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Abstract. Thiosemicarbazone metal complexes [Cu(L)(2-benzpy)]ClO4 (1) and [Zn(L)2] (2) [L = 2-benzoylpyridine-N(4)-methyl-3-thiosemicarbazone), 2-benzpy = 2-benzolylpyridine] were synthesized and X-ray
crystallographically characterized. The metal centre in compound 1 has a distorted square planar geometry
while in compound 2, the metal centre has a distorted octahedral geometry. Both the molecules induce
cytotoxic effects on A431 skin carcinoma cell line in 24 h incubation and signiﬁcantly enhances hypoploid
cell population in cell cycle phase distribution below IC50 dose. Application of both the two molecules exhibit
apoptotic induction and genotoxic activity in 24 h exposure.
Keywords. Transition metals; thiosemicarbazone complexes; X-ray structure; anticancer activity.

1. Introduction
Thiosemicarbazones derived from the condensation of
hydrazine and carbonyl derivatives are an important
class of compounds for their easy preparational
accessibilities and varied pharmacological activities.1–6 These organic compounds in their free state
remain as thione-thiol tautomers in solution. In each of
its tautomeric forms, it can chelate with the metal ions
as mono- and bidentate ligands. The denticity of the
ligands can be further increased by incorporating
donor groups in the condensing carbonyls. Apart from
its coordination chemistry, thiosemicarbazones and
their metal complexes along with their other pharmacological activities are nowadays well-established for
their anticancer activity.7–9 In addition to these, metal
thiosemicarbazone complexes play important role in
stabilizing Cu(I)-iodide bonds and antimicrobial
activity.10–12 The synthetic and structural aspects of
metal thiosemicarbazones along with its several
chemical and biological activities are well summarized
by Lobana et al.13 The activity of thiosemicarbazone

and its related compounds against the cancerous cells
were ﬁrst discovered in the year 1956.14 To the best of
our knowledge, 3-aminopyridine-2-carboxaldehydethiosemicarbazone (Triapine) is the latest thiosemicarbazone which has passed several clinical phase I
and II trials as an anticancer drug.13–15 Later on, some
metal complexes of Triapine were reported18,19 and
few of them were found to show better activity than
Triapine itself. Moreover, Triapine is not free from
different side effects like methemoglobinemia, acute
hypoxia, neutropenia, etc.14 So search for newer
anticancer active thiosemicarbazones and/or its metal
complexes are relevant. Moreover, high cost anticancer active platinum drugs are to be replaced by the
ﬁrst-row transition metal complexes to make the
medical treatment economic. In continuation to our
previous interest in this very system,20 herein we
report the synthesis, X-ray structural characterization
and anticancer activity of two complexes [Cu(L)(2benzpy)]ClO4 (1) and [Zn(L)2] (2) [L =2-benzoylpyridine-N(4)-methyl-3-thiosemicarbazone)
(Scheme 1), 2-benzpy = 2-benzolylpyridine].
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Scheme 1. 2-benzoylpyridine-N(4)-methyl-3-thiosemicarbazone.

2. Experimental
2.1 Materials
High purity 2-benzoyl pyridine (Aldrich, UK),
4-methyl-3-thiosemicarbazide
(Aldrich,
UK),
zinc(II)acetate dihydrate (SRL, India), copper(II) perchlorate hexahydrate (SRL, India) and all the solvents
were purchased from respective concerns and used as
received.
2.2 Physical measurements
Elemental analyses (carbon, hydrogen and nitrogen)
were performed on a Perkin-Elmer 2400 CHNS/O
elemental analyzer. UV-Vis and IR spectra (KBr discs,
4000–300 cm-1) were recorded using a Shimadzu
UV-Vis 2450 spectrophotometer and Perkin-Elmer
FT-IR model RX1 spectrometer, respectively.
2.3 X-ray diffraction
Single crystals of 1 and 2 suitable for X-ray crystallographic analysis were selected following examination under a microscope. Diffraction data at 296 K
were collected on a Bruker-Kappa APEX II CCD
diffractometer using Mo-Ka radiation (k = 0.71073
Å). The crystal data and data collection parameters are
listed in Table 1. The compounds crystallized in
P1211 and Pbca space groups. Of 21165 (1) and
79611 (2) reﬂections collected, respective 3881 and
4346 unique reﬂections with I [ 2r(I) were used for
structure solution. The structures were solved by direct
methods, and the structure solution and reﬁnement
were based on |F|2. The ﬁnal differences Fourier map
showed the maximum and minimum peak heights at
0.880 and - 0.571 eÅ-3 for 1 and 0.649 and - 0.511
eÅ-3 for 2 with no chemical signiﬁcance. All calculations were carried out using SHELXL-9721 and
ORTEP-32.22
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2.3a Synthesis of L: Ethanolic solution (50 mL) of
2-benzoylpyridine (349 mg, 1.905 mmol) and
4-methyl-3-thiosemicarbazide (200 mg, 1.905 mmol)
were mixed in a 100 mL round bottom ﬂask. The
reaction mixture was reﬂuxed for 10 h. On evaporation
of the ﬁnal ethanolic mixture on a steam bath, reddish
coloured L appeared. It was dried in vacuo.
Yield: 70%, Selected IR bands (KBr pellet, cm-1):
1662.64 and 742.59; UV-Vis (k, nm): 260 (e = 6737
M-1 cm-1), the absorption spectra was recorded using
methanol as solvent and the concentration of the
ligand was 7.86 9 10-5 (M); 1HNMR (CDCl3,
500 MHz): dH (ppm) = 3.235 (d, 3H, J= 5 Hz), 7.46 (s,
1H), 7.48–8.72 (m, 9H).
2.3b Synthesis of 1: L (27.0112 mg, 0.1 mmol) in
1:1 EtOH: MeOH mixture was gradually added to the
ethanolic solution of copper(II) perchlorate
(37.100 mg, 0.1 mmol) and the reaction mixture was
stirred for about 3 h. As colour of the solution turned
light green, it was ﬁltered and kept on slow evaporation.
This yielded deep green coloured X-ray quality single
crystals of 1 within 8 days. These were separated by
ﬁltration, washed and ﬁnally dried in vacuo.
Yield (based on metal salt): 65%, Selected IR bands
(KBr pellet, cm-1): 1596.79, 1090.00, 696.79, 620.00;
UV-Vis (k nm): 260 (e = 3884.4 L M-1 cm-1), 305 (e
= 3532 L M-1 cm-1), 418 (e = 2689 L M-1 cm-1), the
absorption spectra was recorded using methanol as
solvent and the concentration of the complex was 1.67
9 10-4 (M). C H N Analysis: Calcd. C26H22ClN5O5SCu (1): C, 50.73%; H, 3.60%; N, 11.37%. Found, C,
50.61%; H, 3.52%; N, 11.46%.
2.3c Synthesis of 2: Intense yellow coloured 2 was
prepared in the same way as 1, only copper(II)
perchlorate was replaced with zinc(II)acetate (21.949
mg 0.1 mmol).
Yield (based on metal salt): 56%, Selected IR bands
(KBr pellet, cm-1): 1590.00, 702.38; UV-Vis (k, nm):
260 (e = 2494.5 M-1 cm-1), 300 (e = 3264 M-1
cm-1), 400 (e = 5318.6 M-1 cm-1), the absorption
spectrum was recorded using methanol as solvent and
the concentration of the complex was 9.10 9 10-5
(M). C H N Analysis: Calcd.: C28H26N8S2Zn (2): C,
55.67%; H, 4.33%; N, 18.54%. Found, C, 55.21%; H,
4.19%; N, 18.59%. 1HNMR (CDCl3, 500 MHz): dH
(ppm) = 2.03 (d, 6H), 7.49–8.87 (m, 9H)
2.3d In vitro cytotoxicity study
2.3.3a. Cell line and culture Human epidermoid
carcinoma cells A431 were obtained from NCCS
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Table 1. Crystal data and structure reﬁnement parameters.

Formula
Mol. Wt.
Crystal System
Space Group
Temperature (K)
Wavelength
a/Å
b/Å
c/Å
a/o
b/o
c/o
V/Å3
Z
Dc/g cm-3
l/mm-1
F(000)
R(int)
Total reﬂections
unique reﬂections
I [ 2r(I)
Completeness to theta
Absorption correction
Tmax and Tmin
Data/restraints/parameters
Goodness-of-ﬁt (GOF) on F2
Final R indices [l [ 2s(l)]
R indices (all data)
Largest difference in peak and hole (eÅ-3)

1

2

C26H22ClN5O5SCu
615.53
Monoclinic
P1211
296
0.71073
10.4619(3)
8.3872(3)
15.7090(5)
90
94.383(2)
90
1374.37(8)
2
1.487
1.013
630
0.0619
21165
4771
3381
0.999
multi-scan
25.00° to 1.300
4771/1/354
1.028
R1 = 0.0650, wR2 = 0.1697
R1 = 0.1004, wR2 = 0.2009
0.880 and - 0.571

C28H26N8S2Zn
604.06
Orthorhombic
Pbca
296
0.71073
14.4498(5)
18.8751(6)
20.6495(7)
90
90
90
5632.0(3)
8
1.425
1.054
2496
0.0501
79611
5534
4346
100
multi-scan
26.00° to 1.970
5534/0/355
1.008
R1 = 0.0391, wR2 = 0.1098
R1 = 0.0581, wR2 = 0.1365
0.649 and - 0.511

Pune, India. The A431 cells were cultured at 37 °C
containing 5% CO2 and 95% air in DMEM medium
supplemented with 10% heat-inactivated fetal bovine
serum (FBS; Invitrogen) and 1% penicillin G and
streptomycin (Life Technologies, Rockville, MD,
USA). The cells were seeded at a concentration of 104/
mm2 and maintained in a controlled atmosphere.
2.3.3b. Live subject statement All experiments were
performed in accordance with every Ethical guideline
for Biomedical Research on human participants (2006)
and the ethical guidelines for Research in the ﬁeld of
Social science and health (1998–2000). The Institutional Ethics Committee (IEC) of West Bengal State
University has been formed in accordance with the
guidelines of the Indian Council of Medical Research
(ICMR). All participants of this study provided their
written informed consent. One of the authors (Sonali
Bhattacharya) voluntarily donated blood (5 mL) for
the PBMC and hemolytic experiment.

2.3.3c. Haemolytic assay Fresh human blood was
centrifuged at 4000 X g for 10 min and then the pellet
was washed three times and again suspended in
10 mM PBS at pH 7.4 to get a ﬁnal working solution
of 1.6 9 109 RBCs/mL. After that equal volume of
erythrocytes were incubated with various concentrations of 1 and 2, and then put on a shaker for 1 h to mix
it well. Samples were then centrifuged at 4000 X g for
10 min at 4 °C. Haemolysis was measured at an OD of
540 nm. 1% Triton X were used to get 100%
haemolysis. TritonX was used as a positive control.
Haemolysis was calculated by using the formula as,

H ¼ 100  Op  Ob =ðOm  Ob Þ
where Op is OD of treatment groups, Ob and Om are
OD of buffer and Triton X, respectively.
2.3.3d. Cell viability assay on PBMC and A431
cells PBMCs were isolated by density-dependent
centrifugation using Histopaque-1077, sigma Life
Science (St. Louis, United States). At ﬁrst human
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blood was diluted in a 1:1 ratio with PBS. Then the
medium was added and centrifuged in 400X g for 10
min. Among three layers, the middle layer was separated in a clean tube and diluted by PBS in a 1:3 ratio.
Thereafter sample was centrifuged at 400X g for 10
min. The effects of 1 and 2 on the viability of PBMC
and A431 cells were determined by Trypan blue
exclusion assay. Cells were treated with different
doses of respective molecules for 24 h. Then viable
cells were counted under a microscope in a haemocytometer. Cells, which could extrude out Trypan
blue, were counted as viable cells. PBS treated cells
were considered as a control group.
2.3.3e. MTT assay A431 cells were seeded in 96
well plates approximately containing 2 9 104 cells/
well. Then cells were incubated with different concentrations of the nanoparticles. After 12 h cells were
incubated with 50 lL of MTT (3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl tetrazolium bromide) at 5 mg/
5 mL concentration and were placed in 37 °C in a dark
place. The formazan crystals were dissolved in 200 lL
of dimethyl sulfoxide (DMSO), and the absorbance
measured at 570 nm.
2.3.3f. Cell cycle distribution analysis Cell cycle
distribution was analyzed in a ﬂow cytometer in which
distribution of the cell population in different phases
of the cell cycle is measured in ﬂuorescence intensity
of stained cells at a certain wavelength. Determination
of the cell cycle phase distribution of A431 cells (1 9
106 cells) was harvested after preparing a single cell
suspension, the cells were ﬁxed with 3%
paraformaldehyde and permeabilized with 0.5% Triton
X-100, and nuclear DNA was labeled by propidium
iodide (PI, 10 lg/mL) after RNAase treatment (25 lg/
mL). The distribution of nuclear DNA determines by
FACS verse using Cell Quest Software and the Becton-Dickinson Histogram displaying DNA content (xaxis, PI ﬂuorescence) versus count (y-axis) has been
displayed.
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melting agarose (Sigma) was placed on a slide containing 1% agarose layer. The double-layer was further
layered with 0.5% of low melting agarose. Slides were
immersed in a jar containing cold lysis buffer (NaCl,
EDTA, Trizma base). Electrophoresis buffer was made
with NaOH and EDTA. Electrophoresis was carried
out using the same buffer solution for 20 min with
25 V and 300 mA (0.8 V cm-1). Before the addition of
EtBr staining, Tris buffer (pH 7.5) was applied.
Comets were observed under a microscope under
Rhodamine ﬁlter.
2.3.3i. Statistical analysis The experiments were
repeated three times and the data were analysed statistically. Values have been shown as the standard
error of the mean, except where otherwise indicated.
Data were analysed by comparing the treatment group
with a control group by Student t test. Statistical signiﬁcance was considered when P\ 0.05 or P\0.001.
3. Results and Discussion
3.1 Synthesis and formulation
On reﬂuxing 2-benzoylpyridine and 4-methyl-3thiosemicarbazide in a volumetric ﬂask for 10 h
resulted L. It was characterized using several spectroscopic techniques which include IR, UV-Vis and 1H
NMR. IR bands at 1662 cm-1 was due to imine and
the stretching around 742 cm-1 was due to C-S
vibrations23 (Figure S1, Supplementary Information)

2.3.3g. Dual AO/EtBr ﬂuorescent staining A431
cells were seeded in 6 well plates as 1 9 106 cells/
well. Then the cells were treated with 1 lM and 2 lM
of 1, 8 lM and 10 lM of 2 for 24 h incubation. Cells
were washed with PBS stained with acridine orange
(AO) (3 lg/mL) and ethidium bromide (EtBr) (10 lg/
mL) and observed under a ﬂuorescence microscope
(Leica RM2125 RTS).
2.3.3h. Comet assay for detection of genotoxic effect
in A431 cell A431 cell suspension in 0.5% low

Figure 1. UV-Vis spectra of 1 and 2 in MeOH [concentrations of 1 and 2 are 1.67 9 10-4 (M) and 9.10 9 10-5
(M), respectively]
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Figure 2. ORTEP view of 1 with 50% ellipsoid probability of non-hydrogen atoms.

Figure 3. ORTEP view of 2 with 50% ellipsoid probability of non-hydrogen atoms.

in L. The UV band at around 260 nm in L was due to
the p-p* transition (Figure S2, Supplementary Information). The doublet NMR peak at d = 3.325 was due
to the methyl protons with coupling constants 5 Hz.
The singlet 1H-NMR peak at d = 7.46 was due to the
hydrogen atom attached to the secondary amine,
adjacent to the imine bond. The aromatic protons of
the ligand appeared as multiplet in the range d =
7.48–7.82 (Figure S3, Supplementary Information). 1
and 2 were synthesized by mixing the respective metal
salt and L in ethanol. The compounds 1 and 2 have IR
peaks at 1596.79 cm-1 and 1590.00 cm-1, respectively indicating the formation of the imine bond23
(Figures S4 and S5, Supplementary Information). C-S
frequency of each compound appears at lower values

than L (696.79 cm-1 for 1 and 702.38 cm-1 for 2).
This is because of the coordination of the group to the
metal center. Peaks at 1090.00 and 620.00 cm-1 in 1
are responsible for the stretching frequency of
ClO4-.23 UV-Vis absorption of 1 at 260 and 305 nm
(Figure 1) are due to respective p-p* and n-p* transitions, respectively. The band at 418 nm (Figure 1) is
due to d-d transition in the Cu(II) complex. In the UVVis spectrum of 2, the ligand p-p* and n-p* transitions
appeared at 260 and 300 nm, respectively (Figure 1).
Absorption at 400 nm (Figure 1) appears due to ligand
to metal charge transfer. This is probably the reason
for the intense yellow colour of the compound. From
1
HNMR spectrum of 2 (Figure S6, Supplementary
Information) it was found that the aromatic protons
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Table 2. Bond angle bond distance parameters for 1 and 2.
Bond angles (°)
1
N(3)-Cu(1)-N(1)
N(1)-Cu(1)-N(2)
N(1)-Cu(1)-S(1)
2
N(8)-Zn(1)-N(2)
N(2)-Zn(1)-N(1)
N(2)-Zn(1)-N(5)
N(8)-Zn(1)-S(2)
N(1)-Zn(1)-S(2)
N(8)-Zn(1)-S(1)
N(1)-Zn(1)-S(1)
S(2)-Zn(1)-S(1)
Bond distances (Å)
1
Cu(1)-N(1)
Cu(1)-N(2)
C(00C)-S(002)
2
Zn(1)-N(1)
Zn(1)-N(2)
Zn(1)-N(5)
C(00I)-S(002)

176.9(4)
99.5(4)
94.2(3)

N(3)-Cu(1)-N(2)
N(3)-Cu(1)-S(1)
N(2)-Cu(1)-S(1)

81.0(4)
85.3(3)
166.3(3)

167.70(8)
74.38(8)
95.24(8)
80.32(6)
95.09(6)
106.75(6)
152.20(7)
101.68(3)

N(8)-Zn(1)-N(1)
N(8)-Zn(1)-N(5)
N(1)-Zn(1)-N(5)
N(2)-Zn(1)-S(2)
N(5)-Zn(1)-S(2)
N(2)-Zn(1)-S(1)
N(5)-Zn(1)-S(1)

97.76(9)
74.17(8)
83.14(8)
109.42(6)
153.90(6)
79.17(6)
90.97(6)

1.992(8)
1.996(9)
1.750(19)

Cu(1)-N(3)
Cu(1)-S(1)

1.957(8)
2.250(4)

2.217(3)
2.129(2)
2.266(2)
1.705(3)

Zn(1)-N(8)
Zn(1)-S(1)
Zn(1)-S(2)

2.120(2)
2.4420(7)
2.4251(8)

Figure 4. Dose selection, (A) Haemolytic assay, (B) PBMC viability by trypan blue exclusion, (C, D) cytotoxic
assessment of mother molecule (L) and synthesized 1 and 2 molecules in A431 carcinoma cell line by (C) MTT assay,
(D) cell viability by trypan blue exclusion. ‘‘*’’ indicates P \ 0.05, level of signiﬁcance considered with respect to control
group.
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Figure 5. Morphology alteration by treatment and cell cycle phase distribution of A431 cell, (A) Morphological
characterization under phase-contrast microscopy of cell death induced by 24 h incubation by 1 lM and 2 lM of 1, and 8
lM and 10 lM of 2. Arrows indicate the shrinkage of cell with condensed nuclei which may apoptotic in nature. (B, C) Cell
cycle phase distribution of control and treatment groups for 24 h incubation, histogram displays DNA content (x-axis, PIﬂuorescence) versus counts (y-axis) of A431 cells, bar diagram explains the cell cycle phase distribution of A431 from a
different experimental group. Bar diagram represented as mean ± SEM, ‘‘*’’ indicates P \ 0.05, and ‘‘**’’ indicates P \
0.001, level of signiﬁcance considered in respect to control group.

were slightly downﬁeld as compared to the signal for
L. This was as per our expectations for the complex.
The absence of the N-H proton indicated the coordination of S via thiol form.
3.2 X-ray structures
Thermal plot of the X-ray structures are presented in
Figures 2 and 3. From the bond angle-bond distance
data (Table 2) 1 and 2 appeared to have respectively
distorted square planar and distorted octahedral
geometries. In 1, pyridine nitrogens (N1 and N2),
imine nitrogen (N3) and thione sulphur (S1) atoms are
coordinated to Cu(II) and form the square plane. The
bond distances in this coordination zone range as
(2.250–1.957) Å = 0.293 Å. In the case of 2, considering the bond angle bond distance parameters
(Table 2), the imine nitrogens (N2 and N8) are in the
axial position. The rest coordinating atoms N1, N5
(pyridine nitrogens) and S1, S2 (thione sulphurs) are

forming the equatorial plane. The axial bond distances
in 2 are 2.129(2) and 2.120(2) Å. The equatorial bond
distances are in the range of 0.225 Å. The C-S bond
distances (Table 2) in 1 and 2 are 1.750 Å and 1.705
Å, respectively which is suggestive of the C-S single
bond, i.e, the thiolate form.24 The 2-benzoylpyridine in
coordination zone of 1 may get hydrolyzed from L.
The metal centre in 1 is in ?2 oxidation level as the
overall complex is monocationic in nature and L in it
is uninegative (thiolate form). Previously from NMR
spectral data L was found in thiol form in 2.
3.3 Biological activities
3.3a Dose selection: A range of doses was selected
for dose selection purpose as 1, 2, 4, 6, 8, 10 and 20
lM for both of two molecules. The optimum dose was
selected for 1 and 2 as 2 lM and10 lM on the basis
IC50 value on A431 cell. Both of the two doses were
not toxic because of less than 5% haemolytic effect
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Figure 6. Apoptotic and genotoxic effects of 1 and 2 on A431 cell, (A) Ao/EtBr staining, number of (late apoptotic
indicated by a red arrow) red and (early apoptotic cell pointed by white arrow) orange cell enhances in 2 lM of 1, and
10 lM of 2 treatment for 24 h. Bar graphs represent a comparison of live and two types of apoptotic cell in differential
groups. (B) comet assay performed for two doses 2 lM of 1 and 10 lM of 2, and control cell after 24 h treatment showed a
signiﬁcant increase of tail length in both treatments. ‘‘**’’ indicates P\0.001, level of signiﬁcance considered in respect to
the control group.

(Figure 4A) and nonsigniﬁcant killing on PBMCs
(Figure 4B). IC50 value of 1 was found as 2 lM for
A431 cell by both MTT assay (Figure 4C) and trypan
blue (Figure 4D) cell count. On treating the A431 cell
with 2, IC50 value was found in the range of 10 lM for
both MTT and trypan blue cell count. So for further
investigation, the doses 1 lM and 2 lM for molecule
1, 8 lM and 10 lM for molecule 2, respectively were
chosen. These were below the respective IC50 values
of the molecules. IC50 value for L was 50 lM
(Figure S7, Supplementary Information). Hence 1 and
2 were found to be more cytotoxic on A431 cancer cell
than L.
3.3b Morphological alteration and cell cycle phase
distribution: The morphological alteration was
clearly noticed under a phase-contrast microscope
(Leica RM2125 RTS) after 24 h treatment for both the
mentioned doses of 1 and 2 (Figure 5A).
Cell cycle phase distribution showed a signiﬁcant
hypoploid cell population in both molecules. Treatment of 1 lM and 2 lM of 1 showed 5.31± 1.5% and
32.42 ± 3.2% of hypoploid cell whereas in the control
group it showed as 2.12 ± 0.5%. S phase was also
reduced by treatment of 1 as in control it showed as
20.07 ± 2.0% reduced to 16.60 ± 2.5% and 10.60 ±
3.12% in two treatment group, respectively. In 2 lM
treatment group G2 /M phase had also signiﬁcantly

changed, which reveals the cytotoxic as well as
antiproliferative activity of 1 (Figure 5B). Cytotoxic
effects of 2 were clearly depicted by a signiﬁcant
hypoploid population. Treatment of 2 with dose 8 lM
and 10 lM showed hypoploid population as 11.81 ±
2.4% and 22.85 ± 3.5% (Figure 5C).
3.3c Apoptotic and genotoxic effects: Both 1 and 2
induced cell death in A431 and the effects was
quantiﬁed by Acridine orange and EtBr staining
according to standard dual staining protocol and
examined under a ﬂuorescence microscope.
Apoptotic cells were noticed signiﬁcantly with
increasing dose. In 2 lM of 1 for 24 h incubation
total apoptotic cells were showed as 50% whereas in
10 lM dose for molecule 2 showed 35%. So 1 is more
effective for the induction of apoptotic activity
(Figure 6A). The genotoxic effect was also observed
for two molecules. In single cell electrophoresis comet
tail showed a longer tail length by treatment of 2 lM 1
after 24 h incubation (Figure 6B).

4. Conclusions
Synthesis and X-ray crystallographic characterization
of compounds 1 and 2 revealed that the metal centres
are respectively in distorted square planar and distorted octahedral geometries. Both 1 and 2 showed
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cytotoxic effects on A431 skin cancer cell. Compounds 1 and 2 showed IC50 values in 4 lM and 10
lM dose, respectively whereas in the same concentration range L had no signiﬁcant effects on A431 cell
line. Microscopic observation and cell cycle phase
distribution revealed the cytotoxic effects of both the
molecule. Comet assay also revealed the genotoxic
effects of those molecules on A431 cell.
Finally, 1 was found to show better apoptotic
activity than the 2 expectedly. Copper is essential for
many physiological processes and binds with N-7 of
the guanine residue of DNA resulting in its damage
and cell apoptosis through Reactive Oxygen Species
(ROS) formation.25 Probably because of this reason
the reported copper complex (1) is superior in apoptotic activity than the zinc one (2).
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CCDC 1962661 and CCDC 1962662 contain the supplementary crystallographic data for 1 and 2, respectively.
These data can be obtained free of charge via http://www.
ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: ?441223-336-033; or
e-mail: deposit@ ccdc.cam.ac.uk. Figures S1–S7 are
available at www.ias.ac.in/chemsci.
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