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PREFACE

From the very child hood the ‘chemistry of color’ had always fascinated me as I
was playing with those ‘fascinating small pieces of varied colors’. But as I grew up and
science had made its humble introduction into my little mind my views began to change,
but 1t only strengthened my quest for delving into this mystery of nature and of course
with a plethora of the rest. The ubiquitous color of green found in nature and the
mystery behind it, the brilliant pink of the disinfecting agent potassium permanganate,
the fascinating brilliant blue of copper sulfate used in the preparation of Bordeaux
Mixture- a common fungicide, all had been a source of intuitive hunger for me. But the
chemistry of transiion metal complexes caught me for ransom then that of dyes and
pigments, may be because a plethora of its other importance than that of simple color.
The importance of transition metal complexes has been wide and varied as catalysts 1n
industry, reagents in spectroscopic determination of trace metals, and as important drugs
against potential deceases. Metal complexes serve as effective homogeneous catalysts in
the industrial preparation of acetic acid, manufacture of formaldehyde etc. Their
importance as catalysts lies with their ability to vary their oxidation state and valance with
respect to coordination during the process. In addition metal complexes also offer as
cffective catalysts for stereo selective reactions such as olefin epoxidation and Dicls-
Alder reactions. Transition metal complexes have potential use in biology and medicine.
It has also becn found that metal complexes are used as useful drugs against several
deceases. One such example 1s that of @s-Platin used as a drug against common cancer.
It is also known that metal complexes of drugs sometimes show enhanced biological
activities by virtue of coordination to metal. The thesis is only an introduction to our
attempts to assess the actvity of a few compounds of our interest. The compounds are
basically metal complexes of copper, oxovanadtum, zinc, manganese, cobalt and
dioxouranium. In majority of the cases the primary ligand was ONS donor and a
bidentare heterocyclic base. We have also made attempts to elucidate the structure of the
compounds prepared by using vartous spectral techniques and also to study the red-ox
behavior. The following is a brief summary of the contents:

CHAPTER 1: Catty a brief introduction nto the field of study and an extensive survey
of the related literature.

CHAPTER 2: Deals with synthesis and Characterization of thiosemicarbazones and
their copper(ll) complexes.

CHAPTER 3: Deals with synthesis and spectral characterization of oxovanadium(IV)
complexes.

CHAPTER 4: Deals with synthesis, spectral characterization and biological studies of
zinc(Il) complexes.

CHAPTER 5: Deals with synthesis and spectral characterization of cobalt(IIT)

complexes.

CHAPTER 6: Deals with synthesis and spectral characterizanon of dioxouranium(VT)
complexes.

CHAPTER 7: Deals with synthesis and spectral characterization of mangancse(IV)
complexes.
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Chapter 1

THIOSEMICARBAZONES AND THEIR METAL COMPLEXES
A BRIEF INTRODUCTION

1.i. INTRODUCTION

Thiosemicarbazones (TSCs) have attracted attention as potential drugs 1n the
eatly yeats of twentieth century. They were found to be effective against a vanerv of
diseases. There are scores of reports regarding the biological activity of this class of
compounds as potential antitamour [1], antiviral (2], antimalarial {3], antibacterial [4], and
antifungal [5] agents.

The TSCs are having a general formula 1. When TSCs have substituents at the
thioamide nitrogen (*N of TSC moiety) they can be represented by the formula 2.

S S
1 2 4 1
R N 2 4
Y i N” 3 NH, R\r/I\II\N 3 N/4R
2 H i H ) |
R R R
1 2

The 'R 1s generally an alkyl or aryl group and °R is hydrogen, methvl. higher
aliphatic or aromauc groups. In the formula 2, the ‘R and R can be the same aliphatc
or aromatc group or both can be a part of a cyclic system. Intensive research iniuated in
the fiurst half of the twentieth century has zeroed down some selected type of TSC
systems that are found to have better biological actvity. Most often the 'R group can be
an aromatic ting, having some active functional group bearing on it or by themselves
betng some heterocyclic aromatic systems.

The general method of preparaton of this class of compounds involves
condensation of a ketone or an aldehyde with the TSC moiety or with that of a N
substituted one. Depending upon the nature of the ketone or aldehyde the nature of
resulting thiosemtcarbazone may vary.

The efforts to evaluate the biological activity of TSCs involve the following strategy:

a) Replacement of sulfur atom of the thuocarbonyl group by oxygen, selenium, imine ot
oxime.

b) Modification of sulfur center by alkylation

¢) Changing the TSC moiety’s point of attachment to the heterocyclic ring.

d) Substitution on the terminal *N position.

¢) Variation 1n the nature of condensing aldehyde or ketone

Extensive research has been carried out on TSC of heterocyclic ketones and
aldehydes espectally the 2-acetylpyndine and 2-formvlpyridine TSCs {6] that are reported
to have considerable biological activity. The ‘N position can also be a part of a ring
system. The "N position can also be substituted by heterocyclic aromatic groups or
groups that can offer an additional binding site. The mmportance of such heterocyclic
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compounds in the TSC moiety 1s that they can act as a point of artachmenrt which ts an
essential factor 1in deciding the biological and other properties of these compounds.

The mechanism of action of these compounds had also been a subject of
mrensive research, which s still progressing. Their action 1s proposed to be by inhibiting
the nibonucleotide reductase (RDR), a key enzyme n the svathesis of DNA precursors
|7t Thetr non-heme won subunir was macuvated by TSC, which 1s artributed 1o therwr
chelanng ability [8]. It has also been found thar the iron compiexes are more active
cell destructions than uncomplexed TSC [9]. These observations rriggered an era or
intenstve scientific research in the field of TSCs. Many attempts were made by altering
the suucture of the TSC by changing the oxygen and sulfur as donor atoms moiery, by
changing the condensing ketone or aldehyde, modifying sulfur center by alkvlation,
substitution at the *N position etc. Attempts were also made to solve the problem of
solubtlity  of thiosemicarbazones 1n water, which is important in the medical
admumstration.  This 1s achieved by mcorporaung 1onic or polar groups it the TSC
motety 110)].

Metal complexes of TSCs have attracted attenuon as improved drugs because of
the rollowing advantages:
i. The long-term side effects of therapeutic agents can be avoided since merai
complexes could brezk down and the metal ion may interact with the organism.

2. Metal complexes may act as a vehicle for the activation of ligand, which 1s the
principal cytotoxic agent.
3. The complexation with metal 10n may lead to reduction of drug resistance bv

several orders of magnitude
4+ A large number of such complexes involve biologically essenual clements sucn as
copper, ron and zinc.

1.2. STRUCTURE, BONDING AND STEREOCHEMISTRY

The TSCs generally exast in the thione form in the solid state but in solution it
would tend to exist as an equilibrium mixture of thiol and thione forms as shown below.

S SH
' i | ‘R N /;
R\\,//l\\?}\i_ NH: e \// SN NH.
R R
Thione Thiol

‘The previously mentioned strategies to vary the structural features of the 15Cs
could in fact bring about changes 1n the bonding and stereochemistry of the compound,
which in wurn may decde the mechanism of acnon of the compound m biological
svstems. It1s expected that the TSC may generally existin the £ form (/7ans) but 1n such
situaton the compound may act as a umdentate hgand, by bonding through suifur onlv
[11}.  In case the sulfur center 1s subsuruted, the bonding mav occur through the
hydrazine nmtrogen and the amide nitrogen [12].
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Chapter 1

HS.__NH, HS._ _NH,
T I
N ~

N N
B Ji
'iR ZR aR ZR
Z (cis) E (trans)

But the studies have shown that the stereochemistry of the ligand is much
decided by steric effects of the various substtuents in the TSC motety 13]. It is found
that in most cases the compound is in the Z-form while coordinaung to the metal 10ns.
This phenomenon is assumed to be due to the “chelate effect” - increased stability due to
better electron delocalisation in a chelated ring system- resulting from the coordination
with the meral center.

M—g
'R N/ /\
~
\I//\N NH,

R

Chelate effect

Generally, the coordination occurs through the thiol/thione sulfur and the
hvdrazine nitrogen. When additonal binding sites are available adjacent to the SN donor
svstem the higand was found to act as tridentate species. In most of the reported cases
the third coordinating species will be 1n the aldehydic or ketonic moserv [14]. The
availability of the third coordinaung site brings so many other options when it comes to
complexation. Somce of them could lead to the formation of polymeric complexes [15]
or it could change the oxidation state of the metal or could bring changes mn the
coordimnaunon environment of the metal son. These changes could 1 turn affect the
biological properties of the compound. The alkylation of the thiocarbonyl sulfur induces
a complexaton through terminal amido group and hence accounts for the mono acidic
character of the ligand [16]. Someumes such ligands condense with a second aldehyde or
ketone to vield quadridentate ligands.

The stereochemistry adopted by the TSC hgands with the tansition metal on
depends essentially on the presence of additional coordination sites in the ligand moiety
and the charge on the bgand, which in turn is influenced by the thiol-thione equilibrium
in the reaction medium. The thiol-thione equilibrium and the nature of complexation
depend on the pH of the medium/solvent(s) used for reaction. Generally, the TSCs act
as a neutral bidentate ligands, leading to octahedral and square planar geometries as
found common among their metal complexes. But some 5-coordinate complexces are
also formed by 2-acetylpytidine TSC dertvatives that show 1ncreased biological activity as
antitumour, antumalanal agents {17].
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The oxidation state of the metal ion determines the degree of softness and
hardness and hence plays an important role in predicting the stability of the complexes
that are formed with the TSC ligands. Some d* and d" ions exhibit higher stability with
sulfur donor ligands due to the formation of strong bonds and d, —dx bonds by donaton
of a pair of electron to the ligands [18].

It has been established that the arrangement of the hydrogen in the TSC
molecule 1s nearly planar [19] and the sulfur atom and the hydrazinic NH. group are
trans with respect to the C-N bond. But when an additional coordination site 1s available
the sulfur atom tends to form a weak bond with the adjacent or with the same metal 1on
[20] leading to mult1 nuclear species.

The E and Z forms of the 2-formylpyridine TSC were isolated and were
identfied [21], based on the difference in the 1n the § values of the respective forms
using NMR spectroscopy. The E isomer of 2-acetylpyridine *N-methyl TSC was found
to be stable [22]. However for a bulky group ar the *N position of the TSC such as
azabicyclononyl group a third isomer can also be observed- a bifurcated E-hvdrogen-
bonded ring 1somer.

There are some reports on MLX type complexes. In addition, reports on the
mixed ligand complexes of cobalt(ll} and nickel(II), 5-coordinate complexes and
bimetallic compounds have also appeared. The iron complexes of 2-acetylpyridine and 2-
formylpyridine “N substituted TSCs [23] arc found to have a distorted octahedral
geometry with wron(I1) metal 1ons coordinated by two deprotonated thiosemicarbazones
so that cach higand is essentially planar and azomethine nitrogens are fruns to each other.
The won(llI} complexes of ‘N-phenyl substitured dertvatives of 2-acetylpyndine
thhosemicarbazone was found to form complexes of the formula [Fe(HL)A,] where A=
Cl, NCS, NO; erc {17). Most of the species have rhombic spectra mdicanng distorted
square pyramud geometry [24]. Pyruvaldehyde, pyruvic acid, pyridoxal TSCs of copper
and nickel are of interest in investigating thewr structural aspects bv various specural
techmques [25].

13 STRUCTURAL CHARACTERIZATION TECHNIQUES

Varnous techniques are used to elucidate the bonding structure and stercochemistry
of the ligands and the complexes prepared. While the ligands are charactertzed by usual
methods such as elemental analysis, IR, UV-visible and NMR spectral techniques, it
differs for complexes depending on the nature of the ligands and the meral 10ns
mmvolved. Ligands on complexation with some metal ions having pawed or unpaired
clectrons give diamagnetic or paramagnetic complexes respectively.  Some of the
common physicochemical methods adopted by inorganic chemists are discussed below.

1.3.1 Magnetic measurements

In a magneuc field, the paramagneuc compounds will be attracted while the
diamagnetic compounds repelled. In paramagnetic complexes, often the magnetic
moment gives the spin only value corresponding to the number of unpaired clectron.
The vanation from the spin only valuc 1s attributed to the orbital contnibution and 1t
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vartes with the nature of coordination and consequent delocalisation. In some cases two
magnenc centers may be coupled together and may result in extraordinary increase or
decrease in the magnetic moment of the complex. For example. a mononucicar
complex of copper of the formula [Cul.X} where Cu 18 1 the +2 oxidauon stare, the
complex 1s expected to have magnetc moment of 1.73 BM -corresponding to d’
configuration, but 1n case of [Cu(OAc),f, the value 1s lower than 1.73 BM. This 1s
explained on the basis of the assumption that the individual magnetic moments are
aligned in opposite directions so that they cancel each other to some extent or can be
ascribed as due to antiferromagnetic coupling. Thus the value of magnedc moment of a
complex would give valuable insights into its constitution and structure. In some cases
the variation in the magnetic moment can be explained on the assumption that the
compound may be an equilibrium mixture of tetrahedral and square planar geometries-
the number of unpaired electrons differ 1 either geometnes and hence the magnetic
moment. The magnetic susceptibility measurements thus help to predict the oxidation
state of the meral ion to a limited extent and to cstablish the possible gcometry of the
compound.

The most widely adopted method for determining the magnetic moment of a
complex 1s by Gouy method 1n which the weight difference experienced by a given
amount of a substance in the presence and absence is measured. This is compared with
that of a standard substance and magnetic moment is determined with the help of
suitable equations. Faraday Balance and Vibraton Suscepubility Magnetometer are the
other instruments used for the magnetc susceptibility measurements [206].

1.3.2 Electronic spectroscopy

Electronic spectroscopy is an important and valuable tool for most chemists to
draw important information about the structural aspects of the complexes. The ligands,
which are mainly organic compounds, have absorption in the ultraviolet region -hence do
have bands in the region of the 200 to 350 nm of the electromagnetic spectrum- and 1n
some cases these bands extends over to higher wavelength region due to conpugation.
But upon complexauon with transition metal ions, duc to interaction with the meral 10n
there will be an mnteresung change in the electronic properties of the svstem.  New
fearures or bands 11 the visible region due ro d-d absorpuon and charge rransfer spectra
from metal to bgand (M—L} or ligand to meral (L—M) can be observed and tius dara
can be processed to obtamn informaton regarding the structure and geomerry of the
compounds [27]. This technique along with other spectral techniques viz., I<PR serves to
find out the structural features and to calculate the bonding paramcters such (o, B° v,
Ky, K| etc.) [28, 29a,b] and Racah Parameters (B and C) {29¢].

‘The clectronic spectroscopy is also widely used to explore the change in the
structural features with change in the pH of the medium. The electronic and structural
features of the complexes are widely utilized to investigate the kinetics and mechanisms
of the reactions mvolving transition metal complexes [30a,b]. The kincucs of 4-
nitrophenylacetate cleavages, by oxime 1n the presence of Zn” 1ons was invesngated 131).
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1.3.3 Infrared Spectroscopy

The IR spectroscopy is the widcly used as a characterization technique for metal
complexes. The basic theory 1nvolved is that the stretching modes of the ligands changes
upon complexation due to weakening/ strengthening of the bonds involved in the bond
formation resulting 1n subsequent change 1n the position of the bands appearing 1n the
IR spectrum. The changes in the structural features of the ligands are observed as
changes in bands observed, mainly 1n the fingerprint region ie., in the 1500 - 750 cm .
Nakamoto discusses at length the charactenization of metal complexes with the help of
IR spectroscopy {32]. The bands due to the metal higand bonds are mainly observed 1n
the far IR region ie., 50 - 500 cm™.

1.3.4 EPR spectroscopy

For complexes those are paramagnetic, in addition to the elemental analysis, IR,
and clecrronic spectroscopic  techniques, Electron Paramagnetic Resonance (EPR)
spectroscopy acts as an effective and valuable tool to explore the structural features and
bonding characteristics of metal complexes. The advances in the ESR spectroscopy have
benefited the mnorganic chemists with the heip of high field and high-resolunon
spectrometers that helps to resolve the gy and g: features of the paramagneuc species.
The mnformauon obtamable from a low temperature spectrum of diamagneticaly dilured
paramagnetic species provides imporrant clues to structural traits and bonding properties
of the complexs {33]. The single crystal EPR spectrum measurements are also widelv
emploved to derive more information about the gecometry of the paramagneuc species
tormed |34]. Hathaway had extensively surveyed the studies on complexes by using EPR
spectroscopy [29b].  Various simulation packages are extensively used to simulate the
experimental spectrum and hence help to establish the absolute geometry and accurate
bonding and structural charactertstucs of the corplexes {35]. However, for diamagneuc
complexes, NMR spectroscopy sull remains as a valuable tool for establishing the
structural characterizatuons.

1.3.5 X-ray crystallography

The diffraction/scattering of N-rav radiations by array of atoms in a single crystal
of a compound is exploited to establish the structure and geometry of the complexes. Ar
present this versatile techniques is valued as the final word by many chemists for
establishing the accurate structure of the complex compounds.

1.3.¢ Cyclic Voltammetry

Cyclic voltammertry 1s widely used to study the red-ox behavior of the
coordinated complexes. It gives an insight to the stabtiry of the compound under
investigation against clectrolytic oxidation and reduction in the solution. In this
technique, the potential of a small stationary working electrode is changed linearly with
the time starting from a potential where no electrode reaction occurs and moving to
potentials where reduction or oxidation of a solute (material being studied) occurs. After
traversing the potential region in which one or more electrode reaction takes place, the
direction of the lincar sweep is reversed and the clectrode reactions of the intermediates
and products formed during the forward scan, often can be detected. The techmque can
be carned out using a suitable reference, working and counter clectrodes, the sclecuon of
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which can be made depending on the nature of the compound and the solvent used, in
the presence of a supporting electrolyte [36a]. The supporting clectrolyte is usually added
to repress the migraton of charged reactants and products.

Having knowledge of the species involved and an 1dea abour the redox
properties, one can select the range of voltages, and the vananon in voltammogram can
be recorded at different sweep rates. The peaks in the forward and reverse sweeps can
be interpreted to assess the stability of the species. Depending on the nature of the
voltammog)ram obtained they may be termed as reversible (i,=i.), quasi-reversible
{1,,>1,) and irreversible process. If some chemical reaction occuts the return peak of the
cvchic voitammogram will be reduced in magnitude, and 1t will be completely absent if the
reacuon half-life 1s much less than the scan duration [36b]. The cyclic voltammetric
techniques can also be ualized, coupled with electronic spectroscopy, to obrtain
information about the presence of a new species formed during the oxidation-reduction
process and the related stereo chemical and structurai changes [37].

1.4 BIOLOGICAL SIGNIFICANCE

Biological activity or therapeutic ability of any compound depends on the
minimum amount by which the chemical or the substance is required to inhibit the
growth or to kill the microorganism that causes the disease, along with a minimum
cvtotoxicity —the potential to act as a toxin that may generate undesirable symptoms that
are harmful to health of a living organism- and hence decides the drug value of the same.
They do so mamly by acting upon the reproductive chain of the causative
microorganism. But the mode of drug action differs from one to the other and also on
the nature of the microorganism. For example, the heterocvelic TSCs exercise their
therapeutic property by inhibiting the nbonucleotide reductase a key enzyme in the
svnthests of DNA precursors [38]. The non-heme iron subunit of the enzyme has been
shown to be inhibited /inactivated by the TSC {8]. Their abilitv to provide such
mhibitory action 1s thought to be due to the coordinaton of the iton in their NNS
tridentare higating system either by a pre-formed ron complex or by the free hgand
complexing with the iron charged enzyme [39]. The studies in iron and copper
complexes indicate that they are active in cell destruction and in the inhibition of DNA
svathesis than the uncomplexed TSCs (9).

The compound, 5-hydroxy-2-formyl TSC has been shown to cause lesions n
DNA [40], which speculate the possibility of sccond site of action in addition ro
inhibition of rtbonucleotide reductase. Certain substtuted benzaldehvde and heterocychic
TSC possess antitubercular [41a,b,c] and antileprotic property [42a,b], the most potent
being p-acetamido benzaldehyde TSC and are used in combination with other drugs so
as to minmmize the side effects such as a hemolytic anaemia, cerebral endema, hepanc
dvsfuncuon etc. [43ab]. Derivatives of 2-acetylpyridine TSCs are found to act as
antleprouc agents [44] because of their better chelating ability and are found to reducc
toxicity on ntroduction of subsutuents on C-6 position of the heterocvyche ning or on
subsutution of thiocarbonyl sulfur by selenium [45ab]. The presence of N-H group 1s
also proposed to be essential, as 1t 1s assumed to be involved m the crucial radical
formation step of the overall mechanism of ribonucleotide diphosphate reductase [46].

The heterocyclic TSCs ate found to be active against .Asperigilus Niger and
Chaotominnt Globsum in concentration of 10 yg/ml [47]. On replacing the aldchyde or the
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ketonic moiety on the TSC by various heterocycles such as pyridine, 1satin, benzene,
thiophene, quinoline etc they are found to be more active against vaccinia-induced
encephalius [48a,b]. But the TSC moiety was found to be more important for viral
activity. 2-acetylpyridine ‘N-methyl and *N-ethyl TSC are reported to be effective against
smallpox virus [49a,b]. The isatdn TSC has shown less activity against herpes simplex
virus (HSY), however 2-heterocyclic TSC derivatives were found to be actve agarnst
both HSV1 and HSV2 (Herpes Simplex Virus) types [50]. Some TSCs inhibit the s viwo
replication of the virus to a greater extent than they inhibit the cellular DNA or protein
synthesis. The substituted 2-acetylpyridine TSC inhibit the viral enzyme HSV reductase
significantly and preferentially and without affecting the cellular enzyme [51]. 2-
acetylpyridine “N-dibutyl TSCs inhibited all the four types of polioviruses found by
blocking the viral RNA synthesis [52]. Ttriazine indole derivative of isatin was effective
against thinoviruses [53]. Some of the metal complexes inhibit the RNA dependant
DNA polymerases and the transforming ability of Rous Sarcoma Virus (RSV) [54]. The
most acuve compound being the 1:1 copper complex of 2-formylpyridine TSC [55).

2-acetylpyridine TSC and their *N-cyclic and phenyl substituted derivatives of
TSCs are found to be more active against Plasmodium Berghei, the causative malanal
microorganism in mice (56]. Similatly, the 2-formylpyridine TSC inhibited the adenosine
uptake in rodents infected with malaria caused by Plasmodium Bergher (57). This indicates
that the interaction with adenosine receptor is an additional mode of action beside
chelaton. The TSCs of 3-formyl and 3-acetyl-B-carboline effectively inhibit the
promasugate form of Lezshmania donavan: [58).

Some hydroxy denivative of 2-formyl TSC was found to be good anucancer drugs
having activity lying in the range of glvoxal TSCs {59a, b]. It has also been established
that the chelaung ability of the NNS TSC is an essential critenia for antileaprotic actvity
{602, b]. The biological activity of the heterocyclic TSC stems from the fact that thev
inhibit the biosynthests of DNA in mammalian cells [61). This is accomplished by
interfering with RDR, an obligatory enzyme for the biosynthesis of DNA [7]. The
presence of substtuents at the C-6 position of 2-acetylpyridine—3-azabicvclononyl TSCs
actually decreascs the inhibitory activity of the compound, however it increases on
mtroducing a #-ammo phenyl group at the pyndine moiety due to increase in lyophobic
mnteraction with the enzyme’s inhibitory binding sites [62]. However, following chelaton
with the metal 10n such as copper and tron, TSCs are found to show enhanced inhibitory
activiey,

The extreme insolubility of most TSCs in water causes difficulty in their oral
administration.  The efforts to overcome this limitanon by introducing hydrophilic
groups such as NH, or OH in the heterocyclic ring system with the ulimate aim of
obtaining a soluble acid or sodium salt were met with little success [10]. Therefore, simce
the medicinal acuvity of TSC may in part related to their chelaung ability, meral
complexes may prove to be useful forms of TSCs as they cffectively modify their
biological activity. From further studies it is known that structural alterations hindering
the TSCs ability to function as a chelating agent with transition metal ions tend to
diminish or destroy the biological activity.

Copper(IT) and iron(III) complexes of 2-formylpyridine TSC were found to be
better inhibitors of DNA synthesis than their TSCs without apparent cveoroxicity [63].
Both of them prevent successful cell transplantation [64]. Methyl substitution 1n the fifth
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posiion of the heterocyclic ning aiso makes the metal complexes potent agents along
with zinc complexes thar ate active agaimnst the Aspergillus fumigatus - a wild variery of
fungus of higher drug resistance [65].

The 1ron complexes of quinoline and derivatuves of qumnoline TSCs were found
to be six times more active inhibitors of partially purified nbonucleotide reductasc than
the uncomplexed TSC [63]. The nuclease acuvity of the copper complexes TSCs derived
from hetero aromatic compounds, have also been investigated [66]. The mechanism of
action was assumed to be that the TSC remove iron from ferritin to form won(II)
complex, these are rapidly reduced by the hemoglobin and are then slowly re oxidized bv
oxygen in aqueous solution or plasma [67]. The iron complex however 1s bound to the
enzyme leading to the inhibition of ribonucleotide diphosphate reductase. Besides -
platin derivauves, the complexes of heterocychc TSCs could constitute the second largest
group of anticancer drugs.

The copper(ll) complexes along with 1ron(IIl) complexes are effective inhibitors
of DNA synthesis at much lower concentrations than free TSCs without apparent
cvrotoxicity [68]. The mechanism of action was proposed to involve the accumulation of
Cul.” rapidly in the cells [64] whete it blocked the G/S intetface of the cell cycle, which
1s consistent with the ribonucleotide reductase being affected [9]. It is argued that the
interacuon of Cul.” with the thiols may promote generation of toxic oxygen species that
miught be responsible for cellular damage [69].

Ruthenium(Il) and ruthemum(lil} complexes of 2-formylpyridine TSC were
found to be active against E. Co/. [70]. and that of oxovanadium also shows significant
inhibitory acuvity against some of the bacterial and fungal cultures [71]. the
dioxomolybdenum(VI) complexes of heterocyclic thiosemicarbazones are acuve agamst
some famibiar fungal cultures [72]. There are reviews on the TSC complexes of
cobalt(II), cobalt(IIT) and mickel(II) [73].

1.5. PRESENT TRENDS

The TSC chemustry 1s not merely been confined to the field of biological acuvity
and medicinal unportance but there 1s a spurt in the research mnvolving a lor of
compiexes of main group metals due to their ability to form complexes of a vanery of
interesting structures. The complexes of germanium, organo metallic complexes, such as
organotin [74] and organomercury [75] complexes involving TSCs are found to offer a
rich source of gathering structural information due to their peculiar structural features
and variety of spectroscopic techniques that can be employed for their characterizaton.
Attempts are being made by Lobana e 4/ to correlate the energy barrier to rotation of the
amino group with the bonding parameters of the thioamide group in phenyl mercuric
complexes of thiosemicarbazones [76].

Though the most widely investigared complexes are that of copper — due to thew
biological acuvity catalyuc and mnsulin mimeuc property the studies on oxovanadium,
iron, cobalt, nickel and manganese offer to follow. There have been reports on copper
complexes effecting catalysis of additon of alcohols to ketenes [77] and assisting the ring
closure reaction of 1,2- bisketenes. Spectroscopically also copper and oxovanadium
complexes has much to offer for an enthusiastic researcher. Complexes of titanium,
tngsten and molvbdenum are also been explored in depth. The recent research work on
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TSCs are much more centered on platinum and palladium [78a.b], Ruthenium {79) and
osmium {80j complexes the first being biologically important and the later ones for being
known as good homogeneous catalysts. There are reports of trimeric nickel complexes
of TSCs funcuoning as effective homogencous catalysts for the alcoholvsis of sianes
giving silvl ethers [81) and in the reduction of imines into primary or secondary amines
182§.

There are reports of supramolecular analogs of cyclohexane —self assembled svstems
of ferrocene contamning TSC complexes of zinc and nickel {83} and of the structural
dependence on dx-p, interactions of some nickel TSC complexes [84]. Recently the TSC
complexes of elements of lanthanide series have also gained interest and their 1nteraction
in soludon 1s a matter of further and on going research [85]. The transition metal
complexes of vitaminK,-TSCs are also been investigated for their structural and ant
bacterial activity [86]. Some electrochemically synthesized binuclear zinc complexes of
phenyl glyoxal derivauve of TSC {87} and that of some transition metal complexes of
wsatin TSC [88] arc also been recently reported. There are reports of redox active copper
complexes of TSCs that are uscful for imaging hypoxic tissues [89]. A recent report by
Padhve ef a/ deals with the antitumour activity of copper complex of 10-deacetvlbaccatin
TSC [90].  Ferrari e/ af have reported the versatile chelating behavior of some TSCs with
respect to their coordination to zinc and cobalt meral 1ons [91]. A recent report by
Ebenso er a4/ puts forward TSCs as a pronusing group of compounds having corrosion
inhibiton propertes [92]. Besides there also studies on electrochemical and positron
annihilaton studies of TSCs [93]. Of late, the copper(l) chemistry of TSC complexes
have also appeared {94]. Qurte recentlv reports have appeared on novel kind of
photochromic TSC compounds [95]. Kovala-Demertzi ef a/ reports of a novel kind of
trinuclear palladium(Il) complex of substituted 2-hydroxyacetophenone TSCs [96.).
Molecular rectangles and squares of copper and nickel complexes of TSCs are also been
appeared recently [97]. Researchers have also not left out Gold in their attempt to study
their interaction with TSCs [98]. The camalytic property of polystyrene supported
transition metal complexes of TSCs are been reported by Steekumar ¢/ o/ [99]. The
induction of apoptosis by cycloplatinated complexes of some TSCs in #-DDP resistant
cells 1s also been reported [100]. The contnbution to the filed of analytical chemistry also
1s not meager as revealed by the recent reports [101}. Ranford es o/ have reported TSC
copper complexes as anti cancer drug analogues [102].  Structural studies of copper
complexes of open chain and macro cyvclic TSCs [103] and also of cvclomerallated
plaunum(TT) [104] have also been recently appeared. Souza e/ «f have reported on the
cvtotoxic acuvity and DNA binding of palladium(1) benzyt bis(TSC)[105].

1.6 OBJECTIVE AND SCOPE OF THE WORK

Reports of the structural and biological acuvities of some substituted saiicylaldchyvde
TSCs and their copper(I) [106] and nickel(II) [107] complexes have recently appeared.
Not only thesec compounds showed significant biological actvity but also found to
possess interesting structural and stereo chemical properties upon complexation with
metal 10ns.

In the light of the above discussion we have decided to prepare some ternary base
adducts of N-protected TSCs of 2-hydroxyacetophenone.

W'e undertook the present work with the following objectives.

To investgate
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1) The effect of N substituents in the thiosemicatbazone moiety and thewr
biologicai activiry.

i) The cffect of incorporation of bases into the coordination sphere of various
metal 10ons, such as copper, oxovanadium, cobalt, zinc. manganese and
dioxouranium in their structure and biological properties.

ut) The changes 1n biological activity upon complexation with meral 1ons.

v The red-ox behavior of coordinated metal ions of our interest.

The mnvesugations are done to bring about an overall understanding of the structure-
acuviry relatonship and to aid the development of better and effective metal based
drugs.

In this attempt we have prepared four N-protected TSC ligands of 2-
nvdroxvaccto- phenonc, about eight ternary base adducts of copper(Il), eight base
adducts of oxovanadium(IV), eight base adducts of znc(Il), eight complexes of
cobalt(IIT), five complexes of dioxourantum(VI) and three complexes of manganese(IV).
The bases used were bipyridine and phenanthroline. All of them were characterized by
using various spectral techniques and about sixteen of them were screened for their
biological activity.
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SYNTHESIS AND CHARACTERIZATION OF
THIOSEMICARBAZONES

2a.1. INTRODUCTION

The mmportance of TSCs as potental bioactive agents have already been
covered 1 the last chapter [1-9]. The use of TSC as an analytical reagent is also well
established.  Besides, works are still going on about the other useful characteristics of
TSCs 1 various fields {10-12]. A recent study discusses the synthesis of heterocyclic
compounds by the cyclisation of carbohydrate TSCs {13]. There ate also some reports
on svnthests of TSCs employing microwave.

In this chapter we discuss various methods of synthesis and techniques used
for the charactenization of the ligands.

2a.2. EXPERIMENTAL
2a.2.1. Synthesis

Methods:
There are several methods by which the TSCs can be synthesized.

Method 1. It involves the condensation of thiosemicarbazide with an aldehvde or a
ketone.

Method 2. It involves the condensation of an aldehyde or a ketone with methyl
hydrazine carbodithioate to form an intermediate. The S-methyl group of the
fatter compound on displacement with an amine gives the desired
thiosercarbazone. The rate of the displacement reaction depends on the
basicity of the amune.

Method 3. The procedure for this method involves the condensation of an isothiocyanarte
with hydrazones of an aldehyde or ketone

Mcthod 4. It 1s based on the one reported by Holmberg and Psilanderhielm [11] and
later modified by Scovill [3]. The procedure involves the reaction of
carbondsulfide and N-methyl aniline in the presence of sodium hydroxide
followed by the treatment with sodiumchloroacetate. The product isolated 15
then treated with hydrazine hydrate leading to the formation of N-methyl-N-
phenylthiosemicarbazide. This 1s used as precursor for the synthesis of the
desired bigand. 1t 15 a single step process i which the required ketone or
aldehyde and the amune that is to be transaminated into the parent TSC are
treated 1n one pot in a suitable solvent.
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Materials:

The reagent grade 2-hydroxyacetophenone (Merck), carbon disulfide (Merck), N-
methyl aniline (Merck), sodiumchloroacetate (Merck) and hydrazine hydrate 98% (Glaxo
—Fine Chemicals) were used as received. Cyclohexylamine (Merck), hexamethyleneimine
(Fluka) and morpholine (Glaxo-Fine chemicals) were purified by disullation and keprt
under nitrogenous atmosphere. The solvents were purified and dried by using standard
methods and procedures. Methanol was dried over fused calcium chloride and was in
the presence of magnesium isopropoxide; acetonitrile was dried overnight and distlled
over from activated alumina.

Synthesis of thiosemicatbazones
The TSC ligands were synthesized from N-methyl-N-phenylthiosemicarbazide.
2a.2.1.1. Synthesic of N-phenyl-IN-methylthiosemicarbazide.
Synthesis of N-phenyl-N-methyl thiosemicarbazide involves two steps.
1) Preparation of Carboxymethyl N-methyl-N-phenyldithiocarbamate

A mixture of 12.0 mL (15.2 g, 0.20 mol) of carbon disulfide and 21.6 mL. (21.2 g,
0.20 mol) of N-methylaniline was weated with a solution of 8.4 g of (0.21 mol)
NaOH in 250 mL, was stirred at room temperature for about two hours, when a pale
orange colored homogeneous solution resulted. To this solution was then added n
small portons about 23.2 g (0.20 mol) of sodiumchloroacetate with strring. It was
allowed to continue for 6-7 hrs. To the resulting pale golden yellow solution was
added 25ml. of conc. HCl and the resulting solid was collected and dried. The vield
was 39.0 g (82%). mp. 197-198"C.

1) Preparation of N-mcthyl-N-phenylthiosemicarbazide (4-methyl-4-phenyi-3
thiosemicarbazide).

A soluwon of 177 g of (0.0733 mol) Carboxymethyl-N-methvi-\-
phenyldithiocarbamate in 20 mL of 98% hydrazine hydrate and 10 ml. of water was
heated in a water bath for about 10 minutes when colotless crystals began to appear,
the heating was continued for another 5 munutes, filtered washed with water, and
dried under lamp. The crude product was recrystallised from a mixture of ethanol
and water when colorless triclinic crystals appeared.  About 10 g (81%) of the
product was obtained. Mp. 125'C.

a9

2a.2.1.2.  Synthesis of 2-hydroxyacetophenone * N-cyclobexylthiosemicarbazone (H,].",
) ) Jyaroxy 2 J . 2

A solution of 1.00 g (5.52 mmol) 4-methyl-4-phenvl-3-thiosemicarbazide in
5 ml. of acctonitrile was treated with 0.664 mL (5.52 mmol) of 2-hydroxyacctophenone
and 0.620 mL (5.52 mmol) of cyclohexylamine and warmed in a water bath for 20-25
munutes. The soluton was kept at room temp for 15 minutes and then chilled in a
freezer, when pale vellow platc like crystals of 2-hydroxyacetophenone ‘N-
cvclohexylthiosemicatbazone separated out. The crystals were filtered and washed with
cold accronuuile followed by water and then dned 7 racwo over P,O,,. The compound
was reerystallised from dry acetonutrile. mp 154"C. Yield 1.16 mg (72%). Analyncal dara:
Elemental; Caled for C,(H, N,OS: C, 61.82; H, 7.26; N, 14.42. Found: C, 61.75; H, 7.24;
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N, 14.37. IR (KBr): 3310m(sh), 3109s, 2523m, 1620m, 1599m, 1448m, 1365m, 1219s,
1118m, 988m, 864w, 652w cm™™. 'H NMR (300 MHz, CDCl,, 6(ppm) vs internal TMS):
10.89 is, 1H, OH, phenolic): 8.74 {s, 1H, NH, hydrazide); 7.46 (d, 1H, Ar-H); 7.33, 7.28
(AB, dd. 1H, Ar-H); 6.98. 6.92 (AB, dd. 1H, A-H); 6.72 (d, 1H, Ar-H); 4.31 (¢, 1H, NH,
imne); 2.38 (s, 3H, CH,}; 1.22-2.12 (m, 11H, aliphauc).

The 'C NMR spectral assignments for the compound s given in Figure. 2a.1

118.14

120.29

OH
132.48 S
154.32
WP
119.93 Ny N 2601
12898 A H H

15824 CH, 175.26 3312 25.22
14.72
Figure. 2a.1  )C NMR spectral assignments for 2-hydroxyacetophenone *N-

cvclohexylthiosemicarbazone (H,LD

24.2.1.3. Synthests of 2-hydroxyacetophenone-3-hexamethyleneiminylthiosemicarbasone(H1.2
)y ] <-hyaroxydcetop. ) 4 one

A\ solution of 1.00 g (5.52 mmotl) 4-methyl-4-phenyl-3-thiosemicarbazide in
5 mL of acetonitrile was treated with 0.664 mL (5.52 mmol) of 2-hydroxyacetophenone
and 0.71 mL (5.52 mmol) of hexamethvlencimine and refluxed for about 40 minutes.
The solution was allowed to cool when fine colorless needles of the compound separated
out. The solution was filtered, washed with cold acetonitrile and dried i# racwe over
P,O,,. The compound was recrystallised from absolute ethanol. mp 182°C. Yield 1.28
mg (80%). Analytical data: Elemental; Caled for C(H,,N.OS: C, 61.82; H. 7.26; N. 14.42.
Found: C, 61.85; H, 7.20; N, 14.48. IR (KBr): 3470s (b), 1603sh, 1452m, 1383s, 1252s,
1163m, 1101m, 997m, 839m, 642w cm™. 'H NMR (400 MHz, CDCl,, o(ppm) vs internal
TMS): 12.75 (s, 1H, OH, phenolic); 8.36 (s, NH, hydrazide); 7.32 (d, 1H, Ar-H); 7.25 (¢,
TH. Ar-H): 7.00 (d, 1H, Ar-H): 6.81 (¢, 1H, Ar-H); 3.76 (s, 4H, aliphanc); 2.24 (s, 3H,
CH.); 1.79 {s. 4H, aliphanc); 1.55 (s, 4H. aliphatic).

The “C NMR spectral assignments for the compound is given in Figure. 2a.2
P £ P g g

118.66

159.19 CH, 179.76
13.19

Figurc. 2.2 ""C NMR spectral assignments for 2-hydroxyacetophenonc-3-
hexamethyleneiminy! thiosemucarbazone (H,1.%)
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2a.2.04. Synthests of 2-hydroxyacetophenone-3-morphoiy thissemicarbazone (H, By

A solunon of 1.00 g (5.52 mmol) 4-methvl-4-phenyl-3-thiosemicarbazide n 10
ml. of methanol was treated with 0.664 mL (5.52 mmol) of 2-hydroxyacetophenone and
0.480 ml. (5.52 mmol) of morpholine and refluxed in a water bath for about an hour.
The solution was allowed o cool or chilled when fine crystals of a c¢ream colored
compound separated out. The solution was filtered. washed with cold methano} and
dried /n racno over PO, The compound was recrystallised from absolute ethanol. mp
208°C. Yield 1.35 mg (87°0}. \nalytical data: Elemental; Caled for C,,H,.N,Q.S: C, 55.89;
H. 6.13, N, 15.04. Found: C, 55.91; H, 6.12; N, 15.01. IR {(KBr): 3401s (b), 3385sh,
1605s, 1458m, 1374s, 1246s, 1118s(d), 1043m, 1017m, 835m, 646w cm’'. 'H NMR (400
MHz, DMSO-4,, 3(ppm) vs internal TMS): 12.90 (s, 1H, OH, phenolic), 10.38 (s, NH,
hrdrazide), 7.60 (d, 1H. Ar-H), 7.28 (t. 1H, Ar-H). 6.88 {d. 2H, Ar-H), 3.91 (t, 4H.
aliphauc), 3.66 (t, 4H, aliphadac), 3.35 (s, 3H, CH.,).

The "C NMR spectral assignments for the compound are given in Figure. 22.3

NN 6692

118.64 op 12101
132.39 /45 S
154.57 /Lt 51.54
N
119.81 A ?

12853 A H | ;
15906 CH, 18422 \(_©

13.6%

Figure. 2a.3 “C NMR spectral assignments for 2-hydroxvacetophenone-3-morpholyl
. P - assign FALox) ) Pholy
thtosemicarbazone {H.L")

2a.2.1.5. Synthests of 2-bydroxyacetophenone 4-methyl<-phenylthiosenmicarbazone (Hol
) 0f <-Bydroxydeelop 4 . 3

A soluton of 1.00 g (5.52 mmol) 4-mcthyl-4-phenyl-3-thiosemicarbazide in 10
ml. of methanol was treated with 0.664 ml. (5.52 mmol) of 2-hydroxvacctophenone and
a slight excess of a base viz., cyclohexylamine and refluxed in a water bath for about for
10-15 mun., when fine cubic crystals of compound started separating in the medium. The
solunon was allowed to cool. The soluttion was filtered, washed with cold methanol and
dried /i racwo over P,O,.. The compound was recrystallised from absolute ethanol. Mp
197°CL Yield 1.30 mg (78%0). Analvucal data: Elemental; Caled for C,.H-N.O,S: C, 64.19;
H. 572N, 14,03, Found: C, 64.20; H, 5.70; N, 13.99. IR (KBr): 3400s, 3268sh, 1601m.
13755, 1250s. 1001 m, 791m cm'. 'H NMR (400 MHz. CDCl.. d(ppm) vs internal TMS):
12.64 (s. 1H, OH, phenolic); 8.31 (s, NH. hvdrazide), 7.56 (t, 2H, Ar-H); 749 (¢, 1H, Ar-
H): 7.34 (d. 2H, Ar-H); 7.21-7.28(m, 2H, Ar-H); 7.00 (d. 1H, Ar-H); 6.81 (t, TH, Ar-H),
3.70 (s, 3H, CH,, N-methyl); 1.79 (s, 3H. CH,).
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2a.2.14.  Synthests of 2-hydroxyacetophenone-3 -morphoivl thissemicarbazone ( HZL})

A solunon of 1.00 g (5.52 mmol) 4-methyl-4-phenyl-3-thiosemicarbazide in 10
ml. of methanol was treated with 0.664 mL (5.52 mmol) of 2-hydroxyacetophenone and
0.480 ml. {5.52 mmol) of morpholine and refluxed 1n a water bath for about an hour.
‘The solunon was allowed to cool or chilled when fine crystals of a cream colored
compound separated out. The solution was filtered. washed with cold methanol and
dricd m micng over PO, The compound was recrvstallised from absolute ethanol. mp
208°C. Yield 1.35 mg (87%%). \nalytcal data: Elemental; Caled for C,,H,-N,0,8: C, 55.89;
H, 6.13; N, 15.04. Found: C, 55.91; H, 6.12: N, 15.01. IR (KBr): 3401s (b), 3385sh,
1605s, 1458m, 1374s, 12406s, 1118s(d). 1043m, 1017m, 835m, 646w cm . ‘H NMR (400
MHz, DMSO-4,, d(ppm) vs internal TMS): 12.90 (s, iH, OH, phenolic), 10.38 (s, NH,
hrdrazide), 7.60 (d, 1H, Ar-H), 7.28 (t. 1H, Ar-H). 6.88 (d. 2H, Ar-H), 3.91 (¢, 4H,
aliphauc), 3.66 (t, 4H, aliphatc), 3.35 (s, 3H, CH,).

The ""C NMR spectral assignments for the compound ate given in Figure. 2a.3

118.64

_OH 121.01
S
154.57 /”\ 5154
N
Z N ! NN 6692
12853 7| Ho |
15016 CH, 18822 O

13.6%

Figure. 22.3  "C NMR spectral assignments for 2-hvdroxyacetophenone-3-morpholyl
thiosemicarbazone (H.L"

2a.2.1.5. Synthesis of 2-hydroxyacetophenone 4-methyl~4-phenylthiosenicarbagone (HaJ 4

A soluoon of 1.00 g (5.52 mmol) 4-methyl-4-phenyl-3-thiosemicarbazide in 10
ml. of methanol was treated with 0.664 mL (5.52 mmol) of 2-hydroxyacetophenone and
a shight excess of a base viz., cyclohexylamine and refluxed 1n a water bath for abourt for
10-15 mun., when fine cubic crystals of compound started separaung in the medium. The
solunon was allowed to cool. The solution was filtered, washed with cold methanol and
driea /n racun over PO, The compound was recrvstallised from absolute ethanol. Mp
1977C Yield 1.30 myg (78%0). .\nalvtical data: Elemental; Caled for C,,H,-N,O,S: C, 64.19;
H. 3.72; N. 14.03. Found: C, 64.20; H, 5.70; N, 13.99. IR {KBr): 3400s, 3268sh, 1601m.
13755, 1250s. 1001 m. 791m cm’. 'H NMR (400 MHz. CDCL,, 8(ppm) vs internal TMS):
12.64 (s. 1TH. OH, phenolic); 8.31 (s, NH. hvdrazide). 7.56 (t, 2H, Ar-H); 7.49 (1, 1H, Ar-
H): 7.34 (d. 2H, Ar-H): 7.21-7.28(m, 2H, Ar-H): 7.00 (d, 1H. Ar-H); 6.81 (t, 1H, Ar-H);
3.70 (s, 3H, CH,, N-methyl); 1.79 (s, 3H, CH,).
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The "C NMR spectral assignments for the compound are given in Figure. 2a.4

119.02 on “966

CH,44.30

127.34 N /

I B

159.40 CH, _ .
1290 7 o

' |
Xy 13180

129.95

Figure. 224  "'C NMR spectral assignments for 2-hydroxyacetophenone 4-methyl-4-
phenylthiosemicarbazone (H,L*

2a.2.2. Analytical methods

Elemental analyses were carried our using a Heraeus elemental anahzer, at
DRI, Lucknow. Infrared spectra were recorded on a Shimadzu DR 8001 series FTTIR
mnstrument as KBr pellets and electrontc spectra were recorded on Shimadzu 160A UV-
visible spectrophotometer from a solution in CH,Cl,/DMF. 'H and “C NMR spcctra
were recorded on a Bruker AMX 400 in CDCl,/DMSO-d, (CHCL,, 8 7.26, and "CDCI,,
8 77) with TMS as internal standard.

2a.3. RESULTS AND DISCUSSION
2a.3.1. Synthesis of thiosemicatbazones

The preparation of the thiosemicarbazones from 4-methyvi-4-phenyl
rhiosemicarbazide in a single step involves a stmultancous occurrence of two processes a)
the condensauon of the ketone or aldehyde with the ‘NH, of the thiosemicarbazide
moiery b) transaminaton in which the N-methyl aniline from 4-methyi-4-phenyl
thiosemiucarbazide 1s replaced by the amine present in the soluuon. Here the amines
assume the role of a catalyst as well. Since the base viz. amines used are stronger and the
N-methyl aniline 1s a good leaving group and the reaction 1s facilitated. The rate and
extent of the reacdon is found to be a function of the strength of the bases used. The
solvent 1s also found to plav an important role in the end product and the rate of the
reaction, In the synthesis of 2-hvdroxyacetophenone  4-methyl-4-phenyl
thioscmicatbazone the reaction 1s better effected in methanol. It 1s assumed that the
condensation reaction 1s initiated first and overndes the transaminaton when methanol 1s
used as solvent and mild refluxing condition is adopted. However longer refluxing hours
lcads to a mixture of the transaminated and non-transaminated products. The
transamination slows down for deactivated amines and the major product in such cases is
the non-transaminated product.

The status of the end product formed depends on the mode of prcp’lmnon
and the basicity of the medium. The more polar the medium and higher the pH the
compound 1solated will have a greater percentage of the thiol tautomer than the thione
form as revealed by the IR and 'H-NMR spectra of the compound. However
recrvstallisation from methanol shifts the percentage to thione tautomer.
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Our attempts to effect transamination by using 2-aminopyndine, 2-
aminopyrimudine and 2-phenylethylamine ended up with unexpected products. Attempts
of transamination using ptpenidine in aceronitrile and 11 methanol were unsuccesstul.
The appearance of the crystals depends on the narure of the solvents used and rhe
methods adopted for crystallizaton.

2a.3.2. Spectral characterizations

2a.3.2.1. Infrared and NMR spectroscopy

The tentative assignments for the IR spectral bands to establish the structural
idenury of the compounds are listed 1n Table 1
The compounds contain thioamide funcuon -NH-C(S)-NHR and
consequently they may exhibit thione-thiol tautomensm (fig. 2a.5). The IR spectra of the
compound 2-hydroxyacetophenone *N-cyclohexylthiosemicarbazone (H,L') shows a
broad medium absorption band centered at 2523 cm' indicating that the compound
exists predominantly in the thiol form in the solid state. A low intensity peak at 1620 cm''
characteristic of the thione tautomer and a medium intensity new peak at 1599 cm', due
to newly formed *N="C in the thiol tautomer, further supports this. The IR spectra of
the rest of the compounds do not show any v(S-H) band at ca 2570 cm™ [18], but exhibit
a sharp V(N-H) band at 3385 cm” for H,L', at 3318 cm’ for H,L.'. However, for H,L’
and H.L." the v(N-H) cannot be clearly identfied as the peak is assumed to be involved
1n the broad band due to the phenolic v(O-H) stretching vibration centered at 3500 cm .
This observation indicates that in the solid state, the compounds, except H,l.'. remam
predominantly as the thioketo tautomer. The proton NMR spectra of the compounds n
CDCl,/DMSO-d, do not show a resonance peak at 4.00 ppm attributable to the S-H
proton- except for H,L' that have a peak at 4.31 & (ppm) due to S-H -but they do show a
peak at 8.3-8.7 ppm (CDCl,) and 10.35 ppm (DMSQO-d,) assignable to the secondary N-
H protons. These cvidences suggest that in the solution also the thiokcto tautomer 1s the
predominant species. The low value of the peak due to NH proton in the 1H NMR
spectrum indicates that the compound 1s predominantly in the E: form [14b,15]. The
high & values observed for OH and NH proton for 2-hydroxvacetophenone-3-morpholyl
thiosemicarbazone (H,L") was assumed to be due to the hydrogen bonding with DMSO.
The 'H NMR assignments- given in Table 2a.2 i1s 1 agreement with the values already
reported {15- 17].

1a (thione form) 1b (thiol form)

Figure. 2.5  Thiol-thione tautomensm
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In all the four ligands the broad band due to phenolic V(O-H) stretching
vibrauon 1s found centered on 3300-3500 cm”. The compounds show azomcthine
v(C="N) stretching vibration in the range 1601-1605 cm”. The bands in the range 1350 -
1460 cm are due to the V(’N-C), V(*N-C) stretching vibrations. This region is rather
obscured by combination with the aromatic v(C=C) and v{C-C-O) stretching vibradons
thar are found n the form of medium and strong absorpuon bands in the range of 1400
-1550 cm"  The v(O-H) bending vibrations are found in the range of 1290 -1330 cm *.
v(C=S) bending vibrauons are found in the range 790 — 840 cm ' while the stretching
vibrauons are seen 1n the range 1360 - 1390 cm '

The numbering scheme for carbon atoms of 2-hydroxyacetophenone
thiosemicarbazone (I) is given in the Figure 22.6.. The "C spectral assignments, listed in
table 3, are consistent with the earlier reports [13,14]. The numbering scheme for
thiosemicarbazide —structure II- is also given in Figure. 2a.6.

Figurc. 22.6.  Numbering scheme for 2-hydroxyacetophenone thiosemicarbazone and
thiosemicarbazide moeties.

2a.3.2.2. Electronic spectroscopy

The electronic spectral details are listed in Table 1. The compounds show
absorption bands due to n-n* wansiwon at around 30000 ¢cm * that 1s charactensuc of the
thiosemicarbazone compounds. Bands around 35000 cm’ and higher, are attributed to
R- 7™ transitons.
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STRUCTURAL, SPECTROSCOPIC, BIOLOGICAL AND
ELECTROCHEMICAL STUDIES OF COPPER(II) COMPLEXES

2b.1 INTRODUCTION

Among the transition metal elements copper and its complexes are outstanding
as reagents or catalysts in the reaction of organic compounds. The importance of
copper(Il) species in oxygenation reactions has been reviewed [1]. The question of
copper promoted reactions in aromatic chemistry and the role of organometallic
complexes in organic reactions has been widely investigated. In general the tole of
copper 1s inumately involved and telated to the presence of copper(I) and copper(II)
oxidation states, although there i1s little or no information on the stereochemistry of
various copper(I} and copper(Il) complexes or of their mechanism of involvement.
Copper is the third most abundant transition metal element in biological systems, with
an occurrence of 80-120 mg in human body. The function [2] of copper in biological
systems 1s primarily in redox reactions associated with the reduction of oxygen to water
with the transfer of oxygen to the substrate. Super oxide dismutase has the specific,
bur important role of removing the highly reacuve super oxide anion and in these
oxygenation reactions copper 1s acting as a biologicai catalyst. The other role of copper
i human body 1s 1 the transport of copper around the body, controlling its uptake and
excreuon. In attempts to model the physical and chemical behaviour of the biological
copper system an extensive effort was made to synthesize and characterize a plethora of
coordination complexes [3]. The interesting biological properties of copper has
aroused the curiosity of inorganic chemists thus giving a spurt in research linking the
widely tested thiosemicarbazones with the copper metal.

The chemistry of metal complexes of thiosemicarbazone has gained
considerable attennon due to their significant biological activity and medicinal
properues [4]. Spectral and structural investigations of a series of metal complexes ot
biologically actuve 2-acervlpyndine *N-substituted thiosemicarbazones [5] and thosc of
base adducts of copper(ll) complexes of thiosemicarbazones {6] were widely studied.
The base adducts of copper(ID) with NNS donors have also been investgated |7].
There are some recent reports of copper(Il) complexes of salicylaldehyde
thiosemicarbazones and bases [42]. In this chapter we have attempted to explore into
the structural aspect of the copper compiexes of some ONS donor hgands especially
that of thiosemicarbazones of 2-hydroxyacetophenone. The prncipal ligands we have
chosen for the study are:

1) 2-hvdroxvacetophenone *N-cyclohexyl thiosemicarbazone (H,L")
1) 2-hvdroxyacetophenone-3-hexamethyleneiminyl thiosemicarbazone (H,L?)
iti) 2-hydroxyacetophenone-3-morpholyl thiosemicarbazone (H,L)
iv) 2-hydroxyacetophenone *N-methyl-*N-phenyl thiosemicarbazone (H,L.%
Bidentate bases such as bipyndine or phenanthroline are used as auxiliary
ligands for coordination with copper metal. We have exploited the various spectral

techniques to arrive at the stereochemustry of the prepared compounds and were also
able to carry our the single crystal X-ray diffraction of one of the compounds. In this
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chapter, we have discussed our attempts to investigate the redox behaviour and
biological studies of all the cight complexes against some commonly found bacterial
and fungal cultures.

2b.2. EXPERIMENTAL

2b.2.1. Marteriais and methods

The hgands H,L', H,L%, H,L' and H.,L* were prepared as described in the
previous chapter. Copper(ll) acetate monohydrate (Reagent grade, Qualigen’s Fine
Chemucals) was purified by standard methods; the bases, such as phenanthroline
{Merck) and bipyridine (Merck) were used as received. The solvents were purified by
standard procedures before use.

2b.2.2. Physical Measurements

The carbon, nitrogen and hydrogen analyses were cartied out using a
Heraeus Elemental Analyser, at CDRI, Lucknow. Copper was estimated by Atomic
Absorption Spectroscopy in a Perkin-Elmer AAnalyst 700 spectrometer, after
decomposing the compounds by standard methods. Magnetic measurements were
made in the polycrystaline state i  a simple Gouy balance using
cobaltmercuncthiocyanate, Hg[Co(SCN),], as the reference substance, as suggested by
Figgis and Nvholm {8]. Infrared spectra were recorded on a Shimadzu DR 8001 series
FTIR mstrument as KBr pellets and eiectronic spectra wete recorded on Shimadzu
160A UV-wnisibie Spectrophotometer from z solunon in CH,CL/DMF  The EPR
spectra were recotded 1n 2 Vanan E-112 Spectrometer using TCNE as the standard at
RSIC, IIT, Bombav. The cyclic voltammetric measurements were made 1n a computer
controlied Solartran ST 1280B electrochemical measutement umt at CECRI, Karatkudi.
The CV measurements were made on degassed (N, bubbling for 15 min.) solutions in
DMF (107 M) containing 0.1 M tetraethyl ammonium perchlorate (TEAP) as
supportng electrolyte. The three-electrode system consisted of platinum foil (working),
plaunum wire {counter) and calomel (reference) clectrodes. Molar conductance of the
complexes was measured in a Century CC-601 Digital Conductivity meter using 107 M
solunon 1n DME.

2b.2.3. Preparation of the complexes

‘The general method of synthests of the copper complexes (1-8) 1s as described
below:

To a hot solutton (20 mL) of the thiosemicarbazone (0.5 mmol) in cthanol was
added 106 ml. methanolic solution of the base (0.5 mmol), bipyridine or phenanthroline
with strring. This was followed by a drop wise addition of about 10 mL of copper(1l)
acerate monohydrate (0.5 mmol) in methanol. The solution was refluxed for about 2-3
hours, allowed 1o cool, when microcrystals of the respective compounds crystalized
out. The compounds were filtered off, washed with cthanol, water and ether
respecuvely and dried 2 vacno.
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2b.2.4. Crystal structure determination of complex [CuL*bipy](7)

A dark brown crystai of the copper(Il) complex having approximate
dimenstons 0.44 x 0.38 x 0.16 mm was scaled in a glass capillary, and intensity data
were measured at room temperature (293 K) on an Enraf-Nonws [9] CAD4
diffractometer equipped with graphite-monochromated Mo Ka (A = 0.71073 A)
radiation a variable-speced @/26 scan technique. Cell dimensions and an onentation
matnx for data collection were obtained from 25 high-angle reflections in the range
1.80 < @< 28.32". The octant measured was bkl (-26 —» 28, -13 — 12, -30 — 25).
Three standard intensity-control reflections were recorded during every 60 min of X-
ray exposure time. During the data collection, the intensity of standard reflections
decreased by 0.1%. A total of 5886 unique reflectons were collected; of these, 2136
reflecuons had F, > 2.0 and were used in the structure analysis. Data were corrected
for Lorentz-polanizaton and absorption effects but not for exunction. The linear
absorption coefficient, 4, for Mo Ka radiation was 15.6 cm™ .

The tral structure was obtained by direct methods using SHELXS 97 {10} and
refined by full-matrix least-squares on F * (SHELXL 97) [t1]. The best E map revealed
the posiuons of all the non-hydrogen atoms. Non-hydrogen atoms were refined
antsotropically.  Hvdrogen atoms were located from successive Fourier maps and
refined anisotropically. The final R-factor converged to 0.0699. Neutral-atom
scattering factors were taken from Cromer and Waber [12]. Durng refinement, the
function minimized was Zu(F,) - |E|)* with w = 4F*/[(a(F,})* + (0.04F,)"). The final
Fourler map was featurcless with residual electron density values of £0.49 e A" .
Anomalous dispersion effects were included in the final calculations [13]; the atomic
scattering factors were taken from ref 2b.12, and the mass attenuation coefficients were
taken from ref 2b.13. All calculations were performed on a Micro Vax 3100 computer
using (A4 software. Data collection parameters and details of the structure solution
ana refinement are given 1n Table 2b. 2.

2b.3. RESULTS AND DISCUSSION

2b.3.1. Preparation of compounds

The compounds were found to form readily in ethanol-methanol mixrure. The
base added acts as the auxiliary igand, which promotes the enolisation of the principal
ligand and also provides the basicity for the medium. The thiosemicarbazones in
solution undergo double deprotonation (L*) and coordinate in the thiolate form. The
clemental analyses data (Table 2b.1) of the complexes ate in agreement with the general
formula |[ML.B]. X-Ray quality single crystals of compounds 2, 3, 4, 6 and 7 were
isolated from DMF by slow evaporation over a period of 8 days. The structure of the
compournd 7 was determuned by single crystal X-ray diffraction.

All the compounds 1-8 were soluble in dichloromethane and DMF. However,
the bipyndine contaimng compounds dissolved rather slowly in either solvent. But
dichioromethane was found to be a better solvent for all the complexes, since the
colour of the compound remains stable in its solution. The dissolution of the
compounds in DMF 1s assumed to inittate by the coordination of the solvent.
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Since the thiosemicarbazones bind to the meral as a dianion, it ncutralises +2
oxidation state of the copper(II) ion. The values of conductance measurements wete in
agreement with that for non-electrolytes. This rules out the possibility of an anionic
spectes outside the cootdination sphere of copper(Il). This 1s in conformity with the
storchiometry established by elemental analysis data in the solid state. The magnetic
moment values of the complexes (Table 2b.1) were in agreement with the spin only
values of 1.73 -2.2 BM reported for mononuclear copper(1l) complexes.

2b.3.2.X-Ray diffraction studies

The molecular structure of the compound 4 along with atomic numbering
scheme is given in Figure 2b.1 and selected bond lengths and bond angles are
summarised in Tables 2b.3 and 2b.4 respectively. The copper in the mononuclear
complex is five coordinated and is having an approximate square planar (SP) geometry.
The basal coordination positions are occupied by the phenolato oxygen, O(1),
azomcthine nitrogen, N(1), and thiolate sulfur, S(1), of the thiosemicarbazone and the
pyndine nitrogen, N(5), of bipyridine. The Cu-N and Cu-O bond length vary in the
range 1.9116 to 2.0474 A°. The apical position is occupied by second nitrogen of
bipyridine, N(4), at a larger distance (2.2278 A°). This value 1s larger than the normal
Cu-N bond lengths reported [7]. The four basal atoms are coplanar showing a slight
but significant tetrahedral distorton. The central copper atom 1s slightly displaced
from the basal plane in the direction of the axial nitrogen, which is evident from the
bond angles of N(1)-Cu-N(5), 176.94°, and O(1)-Cu-5(1), 161.32°. The distortion from
SP gecometry can be related to the O(1)-Cu-N(1) (93.63°), O(1)-Cu-N(5) (89.40°), N(1}-
Cu-5(1) (85.91°) and §(1)-Cu-N(5) (91.36°) angles which are close to those expected for
SP geometry (90°). Onc of the reasons for the devianon from an ideal stereochemistry
1s the resuicted bite angle imposed by both the L* and bipy Iigands. In other complexes
involving HL or L coordinated to copper [14], the bite angles around the metal viz.,
N(1)-Cu-O(1) and N(1)-Cu-S(1) are limited to 80-85°. Similarly the bite angle N(5)-Cu-
N(4) of 76.86° may be considered normal, when compared with an average value of 77°
cited 1n the literature.[15a,b]. The O(1)-Cu-N(4) bond angle, 95.52°, and 5(1)-Cu-N(4)
bond angle, 102.83°, indicate a slight ulting of the axial Cu-N(4) bond 1n the direction
of the O(1)-Cu bond and away from S(1)-Cu bond. The variaton in Cu-N bond
distances. Cu-N(1) (1.9606 A®), Cu-N(5) (2.0474 A°) and Cu-N(+) (2.2278 A°) indicate
difference in the strength of the bond formed by each of the coordinaung nitrogen
atoms. The azomethine nitrogen coordinates rather strongly, than that of the
bipyndine nirogen, which mndicates that the thiosemicarbazone moiery dominares the
equarorial bonding. The difference in bond lengths can be atuibuted to the difference
in the extent of 7-back-bonding between the bipyridine and thiosemucarbazone moiery.
However the large bond distance of the axial Cu-N(4) supports the lack of significant
out-of-plane 7-bonding. This fact is in accordance with the EPR studies.

The Cu-N bond lengths are longer than those reported for mononuclear
copper(Il) complexes [16] indicaung a weaker binding of the base and the
thiosemicarbazone, while, there is no significant vanation in the Cu-S bond lengths
reported. The comparnison of the thiosemicarbazone motety bond distances of the
compound 4 to those of the uncoordinated thiosemicarbazone [17] shows that
coordination lengthens the 'C='N bond slightly [1.307 A°® and 1.297 A® respectively]
and the *C=S bond length substantially {1.740 A° and 1.692 A° respecuvely], as would
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be expected on coordination of the azomethine nitrogen and thiol sulfur. 1t should be
noted that there is no change in the 'N-°N bond length of the thiosemicarbazone
moiery (1.392 A°) upon complexaton. The other bond distances of the

thiosemicarbazones moiety are found to decrcase by 0.010 ro 0.040 A° upon
coordinaton.

\\\\ c22

\

C20

Figure 2b.1.: ORTEP drawing and atomic labelings for compound 4, Hydrogen
atoms are omitted for clarity
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Tabie 2b.2. Crvstal data and structure tefinement for [CuL’bipy]

Empinical formula
Formula weight (Af)
Temperature (T), K
Wavelength (A Mo Kay), A°
Crvstal system
Space group
Unir cell dimensions

a, A°
L, AT

o A

a . deg

g deg

Y. deg
Volame (1),A°7
A

Calculated density (p), g /cm’
Absorption coefficient (1), cm’*
FG00)

Crystal size

6 range for data collection
Liminng indices

Reflections collected

Uniqgue reflecuons
Complerencss to &

Max. and min. wansimssion
Refinement method

Data / restraints / parameters
Goodness-of-fiton F*

[Final R ndices [1 >2 o (])]

R mdices (all data)

Largest diff. peak and hole

C,.H,,CuN, 0S8
517.09

293(2)

(0.71073
Orthorhombic
Pbher

21.285(3;
9.8755(8:
22.609(Z;
90.0
90.0
90.00

4752.5(8)

8

0.71073

1.445

10.36

2136

0.44 x 0.38 x 0.16 mm

1.80 — 28.32 deg.

265 Hh<28.-135£<12,-30€/<25
31541

5886 [R (int) = 0.0699]

= 28.32 99.4 %,

0.8517 and 0.6585

Full-martnix least-squares on -
5886 / ¢ / 307

0.986

R, = 0.0389, Rs2 = 0.0975

R, =0.0701, Ra2 = 0.1117
0.378 and -0.671 e ® A
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Table 2b.3. Selected Bond lengths (A°) in compound 4, [CuL’bipy]

Atoms

CuaH-O(1)
Cu(1)-N(1)
Cu(1)-N(5)
Cu(1)-N(4)
Cu(1)-5(1)
S(-C(D)
OMn-CH
N(-C(15)
N-N(2}
N{2-C(1;
N3-Co1;
N 3;-C(2;
N{3)-C(8}
N{#-C2n
NH#H)-C(17)
N(3)-C(2)
N{5)-C{20)
N({5)-C{22}
C)-C(7)
C{2)-C(3)

Bond distance

1.9116(15)
1.9606(16)
2.0474(16)
2.2278(18)
2.2729(7)
1.74002)
1.308(2)
1.307(2)
1.392(2)
1.302(2)
1.379(3)
1.434(3)
1.459(3)
1.334(3)
1.334(3)
1.434(3)
1.332(3)
1.353(3)
1.382(3)
1.385(4)

Atoms

C(4)-C(5)
C(3)-C(4)
C(5)-C(6)
C(6)-C(7)
C(9)-C(10)
C(9)-C(14)
C(10)-C(11)
C(11)-C(12)
C(12)-C{133
C3-Ci14)
C(14)-C(15)
C(15)-C{16)
C(17)-C{18)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
C(23)-C(24)
C4)-C(25)
C(25)-C{26)

Bond distance

1.367(4)
1.392(4)
1.368(4)
1.373(3)
1.416(3)
1.419(3)
1.364(3)
1.386(3)
1.365(3)
1.413(3)
1.467(3)
1.514(3)
1.364(4)
1.355(5)
1.37144)
1.391(3)
1.478(3)
1.388(3)
1.358(4)
1.373(4)
1.385(3)
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Table 2b.4. Selected Bond angles (°) in compound 4, [CuL*bipy]

Atoms

Bond angles

Artoms

Bond angles

O(M)-Cuf(1)-N(1)
O(1-Cu(1)-N(5)
N{13-Ca(1)-N(5)
O(1}-Cuf1)-N(4;
Nf1,-Cu(1)-N{4)
NI(S)-Cu(1)-Ni4)
O(M-Cu(1)-5(1)
N(1)-Cu(1)-S(1)
N(5)-Cu(1)-5(1)
N(4)-Cu(1)-S(1)
C(1)-N(2)-N(1)
C(1)-N(3)-C(2)
C(1)-N(3)-C(8)
C(2)-N(3)-C(8)
C{155-N(1)-N(2)
CLEI-N@®-C(17)
C26-N(5)-C(22)
N(2)-C{1)-N(3)
N(2)-Ci1)-5(1)
N(3)-C(1)-8(1}
C(N)-C2)-N(G)
C(3)-C)-NQ)
N(1)-C(15)-C(14)
N(1)-C(15)-C(16)
O(1)-C(9)-C(10)
O(1)-C(9)-C(14)
C(20)-C(21)-C(22)
C(24)-C(25)-C(26)
C(24)-C(23)-C(22)

93.63(6)
89.40(6)
176.94(6)
95.52(7)
102.39(7)
76.86(7)
161.32(5)
85.91(5)
91.36(5)
102.83(5)
114.57(16)
120.90(18)
121.60(2)
117.12(19)
115.03(16)
119.10(2)
118.99(19)
116.21(18)
125.46(16)
118.31(15)
120.70(2)
120.10(2)
121.94(17)
118.76(18)
117.21(18)
124.89(18)
123.90(2)
117.60(2)
119.80(3)

C(1)-5(1)-Cu(1)
C(15)-N(1)-Cu(1)
N(2)-N(1)-Cu(1)
C(21)-N(4)-Cu(1)
C(17)-N#)-Cu(1)
C(26)-N(5)-Cu(1)
C(22)-N(5)-Cu(1)
C(9)-0(1)-Cu(l
C(9}-O(1)-Cu(d
N(4)-C(17)-C(18)
N(4)-C(21)-C(20)
N(#)-C(21)-C(22
N(5)-C(22)-C(23)
N(5)-C(22)-C(21)
N(5)-C(26)-C(25)
C(10)-C(N-C(14)
C(11)-C{10)-C(9)
C(10)-C(11)-C(12)
C(13)-C(12)-C(11)
C(12)-C(13)-C(14)
C(13)-C(14)-C(9)
C(13)-C(14)-C(15)
C(9)-C(14)-C(15)
C(14)-C(15)-C(16)
C(19)-C(18)-C(17)
C(19)-C(20)-C(21)
C(23)-C(22)-C(21)
C(23)-C(24)-C(25)
C(24)-C(25)-C(26)

02.48(7)
127.31(13)
117.66(12)
112.80(15)
12808017
12317015
117.83(1-4
126.47(13)
126.47(13)
123.30(3)
120.3(2;
115.84(19)
120.40(2)
116.41(18)
122.90(2;
117.88(18,
122.60(2;
119.80(Z;
119.10(2;
123.30(2
117.24(18)
118.25(17)
124.49(17)
119.29(17)
117.70(3)
119.00(3)
123.20(2)
120.30(2)
117.60(2)
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2b.3.3. Electronic and IR spectra

The electronic absorptions of the complexes are presented in Table 2b.5. The
thiosemicarbazone ligands and their copper(Il) complexes have n-n* at ca. 41000 cm''
and an n-7* band at ca. 32000 cm™. There is a slight shift in the energy of these bands
on complexation. A second n-n* band found below 30,000 cm’ in the spectrum of
uncomplexed thiosemicarbazones was found at @ 31.000 cm® in the spectra of
copper(Il) complexes. Two meral-to-ligand charge transfer bands are found ar .«
27,000 and 21,000 - 23,000 cm”. In accordance with studies of previous copper(ll)
complexes [18] the higher energy bands are assignable to S—Cu" IMCT transitions
119}, tailing into the visible region, and the band in 21,000 — 23,000 em’ s assignable to
phenoxy O—>Cu" LMCT transitions [20]. The position of S—Cu CT band is
determined by the steric requirements of the *N  substituents such that
thiosemicarbazones with bulkier N substituents have this band at somewhat higher
energies. The d-d bands of copper(Il) complexes are at ca. 14,000 and 17.000 cm °, rie
later bemng seen as a verv weak shoulder in the rail of the CT bands (Figure 2b.2;.
These spectra are stmilar to copper(II} complexes of S-N donor ligands having a square
pyramidal geomerry j21].

The infrared spectral data of the complexes 1-8 are reported in Table 2b.6, with
their tentative assignments. The peak at w. 1605 cm™ in the uncomplexed
thiosemicarbazone gets shifted to ca. 1560 cm™, a shift of 45 cm™, upon complexation.
It 1s assigned to v, .. that has got weakened due to the coordination of the azomethine
nitrogen with copper(Il). The appearance of a new medium sharp peak at ca. 1595 cm™
is due to strerching vibration of the newly formed *N="C bond as a result of cnolisarion
of the principal thiosemicarbazone ligand. Further proof for the coordinatuon of the
azormethine nitrogen 1s obrained from the appearance of new bands in the range 420-
470 cm™, assignable to v, for the complexes [43]. The disappearance of the v. |,
band also supports the enolisation of the ligand before complexation. It is learnt that
the enolisation is thermodynamically most favoured due to the additional stabilicy
conferred on the resulting complex upon complexation. The enolisation and the
electron delocalisation in the thiosemicarbazone moiety are supported by the increase
in the stretching frequency of the N-N bond of the principal ligand. The decrease in
the stretching frequency from . 830 cm' in the uncomplexed thiosemicarbazones by
60-80 cm™ upon complexation supports the coordination via the thiolate sulphur of the
thiosemicarbazone. The coordination of the phenoxy group gives rise to peaks in the
range 405-435 cm’, assignable due to V. Stretching vibrations, and shifting of the
V(c.y Vibrations to lower frequencies. The coordination of the bases is indicated by the
appearance of characteristic peaks of bipyridine and phenanthroline in the fingerprint
region of 600-1400 cm™ in the complexes [44].

2b.3.4. EPR spectra

The EPR spectra of compounds 1-8 (Figure 2b.3.) 1n the polycrystalline state at
298 K display different type of geometncal spectes. Compounds 1 and 7 show cvpical

axial spectra with ciearly defined gjand g: features. Compounds 2, 6 and 8 give signals

corresponding to axial symmetry, but the g features cannot be clearly defined because
of the broadening resulting from smaller spin lattice relaxation tme and large spin-orbit
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coupling [22]. All the above compounds have their g values (Table 2b.7.) in conformity
with that of a copper(I) species (d’ system) with a di%\2 ground state. Spectra of
compounds 3, 4 and 5 give three g values viz., g, g, g which mdicate rhombic
distortons in thetr geometry. The values g, and g. are very close to each other, 1n 3 and
4, which mean that the rhombic distortion 1s verv small. Companng the rhombic
distortions the bipyridine derivatives are found to have more distortion. We were able
to observe such small distortions in their geometry as the spin lattice relaxagon ume is
very large and the spin orbit coupling remains comparatively small in these compounds.
The polycrystalline spectrum of the compound 2 is very broad compared to all other
spectra (neatly isotropic). Tt can be inferred that the dipolar interactions are the greatest
in compound 2. The vanaton in gy and g, values indicates that the geometry of the
compounds 1n the solid state 1s affected by the nature of the *N substituents. The value
mcreases with the bulkiness of the subsutuents. The geomettic parameter (& was
calculated for all compounds and R was calculated for compounds 3, 4 and 5 thar show
shombic solid-state spectra (Table 2b.7). The ¢ values obtaned are 1 the range of 3.5
to 5.0, indicaung that the g values obtained in the polycrystalline sample are near to the
molecular g values and hence the unit cell of the compounds conrain magncucally
equivalent sites [23].

The solution spectra at 298 K were recorded in DMF (Figure 2b.4). All the
recorded spectra clearly show four well resolved hypetfine lines (PCu, 1 = 3/2)
corresponding to M, = -3/2, -1/2, 1/2, 3/2 transitons (AM, =#1). The signal
corresponding to M, = +3/2 splits clearly into three peaks with a superhvperfine
coupiing (shf) constant Ay= 18 G. Thus is characteristic of the compounds bound
through azomethine nitrogen and an indicauon that the bonding in solution state is
dominated by the thiosemicarbazone moiety, compared to the base. The small
vanation 1n the g value of the complexes 1n DMF solution from the g, value calculated
1n the solid state can be attributed to the variation in the geometric environment of the
compounds upon dissolution.

The EPR spectra of the compounds in frozen DMF (77 K) (Figure 2b.5) show
well resolved four hyperfine lines corresponding to monometic copper(Il) complexes.
The g > g values suggest a distorted square pyramidal geometry rather than a
bipvramidal geometry that is expected to have g < gi. The cleatly resolved five shf
lines in the gy features (M,= -3/2, or M, =-1/2) of compounds 2, 3, 4, 5, 6, and 8 show
that the coordination of two nitrogens are coplanar [24] 1e., one of azomethine
nitrogen and that of one nitrogen of the coordinated bases, whereas the apical nitrogen
of the heterocyclic base does not make a significant contribution to the superhyperfine
spliting. All the spectra were simulated to get accurate values of various magnetic
parameters (Figure 2b.6). The EPR parameters g |, g1, £, ~1; (Cu) and A, (Cu) and
energics of d-d transitions were used to evaluate the bonding parameters &', -~ and ¥
which may be regarded as measures of covalency of the in-plane & bonds, in-planc 7
bonds and out-of-plane 7 bonds, respectively. The g values (2.190 to 2.201) arc almost
the same for all the compounds, which indicate a more or less axial geometry for all the
complexes in solution but ate different from that in the solid state. It can be inferred
that the geometry of the compounds undergoes changes upon dissolution in polar
coordinating solvents. Though it can be assumed that the polar solvents that
coordinates via oxygen or sulfur does not occupy the equatorial position, but more or
tess helps to create an average SP gcometric environment atound copper [25], the
probability of occupation of a permanent coordination position around copper can be
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ruled out as the single crystal 1solated from DMF lacks the solvent in its coordination
sphere. The g: values of the complexes are nearly the same (= 2.198) indicating that the
bonding is dorunated by the thiosemicarbazone moiety. Since the values of g are
much smaller than 2.3, significant covalency can be assumed in bonding [26a,b]. The
g.. values of compounds 1, 4 and 5 does not vary much (Table 2b. 8), while the value
ncreases for compound 3, 6 and 8, and decreases for 2 and 7, from the g, values
observed 1n the solid state. This vanauon can be attributed o the varianon wn the
overall geomewry and resulung change in the covalency of the bonds. which decreases
with tncrease i covalency

In all the compounds gy > g, > 2.00 and G = (g - 2)/ (g:-2) values are less than
4.4 which are consistent with a d,*-* ground state with small exchange coupling [27).

The value of in-plane 7 bonding parameter & can be estimated from the expression
[23a, 2b.25).

@ = 1,/0.036 + (g - 20023)+ 3/7(g, - 2.0023)+ 0.04
The orbital reduction factors, K = a f-and K, = & y were calculated using the
following expressions |28a.bj

K™ = ig-2.0023) 4Ed, — d.- %/8A,
K = (g.-2.0023) AE(,,,,, = 4,7/ 24,
Where A, = is the spin-orbit coupling constant and is of a value of —828 cm' for
copper(Il) d” system.

According to Hathaway [29b], for pure o bonding K = K. ~ 0.77, for in-plane 7
bonding Ky < K, while for out-of-plane 7 bonding Ky > K,. 1t 1s seen that in all the
complexes K, < K;, which suggests stronger in-plane 7 bonding. This is further
supported by the values of the bonding parameters @’(= 0.74), f° (= 0.89) and y(=
0.94) having values less than 1.0, which also indicate that there is significant covalent
bonding. This i1s because the value 1.0 1s expected for 100% ionic character, and
decreases on increasing the covalent character of the bonding. The & value is closer to
that found for N-S donor ligand adducts. This observation supports the atgument that
there 1s significant in-plane 7- bonding and in-plane o bonding.

‘The Fermi contact hyperfine interaction term, which is a measute of the
contribution of the s electrons to the hyperfine interaction, can be estimated from the
expression:

K, = A, /PB*+ (g.-2.0023)/ B~

This 1s a dimensionless quantity and is generally found to have a value of 0.3. The
values calculated are in the range of 0.3 for all the complexes (Table 2b.8). The
empirical facror /= g/ (cm) 1s an index of tetrahedral distortion [30]. The value may
vary from 105 to 135 for small to extreme distortion. It is seen that for all of our
compounds the fvalue is . 126 cm, which indicate medium distortion from planarity.
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2b.3.5. Cyclic voltammez1ry

The electrochemical properties of metal complexes, particularly with sulfur
donor atoms have been studied in order to monitor spectral and structural changes
accompanying electron transfer [31}. In the posiuve range, +1.0 to 0.0 V, the oxidaton
processes Cu(II)/Cu(Il) can be observed, while scanming in the negative range,
between 0.0 V and —1.5 V, permits the study of copper reduction centred process and
the ligand reductons; the potential reduction of the Cu(II)/Cu(l) process 1s related to
potenual Super Oxide Dismutase mumetic acuvity. Cyclic voltammetric measurements
of all the compounds (1-8) were carried out. The results are tabulated in Table 2b.9.

A representative cyclic voltammogram of compound 5 1s shown 1n Figure 2b. 7.
The peak at -0.38 V, -0.95 V corresponds to successive copper(Il) reduction processes
The peak at ~0.38 V corresponds to Cu'"’' redox couple (denoted by A) and the one at
—-0.95 V (denoted by B) corresponds to copper(I)/copper(0) reduction process [32j.
The eatlier reports suggests that the copper(ll) to copper(T) redox process 1s a2
completely reversible or quasi-reversible one-electron process [33. 106b]. This vartation
could be due to a series of coupled processes that immediately follows the reducnon
process. It has been shown that copper(I1)/copper(I) redox process is influenced by
coordinanon, stereochemistry, and the hard/soft character of the ligand donor atoms.
However, due to inherent difficulties in relating coordinauon number and
stereochemistry of the species present mn solution, the redox process 1s gencrally
described 1n terms of the nature of the ligands present {34]. Patterson and Holm i33i
have shown that softer ligands tend to give more positive E © values, while hard acias
give ase to more negatve E °values. The observed values for these thiosemucarbazone
complexes indicate considerable “hard acid” character, comparable to ligands like
ethylenediamine (E° = -0.35 V), which is likely to be due to phenolato oxygen,
azomethine nitrogen and thiolate sulfur atoms. It has also been observed earher that
with the increase in basicity of the coordinating atom, the metal ligand o-bond surength
increases and as a result the metal centred reduction potenual decreases (36]. The
changes in *N alkyl moiety is not affecting the E °values appreciably and is comparable
to other copper(lI)/copper(l) couples [37]. The irreversible peak at —1.30 V (denoted
by point C) may correspond to the reduction of the conjugated portion of the
thiosemicarbazone ligand [38], and its value, -1.15 to —1.3 V, which 1s comparable with
the values observed for many thiosemicarbazone ligands (1e., -1.31 V) [39]. An anodic
peak at +0.68 V associated with the cathodic peak at +0.625 V is due to a quasi-
reversible one electron transfer of copper(Ill)/copper(Il) redox couple {40]. The AE,
values fall in the range 50-70 mV for scan rates 100-500 mV /s, which also supports the

above conclusion.

2b.3.6. Biological activity

All copper complexes (1-8) along with their parent thiosemicarbazone higands
were screened against two bacteral cultures viz., . Coli and Staphylcocass -1urens, and
wo fungal cultures viz., Candida Albicans and Aspergillus Flavys. The ‘well method’ {41)
was adopted for the activity measurements. The bacteria and fungl were grown n
Nutrient and Sabouraud dextrose agar slants and the viable bactenal cells and fungal
spores were swabbed onto Nutrient agar and Sabouraud dextrose agar plates,
respectively. The compounds to be tested were dissolved in DMF to a final
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concentration of 0.1%. 0.5 cm diameter well was cut 1n a medium moculated with the
respective cultures, and the solutions of the compounds in different concentrations (5
tg and 1 ug for bactenal cultures and 50 ug and 20 ug for fungal cultures) were
allowed to stay in the wells. The petri-plates were incubated for 36 hours for bacteria
and 76 hours for the fungal culture respectively. All the compounds were screened
against a standard viz., Flucanazole for fungal cultures and Gentamycin for bacteria
cultures, in their standard concentration(2004g/well). The acuvity of the compounds
was counted by measuring the inhibition zone around the respective wells. The results
are tabulated in Table 2b. 10.

The copper complexes were found to be more active than uncomplexed
thiosemicarbazones, and the concentration s not having significant effect on the
inhibitory acuvity of the compounds. The compounds are having potential inhibitory
activity to a concentration as low as 1ug/well for bacterial cultures and 20ug/well for
fungal cultures. The 2-hydroxyacetophenone morpholine-3-thiosemicarbazone (H,L")
and its copper-phenanthroline base adduct {Compound 6), is found to be more active
against bacteria E. Cofi, followed by compound 5, 4, 3, 2 respectively. However,
compounds 2, 4 and 6 arc more active against bacteria Staphylococcus Aurens among
complexes, while H,L.’ showed better activity among uncomplexed thiosemicarbazones.
Though the complexes are less effective against the fungal culre Asp. Flavus
compounds 3, 4 and 5 ate found to have better growth inhibitory acuvity. Compound
2 shows potential growth inhibitory activity against culture Candida Afbicans, followed
by compounds 5 and 6.
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Compound 1, [CuL1lbipy]:
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Figure 2b. 2: Electronic spectra of the compounds 1, 4 and 8.
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Figure 2b. 6: Simulated best fits superimposed over the experimental spectra for
Compounds 1,4 and 5
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Table 2b.8: Molecular magnetic and bonding parameters for compounds -8

Compound 1 2 3 4 5 6 7 8
B 2.054 2653 2.045 2.046 2.054 2.044 2.0539 2.053
21/ & 2.052 2.053 2.049 2.046 2.054 2044 2.059 2.053

o/ & 2.201 2.201 2.194 2.191 2.198 2.191 2.198 2,198
(77T K) 2102 2102 2.096 2.094 2102 2.093 2.105 2.101
Lav (solid) 2095 2125 2.070 2.095 2.098 2.067 2123 2.067
& (DME) 2096 2096 2.095 2.095 2.093 2.095 2.098 2093
A 13.4 13.5 13.6 13.81 13.50 14.5 13.5 13.5

A/ Ae 13.0 13.5 13.0 13.81 13.50 14.5 135 13.5

A/ A 173.6 171.6 171.1 1761 173.1 172.7 171.4 175.6

At 49.64 3014 7090 7179 6966 7180 6857  71.80
GO7TK) 392 392 429 432 379 433 345 386
G (solid) 318 276 428 402 302 -

R 0326 0134 0161 -

a? 07426 07371 0.7265 07365 07387 07263 07352 0.7452
LE 0.8937 0.8939 09143 08687 09051 0.8841  0.8901  0.9006
y2 0.9588 0.9765 09506 0.9409 09303 0.9468 09409  0.9889
K, 0.6637 0.6589 0.6643  0.6398 0.6686 0.6421 0.654% 06711
K, 07120 07198 0.6906 06871 0.6872 0.6877 0.6916  0.7369
Ko 02644 02607 03215 03385 03192 03329 03216  0.3413
£*(cm) 12678 12826 12823 12442 12698 12687 12832  125.17

+ expressed in units of co! multiplied by a factor of 104
b parameter /= g1/ 4| cm.

¢ parameter R = (g2-g1)/ (g3-g2)
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Table 2b.9: Cyclic Voltammetric data?

Compound Oxidation Ey,/V Reduction -Ey, /V
[CuLtbipy] 0.645 0.70<, 1.055, 1.20°
[CuL'phen] 0.41> 0.38%, 0.95b, 1.300
[CuLzbipy} 0.62¢ 0385, 0.91¢, 1.305
[CuL?phen] 0.64< 0.415,0.95¢, 1.30%
[CuLsbipy] 0.64¢ 0.3, 0.91<, 1.31¢
[CuL3phen] 0.38, 0.61 0.38b, 0.94<, 1.31»
(CuLbipy] 032 051,091, 1.15
[Cul #phenj -~ 0.76

@ The reported data corresponds to a scan rate of 200 mV/s
b irreversible redox response
¢ quasi-reversible tp,>1p

Table 2b.8: Molecular magnetic and bonding parameters for

Figure 2b.1.: The approximate structure proposed for compound 4 based on
EPR and eloctronic data.
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Figure 2b. 3- EPR spectra of copper(ll) complexes in polycrystalline state at 298 K.
a) compound 1, b) compound 2, ¢) compound 3, d) compound 4,
¢) compound §, f) compound 8.



(a) Cul’phen

( b) CuL%ipy

(¢) CuLWbipy

§IJC.

3550 &

Figure 2b. 4. EPR spectra of copper(IT) complexes in DMF at 298 K. a) compound 6,
b) compound 3, ¢) compound 1
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SYNTHESIS, SPECTRAL CHARACTERISATION AND
ELECTROCHEMICAL STUDIES OF OXOVANADYL (IV)
COMPLEXES

3.1, INTRODUCTION

Vanadium is an important trace element for different organisms.
Oxovanadium(IV) and vanadate(V) are the main species present in solution undet
phystological conditions. The physiological effects are in many cases a consequence of
good complexation behaviour of VO® ion, and the chemical similarity of phosphate and
vanadate. The coordination chemistry of vanadium has received considerable attention
since the discovery of vanadium in enzymes like bromoperoxidases and azotobacter
vinelandu {1]. Its biological significance is further exemplified by its incorporation in
natural product (amavadin in mushroom), in the blood of sessile marine organisms (1.
Musearta-tunicatesy and 1 enzymes of potent wnhibitor of phosphoryl wansfer {2]. The
recent investigations also support the fact that vanadium is involved in biological system
in more than one way [3, 3.4]. The attempts to learn more of the coordination chemistry
of vanadium in the blood of asaidians, various living specimen and sometimes the whole
blood, were exposed to saline solution of a number of ligands including 2,2’-bipyridine.
In some ‘applousobranch’ and ‘phlebobranch’ species that are known to concentrate
vanadium in their blood cells [5], it was noted that an intense purple colouration was
noted within the compartmental cells, and in some species unpigmented morula cells [6].
Some vanadium dependant bromoperoxidases (VBrPO) enzymes were isolated from
matine algae [7] and terresterial lichen [8]. Vanadium bromoperoxidase catalyses peroxide
dependant halogenation of organic compounds in the presence of halide ions. Thus
vanadium has gained importance as an important element by catalysing both oxidative
(peroxidase) and reductive (nitrogenase) catalytic processes in biological systems. A few
vanadium compounds seems to have therapeutic effects [9]. But it has been established
that vanadium compounds have insulin-mimetic properties [10]. A compound,
bis(picolinato) oxovanadium(IV) [VO(pic),] has proved to be an orally active and long-
acting insulin-mimetic compound with which insulin-dependant diabetes mellitus
(IDDM) may be treated in rats [11]. In an effort to model these compounds an attempt
was made to synthesise oxovanadium complexes of 2-hydroxyacetophenone N(4)-
substituted thiosemicarbazones of our interest, and bidentate bases as bipyridine and
phenanthroline, which s discussed in this chapter along with their spectral, and redox
properties.

3.2. EXPERIMENTAL

3.2.1. Materials and Methods:

The ligands H,L', H,L% H,L’, and H,L' were prepared as described in chapter
2b. VO(acac), (Merck) was used as such; the bases, such as phenanthroline (Merck) and
bipyridine (Merck) were used as received. The solvents were purified by standard
procedures before use.
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3.2.2. Physical measurements

The vanous physical measurements, such as elemental analysis, IR, electronic
and EPR spectral measurement, magnetic moment, conductance and cyclic voltammetric
techniques are described in Chapter 2b.  The metal content was estimated by “peaceful
pyrolisis” technique by converting a known quantity of the compound into its stable
oxide as V,O;.  The MALDI (Matrix Assisted Laser Desorpton lonisation)
measurements of some selected compounds were carried out using a matrix of a-cyano-
4-hydroxy cinnamic acid 1n 1:1 acetone-water mixture, on a Kartos PC Kompact MALDI
V1 0.3 spectrometer at IISc., Bangalore. FAB mass spectra were recotded in Joel SX-120
FAB spectrometer at CDRI, Lucknow.

3.2.3 Preparation of the complexes

The syntheses of all vandyl complexes (9-16) were carried out under dinitrogen
atmosphere employing standard Schlenk glassware and techniques.

To a stirred solution of the thiosemucarbazone (0.5 mmol) in dichloromethane
(20 mL), under nitrogen atmosphere, was added vanadyl acetylacetonate {VO(acac),}(0.5
mmol). When the solution turned into a homogeneous brown soluton, was added (0.5
mmol) of the base, bipyridine or phenanthroline, in 5 ml. of a dichloromethane. The
sturring was continued with mild refluxing for about an hour. The solution was then
layered with hexane when micro crystals of the respective compounds crystallize out.
The compounds wete filtered off, washed with 1:5 mixture of dichloromethane-hexane,
followed by ether and dried 7n vacuo.

Componnd 9 [C,sH,,N,0,SV] F.W., 512.52: Analytical data: elemental. Found: C 58.87, H
5.35, N 13.41, V 9.28; Calcd C 58.59, H 5.31, N 13.66, V 9.98.

Componnd 10 [C,;H,,N,O,SV] F.W. 536.54: Analytical data: elemental. Found: C 60.68, H
5.18, N 13.39, V 9.39; Calcd C 60.44, H 5.07, N 13.05, V 9.49; MALDI M™(m/z) 537.1
(70), M"-(16+1) (m/z) 521.1 (100).

Componnd 11 [C,H,.N;O,SV] F.W. 512.52: Analytical data: elemental Found: C 59.06, H
5.42, N 13.85, V 9.99; Calcd C 58.59, H 5.31, N 13.66, V 9.98; MALDI M"-16 (m/z)
497.9 (100).

Compound 12 [C;H,,N,O,SV} F.W. 536.54: Analytical data: elemental. Found: C 60.99, H
5.16, N 13.46, V 9.00; Calcd C 60.44, H 5.07, N 13.05, V 9.49; MALDI M"-(16) (m/2)
521.1 (100).

Compound 13 {CH,.N;O,SV] F.W. 500.47: Analytical data: elemental Found: C 59.06, H
5.42, N 13.85,V 9.99; Caled C 58.59, H 5.31, N 13.66, V 9.98.

Conpound 14 [C,iH,,N.O,SV] F.W. 524.49: Analytical data: elemental. Found: C 57.36, H
4.37, N 13.42, V 9.50; Calcd C 57.25, H 4.42, N 13.35, V 9.71; FAB M"-(16) (m/2) 524.1
(100), M™-(16+1) 509 (70).

Compound 15 [C,;H,.N;O,SV] F.W. 520.50: Analytical data: elemental. Found C 59.58, H
4.39, N 13.42, V 9.50. Calcd C 60.00, H 4.45, N 13.46, V 9.71

Compound 16 {C,4H,,N,O,SV] F.W. 544.52: Analytical data: elemental. Found C 61.38, H
4.27, N 12.73, V 9.34, Caled C 51.75, H 4.26, N 12.86, V 9.36
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3.3. RESULTS AND DISCUSSION
3.3.1. Preparation of compounds

All the complexes prepared (compounds 9-16) are of the general formula
[VOLB] as indicated by their elemental analysis (Table 3.1). While the compounds 9
and 11 were obrained as solid isolable products upon stirring itself, the rest of the
compounds wete got upon layering with hexane as microcrystalline powders, or bulky
solids. Compounds 10, 14 and 16 were obtained as microcrystalline powders, compound
12 was found to form as fine feathery needles, compound 13 as featherv flakes and
compound 15 as bulky lumps. The time for crystallisation of the compounds vary from
2 hrs up to 3 days. While the compounds 10, 12, 14 and 16 starts crystallising within 4-5
hours of layering with hexane, compounds 13 and 15 takes 2-3 days for compound
formaton. Efforts to recrystallize compounds from different solvents, mixed as well as
pure were unsuccessful as oxidation of the compound takes place on standing with
methanol, acetonitrile etc. However, we were able to isolate single crystals of the
compound 14 in 3 days by diffusion of hexane into a solution of dichloromethane near
the freezing temperawures. All the compounds are soluble in dichloromethane, DMF and
DMSO. The solubility varies for different compounds. Dichloromethane 1s suggested as
a better solvent than DMF for optical measurements as the colour of the solution is
stable for reasonable period. Howevet, in the case of DMF coordination of the solvents
bnngs changes in the optical features of the compounds (Figure 3.1) — refer discussion of
electronic spectra. Compounds containing bipyridine as the auxiliary ligand are less
readily soluble than their phenanthroline counter parts. The attempts to crystallise
compounds from DMF resulted in isolation of a few yellow cubic crystals of compound
11 over a period of 3 weeks. However, the crystal was not stable as it decomposed due
to loss of solvent on exposute to air. This impaired the prospects of crystal structure
investigatons. The dissolution and the subsequent growth of the crystal 1s initiated and
facilitated by the cootdination of the solvent with the central vanady! atom.

The molar conductances of a. 107 M solutions of complexes in DMF lie in the
range 20-35 Q' cm” mol’, indicating their non-electrolytic narure in solution. The
clemental data also supports the formulation [VOLB] that lacks any 1onisable component
in solutton. The magnetic moment values are in the range of 1.71 - 1.91 BM consistent
with the spin only values for mononuclear oxovanadium(IV) in d' configuration(Table
3.1) with low orbital contribution[12). The FAB mass spectrum of compound 14 was
obtained and indicates the existence of the compound as [VOL'B]. The MALDI
measurements of the compounds were in conformity with a species that has lost its
oxygen. The EPR spectra were recorded in DMF since other solvents do not vield glassy
formation at 77 K

3.3.2. IR and electronic spectra

The disappearance of the peaks at ca. 3300 cm' (Table 3.2) indicates the loss of
imine nitrogen (N-H) inferred to be due to the enolisation and the consequent binding
of the thiosemicarbazone in the thiol form. This is further supported by the appearance
of a new band near 1595 cm due to the formation of a new °N="C bond. The shifung
of the "C='N band ¢z. 1601 cm" to a band ca. 1559 cm is a result of the coordination of
the imine nitrogen to vanadium. The disappearance of the band ca. 3350 cm™ and the
shifting of band ¢a. 1220 cm™ to ca. 1138 cm™' is an evidence for the deprotonation of the
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phenolic ~OH, and its subsequent strong coordination {13]). The band ca. 1370 cm” due
to V., shifts by 50 — 70 cm” and the band due to 8. by about 30 - 60 cm™ can be
assumed is an evidence for the coordination of the C=S bond as thiolate [14]. The
strong band . 960 cm' is an evidence for the presence of the V=0 bond which stays in
tact {15, 16}, but is also characteristic of the coordination of vanadium in the sixth
position {17, 18]. The low frequency range observed in the complexes indicates that the
V=0 bond 1s weakened by strong o and 7 electron donation by the thiolate and
phenoxy groups to the anti-bonding orbital of the V=0 group [19]. The variation in the
frequency suggests that the d7-pmr overlap between vanadium and the oxygen atoms 1s
influenced by the substituents and the coligands [20]. The presence of a band in the
region ca. 530 cm’' is an evidence for the V-O coordination [21].

The visible spectra of the complexes 9-16 in dichloromethane show the
characteristic seties of absorption bands common to vanadyl systems [22-24}. In terms
of the Ballhausen and Gray model {25], accordingly, the first absorption band occurring
in the 13000 — 14000 cm"' region can be assigned to the electronic transition *B.— ‘I
(d,—>d,,, d,), the second broad intense band ca. 19000 cm™' is due to closely lying bands
that corresponds to two transitions *B,— B, (d,—dx?y?) and B, ‘A, (d— d»). This
closely lying states dx?,? and d,? are indicative of the small tetragonal distortion to the
vanady! environment.

The optical propetty of the vanadyl complexes in two different solvents, viz,
dichloromethane and DMF were found to vary significantly. The band . 19000 cm’
was found to shift to higher encrgies and disappear into the tail of the charge transfer
band for all the complexes. The rate at which it happens 1s different for complexes
containing bipyridine and phenanthroline. For bipyridine containing complexes the
dissolution in DMF 1s taking place with coordination of the solvent. The resulting
DMSO coordinated species does not have optical absorption in the 19000 cm™ region.
The dissolution of the complexes is also followed by a shift in the CT bands to higher
cnergy region (Figure 3.4). The overall changes can be taken to mean the gradual
replacement of the coordinated ligands, first being initiated with removal of the base.
EPR spectroscopic measurements also these observations.

(VO(L"Yphen) in DMF

2000 -
-——— 2min.
1500 .
Tmin.
12min.
B 13min.
_5 1000 -
=
et
500 4
04 —
T v T L) L) T Y
400 500 600 700 800 900

Wavelength (nm)

Figure 3.1.: The varation in the optical absorption of compound 16
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Figure 3.2.: Optical absorption feature of compound 16 in two different solvents, viz.

dichloromethane and DMF
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Figure 3.3.: The optical spectrum of compound 15 on dissolution of the respective
solvents.
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Figure 3.4.: variation of UV and CT bands of compounds 15 and 16 with solvents.

3.3.3. EPR spectra

The EPR spectra of complexes 9-16 in the solid state at 298 K (Figure 3.5a, 3.5b)
gives rather broad isotropic signals (500 G) due to enhanced spin lattice relaxation.
Complexes 12, 13 and 16 show very broad signals. The solution state spectra were
recorded in DMF since other solvents do not give glassy formation at 77 K. All the
compounds showed typical eight line spectra in DMF solution at 298 K charactenstic of
mononuclear oxovanadium(IV) (Figure 3.6a, 3.6b). But the compounds 15 failed to give
well-resolved spectra probably due to greater tumbling action, while compounds 9 and 11
gave well-resolved eight lines.

The EPR spectra in frozen DMF (77 K) differ for bipyridine and phenanthroline
containing complexes, though they are typical of five- and six-coordinate vanadyl
complexes having axial geometry [26]. Figure 3. 7 shows a typical axial spectrum
exhibited by all phenanthroline base adducts of oxovanadium(IV). The absence of any
ligand nitrogen super hyperfine lines in the g features of the complexes is an explicit
indication of the sole electron lying in the d orbital -’B, ground state. The axial
spectrum is characterised by two sets of eight lines, which result from the coupling of
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electron spin to magnetic moment of S'W nucleus (I = 7/2). The magnetc and spectral
parameters are hsted in Table 3. 4. The g and A values are sensitive to the vanadium
coordination environment and may be used to distinguish between species with different
coordination environment. This can be seen in the case of bipyridine base adducts in
which the dissolution of the compound in solution 1s initiated by the coordination of the
solvent and subsequent replacement of the base from the coordination environment.
The EPR spectra of the bipyridine base adducts (compounds 9, 11, 13 and 15) at 77 K
(Figure 3.8a, 3.8b) showed more than one species in solution, which is evident from the
different g, features and A, values. The higher A values are due to the new species
formed, which 1s assumed to be a partially solvent coordinated oxovanadmum(I\") ion-
scheme 1 (compound 9a-Figure 3.9) [27].

N.gy.oO
+Solvent NT A"
— o \ S( | \Sol
-bipy Sol
9 9a

Scheme 1 (Figure 3.9)

The higher 4, values can be attributed to an increased hypetfine intetaction of
the electron with the magnetic vanadium nucleus. When DMF replaces the base from
the coordination environment the electron delocalisaton to the ligands are restricred
which contributes to a greater residence time for the electron at the nucleus. The solvent
coordination and the formation of the solvated complex are also evident from the
electronic spectra. The same type of observation is seen when DMSO was used as the
solvent. The magnetic parameters ate found out from the EPR best-fits (Figure 3.10).
In all the cases the dominant species in solution is the solvent coordinated one, which 1s
evident from the higher intensity corresponding to the solvent coordinated species. The
cootrdination of the solvent in all the bipyridine base adducts is assumed to be initiated by
the restricted bite angle offered by the bipyrdine [28], leading to a distorted octahedral
geometry with small tetragonal distortions. The coordination at the sixth position is
assumed to be the first step in the process. The more room offered by the bipyridine
adducts attracts the polar coordinating solvents such as DMF and DMSO, fruns to
position driven by the electron withdrawing influence of the #rans coordinated oxygen of
V=0 group. The equilibrium of the solvent coordination is far to the solvent side,
driven by the stronger o bonding influence offered by the coordinated solvent. This is
supported by the lower values of the in-plane & bonding patameters (). The in-plane
7-bonding parameters () [29] obscrved, are consistent with those observed by
McGarvey [30] and Kivelson [31] for vanadyl complexes of acetylacetonate,

phenanthroline and bipyridine. The bonding parameters a®and f can be calculated from
equations (1) and (2).
B =T/4[(-A/P) + (g,-2.0023) + 3/7(g - 2.0023) - K] (1)

o = A, (Bg/8)/ S @
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Where K, isotropic contact term, is taken as 0.71, P is assigned 2 value of 128 x 10" cm’!
and the spin-orbit coupling constant A is assumed to have a value of 170 cm™. A, is the
energy corresponding to the optical transition dyy = d2,2 (B, = °B)). The hypetfine
coupling constant is taken as having negative value during the calculation. A lowering in
the value of & is an indication of increasing covalency, while that of /£ does not found
to vary significandy, from the most often observed value of = 1.0 for most of the
complexes. This is expected as the n-bonding ability of the bgand decrcases with
increasing distortion from the planar geometry. It can be seen that the phenanthroline
adducts show smaller B values, i.e., greater in-plane 7-bonding.

The EPR spectra at of the phenanthroline base adducts 77 K are, however, not
influenced by the solvent and are reasonably stable in the polar solvents, probably due to
the lack of proper room at the sixth coordination site of these compounds. The slow
fading of the band in their optical spectra also supports this conclusion.

3.3.4. Cyclic voltammetry

The wrreversible peak at —0.5 V and quasi reversible peak at -0.85 V are due to the
successive V'V and V""" redox couples, the one at —1.15 to -1.3 is due to the ligand
molety reductions [2b.38]. The irreversible peak at +0.95 in the reverse sweep can be
assigned to the V'YV oxidation (Figure 3.11). The small variation in the peak potentials
is due to the effect of the substituents in the thiosemicarbazone ligand moiety. The
details of cyclic voltammetry are listed in Table 3. 5.

Table 3.5.: Cyclic Voltammetric data?

Compound Oxidaton potential (V) Reduction Potential (V)
[VOL'bipy] (9) 0.41,0.89 0.85,1.31
[VOL'bipy] (13) 0.91 0.59, 0.87,1.18
[VOL'phen] (14)  0.91 0.49,0.82, 1.28
[VOL*bipy] (15) 0.87 0.79,1.28
[VOL*phen] (16) 0.64,091 0.49,0.82,1.28

* = all data are reported for a scan rate of 200/100 mVs’

VoL bipy

2000 A

100pA|

QRA

<1001 A

- 20QM A
- 182 -2 262 017
E {voits)

038 088

Figure 3.11: Cyclic voltammogram of compound 13 [VOL’bipy]
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Figure 3.52.: EPR spectra of vanadyl complexes in polycrystalline state at 298 K.
a) compound 14, b) compound 16, ¢) compound 9
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Figure 3.5b.: EPR spectra of vanadyl complexes in polvervstaliine state at 298 K.
a) compound 11, b) compound 12, ¢) compound 15.
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Figure 3.6a.: EPR spectra of vanadyl complexes in DME at 298 K. a) compound 12,
b) compound 14, ¢) compound 14,
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Chapter 4 02

SPECTRAL AND BIOLOGICAL STUDIES OF ZINC(II)
COMPLEXES

41 INTRODUCTION

In several proteins the zinc atom has either a structural or analytical role which
seems to be connected with the following features: 1) the ready formation of low
coordination number sites which are more strongly acidic than high-coordination number
sites; 1t) the easy deformauon of geometry of the higands in the coordination sphete with
subsequent change in coordination number from four to five to six; w) relanvely rapid
exchange of the ligands in the complexes; iv) absence of redox chemustry [1]; and v) the
suggestion that zinc fingers may be a common feature in many protein-(DNA-RNA)
mnteractons. Further research in this field has revealed that the efficient modeling of metal
sites in enzymes requires the designing of polydentate ligands having nitrogen and sulfur
donors, as histidine and cysteine/ methionine are the most common donor units for metal
1ons 1n protein environment. This 1s specifically so for zinc enzymes [2} and there 1s quite
a number of such zinc enzymes, as excmplified by liver alcohol dehydrogenase 3], spinach
carbonic anhvdrase [4] or bovine aminolaevulinate dchydratase [5] in which the catalytic
zinc enzyme 1s coordinated to the protein solely by a NS donor set. The quest to model
such a donor set requires a design of an N,S-donor ligand which has the right number of
N and S donors. It uses all these donors for monodentate funcuons and encapsulates the
zinc ton, so that there is room for one co-ligand representing the enzymatic substrate.

Besides, copper(Il) and zinc(ll) complexes have substantal inhibitory effects against
tumor cells [6, 7].

Guided by the above observations and considering the growing interest i the
chemistry and the pharmacological properties of thiosemicarbazones {8] we have prepared
and characterized some novel termary five-coordinate zinc complexes of 2-
hydroxyacetophenonc thiosemicarbazones and bidentate heterocyclic bases.

4.2 EXPERIMENTAL

4.2.1 Materials

The reagents used for the synthesis of the ligands are discussed in the Chapter 2a.
Zinc acetate-dihydrate (E. Merck) was purified by recrystallisation before it was used for
the synthesis of complexes. The bipyridine and phenanthroline were obtained from E.

Merck and were purified by standard methods. The ligands were recrystallised from
cthanol and dried 2 vacio before complexauon.
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4.2.2 Preparation of the complexes

The general method of preparation of zinc(I) complexes (17-24) of the
thiosemicarbazones are as follows.

To a 0.5 mmol solution of the ligand in ethanol (20 mL), was added 10mL of 0.5
mmol methanolic solution of zinc acetate with constant stirring. This was followed by the
addition of the respective base, bipyridine or phenanthroline (0.5 mmol) in the solid form.
The surring was continued for about an hour when fine crystals began to separate. This

was filtered washed with ethanol, water and ether successively and dred in vacro over
PO,

Conpound 17: [C,sH,,N,OSZn] F.W. 510.97; Anal. Elemental: Found C 58.46, H 5.35, N
13.80, Zn 12.90; Calcd C 58.77, H 5.33, N 13.71, Zn 12.80; IR (KBz) 3432 b, 3297 b, 1595
s, 1567 m, 1475 s, 1441 5, 1315 m, 1221 5, 1153 m, 769 m, 739 m, 822 w, 482 w, 416 w cm’
's NMR (CDCl,) §8.60 (s, 2H, H'-bipy), 8.06 (s, 2H, H*bipy) 7.93 (t, 2H, H -bipy), 746 (s,
2H, H-bipy), 7.39 (d, 1H, H’-Ph) 6.89 (t, 1H, H*-Ph) 6.51 (d, 1H, H>-Ph) 6.46 (t, 1H, H*
Ph) 4.74 (s, 1H, Ha®) 3.94 (s, 1H, NH) 2.66 (s, 3H, Methvl), 1.14 - 2.11 (m, 10H,
Cyclohexyl)

Componnd 18: [C,;H,,N,OSZn] F.W. 534.99; Anal. Elemental: Found C 60.86, H 5.15, N
13.29, Zn 12.35; Caled C 60.62, H 5.09, N 13.09, Zn 12.22; IR (KBr) 3434 b, 3210 sh,
1590 s, 1569 m, 1478, 1432, 1315, 1227 s, 1151 m, 1092 m, 1030 m, 850 m, 821 m. 727 n,
424 w cm’. '"H-NMR (CDCl,) 68.93 (d, 2H, H'-phen), 8.42 (d, 2H, H'-phen), 7.90 (s, 2H,
H*-phen), 7.78 (dd, 2H, H’-phen), 7.45 (d, 1H, Hph), 6.87 (t, 1H, H'-ph), 6.46 (m, 2H,
H'&H?-ph), 4.73 (d 1H, Ha®, 3.96 (m, 'H, *NH), 2.73 (s, 3H, Methyl), 1.12-2.13 (m, 10H,
Cyclohexyl).

Compound 19: [C,sH,;N,OSZn] F.W. 510.97; Anal. Elemental: Found C 59.10, H 543, N
13.80 Zn 12.84; Caled C 58.77, H 5.33, N 13.71, Zn 12.80; IR (KBr) 1595 s, 1571 m, 1482
s, 1441 s, 1369 m, 1317 m, 1253 m, 1165 m, 1021 m, 859 m, 797 m, 721 m, 527 w. 415 w
cm’; 'TH-NMR (CDCl,) 6 8.61 (s, 2H, H'-bipy), 8.07 (d, 2H, H*bipy), 7.94 (¢, 2H. H-
bipy), 7.46 (m, 2H, H*-bipy), 7.37 (d, 1H, H"-Ph), 6.85 (t, 1H, H*-Ph), 6.5 (t, 2H, H'&H’-
Ph), 3.82 (s, 4H, Ha), 2.66 (s, 3H, methyl), 1.79 (s, 4H, H,), 1.53 (m, 4H, H,).

Compound 20: {C,;H;;N,OSZn] F.W. 534.99; Found C 59.98, H 5.18, N 12.97, Zn 12.10;
Calcd. C 60.62, H 5.09, N 13.09, Zn 12.22; IR (KBr) 1591 m, 1564 m, 1484 s, 1419 s, 1390
m, 1359 m, 1313 m, 1193 m, 1162 m, 1031 m, 851 m, 866 m, 779 m, 764 m, 422 w cm’';
'H-NMR (CDCL,) & 8.93 (d, 2H, H'-phen), 8.39 (d, 2H, H'-phen), 7.87 (s, 2H, H'-phen),
7.75 (dd, 2H, H-phen), 7.44 (d, 1H, H*Ph), 6.80 (t, 1H, H*Ph), 6.45 (t, 2H, H" &H’-
phen), 3.62 (t, 4H, Ha), 2.72 (s, 3H, Methyl), 1.60 (s, 4H, Hy), 1.53 (m, 4H, H).

Compound 21: [C,,H,yN;O,SZn] F.W. 498.92; Anal. Elemental: Found C 55.01, H 5.82, N
13.84 Zn 12.93; Caled C 55.37 H 4.65, N 14.04, Zn 13.11; IR (KBr) 1594 m, 1574 m, 1472
m, 1439 m, 1355 m, 1317 m, 1214 5, 1116 m, 1022 m, 886 m, 781 m, 764 m, 486 w, 427 w,
421 w cm’'; 'TH-NMR (CDClL,) 6 8.58 (s, 2H, H1-bipy), 8.05 (s, 2H, H4-bipy), 7.92 (t, 2H,
H3-bipy), 7.45 (s, 2H, H2-bipy), 7.39 (d, 1H, H6-Ph), 6.89 (t, 1H, H4-Ph), 6.49 (t, 1H, HS5-
Ph), 6.45 (s, 1H, H3-Ph), 3.82 (s, 4H, Ha), 3.71 (1, 4H, H,), 2.64 (s, 3H, Methyl); FAB
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(m/z) 499 (80) [M'], 500 (49) [M"+1] (501 (54) [M"+2], 497 (100) [M*-2H]}, 343 (40) [M"-
bipy], 341 (51) [M"~(2H+bipy)]

Compound 22: [C,sHN;O0,5Zn.H,0] F.W. 540.95; Anal. Elemental: Found C 55.73, H
4.59, N 12.99, Zn 12.05; Calcd. C 55.51, H 4.66, N 12.95, Zn 12.09; IR (KBr) 3423 b, 1593
m, 1564 m, 1469 s, 1436 s, 1356 m, 1318 m, 1211 5, 1115 m, 1030 m, 849 m, 761 m, 541
w, 485 w, 423 w cm’'; "H-NMR (CDCly) 68.93 (d, 2H, H1-phen), 8.45 (d, 2H, H3-phen),
7.93 (s, 2H, H4-phen), 7.80 (dd, 2H, H2-phen), 7.45 (d, 1H, H6-Ph), 6.87 (1, 1H, H4-Ph),
7.46 (t, 2H, H3&H5-Ph), 3.85 (t, 4H, Ha), 3.70 (t, 4H, H), 2.72 (s, 3H, Methy}).

Compound 23: [C,Hy;yNO,SZn) F.W. 518.95; Anal. Elemental: Found C 60.13, H 4.52, N
13.38, Zn 12.49 Caled. C 60.18, H 4.47, N 13.50, Zn 12.60; IR (KBr) 1594 m, 1574 m,
1464 s, 1409 m, 1351 m, 1316 m, 1161 m, 1135 m, 1020 m, 856 m, 809 w, 705 m, 567 w,
422 w, 484 w cm™; 'H-NMR (CDCl,) § 8.58 (d, 2H, H'-bipy), 8.05 (d, 2H, H*-bipy), 7.92
(t, 2H, H'-bipy), 7.40 (¢, 2H, H*bipy), 7.14-7.40 (m, 6H, peaks due to Aromatic groups),
6.86 (t, 1H, H*-Ph), 6.44 (m, 2H, H'& H*-Ph), 3.54 (s, 3H, Hal), 2.67 (s, 3H, Methvl).

Compound 24: [C,H,,N,O,SZn] F.W. 542.97; Anal. Elemental: Found C 61.73, H 431, N
12.79, Zn 11.92; Calcd. C 61.94, H 4.27, N 1290, Zn12.04; IR (KBr) 1593 m, 1565 m,
1493 s, 1405 s, 1338 m, 1125 m, 1024 m, 848 m, 764 m, 727 m, 640 w cm'; 'H-NMR
(CDCL) o, 8.90 (d, 2H, H’-phen), 8.39 (d, 2H, H"—phen), 7.87 (s, 2H, H*-phen), 7.73 (dd,
2H, H’-phen), 7.46 (d, 1H, H®-Ph), 7.27 (m, 4H, Ar), 7.16 (m, 1H, Ar), 6.64 (r, 1H, H*-
Ph), 6.42 (m, 2H, H' & H>-Ph).

4.2.3 Physical measutements

The experimental techniques used for the characterizauon of the compounds ate
described 1n chapter 2b. The IR spectra were recorded 1n a Perkin-Elmer, Specorum GX
FT IR Spectrometer at CVM, SICART, Gujarat. FAB mass spectrum was recorded in
JEOL SX 102 FAB mass spectrometer at CDRI, Lucknow. The TGA of selected samples
were carried out at the Catalysis division, II'T, Chennai.

4.3. RESULTS AND DISCUSSION
4.3.1 Preparation of the complexes

Refluxing instead of stirring can also be adopted for the ptepérntion of the
compounds. Compared to refluxing, stirring was found to be more effective in terms of
time and yield of product complex. All the compounds are more or less yellow in color.
The color is rather deep for complexes of H,L', while, bright yellow for complexes of
H,L'.

The elemental analysis data showed that all complexes are having a stochiometry
formulated as [MLB], where L is the doubly deprotonated thiosemicarbazone ligand and B
is the bidentate heterocyclic bases viz., phenanthroline and bipyridine. Small variation in
the clemental data can be attributed to the small fraction of water of crystallization present
in non-stochiometric proportions. The TGA of a representative compound (compound
21) showed that the compound starts decomposing at 220°C with the loss of small amount
of lattice water, present in non-stochiometric proportion. Compound 20 and 22 also
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contains lattice water, =0.7- 0.9% by composition. Isolatdon of X-ray quality single crystals
had not been successful.

4.3.2. FAB Spectra

The FAB mass spectra of a representative compound, 21 gave the molecular ion
(M") peak at m/z 499 (80). A peak at m/z 501 (60), may be due to isotope of zinc. The
base peak is at m/z 497 (100) resulting from the loss of two weakly bound protons from
the molecular ion. The region between the base peak and the m/z 343 do not have any
significant features. The peak at m/z 343 (30) corresponds to the ML" species resulting
from the loss of bipyridine. The peak at m/z 341 (48) corresponds to (ML"-2H) species.
It indicates that the weakest bond in the representative complex is Zn-N, ..

4.3.3. IR spectra

The Infrared spectra of the compounds show two strong to medium bands due to
the imine coordinated 'C='N bond, ¢ 1575 cm™ and the one due to the newly formed
*N="C bond, ca. 1595 cm'[9¥]. The shifting of bands near 1605 cm™ in uncoordinated
thiosemicarbazones, to lower frequencies ca 25-30 cm’ is an indication of the
coordination of the azomethine nitrogen to the zinc metal. The presence of weak bands in
the region 405 - 490 cm’ is due to the Zn-N stretching frequencies. Compound 29, 21
and 22 showed broad peaks centered around 3400 cm’, which is characteristic of lattice
water [32]. The new peaks observed in the range 540 - 570 cm™ are duc to the 7O e
bond [10]. A small shift in the absorption bands due to the N-N stretching vibratons to
higher region is an indication of the formation of the thiol tautomer before coordmnation.

The presence of heterocyclic bases is indicated by their characteristic vibrational modes
listed in Table 4.1.

4.3.4 NMR spectra

The NMR spectra of all the complexes lack the peaks corresponding to the acidic
protons of the uncoordinated thiosemicarbazones, which is an evidence for the
coordination of the ligand as doubly deprotonated anion. The downfield shift of proton
peaks corresponding to phenolic 'CH, *CH (methyl), H' of heterocyclic bases are the result
of the withdrawal of electron density from the thiosemicarbazone moietv and the
heterocyclic base, due to coordination with the metal atom [11]. The structure of the
complexes is given along with their atom labeling in Figure 4.2 with respect to NMR
assignments. Since the proton NMR signals of the heterocyclic bases are equivalent 1t can
be inferred that the heterocyclic base is lying in a plane symmetrical with respect to the
thiosemicatbazone moiety. This is possible if the compounds assume trigonal bipyramid
geometry. The tentative structure is given in Figure 4. 1.

Dept. of Applied Chemistry January 2002



Chapter 4

66

2'
1 \ P
el s
4'
N*—Zn X
N“‘Zn
N\T’S\
N
— 4
N t P dQ—N\ NI X
1 =~ 3
2
Compound 24

Compound 17
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4.3.5. Biological studies

All the zinc complexes were screened against bacteria E.Cofi, Stapbylococcus Aureus,
and fungal cultures Candida Albicans and Asperigillus Flavus. The method and the procedure
are described in detail in chapter 2b. As 1n the case of copper complexes the screening
was carried out at concentrations Le., 5 jig and 1 pg for bacterial cultures and 50 pg and 20
pg for fungal cultures. In all cases of bacterial screening 50 ug of gentamycin and 50 pg of

flucanazole for fungal cultures were used as the standard. The data are tabulated in Table
4.2,

The zinc complexes are found not to have significant activity against anv of the

cultures tested, compared to either its copper counterparts or its thiosemucarbazone
compounds.
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SYNTHESIS AND SPECTRAL STUDIES OF COBALT(III)
COMPLEXES

5.1 INTRODUCTION

The enzyme nitrdle hydratase (NHase) catalyzes conversion of mitriles to amides in
several microorganisms and has found its use in the individual production of selected
amides [1]. The active site of the hetero dimeric enzyme comprises either a low-spin
non-heme Fe(III) or a noncorrin cobalt(Ill) center nested in a CXXCSC sequence of the
o subunit. Recent crystallographic study on two Rhbedococcns NHases have revealed that
the single low-spin Fe(IIl) site in the aff heterodimer is coordinated to two deprotonated
carboxamido nitrogens and the three Cys-S centers [2] with at least two of them modified
to Cys-sulfenic and sulfinic groups [3]. The occurrence of the kinetically inert low-spin
d® cobalt(1Il) center in NHase raises an interesting question regarding the role of the
unusual donor set in the observed reactivity of the metal site. Though papers on Co(I1I)
complexes of thiosemicarbazones are less 1n number compared to that of Cu(Il) and
Zn(ll) complexes, recently there are some interesting reports on the Co(IIl) of mono and
bis thiosemicarbazones [4]. Work on Co(II) complexes with carboxamido nitrogen(s)
and thiolate sulfur(s) has been very scanty so far. Based on the above observations and
the importance of thiosemicarbazones as good chelating agents [5], and potenual growth
inhibitors, we have attempted to prepare some novel Co(lll) complexes of
thiosemicarbazones of our interest and tried to establish the structural characteristics
using various spectral techniques.

5.2. EXPERIMENTAL

5.2.1. Materials

The thiosemicarbazone ligands were prepared as described in chapter 2a. They
were purified by recrystallization before complexation. The Sodium azide (Merck) and
heterocyclic bases, viz., bipyndine and phenanthroline were of reagent grade (Merck),
and were used as such. Co(Il) acetatetetrahydrate (BDH) was purified by recrystallisation
before complexatnon.

5.2.2 Preparation of complexes

The thiosemicarbazones (0.5 mmol) were dissolved in 20 ml of ethanol, to
which was added 0.5 mmol of the heterocyclic base in the solid form. The mixture was
shightly warmed to ensure complete dissolution of the ligands. To the above mixture was
added about 10 mL of methanolic solution of cobalt(IT) acetatetetrahydrate (0.5 mmol),
with stirring. The stirring is continued for about 15 minutes. When a deep brown
solution resulted, solid sodium azide (0.75 mmol) was added. Stirring was conunued for
about an hour. The solution was kept astde overnight for crystallizadon to occur. The
compound was filtered washed with ethanol, water, and ether respectively. It was then
dried over P,O,, in vacuo.
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Compound 25: [C,sH23CoNgOS-0.5H,0] F.W. 555.84: Anal. Elemental Found C
53.77, H 4.93, N 19.93, Co 10.52; Calced. C 53.09. H 5.09, N 20.20, Co 10.54; IR
(KBr) 3338sh, 2029s, 1591m, 1566m, 1492s, 1435m, 1328m. 1231m, 1154s, 1030m.,
864m, 762s, 730m, 626w, 413w, 482w cm™; 'H-NMR §9.38(d, 1H, 1-bipy), 8.21(d,
1H, 1°-bipy), 8.11(d, 2H, 4&3-bipy), 8.04(d, 1H, 4’-bipy), 7.89(t, 1H, 3’-bipy), 7.67(t,
2-bipy), 7.59(d, 1H, H®-Ph), 7.32(t, 1H. 2’-bipy), 6.95(t. 1H, H*-Ph), 6.70(d, 1H, H’-
Ph), 6.55(t, 1H, H-Ph), 4.83(m, 1H, Ha-Cyclohexyl), 3.71(m, 1H, “NH). 3.14(s, 2H.
methyl), 2.09(m. 4H, Cyclohexyl), 1.17-1.40(m, 6H, Cyclohexyt)

Compound 26: [C;7H;3CoNgOS.H,0] F.W.589.58: Anal. Elemental Found C 54.86,
H 5.03. N 19.20, Co 10.26; Caled. C 55.00, H 5.13. N 19.01, C010.00; IR (KBr)
3341w, 2022s, 1590m, 1562m. 1439s, 1466s, 1367m, 1335m, 1271m, 1198m, 1135m.
1086m., 1023m. 868m. 645w, 479w, 416w cm™: 'H-NMR & 9.37(d, 1H, 1-phen).
8.2(d, 1H, 1’-phen), 8.10(m, 2H, 4&2-phen). 8.05(s, 1H, 4’-phen), 7.88(t, 1H, 2’-
phen), 7.62(m, 2H, 3-phen & H®-Ph), 7.29(t. 1H. 3’-phen), 6.96(t, I H, H'-Ph), 6.71(d.
1H, H’-Ph), 6.57(t, 1H, H’-phen), 3.70(s, 2H, NH & Ha-Cyclohexyl). 3.13(s, 3H.
methyl), 1.75(m, 4H, Hb-Cyclohexyl), 1.61 & 1.48 (6H, Cyclohexyl).

Compound 27: [CysH3CoNgOS] F.W. 547.54 Anal. Elemental. Found C 54.62. H
4.89, N 20.42, Co 10.79; Caled. C 5494, H 4.98, N 20.50. Co 10.78: IR (KBr)
2018s(sh), 1588m, 1562m, 1437s, 1334s, 1272m, 1242m, 1204m, 1165m, 11335m,
1105m. 1060w, 1019w, 866m., 727w, 644w, 612w, 571w, 480w, 416w cm’: '"H-NMR
6 9.30(d. 1H, 1-bipy), 8.12(d, 1H, 1’-bipy), 7.97-8.02(m, 2H, 3&4-bipy). 7.95(d. 1H.
4’-bipy), 7.79 (t, 1H, 3’°-bipy), 7.56gt, 1H, 2-bipy). 7.52(d, 1H, H®-Ph), 7.21(t. 1H, 2°-
bipy). 6.87(t, H*-Ph), 6.45(d, 1H, H’-Ph), 6.47(t. 1H, H>-Ph). 3.63(m. 4H. Ha). 3.06(s.
3H, methyl), 1.69(m. 4H. Hb), 1.42(m, 4H, Hc).

Compound 28: [Cy7H23CoNgOS.H,0] F. W. 588.57 Found C 54.86. H 4.97, N 18.94.
Co 10.03; Caled. C 55.00, H 5.13, N 19.01. C010.00; IR (KBr) 3448b. 2019s(sh).
1594m, 1564m, 1495s, 1438s, 1366m, 1339m, 1244m. 1194m, 1143w, 1020w, 846m.
752m, 721m, 521w, 413w, 442w cm™; '"H-NMR 9.43(d. 1H, 1-phen), 88.46(d, 1H, 1"-
phen), 8.35(d, 1H, 3-phen), 8.25(d, 1H, 3’-phen), 7.94(d, 1H, 4-phen), 7.86(d, 1H, 4 -
phen), 7.87(dd, 1H, 2-phen), 7.55(d, 1H, H%Ph), 7.52(dd. 1H, 2’-phen), 6.86(t. 1H.
H*-Ph), 6.57(d,1H, H3-Ph), 6.49(t,1H, H>-Ph), 3.61(q, 4H, Ha), 3.12(s, 3H. methyl).
1.68(m, 4H, Hb), 1.42(m. 4H, He).

Compound 29: [Cy3H4CoNg0,S] F.W. 535.49: Anal. Elemental. Found C 51.96. H
4.42. N 21.23, Co 11.07, Caled C 51.59, H 4.52, N 20.93, Co 11.01; IR (KBr) 2022,
1594m, 1560m, 1497s, 1469s, 1387m, 1342m, 1269m. 1223m, 1155w, 1109m.
1026m, 887m, 727w, 646w, 504w, 421w, 402w cm™; 'H-NMR § 9.40(d, 1H. 1-
bipy). 8.12(d, 3H. I*-bipy. 4&3-bipy), 8.04(d. 1H, 4’-bipy), 7.89(t, 1H. 3"-bipy).
7.67(t, 1H. 2-bipy). 7.59(d, 1H. H°-Ph), 7.31(t, 1H, 2’-bipy), 6.94(t, 1H, H*-Ph).
6.69(d, 1H, H3-Ph), 6.54(t, 1H, HS-Ph). 3.72(s(br), 8H. Ha & Hb), 3.14(s. 3H.
methyl).

Compound 30: [CysH24CoN3O,S.3H,0] F.W. 613.55 Anal. Elemental Found C
48.87, H 4.96, N 18.29, Co 9.56, Calcd C 48.94, H 4.93, N 18.26, Co 9.61; IR (KBr)
3428b, 2024S(sh), 1595m, 1563m, 1436m, 1342m, 1270m, 1227s, 1112m, 1030m,
845m, 721m, 652w, 556w, 443w, 410w cm™; '"H-NMR & 9.53(d. 1H, 1-phen),
8.57(d, 1H, 1’-phen), 8.35(d, 2H, 3&3’-phen), 8.03(t, 3H, 4, 4’& 2-phen) ., 7.63(d,
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2H, HS-Ph & 2'-phen). 6.89(t, 1H, H*-Ph), 6.61(d, 1H, H>-Ph), 6.56(t, 1H, H’-Ph),
3.70(s. 8H, Ha & Hb), 3.19(s, 3H, methyl). FAB (m/z) M" 613 (15), 558 (20). 516
(78).

Compound 31: [CysH24CoNgOS] F.W. 555.52: Anal. Elemental. Found C 55.99, H
4.14, N 19.97, Co 10.67, Calcd. C 56.21, H 4.35, N 20.17, Co 10.61; IR (KBr)
2025s(sh), 1596m, 1563m, 1437m, 1339m, 1287m, 1123m, 1010m, 866w, 733m,
702m, 572w, 551w, 441w, 411w; 'H-NMR & 9.31(d, 1H, 1-bipy), 8.16(d, 1H, 1°-
bipy), 8.01(m, 3H, 4,3 & 4’-bipy), 7.58(t, 1H, 3’-bipy), 7.58(t, 2H, 2-bipy & H®-Ph).
7.30(m, 5H, Ha, Hb & 2’-bipy), 7.16(d, 1H, Hc), 6.94(t, I H, H*-Ph), 6.70(d, 1H, H’-
Ph), 6.53(t, 1H, H-Ph), 3.58(s(b), 3H, N-CH3), 3.16(s. 3H, methyl).

Compound 32: [CyH,4CoNgOS] F.W. 579.54: Anal. Elemental Found C 58.10, 4.32.
N 19.20, Co 10.07; Caled. C 58.03, H 4.17, N 19.33, Co 10.17: IR (KBr) 2023s(sh),
1594m, 1562s. 1432m, 1344m, 1237m, 1125m, 1025w, 845m, 755m, 721m, 577w,
552w, 442w, 412w cm’'; "H-NMR 9.70(d. 1H, 1-phen), 8.48(d, 1H, 1’-phen). 8.40(d.
1H, 3-phen), 8.32(d, 1H, 3’-phen), 7.90(m, 3H, 4, 4°& 2-phen), 7.64(m, 2H, 2’-phen
& H°-Ph). 7.29 (d. 2H, Ha-Ar), 7.24(t. 2H, Hb-Ar), 7.11(t, 1H, Hc-Ar), 6.91(t, 1H,
H*-Ph), 6.61(d, 1H, H’-Ph), 6.56(t. 1H. H'-Ph), 3.58(s. 3H. N-CHj), 3.23(s. 3H.
methyl).

5.2.3. Physical measurements

The details of various experimental techniques used for the characterization of
the compounds are described in Chapter 2b.

5.3. RESULTS AND DISCUSSION

5.3.1 Preparation of complexes

It has been found that the Co(Il) ion undergoes oxidation in the presence of
methanol or chloroform [6] unlike 1n ethanol [7}. Al the complexes are found to be
brown in color but the crystalline nature may vary depending on therr mode of
formation. Complexes of H,L* were found to give fine crystals on keeping while
compounds of H,L' and H,L* were found to give the products more readily.

The elemental analysis data of compounds 25-32 suggests a formulation of
[MLBN,]. This indicates that the azide ion is coordinated to the metal as uninegative
unidentate higand. However, for the compound 25 the elemental data matches with a
stochiometry containing 0.5 molecule of water of crystallizaton/lattice water. The
compounds 26 and 28 contain one molecule of uncoordinated water and three molecules
of water for the compound 30. Compound 32 obuined in two different colors, viz.,
brown (32a) and green (32b). The elemental data indicate that 32a is having one
molecule of water, while the later 32b is devoid of it. The elemental data of compound
32b 1s reported here. Both give similar IR and UV spectra. The slight variations found
mn the elemental data for some of the compounds are due to the presence of non-
stochiometric amount of water of crystallization present. All the complexes are found to
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be diamagneuic confirming that the cobalt 15 1n the +3 oxidation state and hence
corresponds to d° 1on in strong field. The molar conductance value indtcates that the
azide 1on is within the coordination sphere. We were able to isolate X-ray quality single
crystals of compound 31 by slow diffusion of ethanol into a solution of the compound in
chloroform.

The thermal analysis of the compounds 25, 26, 28 and 30 showed that the non-
stochiometric water of crystallization begins to lose 1n the 220-260°C range. The loss is
gradual in 25, 28 and in 29 but a sharp change at 250°C 1s found in the case of
compound 26. All the complexes started decomposing at 310°C and the changes are
sharp at 330°C.

The FAB mass spectrum of the compound 30 gives a molecular ion(M") peak at
m/z 613 (15) corresponding to trihydrated formulation. The next major peak at m/z
558 (20) corresponds to the non-hydrated formulation.  The next lower but major
fraction appears at m/z 516 (78) corresponding to a fraction stripped off its azido group.

5.3.2. Electronic and IR spectra

The clectronic spectra (Figure 5.1) show broad bands in the visible region . 485-
495 am region and is characteristic of low-spin d* systems as cobalt(ITI) (Table 5.1) [8).
This is due to the 'A —'T,, transition. However the tail of the charge transfer (CT)
bands cz. 400 nm, mask the higher energy band due to 'A,g—»lTzg wansition. The CT
band is rather too broad and is explained as a combination of two bands resulting from
the S—>Co(Ill) and O-—>Co(lll) charge transfer transittons. The broadband centered .
630 nm 1s due to the ‘A,“——>'XT 5 transition [9]. Compound 32a and 32b dissolve to give a
reddish brown solution in CH,Cl, and give similar IR and UV spectra.

Compounds 25, 28, 29, and 30 show broad bands . 3400 cm’, which is due to
the O-H stretching modes of the uncoordinated water molecules. The infrated spectrum
of the complexes show peaks . 1595 cm' duc to the newly formed “N="C bond
indicatng that the coordination of the thiosemicarbazone takes place in the form of thiol
rather than as thione. The lowering of the band . 1602 cm” ('C="N) by 30 — 50 cm’'
(Table 5.2) 1s an explicit evidence for the coordination of the thiosericarbazone through
the azomethine nitrogen. The spectra of the complexes exhibit a systematic shift in the
positon of the bands 1600-1350 cm” region due to v(C=C) and v(C=N) vibrauonal
modes, and their mixing patterns are different from those present in the higand spectrum.
Coordination of the bases is indicated by the presence of weak bands in the 410 — 485
cm’' region due to Co-N stretching vibration. Weak bands in the range 510-565 cm'
regions indicated the presence of Co-O bond resultung from coordination of phenolic
oxygen. Besides the shifting of the bands due to C-Oy, i group to lower frequencies
indicates the weakening of the C-O bond due to coordination. The presence of the azide
group in the coordination sphere is evidenced from the very strong and sharp absorption
peak ca. 2022 cm”’. The azido group is bound to cobalt as terminal as it gives only one
strong absorption at 2030 cm’' characteristic of a terminal azido group [10]. The slight
lowering in values is assumed to the result of its coordination to the metal [11]. The
coordination via the thiolate sulfur is evidenced from the lowering of band due to the C-
S stretching vibration ca. 1365 cm’, and C-S bending vibration w 864cm™. The two very
intense bands at 1495 and 1465 cm’ show presence of different delocalised ligand
molecules linked to the metal through the imine nitrogen.
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5.3.3. TH-NMR spectra

The 'H-NMR spectra of the complexes indicate signals corresponding to the
heterocyclic bases and the thiosemicarbazone moicty. The resonance absorptions of
some of the protons near to the coordinated nitrogens are shifted downfield, which is an
evidence for the coordination of the ligand to the metal in higher oxidation state and
subsequent decrease 1n the electron density 1n the ligand super structure.  The non-
homogenetty of the proton signals is due to an oriented geometry abourt the central
metal. The approximate disposition of the ligands around the metal jon is shown 1n
Figure 5.2, the atom labeling scheme and the '"H NMR assignments of compound 28 is
shown in Figure 5.2a, b respectvely.

Figure 5.2.(2).: Atom labeling scheme for 'H-NMR assignments for the compound 28.
(b) Approximate 'H-NMR assignments for the compound 28
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Figure 5.1¢: Electronic spectrum of Compound 32 [CoL.*(N,)phen]
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SYNTHESIS AND SPECTRAL STUDIES OF SOME
DIOXOURANIUM(VI) COMPLEXES.

6.1 INTRODUCTION

Thete has been considerable interest on theoretical and experimental chemistry of
meral oxocations. Dioxouranium(VI) or UO,” is one of the stable oxocations [1] and the
complexes of UO,* have been studied extensively [2,3], because of the theoretical interest
m the lincar O=U=0O group, different structures, detection of uranium compounds in sea
water and 1ts importance in relation to encrgy problems. Though much work was reported
on d-block element sulfur systems, little attention has been paid to that of fblock element
sulfur systems [4]. In most cases the sulfur donor centers are in thioether environment in
a potenually chelating molecule containing nitrogen and oxygen donor centers at the
suitable positions [5]. Hydroxy containing molecules possessing N and O donor groups,
where N 1s present as an imine are of interest in developing coordination chemustry in
general and biomimetic chemistry in particular for a number of metal ions including that
of vanadum [6]. In view of the emerging interest in extraction of uranium from different
sources and importance of the coordination chemistry of UO,*, we have tried to explore
the strucrural aspect of the dioxouranium complexes of the thiosemicarbazones.

6.2 EXPERIMENTAL
6.2.1. Materials

The hgands used for the preparaton of the complexes were synthesized as
described in Chapter 2a. Uranyl acetate-dihydrate (Fluka), bipyridine and phenanthroline
were used as received.

6.2.2. Preparation of the complexes

The complex 33 was prepared as follows: The thiosemicarbazone higand 0.5 mmol
was dissolved in 15 ml. of ethanol. To this solution was added a 0.5 mumol of the uranyl
acetatedihvdrate in ethanol. The mixture was stirred for about 2 hours. An orange solid
appeatred in a few minutes. The solid formed was filtered, washed with ethanol, water and
then with ether and dried 7 raene over P,O,,.

Other complexes (34-37) were prepared as follows: To a hot ethanolic solution
(10ml) of uranyl acetate (0.5 mmol), thiosemicarbazone ligand (0.5mmol) 1n 15 ml of
cthanol along with a stochiometric ratio of the heterocyclic base was added. A deep
colored solution resulted from which an amorphous solid precipitated. The compound is
filtered washed with hot ethanol, water and ether. The compound was then dried over
PO, 4 racno.

Compound 33: [C, H,,N,OS,U,] FW. 1118.55: Anal. Elemental Found C 32.32, H 3.50,
N 7.81; Caled. C 32.20, H 3.42, N 7.51; IR (KBr) 3294br, 1597s, 1564s, 1433m, 1358m,
1309m, 1272m, 1204m, 1159m, 1096m, 1023w, 900s, 864m, 786m, 770m, 695w, 640w,
592w, 476w em™; TH-NMR 7.54(s, 2H, H -Ph), 7.25(t, 2H, H*-Ph), 6.93(d, 2H, H"-Ph),
6.57(t, 2H, H>-Ph), 3.89(s, 8H, Ha), 2.60(s, 3H, NCHy,), 2.50(s, 3H, methyl), 1.80(s, 8H),
1.49(s, 8H)
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Compound 34: [C,,;H,,N,O,SU] F. W. 739.63: Anal. Elemental Found C 44.18, H 3.81, N
9.31; Caled C 43.85, H 3.68, N 9.47; IR (KBr) 1592m, 1571m, 1485s, 1433s, 1369m,
1296m, 1143m, 905s, 845m, 791m, 755m, 725m, 640w, 594w, 419w cm’; '"H-NMR &
11.30(bs, 1H, 1-bipy), 10.94(bs, 1H, 1’-bipy), 8.70(bs, 2H, 2&2’-bipy), 8.32(bs, 1H, 3-
phen), 8.20(bs, 1H, 3’-phen), 8.12(s, 2H, 4&4’-Phen), 7.74(d, 1H, H*-Ph), 7.39(t, 1H, H'-
Ph), 7.25(d, 1H, H*-Ph), 6.73(t, 1H, H>-Ph), 4.09(bs, 4H, Ha), 2.86(s, 3H, mcthyl), 1.93(s,
4H, Hb), 1.57(s, 4H, Hc)

Compound 35: [C,,H,,N,O,SU] F. W. 703.56: Anal Elemental Found C 39.04, H 3.26. N
9.88; Caled C 39.27, H 3.29, N 9.95; IR (KBr) 1596m, 1566m, 1482s, 1436s, 1356m,
1316m, 1247m, 1220s, 1159m, 1153m, 1030m, 909s, 824w, 765m, 646w, 597w, 537w, cm™;
'H-NMR 8 11.0 (bs, 1H, 1-bipy), 10.5(bs, 1H, ’-bipy), 7.98(bs, 2H, 3&3’-bipy), 7.75(d,
1H, H%Ph), 7.41(t, 1H, H*Ph), 7.09(d, 1H, H'-Ph), 6.77(t, 1H, H*>-Ph) 6.49(d, 2H, 4&%-
bipy), 6.27(t, 2H, 2&2’-bipy), 4.11(t, 4H, Ha), 3.81(t, 4H, Hb), 2.81(s, 3H, methyl)

Compound 36: [C,,H, N,O,SU] F. W. 727.57 Anal Elemental Found C 41.47, H 3.29, N
9.73; Caled C 41.27, H 3.19, N 9.63; IR (KBr) 1593m, 1572m, 1483s, 1435s, 1358m,
1298m, 1211s, 1114m, 1029m, 907s, 847m, 757m, 725m, 640w, 597w, 538w, 44%w; ; 'H-
NMR & 11.28(bs, 1H, 1-phen), 10.87(bs, 1H, 1’-phen), 9.72(bs, 2H, 2&2’-phen), 8.31(bs.
1H, 3-phen), 8.19(bs, 1H, 3-phen) , 8.10(s, 2H, 4&4’-phen), 7.79(d, 1H, H*-Ph) , 7.46(,
1H, H*-Ph), 7.18(d, 1H, H-Ph), 6.76(t, 1H, H’-Ph), 4.18(s, 4H, Ha) 3.87(s, 4H, Hb),
2.88(s, 3H, methyl),

Compound 37: [C,;H..N,0,SU] F. W. 747.61 Anal Elemental Found C 44.75. H 3.20, N
9.25: Caled C 44.98, H 3.10, H 9.37; IR (KBr) 1591m, 1541 m, 1485s, 1429m, 1345m. 1294m.
1249m, 1119m, 900s, 846m, 770m, 725m, 703m. 639m. 596w, 556w, 464w, 422w cm™'; 'H-
NMR & 11.27(bs, 1H, 1-phen), 10.67(bs, 1H, 1’-phen), 8.69(bs, 2H, 2&2’-phen), 8.32(bs, 1H.
3-bipy). 8.13(bs, 3H, 3’-phen, 4&4:-phen), 7.80(d, 1H, H®Ph), 7.55(d, 2H, Ha-Ar), 7.42(t, 3H.
Hb-Ar & H'-Ph), 7.29(m, 1H, Hc-Ar), 7.22(d, 1H, H’-Ph). 6.75(t, 1H. H>-Ph), 3.77(s. 3H.
NCH;). 2.86(s, 3H, methy!)

6.2.3. Physical measurements.

The various experimental techniques used for the charactenzaunon of the
compounds are descbed in previous chapters.

6.3. RESULTS AND DISCUSSION
6.3.1 Preparation of the complexes

The clemental data of the complexes 34-37 (Table 6.1) indicate that they are having
the stochiometry [UO,LB], whete B is phenanthroline in compound 35, 36 and 37,
bipyridine in compound 34. The principal ligand in compound 33 and 35 is H,L.%; 34 and
36 contain ligand H,L%; 37 contains H,L". All the compounds were diamagnetic consistent
with a 5/ system. The compound 33 dissolves only in DMSQO, upon dissolution the color
gets faded. This is suggested to have a stoichiomerry [UO,L],, however further
mvestganons were hampered by the lack of consistency in the synthesis of the complex
and scanty amount of the samples prepared. Complexes 34-37 are soluble in DMF,
DMSO, CHCI, and CH,Cl,. They are stable n CH,Cl, but not in DMSQO and DMI-
Hence, CH,Cl, was chosen as the solvent for electronic spectral measurement.
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6.3.2. IR spectra

The details of the IR spectra are listed in Table 6.2. The IR spectra of all
compounds show strong absorption peaks at 1595 and 1565 cm™, which is an evidence for
the formation of thiol and coordination 4 the azomethine nitrogen. The lowering of the
stretching frequency of the C=N bond by 30 to 40 cm' is an evidence for a strong
coordination of the azomethine nitrogen to uranium. The presence of a band at 864 ¢cm' is
an evidence for the presence of tetrameric MigMbridging {7]. The large numbers of peaks
in the range 1500 to 750cm™’ ate suggestive of the heterocyclic ring vibrations and are an
evidence for the presence of the heterocyclic base in the compound. The coordination of
the base and the azomethine nitrogen to the metal center is indicated by the presence of
weak bands in the 400-470 cm™ region. The bands appearing in the 520 to 570 cm’
regions is an evidence for the formation of the U-O,, .., bond. The lowering in the C-$
stretching/bending frequency of the compounds ¢z 20 to 30 cm’, indicates the
coordination of thiolate sulfur to uranium. The complexes exhibit a strong band in the
900 to 920 cm'region corresponding to vi{(O=U=0) and v4(O=U=0) characteristic of
uranyl complexes [8].

6.3.3 Electronic spectra

The two bands and the related shoulders in the range 230-260 nm and 330-350 nmn
in the electronic spectra (Table 6.3) may be due to 1ntra ~ligand charge transfer bands [9].
The complexes show transitions imn the 360 —410 nm range, seen as a shoulder, may be due
to apical oxygen to — £ (U) ((Eg" —'7) transition typical of O=U=0O moiety {10}. The
uranyl ion possess two highest occupied orbitals 7, and o and lowest unoccupied orbitals
@, ando’,. A series of excited state configurations are generated from the ground
state configurations [(m.), (64)7] [11]. The other shoulder in the visible region 480-530
nm can be due to the charge transfer from the reduced sulfur center to 5fand or 64 orbiral

of the uranium atom Sn—>5f (6d) and So—5/64) [5]. The clectronic spectra of
compounds 35 and 36 are shown in Figure 6.1.
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Figure 6.1a.: Electronic spectrum of Compound 35
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Figure 6.1b.: Electronic spectrum of compound 36
6.3.4 'H-NMR spectra

The 'H-NMR spectrum of the compound 33 confitms its dimeric structure. The
equivalence of the proton signals of either thiosemicarbazone moiety indicates an
approximate equatorial arrangement of the thiosemicarbazone. The two O=U=0 bonds
are perpendicular to the plane formed by the thiosemicarbazone ligands. However, the
signals corresponding to the methyl group attached to the C=N bond are at different
chemical shift positions indicating 2 distortion of the rings from planaritv at some
locations. Thus the compound can be assumed to have a dimeric structure in which the
phenolic oxygen is acting as the bridging group (Figure 6.2).

Figure 6.2.: The approximate structure of compound 33

The 'H-NMR of compounds 34-37 show some fluxional character. The room
temperature 'H-NMR spectrum of the compound 34 shows broad signals corresponding
to the 1,17, 2,2" and 3, 3’ phenanthroline protons. At ~20°C the broadened signals assumes
fine structure (Figure 6.3). Simultaneously, the signal corresponding to the “a” position of
the azepine group, 1e., the proton adjacent to the nitrogen of the azepine splits mto two,
presumably because of the spaual distortion of the azepine moiety, pushing the two
adjacent carbon atoms and the hydrogens attached to two different position in space. At
lower temperature the averaging of the chemical shift positions is not attained.The
approximate structure of compound 34 (proton labeled) is given in Figure 6.4. A similar
observation is scen in the case of compound 36, with respect to the fluxionality of the
coordinated hetetocyclic base. In this compound the signal corresponding to the
hydrogen o to the nitrogen in the morpholine substituents labeled as “a”, broadens at
lower temperature, viz., -20°C. The broadening of the signals increases further at sull

lower temperature, Le., -40°C (Figure 0.5).
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Figure 6.4.: Approximate structure of compound 34

This can be explained due to effective quadruple interactions from adjacent
nitrogen atoms at lower temperature resulting from reduced freedom of movement of the
protons about the bonds. On exchanging with D,O the signals corresponding to 1,1” and
3,3 of the heterocyclic base broadens further lowering the intensity. This can be
attributed for a slow exchange of proton with deutertum (Figure 6.6). This phenomenon
can be explained only if some acidic nature is assumed for the protons at the 1 and 3
positions of the heterocyclic base. The acidity can be regarded as a result of the
coordination of the base to the highly positively charged UQ, ** oxocation, the electron
withdrawal from the ring 1s “felt’ more at 1 and 3 positions. The in homogeneity of the
proton chemical shift positions can be explained by suggesting a distorted arrangement of
the heterocyclic base with respect to the O=U=0 bonds and the thiosemicarbazone
skeletal frame work. The proposed structure 1s shown in Figure 6.7.

Figure 6.7.: Approximate structure of compound 36

Dept. of Applied Chemistry January 2002



S8

MGLI0E0L WHTEL M9¢¢ SGITL Wiz wobel

- - § 7Tl WGL 'SCLET

M09 WIITT 'SSET MBES vill wgel ‘wyse]

WOy "WOCH | ‘SOTTT S9EF] ALG Wl W8 ‘W og

- - s 6121 weey ‘spLel

AL6LEPTT WEEH] M8G WHGIT wrgGy ‘wgog]

WeEes W] WL "Wgee ]

Al WGER *SCRET

asuq 212.43043)9 0} anp spuig oOmwa {ODa 8=0)Q /a

ApOY "NTTE

a0y

A¢LF

MG
N HOF “MGEE

(N A

S006

SL36

s016

$G06
SO06

(O=n=0) A

wiesT wipc) (L) vaydy EON

- 1091 vTPH

weesl wigl {9¢) vydyTTON
wos] woost  (5¢) {dwyFON
6091 ¢TH

w 7661 wst  (be) vaydEoN
w/6S1 weoe] €0 dronl
€091 J1TH

=N A (N=DJ)aA punodwo)

saxapdwos (] A)wniueInoxorp Joj syuawudisse [¥3122ds Y] 179 dqe ],

01g 0T€ 86t SLtb umoIrq 2J300)  wydy IFON
61¢ 62°€ LT LF1F uamoiq 2330 waydyFON
6C€ 9T€ LT6E HOGL woi8 g  AdigTFON
89°¢ 18°¢ S8'Er 8I'th wpidaag0  wayd FON
e 0S¢ 0TTE TE€TE 2duv1p fronl
—— va, o U
o, (po1ED) pUno,| o 30[00 punodwony

$2x2[dWOD WNIULINOXOIP JO BI¥P SISA[EUL [BIUDWI[5] ' d|qe L



98

(59°'v) 00STY (99°P) $9LLE
(s9°p) col st ‘(69°F) 0069E
(EP'v) SECSE (LY Y) 8YTTY
(99'v) 8162 ‘(LI ¥) ¥9LIE

(ev'¥) Us 9vThe (0T v) 86¥6C
(OF'v) Us 0€1¥€ (1T°P) $868C

(€1'P) 98567
(6€%) US 9vTHE (0T b) SB68T

»Le-U

(Le¢) £L68T
(8€°¢) 0SPyT
(9¢°€) 0€€rT
(L) SSIPT

LOW1

(9L°0) 7£881
(LL'T) 00€61
(9L77) S0€61
(9L'27) £0681

(£€) uayd, T°0N
(9¢) uayd 1°0oN
(s€) Adig 170N
(¥€) wayd, 10N

punodwo)

(LE-p€) saxa)dwod wntueInoxoiq J0j siuduSisse [enosads 3|qIsIA-AN '€ "9 A[qe L



298K,

wf{
L
i

¢ TS
3
(S
A
=

B T
v

P
SEEN|

(a)
ﬂ
n
l:iltl

6))
} |

I

L

253K

-

Figure 6.3: 'TH NMR spectra of the compound 34 at different temperatures; 2) T
BT



_ ! .l! |
- i ' .!'- ;}' ST
_"L__;jv = w_a_j,u__ﬂ__—;:;x_
@ i -
_fu{___iU\_UJU;___J L JJL
N 1o 5 s 3 6 5 A 3 2
m g | J«
} t
._;'.'} ) L/’/L__ ﬁ\) (A S
- "]".:"'E . "t' 'H\'.-,/J .’ y -s--/\-/ ) ~er? :
i S oo
{b)
-
H J ]
_ | |
kau._ J U VLJ; j‘U ‘\s__._/k.._/__..___
R : 5 ¢ 3 ¢
)

y

I ;

b)T=233K,c)T=233K

|
A

Figure 6.5: 'H NMR spectra of the compound 36 at different temperatures; 2) T = 298 K,



.....

JULJL L
;| o
K
U

X

L w

1
!
|
J
i AL — s
l\ -— -.-.VL _' VT ' w ™ —
——— T 9250 lu. I == AT
_ -~ 5 ! _u_ N |..r1w 1952
= yyL —58 - \ ——
- — —cc” R PR —— EITE)
) HU..?m 2 by { uu © —~_ __
. ®E5'0 /.,.u Lo
T he T | B —
9t “../.._nJ En _ Y
AN S noo T
e )

e,
W

Figure 6.6: '"HNMR spectra of the comp‘ound 36 a) with D,0 exchange; b) without D,O

\l
|
s S
AN
T
11
|
x A
| |~
~y ~”
- <
’l
j(
I\
- r J
1
11
11

@

exchange



REFERENCES

1. N. N. Greenwood, A. Ermnshaw, Chemistry of elements, (Pergamon Press, Oxford),
1986, p 1467.

2. 1. Tabushi, Y. Kobuke, K. Ando, M. Kishimoto and E. Oharo, [. Am. Chem. Soc.,
1980(102), 5947.

3. S. Shikai, H. Koreshi, K. Ueda and O. Manabe, |. Chem. Soc., Chens. Commun, 1986,
233; S. Shikai, T. Subak, T. Sone and O. Manabe, Tetrabedron Lett., 1985, 26, 3343.

4. U. Casellato, D. Fergona, S. Sitran, S. Tamburini, P. A. Vigato and D. E. Fenton,
Inorg. Chim. Acta, 1985, 110, 181.

5. P. Chattopadhyay and C. Sinha, Ind. . Chem. 1995, 34A, 76;

6. C. R. Cotnman, G. ]. Colpas, J. D. Hoeschele, J. Kampf and V. L. Pecoraro, ].
Am. Chem. Soc., 1992, 114, 9925; C. J. Carrano, C. M. Nunn, R. Quan, J. A.
Bondais and V. L. Pecoraro, Inerg. Chem., 1990, 29, 944.

7. A. Pasini, M. Gullotti and E, Cesarott, J. Inorg. Nuc/. Chem., 1972, 34, 3821; A.E.
Commyns, B. M. Gatehouse and E. Wait, J. Chem. Soc., 1958, 4655; S. P.
McGlynn, J. K. Smith and W. C. Neely, J. Chen. Phys., 1955, 23, 2105.

8. R. M. Silverstein, G. C. Bassler and T. C. Morril, Spectrometric identification of
organic compounds, (John Wiley, NY) 1981.

. S.P. McGlynn, J. K. Smith, J. Motec. Spectrosc., 1961, 6, 164.

10. J. Vicente, M. T. Chicote, P. G. Herrero and P. G. Jones, |. Chem Soc., Dalton
Trans., 1994, 3183.

11. Denning, R. G, Snellgrove, T. R and Woodwork D. R, Mo/ Phys, 1979, 30, 1109;
Groller-walrand C and Colen W, Inorg. Chim. Acta, 1984, 84, 183.

Dept. of Applied Chemistry January 2002



CHAPTER 7

Dept of Applied Chemistry January 2002



SPECTRAL, MAGNETIC AND CYCLIC VOLTAMMETRIC
STUDIES OF MANGANESE(V) COMPLEXES

7.1 INTRODUCTION

The relevance of manganese lies 1n its role in biological systems as an essential
clement. Manganese(I]) in biological systems act as an effective enzyme activator and ate
important active sites in metalloproteins. In these metalloproteins manganese can exist
in any of the five oxidation states or m mixed valence states. The significance of
manganese in biological systems is also evident from thetr role as good water oxidation
catalysts in photosynthesis. The oxygen-evolving complex (OEC) of photosystem-IT is a
tetrameric manganese cluster with di(p-oxo)dimanganese as its key structural feature {1].
This mixture of tetrameric manganese(IV) complexes has led to a spurt in research 1n this
field, and as a consequence different OEC model complexes were synthesized and their
properues investigated (2]. In the course of such invesugations, complexes of mangancse
in different oxidation states and also of mixed valence complexes were obtained [3].
Their spectral and magnetic propertes had been of interest for inorganic chemists. The
chapter deals with synthesis, spectral characterization and cyclic voltammetric studies of
manganese(IV) complexes of three ligands H,I.%, H,L." and H,L"

7.2 EXPERIMENTAL

7.2.1. Materials and Methods

The thiosemicarbazones H,1?, H.L' and FLL® were prepared as described in
chapter 2a. Manganesc(1l) acetate tetrahydrate (Reagent grade, E. Merck) was purtfied by
standard methods. The solvents were purified by standard procedures before use.

7.2.2. Physical Measurements

The derails of elemental, IR, and UV-Visible spectral techniques are described
m Chapter 2b.  The content of mangancse was estimated by Atomuc Absorption
Spectroscopy in a Perkin-Elmer Analyst 700 spectrometer, after decomposing the
compounds by standard methods. The details of magnetc measurements, EPR spectra,
cyclic voltammertry and conductance measurements are also described in Chapter 2b.

7.2.3. Preparation of the complexes

The gencral method of synthesis of the manganese complexes (38-40) s as
described below:

To a hot cthanolic solution {25 mlL) of the thiosemicarbazone (1.0 mmol) was
added 10 ml of ethanolic solution of manganese(Il) acetate tetrahydrate (0.5 mmol) with
sturing. The solution after refluxing for about 2 hrs, was allowed to cool, when
microcrystals of the manganese(TV) complex crystallized out. The complex was filtered
off, washed with hot cthanol, water and cther respectively and dried 7 vacre. The details
of clemental analysis, physical characteristics and the magnetic properties are listed in
Table 7.1.
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Compound 38: {C, H,MnN,O,S,] FW. 633.73: Analytical data; elemental. Found: C 57.26,
H 6.09, N 13.42, Mn 8.82; Calcd C 56.77, H 6.19, N 13.24, Mn 8.66; IR (cm) 1591,
1558, 1522, 1489, 1367, 1292, 1263, 1192,1132, 10806, 864, 808, 758, 617, 441; Electronic
(nm) (CH,CL) 236.5, 298.3, 362.5, 450sh, 509sh, 622sh, 752sh; EPR g, (solid) 2.69.

Compound 39: {C,;H, MnN,O,S, H,O} F.W. 627.63: Analytical data; FAB M"(m/z) 610
[627.63 -18.01]; elemental. Found: C 50.05, H 5.22, N 12.94, Mn 8.83; Caled C 49.76, H
5.14, N 13.39, Mn 8.75; IR (cm™) 1591, 1566, 1526, 1487, 1356, 1300, 1267, 1228, 1113,
1086, 1030, 887, 754, 613, 545, 457, 439; Electronic (nm) (in CH,CL) 240, 305, 318, 364,
443sh, 510sh, 613sh, 780sh; EPR g, (solid) 2.66, g (in DMF at 77 K) 1.998, A, 68 G
(63.44 x 10* cm™).

Compoind 40: [C,,H, MaNO,S,] F.\W. 649.69: analytical data. Elemental; Found: C 59.32,
H 4.74, N 13.05, Mn 8.47; Caled C 59.16, H 4.65, N 12.94, Mn 8.46; IR (cm'') 1591,
1558, 1522, 1479, 1361, 1307, 1273, 1240, 1124, 1024, 862, 756, 694, 565, 547, 456, 443;
Electronic (nm) (in CH,CL) 237, 305, 364, 440sh, 513sh, 605sh, 760sh; EPR g, (solid)
2.698, g, (in DMF at 77 K) 2.0021, A, 94.8 G (88.6 x 107 cm™).

180

7.3. RESULTS AND DISCUSSION

7.3.1. Preparation of the compounds

The mixing of the ligand and the meral salt results in an 1immediate deepening of
the color of the solution tnto dark brown or even black. The complexes could also be
precipitated on stirring the two solutions for about an hour. When stitring was adopted
the precipitation started immediately. Though we have attempted the preparation of the
manganese(Il) complex of all the four ligands we have obscrved the serendipitous
formation of manganese(IV) complex in all the cases except for HL,L', in which case the
decomposition of the ligand occurred upon refluxing for about an hour. The phvsical
characteristics and elemental analysis detatls are reported in Table 7.1, The clemental
analysis and the FAB mass spectra of all the prepated complexes are in agreement with
the stochiometry ML, However, for the compound 39 the clemental data are in
conformiry with a molecule of water of crystallization. The magnetic susceptibility values
are in agreement with the spin only value for d* clecuronic configuration for manganese
viz, 3.9-4.2 BM. The molar conductance values are similar to that of non-clectrolyvtes.
Our attempts to isolate compound from DMF was not successful since compound was
not stable in DMF solution. However slow diffusion technique using chloroform and
cthanol were found to give results.

7.3.2. Electronic spectra

The details of the electronic spectra recorded in dichloromethane are given in
Table 7.2. The compound is stable in dichloromethane and chloroform. The unusually
intense peaks in the visible region (loge =3) (Figure 7.3) is attributed to the “intensity
stealing” influence of the sulfur containing ligands, where by the ligands steal the
intensity of the CT bands into transitions in the visible region. The high intensity peak at
ca. 28000 ecm™ 1s due to the LWM charge transfer bands. The shoulders of unexpected
tntensity in the 22000, 19000, 16000 cm” are attributed to the phenolate — Mn(IV)
charge-transfer band (LMCT) and a thiolate—> Mn(IV) charge transfer[4a,b]. The
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shoulders seen ca. 22000, 19000, 16000 and 13000 cm’ arc respectively due to the
‘B, WALF), B, W'E(F), ‘B,,W'B,, and ‘B, W'E, transitions characteristic of a
tetragonally distorted octahedral d' 1on. The peaks due to the B, W'A,(P) and
B, W'E (P) are involved in the tail of the charge transfer band ca. 28000 cm”. The
solution in DMF also gives a similar spectrum. However, the bands in the visible region
arc found to shift to lower frequenctes and lowers in intensity when a solution in DMF is
allowed to stand for a day. This is assumed to be due to the coordination of DMF with
manganese mertal center.

7.3.3. IR spectra

The infrared spectral details are given in Table 7.3. The stretching vibration in
the region 1591 cm in all complexes indicates the formation of 2 new *°N="C bond due
to the enolisation of the ligand before complexation. The absence of bands in the higher
frequency region is another evidence to the formation of thiol during complexation. The
enol formaton 1s further supported by the increase in the Vo stretching frequency by
sa. 20cm . The shifting of the band at 1605 cm’ region in the ligand to 1558 em'' is due
to the weakening of the *C='N bond resulting from coordination of the azomethine
rutrogen with the meral jon.  The lowering in the phenolic C-O absotption by w. 100
cm” is due to the binding of the phenolic oxygen to the metal. The six coordinate,
octahedral, complex is assumed to have a distorted structure with the azomethine
nitrogens occupying the apical positions and the phenolic oxygen and thiolate sulfur
atoms occupying four corners of the distorted square. The coordination of the C-S bond
1s indicated by the lowering in the V.., stretching frequency, found in the ligand ca. 1380
em' to . 1300 cm'. This is also indicated by the lowering in the 8., by . 30 cm’.
The structure of the complex can be shown tentatively as in Figure 7.4.a and b. and as in
Figure 7.5.

7.3.4. EPR specira

The EPR spectra for manganese(IV) may be described by the spin Hamiltonian
(1) {5)

? =gfl- g+ Dig 5/ + E(gq) +q-A- 1 @

If the zero-ficld spliting constants, D and E are very small compared to gfHqg,
three EPR transitions are to be obtained (corresponding to d’ system) with g value just
below 2.0. However if D is very large, then only the wansiton between +1/2Y -1/2
will be observed.

The room temperature spectra (Figure 7.1) in the polycrystalline state are very
broad due to dipolat interactions and enhanced spin lattice relaxation [6]. But the g,
values are higher than the expected values. The higher g values can be attributed to the
promotion of the clectrons in the inner filled ligand levels to the half-filled levels
containtng the unpaired electrons {7]. In other words, there i1s a mixing in of excited
states due to spin-otbit coupling that produces a positive contribution to g

However, none of the manganesc complexes in DMF solution at room
temperature produce any spectra. This is not an abnormal observation as only a few do
give the solution spectra at room temperature. This is attributed to the zero-field effect
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Chapter 7 91

and is controlled by the zero-field splitting parameters D and E [8]. In distorted
manganese(IV) complexes, 1.e., the one lacking cubic symmetry, the zero-field sphitting
may be quite significant. Its magnitude depends on the relative orientation of the
molecular axis and the magnetic field direction, molecular tumbling will modulate this

interaction and the line broadening will be so large as to cause the EPR signal often go
undetected [9].

The frozen DMF solution spectrum (77 K) of the compound 38 was found to
be EPR silent, which can be due to the broadening resulting from large spin-orbit
coupling [10]. The DMF solution of the compound 39 (Figure 7.2) at 77 K gives six
line EPR signal of 340 G wide with a hyperfine coupling constant of Ap = 68 G. The
g value of 1.998 is consistent with the typical manganese ion in the higher oxidation
states reported [11]. This hyperfine splitting is due to electron spin-nuclear spin
interaction (*>Mn, I = 5/2). The six lines corresponds to M; = +5/2, +3/2, +1/2, ..,-5/2
AM=0 for all transitions. However, for compound 40 the frozen solution gives a
typical EPR spectrum of an Mn(ll) system. The hyperfine coupling constant is about
95 G and the g value is close to the spin only value of 2.002. The A, values are
consistent with the octahedral coordination [12]. In addition to this a pair of low
intensity forbidden lines lying between each of the main hyperfine lines is observed.
This corresponds to AM; = 11, due to the mixing of nuclear hyperfine levels by the
zero-field splitting factor of the Hamiltonian [13]. The Ay values are somewhat lower
than that of pure ionic compounds, and reflect the covalent nature of the metal ligand
bonds.

7.3.5. Cyclic Voltammetry

Cyclic voltammograms recorded in DMF (107 M) are not very informative
(Figure 7.6). However, a scan at 20 mV/s scan rate for the compound 39 gives an
irreversible reduction peak corresponding to Ma'"""" couple at about —0.15 V. The
couple due to Mn"""' reduction ca. ~0.95 V is rather obscured by the ligand reduction
couple. The irreversible peak is more pronounced at higher scan rates (200 mV/s). The
oxidation peaks are obscurely seen at ca. +0.39 V and at higher potentials, viz., +0.49 V,
+0.65V, +0.95 V.

Perspective 1 Perspective 2

Figure.7.4.: Approximate structure of compound 38
[Atoms: Black —carbon, Blue- oxygen, Yellow-sulfur, Red- manganese and Green-
nitrogen)
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Figure 7.5.: The suggested distorted octahedral structure of compound 39
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(2) Mn(L2).

(b) Ma(L9),

.___F___’A:DC‘ T ai:a. Suerkes

Figure 7.1: EPR spectra of manganese compleses in polycrystalline state 2t 298 K.
a) compound 39, b) compound 38, c) compound 40.
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(2) Mn(L3),

55006

100G

(b) Mn(L¢$),

- 3200G

Figure 7.2: EPR spectra of manganese complexes in DMF at 77K. a) compound 39, b)
compound 40
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SUMMARY AND CONCLUSION

The thesis deals with synthesis, structural characterization, electrochemical and
biological studies of metal complexes of four, ‘N substituted thiosemicarbazones of 2-
hydroxyacetophenone. The entire thesis is divided into eight chapters.

Chapter 1 embodies a brief inuoduction tnto the field of thiosemicarbazones, its
significance and an extensive literature survey. It also contains a brief outline of various
mstrumental techniques adopted 1n the characterization process in the field of inorganic

chemusuy. It defines the objectives, and provides an outline of the scope of the present
work.

Chapter 2 1s divided into two portions #z., chapter 2a and chapter 2b. Chapter 22
deals with synthesis and spectral characterization of four thiosemicarbazone ligands used
for complexation, using IR, UV-Visible, 'H and PC-NMR spectroscopy.

Chapter 2b deals with the synthesis of eight heterocyclic base adducts of
copper(II) complexes of the four thiosemicarbazone higands, structural charactenizaton
using, elemental, IR, UV-Visible, EPR spectroscopy and X-ray diffraction techniques.
The bases used were bipyridine and phenanthroline. The EPR spectra at room
temperature in the polycrystalline state, at room temperature 1 solution, and at 77K in
solution were recorded. The information obrained was used for calculating the bonding
parameters of the compounds. EPR simulations were cartied out to obtain accurate
magnetic parameters. The compounds are found to possess axial symmetry in the solid
state and retain the symmetry in the solution state. Single crystal N-ray diffracton studies
were cagried out 1o establish the exact suucture of the compounds as a distorted square
pyramid. Cyvchic voltammetric measurements were done to study the redox behavior of
the compieses 1 solution.  The copper ' reductions and copper””" oxidations were
found to be masked by the redox properues of the hgands. 'The biological acuvity of the
complexcs were tested agamst commonly found fungal and bactertal strains viz, . Cof.
Seaphyloco.cus Lurens. AAsp. Flavus and Candida -1lbwcans.  All complexes showed mcreased
acnvity against bactenal cultures and moderate acovity against the tested fungal cultures.
The complexes of ligands H,L' and H.L" are morce active. The phenanrhroline basc

adducts of the copper(ll) complexes are found to be more active than their bipvridyl
counter parts.

Chapter 3 deals with the synthesis of eight ternary complexes  of
oxovanadium(IV). In addition to the four thiosemicarbazone ligands heterocyclic bases
such as bipyridine and phenanthroline were used as auxshary ligands for complexation.
‘The prepared complexes were analvzed by UV-Visible, IR, and EPR spectroscopic
techmques.  The clectronic and EPR spectroscopy were used to obtain magnetic and
spectral parameters of the complexes. EPR simulations were used to get the best-fit data
from the ZPR spectral measurements. The data obrained were used to calculate various
bonding parameters. The structural alternations and formation of new species in
solunon were monuored using clectronic and EPR spectroscopy. The geometry of the

compound was atnved at with the help of the above techniques, as a distorred
octahedral.
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Chapter 4 contains details regarding synthesis of eight novel base adducts of
zinc(Il) and thiosemicarbazone ligands. It describes the 'H NMR spectroscopy used for
establishing the structure of the complexes. The zinc complexes were suggested to have
trigonal bipyramidal geometry. Biological activity studies of the complexes were also
discussed 1n this chapter.

Chapter 5 discusses the synthesis of eight quaternary complexes of cobalt(1Il)
and their spectral characterizations. The thiosemicarbazones, heterocyclic bases »ig.,
phenanthroline/bipyridine and azide 1on acts as lhigands. The magnetc data are in
conformity with cobalt in the +3 oxidation state. The compounds are diamagnetic. The
IR, electronic and 'H-NMR spectra suggests a distorted octahedral geometry for the
cobalt(IIT) complexes.

Chapter 6 deals with the five dioxouranium(VI) complexes. The elemental, 1R,
electronic and 'H-NMR spectra of the compounds suggests an oxo-bridged dimer for the
complex [UO,L’], formed by H,L%. The electronic spectra are characteristic of the
dioxouranium(VI) species.  The NMR spectra of the other dioxouranium(VI)
compounds ndicate fluxional behaviour for the coordinated heterocychc moiety. The
geometry of the compounds was suggested to be a five-coordinated uranium atom with
the dioxo group lving along axis. The ligands are suggested to be misaligned from the
equatonal plane.

Chapter 7 discuses the synthesis and spectral characterizations of three
manganesc(I\") complexes. Magnetic, electronic, IR and EPR measurements suggest the
metal in the +4 oxidaton state. The compound is suggested to have a distorted
octahedral geomerry.
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