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Esters
Introduction
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Structurally, an ester is a compound that has an OR group

attached to the carbonyl group.

C OR

O

R'

R may be H, alkyl or aryl, while R’may be alkyl or aryl only.

Esters are widespread in nature. Many of the fragrances of

flowers and fruits are due to the esters present. Ethyl butanoate

is the chief component that accounts for the pineapple-like

aroma and flavour of pineapples.



Nomenclature of Esters
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Names of esters consist of two words that reflect the composite

structure of the ester.

The first word is derived from the alkyl group of the alcohol

component, and the second word from the carboxylate group

of the carboxylic acid component of the ester.

The name of the carboxylate portion is derived by

substituting the -ic acid suffix of the parent carboxylic acid

with the –ate suffix.

The alkyl group is cited first followed by the carboxylate

group separated by a space. An ester is thus named as an alkyl

alkanoate.



Nomenclature of Esters
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Examples



Synthesis of Esters
Acid-Catalysed Esterification of a Carboxylic Acid and an 

Alcohol
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The acid-catalysed reaction of carboxylic acids and alcohols

provides esters. Typically a catalytic amount of a strong

inorganic (mineral) acid such as H2SO4, HCl and H3PO4 is used.

Strong organic acids such as benzenesulphonic or p-

toluenesulphonic acid are even more attractive because they are

soluble in the typical organic solvents used in organic reactions

and more importantly, they can be employed as catalyst without

introducing any additional amount of water in the reaction

equilibrium.



Acid-Catalysed Esterification of a Carboxylic Acid 
and an Alcohol
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Methyl salicylate is the major component in the oil of

wintergreen produced by many plants of the wintergreen family.

Methyl salicylate is used as a flavouring agent (provides the mint

flavour in chewing gum) or a fragrance. It is also found in

liniments (rubbing ointments).



Esters Derived from an Acid Chloride and an 
Alcohol
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Acid chlorides react with alcohols in the presence of a weak base

such as pyridine or Na2CO3 to provide esters. The weak base

serves to trap the liberated HCl.

Refer to the reactions of acid chlorides for the reaction

mechanism.

Example



Methyl Esters from a Carboxylic Acid and 
Diazomethane

8

Methyl esters can be prepared from the reaction of carboxylic

acids with diazomethane.

Methyl citronellate is used for the creation of flavour

concentrates of all types.

R C OH

O

+ CH2N2 R C OCH3

O

+ N2

Methyl EsterDiazomethaneCarboxylic acid



Reactions of Esters
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Esters are less reactive compared to acid chlorides.

The most common reactions of esters are with nucleophiles

leading to nucleophilic acyl substitution.



Hydrolysis of Esters in Basic Media
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Hydrolysis of esters in basic media provides a carboxylate salt

and an alcohol, which when acidified provides a carboxylic acid

and an alcohol.

Unlike the acid chlorides that hydrolyse readily in water, esters

do not hydrolyse readily in water.

The hydrolysis of esters requires an acid or base catalyst.

The products of the hydrolysis depend on whether the reaction is

conducted in a basic media or an acidic media.



Mechanism of Hydrolysis of Esters in Basic Media
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Although hydrolysis is the cleavage by water, in a basic

environment, the salt of water (NaOH or KOH) is a stronger

nucleophile that the H2O molecule itself. The former thus is the

effective nucleophile in this media.

R C OR'

O

OH R C OR'

O

OH

R C O

O

H

pKa = 4.5

OR'+ R C O

O

R'OH+

pKa = 15

R C OR'

O
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R C OH
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(ii)

(iii)

+

Tetrahedral intermediate



Hydrolysis of Esters in Basic Media
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For historical reason, ester hydrolysis in aqueous hydroxide

(KOH or NaOH) is called saponification because it was used in

the manufacture of soap from oils or fats that are triglycerides.

O

O

O C(CH2)14CH3

O

C(CH2)14CH3

O

C(CH2)14CH3

O

Glyceryl tripalmitate

OH

OH

OH

Glycerol

(present in palm oil)

Heat
+ 3 NaOH

+ 3 CH3(CH2)14CO2Na

Sodium palmitate

(a crude soap)

Examples



Hydrolysis of Esters in Acidic Media
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Examples

Hydrolysis of esters in an acidic media provides a carboxylic

acid and an alcohol.



Mechanism of Acid-Catalysed Hydrolysis of Esters
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Reaction of Esters with Ammonia and Amines
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Example

Esters react with ammonia and amines in what amounts to a

nucleophilic substitution at the carbonyl carbon to provide

amides.

Note that ammonia and amines are more nucleophilic than water

and alcohols. Consequently, these reactions can proceed even in

presence of water or alcohol.



Hydroxamate Test for Esters

16

Just like other amines, hydroxylamine is more nucleophilic than

alcohols and therefore displaces alcohols from esters to provide

hydroxamic acids.

Hydroxamic acids form highly coloured complexes (reddish

blue/ magenta) in ferric chloride solutions.



Transesterification
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Transesterification occurs when an ester reacts with an alcohol

under acid-catalysed conditions or with an alkoxide under base-

catalysed conditions to form a new ester.

The synthesis of biodiesel is a base-catalysed transesterification

of esters accomplished by treating plant oil (triglycerides) with

methanol or ethanol under base-catalysed conditions.

O
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O C(CH2)14CH3

O

C(CH2)14CH3

O

C(CH2)14CH3

O

Glyceryl tripalmitate

OH
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Glycerol

(present in palm oil)

+
+ 3 CH3(CH2)14CO2CH3

Methyl palmitate

(a biodiesel)

NaOCH3CH3OH

(Excess)



Reduction of Esters
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The reduction of esters with a strong reducing agent (LiAlH4 is

commonly used) provides two alcohols. Atleast one of the

alcohols produced is a primary alcohol, but most certainly the

alcohol derived from the acyl component of the ester.

Sodium borohydride is a much less reactive reducing agent than

LiAlH4. Although sodium borohydride reduces aldehydes and

ketones, it does not react with esters. Hence it can be used to

reduce aldehydes & ketones selectively in the presence of esters.


