CHAPTER 1 - INTRODUCTION
1.1

Introduction of Coordination chemistry
Coordination chemistry is the branch of chemistry that deals with the

construction of metal complexes. Metal complex consists of a metal ion, often
referred to as the central atom (or ion) which binds with a number of ions or
molecules called ligands. The story of coordination chemistry is not young and it has
been known for more than three centuries but their structures were initially not
understood. Prussian blue has been used as a pigment since its accidental discovery by
Diesbach in 1704. In 1869, Christian Wilhelm Blomstrand developed the complex ion
chain theory of Cobalt(III)hexamine complex and Jorgensen claimed that two possible
outcomes: the ions would bind via the ammonia chains or the ions would bind directly
to the metal. The modern theory of coordination chemistry was proposed by Alfred
Werner. He explained the spatial arrangements of ligands during the formation of the
metal complex and distinguished the primary valency and secondary valency in metal
complexes [1].
Structure of transition metal complexes is explained by theories like Valence bond
theory (VBT), Crystal field theory (CFT) or Ligand field theory (LFT), Molecular
orbital theory (MOT), etc. Valence bond theory enumerates the formulation of
complexes by the reaction between Lewis acid and Lewis base with the formation of
coordinate covalent bond. But, it is unable to explain the interpretation about the
spectral and magnetic behavior. So, the crystal field theory is proposed. It assumes
that an interaction between metal and ligands is purely ionic. The d-orbital of the
central metal ion/atom is degenerate and this degeneracy is destroyed when the
ligands are approaching the metal ion. The greater achievement of crystal field theory
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is an interpretation of spectra and magnetic behavior exhibited by the complexes. But,
the drawback of CFT is ionic bonding feature of ligands. When CFT is modified
which allows the effects of covalent character in the bonds, it becomes more useful
and it known as Ligand Field Theory. Molecular orbital theory can explain more
number of complexes and the interactions between metal and ligands are covalent. It
is more complicated but provides more information.
Magnetic properties of the complexes were explained by electronic configuration
of metal ions. If mono-metallic complex have unpaired electrons then the complexes
are paramagnetic while the complexes does not have unpaired electron then they are
diamagnetic. The unpaired electrons in complexes are arising due to odd number of
electrons in metal ion. In bi-metallic complexes, the individual centres have unpaired
electrons (high-spin), the electrons may couple (antiferromagnetic) which results in
the formation of diamagnetic complex. If there is no interaction then individual metal
centers are behave as two separate molecules (ferromagnetic). Due to magnetic
properties, Metal chelates are involved in ligand exchange, electron transfers and
associative reactions. Hence, they are used as catalyst as well as sensor when the
ligands are carefully chosen [2].
1.2

Bio-inorganic chemistry
The functions of metal ion in biological systems are more complex and quite

interesting in metabolic activities. Developments in biochemistry create interest to
inorganic chemists and try to replace some biological enzymes by metallic chelates
which are separately studied by

One of the principal

themes of bioinorganic chemistry is the synthesis of metal complexes that have the
ability to mimic the functional properties of natural metalloproteins [3]. Many
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enzymes are metal complexes, like carboxypeptidase, carbonic unhydrase, vitamin
B12, hemoglobin, cytochromes and chlorophyll (which are dark red or cherry colored,
blood red and green in color respectively), etc [4].
1.3

Choice of Ligands
Studies in coordination compounds were initiated with inorganic ligands

followed by organic ligands which lead to many interesting features in coordination
chemistry. Heterocyclic compounds containing certain functional groups (like amine,
thiol, alcoholic, phenolic and carboxylic group) act as superior donors and readily
form complexes with metal ion. Among the various ligands, Schiff bases have much
interest due to their

-orbitals, multidonor sites, etc. Due to our interest on

the chemistry of Schiff base complexes, a brief review about the Schiff base
complexes is discussed below:
Schiff base is the condensation product of carbonyl compound and primary
amine (Hugo Schiff - 1864). Formation of Schiff base can be represented as follows
(Scheme 1.1):
RCHO + R'NH2

R' + H2O

Scheme 1.1 Formation of Schiff base
Where R and R' represents alkyl, cyclo alkyl, aryl, or heterocyclic groups. Schiff
bases are con

because of their capability to stabilize

various oxidation states of metal selectivity, sensitivity and flexibility [5-11]. In
addition to azomethine nitrogen atom, other donor atoms (O and S) may also present
in Schiff base are coordinated to transition metal ions and form stable metal
complexes [12]. Schiff base ligands are also notable in catalysis, optical and
bioinorganic chemistry points of view [13]. Schiff bases of aliphatic aldehydes are
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unstable [14, 15] while aromatic aldehydes are more stable due to extensive
conjugation. In general, the reaction centre of aldehyde is sterically less hindered than
ketone. Hence, the former reacts faster than ketones in the formation of Schiff bases.
In addition, ketone has extra carbon which increases the electron density of
azomethine carbon atom and makes it less electrophilic than aldehyde.
Amino acids have amino and carboxylic acid group as well as a side chain.
The later is used to differentiate among the amino acids. In biochemistry, amino acids
are called as -amino acids and have the general formula H2NCHRCOOH. Where, R
is an organic substituent. The uncharged amino group of amino acid at physiological
pH values undergoes Schiff base formation. The potential donor (-COOH), group of
amino acid readily forms metal chelates which are the scale of thermodynamic and
kinetic stability.
Schiff base complexes are great biological importance in the field of model
compounds derivatives which represent one of the major classes of biological active
agents which have been deeply studied during search on new potential agent [16]. It
also have received much attention due to their antimicrobial [17], anti-tuberculosis
[18], anti-tumour [19], anticonvulsant [20], anti-inflammatory [21], anti-HIV [22],
antihelminthic [23], cardiovascular [24] activities and anti-carcinogenic properties
[25].
Metal chelates have high biological activities than free organic compounds. It
can be dictated by the hard-soft theory of acids and bases. This theory explains how
metal complexes are enhanced activity than the free ligands [26].
The compounds possessing pyrazolone ring showed significant antimicrobial
activities, the molecular manipulation of a promising lead compound is still a major
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line of approach for the discovery of new drugs. Hence, the synthesis was initiated by
the condensation of aromatic aldehyde with pyrazolone compounds containing
primary amine. Among the pyrazolone derivatives, 4-aminoantipyrine is well known
compound as anti-inflammatory, analgesic, antipyretic and analytical reagent [27, 28].
Aldehydes/ketones readily forms Schiff bases with 4-aminoantipyrine. These
aldehydes having additional functional group like

OH, -COOH, -SH, -NH2, etc

which enhances donor sites of 4-aminoantipyrine. Because of such different
coordination possibilities with transition metal ion and consequently their flexible
complexation behavior, it is possible to build up a variety of ligand systems by
choosing 4-aminoantipyrine as a basic and fundamental moiety. Due to the presence
of two active reactive groups such as amine and carbonyl group present in the
4-aminoantipyrine, it has been used to form a variety of Schiff base derivatives.
Literature search reveals that few work has been done on the condensation of cyclic
carbonyl group present in the pyrazolone ring in 4-aminoantipyrine with primary
amine containing compounds.
Recently, studies on the interaction of DNA with metal complexes are
important in designing of new pharmaceutical drugs. Metal complexes interact with
DNA via covalent and non-covalent interaction which induces breakage of DNA
strands. The breakage of DNA strands by metal chelates is the key for generation of
newer drugs which may cure some dangerous diseases like cancer, HIV/AIDS,
malaria fever, etc. So it is the much more thrust area for young researchers [29-36].
1.4

Biological importance of Transition metal ions
Transition metals exist in biological systems are able to undergo ligand

exchange with the component of biological system. Metalloproteins exist in biological
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systems like hemoglobin, myoglobin, blue copper proteins, carboxy peptidase,
carbonic unhydrase, etc., mainly consists of first row transition metals as active sites.
Hence, hereunder we describe the importance of transition metals used in this thesis.
1.4.1

Copper
2.1 to 1.4 mg/kg of copper are present in mammals. In human, copper is found

mainly in the liver, muscle and bone. It is also present in cytochrome c oxidase and
involved in respiratory process. It is a main constituent of the blood pigment like
hemocyanin. Copper also exists in mitochondria, superoxide dismutases, etc. They are
involved in oxygen carrier, electron transfer process, oxidation, reduction and
hydrolysis reaction. Copper complexes exists in various oxidation states, amongst
Cu(II) forms stable complexes with nitrogen/oxygen donor ligands and may involved
better electrochemical redox reactions as well as DNA interactions. In addition,
copper complexes have somewhat powerful antimicrobial activity. Ceruloplasmin in
milk acts as a copper source which undergoes enterohepatic circulation. Copper also
involved in body metabolic activities and its deficiency causes genetic abnormalities,
nutrient-nutrient interactions and nutrient-drug interactions affects the vascular and
immune system [37].
1.4.2

Cobalt
Cobalt complexes are used as synthetic oxygen carrier. It is a micronutrient for

bacteria, algae and fungi. Cobalt is essential to the metabolism of all animals and a
key constituent of cobalamin (vitamin B12). Reticulo-rumen bacteria that live in the
guts of ruminant animals and converts cobalt salt into vitamin B12.
A modified corrin ring system is present in Coenzyme B12 and has two types
of alkyl ligand: methyl and adenosyl. MeB12 promotes methyl (-CH3) group transfers.
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The adenosyl derivatives of vitamin B12 act as catalyst in electron transfer reaction
between two adjacent atoms. Cobalt proteins (methionine aminopeptidase-2), acts as
enzyme that occurs in humans and other mammal. It is also involved in the extraction
of energy from proteins and fats [38-40].
The cobalt deficiency causes neurological and muscular lesions which leads to
hepatic damage of metabolic consequences.
1.4.3

Nickel
Nickel is an essential nutrient for microbes and plants. It plays an important

role in the biology of plants, eubacteria, archaebacteria and fungi. Nickel containing
urease enzyme acts as catalyst in the hydrolysis of urea to form ammonia and
carbamate in microbes. It is also involved in photosynthetic nitrogen fixation process.
The [NiFe]-hydrogenases can catalyze the oxidation of H2 to form protons and
the reduction of protons to form hydrogen gas. Nickel-tetrapyrrole coenzyme and
methyl coenzyme M reductase in methanogenic bacteria catalyze the formation of
methane or the reverse reaction. Carbon monoxide dehydrogenase enzymes consist of
a Fe-Ni-S cluster. Other nickel-bearing enzymes are superoxide dismutase and
glyoxalase I enzymes. They are present in higher organisms including yeast and
mammals.
Excess of nickel in human body causes cancer in respiratory tracks [41, 42].
Deficiencies of nickel leads to damage of liver, skin rashes and kidney related
problems. It also causes paralysis along the side inflammation of the liver and lungs.
1.4.4

Manganese
It is a required in trace amount for all known living organisms. Human body

contains about 12 mg/kg of manganese. It is mainly concentrated in soft tissues like
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liver and kidneys. In human brain, manganese is found as manganese metalloproteins.
Manganese is essential for photosynthesis of plants in oxygen-evolving system. In
photosystem-II, the oxygen-evolving complex (OEC) present in the thylakoid
membranes and chloroplasts which is responsible for the terminal photo oxidation of
water during the light reactions of photosynthesis and four atoms of manganese are
involved in this reaction.
Manganese is also important for detoxification of superoxide free radicals in
organisms. The arginase polypeptide chain superoxide dismutase (Mn-SOD) in
eukaryotic mitochondria also contain manganese ion. The Mn-SOD enzyme deals
with the toxic effect of superoxide (O2-). Lactobacillus plantarum bacteria and related
lactobacilli, Manganese (Mn2+) ions are complexed with polyphosphate [43-47].
Manganese deficiency causes neurotoxin effects in human beings. It leads to
neurological damage. Mn is frequently over exposure which creates progressive,
permanent, neurodegenerative damage, resulting in syndromes similar to idiopathic
Parkinson's disease.
1.4.5

Vanadium
Vanadium is very important nutrient for human being. It controls the

secrecation of insulin and maintains the sugar level in blood. 30-150 mg of vanadium
is enough to improve the glycemic control in people. It is also involved in body
metabolism and increases the strength of bones and teeth. Vanadium is also very
important to tunicates and ascidians. It is stored in certain blood cell called
vanadocytes. Vanadium binding proteins are vanabins, vanadium bromoperoxidase
enzyme and amavadin.
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Deficiencies of vanadium lead to decrease the probability of pregnancy of
women. It also decreases the formation of blood red cells that leads to anaemia,
fragile teeth, bones and poor cartilage formation [48-52].
The excess of vanadium leads to vomiting, nausea, stomach pain, diarrhea,
nose bleeding, internal bleeding, anaemia, hyperglycemia, kidney and liver related
problems, etc.
1.4.6

Zinc
Zinc is an essential for all living beings. It is found in almost 100 specific

enzymes. It is the second most abundant transition metal present in organisms. In
proteins, zinc ions act as active site where amino acids such as aspartic
acid/cysteine/glutamic acid and histidine side chain are coordinated with metal.
In humans, zinc interacts with organic molecules and involved in the
metabolism of RNA and DNA, signal transduction and gene expression. In the brain,
zinc is stored in specific synaptic vesicles by glutamatergic neurons and can modulate
neuronal excitability. It plays a key role in synaptic plasticity. However, it has been
called "the brain's dark horse" because it plays a critical role in the functional
regulation of the central nervous system. Dysregulation of zinc homeostasis in the
central nervous system that results in excessive synaptic zinc concentrations is
believed to induce neurotoxicity through mitochondrial oxidative stress.
Zinc present in various enzymes allows proteins to undergo conformation
changes and to perform biological reactions. Examples: Carbonic anhydrase and
carboxypeptidase which are involved in the processes of carbon dioxide (CO2)
regulation and digestion of proteins respectively. Zinc fingers help to read the
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sequences of DNA. In vertebrate blood, carbonic anhydrase converts CO2 into
bicarbonate and back into CO2 for exhalation through the lungs [53].
The zinc deficiency symptoms include: Poor neurological function, weak immunity,
Diarrhea, Allergies, etc. Zinc deficiency leads to hypothyroidism which causes
thinning of hair, skin disorders, allergies, auto-immune disease and other thyroid
problems.
General roles of metal ions in biological processes and their toxicity are summarised
in Table 1.1.
Table 1.1 Function and toxicity of the elements in biological systems.
Element

Biological function

Toxicity

Copper

Essential to all organisms; constituents of Very toxic to most plants;
redox enzymes and oxygen transport highly toxic to invertebrates,
pigments.
moderately so to mammals.

Nickel

Essential trace element. Chicks and rats Very toxic to most plants;
raised on deficient diet show impaired moderately so to mammals.
liver function and morphology.

Cobalt

Essential for many organisms including Very toxic to most plants and
mammals; activates a number of moderately
so
injected
enzymes
intravenously in mammals

Manganese

Essential for all organisms; activates a Moderately toxic
number of enzymes; deficiencies in soils
lead to infertility in mammals, bone
malformation in growing chicks.

Zinc

Essential for all organisms; used in Moderately to slightly toxic.
enzymes.

Vanadium

Essential to chicks and rats. Deficiencies Highly toxic to mammals if
cause
reduced
growth,
impaired injected intravenously.
reproduction and survival of young,
impaired tooth and bone metabolism.
Thought
to
inhibit
cholesterol
biosynthesis in mammals; has a
beneficial effect against tooth decay.
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1.5

Antimicrobial activity of metal complexes
Complexes of transition metal ions with various ligands exhibit antimicrobial

activity against a spectrum of microbes and possess toxicity against a number of cell
lines of human and rodents in cell culture. A variety of compounds are reported as
strong antibacterial, fungicidal, herbicidal and insecticidal reagents.
Schiff base transition metal complexes are one of such reagent and control a
number of infectious diseases. Thus, a number of antibacterial agents are extensively
used in everyday life for the preclusion of public health issues caused by the ubiquity
of micro-organisms and their ability. Though an antibacterial agents are mostly used
in the fresh packaging materials for health care and food applications, the most vital
parameters to be taken care of high efficiency in controlling bacteria and low toxicity
to human beings. The increasing use of inorganic antibacterial agents is great interest
since of their effectiveness towards highest safety and stability when compared with
organic antibacterial agents. Schiff base metal complexes can develop the
antimicrobial [54] efficacy and preventing microbial growth. In this study is an
investigation of the antibacterial activity of Schiff base metal complexes are against
pathogenic bacterial and fungal species.
A search through the literature reported that the activity of biometals is often
altered through the formation of complexes with biologically important compounds
[88-108]. Metal chelates play an important role in biological systems in which
enzymes are known to be activated by metal ions. The metal ion present in enzyme
acts as a cofactor for enzyme activity. Metals have been used to do two functions; one
is to provide proper stereochemical orientation and another one is to bring the reacting
molecules closer to the active sites of the enzyme so that the reaction may occur.
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The activity of the metal chelates depends upon the steric, electronic and
pharmokinetic factors. The mechanism of organic compound action depends upon the
interactive forces that bind the compound with organisms. These forces may vary
from the rigid covalent bonding to the weak Vander walls forces. There are several
possible mechanisms, the most well known are the interaction, the electrostatic
binding and groove binding mechanisms. According to chelate hypothesis, the
compound-organism interaction visualised in the equilibria is given below:
L

+

Organic compound
[ML]

M

[ML]

Specific metal ion
+

(Transforted to organism R)

R

RML

Metal-bridged organic compound-organism (mixed ligand chelate)
The pure organic compound (L) reacts with the specific metal ion (M) to form
chelate (ML) which binds with the organism forming the hypothetical metal-bridged
organic compound-organism complex (RML). The chelating properties of organic
compound are used to transport across membranes or to attach the organic compound
to a specific site as they can hinder the growth of bacteria.
The heterocyclic compounds exhibit antibacterial activities due to the presence
of multifunctional groups. Most of them have N, O and S containing groups which
form strain-free five or six-membered ring and give 1:1 or 1:2 (metal-organic
compound) chelate with the biologically important metal ions such as copper(II),
cobalt(II), zinc(II), manganese(II), magnesium(II)/iron(II) and vanadium(II). They are
mostly in octahedral or square planar geometry.
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When such hetereocyclic ligands are complexed with the metal ions, the
resulting complexes show enhanced activity. Chelation with metal ions gives some
important properties to the organic compounds that also play important role in their
biological activity such as low dissociation constant, special redox potential, electron
distribution, etc. These properties play markedly effect on the solubilities of the
complex in the lipid and their pharmacological transport mechanism.

surrounds the cell favours the passage of only lipid soluble materials due to which
liposolubility has been considered as one of the important factors which controls the
antimicrobial activity. Complexation of antimicrobial active organic part with metal
ion reduces the polarity of metal ion considerably because of partial sharing of its
positive charge with donors groups and delocalisation of -electrons over the whole
chelate ring resulting in high lipid solubility. The increasing lipid solubility character
of the metal chelate favours its permeation through lipid layer of the microorganism
which probably leads to break-down of permeability barrier of cell process.
Variety of substituents introduced on the organic part by using heterocycles
and with ether -O- atom, etc., increase antimicrobial activity because this increases
the basic strength and furnishes delocalisation of -electrons over the whole chelate
rings. Such molecules possess higher activity in consistent with the greater stability of
the chelates. The influence of the presence of -C=C- bond in amide, acid or phenolic
hydroxyl groups in adjacent positions on the modes of metal ion coordination of the
ligand show increased activity due to the formation of stable chelate rings.
The above literature clearly indicates that the importance of biological
screening studies using metal ion, heterocyclic compounds etc. depend greatly upon

13

the nature of the microorganisms. The nature of the microorganisms and the diseases
caused by them are briefly reviewed below:
Escherichia coli: It is Gram-negative anaerobic bacteria. E-coli are rod-shaped and
2.0

long and 0.25-1.0

n diameter. During staining process, it takes up the

color of counter stain safranin and tarnishes pink. E. coli constitutes nearly 0.1% of
gut flora and fecal-oral transmission. E. coli causes urinary tract infections, neonatal
meningitis and gastroenteritis. It is also responsible for peritonitis, hemolytic-uremic
syndrome, mastitis, pneumonia and septicemia.
Proteus vulgaris: It is Gram-negative and heterotroph bacteria. It is rod-shape with
0.4 - 0.6 to 1.2 -

P.vulgaris possesses peritrichous flagella. It inhabits the

soil, polluted water, raw meat and gastrointestinal tracts of cattles. It is isolated from
urine samples using phenol red indicator, ammonia produced by P. vulgaris raise the
pH and changes yellow to red colour. In humans, Proteus species most frequently
cause urinary tract infections and severe abscesses. P. vulgaris is associated with
nosocomial infection.
Klebsiella pneumoniae: It is Gram-negative, encapsulated, non-motile, facultative,
anaerobic, lactose fermenting, white translucent colour and rod shaped bacteria. It
enters into the respiratory tract which causes pneumonia, leading to blood stream
infection and liver abscess (end-organ damages). It also causes lungs abscesses
(respiratory system damages). Klebsiella pneumoniae bacteria spread through person
to person contact or by contamination of the environment. K. pneumoniae can
produce extensive hemorrhagic necrotizing consolidation of the lung. It occasionally
produces urinary tract infection in debilitated patients.
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Streptococcus aureus: It is a facultative anaerobic Gram-positive and coccal
bacterium. It is also known as golden staph. It appears as grape-like clusters, large
golden-yellow colonies, round and hemolytic when grown on blood agar plate.
S. aureus causes a wide range of mild illnesses like skin infections such as pimples,
impetigo, boils (furuncles), cellulities folliculate, carbuncles, scalded skin syndrome
and abscesses. It also causes life-threatening diseases such as pneumonia, meningitis,
osteomylitis, endocarditis, toxic shock syndrome, bacterimia and sepsis.
Pseudomonas aeruginosa: It is Gram-negative and rod-shaped bacteria. It has bluish
green color of culture. The genome of P. aeruginosa is relatively large (5.5-6.8 Mb)
and encodes between 5,500 and 6,000 open reading frames. It affects plants and
animals. It is a multidrug resistant pathogen and its association with serious illnesses
hospital-acquired infections are found in the lungs of people with cystic fibrosis and
primary ciliary dyskinesia and can prove fatal. It induces an immunologic
response in immuno competent patients.
Salmonella typhi: It is a rod-shaped, bluish green with black center gram negative
bacteria. It is about 0.7-1.5 by 2.0-5.0

in size. It has a complex regulatory system

and survives in the intestinal organs of its hosts. Salmonella has adapted to grow
under both an aerobic and anaerobic conditions. It contains two types which are
typhoid and paratyphoid. It is growing readily on simple media over a range of pH 6-8

septcemia.
Bacillus subtilis: Gram-positive, dull white colour and catalase-positive bacteria. It is
found in soil and the gastrointestinal tract of ruminants and humans. It grows on both
aerobic and anaerobic condition. B. subtilis is rod-shaped bacteria. It can form a
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tough, protective endospore allowing it to tolerate extreme environmental conditions
and survive long period of time. It is found in soil, gastrotestinal tract of ruminants
and humans. It contaminates food which results in food poisoning.
Candida albicans: It is a type of pathogenic fungi. It is a common member of the
human gut flora. It is detected in the gastrointestinal tract and mouth in 40-60% of
healthy adults. C. albicans is easily cultured in the lab and can be studied both invivo as in-vitro condition. It causes candidemia. This disease is prevented by
maintaining a good oral hygiene, keeping a healthy lifestyle, careful/safe antibiotic
use and treatment of infected area.
Aspergillus flavus: It is a saprotrophic and pathogenic fungi with cosmopolitan
distribution. It is present in cereal grains, legumes and tree nuts. It is a rough surface
and colourless bacteria. It causes pre-harvest and post-harvest infections
like aspergillosis in immuno compromised individuals. In grains and legumes, post
harvest disease results in the production of mycotoxins. The largest economic lost
caused by this pathogen is due to production of aflatoxin.
Aspergillus niger: It is a fungus. It causes disease called black mould on certain
vegetables, fruits, onions, peanuts, apricots, grapes, etc. It is common contaminants of
food. It is also present in both indoor and outdoor environments. It is utilizing
minerals such as silver, gold, iron, copper and zinc, etc from soil. It produces
mycotoxin and isoflavone orobol. These two chemicals are responsible for disease
caused by this organism.
Rhizopus stolonifer: It is a thread-like mucoralean mould and a heterotrophic fungus.
It is mainly present on bread surfaces. It takes food and nutrients from the bread and
damage bread surface. It is dependent on carbohydrate. It is generally used the foods
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like breads and soft fruits (like strawberries or grapes) for their growth and
reproduction. It is involved in carbon cycle and acts as decomposer in soil, dung and
many foods. They grow inside food, take the nutrients and dissolve the substrate with
extracellular enzymes. R. stolonifer is an agent of plant disease and decompose the
organic matter. In this process, the black bread mould causes rotting of fruits and
affects the humans [55-58].
1.6

Structure, function and binding m o d e o f nucleic
In 1869, Friedrich Miescher isolates deoxyribonucleic Acid (DNA). Avery

and his co-workers published the historical report that the genetic informations
were carried only by DNA [59]. Later, Chargaff developed the complementary
base pair rule [60] and the double helix structure of DNA was determined by
James Watson, Francis Crick, Rosalind Franklin and Maurice Wilkins [61]. DNA
contains a long chain of paired molecules which are called as nucleotides . Each
nucleotide contains a phosphate base, pentose sugar and nitrogenous base [62-76].
To understand the drug-nucleic acid interactions, we must have the knowledge
on kinetics, mechanism and energy involved in the interactions [77]. Hence,
understanding the mechanisms of drug interaction nucleic acids and their correlation
with biological effects has been the object of great attention. Outcome of these
researches are designing of structure-based drugs and its subsequent production [78].
Drug-nucleic acid interactions induce changes in the nucleic acid structure
which results in conformational alterations as well as loss, addition or substitution of
the bases and modifying the DNA sequence leads to affecting the genetic message.
These changes inhibit the synthesis of proteins (inhibition of the gene expression),
modified the structure and enzymes activity through mutation of DNA [79-83].
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The covalent binding of metal complexes with DNA is kinetically controlled
one. As DNA is a polyanion, the pre-association step is particularly significant if the
metal complex is cationic in nature. The covalent binding in DNA is irreversible and
invariably leads to complete inhibition of DNA processes and subsequent cell death or
gives way to adduct species that prevents cell replication which also results in
cytotoxicity. Cis-platin is a famous covalent binder used as an anticancer drug and
makes an intra/interstrand cross-link via the chloro groups with nitrogens on the DNA
bases.
Groove binding and intercalation are the main modes of non-covalent
interaction. These reversible interactions are the main mechanism followed by
anticancer and antiviral pharmaceutical drugs [84, 85]. For this reason, it is important
to study whether their effect is external or internal. Many researches insist that the
function as intercalators or groove binders under the pH, temperature and ionic
strength solvent conditions [86, 87].
Recently, studies on the interaction of DNA with metal complexes are
important in designing of new pharmaceutical drugs. Metal complexes interact with
DNA via covalent and non-covalent interaction which induces breakage of DNA
strands.

1.7

Literature Review of pyrazolone derivatives
A search through the literature reveals that the considerable number of

pyrazolone derivatives is already used as drugs for some diseases and its applications
are extended to many other medicinal problems. Hence, it is essential to discuss the
survey of pyrazolone derivatives which are furnished below:
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Transition metal complexes of pyrozolone derivatives is reported which are
great interest due to their excellent biological activity. Among various pyrozolone
compounds, 4-aminoantipyrine readily forms a variety of Schiff bases with
aldehydes/ketones and are reported to be very good reagents in biological,
pharmacological, clinical and analytical applications. The biological activities of such
Schiff bases are further improved by complexation with transition metal ions.
4-aminoantipyrine has an added advantage that it has two potential donor sites and is
likely to form three types of compounds with metal ions i) Chelates utilizing both
donor atoms, ii) using only the amino nitrogen atom and iii) using only from the
carbonyl oxygen atom.
Because of such different coordination possibilities with transition metal ion
and consequently their flexible complexion behavior, it is possible to build up a
variety of ligand systems by choosing 4-aminoantipyrine as a basic and fundamental
moiety.
In 1996, Agarwal et al. have synthesized some new Schiff bases by
condensing with 4[N-(benzalidene) amino]-antipyrine and semicarbazide. The
semicarbazide forms azomethine group with the cyclic carbonyl group present in the
4-aminoantipyrine. Due to the presence of two active reactive groups such as amine
and carbonyl group present in the 4-aminoantiprine, it has been used to form a variety
of Schiff base derivatives. Literature search reveals that few work has been done on
the condensation of cyclic carbonyl group present in the pyrazolone ring in
4-aminoantipyrine with primary amine containing compounds. Such primary amines
contain additional functional groups such as -OH, -SH, -COOH etc., which create one
more donor site in 4-aminoantipyrine derivatives. Due to the presence of
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thiol/hydroxyl groups, such Schiff bases have been considered as very good potential
donor ligands towards transition metal ions.
Aminothiazoles as well as histidine have the ability to act as primary amine
and condensing it with 4-aminoantipyrine derivative and enhance the three donor sites
to four donor sites.
Till now,

-diketonato complexes continue to attract considerable attention

from both theoretical standpoints concerning the mode of bonding and their general
reactivity as coordinated ligands. The coordinating ability of
well established. A large number of
organic chemists.

-diketones has been

-diketones are also prepared continually by

-diketone exists in keto-enol equilibrium as revealed by

thermodynamic and spectroscopic examination. The hydrogen atom of -CH2- group is
activated by the adjacent C=O groups and a conjugate system arised by a prototropic
shift. Due to the importance of the chelating behaviour of -diketones, Schiff bases of
4-aminoantipyrine with

-diketones are used as the precursor to investigate large

number of organic compounds. Knoevenagel condensation of

-diketones and

aldehydes which can act as dicarbonyls and they have fruitful sources of macrocyclic
polyaza ligand systems. Among the various

-diketones, curcumin is a versatile

compound because of their traditional importance in biological, pharmacological and
clinical applications. Recently, studies on the interaction of DNA with metal
complexes are important in designing of new pharmaceutical drugs. Metal complexes
interact with DNA via covalent and non-covalent interaction which induces breakage
of DNA strands.
Literature search reveals that no work has been done on the condensation of
cyclic carbonyl group present in the pyrozolone ring in 4-aminoantipyrine with
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2-aminothiazole/histidine/2,6-diaminopyridine [88-108]. Hence, we are interested in
examining the synthesis, structural characterization and biological activities of
Schiff
(i)

bases

and

their

transition

Salicylidene-4-iminoantipyrine

and

metal

complexes

2-aminothiazole,

(ii)

derived from
Benzalidene-4-

iminoantipyrine and 2-aminothiazole, (iii) Benzylidene-curcuminyl-4-iminoantipyrine
and

2,6-diaminopyridine,

(iv)

Salicylidene-4-imino-2,3-dimethyl-1-phenyl-3-

pyrazolin-5-one and Histidine, (v) Benzil, p-nitroaniline and 2, 2 -bipyridyl. In
addition, we report DNA interactions of copper complexes using electronic absorption
spectroscopy and cyclic voltammetry.
The above reviews clearly make out the significance of the coordination
chemistry of transition metal complexes. Here, we list out some major objectives of
our work.
1.8

Scope of the present work
To synthesizes new Schiff bases and their transition metal complexes.
To characterize the synthesized compounds by adopting CHNS (O) analyzer,
X-ray diffraction studies, SEM, FESEM, Spectral studies (IR, UV-Vis., Mass,
NMR and ESR spectroscopy), cyclic voltammetry and photoluminescence
spectrophotometer.
To study the interaction of Calf-Thymus DNA with copper complexes using
absorption spectra and cyclic voltammetry studies.
To investigate the antimicrobial studies of the synthesized compounds by in
vitro method (Antibacterial, antifungal and anticancer activities).
To carried out the statistical analysis by the comparison of antimicrobial
activities for some prepared Schiff base metal complexes.
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The detailed scope of the work has been discussed below:
Chapter - I described the Introduction, importance of coordination complexes,
choice of ligands, biological studies, literature review and scope of present work is
briefly furnished.
In Chapter - II, General experimental methods, materials employed,
purification of solvents, instruments used, procedure for antimicrobial activity and
DNA interaction studies are fully discussed.
In Chapter - III, Synthesize and characterization of new tetradenate N2OS type
Schiff base and its [CuL]Cl, [CoL]Cl, [NiL]Cl, [VOL]Cl and [ZnL]Cl complexes are
to be dealt. Complete prominent structural features of the synthesized compounds to
be done by elemental analysis, molar conductance, magnetic susceptibility,
FAB-Mass, Powder XRD, FESEM, 1H-NMR,

13

C-NMR, FTIR, UV-Vis. and ESR

spectral techniques. Interaction studies of copper complex with CT-DNA are to be
done by electronic spectral and cyclic voltammetric measurements. The in-vitro
antibacterial activities of the investigated compounds are to be tested against the two
Gram-positive (Staphylococcus aureus and Bacillus subtilis) and three Gram-negative
(Escherichia coli, Klebsiella pneumoniae and Salmonella typhi) bacterial strains by
using nutrient agar as medium. The in-vitro antifungal activity of chelates is to be
tested against Candida albicans, Rhizoctonia bataicola, Aspergillus flavus,
Aspergillus niger and Rhizopus stolonifer by well diffusion method using potato
dextrose agar as medium. Statistical analysis is to be compared for antimicrobial
activities.
In chapter - IV, Synthesis, spectral, DNA interaction and antimicrobial studies
of Schiff base derived from Benzalidene-4-iminoantipyrine and 2-aminothiazole are
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to be reported. The structural features of the chelates to be confirmed by microanalytical data, FAB-Mass spectra, Powder XRD, SEM, FTIR, UV-Vis, 1H-NMR,
EPR, CV and thermal analysis techniques. DNA interaction studies of [CuL2]
complex are to be done by optical and cyclic voltammetric measurements with
CT-DNA. The synthesized Schiff base (HL) and its complexes are to be tested for
their in vitro antimicrobial activity against two Gram-positive (Staphylococcus aureus
and Bacillus subtilis) and three Gram-negative (Escherichia coli, Klebsiella
pneumoniae and Salmonella typhi) bacterial strains and for in-vitro antifungal activity
against Candida albicans, Rhizoctonia bataicola, Aspergillus flavus, Aspergillus niger
and Rhizopus stolonifer by well diffusion method using nutrients agar as medium for
bacteria and potato dextrose agar as medium for fungi respectively. Tetracycline and
Nystatin were used as standard control drugs for bacteria and fungi respectively.
In chapter - V, Synthesis and characterization of new cationic 14-membered fully
conjugated macrocyclic Schiff base metal complexes by condensation of
Benzylidene-curcuminyl-4-iminoantipyrine and 2,6-diaminopyridine are to be
discussed. Structural characterization of the compounds to be done using Elemental
analysis, Molar conductivity, Magnetic susceptibility, Mass, SEM, XRD, 1H-NMR,
UV-Vis., IR and EPR spectra. The in-vitro biocidal activities of the compounds are to
be done against some bacterial and fungal strains by well diffusion method.
Anticancer activity of Schiff base and copper complex are to be carried out by MTT
method and discussed.
In chapter - VI, Synthesis and characterization of novel tetradentate Schiff base
transition metal complexes derived from histidine and salicylidene-4-imino-2,3dimethyl-1-phenyl-3-pyrazolin-5-one are to be discussed and characterized by
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elemental analysis, molar conductance, magnetic susceptibility measurements, IR,
FAB-MS, 1H-NMR, UV-Vis., EPR, CV, Fluorescence emission, Powder XRD and
SEM techniques. DNA interaction studies of [CuL] complex are to be reported.
Electronic absorption spectra and cyclic voltammetry studies of copper complex with
CT-DNA is to be analyzed. The in-vitro antimicrobial activity of compounds is to be
tested against the growth of some bacterial and fungal species.
In chapter - VII, Synthesis of new biologically active transition metal complexes
of Cu(II), Ni(II), Co(II), Zn(II) and VO(II) ion derived from the benzil, 4-nitroaniline
and 2,2 -bipyridyl is to be described. The structural features of the synthesized
complexes are to be arrived by their elemental analyses, FAB-mass, IR, UV-Vis., 1HNMR and ESR spectral studies. The binding mode of copper complex with CT-DNA
is to be analyzed by electronic absorption spectra and cyclic voltammetry. The in vitro
biological screening effects of the investigated compounds are to be tested against
bacteria: Escherichia coli, Staphylococcus aureus, Salmonella typhi, Bacillus subtilis
and Klebsiella pneumoniae.
1.9

References

[1] D. N. Dhar and C. L. Taploo, J. Sci. Ind. Res., 41 (1982) 501.
[2] A. Nishinaga, T. Yamada, H. Fujisawa and K. Ishizaki, J. Mol. Catal., 48 (1988)
249.
[3] Z. Xi, W. Liu, G. Cao, W. Du, J. Huang, K. Cai and H. Guo, Cuihau Xuebao, 18
(1986) 357.
[4] H. Chakraborty, N. Paul and M. L. Rahman, Trans. Met. Chem., 19 (1994) 524.
[5] IUPAC, Compendium of Chemical Terminology (2nd Edition), Online corrected
version (the "Gold Book"): "azomethines" (2006) 515.

24

[6] Schiff and Ugo, Giornale di scienze naturali ed economiche (On a new series of
organic bases), 2 (1866) 201.
-Molina, A. Mederos, Acyclic and Macrocyclic Schiff Base
Ligands" in Comprehensive Coordination Chemistry II, (2003) 411.
[8] H. Nozaki, H. Takaya, S. Moriuti, R. Noyori, Tetrahedron, 24 (1968) 3655.
[9] J. C. Hindson, B. Ulgut, R. H. Friend, N. C. Greenham, B. Norder, A. Kotlewskic
and T. J. Dingemans, Journal of Material Chemistry, 20 (2010) 937.
[10] M. L. Petrus, T. Bein, T. J. Dingemans and P. Docampo, Journal of Material
Chemistry A, 3 (2015) 12159.
[11] D. M. C. Maria, R. Da silva, M. G. Jorge, L. R. S. Ana, C. F. C. Paula, B.
Schroder and A.V. Manual, J. Mol. Catal. A Chem., 224 (2004) 207.
[12] C. Spinu and A. Kriza, Acta Chem. Slov., 47 (2000) 179.
[13] A. Jayamani, V. Thamilarasan, N. Sengottuvelan, P. Manisankar, S. K. Kang, Y.
-I. Kim and V. Ganesan, Spectrochim. Acta Part A., 122 (2014) 365.
[14] X. -J. Tan, H. -Z. Liu, C. -Z. Ye, J. -F. Lou, Y. Liu, D. -X. Xing, S. -P. Li, S. -L.
Liu and L. -Z. Song, Polyhedron, 71 (2014) 119.
[15] A. Zianna, G. Psomas, A. Hatzidimitriou, E. C.-Argyropoulou and M. L.Kantouri, J. Inorg. Biochem., 127 (2013) 116.
[16] S. Parveen, F. Arjmand and I. Ahmad, J. Photochem. Photobiol. B., 130 (2014)
170.
[17] F. Tisato, F. Refosco and G. Bandoli, Coord. Chem. Rev., 135 (1994) 325.
[18] N. S. Gwaram, H. M. Ali, H. Khaledi, M. A. Abdulla, A. H. A. Hadi, T. K. Lin,
C. L. Ching and C.L. Ooi, Molecules, 17 (2012) 5952.
[19] A. Sarich, Vest. Mosk. Univ., 11 (1956) 225.

25

[20] S. C. Bell, G. L. Conklin and S. J. Childress, J. Am. Chem. Soc., 85 (1963) 2863.
[21 S. Tabassum, M. Zaki, F. Arjmand and I. Ahmad, J. Photochem. Photobiol. B.,
114 (2012) 108.
[22] K. Arora, A. Gupta and D. D. Agarwal, Asian. J. Chem., 14 (2002) 1611.
[23] M. S. Refat, S. A. El-Korashy, D. N. Kumar and A. S. Ahmed, Spectrochim.
Acta Part A., 70 (2007) 898.
[24] A. Pandey, D. Dewangan, S. Verma, A. Mishra and R. D. Dubey, Int. J. Chem.
Tech. Res., 3 (2011) 178.
[25] J. Zuo, C. Bi, Y. Fan, D. Buac, C. Nardon, K. G. Daniel and Q. P. Dou, J. Inorg.
Biochem., 118 (2013) 83.
[26] T. -J. Khoo, M. K. bin Break, K. A. Crouse, M. I. M. Tahir, A. M. Ali,
A. R. Cowley, D. J. Watkin and M. T. H. Tarafder, Inorg. Chim. Acta., 413 (2014) 68.
[27] R. Nirmal, C. R. Prakash, K. Meenakshi, P. Shanmugapandiyan, Pharm. Chem.,
2 (2010) 162.
[28] R.W.-Y. Sun, D.-L. Ma, E. L. -M. Wong and C. -M. Che, Dalton Trans., 12
(2007) 4884.
[29] B. Mathew, S. S. Vakketh and S. S. Kumar, Der. Pharma. Chemica., 2 (2010)
337.
[30] S.A. Sadeek and M. S. Refat, J. Korea, Chem. Soc., 50 (2006) 107.
[31] N. Raman J. Joseph, A. Sakthivel and R. Jeyamurugan, J. Chil. Chem. Soc., 54
(2009) 354.
[32] N.M. Aghatabay, A. Neshat, T. Karabiyik, M. Somer, D. Haciu and B. Dulger,
Eur. J. Med. Chem., 42 (2007) 205.

26

[33] Y. Manolova, V. Deneva, L. Antonov, E. Drakalska, D. Momekova and N.
Lambov, Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy,
132 (2014) 815.
[34] D. Janes and S. Kreft, Food Chemistry, 109 (2008) 293.
[35] B. Garcia, J. Miguel, E. Espinosa, Mirna, Ogura and Tetsuya, Journal of
Agricultural and Food Chemistry, 45 (1997) 4049.
[36] Stipanuk and H. Martha, Biochemical, Physiological & Molecular Aspects of
Human Nutrition. W. B. Saunders Company, 11 (2006) 1043.
[37] A. G. Godoy, J. Gever, K. L. Fife, B. M. Silber, S. B. Prusiner and A. R. Renslo,
Journal of Medicinal Chemistry, 54 (2011) 1010.
[38] H. Mohammadi, A. Hassanzadeh and R. Khodabakhsh, Applied Radiation
Isotopes, 68 (2010) 1884.
[39] P. Alifano, R. Fani, P. Lio, A. Lazcano, M. Bazzicalupo, M. S. Carlomagno and
C. B. Bruni, Microbiological Reviews, 60 (1996) 44.
[40] Gerald Booth, Nitro Compounds, Aromatic in Ullmann's Encyclopedia of
Industrial Chemistry, 7th Edition, Wiley-VCH: Weinheim, (2005) 456.
[41] Q. Shen and K. Hagen, Journal of Physics and Chemistry, 91 (1987) 1357.
[42] P. A. Lay, A. M. Sargeson, H. Taube, M. H. Chou and C. Creutz, Inorganic
Syntheses, 24 (1986) 291.
[43] Li, Yunbo, Trush, Michael, Yager and James, Carcinogenesis, 15 (1994) 1421.
[44] Smith, M. David, Golding, T. Bernard, Radom and Leo, Journal of the American
Chemical Society, 121 (40): (1999) 9388.
[45] Kobayashi, Michihiko, Shimizu and Sakayu, European Journal of Biochemistry,
261 (1999) 1.

27

[46] G. N. Flint and S. Packirisamy, Food Additives & Contaminants, 14 (1997) 115.
[47] Haber, T. Lynne, Bates, K. Hudson, Allen, C. Bruce, Vincent, J. Melissa, Oller
and R. Adriana, Regulatory Toxicology and Pharmacology, 87 (2017) 1.
[48] Buttice and Claudio, Nickel Compounds, SAGE Publications, 11 (2015) 828.
[49] Zhou, Zhi, Zhou, Nan, Xia, Mao, Yokoyama, Meiso and H. T. Hintzen, Journal
of Material Chemistry: C, 4 (2014) 9143.
[50] Silva Avila, Daiana, Luiz Puntel, Robson, Aschner and Michael, Springer, 7
(2013) 199.
[51] N. Law, M. Caudle and V. Pecoraro, Advances in Inorganic Chemistry, 46
(1998) 305.
[52] Umena, Yasufumi, Kawakami, Keisuke, Shen, Jian-Ren, Kamiya and Nobuo,
Nature, 473 (2011) 55.
[53] Dismukes, G. Charles, Willigen and Rogier T. Van, Encyclopedia of Inorganic
Chemistry (2006).
[54] H. Weiss, M. A. Guttman, J. Korkisch and I. Steffan, Talanta, 24 (1977) 509.
[55] A. G. Villalva, Toxicology and Industrial Health, 22 (2006) 113.
[56] P. Marshall Craig, M. A. Olcott, B. A. Jade, L. Barry, V. Stefan, B. Pierre, S.
Philippe and A. Lay Peter, Astrobiology, 17 (2017) 1.
[57] A. Scibior, H. Zaporowska and J. Ostrowski, Archives of Environmental
Contamination and Toxicology, 51 (2006) 287.
[58] Brandt, G. Erik, Hellgren, Mikko, Brinck, Tore, Bergman, Tomas, Edholm and
Olle, Phys. Chem. Chem. Phys., 11 (2009) 975.
[59] N. Padmavathy and R. Vijayaraghavan, Science and Technology of Advanced
Materials, 9 (2008) 7.

28

[60] S. Chakraborty, A. K. Kole and P. Kumbhakar, Materials Letters, 67 (2012) 362.
[61] T. Sun, H. Hao, W. Hao, S. Yi, X. Li and J. Li, Nanoscale Research Letters, 9
(2014) 98.
[62] K. W. Chae, Q. Zhang, J. S. Kim, Y. H. Jeong and G. Cao, Journal of
Nanoscience and Nanotechnology, 1 (2010) 128.
[63] M. T. Hedayati, A. C. Pasqualotto, P. A. Warn, P. Bowyer and D. W. Denning,
Microbiology, 153 (2007) 1677.
[64] M. A. Schipper, Mycology, 25 (1984) 1.
[65] J. D. Watson and F. H. C. Crick, Nature, 171 (1953) 737.
[66] S. E. Bresler, Introduction to Molecular Biology, Academic Press, (1971) 556.
[67] M. J. Hannon, Chem. Soc. Rev., 36 (2007) 280.
[68] A. M. MacMillan, Pure Appl. Chem., 76 (2004) 1521.
[69] R. Kranaster a n d A. Marx, Chem. Eur. J., 13 (2007) 6115.
[70] R. Jelly, S. W Lewis, C. Lennard, K. F. Lim and J. Almog, Chem. Commun.,
(2008) 3513.
[71] S. A. E. Marras, S. Tyagi a n d F. R. Kramer, Clin. Chim. Acta., 365
(2006) 48.
[72] S. Werder, V. L. Malinovskii a n d R. Haner, Org. Lett., 10 (2008) 2011.
[73] Q. Yang, P. Yang, X. H. Qian and L. P. Tong, Bioorg. Med. Chem. Lett.,
(2008) 6210.
[74] R. E. McKnight, B. Onogul, S. R. Polasani, M. K. Gannon a n d M. R. Detty,
Bioorg. Med. Chem., 16 (2008) 10221.
[75] M. P. Timko, P. J. Rushton, T. W. Laudeman, M. T. Bokowiec, E. Chipumuro,
F. Cheung, C. D. Town a n d X. F. Chen, Genomics, 9 (2008) 103.

29

[76] X. C. Shen, Z. L. Zhang, B. Zhou, J. Peng, M. Xie, M. Zhang and D.W.
Pang, Environ. Sci. Technol., 42 (2008) 5049.
[77] M. V. Basil, H. E. Hajj, S. A. E. Marras, M. H. Hazbon, J. M. Mann,
N. D. Connell, F. R. Kramer and D. Alland, Molecules, 14 (2009) 1741.
[78] C. R. Calladine and H. R. Drew, Understanding DNA, Academic Press, London
(1992) 4191.
[79] A. Ghosh and M. Bansal, Acta. Crystallogr. D. Biol. Crystallogr.,

(2003)

620.
[80] H. S. Basu, B. G. Feuerstein, D. A. Zarling, R. H. Shafer a n d L. J. J. Marton,
Biomol. Struct. Dyn., 6 (1988) 299.
[81] D. Gibson, J. Pharmacogenom., 2 (2002) 275.
[82] S. Neidle and D.E. Thurston, Nat. Rev. Cancer., 5 (2005) 285.
[83] J. S. Bertram, Mol. Aspects Med., 21 (2000) 167.
[84] S. Komeda, T. Moulaei, K. K. Woods, M. Chikuma, N. P. Farrell and L.D.
Williams, J. Am. Chem. Soc., 128 (2006) 16092.
[85] I. Haq, Arch. Biochem. Biophys., 1 (2002) 403.
[86] B. M. Zeglis, V. C. Pierre and J. K. Barton, Chem. Commun., 12 (2007) 4565.
[87] A. D. Neto and A. A. M. Lapis, Molecules, 14 (2009) 1743.
[88] R. Selwin Joseyphus and M. Sivasankaran Nair, Mycobiology, 36 (2008) 93
[89] J. Joseph, K. Nagashri and G. Ayisha Bibin Rani, Journal of Saudi Chemical
Society, 17 (2013) 285
[90] M. Sivasankaran Nair, D. Arish and R. S. Joseyphus, Journal of Saudi Chemical
Society, 16 (2012) 83.

30

[91] S. Ramakrishnan and M. Palaniandavar, Journal of Chemical Sciences, 117
(2005) 179.
[92] Eid A. Abdalrazaq, Omar M. Al-Ramadane and Khansa S. Al-Numa, American
Journal of Applied Sciences, 7 (2010) 628.
[92] N. Raman , A. Selvan, K. Pothiraj and R. Jeyamurugan, Journal for Bloomers of
Research, 3 (2010) 1.
[93] N. Raman, R. Jeyamurugan, B. Rajkapoor and V. Magesh, Applied
Organometallic Chemistry, 23 (2009) 283.
[94] Gehad G. Mohamed, Mohamed M. Omar and Ahmed M. Hindy, Turkish Journal
of Chemistry, 30 (2006) 361.
[95] S. Esmaielzadeh and G. Mashhadiagha, Bulletin Chemical Society Ethiopia, 31
(2017) 159.
[96] Y. -P. Ou, S. Tang, A. Wang, J. Li, F. Zhang and Z. Xu, Chinese Journal of
Chemistry, 35 (2017) 1170.
[97] A. Garza-Ortiz, C. Camacho-Camacho, T. Sainz-Espunes, I. Rojas-Oviedo, L.
Gutierrez-Lucas, A. Gutierrez Carrillo and M. A. Vera Ramirez, Bioinorganic
Chemistry and Applications, 13 (2013) 12.
[98] Z. Tohidiyan, I. Sheikhshoaie and M. Khaleghi, International Journal of Nano
Dimensions, 2 (2016) 136.
[99] N. Raman, A. Sakthivel and R. Jeyamurugan, Central European Journal of
Chemistry, 8 (2010) 96.
[100] I. Sheikhshoaie, Z. Tohidiyan and M. Khaleghi, Journal of Nano Dimensions, 7
(2016) 127.

31

[101] S. Tabassum, S. Amir, F. Arjmand, C. Pettinari, F. Marchetti, N. Masciocchi, G.
Lupidi and R. Pettinari, Eur. J. Med. Chem., 60 (2013) 216.
[102] U. El-Ayaan, Alaa A.-M. Abdel-Aziz and S. Al-Shihry, Eur. J. Med. Chem., 42
(2007) 1325.
[103] N. Raman, R. Jeyamurugan, R. Senthilkumar, B. Rajkapoor and S.G. Franzblau,
Eur. J. Med. Chem., 45 (2010) 5438.
[104] F. Silva, C. Fernandes, M. P. C. Campello and A. Paulo, Polyhedron, 125
(2017) 186.
[105] I. Ali, A. Haque, K. Saleem and M. F. Hsieh, Bioorganic & Medicinal
Chemistry, 21 (2013) 3808.
[106] I. Yilmaz, S. Ilhan, H. Temel and A. Kilic, J. Incl. Phenom. Macrocycl. Chem.,
63 (2009) 163.
[107] L. D. Popov, S. I. Levchenkov, I. N. Shcherbakov, G. G. Aleksandrov, E. A.
Raspopova, Yu. P. Tupolova and V. V. Lukov, Russian Journal of Coordination
Chemistry, 43 (2017) 559.
[108] M. Sankarganesh, J. Rajesh, G. G. Vinoth Kumar, M. Vadivel, L. Mitu, R.
Senthil Kumar and J. Dhaveethu Raja, Journal of Saudi Chemical Society, 1319
(2017) 301.

32

