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PREFACE

This thesis deals with the synthesis, characterisation and
catalytic activity studies of some new transition metal complexes of the

Schiff bases, derived from quinoxaline—2—carboxaldehyde. The model

complexes derived from specially designed and synthesised Schiff bases

help us to understand the chemistry of biological systems. Schiff bases

derived from heterocyclic aldehydes like quinoxaline-2-carboxaldehyde

provide great structural diversity during complexation. The Schiff

bases synthesised in the present study ' are
quinoxaline—2—carboxa.lidene-2-aminophenol (QAP). quinoxaline—2

carboxaldehyde semicarbazone (QSC), quinoxaline-2—carboxalidene—o—

phenylenediamine (QOD) and quinoxaline-2-carboxalidene-2-furfurylamine

(QFA). The elucidation of the structure of these complexes is done

using conductance, magnetic susceptibility measurements. infrared,

UV—Vis and EPR spectral studies.

The thesis comprises of eight chapters. Chapter I of the thesis

presents an introduction of the metal complexe of Schiff bases derived

from various aromatic aldehydes. Chapter 11 gives detail of the
preparation and purification of the ligands. Various techniques
employed to characterise the metal complexes are also given in this

chapter.



Chapter II[, IV and V of the thesis deal with the synthesis and

characterisation of the metal complexes of the ligands, QAP, QSC, QOD

and QFA.

The complexes were screened for their catalytic activity in the

well-k'nown~ reaction of oxidation of ascorbic acid to dehydroascorbic

acid. The results of these studies are presented in Chapter VII. In

continuation. of this work, a detailed kinetic study was made on the
catalytic oxidation of ascorbic acid by the copper complex of the ligand

QAP, in order to understand the mechanism of catalysis by the copper

complexes. The results thus obtained were presented in Chapter VIII.
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CHAPTER I

INTRODUCTION

Schiff bases are those compounds containing the azomethine group

(-RC = N-) and are usually formed by the condensation of a primary amine

with an active carbonyl compound. Bases which are effective as

coordinating ligands bear a functional group, usually -OH, sufficiently

near the site of condensation that a five or six membered chelate ring

can be formed upon reaction with a metal ionl.

Metal complexes of Schiff bases represent an important. and
interesting class of coordination compounds2_3. The ability of metal

centres to display different coordination numbers as well as a variety

of coordination modes makes it difficult to establish the corresponding

stereochemical peculiarities of Schiff base complexes and therefore

synthesis and characterisation of such complexes have always been a

challenge to coordination chemists. Since the seminal works by Ettling

et al.9, metal-chelate Schiff base complexes have continued to play the

role of one of the most important stereochemical models in main group

and transition metal coordination chemistry due to their preparative

accessibility. diversity and structural variability. Apart from this,

aspects of the topic are of relevance to those whose interest include

organic synthesis in the presence of metal ions, areas of metal ion

catalysis, and biochemical reactions involving Schiff bases. Two

excellent reviews of Schiff base complexes appeared in 19601 and 19669.

The first of these, which was written by B. 0. West, stressed the



chemistry of inner complexes, whereas the latter dealt in detail with

the chemistry of salicylaldimines, B-ketoamines and closely related

ligands. A monograph dealing with the stereochemistry of Schiff base

complexes as well as the aspects of behaviour of such complexes in

solution, has also been published“).

During the last few years a significant amount of information

related to the synthesis and characterisation of Schiff bases and their

complexes with several metal ions has appeared in the literature”-15.

Synthetic Methods of Schirf Base Complexes

a. Direct ligand synthesis followed by complexation:

The preparation and isolation of the free Schiff base ligand

followed by complexation with a metal ion has traditionally been the

usual method for the preparation of metal ion complexes. The isolation

of the free Schiff base before reaction with a metal ion has certain

advantages compared to the in situ preparations. The reactants used to

prepare Schiff bases are often good coordinating ligands. Therefore a

small excess of one of the reactants will lead to the contamination of

the product, if not removed before the Schiff base is complexed with a

metal ion. In the direct type of ligand synthesis, the removal of
impurities can be achieved by normal purification techniques.
Furthermore, characterisation of the free ligand enables a comparative

study to be made of its physico-chemical properties with those of the



corresponding metal complexes. In this manner the elucidation of the

structure of the complexes may be facilitated.

b. Synthesis in situ:

In this class of synthesis the formation of the Schiff base occurs

in the presence of the metal ion to give the corresponding metal chelate

directly. "Metal ions assist the formation of Schiff bases by creating

stable complexes, thus producing a favourable overall free energy of
reactionle. Furthermore, the metals were found to catalyse these

reactions by serving as a reaction template. Two types of template

effects have been recognised” in the formation in situ, of Schiff ‘base

complexes, When the role of the metal ion is to organise or orient the

reacting species such that the required product forms in higher yield

then this amounts to a sterically directed kinetic mechanism and has

been named the kinetic template effect. If however the metal ion

removes the Schiff base from an equilibrium by complexation. then a

thermodynamic template effect is operating. An interesting Schiff base

complex of copper was prepared by the reaction of salicylaldehyde with

glycine in the presence of copper(I[) ionm.

c. Metal ion induced rearrangements:

Many 2-hydroxy or 2-thiol amines react with aldehydes to give

certain heterocyclic compounds other than Schiff baseslg. Nevertheless,

in solution, it has been shown that both products exist in equilibrium
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with their respective tautomeric Schiff bases. Addition of metal ions

results in the isolation of high yields of the Schiff base oomplexeszo

It has been postulated that the metal ion sequesters the Schiff base
form from the equilibrium and hence thermodynamic template effects

appear to operate in these reactions. We can expect a high yield of the
complex if the metal complex produced is only slightly dissociated in

solution or if it gets precipitated from the solution. In certain cases

competing equilibria are involved and the isolation of the required

complex depends on a number of factors, including the pH of the
solution, the nature of the solvent, and the relative solubilities of

the species present. Generally Schiff base formation is found to‘ be

favoured in basic media.

d. Oxidation of Coordinated Sewndary Amines:

Another route that is sometimes used to prepare Schiff bases, is

the oxidative dehydrogenation of the corresponding secondary amines.

This may be effected in the presence of suitable metal ions such that a

Schiff base compound is obtained readily. The use of redox reactions to

generate imine linkages in situ provides a reaction type of great

versatility since a wide range of chemical oxidising agents are
available whose mode of action depends upon the reaction conditions as

well as on the particular metal ion present. Electrochemical oxidations

can also be used. By the choise of suitable conditions, selective

reactions can sometimes be used to produce a series of closely related

complexes which differ only in their degree: of unsaturation. Reported



cases indicate that the metal ion can influence the rate of formation of

the complexes as well as the structure of the redox productzl.

e. Amine Exchange Reaction:

New Schiff base complexes can be synthesised by carrying out amine

exchange reactions on existing Schiff base oomplexes22—26. These

reactions can be compared to the well known transamination reactions of

biologica1'systems. The reactions may proceed by an initial attack of

the exchanging amine on the electron-deficient carbon of the polarised

imine linkage, and it appears that these reactions are equilibrium

controlled. An excess quantity of exchanging amine is usually used in

these cases. Product yield depends on the basicity of the exchanging

amine. A high yield of product can be obtained when the reacting amine

is significantly more basic than the displaced amine.

f. Metal Ion Exchange Reactions:

Schiff base complexes containing a labile metal ion can be used

for metal exchange reactionszrpzg. Chief ly complexes of
salicylaldimines or B-ketoimines have been employed for the synthesis of

28.29such complexes An advantage of metal exchange as a synthetic
method is that often side reactions can be minimized by adopting this

procedure.



To understand the chemistry of formation of Schiff bases and their

metal complexes. it is always wiser to choose the systems derived from

salicylaldehyde as the prototype because these compounds as a class

have been the subject of thorough investigation. Metal complexes of

salicylaldimines are obtained by direct reaction of Schiff base and

metal ions. template reaction or by reaction of amines with bis or tris

salicylaldehyde metal complexes. The condensation of amines with

coordinated‘ aldehydes or ketones was first employed by Schiffao to

prepare 'his(salicylaldimino)copper complexes. Polarisation of the

carbonyl group on coordination to a positive metal ion will result in
the carbonyl carbon becoming more susceptible to nucleophilic attack. by

the lone pair of the amine. However a carbonyl oxygen is usully a very

poor donor towards most metal ions and thus in solution, it is readily

displaced from the coordination sphere by solvent molecules. But the

carbonyl group can be made to remain coordinated in solution,and thus

Schiff base condensation can be facilitated, if the carbonyl containing

oiety contains another donor atom which enables the formation of a

strong chelate ring. Many such reactions involving coordinated

salicylaldehyde have been reportedg.

The Schiff bases derived from salicylaldehyde are among the most

thoroughly studied ligand systems. The particular advantage of such

ligand systems is the flexibility of the synthetic procedure which has

allowed the preparation of a wide variety of complexes. In this way it

has been possible to effect certain sbereochemical and electronic

changes more or less systematically in a graded series of complexes by



structural variations of the ligand. It is this feature of
salicylaldimine complexes which is principally responsible for their

current significance.

Salicylaldimines frequently show enol-imine iautomerism in
solution. Some structural features were observed in the case of

substituted Schiff bases; for example, the influence of halogen
substitution on the electronic distribution of salicylaldimine ligands

has been evaluated through a detailed analysis of vibrational bandsm.

Complexes formed by salicylaldimines are of three main structural

types as shown in Fig.1.

x\ “ —O‘ \ O\ O //[Min /M---N\ -—N NR \B
X

\/\I b
‘I'DX‘ j i\ X

\ O\ /O //
\B/

0

mg. 1.1
R, X and B are substituents on nitrogen, ring and bridging group

respectively.



Condensation with primary amines (aryl or alkyl) usually results in

the formation of Schiff bases of type a (Fig. l.a) which can form

bidentate complexes. In these complexes stability of the planar form of
the complex is dependent on the steric requirements of the substituent R

which, if sufficiently demanding, may force a nonplanar configuration in

those cases. Condensation of salicylaldehyde with diamines gives

compounds with structure shown in figure 1.b. They generally act as

quadridentate ligands. The third type of Schiff base formed by
salicylaldehyde are given in figure 1.c. Such complexes usually contain

M = Ni(II),.Cu(II), V0 and U02, and L = 0. They are much less
thoroughly studied.

In quadridentate ligands it is seen from the X-ray data that N202

unit is planar. The metal atom lies above the N202 plane. From
magnetic and structural data, it is clear that there is considerable

internuclear interaction in these type of complexes at least in the

solid stateaz-35. In these complexes the four donor atoms are almost

always coplanar with small deviations towards a tetrahedral geometry.

The iron complexes show the most significant deviations from planarity

when compared with those of cobalt and copper.

Only a modest number of complexes containing manganese and iron

in their hi or trivalent state have been reported. Manganese(II)

complexes of salicylaldimines are found to be high spin, although in
36,37some reported cases the moments are lower than the spin only value

The lower moments observed for some of the complexes may be due to the
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partial oxidation of manganesefll) to manganese(1'II) or due to the spin

exchange in the solid phase.

Ferrous and ferric ions form salicylaldimine complexes of all

the three structural types. Most of these complexes are high spin.

Fe(HI) ion also forms dimeric complexes in which case the magnetic

moment is considerably reduced from the spin only value due to anti
ferromagnetic interaction.

There is a lot of information in the literature relating to
nickel(II) complexes with bidentate Schiff bases38_42. The
incorporation of a~branched substituents and particularly the t-ibutyl

group results in the destabilization of the planar configuration. In

the case of copper(1I) complexes such an incorporation would lead. to a

gradual distortion of a planar structure towards a tetrahedral one.

Whereas in the case of the nickel(II) complexes, these changes result in

the shift of the planar = tetrahedral equilibrium to the right in

solution and thus tetrahedral structure in solid state will be
stabilised. The cobalt(I{) ion is more inclined to form tetrahedral

configuration.

Chelate complexes of salicylaldimine with a structure
incorporating five and six membered metallocyclic moieties with the same

metal centre were prepared from Schiff bases of salicylaldehyde and

0-aminophenol. Umbrella conformation occurs in dimeric pentacoordinated

complexes containing solvent molecules or other ligands in the axial
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sites. Cobalt(1I) complexes of the Schiff base derived from
salicylaldehyde and 0-phenylenediamine crystallise as planar and
umbrella conformational isomers within the same unit cell“.

Salicylaldehyde semicarbazones, a potentially tridentate ligand,

is found to act as a bidentate monoanion because of the
non-participation oi’ the carbonyl oxygen“ of the semicarbazone moiety.

This seems to be a typical ligation behaviour of aryl derivatives of

semicarbazones and has been termed the flip-tail bidenticity.

The effect of substitution by nitro groups in nicl(el(I1)
complexes with Schiff bases derived from salicylaldehydes, ct-hydroxy

naphthaldehydes and aniline has been the subject of many
39.40.45reports These compounds showed intramolecular hydrogen bonds

and tautomeric equilibria in some cases“. The electronic effects due

to the presence of nitro groups on salicylaldimines were not similar to

those observed for at-hydroxy naphthaldiminesw. Electronic spectroscopy

results indicated that in these cases. the nickel(]'.[) mmplexes change

their structures on going from solution to solid phase, the changes

depending on the donor character and polarity of the solvent. Holm et

al and others reported, several years ago, the temperature dependent

probable association or conformational equilibrium in solution between

planar and tetrahedral species for Ni(1I) complex of
N—alky1—salic:ylaldimines46-51 .
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No substantial solvent effects were found in the electronic

spectra of nickel(I[) tetradentate Schiff bases; while noticeable

changes are obtained in the case of copper(]I) analoguessz. These facts

can be explained in terms of the molecular orbitals involved in the

electronic transitionsa. In addition, the stereochemistry of these

complexes exhibited marked differences depending on the substituent in

the bases or on the length of the methylene cha.in54—57.

In addition to these complexes salicylaldimines are also

reported to form linear or bifurcated sexadentate Schiff bases58’59.

Schiff bases and their complexes derived from heterocyclic

aldehydes and amines are rather rare. Most of the informations now

available are about those moieties which include one or more pyridine

rings. Metal complexes of the Schiff bases derived from
Pyridine-2-caboxaldehyde are reported to be synthesised by direct

reaction of Schiff bases and metal ionsso, template reaction or by the

reaction of the aldehyde with preformed metal complexes formed by the

interaction of the corresponding amines with metal salts. Generally it

is not desirable to use a coordinated amine for such a reaction, since

coordination severely impaires the nucleophilic character of the

nitrogen. It has been suggested that the heteroatom of the
pyridine-2-carboxaldehyde ring may first effect amine displacement prior

to Schiff base condensation61’62.
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Schiff bases with an electron withdrawing heterocyclic ring system

exhibit many interesting structural features as the ligand field of such

ligands are expected to be weaker than the corresponding one with

aromatic systems. Such multiclentate Schiff bases can be obtained from

the interaction of pyridine—2-carboxaldehyde with diaminessa and

triamines64 and other aminocompoundses. The condensate of
pyridine-2-carboxaldehyde and 1, 8-diamino-3, 6-dithiaoctane has been

shown‘ to form linear sexadentate complexes having the same structure as

that of the complex formed by salicylaldimine with the same amineas.

Certain bifurcated sexadentate complexes of Schiff bases derived from

pyridine~2—carboxaldehyde have also been reported67. The structures of

these types of complexes are such that they offer a plausible
racemization mechanism.

The pyridine-2—carboxaldehyde thiosemicarbazones are among the most

studied thiosemicarbazone from the chemical and structural point of View

as well as from the biological point of view68—74. Thiosemicarbazones

of pyridine—2-carboxaldehyde has marked antitumour activity75. This

ligand has high affinity for copper(]I) ion. The copper complex is

found to be more potent76, as determined by single-cell survival of

Chinese hamster ovary cells. A possible mechanism of antitumour
activity of the complex may be due to the reduction of Cu(1I) to Cu(I)

complex by thiols followed by release of the pyridine-2—carboxaldehyde

thiosemicarbazone ligand and then the binding of this to inhibit
ribonucleoside diphosphate reductase action.
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The nature of binding of pyridine-2—carboxaldehyde
thiosemicarbazones with Ehrlich ascites tumour cells has been described

by Petering and oowo!‘l(ers77. The compound is found to inhibit cellular
DNA formation at low concentrations, but the RNA formation is found to

be less sensitive. The binding sites are indicated to be glutathione

thiol groups, confirming the earlier observations of Bushnell and

Tasangm.

Though quinoxaline is known as an excellent bridging ligand

among nitrogen heterocycles, reports of compexes derived from ‘its
derivatives are scanty. Iron(1I[), cobalt(I[), and copper(1'I) complexes

of the Schiff base derived from quinoxaline-2-carboxaldehyde and

2-aminocyclopent—l-ene—l—dithiocarboxylie acid (L) have been reported”.

The mmplexes have the general formula [MLCU for the cobalt(]1).

nickel(1I) and copper(]I) complexes. The iron(1]I) complex has the

formula [FeLCl(OH)(H2O)]. Octahedral and tetrahedral structures have

I been assigned for the iron(1I[) and cobalt(I[) complexes respectively,

while nickel(II) and copper(]I) complexes have square planar geometry.

The ligand acts as a tridentate ligand coordinating through one of the

sulphur atoms, the azomethine nitrogen atom and also through nitrogen

atom of the quinoxaline ring.

Iron(11I), coba.lt(II), nickel(1'I) and copper(1'[) complexes of

‘another Schiff base ligand derived from quinoxaline-2-carboxaldehyde and

amino group supported on cross linked polystyrene (L) have been

reported79. The empirical formula for the iron(]II) complex is
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{FeL(OAc)3(H2O)2]. For the cobalt(II), nickel(ID and copper(II)

complexes it is lML(OAc)2(HZO)l where OAc represents an acetate group.

Infrared spectra indicate that in all the complexes, bonding of Schiff
base is through the azomethine nitrogen atom and not through the

nitrogen atom of the quinoxaline ring. Based on the electronic spectra

and magnetic behaviour, octahedral and tetrahedral structures have been

assigned respectively for the iron(]I[) and cobalt(II) complexes and

square planar structures for the nickel(]I) and copper(11) complexes.

Spectral and thermal studies on new complexes of iron(IH).

cobalt(]I), nickel(II) and copper(II) with a Schiff base derived from

quinoxaline—2—carboxaldehyde and glycine have been reported. Adimeric

octahedral structure involving Cl and OH bridges has been proposed for

these complexesso. Synthesis, characterisation and cytotoxicity of new

quinoxaline-2-carboxaldehyde thiosemicarbazcne (QTSC) complexes of

cobalt(11I). nickel(II) and copper(II) have been studied“. The

complexes have the empirical formulae, [Co(QTSC)2]X2, [Ni(Q'l‘SC)2(0Ac)Xl

and [Cu(QTSC)(0Ac)(H2O)l2 where X = Cl/Br and 05.0 = acetate group. The

magnetic and spectral data suggest a distorted octahedral geometry for

the complexes. The copper complex appears to be dimeric with bridging

acetate groups. The ligand acts as a uninegative tridentate NNS donor

in the cobalt and copper complexes, while it acts as a neutral bidentate

NS donor in the nickel complexes. The cytotoxicity of the cobalt(Il'I)

complexes was determined in vitro as well as in tissue culture. The

chloro complex was found to have greater cytotoxic activity than the

bromo complex.
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l-ianganese(II). iron(111), cobalt(1I), nickelfll) and copper(TI)

complexes of the Schiff bases derived from
3-hydroxyquinoxaline-2-carboxaldehyde were prepared. These Schirf bases

were prepared by the condensation of the aldehyde with ethylenediamine

(QED). o-phenylenediamine (QPD), hydrazine (QHD) and diethylenetriamine

(QDT)82. Due to the comparatively weaker ligand field, the (1 level

splitting is "lesser in the complexes synthesised from the above Schiff

bases. The complexes, therefore, show interesting magnetic properties.

Furthermore,_ the nature of the ligands impose a particular geometry on

the complexes. The ligand QED is dibasic and tetradentate and is

expected to give square planar complexes, but all the complexes of QED

synthesised are dimeric in nature. This happens only because the

flexible ligand permits some distortion from a strictly planar
structure. In the dimer the metal atom may probably be out of the

plane of the donor atoms. As QPD does not favour such a distortion, it

yields only monomeric complexes. The stereochemistry of QED is not

suitable for the coordination of all the four donor atoms to a single

metal ion. Hence the ligand is found to form dimeric complexes with

interesting structures. The QDT forms dimeric complexes in the cases of

manganese(II) and iron(DI). Spin—crossover equilibria is observed in

the iron complex of QDT. Anomalous magnetic behaviour is obtained in

the case of nickel complexes.

l'langanese(II), iron(II|I). cobalt(I[), nicl-:el(]I) and copper(1'I)

complexes of the Schiff bases derived by the condensation of
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3-hydroxyquinoxaline-2-carboxaldehyde with o-aminophenol, semicarbazide

hydrochloride, furfuryl amine and thiosemicarbazide were prepared and
83characterised These complexes were screened ‘for their catalytic

activity in the oxidation of 3,5~ditert—butylcatechol to the
corresponding quinone and found that most of the complexes are

catalytically active.

Catalysis by Schlff base complexes

Schiff base complexes catalyse reactions like hydrolysis,
carboxylation, decarboxylation, elimination, aldol condensation and

redox reactions84_86. They also exhibit antifungal and antibacterial
action .

Cobalt(II) complexes of Schiff base ligands derived
fromo-phenylenediamine have been prepared,and the catalytic activation

of oxygen using these complexes has been investigatedm.

The metal ion catalysed disproportioation of H202 has received much
attention. because of the catalytic action of a heme iron enzyme, i.e,

catalase, which enhances the decomposition of hydrogen peroxide

dramaticallyl. Activity of copper(]1) complexes of (salicylidene) amino

acid Schiff bases have been tested towards the decomposition of hydrogen

peroxideae. Detailed kinetic investigations for the disproportionation

of hydrogen peroxide catalysed by the complexes of the general formula,

Cu(sal:aa)H2Ol.nH2O (where salzaa = salicylideneaminoacid Schiff base
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derived from the condensation of salicylaldehyde and
glycinelL—valine/L-methionine; n = O or 2) have been reported are

discussed. The decomposition of hydrogen peroxide catalysed by the

above complexes conform to Michaelis-Menton type kinetics.

Development of an excellent metal-complex catalyst for an

asymmetric epoxidation of unfuctionalised olefins has been of great

concern. Optically active salen-manganese(I'II) complexes were

recently’ found to be effective catalysts for the enantioselective

epoxidation; using terminal oxidants such as iodosyl benzene89 sodium

hypochloridego and hydrogen peroxide9l’92. (Chem. Let. (1994) 1259)

Oxidation of various olefins have been carried out using the Mn

(I11) complex of Schiff bases derived from the condensation of

salicylaldehyde and its derivatives with diaminopropanol, and the

binuclear Mn(1'D and Fe(]I[) complexes of Schiff bases obtained by the

condensation of pyridene aldehyde with m- and p- phenylenediaminega

Copper(H) schiff base complexes were found to act as catalysts

for the oxidative coupling of phenols94. They also act as catalysts for

the oxidation of phenols to quinones. These complexes usually form

adducts with oxygen molecules. Information about many such complexes

which can bound revesibly with dioxygen are available in the review by

Basolo et al95.
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Coba1t(1I) complexes of aromatic Schiff bases form oxygenated

complexes at lower temparatures (OOC) possibly because these Schiff

bases can readily‘ donate electron density to the metal ion. Oobalt(II)

complexes with the Schiff base ligands such as Co(Salen) [where Salen =

N, N’-bis(salicylaldehyde)ethylenediaminedianion] and its analogues have

been the first and most extensively investigated as reversible oxygen

carriers96_98. Much attention has been paid on the reaction mechanism

and the_ molecular structure of the oxygenated complexes. The molecular

structure of some of the 1:2 adducts of dioxygen with Oo(Salen) was

confirmed in solution by EPR studies and dioxygen absorption

measurements. Four coordinated planar Co(II) Schiff base readily. bind
dioxygen in the presence of suitable monodentate Lewis bases such as

amines and solvents which provide electron density at the metal centre

and this causes additional stabilization of the cobalt(1I)-O2 bond.
Yuriko et alga have studied the high dioxygen uptake by hetero-metal

binuclear Co(II)-Fe(II) Schiff base complex systems in
dimethylsulphoxide under nitrogen and air by spectrophotometry, cyclic

voltammetry and dioxygen uptake measurements.

A large variety of polymer supported Schiff base complexes were

synthesised and they are found to be very good oxygen carriers. The

coba1t(I[) complexes of bis(acetylacetonatoethy1enediamine) or Salen can

be anchored to a polymer. Such complexes act as reversible oxygen
100carriers even at room temparature . The oxygenations in these cases

can be monitored by either ESR or visible spectroscopy.
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Also there are some reports of zeolite encapsulated Schiff base

complexes acting _as oxidation catalysts recently. Co—salen has been

synthesised within .the supercage of zeolite X. The catalyst is stable

during the catalytic cycle and no leaching out of the ligand occurs

during oxidation ‘01.

The major problem associated with the study of catalytic process is

the lack of information about the intermediates or of the active

catalyst. a method has been developed by Gassman et al 102 for the

isolation and characterisation of highly reactive intermediates in

homogenious catalysis by transition metal complexes. The method

involves the principle of steric exclusion type chromatography," which

has been devised for the isolation of highly reactive intermediate on

the surface of a porous polymer film. Analysis of these surface

isolated intermediates was carried out by )(—ray photoelectron
spectroscopy which provide detailed information about the complexes that

recided on the surface of the film.

Scope of the Present Investigation

Literature survey revealed that, there is not much work on the

Schiff base complexes derived from quinoxaline-2-carboxaldehyde. The

two nitrogen atoms present in the quinoxaline ring may affect. to

certain extent, the electronic properties of the complexes. These

effects can be well reflected in the electron transfer processes
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involved in catalysis. Hence we undertook this work with the following

objectives:

1-. ~ To synthesise some new Schiff base ligands derived from the

heterocyclic aldehyde, quinoxaline-2-carboxaldehyde.

2. To investigate the structure of some new metal cxzmplexes of such

Schiff bases.

3. To study the catalytic activity of the synthesised complexes in the

oxidation of ascorbic acid to dehydroascorbic acid.

4. To investigate the mechanism of catalysis by the synthesised
complexes.

The ligands chosen for the present study are the following:

1) quinoxaline-2-carboxalidene—2-aminophenol(QAP)

2) quinoxaline-2-carboxaldehyde semicarbazone(QSC)

3) quinoxaline—2-carboxalidene-o-phenylenediamine(QOD)

4) quinoxaline-2-carboxalidene-2-furfurylamine(QFA)

Hanganese(11), iron(1II), cobalt(II), nickel(II) and copper(1I)

complexes of these Schiff have been synthesised and characterised. The
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synthesised complexes have been screened for their catalytic activity in

the oxidation of escorbic acid to dehydroascorbic acid. The mechanism

of catalysis by the copper(II) complex of
quinoxalinc-2-carboxalidene-2-aminophenol has been studied in detail.
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CHAPTER II

EXPERIMENTAL TECENIQU ES

2.1 INTRODUCTION.

Details about the general reagents used, preparation of ligands and

various analytical and physico-chemical methods employed for the

characterisation of the metal complexes are discussed in this chapter.

Procedural details regarding the synthesis of metal complexes are given

in the appropriate chapters.

2.2 REAGENTS

The following metal salts were used: MnCl2.4H2O (E.Merck), FeCl3

(Aldrich, 98% pure), CoCl2.6H2O (E. Merck), NiCl2.6H2O (BDH), CuCl2.2H2O

(E. Merck) Mn(CH3CO0)2.4H2O (Merck), Co(CH3COO)2.4H2O (Merck).

Ni(CH3COO)2.4H20 (Merck) and Cu(CH3COO)2.H2O (Merck). 2-Aminophenol

(Merck), semicarbazide hydrochloride (BDH), 0-phenylene diamine (Merck)

and 2-furfuryl amine (Merck) were also used for the present work.

Unless otherwise specified, all other reagents were either of 99%

purity or purified by known laboratory proceduresl.

2.3 PREPARATTON OF QUINOXALINE-2-CARBOXALDEHYDE

A procedure reported by Ohle et al was used to synthesise
quinoxaline—2-rarboxaldehydez’3(Fig. 2.1).
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Treatment of D-glucose with o-phenylenediamine in the presence of

hydrazine hydrate and acetic acid on a boiling water bath under carbon

dioxide atmosphere_ provided by the addition of a pinch of sodium

bicarbonate, gave the compound 2-(D-arabinotetrahydroxybutyl)

quinoxaline. Synthesis of quinoxaline—2-carboxaldehyde was carried out

by the oxidation of this compound with sodium metaperiodate in water in

the presence of acetic acid at laboratory temperature. The product was

isolated by extraction with ether and purified by recrystallisation from

petroleu m I ether.

\ N CHO

Fig. 2.1 Strcture of quinoxaline—2-mrboxnldehyde

42.4 PREPARATION OF LIGANDS

2.4.1 Quinoxaline-2-carboxaljdene-2-aminophenol (HQAP)

The ligand (HQAP) was prepared by mixing an ethanolic solution (100

mL) of quinoxaline—2-carboxaldehyde (0.01 mol; 1.58 g) and 2-aminophenol

(0.01 mol; 1.09 g) in ethanol (100 mL). The solution was refluxed for l

_h. The ligand separated out was filtered and dried in vacuo over
anhydrous calcium chloride. (Yield: 70%, 1.7 g, M.P.: 225°C).
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2.4.2 Quinoxaline-2—c*arboxaldehyde semicarbazone (QSC)

The ligand (QSC) was prepared by mixing an ethanolic solution (100

mL) of quinoxaline-2—carboxaldehyde (0.01 mol; 1.58 g) and semicarbazide

hydrochloride (0.01 mol; 1.11 g) in ethanol (100 mL). The solution was

stirred for fifteen minutes. The ligand separated out was filtered and

washed with ethanol. It is then dried in vacuo over anhydrous calcium

chloride. (Yield: 62%, 1.55 g, M.P.: 230°C).

2.4.3 Quinoxaline-2-carboxalidene-o-phenylenediamine (Q0171)

To prepare the ligand QOD, an ethanolic solution (100 mL) of

quinoxaline—2-carboxaldehyde (0.01 mol; 1.58 g) was mixed _with
o-phenylenediamine (0.01 mol; 0.54 g) in ethanol (100 mL). The

resultant solution was stirred for fifteen minutes. The orange coloured

ligand separated was filtered and washed with ethanol and dried in vacuo

over anhydrous calcium chloride. (Yield: 70%, 1.62 g, l-l.P.: >230°C)

2.4.4 Quinoxaline-2—mrboxaIidene-2-furfurylamme (QFA)

The ligand QFA was prepared by mixing a solution (50 ml.) of

quinoxaline-2-carboxaldehyde (0.01 mol; 1.58 g) in l,2—dichloronethane

with furfurylamine (0.01 mol; 0.97 g; 0.88 mL) and refluxing the

solution for fifteen minutes. This ligand solution was used as such for

the preparation of the complexes.
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2.5 ANALYTICAL METHODS

2.5.! Estimation of Metals

In all the cases, the organic part of the complexes was completely

eliminated before the estimation of metal ions. The following procedure

was adopted for this purpose in the case of all the complexes. A known

weight (0.2-0.3) of the metal complex was treated with concentrated

sulphuric acid (5 mL) followed by concentrated nitric acid (20 mL).

After the’ reaction had subsided, perchloric acid (5 mL, 60% ) was added.

This mixture was refluxed until the colour of the solution changes to
that of the corresponding metal salt. The clear solution thus obtained

was evaporated to dryness. After cooling, concentrated nitric acid‘ (15

mL) was added and evaporated to dryness on a water bath. The residue

was dissolved in water and this neutral solution was used for the

estimation of metals.

Manganese was estimated complexometrically using EDTA. Iron was

estimated by titrating against standard potassium dichromate solution

after reducing to iron(II) with SnCl2. Gravimetric procedures4 were
used for the estimation of cobalt and nickel. Cobalt was estimated by

precipitating it as [Co(C5H5N)4](SCN)2 using ammonium thiocyanate and
pyridine. Nickel was estimated as nickel dimethylglyoximate complex by

adding an alcoholic solution of dimethylglyoxime followed by ammonia

solution. Iodometric method was employed for the estimation of copper

in the complexes.
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2.5.2 CHN Analysis

Microanalyses for carbon, hydrogen and nitrogen were done on a

Heraeus CHN elemental analyser. Analytical data are given in Table

111.

2.5.3 Estimation of halogen

lialogen content was determined by peroxide fusion of the

sample followed by volumetric estimation using Volhard’s method.

2.6. PllYSICO—CHEMICAL METHODS

2.6.1. Conductance Measurements

Molar oonductances of the complexes in nitrobenzene, methanol or

acetonitrile were determined at 28 3: 2°C using a conductivity bridge

(Century 601) with a dip type cell and a platinised platinum electrode.

2.6.2. ‘Magnetic Susceptibility Measurements

The magnetic susceptibility measurements were done at room

temperature (28 :t 2°C) on a simple Gouy—type magnetic balance. The Gouy

tube was standardised using Co{Hg(SCN)4l as standard, as recommended by

Figgis and Nyholm 5. The effective magnetic moments were calculated

using the equation,

/2 B._ 1
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where T is the absolute temperature and Xm is the molar susceptibility

corrected for diamagnetism of all the atoms present in the complex using

Pascal's oonstantsB_8.

Table 11.1

Analytical Data of Ligands

Compound C % H X N 96Found Found Found(Calc.) (Calc.) (Calc.)
HQAP 73.07 4.35 16.79(73.30) (4.40) (16.90)
QSC 56.20 4.15 32.81(56.30) (4.20) (32.90)
QOD' 71.89 4.63 ' 22:33(72.60) (4.80) (22.60)
QFA 70.27 4.44 17.46(70.90) (4.60) (17.70)

2.6.3 Electronic Spectra

Electronic spectra were taken in solution or in the solid state by

mull technique following a procedure recommended by Venanzig. The

procedure is as given below:

Small filter paper strips were impregnated with a paste of sample

in nu jol. These were placed over the entrance to the photocell housing.

A nu jol treated filter paper strip of similar size and shape was used as

the blank. The electronic spectra of the complexes in the region

l0OO~200 nm were recorded on a Shimadzu UV-—Vis 160A spectrophotometer.
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The near IR spectra of complexes in the region 2000-1000 nm were

recorded with a Hitachi U-3410 spectrophotometer.

2.6.4 Infrared Spectra

Infrared spectra of the ligands and the complexes in the region

400-4000 cm_l were taken both as nujol paste and as KBr discs on a

Shimadzu 8101 FTIR spectrophotometer.
2.6.5 EPR Spectra

The X-hand EPR spectra of the copper(II) complexes were taken in

chloroform-toluene mixture at room temperature using Varian E-112 X/Q

band spectrophotometer.
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CHAPTER III

QUINOXALINE-2-CARBOXALIDENE-2-AMINOPHENOL COMPLEXES or

HANGANESECED. IRON(I|I). COBALTGI), NICKELUI) AND COPPEI-K11)

3.1 INTRODUCTION

Aminophenols are important in the pharmaceutical industry, since

they .have_ antibacterial and antitubercular action. Aminophenols

condense‘ with various aldehydes and ketones, which can form metal

complexes of varying structural typesl'2. Schiff bases obtained by the

condensation of 2-aminophenol with some aldehydes and ketones havealso

been used widely as antituberculosis compounds and their biological

action has been attributed to their ability to form metal chelates3_5.

We have synthesised transition metal complexes of the Schiff base

derived from quinoxaline-2-carboxaldehyde and 2-aminophenol (HQAP) and

the results of our studies are presented in this chapter.

/ N\
/

N CH”"_—_N

OH

Fig. 3.1 Structure of HQAP
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3.2 EXPERIMENTAL

3.2.1 Materials

The procedure for the preparation of quinoxaline-2
carboxaIidene—2-aminophenol is given in Chapter H.

3.2.2 ' Preparation of the Complexes

The complexes of manganese(II), iron(III). cobalt(II), nickel(TI)

and copper(II) were prepared by the following general procedure:

An ethanolic solution of the Schiff base (RQAP) (0.01 mol; 2.49 g)

(100 mL) was mixed with the corresponding metal salt solution

in ethanol (0.005 mol; 1.22 g of (CH3CO0)2Hn.4H O, 0.81 g of anhydrous2

FeCl3, 1.25 g of (CH3COO)2Co.4H O, 1.24 g of (CH3C00)zNi.4H2 20 or 0.99 g
of (CH3COO)2Cu.H20). The solution was refluxed for 2 h. The volume of
the resulting solution was then reduced by evaporation and the solution

was cooled in a freezer for about 1 h. The crystalline complex
separated out was filtered, washed with ether and dried in vacuo over

anhydrous calcium chloride (Yield: 60-70%, M.P.:> 250 OC).

3.2.3 Analytical Methods

The techniques employed for the characterisation of metal

complexes are given in Chapter 11.
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3.3 RESULTS AND DISCUSSION

The complexes are found to be stable in air and non-hygroscopic.

They are soluble in methanol, ethanol, chloroform, acetonitrile,

nitrobenzene, DMF and DMSO. The analytical data (Table III.l) show that

these complexes have the general empirical formula. {M(QAP)2l, except in
the case of the iron(1'lI) complex. The formula of the iron(III) complex

is [Fe(QAP)2Cll2. The very low molar conductance values of the
complexes in methanol and nitrobenzene indicate the non-electrolytic

nature of the complexesa.

3.3.1 Magnetic Susceptibility Measurements

The magnetic moment values of the complexes are given in Table

I112. The magnetic moment value of 5.7 RH. for the manganesefll)

complex indicates the presence of five unpaired electrons and gives no

specific information about its stereochemistry7. For the iron(HT)

complex the :16“. value is observed to be 5.3 B.M. It appears to be less
than that expected for spin—free octahedral complexes, indicating a

bridged structure for this complex where antiferromagnetic coupling is
8-10

operative For cobalt(1'I) and nickel(II) complexes the per values1'

are 4.5 B.M. and 3.5 B.M. respectively and are in agreement with a

tetrahedral structurellfla. The magnetic moment value of 2.2 B.H.

observed for the copper(]1) complex indicates a distorted tetrahedral

structure”
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Table IIL1

Physical and Analytical Data

Complex . Yield C (X) H (76) N (76) M (96) Cl (9%)
Mol.formu1a (96) Found Found Found Found Found

(Ca.1c.) (Ca1c.) (Calc-..) (Calc.) (C{1lc.)

[Mn(QAP)2l 60 61.47 4.28 14.14 9.45 -°-—
(61.72) (4.51) (14.60) (9.94)

[Fe(QAP)2Cl]2 64 51.19 3.45 11.74 8.90 6.40
(51.88) (3.78) (12.04) (9.01) (6.42)

[Co(QAP)2l 67 62.96 4.48 14.80 10.38 ~-
(63.54) (4.99) (14.96) (10.58)

[Ni(QAP)2] 64 64.37 4.22 15.42 8.92 -
(64.87) (4.80) (15.95) (8.92)

[Cu(QAP)2l 65 52.28 3.24 12.17 9.99 ~-
(52.61) (3.56) (12.85) (10.35)
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Table 111.2

Complex Colour Molar Conductance Magnetic Moment1 (ohm_lcm2mol'-1) (B.M)
[Mn(QAP)2] Purple 0.1 5.7
[Fe(QAP)2C1]2 Black 8.3 5.3
[Co(QAP)2] Purple 0.1 4.5
[Ni(QAP)2l Violet 0.1 3.5
[Cu(QAP)2] Brown 0.4 2.2
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3.3.2 Infrared Spectra

The infrared spectral bands and the assignments of relevant bands

are given in Table. III.3.

The infrared spectral data show that HQAP acts as a bidentate

ligand and it coordinates through the phenolic oxygen and azomethine

nitrogen atoms. Most of the bands due to the free ligand are present in

the spectra of the complexes. The strong OH stretching band at 3500

mm‘ of HQAP is absent in the spectra of the complexes, which suggests

that the phenolic oxygen atom is coordinated to the metal atom in the

ionised form. The coordination of the phenolic oxygen atom mall’ the

complexes is further supported by the fact that the strong band observed

at 1282 cm_l in the spectrum of the ligand, which is attributed to the

phenolic C-0 stretching vibration, undergoes a shift to higher wave

numbers (AU = 20 cm-1) in the spectra of the complexesl5’16. The v(C=N)

band of the azomethine linkage appears at 1700 cm-1 in the spectrum of

the ligand. This band is shifted to 1640-1645 cm—l in the spectra of

the complexes, indicating that the azomethine nitrogen is involved in
. 17

oomplexation

3.3.3 Electronic Spectra

The electronic spectra of all the complexes were recorded in

methanol. The observed bands and their assignments are given in Table

IEL4. Most of the bands due to the free ligand are present in the

spectra of the complexes.
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Table II[.3

Infrared Spectral Data

L I II III IV V Assignments
3500(3) —— -- --— --“— —— "(O40
1700(3) 1645(3) 1640(3) 1645(3) 1640(3) 1640(3) V(C=N)

azomethine

1579('w) 1578(w) 1578(w) 1578(w) l580(w) l580(w) v(C=N)
ring

1490(3) 1490(3) 1490(3) 1490(3) 1490(3) 1495(3)
1460(m) 1460(w) 1460(In) 1460(In) 1460(In) 1460(3)
1380(3h) l380(m) 1380(3) 1380(3) 1380(3) 1380(w)
l360(m) 1360(m) 1360(3h) 1360(m) 1360(m) 1360(w)
1330(m) 1340(3h) l335(In) 1340(3h) 1340(w) l335(w)
1282(m) 1296(In) 1300(w) 1294(m) 1Z90(m) 1300(m) v(C=O)
1250(w) 1250(w) 1245(w) 1255(w) 1250(w) 1250(w)
l210(w) 12lO(w) 1210(m) 1210(m) 1210(w) l2lO(w)
1142(m) 1142(m) 1142(w) 1l42(m) ll42(w) 1l45(w)
l122(m) l122(m) l122(m) l122(m) l122(m) l122(m)
lO73(m) l070(m) l070(w) l073(m) 1073(m) l069(m)
1010(3) 1010(3) 1010(3) 1010(3) 1010(3) 1010(3)
980(w) 9800!) 980(w) 985(w) 985(w) 985(In)
882(m) 880( W) 880( w) 88001) 880(w) 880(w) D(CH)
867(w) 867(w) 867(w) 862(w) 866(w) 866(w)
760(3) 760(3) 760(3) 760(3) 760(3) 755(3) D(CH)Ph
—- 600(m) 600(3) 600(3) 600(3) 595(m) D(M—N)
490(w) 490(sh) 490(3h) 490(w) 490(w) 495(w)
—- 410(m) 410(m) 410(m) 410(w) 4lO(w) v(l-1-0)

Abbreviations:- 3 = strong, In = medium, w=weak and sh = shoulder

L = QAP. I = {Mn(QAP)2]. II = [Fe(QAP)2Cl1. III = [Co(QAP)2].

IV = [N1(QAP)21, V (Cu(QAP)2l
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Table 1I[.4

Data of the ComplexesElectronic Spectral

Compound Abs. Max log 6 Tentative Assignments
(cm_l)

[Mn(QAP)2l 47500 4.40 Intraligand transition
40430 4.20 Intraligand transition
28790 3.45 Charge transfer transition
13270 1.28 6A 1->4T1(G)

[Fe(QAP)'2Cl] 47505 4.54 Intraligand transition
42220 4.30 Intraligand transition
31400 3.25 Charge transfer transition

[Co(QAP)2l 46340 4.35 Intraligand transition
40430 4.15 Intraiigand transition‘
27940 3.12 Charge transfer transition

18630 1.34 4A2——~>4T1(P)

6250 0.95 4A2—>4T1(F)
[Ni(QAP)2l 47500 4.41 Intraligand transition

39580 4.12 Intraligand transition
27940 3.10 Charge transfer transition3 317120 1.28 'I‘l(F) > TICP)3 35150 0.98 Tl(F) > A2(F)

[Cu(QAP)2l 46910 4.38 Intraligand transition
40860 4.26 Intraligand transition
31670 3.28 Charge transfer transition
16600 1.17 d-d transition
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In the electronic spectra of all the complexes, broad bands are

observed around 28000 cm_1 which can be assigned to charge transfer

transitions. The absorptions observed around 40000 cm—1 and 47000 cm_l

are due to electronic transitions within the ligandle. A weak
transition is observed at 18270 cm_l in the spectrum of the present

manganese(II) complex. The electronic transitions from the BA! ground
state of manganese(II) to higher energy states are spin—forbidden. The

weak band appearing at 18270 cm‘! in the electronic spectrum of the

present complex is assignable to the transition, SA ———>4Tl(G) and is1. . . 19-21indicative of a tetrahedral geometry for manganesefll) ion. In
the spectrum of the iron(I]I) complex, no bands were observed in the

visible region.

1The bands appearing at 18630 cm‘ and 6250 cm_1 in the spectrum

of the cobalt(1I) complex can be assigned to the transitions,

4A2 )4Tl(P) and 4A2--——>4T1(F) respectively which are typical of
tetrahedral cobalt(II) complexesz2_z4. For the nickel(II) complex, the

bands occurring at 17120 cm—l and 5150 cm—l are assigned to the 3Tl(F)

——-—> 3Tl(P) and 3T1(F)%>3A2(F) transitions respectively due to the
tetrahedral structure around nickel(II)22. For the copper(II) complex,

a broad d-d band is observed in the region 16600 cm—l. A band around

this region has been reported for copper(II) complexes with distorted

tetrahedral structureszs.
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3.3.4 EPR Spectra

The EPR spectrum (Fig.3.3) of [Cu(QAP)2] was recorded in ethanol at
liquid nitrogen temperature. Kneubuhl’s procedure26 was used to

calculate the g values. The g values and A value (gl = 1.81. g2 = 2.07

and g3 = 2.26; A = 144 G) observed for the present copper(II) complex

show_ that the complex has a distorted tetrahedral stereochemistry27.

Based on the above physieo-chemical studies, the structures shown in

Figures 3.4 and 3.5 may be assigned to the complexes.



M = Hn(I[), Co(I[),

Ni(II) or Cu(II)

Fig. 3.4 Schematic structure of the complexes

Fig. 3.5 Schematic structure of [Fe(QAP)2Cl]2
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CHAPTER IV

QUINOXALINE-2-CARBOXALDEHYDE SEMICARBAZONE COMPLEXES OF

MANGANESECII), IRONUII), COBALTCII), NICKEL(II) and COPPERCEI)

4.1 INTRODUCTION

Semicarbazones are amongst the most important nitrogen-oxygen

donor ligandsl. These ligands are capable of acting as neutral or

charged ‘ligand moieties. During the past few years, a number of

references describing the transition metal complexes of these ligands

have appeared in the literaturezflt. This chapter describes the
synthesis and characterisation of quinoxaline—2-carboxaldehyde

semicarbazone (QSC) complexes of manganesefll), iron(III), cobalt(]TI),

nickel(II) and C0ppeI'(H).

NiN / gH—-N NH

Fig. 4.1 Structure of Q50

O::O ——NHQ

4.2 EXPERIMENTAL

4.2.1 Materials

Details regarding the preparation and purification of the ligand

are given in Chapter II.



49

4.2.2 Synthesis of the Complexes

All the complexes were prepared by the following general procedure.

A solution of the ligand (0.02 mol; 4.3 g) in acetic acid was heated on

a waterbath, and then mixed with a solution of the corresponding metal

salt (0.01 mol; 1.98 g MnCl2.4H O, 1.62 g FeCl2 3, 2.37 g CoCl2.6H20. 2.37
g NiCl2.6l-120 or 1.7 g CuCl2.2H2O). The complexes separated out on
cooling were filtered, washed with chloroform and dried over anhydrous

CaCl2 (Yield: so-70%; M.P.> 250°C).

4.2.3 Analytical Methods

Details regarding the analytical methods employed and other

characterisation techniques are given in Chapter II.

4.3 RESULTS AND DISCUSSION

The complexes isolated are non-hygroscopic amorphous powders and

are stable in air. They are appreciably soluble in methanol, ethanol.

acetonitrile, DMF and DMSO. The analytical data (Table IV.l) show that

the complexes have the general formula ll-l(QSC)Cl2l,. except for the iron

complex, in which case the formula is [Fe(QSC)Cl3l. The molar
conductance values show that these complexes are non-electrolytes in

methanol.

4.3.1 Magnetic Susceptibility Heasuremen ts

The magnetic moment values of the complexes are shown in Table

IV.2. The uefl. value of 5.8 B.M. for the manganese(II) complex
corresponds to the presence of five unpaired electrons and gives no
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Table IV.l

Physical and Analytical data

Complex Yield C(76) 1106) N06) 1406) C104)
(X) Fou nd Fou nd Fou nd Found Fou nd

(Calc) (Cale) (Cale) (Cale) (Calc)

1Mn(QSC)Cl2l 70 34.80 2.30 20.20 16.09 20.50
(35.20) (2.64) (20.50) (16.10) . (Z180)

{Fe(QSC)Cl3] 65 31.60 2.33 18.30 14.40 27.80
(31.80) (2.40) (18.60) (14.80) (28.20)

1Co(QSC)Cl2] 70 34.50 2.50 19.90 16.80 19.50
(34.80) (2.60) (20.30) (17.10) (20.60)

[Ni(QSC)C12l 65 34.60 2.40 20.10 16.90 20.04
(34.80) (2.60) (20.30) (17.03) (20.60)

{Cu(QSC)Cl2l 70 33.90 2.30 19.80 17.70 19.80
(34.30) (2.60) (20.03) (18.20) (20.30)
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Table IV.2

Molar Conductance and Magnetic Moment Data

Complex Colour Molar Conductance Magnetic Moment‘ (ohm_l cmz mol—l) (B.M)
{Mn(QSC)Cl2l brownish 19.2 5.3

yellow

[Fe(QSC)Cl3l black 6.4 5.6
[Co(QSC)Cl2l brownish 13.0 4.5

yellow

lNi(QSC)Cl2] brownish 2.6 4.0
yellow

{Cu(QSC)Cl2l light 2.2 1.9
brown
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specific information about its stereochemistrys. For the iron(II1)

complex. the magnetic moment value is 5.6 B.M., which indicates the

presence of high spin iron(I1I) structures. Magnetic moment values of

4.5 B.H. and 4.0 B.M. for the cobalt(II) and nicl(el(1'I) complexes are in

agreement with a tetrahedral structure for these complexesa. The

copper(H) complex exhibits a magnetic moment value of 1.9 B.H, which is

close to the" values reported in the case of many square planar complexes

of copper(TI)7’8.

4.3.2 Infrared Spectra

The infrared spectral data (Table IV.3) show that QSC acts as a

bidentate ligand, coordinating through azomethine nitrogen atom and ring

nitrogen atom, except in the case of the iron(III) complex where it acts

as a tridentate ligand, using the carbonyl oxygen atom in addition to

the other two ligating atoms. The ligand exhibits a band around 1710

cm‘l, which might be assigned as a combination of v(C=N) of the

azomethine group and v(C=0) of the semicarbazone. In the spectra of the

complexes, u(C=N) appears as a strong peak at 1670 cm—l, which indicates

the participation of the azomethine nitrogen in bonding to the metal

atomz. A very weak band is retained at about 1710 cm.-1 except for the

iron complex, in which case this band completely disappears. This

indicates that the carbonyl oxygen atom is taking part in complexation

only in the case of the iron complex. The appearance of a medium

intensity band at 491 cm_l in the spectra of the iron(III) complex which

may be assigned to v(M—O) further evidences the coordination of the
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Table IV.3

Infrared Spectral Data

L I II III IV V Assignment
3300(m) 3300(m) 3295(m) 3295(m) 3295(m) 3300(m) u(N—H)
3240(m) 3240(m) 3240(m) 3240(m) 3240(m) 3240(m)
1710(5) 1708(w) mow) 170B(w) l708(w) v(C=0)
1710(3) - 1676(3) 1672(5) 1677(3) 1678(3) 1680(5) u(C=N)

azomethine
l3l3(w) 16l3(w) l6l4(W) 1613(w) 1609(w) l6l3(w)
1585(3) l544(m) l541(m) 1539(m) l54l(m) l539(m) v(C=N)

(ring)
l488(w) l495(w) 1496(w) l496(w) l496(w) l490(w) A
l400(m) l398(m) 1403(m) 1400(m) 1400(m) 13E!5(m)
1366(w) l372(w) l370(w) 1369(w) l367(w) l364(w)
ll7l(m) ll68(m) l170(m) 1174(ln) l175(m) ll69(m)
ll2l(rn) ll22(m) 1l24(m) ll24(m) 1125011) 1119011)
l0l2(w) 1012(w) l012(w) l0l2(w) lOl0(w) lOl5(w)
975(w) 979(w) 979(w) 979(w) 979(w) 979(W)
936(w) 939(w) 936(w) 935(w) 935(w) 935(w)
761(3) 760(sh) 760(sh) 760(sh) 760(sh) 760(sh) 5(C-H) (Ph)
623(m) 620(w) 625(w) 625(w) 625(w) 625(w)
530(w) 530(w) 532(w) 530(w) 530(w) 530(w)-- -— 491 --- * --- U(M-O)
457(m) 459(m) 459(m) 459(m) 462(m) 460(m)
--- 4l9(W) 42Z(w) 423(w) 427(w) 4l9(w) l’(M-N)

Abbreviations : s = strong, m = medium, w = weak

L - QSC, I - [Mn(QSC)Cl2l, II - [Fe(QSC)Cl3l, III - [Co(QSC)Cl2l,
IV - [Ni(QSC)Cl2], V - [Cu(QSC)Cl2]
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carbonyl oxygen atom in this complex. The ligand exhibits a strong

band, around 1585 cm_l which might be due to the v(C=N) of the

quinoxaline rings. This band is shifted to around 1545 cm_1. in the

spectra of all the complexes, showing that the ring nitrogen is involved

in coordination to the metal atom in all the cases.

4.3.3: Electronic Spectra

The electronic spectra of all the coinplcxes were recorded in

methanol. "The observed bands and their assignments are given in Tablel 1
IVA. The strong _absorptions observed around 40000 cm‘ and 45000_cm_

in the spectra of all the complexes may be due to intraligand
transitions. Further, all the complexes exhibit strong bands in the

range 32000 cm—l and 28000 cm_l which may be assigned to charge transfer

transitions.

The electronic transitions from the GA! ground state of
manganese(1ZI) to higher energy states are spin—forbiddenl0. These

transitions are not observed in the spectrum of the present
manganese(II) complex. In high spin iron(III) octahedral complexes, all

the d-d transitions are Laporte and spin forbidden and are not observed

“’12. However, a very weak band is observed at 13800 cm_1 innormally

the spectrum of the present iron(III) complex. Occurance of such

forbidden transitions have been reported in some cases of octhedral

iron(IT() complexes”
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Table IV.4

Electronic Spectral Data

Complex Abs. Max. log 5 Assignments
(curl)

[Mn(QSC)C12] 46800 4.36 Intraligand transitions
40000 4.09 Intraligand transitions
32350 3.75 Charge transfer transition
28940 3.39 Charge transfer transition

{Fe(QSC)Cl3] 32350 3.85 Charge transfer transition
18800 1.23 d—d transition

ICo(QSC)Cl2l 46600 4.46 Intraligand transitions
39680 3.67 Intraligand transitions
28200 3.25 Charge transfer transition4 418650 1.53 AZ > TM?)4 4
6960 0.95 AZ —-——> TKF)

[Ni(QSC)Cl2] 45830 4.40 Intraligand transitions
40740 4.27 Intraligand transitions
28170 3.35 Charge transfer transition
14860 1.77 3T1(1=)———>3Tl<P)
6930 0.94 3Tl(F)———>3A2

[Cu(QSC)Cl2] 49510 4.28 Intraligand transitions
40700 4.14 Intraligand transitions
31450 3.35 Charge transfer transition
28200 3.25 Charge transfer transition
13370 1.69 B >2518 S
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The electronic spectrum of cobalt(II) complex shows absorption

bands at 18650 curl and 6960 cm—l which may be assigned to the

2 >4T1(P) and 4A2——>4Tl(F) respectively in a
tetrahedral field”. In the case of nickel(II) complexes. two
transitions 4A

transitions are observed at 14860 cm-1 and 6930 cm.‘ which also indicate

a tetrahedral geometry around the nicl-zel(II) ionls. The electronic

spectrum of copper(II) complex exhibits a broad band centered at 18870

cm 1, characteristic of 181g-————)2Eg transition in square—planar
16environment of the metal ion

4.3.4. EPR Spectra

The EPR spectrum (Fig 4.3) of [Cu(QSC)Cl2l was recorded in DHSO at

LNT. The g and A values obtained are gl = 2.4, g2 = 2.2, g3 = 2.06; A
- 120 G. These values are in agreement with those of other square

17planar copper complexes .

Based on the above studies the structures shown in Figures 4.4,

4.5 and 4.6 are tentatively proposed for the complexes.



©EZ51 O

I H HQRM/N\u/C\NH2

Ct or Ni(TU
Fig. 4.4 Schematic structure of the complexes

©E”1N/ CHCl
\ e/N\NHF

M \oANH2
C I

Fig. 4.5 Schematic structure of [Fe(QSC)Cl3l

N\Cl ‘C0

Fig. 4.6 Schematic structure of [Cu(QSC)Cl2]
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CHAPTER V

QUINOXALINE—2~CARBOXALIDENE-0-PHENYLENEDIAHINE COMPLEXES OF

1-1ANGANESE(I[),.IRON(III). COBALT(II). NICKELGI) AND COPPER(II)

5.1 INTRODUCTION

Schiff bases obtained by the condensation of diamines with various

aldehydes are an interesting class of ligandsl’2. One of the aims of

studies on such complexes was to obtain complexes with higher
coordination numbers3_6, which are rather unusual for transition metals.

Schiff bases formed by the condensation of o-phenylenediamine with

salicylaldehyde or B-diketone have been reported7. Compounds of this

type are known to form quadridentate chelates with a number of divalent
8-l0cations The use of these reagents in solvent extraction and

determination of copper(II) ions by spectrophotometry or by atomic

absorption spectroscopy have also been reported”. In this chapter. the

synthesis and characterisation of manganese(H), iron(III), cobalt(IT),

nickel(TI) and copper(II) complexes of the Schiff base
quinoxaline-2—earboxalidene—o-phenylenediamine (QOD) is described.

N/ CH:N
NH2

Fig. 5.1 Structure of QOD



5.2 EX PERIMENTAL

5.2. I Materials

The procedure for the preparation of quinoxaline-2
carboxalidene-o-phenylenediamine and details about the reagents are

already described in Chapter II.

5.2.2 Synthesis of the Complexes

The following general synthetic procedure was used for all the

complexes. A solution of the ligand (0.01 mol; 2.48 g) in chloroform

(100 mL) was mixed with the corresponding metal salt solution in

methanol (0.005 mol; 0.99 g‘ MnCl2.4H2O, 0.811 g FeCl3, 1.91 g

CoCl2.6l-I20, 1.91 g NiCl2.6H2O or 0.85 g CuCl2.4H2O). The solution was

refluxed on a waterbath for 10 minutes. The solid complexes separated

out were filtered, washed with chloroform and dried in vacuo over

anhydrous calcium chloride (Yield: 60-70%, M.P.> 250°C).

5.2.3 Analytical Methods

The techniques employed for the characterisation of metal complexes

are given in Chapter II.

5.3 RESULTS AND DISCUSSION

All the complexes are stable in air and are non—hygroscopic. The

complexes are soluble in ethanol, methanol, acetonitrile, DMF and DMSO.
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Table V.1

Physical and Analytical Data

Complex Yield C X H % N % M % Cl 76
(X) Fou nd Fou nd Fou nd Found Fou nd

(C&lc.) (Ca1c.) (Calc.) (Calc.) (<‘.al(‘..)

{Mn(QOD)Cl2] 60 47.99 3.07 14.33 14.51 18.91
(48.15) (3.20) (14.90) (14.69) (18.96)

lFe(Q0D)Cl3l 65 43.79 2.81 13.50 13.13 25.30
(43.87) (2.90) (13.60) (13.20) (25.90)

[Co(Q0D)Cl2] 70 47.44 3.10 14.59 15.30 18.67
(47.60) (3.17) (14.82) (15.60) (18.80)

lNi(Q0D)C12l 70 47.35 3.10 14.40 15.20 18.50
(47.70) (3.20) (14.83) (15.50) (18.81)

[Cu(Q0D)Cl2] 70 46.84 3.07 14.51 16.43 18.37
(47.10) (3.10) (14.60) (16.60) (16.53)
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The molar conductance values (Table V.2) reveal that the complexes are

non—electrolytes in methanol.

5.3. I Magnetic Susceptibility Measuremen ts

Magnetic moment values of the complexes are given in Table V.2.

The observed ueff value of manganese(II) complex is 5.7 B.M. which
indicates the presence of five unpaired electrons and gives no
information about its stereochemistry as already mentioned in chapters

III and IV-. The magnetic moment of 5.8 B.M. for the iron(1TI) complex

indicates monomeric high—spin iron(1I{) structuresl2_M. The M6“.
values "of 4.6 B.M. and 4.1 B.M. for the cobalt(II)_. and nicl<el(lI)

complexes are in agreement with a tetrahedral structure15’16. The

magnetic moment of 2.0 B.M. for the present copper(H) complex is

indicative of a distorted tetrahedral structure”

5.3.2 Infrared Spectra

The infrared spectral data are given in Table V.3. The strong

sharp band at 3376 cm_l may be attributed to v(N-H) of the amino group.

This is found to be shifted to lower regions in all the complexes.

showing that the amino group is involved in complexation with the metal

ion in all the cases. The spectrum of the free ligand shows an intense

band at 1608 cm_1, which may be assigned to v(C=N) of the azomethine

group. This band undergoes a red shift in all the complexes, indicating

the participation of azomethine nitrogen atom in coordinationla. The

band observed at 1580 cm-I in the spectrum of the ligand may be assigned
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Table V.2

Molar Conductance and Magnetic Moment Data

Com file:-1 Colour Magnetic Moment Molar Conductance
(B.H) (0hm_'cm2mnl—l)

[Mn(QOD)C'12l dark 5.7 4.8
yellow

[I-‘e(QOD)Cl3] light 5.8 49.3
brown

[Co(QOD)Cl2l brick 4.6 31.7
red

lNi(QOD)C'l2] dark 4.1 10.8
green

[Cu(QOD)Cl2l light 2.0 18.7
brown
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Table-V.3

Infrared Spectral Data

1. I 1'1 III IV V Assignments
3376(3) 3350(3) 3346(3) 3346(3) 3333(3) 3333(3) |)(N-H)
2922( w) 2922(w) 2924(w) 2920(w) 2924( W) 292l(w)
1608(8) 158901!) l59l(m) 1590(m) l592(m) 1592(m) v(C=N)

azomethine
1580(w) l580(w) 1564(w) l585(w) 1580(w) 1582(w) u(C=N)

ring
1496(3) 1500(5) 1495(5) 1492(s) 1494(3) 1502(s)
1440(w) 1440(w) l445(w) 1436(w) 1436(w) 1436(w)
1366(w) 1366(m) 1367(m) 1369(m) l364(In) 1365(m)
1322(m) 1321(m) l323(m) 1322(m) 13Z5(w) 1321(m)
1269(w) 1272(w) 1278(w) l274(w) l273(w) l275(w)
1208(w) 1214(m) l214(w) 12l1(w) 1209(m) 121l(m)
l128(m) 1128(w) 1129(m) 1l26(m) 1131(3) 1126(3)
lOl5(w) lO2l(m) 1018(w) 1021 1020(3) 1021(3)
966(w) 960(w) 956(w) 960(m) 966(w) 960(m)
898(w) 899(w) 900(w) 900(w) 900(w) 900(w)
867(w) 867(w) 867(w) 862(w) 866(w) 866(w) p(CH)
759(3) 758(3) 760(3) 759(3) 760(3) 762(5) p(CH)( Ph)
-—— 496(w) 502(w) 502(w) 500( w) 499( w) v(M—N)
463(w) 465(3h) 467(w) 467(w) 466(w) 466(w)
409(m) 412(In) 4l1(m) 410(m) 412(m) 412(m)

Abbreviations:— s = strong, m = medium, w = weak and sh = shoulder

L - QOD, I — {Mn(QOD)C1zl, 1'1 - [Fe(QOD)C|3l,

III - 1Co(QOD)C121, IV - [Ni(QOD)C121 and V - 1Cu(QOD)Cl2l
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to v(C=N) of the quinoxaline ring. This band is shifted to lower

regions in the spectrum of the iron(HI) complex. whereas in all other
cases it is found to be retained at 1580 cm_1. This shows that the

nitrogen atom of the quinoxaline r.ing is not coordinated to the metal in

any of the complexes except in the iron(III) complex. In all the

com plexes an additional band appears near 500 om_‘ which can be assigned

to u('M~N) in these complexeslg. From these observations it is seen that

the ligand QOD is acting as a bidentate ligand coordinating through the

amino group and the azomethine group in manganese(H)_. cobalt(H).

nic-.kel(II) and copper(TI) complexes. In the iron(III) complex the ring

nitrogen of the quinoxaline. ring is also taking pa.rt in complexation:

5.3.3 Electronic Spectra

The electronic spectra of all the complexes were recorded in
methanol and the data obtained are shown in Table VA.

The strong absorptions observed around 40000 cm-I in the spectra

of all the complexes may be due to the intraligand transitions. Further

all the complexes exhibit strong bands in the range 33000 cm_l and 27000

cm_l which can be assigned to charge—transfer transitions.

In the electronic spectrum of manganese(II) complex there is a very

weak band at 22900 cm‘! which can be assigned to d-d transition, which

is frequently observed as a weak band in tetrahedral environmentzo. In

the spectrum of iron(III) complex no d-d bands are observed. This may

be due to the strong charge—transfer bands masking the low intensity
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Table V.4

Electronic Spectral Data

Complex Abs. Max. log E Assignments
com”)

[Hn(QOD)Cl2] 40350 4.4 Intraiigand transitions
28750 3.75 charge transfer transitions
22900 1.1 d—d transition

[Fe(QOD)Cl3] 40000 4.4 Intraligand
30910 3.64 charge transfer transitions
22030 3.23 charge transfer transitions

[Co(QOD)Cl2l 40940 4.45 Intraligand transitions ‘
32800 3.78 charge transfer transitions
28800 3.65 charge transfer transitions
13300 1.34 452-—>4'r1<P)

6890 0.94 4A2 >4Tl(F)

lNi(QOD)Cl2] 41620 4.35 Intraligand transitions
33000 3.87 charge transfer transitions
23920 3.4 charge transfer transitions
17630 1.37 3Tl(F)—--—>3Tl(P)

aaeo 0.34 3Tl(F)———>3A2

ICu(Q0D)Cl2l 40350 4.39 Intraligand transitions
29300 3.95 charge transfer transitions
270()0 3.25 charge transfer transitions
21420 1.11 d—d transition
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66. 21,22 . .forbidden d-d hands . The cobalt(II) complex exhibits a band at

18800 cm”. which may be assigned to the 4A2(F)-———)4Tl(P) transition23

The band observed in the near IR region at 6890 cm_l. may be attributed

to 4A2 )4Tl(F) transition24. The nickel(II) complex shows a band at

17630 cm_l. which can be assigned to the 3Tl(F)-=>3Tl(P) transition.
which’ is observed in tetrahedral geometryzs. The near IR band

characteristic of the 3Tl(F)-—->3A2(F) transition of tetrahedral
nick_el(IT) appears at 6890 cm—l for this complex. Coppe.r(II) complex

shows a broad d-d band in the region 21420 cm_l which is in agreement

with other reported cases of tetrahedral copper(II) oomplexeszs

5.3.4 EPR S'p¢'~3Ctr‘al Data

The EPR spectrum (Fig. 5.3) of lCu(QOD)Cl2l was recorded in DHSO at

LNT. The g and A values are gl = 2.17, g2 = 1.9. g3 = 1.8 and A = 135
G. By comparing with similar spectra, it can be seen that the values

are in agreement with a structure which is intermediate between

tetrahedral and planar structuresm

Based on the above findings, the structures shown in Figures 5.4

and 5.5 are proposed for the complexes.



fij::j\cH::-:>M/\Cl H2

M = Mn<ID. Co(II)

N101) and. Cu(TD

Fig. 5.4 Schematic structure of [M(QOD)C}2]

N’ rwag/ \Cl fig
Cl

Fig. 5.5 Schematic structure of lFe(Q0D)Cl3l
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CHAPTER VI

QUINOXALINE-2-CARBOXALIDENE-2-FURFURYLAMINE COMPLEXES OF

HANGANESIKID, IRONOJI), COBALTGI), NICKI-IL(II) AND COPPERGI)

6.1 INTRODUCTION

lleteroaromatic Schiff base complexes have great biological

significance. Many such complexes are reported to have antibacterial,

antifungal, tuberculostatic and anticancerous propertieshz. Literature
survey revealed that there are only a few reports on the studies of

Schiff base complexes derived from the heterocyclic aldehyde,

quinoxaline—2—(:arboxaldehyde. Hence it was thought to be worthwhile to

synthesise a new heterocyclic Schiff base derived from this aldehyde and

a. heterocyclic amine namely furfurylamine and its complexes. In this

chapter, we present our studies on manga.nese(1'I), iron(lI[),
cobalt(II). nickel(II) and copper(I1) complexes of the Schiff base

q uinoxaline—2-carboxalidene-2-I‘ u rf urylamine (QFA).

N\

N/ CH::N \ l
Fig. 8.1 Structure of QFA
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6.2 EXPERIMENTAL

6.2.1 Materials

Details regarding the reagents and preparation of the ligand are

given in Chapter II.

6.2.2 Synthesis of the Complexes

All the complexes were prepared by the following general procedure:

Quinoxaline-2—carboxaldehyde (0.01 mol; 1.58 g) was dissolved. in

dichloromethane (50 mL). Furfurylamine (0.01 mol; 0.88 mL) was then

added directly to the solution and the mixture was then refluxed for

about 15 minutes. The solution of the corresponding metal salt (0.01

mol; 0.985 g MnCl2.4H 0, 0.811 g FeCl3, 1.190 g OOCI .6H 0, 1.190 g2 2 2
NiCl2.6H2O or 0.85 g CuCl2.2H2O) in methanol (50 ml.) was then added to
the above solution and the resultant solution was refluxed for about 30

minutes. The solution was concentrated by evaporation and cooled in a

freezer. The complexes separated out were filtered, washed with ether

and dried in vacuo over anhydrous calcium chloride (Yield 50-60%. M.P:>

250°C).

6.2.3 Analytical Methods

Details regarding the analytical methods and other characterisation

techniques employed are already described in Chapter II.
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6.3 RESULTS AND DISCUSSION

All the complexes are stable in air and are non-hygroscopic.

Analytical data (Table V1.1) show that manganese(II), cobalt(II) and

nickel(II) complexes have the general empirical formula. [M(QFA)2Cl2l.

The formulae of iron(1]I) and copper(1'I) complexes are [Fe(QFA)(0ll)2Cll

and [Cu(QI“A)Cl2] respectively. The complexes are soluble in ethanol,
methanolgacetonitrile, Dl-(F and DHSO. The molar conductance values show

that they are non-electrolytes in nitrobenzene.

6.3.1 Magnetic Susceptibility Measurements

Magnetic moment values are given in Table V1.2. The mangane.se(II)

complex exhibits a magnetic moment of 5.8 B.M., which corresponds to the

presence of five unpaired electrons. Iron(1]I) complex has a pen, value
of 5.2 B.M., which is less than that expected for spin free Fe(IH)

complexes. This lowering may be due to the antiferromagnetic coupling.

resulting from a dimeric sti-ucture3_12. The room temperature magnetic

moments of cobalt(II) and nicl(el(1I) complexes are 5.1 B.M. and 3.0 B.H.

respectively. which suggest an octahedral stereochemistry around the
13,14metal ion Copper(II) complex exhibits a magnetic moment of 2.2

B.M., which indicates a distorted tetrahedral stereochemistryls for this

complex.

6.3.2 Infrared Spectra

The infrared spectral data are given in Table V1.3. The ligand
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Table VI.I

Physical and Analytical Data

Complex Yield C X H X N 76 11 X Cl(76) Found Found Found Found Found
(Cale) (Calc) (C-alc) (Cale) (Cale)

{Mn(QFA)2Cl2l 55 55.88 3.61 13.95 8.97 11.64
(56.01) (3.66) (14.0) (9.16) (11.80)

[Fe(QFA)(OH)2Cll 50 46.20 3.50 11.44 15.20 9.63
(46.37) (3.59) (11.59) (15.4) ' (9.78)

[Co(QFA)2C12] 60 55.55 3.62 13.60 9.69 11.70
(55.60) (3.64) (13.90) (9.72) (11.75)

1Ni(QFA)2Cl21 55 55.43 3.61 12.79 9.64 11.65
(55.70) (3.64) (13.00) (9.72) (11.75)

[Cu(QFA)Cl2l 60 54.97 3.55 13.63 10.41 11.54
(55.20) (3.62) (13.80) (10.44) (11.65)
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Table VI.2

Magnetic and Conductance Data

Complex Colour Magnetic Moment Molar Conductance
(B.M.) (ohm—1 cmz mol_1)

[Mn(QFA)2Cl.2] brown 5.8 1.0
[Fe(QFA)(OH)2Cll black 5.2 6.0
[Co(QFA)2Cl2] brown 5.1 1.0
{Ni(QFA)2Cl2] black 3.0 2.4
{cu(QFA)c121 brown 2.2 4.3



Infrared Spectral Data
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Table V1.3

L I 11 III IV V Assignments
—-—- ——- 3450(3) ——- —-— u(0—H)
1675(3) 1645(3) 1640(3) 1645(3) 1640(3) 1640(3) v(C=N)

azomethine

1579(w)' 1580(w) 1560(w) 1560(w) 1555(w) 1560(w) v((3=N)
rmg

1540(m) i53e(w) 15400») 1540011) l540(w) 1540(w)
1490(5) 1490(8) 1490(3) 1490(3) 1490(3) 1495(8)
1460(m) 1460(w) l460(m) 1460(m) 1460(m) 1480(3)
l380(Sh) l380(m) 1380(3) 1380(3) 1380(8) l380(w)
1330(m) l340(sh) l335(m) l340(sh) 1340(w) 1335(w)
l250(w) 1250(w) l245(W) l255(w) l250(w) 1250(w)
l210(w) l210(w) l2l0(m) l210(m) 1210(w) 1210(w)
l180(w) ll80(w) l180(w) l180(w) ll80(W) l185(w)
1122(w) l122(m) 1l22(m) 1122(m) 1l22(m) 1l22(m)
1073(3)) 1070(m) l070(w) lO73(In) lO73(m) lO69(m)
1010(3) 1010(3) 1010(5) 1010(3) 1010(3) 1010(3)
980(w) 980(w) 980(w) 985(w) 935(w) 985(m)
960(w) 960(w) 960(w) 960(w) 960(w) 960(w)
88Z(I.'n) 880(w) 880(w) 880(w) 880(W) 880(w)
887(w) 86'7(w) {)67(w) 862(w) 866(w) 866(w)
760(3) 760(3) 760(3) 760(3) 760(3) 755(3)
-— 600(m) 600(3) 600(3) 800(3) 595(m) I20-1-N)

510(w) 510(w) 515(w) 515(w) 515(w) 515(w)
490(w) 490(3h) 490(3h) 490(w) 490(w) 495(w)
455(sh) 455(5) 460(8) 460(W) 480(8) 455(w)
-— -- 410(3) —- —- -— v(M-0)

Abbreviations:- 3 strong. :11 = medium, w =

L - QFA, I - IMn(QFA)2Cl2]. H - {Fe(QFA)(OH)2Cll.

HI - [Co(QFA)2CI2l, IV - {Ni(QFA)2Cl2], V - [Cu(QFA)ClZ]

weak and 3h = shoulder
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exhibits a strong band at 1675 cm-I which can be assigned to v(C=N) of

the azomethine group. This band is found to be shifted to " 1640 curl

in all the complexes, indicating the coordination of the azomethine

group of the ligandla. The v(C=N) of the quinoxaline ring which appears

at 1579 cm.1 in the spectrum of the ligand undergoes a red shift to

around 1560 cm_1 in the spectra of all the complexes”. In the case of

the iron(III) complex a strong band appears at 3450 cm_l, which is

absent in the spectrum of the ligand. It can be assigned to U(O—H) of

the hydroxyl group in the complex. Further. a strong band observed at

410 cm_l. in the spectrum of the iron(1I[) complex may be assigned to
v(M-0)18. which evidences the coordination of the hydroxyl group to the

metal atom. No band is seen at 840 cm—1 suggesting the absence of any

coordinated water molwules in this complex. These results suggest that

the ligand QFA acts as a bidentate ligand in all the complexes
coordinating through azomethine nitrogen atom and quinoxaline ring

nitrogen atom.

6.3.3 Electronic Spectra

The electronic spectral data are given in Table V1.4. In the
electronic spectra of all the complexes, intense bands are observed

around 40000 cm-'1 due to intraligand transitions. In addition, all the

complexes exhibit charge transfer transitions in the region between
‘E

27000-33300 cm-1 respectively.
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Table VI.4

Electronic Spectral Data of the Complexes

complex Abs. Max. log E Assignments
-1(cm )

1Hn(QFA)2C12] 46000 4.36 Intraligand transitions
37000 4.29 Intraligand transitions
33300 3.37 charge transfer transitions8 4
21670 0.89 Alg ) T2g(G)

[Fe(QFA)(0H)2Cl] 48500 4.48 Intraligand transitions
41670 4.25 Intraligand transitions
31150 3.23 charge transfer transitions

[Co(QFA)2Cl2] 47600 4.45 Intraligand transitions
42000 4.31 Intraligand transitions
32350 3.65 charge transfer transitions
27170 3.34 charge transfer transitions4 422000 1.81 F): T PT1g( > lg( )

{Ni(QFA)2Cl2] 46730 4.35 Intraligand transitions
42370 4.22 Intraligand transitions
30660 3.40 charge transfer transitions3 317600 .37 A F T F1 2g( )——-> lg( )

ICu(QFA)Cl2] 40000 4.43 Intraligand transitions
28000 3.53 charge transfer transitions
27000 3.25 charge transfer transitions
11800 0.99 d-d transition
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The electronic spectrum of the manganese(]I) complex shows a weak

band around 21670 cm_l and by assuming an octahedral structure, which

can be assigned to salg-——>4T2g(G) transitionlg. For the iron(III)
20complex no bands are observed in the visible region . In the

electronic spectrum of cobalt(II) cximplex the d-d transitions are almost

masked by the high intensity charge transfer bandszl. However. a

shoulder is observed around 22000 cm—1 which can be assigned to the

4Tlg(F)—-—->,4T1g(P) transition, and transitions in this region have been
reported for octahedral cobalt(1I) complexeszz. The spectrum of the

nickel(II) complex exhibits a band at 17600 cm_1, which may be assigned

to the transition 3A
23, 24

2g )3Tlg(F) in an octahedral field around
1nickel(H) A broad d-d band is observed at 11800 cm- for the

copper(]I) complexzs, which has been reported for copper(II) complexes

with distorted tetrahedral structures25

6.3.4. EPR Spectra

The EPR spectrum (Fig. 6.4) of the oopper(H) complex was taken in

methanol at liquid nitrogen temperature. The g and A values obtained

are, gl = 2.07, g2 = 1.89, ga = 1.86 and A value = 115 G, which agrees
with the reported results of many distorted tetrahedral copper(]1)

complexes.

Based on the above investigations, the structures given in Figures

6.4, 6.5 and 6.6 are proposed for the complexes.



/N M = Mn(II), Co(II) and\ Ni(1I)
Fig. 6.4 Schematic structure of the complexes
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Fig. 6.8 Schematic structure of [Cu(QFA)Cl2l
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. CHAPTER VII
CATALYTIC ACTIVITY STUDIES IN THE OXIDATION OF ASCORBIC ACID

TO DEHYDROASCORBIC ACID

7.1 INTRODUCTION

Development of catalysis over the past few decades has been

characterised by the wide application of metal complexes and
organometallic compounds as catalysts. Selective oxidation or
oxygenation of organic substances is important in chemical and

petrochemical industries due to the wide variety of products synthesised

in this route. Much effort has been devoted to develop useful catalytic

systems for mild and selective oxidation of organic compounds with the

aid of molecular oxygenl’2.

Ascorbic acid, an important reducing agent in biochemical systems.

is easily oxidised by many transition metal centres to dehydroascorbic

acid3_5. From the chemica.l point of view, the oxidation of ascorbic

acid has been the subject matter of many investigations. A number of

papers have been published on the oxidation of ascorbic acids-“

catalysed by copper(]I) and iron(1II) ions. Because of its biochemical

significance, most of the studies of the oxidation of ascorbic acid have

been carried out in or near the physiological pH range. Certain
transition metal complexes of ligands containing quinoxaline ring

systems have been found to exhibit catalytic activity towards oxidation

of ascorbic acid by molecular oxygen”. In this chapter we present our
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studies on the catalytic activity of Mn(1I). Fe(III), Co(II) Ni(11) and

Cu(I[) complexes of the following Schiff bases towards the oxidation of

ascorbic acid.

i. quinoxsline—2—carboxalidene—2—aminophenol,

ii. quinoxaline—2—carboxaldehyde semicarbazone,
iii. quinoxaline—2—carboxalidene-2—furfurylamine and
iv. quinoxaline-2-carboxalidene—o-phenylenediamine.

CH2OH

H$OH

0

HO OH

Fig. 7.1 structure of ascorbic acid

7.2 EXPERIMENTAL

7.2.1 Preparation of Solutions

a. Ascorbic acid

A 1.0xl0_3 mol 1-1 solution of L-ascorbic acid has been prepared in

water afresh before each kinetic run.

b Catalyst

Details regarding the synthesis and chracterisation of the metal

complexes are given in the previous chapters. All the solutions of the
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catalysts (1.0 x 10-4 mol 1-1) were prepared in methanol afresh before

each kinetic run.

c Solvent

A 1:1 mixture of methanol and water was used as the solvent for the

reaction mixtures.

d Reaction Mixtures

The total volume of the reaction mixture taken was 10 ml._ The
concentration of the catalyst in all the cases was maintained as6 l1.ox1o' mol 1' and the catalyst to substrate ratio was‘ kept at 1:100.

7.2.2 Apparatus

A Shimadzu UV-Vis 160A spectrophotometer with 1 cm quartz cells is

used for absorbance measurements.

7.2.3 Kinetic Procedure

All kinetic runs were carried out at a temperature of 28.0 :I: 0.1

0C. Requisite amounts of all the reagents except ascorbic acid were

taken in a reaction bottle. The reaction was initiated by transferring

the calculated amount of ascorbic acid into the reaction bottle. The

reaction is monitored by following the absorbance of ascorbic acid at

265 nm, where it has maximum absorbance and all other substances present

in the reaction mixture have negligible absorbance. The concentration
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of ascorbic acid was obtained from the absorbance data using a molar

absorption coefficient of 7500 at 285 nm.

The initial rates of the reaction were obtained by fitting the

concentration versus time data into a polynomial of the form

c = a1 + azt + a3t2+...

and obtaining the slope of the curve” at t=0. A software called "axum"

(Trimetrix, 1989) was used for this purpose. All the kinetic results

were. found to be reproducible within an error of 1 5 76.

7.3 RESULTS AND DISCUSSION

The results of the study of catalytic activity of the synthesised

complexes are given in Table VIII.

The data indicate that among the various metal complexes
synthesised all the complexes of copper(1I) were found to show

significant catalytic activity in the oxidation of ascorbic acid to
dehydroascorbic acid and none of the manganese(II) complexes were

catalytically active. Next to the copper complexes, iron(1I[) mmplex

of the ligand QOD has the maximum activity. Apart from these complexes

QAP complexes of cobalt(I[) and nickel(I1). QFA complex of iron(I1I).

QSC complexes of nickel(1I) and iron(I[I) and QOD complex of oobalt(II)

also have a slight catalytic activity. Among all the copper(1'I)
complexes, the complex of the ligand QSC was found to be the most active
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Table V'II.l

Rate of Catalytic Oxidation of Ascorbic Acid

{Ascorbic acid] = 1.0 x 10"’ mo] 1"6 1[Catalyst] = 1.0 x 10' mol F

Catalyst Rate of conversion
(mol 1-13-1) x 109-— 2.29

[Mn(QAP)2l 3.69
[Fe(QAP)2C]l 3.80[Co(QAP)2] 13.3[Ni(QAP)2l 7.27
[Cu(QAP)2l 103.15
[Mn(QSC)Cl2] 1.45
[Fe(QSC)Cl3] 8.03[Co(QSC)2] 2.14[Ni(QSC)CIl 23
[Cu(QSC)Cll 1050
[Mn(QFA)2CI2] 3.56
[Fe(QFA)(OH)2Cll 5.08
[C0(QFA)2Cl2] 0.59
[Ni(QFA)2Cl2l 1.4
{Cu(QFA)Cl2] 549.73
[Mn(Q0D)Cl2l 2.22
[Fe(QOD)C13] 315.98
[Co(QOD)Cl2] 6.68
[Ni(QOD)CI2l 3.19
[Cu(QOD)Cl2l 444.01
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catalyst. The results are presented as block diagrams in Figures
7.2-7.5.

Ascorbic acid is found to be oxidised by several iron(III) and

copper(II) chelatese. In most of these studies the rate was found to be

independent of the partial pressure of oxygen. A dissociative mechanism

has been assumed for the reaction. Hence it is proposed that the
stability ‘of the metal chelates and the steric factors related to the

orientation and dimensions of the ligand donor groups can affect the

rates.

The present investigation indicated that in spite of the
considerable variation in the structure and stability, all the copper

complexes were found to be active, while in the case of the other

complexes, the slight activity observed has no regular dependence on

either the nature of the ligand or the structure of the complexes as a

whole. Thus it can be inferred that the catalytic activity of the
synthesised complexes of the Schiff bases derived from
quinoxaline-2-carboxaldehyde is highly influenced by the nature of the

metal ion involved. But it is not clear whether dissociative type of

mechanism is operative in these studies also.
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CHAPTER VIII

KINETIC STUDY OF THE OXIDATION OF ASCORBIC ACID
CATALYSED BY THE COPPERCII) COMPLEX OF

QUINOXALINE-2-CARBOXALIDENE-2-AMINOPHENOL

8.1 INTRODUCTION

The kinetics and mechanism of metal ion catalysis in the oxidation

of ascorbic acid have been the subject matter of several studies. The

catalytic oxidation of ascorbic acid in the presence of Cu(II) and

Fe(I'.|I) ions and their complexes in aqueous medium have been

reportedl-6. As has been mentioned in the previous chapter, among the

various metal complexes synthesised, only the Cu(]I) complexes were

found to be good catalysts towards oxidation of ascorbic acid. It was

therefore found interesting to undertand the mechanism of oxidation of

ascorbic acid in the presence of these copper complexes. For this

purpose, the ICu(QAP)2] complex has been chosen as the catalyst and a
detailed kinetic study of the oxidation of ascorbic acid in
methanol-water mixtures was carried out. The results of these studies

are presented in this chapter.

8.2 EXPERIMENTAL

8.2.1 Materials and Methods

The procedures employed for the preparation of the solutions and

the kinetic procedure employed were the same as that in the screening

studies and are presented in Chapter VII.
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3.3 RESULTS AND DISCUSSION

RESULTS

8.3.1. Order with respect to the catalyst

In order to determine the order with respect to the catalyst,
kinetic runs were carried out at constant concentration of ascorbic acid

and at constant composition of the solvent, varying the concentration of5 -6 -1the solvent from 1.0 x 10- mol l—1to 1.0 x 10 mol 1 and-the

corresponding initial rates were obtained. These results are tabulated

in table VIlI.l. The initial rate of the reaction is found to be

Table VI]I.l

Effect of varying catalyst concentration on the initial rate

4 1[ascorbic acid] =-' I.0xl0_ me] I
dielectric constant of solvent (D) = 55.58

[catalyst] initial rate x 108
x 106 M (mol 1-1 8-1)

1.0 2.22.0 5.06.0 15.010.0 25.3
increasing with increasing concentration of the catalyst. A plot of

initial rate versus [complex] (Fig.8.!) is found to be a straight line,
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passing through. the origin, indicating order with respect to the
catalyst to be one.’

8.3.2. Order with respect to ascorbic acid

To determine the order with respect to ascorbic acid, kinetic runs

were performed at constant concentration of the catalyst and at constant

composition of the solvent, varying the concentration of ascorbic acid

I 5 mol l_l. The concentration of thefrom 2.0 x i_o""‘ mol 1' to 2.0 x 10‘

catalyst employed was 1.0 x 10-6 mol 1-1, and a 1:1 mixture of methanol

and water was used as the solvent. Under such conditions, the initial

rate of the reaction is found to remain constant within the limits of

experimental error. It can therefore be inferred that the reaction is

zero order with respect to ascorbic acid.

8.3.3. Effect of ligand

For studying the effect of ligand, the oxidation of ascorbic acid

was performed in the presence of added ligand in addition to all the

other reagents. Kinetic runs were carried out at constant
concentrations of ascorbic acid and catalyst and at constant composition

of the solvent, varying the concentration of the added ligand from 1.0 x

10-6 mol 1" to 1.0 x io'5 mol 1“. The initial rate of the reaction is

found to be decreasing with increase in added ligand concentration. The

results of this study are presented in table VIII.2. A plot of
reciprocal of the initial rate versus {ligand} is found to be a straight

line with an intercept on the rate-axis as shown in figure, 8.2.



Table—VIII.2

Effect of added ligand on the initial rate

[ascorbic acid} = I .0110‘-4.M

[catalyst] = 1.0:.-1o’6 H
dielectric constant (D) = 55.58

[ligand] 1: 103 initial rate it 103(M) (mol 1‘! s-1)0.0 2.71.0 2.26.0 1.93.0 1.710.0 1.5
8.3.4 Effect of cxnmposition of the solvent

To study the effect of polarity of the solvent on the rate. kinetic

runs were carried out at constant concentrations of catalyst and

ascorbic acid. varying the composition of the solvent. The dielectric

constant (D) of the solvent is calculated assuming linear relationship

of dielectric constant with composition. The results obtained are

presented in table VIlI.3. A plot of 1/D versus log(initial rate) is

found to be a straight line with negative slope, as shown in Figure 8.3.

From this plot it can be inferred that, the undissociated acid is the

reactive species in this reaction.
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Tab1e—V]1I.3

Effect of varying solvent dielectric constant

(ascorbic acid] = 1.0x10’4 mo] 1"
{catalyst} = 2.01210-6 mo) 1-1

solvent dielectric initial rate it 108
constant (D) (moi F‘ s_1)

60.17 2.257.89 3.355.58 4.353.29 6.550.99 13.6
8.3.5 Self decomposition of the complex

In order to study the self decomposition of the complex, reaction

was carried out in the absence of ascorbic acid, in 1:1 met.hanol—water

mixtures employing the concentration of the complex as 1.0 x 10-5 mol

1-1. The reaction was initiated by transferring the catalyst solution

into the solvent and was monitored by following the absorbance of the

complex at 235 nm. From this study, the initial rate of self10 1decomposition of the complex was determined to be 3.5 x 10- mol l
-1S .
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DISCUSSION

To summarise the observed results, the rate of the reaction is

found to be first order with respect to the catalyst and zero order with

respect to ascorbic acid. In the presence of added ligand the initial

rate of the reaction is found to be decreasing with increase in ligand

concentration. When the composition of the solvent was varied, it is

found that a plot of l/D versus log(initi.al rate) is a straight line

with a negative slope. The observed solvent effect indicates that
undissociated acid is the reactive species.

The zero order dependence of the initial rate of the reaction on

[ascorbic acid] gives a first impression that the mechanism of the

reaction involves the oxidation of the catalyst by molecular oxygen in a

slow step, followed by a fast step in which ascorbic acid is oxidised.

If this is the mechanism of the reaction the rate determining step

should be independent of [ascorbic acid]. In that case the rate of the

reaction should be equal to the rate of oxidation of the complex in the

absence of ascorbic acid. However. when the rate of decomposition of

the complex was monitored in the absence of ascorbic acid, even at the

highest concentration of the complex that has been employed in the

catalysed reaction, the rate of decomposition of the complex was much

less than that of the oxidation of ascorbic acid. Therefore, in order

to explain the observed zero order dependence of initial rate with

respect to ascorbic acid, the formation of an intermediate between the

complex and asocrbic acid which further reacts with molecular oxygen has
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been presumed. Further, the observed ligand effect indicates that

either the catalyst exists as an equilibrium mixture of two species, as

may be expressed by the following equation

M]_,2%.'j'..._)ML+]_,

where. ML2 is the undissociated complex and ML is the monodissociated
species, or due to the ligand being liberated during the formation of

the intermediate between the complex and ascorbic acid.

On the basis of the obseved results. the mechanism of the reaction

in the first case may be assumed to be the one given below:

KCuHL2 e CuHL + L -1
KCunl. + AA e CuHL(AA) -2

CuHL(AA) —s‘l‘(J—"——> DHA + CuIL ——3
fast

Cull. + 02 ——————> Cufll. -4

where CUHL2 represents the undissociated complex, and _CuHL is the mono

dissociated species. AA and DHA represent ascorbic acid and
dehydroascorbic acid respectively. and the species formed by the

interaction of AA with CuHL is represented by CuHL(AA). CuIL is the

reduced form of the species CuIIL and it is oxidised back to CuHL by

molecular oxygen.



This mechanism leads to the rate equation.

IIRate = k[Cu L(AA)]e -5
From equation 2 we obtain,

{cuH.L<AA)_1e = Kl[CuHL]e[AA]e ——e

Substituting for {CuHL(AA)] from equation 6, in equation 5 we can get,e_. H _Rate — kKlICu Llellmle 7
Taking,

[CuHL] = ICuHLle + [CuHL(AA)}e -3

and by substituting for [CuHI.(AA)] from equation 6 in equation 8,

[CuEL] = [CuHLle + Kl[CuL]e[AA]e -9
IIII _ {Cu L] _

‘C" “e ' {1 + K1{AA]e] ‘O
Hence the rate equation 7 becomes,

kKl[CuHLl tuneRate = --ll
{1+ KIIAAIB}

If l<<K1[AA]e the rate equation reduces to,

Rate = k[CunL] -12
But

11
Icatlt = [Cu 1.21 + [CuHL] —-13
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where [catlt represents the total concentration of all the species of
the catalyst. From equation 1.

K - I_cu_“L_1iL -14' II
[Cu L2]

Therefore equation 13 becomes,

II
lcatlt [(%(-]'-‘E + [CuHL] 15

Or

'[CuHLl = ————K[mt]‘ "'16{K + [Ll]

Then equation 12 may be written as,

klilcatlt‘W = WTW ‘*7
Now if K << [L] the rate equation reduces to.

kK{catltRate = T —l8
Since [L] represents the total concentration of the ligand present in

the solution, it includes the concentration of the ligand formed from

equilibrium 1 as well as the concentration of the ligand added. If we

represent the former as [Hi and the latter as [L]a, we obtain the rate
equation as

kKIcatltRate =  *“l9



Rearranglng equation 19,

1 [L]i [LIE= + —-'20
Rate kKIcat]t klilcatlt

Equation 20 indicates that a plot of 1/(initial rate) versus {Lia should

be a straight-line with an interoept on the rate-axis, provided [L]i is
a constant.

Considering the other case, if the observed ligand effect is due to

the liberation of the ligand during the formation of the intermediate

between the catalyst and ascorbic acid. then the mechanism of the

reaction may be represented as given below:

KI

cuHL2 + AA ———-> CuHL(AA) + L —(21)H k’ ICu L(AA) (Snowy Cu L + DHA (22)

CuIL is then oxidised by molecular oxygen to give CunL in a fast

step.

This mechanism leads to the rate equation

Rate = k'[CuHL(AA)le —(23)
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But from equation (21), we get.

.11K'{Cu L 1 [AA]
[CunL(AA)]e = --——[fi3-Li —(24)6

Substituting for {CuIIL(AA)]e in equation (23).

k’K'[CuHL2le{AAleRate =, —————j -—(25)
[L16

The total concentration, {Cum t, of all the species of Cun in1

solution may be given as

Icufllt = [CuuL2]e + {CuHL(AA)]e ——<2e>

After substituting for [CuHL(AA)]e from equation (24), equation (26)
can be written as,

11K’[Cu L 1 um11 - H _:2e___«3_ _.[CU  ' [CU  +
Equation (27) can be rearranged as below:

11[Cu L 1 {IL} + K’ um)
lcunlt = 2 ° [L] ‘’ ° ——(23)

B
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Hence [Cu L216 can be expressed by the following equation:

11[Cu 1 [L]
[CuHL2l = j—-5———"—— ~(29>

{ [Lie + K’ (Ame)

Assuming [AA]e is equal to the total concentration of ascorbic
acid, [AA], from equations (25) and (29). we get,

[CuHlt[L]e[AA]Rate = k'K’ I ‘—(30)
m.1e+ K’[AAl]

If K'[AA] >> [Lle then equation (30) reduces to

Rate = 14' Icunlt ——(a1)
This may be the case in the absence of added ligand. But

probably when the ligand is added [Lie is no longer negligible compared
to I(’l!.A]. Under such conditions if it is assumed that the
concentration of the ligand at equilibrium is equal to the concentration

of the ligand added, equation (30) becomes,

k’K’[CuHlt{AA]‘W = T ‘<32’
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Equation (32) may be rearranged as,

1 _ [Ll - 1 __Rate " + 11 (33)
k'K’[Cufl]t[AAl k'[Cu It

This equation indicates that at constant concentrations of AA and the

catalyst, 1/rate versus [Ll should be a straight line with an intercept

on the rate axis, as has been observed.

Thus both the proposed mechanisms can explain all the kinetic
results obtained.

In both the proposed mechanisms, the rate determining step involves

dissociation of the intermediate species formed between the catalyst and

ascorbic acid. Formation of such an intermediate should obviously be

easier for complexes involving less bulky ligands. Among the various

ligands employed, QSC may be considered to be the smallest ligand as

the amine part does not contain bulky aromatic ring systems as in the

other cases. This is probably the cause for the much higher activity of

the [Cu(QSC)Cl2l complex compared to the other three copper complexes.
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SUMMARY

The thesis deals with the synthesis, characterization and
catalytic activity studies of some new transition metal complexes of

Schiffubases derived from quinoxalintrz-carboxaldehyde.

The thesis is divided into eight chapters. Chapter I of ‘the
thesis presents an introduction to metal complexes of Schiff bases

derived from various aldehydes, like salicylaldehyde,
pyridine-2-carboxaldehycle and quinoxaline-2-carboxaldehyde. The scope

of the present investigation is also outlined in this chapter. Chapter

11 gives the procedures for the synthesis of Schiff base ligands and the

experimental procedures involved in the study.

Chapters III, IV, V and VI deal with the studies on the synthesis

and characterisation of complexes of the Schiff base ligands obtained by

the interaction of quinoxaline-2-carboxaldehyde with 2-aminophenol,

semicarbazide, o-phenylene diamine or furfurylamine. The results of our

studies on the manganese(II). iron(III), cobalt(II). nickel(]I) and

copper(II) complexes of the Schiff base,
quinoxaline—2-carboxaJidene—2-aminophenol (QAP) are presented in

ChapterIlI. All the complexes are non-electrolytes in nitrobenzene.

The complexes have the general formula [M(QAP)2l, where H =



(ii)

manganese(II). cobalt(1'I), nickel(]I) or copper(II). The formula of the

iron(1Il) complex is [Fe(QAP)2Cl2l. The IR spectral studies of the
complexes indicate that the Schiff base binds to the metal through the

nitrogen atom of the azomethine group and through the hydroxyl oxygen

atom, the latter is coordinated to the metal atom in the ionised form.

Magnetic and electronic spectral data suggest a tetrahedral structure

for the manganese(II), cobalt(II) and nickel(II) complexes, a distorted

tetrahedral structure for the copper(]I) complex and an octahedral

dimeric structure with bridging chlorine atom for the iron(Il1) ‘complex

respectively.

Chapter IV deals with the synthesis and characterisation of

manganese(II), iron(I[I), cobalt(II), nickel(II) and copper(II)
complexes of the Schiff base, quinoxaline-2-caboxaldehyde semicarbazone

(QSC). The complexes are non—electrolytes in nitrobenzene. With the

exception of the iron(II[) complexes, all the complexs have the general

formula [H(QSC)Cl2l. The formula of the iron(II[) complex is
[Fe(QSC)Cl3]. IR spectral studies of these complexes show that in the
case of the iron(1II) complex QSC acts as a tridentate ligand,
coordinating through the azomethine nitrogen atom, the ring nitrogen

atom and the carbonyl oxygen atom where as in all the other complexes

binding through the carbonyl oxygen atom is absent and it acts as a

bidentate ligand. Magnetic and electronic spectral data of the



(iii)

complexes reveal a tetrahedral structure for the manganese(1'I),
cobalt(H) and nickel(II) complexes. an octahedral structure for the

iron(IH) complex and a square planar structure for the copper(II)

complex. EPR spectrum of the copper(II) complex is similar to that of

other. reported cases of square planar copper(1I) Complexes.

Chapter V gives details about our studies on the manganese(II),

iron(lI[). cobalt(II), nickel(II) and copper(II) complexes of the Schiff

base, quinoxaline-2—ca.rboxalidene-o-phenylenediamine (QOD).

Conductivity measurements in acetonitrile indicate the non-electrolytic

nature of the complexes. The general formula of the manganese(1I).

cobalt(II). nickel(l1) and oopper(II) complexes is [H(QOD)Cl2l. The

iron(Il'I) complex has the formula [Fe(Q0D)Cl3]. IR spectra indicate
that the ligand binds the metal ion using its azomethine nitrogen and

primary amino group in the case of manganese(1'I), cobalt(II), nickel(II)

and copper(lI) complexes. In the case of the iron(IID complex, the

ring nitrogen also takes part in complexation. From the magnetic moment

values and electronic spectral data, a tetrahedral structure has been

assigned for the manganese(II), cobalt(1I) and niclcel(II) complexes. An

octahedral and distorted tetrahedral geometries have been proposed for

the iron(11I) and copper(1I) complexes respectively.



(iv)

Chapter VI presents the studies on the manganese(II), iron(TfI),

cobalt(II). nickel(II) and copper(I[) complexes of the Schiff base,

quinoxaline—2-carboxalidene-2-furfurylamine (QFA). All these complexes

are found to be non—electrolytes in nitrobenzene. The general formula

of manganese(1'I). cobalt(II) and nickel(II) complexes is [H(QFA)2Cl2l.
while the formulae of iron(HI) and copper(II) complexes are

{Fe(QFA)(OH)2C1] and {Cu(QFA)Cl2] respectively. IR spectra of the
complexes indicate that in all the complexes, the ligand QFA acts as a

bidentate ligand coordinating through the azomethine nitrogen and ring

nitrogen. Magnetic and electronic spectral data suggest that the
manganese(TC[), coba1t(II) and nickel(II) complexes have an octahedral

structure, whereas the iron(III) complex has an octahedral dimeric

structure, involving hydroxo bridges. A distorted tetrahedral structure

has been assigned for the copper(II) complex.

Chapter VII deals with the catalytic activity studies of the

synthesised complexes towards the oxidation of ascorbic acid to

dehydroascorbic acid by molecular oxygen. The catalytic activity of the

complexes has been determined by measuring the rate of decomposition of

ascorbic acid in the presence of the complexes and by comparing these

rates with the rate of self—decomposition of the acid under similar

experimental conditions. This study indicated that among the various

complexes used, all the copper(H) complexes were found to be



(V)

catalytically active and none of the manganese(TI) complexes were

active. Among the various copper(1I) complexes, the complex of the

ligand, QSC was found to be the most active. A few of the iron(III),

nickel(II) and ccbalt(II) complexes were also found to be slightly

active. However, no correlation between the type of the ligand present

in the complex and the catalytic activity of the latter could be drawn.

Chapter VIII deals with our attempt to explain the observed

catalyticactivity of the copper complexes in terms of the mechanism of

the catalysed reaction. In order to determine the mechanism of the

catalysed reaction, copper(]I) complex of the ligand QAP was chosen and

a detailed kinetic study of the decomposition of ascorbic acid in the

presence of this complex was made in methanol-water mixtures. The

concentration versus time data obtained by performing kinetic runs at

different initial concentrations of ascorbic acid. catalyst or ligand or

at different solvent compositions, were interpreted by employing initial

rate method, which indicated the reaction to be of first order with

respect to the catalyst and zero order with respect to ascorbic acid.

Variation in the composition of the solvent employed causes variation in

the rate of the reaction. and a plot or logarithm of the initial rate

against the reciprocal of the dielectric constant of the medium employed

was found to be linear with negative slope. In the presence of added

ligand. the rate of the reaction was found to decrease and a plot of



(vi)

reciprocal of the initial rate versus added ligand concentration was

found to be linear. Two possible mechanistic schemes were proposed to

explain the observed results. In either case the reaction is believed

to proceed through the formation of an intermediate species between the

catalyst and ascorbic acid which decomposes in the rate determining

step. The difference in the two schemes arises due to the possible

explanation of the observed ligand effect, which can be assigned either

to the existence of a dissociation equilibrium for the complex through

which a monoligand species is formed or can be attributed to ‘the

liberation of a ligand molecule during the formation of an intermediate

between the catalyst and ascorbic acid. Rate expressions are derived

for each of the mechanistic schemes.
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