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ABSTRACT

SYNTHESIS AND CHARACTERIZATION OF SOME METAL

COMPLEXES OF SCHIFF BASES DERIVED FROM

NINHYDRIN AND EACH OF a, L- SERINE AND a, L- ALANINE

BY

MEHABAW GETAHUN DEREBE

ADVISOR: Prof. NEGUSSIE RETTA

Complexes of Mn(II), Fe(III), Co(III), Co(II), Ni(II) and Zn(II) with two different

intermediate Sohiff bases, one derived from ninhydrin and serine (Indane- l ,3-dione-

2-imine-N-2-(3-hydroxy) propionate, IDIHP) and another derived from ninhydrin and

alanine (Indane-l,3-dione-2-imine-N-2-propionate, IDIP) were successfully

synthesized. All complexes were distinctly colored and were characterized by

elemental analysis, molar conductance, infrared and electronic spectral studies. The

ligand (Schiff base) was shown to behave as a monobasic tridentate ONO donor. The

Mn(II), Fe(III) complexes of both Schiff bases and Co(II) complex of IDIHP were

found to contain only one ligand molecule plus water and chloride(s) per metal ion,

while all the others contain two ligand molecules per metal ion. An octahedral

geometry is proposed for the metal complexes.
>

In light of the anti-microbial activity of ninhydrin, comparative anti-microbial study

of the complexes was undertaken against two gram-negative bacteria Escherichia coli

and Proteus mirabilis and one gram- positive bacteria Staphylococcus aureus. It was

revealed that most of the complexes of both Schiff bases and particularly Mn(Il),

Fe(III) and Co(II) complexes, have a much enhanced activity than ninhydrin against

P. mirabilis and S. aureus. All complexes except Co(II) complex of IDIHP showed a

reduced activity against E. Coli.
••VII



INTRODUCTION

Identification and quantification of constituent amino acids in a mixture is required in

the biochemical investigations of proteins and peptides. The most extensively used

method is the ninhydrin reaction, in which ninhydrin (1,2,3-triketohydrindene hydrate or

2,2-dihydroxy-1,3-indandione I & II - Scheme 1) reacts with amino acids to give a

characteristically blue/purple colored compound, except some that give yellow,

popularly known as Ruhemann’s Purple VIII [1, 2]. It was by chance that Sigfried

Ruhemann first observed this color reaction in 1911 [3, 4]. The blue compound VIII

maximally absorbs at 570 mil [1, 5, 6], and this forms the basis for the

spectrophotometric quantitative determination of amino acids that can detect as little as

one microgram quantity [1, 7], Several workers introduced modifications to the method

[1], the most noticeable ones being those by Moore, Stein et al. [8 - 12] and Doi et al.

[13]. The effect of metals and various other substances on this color reaction has also

been studied by several workers [14 -19].

The chemistry of the reaction of ninhydrin with amino acids is extensively studied by

several workers [6, 20, 21]. The mechanism, however, was not well understood until

very recently and this gave rise to a series of theories as reviewed by McCaldin [20]. A

simplified form of the mechanism proposed by Filippovich and McCaldin is shown in

Scheme 1 [20 - 22]. It has a condensation step that leads to a Schiff base formation

followed by decarboxylation, hydrolysis and finally further condensation with another

ninhydrin molecule to give the final product, Ruhemann’s purple [20 - 22]. The kinetic

aspects are well studied by Friedman and Sigel [5].
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Schiff bases are good ligands to metal ions [23, 24]. The ketimine IV is, therefore, a

potential ligand to metal ions, that can act as a tridentate ligand forming two stable five

membered rings on complexation. If the side group of the amino acid is not considered

for the present discussion, the Schiff base can have metal binding sites as shown in Fig.

1.

/
/+ \

vO
\c=o
/

N— CH

R

Fig. 1 Possible metal binding centers of a Schiff base derived from ninhydrin

and an a-amino acid.

In support of this, a fairly recent study on the coordination of the Schiff base derived

from ninhydrin and glycine to some metal ions showed that if a metal ion is present

before the reaction commences, the reaction does not proceed to the final product, but

stops at the first step, the metal ion forming a highly stable complex with the Schiff base

[25]. The metal complexes were characteristically colored, 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 specific

correlation of metal ion-amino acid-color can thus be developed based on the results and

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

Ninhydrin has been shown to exhibit strong antibacterial, antiviral, etc activities [26], It

has also been shown that physiological activity of organic compounds is much enhanced

2



on coordination to metals [25, 27], particularly, Schiff bases and their metal complexes

have been shown to exhibit enhanced activities [25],

amino ac id

OH

OH

NH 2
R — C — C — 0

' IH O H I I I

N in hyd rhi (colorless)

I

+ H 2O H3O*

II

H 2O ITTV-N i l

o oH
I n t e r m e d i a t e a m i n e O C R

V I \
A I d i m i n e

V

II 3

N in hyd r in
0 o- ( )

H
O H N

II
N — C — COO

R
O

Kctmuue

I V
CO 2

o2!_ITTON=?-R

V I I

o o
R u h e m a n n’s P u r p l e

VII I

Scheme 1. The reaction of ninhydrin with a-amino acids [22].

The present investigation is, therefore, to synthesize metal complexes of Schiff bases

derived from ninhydrin and serine (Indane-l ,3-dione-2~imine-N-2-(3-hydroxy)-
propionate, IDIHP) and alanine (Indane-l,3-dione-2-imine-N-2-propionate, IDIP). The

complexes were characterized by analytical methods and anti-microbial studies against

Escherichia coli, Proteus mirabilis and Staphylococcus aureus were also undertaken.
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CHAPTER 1 THEORETICAL BACKGROUND

1.1 The Chemistry of Amino Acids [28]

1.1.1 General Structure, Properties and Classification [2, 28-30]

Amino acids are low molecular weight (~100 - 200) organic molecules and are

monomers of peptides and proteins. Any amino acid is characterized by a unique side

group, plus at least one amino and one carboxyl groups. As long as there is no specific

requirement as to the chain length, position of the amino group, etc, many amino acids

can, by principle, exist. However, until very recently about 173 amino acids have been

identified to exist in nature [29], only 25 of which are found in proteins of mammalian

tissues [28], of which only 20 are ubiquitous. These 20 are all a-amino acids (except

proline and hydroxyproline that are a-imino acids), i.e., the amino group at an a- carbon

to the carboxyl group. The greater proportion of these naturally occurring a-amino acids

exist in the L- configuration. However, in recent years a constantly increasing number of

observations have shown the widespread natural occurrence of amino acids in the D-
configuration, chiefly in the metabolic products of lower organisms.

The a-amino acids have the following general structure (Fig. 2).

NH2

R-C— C=0
' 1H OH

Fig. 2 General structure of a-amino acids
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