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ABSTRACT

Synthesis and Characterization of Some Metal

Complexes of Schiff bases Derived from

Ninhydrin and a, L-Valine

Complexes of Mn (II), Fe (II), Co (II), Co (III), Ni (II) and Zn (II) with Schiff base

derived from ninhydrin and valine have been successfully synthesized. The complexes

were distinctly colored and were characterized by elemental analysis, molar conductance,

Infrared and electronic spectral studies. The ligands were found to act as a mono basic

tridentate, ONO donor.

Synthesis of metal complexes of the Schiff base derived from ninhydrin and cysteine was

unsuccessful.Variations between amino acids lie in the nature of side chain, which

confers individuality upon each amino acids. Thus studies on the side chain,-SH , were

done by taking in to consideration the properties of-SH group. With the assumption that

acidity of the group had an effect, acidic amino acid (tyrosine) was taken but the result

was positive. It showed that acidity was not the reason for cysteine not forming metal

complex. The other property considered was the soft sulfur group, since the metals used

in the synthesis were hard, other soft metal (Cd(II)) was taken with the cysteine schiff

base itself and it has formed a metal complex. Hence, the reason for not forming metal

complex with first row transition metal is due to the soft side chain, -SH group.

Comparative anti microbial study of the complexes with the starting material ninhydrin

was undertaken against three bacteria. Enhanced activity than ninhydrin on the two

vii

bacteria were observed.



INTRODUCTION

The ninhydrin colour reaction has proved to be very useful in qualitative work and is widely

used in the visualization of amino acid bands after electrophoretic or chromatographic

separation of mixtures. Several workers have extensively studied the chemistry of the reaction.

A simplified form of the mechanism proposed by Fillippovich and McCaldin [1,2] is shown in

Scheme 1.
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Scheme 1 The reaction of ninhydrin with a-amino acid
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The Schiff bases formed due to the reaction of ninhydrin with a-amino acid are potential Lewis

bases. Hence, they are good ligands to metal ions as shown in figure 1 below [1],

A\
C-0

0
\

N-— CH
\

Fig 1 Metal binding sites of a Schiff base derived from ninhydrin

and an a- amino acid

The ketimine IV (Scheme 1) is a potential ligand to metal ions, that can act as a tridentate

ligand forming two stable five membered rings on complexation. A recent study on the reaction

of ninhydrin with glycine in the presence of metal ion; Co(II), Ni(II) and Zn(II),indicate that the

reaction appears to stop just after the condensation of ninhydrin and glycine forming an

intermediate Schiff base [3], This condensed product after deprotonation results in the

formation of an anion, which acts as a potential tridentate metal binding ONO donor, producing

stable five-membered metal chelates. The metal complexes were characteristically coloured,

and it is anticipated that this can form a basis for studying the reaction between ninhydrin and a

variety of amino acids in the presence of metal ions, particularly transition metal ions. A
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specific correlation of metal ion - amino acid - colour can thus be developed based on the

results and this can form a basis for amino acid identification and determination.

Ninhydrin exhibits bactriostatic, virucidal, fungistatic, antigen-antibody reactive, inhibitive and

diabetogenic properties [4], The activity of ninhydrin is totally lost in metal- bound state of the

complexes.

The present investigation is; therefore, to synthesize metal complexes of Schifif bases derived
from ninhydrin and the a-amino acids cysteine and valine. The complexes were characterized
by analytical methods and anti microbial studies against Escherichia Coli, Proteus mirabilis,
and Staphylococcus aureus were undertaken.
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CHAPTER 1 THEORETICAL BACKGROUND

1.1. The Chemistry of Amino Acids

Amino acids are organic molecules of low relative molecular mass (approximately 100 - 200),

which contain at least one carboxyl (COO‘) and one amino (NH2) group and are essential

constituents of plant and animal tissues. The variations, which occur between the different

amino acids, lie in the nature of their R groups (side chains), a feature that is of fundamental

importance and confers individually upon each amino acid [4,5], At the present time, some 25

different amino acids have been demonstrated to occur in the proteins of mammalian tissues.

All possess in common a primary amino substituent, a carboxyl moiety, and hydrogen atom

attached to the a - carbon atom. The amino acids, proline and hydroproline, may be considered

as a - amino acids whose respective amino groups have become involved in the closure of a

pyrrolidine ring [6], The majority of the amino acids possess at least one asymmetric carbon

atom and may therefore exist in at least two optically active forms. Although most of the

natural amino acids are of the L - configuration, a number of D - amino acids also occur in

nature [7], The a - amino acids have the following structure (Fig. 2).

Fig. 2 General structure of a- amino acid
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The most common and perhaps the most useful way of classifying the 20 “ standard” amino

acids are according to the polarities of their side chains (R groups). Based on this classification

scheme, there are three major types of amino acids: (i) those with non polar R groups (e.g.

valine), (ii) those with uncharged polar R groups (e.g. cysteine) and (iii) those with charged

polar R groups (e.g. histidine).

1.1 . 1 Physicochemical Properties

All the common amino acid components of proteins are white crystalline solids, which are

stable in the solid form at ordinary temperature. When heated, amino acids undergo

decomposition at relatively high temperature. Amino acids vary considerably in their solubility

in water. Cysteine and tyrosine are the least soluble of the common amino acid constituents of

protein, while proline and hydroxyproline are extremely soluble.

Amino acids exist in aqueous solution as dipolar ions (zwitterions); for example, glycine may be

represented as follows:

+ H
H3N — C-COO'

H

Following Bronsted, glycine can react either as an acid or as a base, i.e. as an ampholyte [8]:
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H3N+CH2COOH - . ~H H3N+CH2COO -̂'H+
H2NCH2COO'

I U+ I T T 1
Species present . , Species present
in strong acid Zwittenon jn strong base

Ki= H bN'CfTCOO'] [Hi

[+H3NCH2COOH]

K,=r H,NCH2CQO If H 41

[+H3NCH2COO ]

As a consequence of the dipolar ion form of the amino acids, (i) an increase in the solubility in

water or other ionising compounds including other amino acids (ii) a decrease in the solubility

in media of low dielectric constant such as alcohol, and (iii) a high melting point in the solid

state are resulted. All the consequences are seemingly derived from the strong, intramolecular

electrical forces, which are characteristics of the dipolar ion form [9,10,11],

The zwitterionic form exists at some specific pH for a specific amino acid. At this pH, the

charges are equal and opposite, the molecule carries no net charge and exhibits electrophoretic

mobility. This point is called isoelectric point (pi). For most simple amino acids pi is not just a

point but a broad zone of pH values over which practically all the ampholyte is composed of

dipolar ions, pi may depend on combination of H+ and OH'[12],
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