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Reactions of a-Amino Acids
Introduction

• Amino acids undergo pH-dependent reactions characteristic of both their

amine and carboxylic acid groups as well as reactions specific to the

functional group present in the side chain.
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• Although, amino acids can ideally display the reactivity pattern of both an

amine and a carboxylic acid, in practice, the frequent interference of each of

these two functional groups in the reactions of each other, dictates that

appropriate reaction conditions be carefully selected to suppress such

interference.

• This interference is suppressed by incorporating protecting groups on either

the amino group or the carboxyl group of the amino acid.
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Protection of Amino Acids as Carbamates

• The amino group of the amino acid reacts through the lone

pair of electrons on nitrogen and any side reactions to this

group arise from the availability of these lone pair of

electrons,

• The conversion of the amino group of an amino acid to a

carbamate significantly reduces the reactivity of the amino

group. Consequently, carbamates are commonly used as

protecting groups for the amino group of amino acids.
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• The two common carbamate protecting groups for amino

acids are the t-butyloxycarbonyl (t-BOC) and

benzyloxycarbonyl (CBZ).



Tert-Butyloxycarbonyl Protecting Group (BOC) of 
Amino Groups

• Formation

• Cleavage
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Benzyloxycarbonyl Protecting Group (CBZ) for 
Amino Groups

• Formation

• Cleavage

• One of the most useful carbamate derivatives of the amino acids in peptide

synthesis is the benzyloxycabonyl (CBz) derivative. This is prepared from

benzyl chloroformate, which acylates the amino group.
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Applications of Carbamates in Synthesis of Amino 
Acids
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• Note that LiBH4 can reduce the more reactive ester

functional group leaving the less reactive carboxylic acid

and carbamate groups unaffected.8:03 AM



Esterification of a-Amino Acids
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• Esterification is a typical reaction of the carboxyl group.

Amino acids are esterified by treatment with a large excess of

an alcohol in the presence of an acid catalyst (often gaseous

HCl).

• Under these conditions, the amino group is protonated (-NH3
+

form), and it does not interfere with the esterification.

• Esters of amino acids are often used as protecting groups of

the carboxyl group to prevent the carboxyl group from

reacting in an undesired manner.

• Methyl, ethyl and benzyl esters are the most common

protecting groups. Aqueous acid hydrolyzes the ester and

regenerates the free amino acid.



Esterification of the Carboxyl Group of Amino 
Acids

• Formation: Acid-catalysed esterification

• Cleavage: Acid-catalysed hydrolysis

Methyl Ester Protecting Groups for Amino Acids
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• The common ester protecting groups for carboxylic acids

are methyl, ethyl and benzyl esters.
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Esterification of the Carboxyl Group of Amino 
Acids

• Formation

• Cleavage: Acid-catalysed hydrolysis

Ethyl Ester Protecting groups for Amino Acids
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Reaction of Amino Acids with Ninhydrin
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• Ninhydrin is a common reagent for detecting amino acids

during chromatography or electrophoresis.

• When ninhydrin reacts with an amino acid, one of the

products is a deep violet, resonance-stabilized anion called

Ruhemann’s purple. Ninhydrin produces this same purple

dye with all amino acids, in which the a-amino acid is

primary. The amino acid side chain is lost as an aldehyde

• The reaction of amino acids with ninhydrin can detect amino

acids on a wide variety of substrates. Hence, it common use

in criminology to detect fingerprints on surfaces at crime

scenes,



Ninhydrin Test  for Amino Acids ad Peptides
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• A positive ninhydrin test is purple, while a negative test is

blue

• Finger printing with Ninhydrin in crime investigations



Mechanism of Reaction of Amino Acids with 
Ninhydrin
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Mechanism of Reaction of Amino Acids with 
Ninhydrin
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