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Abstract 

The present work of the thesis sums up the results of the findings on the 

synthesis, structural analyses, and spectral properties of some Schiff 

base complexes. Herein, three new trinuclear metal complexes from 

Schiff base ligand H2L (H2L = 2,2'-((1E,1'E) -(propane-1,3-

diylbis(azaneylylidene))bis(methaneylylidene))diphenol) have been 

synthesized. Among them, one is a zinc Schiff base complex (1), and the 

remaining two are nickel Schiff base complexes (2 and 3) with 5-

substituted-1-H-tetrazole as a bridging ligand. All the complexes are 

characterized through ESI-MS, Elemental analyses and IR spectroscopy. 

Single crystal X-ray diffraction analyses have been done for all the three 

complexes 1, 2 and 3. Structural study reveals that the zinc (II) complex 

(1) is trinuclear and crystallizes in monoclinic system with space group   

P 21/c and both complexes 2 and 3 ( nickel complexes)  are trinuclear 

with triclinic crystal system and space group P- 1. Complex 1 has been 

found to be catalytically active in mimicking the functionalities of the 

metalloenzyme, phenoxazinone synthase (PHS). Interactions of 

complexes 2 and 3 with proteins (BSA and HSA) have been also studied 

to establish their potent role as metal-drug system. 
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Chapter 1 

 

Introduction 

 
1.1  General Introduction: 

 

In 1913, Alfred Werner was given the Nobel prize in chemistry for his 

pioneering work on defining basics of coordination chemistry that 

explains the structure and bonding in coordination complexes [1]. The 

science concerned with the interaction of inorganic or organic ligands 

with metal centers has remained active research areas in Inorganic 

chemistry. A broad variety of stable coordination compounds or 

complexes can be formed by transition elements in which central atom 

is bonded to ligands through coordinate bonds [2]. The exploration for 

new metal coordination compounds is going on, not only for their 

interesting structural aspects but also for their emerging applications in 

the area of dyes, colors, nuclear fuels, photography, toxicology, 

medicine, ceramics, magnetic and catalytic materials [3-6] etc. The 

utilization of coordination compounds by nature and their mechanistic 

analysis has increased their popularity in chemistry as well as biology 

[7]. The central metal ion and the surrounding ligand influence the 

chemistry of transition metal complexes substantially [8]. The 

knowledge of the oxidation state and geometric preference of the 

transition metals in their complexes is essential for knowing the 

coordination chemistry of transition metal complexes. Furthermore, the 

electron donor properties of the ligands and their positions in 

coordination sphere can have a more significant influence on structures 

and functionality of metal coordination compounds [9,10].  

Over the years, a great curiosity in synthesis and formulation of 

transition metal Schiff base complexes has been witnessed [11]. 

Biological activities of the complexes particularly with Schiff base 

ligands are profoundly investigated area due to their easy preparation,  
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versatility, different coordination behaviors and improved activities in 

contrast to non-Schiff base complexes [12-14]. N, O-containing donor 

ligands specifically the salen type “N2O2” donor symmetrical Schiff 

base ligands have drawn attention of the synthetic chemists presumably 

because of their synthetic simplicity and forming metal complexes 

effortlessly with the possibility of lots of applications. Polynuclear metal 

complexes containing such type of salen ligands have potential ability 

in mimicking certain enzymes or proteins which can ultimately act as 

the source of stimulation, storage and carrier of molecular oxygen in 

enzymatic routes e.g. galactose oxidase, cytochrome c oxidase, catechol 

oxidase, phenoxazinone synthase (PHS) [15-19] etc. Metal chelates 

formed from Schiff base ligands show wide variety of application in the 

medicinal field, catalysis reactions, anti-corrosion compounds and 

antibacterial properties [20,21].  

 

Azole based moieties hold great importance due to the presence of 

nitrogen atom in them, which can act as a donor atom having the 

capability to bind with different metal centres. This interesting 

advantage can be efficaciously utilized in the field of catalysis, material 

science, biology [22] etc. Among the heterocyclic ligands; tetrazoles are 

known to gain importance due to their diverse coordinating ability to 

produce mono- as well as polynuclear complexes [23]. Swedish chemist 

Bladin had prepared the first Tetrazole complex in 1885. Tetrazoles are 

synthetic organic heterocyclic compound, comprising of five-membered 

rings of one C-atom and four nitrogen atoms [24]. Medicinal chemistry 

utilizes tetrazole containing motifs in the design of new drugs [25]. 

Tetrazoles possess similar acidity to carboxylic acids as it contains a 

dissociable N-H which is acidic in nature [26]. Henceforth, they can also 

act as a bio isosteres for carboxylate group [27]. Generally, all three 

nitrogen of tetrazoles is capable of acting as a coordinating site to form 

coordination compounds. 
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Figure 1.1: Distinct coordination modes of substituted tetrazole ligand 

 

Scientists have been synthesizing, studying, and applying tetrazole 

compounds in various areas for more than 100 years now [28]. In recent 

years metal complexes of tetrazoles have gained much interest and have 

been explored due to their excellent capability and distinct coordination 

modes (Figure 1.1) to generate diverse coordination compounds with 

widespread applications in presence or absence of other bridging or 

capping ligands. Complexes of tetrazoles are mostly synthesized via 

solvothermal methods [29-31] and also it is known to form insoluble 

metal-organic frameworks with possible applicability in gas storage and 

capture [32,33], anti-corrosion species [34], adsorption [35], magnetic 

materials [36-39], photoluminescence [40,41], catalysis [42,43] etc. 

Over recent years [2 + 3] cycloadditions of metal ligated azides and 

nitriles are also being employed to synthesize metal tetrazole complexes 

[44-46]. The extra stability of the tetrazolato ligands is an added 

advantage for synthesizing such kind of complexes. 
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1.2  Preparation and History of Schiff base and tetrazoles 

 

Schiff base is the compound with the general structure having the 

azomethine group (-HC=N-). Hugo Schiff reported the first Schiff base   

in 1864. Schiff base is the product from a 1° amine (aliphatic or aryl 

amine) and aldehydes or ketones by nucleophilic addition followed by 

removal of water to give an (-HC=N-) imine [47].  

Generally, formation of Schiff bases takes place under basic or acidic 

condition or with heat. 

 

 

 

Scheme 1.1: Reaction scheme of Schiff base ligand preparation 

Synthesis of Schiff base ligand is a reversible reaction, and its 

preparation gets completed by dehydration or formation of the product 

[48]. In this case, the amine is the nucleophile, and nucleophilic attack 

takes place at carbonyl compound to give unstable carbinolamine 

(addition compound). Generally, loss of water takes place from 

carbinolamine via acid or base catalyzed pathways. Being an alcohol 

carbinolamine go through acid catalyzed dehydration. 

 

 

 

Scheme 1.2: Reaction Scheme showing the preparation of Schiff base 

through carbinolamine (unstable compound) 
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Tetrazoles are cyclic five-membered unsaturated aromatic heterocycles. 

Tetrazoles are not freely found in natural surroundings [49]. 

Fascinatingly, among all stable heterocycles tetrazole possess the 

highest number of nitrogen atoms because even at low temperature 

pentazoles are found to be highly explosive in nature [50]. The Swedish 

chemist J. A. Bladin obtained the first tetrazole derivative at the 

University of Upsala in 1885 [51]. It was found that the reaction between 

nitrous acid and dicyanophenylhydrazine gives a compound with the 

molecular formula C8H5N5. Bladin named it “tetrazole” for the aromatic 

structure. Tetrazoles synthesis involves different solvents, but Demko 

and Sharpless have found a greener approach by employing the use of 

zinc salt in water in reflux conditions to furnish tetrazoles, which have 

proved to be quite a popular method [52].  

 

 

 

Scheme 1.3: Schematic representation of Zinc bromide catalyzed the 

formation   of tetrazoles 

G. Vanketesh Verlag et al. reported CdCl2 catalyzed formation of 

tetrazoles [53].  

 

   

Scheme 1.4: Schematic representation of CdCl2 catalyzed formation of    

Tetrazoles 
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Lakshmi Kantam et al. described ZnHAP catalyzed formation of  

tetrazoles from various types of nitriles and sodium azide [54].  

 (HAP= Hydroxyapatite) 

 

 

Scheme 1.5: Schematic representation of ZnHAP catalyzed the 

synthesis of tetrazoles 

David Amantini et al. proposed TBAF catalyzed formation of tetrazoles 

in the cycloaddition of nitriles with TMSN3 under solvent less 

conditions [55]. (TMSN3=Azidotrimethylsilane; TBAF=Tetra-n-

butylammonium fluoride) 

 

 

Scheme 1.6: Schematic representation of TBAF catalyzed cycloaddition 

of benzonitriles with TMSN3 under solvent less conditions 

Julien Bonnamour et al. used cheap and environmentally friendly 

[Fe(OAc)2] as a catalyst to prepare substituted 5-H-tetrazoles in good 

yield [56]. 

 

 

Scheme 1.7: Schematic representation of Fe(OAc)2 catalyzed synthesis    

of tetrazoles 
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1.3 Applications of Transition metal complexes: 
 

1.3.1 Metal complexes as Biomimics: 
 

Enzymatic catalysis has taken a lot of attention in this period as 

molecules which can mimic enzymes catalyze a variety of reactions with 

high selectivity and it can happen even under ordinary conditions [57]. 

Chemists today face challenges in the path to synthesize coordination 

compounds which can act as functional mimics of metalloenzymes. 

Such coordination compounds which have the capability of imitating the 

metalloenzyme can give insights into the mechanistic pathways of 

enzymes [58]. Oxidation reactions are of the utmost value in the 

industries as well as in the research laboratories [59,60]. Polynuclear 

transition metal Schiff base complexes have shown potential ability to 

mimic the enzymes by enticing certain metalloproteins which can 

ultimately act as the source of stimulation and carrier of molecular 

oxygen in enzymatic routes e.g. cytochrome c oxidase, galactose 

oxidase, catechol oxidase, phenoxazinone synthase (PHS) [61,62] etc. 

Phenoxazinone synthase (PHS) is the multicopper oxidase which can 

catalyze the formation of o-quinone imine from o-aminophenol and the 

successive coupling of o-aminophenol and o-quinone imine furnishes 

phenoxazinone [63].  

 

 

 

 

 

 

 

 

 

 

Figure 1.2: Catalytic activity of metalloenzyme phenoxazinone synthase 
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1.3.2 Metal complexes as protein binding agents: 

 

Serum albumins are the richest proteins found in biological systems. 

These proteins can be considered as a unique model for several 

biochemical and physiochemical reports [64]. These proteins have been 

playing a vital role in transporting a variety of exogenous and 

endogenous substances in blood having a restricted number of binding 

sites of very diverse specificity [65,66]. Bovine serum albumin (BSA) 

presents 76% structure homology with human serum albumin due to 

which they have been studied extensively [64,67]. On the other hand, 

HSA contains three domains (I, II and III) that present the protein a heart 

shaped molecule form [68] and BSA comprises of three homologous 

domains (I, II, and III) in which each domain, in turn, is the product of 

two sub-domains. Information regarding the effectiveness of drugs and 

binding characteristics can be detected from the fluorescence quenching 

studies of HSA and BSA-metal complexes. Binding interaction between 

serum albumin and nickel tetrazolato complexes are limited and requires 

more studies for simplification [69].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: 3-D diagram of HSA and BSA  
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1.4  Organization of the thesis: 

 

The aim of this project is to prepare different metal complexes from 

Schiff base ligand and tetrazoles and to find their probable applications 

in biochemistry. 

Chapter 2: This chapter includes past work and project motivation. 

Chapter 3: This chapter contains the materials, instrumentation, and 

experiments for the formation of transition metal complexes of 

tetrazoles and Schiff base ligand. Second part of this chapter includes 

the experimental techniques used to study phenoxazinone synthase like 

activity and BSA interactions. 

Chapter 4: In this chapter, the results obtained have been discussed 

after synthesis and application study of the metal complexes are 

described. 

Chapter 5: This chapter contains the conclusion of the project and also 

look forward to possible future scope and applications. 
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Chapter 2 

 

Review of Past work and Project motivation 
 

N, O-containing donor ligands specifically the salen type “N2O2” donor 

symmetrical dicondensed Schiff base ligands have drawn attention of 

the synthetic chemists presumably because of their synthetic simplicity 

and ability to form metal complexes effortlessly with lots of probable 

applications [70-71]. Tetrazole ligand binds with metal ions very 

strongly. As they possess versatile binding sites, it has proven to be an 

interesting ligand in coordination chemistry [42]. Tetrazolato bridged 

polynuclear complexes containing Schiff base ligands are very rare, and 

their exploration has shown some unusual magnetic and catalytic 

properties [72].  

2.1 Biomimicking metalloenzyme 

Kousik Ghosh et al. recently reported Co(III) complex viz. [Co (L-κ-

N,N,O)(L-κ-N,O)(NCS)]·0.5H2O.[73] The complex exhibited 

phenoxazinone synthase (PHS) and catechol oxidase mimicking 

activity. {HL = 2((2-morpholinoethylimino)methyl)-6-ethoxyphenol}   

Mamoni Garai et al. reported tetranuclear zinc complex that has 

catalyzed the conversion of 2-aminophenol to phenoxazinine under the 

aerobic atmosphere [74].  

 

 

 

 

 

 

 

 

Figure 2.1: Spectra showing APX band at 434nm, recorded after every 11 min 

intervals. 
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Prithwish Mahapatra et al. proposed Cu complex of Schiff base which 

has been utilized to prepare two new complexes, [(CuL)2 

Mn(N3)(H2O)](ClO4)·H2O; [(CuL)2Mn(NCS)2] (where H2L = N-(2-

hydroxyacetophenylidene)-N′-salicylidene-1,3-propanediamine). 

They found them catalytically active in mimicking phenoxazinone 

synthase (PHS) and catechol oxidase. Their complex shows the 

maximum catalytic activity in case of PHS among all of the reported 

complexes till date [75].  

 

2.2  Biological Applications 

 

The binding interaction of transition metal complexes with proteins 

(HSA and BSA) has been exhaustively examined due to their potent role 

as metallodrugs [76]. 

Novina Malviya et al. proposed the preparation of two nickel tetrazolato 

complex [NiL(5-phenyltetrazolato)]; [NiL{5-(4-pyridyl)-tetrazolato}] 

using 1,3-cycloaddition between [NiL(N3)] [where HL = 3-(2-

diethylamino-ethylimino)-1-phenyl-butan-1-one] and different organic 

nitriles. Both the above complexes show very promising interactions 

with HSA and BSA [31].  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2.2: Fluorescence quenching by [NiL(5-phenyltetrazolato)]  

of BSA  
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2.3 Magnetic Properties 
 

Exciting magnetic properties has been shown by the transition metal- 

Schiff base complexes.  

Manideepa Saha et al. proposed the preparation of two trinuclear 

complexes, [Ni3L2(5phenyltetrazolato)4(DMF)2] and [Ni3L2{5-(3-

pyridyl)tetrazolato}4(DMF)2]·2H2O [77].  

(where HL=p-chloro-2-{(2-(dimethylamino)ethylimino)methyl}phenol)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.3: (a) Molecular structure of [Ni3L2(5phenyltetrazolate)4(DMF)2] 

(b) Molecular structure of [Ni3L2{5-(3-pyridyl)tetrazolato}4 (DMF)2] ·2H2O     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.4: Molar susceptibility data were plotted for (a) and (b) 

  

(a) (b) 



13  

2.4  Gas adsorption 

Metal tetrazole complexes exhibits good adsorption properties. Tien-

Wen Tseng et al. has reported three tetrazole coordination compound 

polymers [Mn(TzA)(H2O)2]n; (where H2TzA = 1H-tetrazole-5-acetic 

acid) {[Cd5(MTz)9]·OH}n; [Cd3(MTz)3Cl3] (where MTz = 5-

methyltetrazolate) under hydrothermal conditions. At 77 K 

[Cd3(MTz)3Cl3] has shown significant absorption of hydrogen up to 80 

cm3 g-1 [78].  

 

 

 

 

 

 

 

 

 

 

Figure 2.5: (a) ORTEP diagram of 3 showing three Cadmium centers (b) 

Displaying a 48-membered ring having Cd(II) cluster 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6: Gas adsorption isotherms (for CO2 (green); for H2 (black); for N2 

(red)) 
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Chapter 3 

 

Experimental Section 
 

3.1 Reagents and Chemicals 

 

All the reagents and chemicals consumed were of analytical grade and 

utilized as received. These chemicals include viz. 1,3-propanediamine, 

salicylaldehyde, 4-chlorobenzonitrile, benzonitrile, sodium azide, 

ammonium chloride, triethylamine, and zinc nitrate were bought from 

Merck-India Chemical Company. nickel perchlorate hexahydrate was 

prepared in laboratory. 

Caution! Tetrazolate and azide compounds are known to be potentially explosive.  

Small amount of the compound should be prepared and handled with care. 

3.2 Methods and Instrumentation 

 

Elemental analysis for carbon, hydrogen, nitrogen and sulfur was 

performed on a ThermoFlash 2000 elemental analyzer. IR spectra (4000 

to 400 cm−1) were performed with FT–IR TENSOR 27 BRUKER 

instrument using KBr pellets. Electrospray ionization mass spectrometry 

(ESI-MS) was performed on Bruker-Daltonics, microTOF-Q II mass 

spectrometer. NMR spectra were recorded on ADVANCE III 400 

Ascend Bruker BioSpin machine at ambient temperature 

Spectrophotometric measurements were performed on a UV-Vis/NIR 

spectrophotometer (Model: Perkin-Elmer Lambda 750) and for 

emission, a Fluoromax-4p spectrofluorometer of Horiba JobinYvon 

(Model: FM-100) using a quartz cuvette with 1 cm path length. 

 

3.3 X-ray Crystallography 
 

Colorless cubic-shaped single crystals of complex 1, brown colored 

needle-shaped crystals of complex 2 and brown colored cubic-shaped 

single crystals of complex 3 was used for the X-ray crystallographic 
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analysis. Single crystal X-ray diffraction analysis of 1, 2 and 3 was done 

on CCD Agilent Technologies (Oxford Diffraction) SUPER NOVA 

diffractometer. Crystallographic data for the complexes 1, 2 and 3 were 

collected at 293 K using graphite-monochromated MoKα (λα = 0.71073 

Å) radiation. The CrysAlisPro CCD software was used to evaluate the 

strategy for the data collection. Standard ‘phi-omega’ scan techniques 

was employed to collect the data which was scaled and reduced using 

CrysAlis-ProRED software. SHELXS-97 was used as the direct method 

for solving the obtained structure of complex and it was refined by using 

full matrix least squares with SHELXS-97, refining on F2. Locations of 

all the atoms of the structure were acquired  using direct methods. The 

non-hydrogen atoms were refined anisotropically. The other hydrogen 

atoms were refined with isotropic temperature factors usually 1.2 Ueq 

of their parent atoms and were located in geometrically constrained 

positions [79].  

 

3.4 Synthesis of Schiff base ligand and its metal 

complexes 
 

 

3.4.1 Synthesis of Schiff base ligand (H2L) 

Schiff base ligand was synthesized according to a previously reported 

standard method [80]. A solution of 1,3-propanediamine (0.84 mL, 10 

mmol) in 20 mL of methanol was added slowly to a 15 mL methanolic 

solution of salicylaldehyde (2.12 mL, 20 mmol). Then reaction mixture 

was refluxed for 4 h with stirring at 70 °C. After the evaporation of the 

solvent, the yellow colored crystalline solid product was formed with 

the addition of diethyl ether. The solid product obtained was dried and 

stored in a desiccator over anhydrous CaCl2. Yield: 66.2%. 

 

3.4.2 Synthesis of 5-phenyl-1H-tetrazole ligand 

5-phenyl-1-H-tetrazole was prepared by standard procedure [81] by 

adding benzonitrile (1 mL, 9.70 mmol), sodium azide (0.94 g, 14.55 

mmol) and NH4Cl (0.51 g, 14.55 mmol) in 10 mL of DMF solvent and 
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refluxing it for 24 h at 130°C. The product was extracted with water after 

cooling to room temperature. Aqueous layer was acidified by adding 

36% HCl dropwise to salt out the product. Yield: 72%. 

 

3.4.3 Synthesis of 5-(4-chlorophenyl)-1-H-tetrazole ligand 

5-(4-chlorophenyl)-1-H-tetrazole was prepared by standard procedure 

[81] by adding 4-chlorobenzonitrile (1.76 g, 9.70 mmol), sodium azide 

(0.94 g, 14.55 mmol) and NH4Cl (0.51 g, 14.55 mmol) in 10 mL of DMF 

solvent and refluxing it for 24 h at 130 °C. The product was extracted 

with water after cooling to room temperature. Aqueous layer was 

acidified by adding 36% HCl dropwise to salt out the product. Yield: 

76%. 

 

3.4.4 Synthesis of [Zn3(L)2(NO3)2] 

Solution of H2L (0.28 g, 1 mmol), triethylamine (550 μL, 4 mmol) and 

zinc nitrate (0.28 g, 1.5 mmol) in 12 mL of methanol was packed in 

Teflon-lined stainless-steel vessel (25 mL) and it was kept in autoclave 

with temperature set at 110 oC for 72 h. After that it was allowed to cool 

at a rate of 5°C/ h-1 to room temperature. Colorless cubic-shaped single 

crystals of complex 1 appropriate for X-ray diffraction were isolated and 

was washed with ethanol-water for further analysis. Yield: 84% (based 

on metal salt). Anal. Calculated (%): C34H32N6O10Zn3 C, 46.36; H, 3.66; 

N, 9.54. Found (%): C, 46.40; H, 3.64; N, 9.60. 

 

3.4.5 Synthesis of [Ni3(L)2{5-(4-chlorophenyl)-tetrazolato}2 (DMF)2] 

Solution of H2L (0.2 g, 0.708 mmol), triethylamine (1 mL), nickel 

perchlorate (0.27 g, 1.06 mmol), 5-(4-chlorophenyl)-1-H-tetrazole (0.13 

g, 0.71 mmol) in  methanol-DMF  (1:1) mixture (12 mL)  was packed in  

Teflon-lined stainless steel vessel (25 mL) and  it was kept in autoclave 

with temperature set at 110 oC for 72 h. Later it was allowed to cool at a 

rate of 5°C/ h-1 to room temperature. Brown colored needle-shaped 

crystals of 2 appropriate for X-ray diffraction were isolated and was 
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washed with diethyl ether for further analysis. Yield: 15.1% (based on 

metal salt). Anal. Calculated (%): C54H54Cl2N14Ni3O6 C, 52.22; H, 4.38; 

N, 15.79. Found (%): C, 52.11; H, 4.39; N, 15.85.  

 

3.4.6 Synthesis of [Ni3(L)2{5-phenyltetrazolato}2(DMF)2] 

Solution of H2L (0.2 g, 0.708 mmol), triethylamine (1 mL), nickel 

perchlorate (0.27 g, 1.06 mmol), 5-phenyl-1-H-tetrazole (0.1 g, 0.71 

mmol) in methanol-DMF  (1:1) mixture (12 mL)  was packed in  Teflon-

lined stainless steel vessel (25 mL) and it was kept in autoclave with 

temperature set at 110 oC for 72 h. Later it was allowed to cool at a rate 

of 5°C/ h-1 to room temperature. Brown colored cubical-shaped single 

crystals of 2 appropriate for X-ray diffraction were isolated and was 

washed with diethyl ether for further analysis. Yield: 17.6% (based on 

metal salt). Anal. Calculated (%):C54H56N14Ni3O6 C, 55.28; H, 4.81; N, 

16.71. Found (%):C, 55.28; H, 4.89; N, 16.45. 

 

3.5 BSA Binding study 

 

The ability of nickel complexes (2,3) to bind with BSA protein was 

carried out by means of fluorescence spectroscopy by taking excitation 

at 295 nm and monitoring the emission at 340 nm using a Fluoromax 

spectrofluorometer with a cuvette of path length 1 cm. Buffered BSA 

protein stock solution in Tris-HCl (pH 7.4) was used. Solutions of 

complexes 2 and 3 (1mM) were made individually in Tris-HCl buffer 

and 5% DMSO. Fluorescence intensity of 2 mL stock solution of BSA 

was recorded as blank. Afterwards, titrations were done by successive 

additions of 5 µL of the particular stock solution of complexes (up to 50 

μL). Further the Fluorescence data was examined using the Stern–

Volmer equation and Scathard equation [31].  

 

3.6  HSA binding study 

 

The ability of nickel complexes (2,3) to bind with HSA was carried by 



18  

means of fluorescence spectroscopy by taking excitation at 295 nm and 

monitoring the emission at 340 nm using a Fluoromax 

spectrofluorometer with a cuvette of path length 1 cm. Buffered HSA 

protein stock solution in Tris-HCl (pH 7.4) was used. Solutions of 

complexes 2 and 3 (1mM) were made individually in Tris-HCl buffer 

and 5% DMSO. Fluorescence intensity of 2 mL stock solution of HSA 

was recorded as blank. Afterwards, titrations were done by successive 

additions of 5 µL of the particular stock solution of complexes (up to 50 

μL). Further the Fluorescence data was examined using the Stern–

Volmer equation and Scathard equation [31].  

 

3.7  Catalytic oxidation of 2-AP to 2-aminophenoxazinone 

 

To analyze the phenoxazinone synthase like mimicking activity (PHS), 

the reaction between 2-AP and molecular oxygen in the presence of 

trinuclear complex 1 was carried out. The ethanolic solution of 10-4 M 

of 1 was prepared and added to the 100 equivalents of ethanolic solution 

of 2-AP (10-2 M) at room temperature under aerobic atmosphere. 

Further, the absorbance was observed in the wavelength range of 300-

800 nm at a fixed time interval of 10 minutes up to 90 minutes to observe 

the formation of the phenoxazinone band from 2-aminophenol oxidation 

[74]. Also, kinetic experiments were carried out during the course of 

catalysis using the trinuclear complex with 2-aminophenol in ethanol at 

298 K in aerobic condition. The formation of 2-aminophenoxazinone 

from 2-aminophenol was observed using scan time at a fixed wavelength 

of 421 nm [82].  

 

3.8  Detection of hydrogen peroxide during the oxidation 

reaction 

 

Detection of H2O2 that is liberated during the course of catalytic 

oxidation can be found out by utilizing the modified iodometric method. 

For this purpose, the reaction mixtures were prepared as before. Quinone 
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imine is formed during the reaction which was extracted by adding equal 

volume of water by dichloromethane after 50 minutes of the reaction. 

Acidification of the aqueous layer was done by the dropwise addition of 

dilute H2SO4 and to stop the reaction and KI (1 mL, 10%) and 

ammonium molybdate (3 drops, 3%) were also added. The presence of 

H2O2 oxidized the I- to iodine and iodide ions formed in excess results 

in the formation of triiodide ion. 

 

H2O2 + 2I− + 2H+ → 2H2O + I2 

I2 (aqueous) + I− → I3
− 

 

Reaction rate increased on consequent additions of the dilute sulfuric 

acid and condensation of the reaction was achieved immediately by 

adding ammonium molybdate. The convenient monitoring of triiodide 

ion was accomplished by observing the I3
− band at λmax =353 nm using 

UV-Vis spectroscopy [83]. 
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Chapter 4 
 

Results and Discussion 
 

4.1 Syntheses and Characterization 

 

N2O2 symmetrical Schiff base ligand (H2L) was synthesized according 

to the previously reported standard procedure [80] by mixing 

propanediamine (0.84 mL, 10 mmol) and 20 mmol of salicylaldehyde in 

30 mL of methanol. 

5-phenyl-1-H-tetrazole was synthesized according to the previously 

reported standard method [81] by refluxing the mixture of 9.70 mmol of 

benzonitrile, 14.55 mmol of sodium azide and 14.55 mmol of 

ammonium chloride in 10 mL of DMF. 5-(4-chlorophenyl)-1-H-

tetrazole was prepared by refluxing the mixture of 9.70 mmol of 4-

chlorobenzonitrile, 14.55 mmol of sodium azide and 14.55 mmol of 

ammonium chloride in 10 mL of DMF. 

Trinuclear Zn(II) Schiff base complex was prepared by mixing of 

methanolic solution of zinc(II) nitrate to the methanolic solution of 

tetradentate N2O2 salen type symmetrical Schiff base in 3:2 mole ratio 

under the solvothermal condition of temperature 110 oC. The colorless 

crystals were obtained and structure elucidation of 1 was done through 

various analytical techniques including X-ray Diffraction analysis. 

Upon reaction of ligand H2L with Nickel perchlorate (2:3) in methanol-

DMF mixture in the presence of triethylamine and 2 molar ratios of 5-

(4-chlorophenyl)-1-H-tetrazole under solvothermal conditions, brown 

colored needle-like crystals were obtained. The structure elucidation of 

2 was done through various analytical techniques, including X-ray 

Diffraction analysis. 

Complex 3 was synthesized following the similar experimental 

procedures as done for 2. The structure elucidation of 3 was done 

through various analytical techniques, including X-ray Diffraction 

analysis. 
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ESI-MS spectrometry and 1H and 13C NMR spectroscopy have been 

performed to characterize ligands H2L, 5-Phenyl-1-H-tetrazole and 5-

(4-chlorophenyl)-1-H-tetrazole.   

ESI-MS spectroscopy, elemental analyses, IR have been utilized to 

characterize all the complexes. Good quality crystals were obtained for 

1 ,2 and 3 to characterize crystalographically. 
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Synthesis of Schiff Base ligand H2L 

 

 

 
 

 

 

Scheme 4.1: Reaction Scheme for the synthesis of  

Schiff base ligand H2L. 

 

 

 

Synthesis of 5-substituted-1-H-tetrazole ligand 
 
 

 

 

 

 

 
 

 

 

 

Scheme 4.2: Reaction Scheme for the synthesis of  

5-substituted-1-H- tetrazole ligand 
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Synthesis of trinuclear zinc (II) complex from Schiff base ligand 

H2L 

 
Scheme 4.3: Scheme for the synthesis of [Zn3(L)2(NO3)2] 

Synthesis of trinuclear Nickel complexes from Schiff base ligand 

H2L and 5-substituted-1-H-tetrazole ligand as a bridging ligand 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4.4: Schematic route for the synthesis of nickel complexes 

from H2L and 5-substituted-1-H-tetrazole ligand 
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4.1.1 NMR Spectra 

 

The NMR data was found to be in good agreement for proposed 

structure of the ligands H2L and 5-substituted-1-H- tetrazoles. (Figure 

4.1-4.4) 

For  H2L chemical shift value: 1H NMR (400 MHz, CDCl3): δ 13.43 (2 

H, s, OH), 8.36 (2 H, s, -CH(7)), 7.3 (2 H, t, J = 8 Hz, Ar-H(3)), 7.24 (2 

H, d, J = 8 Hz, Ar-H(1)), 6.96 (2 H, d,  J = 8 Hz, Ar-H(2)), 6.87 (2 H, t, J 

= 6 Hz, Ar-H(4)), 3.70 (4 H, t, J = 6 Hz , -NCH2
(6)), 2.11 (2 H, p, J = 6 

Hz, -CH2-
(5)) ppm (Figure 4.4) 

In 13C NMR data of ligand H2L, 8 peaks were observed. All the 

aromatic carbons were observed in between δ = 117.02 to 132.32 ppm 

and phenolic carbon (attached to –OH group) was observed at δ = 165.50 

ppm. 

In 1H NMR spectra of 5-phenyl-1-H-tetrazole, all the five aromatic 

protons appear in between δ = 7.60 to 8.04 ppm.  1H NMR spectra of 5-

(4-chlorophenyl)-1-H-tetrazole has all the four aromatic protons lie in 

between range of δ = 7.69 to 8.05 ppm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: 1H NMR data of 5-phenyl-1-H-tetrazole ligand 
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Figure 4.2: 1H NMR data of 5-(4-chlorophenyl)-1-H-tetrazole ligand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 4.3: 1H NMR data of Schiff base ligand H2L
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Figure 4.4: 13C NMR data of Schiff base ligand H2L 

 

4.1.2 Mass Spectra 

 

The ESI-MS of Schiff base ligand (H2L), 5-substituted-1-H- tetrazole 

and their complexes provide reliable confirmation for the preparation of 

the proposed compounds. HRMS of Schiff base ligand H2L shows 

[M+H]+  at  m/z  value at 283.14 and for 5-phenyl-1-H-tetrazole and 5-

(4-chlorophenyl)-1-H-tetrazole ligand shows [M-H]- (molecular ion 

peak)  m/z  value at 145.07 and 179.03. However, the ESI-MS of the 

zinc complex 1 shows [M+H]+ molecular ion peak at 881.1. 

 

 

 
 

 

 

 

 

 

 

 

Figure 4.5: HRMS of Schiff base ligand H2L 
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Figure 4.6: HRMS of 5-phenyl-1-H-tetrazole 
 

  

  

 
 

 

 

 

 

 

 

 

 

 

Figure 4.7: HRMS of 5-(4-chlorophenyl)-1-H-tetrazole. 

  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 4.8: ESI-MS of [Zn3(L)2(NO3)2] 
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4.1.3 FT-IR spectra: 

  
The IR data of the trinuclear zn(II) complex has a band around 1622 

cm−1 which corresponds to ῡ(-C=N-) imine stretching mode (Figure 4.9). 

The IR data of the other three nickel tetrazolato complexes (2, 3) have a 

prominent band around 1565-1600, which corresponds to N-H bending 

mode of tetrazole moiety (Figure 4.10-4.11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9: IR spectrum of 1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10: IR spectrum of 2 
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Figure 4.11: IR spectrum of 3 

 

 

4.1.4 X- Ray Crystallography 

 

Crystal structure description of [Zn3(L)2(NO3)2] 

X-ray crystallography has been used to characterize the structure of   

Zn(II) complex. Figure 4.12 represents the molecular diagram of the 

complex.  X-ray diffraction analysis shows that the complex has 3:2 

metal to ligand stoichiometry. The space group has been found to be 

P21/c and it crystallizes in the monoclinic system. The complex structure 

contains dinitro bridged trinuclear Zn(II) centres. The terminal Zn(II) 

ions are penta-coordinated while central Zn(II) ion has an octahedral 

geometry. The value of τ=0.3 suggests that the terminal Zn(II) centre of 

1 is best described with a square pyramidal geometry. The selected 

angles between metal and coordination atoms and bond lengths were 

found to be quite similar as compared to earlier reports [84]. The 

crystallographic refinement parameters, bond lengths and bond angles 

are presented in Table 4.1-4.3. 
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Figure 4.12: Crystal diagram of [Zn3(L)2(NO3)2] showing the atom 

numbering scheme. 

 

Table 4.1: Crystallographic refinement parameters for 1 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Empirical Formula C17 H16 N3 O5 Zn1.50 

Formula weight 440.38 

Crystal system Monoclinic 

Space group P 21/c 

a (Å) 9.2045(3) 

b (Å) 11.6590(5) 

c (Å) 16.6086(5) 

α (°) 90 

β (°) 99.900(3) 

𝛾(°) 90 

Volume, V (Å3) 1755.82(11)  

Wavelength, λ (Å) 0.71073 

ρcalcd (mg m-3) 1.666 

Z 4 

T (K) 293(2) 

Absorption coefficient, μ (mm-1) 2.100 

F (0 0 0) 896 

Crystal size (mm3) 0.220 x 0.180 x 0.140 
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Table 4.2: Selected bond lengths (Å) for 1 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

θ ranges (°) 2.947 to 29.129 

Limiting indices, h/k/l -11<=h<=12, -

15<=k<=15, -22<=l<=21 

Reflections collected / unique 23601 / 4373 [R(int) = 

0.0996] 

Max. and min. transmission 1.00000 and 0.81678 

Data/restraints/parameters 4373 / 1 / 237 

Goodness-of-fit (GOF) on F2 1.026 

Final R indices [I > 2σ(I)] R1 = 0.0626, wR2 = 

0.1347 

R indices (all data) R1 = 0.1326, wR2 = 

0.1706 

Largest peak and hole (e Å-3) 0.801 and -0.619 

Completeness to theta = 25.242 99.9 % 

            Zn(1)-O(3)                    2.008(5) 

            Zn(1)-O(2)                     2.019(4) 

            Zn(1)-N(1)                     2.047(5) 

            Zn(1)-N(2)                     2.051(5) 

            Zn(1)-O(1)                     2.054(4) 

            Zn(1)-Zn(2)                    3.0245(6) 

            Zn(2)-O(1)#1                   2.080(3) 

            Zn(2)-O(1)                     2.080(3) 

            Zn(2)-O(2)#1                   2.106(3) 

            Zn(2)-O(2)                     2.106(3) 

            Zn(2)-O(4)                     2.140(4) 

            Zn(2)-O(4)#1                   2.141(4) 

            Zn(2)-Zn(1)#1 3.0245(6) 
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Table 4.3: Selected bond angles (˚) for 1 
 

  

O(3)-Zn(1)-O(2) 105.71(17) O(1)-Zn(1)-Zn(2) 43.32(9) 

O(3)-Zn(1)-N(1) 108.12(19) O(1)#1-Zn(2)-O(1) 180.0 

O(2)-Zn(1)-N(1) 145.70(19) O(1)#1-Zn(2)-O(2)#1 77.85(13) 

O(3)-Zn(1)-N(2) 94.92(19) O(1)-Zn(2)-O(2)#1 102.15(13) 

O(2)-Zn(1)-N(2) 88.43(18) O(1)#1-Zn(2)-O(2) 102.15(13) 

N(1)-Zn(1)-N(2) 94.1(2) O(1)-Zn(2)-O(2) 77.85(13) 

O(3)-Zn(1)-O(1) 97.93(16) O(2)#1-Zn(2)-O(2) 180.00(18) 

O(2)-Zn(1)-O(1) 80.45(14) O(1)#1-Zn(2)-O(4) 91.41(15) 

N(1)-Zn(1)-O(1) 89.46(18) O(1)-Zn(2)-O(4) 88.59(15) 

N(2)-Zn(1)-O(1) 164.88(18) O(2)#1-Zn(2)-O(4) 89.58(15) 

O(3)-Zn(1)-Zn(2) 86.99(13) O(2)-Zn(2)-O(4) 90.42(15) 

O(2)-Zn(1)-Zn(2) 43.97(9) O(1)#1-Zn(2)-O(4)#1 88.59(15) 

N(1)-Zn(1)-Zn(2) 132.56(16) O(1)-Zn(2)-O(4)#1 91.41(15) 

N(2)-Zn(1)-Zn(2) 130.08(15) O(2)#1-Zn(2)-O(4)#1 90.42(15) 

O(2)-Zn(2)-O(4)#1 89.58(15) Zn(1)#1-Zn(2)-Zn(1) 180.0 

O(4)-Zn(2)-O(4)#1 180.0 C(1)-O(1)-Zn(1) 128.2(3) 

O(1)#1-Zn(2)-Zn(1)#1 42.63(10) C(1)-O(1)-Zn(2) 131.7(4) 

O(1)-Zn(2)-Zn(1)#1 137.37(10) Zn(1)-O(1)-Zn(2) 94.05(14) 

O(2)#1-Zn(2)-Zn(1)#1 41.73(9) C(17)-O(2)-Zn(1) 129.4(3) 

O(2)-Zn(2)-Zn(1)#1 138.27(10) C(17)-O(2)-Zn(2) 136.3(3) 

O(4)-Zn(2)-Zn(1)#1 108.34(11) Zn(1)-O(2)-Zn(2) 94.30(14) 

O(4)#1-Zn(2)-Zn(1)#1 71.66(11) N(3)-O(3)-Zn(1) 119.8(5) 

O(1)#1-Zn(2)-Zn(1) 137.37(10) N(3)-O(4)-Zn(2) 134.2(5) 

O(1)-Zn(2)-Zn(1) 42.63(10) C(7)-N(1)-Zn(1) 122.9(4) 

O(2)#1-Zn(2)-Zn(1) 138.27(9) C(8)-N(1)-Zn(1) 118.9(5) 

O(2)-Zn(2)-Zn(1) 41.73(10) C(11)-N(2)-Zn(1) 126.6(4) 

O(4)-Zn(2)-Zn(1) 71.66(11) C(10)-N(2)-Zn(1) 115.0(4) 

O(4)#1-Zn(2)-Zn(1) 108.34(11) C(7)-N(1)-C(8) 118.2(5) 
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Crystal structure description of [Ni3(L)2{5-(4-chlorophenyl)-

tetrazolato}2(DMF)2] 

Complex 2 is trinuclear with the triclinic crystal system and space group 

P-1.  Figure 4.13 represents molecular structure of the complex. The 

molecular unit comprises of three Ni(II) ions with bridging 4-

chlorophenyl tetrazolato ligands, symmetrical tetradentate Schiff base 

ligands. Each metal center is octahedrally coordinated. All are 

coordinated to the metal center through oxygen atom and nitrogen atom 

resulting in the expected octahedral geometry. The selected angles 

between metal and coordination atoms and bond lengths are found to be 

quite similar as reported previously [77]. The crystal refinement details, 

bond lengths and bond angles are presented in Table 4.4-4.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.13: Crystal structure of [Ni3(L)2{5-(4-chlorophenyl)-

tetrazolato}2(DMF)2] showing the atom numbering. Hydrogen atoms are not 

shown for clarity. 
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Table 4.4: Crystallographic refinement details for 2 

Empirical Formula C54 H54 Cl2 N14 Ni3 O6 

Formula weight 1244.15 

Crystal system Triclinic 

Space group P -1 

a (Å) 11.6693(10) 

b (Å) 12.8746(9) 

c (Å) 20.1742(15) 

α (°) 74.488(2) 

β (°) 86.101(3) 

𝛾(°) 86.636(3) 

Volume, V (Å3) 2911.2(4) 

Wavelength, λ (Å) 0.71073 

ρcalcd (mg m-3) 1.419 

Z 2 

T (K) 273 

Absorption coefficient, μ (mm-1) 1.112 

F (0 0 0) 1288.0 

θ max (°) 26.022 

Limiting indices, h/k/l 14,15,24 

Reflections, R 0.0543 (8577) 

Packing coefficient 0.630297 

Data completeness 0.992 

 

Table 4.5: Selected bond lengths (Å) for 2 

 

Ni(1)-Ni(2) 3.0448 Ni(2)-O(3) 2.145(4) 

Ni(1)-O(2) 2.064 Ni(2)-N(1) 2.112(4) 

Ni(1)-O(1) 2.093 Ni(2)-O(1) 2.013(3) 

Ni(1)-N(3) 2.088 Ni(2)-N(5) 2.014(4) 

Ni(2)-O(2) 2.011(2) Ni(2)-N(6) 2.016(3) 
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Table 4.6: Selected bond angles (˚) for 2 
 

Ni(2)-Ni(1)-O(2) 40.99 O(1)-Ni(1)-N(3) 95.4 

Ni(2)-N(1)-O(1) 41.13 N(3)-Ni(1)-N(3) 180.0 

Ni(2)-Ni(1)-N(3) 65.5 Ni(1)-Ni(2)-O(2) 42.32 

Ni(2)-Ni(1)-Ni(2) 180.0 Ni(1)-Ni(2)-O(3) 110.2 

Ni(2)-Ni(1)-O(2) 139.01 Ni(1)-Ni(2)-N(1) 65.9 

Ni(2)-Ni(1)-O(1) 138.87 N(1)-Ni(2)-O(1) 85.0(1) 

Ni(2)-N(1)-N(3) 114.5 N(1)-Ni(2)-N(5) 92.0(2) 

O(2)-Ni(1)-O(1) 76.1 N(1)-Ni(2)-N(6) 98.9(1) 

O(2)-Ni(1)-N(3) 83.2 O(1)-Ni(2)-N(5) 169.7(1) 

O(2)-Ni(1)-O(2) 180.0 O(1)-Ni(2)-N(6) 91.6(1) 

O(2)-Ni(1)-O(1) 103.9 N(5)-Ni(2)-N(6) 98.6(2) 

O(2)-Ni(1)-N(3) 96.8 Ni(1)-O(2)-Ni(2) 96.7 

O(1)-Ni(1)-N(3) 84.6 Ni(1)-O(2)-C(8) 137.4 

O(1)-Ni(1)-O(1) 180.0 Ni(2)-O(2)-C(8) 125.8(2) 

Ni(1)-Ni(2)-O(1) 43.16 Ni(2)-O(3)-C(25) 121.3(4) 

Ni(1)-Ni(2)-N(5) 126.8 Ni(2)-N(1)-N(2) 134.7(3) 

Ni(1)-Ni(2)-N(6) 131.0 Ni(2)-N(1)-N(3) 112.8(3) 

O(2)-Ni(2)-O(3) 90.3(1) Ni(1)-O(1)-Ni(2) 95.7 

O(2)-Ni(2)-N(1) 85.3(1) Ni(1)-O(1)-C(24) 137.6 

O(2)-Ni(2)-O(1) 79.1(1) Ni(2)-O(1)-C(24) 126.7(3) 

O(2)-Ni(2)-N(5) 90.9(1) Ni(2)-N(5)-C(14) 123.4(4) 

O(2)-Ni(2)-N(6) 169.4(1) Ni(2)-N(5)-C(15) 119.8(4) 

O(3)-Ni(2)-N(1) 175.5(1) Ni(2)-N(6)-C(18) 121.7(3) 

O(3)-Ni(2)-O(1) 93.6(1) Ni(2)-N(6)-C(17) 119.9(3) 

O(3)-Ni(2)-N(5) 88.6(2) Ni(1)-N(3)-N(1) 115.7 

O(3)-Ni(2)-N(6) 85.4(1) Ni(1)-N(3)-N(4) 132.9 
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Crystal structure description of                                           

[Ni3(L)2{5-phenyltetrazolato}2(DMF)2] 

Complex 3 has been found to be trinuclear in nature with the triclinic 

crystal system and space group P-1. Figure 4.14 represents molecular 

structure of the complex. The molecular unit comprises of three Ni(II) 

ions with bridging phenyl tetrazolato ligands, symmetrical tetradentate 

Schiff base ligands. Each metal center is hexa-coordinated. All are 

coordinated to the metal center through oxygen atom and nitrogen-atom 

resulting in distorted octahedral geometry. The selected angles between 

metal and coordination atoms and bond lengths are found to be quite 

similar as reported previously [77]. Crystal refinement details, bond 

lengths and bond angles are presented in Table 4.7-4.9. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.14: Crystal structure of [Ni3(L)2{5-phenyltetrazolato}2(DMF)2] 

showing the atom numbering. Hydrogen atoms are not shown for clarity. 
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Table 4.7: Crystallographic refinement details for 3 

 

Empirical Formula C54 H56 N14 Ni3 O6 

Formula weight 1173.20 

Crystal system Triclinic 

Space group P -1 

a (Å) 10.5170(3) 

b (Å) 14.5886(5) 

c (Å) 18.4385(6) 

α (°) 85.596(1) 

β (°) 76.811(1) 

𝛾(°) 84.911(1) 

Volume, V (Å3) 2738.84 

Wavelength, λ (Å) 0.71073 

ρcalcd (mg m-3) 1.423 

Z 2 

T (K) 283-303 

Absorption coefficient, μ (mm-1) 1.083 

F (0 0 0) 1220.0 

θ max (°) 26.022 

Limiting indices, h/k/l 14,15,24 

Packing coefficient 0.642221 

 

 

 

Table 4.8: Selected bond lengths (Å) for 3 

 
Ni(2)-Ni(1) 3.0333(6) Ni(2)-N(9) 2.003(3) 

Ni(2)-O(5) 2.162(3) Ni(2)-N(2) 2.101(3) 

Ni(1)-O(1) 2.073(2) Ni(1)-Ni(3) 3.0260(6) 

Ni(2)-O(1) 2.018(2) Ni(1)-O(2) 2.073(2) 

Ni(2)-O(2) 2.017(2) Ni(2)-N(10) 2.017(3) 

Ni(1)-O(3) 2.053(2) Ni(1)-N(5) 2.088(3) 

Ni(1)-O(4) 2.091(2) Ni(1)-N(1) 2.088(3) 

Ni(3)-O(6) 2.159(3) Ni(3)-N(6) 2.081(3) 

Ni(3)-O(3) 2.017(2) Ni(3)-N(12) 2.009(3) 

Ni(3)-O(4) 2.016(2) Ni(3)-N(11) 2.014(3) 
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Table 4.9: Selected bond angles (˚) for 3 
 

Ni(1)-Ni(2)-O(5) 108.89(7) Ni(2)-Ni(1)-N(5) 114.29(8) 

Ni(1)-Ni(2)-O(2) 42.86(6) Ni(2)-Ni(1)-N(1) 65.55(8) 

Ni(1)-Ni(2)-O(1) 42.84(6) Ni(3)-Ni(1)-O(2) 139.17(6) 

Ni(1)-Ni(2)-N(10) 129.30(9) Ni(3)-Ni(1)-O(1) 137.43(6) 

Ni(1)-Ni(2)-N(9) 129.60(9) Ni(3)-Ni(1)-O(3) 41.52(6) 

Ni(1)-Ni(2)-N(2) 65.98(8) Ni(3)-Ni(1)-O(4) 41.58(6) 

O(5)-Ni(2)-O(2) 93.5(1) Ni(3)-Ni(1)-N(5) 64.96(8) 

O(5)-Ni(2)-O(1) 90.0(1) Ni(3)-Ni(1)-N(1) 115.23(8) 

O(5)-Ni(2)-N(10) 84.8(1) O(2)-Ni(1)-O(1) 77.64(9) 

O(5)-Ni(2)-N(9) 88.7(1) O(2)-Ni(1)-O(3) 178.17(9) 

O(5)-Ni(2)-N(2) 174.4(1) O(2)-Ni(1)-O(4) 104.03(9) 

O(2)-Ni(2)-O(1) 80.19(9) O(2)-Ni(1)-N(5) 95.4(1) 

O(2)-Ni(2)-N(10) 170.7(1) O(2)-Ni(1)-N(1) 83.3(1) 

O(2)-Ni(2)-N(9) 90.9(1) O(1)-Ni(1)-O(3) 101.02(9) 

O(2)-Ni(2)-N(2) 84.0(1) O(1)-Ni(1)-O(4) 177.97(9) 

O(1)-Ni(2)-N(10) 90.7(1) O(1)-Ni(1)-N(5) 97.8(1) 

O(1)-Ni(2)-N(9) 170.9(1) O(1)-Ni(1)-N(1) 83.3(1) 

O(1)-Ni(2)-N(2) 84.6(1) O(3)-Ni(1)-O(4) 77.34(9) 

N(10)-Ni(2)-N(9) 98.2(1) O(3)-Ni(1)-N(5) 83.5(1) 

N(10)-Ni(2)-N(2) 96.8(1) O(3)-Ni(1)-N(1) 97.8(1) 

N(9)-Ni(2)-N(2) 96.4(1) O(4)-Ni(1)-N(1) 95.7(1) 

Ni(3)-Ni(2)-Ni(3) 178.80(2) N(5)-Ni(1)-N(1) 178.1(1) 

Ni(2)-Ni(1)-O(2) 41.43(6) Ni(1)-Ni(3)-O(6) 109.90(8) 

Ni(2)-Ni(1)-O(1) 41.46(6) Ni(1)-Ni(3)-O(3) 42.43(6) 

Ni(2)-Ni(1)-O(3) 137.84(6) Ni(1)-Ni(3)-N(6) 66.49(8) 

Ni(2)-Ni(1)-O(4) 139.55(7) Ni(1)-Ni(3)-N(12) 128.42(9) 

Ni(1)-Ni(2)-O(5) 108.89(7) Ni(2)-Ni(1)-N(5) 114.29(8) 

Ni(1)-Ni(2)-O(2) 42.86(6) Ni(2)-Ni(1)-N(1) 65.55(8) 

O(6)-Ni(3)-N(6) 175.8(1) O(6)-Ni(3)-N(11) 88.9(1) 

O(6)-Ni(3)-N(12) 85.2(1) O(6)-Ni(3)-O(4) 93.0(1) 

O(12)-Ni(3)-N(4) 170.3(1) O(3)-Ni(3)-N(11) 170.9(1) 
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4.2  Phenoxazinone synthase mimicking activity of the 

trinuclear Zn(II) complex  

 

Taking 2-AP as the standard substrate for the oxidation using the 

trinuclear Zn(II) complex under aerobic conditions and at 298 K in 

ethanol as solvent, spectro photochemical studies were performed. In the 

experiment, ethanolic solution of Zn(II) complex (10-4 M) was added to 

the ethanolic solution of 2-aminophenol (10-2 M). UV-Vis 

spectrophotometer was utilized for the purpose of recording 

spectrophotometric scans for a duration of 90 mins at a time interval of 

60 seconds. Literature reveals that 2-aminophenol shows a single peak 

at 267 nm [85]. Disappearance of this characteristic peak has been 

observed with time, with the formation of a new band at 421 nm during 

the course of oxidation reaction. This new band indicates the formation 

of an oxidized species in the solution [83,85]. Blank experiments were 

also done in the absence of the catalyst. Yield of phenoxazinone was 

very less due to autooxidation; thus, it was neglected in this case. The 

catalytic ability of Zn(II) compound has been further investigated using 

the kinetic studies. The rise in the absorbance peak corresponding to the 

phenoxazine-3-one at 421 nm was examined as a function of time at 298 

K. Further, Michaelis-Menten approach was used to analyze the 

kinetics. Vmax value has been divided with the concentration of complex 

1 to obtain the value of the turnover number (Kcat or TON).  As 

summarized in Table 4.10 the values are, Vmax (Ms-1) = 1.22 × 10-4; Km 

(M)= 0.00104 (Figure 4.16) and TON or Kcat(h
-1) = 4.40 ×103. The value 

of TON of 1 is found to be higher than the previously reported 

tetranuclear zinc complex [74] and other metal complexes mimicking 

phenoxazinone synthase [86-88]. Catalytic efficiency (Kcat/Km) of the 

complex was found quite high which is equal to 4.24 × 106 and 

suggestive of a very good catalytic efficacy for mimicking oxidation. 
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Figure 4.15: Spectra showing the growth of phenoxazinone species at 

421 nm  

 

 

 

 

 

 

 

 

    

 

 

 

 

Figure 4.16: Michaelis-Menten kinetics plot between the rate of oxidation of 

2-AP vs. concentration of 2-AP substrate in EtOH medium 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.17: Plot between 1/r vs. 1/S (Lineweaver- Burk plot) 
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Table 4.10: Summary of kinetic parameters of phenoxazinone 

synthase (PHS) mimicking the activity of catalyst 1 

 

 

 

Mechanistic insight for catalytic oxidation of 2-AP 

It is very unusual that similar functional activities of Cu(II) based 

metalloenzyme (PHS) is exhibited by Zn(II) Schiff base complex .To 

get a mechanistic insight of phenoxazinone synthase like activity shown 

by trinuclear Zn(II) complex, ESI-mass spectrometry has been 

performed in order to investigate the probable catalyst-substrate 

intermediate formation during catalytic oxidation.  Positive mode ESI-

MS spectrum (Figure 4.18) has been performed for ethanolic solution of 

1 and 2-aminophenol (1:100) and was taken after every 10 min time 

intervals. Extensive fragmentation was observed in the obtained mass 

spectra for complex, substrate and catalyst-substrate intermediate. The 

spectra exhibit peak at 213, which corresponds to the phenoxazinone-

proton aggregate [ APX+ H+] +. It was difficult to suggest the exact 

structure of probable catalyst-substrate aggregate from ESI-MS. 

Further, in order to understand more, the qualitative detection of H2O2 

during the catalytic procedure was monitored by observing the band at 

353 nm, which correspond to formation of I3
- using UV-Vis 

spectroscopy. The results obtained suggest oxidation of I- to I2 and 

subsequent formation of I3
- which was found using UV-Vis 

spectroscopy. It clearly indicates the liberation of hydrogen peroxide 

through reduction of molecular aerial oxygen [83]. So, from the above 

details, mechanistic route (Scheme 4.5) for catalytic oxidation of 2-

aminophenol is proposed in which catalytic oxidation occurs through o-

aminophenol bound active species of trinuclear Zn(II) complex and 

subsequent coupling (dimerization) of o-quinone imine to give 

phenoxazinone [89].  

Catalyst Vmax (Ms-1) Std. Error Km(M) Kcat(h-1) 

1 1.22 × 10-4 9.86 × 10-5 1.04 × 10-3 
 

4.40 × 103 
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Scheme 4.5: Probable mechanistic route for catalytic conversion of 2-   

AP by zinc(II) complex 
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Figure 4.18: ESI-MS spectrum recorded within 20 minutes of the oxidation 

reaction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.19:  Characterized peak of I3
- for the qualitative detection of H2O2 in 

1 during the catalytic oxidation process 

 



44  

320 360 400 440

0

200000

400000

600000

800000

1000000

 

 

F
lu

o
r
e
sc

e
n

c
e
 i

n
te

n
si

ty
 (

a
.u

.)

Wavelength (nm)

3

320 360 400 440

0

200000

400000

600000

800000

1000000

F
lu

o
r
e
sc

e
n

c
e
 I

n
te

n
si

ty
 (

a
.u

.)

Wavelength (nm)

2

4.3 BSA Binding study 
 

To examine the binding ability of nickel complexes with BSA protein, 

fluorescence quenching studies has been analyzed. For this purpose, 

quenching experimentations were done using the solution of BSA in 

presence of an increasing concentration of the different complexes 2 and 

3. Significant decrease in intensity of the fluorophore (Figure 4.20-2.21) 

indicates the probable interactions between the complexes and the 

protein solution. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 4.20: Fluorescence quenching of BSA by 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.21: Fluorescence quenching of BSA by 3 
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To get more understanding into the quenching procedure, obtained 

fluorescence quenching data was studied using Stern-Volmer equation 

(graphs are shown in figure 4.22 – 4.23)  

 

 

Q = Concentration of Quencher, τo= Average life time in absence of Q 

F = Fluorescence intensity in presence of quencher 

F0 = Fluorescence intensity in absence of quencher 

KSV = Stern–Volmer quenching constant  

Kq = Bimolecular quenching rate constant  

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.22: Stern -Volmer plot for 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.23: Stern -Volmer plot for 3 
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Scathard equation is used to determine the value of n and Ka, according 

to which, 

 Ka = Binding constant  

 n = Number of binding sites. 

Therefore, graph between log [(F0 − F)/F] on y-axis vs log[Q] on x-axis 

(graphs are shown in figure 4.24 – 4.25) is plotted to determine the value 

of n (slope) and the value of Ka (intercept).  

 

 

 

 

 

 

 
 

Figure 4.24: Scatchard plot for 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 4.25: Scatchard plot for 3 
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4.4 HSA binding study 
 

 

To examine the binding ability of nickel complexes with HSA protein, 

fluorescence quenching studies has been analyzed. For this purpose, 

quenching experimentations were done using the solution of HSA in 

presence of an increasing concentration of the different complexes 2 and 

3. Significant decrease in intensity of the fluorophore indicates the 

probable interactions (figure 4.26 – 4.27). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.26: Fluorescence quenching of HSA by 2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.27: Fluorescence quenching of HSA by 3 
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Fluorescence quenching data obtained was studied using  

Stern-Volmer equation (graphs shown in Figure 4.28 – 4.29).  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.28: Stern-Volmer plot for 2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          
Figure 4.29: Stern-Volmer plot for 3 
 

 

 

 

Scatchard plot (Figure 4.30 – 4.31) was drawn to determine the value 

of Ka and n.  
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Figure 4.30: Scatchard plot for 2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
            

  

 

Figure 4.31: Scatchard plot for 3 
 

 

 

 

The values calculated using Stern-Volmer equation and Scatchard 

equation of Ksv, Kq, Ka and n for the binding affinity of the nickel 

complexes with the proteins are shown in Table 4.11 indicating 

substantial HSA and BSA binding ability of the complexes. 
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Table 4.11: Table showing the value of Ksv, Kq, Ka and n 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Complex KSV (M-1) Kq (M-1 s-1) Ka (M-1) n 

2 (BSA) 1.07 × 105 1.73 × 1013 3.04 × 107 1.56 

2 (HSA) 6.67 × 104 1.07 × 1013 6.30 × 104 0.99 

3 (BSA) 3.20 × 104 5.17 × 1012 6.07 × 105 1.29 

3 (HSA) 2.38 × 104 3.85 × 1012 1.05 × 105 1.14 
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Chapter 5 

 

Conclusion and Future Scope 
 

In the present work, three new trinuclear complexes (1-3) based on 

“N2O2” donor (salen type) symmetrical dicondensed Schiff base ligand 

have been synthesized successfully. Trinuclear Zn(II) complex (1) 

shows high catalytic activity towards phenoxazinone synthase, which is 

found to be more than the previously reported zinc complex analogue 

[74]. H2O2 was detected during the oxidation of 2-aminophenol to 

phenoxazinone.  

Both the trinuclear nickel tetrazolato complexes (2 and 3) showed 

significant protein binding activity when examined using BSA and HSA 

proteins. The results show that Schiff base ligands with “N2O2” donor 

set can form interesting metal complexes which exhibit suitable 

biometric properties that can mimic the active sites and can show a high 

affinity towards protein binding. In the future, various metal complexes 

with different co-ligands can be synthesized and explored for different 

applications. 
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