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Abstract- The area of homo-binuclear complexes are studied in several research areas, because of the fact
that these complexes are of simple models and naturally occurring metalloenzymes and have tunable co-
ordination environments. Binuclear Zinc(II) complexes were prepared by the template synthesis with various
diamines, benzilbisdihydrazone and zinc (II) salts. The complexes were characterized by using FT-IR,
electronic spectra, ESI mass and elemental analysis. The binding properties of the Zn(II) complexes with calf
thymus DNA have been investigated by absorption, emission spectral studies and the binding constant (Kb)
and the linear Stern-Volmer quenching constant(Ksv) and Kapp were calculated. Viscosity measurements have
been carried out to find out the mode of binding of the complexes with CT-DNA. DNA cleavage of the
binuclear Zinc(II) complexes was studied by electrophoresis method. The binuclear Zinc(II) complexes show
hydrolytic cleavage of supercoiled pBR322-DNA. The BSA binding studies of the binuclear Zinc(II)
complexes were also studied by UV absorption and fluorescence spectral methods.

Keywords: Unsymmetrical binucleating macrocyclic ligands; Zn (II) complexes; DNA and BSA binding
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I. Introduction
Recently, the investigations on simple and efficient reagents, which can cleave nucleic acids under mild

conditions, have been attracted considerable attentions [1,2] .Generally, in order to eliminate the possibility of
significant cytotoxic side effect of reactive oxygen species, pathways that result in DNA cleavage by hydrolysis
mechanisms are preferable [3,4]. Transition metal complexes as cleavage reagents have great application value in
biological project, molecular biologic treatment and related fields. Complexes composed of transition metals like
copper, cobalt, nickel, ruthenium etc., and bidentate polypyridyl ligands like 1,10-phenanthroline have been studied
extensively for numerous applications including their biological activity as artificial nucleases. [5-13]. In recent
years, the studies on DNA hydrolysis cleavage by zinc complex have been attracting great interest in the filed of
artificial metallonuclease [14,15] because zinc ion has been found at the catalytic sites of many natural nucleases.
The results show that the interaction of the zinc omplex with DNA performs mainly in intercalative mode.

In this paper, new binuclear Zn (II) complexes with various new unsymmetrical binucleating macrocyclic
were prepared and characterized by using various spectroscopic methods. The interaction of the Zn (II) complexes
with calf thymus DNA and BSA has been investigated using absorption and fluorescence spectroscopic experiments
and viscosity methods. The cleavage reaction on plasmid DNA has been monitored by agarose gel electrophoresis.

II. Experimental

a. Materials and instruments

Zinc(II) perchlorate hexahydrate  and 1,2-diaminoethane were purchased from Fluka. 1,4-diaminobutane,
benzil and Zinc(II)perchloratehexahydrate were purchased from Aldrich.imethylformamide, Acetonitrile,and
Diethyl ether were purchased from SRL(INDIA).) The C, H, N contents of the ligands and complexes were carried
out using a Carlo Erba Elemental analyzer Model 1106. ESI mass spectra were recorded on a JEOL DX-303 EI
mass spectrometer. Electrospray ionization mass spectral measurements were done using Thermo Finnigan LCQ-
6000 Advantage Max-ESI mass spectrometer. The IR spectra were recorded on Perkin Elmer FTIR spectrometer
with samples prepared as KBr pellets. UV-visible spectra were recorded using a Perkin Elmer Lambda 35
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spectrophotometer operating in the range of 200-1100 nm with quartz cells and  ε are given in M-1 cm-1. Absorption
spectral titration experiments were carried out for CT-DNA with the complexes using a Perkin Elmer Lambda 35
spectrophotometer. Stock solution of CT-DNA was prepared with a buffer (5 mM Tris-HCl/50 mM NaCl, pH 7.2)
and stored at 4 °C. The intrinsic binding constant Kb was determined. The emission spectra were recorded on Perkin-
Elmer LS-45 Fluorescence  spectrometer. The competitive binding study was carried out by maintaining the EB (2
μM) and CT-DNA (4 μM) in 50 mM Tris HCl/ 1 mM NaCl buffer solution (pH 7.2, and increasing the
concentrations of the complexes. The apparent binding constant (Kapp) has been calculated. Supercoiled pBR322
DNA, CT DNA (calf thymus) and Agarose was purchased from Bangalore Genei (India). Superoxide dismutase
(SOD), ethidium bromide (EB) and L-Histidine were obtained from Sigma (USA).In a typical experiment,
supercoiled pBR322 DNA (5 µl, 50 µg/µL) in Tris·HCl (100 mM, pH 7.2) was treated with different concentrations
of complexes(0-50µM), followed by dilution with the Tris ·HCl buffer to a total volume of 17.5 µL. The samples
were then incubated at 37°C for different times, and loaded on a 1% agarose gel containing 1.0 µg/mL of ethidium
bromide (EB). Bands were visualized by UV light and photographed, then the intensity of the DNA bands were
estimated by a Gel Documentation System.

b. Synthesis of unsymmetrical macrocyclic binuclear complexes

Synthesis of mononuclear Zn(II) complexes

To a solution of 2,6-Diformyl-4-methylphenol  in warm dimethyl formamide, various
diamines(1,2diaminoethane,1,3diaminopropane and 1,4 diamino butane) in warm dimethylformamide was added
dropwise under constant stirring. To this solution corresponding Zn(OAc)2.H2O was added. The resulting solution
was stirred at 60 0C for 2hrs .The resulting mononuclear complex [ZnL]) precipitated. The precipitate was separated
by filtration and washed with isopropyl alcohol and diethyl ether.

Synthesis of unsymmetrical macrocyclic binuclear complexes

The binuclear zinc (II) complexes were prepared from a vigorously stirred suspension of mononuclear
complex in acetonitrile, and acetonitrile solution of Zn(ClO4)2.6H2O was added slowly and the mixture was stirred
for 15 min to obtain a clear solution. Then the acetonitrile solution of corresponding benzil bis dihydrazone was
added drop wise to the above solution and refluxed for 3 hrs. A resulting solution was separated on evaporating  the
solution at room temperature and the resulting compound was washed with ether and dried. (Scheme 1).

[Zn2L1][2.C1O4], l. To a boiling solution of compound PC-1 (0.25 g, 0.07 mM) in DMF(10 cm3) was added zinc
(II) acetate monohydrate (0.14 g, 0.07 mM) dissolved in acetonitrile (15 cm3) and the mixture was refluxed for 30
min. The precipitate formed was subsequently treated with a mixture of benzil bis dihydrazone (0.16 g, 0.07 mM)
and zinc (II) perchlorate hexahydrate (0.26 g, 0.07 mM) in acetonitrile (10 cm3) and refluxed for 2 h. After cooling
at room temperature, the resulting solution was filtered and the filtrate allowed to evaporate at room temperature.
The dark yellow precipitate formed was filtered and washed with cold methanol and vacuum dried.
Yield 0.42 g (80%).
(Found: C, 60.60; H, 4.80; N, 11.78. Calc. for C36H34N6O14Cl2Zn2, C, 60.59; H, 4.79; N, 11.76%)

[Zn2L2][2C1O4] . 2. This complex was prepared by the procedure adopted for 1 except using PC-2 (0.256 g, 0.06
mM) in place of PC-1. Yield 0.43 g (82%).
(Found: C, 61.09; H, 4.99; N, 11.55. Calc. for C37H44N6O14Cl2Zn2, C: , C, 61.06; H, 4.94; N, 11.51%)

[Zn2L3][2C1O4]. 3. This complex was prepared by the method used for 1, using compound   PC-3 (0.25 g, 0.07
mM) in place of PC-1. Yield 0.45 g (85%).
(Found: C, 61.55; H, 5.17; N, 11.33% Calc. for C38H46N6O14Cl2Zn2, C, 61.51; H, 5.14; N, 11.31%).

III. Results and discussion

a. Synthesis of macrocyclic binuclear zinc(II) complexes
New series of  unsymmetrical binuclear zinc(II) complexes [Zn2L1-3](ClO4)2 were synthesized by

Schiff base condensation of bicompartmental mononuclear complex [ZnL] with various diamines like 1,2 diamino
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ethane, 1,3 diamino propane and 1,4 diamino butane .Then add Zn(ClO4)2.6H2O and benzilbishydrazone. The
binuclear Zn(II)  complexes are yellow in colour. The elemental analysis data of the complexes are consistent with
the calculated results from the empirical formula of each compound.

Scheme 1

IR spectra of mononuclear complex [ZnL] exhibited a peak at 1630 cm-1 which corresponds to the
azomethine group (C=N). The band observed at 1700 cm-1 was due to the aldehyde group (C=O). No band was seen
in the region 3300-3500 cm-1 which generally corresponding to –OH stretching which clearly indicates the co-
ordination of hydroxyl group with Zn(II) metal ion. The absence of carbonyl stretching frequency ѵ(C=O) and
simultaneously the presence of azomethine stretching around 1615 to 1640 cm-1 and a sharp peak indicates the
formation of binuclear complex.A strong band in the region around 1080-1110 cm-1 and a sharp peak in the region
around 630cm-1 was observed which was corresponds to the antisymmetric stretch and antisymmetric bending
vibration of perchlorate ions, respectively. The electronic spectra of the complexes were observed as two main
transitions . A moderately intense band was observed in the range 350-450 nm is which was due to ligand-to-metal
charge transfer transition and a strong band in the range  320-220 nm due to intra ligand charge transger  transition.
The ESI mass spectra were carried out for the binuclear zinc (II) complexes in acetonitirle. The positive ion ESI
mass spectra for the zinc (II) complexes 1-3 showed a major peak at m/z = 842, 856 and 871 respectively
corresponding to the [Zn2L1-3.ClO4]+ ion. Also mass spectra of the complexes show peaks at 372, 379 and 386
confirm the presence of a dipositive binuclear core [Zn2L1-3]2+ ions respectively. The analytical and ESI mass
spectral data are consistent with the proposed formula of the dizinc (II) complexes.

b. Binding studies of calf thymus DNA by the zinc complex

UV Absorption studies

The electronic absorption spectra of complex (1 x 10-5 M ) in the case of increasing amounts of DNA
showed strong decreases in the peak intensities (Figure 1). Hypochromism was suggested to be due to a strong
interaction between the electronic state of the intercalating chromophore and that of the DNA bases.In addition to
the decrease in intensity, a small red shift was also observed in the spectra[16]. These spectral changes are consistent
with the intercalation of the zinc complex into the DNA base stack. The plot of the absorption titration data gives a
linear plot and results in an intrinsic binding constant (Kb) of 4×104, 5.2 x104 and 6.8x104 M-1.
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Figure: 1 Absorption spectra of Zn(II) (1 x 10-5 M ) in the absence and presence of increasing amounts of CT-DNA
(0-2.5 x 10-3 M ) at room temperature in 50 mM Tris-HCl / NaCl buffer (pH = 7.2). Arrow shows the absorbance
changing upon increasing DNA concentrations. Insert : shows the saturation in absorption intensity hypochromism
is indicated by the plot of  [DNA] vs [DNA] / (εa-εf).
Figure 2 : Emission spectrum of EB bound to DNA in the presence of complexes( 1-3) ([EB] =  3.3 μM, [DNA] =
40 μM, [complex] = 0-25 μM, λex= 510 nm). Arrow shows the absorbance changing upon increasing complex
concentrations. Insert : Stern–Volmer quenching plot of EB bound to DNA by complex. I0 is the emission intensity
of EB-DNA in the absence of complex; I is emission intensity of EB-DNA in the presence of complex.

Fluorescence Spectral Studies

To further clarify the interaction of the complex with DNA, the emission spectra of DNA-EB( 1.0 ×107

M-1) adduct have been measured upon increase of the complex concentration. Ethidium bromide (EB) has long
been used as a probe of DNA secondary structure as it can be intercalated into the double-stranded DNA and
enhanced the sensitivity of fluorescence[17]. If the duplex of DNA decreases, the fluorescence of DNA-EB
complex is quenched evidently. The fluorescence emission spectra of the zinc complex interaction with calf
thymus DNA-EB with complex1 is shown in Figure 2. The fluorescence intensity of DNA-EB adducts decreases
with the increasing concentrations of the complex. This may be because the intercalation of zinc complex inhibits
EB from binding to DNA.The Kapp values of the complexes (1-3) were calculate as 4.3 x 105, 5.4 x105 and 5.8
x105 respectively.

Viscosity Measurement
As a means of further exploring the interaction between complex and DNA viscosity study was carried

out. A classical intercalation model results in the lengthening of the DNA helix as the base pairs are separated to
accommodate the binding ligand, leading to an increase in DNA viscosity[18]. Figure 3 shows that with an
increasing amount of complex, the relative viscosity of DNA increases steadily, which suggests that the complex
can bind to DNA by the classical intercalation.

c. Protein binding studies:

Addition of metal complexes of the solution of BSA resulted in the quenching of its fluorescence emission
without any shift suggesting that the complex formed between the complexes (1-3)  and BSA is responsible for the
quenching of BSA. Fig 6 shows the effect of increasing the concentration of Zinc complex-1 on the fluorescene
emission of BSA. The Ksv value obtained from the plot of I0/I vs log[Q] was found to be 6.56x105,6.67x105 and
9.55x105 M-1 corresponding to the zinc complexes (1-3). Binding constants obtained form the plot of log[(F0/F)/F]
Vs log[Q] corresponding to the zinc complexes (1-3) were 1.58, 1.65 and 1.28 x105M-1 respectively.
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Fig. 3. The effect of the complex on the relative viscosity of DNA
Fig.4. Changes in the Fluorence spectra of BSA[1x10-6M-1]  in presence of increasing  complex-1

concentraion[0-10X10-6M-1]  at 300 K, pH=7.5 λex =280nm The KBSA values of the complexes 1-3 are
1.55 x 105 M−1, 2.32 x 105 M-1 and 2.68 x 105 M-1 respectively.

d. Cleavage studies of double-stranded pBR322 DNA by the zinc complex

For comparison purposes, the cleavage reactions of zinc complexes (1-3) were carried out in the presence
of H2O2 at a concentration of 30 µM. Each complex was found to possess nuclease activity. The cleavage
efficiencies of complexes(1-3) (lanes 2,3,4 and 5,  respectively; Figure 5) in the presence of H2O2 are exhibits
nuclease activities.

Based upon their ability to convert the super coiled form (Form I SC) to the nicked circular (Form II NC),
complex 5 was found to be an efficient chemical nuclease for double strand cleavage of DNA in comparison with
complexes 3 and 4 . The foregoing observations suggest that cleavage of the supercoiled form and formation of the
nicked circular form.

Figure 5 : Agarose gel showing cleavage of pBR322 DNA incubated by Zinc complexes (1-3) in Tris-Hcl (pH=7.2)
at 370 C for 3h. Lane 1, DNA control, Lane 2, DNA+H2O2(0.08%, 1µl), Lane 3, DNA+H2O2(0.08%, 1µl) +complex
1(30µM), Lane 4, DNA+H2O2(0.08%, 1µl) +complex 2(30µM), Lane 5, DNA+H2O2(0.08%, 1µl) +complex
3(30µM).

VI. Conclusion

Binuclear Zinc(II)complexes were prepared by the template synthesis with various diamines,
benzilbisdihydrazone. The binding properties of the Zn(II) complexes with calf thymus DNA and BSA have been
investigated by absorption, emission spectral studies. Viscosity measurements have been carried out to find out the
mode of binding of the complexes with CT-DNA. DNA cleavage of the binuclear Zinc(II) complexes was studied
by electrophoresis method. The binuclear Zinc (II) complexes show hydrolytic cleavage of supercoiled pBR322-
DNA.
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