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Abstract

The ligand [C16H10O2N4S2] L has been synthesized by the condensation reaction of 2-mercaptobenzimidazole and diethyloxalate. The
ligand L was allowed to react with bis(ethylenediamine)CuII/NiII complexes to yield [C20H22N8S2Cu]Cl2 1 and [C20H22N8S2Ni]Cl2 2 com-
plexes. The Ni(II) complex was synthesized only to elucidate the structure of the complex. The complexes 1 and 2 were characterized by
elemental analyses, IR, NMR, EPR, UV–vis spectroscopy and molar conductance measurements. Both the complexes are ionic in nature and
possess square–planar geometry. The binding of the complex 1 to calf thymus DNA was investigated spectrophotometrically. The absorption
spectra of complex 1 exhibits a slight red shift with “hyperchromic effect” in presence of CTDNA. Electrochemical analysis and viscosity
measurements were also carried out to ascertain the mode of binding. The complex 1 in the absence and in presence of CT DNA in aqueous
solution exhibits one quasi-reversible redox wave corresponding to CuII/CuI redox couple at a scan rate of 0.2 V s−1. The shift in DEp, E1/2 and
Ipa/Ipc values ascertain the interaction of calf thymus DNA with copper(II) complex. There is decrease in viscosity of CTDNA which indicates
that the complex 1 binds to CTDNA through a partial intercalative mode. The antibacterial and antifungal studies of the [C7H6N2S],
[C4H16N4Cu]Cl2, [C16H10N4S2O2] and [C20H22N8S2Cu]Cl2 were carried out against S. aureus, E. coli and A. niger. All the results reveal that
the complex 1 is highly active against the bacterial strains and also inhibits fungal growth.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

There is a considerable interest in the pharmacology of
heterocyclic ligands and their metal chelates [1,2]. In gen-
eral, nitrogen and sulfur containing organic compounds and
their metal complexes display a wide range of biological activ-
ity [3–6], as antitumor, antibacterial, antifungal and antiviral
agents. Benzimidazole substituted derivatives are inhibitors
of cyclin-dependent kinase and useful for inhibiting cell pro-
liferation, in for the treatment of cancer. The activity of these
compounds have been determined by cyclin-dependent kinase
(CDK) 4/cyclin D1 and CDK2/cyclin E flashplate assays [7].

Bis-benzimidazoles have potent activity against a number
of microorganisms including those that lead to AIDS-related

infections [8]. These compounds bind to DNA in AT-rich
sequences [9] Recently, benzimidazole derived drugs have
received much attention owing to the fact that benzimidazole
residue is a constituent of vitamin B12 [9] which supports
their potential use as therapeutics [10]. Benzimidazole, some-
times called 1,3-dideazapurine and its derivatives can serve
as model compounds for purine due to the structural similar-
ity [11,12].

Copper complexes have been extensively utilized in metal-
mediated DNA cleavage for the generation of activated oxy-
gen species [13,14]. It has been reported that tetraaza macro-
cyclic copper complexes have shows anti-HIV activities,
furthermore copper accumulates in tumors due to the selec-
tive permeability of cancer cell membranes to copper com-
pounds. For this reason, a number of copper complexes were
screened for anticancer activity and some of them were found
active both in vivo and in vitro [15,16].
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To design improved drugs that target the cellular DNA
and to understand the mechanism of action at the molecular
level, we have synthesized new benzimidazole
ligand [C16H10O2N4S2] and its metal complexes
[C20H22N8S2Cu]·Cl2 and [C20H22N8S2Ni]·Cl2. Binding stud-
ies of the potential drug complex [C20H22N8S2Cu]·Cl2 with
calf thymus DNA (CTDNA) were studied by electronic
absorption spectroscopy, cyclic voltammetric and viscosity
measurements. Antibacterial and antifungal activities of the
complex [C20H22N8S2Cu]Cl2 were screened against S. aureus
and E. coli (bacteria) and A. niger (fungus).

2. Experimental

2.1. Reagents

2-Mercaptobenzimidazole (Fluka), diethyl oxalate,
NiCl2·6H2O and CuCl2·2H2O ethylenediamine (Merck) were
used as received.

2.2. Other physical measurements

Microanalyses of the complexes were obtained on a Carlo
Erba Analyzer Model 1106. Molar conductances were mea-
sured at room temperature on a Digisun Electronic Conduc-
tivity Bridge. IR spectra (200–4000 cm−1) were recorded on
a Carl Ziess specord M-80 spectrophotometer in Nujol mull.
1H and 13C NMR spectra were recorded on an amx-500 spec-
trometer. The EPR spectra were obtained on a Varian
E112 spectrometer at X-band frequency (9.1 GHz) at liquid
nitrogen temperature (LNT).

Cyclic voltammetry was carried out at CH instrument elec-
trochemical analyzer. High purity H2O and DMSO (95:5) was
employed for the cyclic voltammetric studies with 0.4 M
KNO3 as a supporting electrolyte. A three electrode configu-
ration was used comprising of a Pt disk working electrode, Pt
wire counter electrode and Ag/AgCl as reference electrode.
The kinetic experiments were performed under pseudo-first
order conditions and the spectral changes were recorded at
628 nm (kmax of complex 1 + CTDNA) with respect to time
using a (USB2000) Ocean Optics spectrophotometer. Viscos-
ity measurements were carried out using Ostwald’s viscom-
eter at 29 ± 0.01 °C. Flow time was measured with a digital
stop-watch. Each sample was measured three times and an
average flow time was calculated. Data were presented as
(g/g0) versus binding ratio ([Cu]/[DNA]) [17], where g is a
viscosity of DNA in the presence of complex and g0 is the
viscosity of DNA alone.Viscosity values were calculated from
the observed flow time of DNA containing solution (t > 100 s)
corrected for the flow time of buffer alone (t0), g = t – t0.

2.3. Antibacterial screening

The antibacterial activity of [C7H6N2S], [C12H16N4Cu]Cl2,

[C16H10N4S2O2] and [C20H22N8S2Cu]Cl2 were screened

against E. coli and S. aureus in DMSO by the well diffusion
method using standard Mueller–Hinton agar as the medium
[18].

Sensitivity plates were inoculated with E. coli and S. aureus
and the well was loaded with (140 µl) of test compound solu-
tion using a micropipette. The incubation was done for 24 h
at 37 °C. During this period, the test solution diffused zones
of inhibition which were recorded using Vernier callipers. The
radius of the zone is the measure of antibacterial activity.

To evaluate the effect of concentration on antibacterial
activity, four different concentrations (10, 20, 30 and
40 µg ml–1) of the test compounds were screened against E.
coli and S. aureus in DMSO by employing the same proce-
dure.

2.4. Antifungal screening

Antifungal activity of the [C7H6N2S], [C4H16N4Cu]Cl2,

[C16H10N4S2O2] and [C20H22N8S2Cu]Cl2 evaluated using the
Sabouroud dextrose agar diffusion method. Wells were made
(8 mm diameter) with a sterile cork borer. To these wells
140 µl from each (10, 20, 30 and 40 µg ml–1) of the test stock
solution compounds were added and the plates were allowed
to cool for an hour to facilitate the diffusion. The plates were
then incubated at 37 °C for 48 h. At the end of the incubation
period, the diameter of the zone of inhibition around the wells
was measured.

2.5. Synthesis of ligand [C16H10O2N4S2] L

2-Mercaptobenzimidazole (5 g, 0.033 mol) was dissolved
in MeOH (100 ml) and to this solution was added diethyl
oxalate (2.26 g, 0.016 mol) in a 2:1 molar ratio. The solution
was refluxed for ca. 1 h, then conc. HCl (6 ml) was added
dropwise with constant stirring. The cream crystalline prod-
uct which formed was filtered off under vacuum, washed thor-
oughly with hexane and dried in vacuo. Yield 74% m.p.
100 ± 1 °C (Found: C, 54.26; H, 2.81; N, 15.83.
C16H10O2N4S2%) requires C, 54.23; H, 2.82; N, 15.81.
IR/cm−1 (Nujol mull): 1688 m(C=O), 2472 m(SH), 1304 m(C–
N). dH (300 MHz, D2O, TMS) 7.73–7.85 (ArH), 3.8 (SH). dc

128 (ArC), 165 (C=O).

2.6. Synthesis of [C4H16N4Cu]Cl2 and [C4H16N4Ni]Cl2

These compounds were synthesized by the method re-
ported earlier [19].

2.7. Synthesis of the [C20H22S2N8Cu]·Cl2

To a solution of the ligand (1 g, 0.003 mol) in MeOH
(50 ml) was added [Cu(en)2]·Cl2 (0.76 g 0.003 mol) in the
same solvent. The resulting mixture was magnetically stirred
for ca. 2 h. The blue precipitate formed was isolated, washed
with hexane and dried in vacuo (Scheme 1). Yield 62% m.p.
250 ± 2 °C (Found: C, 41.94; H, 3.85; N, 19.53.
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[C20H22S2N8Cu]·Cl2%) requires C, 41.91; H, 3.84; N, 19.56.
IR/cm−1 (Nujol mull): 2476 m(SH), 1306 m(C–N), 2942, 1508,
677 m(CH2), 3357 m(NH2), 1639 m(C=N) 425 m(M–N).

2.8. Synthesis of the [C20H22S2N8Ni]·Cl2

A similar procedure was also adopted for the NiII com-
plex. Yield 56% m.p. 263 ± 2 °C (Found: C, 42.3; H, 3.8; N,
19.7. [C20H22S2N8Ni]·Cl2 requires C, 42.27; H, 3.87; N,
19.72%). IR/cm−1 (Nujol mull): 2475 m(SH), 1303 m(C–N),
2940, 1509, 675 m(CH2), 3359 m(NH2), 1645 m(N=C), 445
m(M–N). dH (300 MHz, DMSO-d6, TMS) 7.72–7.84 (ArH),
3.8 (SH), 5.2 (NH2), 3.70–3.84 (CH2). dc 128.8 (ArC), 170
(>C=N), 49.20 (CH2), 117.2 (>C–N).

3. Result and discussion

3.1. IR spectra

The ligand L shows a medium intensity band at 2474 cm−1

assigned to –SH group, which remains unaltered suggesting
the noninvolvement of this group in coordination with diethyl
oxalate [20]. The characteristic bands at 3100 and 1490 cm−1

due to t(NH) stretching and bending vibration [21], respec-
tively, were not observed in IR spectrum of ligand indicating
the ligand formation take place through –NH group of imi-
dazole ring.

In the complexes, the characteristic band at ca. 1688 cm−1

attributed to t(C=O) disappears [22], with the emergence of
a new strong band at 1639–1645 cm−1 region which indicates
the condensation of t(C=O) group with NH2 group of bis-
(ethylenediamine) CuII/NiII complexes. The formation of
t(C=N) band, and the disappearance of the t(C=O) band in
the complexes commensurate with effective Schiff’s base con-
densation [23]. The alkyl CH2 group shows characteristic

stretching absorption bands in the region 2942, deformation
band at 1508 and rocking modes at 677 cm−1, respectively
[24]. A medium intensity band at 3357 cm−1 was observed in
the complexes which was assigned to t(NH2) groups of the
other side of bis(ethylenediamine) moiety suggesting1:1 con-
densation reaction [25]. In the IR region, the bands appearing
at 425 and 445 cm−1 have been assigned to t(Cu–N) and t(Ni–
N), which further confirm the formation of the complexes
[26].

3.2. Electronic spectra

The electronic spectrum of the complex 1 in DMSO reveals
a broad band at ca. 15,2207 cm−1 assignable to 2B1g → 2A1g

transition [27,28] which is characteristic of square planar envi-
ronment around the copper(II) ion. The complex 2 displays
two bands at ca. 17,000 and 24,075 cm−1 regions which are
assigned to 1A1(F) → 1B1(G) and 1A1g → 1A2g transitions,
respectively, characteristic of typical square–planar geom-
etry [29]. A strong charge transfer (LMCT) bands at ca.
35,673 and 30,000 cm−1 region appear in all the complexes
attributed to the p–p* transition.

3.3. NMR spectra

In order to elucidate the structural features of the com-
pounds, 1H and 13C NMR spectra of the ligand L and the
complex 2, recorded in D2O and DMSO, respectively, were
examined. The 1H NMR spectrum of ligand, exhibits a intense
signals at 3.8 ppm which were assigned to –SH protons [30].
The absence of band at ca. 12 ppm due to NH protons sug-
gest deprotonation of –NH group of the imidazole ring. In
addition, the spectrum of the ligand exhibits multiplet at 7.73–
7.85 ppm, which shows the presence of phenyl protons [31].
The 13C NMR spectrum of the ligand exhibits signals at
165.70 and 128.0 ppm assigned to > C=O group and phenyl
carbons, respectively.

The 1H NMR spectrum of the complex 2 displays signals
at 5.2 and 3.7–3.84 ppm due to –NH2 and –CH2 protons,
respectively [32,33]. These signals further support the forma-
tion of complex by 1:1 condensation reaction. The 13C NMR
spectrum of the complex strongly supports the Schiff base
formation as signal at 165.70 assigned to > C=O disappears
and two new signals were observed at 170 and 49.2 ppm attrib-
uted to > C=N and –NCH2 carbons, respectively.

3.4. EPR spectra

The X-Band (≈9.1 GHz) EPR spectrum of the complex
1was recorded at liquid nitrogen temperature (77 K) using
tetracynoethylene (TCNE), as field marker. The g||, g⊥ and
gav values computed from the spectrum were found to be 2.22,
2.07 and 2.11, respectively. The mathematical expression for
gav value is gav

2 = (g||
2 + 2g⊥

2)/3. The existence of g11 > g1

suggest that dx2 – y2 is the ground state with the d9 [Cu2+]
configuration i.e. (eg)4, (a1g)2 (b2g)2 (b1g)1, which evidences

Scheme 1.
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the square planar environment around the copper(II) ion in
the complex [34] (Fig. 1).

4. Electrochemistry

The cyclic voltammetry of the complex 1 was recorded in
DMSO/H2O (5:95) at room temperature at a scan rate of
0.2 V s−1 in the potential range 1.0 to –0.8 V (Fig. 2). The
cyclic voltammogram of the complex 1 in absence of CTDNA
exhibits a quasireversible redox wave for one electron trans-
fer process corresponding to CuII/CuI redox couple with
E1/2 = 0.27V and DEp value of 288 mV. The ratio of the anodic
and cathodic peak currents Ipa/Ipc is 1.33 implying quasi-
reversible electron transfer. At different scan rates, the volta-
mmogram does not show any major change. However, at vari-
ous scan rates the peak height increases indicating the
reversibility of the process (Fig. 3).

On addition of calf thymus DNA, complex 1 registers a
significant shift in DEp value as well as in E1/2 values 105 and
17 mV, respectively, at the scan rate of 0.2 V s−1 (Fig. 4). The

ratio of Ipa/Ipc = 0.67 for the calf thymus bound complex. The
decrease in current is due to diffusion of an equilibrium mix-
ture of free and DNA-bound metal complex to the electrode
surface [35].

To elucidate the binding mechanism involving the Cu(II)
or Cu(I) forms of complex to CTDNA, the net shift in E1/2

can be used to estimate the ratio of equilibrium constants by
the following equation.

EI⁄2 − E1⁄2′

= 0.0591 log (K1+/K2+)

The ratio of binding constants of +1 and +2 species was
(0.9) close to 1, suggesting that both Cu(II) and Cu(I) forms
interact with CTDNA to the same extent.

Fig. 1. X-band EPR spectrum of the Cu(II)complex at LNT.

Fig. 2. Cyclic voltammogram of complex 1 in DMSO/H2O (5:95) at 30 °C
at a scan rate of 0.2 V s−1.

Fig. 3. Cyclic voltammograms of complex 1 in DMSO/H2O (5:95) at 30 °C
at different scan rates viz. 0.2, 0.3 and 0.4 V s−1.

Fig. 4. Cyclic voltammogram of complex 1 in the presence of CTDNA at
30 °C at a scan rate of 0.2 V s−1.
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5. Kinetics studies

The absorption spectrum of the complex 1 (in absence of
CTDNA) in DMSO reveals one intense well resolved MLCT
band at 282 nm attributed to Cu(II) → p* of the benzimida-
zole ring and a broad band in the visible region at 657 nm
assigned to d–d transition on addition of CTDNA to the com-
plex 1 in Tris–HCl buffer/DMSO there is an increase in the
absorbance (hyperchromism) in both CT band and the d–d
band in the visible region and it is accompanied by a slight
red shit. A similar hyperchromism was observed also for a
Cu(II) complex with a ligand bearing NH and OH groups
[36] and for the soret bands of certain porphyrins showing
interactions with DNA [37]. “Hyperchromic effect” and
“hypochromic effect” are spectral features of changes in DNA
concerning its double-helix structure.

Kinetics of the interaction of complex 1 with CTDNA was
carried out and is displayed in Figs. 5a,b.A kinetic absorption-
trace was followed spectrophotometrically at 628 nm which
is kmax of complex 1 + CTDNA under pseudo first order con-

ditions. The rate constant, kobs, were obtained by the linear
least squares regression method (Fig. 6).

The concentration of complex 1 (0.1 × 10−3 M) was kept
constant and concentration of CTDNA (1–1.6 × 10−3 M) was
varied and the spectral changes were monitored with respect
to time with increasing concentration of CTDNA, the absorp-
tion bands shows hyperchromism and a slight red shift in kmax.

Although a slight red shift would be expected due to interac-
tion between aromatic chromophores and DNA base pairs
due to classical intercalative binding mode [38] but the

Fig. 5a. UV–vis spectrum of complex 1 (1 × 10−3 mol dm−3) with increasing concentration of CTDNA (1–1.6 × 10−3 mol dm−3) in Tris–HCl buffer solution.

Fig. 5b. Plots of logA versus time for complex 1 at varying concentration of CTDNA (1–1.6 × 10−3 mol dm−3).

Fig. 6. Plot of kobs, versus DNA at varying concentration of CTDNA (1.0–
1.6 × 10−5 mol dm−3) and fixed concentration of the complex
1 = 0.1 × 10−5 mol dm−3).
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increase in intensity “hyperchromism” which may be attrib-
uted to total damage caused to DNA helix [39] which could
not be a possible result of intercalation. Literature survey on
benzimidazole derivatives reveal the binding with walls of
DNA minor groove which are also supported by electro-
static, van der Waals and H-bonding interactions [40].

On the basis of kinetic data, the following mechanism, is
proposed (Scheme 2).

The rate law has been derived

(1)
kobs = k1k2[DNA]/[k−1 + k2]

If the above rate law holds good, the proposed mechanism
(Scheme 2) is correct. The plot of kobs, versus [DNA] gave a
straight line with slope = k1k2[k–1 + k2] which is consistent
with the proposed mechanism.

6. Viscosity measurements

To further clarify the nature of the interaction between the
complex and DNA, viscosity measurements were carried out
and the results are presented in Fig. 7. The experiment involves
the measurement of the flow rate of DNA solution through a
capillary viscometer. Hydrodynamic measurement that are
sensitive to length change (i.e. viscosity and sedimentation)
are regarded as the least ambiguous and most critical tests of
a binding model in solution in the absence of crystallo-
graphic structural data [41,42]. The complex 1 proved to be
very interesting species as it decreases the viscosity of the
calf thymus DNA by varying concentration of added com-
plex, signifying that Cu(II) complex binds to DNA through
not by classical intercalation but by a partial intercalation
mode [43]. Partial intercalation may act as a wedge to try
apart one of a base-pair stack, but not fully separate the stack
as required by the classical intercalation mode.

6.1. Antibacterial activity

Among the compounds tested, the complex 1 was found
to be the most active against S. aureus and E. coli (Table 1).
The order of inhibition was found to be:

Mercaptobenzimidazole < [C16H10O2N4S2] < [Cu(en)2]·
Cl2 < [C20H22N8S2N8Cu]Cl2.

6.2. Antifungal activity

The results of antifungal studies are presented in Table 2.
The results shows that the complex 1 is more active in com-
parison to the other compounds against the A. niger under
the identical experimental conditions. The increase in anti-
fungal activity of the complex 1 can be ascribed to the effect
of the metal ion on the normal cell process. The toxicity
increase in the light of chelation theory [44] as chelation con-

Scheme 2.

Fig. 7. Effect of increasing amount of complex 1 on the relative viscosity
CTDNA at 25 ± 0.1 °C. [DNA] = 5 × 10−4.

Table 1
Antibacterial activity of the compounds with different concentrations (dia-
meter of inhibition in mm)

Compound Growth inhibition
concentration
Of the title compounds
[complex] × 10−5 M

S. aureus E. coli

[C20H22N8S2Cu]Cl2 1 1.7 19 17
13 23 19
20 25 22
26 28 26

[C4H16N4Cu]Cl2 3.9 13 12
7.8 15 14
11.7 16 16
15.6 13 17

[C16H10N4S2O2] 2.8 11 11
5.6 12 12
8.4 14 14
11.2 16 20

[C7H6N2S] 6.6 11 12
13.0 11 11
20.0 13 12
26.0 13 12

* Well diameter = 8 mm.
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siderably reduces the polarity of the metal ion mainly because
of partial sharing of its positive charge with donor groups
and possible p-delocalization over the chelation ring. Such
chelation could enhance the lipophilic character of the cen-
tral metal atom, which subsequently favors its permeation
through the lipid layer of the cell membrane. The presence of
lipophilic and polar substituents such as C=N, S–H and NH2

are expected to enhance the fungal toxicity and therefore cop-
per(II) complex have a greater chance of interaction with the
nucleotide bases.
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