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ABSTRACT

Synthesis and Characterization of Metal Complexes of a New Nitrogen

Heterocyclic Chelating system and Study on their Possible Applications.

The condensation of o-phenylene diamines with a- carbonyl compounds results in the

formation of a variety of quinoxalines. By suitable choice of a- carbonyl component (oxalic

acid), quinoxaline-2, 3- dione has been prepared. The result obtained has been characterized

and it is in well agreement with the results reported in literature.

So far there are no reports on the condensation of quinoxaline-2, 3- dione with amines or

polyamines. In this study a suitable amine group, 1, 3-diatninopropane, has been selected.

A new oxygen nitrogen chelating system, which is a condensed product of quinoxaline-2, 3-
dione with 1, 3-diaminopropane has been isolated and characterized by elemental analysis,

electronic and IR spectral data.

New N, N’- bis (3- quinoxaline- 2- one) diaminopropane (BQxDP) complexes of cobalt (II),

nickel (II), copper (II), zinc (II), cadmium (II) and mercury (II) have been prepared and

characterized by elemental analysis, conductance, IR and electronic spectral data.

The ligand acts as neutral ONN donor system in cobalt (II), nickel (IT) and copper (II)

complexes. In case of zinc (II), cadmium (II) and mercury (II) complexes it acts as ONNO

VI



donor system.

From the analytical and electronic spectral data all the complexes except copper (II) have

been found to be octahedral in geometry. Electronic spectral data supports the formation of a

distorted octahedral geometry for copper (II) complex.

The ligand, metal complexes and related compounds have subjected to preliminary studies

for antibacterial activity against Bacillus T.I. and E. Coli. In general the ligand and most of

the metal complexes are inactive. Only Cd (II) complex shows inhibitory activity against

gram +ve Bacillus T.I. at 100 pg/mL concentration. Further studies are necessary to draw

worthwhile conclusions.
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Chapter 1

INTRODUCTION

A large number of heterocyclic compounds have been investigated for their metal binding

properties, which have significantly contributed towards the development of modem

coordination chemistry. Substantial contributions in the fields of analytical chemistry,

biochemistry, industrial chemistry, catalysis, dyes, and drugs have been documented in the

literature [1-3], Nitrogen heterocyclics have been employed in metal complex formation to a

greater extent than the other heterocyclics containing heteroatonis like O, S,— , etc. This is

probably due to the availability of a potential lone pair on the nitrogen, which is not totally

drawn into the 7t-cloud of the ring, besides the lone pair: lone pair repulsions and steric

restrictions are relatively higher in oxygen and related heterocyclics. Probably, the absence

of these is a favorable factor in the greater stabilization of metal complexes through the

nitrogen heterocyclics.

Voluminous work on the synthesis, characterization, solution studies and applications of

metal complexes of pyridine and various suitably substituted pyridines with functional

groups like-CHO, -COCH3, -NH2, -NHNH2, -(CH2)„ N1 [2> N02, etc., is a classic example to

show the potentiality of the heterocyclic nitrogen in metal binding [4, 5-8], Amongst the

diazines, the most extensively studied one is undoubtedly pyrazine, present in the so-called

Creutz- Taube complex. The interest in metal complexes of pyrazine and related ligands is

due to electron-transfer reactions via ligand aromatic systems [9], Fused heterocyclics like

quinolines, isoquinolines, phenazines, indoles, and pteridines have also contributed towards

the development of coordination chemistry.

1



Quinoxalines (Figure 1), a class of nitrogen heterocyclics with two nitrogen atoms in

mutually para disposition has attracted recent attention in the formation of metal complexes

[10-12],

Quinoxalines, also known as 1,4-diazanaphthalenes have wide applications in pharmacology

, bacteriology and mycology. These compounds have been reported for insecticidal,

antibiotic, cytostatic, cytopathogenic, pesticidal, herbicidal, antileukemia, antiamoebic,

antidiabetic, antituberculous and receptor antagonistic properties [13-20],

Fig. 1 Quinoxaline

The majority of quinoxalines are of synthetic origin. Quinoxaline is made by condensation

of ortho disubstituted benzene with a carbon synthon. The condensation of ortho-

phenylenediamines with a-carbonyl compounds results in the formation of a variety of

quinoxalines. By suitable choice of a-carbonyl component quinxaline-2, 3-dione (Figure 2)

have been prepared.

H

H
\ N̂A>H

Fig 2 Tautomeric Forms of QxD
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The derivatives of quiiioxalines have received attention in complex formation in view of two

potentially metal binding nitrogen centers present in 1,4-positions of a six membered fused

heterocyclic system. Significant chelating abilities could be developed in these through the

introduction of suitable substitutions on heterocyclic ring or on benzene ring.

Notable features of complex formation have been documented with quinoxalines having

metal binding substituents at positions-2 and -3 and on heteroatoms (N-atoms) at positions-

1 and-4. Various disubstituted quinoxalines have been developed as potential chelating

ligands wherein other nitrogen heterocyclics like pyridine have been grafted as substituens

at positions-2 and-3 resulting in an interesting class of biheteroaromatic compounds

[21, 22].

Due to the potential complexing abilities of quinoxalines and their wide applications, it has

been aimed to synthesize a new multidentate ligand with quinoxaline function. Literature

survey reveals, that quinoxaline-2, 3-dione (QxD) can form condensed products with

primary amines. So far there are no reports on metal complexes of QxD with diamines or

polyamines.

In general ligands with highly electronegative donor atoms are hard bases while polarizable

ligands are soft . A general rule is that stable complexes are those formed between hard acids

and hard bases, and soft acids and soft bases (HSAB). The selection of metal ions is based

on the HSAB principle and for comparison purposes metal complexes of some heavy metal

ions mercury (II) and cadmium (II) were included for study.

3
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Fig. 3 Metal Complexes Of Quinoxaline -1- Oxide

First row transition (3d) metal complexes with quinoxaline 1,4-dioxide were prepared and

characterized by means of spectral and magnetic studies by Chasan et al. [38], The

temperature dependent magnetic susceptibilities of 3d (transition) metal chloride and

perchlorate complexes with quinoxaline 1,4- dioxide (L) were measured [40], Reports on 3d

metal perchlorate (CIO4) complexes indicate bi- or poly-nuclear structures with the

exception of penta coordinated monomeric Cu (II) complex of the type [CuL4 (OCIO3)]

(CIO4). The spectral and magnetic evidence is reported to be in favour of bi-or poly-nuclear

structures, involving terminal (Li) and bridging quinoxaline-1, 4-dioxide (Figure 4).

Co (II), Ni (II) and Cu (II) complexes with 2-quinoxaline carboxamide were prepared and

characterized on the basis of analytical, spectral and magnetic data. It has been found that

9
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M = Fe(III), X= Cl M = Cu(Il), X = -

Fig. 6 Metal Complexes of 3- hydrazinoquinoxaline- 2- One

Recently, several biheteroaromatic ligands were synthesized starting with substituted 1,4-
quinoxaline like-3 hydrazino-1, 4-quinoxaIine-2-one and investigated for complex

formation. Many oxygen, nitrogen, sulphur and mixed heterocyclics with suitable carbonyl

substituents on condensation with hydrazine-substituted quinoxalines were reported [12],

Metal Complexes of N- (2-Furylidene)-N’- (3-Quiiixalme-2-Oiie)
Hydrazine (FQH).

FQH (Figure 7) was found to be a neutral tridentate ONO / NNO donor through the lactam

carbonyl oxygen / azomethine (ring) nitrogen, azomethine nitrogen (hydrazone) and furan

oxygen. Based on analytical, conductance, thermal, spectral and magnetic data, octahedral

geometry for oxovanadium (IV), chromium (Ill), manganese (II), iron (111) and zinc (II)

complexes, tetrahedral geometry for cobalt (II) complex and trigonal bipyramidal geometry

13
































































