketone such as pentane-2,4-dione

(acetoacetone) because the enol tautomer is stabilized by

intramolecular hydrogen bonding and by conjugation of the

carbon-carbon double bond with the second carbonyl group.



Ketones that Exist Exclusively as Enol
Tautomers
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Phenol is a special case of an enol tautomer that is more stable

than its keto tautomer due to the additional stabilization of the

enol tautomer due to aromaticity. Note that the keto tautomer is

not aromatic.

Due to the special stabilization arising from aromaticity,

cyclohexane-1,3,5-trione is a none existent molecule (can not be

isolated).



Non-Enolizable Aldehydes and Ketones
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Aldehydes and ketones that do not have an α-hydrogen cannot

form enols and exist only in the keto form. They are referred to

as non-enolizable aldehydes and ketones.

All these systems lack an a-acidic hydrogen on the carbon

adjacent to the carbonyl group.



Reactions of Enolizable Aldehydes and Ketones
Enol and Enolate Formation

100

Reaction Species in Acidic Media

Reaction Species in Basic Media
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a-Halogenation of Enolizable Aldehydes and 
Ketone
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Enolizable aldehydes and ketones undergo a-halogenation in the

presence of chlorine or bromine. Since the reaction generates its

own acid-catalyst, it is an auto catalytic reaction.

Examples



a-Alkylation of Enolizable Aldehydes and 
Ketones
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In the presence of a base, enolizable aldehydes and ketones

undergo a-deprotonation to yield enolates. Since enolates are

nucleophiles, they react with electrophiles such as alkyl halides

to give a-alkylated derivatives of aldehydes and ketones.

Mechanism



a-Alkylation of Enolizable Aldehydes and 
Ketones
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The carbonyl group is very reliable in directing substitution to

the a-carbon. When combined with the Wolff-Kishner

reduction, enolate alkylation can be a powerful tool in the

eventual synthesis of alkanes, a unreactive class of compounds

that may be difficult to obtain by any other chemistry.

Example



Aldol Addition and Condensation
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As a nucleophile, an enolate can react reversibly with a carbonyl

group of another molecule of an aldehyde or ketone to provide

an Aldol addition product.

Self Aldol Addition

RCH2 C H
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RCH2 C

H

OH

C C
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H O

H
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2
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Catalyst



Mechanism of Base-Catlaysed Aldol
Addition 
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Base-Catalysed Aldol Addition

The Aldol addition reaction can be accomplished under either

basic or acidic conditions.



Mechanism of Acid-Catlaysed Aldol Addition 
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Acid-Catalysed Aldol Addition

The Aldol addition reaction can be accomplished under either

basic or acidic conditions.



Cross Aldol Addition
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Cross Aldol Additions (Mixed Aldol additions) are

intermolecular Aldol additions between non-identical carbonyl

compounds.

The most synthetically useful cross-Aldol additions are between

substrate pairs containing an enolizable and non-enolizable

component. Such substrate combinations lead to a controlled

cross (intermolecular) Aldol addition.



Applications of Aldol Addition
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Example

The Aldol addition products contains functional groups capable

of modification to new compounds with attractive

pharmacological or insecticidal potential.



Aldol Condensation
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When an Aldol reaction is carried out under conditions where

the Aldol addition product (b-hydroxy carbonyl) dehydrates,

the product is described as an Aldol condensation product.

Indeed the b-hydroxy aldehydes or ketones derived from Aldol

addition often undergo dehydration on heating to yield a,b-

unsaturated aldehydes or ketones.

Self Aldol Condensation

Examples



Mechanism of Base-Catalysed Aldol
Condensation
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Base-catalysed dehydration of the Aldol addition product occurs,

especially on heating. The bases commonly used include sodium

hydroxide (NaOH), sodium ethoxide (NaOCH2CH3, NaOEt) and

potassium tert-butoxide ((CH3)3COK, t-BuOK).



Mechanism of Acid-Catalysed Aldol
Condensation
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Acid-catalysed conditions employing such acids as dil HCl,

H2SO4 or p-toluenesulphonic acid are more commonly used to

effect this elimination.



Cross Aldol Condensations
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Intermolecular Aldol condensations are common and are the

most synthetically useful. Both acid and base-catalysed versions

exist.

Examples

The industrial synthesis of cinnamaldehyde is through cross

Aldol condensation



Intramolecular Aldol Condensations
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A dicarbonyl molecule containing one enolizable carbonyl can

readily undergo an intramolecular Aldol condensation reaction,

even in the presence of a weak base as long as a five or six–

membered ring is formed as result of the cyclization.

Examples



Synthetic Strategies Based on  Aldol
Condensations
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Aldol condensations provide a,b-unsaturated aldehydes or

ketones. In principle, any a,b-unsaturated aldehyde or ketone

can be prepared by aldol condensation. The starting materials for

a potential product of an Aldol condensation can be determined

by mentally “splitting” the product (a,b-unsaturated carbonyl

compound) at the CC bond.

C C
C

R'R

R
O

R'
This portion derived from
the carbonyl compound
attacked by enolate

This portion derived from
the enolate

C O
R

R
CH2 CR'

O

R'
+

Implies

Starting materials



Synthetic Strategies Using  Aldol
Condensations

115

Example: Synthesis of Cinnamaldehyde

Example: Synthesis of Cylic Enones


