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   The coordination chemistry of transition metals and their derivatives has got much attention 

in recent years [1] because many of the biological processes which are fundamental to life are 

controlled by transition metals [2]. Many of these coordination compounds possess 

remarkable biological properties such as antibacterial, analgesic [2-3], antifungal, 

antimalarial [4-6], antiviral [7-11], anticancer [12-17], antidiabetic [18-23], anti-HIV [24-27] 

activities and plant growth regulating activity [14] [24] [28-29]. The O- or N- terminals of 

proteins can be coordinated to metals in numerous ways and thus can play a vital role in the 

function of biological macromolecules [2]. Nitrogen, oxygen and sulphur donor ligands 

possess a range of biological applications like antitumor, antibacterial, antifungal, 

antimalarial and antiviral activities [7] [10] [85] and they can bind the biomolecules at their 

active sites [30-31]. Macrocycles which contain nitrogen have a strong tendency to form 

stable transition metal complexes [26] [32]. Coordination of bi, tri and tetradentate ligands 

containing nitrogen, oxygen or sulphur donor atoms with various transition and inner-

transition metal play an important role in biological systems [33]. 

     Due to the excellent donor properties of azo group, the complexes containing azo groups 

exhibits excellent antimicrobial activity [34]. The biological activity of azo compounds is due 

to the presence of azomethine linage (C=N) which is a basic structural necessity for 

biological activity [14] [23] [35]. Remarkable enhanced antibacterial [23] [36], antifungal 

[23] [36] and anticancer activities [14] [23] [37-39] have been observed for complexes 

containing azomethine linkage. 

     Hydrazones which belongs to Schiff base family has the functional group (>N-N=C<) in 

which the azomethine group is adjacent to another nitrogen atom [40-41]. The biological 

activities of hydrazones are due to the presence of lone pair electrons of   2 
hybridized 

orbitals of azomethine nitrogen [41-43]. Hydrazones which contain an azomethine proton      

(–NHN=CH–) is therapeutically important for new drug development [41-43]. The additional 

donor site, >C=O of aroyl, acyl and heteroaroyl hydrazone Schiff base compounds makes the 

hydrazones more flexible and versatile. This additional donor site makes hydrazones as good 

polydentate chelating ligand and can coordinate with various transition and inner transition 

metals in numerous ways [40]. Hydrazones and their metal complexes show varied 

applications in the fields such as antifungal, antibacterial, antioxidative and cytotoxic studies 

[44]. They have been found to be potential chemotherapeutic agents [45]. 



     Furoic acid hydrazones and their transition metal complexes are of great interest due to 

their microbial inhibition [40] [46]. Benzofuran based metal complexes also exhibit 

biological activities as anti-infective agents, like antifungal, antiprotozoal, and antitubercular, 

and also in the treatment of antiarrhythmic and cardiovascular diseases [47]. 

     Schiff base ligands having oxygen, nitrogen and sulphur donor sites and their coordination 

complexes [34] [48] have been reported as excellent therapeutic agents. They exhibit 

inhibitory activities against bacteria, fungi [34], and certain type of cancers [34] and they 

have biochemical, clinical and pharmacological properties [49]. 

     Amino quinazoline derivatives were found to have phosphodiasterase property and they 

work as potent anticancer agents [14] [60]. Triazole compounds possess a wide range of 

biological activities such as antifungal (fluconazole), antidepressant (trazodone), and 

anticancerous (vorozole, anastrozole and letrozole) [14] [61]. Copper(II) complexes of 

triazoles have been studied extensively and proved to have therapeutic properties against 

tuberculosis, gastric ulcers, rheumatoid arthritis and cancers [62]. 

1.1 Schiff base ligands 

     Schiff base which is formed by the condensation reaction of primary amines with carbonyl 

compounds [109-110] have been used as ligands for coordinating various transition and inner 

transition metal ions. They can be used also for coordinating anions [111]. Schiff bases have 

very interesting chemical properties because they may contain variety of substituent with 

active donor sites, electron withdrawing or electron donating active sites. Most of the Schiff 

bases are highly stable because of the strength of azomethine (C=N) bond. Its stability also 

depends on the basicity of amino group, steric factors and chelating effect. Presence of 

functional groups like –OH or –SH may increase the chelation leading to the formation of 

five or six membered ring. Scheme of Schiff base formation is given in following Fig. 1.1. 
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Fig. 1.1 Scheme of Schiff base formation 

1.2. Schiff base metal complexes 

     Schiff bases are one of the most flexible and versatile group of ligands due the presence of 

various active donor sites they possess. This versatility has made them polydentate ligand and 

thus can form numerous complexes with various transition and inner transition metal          

ions [40]. Schiff bases and its metal complexes have a wide variety of interesting properties 

and applications which include catalytic, synthetic, analytical, biochemical, electrochemical 

sensing and therapeutic applications. Schiff bases have high affinity for chelation with 

transition metal ions. The stability of metal complexes depends on chelating effect. The 

presence of chelating agents like carbonyl, hydroxyl or thio groups close to the proximity of 

azomethine (C=N) linkage increases the chelation and thus stability of metal complexes. 

Schiff base and its metal complexes are thus of recent research interest comprising of various 

research fields such as organometallic, inorganic, bioinorganic, catalytic and electrochemical 

[112-113]. In our present work we focus on oxygen, nitrogen and sulphur containing ligands 

and their transition metal complexes of nickel and copper metal ions. Some examples of 

Schiff base metal complexes containing nitrogen, oxygen and sulphur donor atoms are given 

the following Fig. 1.2. 
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Fig. 1.2 Schiff base metal complexes 



1.3 Synthesis of Schiff bases and their metal complexes 

     The Schiff base metal complexes are synthesized by two ways, template synthesis and the 

other one is conventional method. 

1.3.1 Conventional method 

     In conventional method the ligand is synthesized prior and then the metal salt is added to 

the synthesized ligand to form the complex. 

Synthesis of the ligand and metal complex 

     A general scheme for synthesis of the ligand and metal complex is given in Fig. 1.3            

and Fig. 1.4. 
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Fig. 1.3 Scheme of synthesis of ligand 
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Fig. 1.4 Scheme for the synthesis of Schiff base metal complexes 

1.3.2 Template synthesis 



     Template synthesis is a single step synthesis of metal complexes, i.e., without the isolation 

and purification of the ligand, the complex is synthesized. It is an in situ reaction [41] [43]. 

The condenstion of carbonyl compund and amine, and the coordination of metal takesplace in 

a single step reaction [114]. Template can be defined as “any species that organizes an 

assembly of molecular building blocks by non-covalent interraction favouring of a specific 

product” [121]. Template synthesis is a useful technique to achieve the synthsis of assemblies 

that have unusal topologies such as macrocycles, rotaxanes, helicates and catananes [115]. 

     Template synthsis can be carried out in several ways, thermodynamic, microwave 

irradiation and ultrasonication method. In thermodynamic processes, one of the reactants 

binds the template and an equilibirium is formed. This equilibirium is shifted towards the 

formation of a specific product. Microwave irradiation is an irreversible process leading to 

the formation of wanted product. In this case the reaction can be very fast and shorter time 

with high yield. A general scheme for the template synthsis is given in Fig. 1.5. 
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Fig. 1.5 Scheme of Template synthesis of Schiff base metal complexes 

1.4  The role of metal ions in biological systems 

 

     Life has evolved from inorganic materials and thus inorganic chemistry is vital to all 

biological processes. Though many biological reactions are already known most of the things 

are yet to be exposed. Inorganic chemistry is an interdisciplinary science and it covers 

different areas like biochemistry, biology, physiology, medicine, agriculture, physics, and 

environmental sciences. All the biological activities are mediated by specific proteins or 

enzymes, most of which require one or more metal ions for their activity and their structural 

integrity. Enzymes bound metal ions, by virtue of their unique coordination chemistry, may 



provide binding sites of the substrates confer and stabilize the appropriate conformation of 

the enzymes and may function as catalytic centers. Lability and inertness of metal ligand 

bonds, stereochemistry, stability, magnetic and redox properties of metal ligand complexes 

manifest themselves in all the reactions of metal ions in metalloproteins and metalloenzymes. 

  

1.5  Biological importance of nickel, copper and its complexes 

     Nickel and copper are considered as essential elements in animals, microorganisms and 

plants and it is a constituent of many of the enzymes and proteins [116]. Nickel is found in a 

number of groups of bacteria. It is an essential element in the biosynthesis of the hydrogenase 

and carbon monoxide dehydrogenase. Several plant species also contain nickel containing 

protein. Urease from jack beans is rich in nickel protein. It is a constituent part of all organs 

of vertebrates. Nickel deficiency may cause reduced growth, histological change, reduced 

resorption, anaemia and thus vital to metabolism and life [117-118]. 

     Many of the proteins contain copper ions. They are involved in many biological processes 

such as electron transfer and oxidation- reduction of various organic moieties. In fact copper 

containing proteins acts as redox catalysts. Dicopper proteins are involved in hydroxylation, 

one electron oxidation of pseudo azurine/one electron reduction of NO2
-
. 

     Schiff bases have excellent therapeutic properties. Its medicinal property can be enhanced 

by coordination with metal ions. Copper and nickel complexes have several biological 

applications including antibacterial, antifungal, antiviral, analgesic antitumour etc. So these 

metals can be utilized for combating diseases of human body. 

1.6 Antimicrobial properties of ligands and their metal complexes 

     The characteristic properties of coordination compounds depends on the nature of donor 

atom, steric factors, nature of the metal ion, structure of the coordinating ligand, the metal-

ligand interaction and the nature of the solvent employed [50-51]. Schiff bases show 

excellent biological activities against many pathogenic bacteria, fungi and against certain 

cancerous cells [34] [48-49]. Schiff bases having chelative donor sites like nitrogen, oxygen 

and sulphur when coordinated to metal ions an enhanced biological activity is observed [9] 

[50] [52]. Factors controlling antimicrobial activities are the following, 



1. Chelation 

2. Cell permeability and 

3. Lipophilicity 

      Generally metal chelates have enhanced activity than the free ligand [14] [56-57]. As 

chelation increases biological activity also increases [9] [50] [52] because chelation increases 

the cell permeability. On chelation the polarity of the metal ion reduces and the lipophilic 

nature of the metal ion enhances [7] [37] [53]. This enhanced lipophilic nature favours cell 

permeability. Thus metal atoms can permeate more effectively through the lipid layer of 

microbes destroying them or blocking their active sites [28] [30] [51-52]. Thus one of the 

ways to improve the biological activity is to increase the number of chelate                        

rings [9] [37] [53-54]. 

1.7 Objectives of the study 

 To synthesize ligands containng sulphur, nitrogen and oxygen 

 To synthesize metal complexes of copper and nickel using the synthesized ligands 

 To characterize the synthesized ligands and metal complexes 

 To conduct antimicrobial studies of the synthesized ligands and metal complexes  

Conclusion 

     Even though advanced modern science and technology hails for its invention and 

innovation to control the infectious diseases, microbial resistance to antibiotics is a severe 

issue to be confronted and solved [9] [28] [48] [50] [63]. Thus inorganic chemistry opens a 

new way for new research and development. 
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   The coordination chemistry of transition metals and their derivatives has got much attention 

in recent years [1] because many of the biological processes which are fundamental to life are 

controlled by transition metals [2]. Many of these coordination compounds possess 

remarkable biological properties such as antibacterial, analgesic [2-3], antifungal, 

antimalarial [4-6], antiviral [7-11], anticancer [12-17], antidiabetic [18-23], anti-HIV [24-27] 

activities and plant growth regulating activity [14] [24] [28-29]. The O- or N- terminals of 

proteins can be coordinated to metals in numerous ways and thus can play a vital role in the 

function of biological macromolecules [2]. Nitrogen, oxygen and sulphur donor ligands 

possess a range of biological applications like antitumor, antibacterial, antifungal, 

antimalarial and antiviral activities [7] [10] [85] and they can bind the biomolecules at their 

active sites [30-31]. Macrocycles which contain nitrogen have a strong tendency to form 

stable transition metal complexes [26] [32]. Coordination of bi, tri and tetradentate ligands 

containing nitrogen, oxygen or sulphur donor atoms with various transition and inner-

transition metal play an important role in biological systems [33]. 

     Due to the excellent donor properties of azo group, the complexes containing azo groups 

exhibits excellent antimicrobial activity [34]. The biological activity of azo compounds is due 

to the presence of azomethine linage (C=N) which is a basic structural necessity for 

biological activity [14] [23] [35]. Remarkable enhanced antibacterial [23] [36], antifungal 



[23] [36] and anticancer activities [14] [23] [37-39] have been observed for complexes 

containing azomethine linkage. 

     Hydrazones which belongs to Schiff base family has the functional group (>N-N=C<) in 

which the azomethine group is adjacent to another nitrogen atom [40-41]. The biological 

activities of hydrazones are due to the presence of lone pair electrons of   2 
hybridized 

orbitals of azomethine nitrogen [41-43]. Hydrazones which contain an azomethine proton      

(–NHN=CH–) is therapeutically important for new drug development [41-43]. The additional 

donor site, >C=O of aroyl, acyl and heteroaroyl hydrazone Schiff base compounds makes the 

hydrazones more flexible and versatile. This additional donor site makes hydrazones as good 

polydentate chelating ligand and can coordinate with various transition and inner transition 

metals in numerous ways [40]. Hydrazones and their metal complexes show varied 

applications in the fields such as antifungal, antibacterial, antioxidative and cytotoxic studies 

[44]. They have been found to be potential chemotherapeutic agents [45]. 

     Furoic acid hydrazones and their transition metal complexes are of great interest due to 

their microbial inhibition [40] [46]. Benzofuran based metal complexes also exhibit 

biological activities as anti-infective agents, like antifungal, antiprotozoal, and antitubercular, 

and also in the treatment of antiarrhythmic and cardiovascular diseases [47]. 

     Schiff base ligands having oxygen, nitrogen and sulphur donor sites and their coordination 

complexes [34] [48] have been reported as excellent therapeutic agents. They exhibit 

inhibitory activities against bacteria, fungi [34], and certain type of cancers [34] and they 

have biochemical, clinical and pharmacological properties [49]. 

     Amino quinazoline derivatives were found to have phosphodiasterase property and they 

work as potent anticancer agents [14] [60]. Triazole compounds possess a wide range of 

biological activities such as antifungal (fluconazole), antidepressant (trazodone), and 

anticancerous (vorozole, anastrozole and letrozole) [14] [61]. Copper(II) complexes of 

triazoles have been studied extensively and proved to have therapeutic properties against 

tuberculosis, gastric ulcers, rheumatoid arthritis and cancers [62]. 

1.2 Schiff base ligands 

     Schiff base which is formed by the condensation reaction of primary amines with carbonyl 

compounds [109-110] have been used as ligands for coordinating various transition and inner 



transition metal ions. They can be used also for coordinating anions [111]. Schiff bases have 

very interesting chemical properties because they may contain variety of substituent with 

active donor sites, electron withdrawing or electron donating active sites. Most of the Schiff 

bases are highly stable because of the strength of azomethine (C=N) bond. Its stability also 

depends on the basicity of amino group, steric factors and chelating effect. Presence of 

functional groups like –OH or –SH may increase the chelation leading to the formation of 

five or six membered ring. Scheme of Schiff base formation is given in following Fig. 1.1. 

 

N

H N

O

O

N

H O

O

H2N

O

+

Furan-2-carboxylic acid pyridin-4-ylmethyleneamide4-Pyridine-
carboxaldehyde

2-Furoic acid hydrazde

Methanol

Reflux 7 hour

Glacial acetic acid

 

Fig. 1.1 Scheme of Schiff base formation 

1.3. Schiff base metal complexes 

     Schiff bases are one of the most flexible and versatile group of ligands due the presence of 

various active donor sites they possess. This versatility has made them polydentate ligand and 

thus can form numerous complexes with various transition and inner transition metal          

ions [40]. Schiff bases and its metal complexes have a wide variety of interesting properties 

and applications which include catalytic, synthetic, analytical, biochemical, electrochemical 

sensing and therapeutic applications. Schiff bases have high affinity for chelation with 

transition metal ions. The stability of metal complexes depends on chelating effect. The 

presence of chelating agents like carbonyl, hydroxyl or thio groups close to the proximity of 

azomethine (C=N) linkage increases the chelation and thus stability of metal complexes. 

Schiff base and its metal complexes are thus of recent research interest comprising of various 

research fields such as organometallic, inorganic, bioinorganic, catalytic and electrochemical 

[112-113]. In our present work we focus on oxygen, nitrogen and sulphur containing ligands 

and their transition metal complexes of nickel and copper metal ions. Some examples of 

Schiff base metal complexes containing nitrogen, oxygen and sulphur donor atoms are given 

the following Fig. 1.2. 
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Fig. 1.2 Schiff base metal complexes 

1.3 Synthesis of Schiff bases and their metal complexes 

     The Schiff base metal complexes are synthesized by two ways, template synthesis and the 

other one is conventional method. 

1.3.1 Conventional method 

     In conventional method the ligand is synthesized prior and then the metal salt is added to 

the synthesized ligand to form the complex. 

Synthesis of the ligand and metal complex 

     A general scheme for synthesis of the ligand and metal complex is given in Fig. 1.3            

and Fig. 1.4. 
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Fig. 1.3 Scheme of synthesis of ligand 
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Fig. 1.4 Scheme for the synthesis of Schiff base metal complexes 

1.3.2 Template synthesis 

     Template synthesis is a single step synthesis of metal complexes, i.e., without the isolation 

and purification of the ligand, the complex is synthesized. It is an in situ reaction [41] [43]. 

The condenstion of carbonyl compund and amine, and the coordination of metal takesplace in 

a single step reaction [114]. Template can be defined as “any species that organizes an 

assembly of molecular building blocks by non-covalent interraction favouring of a specific 

product” [121]. Template synthesis is a useful technique to achieve the synthsis of assemblies 

that have unusal topologies such as macrocycles, rotaxanes, helicates and catananes [115]. 

     Template synthsis can be carried out in several ways, thermodynamic, microwave 

irradiation and ultrasonication method. In thermodynamic processes, one of the reactants 

binds the template and an equilibirium is formed. This equilibirium is shifted towards the 

formation of a specific product. Microwave irradiation is an irreversible process leading to 

the formation of wanted product. In this case the reaction can be very fast and shorter time 

with high yield. A general scheme for the template synthsis is given in Fig. 1.5. 



OH

O

X

Metal Salt

Diamine N

N

X

X

O

O

M
R

R= alkyl or aryl
M= any transition metal
X=any substitution group or 
atom

2

 

Fig. 1.5 Scheme of Template synthesis of Schiff base metal complexes 

1.6  The role of metal ions in biological systems 

 

     Life has evolved from inorganic materials and thus inorganic chemistry is vital to all 

biological processes. Though many biological reactions are already known most of the things 

are yet to be exposed. Inorganic chemistry is an interdisciplinary science and it covers 

different areas like biochemistry, biology, physiology, medicine, agriculture, physics, and 

environmental sciences. All the biological activities are mediated by specific proteins or 

enzymes, most of which require one or more metal ions for their activity and their structural 

integrity. Enzymes bound metal ions, by virtue of their unique coordination chemistry, may 

provide binding sites of the substrates confer and stabilize the appropriate conformation of 

the enzymes and may function as catalytic centers. Lability and inertness of metal ligand 

bonds, stereochemistry, stability, magnetic and redox properties of metal ligand complexes 

manifest themselves in all the reactions of metal ions in metalloproteins and metalloenzymes. 

  

1.7  Biological importance of nickel, copper and its complexes 

     Nickel and copper are considered as essential elements in animals, microorganisms and 

plants and it is a constituent of many of the enzymes and proteins [116]. Nickel is found in a 

number of groups of bacteria. It is an essential element in the biosynthesis of the hydrogenase 

and carbon monoxide dehydrogenase. Several plant species also contain nickel containing 

protein. Urease from jack beans is rich in nickel protein. It is a constituent part of all organs 

of vertebrates. Nickel deficiency may cause reduced growth, histological change, reduced 

resorption, anaemia and thus vital to metabolism and life [117-118]. 



     Many of the proteins contain copper ions. They are involved in many biological processes 

such as electron transfer and oxidation- reduction of various organic moieties. In fact copper 

containing proteins acts as redox catalysts. Dicopper proteins are involved in hydroxylation, 

one electron oxidation of pseudo azurine/one electron reduction of NO2
-
. 

     Schiff bases have excellent therapeutic properties. Its medicinal property can be enhanced 

by coordination with metal ions. Copper and nickel complexes have several biological 

applications including antibacterial, antifungal, antiviral, analgesic antitumour etc. So these 

metals can be utilized for combating diseases of human body. 

1.6 Antimicrobial properties of ligands and their metal complexes 

     The characteristic properties of coordination compounds depends on the nature of donor 

atom, steric factors, nature of the metal ion, structure of the coordinating ligand, the metal-

ligand interaction and the nature of the solvent employed [50-51]. Schiff bases show 

excellent biological activities against many pathogenic bacteria, fungi and against certain 

cancerous cells [34] [48-49]. Schiff bases having chelative donor sites like nitrogen, oxygen 

and sulphur when coordinated to metal ions an enhanced biological activity is observed [9] 

[50] [52]. Factors controlling antimicrobial activities are the following, 

4. Chelation 

5. Cell permeability and 

6. Lipophilicity 

      Generally metal chelates have enhanced activity than the free ligand [14] [56-57]. As 

chelation increases biological activity also increases [9] [50] [52] because chelation increases 

the cell permeability. On chelation the polarity of the metal ion reduces and the lipophilic 

nature of the metal ion enhances [7] [37] [53]. This enhanced lipophilic nature favours cell 

permeability. Thus metal atoms can permeate more effectively through the lipid layer of 

microbes destroying them or blocking their active sites [28] [30] [51-52]. Thus one of the 

ways to improve the biological activity is to increase the number of chelate                        

rings [9] [37] [53-54]. 

1.7 Objectives of the study 

 To synthesize ligands containng sulphur, nitrogen and oxygen 



 To synthesize metal complexes of copper and nickel using the synthesized ligands 

 To characterize the synthesized ligands and metal complexes 

 To conduct antimicrobial studies of the synthesized ligands and metal complexes  

Conclusion 

     Even though advanced modern science and technology hails for its invention and 

innovation to control the infectious diseases, microbial resistance to antibiotics is a severe 

issue to be confronted and solved [9] [28] [48] [50] [63]. Thus inorganic chemistry opens a 

new way for new research and development. 
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   The coordination chemistry of transition metals and their derivatives has got much attention 

in recent years [1] because many of the biological processes which are fundamental to life are 



controlled by transition metals [2]. Many of these coordination compounds possess 

remarkable biological properties such as antibacterial, analgesic [2-3], antifungal, 

antimalarial [4-6], antiviral [7-11], anticancer [12-17], antidiabetic [18-23], anti-HIV [24-27] 

activities and plant growth regulating activity [14] [24] [28-29]. The O- or N- terminals of 

proteins can be coordinated to metals in numerous ways and thus can play a vital role in the 

function of biological macromolecules [2]. Nitrogen, oxygen and sulphur donor ligands 

possess a range of biological applications like antitumor, antibacterial, antifungal, 

antimalarial and antiviral activities [7] [10] [85] and they can bind the biomolecules at their 

active sites [30-31]. Macrocycles which contain nitrogen have a strong tendency to form 

stable transition metal complexes [26] [32]. Coordination of bi, tri and tetradentate ligands 

containing nitrogen, oxygen or sulphur donor atoms with various transition and inner-

transition metal play an important role in biological systems [33]. 

     Due to the excellent donor properties of azo group, the complexes containing azo groups 

exhibits excellent antimicrobial activity [34]. The biological activity of azo compounds is due 

to the presence of azomethine linage (C=N) which is a basic structural necessity for 

biological activity [14] [23] [35]. Remarkable enhanced antibacterial [23] [36], antifungal 

[23] [36] and anticancer activities [14] [23] [37-39] have been observed for complexes 

containing azomethine linkage. 

     Hydrazones which belongs to Schiff base family has the functional group (>N-N=C<) in 

which the azomethine group is adjacent to another nitrogen atom [40-41]. The biological 

activities of hydrazones are due to the presence of lone pair electrons of   2 
hybridized 

orbitals of azomethine nitrogen [41-43]. Hydrazones which contain an azomethine proton      

(–NHN=CH–) is therapeutically important for new drug development [41-43]. The additional 

donor site, >C=O of aroyl, acyl and heteroaroyl hydrazone Schiff base compounds makes the 

hydrazones more flexible and versatile. This additional donor site makes hydrazones as good 

polydentate chelating ligand and can coordinate with various transition and inner transition 

metals in numerous ways [40]. Hydrazones and their metal complexes show varied 

applications in the fields such as antifungal, antibacterial, antioxidative and cytotoxic studies 

[44]. They have been found to be potential chemotherapeutic agents [45]. 

     Furoic acid hydrazones and their transition metal complexes are of great interest due to 

their microbial inhibition [40] [46]. Benzofuran based metal complexes also exhibit 



biological activities as anti-infective agents, like antifungal, antiprotozoal, and antitubercular, 

and also in the treatment of antiarrhythmic and cardiovascular diseases [47]. 

     Schiff base ligands having oxygen, nitrogen and sulphur donor sites and their coordination 

complexes [34] [48] have been reported as excellent therapeutic agents. They exhibit 

inhibitory activities against bacteria, fungi [34], and certain type of cancers [34] and they 

have biochemical, clinical and pharmacological properties [49]. 

     Amino quinazoline derivatives were found to have phosphodiasterase property and they 

work as potent anticancer agents [14] [60]. Triazole compounds possess a wide range of 

biological activities such as antifungal (fluconazole), antidepressant (trazodone), and 

anticancerous (vorozole, anastrozole and letrozole) [14] [61]. Copper(II) complexes of 

triazoles have been studied extensively and proved to have therapeutic properties against 

tuberculosis, gastric ulcers, rheumatoid arthritis and cancers [62]. 

1.3 Schiff base ligands 

     Schiff base which is formed by the condensation reaction of primary amines with carbonyl 

compounds [109-110] have been used as ligands for coordinating various transition and inner 

transition metal ions. They can be used also for coordinating anions [111]. Schiff bases have 

very interesting chemical properties because they may contain variety of substituent with 

active donor sites, electron withdrawing or electron donating active sites. Most of the Schiff 

bases are highly stable because of the strength of azomethine (C=N) bond. Its stability also 

depends on the basicity of amino group, steric factors and chelating effect. Presence of 

functional groups like –OH or –SH may increase the chelation leading to the formation of 

five or six membered ring. Scheme of Schiff base formation is given in following Fig. 1.1. 
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Fig. 1.1 Scheme of Schiff base formation 



1.4. Schiff base metal complexes 

     Schiff bases are one of the most flexible and versatile group of ligands due the presence of 

various active donor sites they possess. This versatility has made them polydentate ligand and 

thus can form numerous complexes with various transition and inner transition metal          

ions [40]. Schiff bases and its metal complexes have a wide variety of interesting properties 

and applications which include catalytic, synthetic, analytical, biochemical, electrochemical 

sensing and therapeutic applications. Schiff bases have high affinity for chelation with 

transition metal ions. The stability of metal complexes depends on chelating effect. The 

presence of chelating agents like carbonyl, hydroxyl or thio groups close to the proximity of 

azomethine (C=N) linkage increases the chelation and thus stability of metal complexes. 

Schiff base and its metal complexes are thus of recent research interest comprising of various 

research fields such as organometallic, inorganic, bioinorganic, catalytic and electrochemical 

[112-113]. In our present work we focus on oxygen, nitrogen and sulphur containing ligands 

and their transition metal complexes of nickel and copper metal ions. Some examples of 

Schiff base metal complexes containing nitrogen, oxygen and sulphur donor atoms are given 

the following Fig. 1.2. 
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Fig. 1.2 Schiff base metal complexes 

1.3 Synthesis of Schiff bases and their metal complexes 

     The Schiff base metal complexes are synthesized by two ways, template synthesis and the 

other one is conventional method. 

1.3.1 Conventional method 



     In conventional method the ligand is synthesized prior and then the metal salt is added to 

the synthesized ligand to form the complex. 

Synthesis of the ligand and metal complex 

     A general scheme for synthesis of the ligand and metal complex is given in Fig. 1.3            

and Fig. 1.4. 
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Fig. 1.3 Scheme of synthesis of ligand 
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Fig. 1.4 Scheme for the synthesis of Schiff base metal complexes 

1.3.2 Template synthesis 

     Template synthesis is a single step synthesis of metal complexes, i.e., without the isolation 

and purification of the ligand, the complex is synthesized. It is an in situ reaction [41] [43]. 

The condenstion of carbonyl compund and amine, and the coordination of metal takesplace in 

a single step reaction [114]. Template can be defined as “any species that organizes an 

assembly of molecular building blocks by non-covalent interraction favouring of a specific 



product” [121]. Template synthesis is a useful technique to achieve the synthsis of assemblies 

that have unusal topologies such as macrocycles, rotaxanes, helicates and catananes [115]. 

     Template synthsis can be carried out in several ways, thermodynamic, microwave 

irradiation and ultrasonication method. In thermodynamic processes, one of the reactants 

binds the template and an equilibirium is formed. This equilibirium is shifted towards the 

formation of a specific product. Microwave irradiation is an irreversible process leading to 

the formation of wanted product. In this case the reaction can be very fast and shorter time 

with high yield. A general scheme for the template synthsis is given in Fig. 1.5. 

OH

O

X

Metal Salt

Diamine N

N

X

X

O

O

M
R

R= alkyl or aryl
M= any transition metal
X=any substitution group or 
atom

2

 

Fig. 1.5 Scheme of Template synthesis of Schiff base metal complexes 

1.8  The role of metal ions in biological systems 

 

     Life has evolved from inorganic materials and thus inorganic chemistry is vital to all 

biological processes. Though many biological reactions are already known most of the things 

are yet to be exposed. Inorganic chemistry is an interdisciplinary science and it covers 

different areas like biochemistry, biology, physiology, medicine, agriculture, physics, and 

environmental sciences. All the biological activities are mediated by specific proteins or 

enzymes, most of which require one or more metal ions for their activity and their structural 

integrity. Enzymes bound metal ions, by virtue of their unique coordination chemistry, may 

provide binding sites of the substrates confer and stabilize the appropriate conformation of 

the enzymes and may function as catalytic centers. Lability and inertness of metal ligand 

bonds, stereochemistry, stability, magnetic and redox properties of metal ligand complexes 

manifest themselves in all the reactions of metal ions in metalloproteins and metalloenzymes. 

  



1.9  Biological importance of nickel, copper and its complexes 

     Nickel and copper are considered as essential elements in animals, microorganisms and 

plants and it is a constituent of many of the enzymes and proteins [116]. Nickel is found in a 

number of groups of bacteria. It is an essential element in the biosynthesis of the hydrogenase 

and carbon monoxide dehydrogenase. Several plant species also contain nickel containing 

protein. Urease from jack beans is rich in nickel protein. It is a constituent part of all organs 

of vertebrates. Nickel deficiency may cause reduced growth, histological change, reduced 

resorption, anaemia and thus vital to metabolism and life [117-118]. 

     Many of the proteins contain copper ions. They are involved in many biological processes 

such as electron transfer and oxidation- reduction of various organic moieties. In fact copper 

containing proteins acts as redox catalysts. Dicopper proteins are involved in hydroxylation, 

one electron oxidation of pseudo azurine/one electron reduction of NO2
-
. 

     Schiff bases have excellent therapeutic properties. Its medicinal property can be enhanced 

by coordination with metal ions. Copper and nickel complexes have several biological 

applications including antibacterial, antifungal, antiviral, analgesic antitumour etc. So these 

metals can be utilized for combating diseases of human body. 

1.6 Antimicrobial properties of ligands and their metal complexes 

     The characteristic properties of coordination compounds depends on the nature of donor 

atom, steric factors, nature of the metal ion, structure of the coordinating ligand, the metal-

ligand interaction and the nature of the solvent employed [50-51]. Schiff bases show 

excellent biological activities against many pathogenic bacteria, fungi and against certain 

cancerous cells [34] [48-49]. Schiff bases having chelative donor sites like nitrogen, oxygen 

and sulphur when coordinated to metal ions an enhanced biological activity is observed [9] 

[50] [52]. Factors controlling antimicrobial activities are the following, 

7. Chelation 

8. Cell permeability and 

9. Lipophilicity 

      Generally metal chelates have enhanced activity than the free ligand [14] [56-57]. As 

chelation increases biological activity also increases [9] [50] [52] because chelation increases 



the cell permeability. On chelation the polarity of the metal ion reduces and the lipophilic 

nature of the metal ion enhances [7] [37] [53]. This enhanced lipophilic nature favours cell 

permeability. Thus metal atoms can permeate more effectively through the lipid layer of 

microbes destroying them or blocking their active sites [28] [30] [51-52]. Thus one of the 

ways to improve the biological activity is to increase the number of chelate                        

rings [9] [37] [53-54]. 

1.7 Objectives of the study 

 To synthesize ligands containng sulphur, nitrogen and oxygen 

 To synthesize metal complexes of copper and nickel using the synthesized ligands 

 To characterize the synthesized ligands and metal complexes 

 To conduct antimicrobial studies of the synthesized ligands and metal complexes  

Conclusion 

     Even though advanced modern science and technology hails for its invention and 

innovation to control the infectious diseases, microbial resistance to antibiotics is a severe 

issue to be confronted and solved [9] [28] [48] [50] [63]. Thus inorganic chemistry opens a 

new way for new research and development. 
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     There have been numerous studies on the physicochemical properties and mode of 

coordination of transition metal complexes containing Schiff base ligands. These Schiff base 

metal complexes have attracted considerable attraction due to their antimicrobial activity. 

This chapter enumerates the literature survey on synthesis, characterization and antimicrobial 

studies of nitrogen, oxygen and sulphur containing ligands and their transition metal 

complexes. 

Antimicrobial activity of metal Schiff base complexes 

     Mohammad Shakir and co-workers have reported the synthesis, characterization and 

evaluation of complexes of La
3+

, Nd
3+

, Pr
3+

, Gd
3+

 and Er
3+ 

from N, N
’
-bis-(2-

thiophenecarboxaldimine)-3,3–diaminobenzidene (Fig. 2.1). Spectral studies reveal the 

coordination of ligand with metal ions through the free amino group and the azomethine 

nitrogen. The complexes and the Schiff base ligand has been studied for their anticancer 

activity towards cervical and breast cancer cell lines. The complexes exhibited greater 

activity than the Schiff base [68]. 
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Fig. 2.1 Formation of the Schiff base ligand 

     A novel hydrazone Schiff base ligand was synthesized by reacting 2-furoic acid hydrazide 

with terephthalaldehyde and its binuclear complexes of Co(II), Ni(II), Cu(II) and Zn(II) were 

also synthesized (Fig. 2.2). The hydrazone Schiff base, Furo-(phenyldimethine)-

carbohydrazone, acts as tetradentate ligand. The complexes exhibited an octahedral geometry 

and are non electrolytic in nature. The hydrazone ligand and its Zn(II) complex have been 

screened for their in vitro antimicrobial activities and the complexes show enhanced activity 

than the free ligand [40]. 
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Fig. 2.2 Synthesis of the hydrazone Schiff base ligand 

     Parveez Gull and Athar Adi Hashni have reported the synthesis of a macrocyclic ligand 

from pentane-2,4-dione and 1, 4-dicarbonylphenyl-dihydrazide, and its Co(II), Cu(II) and 

Ni(II) complexes (Fig. 2.3). The macrocyclic ligand and its mononuclear non electrolytic 

complexes have been tested for their antimicrobial activities and it was found that the 

complexes exhibited more activity than the macrocyclic ligand [31]. 
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 Fig. 2.3 Synthesis of the macrocyclic ligand 

     Hatice Yildirim et al., synthesized and characterized Ru(II) complexes from the reaction 

of [Ru(H)(Cl)(CO)(PPh3)] and [{(η
6
-p-cymene)RuCl}2(µ-Cl)2] with thiophene-2-

carboxaldehyde thiosemicarbazone (Fig. 2.4). The antimicrobial activities of the complexes 

were tested and the test complexes are inactive towards the selected Gram-negative bacteria 

and fungus whereas the complexes exhibited moderate activity towards Gram-positive 

bacteria [10]. 
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Fig. 2.4 Synthesis of thiophene-2-carboxaldehyde thiosemicarbazone ligand 



     Mahasin Elias and co-workers have reported the synthesis and characterization of Schiff 

base derived from potassium 2-N (4N,N-dimethylaminobenzyliden)-4-trithiocarbonate 1,3,4-

thiadiazole and its Co(II), Ni(II), and Cu(II) complexes (Fig. 2.5). The ligand and its six-

coordinated octahedral complexes were screened for their antibacterial inhibition against 

Pseudomonas aeruginosa and Staphylococcus aureus. The Ni(II) complex exhibited greater 

antibacterial activity towards the bacterial strains than the free ligand and other complexes 

[74]. 
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Fig. 2.5 Synthesis of the Schiff base ligand 

     Mohammad Nasir Uddin and co-workers have reported the synthesis and characterization 

of a novel Schiff base derived from the condensation reaction of 2-thiophenecarboxaldehyde 

with 2-aminothiophenol and propane-1,2-diamine and their complexes of Ni(II), Cu(II) and 

Zn(II) (Fig. 2.6). The Schiff base and its non-electrolytic octahedral complexes have been 

evaluated for their antibacterial activity against four human pathogenic bacteria and metal 

complexes exhibited greater antibacterial activity compared to its free ligand [84]. 
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Fig. 2.6 Synthesis of the thiophene ligand 

     Salman M. Saadeh has reported the synthesis and characterization of a trifunctional SNO-

donor system ligand, 2-acetylthiophene benzoylhydrazone and its complexes of Co(II), 

Ni(II), Cu(II) and Zn(II) (Fig. 2.7). The Schiff base ligand and its complexes were screened 

for their antibacterial activity and they are inactive on the standard bacterial strains used in 

the      study [85].  
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Fig. 2.7 Structure of the trifunctional ligand 

    Mishra A. P. et al., synthesized and characterized two Schiff bases from 2-thiophene- 

carboxaldehyde with 2-chloro-4-nitroaniline (TCA) and 2-imidodicarbonic diamide (TID) 

(Fig. 2.8) and its metal complexes of Cu(II), Ni(II) and Co(II). The Schiff base and metal 

complexes show an increased antimicrobial activity against the selected test bacteria and 

fungus. The metal complexes exhibited better antimicrobial property than the Schiff         

bases [87]. 
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Fig. 2.8 Structure of the Schiff bases 

     Cezar Spinu et al., have reported the synthesis and characterization of metal complexes of 

Fe(II), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) from novel Schiff base ligand derived by the 

condensation reaction of 2-thiophenecarboxaldehyde with N-(2thienylmethylidene)-2-

aminopyridine and 2-aminopyridine (Fig. 2.9). The Schiff base, the octahedral Fe(II), Co(II), 

Ni(II), and Cu(II) complexes, and the tetrahedral Zn(II) and Cd(II) complexes have been 

evaluated for their antibacterial activity against some selected microbes [89].  
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 Fig. 2.9 Structure of the ligand 

    P. Venkateswara Rao and co-workers have synthesized and characterized a novel Schiff 

base ligand formed from 4-nitropyridine and 4-pyridine carboxaldehyde in the presence 

dilute acid and iron powder (Fig. 2.10). The Schiff base and its complexes show good 

antimicrobial activity against selected test bacteria and fungi. The metal complexes are good 

inhibitory agents than the ligand [104]. 
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Fig. 2.10 Synthesis of the ligand 

     Sheeja Lovely and M. Christudhas have synthesized and characterized a novel Schiff base 

ligand, 4-pyridine carboxaldehyde 3-amino pyridine and its complexes of Co(II), Ni(II) and 

Cu(II) (Fig. 2.11). Moderate antimicrobial activity has been observed for both ligand and 

complexes [119]. 

 

 

 

Fig. 2.11 Structure of the ligand 

     Azadeh Tadjarodi and Salman Najjari have used microwave irradiation technique to 

synthesize a new Cd(II) complex of dichloro 4- pyridinecarboxaldehyde thiosemicarbazone 

and characterized (Fig. 2.12). Both the ligand and complex have been evaluated for their 

microbial inhibitory activity [120]. 

 

 

 

Fig. 2.12 Structure of the ligand 
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    Numerous studies have done on the antimicrobial activities of Schiff base ligands 

containing nitrogen, oxygen and sulphur donor atoms and their metal complexes. Literature 

survey reveals that Schiff base ligands and their transition metal complexes are biologically 

active towards many pathogenic bacteria and fungi and thus they are antimicrobial agents. 

Coordination of a metal to the ligand, in most cases, increases the biological activity and it 

can be explained on the basis of Chelation theory. The Schiff bases show moderate to good 

antimicrobial activity compared to their metal complexes and standard drugs. 
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3.1 Physico-chemical characterization of ligands and complexes 



     UV-visible, CHNS, FT-IR, 
1
HNMR, EPR and molar conductivity measurements have 

been employed in the present study with a view to correlate the physical and chemical 

properties of the ligands and metal complexes. The procedures of various characterization 

techniques are discussed in the following section. 

3.1.1 Elemental analysis  

     The analysis of percentage of elements C, H, N and S in the ligands and complexes were 

carried out on Elementar Vario EL III CHNS analyzer at SAIF, Kochi. 

3.1.2 UV-visible spectroscopy  

     Electronic absorption spectra of the ligands and their copper and nickel complexes in the 

solution phase were recorded in the region of 200-900 nm on the Perkin Elmer Lambda UV-

visible spectrophotometer. The UV-visible Spectroscopy is a useful tool to predict the 

electronic transition of the complexes and d-d transition of the copper metal ion. From these 

spectra we know the electronic configuration of the metal ion and the magnetic moment of 

the metal complexes. The spectra were recorded as absorbance against wavelength. 

3.1.3 Fourier-Transform Infrared (FT-IR) spectroscopy 

     FT-IR spectroscopy can be used to investigate the structural features of ligands and their 

copper and nickel complexes. The spectra were recorded on a Bruker 360 FT-IR 

spectrophotometer using KBr pellet technique in the range 4000-400 cm
–1

. The spectra were 

recorded as % transmittance against wavenumbers (cm
–1

).  

3.1.4 
1
H NMR Spectroscopy 

     1
H NMR spectra of the ligands were recorded using Bruker AMX 400 FT-NMR 

Spectrometer using DMSO as solvent at Anthem Biosciences, Bangalore. 

3.1.5 Molar conductivity measurements 

     Molar conductivity measurements of complexes in acetonitrile and DMF (10
-3

M) were 

measured at room temperature using direct reading digital conductivity meter. 

3.1.6 Electron paramagnetic resonance (EPR) spectroscopy 



     The EPR spectra were recorded on JES-FA 200 spectrometer at SAIF, IIT Madras using 

diphenylpicrylhydrazine (DPPH) as the reference. EPR spectra were taken for the copper 

complexes. All the spectra were run in DMSO solution at liquid nitrogen temperature (LNT) 

and at room temperature (RT). 

3.1.7 Antimicrobial studies by Zone Inhibition method 

Determination of antibacterial activity 

     100 micro litre of the test culture was inoculated on Miller Hilton agar plates (90 mm) and 

prepared bacterial cultures. All the test compounds, standards and vehicle control were 

impregnated on inoculated plates. These bacterial plates were incubated at 35
 0 

C for 24-48 

hours. The plates were observed for Zone Inhibition around the well. 

Determination of antifungal activity 

     100 micro litre of the test culture was inoculated on Miller Hilton agar plates (90 mm) and 

prepared fungal cultures. All the test compounds, standards and vehicle control were 

impregnated on inoculated plates. These fungal plates were incubated at room temperature
 
for 

24-48 hours. The plates were observed for Zone Inhibition around the well. 

3.2 Experimental procedure 

3.2.1 Chemicals and reagents 

1. 4-Pyridinecarboxaldehyde 

2. 2-Thiophenecarboxamide 

3. 2-Furoic acid hydrazide 

4. Indole-3-carboxaldehyde 

5. Nickel chloride (NiCl2.6H2O) 

6. Copper chloride (CuCl2.2H2O) 

7. Glacial acetic acid 

8. Methanol 

3.2.2 Synthesis of ligands 



     Two novel ligands were synthesized using 4-Pyridinecarboxaldehyde, 2-

Thiophenecarboxamide, 2-Furoic acid hydrazide and Indole-3-carboxaldehyde. They were 

characterized by various physical and chemical techniques and they were used for the 

synthsis of copper and nickel complexes. The ligands are 

1. Furan-2-carboxylic acid pyridin-4-ylmethyleneamide (L
1
) and 

2. Thiophene-2-carboxylic acid 1H-indol-2-ylmethyleneamide (L
2
) 

3.2.2.1 Synthesis of Furan-2-carboxylic acid pyridin-4-ylmethyleneamide (L
1
) 

    1 mmol of 2-Furoic acid hydrazide (0.126 g) was dissolved in 15 ml of methanol and to 

this was added 1 mmol of 4-Pyridinecarboxaldehyde (0.94 ml) followed by two drops of 

glacial acetic acid. The reaction mixture was refluxed for 7 hours. It was cooled to room 

temperature about 12 hours. On slow evaporation, pale brown crystals of Furan-2-carboxylic 

acid pyridin-4-ylmethyleneamide (L
1
) (Scheme 3.1) were separated out. The crystals formed 

were filtered, washed with methanol and dried over P4O10 under vacuo. Yield, 73%. 

N

OH

O
H2N

O N

H N

O

O

+
Methanol

Reflux 7 hrs

4-Pyridinecarboxaldehyde 2-Furoic acid hydrazide
Furan-2-carboxylic acid pyridin-4-

ylmethyleneamide

Glacial acetic acid

 

Scheme 3.1 Furan-2-carboxylic acid pyridin-4-ylmethyleneamide (L
1
) 

3.2.2.2 Synthesis of Thiophene-2-carboxylic acid 1H-indol-2-ylmethyleneamide 

(L
2
) 

     1 mmol of Indole-3-carboxaldehyde (0.145 g) was dissolved in 10 ml methanol and to this 

was added 1 mmol of 2-Thiophenecarboxamide (0.127g). Two drops of glacial acetic acid 

were also added to the reaction mixture. The mixture was refluxed for 10 hours. It was cooled 

to room temperature about 12 hours. On slow evaporation, pale pink coloured substance of 

Thiophene-2-carboxylic acid 1H-indol-2-ylmethyleneamide (L
2
) (Scheme 3.2) were 

separated out. The product formed were filtered, washed with methanol and dried over P4O10 

under vacuo. Yield, 75%. 
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Scheme 3.2 Synthesis of Thiophene-2-carboxylic acid 1H-indol-2-ylmethyleneamide (L
2
) 

3.2.3 Synthesis of complexes 

    Copper(II) and nickel(II) complexes of the ligands Furan-2-carboxylic acid pyridin-4-

ylmethyleneamide (L
1
) and Thiophene-2-carboxylic acid 1H-indol-2-ylmethyleneamide (L

2
) 

were synthesisized. They were characterised by differrent characterization techniques like 

elemental analysis, molar conductivity measurements, UV-vis., FT-IR and 
1
H NMR.  

3.2.3.1 Synthesis of copper complex of L
1 

    To a solution of 2 mmol of Furan-2-carboxylic acid pyridin-4-ylmethyleneamide (L
1
) 

(0.200 g) in methanol, 1 mmol of copper chloride (0.170 g) dissolved in methanol was added 

(Scheme 3.3). The reaction mixture was refluxed for 7 hours. The resulting greenish yellow 

solution was allowed for slow evaporation at room temperature. The resulted greenish yellow 

precipitates were filtered, washed with methanol, recrystallized from methanol and dried 

under vacuo. Yield, 71%. 
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Scheme 3.3 Preparation of copper complex of L
1
 



3.2.3.2 Synthesis of copper complex of L
2 

     To a solution of 2 mmol of Thiophene-2-carboxylic acid 1H-indol-2-ylmethyleneamide 

(L
2
) (0.253 g) in methanol, 1 mmol of copper chloride (0.170 g) dissolved in methanol was 

added. The mixture was refluxed for 10 hours (Scheme 3.4). The resulting brownish red 

solution was allowed to stand at room temperature for slow evaporation. The separated 

brownish precipitates were filtered, washed with methanol, recrystallized from methanol and 

dried under vacuo. Yield, 70 %. 
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Scheme 3.4 Preparation of copper compex of L
2
 

 

 

3.2.3.3 Synthesis of nickel complex of L
1 

     To a methanolic solution of 2 mmol of Furan-2-carboxylic acid pyridin-4-

ylmethyleneamide (L
1
) (0.200 g ), 1 mmol of nickel chloride (0.237 g) dissolved in methanol 

was added. The reaction mixture was refluxed for 9 hours (Scheme 3.5). The resulting 

solution was allowed to evaporate room temperature. Greenish yellow precipitates seperated 

were filtered, washed with methanol, recrystallized from methanol and dried under vacuo. 

Yield, 72%. 
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Scheme 3.5 Preparation of nickel complex L
1 

3.2.3.4 Synthesis of nickel complex of L
2 

     To a solution of 2 mmol of Thiophene-2-carboxylic acid 1H-indol-2-ylmethyleneamide 

(L
2
) (0.253 g) in methanol, 1 mmol of nickel chloride (0.237 g) dissolved in methanol was 

added. The reaction mixture was refluxed for 7 hours (Scheme 3.6). The resulting solution 

was allowed to evaporate at room temperature. The separated pale green precipitates were 

filtered, washed with methanol, recrystallized from methanol and dried under vacuo. Yield, 

72%. 
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Scheme 3.6 Preparation of nickel complex of L 
2
 

 

 



 

 

 

 

 

 

 

 

Chapter 4 

Results and Discussions 

 

 

 

 

 

 

 



 

4.1 Physical properties and analytical data of compounds 

     The physical properties and analytical data of the ligands and their copper and nickel 

complexes are summarized in Table 4.1. Elemental analysis of the ligands and complexes 

corresponds to the suggested molecular formulae. The yield of the synthesized complexes is 

varied from 70 % to 75 %. The synthesized ligands and metal complexes are soluble in 

organic solvents like DMF, DMSO and acetonitrile. 

Table 4.1 Analytical data of the ligands and their metal complexes 

 

Compound 

 

Colour 

 

Melting Point 

(
o 

C) 

 

Solubility Analytical data 

Expt. (Calc.) % 

C11H8N2O2  

(L
1
)
 

 

Light green 

 

182-185 Acetonitrile 

DMF 

DMSO 

C  65.86 (65.99) 

H  3.56 (3.98) 

N  13.99 (13.97) 

C14H10N2OS  

(L
2
) 

 

Light pink 

 

142-145 Ethanol 

Methanol 

Acetonitrile 

DMF, DMSO  

 

C  66.11 (66.38) 

H  3.47 (3.58) 

N 11.011 (11.05) 

S  12.60 (12.68) 

CuCl2L
1

2 
 

 Light green 

 
Acetonitrile 

DMF, DMSO  

 

C  46.64 (46.89) 

H  3.46 (3.57) 

N  9.68 (9.94) 

CuCl2L
2

2.2H2

O 

 

Reddish brown 

 
Acetonitrile 

DMF, DMSO  

 

C  41.89 (42.09) 

H  2.96 (3.02) 



N  6.89 (7.01) 

S  7.92 (8.02) 

NiCl2L
1

2.2 H2O 
 

 

Greenish 

yellow 

 
Acetonitrile 

DMF, DMSO  

 

C  47.52 (47.71) 

H  3.54 (3.64) 

N  10.01 (10.11) 

NiCl2L
2

2
 

 

Light green 

 
Acetonitrile 

DMF, DMSO  

 

C  53.79 (53.89) 

H  2.87 (2.90) 

N  8.95 (8.97) 

S  10.24 (10.27) 

 

 

4.2 Molar conductivity measurements 

    The complexes are soluble in acetonitrile, DMF and DMSO. The solutions are non-

conducting. The molar conductivity measurement values in acetonitrile and DMF are 

compiled in Table 4.2. 

 

Table 4.2 Molar conductivity (ohm
-1

 cm
2 

mol
-1

) values of 10
-3

 M solutions of the complexes 

in DMF and acetonitrile 

Complex CuCl2L
1

2 CuCl2L
2

2.2H2O Ni Cl2L
1

2.2H2O NiCl2L
2

2 

Acetonitrile 14.9 14.6 15.2 15.4 

DMF 19.7 16.5 19.5 17.1 

 

 



 

 

4.3 FT-IR spectral studies  

4.3.1 FT-IR spectra of ligands 

     The significant FT-IR spectra of the ligands show various bands in the region of 400-4000 

cm
-1

, and their assignments were tentatively used to establish the mode of coordination. The 

FT-IR spectra of the ligands are shown in Fig. 4.1 and 4.2 and the corresponding vibrational 

stretching frequencies (cm
-1

) of ligands are given in Table 4.3. 

 

 

Fig.4.1 FT-IR spectrum of L
1 
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Fig. 4.2 FT-IR spectrum of L
2
 

 

Table 4.3 Important FT-IR frequencies of the ligands ν (cm
-1

) 

Compound C-O C=O C=N N-H C-S C-S-C 

C11H8N2O2 (L
1
)
 1244 1659 1560 ----- ----- ----- 

C14H10N2OS (L
2
) ----- 1633 1576 3166 756 949 
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4.3.2 FT-IR spectra of complexes 

4.3.2.1 FT-IR spectra of copper and nickel complexes of L
1 

     The significant IR spectra of the copper and nickel complexes show various bands in the 

region of 400-4000 cm
-1

, and their assignments were tentatively used to establish the mode of 

coordination. The spectral data indicate ligand coordination to the metal. A strong sharp band 

observed at 1244 cm
-1 

corresponds to the C-O group of the ligand which is lowered to 1231 

and 1220 cm
-1 

in complexes of copper and nickel respectively. Ligand coordination was also 

substantiated by the lowering of C=O appeared at 1659 cm
-1

 in ligand to 1618 cm
-1

 in 

complexes. Coordination of the ligand was further confirmed by the appearance of bands at 

536 cm
-1

 corresponding to Cu–O and Ni–O. A sharp band observed at 3381 cm
-1

 in nickel 

complex shows the presence of lattice water. The FT-IR spectrum of the copper Schiff base 

complex is shown in Fig. 4.3, nickel complex is in Fig. 4.4 and the corresponding vibrational 

stretching frequencies of the copper and nickel complexes are given in Table 4.4. 

 

 

Fig.4.3 FT-IR spectrum of copper complex of L
1 
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Fig.4.4 FT-IR spectrum of nickel complex of L
1 

 

Table 4.4 Important FT-IR frequencies of the complexes of L
1
 ν (cm

-1
). 
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Compound  C=O C=N C=C M-O C-O H2O 

L
1 1659 1560 1473 ----- 1244 ----- 

CuCl2L
1

2 1618 1561 1463 536 1231 ----- 

NiCl2L
1

2.2 H2O 1618 1551 1462 536 1220 3381 



4.3.2.2 FT-IR spectra of copper and nickel complexes of L
2 

     The significant IR spectra of the copper and nickel complexes show various bands in the 

region of 400-4000 cm
-1

, and their assignments were tentatively used to establish the mode of 

coordination.  The ligands are having capability to form coordinate bonds with many metal 

ions through both oxygen of the amide and sulphur of thiophene ring, in tetradentate mode 

towards the copper and nickel metal ion. The spectral data indicate the coordination of ligand 

to the metal. Sharp bands observed at 1612 and 1602 cm
-1 

for nickel and copper complexes 

respectively, corresponds to the C=O group of the coordinated ligand. Coordination of the 

ligand was also substantiated by the absence of vibrational stretching frequency of C-S-C in 

complexes which should be appeared around 949 cm
-1

. N-H stretching frequency in ligand 

and complexes remain unchanged. Coordination of the Schiff base ligand was further 

confirmed by the appearance of bands at 536 and 530 cm
-1

 corresponding to Cu–O and Ni–O 

respectively. Coordination of ligand to the metal is also confirmed by the presence of new 

bands at 457 and 460 cm
-1

 for copper and nickel complexes respectively. A sharp band 

observed at 3357 cm
-1

 shows the presence of lattice water for copper complex. The FT-IR 

Spectrum of the copper complex is shown in Fig. 4.5, nickel complex is in Fig. 4.6 and the 

corresponding vibrational stretching frequencies of the complexes are given in                  

Table 4.5.  

Table 4.5 Important FT-IR frequencies of the complexes L
2
 ν (cm

-1
)
 

 

Compound C=O C=N C=C N-H 

 

C-S-C  M- CSC M-O H2O 

L
2 1633 1576 1520 3166 949 ----- ----- ----- 

CuCl2L
2

2.2 H2O 1602 1576 1521 3166 ---- 457 536 3357 

NiCl2L
2

2 1612 1576 1521 3167 ---- 460 530 ----- 



 

Fig.4.5 FT-IR spectrum of copper complex of L
2
 

 

Fig.4.6 FT-IR spectrum of nickel complex of L
2 
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4.4 
1
H NMR studies 

4.4.1 
1
H NMR spectral studies of L

1
 

     The proton NMR spectrum of L
1 

recorded in DMSO (Fig. 4.7) displayed a singlet at δ 

12.1 ppm which is assigned to azomethine proton. The peaks due to protons on furan and 

pyridine rings are in the range δ, 6.7 to 8.6 ppm (Table 4.6). 

 

 

Fig. 4.7 
1
H NMR spectrum of L

1
 

 

 

 

 



4.4.2 
1
H NMR spectral studies of L

2
 

     The proton NMR spectrum of L
2
 recorded in DMSO (Fig. 4.8) displayed a singlet at δ 9.9 

ppm which is attributed to the indole NH proton. A signal at δ 12.1 ppm is ascribed to the 

azomethine proton (Table 4.6). The resonance due to protons on thiophene and benzene rings 

are in the range δ 7.1 to 8.2 ppm. 

 

Fig. 4.8 
1
H NMR spectrum of L

2 

Table 4.6 
1
H NMR chemical (δ in ppm) shifts for ligands 

Compound H-C=N N-H Ar-H 

L
1 8.4 ---- 7.3-8.6 

L
2
 8.2 9.9 7.1-8.0 



4.5 Electronic spectral analysis 

4.5.1 Electronic absorption spectra of ligands 

     The electronic spectra of the ligands were recorded in the range of 200-900 nm in 

acetonitrile solution (10
-5

 M). UV-vis. spectra of the ligand L
1 

displayed a 
 
band at 303 nm 

(Fig. 4.9) which is assigned to π- π* transition and displayed bands for L
2 

at 249 and 273 nm 

(Fig. 4.10) which are assigned to n-π* and π-π* transitions respectively (Table 4.7). 

  

Fig. 4.9 Electronic absorption spectrum of L
1 



 

Fig. 4.10 Electronic absorption spectrum of L
2
 

 

Table 4.7 UV-vis. spectral data of ligands 

Compound λ (ν) 

n-π* transitions 

λ(ν) 

π-π*transitions 

L
1 

 303 nm (34126 cm
-1

) 

L
2
 249 nm (40160 cm

-1
) 279 nm (35482 cm

-1
) 

 

4.5.2 Electronic absorption spectra of complexes 

4.5.2.1 Electronic absorption spectra of copper complexes 

    The electronic spectra of the complexes were recorded in the range of 200-900 nm in 

acetonitrile solution (10
-5

 M). UV-vis. spectra of the copper complex of L
1
 displayed bands 

(Fig. 4.11) at 223, 293 and 458 nm which are assigned to n-π*, π-π* and d-d transitions 



respectively and copper complex of L
2 

displayed bands (Fig. 4.12) at 243 and 466 which are 

assigned to π-π* and d-d transitions respectively (Table 4.8). 

 

Fig. 4.11 Electronic absorption spectrum of copper complex of L
1
 

 

Fig. 4.12 Electronic absorption spectrum of copper complex of L
2
 



Table 4.8 UV-vis. spectral data of copper complexes 

Compound λ(ν) 

n- π* transitions 

λ(ν) 

π- π*transitions 

λ(ν) 

d-d transitions 

CuCl2L
1

2 223 nm (44843 cm
-1

) 293 nm (34126 cm
-1

) 458 nm (21834 cm
-1

) 

CuCl2 L
2

2.2 H2O  243 nm (41152 cm
-1

) 466 nm (21459 cm
-1

) 

  

4.5.2.2 Electronic absorption spectra of nickel complexes 

     The electronic spectra of the complexes were recorded in the range of 200-900 nm in 

acetonitrile solution (10
-5

 M). UV-vis. spectra of the nickel complexes of L
1
 displayed bands 

at (Fig. 4.13) at 223 and 290 nm which are assigned to n-π* and π-π* transitions respectively 

and nickel complex of L
2 

displayed bands at (Fig. 4.14) 242 and 292 nm which are assigned 

to n-π* and π-π* respectively (Table 4.9). 

 

Fig. 4.13 Electronic absorption spectrum of nickel complex of L
1
 



 

Fig. 4.14 Electronic absorption spectrum of nickel complex of L
2 

 

Table 4.9 UV-vis. spectral data of nickel complexes 

Compound λ(ν) 

n- π* transitions 

λ(ν) 

π- π*transitions 

NiCl2 L
1

2.2 H2O 223 nm (44843 cm
-1

) 290 nm (34482 cm
-1

) 

NiCl2 L
2

2 242 nm (41322 cm
-1

) 292 nm (34246 cm
-1

) 

 

4.6 EPR spectral studies of copper complexes 

     EPR spectrum of copper complexes of L
1 

was recorded in RT (300 K) as well as LNT (77 

K) on X-band at 9.1 GHz frequency and the magnetic field of 3400 G in DMSO as solvent 

using DPPH as internal reference. In the complex copper ion has oxidation state II and hence 



has d
1
 electronic configuration. The spectrum at RT shows one intense band at high field 

region. The EPR spectrum of the powder at RT gave a giso= 2.10 (Aiso= 320). The values of a 

giso and Aiso are measured using the relation 

giso= 1/3(A∥+2 A⊥) 

Aiso = (g∥+2 g⊥) 

     At LNT the g∥ and g⊥ (avg) are found to be 2.25 and 2.07 (A⊥=315) respectively.                   

g∥ > g⊥ > 2.0023 indicate that the unpaired electron is in dx
2

-y
2 

of the Cu(II) ion. In 

tetragonally distorted octahedral Cu
2+

 complexes having the dx
2

-y
2
 ground state, the hyperfine 

splitting A∥ increases when g⊥ decreases [122]. It is a characteristic of the axial symmetry 

with possibly a square planar geometry or a distorted octahedral. 

4.7 Antimicrobial studies 

     The antibacterial activity of ligand, L
2
 and its complexes with Ni(II)  and Cu(II) were 

tested  against the one Gram positive bacteria, Bacillus subtilis and against one Gram 

negative bacteria Escherichia coli. The antifungal activity of the ligands and its complexes 

with Ni(II) and Cu(II) were tested against fungus, Candida albicans. The standard used for 

antibacterial study is ampicillin and that for antifungal studies is flucanazole. DMSO was 

used as solvent control. The values of zone inhibition were measured in millimetre. The zone 

of inhibition against standards and test samples are summarized in Table 4.10. The data 

reveal that the complexes have higher antimicrobial activities than the free ligand and it may 

be attributed to its higher stability constant [65]. Among the test complexes copper 

complexes exhibited greater microbial inhibition than the nickel complexes. 

 

 

 

 

 

 



Table 4.10 Inhibitory activity of compounds and test organisms 

Test compound Concentration 

(µg/25 µL) 

Escherichia 

coli 

Bacillus 

subtilis 

L
2

 25 9.50 ±
 
0.50 10.50 ±

 
0.00 

CuCl2L
2

2. 2H
2
O 25 15.50 ±

 
0.00 14.50 ±

 
0.00 

NiCl2L
2

2. 2H
2
O 25 11.50 ±

 
0.00 13.50 ±

 
0.00 

Standard Ampicillin 25 30.00 ±
 
0.00 35.00 ±

 
0.00 

  Candida albicans 

L
2

 25 2.00 ±
 
0.00 

CuCl2L
2

2. 2H
2
O 25 4.00 ±

 
0.00 

NiCl2L
2

2. 2H
2
O 25 3.00 ±

 
0.50 

Standard Flucanoazole 25 7.50 ±
 
0.00 

 



 

 

 

 

 

 

 

Chapter 5 

Summary and Conclusions 

 

 

 

 

 

 

 

 

 

 

 

 



     The present work is focused on the synthesis of two novel ligands, Furan-2-carboxylic 

acid pyridin-4-ylmethyleneamide (L
1
) and Thiophene-2-carboxylic acid 1H-indol-2-

ylmethyleneamide (L
2
). They were characterized by CHNS, FT-IR, 

1
H  NMR and UV-vis. 

spectroscopy. Copper and nickel complexes of these ligands were synthesized and 

characterized by CHNS, FT-IR, EPR, UV-vis. spectroscopy and molar conductance. The 

ligands and complexes were tested for their antimicrobial activity. 

     Molar conductivity measurements of the Cu(II) and Ni(II) complexes revealed their non-

electrolytic nature in acetonitrile and DMF. FT-IR data showed the presence of lattice water 

for the copper complex of L
2
 and for nickel complex of L

1
. Lattice water is absent for copper 

complex of L
1
 and nickel complex of L

2
. FT-IR data confirmed the coordination of ligand to 

the metal ion. 
1
H NMR studies of the ligands correspond to the proposed structure. The 

complexes were not used for the 
1
H NMR studies. UV-vis. spectra of complexes were studied 

for their n-π* and π-π* transitions. EPR spectroscopy for the copper complex suggests a 

distorted octahedral geometry. 

     The antimicrobial study of the ligand L
2
 and its Cu(II) and Ni(II) complexes showed 

microbial inhibition against the selected test microorganisms of bacteria and fungi. Among 

the test compounds copper complexes showed higher antimicrobial activity compared to the 

nickel complexes.  

     There is further scope of extending this work for biological activity of these complexes. 

Complexes of other transition metals with these synthesized ligands may also have 

considerable antimicrobial activity. 
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