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ABSTRACT 

 

New Cu(II) complex were synthesized using the isoniazid (INH) and oxalate 

ions as a  mixed ligand, by microwave irradiated eco-friendly method. This compound 

was characterized by elemental analysis, Molar Conductance, UV/Vis, FT- IR, Far-

IR and EPR spectral techniques. The Cu(II) complex was mononuclear and presented 

six coordinated distorted octahedral geometry. Moreover, the biological activity was 

evaluated by conducting in vitro anti-bacterial, anti-fungal, DNA-Binding, DNA-

cleavage and anti-tuberculosis screening. The complexes were found potent bio-

active than the free ligand, where the complex has moderate anti-tuberculosis activity 

because of the absence of free active sites after Complexation. 

 

Keywords: DNA-Binding, DNA-cleavage, UV/Vis, FT- IR, Far-IR and EPR spectral 

techniques. 

 
 

INTRODUCTION 

 

Coordination chemistry of transition metals has been attention for a number of years1. 

Heterocyclic compounds are broadly considered as the building blocks in the novel drug 

discovery as there is a rich scope to enlarge various systems which can improve the therapeutic 
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activity of the molecule2. Imine group ligands play an important function in inorganic 

chemistry as they easily form stable complexes with most transition metal ions3. Isonicotinic 

acidhydrazide, generally called isoniazid, is a hydrazide derivative of pyridine carboxylic acid. 

Isoniazid (INH) is an important antibiotic to fight tuberculosis and its popular cause of 

bioavailability; hence it is a known tuberculostatic agent4-7. Also it forms metal chelates with 

many divalent transition metal ions. Moreover INH is a drug of demonstrated therapeutic 

significance and is used against a wide spectrum of bacterial ailments like tuberculosis8.  

Many literature studies showed that Isonicotinic acid hydrazide (Isoniazid (INH)) has 

excellent Biological activities9-13 when it is react with metal ions. The present paper reports 

the syntheses, spectral characterization, DNA binding, DNA cleavage and Anti-tuberculosis 

activities of Cu(II) complex  using microwave irradiated method. 

 

MATERIALS AND METHOD 

 

All the chemicals used were of AR grade from Alfa Aesar and were used as received. 

Microwave irradiations were used for the synthesis of complexes from domestic microwave 

oven. The elemental analysis of the complex was carried out using (Thermo Finnegan make, 

Flash EA1112 series) CHNS(O) analyzer instrument. The metal ion estimated by 

volumetrically using standard procedure. The molar conductance of 10-3 M complex in 

acetonitrile was conducted using Systronic Conductivity Bridge at 250C.The diffused 

reflectance spectra of the complex in the solid state were measured using Varian carry-5000 

model UV-Visible spectrophotometer. IR spectra of the free INH (ligand) and its complex 

were carried out using Schimadzu FT-IR8400s spectroscopy at 4000-400 cm-1 wave number 

with KBr pellet technique. The Far IR spectrum of the complex was recorded in a Bruker 

make, 3000 Hyperion Microscope with Vertex 80 FTIR system model instruments.  
 

The antibacterial and antifungal activities of INH and its complex were done by in-

vitro Agar well diffusion method using Amikacin and ketoconazole as a standard for bacterial 

and fungal strain respectively. The DNA binding and cleavage studies of the INH and its 

complex were studied using the UV absorption spectral method. The UV absorbance of the 

CT DNA solution gave a ratio of ~1.8−1.9 (A260/ A280), indicating that the CT DNA was 

sufficiently free of proteins14.The Antimycobacterial activity of the new complexes will be 

studied by adopting luciferase reporter phage (LRP) assay with M. tuberculosis. 

 

Preparation of complexes 

 

The Cu(II) complex was synthesized by mixing Isoniazid 0.56 g (4.13 mmol) in 5ml 

methanol to the Copper nitrate 1g (4.13 mmol) in 5ml methanol. The mixture was irradiated 

on a microwave oven for 10 sec, then sodium Oxalate 0.55g (4.13 mmol), in ethanol was added 

to the above mixture respectively. The whole mixture was irradiated on a microwave oven for 

another 10 sec. The precipitated pale green coloured complex was filtered and washed with 

ethanol, dried in vacuum desiccators and kept in a airtight glass contained. 
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RESULT AND DISCUSSION 

 

The interaction of Cu(II) with Isonicotinic acidhydrazide and Oxalate ion results in 

the formation of the complex with formula  [Cu(INH)2(OX)] which corresponding to the 

analytical data of C,(33.28%); H,(2.44%); N,(14.55%); O,(27.71%); Cu,(22.01%) and the 

molar conductance 28.7 ohm-1cm2mol-1 indicating that non-electrolyte nature. The complex is 

frequently soluble in water and DMSO on heating and it is stable under ordinary condition. 

 

UV-Visible spectrum 

 

The electronic spectrum of Cu(II) complex gives three λmax values at 735 nm, 360 nm 

and 267 nm corresponding to 2B1g → 2A1g, 2B1g → 2B2g and 2B1g → 2Eg  transitions confirm its 

tetragonally distorted octahedral geometry (corresponds to octahedral environment) also the 

effective magnetic moment value of Cu(II) complex is 1.7-2.2 BM also indicating the 

tetragonally distorted octahedral geometry15-16. 

 
IR and Far-IR spectra of INH and Cu(II) complex 
 

The ligand INH shows the stretching frequencies of ν(NH2) at 3200cm-1 and ν(C=O) 

at 1645 cm-1, but in complex these values slightly shifted to 3243 cm-1 for ν(NH2) and shifted 

to lower frequency 1613 cm-1 for ν(C=O) remarking the metal coordination through the NH2 

and (C=O) group of INH forming complex with the metal ion through nitrogen and oxygen 

atom of ligand. 

 

Coordination of the oxalate group was confirmed by absorptions in the region 1710–

1630 and 1430–1270 cm-1 assigned to the asymmetric and symmetric stretching vibration of 

the C2O4
-2 group, respectively. These frequencies are slightly shifted to1673.81 cm-1; 

νasy(C=O), 1384.80 cm-1; νsy (C=O), which are indicates that the carboxylate group are 

coordinated to the metal ion. The absence of the free carbonyl, ν (C=O), vibration, expected 

at 1735–1705 cm-1, suggests that the entire carboxylate group is possibly engaged in the 

formation of the coordination complex17.  

 

Far-IR spectral data (50-600cm-1) of the coordination complexes evaluated and gives 

the information about the metal-linked atom (nitrogen & oxygen). The ligand INH can 

coordinate through nitrogen and oxygen, ν(M-N) at 467.08 cm-1, ν(M-O) at 499.99 cm-1 and 

ν(M-O) for Oxalate ion at 427.46 cm-1 which confirming the metal ion can coordinate through 

nitrogen and oxygen  atoms of INH and oxygen atoms of Oxalate ion. 
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Figure 1: FT-IR spectrum of Cu(II) Complex 

 

 
Figure 2: Far-IR spectrum of Cu(II) Complex 

 

DNA binding studies of complex 
 

UV-Visible spectral method is used to evaluate the binding of metal complexes with 

DNA (CT-DNA binding). The stock solution of calf thymus (5mm tis-HCl/20mm Nacl buffer 

at pH is 7.2 was prepared and stored at 4oC), the concentration of Cu(II) complex is constant 

at 25 µM. The absorption titrations were made by using different concentrations of DNA (100-

200 µM). The absorption of Cu(II) complex  increases at 259 nm(d-d transition or LMCT) 

with increase in concentration of DNA. This is concluded that the  binding of metal complexes 

R-M11-

Name Description

4000 4003500 3000 2500 2000 1500 1000 500

100

0

10

20

30

40

50

60

70

80

90

cm-1

%
T

1673.61cm-1

1653.51cm-1

1608.27cm-1

1709.32cm-1

1416.00cm-1

1289.74cm-1

3411.99cm-1

3456.63cm-1
1 5 5 2 . 9 5 c m - 1

1302.78cm-1

497.92cm-1

3223.04cm-1

1363.25cm-1

1319.03cm-1

1384.80cm-1

800.67cm-1

1495.20cm-1

1228.46cm-1

544.22cm-1

700.94cm-1

842.59cm-1

754.68cm-1

1146.41cm-1

1067.42cm-1

1030.48cm-1

429.44cm-1

903.30cm-1

2111.91cm-1

 C:\Program Files\OPUS_65\2015-2016\External 2016\FTIR-73\14.10.2016\M11.0          M11          pellet 14/10/2016

4
9
9
.9

9

4
6
7
.0

8

4
2
7
.3

6

3
9
4
.2

4

3
3
8
.8

6

3
0
9
.3

3

2
3
5
.3

6

1
7
7
.9

0

1
4
2
.5

3

1
0
6
.1

9

5
8
.8

0

4
0
.3

5

100200300400500

Wavenumber cm-1

8
0

8
5

9
0

9
5

1
0
0

T
ra

n
s
m

it
ta

n
c
e
 [

%
]

Content of this meant for your information and should not be used for advertisement, evidence or litigation

 Page 1/1



 P. Manikandan, et al., J. Chem. & Cheml. Sci. Vol.8(5), 810-817 (2018)  

814 

to DNA with hyper chromic or hypo chromic effect due to the presence of presence of pyridine 

and amino group present in the ligand and also binding of complex by intercalation. 
 

       
Figure 3: DNA binding spectrum of ligand and complex 

 

DNA-Cleavage studies of complex 

 

DNA cleavages in living organisms are important biological process. The DNA 

cleavage of Cu(II) complex  was done by using PBR322DNA of reaction mixture 

(PBR322DNA,50 µM tris-HCl pH at 7.4,50 mm Nacl,10mm H2O2 add Millipore water and 

incubated at 370C for 1 hour)  which are checked by agrose electrophoresis cleavage method. 

The stock solution 0.5 mg/ml ethidium bromide was used. Without any added solution (H2O2) 

the DNA is not cleaved but the lower concentration at 40 µM shows DNA cleavage. The 

concentration of complex 50to60 µM, the cleavage of DNA is clearly seen due to partial 

degradation of PBR322DNA. In ligand the cleavage process is not predicted at 50 µM 

concentration, on comparing Cu(II) complex, the ligand shows poor DNA cleavage activity. 
 

Lane 1 – PUC18 DNA - Control

Lane 2 – DNA + H2O2 (1mM) 

Lane 3 – DNA + H2O2 (1mM) + ML1(50µM) 

DNA Cleavage
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Form I

Form II

1             2            3            

            

Lane 1 – PUC18 DNA - Control
Lane 2 – DNA + H2O2 (1mM) 

Lane 3 – DNA + H2O2 (1mM) + M11 (40µM) 
Lane 4 – DNA + H2O2 (1mM) + M11 (50µM) 

Lane 5 – DNA + H2O2 (1mM) + M11 (60µM)

DNA Cleavage

M11

Form II
Form III
Form I

1         2         3        4        5          

 
Figure 4: DNA cleavage of INH and Cu(II) complex 
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Antimycobacterial activity 
 

The in-vitro anti tuberculosis activities of ligand INH and Cu(II) complex was carried 

out by luciferase reporter phage (LRP) assay method using M. Tuberculosis. The LRP reading 

in relative light unit was measured using luminometer. The percentage of RLU is 50 when 

compared to control considered as having antimycobacterial activity. Ligand INH at high 

concenctration (0.1M) the % inhibition is increases against M. Tuberculosis but in lower 

concentration (0.025M) it is decreases. The Cu(II) complex is moderately active against M. 

Tuberculosis, on comparing ligand the complex shows slightly higher % inhibition at lower 

concentration (0.025M) 18-19. 

 
Figure 5: Antimycobacterial activity of the INH and Cu(II) complex 

 

3.6. Antibacterial activities of Cu(II) complex   
 

The in-vitro antibacterial activities of ligand INH and Cu(II) complex were done by  

Agar well diffusion method using different bacterial strains E-coli, Actinobacter and 

Salmonella typhi and fungal  strain C. Albicance. On comparing ligand(INH) the Cu(II) 

complex shows potent antibacterial and antifungal activity against the tested micro organisms. 
 

 
Figure 6: Antibacterial and Antibacterial activities of INH and complex 
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CONCLUSION 

 

In this effort, the Cu(II) complex of INH and Oxalate ion was synthesized using  

microwave irradiated method and characterized on the basis of analytical, spectral, and 

Biological methods. The formulae of the Cu(II) complex [Cu(INH)2(OX)] and they are non-

ionic, neutral and non-electrolyte. The electronic spectra and magnetic moment reveal that the 

complex has tetragonally distorted octahedral geometry. The bio-potential activities show the 

complex is biologically active against the tested microorganisms than the free ligand.DNA 

binding and cleavage studies reveal that the metal complex has considerable activities than the 

isoniazide ligand. Furthermore the Cu(II) complex has only moderate antimicrobial activity 

compared to INH.  
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