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Reactions of α-Amino Acids 
 
 
1. Carboxylic Acid Esterification 
Amino acids undergo most of the chemical 
reactions characteristic of each function, 
assuming the pH is adjusted to an appropriate 
value. Esterification of the carboxylic acid is 
usually conducted under acidic conditions, as 
shown in the two equations written below. Under 
such conditions, amine functions are converted to 
their ammonium salts and carboxyic acids are not 
dissociated. The first equation is a typical Fischer 
esterification involving methanol. The initial 

product is a stable ammonium salt. The amino 
ester formed by neutralization of this salt is 
unstable, due to acylation of the amine by the 
ester function. The second reaction illustrates 
benzylation of the two carboxylic acid functions of 
aspartic acid, using p-toluenesulfonic acid as an 
acid catalyst. Once the carboxyl function is 
esterified, zwitterionic species are no longer 
possible and the product behaves like any 1º-
amine.

 
 
 

 
 
 
2. Amine Acylation 
In order to convert the amine function of an 
amino acid into an amide, the pH of the solution 
must be raised to 10 or higher so that free amine 
nucleophiles are present in the reaction system. 
Carboxylic acids are all converted to carboxylate 
anions at such a high pH, and do not interfere 
with amine acylation reactions. The following two 
reactions are illustrative. In the first, an acid 
chloride serves as the acylating reagent. This is a 
good example of the superior nucleophilicity of 
nitrogen in acylation reactions, since water and 

hydroxide anion are also present as competing 
nucleophiles. A similar selectivity favoring amines 
was observed in the Hinsberg test. The second 
reaction employs an anhydride-like reagent for 
the acylation. This is a particularly useful 
procedure in peptide synthesis, thanks to the 
ease with which the t-butylcarbonyl (t-BOC) 
group can be removed at a later stage. Since 
amides are only weakly basic ( pKa~ -1), the 
resulting amino acid derivatives do not display 
zwitterionic character, and may be converted to a 
variety of carboxylic acid derivatives.
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3. The Ninhydrin Reaction 
In addition to these common reactions of amines 
and carboxylic acids, common alpha-amino 
acids, except proline, undergo a unique reaction 
with the triketohydrindene hydrate known as 
ninhydrin. Among the products of this unusual 
reaction (shown on the left below) is a purple 
colored imino derivative, which provides as a 
useful color test for these amino acids, most of 
which are colorless. A common application of the 
ninhydrin test is the visualization of amino acids 
in paper chromatography. As shown in the 
graphic on the right, samples of amino acids or 
mixtures thereof are applied along a line near the 
bottom of a rectangular sheet of paper (the 
baseline). The bottom edge of the paper is 

immersed in an aqueous buffer, and this liquid 
climbs slowly toward the top edge. As the solvent 
front passes the sample spots, the compounds in 
each sample are carried along at a rate which is 
characteristic of their functionality, size and 
interaction with the cellulose matrix of the paper. 
Some compounds move rapidly up the paper, 
while others may scarcely move at all. The ratio 
of the distance a compound moves from the 
baseline to the distance of the solvent front from 
the baseline is defined as the retardation (or 
retention) factor Rf. Different amino acids usually 
have different Rf's under suitable conditions. In 
the example on the right, the three sample 
compounds (1, 2 & 3) have respective Rf values 
of 0.54, 0.36 & 0.78. 

 
 

 
 
 
4. Oxidative Coupling 
The mild oxidant iodine reacts selectively with 
certain amino acid side groups. These include 
the phenolic ring in tyrosine, and the heterocyclic 
rings in tryptophan and histidine, which all yield 
products of electrophilic iodination. In addition, 
the sulfur groups in cysteine and methionine are 
also oxidized by iodine. Quantitative 
measurement of iodine consumption has been 
used to determine the number of such residues in 

peptides. The basic functions in lysine and 
arginine are onium cations at pH less than 8, and 
are unreactive in that state. Cysteine is a thiol, 
and like most thiols it is oxidatively dimerized to a 
disulfide, which is sometimes listed as a distinct 
amino acid under the name cystine. Disulfide 
bonds of this kind are found in many peptides 
and proteins. For example, the two peptide 
chains that constitute insulin are held together by 
two disulfide links. Our hair consists of a fibrous 
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protein called keratin, which contains an 
unusually large proportion of cysteine. In the 
manipulation called "permanent waving", disulfide 
bonds are first broken and then created after the 

hair has been reshaped. Treatment with dilute 
aqueous iodine oxidizes the methionine sulfur 
atom to a sulfoxide.

 
 

Cysteine-Cystine Interconversion 
 

 
 

 
 
Synthesis of α-Amino Acids 
 
1)   Amination of alpha-bromocarboxylic acids, 
illustrated by the following equation, provides a 
straightforward method for preparing alpha-
aminocarboxylic acids. The bromoacids, in turn, 
are conveniently prepared from carboxylic acids 
by reaction with Br2 + PCl3. Although this direct 
approach gave mediocre results when used to 

prepare simple amines from alkyl halides, it is 
more effective for making amino acids, thanks to 
the reduced nucleophilicity of the nitrogen atom 
in the product. Nevertheless, more complex 
procedures that give good yields of pure 
compounds are often chosen for amino acid 
synthesis.

 

 
 
2)   By modifying the nitrogen as a phthalimide 
salt, the propensity of amines to undergo multiple 
substitutions is removed, and a single clean 
substitution reaction of 1º- and many 2º-
alkylhalides takes place. This procedure, known 
as the Gabriel synthesis, can be used to 
advantage in aminating bromomalonic esters, as 
shown in the upper equation of the following 
scheme. Since the phthalimide substituted 

malonic ester has an acidic hydrogen (colored 
orange), activated by the two ester groups, this 
intermediate may be converted to an ambident 
anion and alkylated. Finally, base catalyzed 
hydrolysis of the phthalimide moiety and the 
esters, followed by acidification and thermal 
decarboxylation, produces an amino acid and 
phthalic acid (not shown)
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3)   An elegant procedure, known as the Strecker 
synthesis, assembles an alpha-amino acid from 
ammonia (the amine precursor), cyanide (the 
carboxyl precursor), and an aldehyde. This 
reaction (shown below) is essentially an imino 

analog of cyanohydrin formation. The alpha-
amino nitrile formed in this way can then be 
hydrolyzed to an amino acid by either acid or 
base catalysis.

 
 

 
 
 
4) Resolution   The three synthetic procedures 
described above, and many others that can be 
conceived, give racemic amino acid products. If 
pure L or D enantiomers are desired, it is 
necessary to resolve these racemic mixtures. A 
common method of resolving racemates is by 
diastereomeric salt formation with a pure chiral 
acid or base. This is illustrated for a generic 
amino acid in the following diagram. Be careful to 
distinguish charge symbols, shown in colored 
circles, from optical rotation signs, shown in 
parenthesis. 
 
In the initial display, the carboxylic acid function 
contributes to diastereomeric salt formation. The 
racemic amino acid is first converted to a 
benzamide derivative to remove the basic 
character of the amino group. Next, an 
ammonium salt is formed by combining the 

carboxylic acid with an optically pure amine, such 
as brucine (a relative of strychnine). The 
structure of this amine is not shown, because it is 
not a critical factor in the logical progression of 
steps. Since the amino acid moiety is racemic 
and the base is a single enantiomer (levorotatory 
in this example), an equimolar mixture of 
diastereomeric salts is formed (drawn in the 
green shaded box). Diastereomers may be 
separated by crystallization, chromatography or 
other physical manipulation, and in this way one 
of the isomers may be isolated for further 
treatment, in this illustration it is the (+):(-) 
diastereomer. Finally the salt is broken by acid 
treatment, giving the resolved (+)-amino acid 
derivative together with the recovered resolving 
agent (the optically active amine). Of course, the 
same procedure could be used to obtain the (-)-
enantiomer of the amino acid.
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Since amino acids are amphoteric, resolution 
could also be achieved by using the basic 
character of the amine function. For this 
approach we would need an enantiomerically 
pure chiral acid such as tartaric acid to use as 
the resolving agent. By clicking on the above 
diagram, this alternative resolution strategy will 
be illustrated. Note that the carboxylic acid 
function is first esterified, so that it will not 
compete with the resolving acid. 
 
Resolution of aminoacid derivatives may also be 
achieved by enzymatic discrimination in the 
hydrolysis of amides. For example, an 
aminoacylase enzyme from pig kidneys cleaves 
an amide derivative of a natural L-amino acid 
much faster than it does the D-enantiomer. If the 
racemic mixture of amides shown in the green 

shaded box above is treated with this enzyme, 
the L-enantiomer (whatever its rotation) will be 
rapidly converted to its free zwitterionic form, 
whereas the D-enantiomer will remain largely 
unchanged. Here, the diastereomeric species are 
transition states rather than isolable 
intermediates. This separation of enantiomers, 
based on very different rates of reaction, is called 
kinetic resolution. 
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