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CHAPTER -1 

 

1. Introduction 

1.1. General 

In the past few years, inorganic chemistry has been greatly enriched 

by the continuing development of coordination chemistry. The role of the 

chemist is growing with the advent of biotechnology. There are many new 

directions in coordination chemistry such as molecular magnetism, 

supramolecular chemistry, bioinorganic chemistry, medicinal chemistry and 

biosensors.  

Coordination compounds were known when Alfred Werner proposed, 

that Co(III) bears six ligands in an octahedral geometry. The theory allows to 

understand the difference between coordinated and ionic chloride in the 

coordination compound. Ligand may be attached to the metal through a 

single atom (monodentate) or bound to the metal through two or more atoms 

(bidentate or polydentate etc.). When a bi- or polydentate ligand uses two or 

more donor atoms bonded to a single metal ion, it is said to form a chelate 

complex. Such complexes tend to be more stable than similar complexes 

containing unidentate ligands. 

  

1.2 Bioinorganic chemistry [1-6] 

General 

The field at the interface between biochemistry and inorganic 

chemistry; also known as inorganic biochemistry or metallobiochemistry 

involves the application of the principles of inorganic chemistry to problems of 

biology and biochemistry. Because most biological components are organic, 

that is, they involve the chemistry of carbon compounds, the combination of 

the prefix bio- and inorganic may appear contradictory. However, organisms 

require a number of other elements to carry out their basic functions. Many of 

these elements are present as metal ions that are involved in crucial biological 

processes such as respiration, metabolism, cell division, muscle contraction, 

http://en.wikipedia.org/wiki/Alfred_Werner
http://www.answers.com/topic/respiration
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nerve impulse transmission, and gene regulation. The characterization of the 

interactions between such metal centers and biological components is the 

heart of bioinorganic chemistry. As a mix of biochemistry and inorganic 

chemistry, bioinorganic chemistry is important in realizing the implications of 

electron-transfer proteins, substrate bindings and activation, atom and group 

transfer chemistry as well as metal properties in biological chemistry. 

Metal ions influence biological phenomena by interacting with organic 

functional groups on biomolecules, forming metal complexes. From this 

perspective, much of bioinorganic chemistry may be considered as 

coordination chemistry applied to biological questions. In general, 

bioinorganic chemists tackle such problems by first focusing on the elucidation 

of the structure of the metal complex of interest and then correlating 

structure with function. The attainment of solutions usually requires a 

combination of physical, chemical, and biological approaches. Biochemistry 

and molecular biology are often used to provide sufficient amounts of the 

system for investigation. Physical approaches such as crystallography and 

spectroscopy are useful in defining structural properties of the metal site. 

Synthetic methods can be used for the design and assembly of structural, 

spectroscopic, and functional models of the metal site. All these approaches 

then converge to elucidate how such a site functions.  

Metalloproteins catalyze important cellular reactions and are thus more 

specifically called metalloenzymes. i.e., cytochrome oxidase is the respiratory 

enzyme in mitochondria accountable for disposing of the electrons generated 

by mammalian metabolism; it does so by reducing O2 to water with the help 

of both heme and copper centers. In contrast, the conversion of water to O2 

is carried out in the photosynthetic apparatus by manganese centers. Other 

metalloenzymes are involved in the transformation of organic molecules in 

cells. For example, tyrosine hydroxylase (an iron enzyme) and dopamine β-

hydroxylase (a copper enzyme) carry out oxidation reactions important for the 

biosynthesis of neurotransmitters. Alternatively, the metal center can serve as 

a Lewis acidic site to activate substrates for nucleophilic displacement 

reactions. 

http://www.answers.com/topic/bioinorganic
http://www.answers.com/topic/biochemistry
http://www.answers.com/topic/inorganic-chemistry
http://www.answers.com/topic/inorganic-chemistry
http://www.answers.com/topic/protein
http://www.answers.com/topic/elucidate
http://www.answers.com/topic/crystallography
http://www.answers.com/topic/spectroscopy
http://www.answers.com/topic/spectroscope
http://www.answers.com/topic/catalyze
http://www.answers.com/topic/cytochrome-oxidase
http://www.answers.com/topic/mitochondrion
http://www.answers.com/topic/photosynthesis
http://www.answers.com/topic/tyrosine
http://www.answers.com/topic/dopamine
http://www.answers.com/topic/biosynthesis
http://www.answers.com/topic/nucleophilic
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Metals in medicine 

Metal complexes have also been found to be useful as therapeutic or 

diagnostic agents. Prominent among metal-based drugs is cisplatin, which is 

particularly effective in the treatment of testicular and ovarian cancers. Gold, 

gallium, and bismuth compounds are used for the treatment of rheumatoid 

arthritis, hypercalcemia, and peptic ulcers, respectively. In clinical diagnosis, 

metal complexes can be used as imaging agents. The convenient half-life and 

radio emission properties of technetium-99 make its complexes very useful for 

a number of applications; by varying the ligands bound to the metal ion, 

diagnostic agents have been developed for imaging the heart, brain, and 

kidneys. Complexes of paramagnetic metal ions such as gadolinium(III), 

iron(III), and manganese(II) are also used as contrast agents to enhance 

images obtained from magnetic resonance imaging (MRI).  

 

Biochemistry of copper 

The adult human body contains 100-150 mg of copper. The Cu 

concentration in muscles, bones and liver is about 64, 23 and 18 mg. While the Cu 

concentration in fetal liver is 5-10 times higher than in liver of an adult. The daily 

requirement of Cu in adults is 2.5 mg. while in infants and children it is 0.05 mg/kg 

body weight. 

Physiological functions of copper 

1. It has an important role in hemoglobin synthesis.  

2. It is required for melanin formation, phospholipid and collagen 

synthesis.  

3. It has role in bone formation and in maintenance in the integrity of 

myelin sheath. 

4. It is a constituent of several enzymes, such as tyrosinase, cytochrome 

oxidase, uricase, ferroxidase 1 (ceruloplasmin) and ferroxidase 11. 

5. It is constituent of superoxide dismutase and amine oxidase.  

http://www.answers.com/topic/cisplatin
http://www.answers.com/topic/testicular
http://www.answers.com/topic/bismuth
http://www.answers.com/topic/rheumatoid-arthritis
http://www.answers.com/topic/rheumatoid-arthritis
http://www.answers.com/topic/hypercalcemia
http://www.answers.com/topic/paramagnetism
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6. Three copper containing proteins namely cerebrocuprein, 

erythrocuprein and hepatocuprein are present in brain, RBC and liver, 

respectively. 

The role of copper in man can be described as under 
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1.3 Nitrogen donor ligands 

Ligands are either a point charge (-ve) or a point dipole that can 

form a coordinate covalent bond with cationic metal ion. Ligands are classified 

in various classes like negative (point charge), neutral (point dipole), 

ambidentate(binding through either side), chelating agent (ring forming 

agent), dendrimers(cascade molecule) on the bases of their dentate 

nature/type.  

The design of oligopyridines and related compounds is recently the 

subject of intensive investigations. Ligands bearing 2,2′:6′,2′′-terpyridine 

subunits is extremely versatile building blocks for the construction of metallo-

supramolecular systems [7-8]. Among the metal complexes so far 

investigated, those of polypyridyl phenanthroline bases have attracted great 

attention by virtue of its binding property to nucleic acid under the 

physiological condition [9]. In case of 2,2′:6′,2′′-terpyridine two adjacent 5-

membered MN2C2 type chelate rings are formed [10]. In recent years, the 

subject of acute interest is polypyridine derivatives, which can be used for the 

synthesis of luminescent and redox active polynuclear ruthenium complexes 

where energy- and/or electron-transfer processes can be induced by light [11-

12]. Varieties of applications such as artificial photosynthesis [13], photo 

catalysis [14], molecular photovoltaic cells [15], molecular informatics [16] 

and opto-electronic devices [17] are emerging from this new field of research. 

Fused polypyridine compounds also constitute an effective route to 

reorganised cleft and cavities for the complexation of metals [18-19] and 

organic guests [20]. Lippard’s findings disclosing the binding mode of 

(2,2′:6′,2′′-terpyridine)-platinum(II) complexes bind to double-stranded DNA 

led to new approaches in cancer therapy [21]. Terpyridine–platinum(II) 

complexes also known to exhibit cytotoxity against a number of ovarian 

tumour cell lines [22-26]. The chemical attributes of such metal complexes of 

phenanthroline are particularly attractive for developing new diagnostic and 

therapeutic agents [27]. Copper(II) complexes behave as an efficient 

chemical nuclease, when prepared by combination of drugs and nitrogen 

donor heterocyclic ligand, such as 2,2′-bipyridyl amine, 2,2′-bipyridines and 
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1,10-phenanthrolines, which act as NN donor ligands [28-29]. Copper 

phenanthroline derivatives show an important biological activity. This includes 

chemical nuclease, antitumoural, antimycobacterial, antifungal and 

antimicrobial activity [30].  

 

1.4 Metal based drug; a revolt in medicinal chemistry 

As soon as the word “drug” falls on ones ear, mind is directly switched 

over to an organic moiety [31]. This belies (to contradict) that the metal 

complex too can play well and an important role as therapeutic agent. 

Medicinal inorganic chemistry is a discipline of growing significance in both 

therapeutic and diagnostic medicine [32]. It is not surprising that metal 

complexes have a role to play in the world of medicine because approximately 

one third proteins and enzymes use metal ion for their proper functioning. 

Inorganic compounds have been used in medicine for many centuries, but 

only a little attempts are made to design the compound to be used with little 

or no understanding of their mechanism of action [33]. Metal ions are often 

classed as toxic or non–toxic, however their biological activity depends very 

much on speciation and it is now widely accepted that, with carefully 

controlled coordination chemistry, even toxic metals can exhibit therapeutic 

properties [34]. Metal ions and coordination compounds are known to affect 

the cellular processes dramatically [35], not only by affecting the natural 

processes like cell division, gene expression, etc, but also by some non–

natural processes like toxicity, carcinogenicity, anti–tumour, etc. Progress in 

designing metal–based drug has been sluggish due to problem related to 

substitution, hydrolytic equilibrium, redox phenomena and polymerization 

reaction [36]. Broad interest in the pharmacological properties of metal based 

compounds arouse for first time when Barnett did the pioneer work on 

cytostatic effect of cis–platin and related compounds in late '60s of the last 

century [37-38]. Antitumor activity was found to be unique among heavy 

metal compounds especially platinum–group metal [39]. An important 

property of such compounds is the fact that the metal–ligand bond has a 

thermodynamic strength of a typical coordination bond, which is lower than 
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covalent bond [40]. cis–Platin enters human cells by diffusion, where it is 

converted to its active form [Pt(NH3)2(H2O)2]2+ as shown in equation bellow 

[41]: 

[Pt(NH3)2Cl2] + 2H2O ↔ [Pt(NH3)2(H2O) 2]2+ + 2Cl– 

Many mono– and bimetallic complexes of the platinum group metals 

incorporating planar aromatic ligands with extended π–systems can interact 

with DNA to exhibit antitumor activity [42-45]. 

 

1.5 Copper and its biochemistry 

In the hieroglyphics (picture writing), the ancient Egyptians used the 

Ankh sign (♀) to represent copper. A thousand 

years later during the early Christian era, the 

words "aes cyprium" appeared in Roman writings 

about copper, because much of the metal at the 

time came from Cyprus. Copper (pronounced: 

KOP-UR) is a chemical element with the symbol 

Cu (Latin: cuprum), It have atomic number 29, 

Atomic Weight: 63.54, Density: 8960 kgm-3, 

Melting Point: 1356K, Specific Heat at 293K: 

0.383    kJkg-1K-1.  

Copper has been use from at least 10,000 years, 

but more than 95% of all copper ever mined and smelted has been extracted 

since 1900. As with many natural resources, the total amount of copper on 

Earth is vast (around 1014 tons just in the top kilometre of Earth's crust). 

However, only a tiny fraction of this reservoir is economically viable, because 

of present-day prices and technologies. It is estimated that availability of 

copper reserves for mining vary from 25 years to 60 years, depending on core 

assumptions such as the growth rate [46]. Copper metal and alloys have been 

used for thousands of years [47]. Copper compounds are often encountered 

as salts of Cu+2, which often impart blue or green colour to mineral, have 

been used widely as pigments in history. Architectural structures and statuary 

of copper metal eventually corrode to acquire a characteristic green gleam. 

 

 
Figure 1.7.: A copper 
disc made by 
continuous casting and 
etching 
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Copper as both metal and pigmented salt, has a significant presence in 

decorative art. Copper(II) ions (Cu+2) are soluble in water, at low 

concentration they act as bacteriostatic, fungicides, and wood preservatives, 

sufficient amount of copper salts can be poisonous to higher organisms. 

However, despite universal toxicity at high concentrations, but at lower 

concentrations it is an essential trace nutrient to all higher plant and animal. 

In animals, including humans, it is found widely in tissues with concentration 

in liver, muscle, bone and also by acting as a co-factor in functioning of 

various enzymes and copper-based pigments. Chronic copper poisoning is 

very rare and if it is reported, the patients may have liver disease [48]. 

Normal copper level of human body is about 1.4 to 2.1 mg per each kg of 

body weight [49]. Total copper content in blood of healthy humans normally 

ranges from 1.1 - 1.5 μg/ml, although these values can fluctuate with age, 

exercise and health condition [50]. Copper found in blood stream is either in 

erythrocytes or associated with superoxide dismutase (SODs), the 

metalloenzymes present in living organism involving oxygen as a part of 

metabolism [51]. It eliminate the superoxide radical (O2
•–) generated during 

metabolism which can cause significant cellular damage [52-55]. 

 

1.6 Application  

Antioxidant 

Reactive oxygen species (ROS) are easily to induce oxidative damage 

to biomolecules and organelles, and then cause many diseases such as 

Parkinson‘s disease [56], heart disease [57], and cancer [58]. Researches find 

that exogenous antioxidants or free radical scavengers can scavenge the 

excess free radicals and be benefic to those diseases effectively [59–60]. 

Thus, evaluating and developing novel antioxidant is becoming one of the hot 

topic recently. Flavonoids are important natural antioxidants and free radical 

scavengers, and have been extensively studied because of their numerous 

biological activities [61–66]. In addition, most of flavonoids are strong metal 

chelators which can chelate many metal ions to form different complexes [67–

74]. Those complexes are reported to have various important biological 
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activities, and most of them exhibit higher antioxidant abilities than the ligand 

flavonoids [75–76]. However, the antioxidant mechanism of the complexes 

has not been exactly elucidated so far. 

 

Antituberculosis 

At the same time, tuberculosis still remains a major public health 

problem. The World Health Organisation (WHO) estimates that one third of 

thepopulation is infected with latent Mycobacterium tuberculosis and 

approximately 3 million people per year decease of illnesses caused by this 

bacillus [77]. The disease often attacks immunoaltered individuals TB is 

together with mycoses the most common complication and the cause of death 

in AIDS patients [78]. A great problem is also migration of inhabitants from 

the areas with a higher incidence of TB to the regions with a favourable 

epidemiologic situation. The current TB treatment is not satisfactorily effective 

in the eradication of latent TB infection [79,80]. This increased risk of 

developing the infection and the emergence of multi-drug resistant mutants 

are dictating new approaches in the treatment of mycobacterial disease. 

 

Biocidal Activity 

The increase in antimicrobial activity may be considered in light of 

Overtone’s concept [81] and Tweedy’s chelation theory [82]. According to 

Overtone’s concept of cell permeability, the lipid membrane that surrounds 

the cell favors the passage only of lipid-soluble materials due to which 

liposolubility is an important factor controlling the antimicrobial activity. On 

chelation, the polarity of the metal ion will be reduced to a greater extent due 

to the overlap of the ligand orbital and partial sharing of the positive charge 

of the metal ion with donor groups. Further, it increases the delocalization of 

electrons over the whole chelate ring and enhances the lipophilicity of the 

complexes. This increased lipophilicity enhances the penetration of the 

heterochelates into lipid membranes and blocks the metal binding sites in the 

enzymes of microorganisms. These heterochelates also disturb the respiration 

process of the cell and thus block the synthesis of proteins which restrict 
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further growth of the organisms. Furthermore, the mode of action of the 

compounds may involve the formation of a hydrogen bond through the 

azomethine / carbonyl / amine group with the active centre of cell 

constituents, resulting in interference with the normal cell process [83]. 

 

 Fluorescence Studies  

Fluorescent compounds have attracted much attention recently due to 

their potential applications. When they are fluorescent in the solid state, they 

may be good candidate for photo luminescent and electroluminescent 

materials [84]. When they are fluorescent in solution, they can be used as 

fluorescent sensor molecules for research in biology or environmental science 

[85-91]. In the development of new luminescent materials, metal complex 

with Schiff base ligands are very important for their applications. 

 

1.7 Literature survey  

In the past few years, inorganic chemistry has been greatly enriched 

by the continuing development of coordination chemistry. The role of the 

chemist is growing with the advent of biotechnology. There are many new 

directions in coordination chemistry such as molecular magnetism, 

supramolecular chemistry, bioinorganic chemistry, medicinal chemistry and 

biosensors.  

Metal complexes have also been found to be useful as therapeutic or 

diagnostic agents. Prominent among metal-based drugs is cisplatin, which is 

particularly effective in the treatment of testicular and ovarian cancers. Gold, 

gallium and bismuth compounds are used for the treatment of rheumatoid 

arthritis, hypercalcemia, and peptic ulcers, respectively. In clinical diagnosis, 

metal complexes can be used as imaging agents. The convenient half-life and 

radio emission properties of Technetium-99 make its complexes very useful 

for a number of applications; by varying the ligands bound to the metal ion, 

diagnostic agents have been developed for imaging the heart, brain, and 

kidneys. Complexes of paramagnetic metal ions such as gadolinium(III), 
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iron(III), and manganese(II) are also used as contrast agents to enhance 

images obtained from magnetic resonance imaging (MRI). 

5-Chloro-7-iodo-8-hydroxyquinoline (clioquinol, CQ) attenuated AD 

symptoms in human clinical trials [92] incited renewed interest in its 

pharmacodynamics, linking its possible beneficial therapeutical action to the 

chelation of copper(II) in the brain. Recent reports indicate that CQ also 

mitigates Huntington’s disease neuropathological symptoms in a mouse model 

of this disorder [93]; CQ treatment decreased the accumulation of huntingtin 

aggregates, suggesting commonalities in the etiology of both neurological 

pathologies. These results suggest a broader clinical potential of CQ in the 

treatment of neurodegenerative diseases. Mixed-ligand complexes of 5-

Chloro-7-iodo-8-hydroxyquinoline (clioquinol, CQ) and (N-N-N) donors could 

play an important role in this field. 

 

1.8 Present work 

Chapter–1: Introduction 

General overview, Bioinorganic chemistry, Nitrogen donor ligand, Metal 

based durg; a revolt in medicinal chemistry, Copper and its biochemistry, 

Application, literature survey, Present work is wrapped in this chapter. 

 

Chapter–2: Synthesis and characterization of Nitrogen ligands 

Synthetic and structural identification of nitrogen donor ligands is 

wrapped in this chapter. Elemental analysis, FT–IR, 1H & 13C NMR 

spectroscopic techniques are used to characterize the synthesized ligands. 

❖ 4–bptpy ≡ 4′–(4–Bromophenyl)–2,2′:6′,2′′–terpyridine  

❖ 4–fptpy  ≡ 4′–(4–Fluorophenyl)– 2,2′:6′,2′′–terpyridine  

❖ 4–mptpy ≡ 4′–(4–Methoxyphenyl)– 2,2′:6′,2′′–terpyridine  

❖ 4–cptpy  ≡ 4′–(4–Chlorophenyl)– 2,2′:6′,2′′–terpyridine  

❖ ptpy        ≡ 4′–Phenyl– 2,2′:6′,2′′–terpyridine 

❖ 4–ttpy     ≡ 4′–(4–Tolyl)– 2,2′:6′,2′′–terpyridine  

 

Chapter–3: Synthesis and characterization of copper(II)  complexes 
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In this chapter, synthesis of octahedral Cu(II) complexes and their 

characterization using elemental analysis, magnetic susceptibility 

measurement, thermogravimetric analysis, electronic spectral measurement, 

mass spectra and FT–IR is discussed. 

 

Chapter–4: Activity of complexes 

Activity of the synthesized Cu(II) complexes is discussed in this chapter 

and is divided mainly in four sections: 

❖ Biocidal Activity 

❖ Antituberculosis Activity 

❖ Antioxidant Activity 

❖ Fluorescence Activity 
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CHAPTER –2 

 

2. Synthesis And Characterization Of Nitrogen Donor 

Ligands 

2.1. General 

This chapter deals with the synthesis and characterization of nitrogen 

donor ligands; a next generation from 2,2′–bipyridine. 

In 1931, terpyridines were first isolated by Morgan and Burstall [1] 

when they heated pyridine and dry FeCl3 to 340 ºC in an autoclave (50 atm) 

for 36 hours. Addition of Fe(II) ion to a solution of terpyridine gave it a purple 

colour denoting the formation of a metal complex. Since then, considerable 

research has been dedicated for better understanding and utilization of 

terpyridine metal complexes with a wide variety of transition metals and 

lanthanides, in order to capitalize their unique photophysical, electrochemical, 

magnetic, optical properties and biological activities. The 2,2':6',2''–

terpyridines has been utilized extensively as a building block to construct 

octahedral, square planar or trigonal bipyrimidal metal complexes with various 

transition metals leading to highly–ordered supramolecular architectures. The 

growing interest in tailored terpyridine metal complexes has stimulated the 

synthesis and functionalization of novel terpyridines construction. There is 

basically two synthetic strategies for terpyridine synthesis and 

functionalization, which are derived from ring–assembly and coupling 

procedures. 

a) Cross–Coupling Methods: Early attempts at terpyridine synthesis using 

coupling procedures included either an Ullmann synthesis with 2–

bromopyridine and 2,6–dibromopyridine with metallic copper or an oxidative 

route with pyridine and 2,2'–bipyridine with iodine leading to yield < 10% [2]. 
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More recently, modern Pd–catalyzed Stille [3], Suzuki [4], and Negishi [5] 

crosscoupling reactions with their high yield (50–90%) conversions, as well as  

simple procedures have contributed greatly to the cross–coupling terpyridines 

synthesis 

b) Ring Assembly Methods: Terpyridines are prepared by variety of ring 

assembly strategies; Kröhnke, Potts, Jameson, Adrian, and Sauer methods.  

Adrian et al. [6], reported a synthesis of terpyridines starting with 

treating 2,6–diacetylpyridine with cyclohexylamine to give 2,6–bis(N–

cyclohexylacetimidoyl)pyridine, which on cyclization with Si–protected 3–

bromopropylamines with the bis–imine to give the tetrahydropyridines, which 

were further reacted with N–chlorosuccinimide (NCS) in CCl4 to afford the 

tetrachloro adducts and lastly treatment with NaOMe yielded the desired 

substituted terpyridines. 

Jameson and Guise [7] reported an alternate synthetic route for 

terpyridine, in which N,N–dimethylaminoenone was prepared by the reaction 

of N,N–dimethylformamide, dimethyl acetal with 2–acetylpyridine. Ketone was 

reacted with potassium enolate of 2–acetylpyridine to give the 1,5–diketone 

intermediate (not isolated) with loss of dimethylamine. Terpyridine was 

formed upon ring–closure of 1,5– diketone with NH4OAc. 

Constable and Ward [8] suggest the route by forming triketone from 

ethyl 2–picolinate and acetone produced 4'–hydroxyterpyridine (the enol 

tautomer of 4–terpyridone) by addition of NH4OAc. This 4'–hydroxyterpyridine 

was subsequently functionalized with alkoxy groups, by an SN2–type 

nucleophilic substitution with primary alkyl bromides or converted to 4'–

chloroterpyridine, which then reacted with any primary alcohols via 

nucleophilic aromatic substitution to give 4'– terpyridineoxy derivatives 

In 1976, Kröhnke [9] reported the first planned synthesis of 

oligopyridines. This method utilized a ring–closure procedure of 1,5–

diketones, which was prepared in–situ by the Michael addition of N–

pyridinium salts with enones. This strategy has evident advantages in 

substituted pyridine synthesis over conventional routes [10], e.g. (1) using N–

pyridinum salts instead of methyl or methylene ketones to synthesize 
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pyridines eliminated the dehydrogenation step that was required to complete 

the synthesis, since salts have a higher oxidation state than those ketones; 

(2) synthesis of 2,4,6–substituted pyridines leading to bi–, ter–, and up to 

septi–pyridines was achieved with diverse functional groups, such as aryl, 2–

thionyl, 2–furyl, etcetera. There are two modified Kröhnke methodologies 

commonly used to prepare terpyridines. In first route benzaldehyde were 

reacted with one equivalent of 2– acetylpyridine to form enone (isolated), 

which was treated with the iodopyridinium salt of 2– acetylpyridine, NH4OAc, 

and AcOH to afford terpyridines. In second route, two equivalents of 2–

acetylpyridine were reacted with benzaldehydes to give the 1,5–diketone     

(in situ), which was treated with NH4OH to obtain desired 

terpyridines(Scheme 2.1) [11-13]. 

 

Figure 2.1. Synthesis of 4–aryl–2,2′:6′,2′′–terpyridines by modified Kröhnke           

method via two routs 

Here in we synthesis a series of 4–aryl 2,2′:6′,2′′–terpyridines using 

one pot modified Kröhnke method. 

 

 

 

2.2. Materials 

All reagents, chemicals and solvents used were of analytical reagent 

grade. 2–Acetyl pyridine, pyridine–2–carbaldehyde, pyridine–3–carbaldehyde, 

4–bromobenzaldehyde, 4–fluorobenzaldehyde, 4–methoxybenzaldehyde, 4–

chlorobenzaldehyde, benzaldehyde and 4–methylbenzaldehyde were 



31 
 

purchased from Spectrochem (Mumbai, India). C, H and N elemental analyses 

were performed with a model 240 Perkin Elmer elemental analyzer. Infrared 

spectra were recorded on Fourier transform IR (FTIR) Shimadzu 

spectrophotometer as KBr pellets in the range 4000–400 cm–1. The 1H and 13C 

NMR were recorded on a Bruker Avance (400 MHz).  

 

2.3. Synthesis of ligands 

2.3.1. 4′–Substituted–2,2′:6′,2′′–terpyridine 

2–Acetylpyridine (20.0 mmol) was added to an ethanolic solution of 

various aldehydes (10.0 mmol in 70 mL EtOH). KOH pellets (26 mmol) and 

aqueous NH3 (25%, 0.425 mol) were added to the solution and was stirred at 

room temperature for 8 h. An off–white solid formed which was collected by 

filtration and washed with H2O (3 × 10 mL) and EtOH (2 × 5 mL). 

Recrystallization from CHCl3–MeOH system gives a white crystalline solid. 

General synthesis of various 4′–substituted–2,2′:6′,2′′–terpyridines is shown 

in scheme 2.3.  

 

Figure 2.3. General synthesis of 4′–substituted–2,2′:6′,2′′–terpyridine 

Table 2.1. summarises the various substituted aldehydes used during 

synthesis 4′–substituted–2,2′:6′,2′′–terpyridine via second route of modified 

Kröhnke method. 

 

Table 2.1. Various substitution differentiating 4′–substituted–2,2′:6′,2′′–

terpyridine 

Aldehydes used (R–CHO) Resulting terpyridines  

4–Bromobenzaldehyde 4–bptpy 

4–Fluorobenzaldehyde 4–fptpy 

4–Methoxybenzaldehyde 4–mptpy 
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4–Chlorobenzaldehyde 4–cptpy 

Benzaldehyde Ptpy 

4–Methylbenzaldehyde 4–ttpy 

 

 

 

2.4. Characterization of ligands [14-15] 

 

2.4.1. 4′–(4–Bromophenyl)–2,2′:6′,2′′–terpyridine(4–bptpy) 

 

Yield: 1.84 g, 47.54% 

Melting point: 125 °C 

Molecular formula (mol. wt.): C21H14N3Br                 

(388.26) 

Microanalysis data: 

Calculated (%): C 64.96, H 3.63, N 10.82 

Found (%): C 64.76, H 3.83, N 10.67 
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IR (KBr, 4000–400 cm–1): 3066, ν(C–H); 1499, 1461, ν(C=C); 1396, 

ν(C=N); 1339, 1396, (pyridine skeleton band); 1114, 1052, 801, (p–

substituted aromatic ring); 1232, δ(C–Br); 1017, ν(C–Br) 

 

 

 

1H NMR (CDCl3, 400 MHz) δ/ppm: 8.591–8.721, (m, 6H); 7.984, (t, 2H, 

H4,4′′); 7.802, (d, 2H, Hph2,6); 7.710, (d, 2H, Hph3,5); 7.486, (d, 2H, H5,5′′) 
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13C NMR (CDCl3, 100 MHz) δ/ppm: 156.15, (C2′,6′); 155.27, (C2,2′′); 

149.67, (C6,6′′); 148.53, (C4′); 137.77, (Cph1); 137.08, (C4,4′′); 132.66, (C3,3′′); 

129.35, (Cph2,6); 124.89, (C5,5′′); 123.08, (Cph4); 121.34, (Cph3,5); 118.14, 

(C3′,5′) 

 

 

 

 

 

2.4.2. 4′–(4–Fluorophenyl)– 2,2′:6′,2′′–terpyridine (4–fptpy) 

 

 

Yield: 1.32 g, 40.49% 

Melting point: 182 °C 

Molecular formula (mol. wt.): C21H14N3F (327.35) 

Microanalysis data: 

Calculated (%): C 77.05, H 4.31, N 12.84 

Found (%): C 77.24, H 4.09, N 12.71 
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IR (KBr, 4000–400 cm–1): 2988, ν(C–H); 1522, 1466, ν(C=C); 1390, 

ν(C=N); 1362, 1341, (pyridine skeleton band); 1099, 1062, 820, (p–

substituted aromatic ring); 1210, ν(C–F) 

 

 

 

 

1H NMR (CDCl3, 400 MHz) δ/ppm: 8.691–8.743, (m, 6H); 7.902–7.918, (m, 

4H, Hph2,3,5,6); 7.391, (t, 2H, H4,4′′); 7.215, (t, 2H, H5,5′′) 
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13C NMR (CDCl3, 100 MHz) δ/ppm: 162.29, (Cph4); 155.96, (C2′,6′); 155.73, 

(C2,2′′); 149.40, (C4′); 148.94, (C6,6′′); 137.18, (C4,4′′); 129.22, (C3,3′′); 129.12, 

(Cph2,6); 123.97, (C5,5′′); 121.52, (Cph1); 118.91, (C3′,5′); 115.82, (Cph3,5) 

 

 

 

2.4.3. 4′–(4–Methoxyphenyl)– 2,2′:6′,2′′–terpyridine  

(4–mptpy) 

 

 

Yield: 1.16 g, 34.31% 

Melting point: 158 °C 

Molecular formula (mol. wt.): C22H17N3O (339.39) 

Microanalysis data: 

Calculated (%): C 77.86, H 5.05, N 12.38 

Found (%): C 77.65, H 4.78, N 12.53 
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IR (KBr, 4000–425 cm–1): 3122, ν(C–H)Ar; 2955, ν(C–H)Al; 1543, 1511, 

ν(C=C); 1440, ν(C=N); 1341, 1412, (pyridine skeleton band); 1264, ν(C–O–

C)sym; 1054, ν(C–O–C)asym; 717, 620, (m–substituted aromatic ring); 780, 

ν(C–H)out of plane; 1110, 780, (p–substituted benzene) 

 

 

 

 

1H NMR (CDCl3, 400 MHz) δ/ppm: 8.76–8.795, (m, 4H, H3,3′,5′,3′′); 8.71, (d, 

2H, H6,6′′); 7.913–7.940, (m, 4H); 7.396, (d, 2H, Hph3,5); 7.055, (dd, 2H, H5,5′′); 

3.90, (s, 3H, OCH3) 
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13C NMR (CDCl3, 100 MHz) δ/ppm: 160.57, (Cph4); 156.15, (C2′,6′); 155.59, 

(C2,2′′); 149.81, (C4′); 148.88, (C6,6′′); 137.08, (C4,4′′); 130.63, (Cph1); 128.55, 

(Cph2,6); 123.81, (C5,5′′); 121.48, (C3,3′′); 118.41, (C3′,5′); 114.35, (Cph3,5); 55.38, 

(OCH3) 

 

 

 

2.4.4. 4′–(4–Chlorophenyl)– 2,2′:6′,2′′–terpyridine (4–cptpy) 

 

 

Yield: 1.48 g, 43% 

Melting point:168–169 °C 

Molecular formula (mol. wt.): C21H14ClN3 (343.81) 

Microanalysis data: 

Calculated (%): C, 73.36; H, 4.10; N, 12.22 

Found (%): C, 73.12; H, 4.24; N, 12.06 
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IR (KBr, 4000–400 cm–1): 3042, ν(C–H); 1540, 1409, ν(C=C); 1460, 

ν(C=N); 1351, 1385, (pyridine skeleton band); 1090, 1055, 812, (p–

substituted aromatic ring); 1277, δ(C–Cl); 1035, ν(C–Cl) 

 

 

 

 

1H NMR (CDCl3, 400 MHz) δ/ppm: 8.753–8.744, (m, 4H, H3,3′,5′,3″); 8.697, 

(d, 2H, H6,6″); 7.939–7.859, (m, 4H, H4,4″,Hph2,6); 7.495, (d, 2H, Hph3,5); 7.390, 

(dd, 2H, H5,5″) 
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13C NMR (CDCl3, 100 MHz) δ/ppm: 156.24, (C2′,6′); 155.74, (C2,2″); 149.24, 

(C4′); 148.81, (C6,6″); 137.4, (C4,4″); 136.82, (Cph1); 135.3, (Cph4); 129.23, 

(Cph2,6); 128.65, (Cph3,5); 123.96, (C5,5″); 121.65, (C3,3″); 118.83, (C3′,5′) 

 

 

2.4.5. 4′–Phenyl– 2,2′:6′,2′′–terpyridine (ptpy) 

 

 

Yield: 1.11 g, 36% 

Melting point: 202–204 °C 

Molecular formula (mol. wt.): C21H15N3 (309.36) 

Microanalysis data: 

Calculated (%): C, 81.53; H, 4.89; N, 13.58 

Found (%): C, 81.32; H, 4.71; N, 13.41 
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IR (KBr, 4000–600 cm–1): 3099, ν(C–H); 1620, 1495, ν(C=C); 1474, 

ν(C=N); 1320, 1390, (pyridine skeleton band); 761, δ(C–H) 

 

 

 

 

1H NMR (CDCl3, 400 MHz) δ/ppm: 8.802, (s, 2H, H3′,5′); 8.771, (d, 2H, 

H3,3″); 8.72, (d, 2H, H6,6″); 7.959–7.910, (m, 4H, H4,4″,Hph2,6); 7.556–7.456, (m, 

3H, Hph3,4,5); 7.395, (dd, 2H, H5,5″) 
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13C NMR (CDCl3, 100 MHz) δ/ppm: 155.88, (C2′,6′); 155.55, (C2,2″); 150.47, 

(C4′); 148.78, (C6,6″); 138.31, (Cph1); 137.32, (C4,4″); 129.11, (Cph2,6); 127.39, 

(Cph3,4,5); 123.94, (C5,5″); 121.6, (C3,3″); 119.2, (C3′,5′) 

 

 

2.4.6. 4′–(4–Tolyl)– 2,2′:6′,2′′–terpyridine (4–ttpy) 

 

 

Yield: 1.26 g, 39% 

Melting point:151–152 °C 

Molecular formula (mol. wt.): C22H17N3 (323.39) 

Microanalysis data: 

Calculated (%): C, 81.71; H, 5.30; N, 12.99 

Found (%): C, 81.96; H, 5.13; N, 13.12 
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IR (KBr, 4000–440 cm–1): 3082, ν(C–H); 2973, ν(C–H); 1590, ν(C=C); 

1420, ν(C=N); 1322, 1395, (pyridine skeleton band);  694, 718, δ(C–H) 

 

 

 

 

1H NMR (CDCl3, 400 MHz) δ/ppm: 8.798, (s, 2H, H3′,5′); 8.776, (d, 2H, 

H3,3″); 8.721, (d, 2H, H6,6″); 7.924, (dd, 2H, H4,4″); 7.869, (d, 2H, Hph2,6); 7.404, 

(dd, 2H, H5,5″); 7.344, (d, 2H, Hph3,5); 2.453, (s, 3H, CH3) 
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13C NMR (CDCl3, 100 MHz) δ/ppm: 156.26, (C2′,6′); 155.75, (C2,2″); 150.18, 

(C4′); 148.98, (C6,6″); 139.1, (Cph1); 136.92, (C4,4″); 135.45, (Cph4); 129.66, 

(Cph3,5); 127.15, (Cph2,6); 123.75, (C5,5″); 121.42, (C3,3″); 118.7, (C3′,5′); 21.25, 

(CH3) 

 

 

2.5. References 

[1]  Morgan SC, Burstall FH. 

J. Chem. Soc. 1931; 20. 

[2] Burstall FH. 

J. Chem. Soc. 1938; 1662. 

[3]  Stille JK. 

Angew. Chem. Int. ed. 1986; 25: 508. 

[4]  Miyaura N, Suzuki A. 

Chem. Rev. 1995; 95: 2457. 

[5]  Negishi E, King AO, Okukado N. 

J. Org. Chem. 1977; 42: 1821. 

[6] Adrian JC, Hassib L, Kimpe ND, Keppens M. 

Tetrahedron. 1998; 54: 2365. 

[7] Jameson DL, Guise LE. 

Tetrahedron Lett. 1991; 32: 1999. 

[8] Constable EC, Ward MD. 

J. Chem. Soc. 1990; 1405. 



45 
 

[9] Kröhnke F. 

Synthesis 1976; 1. 

[10] Klingsberg E. “The Chemistry of Heterocyclic Compounds”, Vol. 1, 

Interscience Publishers, New York, 1960. 

[11] Constable EC, Lewis J, Liptrot MC, Raithby PR. 

Inorg. Chim. Acta. 1990; 178: 47. 

[12] Wang P, Moorefield CN, Newkome GR. 

Org. Lett. 2004; 6: 1197. 

[13] Eryazici I, Moorefield CN, Durmus S, Newkome GR. 

J. Org. Chem. 2006; 71: 1009. 

[14] Wiilliam DH, Fleming I. Spectroscopic methods in organic chemistry, 4th 

ed, Macgraw–Hill, London, 1937. 

[15] Pavia DL, Lampman GM, Kriz GS, Introduction to spectroscopy, 3rd ed, 

Harcourt Inc, Chennai, India, 2001. 
 

 

 

 

 

 

 

 

 

 

 

CHAPTER-3  
 
 



46 
 

SYNTHESIS AND 
CHARACTERIZATION OF 
COPPER(ii) COMPLEXES 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
CHAPTER -3 

 

3. Synthesis and Characterization of Copper(II) 

Complexes 

3.1. General 

This chapter deals with the synthesis and characterization of mixed 

ligand copper(II) complexes using clioquinol(CQ)  and neutral bidentate 

ligands. The biological role of copper(II) [i] and its synergetic activity with 

drugs have been the subject of a current research interests [ii]. The antifungal 

and antibacterial properties of many copper(II) complexes have been 

evaluated against several pathogenic fungi and bacteria [iii-iv]. Copper(II) 
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complexes with drugs are much more active in the presence of a neutral 

heterocyclic ligand.  

 

3.2. Materials  

The solvents were purchased from Merck and used without further 

purification. Clioquinol was generously supplied by Atul Limited (Valsald, 

India). Cupric chloride dihydrate was purchased from E. Merck Ltd, Mumbai 

(India). 2-Acetyl pyridine, P-bromo benzaldehyde, P-fluro benzaldehyde, P-

methoxy benzaldehyde, P-Chlorobenzaldehyde, benzaldehyde and P-

methylbenzaldehyde were purchased from Loba Chemie PVT. LTD. (India). C, 

H and N elemental analyses were performed with a model 240 Perkin Elmer 

elemental analyzer. The d9 system was confirm by magnetic moment 

measurement using Gouy magnetic balance 

[Mercury(II)tetrathiocyanatocobaltate(II); χg =16.44 × 10–6 cgs units at 20 

ºC]. The electronic spectra were recorded on a UV–160A UV–Vis 

spectrophotometer, Shimadzu (Japan). Thermograms were obtained with 

5000/2960 SDTA, TA instrument (USA). Infrared spectra were recorded on 

Fourier transform IR (FTIR) Shimadzu spectrophotometer as KBr pellets in the 

range 4000–400 cm–1. FAB–mass spectra were recorded on Jeol SX 102/Da–

600 mass spectrophotometer/Data system using Argon/Xenon (6 kV, 10 mA) 

as the FAB gas at accelerating voltage of 10 kV at room temperature. 

 

3.3. General synthesis of copper(II) complexes  

A methanolic solution of CuCl2.2H2O (1.5 mmol) was added to a 

methanolic solution of neutral bidentate ligand (1.5 mmol), followed by 

addition of a previously prepared solution of clioquinol (1.5 mmol) in 

methanol in presence of CH3ONa (1.5 mmol). The pH was adjusted to ~6.2. 

The resulting solution was refluxed for 1 h. on a steam bath, followed by 

concentrating it to half of its volume. A fine amorphous product of green color 

obtained was washed with ether/hexane and dried in vacuum desiccators 

(Scheme 3.1). 
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Scheme 3.1. General scheme for synthesis of octahedral Cu(II) complexes  

 

 

 

 

 

 

 

 

 

 

 

3.4. Physicochemical data of the synthesized complexes 

 

3.4.1. [Cu(4-bptpy)(CQ)Cl].3H2O [I]  

This complex was synthesized by above mention methodology using 

4-bptpy and CQ as neutral bidentate ligand and clioquinol respectively. 
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Yield: 60%, m.p.: >300 °C 

Molecular weight: 845.52 

Molecular formula: C30H24BrCl2CuIN4O4 

Calc. (%): C, 42.60; H, 2.86; N, 6.62; Cu, 

7.51 

Found (%): C, 42.38; H, 2.81; N, 6.53; Cu, 

7.49 

 µeff.: 1.89 µB. 

 

3.4.2. [Cu(4-fptpy)(CQ)Cl].H2O [II]  

This complex was synthesized by above mention methodology using 

4-fptpy and CQ as neutral bidentate ligand and clioquinol respectively. 

 

 

Yield: 55%, m.p.: >300 °C 

Molecular weight: 748.21 

Molecular formula: C30H20Cl2CuFIN4O2 

Calc. (%): C, 48.12; H, 2.69; N, 7.48; Cu, 

8.49 

Found (%): C, 48.08; H, 2.49; N, 7.31; Cu, 

8.22 

 µeff.: 1.76 µB. 

 

 

 

 

3.4.3. [Cu(4-mptpy)(CQ)Cl].2H2O [III]  

This complex was synthesized by above mention methodology using 

4-mptpy and CQ as neutral bidentate ligand and clioquinol respectively. 
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Yield: 57%, m.p.: >300 °C 

Molecular weight: 778.82 

Molecular formula: C31H25Cl2CuIN4O4  

Calc. (%): C, 47.80; H, 3.24; N, 7.19; Cu, 

8.16 

Found (%): C, 47.79; H, 3.21; N, 7.11; Cu, 

8.16 

 µeff.: 1.94 µB. 

 

 

3.4.4. [Cu(4-cptpy)(CQ)Cl].3H2O [IV]  

This complex was synthesized by above mention methodology using 

4-cptpy and CQ as neutral bidentate ligand and clioquinol respectively. 

 

 

Yield: 61%, m.p.: >300 °C 

Molecular weight: 801.35 

Molecular formula: C30H24Cl3CuIN4O4  

Calc. (%): C, 44.96; H, 3.02; N, 6.99; Cu, 

7.93 

Found (%): C, 44.78; H, 2.97; N, 6.88; Cu, 

7.49 

 µeff.: 1.79 µB. 

 

 

 

 

3.4.5. [Cu(ptpy)(CQ)Cl].H2O [V]  

This complex was synthesized by above mention methodology using 

ptpy and CQ as neutral bidentate ligand and clioquinol respectively. 
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Yield: 58%, m.p.: >300 °C 

Molecular weight: 730.87 

Molecular formula: C30H21Cl2CuIN4O2 

Calc. (%): C, 49.30; H, 2.90; N, 7.67; Cu, 

8.69 

Found (%): C, 49.21; H, 2.87; N, 7.66; Cu, 

8.51 

µeff.: 1.93 µB. 

 

 

3.4.6. [Cu(4-ttpy)(CQ)Cl].2H2O [VI]  

This complex was synthesized by above mention methodology using 

4-ttpy and CQ as neutral bidentate ligand and clioquinol respectively. 

 

 

Yield: 57%, m.p.: >300 °C 

Molecular weight: 762.91 

Molecular formula: C31H25Cl2CuIN4O3  

Calc. (%): C, 48.80; H, 3.30; N, 7.34; Cu, 

8.33 

Found (%): C, 48.71; H, 3.18; N, 7.29; Cu, 

8.24 

µeff.: 1.77 µB. 

 

 

 

 

 

3.5 Magnetic moment measurement 

3.5.1. General 
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Transition metal ions, by definition, have at least one oxidation state 

with an incomplete d subshell. Since electrons spins and generate a magnetic 

field, the magnetic properties of transition metal ions are of great interest in 

determining the oxidation state, electronic configuration, and so on. Most of 

the organic compounds main group element compounds and some transition 

metal compounds have all their electrons paired. Such molecules are 

diamagnetic and have very small magnetic moments. Many transition metal 

compounds, however, have one or more unpaired electrons, and are termed 

paramagnetic. The number of unpaired electrons on a given metal ion 

determines the magnetic moment, affecting it both by virtue of their spin and 

their orbital motion. The spin is the more important, and a close estimate of 

the magnetic moment can be obtained using the equation 3.1 [v-vi]. 

 

where  is the gyro magnetic ratio for an electron ( 2) and S is the 

total spin of the unpaired electrons ( ½ for each). The units of the magnetic 

moment are Bohr Magneton (µB). Actual magnetic moments are somewhat 

larger than the spin-only values obtained, because of the orbital contribution. 

Magnetic moments are not measured directly. Instead, the magnetic moment 

is calculated from the magnetic susceptibility. There are a number of 

techniques that were used to determine the magnetic susceptibility of 

transition metals complexes. These include the Gouy method, the Faraday 

method, and the determination of magnetic susceptibility by nuclear magnetic 

resonance (NMR). Of these techniques, only the last two qualify as micro-

techniques, and can be carried out practically with 50 mg or less of sample. 

In the Gouy method, a sample is suspended from a balance between 

the two poles of a magnet. The balance measures the apparent change in the 

mass of the sample, because it is repelled or attracted by the magnetic field. 

The attraction is due to the magnetic field generated by the unpaired 

electrons in a paramagnetic sample. Diamagnetic samples are repelled.  

The value of µeff may vary slightly from one compound to another. 

Once the effective magnetic moment is determined, it is a simple matter to 



53 
 

find the number of unpaired electrons, and from that, the electronic 

configuration (hybridization) of the metal. This can lead to an understanding 

of the geometry and bonding in the molecule.  

 

3.5.2. Magnetic moment of synthesized copper(II) complexes 

The magnetic moments of copper is expected either to be 0.0 or 1.73 

µB if it is 0.0, it indicates that copper exist as d10-electron system. But if it falls 

around 1.73 it indicates that copper existing in the system is having 9-

electron in 3d orbital. The observed value for the case of synthesized 

copper(II)  complexes ranges from 1.76 to 1.93 µB. Which falls around the 

spin–only values expected for the single unpaired electron i.e. when S = ½ 

system (1.73 µB). The observed value indicates that copper exist in its +2 

oxidation state with d9-system, t2g
6 eg

3 configuration with one unpaired electron (S = 1/2) [vii-

viii]. 

 

3.6. Electronic spectroscopy  

3.6.1. General 

The spectroscopic methods employed in this work cover 10 orders of 

magnitude in photon energy. Different energy regions provide different and 

complementary information about the nature of transition metal complexes. 

Figure 3.1. illustrates the various regions into which electromagnetic radiation 

has been divided [ix-x].  

 

Figure 3.1. Regions of electromagnetic spectrum 

The molecular processes associated with each region are quite 

different. Complementary colour (compound absorb one color of light, and the 
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complement of that color appears on sight) are responsible for colour of the 

coordination compounds. But in certain cases, it is not possible to predict the 

colour of the compound directly, because some compounds may absorbe the 

bands of different energies with different intensities. Hence, the resultant 

colour of the compound is the color predominating when rest of the 

absorptions are removed from pure white light. 

Electronic transitions of molecules cover the near IR, visible and UV 

region. Both the position and intensity of the absorption due to an electronic 

transition are very characteristic of the molecular group involved. The position 

of absorption is given at the point of maximum absorption, λmax (nm). For 

practical reasons the electronic spectrum is divided into three regions: (i) The 

near UV region, between 200-400 nm (50,000-25,000 cm-1). (ii) The visible 

region, between 400-750 nm (25,000-13,300 cm-1). (iii) Near infrared region, 

between 750-2000 nm (13,300-5,000 cm-1). Coordination compounds always 

show d-d transitions of weak intensity, which are characteristic of involved 

metal ion. Other than these weakly allowed transitions, fully allowed 

transitions occur in strongly covalent complex with the metal ion and the 

ligand having complementary redox properties. These are known as charge-

transfer (CT) bands. The square-planar and octahedral complexes containing 

π-radical ligand exhibit characteristic inter valence charge transfer (IVCT), 

ligand to ligand charge transfer (LLCT) and ligand to metal charge transfer 

bands (LMCT) bands [xi]. The intensity of an electronic absorption is given by 

the simple equation: ε = A/c l, where c, l, A and ε are the concentration, path 

length, absorbance and the extinction coefficient of the sample, respectively. 

 

3.6.2. Electronic spectra of synthesized copper(II) complexes 

An emission spectra of the copper(II) complex i.e. d9 system are very 

difficult to interpret because of large width of absorption band even for simple 

ligands and even at low temperature [xii]. Six coordinated copper(II) 

complexes can exhibit one geometry octahedral (Figure 3.2.). 
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Figure 3.2. One geometry exhibited by six-coordinated copper(II)complexes: 

 Six-coordinated copper(II) complexes with octahedral geometry 

exhibits two ligand field band, Cu(II) complexes with octahedral geometry 

reveals that the absorption spectra are in visible region and only one broad 

band about 615 nm [13-14]. Here in the case of our spectra the only λmax 

was found at about 615 nm which indicated an octahedral geometry for metal 

complexes. The representative electronic spectrum measured from 400 to 

1100 nm for is shown in figure 3.3. 

 

Figure 3.3.: Electronic absorption curve traced for [Cu(4-bptpy)(CQ)Cl].3H2O [I]  

                   i.e. d9-system using DMSO as a solvent exhibiting max at 615 nm. 

 

 

3.7. Thermogravimetric analysis 

3.7.1. General 

The terms thermal analysis (TA) denote a measuring of varieties of 

parameters with change in the temperature of the sample to be investigated. 

The mass of an object or material has been an important property since the 

beginnings of time. It is the major method for quantifying the amount of a 

material and, consequently, techniques have developed to enable its 

measurement with relatively high accuracy on a routine basis. 
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Thermogravimetry (TG) or thermogravimetric analysis (TGA) is 

merely an extension of this fundamental measurement as one's study 

deviates from room temperature or extends into time. Here the change in 

mass with respect to increase in temperature at control rate is measured. The 

specific goal of each investigation determines the relative importance of 

temperature measurement and control. It is not always that temperature 

brings about a change in mass for example: the change in physical state of 

the matter, but some physicochemical phenomena such as desorption, 

absorption, sublimation, vaporization, oxidation, reduction and decomposition 

can bring a considerable change in mass of matter. It is worthless if the 

experimental conditions are not standardized and maintained throughout the 

course of the experiments. Results from TG experiments can be presented in 

a variety of graphical ways. The most common versions are mass or mass 

percent as the abscissa and temperature or time as the ordinate. Plotting the 

rate of mass change as a function of time or temperature (Derivative 

Thermogravimetry, DTG) is commonly used to detect more fine effects, or to 

establish kinetic parameters. In TG the change in mass during particular 

range of temperature is taken under calculation to procure the reaction 

occurring. The amount of sample should be so taken that the temperature 

gradient is not generated within the sample.  

 

3.7.2. TG analysis of the copper(II) complexes  

The objective of this section is to analyze the thermal behavior of the 

complexes having in view the composition confirmation and the water of 

crystallization molecule role assessment. For the complexes, the water 

molecule are stepwise eliminated namely the crystallization one up to 140 oC 

while the coordination one in 140–200 oC temperature range, both steps 

being endothermic [15–18]. TG has been carried out at a heating rate of 10 

oC per minute in the range of 20–800 oC under N2 atmosphere (Fig. 3.4). On 

interpretation of the TG curve, three distinct mass losses are observed. The 

first mass loss occurs between 50 and 120 oC, second between 180 and 310 

oC, and finally between 320 and 620 oC. Mass lost occurring during first 
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decomposition step corresponds to two molecules of crystallization water, 

where as mass loss during second step corresponds to decomposition of 

neutral tridentate ligand and third step corresponds to decomposition of CQ 

leaving behind the CuO as residue.  

 

Figure 3.4.: Thermal degradation curve of the complex I at heating rate of  

                 10 °C per minute under N2 atmosphere 

 

3.8. Infrared spectra 

3.8.1. General 

Infrared radiation spans a section of the electromagnetic spectrum 

having wavenumbers from roughly 13,000 to 10 cm–1, or wavelengths from 

0.78 to 1000 μm. It is bound by the red end of the visible region at high 

frequencies and the microwave region at low frequencies. IR absorption 

positions are generally presented as either wavenumbers (ν) or wavelengths 

(λ). Wavenumbers defines the number of waves per unit length. Thus, 

wavenumbers are directly proportional to frequency, as well as the energy of 

the IR absorption. The transmittance spectra provide better contrast between 

intensities of strong and weak bands. 

Infrared (IR) spectroscopy is one of the most common spectroscopic 

techniques used by organic and inorganic chemists. Simply, it is the 

absorption measurement of different IR frequencies by a sample positioned in 

the path of an IR beam. The main goal of IR spectroscopic analysis is to 

determine the chemical functional groups in the sample. Different functional 
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groups absorb characteristic frequencies of IR radiation. Using various 

sampling accessories, IR spectrometers can accept a wide range of sample 

types such as gases, liquids and solids. Thus, IR spectroscopy is an important 

and popular tool for structural elucidation and compound identification. 

Absorption in the infrared region arises predominantly from excitation of 

molecular vibrations. For symmetric molecule, the vibrations will reflect that 

symmetry in that the vibrational wavefunctions will be symmetric or 

antisymmetric with respect to any simple symmetry element. Each atom has 

three degrees of freedom, corresponding to motions along any of the three 

Cartesian coordinate axes (x, y, z). A polyatomic molecule of n atoms has 3n 

total degrees of freedom. However, 3 degrees of freedom are required to 

describe translation, the motion of the entire molecule through space. 

Additionally, 3 degrees of freedom correspond to rotation of the entire 

molecule. Therefore, the remaining 3n – 6 degrees of freedom are true, 

fundamental vibrations for nonlinear molecules. Linear molecules possess 3n 

– 5 fundamental vibrational modes because only 2 degrees of freedom are 

sufficient to describe rotation. 

The total number of observed absorption bands is generally different 

from the total number of fundamental vibrations. It is reduced because some 

modes are not IR active and a single frequency can cause more than one 

mode of motion to occur. Conversely, additional bands are generated by the 

appearance of overtones (integral multiples of the fundamental absorption 

frequencies), combinations of fundamental frequencies, differences of 

fundamental frequencies, coupling interactions of two fundamental absorption 

frequencies, and coupling interactions between fundamental vibrations and 

overtones or combination bands (Fermi resonance). The intensities of 

overtone, combination and difference bands are less than those of the 

fundamental bands. The combination and blending of all the factors thus 

create a unique IR spectrum for each compound. The major types of 

molecular vibrations are stretching and bending. The absorption involves 

discrete, quantized energy levels. However, the individual vibrational motion 

is usually accompanied by other rotational motions. These combinations lead 
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to the absorption bands, not the discrete lines, commonly observed in the mid 

IR region. 

From the 1980s onwards Fourier-transform infrared (FT-IR) 

spectrometers almost entirely replaced dispersive instruments for most 

applications due to their superior speed and sensitivity. They have greatly 

extended the capabilities of infrared spectroscopy and have been applied to 

many areas that are very difficult or nearly impossible to analyze by dispersive 

instruments. Instead of viewing each component frequency sequentially, as in 

a dispersive IR spectrometer, all frequencies are examined simultaneously in 

Fourier transform infrared (FTIR) spectroscopy. The most significant feature 

of FT spectrometers is that radiation from all wavelengths is measured 

simultaneously. This is much more efficient than the operation of the 

dispersive spectrometer, in which different wavelengths are measured 

successively. This difference, known as the Fellgett advantage, leads to much 

faster or more sensitive measurement. For example, a dispersive 

spectrometer typically takes at least 3 min to scan from 4000 to 400 cm–1, 

while most FT instruments can acquire a spectrum in 1 sec. or less. The first 

commercial mid-IR Fourier transform spectrometer was introduced in 1969, 

but initially the cost of the necessary computing power confined the use of 

such instruments to research applications. More recently, FT-IR spectrometers 

have become less expensive in real terms than the dispersive instruments 

they have replaced. 

The complexity of infrared spectra in the 1450 to 600 cm-1 region 

makes it difficult to assign all the absorption bands, and because of the 

unique patterns found there, it is often called the fingerprint region. 

Absorption bands in the 4000 to 1450 cm-1 region are usually due to 

stretching vibrations of diatomic units and this is sometimes called the group 

frequency region.  

 

3.8.2. Infrared spectra  of the copper(II) complexes 

Bands of the functional groups of drugs and ligands involve in 

coordination are suppose to be deviated more compare to other functionality, 
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hence change in these IR bands are studied well. The important infrared 

spectral bands and their tentative assignments for the clioquinol and its 

complexes were recorded as KBr disks and are presented in Table 3.1(Fig. 

3.5). 8-hydroxyquinoline base ligands in the present investigation exhibit a 

broad band centered at 3400 cm–1. This suggests the presence of a strongly 

hydrogen-bonded -OH group. In the 8-hydroxyquinoline complexes of divalent 

metals, the ν(C-O), appeared at 1120 cm-1 region and the position of the 

band slightly varies with the metal [19]. In the investigated complexes, the 

bands observed in the region 3418−3437, 1278−1295, 865−875 and 

705−710 cm−1 are attributed to -OH stretching, bending, rocking and 

wagging vibrations, respectively due to the presence of water molecules. The 

presence of rocking band indicates the coordination nature of the water 

molecule [20]. The ν(C-O), observed in the free oxine molecule at 1090 cm-1, 

shifted to higher frequencies in all the mixed ligand complexes giving a strong 

absorption band at 1110 cm-1. This clearly indicates the coordination of 8-

hydroxyquinoline in these complexes. The spectra of the clioquinol band at 

1600 cm-1 corresponding to ν(C=N), were shifted to lower frequency (1580 

cm-1) on complexation and 1500 cm-1 corresponding to  ν(C=C), were shifted 

to higher frequency (1518 cm-1) on complexation. In the far-IR region, two 

new bands at 508-511 and 537–540 cm−1 in the complexes are assigned to 

ν(Cu–O) clioquinol and ν(Cu–N) modes [21], respectively. All of these data 

confirm the fact that behaves as a uninegative bidentate ligand forming a 

conjugated chelate ring. 

 

Table 3.1.: Characteristic IR bands (4000–400 cm-1) of CQ and their  

                  complexes 

Compound ν(OH) ν(C=N) ν(C=C) ν(Cu–N) ν(Cu–O) 

CFLH 3400(br) 1600(w) 1500(s) – – 

[I] 3440(br) 1589(w) 1523(s) 510 540 

[II] 3450(br) 1597(w) 1530(s) 508 537 

[III] 3420(br) 1582(w) 1525(s) 511 538 

[IV] 3410(br) 1580(w) 1515(s) 510 540 
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[V] 3430(br) 1590(w) 1523(s) 508 539 

[VI] 3450(br) 1597(w) 1530(s) 510 537 

 

Figure 3.5.: Collective IR spectra of CQ based copper(II) complexes
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3.9. Mass spectroscopy 

3.9.1. General 

A mass spectrometer is an instrument for generating gas-phase ions, 

separating them according to their mass–to–charge ratio using electric fields 

(sometimes magnetic fields as well) in an evacuated volume and counting the 

number of ions. All mass spectrometers have a vacuum system to maintain 

the low pressure, an inlet to introduce the sample, Activator: to 

activate/dissociate the ions, analyser: to analyse the ions as per the mass–to–

charge ratio, detector: to determine the abundance of ions at each mass-to-

charge ratio (m/z). All the components are connected to computer system to 

controls the operation, stores, manipulates and presents the data. The 

resolution of a mass spectrometer represents its ability to separate ions of 

different m/z. It is manifested in the sharpness of the peaks seen in the mass 

spectrum. An instrument with high resolving power will be able to distinguish 

two peaks very close in mass. 

The ions leaving the ion source are accelerated to a high velocity and 

are passing through a magnetic sector, where the magnetic field is applied in 

a direction perpendicular to the direction of ion motion. From physics, it is 

known that when magnetic field is applied perpendicular to the direction of 

motion of charged object, the object’s velocity remains constant, but the 

object travels in a circular path. Therefore, the magnetic sector follows an arc. 

The dependence of mass-to-charge ratio on the magnetic field, accelerating 

voltage and arc radius may be easily derived. Ions of mass m and charge z 

are accelerated by a potential V, and enter the magnetic sector with a kinetic 

energy, KE, given by equation 3.2.: 

 

The centrifugal force experienced by the ions must balance the 

Lorentz force exerted by the magnet field (strength B, radius r) for them to be 

focused (equation 3.3.): 
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Combining the two equations 3.2. and 3.3. leads to the expression 

3.4. for focusing ions of a given m/z ratio: 

 

There are various techniques like electron ionization, plasma 

desorption (PD), electrospray ionisation (ESI), chemical ionisation (CI), 

Atmospheric pressure chemical ionisation (APCI), field ionisation (FI), field 

desorption (FD), fast atom bombardment (FAB), Inductively coupled plasma 

mass spectrometry (ICP-MS), Matrix-assisted laser desorption/ionisation 

(MALDI) to ionize the target molecule, each of them are having their own 

principles. Here we have employed the FAB-MS [22]. 

The technique employs a discharged beam of fast atoms of an inert 

gas (usually argon or xenon) travelling at 4–10 keV to bombard the sample. 

The sample is dissolved in a liquid matrix and placed on the metal tip of a 

probe admitted directly to the ion source. A liquid matrix has the advantage 

that a fresh surface is maintained, extending the spectral lifetime and 

enhancing sensitivity, the fast-moving particles transfer much of their kinetic 

energy to the surface, lifting the ions into the gas phase. The process is like 

firing a cannonball at a water surface; most of the energy is dissipated into 

the liquid from the resulting shock wave but at least some material splashes 

into the air. As such, heavy atoms (or ions) are preferred, as their momentum 

and hence impact on the surface is greater. 

The FAB matrix must fulfil some basic requirements: (a) low volatility, 

so they do not evaporate quickly in the vacuum of the mass spectrometer; (b) 

viscosity must be low to allow diffusion of solutes to the surface; (c) must be 

chemically inert; (d) must be a good solvent for the sample; (e) must assist 

ionisation. For e.g. Glycerol, 1-thioglycerol, 3-nitrobenzyl alcohol (NBA), 2-

nitrophenyl octyl ether (NPOE), triethanolamine, dioctyl phthalate (DOP), 

sulfuric acid. Matrices are chosen such that interference from ions derived 

from the matrix itself is minimised, but even so samples with masses of 300 

Da or less are best analysed by other means. The continual bombardment of 

the liquid leads to fragmentation and rearrangement of the matrix itself, and 



64 
 

this manifests itself as a background of chemical noise. The relative 

consistency of intensity across a wide m/z range leads to the appropriate 

description of these ubiquitous peaks as ‘grass’. This technique is applicable 

to various organometallic systems, but when dealing with neutral complexes 

the must acquire a charge somehow during the ionisation process [23].  

 

3.9.2. FAB-MS  of the copper(II) complexes 

The FAB-MS were recorded on Jeol SX 102/Da–600 mass 

spectrophotometer/Data system using Argon/Xenon (6 kV, 10 mA) as the FAB 

gas at accelerating voltage of 10 kV at room temperature. The matrix used 

was m–nitro benzyl alcohol, hence there appear the peaks at 136, 137, 154, 

289 and 307 m/z values correspond to matrix. 

 

3.9.2.1. FAB-MS of [Cu(4-bptpy)(CQ)Cl].3H2O [I] 

This spectrum reveals that molecular ion peak at m/z 789 of complex 

(without water of crystallization) along with several other peaks observed at 

754, 484, 449, 402, 387, 365, 310, 305 and 156 m/z value. Thus, the m/z of 

all fragments of complex with relative intensity confirms the stoichiometry of 

complex. Apart from it several peaks found at 136,137,154, and 307 m/z 

value are due to the usage of matrix. Scheme 3.2. represents the probable 

fragments of I corresponding to the peaks observed in Figure 3.12. 

 

Figure 3.6.: FAB–mass spectrum of complexes I. 
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Scheme 3.2.: Probable fragments of I corresponding to the peaks observed. 

 

 

3.9.2.2. FAB-MS of [Cu(4-cptpy)(CQ)Cl].3H2O  [IV] 
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In the mass spectra of [Cu(4-cptpy)(CQ)Cl].3H2O   the peak at m/z = 

745 stands for the molecular ion peak of complexes (without water of 

crystallization). The proposed fragmentation pattern of [Cu(4-cptpy)(CQ)Cl], 

obtained using m-nitro benzyl alcohol as matrix. Peaks at 136, 137, 154, 289 

and 307 m/z value were due to the usage of matrix. The recorded mass 

spectra (Figure 3.13.) and the molecular ion peak for the complexes have 

been used to confirm the molecular formula. The fragmentation pattern is 

given in Scheme 3.3.  

 

Figure 3.7.: FAB–mass spectrum of IV. 
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Scheme 3.3.: Probable fragments of IV corresponding to the peaks 

observed. 
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CHAPTER –4 

 

4. Activity of Complexes 

4.1 Antioxidant studies 

4.1.1 General 

High levels of free radicals and reactive oxygen species (ROS), 

including hydrogen peroxide (H2O2), extremely reactive hydroxyl, and several 

other free radicals produced by cells, would cause damage to lipids, proteins 

and DNA, and thus may lead to various diseases such as carcinogenesis, 

drug-associated toxicity, inflammation, atherogenesis and aging in aerobic 

organisms [1]. So the significance of free radicals and ROS in the 

pathogenesis of multifarious diseases has attracted considerable attention. 

Antioxidants are currently fabricated as the drug candidates to counter these 

diseases. Minor dietary compositions have been seriously considered to 

combat the ill effects of free radicals and ROS. 

 

4.1.2 Experimental 

Ferric-reducing anti-oxidant power (FRAP) was measured by a modified 

method [32]. The antioxidant potentials of compounds were estimated as 

their power to reduce the TPTZ–Fe(III) complex to TPTZ–Fe(II) complex. This 

method is simple, fast, and reproducible results can be obtained. Total anti-

oxidant capacity of biological samples is expressed as ascorbic equivalent 

(mmol 100 g-1 of dried compound). 

Preparation of solution: 

a) Acetate buffer, 300 mM pH 3.6 (3.1 g sodium acetate trihydrate and 16 ml 

concentrated acetic acid per L of buffer solution). 

b) 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) (MW 312.34) in 40 mM HCl. 

c) 20 mM FeCl3.6H2O (MW 270.30) in DW. 

d) 1 mM of ascorbic acid (MW 176.13 g mol-1) dissolved in 100 mL DW. 

     FRAP working solution: mix the above prepared (a), (b), and (c) solutions 

in the ratio of 10:1:1, respectively. A mixture of 40.0 µL, 0.5 mM sample 



72 
 

solution, and 1.2 mL FRAP reagent was incubated at 37 oC for 15 min. 

Working solution must be always freshly prepared. The ascorbic acid was 

used as a standard anti-oxidant compound. 

 

4.1.3 Results and discussion 

In vitro anti-oxidant activity of complexes I–VI was measured using 

FRAP assay and results expressed in mM of ascorbic acid per 100 g of sample 

(Table 4.1), exposed moderate to good activity. Among the all test 

compounds, fluoro group substituted derivatives posses more ferric reducing 

power compared to other group substituted derivates. Thus from the data 

obtained, potency order is given on basis of various substitutions attached to 

phenyl ring as –F > –Cl > –OCH3 > -Br > –CH3 > -H. However, all the 

complexes have been found to show significant activity compared to the 

standard ascorbic acid. 

 

 

Table 4. 1: In vitro anti-oxidant activity of complexes I–VI 

Compound 

 

Anti-oxidant activity 

FRAP value (mmol 100 g-1) 

 

[I] 332 

[II] 404 

[III] 336 

[IV] 390 

[V] 300 

[VI] 329 

 

 

 

 

 

4.2 Antituberculosis studies 
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4.2.1 General 

At the same time, tuberculosis still remains a major public health 

problem. The World Health Organisation (WHO) estimates that one third of 

the population is infected with latent Mycobacterium tuberculosis and 

approximately 3 million people per year decease of illnesses caused by this 

bacillus. The disease often attacks immunoaltered individuals TB is together 

with mycoses the most common complication and the cause of death in AIDS 

patients. A great problem is also migration of inhabitants from the areas with 

a higher incidence of TB to the regions with a favourable epidemiologic 

situation. The current TB treatment is not satisfactorily effective in the 

eradication of latent TB infection. This increased risk of developing the 

infection and the emergence of multi-drug resistant mutants are dictating new 

approaches in the treatment of mycobacterial disease. Although many studies 

have investigated the antioxidant properties of resveratrol, there have been 

only a few reports of antioxidant and antiproliferative effects of hydroxyl-

substituted Schiff bases. Towards the development of effective fluorescent 

molecules the complexes of low energy metal-to-ligand charge transfer 

(MLCT) excited states are important. Presence of π-acidic co-ligands in the 

metal-complex unit has potential efficiency to monitor the MLCT energy. 

Carbon monoxide is well known π-acidic molecule which may easily regulate 

energy levels and has been used in many cases for the preparation of 

luminescent complexes [3]. 

 

4.2.2 Experimental 

The compounds were tested for inhibition of Mycobacterium 

tuberculosis H37 Rv ATCC 27294 using the Microplate Alamar Blue Assay 

(MABA) as described earlier [4]. DMSO is used as solvent to dissolve test 

compound. The MIC is defined as the lowest concentration, which effected a 

90% inhibition of growth compared to drug-free controls. 

 

4.2.3 Results and discussion 
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The final compounds were also tested for in vitro antituberculosis 

activity against M. tuberculosis, Streptomycin, Isoniazid, Rifampicin and 

Ethambutol was used as the standard in this test [5–7]. Primary 

antituberculosis activity screening results of these compounds can be seen in 

Table 4. The compounds I is more active than that of Rifampicin, while the 

compound II, III, IV, V and VI are comparable with the standard drug 

Rifampicin. 

  

Table 4 Antituberculosis activity of compounds. 

Compound Dillution Microgramme/ML 

 M. Tuberculosis (MTCC 200) 

[I] 9.50 

[II] 110 

[III] 200 

[IV] 150 

[V] 230 

[VI] 190 

                            Standard drug 

STREPTOMYCIN 60 

ISONIAZID 20 

RIFAMPICIN 500 

ETHAMBUTOL 40 

 

 

 

 

4.3 Biocidal activity 

4.3.1 General 

In this section, in–vitro antimicrobial behaviour of the synthesized 

Cu(II) complexes against selected microbial strains are discussed.The bacteria 

(singular: bacterium) are a large group of single–celled, prokaryote 

microorganisms and were first observed by Antonie van Leeuwenhoek in 
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1676, using a single–lens microscope of his own design [8]. He called them 

"animalcules" and his observations were published in a series of letters to the 

Royal Society [9-10]. The name bacterium was introduced much later, by 

Christian Gottfried Ehrenberg in 1838 [11]. Bacteria are typically a few 

micrometres in length, having a wide range of shapes, ranging from spheres 

to rods and spirals. Bacteria are undoubtly found in every habitat on Earth, 

i.e. soil, water, deep in the Earth's crust, acidic hot springs, living bodies as 

well as and radioactive waste [12]. There are typically ~40 million bacterial 

cells in a gram of soil and a millions of bacterial cells in a millilitre of fresh 

water; in all, there are approximately five nonillion (5×1030) bacteria on 

Earth [13], forming much of the world's biomass [14]. Bacteria are broadly 

classified according to morphology, nutrient requirements, oxygen 

requirements and the structure of cell wall. 

A) Morphological divison of bacteria: Morphology divides the bacteria 

according to shape and manner of clustering. The three basic divisions are as 

follows: 

 

Figure 4.1.: Sketch representing the shapes of bacteria divided as per the    

                  morphology 

I. Coccus :  

Cocci bacteria spherical in shape and are solitary in  

nature, but if they do group together, they are named based on the 

shape and patterns they arrange themself.  

II. Bacillus : 

Bacterium with rod like structure are catogeries in this group. 

III. Spirillum : 
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This divison refers to a bacterium with a cell body that are   

 elongated and twists like a spiral. It have tufts of flagellae at  

 both poles and usually living in stagnant water rich in organic   

 matter. 

B) Divison as per the requirement of nutrient: Nutrietional  

      requirement divides bacteria in two group as follow: 

I. Autotrophic : 

These bacteria use inorganic materials as a source of nutrients, such as 

carbon dioxide and nitrogen i.e. they may be fueled by light energy 

(photoautotrophic), or by oxidation of nitrogen, sulfur, or other elements 

(chemoautotrophic). 

II. Heterotrophic : 

These bacteria metabolize organic materials, from the environment, such 

as hydrocarbons (saturated and unsaturated), organic acids and amines. 

C) Divison as per the requirement of oxygen: The need for  

      dissolved molecular oxygen further classifies bacteria in four  

      group: 

I. Aerobic bacteria :  

They utilize free oxygen in the respiratory process and cannot survive 

in absence of it. 

II. Anaerobic bacteria :  

They live in the absence of free oxygen by decomposing chemical 

species containing oxygen such as sulfate, carbonate, phosphate and 

nitrate. 

III. Obligate :  

This class of bacteria are  anaerobic requires oxygen–free 

environment. 

IV. Faculative : 

This class of bacteria are  anaerobic prefering an oxygen–free 

environment but are capable of living in the presence of oxygen. 
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D) Divison as per the structure of cell wall: The materials in a cell  

    wall vary from species to species. In bacteria, peptidoglycan forms  

    the cell wall. 

 

Figure 4.2.: Cell wall of gram(+ve) and gram(-ve) bacteria 

 

I. Gram positive bacteria :  

     Such bacteria posses thick peptidoglycan layer in compact cell wall, 

which retains the Gram staining (violet colouration) by crystal violet , 

instead of taking up the counterstain (safranin or fuchsine). 

A) Staphylococcus aureus (S. aureus) :  

Staphylococcus aureus is anaerobic, gram(+ve) cocci which was 

discovered in Aberdeen, Scotland in 1880 by the surgeon Sir Alexander 

Ogston in pus from surgical abscess. This specie appears as grape-like 

clusters when viewed through a microscope. The golden appearance is 

the root of its name “aureus” which means golden.  

  

Figure 4.3.: TEM and electron microscopic view of Staphylococcus aureus 

About 20% of the human population is long-term carriers of S. 

aureus [15]. S. aureus can cause a range of illnesses from minor skin 

infections, such as pimples, impetigo, boils, cellulitis folliculitis, carbuncles and 
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scalded skin syndrome, to life-threatening diseases such as pneumonia, 

meningitis, osteomyelitis, endocarditis, toxic shock syndrome (TSS), chest 

pain and sepsis. Its incidence is from skin, soft tissue, respiratory, bone, joint, 

endovascular to wound infections. It is still one of the five most common 

causes of nosocomial infections, often causing postsurgical wound infections. 

It can survive for hours to days, weeks, or even months on dry environmental 

surfaces depending on strain [16].  

Some strains of S. aureus are capable of producing staphyloxanthin - 

a carotenoid pigment that acts as a virulence factor. It has an antioxidant 

action that helps the microbe evade death by reactive oxygen species used by 

the host immune system. Staphyloxanthin is responsible for S. aureus' 

characteristic golden colour [17]. The treatment of choice for S. aureus 

infection is penicillin; but, in most countries, penicillin-resistance is extremely 

common and first-line therapy is most commonly a penicillinase-resistant β-

lactam antibiotic [18]. Staphylococcal resistance to penicillin is mediated by 

penicillinase (a form of β-lactamase) production: an enzyme that cleaves the 

β-lactam ring of the penicillin molecule, rendering the antibiotic ineffective 

[19]. Environmental contamination does not play an important role in 

spreading of S. aureus (including MRSA) compared to human-to-human and 

human-to-pets contact. Emphases on basic hand washing techniques are, 

therefore, effective in preventing the transmission of S. aureus. 

B) Bacillus subtilis (B. subtilis) :  

In 1835, the bacterium was originally named Vibrio subtilis by Christian 

Gottfried Ehrenberg, and renamed Bacillus subtilis by Ferdinand Cohn in 1872 

[20]. Bacillus subtilis, known also as the hay bacillus or grass bacillus, is a 

gram(+ve), catalase(+ve) bacterium commonly found in soil. B. subtilis has 

historically been classified as an obligate aerobe, though recent research has 

demonstrated that this is not strictly correct [21]. 
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Figure 4.4.: Colonies of Bacillus subtilis grown on a culture dish in a  

                   molecular biology laboratory and TEM micrographic view 

B. subtilis is not a human pathogen. It may contaminate food but 

rarely causes food poisoning. B. subtilis spores can survive the extreme heat 

during cooking and are responsible for causing ropiness. Cultures of B. subtilis 

were used throughout the 1950s as an alternative medicine due to the 

immunostimulatory effects of its cell matter, which upon digestion has been 

found to significantly stimulate broad spectrum immune activity including 

activation of specific antibody IgM, IgG and IgA secretion [22] and release of 

CpG dinucleotides inducing INF A/Y producing activity of leukocytes and 

cytokines important in the development of cytotoxicity towards tumor cells 

[23]. 

 

II. Gram negative bacteria :  

Such bacteria are having more chemically complex, thinner and less compact 

cell wall. The ammount of peptidoglycan is less, and is not the outermost layer, 

but lies between the plasma membrane and an outer membrane. These type of 

bacteria does not retains the Gram staining by crystal violet , but they up take 

the counterstain (safranin or fuchsine) and appears as a red or pink in color 

after washing with decolourizing agent. 

A) Serratia marcescens (S. marcescens) :  

S. marcescens was discovered in 1819 by Bartolomeo Bizio, an Italian 

pharmacist from Padua. He named the bacteria after the Italian physicist 

Giacinto Serrati. He first spotted it on cornmeal mush, polenta. The red color 

on the mush was S. marcescens. Serratia marcescens are gram(-ve) bacteria 
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which fall under the tribe Klebsielleae and the large family 

Enterobacteriaceae. It is a motile bacterium with flagella. It is also a 

facultative anaerobe. They are mesophilic bacteria that prefer moderate or 

preferably damp environments. Extremely low or high temperature and even 

pH are lethal to S. marcescens. For a long time the bacterium was not seen 

as a harmful pathogen but in the late 1800’s it became known as an 

infectious pathogen [24]. S. marcescens can be found in various places. It 

can be found in soil, or water, or in an infected host. Ranging from 

vertebrates, invertebrates, including plants, S. marcescens can infect almost 

anything. In humans they are mainly found in the urinary and respiratory 

tract, but any part of the body is susceptible. 

  

Figure 4.5.: Colonies of Serratia marcescens grown on agar culture dish in a  

                 molecular biology laboratory and its electron microscopic view 

S. marcescens can easily cause contamination to hospital equipment 

like syringes, catheters, solutions and other things and cause transmission 

that is why it can be observed in heroin addicts who use syringes. In hospitals 

they especially exist in the neonatal unit, or ICU. Transmission could be as 

cause by as simple as shaking a hand. Treatment includes cephalosporins, 

gentamicin, amikacin. However, resistance to the antibiotic is an innate 

characteristic, formed from r-factors on the plasmids of the S. marcescens. 

The bacteria have a resistance to ampicillin, macrolides, and first-generation 

cephalosporins. Antibiotics used to treat Serratia infection include beta-lactam 

agents, aminoglycosides and fluoroquinolones and a variety of different 

resistance mechanisms have been demonstrated. It can cause infection 

anywhere even in the eye causing conjunctivitis, or keratitis [25]. 

B) Pseudomonas aeruginosa (P. aeruginosa) :  
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P. aeruginosa are gram(-ve) non-fermenting, motile bacillus; known for 

blue-green pus was first described as a distinct bacterial species at the end of 

the nineteenth century, after the development of sterile culture media by 

Pasteur. In 1882, the first scientific study on P. aeruginosa, entitled “On the 

blue and green coloration of bandages,” was published by a pharmacist 

named Carle Gessard. This study showed P. aeruginosa’s characteristic 

pigmentation. P. aeruginosa produced water-soluble pigments, which, on 

exposure to ultraviolet light, fluorescence blue-green light [26]. P. aeruginosa 

can inhabit a variety of environments including soil and water including hot 

tubs, sinks, water faucets, respirators, disinfectants and contact lens cleaning 

solutions. 

  

Figure 4.6.: Colonies of Pseudomonas aeruginosa grown on agar culture  

                   dish in a molecular biology laboratory and its electron    

                   microscopic view 

P. aeruginosa is a very important soil bacterium that is capable of 

breaking down polycyclic aromatic hydrocarbons and making rhamnolipids, 

quinolones, hydrogen cyanide, phenazines, and lectins. It lowers the 

permeability of the outer membrane, a property that is desired because it 

would decrease the intake of harmful substances into the cell and give P. 

aeruginosa a high resistance to antibiotics [27]. Since the mid 1980s, certain 

members of the Pseudomonas genus have been applied to cereal seeds or 

applied directly to soils as a way of preventing the growth or establishment of 

crop pathogens. Medical-grade honey may reduce colonization of many 

pathogens, including Pseudomonas aeruginosa [28]. Probiotic prophylaxis 

may prevent colonization and delay onset of pseudomonas infection in an ICU 
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setting [29]. Immunoprophylaxis against pseudomonas is being investigated 

[30]. 

 

 

 

 

C) Escherichia coli (E. coli) :  

The genus Escherichia is named after Theodor Escherich, who isolated 

the type species of the genus in 1885. Escherichia organisms are gram(-ve) 

bacilli that exist singly or in pairs. E coli are facultative anaerobic with a type 

of metabolism that is both fermentative and respiratory. They are either 

nonmotile or motile by peritrichous flagella. E coli is a major facultative 

inhabitant of the large intestine. More than 700 serotypes of E. coli have been 

identified.  The “O” and “H” antigens on their bodies and flagella distinguish 

the different E. coli serotypes. E. coli O157:H7 was first recognized as a 

foodborne pathogen in 1982 during an investigation into an outbreak of 

hemorrhagic colitis (bloody diarrhoea) associated with the consumption of 

contaminated hamburgers [31]. The Centers for Disease Control and 

Prevention (CDC) has estimated that 85 percent of E. coli O157:H7 infections 

are foodborne [32]. 

  

Figure 4.7.: TEM micrograph of Colonies of Escherichia coli and its electron  

                   microscopic view 

The prevention of infection requires control measures at all stages of 

the food chain from agricultural production on the farm to processing, 

manufacturing and preparation of foods in both commercial establishments 

and the domestic environment. However, risk assessments conducted at 
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national level have predicted that the number of cases of disease might be 

reduced by various mitigation strategies for ground beef (for example, 

screening the animals preslaughter to reduce the introduction of large 

numbers of pathogens in the slaughtering environment). Education in 

hygienic handling of foods for abattoir workers and those involved in the 

production of raw meat is essential to keep microbiological contamination to a 

minimum. Similarly, prevention of contamination of raw milk on the farm is 

virtually impossible, but the education of farm workers in principles of good 

hygienic practice should be carried out in order to keep contamination to a 

minimum.  

 

4.3.2. Over view on mechanisms of antibacterial action 

There are four main mechanisms by which antibacterial agents act 

[33]: 

a) Inhibition of cell metabolism: Antibacterial agents which inhibit cell 

metabolism are called antimetabolites. These compounds inhibit the 

metabolism of a microorganism. They do this by inhibiting an enzyme-

catalysed reaction which is present in the bacterial cell, but not in animal 

cells. The best known examples of antibacterial agents acting in this way are 

the sulphonamides which act as competitive enzyme inhibitors and block the 

biosynthesis of the vitamin folk acid in bacterial cells by inhibiting the enzyme 

responsible for linking together the component parts of folic acid. The 

consequences of this are disastrous for the cell. Under normal conditions, folic 

acid is the precursor for tetrahydrofolate—a compound which is crucial to cell 

biochemistry since it acts as the carrier for one-carbon units, necessary for 

many biosynthetic pathways. If tetrahydrofolate is no longer synthesized, 

then any biosynthetic pathway requiring one-carbon fragments is disrupted. 

The biosynthesis of nucleic acids is particularly disrupted and this leads to the 

cessation of cell growth and division. 

b) Inhibition of bacterial cell wall synthesis: Inhibition of cell wall 

synthesis leads to bacterial cell lysis (bursting) and death. Agents operating in 

this way include penicillins and cephalosporins. Since animal cells do not have 
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a cell wall, they are unaffected by such agents. The wall is a peptidoglycan 

structure. In other words, it is made up of peptide units and sugar units. The 

structure of the wall consists of a parallel series of sugar backbones 

containing two types of sugar (N-acetylmuramic acid (NAM) and N-acetyl 

glucosamine (NAG). Peptide chains are bound to the NAM sugars, and in the 

final step of cell wall biosynthesis, these peptide chains are linked together by 

the displacement of D-alanine from one chain by glycine in another. It is this 

final cross-linking reaction which is inhibited by penicillins and cephalosporins, 

such that the cell wall framework is not meshed together. As a result, the wall 

becomes 'leaky'. Since the salt concentrations inside the cell are greater than 

those outside the cell, water enters the cell, the cell swells, and eventually 

lyses (bursts). 

c) Disruption of protein synthesis: Disruption of protein synthesis means 

that essential enzymes required for the cell's survival can no longer be made. 

Agents which disrupt protein synthesis include the rifamycins, 

aminoglycosides, tetracyclines, and chloramphenicol. Such agents act against 

RNA, and their selective toxicity is due to either different diffusion rates 

through the cell barriers of different types of cell or to a difference between 

the target enzymes of different cells. 

d) Inhibition of nucleic acid transcription and replication: Inhibition of 

nucleic acid function prevents cell division and/or the synthesis of essential 

enzymes. Agents acting in this way include nalidixic acid, proflavin, etc. Such 

agents are classed as quinolone family drugs and are thought to act on the 

bacterial enzyme deoxyribonucleic acid gyrase (DNA gyrase). DNA gyrase 

catalyzes super coiling of chromosomal DNA into its tertiary structure. A 

consequence of this the replication and transcription are inhibited and the 

bacterial cell's genetic code remains unread. At present, the mechanism by 

which these agents inhibit DNA gyrase is unclear. 

By 1910, Ehrlich was first to develop a purely synthetic antimicrobial 

drug which was arsenic-containing compound, salvarsan which was used till 

the penicillin was introduced in 1945.  Chohan et al., reported the metal-

based antibacterial and antifungal agents derived from amino acid derivatives 
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[34]. Chohan studied antibacterial activity of copper(II) complexes of Schiff 

base under the influence of anions [35]. Drevenšek et al., reported the 

biological activity of copper(II)-ciprofloxacin ionic compound [36]. The 

antibacterial activity of [Cu(cinoxinate)2].2H2O complex against number of 

bacterial strain have been reported by Ruiz et al [37]. Antibacterial activity of 

Cu(II)-sparfloxacin complexes have been reported by Efthimiadou et al [38]. 

Antimicrobial activities of neutral and cationic copper(II) complexes have been 

reported by Efthimiadou et al [39]. Turel et al., reported the antibacterial 

activity of bismuth(III)-ciprofloxacin complex against number of bacterial 

strains [40]. Sharma et al., synthesized Cu(II) complexes with thiocarbazones 

of thiophene-2-carboxaldehyde and studied their antimoebic activity against 

E. histolytica [41]. Antimicrobial activity of the Schiff bases derived from 2,4-

disubstituted thiazoles and 3-methoxy salicylaldehyde and their cobalt(II), 

copper(II), nickel(II) and zinc(II) complexes have been carried out by 

Cukurovali and Yilmaz [42]. Mode of antifungal activity of 1, 10-

phenanthroline and its Cu(II), Mn(II) and Ag(I) complexes have been 

reported by McCann et al [43]. Chandra and Kumar suggests that complexes 

of Ni(II) and Cu(II) with coumarin thiosemicarbazone display higher 

antifungal properties compare to free coumarins and/or thiosemicarbazone 

[44].  

 

4.3.3. Experimental 

Synthesized ligands, drugs and their complexes were tested for their 

impact on above mentioned microbes using dilution methods to determine the 

minimal concentration of antimicrobial agent that inhibits the growth or kill 

the microorganism.  These both methods are used to determine the activity 

against the microbes isolated from clinical specimens. Herein we have 

determined the antimicrobial efficiency of the test compounds in terms of 

minimum inhibitory concentration (MIC) i.e. the minimum concentration that 

can effectively inhibits the bacterial growth. There are two methods of testing 

for MIC: (a) Agar dilution method and (b) Broth dilution method (Double 
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dilution method). In our case broth dilution method in liquid media is 

employed [45].  

a) Materials: Sterile graduated pipettes of 10 mL, 5 mL, 2 mL and 1 mL, 

sterile capped 7.5 x 1.3 cm tubes (corning tubes)/small screw-capped bottles, 

Pasteur pipettes, control organisms, sterile distilled water, Luria Broth (LB), 

cotton plug, paper and suitable rack. 

b) Preparation of stock solutions: An appropriate amount of complexes 

and sodium salt of drugs were dissolved in DMSO and water, respectively to 

make their final concentration 2000 µM, while in case of neutral ligand the 

stock solution with 30 000 µM concentration were prepared. 

c) Preparation of broth media: A pre–culture of bacteria was grown by 

inoculating the bacterial strains in sterile 25 mL LB in Erlenmeyer flasks 

followed by shaking it for overnight at 37 °C until appropriate growth was 

achieved.  

d) Preparation of dilution range: Sterilized stock solutions of compounds 

were added to corning tubes having appropriate volume of sterile 2 % LB, 

which results in the desired concentration of the compound in terms of μM. All 

the implicated corning tubes are further autoclaved and brought to room 

temperature using laminar air flow. 

e) Inoculation: Each of the bacterial strains (10 μL) from pre–culture was 

added to the corning tubes having previously prepared dilution range of the 

test compound and was kept for shaking for 24 h. at 37 °C.  

f) Interpretation: MIC is the lowest concentration which inhibits the growth 

of microorganism judged by lack of turbidity in the tube. Very faint turbidity 

may be given by the inoculums itself hence; the inoculated tube kept under 

refrigeration may be used as the standard for the determination of complete 

inhibition. If the dilution inhibited the growth all the above experimental 

procedures was repeated with the next dilution with half of the concentration 

of test compound than the early one. This procedure is repeated till the faint 

turbidity by the inoculums itself was observed and the said concentration is 

termed as MIC. 
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4.3.4. Result and discussion 

a) MIC of clioquinol, cupric chloride dihydrate and neutral bidentate 

ligands: In-vitro antibacterial data (MIC) of clioquinol (standard drugs) and 

neutral bidentate ligands are summarized in Table 4.1.  

From the data it is admirable that the drugs posses good antibacterial 

activity. Though 4–bptpy, 4–fptpy, 4–mptpy, 4–cptpy, ptpy and 4–ttpy are not 

much antibacterial but posses good antibacterial effect compare to cupric 

chloride dehydrate and CQ. 

 

 

 

 

compounds 

gram(+ve)  gram(-ve) 

S. 

aureus 
B. subtilis 

 S. 

marcescens 

P. 

aeruginosa 
E. coli 

CuCl2.2H2O 2698.0 2815.0  2756.0 2404.0 3402.0 

Clioquinol 2.3 2.4  3.7 3.6 3.5 

4–bptpy 2015 1858  2070 2444 2640 

4–fptpy   1830 1517  1856 2030 2039 

4–mptpy 1209 1349  1524 1650 1810 

4–cptpy   2080 1891  2080 2458 2647 

ptpy 1884 1570  1884 2041 2041 

4–ttpy      1248 1387  1525 1664 1803 

Table 4. 1.: MIC data of clioquinol, metal salt and neutral bidentate ligands 

(μM) 
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b) MIC of octahedral copper(II) complexes: In-vitro antibacterial data 

(MIC) of octahedral copper(II) complexes are summarized in Table 4.2. 

compounds 

gram(+ve)  gram(-ve) 

S. aureus B. subtilis  
S. 

marcescens 
P. aeruginosa E. coli 

[I] 2.5 2.6  1.7 2.6 1.9 

[II] 0.5 0.6  1.0 0.9 0.7 

[III] 0.65 0.7  1.25 1.1 0.9 

[IV] 0.72 0.36  2.15 1.79 2.15 

[V] 0.67 0.33  2.33 1.66 1.66 

[VI] 0.50 0.50  1.89 1.26 1.89 

Table 4. 2.: MIC data of octahedral copper(II) complexes (μM)  

Following interpretations are drawn from the data represented in decrees 

order Table 4.1. and Table 4.2.: 

 

I. S. aureus :  

Complex I > Clioquinol > Complex IV > Complex V > Complex III > 

Complex II ═ Complex VI 

 

II. B. subtilis :  

Complex I > Clioquinol > Complex III > Complex II > Complex VI > 

Complex IV > Complex V 

 

III. S. marcescens :  

Clioquinol > Complex V > Complex IV > Complex VI > Complex I > 

Complex III > Complex II 

 

 

IV. P. aeruginosa : 
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Clioquinol > Complex I > Complex IV > Complex V > Complex VI > 

Complex III > Complex II 

  

V. E. coil : 

Clioquinol > Complex IV > Complex I > Complex VI > Complex V > 

Complex III > Complex II 

   

VI. The synthesised complexes are found more potent against S. 

marcescens compare to other species. 

From data one can also go for a statement that no particular pattern 

for the ligands or drug is observed. But whatever increase in antimicrobial 

activity is observed may be studied under following five principles. 

I The chelate effect, i.e. ligands that are bound to metal ions in a 

tridentate fashion. such as the show higher antimicrobial efficiency. 

II Nature of the ligands. 

III The total charge of the complex; generally the antimicrobial efficiency 

decreases in the order cationic > neutral > anionic complex. 

IV The nature of the ion neutralizing the ionic complex 

V The nuclearity of the metal centre in the complex; binuclear centres 

are usually more active than mononuclear ones. 

Thus, first two factors may be considered for increase in the activity 

i.e. chelate effect in addition with Overtone’s concept. The strong 

antimicrobial activities of these compounds against tested organisms suggest 

further investigation on these compounds. 

 

 

 

 

4.4 Fluoroscence studies 

4.4.1 General 

Fluorescent compounds have attracted much attention recently due to 

their potential applications. When they are fluorescent in the solution, they 
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can be used as fluorescent sensor molecules for research in biology or 

environmental science [46]. In the development of new luminescent 

materials, metal complex with Schiff base ligands are very important for their 

applications. 

 

4.4.2 Results and discussion 

The liquid-state fluorescence emission spectra of the ligands (L1-6) and 

its complexes were measured in N,N-dimethyl sulfoxide (DMSO) with a 

concentration of 1×10–5 M at room temperature. The fluorescence emission 

spectra of ligands (L1-6) and their complexes are displayed in Figs. 3 and 4, 

respectively. Obviously, upon excitation at λmax, ex = 310 nm, all the ligands 

(L1-6) exhibit fluorescent properties in the green region at room temperature, 

and the maximum emission peaks are at 410, 412, 417, 415, 409 and 411 

nm, respectively. There are slight red shifts of the emission energies of the 

three ligands. Moreover, the fluorescence emission intensities depend upon 

the introduction of different substitutions in the ligand molecules. Electro-

donating groups and electro-withdrawing groups on the position of the phenyl 

ring can drastically alter the electron density and the electron conjugate 

system of the ligands (L1-6) [47, 48]. However, when the complexes are 

excited at the same wavelength, the spectra of the complexes [Cu(L1-

6)(CQ)Cl].xH2O (where x=3, 1, 2, 3, 1 and 2) have a slightly red shift as 

compared to the ligands as shown in Fig. 3., which probably was led by the 

charge transfer that was caused by the alternation of the structure of the 

ligand during the formulation of complexes. The maximum emission of 

complexes [Cu(L4)(CQ)Cl].3H2O is at 455 nm in the blue region. The shapes 

of the emission spectra of ligands (L1-3) and their complexes are similar, so 

the emission properties of complexes are believed to originated from π*→π 

transitions in the ligands. The significant red shift of the fluorescence spectra 

of the complexes compared to ligands may be due to the chelating of the 

ligand to the Cu(II) ion, which enhances the ligands ability to accept electrons 

and decreases the electron transition energy. 
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Fig. 3. Fluorescence spectra of ligand (L1-3). 

 

 

Fig. 4. Fluorescence spectra of complexes(C1- C3). 

 

 

4.5 Conclusion 

Herein this work, we have synthesized three Copper(II) complexes with 

various terpyridines and clioquinol. While comparing the data of MIC for 

complexes and drug, compounds I-VI showed good results for all 

microorganisms, among which compound II fall out with highest potency. 

Reason for increase in potency of drug is its coordination with metal ion. In 
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vitro anti-tubercular activity of all synthesized compounds shows good results 

with an enhancement of activity on complexation among metal ions. 

Especially, compound I has been emerged as the hopeful anti-tubercular 

member due to excellent activity along with compared to streptomycin, while 

good antioxidant power was shown by complexes as compared to ascorbic 

acid. 
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ABSTRACT 
 
An octahedral complexes of copper with Clioquinol(CQ) and substituted terpyridine have been 
synthesized. The Cu(II) complexes have been characterized by elemental analyses, 

thermogravimetric analyses, magnetic moment measurements, FT-IR, electronic, 1H NMR and 
FAB mass spectra. Antimycobacterial screening of ligand and its copper compound against 

Mycobacterium tuberculosis shows clear enhancement in the antitubercular activity upon 

copper complexation. Ferric-reducing anti-oxidant power of all complexes were measured. 
The fluorescence spectra of complexes show red shift, which may be due to the chelation by 

the ligands to the metal ion. It enhances ligand ability to accept electrons and decreases the 
electron transition energy. The antimicrobial efficiency of the complexes were tested on five 

different microorganisms and showed good biological activity. 
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ABSTRACT 
 
Four copper(II) new mix ligand complexes of the coumarin derivative(A1 = 7-hydroxy-10,11-
dihydroindeno[5,4-c]chromen-6(9H)-one, A2 = 2-bromo-7-hydroxy-10,11- dihydroindeno[5,4-

c]chromen-6(9H)-one, A3 = 7-hydroxy-4-methoxy-10,11-dihydroindeno[5,4-c]chromen-6(9H)-
one and A4 = 5-hydroxy-8,9-dihydrobenzo[f]indeno[5,4-c]chromen-4(7H)-one)  and  1,10-

Phenanthroline have been synthesized. The structural interpretations were confirmed from 

elemental analyses, magnetic susceptibility and FAB mass spectral, as well as from IR spectral 
studies. From the analytical, spectroscopic, and thermal data, the stoichiometry of the 

mentioned complexes was found to be 1:1:1(coumarin ligand : copper metal : 1,10-
Phenanthroline). The thermal stabilities of these complexes were studied by 

thermogravimetric (TG/DTG) and the decomposition steps of these four complexes are 

investigated. Kinetic parameters such as order of reaction (n) and the energy of activation 
(Ea) were calculated using Freeman-Carroll method. The pre-exponential factor (A), the 

activation entropy (S*), the activation enthalpy (H*), and the free energy of activation (G*) 
were calculated using Horowitz-Matzger equatios. Based on the Ea values, the thermal 

stabilities of complexes in the decreasing order are Cu(II)-2 > Cu(II)-3 > Cu(II)-4 > Cu(II)-1. 
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