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ABSTRACT  

 

ABSTRACT 

 
Nitroimidazoles, especially tinidazole (tnz) was a therapeutic agent of choice for 

amebiasis and also used in combination with other antimicrobial drugs against yeast 

infections. Under anaerobic conditions inside the cell, it was reduced to a cytotoxic 

nitro radical and binds nonspecifically to the organism’s DNA and enzymes, which 

were thus inactivated. High doses or long-term administration of tinidazole can cause 

a peripheral neuropathy with sensory disturbances, and the emergence of resistance to 

this drug is known in many pathogenic bacteria and protozoa. Other available drugs 

have their own limitations, and today, parasite resistance is also a global problem. 

Metal based drugs such as Au(I) complexes  have been used  successfully for the 

treatment of various diseases including P38 leukemia. Many neutral palladium (II) and 

palladium (IV) complexes were found to exhibit potential antitumour activity. 

Moreover, Ru complexes of chloroquine act as potential antimalarial agents against P. 

falciparum. So it is well-known that coordination of metal ion has a positive effect on 

drug efficacy. A series of Pd, Pt, Cu, Au, and Ru complexes of metronidazole (mnz) 

was prepared shows good activity. 

 

A series of metal complex with 2-substutituted nitroimidazole (tinidazole and 

dimetridazole) analogues were prepared with the various transition metals like nickel, 

cobalt, cadmium and copper etc. 
N

NO2N

R

C
H2

C
O

Ar

+

 Methanol/ethanol
 pH 8-10

reflux
MX2

Ar = phenyl, p-cl phenyl, m-cl phenyl, 
        o-cl phenyl, furoyl
R = -CH3, -CH2CH2SO2CH2CH3

5-NIM

[M(NIM)2]X2

 

   XVIII 

The Nickel complex with 2-substituted nitroimidazoles were designed, synthesized 

and characterized by IR, 1HNMR, MASS, UV and conductivity measurements. The 

IR frequency for ligand and complex was compared; it was found that frequencies for 

CH2, NO2 is matching with peak of complex. The frequency for carbonyl is changed 

drastically as it is useful band in the infrared spectra of carbonyl ligand in metal 
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ABSTRACT  

complexes is that due to C–O stretching. The later gives very strong sharp bands 

which are separated from the bands of other ligand that may be present. The 

stretching wave number for a terminal carbonyl ligand in a complex correlates with 

the ‘electron-richness’ of the metal. The band position is determined by the bonding 

from the d Orbitals of the metal into the π* anti-bonding Orbitals of the ligand (known 

as backbonding). The bonding weakens the C–O bond and lowers the wave number 

value from its value in free CO thus its show lower frequency ranging 2250-2000cm-1 

The M-O streching is observed near 600-480 Cm-1. Characterization by spectral 

analysis reveals that divalent nickel transition metal binds the bidentate ligand (2-

substituted nitroimidazoles) in the ratio of [M:L;1:2] was confirmed by the MASS, 

which shows the double in the mass of the molecules. The conductivity measurement 

shows negligible conductance which is indication of non electrolytic behavior of the 

complex. Thus characterization shows that the nickel complexes of nitroimidazoles 

may be tetrahedral in nature.  

 

Cobalt complex with 2-substituted nitroimidazoles were designed, synthesized and 

characterized by IR, 1HNMR, MASS, UV and conductivity measurements. IR 

frequencies of the complexes shows, the broad peak near 3600-3500 cm-1 which 

indicates the water of crystallization of cobalt nitrate salt, C-H streching (3096-2800 

cm-1), >C=O (2250-2000 cm-1) , NO2 (1570-1540 and 1366-1358cm-1), M-O (600-480 

cm-1) indicates the coordinate covalent bond formed between ligand and metal. All 

other characteristics were same as the metal complexes of nickel. The cobalt complex 

also reveals the tetrahedral structure of complex due to binding of metal to ligand in 

the ratio of 1:2 

 

All the [Cd(NIM)2]Cl2 complexes were light yellow to dark brown in color and are 

soluble in DMSO,DMF and insoluble in all other solvents. The complexes are stable 

solid with melting point ranging from 212 - 248°C. IR frequencies of the complexes 

shows the C-H streching (3096-2800 cm-1), >C=O (2250-2000 cm-1), NO2 (1570-

1540 and 1366-1358cm-1), M-O (600-480 cm-1) indicates the coordinate covalent 

bond formed between ligand and metal in the ratio of 1:2. 
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ABSTRACT  

Copper (II) ion is well known to modify the radiation response in both mammalian 

and bacterial cells. The radiosensitizing mechanism in mammalian cells may involve 

reduction of copper (II) to copper (I). More recently, it has been found that: 

radiosensitization process may be related to radiation induced DNA damage,  

biological damage sensitized by copper ions might involve nucleobases; and copper 

complexes with different structural features can bind with double-helical DNA and 

promote double-strand DNA damage. Copper complex with 2-substituted 

nitroimidazoles were designed, synthesized and characterized by IR, 1HNMR, MASS, 

UV and conductivity measurements. IR frequencies of the complexes shows the, the 

broad peak near 3700-3500 cm-1 which indicates the water of crystallization of copper 

chloride salt, C-H streching (3096-2800 cm-1), >C=O (2100-1900cm-1) , NO2 (1570-

1540 and 1366-1358cm-1), M-O (600-480 cm-1) indicates the coordinate covalent 

bond formed between ligand and metal. It is also confirms that copper -nitroimidazole 

complex having tetrahedral structure. 

  

All the synthesized and characterized compounds of 2-subtitutednitroimidazole 

complexes of metals were studied for their antimicrobial study against Gram negative 

bacteria (S.Aboney) and Gram positive bacteria (S.auerues and B.Pumulis) using 

tinidazole and ciprofloxacin as standard control drug by cylinder plate method. The 

results were expressed in zone of inhibiton (mm) at 100 µ/ml concentration. 

The complexes from each series having the ligand NIMF, NIMDF and NIMDP that 

mean    complex    [Ni(NIMF)2]Cl2,  [Ni(NIMDF)2]Cl2,  [Ni(NIMDP)2]Cl2    with 

Nickel as metal, [Co(NIMF)2(NO3)2]6H2O,[Co(NIMDF)2(NO3)2]6H2O, 

[Co(NIMDP)2(NO3)2]6H2O having Cobalt as metal, [Cd(NIMF)2]Cl2, 

[Cd(NIMDF)2]Cl2, [Cd(NIMDP)2]Cl2  with Cadmium as metal and 

[Cu(NIMF)2Cl2]2H2O, [Cu(NIMDF)2Cl2]2H2O,  [Cu(NIMDP)2Cl2]2H2O with Copper 

as metal were found to be active against Gram positive bacteria (B. Pumulis and S.  

aureus). Among all the synthesized complex, [Ni(NIMDF)2]Cl2 was found most 

active and having zone of inhibition (25mm) comparable to the standard ciprofloxacin 

having  zone of inhibition (30 ) as show in the figure and chart 1. It was also observed 

that all the metal complexes of 2-substitutednitroimidazole were remain inactive 

against the gram negative bacteria. 
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 Zone of inhibition against 
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(Where 1; NIMF, 2: NIMDF 3: NIMDP and 4: Ciprofloxacin) 

 

It was the finding that the metal complexes of nitroimidazole show tetrahedral 

structures with divalent transition metals observed in the ratio of [M: L; 1:2]. The 

antimicrobial study shows the most potent acitivity was observed in the nickel metal 

amongst all the divalent transition metal against Gram positive bacteria. 

Nitroimdiazoles are the drug specifically used for the treatment of anaerobic bacteria; 

surprisingly the preparation of its nickel complex shows good aerobic antibacterial 

activity against gram positive bacteria which is almost comparable to standard drug 

ciprofloxacin. Thus the nitroimidazole complex of nitroimidazole may be considered 

as better choice for treatment of anaerobic and aerobic infections.  
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CHAPTER I 

INTRODUCTION 

 

1.1 Introduction to coordination chemistry   

Coordination chemistry is a branch of chemistry under which the “complex” 

compounds are studied. Complex is formed by the association of the metal with 

ligand. The ligand may be an atom or a molecule or a group of other ligand is said to 

donate electron pair(s) whereas, metal accepts them. In a more sophisticated manner, 

the complex is an association of Lewis base with Lewis acid. Since the appearance of 

water on earth, aqua complex ions of metals must have existed. The subsequent 

appearance of life depended on and may even have resulted from, interaction of metal 

ions with organic molecules.  

  

The history of coordination chemistry encompasses a great deal of diversity of 

substances and phenomena. Perhaps the earliest known of all the coordination 

compounds is the bright red alizarin dye, a Ca-Al chelate compound of hydroxyl 

anthraquinone. It was first used in India and is known to the ancient Persians and 

Egyptians long before it was used by Greeks and Romans.  

 

Alizarin was mentioned by Herodotos‟ (ca 450 B.C.). It was probably red dye used by 

Alexander the great to win a battle against a much larger army of Persia 120 years 

later. He dyed his soldiers‟ clothing with blood-like splotches and enticed the Persians 

into heedlessly attacking what they thought were a demoralized force of badly 

wounded men. In more recent times muddy dyes were an integral part of American 

revolutionary history, being the dye used in the British redcoats (Martin and Martin, 

1964) 

 

The compounds, which played vital role, in the development of coordination 

chemistry, later on may be described as hexamincobalt (III) ion (Tassaert, 1798), 

tetraamminecopper (II) ion (Libavious, 1710), prussian Blue, Gmalin Compounds 

(Gmelin, 1822), vaquelin‟s Salt and mangnus grin salt (Vaquelin, 1813). 

 



 
CHAPTER I: INTRODUCTION 

Department of Pharmacy, SV                                                                                            2 
 

Thomas Graham was the first to introduce the theory of metal amines, so-called 

ammonium theory (Kauffman, 1972), in which metal amines were considered as 

substance ammonium compounds. He attempted to explain the constitution of 

Cu(NH3)2 Cl2. He suggested that, one H atom from each ammonia molecule had been 

displaced by the Cu atom. 

 

 

Fig 1: Coordinate complex 

The theory, thus resembles to the modern Lewis acid base approach to the formation 

of coordinate covalent bonds. The theory was further modified by several other 

chemists such as Gerhardt. (Gerhardt 1850; Wartz, 1850; Von Hoffman, 1851 and 

Weltzein, 1856). 

 

Some important theories put forward, and which played an important role in the 

domains of understanding the metal-ligand bond may be listed as  conjugate 

theory,1814 (Reiset, 1855), Clauis ammonia theory, 1856 (Berzelius, 1841), The 

Biomsim Jorgenson Chain Theory,1889 (Claus, 1856), Werner‟s coordination‟s 

Theory,1896 (Werner, 1893), Effective Atomic Number, 1923 (Sidgwick, 1923), 

Atomic Orbital or Valence Bond, 1931 (Pauling, 1937), Principle of Electro neutrality 

of Atoms, 1947 (Pauling 1948), Molecular Theory, 1935 (Van vleck, 1935) and 

Crystal Field Theory,1929 (Bethe, 1929). 

 

1.1.1 Coordination chemistry in biological system 

The chemistry of metal atoms in biological systems is indeed the coordination 

chemistry of these metal atoms. Most of the essential metals (except Na, K, Ca) can 

not occur in the biological systems as free metal ions as under the prevailing pH 

conditions, these would be hydrolyzed and precipitated. These must therefore, be 

transported in the form of highly stable chelates. In body fluids, animals and plants, 

various simple chelating agents like, citrate, tartarate, malate, lactate, amino acids etc. 

are present to effectively complex the metal ions (Banerji, 1993). 
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The following are the few important metal complexes found in biological systems, 

which illustrates the significance of coordination in biochemistry, iron containing 

hemoglobin, ferritin, transferring and hemosiderin; Mg-containing chlorophyll; Co-

containing vitamin B12 ; Cu containing ceruplasmin and plastocyanin; Mo containing  

xanthine oxidase and nitro-reductase. 

Generally speaking, in biological systems coordination complexes may be said to play 

the following roles; 

(I) Act as catalyst in many metabolic processes of the living bodies which 

involve; (a) Redox reactions with change in metal valency of the complex (b) 

Reaction of the acid-base type in which metal ion acts as a Lewis acid and 

combining with a substrates accelerate the reaction. 

(II) Act as agents for the transmission of energy in plant metabolism. 

1.1.2 Coordination chemistry in medicines 

The important application of metal complexes is in the field of therapy. Many of the 

complexes are known to be used in drugs in certain type of diseases and also for metal 

detoxification in the case of metal poisoning. Ca-chelate, Na2EDTA is used in Pb 

poisoning, Fe poisoning and also in the excretion of Zn and radioactive Sr, the 

chelating agent, 2,3 dimercaprol is used in the treatment of poisoning by Hg, As, Bi, 

Sb and penicillamin is used  to mobilize and excrete copper in the treatment of Wilson 

disease. Disferrioxamine is used to accelerate the urinary excretion of Al and slow the 

progress of Alzheimer‟s disease (Nielends, 1966). 

 

The organic mercurials (R-Hg)
+
 are used in the medicine as diuretics. The organic 

arsenicals and antimonials are well known, antipyretic action of salicylates; 

aminopyrin etc. is associated with the chelated transport of Cu
+2

 ion, which is released 

from intracellular sites in pyrexia process. The use of metal complexes and ligands 

fighting against disease in general has been reviewed. The use of gold complexes in 

the treatment of tuberculosis and arthritis is known. After the discovery of antitumor 

activity of some Pt compounds by Rosenberg, there have been several reports on Pt 

complexes in cancer chemotherapy. Pt(NH3)2Cl2 or cis-platin has been found most 

effective against cancer. 
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1.1.3 Coordination chemistry in medicines (antibiotics) 

Metal ion also plays a key role in the action of antibiotic drugs. They are involved in 

specific interaction with antibiotic, proteins, membrane components, nucleic acid and 

other biomolecules (Ming, 2003). DNA can also bind many different biomolecules 

and synthetic compounds including proteins, antibiotics, polyamines, metal 

complexes and organometalic compounds. In such specific interactions, transcription 

is regulated to turn on and/or off a specific biological process. DNA is also a target 

for therapeutic treatment of various disorders and diseases such as cancers via direct 

ligand binding to it or binding to DNA regulating biomolecules. Several clinically 

used anti-cancer antibiotics such as bleomycin, streptomycin are DNA binding agents. 

Keflin interact with Co(II), Cu(I), Ni(I) and Zn(II) metal ion leading to complexes of 

the type M(Keflin)2Cl2 and M(Keflin)Cl2 which have been characterized by 

physicochemical and spectroscopic methods (Tassaert, 1798).  

 

Ciprofloxacin is a 4-quinolone derivative related to the cinoxacin (Cx), norfloxacin, 

nalidixic and oxilinic acid. These compounds are antibacterial agents employed as 

specific inhibitors of the bacterial DNA-gyrase and it has been suggested that their 

activity could be mediated by copper or iron ions. Structurally these compounds have 

a common moiety and their activity and mechanism of action should be related to this. 

Solid state IR studies of M(NaI)n complexes suggest that they are formed by 

interaction through the carboxylate group with no apparent interaction of keto group. 

The synthesis and crystal structure of the complex [Co(Cx)3 ] Na6H2O and chemical 

behavior of the cinoxacinate anion in complexes [M(Cx)2(DMSO)2]4H2O [(M= Ni 
II 

,Zn 
II 

) & Cd2 (Cx)4 (DMSO)2 ] 2H2O  reveals that in all the compounds the 

cinoxacinate ion act as bidentate ligands through one carboxylate oxygen atom and 

the exocyclic carbonyl oxygen atom. The metal is bonded to six oxygen atoms in 

slightly distorted octahedral environment. 

 
 

Nitroimidazoles, which belong to the nitroheterocyclic drug family and consist of a 

common imidazole ring structure with a nitro group at position 5, have a unique 

position in heterocyclic chemistry was introduced in the late 1950. 5-nitroimidazoles 

are now widely used as trichomoniacidal, antibacterial and antiprotozoal agent 

(Ahmad et al., 2009). The most common of these are dimetridazole [1–2– dimethyl–
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5–nitroimidazole], metronidazole [1-(2-hydroxyethyl)–2-methyl–5- nitroimidazole]
 

(Tiwari et al., 2006), ornidazole [1-(3-Chloro-2-hydroxy-propyl)-2–methyl–5–

nitroimidazole] and tinidazole, 1-(2–ethylsulphonylethyl)–2–methyl–5-nitroimidazole 

(Cosar et al., 1966 and Howerd et al.,1969).
   

These compounds have various 

substitutions , usually a methyl group, on the imidazole ring either on nitrogen at  

position 1 or on the carbon at position 2 and have been used as hypoxic cell markers 

in the body (Miller et al., 1970).
 
 

1.2 Introduction to transition metal 

1.2.1 History 

Humans have been aware of the existence of some of the transition elements for 

thousands of years. Decorative beads made from iron meteorites date back 6000 years 

to 4000 BC and the use of copper almost certainly predates this. However, it is only in 

the 20
th

 century that the complete set of stable elements has been identified and 

samples of pure metal isolated from each. The isolation of technetium, for example, 

was not achieved until 1937, within living memory for some. Such work continues to 

this day in studies of the formation and atomic properties of the 6d transition 

elements. In broad terms, the discovery of the transition elements can be divided into 

four phases which reflect both the chemical nature of the elements and the 

development of human knowledge. The first metals to be discovered were those 

which can exist on Earth in native form that is as the elemental metal. The iron beads 

mentioned above are not a typical example, in that iron is normally found on Earth in 

combination with other elements, particularly oxygen or sulfur. However, iron-rich 

meteorites provide an extra terrestrial source of impure metallic iron which was 

discovered at an early stage. The transition metals more typically found in native form 

are copper, silver and gold. These so-called being lustrous and malleable would be 

conspicuous among other minerals to ancient peoples, gold in particular being prized 

for its luster and resistance to corrosion. The use of copper probably dates back to ca. 

5000 BC and it is thought that the Egyptians were using a form of gold coinage as 

early as ca. 3400 BC.  

 

The second phase of transition element discovery involved those which could readily 

be released from minerals through heating or reduction by hot charcoal. Again copper 

in the carbonate mineral malachite, silver in the sulfide mineral argentite and mercury 

as the sulfide in cinnabar might first have been obtained in metallic form from 
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minerals mixed with the glowing embers of a camp fire. The formation of metallic 

copper through charcoal reduction appears to have been known by 3500 BC. The 

copper tin alloy bronze is said to have been discovered before about 3000 BC, leading 

to the „Bronze Age‟. Brass, another copper alloy formed with zinc, appeared in 

Palestine around 1400 BC. Iron is superior to bronze or brass in that it is hard but can 

be worked when hot, and sharpened to a fine cutting edge which can be resharpened 

when necessary. The reduction of iron ores is more difficult than for copper, requiring 

higher temperatures than arise in a simple fire. However, by using bellows to increase 

the temperature of burning charcoal it was possible to obtain metallic iron from 

minerals. The smelting and use of metallic iron appears to have been developed in 

Asia Minor (modern Turkey) by ca.2000 BC. However, this technology did not 

become widespread until much later, so that the „Iron Age‟ did not really begin until 

about 1200 BC. Since that time, a huge variety of alloys based on iron have been 

developed and countless common place modern items contain ferrous metal 

components. 

 

The third major phase of discovery of the transition elements came about during the 

18
th

 and 19
th

 centuries. This was stimulated by the increasing understanding of 

chemical transformations and the improved methods of separation developed by the 

alchemists. The appearance of Dalton‟s atomic theory in 1803, followed by the 

periodic table in 1868, gave further impetus to the search for new elements and many 

new transition elements were discovered during this period. 

 

The fourth phase of discovery came with the more detailed knowledge of atomic and 

nuclear structure and the discovery of radioactivity, which arose at the end of the 19
th

  

and beginning of the 20
th

 centuries. Although cerium had been isolated in 1839, the 

concept of an f series of elements did not exist at that time. Thus it was not until 1913 

that the lanthanide elements were found to constitute a new series. Until then, the 

similarity in the properties of these elements had led to their mixtures being thought 

of as single elements. However, in 1918 it was recognized by Bohr that these 

elements actually constituted the series of 4f elements. Among the actinides, thorium 

was found in 1829 and uranium in 1789, although uranium metal was not isolated 

until 1841. The more radioactive 5f elements protactinium, neptunium, plutonium, 

americium and curium were only discovered in the 20
th

 century. The production of the 
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full series of 6d-block elements has only been achieved in the later part of the 20
th

 

century. 

 

Initially, the transition metals presented a chemical puzzle because their halides could 

form compounds with molecular species such as ammonia, despite the fact that the 

valencies of all the elements in the metal halide and the ammonia molecule are 

already satisfied. The problem over the nature of these ‘complex compounds’ or 

complexes of the transition metals led to much debate near the end of the 19
th

  

century.  

 

The matter was finally resolved through the work of Alfred Werner who was awarded 

the 1913 Nobel Prize. Werner proposed the concept of a primary valence and a 

secondary valence for a metal ion. Werner also showed how the number of 

compounds formed by a transition metal which have the same formula but different 

properties, i.e. the number of isomers, can reveal structural information. The 

subsequent theoretical work of Bohr, Schrodinger, Heisenberg and others in the early 

part of the 20th century provided the basis for a more detailed understanding of the 

electronic structures of atoms. The directionality in the bonding between a d-block 

metal ion and attached groups such as ammonia or chloride can now be understood in 

terms of the directional quality of the d orbitals. In 1929, Bethe described the (CFT) 

model to account for the spectroscopic properties of transition metal ions in crystals. 

Later, in the 1950s, this theory formed the basis of a widely used bonding model for 

molecular transition metal compounds. The CFT ionic bonding model was since then 

superseded by (MO) theory, which make allowance for covalency in the bonding to 

the metal ion. However, CFT is still widely used as it provides a simple conceptual 

model which explains many of the properties of transition metal ions. The interactions 

between transition elements and organic molecules through metal carbon bonds to 

form compounds also became a topic of intense interest during the 1950s. In due 

course, as research in this area reached fruition, it resulted in the award of two Nobel 

prizes. The first went to K. Ziegler and G. Natta in 1963 for their work on the 

polymerization of alkenes using organometallic catalysts. The second was awarded in 

1973 to G. Wilkinson and Fischer for their work on organometallic chemistry, in 

particular on „sandwich compounds‟, or in which a transition metal forms the filling 

between two planar cyclic alkenes in a sandwich-like structure. 
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1.2.2 The d-block elements 

The atomic radii of the first row d-block elements do not decrease smoothly across the 

row as might be expected. This is because the increase in electron–electron repulsions 

across the series counteracts the effect of the increase in Zeff. The first, second, and 

third ionization enthalpies increase across the first row d-block elements with 

increasing Zeff, though there are some anomalies. These are due to the greater 

electron–electron repulsions between paired electrons than between unpaired 

electrons, and also losses in exchange energy. In a particular triad, the atoms of the 

second and third row d-block elements are larger than the atoms of the first row 

element, though of similar size to each other. The similarity in sizes of the second and 

third row atoms is caused by the lanthanide contraction. Metals on the left hand side 

of the d block exist naturally as oxides and are obtained from the ores by reduction. 

Metals on the right hand side of the d block occur naturally as sulfides, and are 

obtained by conversion to the oxide followed by reduction. 

 

1.2.3 Chemistry of the first row d-block elements 

Although most d-block elements contain s electrons in addition to d electrons, in both 

ions and compounds the s orbital is of higher energy than the d orbitals. This means 

that the electronic configuration of a d-block element in a compound is always dn and 

never dn–2 s
2
. With the exceptions of Groups 3 and 12, d-block elements have more 

than one possible oxidation state, and this is reflected by the different oxides and 

halides in the elements form. For the first row d-block elements the +3 oxidation state 

is more stable than the +2 oxidation state on the left-hand side, but the +2 oxidation 

state is more stable than the +3 oxidation state on the right-hand side. The availability 

of different oxidation states is a factor in the catalytic activity of many d-block 

compounds. 
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Fig 2: Transition metal oxidation states 

1.2.4 Coordination chemistry 

In a coordination complex, ligands are generally coordinated to a metal centre through 

electron pairs on their donor atoms. Monodentate ligands coordinate through one 

donor atom, whereas polydentate ligands coordinate through more than one donor 

atom, giving rise to chelate rings. The total number of donor atoms coordinated to a 

metal ion is known as the coordination number. For a first row d-block complex, this 

can vary from 2 to 8, but 4 and 6 are the most common.  4-coordinate complexes can 

be tetrahedral or square planar and 6-coordinate complexes are almost always 

octahedral.  Structural isomers and stereoisomers are possible for coordination 

complexes. Ionization isomers hydrate isomers, coordination isomers, and linkage 

isomers are types of structural isomers. Geometric isomers and configurational 

isomers are both types of stereoisomers. Metal ions and ligands can be divided into 

hard and soft classes. Hard metals have high charges or high charge densities, 

whereas soft metals are larger, with lower charges, and more polarizable. Hard 

ligands have small electronegative donor atoms such as N, O, or F, whereas soft 

ligands have larger, more polarizable donor atoms. Hard metals form more stable 

complexes with hard ligands and soft metals form more stable complexes with soft 

ligands. 
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1.2.5 Crystal field theory 

Crystal field theory is an electrostatic model of bonding in coordination complexes 

that considers the ligands as point charges. Electrostatic attraction between the metal 

ion and the point charges holds a complex together. Electrostatic repulsion between 

the ligands and the metal d orbitals causes the d orbitals to lose their degeneracy and 

split into sets of different energies. In an octahedral complex, the d orbitals are split 

into two sets, with three orbitals stabilized (the t
2
g set) and two orbitals destabilized 

(the eg set). The crystal field splitting energy is the gap between these sets, and in an 

octahedral complex it is given the symbol Δo.  In an tetrahedral complex, the d 

orbitals are split into two sets, with two orbitals stabilized (the e set) and three orbitals 

destabilized (the t
2
 set). The crystal field splitting energy is Δt. The crystal field 

splitting energies Δo and Δt are related by the expression Δt = 4 9 Δo. The d-orbital 

splitting diagram for a square planar complex is obtained from that for an octahedral 

complex by stabilizing all of the orbitals with a z-component and destabilizing those 

without a z-component. 

1.2.6 Filling the d orbitals 

Uneven occupation of the d orbitals means that the electrons in a transition metal 

complex are generally at a lower energy than in the free ion in a spherical field. The 

difference is called the crystal field stabilization energy. Octahedral complexes with 

the electronic configurations d4–d7 have two possible arrangements, and the one that 

is adopted depends on the values of Δo and P, the pairing energy. If Δo > P, a high 

spin complex is formed and, if Δo < P, a low spin complex is formed. The ranking of 

ligands in order of decreasing Δ is called the spectrochemical series. Ligands with 

large values of Δ are called strong field ligands, and those with small values of Δ are 

called weak field ligands. Low spin complexes are favored by a high charge on the 

metal ion and the presence of strong field ligands. Low spin complexes are more 

prevalent for second and third row d-block metals.  Jahn-Teller distortions occur 

when there is a degenerate ground state. This is particularly significant for octahedral 

complexes in which the eg orbitals are unevenly filled, which occurs in d4 and d9 

configurations. 
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1.2.7 Color in coordination compounds 

 Many d-block complexes are colored because photons of visible light give rise to 

electronic transitions between the two sets of d orbitals. The color observed for a 

complex ion is complementary to the color of the light absorbed. The intensity of 

absorption is affected by three selection rules- the Laporte, parity, and spin selection 

rules. The more selection rules that are broken, the less intense the absorption. 

Charge-transfer absorptions do not involve d–d transitions, so they generally give rise 

to intense colors. As a result of the parity selection rule, tetrahedral complexes are 

generally more intensely colored than octahedral complexes. 

 

1.2.8 Magnetic properties 

The magnetic moment of a first row transition metal complex is related to the number 

of unpaired electrons through the spin-only formula. By comparing the measured 

magnetic moment with the value calculated using the spin-only formula it can 

determine whether an octahedral complex is high spin or low spin and whether a 4-

coordinate complex is tetrahedral or square planar. 

 

 

1.2.9 Aqueous chemistry of the first row d-block ions 

Ligand substitution reactions occur when one ligand replaces another. This happens 

stepwise, and each ligand replacement reaction has an equilibrium constant known as 

stability constant. The values of stepwise equilibrium constants decrease with 

increasing substitution for statistical reasons. Equilibrium constants are always higher 

for complexes of polydentate ligands than those of monodentate ligands. This is 

called the chelate effect and it is caused by greater changes in entropy. Redox 

reactions are common in aqueous solution, and the nature of the ligands affects the 

value of the reduction potential.  Ions with a charge of +3 or more undergo hydrolysis, 

giving acidic solutions. 
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1.3 Introduction to ligand 

1.3.1 Schiff Bases and their metal complexes 

Compounds containing an azomethine group (-CH=N-), known as Schiff bases are 

formed by the condensation of a primary amine with a carbonyl compound. Schiff 

bases of aliphatic aldehydes are relatively unstable and are readily polymerizable 

while those of aromatic aldehydes, having an effective conjugation system, are more 

stable. Schiff bases have number of applications viz., preparative use, identification, 

detection and determination of aldehydes or ketones, purification of carbonyl or 

amino compounds, or protection of these groups during complex or sensitive 

reactions. They also form basic units in certain dyes. 

 

Schiff bases are generally bi-or tri- dentate ligands capable of forming very stable 

complexes with transition metals. Some are used as liquid crystals. In organic 

synthesis, Schiff base reactions are useful in making carbon-nitrogen bonds. Schiff 

bases appear to be an important intermediate in a number of enzymatic reactions 

involving interaction of an enzyme with an amino or a carbonyl group of the substrate 

One of the most important types of catalytic mechanism is the biochemical process 

which involves the condensation of a primary amine in an enzyme usually that of a 

lysine residue, with a carbonyl group of the substrate to form an amine, or Schiff base. 

 

Stereochemical investigation carried out with the aid of molecular model showed that 

schiff base formed between methylglyoxal and the amino group of the lysine side 

chains of proteins can bend back in such a way towards the N atom of peptide groups 

that a charge transfer can occur between these groups and oxygen atoms of the schiff 

bases. In this respect pyridoxal schiff bases derived from pyridoxal and amino acids 

have been prepared and studied from the biological point of view. Transition metal 

complexes of such ligands are important enzyme models. The rapid development of 

these ligands resulted in an enhance research activity in the field of coordination 

chemistry leading to very interesting conclusions. 
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1.3.2 Synthesis of schiff bases 

It have reported the synthesis, complexation, antifungal and antibacterial activity 

studies of a new macro cyclic Schiff base (Ugras et al.,) as shown in Fig 3. 

 

 

Fig 3: synthesis of schiff bases 

Preparation, physical characterization and antibacterial activity of Ni (II) Schiff base 

complex was reported. (Morad et. al.,) (Fig 3 a). 

 

 

Figure 3a: Synthesis of schiff bases 

Elzahany have synthesized some transition metal complexes with Schiff bases derived 

from 2- formylindole, salicylaldehyde and N-aminorhodanine as shown in Fig 3b. 
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Fig 3 b: Synthesis of Schiff  bases 

 

Figure 3 c: Synthesis of Schiff  bases 

 

1.3.3 Pyrazolines and their metal complexes 

Pyrazoles and their reduced form pyrazolines are well known nitrogen containing 

heterocyclic compounds (Katritzky et al., 1996 and 1984). They display a broad 

spectrum of biological activities (Elguero et al., 2002; Gokhan et al., 2003; Holla et 

al., 2000; Plaska et al., 2001 and Turan et al., 2000). Pyrazolines and quinoxalines 
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have been developed as nonsteroidal anti-inflammatory drugs and block the formation 

of prostaglandins (Lombardino, 1985 and Faigon, 1994). Pyrazole metal complexes 

show extensive coordination chemistry as well as catalytic and biological properties 

(Monica, 1997 and Onoa et al., 1999). 

 

A set of 1-N-substituted pyrazoline analogues was synthesized by the cyclization of 

Mannich bases with substituted thiosemicarbazides in 9-28% yield (Abid and Azam, 

2005). The Mannich bases were generated by the reaction of various ketones with 

formaldehyde and dimethylamine hydrochloride in 42-87% yield. 

 

 

 

Figure 4: Synthesis of pyrazoline 

Abid and co-workers synthesized a series of 1-N-thiocarboxamide- 3-phenyl-2-

pyrazolines by cyclization of Mannich bases with unsubstituted thiosemicarbazides in 

35-51% yield (Abid and Azam 2006).  
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Figure 4 a : Synthesis of pyrazoline 

It was concluded once again that the presence of a halogen substitutent on the phenyl 

ring and a 4-methyl group on the pyrazoline ring greatly affects the in vitro 

antiamoebic activity. 

Recently, a series of 1-N-substituted thiocarbamoyl-3, 5-diphenyl-2-pyrazoline 

derivatives were reported (Budakoti et al., 2007). First, a base-catalyzed Claisen-

Schmidt condensation of benzaldehyde with acetophenone produced the chalcone 

(93% yields). Cyclization with various N-4 substituted thiosemi-carbazides gave the 

desired pyrazoline derivatives in 8-24% yield with a wide variety of aliphatic and 

aromatic amines. The palladium (II) complexes  were also prepared by mixing an 

equimolar ratio of pyrazoline  with [Pd(DMSO)2Cl2] in 76-92% yield. 

 

 

Figure 4 b: Synthesis of pyrazoline 
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1.3.4 Benzimidazoles and their metal complexes 

Discovery of 5,6-dimethyl-1-(R-D-ribofuranosyl)benzimidazole, an integral part of 

the chemical structure of vitamin  B12, has generated considerable interest in the area 

of benzimidazole nucleosides and nucleotides (Bonnett, 1963 and Hill et al.,1969). 

Benzimidazole and its derivatives are widely used in searches for new drugs (Craigo 

et al.,1999; Gudmundsson et al., 2000; Trivedi et al., 2006; Townsend and Revankav, 

1970; Kim et al.,1996 and Khalafi et al., 2005). Recently, interest in the synthesis and 

characterization of transition metal complexes of the benzimidazole ligands has been 

stimulated as a result of their biological and pharmacological activity (Rajan et al., 

1996; Garcia, 1996, Cardwell et al., 1997; Gable et al., 1996; Piguet et al.,1989 and 

Aminabhavi et al.,1986). Benzimidazoles are commonly synthesized by coupling o-

phenylenediamine with carboxylic acids (Sluka et al., 1981). Alternatively o-

phenylenediamine can be treated with benzaldehydes, followed by cyclization of the 

intermediate Schiff base in the presence of various oxidants such as nitrobenzene ( 

Sluka et al., 1981, Khairy and Hammad, 1978), 2,3-dichloro-5,6-dicyano-1,4-

benzoquinone (Eynde et al.,1995), benzofuroxan (Patzold et al.,1992) and MnO2( 

Khairy and Hammad 1978). Sondhi et al. described one-step synthesis of 

pyrimidobenzimidazoles in which isothiocyanatobutanal  was condensed with o-

phenylenediamine  in refluxing methanol at pH ≈ 5 to give pyrimidobenzimidazole 

derivatives in 18-46% yield (Sondhi et al., 2002).  

 

 

Figure 5: Synthesis of Benzimidazole 

Another series of benzimidazoles was reported, as shown in Fig 6 along with their 

vanadium, molybdenum, and tungsten metal complexes (Bharti et al., 2002; Maurya 

and Bharti,1999) 2-(Salicylideneimine)benzimidazole was synthesized by mixing 

equimolar amounts of salicylaldehyde and 2-aminobenzimidazole in refluxing 

methanol, whereas 2-(R-hydroxyalkyl/aryl)benzimidazoles were prepared by 

refluxing ophenylenediamine and substituted carboxylic acids in 4N HCl followed by 

neutralization with ammonium hydroxide. Dioxovanadium and dioxomolybdenum 

complexes were prepared by the reaction of aqueous KVO3/MoO3 solution with the 
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potassium salt of 2-(salicylideneimine)benzimidazole in refluxing methanol, 

respectively. Reaction of 2-(R-hydroxyalkyl/aryl)benzimidazole with 

peroxovanadium(V) generated peroxovanadium complexes, whereas similar peroxo 

complexes of molybdenum and tungsten were prepared by stirring MoO3 or WO3 

·H2O in aqueous 30% H2O2 solution with 2-(R-hydroxyalkyl/aryl)benzimidazole in 

aqueous ethanol. The dioxomolybdenum and dioxotungsten complexes were also 

isolated by the reaction of [MoO2(acac)2] or [WO2(acac)2](acacH)acetylacetone)] with 

2-(R-hydroxyalkyl/aryl)benzimidazole. 

 

 

Figure 5a: Synthesis of benzimidazole 

 

 

1.4 Nitroimidazole complexes 

1.4.1 Nitroimidazole complexes as radiosensitizers 

Nitroimidazoles (Segalas and Beauchem, 1992 and Chan et al., 1989) and their 

complexes with metals like Pt, Ru and Rh are known to be effective radiosensitizers 

and chemotherapeutic agents. Ruthenium(II) compounds showing a promising 

potential as radiosensitizers have been prepared by James and coworkers (Keppler et 

al.,1987) with several 4-nitroimidazole derivatives. Among these compounds, the cis-

RuCl4,(DMSO), (4(5)-NO2Im)2 complex  was identified as the best candidate. Several 

factors were proposed to explain its superior properties: greater reduction potential of 

the ligand, possible hydrolysis to a species capable of binding to DNA, presence of a 

pyrrolic proton to form hydrogen bonds that could stabilize the DNA-ruthenium 

interaction.  
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1.4.2 Nitroimidazole complexes as trypanocidal 

In the search of new therapeutic tools for the treatment of American Trypanosomiasis, 

the largest parasitic disease burden in the American continent, three series of novel 

ruthenium complexes of the formula [RuCl2(HL)2], [RuCl3(dmso)(HL)] and 

[RuCl(PPh3)(L)2] with bioactive 5-nitrofuryl containing thiosemicarbazones as 

ligands (HL neutral, L monoanionic) were prepared. Their in vitro growth inhibition 

activity against Trypanosoma cruzi and the effect of co-ligands in related 

physicochemical properties i.e. nitro moiety redox potential, lipophilicity and free 

radical scavenger capacity show that although a loss of activity was observed as a 

consequence of ruthenium complexation, lipophilicity and free radical scavenger 

capacity of the obtained complexes could be correlated to their trypanocidal effect.  

 

1.4.3 Nitroimidazole complexes as Anticancer  

Nitroimidazoles are radiosensitizers and hypoxia detecting chemosensitizers. Intially 

nitroimidazoles were single dose antibiotic drugs. Recently nitroimidazole derivatives 

have emerged as multifunctional “drug-biomarker monitors” chemical compounds 

with importance in treatment of tumors, monitoring hypoxia and safer imaging 

contrast agents to monitor the therapeutic progress. Additionally, the number of 

nitroimidazole derivatives is growing and identified their importance as 

multifunctional nanoparticles. The nanoparticles synthesis scheme of nitroimidazole 

was proposed as nitroimidazole caged with metal oxide inside polymer coating and 

labeled with marker biomolecules. The multifunctional nitroimidazole nanoparticles 

were useful in detection and monitoring of hypoxia, cancer chemotherapy and soft 

tissue infections. In conclusion, nitroimidazoles are potential multifunctional 

molecules useful in chemotherapy, antiparasitic and monitoring hypoxia with greater 

possibility of simultaneous use of radiolabeled 2‟nitroimidazoles as radiosensitizers, 

MRI-PET-US contrast imaging agents. 2‟nitroimidazole compounds and analogs are 

becoming state of art radiosensitizers and chemosensitizers in cancer prevention and 

management. Apart from their newly discovered antitumor properties 2‟ 

nitroimidazoles had been proven antiparasitic drugs. However, their toxicity was 

remained a major issue as they showed strong DNA breaking properties by direct 

DNA binding and coupling with DNA strands and it caused skepticism of 

nitroimidazole acceptability as safe choice of non cancer therapeutic value. The 

binding of nitroimidazole with polymer depends on its hydrophilic bonds over its 
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molecules. The synthesis and properties of some nitroimidazole complexes of 

platinum and palladium starting from the MCl4
2-

 salts are described metal complexes 

are now firmly established as clinically useful antitumour agents (Yang et al., 1999).  

  

A further relatively recent advance in this area is the demonstration that the original 

complex of this family cis[PtCl3(NH3)2] act as radiosensitizers in both bacterial and 

mammalian cells (Das et al., 2003). Radiosensitization refers to the enhancement of 

radiation-induced damage by certain drugs, especially in hypoxic (oxygen-deficient) 

cells. This is critical because there are cases where tumour cure by radiotherapy is 

limited by the greater resistance of hypoxic cells, in comparison to normally 

oxygenated cells (Mallia et al., 2005). The classic radiosensitizers are the 

nitroheterocycles as exemplified by nitrofurans (Li et al.,2005) and nitroimidazoles 

(Chu et al., 2004); a general (but simplified) rationale being that the „electron-affinic‟ 

nitro groups may interact with damage on DNA induced by radiation in a manner 

analogous to oxygen producing subsequently lethal hits (Jurrison and Lydon, 1999). 

The identification of DNA as the ultimate target of radiation damage naturally 

prompts the question as to how new species may be designed with potential 

radiosensitizing and DNA binding properties. In this respect, the strong binding of 

platinum, in its complexes, to purine and pyrimidine bases suggested that platinum 

complexes of known radiosensitizers could have interesting biological properties.  

 

1.4.4 Nitroimidazole complex as diagnostic agents 

Delineation of viable ischemic myocardium is an important problem in nuclear 

cardiology. To determine the feasibility of using a technetium-labeled nitroimidazole 

as an indicator of ischemic myocardium at risk of infarction, The distribution of a 2-

nitroimidazole-derivatized PnAO ligand and its 
99m

Tc complex,
 99m

TcO(PnAO)-1-

CH,-(2NI)(BMS-181321) was characterized in the ischemic territory of the left 

anterior descending (LAD) coronary artery of the rabbit. In preliminary experiments, 

the performance of 
14

Cdeoxyglucose (
14

C-2DG) and 
14

C-misonidazole was assessed 

relative to apparent regional relative myocardial blood flow (rMBF) indicated by 

99m
Tc-teboroxime using double-label autoradiography in the rabbit LAD occlusion 

model. After demonstrating that 
14

C-2DG and 
14

Cmisonidazole are selectively 

retained in the lateral border of the ischemic territory, BMS-181321 was co-injected 

intravenously, with either 
14

C-2DG or 
14

C-misonidazole, 20 min after LAD occlusion. 
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In a separate experiment, 
99m

TcO(PnAO)-6-CH3, a complex with the same 

lipophilicity (log k‟ 0.26 vs. 0.31) as BMS-181321 but which lacks the 2NI moiety, 

was co-injected with 
14

C-2DG. After 30 min, the rabbits were sacrificed and 
14

C 
99m

Tc  

autoradiograms were obtained from the same tissue sections. The autoradiograms 

revealed that BMS-181321 was retained with the same microregional distribution as 

both 
14

C-2DG and 
14

C-misonidazole in the border zone of the ischemic LAD territory. 

The selective retention of BMS-181321 depends on the presence of the nitroimidazole 

group, since 
99m

TcO(PnAO)-6-CH3 has a uniformly low myocardial distribution in 

contrast to the enhanced uptake of co injected 
14

C-2DG. These data demonstrate that 

BMS-181321 is selectively retained in hypoxic myocardium and demarcates the 

ischemic border zone in a manner similar to 
14

C-2DG and 
14

C -misonidazole. 

 

Differentiation of viable ischemic myocardium from ischemic infarct is a major goal 

of nuclear cardiology. While many agents are available for imaging regional 

myocardial blood flow (rMBF) (Dearling et al., 2002; Maurer et al.,2002; Goldstein 

et al.1986; Roizen-Towle et.al.,1986; Seldin et al., 1989 and Shelton et al.,1990) 

fewer methods exist for detecting viable ischemic myocardium by external imaging. 

“F-2-fluoro-deoxy-Dglucose positron emission tomography (
18

FDG PET) reveals that 

viable ischemic myocardium, in which some residual flow is retained, has an 

accelerated regional myocardial metabolic rate of glucose (rMMR) (Neely et al.1975), 

particularly under fasting conditions (Gould et al.,1991). The increase in rMMR,, can 

be attributed to the acceleration of glycolysis in ischemic hypoxic myocardium, which 

leads to increased lactate production and substrate level phosphorylation of adenosine 

5‟-diphosphate (ADP) (Rumsey et al.1993). The enhanced generation of adenosine 5‟-

triphosphate (ATP), as a product of anaerobic glycolysis during ischemia, at least 

partially compensates for a decline in mitochondrial oxidative phosphorylation. 

18
FDG PET alone does not distinguish between nonischemic and necrotic 

myocardium, however, since nonischemic myocardium preferentially oxidizes fatty 

acids to provide respiratory substrate (Schelbert et al., 1982) and has a low rMMR 

that can approximate the rMMR, of necrotic tissue (Neely et al.,1975). On the other 

hand, sequential 
13

N-ammonia and 
18

FDG PET studies show that regions of ischemic 

myocardium that have low rMMR,, represent nonviable or infarcted myocardium 

(Neely et al.,1975). As pointed out previously (Janse et al., 1979), for patients with 

stable coronary artery disease, improvement in function was observed for 75-85% of 
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dysfunctional segments designated as “viable” by 
18

FDG PET, whereas 78-95% of 

“nonviable” segments showed no improvement after revascularization (Bergmann et 

al.1984, Shelton et al.1990). On the other hand, problems with the interpretation of 

increased 
18

FDG uptake have been described (Janse et al., 1979). Foremost among 

these is the inability of 
18

FDG PET to indicate whether glucose metabolism is 

anaerobic or oxidative. This is an important point in light of studies that show that 

glucose metabolism and oxygen consumption, as well as mechanical work, increase in 

non ischemic myocardium proximal to the edge of the ischemic territory (Nunn et al., 

1995). Thus, the suggestion has been made that indicators more directly associated 

with tissue hypoxia, such as 
18

F-fluoromisonidazole, may detect viable ischemic 

myocardium with greater accuracy than 
18

FDG (Janse et al., 1979). It is believed that 

intracellular misonidazole trapping is enhanced in hypoxic tissue due to diminished 

reoxidation of the reduced species by oxygen (Moulder and Rockwell, 1987). Studies 

of 
14

C-misonidazole binding to V79 hamster cells show that increased binding occurs 

below oxygen concentrations of 2 mM or 1.4 mm Hg (Brown et al., 1984).  
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CHAPTER II 

REVIEW OF LITERATURE 

 

2.1 Metal ions in medicine 

A number of drugs and potential pharmaceutical agents contain metal-binding or 

metal-recognition sites, which can bind or interact with metal ions and potentially 

influence their bioactivities and might also cause damage to the target biomolecules. 

Numerous examples of these ‗‗metallodrugs‘‘ and ‗‗metallopharmaceuticals‘‘ are 

reported, for instance: (a) a number of anti-inflammatory drugs, such as aspirin and its 

metabolite salicylglycine, ibuprofen (Abuhijleh et al., 1994), the indole derivative 

indomethacin,bioflavonoid rutin (Afanaseva et al.,  2001), diclofenac, suprofen 

(Underhill 1993), and others (Underhill 1989) are known to bind to metal ions that 

affect their antioxidant and anti-inflammatory activities; (b) the potent histamine-H2-

receptor antagonist cimetidine and famotidine can form stable complexes with Cu
2+

 

and Fe
3+

 (Kirkova 1999, Duda 1995); (c) the anthelmintic and fungistatic agent 

thiabendazole, used for the treatment of several parasitic diseases, forms a Co
2+

 

complex with a metal to drug ratio of 1:2 (Umadevi et al., 1995); (d) the Ru
2+

 

complex of the anti-malarial agent chloroquine exhibits an activity two to five times 

higher than the parent drug against drug-resistant strains of Plasmodium falciparum 

(Sanchez et al.,1996 ); (e) the antipsychotic drug trifluoperazine forms complexes 

with VO
2+

, Ni
2+

, Cu
2+

, Pd
2+

, and Sn
4+

 which exhibit higher activities than the metal 

free drug when tested in Moloney murine leukemia virus reverse transcriptase (Nacsa 

1998); (f) the clinically useful β-lactamase inhibitor sulbactam can form complexes 

with Ni
2+

, Cu
2+

, and Fe
3+

; (g) a few hormone-anchored metallodrugs have been 

prepared which show enhanced receptor binding and higher activities against cancer 

cells; (h) the thiosemicarbazone conjugated isatin (which shows a broad-spectrum 

bioactivity can bind late first-row transition metal ions and exhibit activity toward 

human leukemia cell lines, without inducing cell apoptosis; and (i) metal complexes 

(Be
2+

, Mg
2+

, Mn
2+

, Co
2+

, Ni
2+

, Cu
2+

, Zn
2+

, Cd
2+

, Pb
2+

, Fe
3+

, and Al
3+

) of several 

carbonic anhydrase inhibiting sulfonamides (Supuran 1998) have been investigated 

for their topical intraocular pressure lowering properties and as potential agents 

against gastric acid imbalances. 
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There are a number of metallodrugs and metallopharmaceuticals which have been 

utilized for the treatment of diseases and disorders or as diagnostic agents (Orvig et 

al., 1999 and Sadler, 1991) such as gold as antiarthritic drug, bismuth as antiulcer 

drug, gadolinium as MRI contrast agents, technetium as radiopharmaceutical, metal-

based X-ray contrast agents and photo- and radiosensitizers, vanadium as insulin 

mimetic, and lithium as antipsychotic drug. Li
+
 can be considered the smallest 

effective metallodrug whose carbonate and citrate salts exhibit significant therapeutic 

benefit in the treatment of manic depression (bipolar mood disorder) (Birch et al., 

1988). The status of Li
+
 in cells have been extensively studied and recently reviewed 

(Mota de Freitas, 1993). It is also interesting to point out that the metal ion Sb
3+

 may 

be regarded as the simplest ‗‗metalloantibiotic‘‘ from a broader viewpoint of the term, 

whose salts (including N-methylglucamine antimonite and Nastibogluconate or 

Meglumine antimonate) have been utilized for the treatment of leishmaniasis against 

the protozoan parasite Leishmania (Yan et al., 2000). The antiprotozoal mechanism of 

Sb
3+

 is thought to be attributed to its binding to trypanothione which is essential for 

the growth of the parasite. 
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2.2 Metalloantibiotics: structure and function  

Antibiotics can interact with a variety of biomolecules, which may result in inhibition 

of the biochemical or biophysical processes associated with the biomolecules. This 

can be illustrated through the interactions of the peptide antibiotic polymyxin with 

glycolipids, which affect membrane function (David et al., 1992), the anthracyclines 

(ACs) with DNA base pairs, which stops gene replication, the imbedding of the 

lipophilic antibiotic gramicidin (Hinton et al., 1985) and the insertion of the 

amphiphilic antibiotic protein colicin A into cell membrane (Parker et al., 1989), 

which disturbs normal ion transport and transmembrane  otential of cells, the 

inhibition of transpeptidase by penicillins, which affects cell wall synthesis (Oka et 

al., 1980), and the inhibition of aminopeptidase by bestatin, amastatin, and 

puromycin, which impair many significant biochemical processes (Oka et al., 1980). 

Although most antibiotics do not need metal ions for their biological activity, there 

are several families of antibiotics that require metal ions to exhibit biological 

activities. In some cases, metal ions are bound tightly and are integral part of the 

structure and function of the antibiotics. Removal of the metal ions thus results in 

deactivation and/or change in structure of these antibiotics, such as bacitracin, 

bleomycin (BLM), streptonigrin (SN), and albomycin. In other cases, the binding of 

metal ions to the antibiotic molecules may engender profound chemical and 

biochemical consequences, which may not significantly affect the structure of the 

drugs, such as tetracyclines (TCs), actinomycins (ACs), aureolic acids, and 

quinolones. Similar to the case of ‗‗metalloproteins,‘‘ these families of antibiotics are 

thus dubbed ‗‗metalloantibiotics‘‘. 

 

Metal ions play a key role in the actions of synthetic and natural metalloantibiotics, 

and are involved in specific interactions of these antibiotics with proteins, 

membranes, nucleic acids, and other biomolecules. For example, the binding of 

Fe/Co–BLM, Fe/Cu–SN, Mg–quinolone, Mg-quinobenzoxazine, Mg–aureolic acid, 

and platinum in cisplatin, impair DNA functions or result in DNA cleavage; the 

binding of metallobacitracin to undecaisoprenyl pyrophosphate which in turn, 

prohibits the recycling of the  pyrophosphate to phosphate and thus results in 

inhibition of cell wall synthesis. The structural and functional roles of metal ions in 

metalloantibiotics have been further advanced in recent years through extensive 

biological, biochemical and physical studies (Guschlbauer et al., 1987). 
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2.2.1 Classes of metalloantibiotics 

2.2.1.1 Aminoglycosides  

Aminoglycosides form a unique and structurally diverse family of antibiotics, which 

include the famous Waksman‘s streptomycin and the widely used neomycin (an 

ingredient in‗‗triple antibiotic‘‘ointment along with bacitracin and polymyxin B). 

Antibiotic aminoglycosides work by inhibiting protein synthesis in bacteria and 

compromise the structure of the bacterial cell wall. The mode of action involves 

binding to the bacterial 30s ribosomal subunit (some work by binding to the 50s 

subunit) and inhibit the translocation of the peptidyl-tRNA. (e.g. Amikacin, 

gentamicin, kanamycin, neomycin, netilmycin, tobramycin, paromomycin, 

streptomycin). 

 

Fig 6: Structure of aminoglycosides 

Neomycin has also been determined to inhibit the selfcleavage of the ribozyme from 

human hepatitis virus by direct replacement of the active divalent metal ions. 

Aminoglycosides work against infections caused by Gram negative bacteria, such as 

Escherichia coli and Klebsiella specialy Pseudomonas aeruginosa and are effective 

against aerobic bacteria. The ability of aminoglycosides to bind metal ions is 
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primarily governed by sugar ring substitution on the 2-deoxy streptamine ring (Ring 

B). Vicinal amine and hydroxyl groups can form a potential metal chelating motif, as 

found within the 2-deoxy streptamine ring (1-amine and 6-hydroxyl) (Gokhale et 

al.2007). Gentamicinsalso possess metal chelate donor atoms in ring C (Petrukhin et 

al.2009, Arya 2007). Aminoglycoside phosphotransferase (3')-IIIa (APH) has 

broadest substrate range among the phosphotransferases that cause resistance to 

aminoglycoside antibiotics. The presence of metalnucleotide increased the binding 

affinity of aminoglycosides to APH. In addition, the replacement of magnesium (II) 

with manganese (II) lowered the catalytic rates significantly while affecting the 

substrate selectivity of the enzyme such that the aminoglycosides with 2'-NH(2) 

become better substrates (higher Vmax) than those with 2'- OH (Wu and Serpersu, 

2009). Aminoglycosides can be considered as ―metal mimics‖ (Mikkelsen et al., 

2001) because they bind to metal-ion binding sites of RNA molecules and interfere 

with the function of RNA by displacing functionally/structurally important metal (II) 

ions. Aminoglycosides promoted biochemical activities of a large ribozyme by acting 

as a Mg
2+

 mimic (Bao and Herrin, 2006).  

 

Scientists showed that aminoglycosides also interfere with metal ion binding sites of 

protein enzymes, showing that the ―metal mimics‖ property of aminoglycosides is not 

only restricted to the interaction between aminoglycosides and RNA (Yan et al., 

2002). Thus, aminoglycosides as ―metal mimics‖ have the potential to be used as 

functional probes to perturb the catalytic activity of both ribozymes and 

metalloenzymes as functional or structural probes, to map and characterize the active 

sites of such catalytic activities. 

 

2.2.1.2 Ansamycins 

Ansamycins prevents bacterial cell division by inhibiting cell wall synthesis. 17-

(allylamino)-17-demethoxygeldanamycin (17AAG), a benzoquinone ansamycin Hsp90 

inhibitor, has promising anticancer activity in vitro, in animal models and in clinical 

trials. It was demonstrated that 17AAGH2 was a more potent Hsp90 inhibitor than its 

parent quinine; however, 17AAGH2 can be oxidized back to 17AAG under aerobic 

conditions. Results suggested that human serum albumin prevented 17AAGH2 

oxidation via a copper chelation mechanism (Guo et al., 2008). 
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2.2.1.3 Carbacephems 

Carbacephems inhibit cell wall synthesis. Iron-dependent pathogen control is a 

promising field and offers a broad array of possible therapeutic applications. While 

the siderophore-antibiotic strategy uses Fe-siderophore uptake systems as gateways 

for cellular infiltration with established antibiotics, the siderophore pathway inhibition 

strategy tries to abolish siderophore utilization in order to starve the pathogens out for 

iron. Both concepts proved to be successful with in vitro and ex vivo culture model 

systems. However, most of these compounds have to be evaluated in appropriate in 

vivo systems. The crystal structure of the Fe-enterobactin binding protein CeuE was 

found in a status of ligand dependent dimerization, which was observed upon co-

crystallization with the synthetic enterobactin analogue 1,3,5-N,N‘,N‘‘-tris-(2,3-

dihydroxybenzoyl) triaminomethylbenzene (MECAM), possessing an aromatic 

backbone. The ligand dimerization that led to face-to-face joining of two periplasmic 

binding proteins was dependent on the iron bound to the ligand complex and the 

stacking interactions between the aromatic backbones of the ligand molecules 

(Miethke and Marahiel, 2007). 

 

2.2.1.4 Carbapenems 

They inhibit cell wall synthesis. Metal analyses demonstrated that recombinant 

metallo-β-lactamase Bla2 from Bacillus anthracis tightly binds one equiv of Zn (II). 

Results showed that mono-Zn (II) Bla2 (1Zn-Bla2) was active, while di-Zn (II) Bla2 

(ZnZn-Bla2) was unstable. However, di-Co (II) Bla2 (CoCo-Bla2) was substantially 

more active than the mono-Co (II) analogue. Further, Co (II) binding to Bla2 was 

found distributed, while Zn (II) binding sequential. These results demonstrated that 

Zn enzyme binds Co (II) and Zn (II) via distinct mechanisms, underscoring the need 

to demonstrate transferability when extrapolating results on Co (II) substituted 

proteins to the native Zn (II) containing forms (Hawk et al., 2009). Metallo-beta-

lactamases are bacterial Zn (II) dependent hydrolases capable of hydrolyzing all 

known classes of beta-lactam antibiotics, rendering them ineffective. These enzymes 

can be subdivided into three subclasses (B1, B2 and B3) that differ in their metal 

binding sites and their characteristic tertiary structure. BcII is a B1 metallo-beta-

lactamase which is found in both mononuclear and dinuclear forms. The position of 

Zn (II) has been reported as essential for a productive substrate binding and 

hydrolysis (González et al., 2007). Co (II) BcII hydrolyzed α-lactam imipenem (both 
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the mono- and dinuclear forms) and the intermediate formed was a metal-bound 

anionic species with a novel resonant structure that was stabilized by the metal ion at 

the DCH or Zn (II) site (Tioni et al., 2008). 

 

2.2.1.5 Cephalosporins  

Cephalosporins inhibits the synthesis of the peptidoglycan layer of bacterial cell walls 

e.g. lactams. Many drugs possess modified toxicological and pharmacological 

properties when in the form of metal complexes. Sultana and Arayne reported that 

interaction of cefadroxil, cephalexin, cefatrizine and cefpirome with essential and 

trace elements caused antagonistic effect in many cases which was shown by decrease 

in antimicrobial activity of cephalosporins and MIC values were increased (Sultana 

and Arayne, 2007). The complex [Cu(cefotaxime)Cl] was found to have higher 

activity than that of cefotaxime against the bacteria strains studied under the test 

conditions, showing that it has a good activity as bactericide (Anacona and Da Silva, 

2005). 

 

2.2.1.6 Glycopeptides  

These are peptidoglycan synthesis inhibitors. The monomeric complexes of Fe (III) 

with small molecules (glycopeptides) related to peptidoglycan monomer structure 

were prepared and characterized by chemical and physicochemical methods (Ladesiæ 

et al., 1992). Complexes of antibiotics with metals are useful in detecting 

microorganisms, including gram-positive bacteria. The complexes are preferably 

chelated complexes between a glycopeptide antibiotic and a detectable label 

comprising a transition or lanthanide metal (Olstein and Feirtag, 2005). 

 

2.2.1.7 Aurecolic acids 

The glycoantibiotic aureolic acid family produced by Streptomyces species is 

comprised of several members with similar structures, including chromomycin A3 

(ChrA3), mithramycin, olivomycin, and variamycin, which exhibit activities toward 

Gram-positive bacteria, DNA viruses, and tumors. A divalent metal ion, such as Mg, 

Co, Zn, or Mn is required for aureolic acid to bind to a double helical DNA to form a 

drug-metal-(DNA) ternary complex which is bound to DNA in the minor groove. One 

of the major attributes for the biological action of the aureolic acid anticancer 

antibiotics chromomycin A3 and mithramycin is their ability to bind bivalent cations 
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such as Mg(II) and Zn(II) ions and form high affinity 2:1 complexes in terms of the 

antibiotic and the metal ion, respectively.  

 

Chromomycin A3 and mithramycin inhibited enzyme activity of alcohol 

dehydrogenase with inhibitory constants of micromolar order. The natures of the 

enzyme inhibition, the binding stoichiometry of two antibiotics per monomer, and 

comparable dissociation constants for the antibiotic and free (or substrate-bound) 

ADH imply that the association occurs as a consequence of the binding of the 

antibiotics to Zn (II) ion present at the structural center. Confocal microscopy showed 

the colocalization of the antibiotic and the metalloenzyme in HepG2 cells, thereby 

supporting the proposition of physical association between the antibiotic(s) and the 

enzyme inside the cell (Devi et al., 2009). 

 

The anticancer antibiotic chromomycin A3 (Chro) is a DNA minor groove binding 

drug belonging to the aureolic family. The effects of spermine on the interaction of 

2:1 Chromomycin (Chro)-metal (Fe (II), Co (II), or Cu (II) ion) complexes revealed 

that spermine strongly competed for the Fe(II) and Cu(II) cations in dimeric Chro-

DNA complexes, and disrupted the structures of these complexes. However, the 

DNA-Co(II)(Chro)(2) complex showed extreme resistance to spermine-mediated 

competition for the Co(II) cation. Further, a 6mM concentration of spermine 

completely abolished the DNAbinding activity of Fe (II) (Chro) (2) and 

Cu(II)(Chro)(2) and interfered with the associative binding of Co(II)(Chro)(2) 

complexes to DNA duplexes, but only slightly affected dissociation. Additionally, 

DNA condensation was observed in the reactions of DNA, spermine, and 

Fe(II)(Chro)(2). Despite the fact that Cu(II)(Chro)(2) and Fe(II)(Chro)(2) 

demonstrated lower DNA-binding activity than Co(II)(Chro)(2) in the absence of 

spermine, while Cu(II)(Chro)(2) and Fe(II)(Chro)(2) exhibited greater cytoxicity 

against HepG2 cells than Co(II)(Chro)(2), possibly due to competition of spermine for 

Fe(II) or Cu(II) in the dimeric Chro complex in the nucleus of the cancer cells. Such 

results should have significant relevance to future developments in metalloantibiotics 

for cancer therapy (Lu et al., 2009). The [(Mithramycin)2-Fe(II)] complex exhibited 

higher cytotoxicity than the drug alone in some cancer cell lines, probably related to 

its higher DNA-binding and cleavage activity (Hou and Wang, 2005). 
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2.2.1.8 Macrolides 

 These irreversibly block 50s microbial ribosome, inhibit translation of tRNA as well 

as protien synthesis. Erythrocin has been the only macrolide antibiotic in general 

clinical use for about 40 years. Recently, a host of new macrolides and related 

antibiotics have become available, e.g. tylosin, spiromycin, leucomycin, 

oleandomycin, medemycin, josamycin, androxithromycin, larithromycin, 

azithromycin are the most important among them. The animal specific breeds include 

tylosin and tilmicosin. Macrolides inhibited bacterial protein synthesis by an effect on 

translocation and their action may be bactericidal or bacteriostatic. The macrolide 

antibiotic erythromycin contains two sugar moieties and a hydroxyl groups which 

potentially can serve as metal binding groups. Iron-erythromycin complex exhibit 

superoxide scavenging activity (Muranaka et al., 1997). 

 

Figure 7: Sturucture of macrolide 

 

2.2.1.9 Lincosamides 

These are active against Grampositive cocci, e.g. staphylococci, hemolytic 

streptococcus and pneumococcus, and also against clostridium tetani and 

mycoplasma, but not against Gram-negative organisms. The mechanism of action 

involves the inhibition of protein synthesis. For example, Lincomycin is a broad 

spectrum antibiotic synthesized by Streptomyces lincolnensis that is particularly 

active against Grampositive bacteria. It is widely used in human and veterinary 

applications. Manganese dioxides in soils and sediments could contribute to the 

decomposition of lincosamide antibiotics released into the environment (Chen et al., 

2010). 
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2.2.1.10 Penicillins 

These inhibit synthesis of peptidoglycan and cell wall. Amoxicillin and silver 

nanoparticles combination resulted in greater bactericidal efficiency on Escherichia 

coli cells when they were applied separately. Moreover, the bactericidal action of 

silver nanoparticles and amoxicillin on Escherichia coli showed a higher antibacterial 

effect in Luria–Bertani medium with increasing concentration of both amoxicillin (0–

0.525 mgml
-1

) and silver nanoparticles (0–40 μgml
-1

). Dynamic tests on bacterial 

growth indicated that exponential and stationary phases were greatly decreased and 

delayed in the synergistic effect of amoxicillin and silver nanoparticles. In addition, 

the effect induced by a preincubation with silver nanoparticles results showed that 

solutions with more silver nanoparticles have better antimicrobial effects (Li et al., 

2005). 

 

2.2.1.11 Quinolones 

Quinolones are comprised of a large family of antibacterial agents such as nalidixic 

acid, pefloxacin, norfloxacin, ofloxacin, and ciprofloxacin (Smith 1984, Wolfson 

1993). The first-generation nalidixic acid is active only against Gram-negative 

bacteria, whereas the later generations, such as the fluoroquinolones with a fluorine 

atom on the number 6 carbon, have been modified to provide effective antibacterial 

agents which exhibit a broad spectrum of activity, highly active against Gram-

negative bacteria and less active against Gram-positive bacteria and also show 

significant activity against anaerobic bacteria. Fluoroquinolones have been further 

modified to produce quinobenzoxazines, which are found to show anti-tumor 

activities which is attributed to their interaction with topoisomerase II (whereas the 

parent quinolones lack such activities (Chu, 1992).  

 

 

Fig 8: structures of quinolone 
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A few metal complexes (Fe
3+

, Cu
2+

, and Bi
3+

) of quinolones were prepared in acidic 

solutions, from which crystals were obtained and their structures solved (Turel et al., 

1997). A recent theoretical study suggested that metal binding to quinolones was 

associated with their activity. Fluorescence quenching measurements indicate the 

presence of a π–π stacking which has been suggested to be associated with the DNA 

intercalation capability of the drugs and their Cu
2+

 complexes (Roberts et al., 2000). 

 

Metal complexes of quinolones 

Quinolones can bind with several divalent and trivalent metal ions, including Mg
2+

, 

Ca
2+

, Co
2+

, Ni
2+

, Cu
2+

, Cd
2+

 and Al
3+

 (Mendoza et al., 1996 and Turel, 1996),which 

may result in changes in their activity. Mg
2+

 and Al
3+

 were found to decrease the 

activity of the drugs (Hoffken 1985). The crystal structures of the Ni
2+

 and Cu
2+

 

complexes of cinoxacin have been solved, in which the metals are found to bind to the 

α-carboxylketo moiety to form 1:2 metal-to-drug complexes (Turel, 1994). 

 

Mechanism of quinolone action 

The binding of quinolones to DNA-gyrase or topoisomerase IV has been considered 

to be the key step in the action of these drugs, which prohibits DNA religation activity 

and distorts DNA in the complex (Levine et al., 1998). Recent studies on the mapping 

of the functional interaction domain of topoisomerase II revealed that the quinolone-

action site on the enzyme overlaps with the sites for the DNA cleavage-enhancing 

drugs, including etoposide, amsacrine, and genistein (Elsea et al., 1997). Norfloxacin 

exhibits Mg
2+

dependent binding to plasmid DNA in the absence of the enzymes (Palu 

et al., 1992), wherein metal–drug, metal-DNA, and drug-metal-DNA complexes are 

detected. The drug does not bind to DNA in the absence or in the presence of an 

access amount of Mg
2+

. Intercalation of norfloxacin into DNA is proposed in the 

study, and Mg
2+

 is proposed to serve as a ‗‗bridge‘‘ for the carboxylate of the drug to 

interact with DNA. However, DNA unwinding efficiency of ~10° by this drug is only 

marginal for weak intercalation (Tornaletti et al., 1988). Fluorine-19 NMR study of 

the binding of pefloxacin with double stranded DNA also revealed the participation of 

Mg
2+

 in the binding process (Lecomte et al., 1998). Moreover, the Mg
2+

dependent 

single-stranded DNA binding affinities of several 6-substituted quinolones are found 

to correlate with the gyrase poisoning activity of these drugs (Sissi et al., 1998). This 

confirms the involvement of Mg
2+

 in such interactions and the significance of the 
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substitution at position-6. Quinobenzoxazines have been proposed to bind DNA 

duplex in the presence of Mg
2+ 

to form a ternary complex in the form of 2drug-

2Mg
2+

-DNA, in which one drug molecule is proposed to intercalate into the DNA 

base pairs while the other is ‗‗externally bound.‘‘ (Fan et al., 1995). The two Mg
2+

 

ions serve as salt bridges which interact with both molecules of the drug and the 

phosphoester backbone of DNA. The  metal-quinobenzoxazine complex interacts with 

DNA in a cooperative manner,i.e., a 4:4 metal–drug complex is proposed to interact 

with DNA as a unit, in which two drug molecules intercalate into DNA base pairs 

while the two ‗‗external‘‘ molecules have π–π interactions and are expected to interact 

with the enzyme topoisomerase II or gyrase. The 2:2 metal–drug complexes is also 

suggested to be assembled in the presence of topoisomerase II based on the results 

from photocleavage assays, the use of mismatch sequences and competition 

experiments (Kwok, 1999). The formation of the 2:2 metal–drug complexes suggests 

that different quinobenzoxazine or quinolone drug molecules should be utilized to 

form ‗‗hybrids‘‘ for the pursuit of optimal structure–activity relationship.Because of 

increase in incidences of bacterial resistance towards many currently used antibiotics 

in recent years, further development of new antibiotics has become an urgent mission. 

Better understanding of the structures, functions, and mechanisms of existing 

metalloantibiotics and the mechanisms of antibiotic resistance would lead to better 

design of metal complexes. As the chemical properties of metal ions can vary 

significantly and can also be further fine-tuned by proper design of drug ligands for 

targeting different biomolecules and biocomponents, new generations of various 

‗‗metalloantibiotics‘‘ isolated from natural resources or obtained via chemical 

syntheses and/or modifications that exhibit more effective antiparasitic, antibacterial, 

antiviral, and anti-tumor activities are under investigation. 

 

2.2.1.12 Sulfonamides  

They are competitive inhibitiors of bacterial enzyme dihydropteroate synthetase, and 

microbial nuclic acids synthesis was also inhibited along with microbial folic acid 

synthesis. Quinolinyl sulfonamides, such as N-(quinolin-8-yl) methanesulfonamide 

and N-(5-chloroquinolin-8-yl) methanesulfonamide [potent methionine 

aminopeptidase (MetAP)] inhibitors showed different inhibitory potencies of Co(II)-, 

Ni(II)-, Fe(II)-, Mn(II)-, and Zn(II)-forms on Escherichia coli MetAP, and their 

inhibition was dependent on metal concentration. X-ray structures of E.coli MetAP 
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complex with N-(quinolin-8-yl) methanesulfonamide revealed that the inhibitor 

formed a metal complex with the residue H79 at the enzyme active site; the complex 

was further stabilized by an extended H-bond and metal interaction network. Analysis 

of the inhibition of MetAP by these inhibitors indicated that this as a typical 

mechanism of inhibition for many non-peptidic MetAP inhibitors and emphasized the 

importance of defining in vitro conditions for identifying and evaluating MetAP 

inhibitors that will be capable of giving information relevant to the in vivo situation 

(Huang et al.2006). Markus et al reported that significant degree of selectivity can be 

attained with metal-dependent MetAP inhibitors (Altmeyer et al., 2010). 

 

2.2.1.13 Tetracyclines (TCs)  

They inhibit binding of aminoacyl-tRNA to the mRNA-ribosome thereby inhibiting 

translation process which is an important step in protein synthesis. Their usage has 

been limited in recent years because of side effects. The acidicoxy-groups at positions 

1, 3, 10, 11, and 12 of TC are the potential metal binding or chelating site. Recent 

studies of the mechanism for bacterial resistance of this drug has afforded new insight 

into rational design of analogues and searching for new analogues of this broad-

spectrum antibiotic family, such as the novel 9-glycylamido derivatives 

the‗‗glycylcyclines,‘‘ for defending bacterial infections.One of the glycylcyclines 9-t-

butylglycylamidominocycline (GAR - 936, tigilcycline) is currently under phase II 

clinical trials. Antibiotics drugs of the tetracycline family are chelators of Ca
2+

 and 

Mg
2+

 ions. Tetracyclines coordinate metal (II) ions including Ca
2+

 and Mg
2+

 ions 

under physiological conditions forming chelate complexes with their ketoenolate 

moiety at rings B and C. These metal (II) complexes were the biologically relevant 

molecules conferring the antibiotic character of the drug by inhibiting ribosomal 

protein biosynthesis in prokaryotes. Evidece suggested that no other metal ion can 

compete with Mg2+ for TetR/[MeTc](+) complex formation (Palm et al., 2008). 

 

Fig 9: Sturucture of tetracycline 



 
CHAPTER II: REVIEW OF LITERATURE 

Department of Pharmacy, SV  46 
 

The beneficial effects of tetracyclines are attributed to their metal complex. 

Tetracyclines complex with copper acts as antioxidants and anti-inflammatory agents 

(electron scavengers) by neutralizing the damaging oxygen free radicals produced by 

the activated leucocytes. By combining with the copper, zinc, iron and other trace 

metal elements in enzymes such as collagenase, tetracyclines inhibited the enzymatic 

destruction of tissues. On the other hand tetracycline‘s greater affinity for nucleic 

acids and lipids than most chelates resulted in a greater inhibition of protein synthesis 

and microbial growth. Preformed copper-aspirinate would be more effective in the 

control of inflamation and the preformed copper-tetracyclinate would control the 

collagen vascular disorders of microbial origin. 

 

Administration of certain dietary items (milk, containing calcium) or drugs (antacids, 

iron preparations, products containing calcium salts) to patients on tetracycline 

therapy could cause a significant decrease in the amount of tetracycline absorbed. TCs 

are highly susceptible to oxidative transformation mediated by dissolved Mn (II) and 

Cu (II) ions and manganese dioxide under environmentally relevant conditions. The 

oxidative transformation occurred via different TC structural moieties and reaction 

pathways when different metal species were involved, leading to complicated product 

formation patterns. It was also found that Al oxide surfaces promoted the acid-

catalyzed isomeration and dehydration of TCs.  

 

These findings significantly advances the fundamental understanding of the reaction 

mechanisms of TC compounds and provided the knowledge basis for better risk 

assessment of these compounds in the environment (Chen, 2008). The fundamental 

understanding of the reaction mechanisms of TC antibiotics with important metal 

species in the aquatic environment provides the knowledge basis for better 

environmental fate prediction and risk assessment for these biologically active 

contaminants (Artsimovitch, 2005).Tetracyclines coordinate metal (II) ions under 

physiological conditions forming chelate complexes with their ketoenolate moiety at 

rings B and C are the biologically relevant molecules conferring the antibiotic 

character of the drug by inhibiting ribosomal protein biosynthesis in prokaryotes. 

 The Tet repressor, TetR, is the molecular switch for tetracycline resistance 

determinants in gram-negative bacteria and controls transcription of a gene encoding 

the integral membrane protein TetA, which mediated active efflux of a tetracycline-
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metal(II) cation, [MeTc](+), by equimolar antiport with a proton. Researchers 

evaluated distinct characteristics of the metal binding by crystal structure 

determination of TetR/[MeTc](+) complexes and of association equilibrium constants 

of [MeTc](+) and TetR/[MeTc](+) complexes. Various divalent metal ions bind to the 

same octahedral coordination site, defined by a histidine side chain of TetR, the 

tetracycline, and three water molecules. Whereas association constants for [MeTc](+) 

vary within 3 orders of magnitude, association of the [MeTc](+) cation to TetR is very 

similar for all measured divalent metals. Taking intracellular cation concentrations 

into account, it was shown that no other metal ion can compete with Mg
(2+)

 for 

TetR/[MeTc]
(+)

complex formation (Palm et al., 2008). 

 

2.2.1.14 Rifamycin  

Rifamycin antibacterial agents inhibited bacterial RNA polymerase (RNAP) by 

binding to a site adjacent to the RNAP active center and prevented synthesis of RNA 

products. Artsimovitch et al. proposed that rifamycins function by allosteric 

modulation of binding of Mg
2+ 

to the RNAP active center. It was also concluded that 

rifamycins do not function by allosteric modulation of binding of Mg
2+

 to the RNAP 

active center (Feklistov, 2008). 

 

Fig 10: Structures of rifamycin analogues 

 

2.2.1.15 Anthracycline  

Anthracycline (AC) antibiotics are produced by Streptomyces species and exhibit 

wide spectrum of antineoplastic activity toward both solid and hematologic tumors 



 
CHAPTER II: REVIEW OF LITERATURE 

Department of Pharmacy, SV  48 
 

and cancers. The redox activity of the AC ring plays a key role in the action of these 

drugs. In addition, the metal ion bound to the 11, 12-b ketophenolate site is also 

thought to be involved in some actions of these antibiotics. Doxorubicin 50 is 

powerful chelators of other metal ions, including Cu
2+

 and Al
3+

.Copper-complexation 

had no affect on the cytotoxicity of the doxorubicin drug suggesting thereby that 

extracellular as well as intracellular mechanisms may be involved in the development 

of its antitumor activity (Monti et al.,1990). 

 

2.2.1.16 Streptonigrin 

 Streptonigrin is a metal-binding quinone-containing antibiotic produced by 

Streptomyces flocculus. Redox active metal ions such as Fe and Cu are required for 

this antibiotic to exhibit full antibiotic and anti-tumor activities. The implication for 

the formation of metal complexes of the antitumor antibiotic streptonigrin, which 

cleaves DNA in the presence of metal ions, has been reported (Anderberg et al., 

2002). In vivo, metal ions such as Zn (II), Cu (II) and Mn(II) facilitated the initial 

reduction of streptonigrin to the semiquinone by capturing the semiquinone after 

streptonigrin reduction by biological reductants. 

 

2.2.1.17 Bleomycin (BLM) 

Bleomycin (BLM, also known as Blenoxane) was first isolated as a Cu
2+

-containing 

glycooligopeptide antibiotic from the culture medium of Streptomyces verticullus 

(Umezawaet al., 1966), and was later found to be an antiviral agent (Takeshitaet al., 

1974). It was soon found to be an anticancer agent and has ever since become one of 

the most widely used anticancer drugs (Lazo et al., 1996), for the treatment of testis 

cancer, lymphomas, and head and neck cancer, as well as the AIDS-related Kaposi‘s 

sarcoma in combination with cisplatin and adriamycin. However, it can cause life-

threatening side effects, including lung fibrosis. BLM contains a few uncommon 

amino acids, such as β-aminoalanine, β-hydroxyhistidine, and methylvalerate, two 

sugars (gulose and mannose), a few potential metal-binding functionalities such as 

imidazole, pyrimidine, amido, and amino groups, and a peptidyl bithiazole chain 

considered to be the DNA recognition site. Similar to many other natural products, 

BLM is produced as a mixture of several analogs with BLM A2 and B2 being the 

most abundant ones (Umezawa et al., 1966). 
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BLM is the most extensively studied metalloantibiotic from several view points, such 

as its metal binding property, structural studies using a variety of spectroscopic 

methods, mechanistic study of its oxidative DNA cleavage, investigation of its 

structure–function relationship, and its use as a non-heme model for investigation of 

dioxygen activation and DNA recognition/cleavage (Burger et al., 2000). There are a 

few BLM-like antibiotics which exhibit similar physical, structural, and biochemical 

characteristics as BLM, which have been previously reviewed (Umezawa et al.,  

1980) Bleomycin is a glycosylated linear nonribosomal peptide antibiotic produced by 

the bacterium Streptomyces verticillus. Bleomycin when used as an anti-cancer agent, 

the chemotherapeutical forms are primarily bleomycin A2 and B2. Bleomycin A2 is 

used in the treatment of Hodgkin lymphoma (as a component of the ABVD regimen), 

squamous cell carcinomas, and testicular cancer, pleurodesis as well as plantar warts. 

[62Zn] BLM can be used in PET oncology studies due to its suitable physicochemical 

properties as a diagnostic complex invitro and in vivo (Jalilianet et al., 2003 and 

Bahrami-Samani et al., 2010). DNA cleavage by bleomycin depends on oxygen and 

metal ions, at least in in vitro. It is believed that bleomycin chelates metal ions 

(primarily iron) producing a pseudoenzyme that reacts with oxygen to produce 

superoxide and hydroxide free radicals that cleave DNA. 

 

The bleomycin-iron complex was the well-studied example of site-specific, metal-

mediated damage to DNA (Grollman et al., 1985). The bleomycin- mediated cleavage 

of DNA occurred via formation of a ternary complex, DNA-bleomycin-iron. Further, 

oxidation of the complexed Fe (II) resulted in a site-specific oxidation of DNA, most 

probably by the hydroxyl radical (Sausville et al., 1978). Antitumor properties of 

bleomycin and several of its metal complexes as well as nucleic acid recognition by 

metal complexes of bleomycin has been reported (Claussen and Long 1997, Rao et 

al., 1980). Bleomycin (BLM) effectively carries out single-and double-stranded DNA 

cleavage. Activated BLM (ABLM), a low-spin ferric-hydroperoxide, BLM–FeIII–

OOH, is the last intermediate detected before DNA cleavage. The DNA dependence 

of the ABLM reaction indicated that the involvement of DNA in the transition state 

for ABLM decay and thus reacted directly with BLM–Fe III–OOH instead of its 

decay product (Marina et al., 2008). 
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Fig 11: Anticancer agent bleomycin 

2.2.1.18 Polyether ionophores 

The polyether ionophores (monensin, salinomycin, ionomycin, maduramycin etc.) are 

naturally occurring antibiotics produced by the soil bacteria strains of Streptomyces 

spp. and are widely applied in veterinary medicine. Besides their well known 

anticoccidiosis activity against Eimeriya spp., this class of compounds possesses well 

studied antibacterial, antifungal, antimucosal and especially in case of salinomycin – 

anticancer properties. Scientists have shown that monensins (MonH / MonNa /MonK) 

formed three types of complex species: [M(Mon)2(H2O)2] (M = Mg, Ca, Ni, Zn, Co, 

Mn ( 1)), [M(Mon)(H2O)] (M = Hg (2)), [M(MonNa)2Cl2] (M =Co, Mn,Cu (3). 

Sodium salinomycin (SalNa) produces two different complex types of composition 

[M(Sal)2(H2O)2] (M = Co, Ni, Cu, Zn ( 4)) and [M(Sal)2(H2O)] (M = Pb ( 5)), while 

the known divalent metal compounds of maduramycins (NH 4Mad / MadH) consisted 

of [M(Mad)Cl] (M = Mn, Co ( 6)) as a main complex unit (Pantcheva et al., 2010 and 

Dorkov et al.,  2008). 

 

2.2.1.19 Platinum compounds 

The antibiotic activities of Platinum (II) complexes such as Cisplatin have been used 

as anticancer agents since long (Jamieson and Lippard 1999, Hannon 2007). Inside 

the cell, cisplatin causes platination of DNA, which involves interstrand and 

intrastrand crosslinking as well as formation of adducts, usually through guanine. 

Formation of cisplatin DNA adducts causes distortion and results in inhibition of 

DNA replication (Lee et al., 2002). DNA is considered the main biological target of 

cisplatin. Different strategies have been used to improve efficacy of cisplatin like use 
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of nanotechnology to specify the effect of the drug in the target cells (Liang et al., 

2010). Platinum complexes with distinctively different DNA binding modes from 

cisplatin may provide higher antitumor activity against cisplatin resistant cells. The 

trans isomer of diamminedichloro Pt (II) has also been studied, trans DDP offers a 

different attachment mode with DNA and is used as anticancer drug for cisplatin 

resistant cancer cells. A series of trans piperazine compounds were reported to have 

significant cytotoxicity against cisplatin resistant cells (Najajreh and Perez2002). 

Irradiation of cis-platin modified DNA with UV light induced cross-links with the 

protein HMG, which inhibited RNA transcription (Bartkowiak et al., 2009). The 

molecular mechanism of action of an antitumor platinum complex [PtCl2(cis-1,4-

DACH)] (DACH = diaminocyclohexane) has been reported. The inhibition of DNA 

polymerization by Pt–DNA adducts could be responsible for markedly different 

effects of DNA adducts of [PtCl2(cis-1,4-DACH)] and conventional cisplatin 

(Kasparkova et al., 2010). 

 

2.2.1.20 Ruthenium compounds 

In recent years, ruthenium-based molecules have emerged as promising antitumor and 

antimetastatic agents with potential uses in platinum-resistant tumors or as 

alternatives to platinum. Ruthenium compounds theoretically possess unique 

biochemical features allowing them to accumulate preferentially in neoplastic tissues 

and to convert to their active state only after entering tumor cells. Ruthenium 

complexes with oxidation state +2 or +3 show antitumor activity against metastasis 

cancers but have minimal effects on primary tumors. Two ruthenium based drugs, 

NAMI-A and KP1019, have reached human clinical testing. Some developments in 

the ruthenium-based antitumor drugs field on mixed diruthenium-organic drugs as 

metallopharmaceuticals in cancer therapy were described. Novel organic 

pharmaceuticals-containing diruthenium (II, III) complexes have shown promising 

antitumor activity for C6 rat glioma - a model for glioblastoma multiforme (GBA) 

(Silva et al., 2010). Other promising ruthenium agents include novel ruthenium 

compound ONCO4417 and DW1/2 that has demonstrated Pim-1 kinase inhibition in 

preclinical systems. Further development of these and other ruthenium agents may 

rely on novel approaches including rational combination strategies as well as 

identification of potential pharmacodynamic biomarkers of drug activity aiding early 

phase clinical studies (Antonarakis and Emadi, 2010). Imidazolium trans-
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imidazoledimethyl sulfoxide tetrachlororuthenate (NAMI-A), [ImH][trans-RuCl4 

(DMSO-S)(Im)], (Im=imidazole; ImH=imidazolium) remains one of the leading 

ruthenium complexes with the best chances of becoming an anticancer drug 

(McGowan 2005). The relative binding of ruthenocene derivatives were very high and 

even better than hydroxyl tamoxifen which is novel antagonist for estrogen (Clarke 

2003). Galanski and his co-workers studied the anticancer properties of Ru (III) arene 

complexes (Galanski et al., 2003). Ruthenocene-cymene complexes have shown to 

damage DNA by forming monofunctional adducts selectively with guanine bases 

(Allardyce et al., 2001). 

 

Ruthenocene complexes showed antiproliferative effect on the MCF-7 (ER-positive) 

breast cancer cell lines. Many of Ru complexes exhibit anti-estrogen properties 

similar to that observed for novel anti-estrogen Tamoxifen (Anne et al., 2005). The 

electrochemistry of RuL2(CO)2Cl2 [L2 = 7-amino-6-methoxy-5,8-quinolinedione) and 

the implications for the formation of metal complexes of the antitumor antibiotic 

streptonigrin which cleaves DNA in the presence of metal ions were reported 

(Anderberg et al., 2002). 

 

2.2.1.21 Organometallics 

The first successful application of an organometallic compound as a drug was the 

anti-syphilis drug Salvarsan in 1910. Some successful examples of organometallic 

based drugs include the anti-tumor properties of the cisplatin, ferroquine for the 

treatment of malaria, and the use of radioactive 99m Tc compounds as 

radiopharmaceuticals. It is believed that proteins could be the biological target of 

organometallics and researchers have shown that compounds with thiosemicarbazone 

ligands can bind strongly to human serum albumin (Beckford et al., 2010). Several 

organometallic compounds have been found to exhibit antineoplastic activities. 

Organometallic compound like Iron (III)-salophene with selective cytotoxic and anti-

proliferative properties have been used in platinum-resistant ovarian cancer cells 

(Lange et al., 2008). Complexes of transition metal like iron have shown remarkable 

antiproliferative properties (Ray et al., 2007 and Sun et al., 2007). Ferrocifenes 

exhibited anticancer activity against hormone dependent and hormone independent 

breast cancers (Top et al., 2003). Many organometallic analogues of tamoxifen were 

used as a vehicle for introducing other cytotoxic agents to the cancer cells (Kiat et al., 
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2006). Newly emerging ruthenium (II) organometallic complexes not only bind to 

DNA coordinatively, but also by H-bonding and hydrophobic interactions triggered 

by the introduction of extended arene rings into their versatile structures. Intriguingly 

osmium (the heavier congener of ruthenium) reacted differently with DNA but also 

produce highly cytotoxic organometallic complexes (Pizarro and Sadler, 2009). 

 

2.2.1.22 Antimicrobial implants 

Antimicrobial implants represent a preventive method against infection. One of the 

inorganic antimicrobials Novaron (grade VZ 600) coated at 3.0 MPa to titanium alloy 

(Ti6Al4V) plates exhibited the antimicrobial activity against Staphylococcus aureus, 

Pseudomonas aeruginosa, and Klebsiella pneumoniae. These results indicated that 

there is a possibility of using them not only for clean operations but also for 

operations with suspected bacterial contamination, such as fixation of slight 

compound fractures (Tamai et al., 2009). Fusidic acid is a bacteriostatic antibiotic that 

is often used topically in creams and eyedrops, but may also be given systemically as 

tablets or injections. The global problem of advancing antimicrobial resistance has led 

to a renewed interest in its use recently (Falagas et al., 2008). Transition metal 

complexes or salts of fusidic acid, especially the silver and zinc salts were found 

particularly suitable for topical applicationas as anti-infective agents (Masterson 

1991). The radical scavenging activity of various metallobacitracin complexes was 

shown to be higher than those of free transition metal ions and metal-free bacitracin. 

The superoxide dismutase activity of the complex was found to be in the order of Mn 

(II) > Cu (II) > Co (II) > Ni (II) (Piacham et al., 2006).  

 

2.3 DNA Binding metalloantibiotics 

DNA can bind with many different biomolecules and synthetic compounds, including 

proteins, antibiotics, polyamines, synthetic metal complexes and organometallic 

compounds (Chaires, 2001). In a case of very specific protein-DNA interaction, 

transcription is regulated to turn on or off a specific biological process. DNA is also a 

target for therapeutic treatment of disorders, such as cancer. The ligands can directly 

bind to DNA or DNA-regulating biomolecules. Several clinically used anti-cancer 

antibiotics, such as BLM and the ACs, are DNA-binding (and cleaving) agents. A 

better understanding of the structures of these antibiotics and their DNA complexes, 

and of the relationship of structure, function, and toxicity of these drugs can provide 
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information for the design of more effective but less toxic drugs for therapeutics. 

Investigations in the interaction between DNA and synthetic compounds or metal 

complexes can further our understanding of DNA–ligand binding specificity which 

could provide clues for rational design of DNAspecific drugs in future (Tullius et al., 

1989). 

 

2.4 DNA/RNA Binding and Cleavage 

The antibiotic mechanism of BLM has been proposed on the basis of the results from 

the studies on its Fe and Co derivatives (Burger, 2000). In the presence of reducing 

agents, the metal ions in Fe
2+

 or Co
2+

BLM bind dioxygen and convert it into an 

‗‗activated form‘‘ HOO-Fe-BLM or HOO-Co-BLM via a superoxide-Fe-BLM 

intermediate. DNA cleavage by Fe–BLM is proposed to be carried out by oxidation at 

C4′ and C2′ proton abstraction from the deoxyribose of DNA following oxidation of 

5′-GC and 5′-GT sequences (Kane, 1994 and Takeshita, 1978). The damaged 

deoxyribose then breaks down resulting into cleavage of DNA strand. The mechanism 

for DNA cleavage by Co–BLM has been suggested to follow a similar mechanism 

(Chang 1984). In the presence of H2O2, Fe
3+

- BL M generates hydroxyl (˙OH) free 

radical in the vicinity of DNA which is expected to cause DNA cleavage in vivo 

(Chakrabarti et al., 1996). Several studies indicate that Fe
2+

–BLM can also bind and 

cleave RNA molecules, including tRNA and its precursors, and rRNA (Magliozzo et 

al., 1989). The cleavage occurs mainly at the junctions between double stranded and 

single-stranded regions in RNA molecules such as at C26 and A32 in E. coli (Carter 

et al., 1991). 

 

2.5 Metal Complexes of SN 

Zinc ions bind SN to afford complexes with varying metal to ligand ratios at various 

temperatures, in which 1:1 metal–drug complex is the predominant one (Long et al., 

1997). The interaction of Zn
2+

–SN with DNA and oligonucleotides has been 

investigated with 1H- and 31P-NMR spectroscopy. This study concluded the 

requirement of metal ions for SN binding to DNA (Long et al., 1997). SN can bind to 

several different paramagnetic metal ions, including Co
2+

 and Fe
2+

 with large 

formation constants to form 1:1 metal-SN complexes (Wei, 1998). The study of Fe
2+

–

SN complex is particularly important since it is considered an active form exhibiting 
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enhanced activity towards DNA destruction, both in vitro and in vivo (Merryfield et 

al., 1982). 

 

2.6 Metal Binding and Bioactivities 

Metal ions have been found to be involved in some unique activities of 

aminoglycosides. The binding of iron to gentamicin has been postulated to induce free 

radical formation which causes peroxidation of lipids (Priuska et al., 1995). The 

Fe
2+

/Fe
3+

 complexes of gentamicin have recently been investigated. These redox-

active iron complexes were implied for aminoglycoside toxicity. Several 

aminoglycoside antibiotics have been observed to bind Cu
2+

, including lincomycin 

(Jezowska et al., 2001 a), kasugamycin (Jezowska et al., 2001b), kanamycin B 

(Jezowska et al., 1998 a), tobramycin (Jezowska et al., 1998b), genticin (Jezowska et 

al., 1998 c), and the semi-synthetic amikacin (Jezowska et al., 2001 b). In addition, a 

few simple aminosugars have also been reported to bind Cu
2+

, which serve as simple 

model for binding of aminoglycoside antibiotics to metals (Jezowska et al., 1996). 

The Cu
2+

-aminoglycoside complexes are observed to exhibit oxidative activity, which 

can catalyze oxidation of nucleotides in the presence of H2O2. Hydrolytic cleavage of 

DNA and RNA molecules including the RNA of the HIV-1 viral Rev response 

element, under physiological conditions, by Cu
2+

-aminoglycoside complexes were 

also observed (Sreedhara et al., 1999). The metal ion in these complexes has been 

proposed to bind through a chelating vicinal aminohydroxyl binding moiety of the 

drugs. Although, the macrolide antibiotic erythromycin has a structure different from 

the streptomycin-like antibiotics, yet it contains two sugar moieties (one being a t-

aminosugar), carbonyl and hydroxyl groups which can serve as potential metal 

binding ligands. An erythromycin–iron complex was observed to exhibit superoxide 

scavenging activity that was not observed for the antibiotic without the metal 

(Muranaka et al., 1997). 

 

2.7 Metal complexes and bacterial resistance 

An accepted definition of antibiotic resistance as presented in 1998 by the Institute of 

Medicine is ―a property of bacteria that confers the capacity to inactivate or exclude 

antibiotics, or a mechanism that blocks the inhibitory or killing effects of antibiotics, 

leading to survival despite exposure to antimicrobials (Bahe et al., 2006). The 

presence and spread of antibiotic resistance in nonagricultural, non-clinical 
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environments has been reported (Allen et al., 2010). Studies have reported the 

occurrence of bacterial antibiotic resistance due to the use of the same antibiotics in 

both humans and animals (Wegener 2003). Further, production of ß lactamases is the 

most common mechanism of bacterial resistance (Samaha et al., 2003). Metal 

contamination represents a longstanding, widespread and recalcitrant selection 

pressure with both environmental and clinical importance that potentially contributes 

to the maintenance and spread of antibiotic resistance factors (Baker et al., 2006). 

 

Although overuse of antibiotics in agriculture and medicine seems partially 

responsible, environmental exposure to heavy metals may also contribute to antibiotic 

resistance, even in the absence of antibiotics themselves. Data on a series of eight lab-

scale activated-sludge reactors amended with Zn and/or a suite of three antibiotics 

(oxytetracycline, ciprofloxacin, and tylosin), in parallel with unamended control 

showed that sub-toxic levels of Zn caused increased antibiotic resistance in waste 

treatment microbial communities at comparatively low antibiotic levels, probably due 

to developed crossresistance resulting from pre-exposure to Zn (Peltier et al., 2010). 

Researchers have come up with a possible substitute that utilizes the metal gallium to 

mimic iron needed by bacteria to survive. Rather than a drug designed to attack the 

bacteria itself, gallium boosts of the body‘s own natural defenses by fooling bacteria 

into thinking they are well-nourished (Banin et al., 2008). The prevalence of 

antibiotic resistance may increase in populations via indirect or coselection from 

heavy metal contamination. Selection for metal tolerance among sediment bacteria 

may influence selection for antibiotic resistance differently in sediments than in the 

water column (Cary and Vaun, 2008). Colony forming heterotrophic metal resistant 

bacteria isolated from the sediments of Sunchon Bay, South Korea exhibited 

resistance to various heavy metals and also to wide spectrum of antibiotics. Plasmid 

curing results in loss of antibiotic and heavy metals resistance in some of the isolates 

confirmed a relationship between antibiotic and heavy metal resistance (Kamala and 

Lee, 2008). Heavy metal pollution contributed to increased antibiotic resistance 

through indirect selection also (Vaun and Cary, 2000). Metal pollution resulted in 

selective pressure that leads to the development of multiple metal/antibiotic resistance 

among bacterial populations, probably through horizontal gene transfer (Ming and 

Epperson, 2002). Researchers have obtained single-stranded DNA‘s (reversible, 

noncompetitive inhibitors of the metalloenzyme, with Ki and Ki‘ values in the 
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nanomolar range) that are potent inhibitors of the Bacillus cereus 5/B/6 metallo-ß-

lactamase. The inhibition patterns and metal ion dependence of their inhibition 

suggested that the oligonucleotides alter the coordination of the active site metal 

ion(s) (Kim et al., 2009). 

 

2.8 Siderophores and ionophores 

Molecular receptors known as siderophores are also polydentate ligands that can 

selectively bind and transport alkali or alkaline earth metal ions and Fe
3+

, 

respectively, across cell membranes and artifcial lipid bilayers (for example, 

enterobactins, ferrichromes, ferrioxamines). Ionophores are special carrier molecules 

that wrap around metal ions forming typically 1:1 complex, so they can pass through 

the membrane by diffusion. These molecules can serve as antibiotics by (a) disturbing 

the ionic balance across membrane via ion transport (particularly, the transport of 

alkali and alkaline earth metal ions), such ions through the pores, such as gramicidins, 

and (c) competing for essential iron in the environment, such as ferrichromes. 

Gramicidin represents ion channel-forming molecule [helical peptide dimer, 

hydrophobic outer surface interacts with membrane, carbonyls and nitrogens on inner 

surface can interact with cations as they pass through, potassium selective: pore size 

and ligands select for K+. Ionophore antibiotics can disrupt this ionic imbalance by 

allowing ions to penetrate the cell membrane as ion-ionophore complexes or via the 

formation of ion channels. Grampositive bacteria appear to be particularly sensitive to 

the effect of ionophores perturbing normal ion transport. Iron recognition and active 

transport relies on the biosyntheses and use of microbe-selective iron-chelating 

compounds called siderophores. Siderophores and analogs can be used for iron 

transport-mediated drug delivery (―Trojan Horse‖antibiotics) and induction of iron 

limitation/starvation. Recent extensions of the use of siderophores for the 

development of novel potent and selective anticancer agents have been reported 

(Miller et al., 2009). 

 

2.9 Metal complexes as antibiotic mimics/artificial metalloantibiotics 

Artificial metalloantibiotics activity mimics antibiotics. Biological macromolecules 

present in living organisms, like proteins, DNA, have many metal-binding sites. As a 

consequence, coordination compounds can react with such cellular components, 

displaying possible toxic effects, or they also may have beneficial applications. A 
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number of reports on design and synthesis of metal compounds as potential 

antibacterial agents (metalloantibiotics) are available in literature. The results 

generally indicated that more potent complexes possessed better physical properties 

and are much more effective as chemotherapy agents than their parent antibiotics. 

However, the complexes may be toxic at the dose level used to the liver and kidney 

but can be consider as potential antibiotics drugs after reduction in the level of metal 

ion which is responsible for the toxicity (Ogunniran et al., 2008). Classical examples, 

like cisplatin, and new examples of Pt and Ru compounds are known to bind to 

several biomacromolecules in a specific way, and eventually bind at DNA (Rafique et 

al., 2010 and Reedijk 2008). The metal ions can be administered in polymeric 

microparticles, deformable films or microparticles embedded within deformable 

films. The metal ions exhibited microbiocidal action to the bacterial pathogens that 

are the causative agents of periodontal disease. Ternary complex seems worth 

pursuing as a possible antimicrobial agent candidate. Moreover, as the biological 

studies showed, both the synthesised complexes and the solutions prepared by mixing 

the components exhibited the same behavior, thereby, proposing a new, faster and 

accurate methodology to screen metalloantibiotics prior to synthesis of the complexes. 

(Saraiva et al., 2010). Metal-mediated inhibition is a viable approach for discovering 

methionine aminopeptidase inhibitors that are effective for therapeutic application 

(Chai and Ye 2009). Cu (hesperetin)2(H2O)2]nH2O exhibited growth inhibition of 

SGC-7901 and HepG2 cell lines with respect to hesperetin and was found to bind 

DNA in intercalation modes. Further, the binding affinity of complex was stronger 

than that of free hesperetin (Tan et al., 2009). Erythromycin and clarithromycin metal 

complexes resulted in synergistic effects whereas roxithromycin metal complexes 

resulted in antagonistic effect (Najma et al., 2005). Various factors influencing the 

stability of fluoroquinolone-metal complexes have been reported (Urbaniak and 

Kokot, 2009). Interaction of cholinesterases with other molecules in neuritic plaques 

and neurofibrillary tangles mediated by transition metal ions were known to be 

present in AD pathology lesions (Darvesh et al., 2010). The possibility of designing 

niobium-based antibiotics which block iron uptake by pathogenic bacteria was 

discussed (Shi et al., 2010).  

 

A new synthetic ribonuclease [Tb(L1) (OTf) (OH2)] (OTf)2·MeCN {L1=2-[7-ethyl-

4,10-bis (isopropylcarbamoylmethyl)-1,4,7,10-tetraazacyclododec-1-yl] -Nisopropyl-
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acetamide }in which the terbium(III) center is 9-coordinate, with a capped square-

antiprism geometry effectively promoted RNA cleavage in footprinting experiments, 

in which binding of the Tat peptide and neomycin B to the bulge region of the TAR 

stem-loop was confirmed (Belousoff et al., 2009). Researchers suggested the 

possibility that the scavenging effect of the pirfenidone PFD–iron complex 

contributed to the anti-fibrotic action of pirfenidone used for treating idiopathic 

pulmonary fibrosis (Mitani et al., 2008). Quinolones activity decreased in the 

environment of certain metal ions by formation of sparingly soluble metal chelates. 

Fluoroquinolones metal complexes were also discussed in terms of their therapeutic 

application, in terms of the nuclease activity and antibacterial activity (Serafin and 

Stanczak, 2009). A method was reported for inhibiting microbial growth by 

administering an effective amount of a silver complex of a N-heterocyclic amine 

(Youngs et al., 2010). Some important contributions in the area of synthetic analogues 

of metallo-betalactamases, with major emphasis on the role of dinuclear Zn (II) 

complexes in the hydrolysis of beta-lactam antibiotics have been reported (Tamilselvi 

and Mugesh, 2008). Some furanyl-derived sulfonamides behave as bidentate ligands 

in complexation with cobalt(II), copper(II), nickel(II) and zinc(II) with an octahedral 

geometry and their in vitro cytotoxic properties were reported using brine shrimp 

bioassay (Chohan, 2009). Researchers have suggested the development of new anti-

cancer drugs using chelators and chelator complexes with platinum and other metals, 

and also new protocols of combinations of chelators with known anti-cancer drugs 

(Kontoghiorghes et al., 2008). Collectively, lewis acidity, flexible coordination 

numbers and geometries, and fast ligand exchange rates make metal ions particularly, 

Zn
2+

 well suited to serve as cofactors for catalyzing hydrolytic reactions or enhancing 

the reactivity of the water nucleophile and stabilizing reaction intermediates (Hernick 

and Fierke 2010). Artificial metalloantibiotics might block iron uptake by pathogenic 

bacteria, in effect starving them to death. Within the body, iron is present in the form 

of iron ions with a threefold positive charge (Fe
3+

) and must always be well 

―wrapped‖ to prevent it from reacting with proteins and causing damage. In blood 

plasma, iron is carried in the ―pockets‖ of the iron transport protein transferrin. It only 

gets unwrapped once it is inside special cellular organelles. Further, researchers have 

shown that transferrin can clump together to form wormlike fibrils (Sadler et al., 

2008). The researchers showed that most of the metal complexes Zn(II), Cu(II), 

Co(II) and Ni(II) with imidazole derivative were more active than the neat ligand, 
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against Eschereschi coli, Pseudomonas aeruginosa, Klesbiella pneumonia and 

Staphylococcus aureus pected (Rehman et al., 2010). Short oxo-titanium (IV) bond in 

bacterial transferring has been reported as a protein target for metalloantibiotics (Guo 

et al., 2006). Nickel and copper complexes of ethambutol having octahedral geometry 

showed anti-tubercular activity (Annapurna et al., 2006). 

 

Researchers reported two qualitative methods for characterizing Au(I)–protein 

adducts and a photoreactive Au(I) complex that produced a covalent bond between 

the Au(I) complex and the biomolecule(Karver and Barrios 2008). The palladium(II) 

and platinum(II) complexes with fluoroquinolones (ciprofloxacin, levofloxacin, 

ofloxacin, sparfloxacin, and gatifloxacin) showed activity against Mycobacterium 

tuberculosis strain H37Rv (Vieira et al., 2009). Complexes of antibiotics (a 

polymyxin/colistin/aminoglycoside,) and metals were found useful in detecting 

bacteria and other biological analytes, particularly Gram-negative bacteria (Olstein 

and Feirtag, 2001). A solid dosage form of a doxycycline metal complex has been 

reported (deVries and Gold, 2009). Gentamicin known adverse side effects to the 

kidney and the inner ear resulted from complex formation of gentamicin with Co, Ni, 

and Cd with square planar arrangement around the metal ions (Mishra and Sharma, 

2008). 

 

The toxic side effects of synthetic drugs may, in part, be arising due to their 

interactions with essential metal ions, especially when the metal ions are administered 

along with the drug as mineral supplements. Researchers reported the interaction 

between ranitidine and calcium(II), magnesium(II), and iron(II) ions and between 

levothyroxine and copper(II) and iron(II) ions at the physiological pH values 1.5, 7.4, 

and 8.0 and the concentrations of the drugs and mineral supplements used were 

comparable to those in their usual doses (Sridevi and Mohammed, 2007). The 

possible binding modes between duplex oligonucleotides and metallocomplexes were 

reported (Anichina and Bohme, 2009). Scientists have reported the role of metal ions, 

especially iron, in the action of antibiotics employed in anticancer chemotherapy 

(Petering et al., 2004). 

 

Advances in the screening for antiproliferative potential of organotins have been 

reported (Hadjikakou and Hadjiliadis, 2009). Vancomycin was conjugated to a 
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hydrolysis catalyst (or TACzyme). Targeted hydrolysis by such a conjugate was 

observed using membranes containing lipid II. MIC-values of targeted hydrolysis 

catalyst constructs could be modulated by Zn(II) (Bauke Albada, 2009).It has been 

reported that tungsten compounds mimic the action of insulin in intact cell systems. 

Low concentration (0.1 mM) of sodium tungstate, tungstophosphoric acid, and 

tungstophosphoric acid dissolved in 2% DMSO could be the good candidates for in 

vivo investigation of their antidiabetic properties (Topic et al., 2010). 

 

Synthesis, characterization and cytotoxic activity of gallium(III) complexes anchored 

by tridentate pyrazole based ligands has been reported (Silva et al., 2010). Ga has 

been reported as a potentially promising new therapeutic for P.aeruginosa infections 

as it can substitute for Fe in many biologic systems and inhibit Fe-dependent 

processes (Kaneko et al., 2007). Periodontal disease can be treated by the 

administration of metal ions, preferably silver ions, to the site where the 

microorganisms that cause this disease residue.  

 

Administration can be to periodontal pockets or adjacent to exposed tooth roots or 

alveolar bone during periodontal surgical procedures (Roberts et al., 2000). The 

nuclease activity and antibacterial activity of fluoroquinolones metal complexes were 

compared to free fluoroquinolones (Serafin and Stanczak, 2009). Biomimetic systems 

containing one or two zinc(II) ions supported by phenolate ligands developed as 

functional mimics of metallo-beta-lactamase catalytically hydrolyzed beta-lactam 

substrates, such as oxacillin and penicillin G. (Tamilselvi et al., 2006). Bismuth-

fluoroquinolone complexes have the potential to be developed as drugs against H. 

pylori related ailments (Shaikh et al., 2009). Copper(II) bis arginate [Cu(l-

arg)2](NO3)2(1) and [Cu(l-arg)(phen)Cl]Cl(2) as mimics of the minor-groove-binding 

natural antibiotic netropsin showed preferential binding to the ATrich region of 

double-stranded DNA. The complexes with a d-d band near 600 nm displayed 

oxidative DNA cleavage activity on photoirradiation at UV-A light of 365 nm and at 

red light of 647.1 nm (Ar‖Kr laser) in a metal-assisted photoexcitation process 

forming singlet oxygen (1O2) species in a type-2 pathway (Patra et al., 2007). 

[Cu(arginine)2](NO3)2 mimics the minor groove binder netropsin by showing 

preferential binding to the AT-rich sequence of doublestrand (ds) DNA showed 

efficient DNA photocleavage activity (Patra et al., 2009).  
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The opportunistic pathogen Pseudomonas aeruginosa causes infections that are 

difficult to treat by antibiotic therapy. This bacterium can cause biofilm infections 

where it shows tolerance to antibiotics. The novel use of a metallo-complex, 

desferrioxamine-gallium (DFO-Ga) that targets P. aeruginosa iron metabolism has 

been reported. This complex kills free-living bacteria and blocks biofilm formation. A 

combination of DFO-Ga and the anti-Pseudomonas antibiotic gentamicin caused 

massive killing of P. aeruginosa cells in mature biofilms. In a P.aeruginosa rabbit 

corneal infection, topical administration of DFO-Ga together with gentamicin 

decreased both infiltrate and final scar size by about 50% compared to topical 

application of gentamicin alone. The use of DFO-Ga as a Trojan horse delivery 

system that interferes with iron metabolism showed promise as a treatment for 

P.aeruginosa infections (Banin et al., 2008). Iron (III) Schiff base complexes of 

arginine and lysine as netropsin mimics showed ATselective DNA binding and 

plasmid DNA cleavage activity in visible light (Ameerunisha et al., 2010). 

 

Dimers of vancomycin linked by a rigid metal complex, [Pt(en)(H2O)2]
2+

, exhibited 

potent activities (MIC 0.8 mcg/mL, 720 times more potent than that of vancomycin 

itself) against vancomycin-resistant enterococci ,thereby, suggesting that combining 

metal complexation and receptor/ligand interaction offers a useful method to construct 

multivalent inhibitors (Xing et al., 2003). A series of Co (II), Cu (II), Ni (II) and Zn 

(II) complexes of modified mercaptothiadiazole compared to the prepared un-

complexed Schiff bases against four Gram-negative, Escherichia coli, Pseudomonas 

aeruginosa, Salmonella typhi and Shigella flexneri, and two Gram-positive Bacillus 

subtilis and Staphylococcus aureous bacterial strains were reported (Chohan et 

al.2006). Silver nanoparticles coated on common polyurethane foams can be used as a 

drinking water filter to control bacterial contamination of the surface water. 

Nanoparticles were found stable on the foam and were not washed away by water. 

Moreover, morphology of the foam was retained after coating. The nanoparticle bind 

with the nitrogen atom of the polyurethane foams. At a flow rate of 0.5 L/min, in 

which contact time was of the order of a second, the output count of Escherichia coli 

was nil when the input waterhad a bacterial load of 105 colony-forming units (CFU) 

per mL (Jain and Pradeep, 2005).Schiff base-derived sulfonamides metal [Co(II), 

Cu(II), Ni (II) and Zn (II) ]complexes showed moderate to significant in-vitro 

antibacterial activity against six Gramnegative; E. coli, K. pneumoniae,  
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P. aeruginosa, P.mirabilis, S. typhi and S. dysenteriae and four Grampositive; B. 

cereus, C. diphtheriae, S. aureus and  S.pyogenes bacterial strains and for in-vitro 

antifungal activity against T. longifusus, C. albicans, A. flavus, M.canis, F. solani, and 

C. glaberata. However, the zinc (II) complexes were found to be more active. Some 

of the compounds also showed significant antifungal activity,and cytotoxic activity 

against Artemia salina. The X-raystructure of 4-[(2-hydroxybenzylidene) amino] 

benzenesulfonamide was also reported (Chohan, 2008). 

 

Several families of individual copper complexes have been studied as potential 

antitumor agents and these investigations, revealed the occurrence of mechanisms of 

action quite different from platinum drugs (Tisato et al., 2010). A method of 

administering cobalt (III) compound having the formula CoR1R2R3R4R5R6 or a salt 

thereof and an antibiotic compound.Each of R1,R2,R3,R4 and R5 is the same or 

different and includes an N-based ligand donor atom selected from the group 

consisting of ammonia, primary amine, or secondary amine, or salt thereof. R6 is a 

ligand] to a subject diagnosed as needing a broad spectrum antibiotic was reported 

(Chang et al., 2010). A solid dosage form of a metal complex of tetracycline for 

pharmaceutical administration has been proposed wherein R1 = Cl, N(CH3)2, or H; R2 

= CH3, H, or CH2=;R3 = CH3, H, OH, or absent; and R4 = OH or H, with the provison 

that if R2 is CH3 and R3 is H, then R4 is not OH. Punica granatum L. (Punicaceae) 

referred to in English as pomegranates, have antimicrobial activity against a range of 

both Gram positive and Gram negative bacteria (Navarro et al., 1996; Holetz et al., 

2002; Mathabe et al., 2006; Melendez and Capriles 2006 and Prashanth et al., 2001). 

The addition of vitamin C markedly enhanced the activities of both pomegranates/Fe 

(II) and pomegranates /Cu (II) combinations against S. aureus, thereby, validating the 

exploration of pomegranates along with additives such as metal salts and vitamin C as 

novel antimicrobial combinations (McCarrell et al., 2008). 

 

2.10 Mixed antibiotics metal complexes 

In vivo evaluation of the biological studies of the mixed antimalarial metal complexes 

and free ligands showed greater activity against some of the micro-organisms, when 

compared to the parent compounds. Toxicological studies revealed that mefloquine, 

chloroquine and Ni(Mef)(CQ)Cl2 may have affected the plasma membrane integrity 

of the cells and were toxic to the tissues, while the mixed metal complexes of 
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mefloquine and chloroquine (Co(Mef)(CQ)Cl2 and Fe(Mef)(CQ)Cl3) would be a 

better therapeutic drug for malaria (Adediji et al., 2009). Mixed ligand metal 

complexes of chloramphenicol and oxytetracycline prepared by using Ni(II), Co(II) 

and Fe(III) metal chloride were screened for their antibacterial activity against 

isolated strains of Escherichia coli, Staphylococcus aureus and Klebsiella pneumonia 

by using diffusion method. The activity data showed the metal complexes to be more 

potent antibacterial than the parent drugs against the three species (Ogunniran et 

al.2008). Some new mixed ligand complexes of type ML B (M(II)=Mn(II), Co(II), 

Ni(II), Cu(II) and Zn(II); HL‘= ovanillidene-2-aminobenzothiazole; B= 1,10-

phenanthroline) and Schiff base metal complexes of types (ML 2) and (M 2 L) (HL= 

o-vanillidene-2-amino-N-(2-pyridyl)-benzene sulfonamide) synthesized and 

characterized by elemental analysis and spectral (IR, 1 H NMR and 13 C NMR) 

studies showed more potent in vitro biological activities against bacteria, fungi and 

yeast as compared with Schiff base ligands (Neelakantan et al., 2010). 

 

Stability constant and thermodynamic parameters of Cd
2+

 complexes with 

sulfonamide (sulfadiazine, sulfisoxazole, sulfamethaxazole, sulfamethazine, 

sulfathiazole, sulfacetamide and sulfanilamide) as primary ligands and cephapirin as 

secondary ligand were determined by polarographic technique at pH = 7.30 ±0.01 and 

μ = 1.0 M KNO3 at 250 
0
C. Cd 

2+
 formed 1:1:1, 1:2:1 and 1:1:2 complexes (Parihar 

and Khan 2008). A mixed copper complex with deprotonated nalidixic acid (nal) and 

histamine (hsm) was synthesized and characterized by FTIR, UV-Vis, elemental 

analysis, and conductivity. The crystal structure of [Cu(hsm)(nal)H2O]Cl·3H2O (chn) 

showed a pentacoordinated cooper(II) in a square pyramidal geometry surrounded by 

two N atoms from hsm, two O atoms from the quinolone, and one apical water 

oxygen. Alteration of bacterial DNA structure and/or associated functions in vivo by 

[Cu(hsm)(nal)H2O]Cl·3H2O was demonstrated by the induction of a recA-lacZ fusion 

integrated at the amyE locus of a recombinant Bacillus subtilis strain. Results from 

circular dichroism and denaturation of calf thymus DNA (CT-DNA) suggested that 

increased amounts of copper complex were able to stabilize the double helix of DNA 

in vitro mainly by formation of hydrogen bonds between chn and the sugars of DNA 

minor groove. Complexes of the quinolone family drugs with copper coordinated to 

other amines may be active, even if the nuclease activity is not present as in those 

complexes with phenantroline (Bivian et al., 2009). 
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CHAPTER III 

AIM OF PRESENT WORK 

 

3.1 AIM OF PRESENT WORK 

Tinidazole (tnz) is a therapeutic agent of choice for amoebiasis (Barnhost et al., 1996) 

and also used in combination with other antimicrobial drugs against yeast infections 

(Rasmussen et al., 1997). Under anaerobic conditions inside the cell, it is reduced to a 

cytotoxic nitro radical and binds nonspecifically to the organism’s DNA and enzymes, 

which are thus inactivated (Edwards 1993, Castelli et al., 1997, Sigeti et al., 1983, 

Muller, 1983 and Shaw, 1999).
 
High doses or long-term administration of tnz can 

cause a peripheral neuropathy with sensory disturbances and the emergence of 

resistance to this drug is known in many pathogenic bacteria and protozoa. Other 

available drugs have their own limitations and today parasite resistance is also a 

global problem.  

 

Metal based drugs such as Au (I) complexes (e.g., auranofin) have been used 

successfully for the treatment of various diseases (Rhodes et al., 1992; Best and 

Sadler 1996; Farrell 1989 and Mirabelli et al., 1985) including P38 leukemia (Sadler 

and Sue 1994 and Matesanz et al., 1999).
 
Many neutral palladium (II) and palladium  

( IV) complexes were found to exhibit potential antitumour activity (Quiroga et al., 

1998, Sanchez et al., 1996).
 
Moreover, Ru complexes of chloroquine act as potential 

antimalarial agents against P. falciparum (Bharti et al., 2002). So it was well-known 

that coordination of metal ion has a positive effect on drug efficacy. 

 

A series of Pd, Pt, Cu, Au, and Ru complexes of metronidazole (mnz) were prepared 

(Bharti et al., 2002 and Athar et al., 2005) by the reaction of [PdCl2(DMSO)2],  

[PtCl2(DMSO)2],  [Cu(OAc)2] ·H2O, CuCl2 ·2H2O, [Au(PPh3)Cl], and RuCl3 ·3H2O  

with metronidazole, which led to the formation of  [PdCl2(mnz)2], 

[PtCl2(mnz)2],[Cu2(OAc)4(mnz)2],Cu(mnz)2Cl)(H2O)]2Cl2,[Au(PPh3)(mnz)]PF6 and 

Ru(mnz)2(Cl)2(H2O)2] respectively in 52-80% yield. The copper and palladium mnz 

complexes were considerably superior to others and demonstrated higher activity, 

which proved the fact that metal incorporation enhances the drug activity. Bharti et 
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al.( Bharti et al.2002)reported the in vivo antiamoebic activity of metronidazole metal 

complexes [PdCl2(mnz)2], [PtCl2(mnz)2] and  [Cu2(OAc)4(mnz)2]  in male golden 

hamsters infected by amoeba shows good activity.The above study has increased the 

thrust to develop the complexes related to tinidazole analogues. 

In the present work the 2-substutituted nitroimidazole (tinidazole and dimetridazole) 

analogues were prepared and then complexed with the various transition metals like 

nickel, copper, cobalt, cadmium. 

N

NO2N

R

C
H2

C

O

Ar

+

 Methanol/Ethanol
 pH 8-10

reflux
MX2

Ar = phenyl, p-cl phenyl, m-cl phenyl, 

        o-cl phenyl, furoyl

R = -CH3, -CH2CH2SO2CH2CH3

5-NIM

[M(NIM)2]X2
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CHAPTER IV 

 

SYNTHESIS OF LIGAND 
 

 

INTRODUCTION 

 

A number of 5-nitoimidazole with substitution at 2-position with various substitutes 

are reported recently, exhibited 100 and 50-fold increase in activity than 

metronidazole. In the present study the 5- nitroimidazoles like tinidazole and 

dimetridazole molecule is thought to be modified at 2- position. 

 

4.1 Results and Discussion 

Synthesis of 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-(substituted) ethanone 

2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-(substituted) ethanone (3) was 

synthesized by activation of 2-position methyl group of  (1)  by base and subsequent 

reaction with acid chlorides afforded (2) as intermediate which upon acidic hydrolysis 

yields the desired product (Albright et al., 1973) 

N

NO2N

R

N

NO2N

R

CH

base

toluene

+ ArCOCl

C

OCOAr

Ar

H

N

NO2N

R

C
H2

C

O

Ar

(1) (2)

(3)

  SCHEME I 
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4.2 Physical and spectral characteristics 

All the compounds were pale yellow to yellow in color and soluble in 

dichloromethane, chloroform and partially soluble in methanol and ethanol. All the 

compounds were recrystallized from ethanol. 

 

4.2.1 IR spectra (KBr, cm
-1

) 

Peak around 3000-2800cm
-1

 was observed signify the presence CH2. Intense 

absorption band around 1720-1680cm
-1

 indicates the presence of the carbonyl group. 

All the compounds show stretching of NO2 1560, 1350cm
-1.

  

 

4.2.2 
1
H NMR spectra (DMSO-d6, δ ppm) 

The  
1
H NMR (DMSO-d6) spectra of 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-

(substituted) ethanone, displays the triplet of methyl group (-SO2CH2CH3) resonates 

at δ 1.28-1.40 ppm, quartet of methylene group (-SO2CH2CH3) resonates at δ 3.15 

ppm, triplet for( - CH2CH2SO2CH2CH3) resonates at δ 3.66-3.89 ppm, singlet for (-

N=C-CH3) resonates at δ 4.26-4.30, triplet for (imidazole-CH2CH 2SO2CH2CH3) 

resonates at δ 4.96 ppm, all the aromatic proton resonates between  δ 6.54-7.94 , the 

singlet for (1H nitroimidazole ring) observed between δ 7.87-8.1ppm.  

 

4.2.3 Mass spectra (m/z) 

The molecular ions, M+1, M+2 were observed. The fragmentation routes primarily 

involved losses of NO (M-30), NO2 (M-46) and HNO2 (M-47) from the molecular 

ion, which are characteristic of compounds. The possible fragmentation of 

nitroimidazole is shown below; 
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Table 1: Physical characteristics of 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-

1-(substituted)ethanone 

 

(3) 

  

code R Ar m.p. 

(
0
C) 

Yield 

(%)* 

Mol. 

formula 

Mol. 

weight 

3-a -CH2CH2SO2C2H5 phenyl 146-148 80 C15H17N3O5S 351.38 

3-b -CH2CH2SO2C2H5 p-Cl-phenyl 152-154 72 C15H16ClN3O5S 385.82 

3-c -CH2CH2SO2C2H5 m-Cl-phenyl 156-158 65 C15H16ClN3O5S 385.82 

3-d -CH2CH2SO2C2H5 o-Cl-phenyl 180-182 45 C15H16ClN3O5S 385.82 

3-e -CH2CH2SO2C2H5 furoyl 165-166 75 C13H15N3O6S 341.34 

3-f -CH3 furoyl 130-132 78 C10H9N3O4 235.20 

3-g -CH3 phenyl 136-138 80 C12H11N3O3 245.08 

 

*Solvent of recrystallization; methanol – chloroform 
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4.3 Experimental 

 All the melting points were determined in open capillaries and are 

uncorrected. 

 Thin layer chromatography was performed on microscopic slides (2x7.5cm) 

coated with silica gel G and spots were visualized by normal TLC and 

exposure to iodine vapour. 

 IR spectra were recorded in KBr on SHIMADZU Fourier Transform Infrared 

8400S spectrophotometer. 

 Mass spectra were recorded on Micromass Q-T , TOF MS ES
+
4.73e

3
 

 Nuclear Magnetic Resonance spectra (
1
H NMR) were recorded in DMSO-d6 

on BRUKER AVANCE II at 400 MHz and the chemical shift are given in 

parts per million, downfield from Tetramethyl silane (TMS) was used as 

internal standard. 
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Synthesis of 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)-1- 

phenylethanone (3-a) (Molvi et al, 2006 ) 

To a mixture of 4.94 g (0.020 mole) of 1-(2-(ethylsulfonyl)ethyl)-2-methyl-5-nitro-

1H-imidazole (1), 17.5 ml of toluene and 8.09g (0.080 mole) of triethylamine was 

added with occasional cooling 7.7 g (0.55 mole) of  benzoyl chloride. The mixture 

was stirred for 22 hr, diluted with 10 ml of ether and chilled. The mixture was filtered 

and solid washed with three 10 ml portions ether and four 10 ml portion water. The 

whole crude product was taken in to 10 ml of water, 15 ml of ethanol and 10 ml of 

concentrated hydrochloric acid and refluxed for 2-4 hours. The solution was chilled 

and poured on to the ice. The solid was filtered, washed with water and recrystallized 

from ethanol gave 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)-1- 

phenylethanone (3-a), m.p. 146-148 
0
C.  

 

Analysis: 

TLC   : Toluene: acetonitrile (4:1); Rf value: 0.67 

IR (KBr, cm
-1

)   :2977-2800 (CH2-streching), 1720 (C=O), 

1560,1365 (C-NO2) 

NMR (δ, ppm, DMSO-d6) :δ 1.28 (t, 3H, -SO2CH2CH3), δ 3.15 (q, 2H, -

SO2CH2CH3), δ 3.89 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  

δ 4.96 (t, 2H, imidazole-CH2CH 2SO2CH2CH3), 

δ 7.56-7.94 (m, 4H, Ar-H),  δ 7.81 (s,1H, 

nitroimidazole ring) 

Mass  : 351.38 (M+1) 

 

Synthesis of 1-(4-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-

2-yl)ethanone (3-b)  

To a mixture of 4.94 g (0.020 mole) of 1-(2-(ethylsulfonyl)ethyl)-2-methyl-5-nitro-

1H-imidazole (1), 17.5 ml of toluene and 8.09g (0.080mole) of triethylamine was 

added with occasional cooling 9.62 g (0.055 mole) of p-chlorobenzoyl chloride. The 

mixture was stirred for 24hr, diluted with 10 ml of ether and chilled. The mixture was 

filtered and the solid washed with three 10 ml portions ether and four 10 ml portion 

water. The whole crude product was taken in to 10 ml of water, 15 ml of ethanol and 

10 ml of concentrated hydrochloric acid was refluxed for 2-4 hours. The solution was 



 
CHAPTER IV: SYNTHESIS OF LIGAND 

Department of Pharmacy, SV  94 
 

chilled and poured on to the ice. The solid was filtered, washed with water and 

recrystallized from ethanol gave 1-(4-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-

nitro-1H-imidazol-2-yl)ethanone (3-b), m.p. 152-154 
0
C.   

 

Analysis: 

TLC   : Toluene: acetonitrile (4:1); Rf value: 0.69 

IR (KBr, cm
-1

)   :2977-2800 (CH2-streching), 1720 (C=O), 

1560,1365 (C-NO2) 

NMR (δ , ppm )(DMSO-d6) :δ 1.28 (t, 3H, -SO2CH2CH3), δ 3.15 (q, 2H, -

SO2CH2CH3), δ 3.66 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  

δ 4.96 (t, 2H, imidazole-CH2CH 2SO2CH2CH3), 

δ 7.60-7.84 (m, 5H, Ar-H),  δ 7.87 (s,1H, 

nitroimidazole ring) 

Mass  : 385.82 (M) 

 

Synthesis of 1-(3-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-

2-yl)ethanone (3-c)  

To a mixture of 4.94 g (0.020 mole) of 1-(2-(ethylsulfonyl)ethyl)-2-methyl-5-nitro-

1H-imidazole (1), 17.5 ml, of toluene, and 8.09g (0.080mole) of triethylamine was 

added with occasional cooling 9.62 g (0.055 mole) of m-Chlorobenzoyl chloride. The 

mixture was stirred for 24hours, diluted with 10 ml of ether and chilled. The mixture 

was filtered and the solid washed with three 10 ml portions ether and four 10 ml 

portion water. The whole crude product is taken in to 10 ml of water, 15 ml of ethanol 

and 10 ml of concentrated hydrochloric acid and refluxed for 2-4 hours. The solution 

was chilled and poured on to the ice. The solid was filtered and washed with water to 

give 1-(3-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-

yl)ethanone (3-c). Recrystallization from ethanol gave yellow crystals, m.p. 156
0
C -

158
0
C.  

 

Analysis: 

TLC   : Toluene: acetonitrile (4:1); Rf value: 0.62 

IR (KBr, cm
-1

)   :2977-2800 (CH2-streching), 1720 (C=O), 

1560,1365 (C-NO2) 
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NMR (δ , ppm )(DMSO-d6) :δ 1.40 (t, 3H, -SO2CH2CH3), δ 3.15 (q, 2H, -

SO2CH2CH3), δ 3.66 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  

δ 4.96 (t, 2H, imidazole-CH2CH 2SO2CH2CH3), 

δ 7.50-7.86 (m, 4H, Ar-H),  δ 7.87 (s,1H, 

nitroimidazole ring) 

Mass  : 385.82 (M) 

 

Synthesis of 1-(2-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-

2-yl)ethanone (3-d) 

To a mixture of 4.94 g (0.020 mole) of 1-(2-(ethylsulfonyl)ethyl)-2-methyl-5-nitro-

1H-imidazole (1), 17.5 ml of toluene and 8.09g (0.080mole) of triethylamine was 

added with occasional cooling 9.62 g (0.055 mole) of o-chlorobenzoyl chloride. The 

mixture was stirred for 36 hr, diluted with 10 ml of ether and chilled. The mixture was 

filtered and the solid washed with three 10 ml portions ether and four 10 ml portion 

water. The whole crude product was taken in to 10 ml of water, 15 ml of ethanol and 

10 ml of concentrated hydrochloric acid and refluxed for 2-4 hr. The solution was 

chilled and poured on to the ice. The solid was filtered, washed with water and 

recrystallized from ethanol gave 1-(2-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-

nitro-1H-imidazol-2-yl)ethanone (3-d), m.p. 180-182 
0
C.  

 

Analysis: 

TLC   : Toluene: acetonitrile (4:1); Rf value: 0.60 

IR (KBr, cm
-1

)   :2977-2800 (CH2-streching), 1720 (C=O), 

1560,1365 (C-NO2) 

NMR (δ , ppm )(DMSO-d6) :δ 1.38 (t, 3H, -SO2CH2CH3), δ 3.15 (q, 2H, -

SO2CH2CH3), δ 3.66 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  

δ 4.96 (t, 2H, imidazole-CH2CH 2SO2CH2CH3), 

δ 7.44-7.88 (m, 5H, Ar-H),  δ 7.87 (s,1H, 

nitroimidazole ring) 

Mass  : 385.82 (M) 
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Synthesis of 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)-1-(furan-2-

yl)ethanone (3-e) 

To a mixture of 4.94 g (0.020 mole) of 1-(2-(ethylsulfonyl)ethyl)-2-methyl-5-nitro-

1H-imidazole (1), 17.5 ml of toluene and 8.09g (0.080mole) of triethylamine was 

added with occasional cooling 7.17 g (0.055 mole) of furoyl chloride. The mixture 

was stirred for 18 hr, diluted with 10 ml of ether and chilled. The mixture was filtered 

and the solid washed with three 10 ml portions ether and four 10 ml portion water. 

The whole crude product was taken in to 10 ml of water, 15 ml of ethanol and 10 ml 

of concentrated hydrochloric acid and refluxed for 2 hr. The solution was chilled and 

poured on to the ice. The solid was filtered, washed with water and recrystallized 

from ethanol gave 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)-1-(furan-2-

yl)ethanone (3-e), m.p. 165-166 
0
C.  

 

Analysis: 

TLC   : Toluene: acetonitrile (4:1); Rf value: 0.56 

IR (KBr, cm
-1

)              :2977-2800 (CH2-streching), 1720 (C=O), 

1560,1365 (C-NO2) 

NMR (δ , ppm )(DMSO-d6) :δ 1.40 (t, 3H, -SO2CH2CH3), δ 3.15 (q, 2H, -

SO2CH2CH3), δ 3.66 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  

δ 4.96 (t, 2H, imidazole-CH2CH 2SO2CH2CH3), 

δ 6.54 (d, 1H, 3-furoyl),  δ 6.754 (d, 1H, 4-

furoyl), δ 7.59(s, 1H, 5-furoyl),  δ 7.87 (s,1H, 

nitroimidazole ring) 

Mass  : 341.34 (M) 

 

Synthesis of 1-(furan-2-yl)-2-(1-methyl-5-nitro-1H-imidazol-2-yl)ethanone (3-f) 

To a mixture of 2.82 g (0.020 mole) of 1,2-dimethyl-5-nitro-1H-imidazole (1), 17.5 

ml, of toluene and 8.09g (0.080mole) of triethylamine was added with occasional 

cooling 7.17 g (0.055 mole) of furoyl chloride. The mixture was stirred for 18hr, 

diluted with 10 ml of ether and chilled. The mixture was filtered and the solid washed 

with three 10 ml portions ether and four 10 ml portion water. The whole crude 

product was taken in to 10 ml of water, 15 ml of ethanol and 10 ml of concentrated 

hydrochloric acid and refluxed for 2-4 hr. The solution was chilled and poured on to 
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the ice. The solid was filtered, washed with water and recrystallized from ethanol 

gave 1-(furan-2-yl)-2-(1-methyl-5-nitro-1H-imidazol-2-yl)ethanone (3-f), m.p. 130-

132 
0
C.  

 

Analysis: 

TLC   : Toluene: acetonitrile (4:1); Rf value: 0.50 

IR (KBr, cm
-1

)   :2977-2800 (CH2-streching), 1720 (C=O), 

1560,1365 (C-NO2) 

NMR (δ , ppm )(DMSO-d6) :δ 4.26 (s, 3H, N=C-CH3),  δ 4.96 (s, 3H, 

imidazole-CH3), δ 6.54 (d, 1H, 3-furoyl),  δ 

6.754 (d, 1H, 4-furoyl), δ 7.59(s, 1H, 5-furoyl),  

δ 7.87 (s,1H, nitroimidazole ring) 

Mass  : 235.20 (M) 

 

Synthesis of 2-(1-methyl-5-nitro-1H-imidazol-2-yl)phenylethanone (3-g) 

To a mixture of 2.82 g (0.020 mole) of 1,2-dimethyl-5-nitro-1H-imidazole (1), 17.5 

ml of toluene and 8.09g (0.080mole) of triethylamine was added with occasional 

cooling 7.7 g (0.055 mole) of benzoyl chloride. The mixture was stirred for 18hr, 

diluted with 10 ml of ether and chilled. The mixture was filtered and the solid washed 

with three 10 ml portions ether and four 10 ml portion water. The whole crude 

product was taken in to 10 ml of water, 15 ml of ethanol and 10 ml of concentrated 

hydrochloric acid and refluxed for 2-4 hr. The solution was chilled and poured on to 

the ice. The solid was filtered, washed with water and recrystallized from ethanol 

gave 2-(1-methyl-5-nitro-1H-imidazol-2-yl)phenylethanone (3-g), m.p. 136-138
0
C.  

 

Analysis: 

TLC   : Toluene: acetonitrile (4:1); Rf value: 0.60 

IR (KBr, cm
-1

)   :2977-2800 (CH2-streching), 1720 (C=O), 1560, 

1365 (C-NO2) 

NMR (δ , ppm )(DMSO-d6) :δ 4.26 (s, 3H, N=C-CH3),  δ 4.96 (s, 3H, 

imidazole-CH3), δ 7.50-7.86 (5H, Ar-H),  δ 7.87 

(s,1H, nitroimidazole ring) 

Mass  : 245.08 (M) 
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CHAPTER V 

 

NITROIMIDAZOLE-NICKEL COMPLEXES 
 

5.1 Introduction 

Nickel (II) chloride (or just nickel chloride), is the chemical compound NiCl2. The 

anhydrous salt is yellow, but the more familiar hydrate NiCl2·6H2O is green. It is very 

rarely found in nature as mineral nickelbischofite. A dihydrate is also known. In 

general nickel (II) chloride, in various forms, is the most important source of nickel 

for chemical synthesis (Pray et al., 1990). Nickel salts are carcinogenic. They are also 

deliquescent, absorbing moisture from the air to form a solution.NiCl2 adopts the 

CdCl2 structure (Wells, 1984). In this motif, each Ni
2+

 center is coordinated to six Cl
-
 

centers, and each chloride is bonded to three Ni (II) centers. In NiCl2 the Ni-Cl bonds 

have “ionic character”. Yellow NiBr2 and black NiI2 adopt similar structures, but with 

a different packing of the halides, adopting the CdI2 motif. 

In contrast, NiCl2·6H2O consists of separated trans-[NiCl2(H2O)4] molecules linked 

more weakly to adjacent water molecules. Note that only four of the six water 

molecules in the formula are bound to the nickel, and the remaining two are water of 

crystallisation
 
 (Wells, 1984). Cobalt (II) chloride hexahydrate has a similar structure 

(Stucky, 1967). 

Many nickel (II) compounds are paramagnetic, due to the presence of two unpaired 

electrons on each metal center. Square planar nickel complexes are, however, 

diamagnetic. Nickel (II) chloride solutions are acidic, with a pH of around 4 due to 

the hydrolysis of the Ni
2+

 ion. 

Table 2: Properties of nickel complexes 

Complex Color Magnetism Geometry 

[Ni(NH3)6]Cl2 violet paramagnetic octahedral 

NiCl2(dppe) orange diamagnetic square planar 

[Ni(CN)4]
2-

 colorless diamagnetic square planar 

[NiCl4]
2-

 Yellowish-Brown paramagnetic tetrahedral 

http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Anhydrous
http://en.wikipedia.org/wiki/Salt_(chemistry)
http://en.wikipedia.org/wiki/Water_of_crystallization
http://en.wikipedia.org/w/index.php?title=Nickelbischofite&action=edit&redlink=1
http://en.wikipedia.org/wiki/Nickel
http://en.wikipedia.org/wiki/Carcinogen
http://en.wikipedia.org/wiki/Deliquescent
http://en.wikipedia.org/wiki/Nickel(II)_chloride#cite_note-Wells-1#cite_note-Wells-1
http://en.wikipedia.org/wiki/Water_of_crystallisation
http://en.wikipedia.org/wiki/Water_of_crystallisation
http://en.wikipedia.org/wiki/Nickel(II)_chloride#cite_note-Wells-1#cite_note-Wells-1
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Most of the reactions ascribed to “nickel chloride” involve the hexahydrate, although 

specialized reactions require the anhydrous form. Reactions starting from NiCl2·6H2O 

can be used to form a variety of nickel coordination complexes because the H2O 

ligands are rapidly displaced by ammonia, amines, thioethers, thiolates, and 

organophosphines. In some derivative, the chloride remains within the coordination 

sphere, whereas chloride is displaced with highly basic ligands.  

Some nickel chloride complexes exist as an equilibrium mixture of two geometries; 

these examples are some of the most dramatic illustrations of structural isomerism for 

a given coordination number. For example, NiCl2(PPh3)2, containing four-coordinate 

Ni(II), exists in solution as a mixture of both the diamagnetic square planar and the 

paramagnetic tetrahedral isomers. Square planar complexes of nickel can often form 

five-coordinate adducts. 

NiCl2 is the precursor to acetylacetonate complexes Ni(acac)2(H2O)2 and the benzene-

soluble (Ni(acac)2)3, which is a precursor to Ni(1,5-cyclooctadiene)2, an important 

reagent in organonickel chemistry. In the presence of water scavengers, hydrated 

nickel(II) chloride reacts with dimethoxyethane (dme) to form the molecular complex 

NiCl2(dme)2. The dme ligands in this complex are labile. For example, this complex 

reacts with sodium cyclopentadienide to give the sandwich compound nickelocene. 
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5.2 Results and discussion 

 

5.2.1 Synthetic approach 

Synthesis of [Ni(NIM)2]Cl2 

The 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-(substituted)ethanone  were 

reacted in basic condition with nickel chloride under reflux condition yielded 

[Ni(NIM)2]Cl2 metal complexes as shown in scheme II. 

N

NO2N

R

C
H2

C

O

Ar

+

Methanol,
 pH 8-10

refluxNiCl2

NIM

[Ni(NIM)2]Cl2

 

Scheme II 
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5.2.2 Physical and Spectral characteristics 

All the [Ni(NIM)2]Cl2 complexes were light to dark brown in color and were soluble 

in DMSO, DMF and insoluble in all other solvents. The physical data for the complex 

presented in Table 3 represents percentage yield; melting point / decomposition 

temperature. The complexes are stable solid with melting point ranging from 220°C -

280°C. 

 

5.2.2.1 IR spectra (KBr, cm
-1

) 

Table 4, represents the IR frequencies of C-H streching (3096-2800 cm
-1

), C=O 

(2250-2000 cm
-1

), NO2 (1570-1540 and 1366-1358 cm
-1

) and M-O (600-480 cm
-1

). 

The IR frequency for ligand and complex was compared; it was found that 

frequencies for CH2, NO2 was matching with peak of complex. The frequency for 

carbonyl is changed drastically as it is useful band in the infrared spectra of carbonyl 

ligand in metal complexes was that due to C–O stretching. The later gives very strong 

sharp bands which are separated from the bands of other ligand that may be present. 

The stretching wave number for a terminal carbonyl ligand in a complex correlates 

with the „electron-richness‟ of the metal. The band position was determined by the 

bonding from the d orbital of the metal into the π* anti-bonding Orbitals of the ligand 

(known as backbonding). The bonding weakens the C–O bond and lowers the wave 

number value from its value in free CO thus its show lower frequency ranging 2250-

2000 cm
-1

. The M-O (metal-oxygen) streching was observed near 600-480 cm
-1

. 

 

5.2.2.2 UV-Visible spectra (λ max, nm) 

The UV spectra reveal three (λ max nm) peaks for the 2-substituted nitroimidazole 

complexes at 240,256 and 352. 

 

5.2.2.3 Molar conductance (cm
2
mol

-1
) 

The molar conductance values of the synthesized mixed ligand complexes with the 

mentioned metal ions under investigation were determined using 10
-3

 M DMF 

solvent, as shown in Table 5, were in the range of 0.83 - 1.65 cm
2
mol

-1
. These values 

suggest the presence of a non-electrolyte nature. 
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5.2.2.4 
1
HNMR spectra (DMSO-d6, δ ppm ) 

The  
1
HNMR (DMSO-d6) spectra of nitroimidazole-nickel complex, displays the 

triplet of methyl group (-SO2CH2CH3) resonates at δ 1.28-1.40 ppm, quartet of 

methylene group (-SO2CH2CH3) resonates at δ 3.15 ppm, triplet for( - 

CH2CH2SO2CH2CH3) resonates at δ 3.66-3.89 ppm, singlet for (-N=C-CH3) resonates 

at δ 4.26-4.30, triplet for (imidazole-CH2CH 2SO2CH2CH3) resonates at δ 4.96 ppm, 

all the aromatic proton resonates between  δ 6.54-7.94 , the singlet for (
1
H 

nitroimidazole ring) observed between δ 7.87-8.1ppm. 

 

5.2.2.5 Mass spectra (m/z) 

The molecular ions were observed. The fragmentation routes primarily involved 

losses of, NO (M-30), NO2 (M-46) and HNO2 (M-47) from the molecular ion, which 

are characteristic of compounds. The higher molecular weight of the complex (double 

than ligand) indicates the Metal: Lignads;1:2 ratio. 
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Table 3: Physical characteristics of [Ni(NIM)2]Cl2 

 

NIM = 5-Nitroimidazoles 

Ligand / Complex Color R Ar m.p. 

(
0
C) 

Yield 

(%) 

Mol. 

formula 

Mol. 

weight 

NIMP (Ligand) Yellow -C2H4SO2C2H5 phenyl 146-148 80 C15H17N3O5S 351.38 

[Ni(NIMP)2]Cl2 Dark brown -C2H4SO2C2H5 phenyl 262-264 85 C30H34N6 Cl2O10S2Ni 831.76 

NIMPCl (Ligand) Light yellow -C2H4SO2C2H5 p-Cl- phenyl 152-154 72 C15H16 ClN3O5S 385.82 

[Ni(NIMPCl)2]Cl2 Brown -C2H4SO2C2H5 p-Cl- phenyl 280-282 90 C30H32 Cl3N6O10S2Ni 865.76 

NIMMCl(Ligand) Yellow -C2H4SO2C2H5 m-Cl- phenyl 156-158 65 C15H16ClN3O5S 385.82 

[Ni(NIMMCl)2]Cl2 Red- brown -C2H4SO2C2H5 m- Cl- phenyl 242-245 70 C30H32 Cl3N6O10S2Ni 865.76 

[NIMOCl(Ligand) Yellow -C2H4SO2C2H5 o- Cl- phenyl 180-182 45 C15H16ClN3O5S 385.82 

[Ni(NIMOCl)2]Cl2 Red -C2H4SO2C2H5 o- Cl- phenyl 261-264 65 C30H32 Cl3N6O10S2Ni 865.76 

NIMF(Ligand) Yellow -C2H4SO2C2H5 furoyl 165-166 75 C13H15N3O6S 341.34 

[Ni(NIMF)2]Cl2 Red -C2H4SO2C2H5 furoyl 232-235 75 C26H30N6 Cl2O12S2Ni 811.68 

NIMDF(Ligand) Yellow -CH3 furoyl 

 

130-132 78 C10H9N3O4 235.20 

[Ni(NIMDF)2]Cl2 Brown -CH3 furoyl 278-280 72 C20H18N6 Cl2O8Ni 533.34 

NIMDP(Ligand) Yellow -CH3 phenyl 

 

140-143 78 C12H11N3O3 245.23 

[Ni(NIMDP)2]Cl2 Red -CH3 phenyl 

 

222-225 82 C24H22N6 Cl2O6Ni 619.46 
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Table 4: Spectral characteristics of [Ni(NIM)2]Cl2 

  

Ligand / Complex IR (Cm
-1

) 

v (CH2)
 

v(C=O) v(NO2) v(M-O) 

NIMP (Ligand) 2977-2800 1720 1570,1365 -- 

[Ni(NIMP)2]Cl2 2977-2800 2270 1570,1365 495 

NIMPCl (Ligand) 2977-2850 1700 1565,1365 --- 

[Ni(NIMPCl)2]Cl2 2980-2850 2250 1558,1361 484 

NIMMCL(Ligand) 2977-2850 1700 1565,1365 --- 

[Ni(NIMMCL)2]Cl2 2900-2850 2248 1570,1350 500 

NIMOCl (Ligand) 2977-2850 1700 1565,1365 --- 

[Ni(NIMOCl)2]Cl2 2900-2850 2230 1550,1345 520 

NIMF (Ligand) 2977-2850 1690 1550.1360 --- 

[Ni(NIMF)2]Cl2 2980-2900 2270 1545,1360 510 

NIMDF (Ligand) 2977-2850 1700 1555,1362 --- 

[Ni(NIMDF)2]Cl2 2980-2900 2270 1545,1360 525 

NIMDP (Ligand) 3000-2950 1705 1572,1360 --- 

[Ni(NIMDP)2]Cl2 2980-2900 2270 1555,1340 512 
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Table 5: Spectral and conductance characteristics of [Ni(NIM)2]Cl2 

Complex 
1
HNMR Molar 

Cond. 

cm
2
 mol

-1
 

UV 

(λ max nm) 

Mass 

(m/z) 

[Ni(NIMP)2]Cl2 δ 1.28(t,3H,SO2CH2CH3), δ 3.15 (q, 2H, -SO2CH2CH3), δ 3.89 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  δ 4.96 (t, 2H, imidazole-CH2CH 

2SO2CH2CH3), δ 7.56-7.94 (m, 4H, Ar-H),  δ 7.81 (s,1H, nitroimidazole) 

1.20 240, 256, 

352 

831.76 

[Ni(NIMPCl)2]Cl2 δ1.28(t,3H,SO2CH2CH3), δ 3.20 (q, 2H, -SO2CH2CH3), δ 3.72 (t, 2H,-

CH2CH2SO2CH2CH3), δ 4.30 (s, 3H, N=C-CH3),  δ 4.90 (t, 2H, imidazole-CH2CH 

2SO2CH2CH3), δ 7.60-7.84 (m, 5H, Ar-H),  δ 7.87 (s,1H, nitroimidazole) 

1.6 240, 280, 

352 

---- 

[Ni(NIMMCL)2]Cl2 ----- 1.25 240, 256, 

352 

---- 

[Ni(NIMOCl)2]Cl2 ---- 1.10 240, 256, 

352 

866.50 

(M+1) 

[Ni(NIMF)2]Cl2 δ 1.40 (t,3H,-SO2CH2CH3), δ 3.15 (q, 2H, -SO2CH2CH3), δ 3.66 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  δ 4.96 (t, 2H, imidazole-CH2CH 

2SO2CH2CH3), δ 6.54 (d, 1H, 3-furoyl),  δ 6.754 (d, 1H, 4-furoyl), δ 7.59(s, 1H, 5-

furoyl),  δ 8.1 (s,1H, nitroimidazole) 

2.0 240, 320, 

365 

811.68 

[Ni(NIMDF)2]Cl2 δ 4.30 (s, 3H, N=C-CH3),  δ 4.96 (s, 3H, imidazole-CH3), δ 6.54 (d, 1H, 3-furoyl),    

δ 6.754 (d, 1H, 4-furoyl), δ 7.59(s, 1H, 5-furoyl),  δ 7.98 (s,1H, nitroimidazole) 

1.30 240, 

328, 490 

---- 

[Ni(NIMDP)2]Cl2 ----- 1.20 240, 256, 

352 

831.76 
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5.3 Experimental 

 All the melting points were determined in open capillaries and are 

uncorrected. 

 IR spectra were recorded in KBr on SHIMADZU Fourier Transform Infrared 

8400S spectrophotometer. 

 Mass spectra were recorded on Micromass Q-T , TOF MS ES
+
4.73e

3
 

 Nuclear Magnetic Resonance spectra (
1
H NMR) were recorded in DMSO-d6 

on BRUKER AVANCE II at 400 MHz and the chemical shift are given in 

parts per million, downfield from Tetramethyl silane (TMS) was used as 

internal standard. 

 Molar conductivity is taken on conductivity bridge 
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Synthesis of [Ni(NIMP)2]Cl2 

Nickel chloride (II) 0.650g,(0.005 mol) was dissolved in  50 ml hot methanol and hot 

solution of 3.51g,(0.010 mole), 2-(1-(2-(ethylsulfonyl) ethyl)-5-nitro-1H-imidazol-2-

yl)-1-phenylethanone was added. The solution mixture was adjusted to pH 8-10 with 

concentrated ammonia. The brown colored solution was refluxed for 4-5 hr and then 

allowed to stand at room temp for 24 hrs. The dark brown crystals were filtered off, 

dried in vacuo yielding 85%, [Ni(NIMP)2]Cl2, m.p. 262
0
C -264

0
C.  

 

Synthesis of [Ni(NIMPCl)2]Cl2 

Nickel chloride (II) 0.650g(0.005 mol) was dissolved in 50 ml hot methanol  and hot 

solution of 3.86g,(0.010 mole) 1-(4-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-

nitro-1H-imidazol-2-yl)ethanone was added. The solution mixture was adjusted to pH 

8-10 with concentrated ammonia. The brown colored solution was refluxed for 4-5 

hours and then allowed to stand for 24 hr. The  brown crystals were filtered off, dried 

in vacuo yielding 90%, [Ni(NIMPCl)2]Cl2, m.p. 280-282 
0
C.  

 

Synthesis of [Ni(NIMMCl)2]Cl2 

Nickel chloride (II) 0.650g(0.005 mol) was dissolved in 50 ml hot methanol and hot 

solution of 3.86g,(0.010 mole), 1-(3-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-

nitro-1H-imidazol-2-yl)ethanone was added. The solution mixture was adjusted to pH 

8-10 with concentrated ammonia. The brown colored solution was refluxed for 4-5 

hrs and then allowed to stand at room temp. for 24 hr. The reddish-brown crystals 

were filtered off, dried in vacuo yielding 70%, [Ni(NIMMCl)2]Cl2,m.p. 242
0
C -245

0
C.  

 

Synthesis of [Ni(NIMOCl)2]Cl2 

Nickel chloride (II) 0.650g,(0.005 mol) was dissolved in 50 ml hot methanol and hot 

solution of 3.86g,(0.010 mole) 1-(2-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-

nitro-1H-imidazol-2-yl)ethanone was added. The solution mixture was adjusted to pH 

8-10 with concentrated ammonia. The reddish brown colored solution was refluxed 

for 4-5 hr and then allowed to stand for 24 hr. The dark brown crystals were filtered 

off, dried in vacuo yielding 65%, [Ni(NIMOCl)2]Cl2,m.p. 261
0
C -264

0
C.  
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Synthesis of [Ni(NIMF)2]Cl2 

Nickel chloride (II) 0.650g,(0.005 mol) was dissolved in 50 ml hot methanol  and hot 

solution of 3.41g,(0.010 mole) 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-

yl)-1-(furan-2-yl)ethanone was added. The solution mixture was adjusted to pH 8-10 

with concentrated ammonia. The brown colored solution was refluxed for 4-5 hours 

and then allowed to stand for 24 hr. The reddish color crystals were filtered off, dried 

in vacuo yielding 75%, [Ni(NIMF)2]Cl2, m.p. 232
0
C -235

0
C.  

 

Synthesis of [Ni(NIMDF)2]Cl2 

Nickel chloride (II) 0.650g,(0.005 mol) was dissolved in 50 ml hot methanol and hot 

solution of 2.35g,(0.010 mole) 1-(furan-2-yl)-2-(1-methyl-5-nitro-1H-imidazol-2-

yl)ethanone was added. The solution mixture was adjusted to pH 8-10 with 

concentrated ammonia. The brown colored solution was refluxed for 4-5 hr and then 

allowed to stand for 24 hr. The brown crystals were filtered off, dried in vacuo 

yielding 72%, [Ni(NIMDF)2]Cl2, m.p. 278
0
C -280

0
C.  

 

Synthesis of [Ni(NIMDP)2]Cl2 

Nickel chloride (II) 0.650g (0.005 mol) was dissolved in  50 ml hot methanol and hot 

solution of 2.45g,(0.010 mole) 2-(1-methyl-5-nitro-1H-imidazol-2-yl)-1-

phenylethanone was added. The solution mixture was adjusted to pH 8-10 with 

concentrated ammonia. The brown colored solution was refluxed for 4-5 hr and then 

allowed to stand for 24 hr. The dark brown crystals were filtered off, dried in vacuo 

yielding 82%, [Ni(NIMDP)2]Cl2, m.p. 222
0
C -225

0
C.  
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CHAPTER VI 

NITROIMIDAZOLE-COBALT COMPLEXES 

 

6.1 Introduction  

The two most stable oxidation states of cobalt are the +2 (cobaltous) and +3 

(cobaltic). The cobaltous ion is labile and may have either a tetrahedral or octahedral 

geometry. Common salts include cobalt chloride hexahydrate and cobalt nitrate 

hexahydrate, which have the formulas [Co(H
2
O)

6
]Cl

2 
and [Co(H

2
O)

6
](NO

3
)
2
.In 

solution, cobalt(II) forms the octahedral [Co(H2O)6]
2+ 

ion, which is pale pink in color. 

Addition of concentrated HCl results in the formation of the complex ion [CoCl4]
2-

, 

which has a tetrahedral geometry. Addition of the SCN
- 
ion results in the formation of 

[Co(SCN)4]
2-

, which is also tetrahedral (Radostina et al., 2008). 

 

Cobalt is one of the most important trace elements in the world of animals and 

humans. In the form of vitamin B12 (Cobalamin), this metal plays a number of crucial 

roles in many biological functions. Cobalamin is necessary for DNA synthesis, 

formation of red blood cells, and maintenance of the nervous system, growth and 

development of children. There is evidence to support the importance of cobalt for 

immune processes. The following main factors stimulate the increasing interest to the 

putative anticancer properties of this metal: 1) It has been found that the disturbed 

balance in the essential metal metabolism of mammals increases susceptibility to 

infections and malignancies; 2) Being involved in the regulation of some definite 

processes of the animal organisms, cobalt behaves like biological response modifier; 

3) Like an essential element cobalt may be less toxic than non-essential metals such as 

platinum. Different cobalt containing compounds have been proved to express 

antineoplastic activity. It has recently been reported that cobalt (II) is a topoisomerase 

II position. It was found that some complexes of cobalt(II) with different ligands 

(cholic acids, Mannich bases, mixed ligands) reduced significantly viability and 

proliferation of cultured tumor cells and induced DNA damages in the treated cells 

(Radostina et al., 2008). 
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6.2 Results and Discussion 

 

6.2.1 Synthetic approach 

Synthesis of [Co(NIM)2(NO3)2]6H2O 

The 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-(substituted)ethanone [NIM] were 

reacted with Cobalt nitrate hexahydrate under reflux yielded the 

[Co(NIM)2(NO3)2]6H2O metal complexes as shown in the scheme III 

N

NO2N

R

C
H2

C

O

Ar

+
Methanol

Ar = phenyl, p-cl phenyl, o-cl phenyl,

        m-cl Phenyl,furoyl

R = CH3, CH2CH2SO2CH2CH3

NIM

Co(NO3)26H2O [Co(NIM)2(NO3)2]6H2O
pH 8-10

 

 

Scheme III 
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6.2.2 Physical and Spectral characteristics 

All the [Co(NIM)2(NO3)2]6H2O complexes were light to dark brown in color and 

were soluble in DMSO, DMF and insoluble in all other solvents. The physical data for 

the complexes presented in Table 6 and 6a represents percentage yield; melting point / 

decomposition temperature, as well as their color. The complexes were stable solid 

with melting point ranging from 205
0
C -280

0
C. 

 

6.2.2.1 IR spectra (KBr, cm
-1

) 

Table  7, represents the IR frequencies of the complexes, broad peak near 3600-3500 

cm
-1

 indicates water of crystallization of cobalt nitrate salt, C-H streching (3096-2800 

cm
-1

), C=O (2250-2000 cm
-1

), NO2 (1570-1540 and 1366-1358cm
-1

), M-O (600-480 

cm
-1

). The IR frequency for ligand and complex was compared; it was found that 

frequencies for CH2, NO2 was matching with peak of complex. The frequency for 

carbonyl was changed drastically as it was useful band in the infrared spectra of 

carbonyl ligand in metal complexes was that due to C–O stretching. The later gives 

very strong sharp bands which are separated from the bands of other ligand that may 

be present. The stretching wave number for a terminal carbonyl ligand in a complex 

correlates with the ‘electron-richness’ of the metal. The band position is determined 

by the bonding from the d orbitals of the metal into the π* anti-bonding Orbitals of the 

ligand (known as backbonding). The bonding weakens the C–O bond and lowers the 

wave number value from its value in free CO thus its show lower frequency ranging 

2250-2000cm
-1

. The M-O streching was observed near 600-480 cm
-1

. 

 

6.2.2.2 UV-Visible spectra (λ max, nm) 

The UV spectra reveal three (λ max, nm) for the 2-substituted nitroimidazole 

complexes shows three peaks at 240,315 and 480. 

 

 6.2.2.3 Molar conductance (cm
2
mol

-1
) 

The molar conductance values of the synthesized ligand complexes with the cobalt 

were determined using 10
-3

 M DMF solvent, as shown in Table 8, were in the range of 

0.55 - 1.50 cm
2
mol

-1
. These values suggest the presence of a non-electrolyte nature. 
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6.2.2.4 
1
H NMR spectra (DMSO-d6, δ ppm) 

The  
1
HNMR (DMSO-d6) spectra of complex, displays the triplet of methyl group (-

SO2CH2CH3) resonates at δ 1.28-1.40 ppm, quartet of methylene group (-

SO2CH2CH3) resonates at δ 3.15 ppm, triplet for( - CH2CH2SO2CH2CH3) resonates at 

δ 3.66-3.89 ppm, singlet for (-N=C-CH3) resonates at δ 4.26-4.30, triplet for 

(imidazole-CH2CH 2SO2CH2CH3) resonates at δ 4.96 ppm, all the aromatic proton 

resonates between  δ 6.54-7.94 , the singlet for (
1
H nitroimidazole ring) observed 

between δ 7.87-8.1ppm. 

 

6.2.2.5 Mass spectra (m/z) 

The molecular ions were observed. The fragmentation routes primarily involved 

losses of, NO (M-30), NO2 (M-46) and HNO2 (M-47) from the molecular ion, which 

are characteristic of compounds. The higher molecular weight of the complex (double 

than ligand) indicates the Metal: Lignads; 1:2 ratio. 
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Table 6: Physical characteristics of [Co(NIM)2(NO3)2]6H2O 

  

NIM = 5-Nitroimidazoles 

Ligand / Complex Color R Ar 
m.p. 

(
0
C) 

Yield 

(%)* 

Molecular 

formula 

Mol. 

weight 

NIMP (Ligand) Yellow -C2H4SO2C2H5 Phenyl 146-148 80 C15H17N3O5S 351.38 

[Co(NIMP)2(NO3)2]6H2O 
Dark 

brown 
-C2H4SO2C2H5 Phenyl 262-264 75 C30H46CoN8O22S2 993.15 

NIMPCl (Ligand) 
Light 

yellow 
-C2H4SO2C2H5 p-Cl-phenyl 152-154 72 C15H16 ClN3O5S 385.82 

[Co(NIMPCl)2(NO3)2]6H2O 
Light 

Brown 
-C2H4SO2C2H5 p-Cl-phenyl 275-277 87 C30H44 Co Cl2N8O22S2 1062.68 

NIMMCl(Ligand) Yellow -C2H4SO2C2H5 m-Cl-phenyl 156-158 65 C15H16ClN3O5S 385.82 

[Co(NIMMCl)2(NO3)2]6H2O 
Earthy 

brown 
-C2H4SO2C2H5 m-Cl-phenyl 237-239 72 C30H38 Co Cl3N8O22S2 1062.68 

NIMOCl(Ligand) Yellow -C2H4SO2C2H5 o-Cl-phenyl 180-182 45 C15H16ClN3O5S 385.82 

 

 



 
CHAPTER VI: NITROIMIDAZOLE-COBALT COMPLEXES 

Department of Pharmacy, SV                                                                                              116 
 

 

Table 6 a: Physical characteristics of [Co(NIM)2(NO3)2]6H2O 

  

NIM = 5-Nitroimidazoles 

Ligand / Complex Color R Ar 
m.p. 

(
0
C) 

Yield 

(%)* 

Molecular 

formula 

Mol. 

weight 

[Co(NIMOCl)2(NO3)2]6H2O Red -C2H4SO2C2H5 o-Cl-phenyl 211-213 69 C30H38 Co Cl3N8O22S2 1062.68 

NIMF(Ligand) Yellow -C2H4SO2C2H5 furoyl 165-166 75 C13H15N3O6S 341.34 

[Co(NIMF)2(NO3)2]6H2O Dark brown -C2H4SO2C2H5 furoyl 208-209 72 C26H36 CoN8O24S2 967.06 

NIMDF(Ligand) Yellow -CH3 
furoyl 

 
130-132 78 C10H9N3O4 235.20 

[Co(NIMDF)2(NO3)2]6H2O Brown -CH3 furoyl 205-207 72 C20H30 CoN8 O20S2 825.56 

NIMDP(Ligand) Yellow -CH3 
phenyl 

 
140-143 78 C12H11N3O3 245.23 

[Co(NIMDP)2(NO3)2]6H2O Red -CH3 
phenyl 

 
222-225 85 C24H34 Co N8O18 781.50 
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Table 7: Spectral characteristics of [Co(NIM)2(NO3)2]6H2O 

 

Ligand / Complex 

IR (Cm
-1

) 

v (OH) v (CH2)
 

v(C=O) v(NO2) v(M-O) 

NIMP (Ligand) --- 2977-2800 1720 1570,1365 -- 

[Co(NIMP)2(NO3)2]6H2O 3650-3500 2977-2800 2270 1570,1365 495 

NIMPCl (Ligand) --- 2977-2850 1700 1565,1365 --- 

[Co(NIMPCl)2(NO3)2]6H2O 3600-3500 2980-2850 2250 1500,1365 550 

NIMMCl(Ligand) --- 2977-2850 1700 1565,1365 --- 

[Co(NIMMCl)2(NO3)2]6H2O 3610-3300 2900-2850 2250 1570,1350 516 

NIMOCl(Ligand) --- 2977-2850 1700 1565,1365 --- 

[Co(NIMOCl)2(NO3)2]6H2O 3650-3450 2900-2850 2230 1550,1345 520 

NIMF(Ligand) --- 2977-2850 1690 1550.1360 --- 

[Co(NIMF)2(NO3)2]6H2O 3630-3430 2980-2900 2250 1545,1360 510 

NIMDF(Ligand) --- 2977-2850 1700 1555,1362 --- 

[Co(NIMDF)2(NO3)2]6H2O 3500-3300 2980-2900 2270 1545,1360 525 

NIMDP (Ligand) --- 3000-2950 1705 1572,1360 --- 

[Co(NIMDP)2(NO3)2]6H2O 3500-3400 2980-2900 2280 1555,1340 512 
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Table 8: Spectral and conductance characteristics of [Co(NIM)2(NO3)2]6H2O 

Complex 
1
HNMR 

Molar 

Cond. 

cm
2
mol.

-1
 

UV 

(λmax, nm) 

Mass 

(m/z) 

[Co(NIMP)2(NO3)2]6H2O ---- 1.4 240, 315, 484 ---- 

[Co(NIMPCl)2(NO3)2]6H2O ---- 0.7 240, 305, 484 ---- 

[Co(NIMMCl)2(NO3)2]6H2O 

 

δ1.28(t,3H,SO2CH2CH3), δ 3.20 (q, 2H, -SO2CH2CH3), δ 3.72 (t, 2H,-

CH2CH2SO2CH2CH3), δ 4.30 (s, 3H, N=C-CH3),  δ 4.90 (t, 2H, 

imidazole-CH2CH 2SO2CH2CH3), δ 7.60-7.84 (m, 5H, Ar-H),  δ 7.87 

(s,1H, nitroimidazole) 

0.55 240, 305, 484 ----- 

[Co(NIMOCl)2(NO3)2]6H2O ---- 0.67 240, 305, 464 
1064.68 

(M+2) 

[Co(NIMF)2(NO3)2]6H2O 

δ 1.40 (t,3H,-SO2CH2CH3), δ 3.15 (q, 2H, -SO2CH2CH3), δ 3.66 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  δ 4.96 (t, 2H, 

imidazole-CH2CH 2SO2CH2CH3), δ 6.54 (d, 1H, 3-furoyl),  δ 6.754 (d, 

1H, 4-furoyl), δ 7.59(s, 1H, 5-furoyl),  δ 8.1 (s,1H, nitroimidazole) 

0.69 240, 345, 484 ----- 

[Co(NIMDF)2(NO3)2]6H2O 

δ 4.30 (s, 3H, N=C-CH3),  δ 4.96 (s, 3H, imidazole-CH3), δ 6.54 (d, 1H, 

3-furoyl),    δ 6.754 (d, 1H, 4-furoyl), δ 7.59(s, 1H, 5-furoyl),  δ 7.98 

(s,1H, nitroimidazole) 

1.30 240, 315, 484 ---- 

[Co(NIMDP)2(NO3)2]6H2O 
----- 1.20 240, 300, 484 780 (M) 
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6.3 Experimental 

 All the melting points were determined in open capillaries and are 

uncorrected. 

 IR spectra were recorded in KBr on SHIMADZU Fourier Transform Infrared 

8400S spectrophotometer. 

 Mass spectra were recorded on Micromass Q-T , TOF MS ES
+
4.73e

3
 

 Nuclear Magnetic Resonance spectra (
1
H NMR) were recorded in DMSO-d6 

on BRUKER AVANCE II at 400 MHz and the chemical shift are given in 

parts per million, downfield from Tetramethyl silane (TMS) was used as 

internal standard. 

 Molar conductivity is taken on conductivity bridge 
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Synthesis of [Co(NIMP)2(NO3)2]6H2O 

Cobalt nitrate hexahydrate (II) 1.45g, (0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 3.51g, (0.010 mole) 2-(1-(2-(ethylsulfonyl) ethyl)-5-nitro-

1H-imidazol-2-yl)-1-phenylethanone was added. The solution mixture was adjusted to 

pH 8-10 with concentrated ammonia. The brown colored solution was refluxed for 4-

5 hr and then allowed to stand for 24 hr. The dark brown crystals were filtered, dried 

in vacuo yielding 75%, [Co(NIMP)2(NO3)2]6H2O, m.p. 262
0
C -264

0
C.  

 

Synthesis of [Co(NIMPCl)2(NO3)2]6H2O 

Cobalt nitrate hexahydrate (II) 1.45g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 3.86g,(0.010 mole) 1-(4-chlorophenyl)-2-(1-(2-

(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)ethanone was added. The solution 

mixture was adjusted to pH 8-10 with concentrated ammonia. The brown colored 

solution was refluxed for 4-5 hr and then allowed to stand for 24 hr. The light brown 

crystals were filtered, dried in vacuo yielding 87%, [Co(NIMPCl)2(NO3)2]6H2O, m.p. 

275
0
C -277

0
C.  

 

Synthesis of [Co(NIMMCl)2(NO3)2]6H2O 

Cobalt nitrate hexahydrate (II) 1.45g,(0.005 mol) was dissolved in hot methanol 

(50ml) and hot solution of 3.86g,(0.010 mole) 1-(3-chlorophenyl)-2-(1-(2-

(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)ethanone was added. The solution 

mixture was adjusted to pH 8-10 with concentrated ammonia. The brown colored 

solution was refluxed for 4-5 hr and then allowed to stand for 24 hr. The dark brown 

crystals were filtered, dried in vacuo yielding 72%, [Co(NIMMCl)2(NO3)2]6H2O, m.p. 

237
0
C -239

0
C.  

 

Synthesis of [Co(NIMOCl)2(NO3)2]6H2O 

Cobalt nitrate hexahydrate (II) 1.45g,(0.005 mol) was dissolved in hot methanol 

(50ml) and hot solution of 3.86g,(0.010 mole) 1-(2-chlorophenyl)-2-(1-(2-

(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)ethanone was added. The solution 

mixture was adjusted to pH 8-10 with concentrated ammonia. The brown colored 

solution was refluxed for 4-5 hr and then allowed to stand for 24 hr. The dark brown 

crystals were filtered off, dried in vacuo yielding 69%, [Co(NIMOCl)2(NO3)2]6H2O 

,m.p. 211
0
C -213

0
C.  
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Synthesis of [Co(NIMF)2(NO3)2]6H2O 

Cobalt nitrate hexahydrate (II) 1.45g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 3.41g,(0.010 mole) 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-

1H-imidazol-2-yl)-1-(furan-2-yl)ethanone was added. The solution mixture was 

adjusted to pH 8-10 with concentrated ammonia. The brown colored solution was 

refluxed for 4-5 hr and then allowed to stand for 24 hr. The dark brown crystals were 

filtered, dried in vacuo yielding 72%, [Co(NIMF)2(NO3)2]6H2O , m.p. 208
0
C -209

0
C.  

 

Synthesis of [Co(NIMDF)2(NO3)2]6H2O 

Cobalt nitrate hexahydrate (II) 1.45g,(0.005 mole) was dissolved in hot methanol  

(50ml) and hot solution of 2.35g,(0.010 mole) 1-(furan-2-yl)-2-(1-methyl-5-nitro-1H-

imidazol-2-yl)ethanone was added. The solution mixture was adjusted to pH 8-10 

with concentrated ammonia. The brown colored solution was refluxed for 4-5 hours 

and then allowed to stand for 24 hr. The dark brown crystals were filtered, dried in 

vacuo yielding 72%, [Co(NIMDF)2(NO3)2]6H2O, m.p. 205
0
C -207

0
C.  

 

Synthesis of [Co(NIMDP)2(NO3)2]6H2O 

Cobalt nitrate hexahydrate (II) 1.45g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 2.45g,(0.010 mole) 2-(1-methyl-5-nitro-1H-imidazol-2-

yl)phenylethanone was added. The solution mixture was adjusted to pH 8-10 with 

concentrated ammonia. The brown colored solution was refluxed for 4-5 hr and then 

allowed to stand for 24 hr. The dark brown crystals were filtered, dried in vacuo 

yielding 85 %, [Co(NIMDP)2(NO3)2]6H2O, m.p. 222
0
C -225

0
C.  
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CHAPTER VII 

NITROIMIDAZOLE-CADMIUM COMPLEXES 

 

7.1 Introduction 

Cadmium chloride is a white crystalline compound of cadmium and chlorine, with the 

formula CdCl2. It is a hygroscopic solid that is highly soluble in water and slightly 

soluble in alcohol. Although it is considered to be ionic, it has considerable covalent 

character to its bonding. The crystal structure of cadmium chloride composed of two-

dimensional layers of ions.  It is also known as CdCl2.H2O and CdCl2
.
5H2O (Lide, 

1998). 

  

Cadmium chloride forms crystals with rhombohedral symmetry. Cadmium iodide, 

CdI2, has a very similar crystal structure to CdCl2. The individual layers in the two 

structures are identical, but in CdCl2 the chloride ions are arranged in a CCP lattice, 

whereas in CdI2 the iodide ions are arranged in a HCP lattice (Greenwood et al,. 1997 

and Wells, 1984). 

 

Cadmium chloride dissolves well in water and other polar solvents. In water, its high 

solubility is due in part to formation of complex ions such as [CdCl4]
2−

. Because of 

this behavior, CdCl2 is a mild Lewis acid (Greenwood et al,.1997). 

 

CdCl2 + 2 Cl
−
 → [CdCl4]

2− 

 

With large cations, it is possible to isolate the trigonal bipyramidal [CdCl5]
3−

 ion 

Cadmium chloride is used for the preparation of cadmium sulfide, used as "Cadmium 

Yellow", a brilliant-yellow stable inorganic pigment. 

 

CdCl2 + H2S → CdS + 2 HCl 

 

In the laboratory, anhydrous CdCl2 can be used for the preparation of organocadmium 

compounds of the type R2Cd, where R is an aryl or a primary alkyl. These were once 

used in the synthesis of ketones from acyl chlorides (March, 1992).  

http://en.wikipedia.org/wiki/Cadmium
http://en.wikipedia.org/wiki/Chlorine
http://en.wikipedia.org/wiki/Hygroscopic
http://en.wikipedia.org/wiki/Ethanol
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Covalent
http://en.wikipedia.org/wiki/Crystal_structure
http://en.wikipedia.org/wiki/Crystal
http://en.wikipedia.org/wiki/Symmetry
http://en.wikipedia.org/wiki/Cadmium_iodide
http://en.wikipedia.org/wiki/Chloride
http://en.wikipedia.org/wiki/Close_packing
http://en.wikipedia.org/wiki/Iodide
http://en.wikipedia.org/wiki/Close_packing
http://en.wikipedia.org/wiki/Lewis_acid
http://en.wikipedia.org/wiki/Cadmium_chloride#cite_note-Green-1#cite_note-Green-1
http://en.wikipedia.org/wiki/Cadmium_chloride#cite_note-Green-1#cite_note-Green-1
http://en.wikipedia.org/wiki/Trigonal_bipyramid_molecular_geometry
http://en.wikipedia.org/wiki/Cadmium_sulfide
http://en.wikipedia.org/wiki/Cadmium_Yellow
http://en.wikipedia.org/wiki/Cadmium_Yellow
http://en.wikipedia.org/wiki/Pigment
http://en.wikipedia.org/wiki/Organocadmium_compound
http://en.wikipedia.org/wiki/Organocadmium_compound
http://en.wikipedia.org/wiki/Aryl
http://en.wikipedia.org/wiki/Alkyl
http://en.wikipedia.org/wiki/Ketone
http://en.wikipedia.org/wiki/Acyl_chloride
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7.2 Results and Discussion 

 

7.2.1 Synthetic approach 

Synthesis of [Cd(NIM)2]Cl2 

The 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-(substituted)ethanone [NIM] were 

reacted with Cadmium chloride under reflux condition yielded  [Cd(NIM)2]Cl2 

metal complexes as shown in the scheme IV. 

N

NO2N

R

C
H2

C

O

Ar

+
Methanol

Ar = phenyl, p-cl phenyl, o-cl phenyl,

        m-cl Phenyl,furoyl

R = CH3, CH2CH2SO2CH2CH3

NIM

CdCl2 [Cd(NIM)2]Cl2pH 8-10

 

Scheme IV 
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7.2.2 Physical and Spectral characteristics 

All the [Cd(NIM)2]Cl2 complexes were light yellow to dark brown in color and 

soluble in DMSO, DMF and insoluble in all other solvents. The physical data for the 

complexes presented in Table 9; represents percentage yield; melting point / 

decomposition temperature as well as their color. The complexes are stable solid with 

melting point ranging from 208
0
C -248

0
C. 

 

7.2.2.1 IR spectra (KBr,cm
-1

) 

 

Table 10; represents the IR frequencies of the complexes shows, C-H streching (3096-

2800 cm
-1

), C=O (2250-2000 cm
-1

), NO2 (1570-1540 and 1366-1358cm
-1

) and M-O 

(600-480 cm
-1

). The IR frequency for ligand and complex was compared; it was found 

that frequencies for CH2, NO2 is matching with peak of complex. The frequency for 

carbonyl was changed drastically as it was useful band in the infrared spectra of 

carbonyl ligand in metal complexes is that due to C–O stretching. The later gives very 

strong sharp bands which are separated from the bands of other ligand that may be 

present. The stretching wave number for a terminal carbonyl ligand in a complex 

correlates with the ‘electron-richness’ of the metal. The band position was determined 

by the bonding from the d orbitals of the metal into the π* anti-bonding Orbitals of the 

ligand (known as backbonding). The bonding weakens the C–O bond and lowers the 

wave number value from its value in free CO thus its show lower frequency ranging 

2250-2000cm
-1

. The M-O streching was observed near 600-480 cm
-1

. 

 

7.2.2.2 UV-Visible spectra (λ max, nm) 

The UV spectra reveal three (λ max nm) for the 2-substituted nitroimidazole 

complexes shows three peaks at 240,260 and 330. 

 

7.2.2.3 Molar conductance (cm
2
mol

-1
) 

The molar conductance values of the synthesized mixed ligand complexes with the 

mentioned metal ions under investigation were determined using 10
-3

 M DMF 

solvent, as shown in Table 11; were in the range of 1.10-2.60 cm
2
mol.

-1
. These values 

suggest the presence of a non-electrolyte nature. 
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7.2.2.4 
1
H NMR spectra (DMSO-d6, δ ppm) 

The  
1
HNMR (DMSO-d6) spectra of complex, displays the triplet of methyl group (-

SO2CH2CH3) resonates at δ 1.28-1.40 ppm, quartet of methylene group (-

SO2CH2CH3) resonates at δ 3.15 ppm, triplet for( - CH2CH2SO2CH2CH3) resonates at 

δ 3.66-3.89 ppm, singlet for (-N=C-CH3) resonates at δ 4.26-4.30, triplet for 

(imidazole-CH2CH 2SO2CH2CH3) resonates at δ 4.96 ppm, all the aromatic proton 

resonates between  δ 6.54-7.94 , the singlet for (
1
H nitroimidazole ring) observed 

between δ 7.87-8.1ppm.. 

 

7.2.2.5 Mass spectra (m/z) 

The molecular ions were observed. The fragmentation routes primarily involved 

losses of, NO (M-30), NO2 (M-46) and HNO2 (M-47) from the molecular ion, which 

are characteristic of compounds. Also the higher molecular weight of the compound 

indicates complex formed as, Metal: Ligand; 1:2 ratio. 
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Table 9: Physical characteristics of [Cd(NIM)2]Cl2 

 

NIM = 5-Nitroimidazoles 

Ligand / Complex Color R Ar 
m.p. 

(
0
C) 

Yield 

(%)* 

Molecular 

formula 

Mol. 

weight 

NIMP (Ligand) Yellow -C2H4SO2C2H5 phenyl 146-148 80 C15H17N3O5S 351.38 

[Cd(NIMP)2]Cl2 Blue -C2H4SO2C2H5 phenyl 212-214 87 C30H34 Cd Cl2N6 O10S2 886.07 

NIMPCl (Ligand) Light yellow -C2H4SO2C2H5 p-Cl-phenyl 152-154 72 C15H16 ClN3O5S 385.82 

[Cd(NIMPCl)2]Cl2 Brown -C2H4SO2C2H5 p- Cl-phenyl 208-210 82 C30H32 Cd Cl3N6O10S2 919.51 

NIMMCl(Ligand) Yellow -C2H4SO2C2H5 m-Cl-phenyl 156-158 65 C15H16ClN3O5S 385.82 

[Cd(NIMMCl)2]Cl2 
Reddish 

brown 
-C2H4SO2C2H5 m-Cl-phenyl 240-243 72 C30H32 Cd Cl3N6O10S2 919.51 

NIMOCl(Ligand) Yellow -C2H4SO2C2H5 o-Cl-phenyl 180-182 45 C15H16ClN3O5S 385.82 

[Cd(NIMOCl)2]Cl2 Red -C2H4SO2C2H5 o-Cl-phenyl 246-248 62 C30H32 Cd Cl3N6O10S2 919.51 

NIMF(Ligand) Yellow -C2H4SO2C2H5 furoyl 165-166 75 C13H15N3O6S 341.34 

[Cd(NIMF)2]Cl2 Dark brown -C2H4SO2C2H5 furoyl 232-235 73 C26H30N6 Cd Cl2O12S2 866.00 

NIMDF(Ligand) Yellow CH3 furoyl 130-132 78 C10H9N3O4 235.20 

[Cd(NIMDF)2]Cl2 Brown CH3 furoyl 217-218 72 C20H18 Cd Cl2N6 O8 533.34 

NIMDP(Ligand) Yellow CH3 phenyl 140-143 78 C12H11N3O3 245.23 

[Cd(NIMDP)2]Cl2 Red -CH3 
phenyl 

 
222-225 78 C24H22 Cd Cl2N6 O6 673.79 
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Table 10: Spectral characteristics of  [Cd(NIM)2]Cl2 

Ligand / Complex 

IR (Cm
-1

) 

v (CH2)
 

v(C=O) v(NO2) v(M-O) 

NIMP (Ligand) 2977-2800 1720 1570,1365 -- 

[Cd(NIMP)2]Cl2 2977-2800 2270 1570,1365 495 

NIMPCl (Ligand) 2977-2850 1700 1565,1365 --- 

[Cd(NIMPCl)2]Cl2 2980-2850 2250 1558,1361 484 

NIMMCL(Ligand) 2977-2850 1700 1565,1365 --- 

[Cd(NIMMCL)2]Cl2 2900-2850 2248 1570,1350 500 

NIMOCl (Ligand) 2977-2850 1700 1565,1365 --- 

[Cd(NIMOCl)2]Cl2 2900-2850 2230 1550,1345 520 

NIMF (Ligand) 2977-2850 1690 1550.1360 --- 

[Cd(NIMF)2]Cl2 2980-2900 2270 1545,1360 510 

NIMDF (Ligand) 2977-2850 1700 1555,1362 --- 

[Cd(NIMDF)2]Cl2 2980-2900 2270 1545,1360 525 

NIMDP (Ligand) 3000-2950 1705 1572,1360 --- 

[Cd(NIMDP)2]Cl2 2980-2900 2270 1555,1340 512 
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Table 11: Spectral and conductance characteristics of  [Cd(NIMM)2]Cl2 

Complex 
1
HNMR 

Molar 

Cond. 

cm
2
mol.

-1
 

UV 

(λ max 

nm) 

Mass 

(m/z) 

[Cd(NIMP)2]Cl2 --- 2.20 238,255,

330 

887.07 

[Cd(NIMPCl)2]Cl2 δ1.28(t,3H,SO2CH2CH3), δ 3.20 (q, 2H, -SO2CH2CH3), δ 3.72 (t, 2H,-

CH2CH2SO2CH2CH3), δ 4.30 (s, 3H, N=C-CH3),  δ 4.90 (t, 2H, imidazole-CH2CH 

2SO2CH2CH3), δ 7.60-7.84 (m, 5H, Ar-H),  δ 7.87 (s,1H, nitroimidazole) 

1.6 210,222,

245 

---- 

[Cd(NIMMCL)2]C

l2 

 1.25 --- 920.00 

[Cd(NIMOCl)2]Cl2 ---- 1.10 ----  

[Cd(NIMF)2]Cl2 δ 1.40 (t,3H,-SO2CH2CH3), δ 3.15 (q, 2H, -SO2CH2CH3), δ 3.66 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  δ 4.96 (t, 2H, imidazole-CH2CH 

2SO2CH2CH3), δ 6.54 (d, 1H, 3-furoyl),  δ 6.754 (d, 1H, 4-furoyl), δ 7.59(s, 1H, 5-

furoyl),  δ 8.1 (s,1H, nitroimidazole) 

1.50 240,265,

328 

--- 

[Cd(NIMDF)2]Cl2 δ 4.30 (s, 3H, N=C-CH3),  δ 4.96 (s, 3H, imidazole-CH3), δ 6.54 (d, 1H, 3-furoyl),    

δ 6.754 (d, 1H, 4-furoyl), δ 7.59(s, 1H, 5-furoyl),  δ 7.98 (s,1H, nitroimidazole) 

2.60 235,265, 

340 

---- 

[Cd(NIMDP)2]Cl2 ----- 2.00 236,260,

330 

674.00 
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7.3 Experimental 

 All the melting points were determined in open capillaries and are 

uncorrected. 

 IR spectra were recorded in KBr on SHIMADZU Fourier Transform Infrared 

8400S spectrophotometer. 

 Mass spectra were recorded on Micromass Q-T , TOF MS ES
+
4.73e

3
 

 Nuclear Magnetic Resonance spectra (
1
H NMR) were recorded in DMSO-d6 

on BRUKER AVANCE II at 400 MHz and the chemical shift are given in 

parts per million, downfield from Tetramethyl silane (TMS) was used as 

internal standard. 

 Molar conductivity is taken on conductivity bridge 
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Synthesis of [Cd(NIMP)2]Cl2 

Cadmium chloride (II) 0.920g,(0.005 mol) was dissolved in hot methanol (50ml) and 

hot solution of 3.51g,(0.010 mole) 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-

2-yl)-1-phenylethanone was added. The solution mixture was adjusted to pH 8-10 

with concentrated ammonia. The brown colored solution was refluxed for 6 hr and 

then allowed to stand for 24 hr. The dark brown crystals were filtered, dried in vacuo 

yielding 87%, [Cd(NIMP)2]Cl2 ,m.p. 212
0
C -214

0
C.  

 

Synthesis of [Cd(NIMPCl)2]Cl2 

Cadmium chloride (II) 0.920g,(0.005 mol) was dissolved in hot methanol (50ml) and 

hot solution of 3.86g,(0.010 mole) 1-(4-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-

nitro-1H-imidazol-2-yl)ethanone was added. The solution mixture was adjusted to pH 

8-10 with concentrated ammonia. The brown colored solution was refluxed for 8 hr 

and then allowed to stand for 24 hr. The dark brown crystals were filtered, dried in 

vacuo yielding 82%, [Cd(NIMPCl)2]Cl2 ,m.p. 208
0
C -210

0
C.  

 

Synthesis of [Cd(NIMMCl)2]Cl2 

Cadmium chloride (II) 0.920g,(0.005 mol) was dissolved in hot methanol (50ml) and 

hot solution of 3.86g,(0.010 mole) 1-(3-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-

nitro-1H-imidazol-2-yl)ethanone was added. The solution mixture is adjusted to pH 8-

10 with concentrated ammonia. The brown colored solution was refluxed for 6 hr and 

then allowed to stand for 24 hrs. The dark brown crystals were filtered, dried in vacuo 

yielding 72%, [Cd(NIMMCl)2]Cl2,m.p. 240
0
C -243

0
C.  

 

Synthesis of [Cd(NIMOCl)2]Cl2 

Cadmium chloride (II) 0.920g,(0.005 mol) was dissolved in hot methanol (50ml) and 

hot solution of 3.86g,(0.010 mole) 1-(2-chlorophenyl)-2-(1-(2-(ethylsulfonyl)ethyl)-5-

nitro-1H-imidazol-2-yl)ethanone was added. The solution mixture was adjusted to pH 

8-10 with concentrated ammonia. The brown colored solution was refluxed for 4-5 hr 

and then allowed to stand for 24 hr. The dark brown crystals were filtered, dried in 

vacuo yielding 62%, [Cd(NIMOCl)2]Cl2,m.p. 246
0
C -248

0
C.  
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Synthesis of [Cd(NIMF)2]Cl2 

Cadmium chloride (II) 0.920g,(0.005 mol) was dissolved in hot methanol (50ml) and 

hot solution of 3.41g,(0.010 mole) 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-

2-yl)-1-(furan-2-yl)ethanone was added. The solution mixture was adjusted to pH 8-

10 with concentrated ammonia. The brown colored solution was refluxed for 4-5 hr 

and then allowed to stand for 24 hr. The dark brown crystals were filtered, dried in 

vacuo yielding 73%, [Cd(NIMF)2]Cl2,m.p. 232
0
C -235

0
C.  

 

Synthesis of [Cd(NIMDF)2]Cl2 

Cadmium chloride (II) 0.920g,(0.005 mol) was dissolved in hot methanol (50ml) and 

hot solution of 2.35g,(0.010 mole) 1-(furan-2-yl)-2-(1-methyl-5-nitro-1H-imidazol-2-

yl)ethanone was added. The solution mixture was adjusted to pH 8-10 with 

concentrated ammonia. The brown colored solution was refluxed for 4-5 hours and 

then allowed to stand for 24 hr. The dark brown crystals were filtered, dried in vacuo 

yielding 72%, [Cd(NIMDF)2]Cl2, m.p. 217
0
C -218

0
C.  

 

Synthesis of [Cd(NIMDP)2]Cl2 

Cadmium chloride (II) 0.920g,(0.005 mol) was dissolved in hot methanol (50ml) and 

hot solution of 2.45g,(0.010 mole) 2-(1-methyl-5-nitro-1H-imidazol-2-

yl)phenylethanone was added. The solution mixture is adjusted to pH 8-10 with 

concentrated ammonia. The red colored solution was refluxed for 4-5 hours and then 

allowed to stand for 24 hr. The reddish crystals were filtered, dried in vacuo yielding 

78%, [Cd(NIMDP)2]Cl2,m.p. 222
0
C-225

0
C.  
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CHAPTER VIII 

NITROIMIDAZOLE-COPPER COMPLEXES 

 

8.1 Introduction 

The two most important oxidation states of copper are the +1 (cuprous) and +2 

(cupric). The +2 ion is more stable and by far the most common. Commonly 

encountered copper salts include copper sulfate pentahydrate and copper chloride 

dihydrate, which have the formulas CuSO
4
5H

2
O and CuCl

2
2H

2
O. The former is pale 

blue in color, and the latter is blue-green in color.  

 

Copper sulfate pentahydrate contains copper (II) in a geometry best described as 

distorted octahedral. The copper (II) is bound to four water molecules in a square-

planar geometry and two oxygen atoms from two sulfate ions. This salt dissolves in 

water to produce the pale-blue [Cu(H2O)6]
2+ 

ion, in which two of the water molecules 

are less tightly held and have longer bond distances. The blue-green color of cobalt 

chloride dihydrate is due to the presence of some CuCl4
2-

, which is yellow in color 

and has a square planar geometry. Concentrated solutions of copper chloride may 

appear blue-green in color, but dilution results in the formation of the pale-blue 

[Cu(H2O)6]
2+ 

ion.  

 

Addition of NH3 to solutions containing the [Cu(H2O)6]
2+ 

ion results in successive 

replacement of the first four H2O molecules. Replacement of the fifth and six water 

molecules does not occur to an appreciable extent in aqueous solution, and 

replacement of the sixth only occurs in liquid ammonia.  

 

[Cu(H2O)6] + NH3 → [Cu(H2O)5(NH3)]
2+ 

+ H2O 

[Cu(H2O)5(NH3)]
2+ 

+ NH3 → [Cu(H2O)4(NH3)2]
2+ 

+ H2O 

[Cu(H2O)4(NH3)2]
2+ 

+ NH3 → [Cu(H2O)3(NH3)3]
2+ 

+ H2O 

[Cu(H2O)3(NH3)3]
2+ 

+ NH3 → [Cu(H2O)2(NH3)4]
2+ 

+ H2O 

 

A similar series of reactions occur when ethylenediamine is added to a solution 

containing the [Cu(H2O)6]
2+ 

ion. Addition of the first two ethylenediamine molecules 

occurs readily, but addition of a third only occurs when the concentration is very high.  
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[Cu(H2O)6]
2+ 

+ en → [Cu(H2O)4(en)]
2+ 

+ 2H2O 

[Cu(H2O)4(en)]
2+ 

+ en → [Cu(H2O)2(en)2]
2+ 

+ 2H2O 

 

Addition of HCl to a solution containing the [Cu(H2O)6]
2+ 

ion results in the formation 

of [CuCl4]
2- 

which, as previously mentioned, is yellow in color and has square planar 

geometry. Salts containing this ion may be isolated with bulky cations, as in 

(NH4)2[CuCl4]. Addition of OH
- 

to [Cu(H2O)6]
2+ 

results in the initial formation of 

solid. Cu(OH)2, but with further additions the solid dissolves to form the complex ion 

[Cu(OH)4]
2-

. Addition of NO2
- 
to a solution containing the [Cu(H2O)6]

2+ 
ion results in 

the formation of a solution which probably contains the [Cu(NO2)4]
2- 

ion.  

 

Many classes of transition metal complexes are able to enhance cellular radiation 

damage both in vitro and in vivo. Three principal mechanisms have been suggested 

for radiosensitization by metal complexes: DNA-binding with subsequent 

consequences to repair processes, thiol depletion and electron-affinic mechanism 

implying reduction of the metal complex and subsequent fixation of damage on the 

intracellular target of radiation, the DNA (Farrel, 1989). Copper (II) ion is well known 

to modify the radiation response in both mammalian and bacterial cells (Kirschner, 

1970 and Hesslewood et al., 1978). The radiosensitizing mechanism in mammalian 

cells may involve reduction of copper (II) to copper (I) (Kirschner, 1970). More 

recently, it has been found that: radiosensitization process may be related to radiation 

induced DNA damage (Savoye, 1996); biological damage sensitized by copper ions 

might involve nucleobases (Chabita et al., 1996); and copper complexes with 

different structural features can bind with double-helical DNA and promote double-

strand DNA damage (Liu et al., 1999).  
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8.2 Results and Discussion 

 

8.2.1 Synthetic approach 

Synthesis of [Cu(NIM)2Cl2]2H2O 

The 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-(substituted) ethanone [NIM] were 

reacted with Copper chloride dihydrate under reflux yielded, [Cu(NIM)2Cl2]2H2O 

metal complexes as shown in the scheme V. 

N

NO2N

R

C
H2

C

O

Ar

+
Methanol

Ar = phenyl, p-cl phenyl, o-cl phenyl,

        m-cl Phenyl,furoyl

R = CH3, CH2CH2SO2CH2CH3

NIM

CuCl2.2H2O
[Cu(NIM)2Cl2]2H2O

pH 8-10

 

Scheme V 
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8.2.2 Physical and Spectral characteristics 

All the [Cu(NIM)2Cl2]2H2O complexes were greenish yellow  in color and soluble in 

DMSO, DMF and insoluble in all other solvents. The physical data for the complexes 

presented in Table 12; represents percentage yield; melting point / decomposition 

temperature, as well as their color. The complexes are stable solid with melting point 

ranging from, 210
0
C-244

0
C. 

 

8.2.2.1 IR spectra (KBr, cm
-1

) 

 

Table 13; represents the IR frequencies of the complexes shows the, the broad peak 

near 3700-3500 cm
-1

 which indicates the water of crystallization of cobalt nitrate salt, 

C-H streching (3096-2800 cm
-1

), C=O (2100-1900cm
-1

), NO2 (1570-1540 and 1366-

1358cm
-1

) and M-O (600-480 cm
-1

). The IR frequency for ligand and complex was 

compared; it was found that frequencies for CH2, NO2 was matching with peak of 

complex. The frequency for carbonyl was changed drastically as it was useful band in 

the infrared spectra of carbonyl ligand in metal complexes was that due to C–O 

stretching. The later gives very strong sharp bands which are separated from the bands 

of other ligand that may be present. The stretching wave number for a terminal 

carbonyl ligand in a complex correlates with the ‘electron-richness’ of the metal. The 

band position is determined by the bonding from the d orbitals of the metal into the π* 

anti-bonding Orbital of the ligand (known as backbonding). The bonding weakens the 

C–O bond and lowers the wave number value from its value in free CO thus its show 

lower frequency ranging 2100-1900cm
-1

. The M-O streching is observed near 600-

480 cm
-1

. 

 

8.2.2.2 UV-Visible spectra (λ max nm) 

The UV spectra reveal three (λ max nm) for the 2-substituted nitroimidazole 

complexes shows three peaks at 240,330 and 457. 

 

8.2.2.3 Molar conductance (cm
2
mol

-1
) 

The molar conductance values of the synthesized mixed ligand complexes with the 

mentioned metal ions under investigation were determined using 10
-3

 M DMF 

solvent, as shown in Table 14; were in the range of 0.50-2.0 cm
2
mol

-1
. These values 

suggest the presence of a non-electrolyte nature. 
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8.2.2.4 1H NMR spectra (DMSO-d6, δ ppm) 

The  
1
HNMR (DMSO-d6) spectra of complex, displays the triplet of methyl group (-

SO2CH2CH3) resonates at δ 1.28-1.40 ppm, quartet of methylene group (-

SO2CH2CH3) resonates at δ 3.15 ppm, triplet for( - CH2CH2SO2CH2CH3) resonates at 

δ 3.66-3.89 ppm, singlet for (-N=C-CH3) resonates at δ 4.26-4.30, triplet for 

(imidazole-CH2CH 2SO2CH2CH3) resonates at δ 4.96 ppm, all the aromatic proton 

resonates between  δ 6.54-7.94 , the singlet for (
1
H nitroimidazole ring) observed 

between δ 7.87-8.1 ppm.. 

 

8.2.2.5 Mass spectra (m/z) 

The molecular ions were observed. The fragmentation routes primarily involved 

losses of, NO (M-30), NO2 (M-46) and HNO2 (M-47) from the molecular ion, which 

are characteristic of compounds. Also the higher molecular weight of the compound 

indicates complex formed as, Metal: Ligand; 1:2 ratio. 
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Table 12: Physical characteristics of [Cu(NIM)2Cl)2]2H2O 

  

NIM = 5-Nitroimidazoles 

Ligand / Complex Color R Ar m.p. 

(
0
C) 

Yield 

(%)* 

Molecular 

formula 

Mol. 

weight 

NIMP (Ligand) Yellow -C2H4SO2C2H5 phenyl 146-148 80 C15H17N3O5S 351.38 

[Cu(NIMP)2Cl2]2H2O yellow -C2H4SO2C2H5 phenyl 242-244 78 C30H38Cl2 Cu N6 O12S2 873.24 

NIMPCl (Ligand) Light yellow -C2H4SO2C2H5 p-Cl-phenyl 152-154 72 C15H16 ClN3O5S 385.82 

[Cu(NIMPCl)2 Cl2]2H2O yellow -C2H4SO2C2H5 p-Cl-phenyl 213-215 76 C30H37 Cl3 Cu N6O12S2 907.68 

NIMMCl(Ligand) Yellow -C2H4SO2C2H5 m-Cl-phenyl 156-158 65 C15H16ClN3O5S 385.82 

[Cu(NIMMCl)2Cl2]2H2O Greenish 

yellow 

-C2H4SO2C2H5 m-Cl-phenyl 224-226 76 C30H37 Cl3 Cu N6O12S2 907.68 

NIMOCl(Ligand) Yellow -C2H4SO2C2H5 o-Cl-phenyl 180-182 45 C15H16ClN3O5S 385.82 
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Table 12a: Physical characteristics of [Cu(NIM)2Cl)2]2H2O 

  

NIM = 5-Nitroimidazoles 

Ligand / Complex Color R Ar m.p. 

(
0
C) 

Yield 

(%)* 

Molecular 

formula 

Mol. 

weight 

[Cu(NIMOCl)2Cl2]2H2O Red -C2H4SO2C2H5 o-Cl-phenyl 237-240 68 C30H37 Cl3 Cu N6O12S2 907.68 

NIMF(Ligand) Yellow -C2H4SO2C2H5 furoyl 165-166 75 C13H15N3O6S 341.34 

[Cu(NIMF)2Cl2]2H2O Greenish 

yellow 

-C2H4SO2C2H5 furoyl 232-235 75 C26H34Cl2 CuN6O14S2 853.16 

NIMDF(Ligand) Yellow -CH3 furoyl 

 

130-132 78 C10H9N3O4 235.20 

[Cu(NIMDF)2Cl2]2H2O Greenish 

yellow 

-CH3 furoyl 210-212 

 

55 C20H22Cl2 CuN6 O10S2 705.00 

NIMDP(Ligand) Yellow -CH3 phenyl 

 

140-143 78 C12H11N3O3 245.23 

[Cu(NIMDP)2Cl2]2H2O Greenish 

yellow 

-CH3 phenyl 

 

218-222 78 C24H26Cl2CuN6O8S2 725.08 
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Table 13: Spectral characteristics of [Cu(NIM)2Cl)2]2H2O 

 

 

Ligand / Complex 

IR (Cm
-1

) 

v (OH) v (CH2)
 

v(C=O) v(NO2) v(M-O) 

NIMP (Ligand) --- 2977-2800 1720 1570,1365 -- 

[Cu(NIMP)2Cl2]2H2O 3747-3600 2977-2800 2110 1546,1338 472 

NIMPCl (Ligand) --- 2977-2850 1700 1565,1365 --- 

[Cu(NIMPCl)2 Cl2]2H2O 3750-3660 2980-2850 1990 1542,1365 550 

NIMMCl(Ligand) --- 2977-2850 1700 1565,1365 --- 

[Cu(NIMMCl)2Cl2]2H2O 3650-3450 2900-2850 1950 1550,1345 520 

NIMOCl(Ligand) --- 2977-2850 1700 1565,1365 --- 

[Cu(NIMOCl)2Cl2]2H2O 3610-3500 2900-2850 2000 1556,1345 516 

NIMF(Ligand) --- 2977-2850 1690 1550.1360 --- 

[Cu(NIMF)2Cl2]2H2O 3630-3430 2980-2900 1970 1545,1360 510 

NIMDF(Ligand) --- 2977-2850 1700 1555,1362 --- 

[Cu(NIMDF)2Cl2]2H2O 3500-3300 2980-2900 2100 1545,1360 525 

NIMDP(Ligand) --- 3000-2950 1705 1572,1360 --- 

[Cu(NIMDP)2Cl2]2H2O 3500-3400 2980-2900 2010 1555,1340 512 
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Table 14: Spectral and conductance characteristics of [Cu(NIM)2Cl)2]2H2O 

Complex 
1
HNMR 

Molar 

Cond. 

cm
2
mol

-1
 

UV 

(λmax 

nm) 

Mass 

(m/z) 

[Cu(NIMP)2Cl2]2H2O ---- 0.50 240,330 875.24 

[Cu(NIMPCl)2 Cl2]2H2O ---- 0.6 240,280, 

454 

---- 

[Cu(NIMMCl)2Cl2]2H2O ---- 1.25 240,310, 

460 

910.00 

(M+2) 

[Cu(NIMOCl)2Cl2]2H2O δ1.28(t,3H,SO2CH2CH3), δ 3.20 (q, 2H, -SO2CH2CH3), δ 3.72 (t, 2H,-

CH2CH2SO2CH2CH3), δ 4.30 (s, 3H, N=C-CH3),  δ 4.90 (t, 2H, imidazole-

CH2CH 2SO2CH2CH3), δ 7.60-7.84 (m, 5H, Ar-H),  δ 7.87 (s,1H, imidazole) 

1.10 240,340, 

445 

--- 

[Cu(NIMF)2Cl2]2H2O δ 1.40 (t,3H,-SO2CH2CH3), δ 3.15 (q, 2H, -SO2CH2CH3), δ 3.66 (t, 2H, - 

CH2CH2SO2CH2CH3), δ 4.26 (s, 3H, N=C-CH3),  δ 4.96 (t, 2H, imidazole-

CH2CH 2SO2CH2CH3), δ 6.54 (d, 1H, 3-furoyl),  δ 6.754 (d, 1H, 4-furoyl), δ 

7.59(s, 1H, 5-furoyl),  δ 8.1 (s,1H, nitroimidazole) 

2.0 240,335, 

455 

--- 

[Cu(NIMDF)2Cl2]2H2O δ 4.30 (s, 3H, N=C-CH3),  δ 4.96 (s, 3H, imidazole-CH3), δ 6.54 (d, 1H, 3-

furoyl),    δ 6.754 (d, 1H, 4-furoyl), δ 7.59(s, 1H, 5-furoyl),  δ 7.98 (s,1H, 

nitroimidazole) 

1.85 240,332, 

440 

706.00 

(M+1) 

[Cu(NIMDP)2Cl2]2H2O  ----- 1.20 240,304, 

457 
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8.3 Experimental 

 All the melting points were determined in open capillaries and are 

uncorrected. 

 IR spectra were recorded in KBr on SHIMADZU Fourier Transform Infrared 

8400S spectrophotometer. 

 Mass spectra were recorded on Micromass Q-T , TOF MS ES
+
4.73e

3
 

 Nuclear Magnetic Resonance spectra (
1
H NMR) were recorded in DMSO-d6 

on BRUKER AVANCE II at 400 MHz and the chemical shift are given in 

parts per million, downfield from Tetramethyl silane (TMS) was used as 

internal standard. 

 Molar conductivity is taken on conductivity bridge 
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Synthesis of [Cu(NIMP)2Cl2]2H2O 

Copper chloride dehydrate (II) 0.850g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 3.51g,(0.010 mole), 2-(1-(2-(ethylsulfonyl) ethyl)-5-nitro-

1H-imidazol-2-yl)-1-phenylethanone was added. The solution mixture was adjusted to 

pH 8-10 with concentrated ammonia. The greenish yellow colored solution was 

refluxed for 4-5 hr and then allowed to stand for 24 hr. The greenish yellow crystals 

were filtered, dried in vacuo yielding 78%, [Cu(NIMP)2Cl2]2H2O ,m.p. 242
0
C-244

0
C.  

 

Synthesis of [Cu(NIMPCl)2 Cl2]2H2O 

Copper chloride dehydrate (II) 0.850g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 3.86g,(0.010 mole) 1-(4-chlorophenyl)-2-(1-(2-

(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)ethanone was added. The solution 

mixture is adjusted to pH 8-10 with concentrated ammonia. The greenish yellow 

colored solution was refluxed for 4-5 hr and then allowed to stand for 24 hr. The 

greenish yellow crystals were filtered, dried in vacuo yielding 76%, [Cu(NIMPCl)2 

Cl2]2H2O ,m.p. 213
0
C-215

0
C.  

 

Synthesis of [Cu(NIMMCl)2Cl2]2H2O 

Copper chloride dehydrate (II) 0.850g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 3.86g,(0.010 mole) 1-(3-chlorophenyl)-2-(1-(2-

(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)ethanone was added. The solution 

mixture was adjusted to pH 8-10 with concentrated ammonia. The greenish yellow 

colored solution was refluxed for 4-5 hr and then allowed to stand for 24 hr. The 

greenish yellow crystals were filtered, dried in vacuo yielding 76%, 

[Cu(NIMMCl)2Cl2]2H2O ,m.p. 224
0
C-226

0
C.  

 

Synthesis of [Cu(NIMOCl)2Cl2]2H2O 

Copper chloride dehydrate (II) 0.850g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 3.86g,(0.010 mole) 1-(2-chlorophenyl)-2-(1-(2-

(ethylsulfonyl)ethyl)-5-nitro-1H-imidazol-2-yl)ethanone was added. The solution 

mixture was adjusted to pH 8-10 with concentrated ammonia. The greenish yellow 

colored solution was refluxed for 4-5 hr and then allowed to stand for 24 hr. The 

greenish yellow crystals were filtered, dried in vacuo yielding 68%, 

[Cu(NIMOCl)2Cl2]2H2O ,m.p. 237
0
C-240

0
C.  
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Synthesis of [Cu(NIMF)2Cl2]2H2O 

Copper chloride dehydrate (II) 0.850g,(0.005 mole)  was dissolved in hot methanol  

(50ml) and hot solution of 3.41g,(0.010 mole) 2-(1-(2-(ethylsulfonyl)ethyl)-5-nitro-

1H-imidazol-2-yl)-1-(furan-2-yl)ethanone was added. The solution mixture was 

adjusted to pH 8-10 with concentrated ammonia. The greenish yellow colored 

solution was refluxed for 4-5 hr and then allowed to stand for 24 hr. The greenish 

yellow crystals were filtered, dried in vacuo yielding 75%, [Cu(NIMF)2Cl2]2H2O 

,m.p. 232
0
C-235

0
C.  

 

Synthesis of [Cu(NIMDF)2Cl2]2H2O 

Copper chloride dehydrate (II) 0.850g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 2.35g,(0.010 mole) 1-(furan-2-yl)-2-(1-methyl-5-nitro-1H-

imidazol-2-yl)ethanone was added. The solution mixture was adjusted to pH 8-10 

with concentrated ammonia. The greenish yellow colored solution was refluxed for 4-

5 hr and then allowed to stand for 24 hr. The greenish yellow crystals were filtered, 

dried in vacuo yielding 55%, [Cu(NIMDF)2Cl2]2H2O,m.p. 210
0
C-212

0
C.  

 

Synthesis of [Cu(NIMDP)2Cl2]2H2O  

Copper chloride dihydrate (II) 0.850g,(0.005 mole) was dissolved in hot methanol 

(50ml) and hot solution of 2.45g,(0.010 mole) 2-(1-methyl-5-nitro-1H-imidazol-2-

yl)phenylethanone was added. The solution mixture was adjusted to pH 8-10 with 

concentrated ammonia. The greenish yellow colored solution was refluxed for 4-5 hr 

and then allowed to stand for 24 hr. The greenish yellow crystals were filtered, dried 

in vacuo yielding 78%, [Cu(NIMDP)2Cl2]2H2O, m.p. 218
0
C-222

0
C.  
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CHAPTER IX 

ANTIMICROBIAL 

 
9.1 Introduction 

The microbiological assay of an antibiotic is based upon a comparison of the 

inhibition of growth of micro-organisms by measured concentrations of the antibiotics 

under examination with that produced by known concentrations of a standard 

preparation of the antibiotic having a known activity. Two general methods are 

usually employed, the cylinder-plate (or cup-plate) method and the turbidimetric (or 

tube assay) method (Indian Pharmacopoeia, 2007). 

 

The cylinder-plate method (Method A) depends upon diffusion of the antibiotic from 

a vertical cylinder through a solidified agar layer in a Petri dish or plate to an extent 

such that growth of the added micro-organism is prevented entirely in a zone around 

the cylinder containing a solution of the antibiotic.  

 

The turbidimetric method (Method B) depends upon the inhibition of growth of a 

microbial culture in a uniform solution of the antibiotic in a fluid medium that is 

favorable to its rapid growth in the absence of the antibiotic The assay is designed in 

such a way that the mathematical model on which the potency equation is based can 

be proved to be valid. If a parallel-line model is chosen, the two log dose response 

lines of the preparation under examination and the standard preparation should be 

parallel; they should be rectilinear over the range of doses used in the calculation. 

These conditions should be verified by validity tests for a given probability.  

 

Media preparation 

The media required is prepared for the test organism inocula from the ingredients 

listed in Table 15. Minor modifications of the individual ingredients may be made, or 

reconstituted dehydrated media may be used provided the resulting media have equal 

or better growth-promoting properties and give a similar standard curve response. 
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Dissolve the ingredients in sufficient water to produce 1000 ml and add sufficient 1 M 

sodium hydroxide or 1 M hydrochloric acid, as required so that after sterilization the 

pH is as given in Table 15. 

Table 15: Media preparation 

 
Buffer Solutions.  

Prepare by dissolving the required quantities of dipotassium hydrogen phosphate and 

potassium dihydrogen phosphate in sufficient water to produce 1000 ml after 

sterilisation, adjusting the pH with 8 M phosphoric acid or 10 M potassium 

hydroxide. 

 

Preparation of the Standard Solution.  

A  stock solution, was prepared by dissolving a quantity of the Standard Preparation 

of a given antibiotic (Ciprofloxacin and Tinidazole ) accurately weighed and 

previously dried in the solvent ; DMF and then dilute to the required concentration. 

Store in a refrigerator and use within the period indicated.  
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Preparation of the Sample Solution:  

The test samples of 2-substituted nitroimidazole complex were dissolved in 4% DMF 

and diluted with distilled water to attain the different concentration. 

 

Test Organisms.  

The test organism for,  activity is obtained as American Type Culture Collection 

(ATCC).Gram positive bacteria B. Pumilus ATCC 14884, S. aureus ATCC 29737and 

gram negative bacteria S. aboney NCTC 6017 

 

Preparation of inoculum.  

The microbial suspensions for the inoculum were prepared by standard method. 

Growth characteristics are sufficiently uniform so that the inoculum can be adequately 

determined by the trials given below. 

 

9.2 Method  

Cylinder-plate or Cup-plate method 

Inoculate a previously liquefied medium appropriate nutrient agar, requisite quantity 

of suspension of the micro organism, add the suspension to the medium at a 

temperature between 40ºC and 50ºC and immediately pour the inoculated medium 

into the petridishes. Ensure that the layers of medium are uniform in thickness, by 

placing the dishes or plates on a level surface. Store the prepared dishes or plates in a 

manner so as to ensure that no significant growth or death of the test organism occurs 

before the dishes or plates are used and that the surface of the agar layer is dry at the 

time of use.  

Apply the standard and test solutions in cavities prepared in the agar. The volume of 

solution added to each cylinder or cavity must be uniform and sufficient almost to fill 

the holes when these are used. The plates were incubated for 24 hr and zone of 

inhibition is measured. (Indian Pharmacopoeia, 2007) 
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9.3 Results & Discussion 

The result of zone of inhibition against Gram positive Bacteria Gram negative 

Bacteria were represented in Table no. 16,17,18 and 19. 

Table 16: Zone of inhibition of [Ni(NIM)2]Cl2

Gram positive 
bacteria 

Gram negative
bacteria 

Complex 
B. Pumilus 

ATCC 14884 
Zone of inhibiton 

(mm) 
 

S. aureus 
ATCC 29737 

Zone of inhibiton 
(mm) 

S. aboney 
NCTC 6017 

Zone of 
inhibiton (mm) 

[Ni(NIMP)2]Cl2 --- --- --- 

[Ni(NIMPCl)2]Cl2 --- --- --- 

[Ni(NIMMCL)2]Cl2 --- --- --- 

[Ni(NIMOCl)2]Cl2 --- --- --- 

[Ni(NIMF)2]Cl2 15 10  

[Ni(NIMDF)2]Cl2 25 23 --- 

[Ni(NIMDP)2]Cl2 13 20 --- 

Tinidazole (Control) --- --- --- 

Ciprofloxacin 
(Control) 

30 29 31 

 

 

  
Figure 12: Zone of inhibition against Figure 13: Zone of inhibition against 

   B. Pumilus for  [Ni(NIM)2]Cl2           S. aureus [Ni(NIM)2]Cl2 
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Table 17: Zone of inhibition of [Co(NIM)2(NO3)2]6H2O 
 

Gram positive 
bacteria 

Gram 
negative 
bacteria 

Complex B. Pumilus 
ATCC 14884 

Zone of 
inhibiton (mm) 

 

S. aureus 
ATCC 29737 

Zone of inhibiton 
(mm) 

 

S. aboney 
NCTC 6017 

Zone of 
inhibiton 

(mm) 
 

[Co(NIMP)2(NO3)2]6H2O 
 

--- --- --- 

[Co(NIMPCl)2(NO3)2]6H2O 
 

--- --- --- 

[Co(NIMMCl)2(NO3)2]6H2O 
 

--- --- --- 

[Co(NIMOCl)2(NO3)2]6H2O 
 

--- --- --- 

[Co(NIMF)2(NO3)2]6H2O 
 

15 10 --- 

[Co(NIMDF)2(NO3)2]6H2O 
 

12 12 --- 

[Co(NIMDP)2(NO3)2]6H2O 
 

13 13 --- 

Tinidazole (Control) --- --- --- 

Ciprofloxacin (Control) 30 29 31 

 
 
 

  
Figure 14: Zone of inhibition against Figure 15: Zone of inhibition against 

B. Pumilus   [Co(NIM)2(NO3)2]6H2O       S. aureus [Co(NIM)2(NO3)2]6H2O 
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Table 18: Zone of inhibition of [Cd(NIM)2]Cl2 

Gram positive 
bacteria 

Gram 
negative 
bacteria 

Complex B. Pumilus 
ATCC 14884 

Zone of 
inhibiton (mm) 

 

S. aureus 
ATCC 29737 

Zone of inhibiton 
(mm) 

 

S. aboney 
NCTC 6017 

Zone of 
inhibiton 

(mm) 
 

[Cd(NIMP)2]Cl2 --- --- --- 

[Cd(NIMPCl)2]Cl2 --- --- --- 

[Cd(NIMMCL)2]Cl2 --- --- --- 

[Cd(NIMOCl)2]Cl2 --- --- --- 

[Cd(NIMF)2]Cl2 12 10 --- 

[Cd(NIMDF)2]Cl2 10 08 --- 

[Cd(NIMDP)2]Cl2 12 20 --- 

Tinidazole (Control) --- --- --- 

Ciprofloxacin (Control) 28 32 31 

 

 

   
Figure 16: Zone of inhibition against Figure 17: Zone of inhibition against 

B. Pumilus  [Cd(NIM)2]Cl2                S. aureus  [Cd(NIM)2]Cl2
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Table 19: Zone of inhibition of [Cu(NIM)2Cl2]2H2O 
  

Gram positive 
bacteria 

Gram 
negative 
bacteria 

Complex B. Pumilus 
ATCC 14884 

Zone of inhibiton 
(mm) 

 

S. aureus 
ATCC 29737 

Zone of inhibiton 
(mm) 

 

S. aboney 
NCTC 6017 

Zone of 
inhibiton (mm) 

 
[Cu(NIMP)2Cl2]2H2O 
 

--- --- --- 

[Cu(NIMPCl)2 Cl2]2H2O 
 

--- --- --- 

[Cu(NIMMCl)2Cl2]2H2O 
 

--- --- --- 

[Cu(NIMOCl)2Cl2]2H2O 
 

--- --- --- 

[Cu(NIMF)2Cl2]2H2O 
 

12 8  

[Cu(NIMDF)2Cl2]2H2O 
 

8 22 --- 

[Cu(NIMDP)2Cl2]2H2O  8 20 --- 

Tinidazole (Control) --- --- --- 

Ciprofloxacin (Control) 32 26 31 

 
 
 

  
 
Figure 18 : Zone of inhibition against Figure 19: Zone of inhibition against 

B. Pumilus  [Cu(NIM)2Cl2]2H2O S. aureus [Cu(NIM)2Cl2]2H2O 
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Discussion 

All the synthesized complexes from each series were screened for their antibacterial 

activity against Gram negative and Gram positive bacteria by cylinder plate method 

using tinidazole and ciprofloxacin as standard control. The results were expressed in 

zone of inhibiton (mm) at 100 µ/ml concentration. 

The complexes from each series having the ligand NIMF, NIMDF and NIMDP that 

mean    complex    [Ni(NIMF)2]Cl2,  [Ni(NIMDF)2]Cl2,  [Ni(NIMDP)2]Cl2    with 

Nickel as metal, [Co(NIMF)2(NO3)2]6H2O,[Co(NIMDF)2(NO3)2]6H2O, 

[Co(NIMDP)2(NO3)2]6H2O having Cobalt as metal, [Cd(NIMF)2]Cl2, 

[Cd(NIMDF)2]Cl2, [Cd(NIMDP)2]Cl2  with Cadmium as metal and 

[Cu(NIMF)2Cl2]2H2O, [Cu(NIMDF)2Cl2]2H2O,  [Cu(NIMDP)2Cl2]2H2O with Copper 

as metal were found to be active against Gram positive bacteria (B. Pumulis and S.  

aureus) 

Among all the synthesized complex, [Ni(NIMDF)2]Cl2 was found most active and 

having zone of inhibition (25mm) comparable to the standard ciprofloxacin having  

zone of inhibition (30 ) as show in the chart 1 

It was also observed out that all the metal complexes of 2-substituted nitroimidazole 

were remain inactive against the gram negative bacteria. 
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Chart 1: Zone of inhibition of active Complexes(B. Pumilus) 

(Where 1; NIMF, 2: NIMDF 3: NIMDP and 4: Ciprofloxacin) 
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Chart-2 

 
 

 
     Chart-3 
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     Chart-4 
  
 

 
     Chart-5 
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CHAPTER X 

CONCLUSION 

 

It was the observed that metal complexes of nitroimidazole shows tetrahedral 

structures with divalent transition metals observed in the ratio of [M: L; 1:2]. The 

double molecular weight of the complex compared to ligand shows the binding of two 

mole of ligand with metal. 

Thus the proposed structure of the complex may be, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The antimicrobial study shows the most potent activity was observed in the nickel 

metal amongst all the divalent transition metal against Gram positive bacteria. 

Nitroimidazoles were drug specifically used for the treatment of anaerobic bacteria; 

surprisingly the preparation of its nickel complex shows good aerobic antibacterial 

activity against gram positive bacteria which was almost comparable to standard drug 

ciprofloxacin. Thus the nitroimidazole complex of nitroimidazole may be considered 

as better choice for treatment of anaerobic as well as aerobic infections. 
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CHAPTER XI 

SUMMARY 

 

Nitroimidazoles, especially tinidazole (tnz) is a therapeutic agent of choice for 

amebiasis and is also used in combination with other antimicrobial drugs against yeast 

infections. Under anaerobic conditions inside the cell, it is reduced to a cytotoxic nitro 

radical and binds nonspecifically to the organism’s DNA and enzymes, which are thus 

inactivated.
 

High doses or long-term administration of tinidazole can cause a 

peripheral neuropathy with sensory disturbances, and the emergence of resistance to 

this drug is known in many pathogenic bacteria and protozoa. Other available drugs 

have their own limitations, and today, parasite resistance is also a global problem. 

Metal based drugs such as Au (I) complexes  have been used  successfully for the 

treatment of various diseases including P38 leukemia.
 
Many neutral palladium(II) and 

palladium(IV) complexes were found to exhibit potential antitumour activity.
 

Moreover, Ru complexes of chloroquine act as potential antimalarial agents against P. 

falciparum. So it is well-known that coordination of metal ion has a positive effect on 

drug efficacy. A series of Pd, Pt, Cu, Au, and Ru complexes of metronidazole (mnz) 

was prepared showed good activity. 

 

The Nickel complex with 2-substituted nitroimidazoles were designed, synthesized 

and characterized by IR, 
1
HNMR, MASS, UV and conductivity measurements. The 

IR frequency for ligand and complex was compared; it was found that frequencies for 

CH2, NO2 is matching with peak of complex. The frequency for carbonyl is changed 

drastically as it is useful band in the infrared spectra of carbonyl ligand in metal 

complexes is that due to C–O stretching. The later gives very strong sharp bands 

which are separated from the bands of other ligand that may be present. The 

stretching wave number for a terminal carbonyl ligand in a complex correlates with 

the ‘electron-richness’ of the metal. The band position is determined by the bonding 

from the d Orbitals of the metal into the π* anti-bonding Orbitals of the ligand (known 

as backbonding). The bonding weakens the C–O bond and lowers the wave number 

value from its value in free CO thus its show lower frequency ranging 2250-2000cm
-1

 

The M-O streching is observed near 600-480 Cm
-1

. Characterization by spectral 
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analysis reveals that divalent nickel transition metal binds the bidentate ligand (2-

substituted nitroimidazoles) in the ratio of [M:L;1:2] was confirmed by the MASS, 

which shows the double in the mass of the molecules. The conductivity measurement 

shows negligible conductance which is indication of non electrolytic behavior of the 

complex. Thus characterization shows that the nickel complexes of nitroimidazoles 

may be tetrahedral in nature.  

 

Cobalt complex with 2-substituted nitroimidazoles were designed, synthesized and 

characterized by IR, 
1
HNMR, MASS, UV and conductivity measurements. IR 

frequencies of the complexes shows, the broad peak near 3600-3500 cm
-1

 which 

indicates the water of crystallization of cobalt nitrate salt, C-H streching (3096-2800 

cm
-1

), >C=O (2250-2000 cm
-1

) , NO2 (1570-1540 and 1366-1358cm
-1

), M-O (600-480 

cm
-1

) indicates the coordinate covalent bond formed between ligand and metal. All 

other characteristics were same as the metal complexes of nickel. The cobalt complex 

also reveals the tetrahedral structure of complex due to binding of metal to ligand in 

the ratio of 1:2 

 

All the [Cd(NIM)2]Cl2 complexes were light yellow to dark brown in color and are 

soluble in DMSO and insoluble in all other solvents. The complexes are stable solid 

with melting point ranging from 212 - 248°C. IR frequencies of the complexes shows 

the C-H streching (3096-2800 cm
-1

), >C=O (2250-2000 cm
-1

), NO2 (1570-1540 and 

1366-1358cm
-1

), M-O (600-480 cm
-1

) indicates the coordinate covalent bond formed 

between ligand and metal in the ratio of 1:2. 

 

Copper (II) ion is well known to modify the radiation response in both mammalian 

and bacterial cells. The radiosensitizing mechanism in mammalian cells may involve 

reduction of copper(II) to copper(I). More recently, it has been found that: 

radiosensitization process may be related to radiation induced DNA damage,  

biological damage sensitized by copper ions might involve nucleobases; and copper 

complexes with different structural features can bind with double-helical DNA and 

promote double-strand DNA damage. Copper complex with 2-substituted 

nitroimidazoles were designed, synthesized and characterized by IR, 
1
HNMR, MASS, 

UV and conductivity measurements. IR frequencies of the complexes shows the, the 

broad peak near 3700-3500 cm
-1

 which indicates the water of crystallization of copper 
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chloride salt, C-H streching (3096-2800 cm
-1

), >C=O (2100-1900cm
-1

) , NO2 (1570-

1540 and 1366-1358cm
-1

), M-O (600-480 cm
-1

) indicates the coordinate covalent 

bond formed between ligand and metal. It is also confirms that copper -nitroimidazole 

complex having tetrahedral structure. 

 All the synthesized and characterized compounds of 2-subtitutednitroimidazole 

complexes of metals were studied for their antimicrobial activity against Gram 

negative bacteria (S. aboney) and Gram positive bacteria (S. auerues and B. pumulis) 

using tinidazole and ciprofloxacin as standard control drug by cylinder plate method. 

The results were expressed in zone of inhibiton (mm) at 100 µ/ml concentration. 

The complexes from each series having the ligand NIMF, NIMDF and NIMDP that 

mean    complex    [Ni(NIMF)2]Cl2,  [Ni(NIMDF)2]Cl2,  [Ni(NIMDP)2]Cl2    with 

Nickel as metal, [Co(NIMF)2(NO3)2]6H2O,[Co(NIMDF)2(NO3)2]6H2O, 

[Co(NIMDP)2(NO3)2]6H2O having Cobalt as metal, [Cd(NIMF)2]Cl2, 

[Cd(NIMDF)2]Cl2, [Cd(NIMDP)2]Cl2  with Cadmium as metal and 

[Cu(NIMF)2Cl2]2H2O, [Cu(NIMDF)2Cl2]2H2O,  [Cu(NIMDP)2Cl2]2H2O with Copper 

as metal were found to be active against Gram positive bacteria (B. pumulis and S.  

aureus). Among all the synthesized complex, [Ni(NIMDF)2]Cl2 were found most 

active and having zone of inhibition (25mm) comparable to the standard ciprofloxacin 

having  zone of inhibition (30 ) as show in the figure and graph 1. It was also 

observed out that all the metal complexes of 2-substitutednitroimidazole were remain 

inactive against the gram negative bacteria. 
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ABSTRACT 
The Ni(II) complex of novel, 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-(substituted) 
ethanone have been synthesized and characterized by FTIR, molar conductivity, 1HNMR, 
MASS. Novel 2-nitroimidazole act as a bidentate ligand through the 3-N of imidazole 
ring and C=O, at 2-position of nitroimidazole, which coordinate the metal ion give rise to 
4-coordinate tetrahedral Ni(II) complex. The in vitro antimicrobial activity was 
determined by using cylinder plate method. The compounds were found to be more active 
than ligand against Gram-positive bacteria,    B. Pumilus ATCC 14884, S. aureus ATCC 
29737 and Gram negative bacteria, S. aboney NCTC 6017. 
Keywords: nitroimidazole, complex, Nickel chloride, ligands. 
INTRODUCTION 

At present, disease-causing microbes that have become resistant to antibiotic drug 

therapy are on the increase and resistance against antimicrobial agents is becoming a 

public health problem worldwide [1,2 & 3]  . In the search for novel therapy against resistant 

organism, the modification of existing drug by combination to a metal centre has gained 

attention in recent years [4,5]. The efficacies of some therapeutic agents are known to 

increase upon co-ordination, thus metal-based drug is seen as promising alternatives for 

possible replacement for some of the current drugs. A number of antibiotics such as 

bleomycin, streptonigrin and bactracin have been reported to function properly upon 

coordination with metal ions [6]. Metal complexes as pharmaceuticals have received 

considerable attention in the development of anticancer agents using platinum, ruthenium 

and other metals, with greater efficacy and reduced toxic side effects [7]. Vanadium 

compounds, either alone or in combination with other agents, have the potential to serve 

as anti-diabetic agents [8]. 
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Nitroimidazoles is a therapeutic agent of choice for amoebiasis [9] and is also used 

in combination with other antimicrobial drugs against yeast infections [10]. Under 

anaerobic conditions inside the cell, it is reduced to a cytotoxic nitro radical and binds 

nonspecifically to the organism’s DNA and enzymes, which are thus inactivated[11,12]. 

High doses or long-term administration of nitroimidazole can cause a peripheral 

neuropathy with sensory disturbances, and the emergence of resistance to this drug is 

known in many pathogenic bacteria and protozoa. A series of Pd, Pt, Cu, Au, and Ru 

complexes of metronidazole was prepared by Bharti and others [13,14] The copper and 

palladium metronidazole complexes were considerably superior to others and 

demonstrated higher activity, which proved the fact that metal incorporation enhances the 

drug activity [13]. 

In the present work the some novel nitroimidazole analogues were synthesized by 

modification at 2-position and then complexed with the transition metals Ni(II). 

MATERIAL AND METHODS 

Materials 

Nickel salt, reagents and chemicals are of analytical grade and they were used 

without further purification. All the melting points were determined in open capillaries 

and are uncorrected. IR spectra were recorded in KBr on SHIMADZU Fourier Transform 

Infrared 8400S spectrophotometer. Mass spectra were recorded on Micromass Q-T , TOF 

MS ES+4.73e3 Nuclear Magnetic Resonance spectra (1H NMR) were recorded in DMSO-

d6 on BRUKER AVANCE II at 400 MHz and the chemical shift are given in parts per 

million, downfield from Tetramethyl silane (TMS) was used as internal standard. Molar 

conductance was obtained on conductivity bridge, Systronics. B. Pumilus ATCC 14884, 

S. aureus ATCC 29737 and S. aboney NCTC 6017 typed cultures as obtained from the 

American Typed Culture Collection (ATCC) were used. 

Synthesis of the metal complexes 

Nickel chloride (II) (0.635g, 0.005 mol) was dissolved in hot ethanol (50ml) and 

hot solution of 0.010mole, 2-(1-(substituted)-5-nitro-1H-imidazol-2-yl)-1-

(substituted) ethanone was added. The solution is adjusted to pH 8-10, with 

concentrated ammonia. The brown colored solution was refluxed for 4-5 hours and then 
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allowed to stand for 24 hrs. The dark brown crystals were filtered off, dried in vacuo 

yielding 70-90 % yield. 

Antimicrobial study 

The metal complexes were dissolved in minimum amount of dimethylformamide 

and diluted with water. Agar medium suitable for testing the sensitivity of clinically 

important pathogens towards antibiotics, and nutrient broth were prepared with the 

standard preparatory techniques. All the synthesized complexes of 2-substituted 

nitroimidazole were screened for antimicrobial activity by Cylindrical Plate method using 

Ciprofloxacin and Tinidazole as a standard drugs against gram positive bacteria,( B. 

pumilus, S. aureus ) and gram negative bacteria S. aboney  The result were expressed in 

the form of zone of inhibition at 100μg/ml concentration.[14] 

RESULTS AND DISCUSSION 

The physical data for the complexes are presented in Table I represent, percentage 

yield; melting point / decomposition temperature, as well as their color. The complexes 

are stable solid with melting point ranging from 220 - 280°C. Table II represent the IR 

frequencies of the complexes shows the C-H streching (3096-2800 cm-1), >C=O (2250-

2000 cm-1) due, NO2 (1570-1540 and 1366-1358cm-1), M-O (600-480 cm-1) indicates the 

coordinate covalent bond formed between ligand and metal. Conductivity measurements, 

NMR and MASS (m/z) of the complexes as presented in Table III, which shows that the 

complexes are non-electrolytes in solution.  The  1HNMR (DMSO-d6) spectra of 

complex, displays the triplet of methyl group (-SO2CH2CH3) resonates at δ 1.28-1.40 

ppm, quartet of methylene group (-SO2CH2CH3) resonates at δ 3.15 ppm, triplet for( - 

CH2CH2SO2CH2CH3) resonates at δ 3.66-3.89 ppm, singlet for (-N=C-CH3) resonates at 

δ 4.26-4.30, triplet for (imidazole-CH2CH 2SO2CH2CH3) resonates at δ 4.96 ppm, all the 

aromatic proton resonates between  δ 6.54-7.94 , the singlet for (1H nitroimidazole ring) 

observed between δ 7.87-8.1ppm. The molecular ions were observed. The fragmentation 

routes primarily involved losses of, NO (M-30), NO2 (M-46) and HNO2 (M-47) from the 

molecular ion, which are characteristic of compounds which indicates the complex 

formed as, Metal: Lignads; 1:2 ratio. 
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TABLE 1: PHYSICAL CHARACTERISTICS OF [Ni(NIM)2]Cl2 

 

NIM = 5-Nitroimidazoles 

Ligand / Complex Color R Ar m.p. 

(0C) 

Yield 

(%)* 

Molecular 

formula 

Mol. 

weight 

NIMP (Ligand) Yellow -C2H4SO2C2H5 phenyl 146-148* 80 C15H17N3O5S 351.38 

[Ni(NIMP)2]Cl2 Dark 

brown 

-C2H4SO2C2H5 phenyl 262-264 85 C30H34N6 Cl2O10S2Ni 831.76 

NIMPCl (Ligand) Light 

yellow 

-C2H4SO2C2H5 p-cl 

phenyl 

152-154 72 C15H16 ClN3O5S 385.82 

[Ni(NIMPCl)2]Cl2 Brown -C2H4SO2C2H5 p-cl 

phenyl 

280-282 90 C30H32 Cl3N6O10S2Ni 865.76 

NIMMCL(Ligand) 

 

Yellow -C2H4SO2C2H5 m-cl 

phenyl 

156-158 65 C15H16ClN3O5S 385.82 

[Ni(NIMMCL)2]Cl2 Reddish 

brown 

-C2H4SO2C2H5 m-cl 

phenyl 

240-243 70 C30H32 Cl3N6O10S2Ni 865.76 

NIMOCl(Ligand) Yellow -C2H4SO2C2H5 o- cl 

phenyl 

180-182 45 C15H16ClN3O5S 385.82 

[Ni(NIMOCl)2]Cl2 Red -C2H4SO2C2H5 o- cl 

phenyl 

260-264 65 C30H32 Cl3N6O10S2Ni 865.76 

NIMF(Ligand) Yellow -C2H4SO2C2H5 furoyl 165-166* 75 C13H15N3O6S 341.34 

[Ni(NIMF)2]Cl2 Red -C2H4SO2C2H5 furoyl 232-235 75 C26H30N6 Cl2O12S2Ni 811.68 

NIMDF(Ligand) Yellow CH3 furoyl 

 

130-132 78 C10H9N3O4 235.20 

[Ni(NIMDF)2]Cl2 Brown CH3 furoyl 278-280 72 C26H30N6 Cl2O12S2Ni 599.40 

NIMDP(Ligand) Yellow CH3 phenyl 

 

140-143 78 C12H11N3O3 245.23 

[Ni(NIMDP)2]Cl2 Red -CH3 phenyl 

 

222-225 82 C24H22N6 Cl2O6Ni 619.46 
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TABLE 2: SPECTRAL DATA OF [Ni(NIM)2]Cl2 

IR (Cm-1) 

 

Ligand / Complex 

v (CH2) 

 

v(C=O) 

 

v(NO2) v(M-O) 

NIMP (Ligand) 2977-2800  1720  1570,1365 -- 

[Ni(NIMP)2]Cl2 2977-2800  2270 1570,1365 495 

NIMPCl (Ligand) 2977-2850  1700 1565,1365 --- 

[Ni(NIMPCl)2]Cl2 2980-2850 2250 1558,1361 484 

NIMMCL(Ligand) 

 

2977-2850  1700 1565,1365 --- 

[Ni(NIMMCL)2]Cl2 2900-2850 2248 1570,1350 500 

NIMOCl (Ligand) 2977-2850  1700 1565,1365 --- 

[Ni(NIMOCl)2]Cl2 2900-2850 2230 1550,1345 520 

NIMF (Ligand) 2977-2850 1690 1550.1360 --- 

[Ni(NIMF)2]Cl2 2980-2900 2270 1545,1360 510 

NIMDF (Ligand) 2977-2850  1700 1555,1362 --- 

[Ni(NIMDF)2]Cl2 2980-2900 2270 1545,1360 525 

NIMDP (Ligand) 3000-2950  1705  1572,1360 --- 

[Ni(NIMDP)2]Cl2 2980-2900 2270 1555,1340 512 

 

The IR frequency for ligand and complex was compared; it was found that 

frequencies for CH2, NO2 is matching with frequency of complex. The frequency for 

carbonyl is changed drastically as it is useful band in the infrared spectra of carbonyl 

ligand in metal complexes is that due to C–O stretching. The latter gives very strong 

sharp bands which are separated from the bands of other ligand that may be present. The 
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stretching wave number for a terminal carbonyl ligand in a complex correlates with the 

‘electron-richness’ of the metal. The band position is determined by the bonding from the 

d orbitals of the metal into the π* anti-bonding Orbitals of the ligand (known as 

backbonding). The bonding weakens the C–O bond and lowers the wave number value 

from its value in free CO thus its show lower frequency ranging 2250-1700cm-1[15] The 

M-O streching is observed near 600-480 Cm-1. 

TABLE 3: SPECTRAL DATA OF [NI(NIM)2]Cl2 

Complex 1HNMR Molar 
Cond. 
(µS) 

Mass 
(m/z) 

[Ni(NIMP)2]Cl2 δ 1.28(t,3H,SO2CH2CH3), δ 3.15 (q, 2H, -
SO2CH2CH3), δ 3.89 (t, 2H, - CH2CH2SO2CH2CH3), δ 
4.26 (s, 3H, N=C-CH3),  δ 4.96 (t, 2H, imidazole-
CH2CH 2SO2CH2CH3), δ 7.56-7.94 (m, 4H, Ar-H),  δ 
7.81 (s,1H, nitroimidazole) 

   3.20 831.76 

[Ni(NIMPCl)2]Cl2 δ1.28(t,3H,SO2CH2CH3), δ 3.20 (q, 2H, -
SO2CH2CH3), δ 3.72 (t, 2H,-CH2CH2SO2CH2CH3), δ 
4.30 (s, 3H, N=C-CH3),  δ 4.90 (t, 2H, imidazole-
CH2CH 2SO2CH2CH3), δ 7.60-7.84 (m, 5H, Ar-H),  δ 
7.87 (s,1H, nitroimidazole) 

1.6 ---- 

[Ni(NIMMCL)2]Cl2 ----- 1.25 ----- 

[Ni(NIMOCl)2]Cl2 ---- 1.10 866.50 
(M+1) 

[Ni(NIMF)2]Cl2 δ 1.40 (t,3H,-SO2CH2CH3), δ 3.15 (q, 2H, -
SO2CH2CH3), δ 3.66 (t, 2H, - CH2CH2SO2CH2CH3), δ 
4.26 (s, 3H, N=C-CH3),  δ 4.96 (t, 2H, imidazole-
CH2CH 2SO2CH2CH3), δ 6.54 (d, 1H, 3-furoyl),  δ 
6.754 (d, 1H, 4-furoyl), δ 7.59(s, 1H, 5-furoyl),  δ 8.1 
(s,1H, nitroimidazole) 

2.0 811.68 

[Ni(NIMDF)2]Cl2 δ 4.30 (s, 3H, N=C-CH3),  δ 4.96 (s, 3H, imidazole-
CH3), δ 6.54 (d, 1H, 3-furoyl),    δ 6.754 (d, 1H, 4-
furoyl), δ 7.59(s, 1H, 5-furoyl),  δ 7.98 (s,1H, 
nitroimidazole) 

1.30 ---- 

[Ni(NIMDP)2]Cl2 ----- 1.20 831.76 
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TABLE 4: ZONE OF INHIBITION OF [Ni(NIM)2]Cl2 

Gram positive 

bacteria 

Gram negative 

bacteria 

Complex 

B. Pumilus 

ATCC 14884 

Zone of inhibiton 

(mm) 

 

S. aureus 

ATCC 29737 

Zone of inhibiton 

(mm) 

 

S. aboney 

NCTC 6017 

Zone of inhibiton 

(mm) 

 

[Ni(NIMP)2]Cl2 --- --- --- 

[Ni(NIMPCl)2]Cl2 --- --- --- 

[Ni(NIMMCL)2]Cl2 --- --- --- 

[Ni(NIMOCl)2]Cl2 --- --- --- 

[Ni(NIMF)2]Cl2 15 10  

[Ni(NIMDF)2]Cl2 25 23 --- 

[Ni(NIMDP)2]Cl2 13 20 --- 

Tinidazole 

(Control) 

--- --- --- 

Ciprofloxacin 

(Control) 

30 29 31 

 

 The complex compound [Ni(NIMF)2]Cl2, [Ni(NIMDF)2]Cl2, [Ni(NIMDP)2]Cl2  

were found active against gram positive bacteria (B. Pumilus , S. aureus) but are less than 

control drug ciprofloxacin. The above compounds were more active against aerobic 

bacteria as compared to tinidazole. All the synthesized complex remains found inactive 

against gram negative bacteria (S.aboney). 

CONCLUSION 

The compound were found active against aerobic bacteria containing furoyl ring 

in the ligand, it is concluded on this basis that furoyl side chain enhances the activity due 

to the presence of electro negative oxygen atom.  
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