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ABSTRACT 

Binuclear Schiff base Metal(II) complexes with general formula [M2LX2] (M=Cu(II), 

and Co(II); X = chloride ions; L = Schiff base derived from benzene-1,4 diacarbaldehyde by 

appending two benzene-1,3 diamine and 2-hydroxynapthalene-1-carbaldehyde) have been 

synthesized and characterized by IR, UV, ESR and 
1
H NMR spectroscopic techniques. These 

spectral data agreed with the proposed structures. Thus the coordination geometry around 

M(II) is square planar with phenolic oxygen and imino nitrogen from the Schiff base ligand. 

The interaction of binuclear complexes with CT DNA was investigated by spectroscopic and 

viscosity measurements. Results suggest that the complexes bind to DNA via an intercalative 

mode. The binuclear metal(II) complexes derivatives of the Schiff base ligands display good 

antibacterial activities against the pathogenic bacteria. 
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INTRODUCTION 

Schiff-bases represent an important class of compounds because they are utilized as 

starting materials in the synthesis of industrial products[1]. The Schiff base metal complexes 

that efficiently bind and cleave DNA under physiological conditions have wide applications 

in bioinorganic chemistry as foot printing and sequence specific binding agents, for 

modelling the restriction enzymes in genomic research, and as new structural probes in 

diagnostic medicinal applications for the treatment of cancer. 

 

They show biological activities including antibacterial, antifungal, antidiabetic, 

Anticonvulsant, herbicidal, anticorrosion and anti-inflammatory activities [2-4]. Recently, 

binuclear transition metal complexes, connected via the extended conjugated π-system of the 

ligands, have been considered interest in academic, pharmaceutical and industrial sectors. 

In this research we discussed the synthesis, evaluated the structure and pharmacological 

properties of binucleating ligand and their complexes using various physicochemical 

techniques. 
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EXPERIMENTAL 

CHEMICALS 

All the chemicals used were of AR grade. Benzene-1,4 diacarbaldehyde, benzene-

1,3diamine and metal chloride salts were purchased from Aldrich and Merck and used 

without further purification. 

PHYSICAL MEASUREMENTS 

Elemental analyses for C, H and N were carried out using a Perkin-Elmer 2400-II 

elemental analyzer. FT-IR data were recorded as KBr disc using Thermo Nicolet, Avatar 370 

model spectrometer in the range 4000-400 cm
-1

. UV-Vis. spectra were obtained in DMF on a 

Perkin-Elmer Lambda 40(UV-Vis) spectrometer in the range 200-800 nm. Molar 

conductance of the complexes in DMF was measured using an Elico model conductivity 

meter. Magnetic susceptibility measurements were carried out on a Gouy balance at room 

temperature using Hg[Co(SCN)4] as the calibrant.  NMR signals were obtained from Bruker 

Avance III, 400MHz model spectrometer. EPR spectra of compounds were recorded on an E-

112 ESR Spectrometer with X-band microwave frequency (9.5 GHz). TG studies were 

carried out in the range between 0-500˚C using a NETZSCH model thermal analyzer. 

Synthesis of new Schiff base ligands 

To the solution of Benzene-1,4-dicarbaldehyde (1mmol), ethanolic solution of solid 

benzene-1,3diamine (2 mmol) was added and the mixture was stirred until complete 

dissolution. After the addition of the equimolar amount of 2-hydroxynapthalene-1-

carbaldehyde (2 mmol) the mixture was stirred for 5 hrs at room temperature and a dark 

solution was formed. After evaporation of this solution, a dark yellow product was formed. 

Schiff base ligand L1: Yield: 80 %. Colour: yellow, Anal. Calcd. For C42H30N4O2 (FW 

622.23): C, 81.01; H, 4.86; N, 9.00. Found: C, 80.88; H, 4.73; N, 8.91. 

Schiff base Ligand

Benzene-1,4-dicarbaldehyde

+ +

Refluxed for  5 hrs

HO

O

2-hydroxynaphthalene-1-carbaldehyde

OO

OH

NNN N

HO

NH2
H2N

benzene-1,3-diamine

 

Fig.1 Synthesis pathway for Schiff Base ligand  

Synthesis of new Binuclear Schiff base complexes 

A mixture of synthesized Schiff base ligand (1 mmol) and was added to an ethanolic 

solution of solid Metal chloride salt (2 mmol). The reaction mixture was stirred for 3hrs at 

room temperature. The precipitate was filtered washed with diethyl ether and the collected 
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solid was air dried overnight and then dried in a desicator, whereupon dark color precipitate 

was formed. The structure of complexes was confirmed by spectroscopic techniques. 

[Cu2L1X2]: Yield: 65 %. Colour: Dark green, Anal. Calcd. For C42H28Cu2N4O2 (FW 816.01): 

C, 61.62; H, 3.45; N, 6.84; Cu, 15.52. Found: C, 61.53; H, 3.31; N, 6.77, Cu, 15.42. 

[Co2L1X2]: Yield: 60 %. Colour: brown, Anal. Calcd. For C42H28Co2N4O2 (FW 808.02): C, 

62.32; H, 3.49; Cl,8.76; N, 6.92; Co, 14.56. Found: C, 62.15; H, 3.34;C,8.69 N, 6.84, Co, 

14.47. 

Refluxed for 5 hrs.

+ Metal salts

NNN N

MM

O OCl Cl

Schiff base Ligand

 

Where M = Cu(II) &Co(II)  

Fig.2 Synthesis pathway for Binuclear Schiff base Metal Complexes 

Methodology for DNA binding analysis 

Using electronic absorption spectroscopy 

Titration with electronic absorption spectroscopy is an effective method to investigate 

the binding mode of DNA with metal complexes. The UV–Visible experiments were 

conducted by adding solution of DNA at different concentrations (50-100 µM) to the samples 

containing 3 mM copper complexes. Absorption spectra were recorded in visible region 

within the range of 250–600 nm. Samples were equilibrated before recording each spectrum. 

Using viscosity measurement 

Viscosity measurements were carried out using an Oswald micro viscometer, 

maintained at constant temperature (37 °C) in a thermostat. The DNA concentration was kept 

constant in all samples, but the complex concentration was increased each time (from 10 to 

50 µM). Mixing of the solution was achieved by bubbling the nitrogen gas through 

viscometer. The mixture was left for 10 min at 37 ˚C after addition of each aliquot of 

complex. The flow time was measured with a digital stopwatch. The experiment was repeated 

in triplicate to get the concurrent values. Data are presented as Relative viscosities (η/ η0) 
1/3

 

versus the ratio [complex]/[DNA] = R, where η and η0 are the specific viscosity of DNA in 

the presence and absence of the complex respectively.  

Paper disc diffusion technique 

The sterilized (autoclaved at 120 °C for 30 min) medium (40–50 °C) was inoculated 

(1 ml/100 ml of medium) with the suspension of the microorganism and poured into a 

petridish to give a depth of 3-4 mm. The paper impregnated with the test compounds (25-100 

µg/ml in dimethylformamide) was placed on the solidified medium. The plates were pre-

incubated for 1 hr at room temperature and incubated at 37 °C for 24 hrs. Streptomycin (25-
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100 µg/ml/ disc) were used as standard and the inhibition of synthesized compounds were 

compared with the standard zone. 

 

RESULTS AND DISCUSSION 

All the complexes are stable in air at room temperature, brown in color, non-

hygroscopic in nature and highly soluble in common organic solvents such as acetonitrile, 

DMF and DMSO. The analytical data are in good agreement with the general molecular 

formula proposed for all the complexes. The molar conductance values of the synthesized 

complexes were determined using 10
-3

 M concentration in DMF as solvent, are in the range 

of 5.2 -6.5 Ω
-1

 cm
2
 mol 

-1
. These values suggest non-electrolyte nature for these complexes. 

IR spectra 

The prominent bands observed in the IR spectra of the Schiff base ligand(L) and its 

coordination complexes are listed in Table 1. In order to study the binding mode of Schiff 

base ligand to the metal ions in coordination complexes, the IR spectrum of the free ligand 

was compared with the spectra of the corresponding coordination complexes. The infrared 

spectrum of the Schiff base ligand showed a medium absorption band at 1612 cm
-1

 assigned 

to the C=N stretching vibrations, indicating the formation of the Schiff base linkage. In all the 

complexes, this band is shifted to lower frequencies in the range 1602–1599 cm
-1

 upon 

complexation with the metal, which can be attributed to the coordination of the imine 

nitrogen to the metal centre [4]. 

New vibrations at 547-558 cm
-1

 and 449-466 cm
-1

 which are not present in the free 

Schiff base are attributed to the existence of ν (M-O) and ν (M-N). The band due to the 

intramolecular hydrogen bonded OH, appearing in the region 3362 cm
-1

 in the ligands 

disappears in the complexes, and the high intensity band of the ligands around 1274 cm
-1

 due 

to phenolic ν (C–O) vibration appears in the vicinity of 1302-1311 cm
-1

 [5,6]. These 

observations emphasize that the –OH groups of the ligands have reacted with metal(II) via 

deprotonation. 

Table 1: Molar Conductance and Infrared spectroscopic data of the Schiff base ligand and its 

binuclear metal complexes 

Compound Free-OH ν (C=N) ν (C-O) ν (M-O) ν (M-N) scm
2
mol

-1
 

L1 3388 1612 1267 - - - 

[Cu2L1X2] - 1599 1311 558 449 6.5 

[Co2L1X2] - 1602 1302 547 466 5.2 

Electronic spectra 

The electronic absorption spectra of the metal complexes were recorded in freshly 

prepared solution in DMF at room temperature. The electronic spectra of the Schiff base 

ligand and their complexes have been measured in DMF solution between 200-800 nm at 

room temperature. In the spectra of the Schiff base ligand, the absorption band observed at 

276 nm were assigned to a benzene π→π* transition and the band at 358 nm were assigned 

due to n→π* transition associated with the azomethine chromophore (-C=N) 

In the electronic absorption spectrum of the binuclear copper complex shows d–d 

transitions at 624 nm which can be assigned to 
2
B1g → 

2
A1g transition respectively. It reveals 
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that the copper(II) complex exists in square planar geometry with magnetic moment value 

1.72 B.M. [7]. The Co(II) complex exhibited an absorption band at 534 nm, which was 

assigned to the 
1
A1g → 

1
B1g transition characteristic of square planar Co(II) complexes. The 

magnetic moment observed for Co(II) complexes is 3.54 B.M [8-9]. 
1
H NMR 

1
H NMR spectral studies of synthesized ligand indicated signals at 6.3-7.7 ppm 

corresponding to aromatic protons (m, 28 Ar-H) and at 8.7 ppm due to azomethine moiety 

(C=N). A strong signals at 10.4 ppm assignable (S, 1H) due to phenolic OH group. These 

signals provide structural arrangement for the synthesized ligand [10]. 

ESR 

The ESR spectrum of the Cu(II) complex shows hyperfine splitting and the g║, g┴ 

values are 2.29 and 2.03. The observed g║ > g┴ is typical for Cu(II) having one unpaired 

electron in a dx
2
–y

2
 orbital. The gav value, calculated according to the relation = 1/3 (g║ + 

2g┴), was found to be 2.11. The g value is less than 2.3 indicates a square planer geometry 

around Cu(II)[11]. 

DNA Binding 

Absorption spectroscopy 

A complex bound to DNA through intercalation is characterized by the change in 

absorbance (hypochromism) and red-shift in wavelength. This may be due to the π* orbital of 

the intercalated ligand can couple with the π orbital of the DNA base pairs (stacking 

interaction between the aromatic chromophore and the DNA base pairs) thus, decreasing the 

π→π* transition energy and resulting in the bathochromism [12]. The electronic spectra of 

the complexes in the presence and absence of DNA were monitored at a wavelength range of 

250–600 nm, as shown in Fig.3-5. The electronic absorption spectra of all the complexes 

exhibited broad absorption bands in the region 390-400 nm. Upon increasing the 

concentration of CT DNA (50- 100 µM), to a fixed concentration of the metal complex 

solution, a decrease in absorption intensities (hypochromism) of the metal complexes was 

observed. The results indicate that the binding strength of complexes are increasing in the 

order of Cu(II) > Co(II). 

 
[Cu2L1X2] 

 

[Co2L1X2] 

 

Fig.3-4 Electronic spectra of complexes in DMF in the absence and presence of DNA. Arrow 

shows the absorbance changes upon increasing DNA concentrations. 
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Table 2: Absorption properties of Binuclear Schiff complexes-DNA Binding Activity 

Complexes λmax (nm) ∆λ 

(nm) 

Hypo(%) 

Free Bound 

[Cu2L1X2] 456 463 7.0 25.9 

[Co2L1X2] 522 526 4.0 10.4 

 

Viscosity measurements 

The mode of interaction nature between the compounds and DNA can be elucidated 

through viscosity measurements. In the absence of crystallographic structure data, 

hydrodynamic methods which are sensitive to DNA length change are regarded as the least 

ambiguous and the most critical tests of binding in solution. Titrations were performed for the 

complexes (10-50 µM), and each compound was introduced into DNA solutions (100 µM) 

present in the viscometer. The plots of (η/ η0)
1/3

 versus [Complex]/ [DNA] = R, where η is 

the viscosity of DNA in the presence of complex and η0 is the viscosity of DNA alone. 

Viscosity values were calculated from the observed flow time of DNA-containing solution 

corrected from the flow time of buffer alone (t0), η = t−t0 gives a measure of the viscosity 

changes (Fig. 5). A classical intercalation model results in lengthening the DNA helix as base 

pairs are separated to accommodate the binding ligand, leading to the increase of DNA 

viscosity. In addition, some complexes interact with DNA by an electrostatic binding mode; 

have no influence on DNA viscosity. With an increasing amount of compound, the relative 

viscosity of DNA increased steadily, which suggests that the complexes can bind to DNA by 

classical intercalation [13-15]. On the basis of all the spectroscopic studies together with the 

viscosity measurements, we find that the binuclear Schiff base metal complexes can bind to 

DNA via an intercalative mode. 

 
Fig. 5 Viscosity measurements: The effect of the increasing amount of [M2L1X2] complexes on 

the relative viscosity of DNA at 27±0.1°C (M=10 µM, 20 µM, 30 µM, 40 µM,50 µM; DNA=100 

µM). 
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Antibacterial activity 

The antibacterial activities of all prepared ligands and its complexes have been 

evaluated against two gram positive pathogenic strains such as Staphylococcus aureus, 

Bacillus subtilis while Escherichia coli and Klebsiella species were gram negative strains. 

The ligands and their complexes are less effective towards other bacteria. Also, it was noted 

that the complexes showed greater inhibition than the ligands. It was evident that overall 

potency of the ligand was enhanced on coordination with the metal ions. This enhancement in 

the activity may be rationalized on the basis that ligands mainly possess C=N bond[16]. 

 
Bacillus subtilis 

 
Staphylococcus aureus 

 
E Coli 

 
Klebsilla pneumonia 

 

Fig 6-9. Zone of Inhibition of synthesized compounds against various pathogenic bacteria 

B=25 µg/mL, C= 50 µg/mL, D=75 µg/mL, E=100 µg/mL 

CONCLUSION 

The newly synthesized binucleating ligand was used to prepare Cu(II) and Co(II) 

complexes. The data obtained from these studies were in good agreement with the proposed 

structure and composition of the ligand and the metal complexes. Square planar geometry 

was confirmed for the metal complexes by electronic absorption spectroscopy, ESR 

spectroscopy and the magnetic moment values. In vitro antibacterial studies showed that 

metal complexes were more biologically active than the free ligand. Cu(II) complex 

effectively bind with DNA than the other complexes. 
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