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ABSTRACT: Transition metal complexes of Cu(II), Co(II), Ni(II) and Zn(II) have been synthesized with the Schiff 

base ligand prepared by the condensation reaction between isooxazol-3-yl amine and salicylaldehyde. Elemental 

analysis of these complexes suggest that these metal ions forms complexes of type ML2(H2O)2 stoichiometry for Cu(II), 

Co(II), Ni(II) and Zn(II). The ligand behaves as bidentate and forms coordinate bonds through O and N atoms. 

Magnetic susceptibility, IR, UV – Visible, Mass and ESR spectral studies suggest that Cu(II), Co(II), Ni(II) and Zn(II) 

complexes posses octahedral geometry. The complexes were tested for their antimicrobial activity against the bacterial 

strains Staphylococcus aureus and Bacillus subtilis. The Schiff base metal complexes evaluated for their antifungal 

activity against the fungi Aspergillus niger and Cladosporium oxysporum. The DNA cleavage studies of Schiff base 

complexes were studied by agarose gel electrophoresis method using Calf – Thymus DNA.  
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I.  INTRODUCTION 

 

Schiff bases have often been used as chelating ligands in coordination chemistry[1]. These Schiff bases are 

biologically[2] as well as synthetically[3] important nitrogen containing compounds having azomethine group. Schiff 

bases can be synthesized from an aromatic amine and a carbonyl compound by nucleophilic addition forming an imine. 

Schiff bases of the general formula RR′C=NR{Prime} that are obtained typically by condensation of an aldehyde or 

ketone with a primary amine(as aniline) with elimination of water[4]. Metal complexes of Schiff bases containing 

nitrogen donor ligands have wide applications in dye industry, food industry, and biological activities[5-6].  A large 

number of Schiff bases and their complexes have been studied because of their interesting and important properties like 

catalytic property and transfer of amino group[7] and ability to form complexes with wide range of transition metals[8]. 

The interaction of schiff base metal complexes with DNA has gained much interest towards their applications as 

therapeutic agents[9-10].   

 

In view of the above facts we prepared the Schiff base ligand by using isoxazol – 3 – yl amine with salicylaldehyde and 

its Cu(II), Ni(II), Co(II) and Zn(II) metal complexes were synthesized. These metal complexes were characterized by 

the spectroscopic and analytical methods and the antimicrobial activities, antifungal activities and DNA cleavage 

studies of complexes are evaluated. 
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                       Figure 1: Proposed Structure of Ligand 

 
II. MATERIALS AND METHODS 

 

Analytical grade metal chloride salts, viz. NiCl2. CoCl2, CuCl2, and ZnCl2 are used. The chemicals used are of 

analytical grade and solvents are used after distillation. Molar conductivities of 10
-3

M solutions were carried out using 

EM 183 EC conductivity meter. Elemental analysis results for the prepared complexes are obtained from microanalysis 

of Carbon, Hydrogen, Nitrogen and Oxygen using Thermo Finnigan FLASH EA 1112 CHNS analyzer. Melting points 

for the prepared complexes are obtained from Electric melting point apparatus Tempo make. FT - IR spectra were 

recorded on a Thermo Nicolet Avatar FTIR-ATR spectrometer with 4 cm
-1

 resolution in the frequency range 400 – 

4000 cm
-1 

and 
1
H NMR spectra of the was recorded in DMSO-d6 solvent and the spectrum were recorded on a DSX- 

300/AV-III 400/DRX- 500/AV-III500/AV-700 NMR spectrometer at IISc, Bangalore. UV – Visible spectra was 

recorded on Ultraviolet – Visible spectrophotometer. The magnetic susceptibility was measured at room temperature 

using Gouy balance. ESR spectrum was recorded on a Varian USA E112 spectrophotometer. Mass spectra were 

recorded on a JEOL SX 102/DA 6000 Mass spectrophotometer using argon/xenon (6 kV, 10 mA) as the FAB gas. The 

DNA cleavage activity of Cu(II), Ni(II) and Ni(II) complexes were studied by agarose gel electrophoresis method using 

Calf-Thymus DNA. Antibacterial activity of the Schiff base and metal complexes against bacterial strains such as 

Staphylococcus aureu and Bacillus subtilis was studied by agar diffusion method. The antifungal activities of 

complexes have been studied by agar diffusion method against the fungi Aspergillus Niger and Cladosporium 

Oxysporum.  

 

Synthesis of Schiff base ligand: 10 mL of isoxazol – 3 – yl amine is mixed with 10 ml of salicylaldehyde in a round 

bottom three necked flask and then ethanol is added as solvent and about two to three drops of concentrated 

hydrochloric acid is added. This mixture is refluxed on a water bath maintained at about 60
0
C for about two hours. 

Then the contents of the flask are added to ice water. Then the obtained yellow solid is separated by filtration and dried 

in electric oven.  Yield: 80% 

 

Synthesis of metal complexes: The metal complexes were prepared by mixing of 50 mL of 2.5 mmol ethanolic 

solution of CoCl2.6H2O / NiCl2.6H2O / CuCl2.6H2O / ZnSO4.7H2O with 50 mL of 5 mmol ethanolic solution of the 

Schiff base ligands in 1:2 (metal: ligand) ratio. The resulting mixture was refluxed on water bath for about 4-5 hours. A 

coloured product appeared on standing and cooling the above solution. The precipitated complex was filtered and 

recrystallized with ethanol and then dried in an electric oven at 50
0
 – 70

0
 C [11-12]. Yield: 60-70%.  

 

III. RESULTS AND DISCUSSION 

 

The analytical data of complexes and their molar conductance values are given in table 1. All these complexes are 

analysed. The stoichiometry of the ratio 1:2 of the type ML2(H2O)2.  

 

Compound 

Molecular 

formula 

 

Elemental analysis, found(calculated) 
Colour 

M.P 

(
O
C) 

Molar 

conductivity 

(Scm
2
mol

-1
) C H O N M 

Ligand C10H8O2N2 
63.78 

(63.82) 

4.18 

(4.25) 

16.94 

(17.02) 

14.73 

(14.89) 
---- Yellow 140 ----- 

Co 

complex 
CoL2(H2O)2 

50.60 

(50.96) 

4.14 

(4.24) 

19.94 

(20.38) 

11.68 

(11.89) 

12.42 

(12.51) 
Brown 216 10.20 

Ni complex NiL2(H2O)2 50.76 4.10 20.61 11.71 12.40 Yellow > 300 17.98 
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(50.98) (4.25) (20.39) (11.89) (12.46) Green 

Cu 

complex 
CuL2(H2O)2 

50.34 

(50.46) 

4.06 

(4.20) 

20.10 

(20.18) 

12.63 

(12.68) 

13.26 

(13.36) 
Dark > 300 9.18 

Zn 

complex 
ZnL2(H2O)2 

50.08 

(50.24) 

4.08 

(4.18) 

20.00 

(20.09) 

11.64 

(11.72) 

13.68 

(13.75) 
Yellow > 300 8.44 

Table 1. Elemental analysis, colour, melting point and conductance data of Ligand and metal complexes 

 
1
H NMR spectral data of ligand:  

1
HNMR spectra of the Ligand was recorded and the chemical shifts observed at 9.1 is assigned to the proton of the 

imine group (CH=N) as a singlet. The OH resonance in the 
1
H-NMR spectra appears as a singlet at 12.00 ppm. The 

aromatic protons of salicylaldehyde side of the ligand, appear as multiple peaks at 6.98-7.38 ppm.  

 

IR spectral data: 

The IR spectral data of Ligand and metal complexes are listed in table 2.  

IR spectral data of the ligand the band seen at 3151.5 cm
-1

 is due to C – H streching of hydrogen attached to aromatic 

ring. The IR spectra of Ligand do not show bands at 1725 cm
-1

 and 3300 cm
-1

, which are due to C=O group and –NH2 

group but in the spectrum of ligand there is a band present at 1613.6 cm
-1

 which is due to the streching frequeny of –

C=N (azomethine) group[13]. This confirms the formation of –C=N (azomethine) group.  

 

In the complexes band due to the streching frequeny of –C=N is shifted to lower frequency which indicates 

coordination of the nitrogen of azomethine group to the metal[14]. In the free ligand the band observed at 1206 cm
-1

 is 

due to the presence of –OH group attached to aromatic ring but in the complexes O atom coordinates through metal ion 

due to deprotonation of phenolic group.  The metal complexes exhibit bands in the range(3650 – 3785 cm
-1

) shows the 

presence of water molecules coordinated to the metal[15].         

                         

Sl. No. Ligand / Complexes νN – H νC = N νC – O νM – O νM – N 

1 C10H8O2N2 3151 1613.6 1409.6 -- -- 

2 Co(C10H8O2N2)2(H2O)2 3390.6 1520.6 1380.6 485.2 512.4 

3 Ni(C10H8O2N2)2 (H2O)2 3402 1526 1380.5 500 520 

4 Cu(C10H8O2N2)2 (H2O)2 3400 1602.2 1310.6 480 510 

5 Zn(C10H8O2N2)2 (H2O)2  3350 1588.5 1386.4 476 494 
                                     Table 2.  IR spectral data(cm-1) of ligand and its complexes 

 

Electronic spectra: 

In electronic spectra the band due to n → π* transition of azomethine group is expected at 325nm but in the complexes 

the bands of azomethine group are shifted to higher wavelengths which indicates that the nitrogen atom of imine group 

is involved in complexation with metal ion. In the spectra of complexes a very weak low intensity absorption band is 

observed viz. for Co(II) complex at 476.1 nm [
4
T1g (F) → 

4
T1g(P)], for Ni(II) complex(charge transfer) at 445.6 nm 

[
3
A2g (F) →

 3
T1g(P)], for Cu(II) complex(d–d transition)  at 445 nm [

2
Eg → 

2
T2g] and this supports the octahedral 

geometry of metal complexes[16]. 

 

Magnetic Susceptibility data:  
The spin free octahedral cobalt(II) complex was reported to exhibit magnetic moment in the range 4.46 to 5.53 BM. 

Our synthecised cobalt(II) complex exhibit magnetic moment of 4.92 BM. Hence the observed moment for the 

cobalt(II) complex indicates that it has an octahedral geometry.  

 

The spin free octahedral nickel(II) complex was reported to exhibit magnetic moment in the range 2.82 to 3.4 BM. Our 

synthecised nickel(II) complex exhibit magnetic moment of 2.98 BM. Hence the observed moment for the nickel(II) 

complex indicates that it has an octahedral geometry.  

The spin free octahedral copper(II) complex was reported to exhibit magnetic moment in the range 1.82 to 2.32 BM. 

Our synthecised copper(II) complex exhibit magnetic moment of 1.88 BM. Hence the observed moment for the 

copper(II) complex indicates that it has an octahedral geometry[17-18].  
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ESR spectra: 

 The X – band ESR spectra of Cu(II) complex is recorded at room temperature. The ESR spectra of Cu(II) complex is 

shown in figure 2. The Cu(II) complex posses 𝑔║ value of 2.094 and 𝑔┴  value of 2.066. The value of 𝑔║ > 𝑔┴ and 𝑔║ > 

𝑔┴  > ge (2.0023) suggests the presence of unpaired electron predominantly in the 𝑑𝑥2− 𝑦2 orbital. The deviation of 

calculated gav(2.0754) from that of the free electron(2.0023) is due to covalent character of metal – ligand bond. The 𝑔║ 

value less than 2.3 indicates covalent environment. Based on these observations copper(II) complex may have 

octahedral geometry[19-20].  

 

 
Figure 2: ESR Spectrum of Cu(II) complex 

 

Mass spectra:  

The mass spectra of the complex shows a molecular ion peak at m/z 430.6 which corresponds to molecular weight of 

the complex (469) by the loss of water molecules due to fragmentation[21]. The mass spectra (figure No.3) of complex 

show multiple peaks representing successive degradation of complex molecule due to formation of different fragments. 

The fragments of species undergo demetallisation giving a peak at m/z 386.8. The peaks of appreciable intensity have 

been observed at m/z value 332.7 and 234.6 suggests the fragmentation pattern[22]. 

 

 
Figure 3: mass spectra of [CoL2(H2O)2] complex 
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DNA Cleavage Studies: 

The DNA cleavage activity of Co(II), Ni(II) and Cu(II) complexes were studied by agarose gel electrophoresis method 

using Calf-Thymus DNA. The gel after electrophoresis reveal that the intensity of DNA is diminished which is due to 

cleavage of DNA by metal complexes and this indicates the role of metal ions in the cleavage reactions. The difference 

was observed in the bands of metal complexes compared to control DNA due to molecular weight difference. This 

shows control DNA did not alone show any apparent cleavage. Since the compounds were observed to cleave DNA, it 

can be concluded that the compounds inhibit the growth of pathogenic organism by cleaving the genome[23-24]. The 

DNA cleavage of metal complexes are shown in figure 4. 

 
         
                           Figure 4: DNA cleavage analysis of metal complexes. [E07- Co(II), E-08- Ni(II), E-09- Cu(II)] 

 

Antibacterial activity: 

In this study we investigated antibacterial activity of the Schiff base and metal complexes against bacterial strains such 

as Staphylococcus aureu and Bacillus subtilis by agar diffusion method. The concentrations used for the bacterial stains 

are 25, 50, 100, 200, 400 and 800 μg/ml. Gentamycin is used as standard antibiotic and DMSO is used as solvent. All 

the compounds were inoculated using a loop onto plates containing Nutrient Agar (NA) media and incubated at 32
o
C 

for 24 hours. To carry out agar diffusion assay the bacterial suspensions were prepared in sterile distilled water[25-27]. 

The antibacterial activities of metal complexes against Staphylococcus aureus and Bacillus subtilis are shown in Table 

3. 

 

Table 3: Antimicrobial activity of compounds 
 

The cobalt, nickel and copper metal complexes exhibited good antibacterial activity when compared to free Ligand 

against the bacterial strains Staphylococcus aureu and Bacillus subtilis. But the antibacterial activity shown by Schiff 

base ligand and complexes was less when compared to antibacterial activity of shown by standard antibiotic 

gentamycin. 

 
 

Sl.No. Compound 

Inhibition zone diameter in mm 

Staphylococcus aureus Bacillus subtilis 

25 

µg 

50 

µg 

100 

µg 

200 

µg 

400 

µg 

800 

µg 

25 

µg 

50 

µg 

100 

µg 

200 

µg 

400 

µg 

800 

µg 

1 C10H8O2N2 Ligand 0 0 2 6 10 14 0 0 1 5 9 11 

2 Co(C10H8O2N2)2(H2O)2 0 0 4 8 11 19 0 0 5 8 11 18 

3 Ni(C10H8O2N2)2 (H2O)2 0 0 6 9 12 18 0 0 5 8 10 16 

4 Cu(C10H8O2N2)2 (H2O)2 0 1 5 9 12 17 0 1 4 7 10 17 

5 Zn(C10H8O2N2)2 (H2O)2 0 0 6 10 11 15 0 0 5 9 11 14 

6 Gentamycin 

standard antibiotic 
13 18 21 25 27 34 8 10 15 19 22 25 
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Antifungal Activity: 

The antifungal activity of complexes have been studied by agar diffusion method against the fungi Aspergillus Niger 

and Cladosporium Oxysporum. Flucanozole is used as standard antibiotic and DMSO is used as solvent[28-29]. The 

antifungal activity of the Schiff base metal complexes against the fungi Aspergillus Niger and Cladosporium 

Oxysporum are shown in table 4. 
 

 
Table 4: Antifungal activity of compounds 

 

All the metal complexes exhibited better antifungal activity when compared to free Ligand against the fungi 

Aspergillus Niger and Cladosporium Oxysporum. But the antifungal activity shown by Schiff base ligand and 

complexes was slightly less when compared to antifungal activity of shown by standard antibiotic Flucanozole. 

 

IV. CONCLUSION 

 

                   In the above mentioned work we have synthesized new Schiff base Ligand and its metal complexes. The 

synthesized Ligand and its metal complexes were characterized by various methods. Based on these facts we propose 

the octahedral structure for Cu(II), Co(II), Ni(II) and Zn(II) complexes (Figure 5). The electrical conductivity data of 

complexes reveals that these complexes act as insulators at room temperature, however as the temperature increases the 

conductivity increases indicating a semiconducting behavior. 

 

O

N

O

N
O

N

O

N

M

OH2

OH2

 
                

Figure 5: structures of complex 

Where M – Co (II), Ni (II), Cu (II), Zn(II) 
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