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Effect of terminal N-substitution in 2-oxo-1,2-dihydroquinoline-3-
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Four 2-oxo-1,2-dihydroquinoline-3-carbaldehyde N-substituted thiosemicarbazone ligands
(H2-OQtsc-R, where R = H, Me, Et or Ph) and their corresponding new copper(II) complexes
[CuCl2(H2-OQtsc-H)]·2H2O (1), [CuCl2(H2-OQtsc-Me)]·2H2O (2), [CuCl2(H2-OQtsc-Et)(CH3OH)]Cl
(3) and [CuCl(H-OQtsc-Ph)]·CH3OH (4) have been synthesized in order to correlate the effect of
terminal N-substitution on coordination behaviour, structure and biological activity. Single crystal
X-ray diffraction studies revealed that the complexes 1, 2 and 3 have square pyramidal geometry
around the central metal ion. In the complexes 1 and 2, the copper ion is coordinated by the ligand with
ONS donor atoms, one chloride ion in apical position and the other chloride in the basal plane.
Complex 3 consists of [CuCl2(H2-OQtsc-Et)(CH3OH)]+ cation and a chloride as counter ion. The
copper ion is coordinated by the ligand with ONS donor atoms and by one chloride ion in the basal
plane. One methanol molecule is bonded through its neutral oxygen in the apical position. Complex 4 is
square planar with the ligand coordinating through uni-negative tridentate ONS- and by one chloride
ion in the basal plane. The binding of complexes with lysozyme protein was carried out by fluorescence
spectroscopy. Investigations of antioxidation properties showed that all the copper(II) complexes have
strong radical scavenging properties. The cytotoxicity of the complexes 3 and 4 against NIH 3T3 and
HeLa cell lines showed that synergy between the metal and ligands results in a significant enhancement
in the cell death with IC50 of ~10–40 mM. A size dependence of substitution at terminal N in the
thiosemicarbazones on the biological activities of the complexes has been observed.

Introduction

Thiosemicarbazones form an important class of compounds
because of their promising pharmacological properties, such as
trypanocidal activity,1 antitubercular activity,2 and antitumor
activities.3,4 Some thiosemicarbazones have shown to increase
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their biological activity by their ability to form chelates with
specific metal ions.5 Among the transition metal ions, Cu(II) is
a biologically essential ion whose positive redox potential permits
involvement in biological electron transfer reactions.6 Copper(II)
complexes of thiosemicarbazones have engrossed considerable
interest because of their variable bonding properties, structural
diversity, and pharmacological properties.7–9

In general, drug interactions at the protein binding level will
exert significant effect on the apparent distribution volume and
the elimination rate of drugs. Therefore, it is necessary to study
the interactions between drugs and proteins. Lysozyme is an
enzyme which has six tryptophan and three tyrosine residues
in its structure.10 The important function of lysozyme is the
transportation of the drugs to the required places and the
effectiveness of drugs depends on their binding ability with
lysozyme. In this connection, the interactions between proteins
and small molecules, such as metal ions, nonmetal ions, dyes,
complexes and numerous pharmaceuticals have been extensively
studied.11–17 Therefore, a study of the interaction of biologically
active metal complexes with lysozyme is important to derive
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useful information regarding the therapeutic effectiveness of metal
complexes. Moreover, recent reports have also suggested that many
transition metal complexes have exhibited interesting antioxidant
activities.18,19

In the case of pharmaceuticals, in addition to thiosemi-
carbazones, nitrogen heterocycles have also exhibited re-
markable biological activities.20–22 In particular, some deriva-
tives of 2-oxoquinoline have shown biological activities such
as antioxidation,23 antiproliferation,24 anti-inflammation,25 and
anticancer.26 While extensive work has been carried out with
thiosemicarbazone complexes, only a little attention has been paid
to the corresponding complexes derived from 2-oxo-1,2-dihydro-
quinoline-3-carbaldehyde.27

Though the effect of substitution on terminal N of thiosemicar-
bazones on the biological properties of the complexes formed and
on the coordination behaviour of thiosemicarbazones have been
reported,28–34 there is no systematic investigation on the effect of
such substitution in thiosemicarbazones is known.

Here, we report synthesis, characterization, crystal structures
and biological activities of four copper(II) complexes of 2-oxo-
1,2-dihydroquinoline-3-carbaldehyde N-substituted thiosemicar-
bazones. The synthetic routes of the ligands and the complexes
are shown in Scheme 1.

Experimental Section

General

All the starting materials and reagent grade solvents were
purchased from standard commercial sources and used without
further purification. 2-oxo-1,2-dihydroquinoline-3-carbaldehyde35

and H2-OQtsc-H27 were prepared as reported; the latter with some
modifications as described below. Elemental analyses (C, H, N, S)
were performed on Vario EL III Elementar analyzer instrument.
IR spectra (4000–400 cm-1) were recorded on a Nicolet Avatar
Model FT-IR spectrophotometer. 1H NMR spectra was recorded
on Bruker AMX 500 at 500 MHz using tetramethylsilane as an
internal standard. Melting points were determined with a Lab
India instrument. Electronic absorption spectra were recorded by
Jasco V-630 spectrophotometer. Emission spectra were measured

by Jasco FP 6600 spectrofluorometer. Magnetic susceptibilities
at room temperature were measured on a Faraday balance using
mercury(II) tetrathiocyanatocobalt(II) as calibrant.

Preparation of the ligands

2-oxo-1,2-dihydroquinoline-3-carbaldehyde thiosemicarbazone
(H2-OQtsc-H). Thiosemicarbazide (911 mg, 0.01 mol) dissolved
in warm methanol (50 ml) was added to a methanol solution
(50 ml) containing 2-oxo-1,2-dihydroquinoline-3-carbaldehyde
(1.73 g, 0.01 mol). The mixture was refluxed for an hour during
which period an yellow precipitate was formed. The reaction
mixture was then cooled to room temperature and the solid
compound was filtered. It was then washed with methanol and
dried under vacuum. Yield = 92%. Mp: 296 ◦C. Anal. Calcd
for C11H10N4OS: C, 53.64; H, 4.09; N, 22.75; S, 13.02%. Found:
C, 53.42; H, 4.11; N, 22.71; S, 13.12%. IR (KBr disks, cm-1):
3154(ms) n(NH); 1644(s) n(C O); 1582(s) n(C N) + n(C C);
1461(ms) n(CSN); 871(m) n(C S). UV-visible (solvent MeOH,
nm): 382 (n→p* & p→p*). 1H NMR (DMSO-D6, ppm): 11.98
(s, 1H, N(3)H); 11.62 (s, 1H, N(1)H); 8.75 (s, 1H, C(1)H); 8.28 (s,
2H, N(4)H2); 8.27 (s, 1H, C(6)H); 7.62 (d, 1H, C(10)H); 7.53 (t,
1H, C(9)H); 7.32 (d, 1H, C(7)H); 7.22 (t, 1H, C(8)H).

2-oxo-1,2-dihydroquinoline-3-carbaldehyde N-methylthiosemi-
carbazone (H2-OQtsc-Me). It was prepared using the same
procedure as described for H2-OQtsc-H with 4-methyl-
3-thiosemicarbazide (1.05 g, 0.01 mol) and 2-oxo-1,2-
dihydroquinoline-3-carbaldehyde (1.73 g, 0.01 mol). An yellow
product was obtained. Yield = 89%. Mp: 299 ◦C. Anal. Calcd
for C12H12N4OS: C, 55.37; H, 4.65; N, 21.52; S, 12.32%. Found:
C, 55.36; H, 4.63; N, 21.53; S, 12.35%. IR (KBr disks, cm-1):
3156(ms) n(NH); 1648(s) n(C O); 1554(s) n(C N) + n(C C);
1430(ms) n(CSN); 877(m) n(C S). UV-visible (solvent MeOH,
nm): 383 (n→p* & p→p*). 1H NMR (DMSO-D6, ppm): 12.03
(s, 1H, N(3)H); 11.71 (s, 1H, N(1)H); 8.67 (s, 1H, C(1)H); 8.60 (s,
2H, N(4)H); 8.27 (s, 1H, C(6)H); 7.67 (d, 1H, C(10)H); 7.52 (t,
1H, C(9)H); 7.31 (d, 1H, C(7)H); 7.22 (t, 1H, C(8)H); 3.04 (s, 3H,
C(12)H.

2-oxo-1,2-dihydroquinoline-3-carbaldehyde N-ethylthiosemi-
carbazone (H2-OQtsc-Et). It was prepared using the same

Scheme 1 Preparation routes of the ligands and the copper complexes.
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procedure as described for H2-OQtsc-H with 4-ethyl-3-
thiosemicarbazide (1.19 g, 0.01 mol) and 2-oxo-1,2-
dihydroquinoline-3-carbaldehyde (1.73 g, 0.01 mol). An yellow
compound was obtained. Yield = 90%. Mp: 303 ◦C. Anal. Calcd
for C13H14N4OS: C, 56.91; H, 5.14; N, 20.42; S, 11.69%. Found:
C, 56.91; H, 5.11; N, 20.43; S, 11.71%. IR (KBr disks, cm-1):
3140(ms) n(NH); 1649(s) n(C O); 1531(s) n(C N) + n(C C);
1429(ms) n(CSN); 879(m) n(C S). UV-visible (solvent MeOH,
nm): 384 (n→p* & p→p*). 1H NMR (DMSO-D6, ppm): 12.03
(s, 1H, N(3)H); 11.65 (s, 1H, N(1)H); 8.65 (s, 1H, C(1)H); 8.62
(s, 2H, N(4)H); 8.27 (s, 1H, C(6)H); 7.67 (d, 1H, C(10)H); 7.51
(t, 1H, C(9)H); 7.31 (d, 1H, C(7)H); 7.22 (t, 1H, C(8)H); 3.61 (q,
2H, C(12)H); 1.17 (t, 3H, C(13)H).

2-oxo-1,2-dihydroquinoline-3-carbaldehyde N-phenylthiosemi-
carbazone (H2-OQtsc-Ph). It was prepared using the same
procedure as described for H2-OQtsc-H with 4-phenyl-
3-thiosemicarbazide (1.67 g, 0.01 mol) and 2-oxo-1,2-
dihydroquinoline-3-carbaldehyde (1.73 g, 0.01 mol). An yellow
compound was obtained. Yield = 94%. Mp: 316 ◦C. Anal. Calcd
for C17H14N4OS: C, 63.33; H, 4.38; N, 17.38; S, 9.95%. Found: C,
63.39; H, 4.35; N, 17.37; S, 9.95%. IR (KBr disks, cm-1): 3304(ms)
n(NH); 1654(s) n(C O); 1534(s) n(C N) + n(C C); 1442(ms)
n(CSN); 891(m) n(C S). UV-visible (solvent MeOH, nm): 387
(n→p* & p→p*). 1H NMR (DMSO-D6, ppm): 12.05 (s, 1H,
N(3)H); 11.95 (s, 1H, N(2)H); 10.17 (s, 1H, N(4)H); 8.87 (s, 1H,
C(1)H); 8.39 (s, 1H, C(6)H); 7.24–7.68 (m, 9H, aromatic).

Synthesis of complexes

[CuCl2(H2-OQtsc-H)]·2H2O (1). A warm methanolic solution
(20 ml) containing H2-OQtsc-H (123 mg, 0.5 mmol) was added to
a methanolic solution (10 ml) of CuCl2·2H2O (85 mg, 0.5 mmol).
The resulting greenish solution was refluxed for an hour. Green
crystals were obtained on slow evaporation. They were filtered
off, washed with cold methanol, and dried under vacuum. Yield =
86%. Mp: 327 ◦C. Anal. Calcd for C11H14Cl2Cu N4O3S: C,
31.70; H, 3.39; N, 13.44; S, 7.96%. Found: C, 31.71; H, 3.43; N,
13.47; S, 7.95%. IR (KBr disks, cm-1): 3152(ms) n(NH); 1640(s)
n(C O); 1604(s) n(C N) + n(C C); 1543 (ms) n(CSN); 862(m)
n(C S). UV-visible (solvent MeOH, nm): 297 (Intra-Ligand
Charge Transfer (ILCT)); 399 (Metal to Ligand Charge Transfer
(MLCT)). meff (300 K): 1.67 mB.

[CuCl2(H2-OQtsc-Me)]·2H2O (2). It was prepared using the
same procedure as described for 1 with H2-OQtsc-Me (130 mg
(0.5 mmol) and CuCl2·2H2O (85 mg, 0.5 mmol). Green crystals
were obtained. Yield = 85%. Mp: 331 ◦C. Anal. Calcd for
C12H16Cl2Cu N4O3S: C, 33.46; H, 3.74; N, 13.01; S, 7.44%. Found:
C, 33.47; H, 3.73; N, 12.98; S, 7.45%. IR (KBr disks, cm-1):
3151(ms) n(NH); 1637(s) n(C O); 1590(s) n(C N) + n(C C);
1547 (ms) n(CSN); 868(m) n(C S). UV-visible (solvent MeOH,
nm): 298 (ILCT); 402 (MLCT). meff (300 K): 1.69 mB.

[CuCl2(H2-OQtsc-Et)(CH3OH)]Cl (3). It was prepared using
the same procedure as described for 1 with H2-OQtsc-Et (137 mg
(0.5 mmol) and CuCl2·2H2O (85 mg, 0.5 mmol). Green crystals
were obtained. Yield = 89%. Mp: 335 ◦C. Anal. Calcd for C14

H18Cl2Cu N4O2S: C, 38.14; H, 4.12; N, 12.71; S, 7.27%. Found: C,
38.13; H, 4.08; N, 12.62; S, 7.25%. IR (KBr disks, cm-1): 3213(mw)
n(OH) 3121(ms) n(NH); 1642(s) n(C O); 1589(s) n(C N) +

n(C C); 1539 (ms) n(CSN); 869(m) n(C S). UV-visible (solvent
MeOH, nm): 298 (ILCT); 403 (MLCT). meff (300 K): 1.72 mB.

[CuCl(H-OQtsc-Ph)]·CH3OH (4). It was prepared using the
same procedure as described for 1 with H2-OQtsc-Ph (161 mg
(0.5 mmol) and CuCl2·2H2O (85 mg, 0.5 mmol). Green crystals
were obtained. Yield = 93%. Mp: 353 ◦C. Anal. Calcd for
C18H17ClCu N4O2S: C, 47.79; H, 3.79; N, 12.38; S, 7.09%. Found:
C, 47.77; H, 3.78; N, 12.32; S, 7.05%. IR (KBr disks, cm-1):
3314(mw) n(OH) 3331(ms) n(NH); 1644(s) n(C O); 1547(s)
n(C N) + n(C C); 1487(ms) n(CSN); 812(m) n(C–S). UV-visible
(solvent MeOH, nm): 299 (ILCT); 412 (MLCT). meff (300 K):
1.77 mB.

Single-crystal X-ray diffraction studies

Single-crystal X-ray diffraction data of the complexes 2, 3 and
4 were collected on a Bruker three-circle platform diffractometer
equipped with a SMART 1000 CCD detector. Data for complex
1 was collected using the GADDS instrument with a Cu source
and a multiwire detector. Integrated intensity information for each
reflection was obtained by reduction of the data frames with the
program SAINTplus36 for 1 and APEX237 for the remaining 2,
3 and 4. The integration method employed a three dimensional
profiling algorithm and all data were corrected for Lorentz
and polarization factors, as well as for crystal decay effects.
All non-hydrogen atoms were refined with anisotropic thermal
parameters. The hydrogen atoms bound to carbon were placed
in idealized positions and refined using riding model. Hydrogen
atoms attached to N and O were located from the Fourier
difference maps and was set riding on the respective parent atom.
All the structures were refined (weighted least squares refinement
on F2) to convergence.38 Mercury software was employed for the
structure plots.39 Though two water molecules are present in 1 and
2, the occupancy factor of one of the water molecules was found
to be 0.9 for 1 and 0.5 for 2. A crystal with two (non-merohedral)
twin components was used for data collection and the final least
squares refinement was carried out with reflections from both the
components for 2. Relevant data concerning data collection and
details of structure refinement are summarized in Table 1.

Protein binding studies

The excitation wavelength of lysozyme at 280 nm and the emission
at 347 nm were monitored for the protein binding studies. The
excitation and emission slit widths and scan rates were maintained
constant for all the experiments. Samples were carefully degassed
using pure nitrogen gas for 15 min. Quartz cells (4 ¥ 1 ¥ 1 cm)
with high vacuum Teflon stopcocks were used for degassing.
Stock solution of lysozyme was prepared in 50 mM phosphate
buffer (pH = 7.2) and stored in the dark at 4 ◦C for further
use. Concentrated stock solutions of complexes were prepared by
dissolving the complex in DMSO:phosphate buffer (1 : 100) and
diluted suitably with phosphate buffer to required concentrations
for all the experiments. A 3 ml solution containing appropriate
concentration of lysozyme (1 ¥ 10-6 M) was titrated by successive
additions of a 10 ml stock solution of complexes (1 ¥ 10-5 M).
Titrations were manually done by using micropipette for the
addition of complexes. For synchronous fluorescence spectra also
the same concentration of lysozyme and complexes were used and
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Table 1 Experimental data for crystallographic analyses

1 2 3 4

CCDC deposit number 763002 763001 772056 772085
Formula C11H13.8Cl2CuN4O2.9S C12H15Cl2CuN4O2.5S C14H18Cl2CuN4O2S C18H17ClCuN4O2S
Formula weight 414.96 421.78 440.82 452.41
T/K 110(2) 110(2) 110(2) 110(2)
l/Å 1.54178 0.71073 0.71073 0.71073
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P21/n P21/n P21/c P21/c
cell dimensions
a/Å 12.4870(5) 11.042(5) 7.392(6) 8.447(3)
b/Å 10.0729(4) 10.058(5) 24.362(19) 16.895(6)
c/Å 12.6494(5) 15.258(7) 9.914(8) 13.235(5)
a (◦) 90 90 90 90
b (◦) 101.1650(10) 107.627(6) 102.872(10) 100.997(4)
g (◦) 90 90 90 90
Volume (Å3) 1560.93(11) 1615.0(13) 1740(2) 1854.1(11)
Z 4 4 4 4
Dc (Mg m-3) 1.766 1.735 1.682 1.621
m/mm-1 6.532 1.827 1.697 1.456
F(000) 840 856 900 924
Crystal size (mm3) 0.12 ¥ 0.10 ¥ 0.07 0.35 ¥ 0.23 ¥ 0.10 0.37 ¥ 0.10 ¥ 0.08 0.60 ¥ 0.36 ¥ 0.34
Independent reflections 2340 [R(int) = 0.0311] 8778 [R(int) = 0.0000] 3980 [R(int) = 0.0572] 4190 [R(int) = 0.0346]
Absorption correction Semi-empirical from

equivalents
Semi-empirical from
equivalents

Semi-empirical from
equivalents

Semi-empirical from
equivalents

Max. and min. transmission 0.6577 and 0.5078 0.8384 and 0.5673 0.8762 and 0.5725 0.6373 and 0.4753
Data/restraints/parameters 2340/0/200 8778/0/210 3980/0/217 4190/0/244
Goodness-of-fit on F 2 1.060 1.037 1.021 1.039
Final R indices [I > 2s(I)] R1 = 0.0268, wR2 = 0.0683 R1 = 0.0485, wR2 = 0.1277 R1 = 0.0334, wR2 = 0.0799 R1 = 0.0243, wR2 = 0.0619
R indices (all data) R1 = 0.0293, wR2 = 0.0694 R1 = 0.0628, wR2 = 0.1368 R1 = 0.0472, wR2 = 0.0853 R1 = 0.0267, wR2 = 0.0632
Largest diff. peak & hole/e Å-3 0.745 and - 0.312 0.546 and - 0.516 0.434 and - 0.421 0.358 and - 0.396

the spectra were measured at two different Dl (difference between
the excitation and emission wavelengths of lysozyme) values such
as 15 and 60 nm.

Antioxidant assays

The DPPH (2-2¢-diphenyl-1-picrylhydrazyl) radical scavenging
activity of the complexes was measured according to the method
of Blios.40 The DPPH radical is a stable free radical having lmax at
517 nm. A fixed concentration of the experimental complex was
added to solution of DPPH in methanol (125 mM, 2 ml) and the
final volume was made up to 4 ml with double distilled water. The
solution was incubated at 37 ◦C for 30 min in dark. The decrease
in absorbance of DPPH was measured at 517 nm.

Total antioxidant activity assay using ABTS cation radical was
calculated using the following procedure. ABTS (2,2¢-Azino-3-
ethylbenzthiazoline-6-sulfonic acid diammonium salt) was dis-
solved in water to a 5 mM concentration and its cation radical
was produced by reacting with 5 mM potassium persulfate. The
resulting mixture was kept in dark at room temperature for 12–
16 h before use. Prior to assay, the solution was diluted in ethanol
(about 1 : 79 v/v) and equilibrated to 30 ◦C to give an absorbance
of 0.70 ± 0.02 at 734 nm. After the addition of 2 ml of diluted ABTS
cation radical solution to a fixed concentration of the complex,
the absorbance was taken at 30 ◦C exactly 30 min after the initial
mixing.41

The hydroxyl (OH) radical scavenging activities of the com-
plexes have been investigated using the Nash method.42 In vitro
hydroxyl radicals were generated by Fe3+/ascorbic acid system.
The detection of hydroxyl radicals was carried out by measuring
the amount of formaldehyde formed from the oxidation reaction

with DMSO. The formaldehyde produced was detected spec-
trophotometrically at 412 nm. A mixture of 1.0 ml of iron-EDTA
solution (0.13% ferrous ammonium sulfate and 0.26% EDTA),
0.5 ml of EDTA solution (0.018%), and 1.0 ml of DMSO (0.85%
DMSO (v/v) in 0.1 M phosphate buffer, pH 7.4) were sequentially
added in the test tubes. The reaction was initiated by adding 0.5 ml
of ascorbic acid (0.22%) and incubated at 80–90 ◦C for 15 min in
a water bath. After incubation, the reaction was terminated by the
addition of 1.0 ml of ice-cold TCA (17.5% w/v). Subsequently,
3.0 ml of Nash reagent was added to each tube and left at room
temperature for 15 min. The intensity of the colour formed was
measured spectrophotometrically at 412 nm against reagent blank.

Assay of nitric oxide (NO) scavenging activity was based on
the method,43 where sodium nitroprusside in aqueous solution
at physiological pH spontaneously generates nitric oxide, which
interacted with oxygen to produce nitrite ions that can be estimated
using Greiss reagent. Scavengers of nitric oxide compete with
oxygen leading to reduced production of nitrite ions. For the
experiment, sodium nitroprusside (10 mM) in phosphate buffered
saline was mixed with a fixed concentration of the complex and
incubated at room temperature for 150 min. After the incubation
period, 0.5 ml of Griess reagent containing 1% sulfanilamide, 2%
H3PO4 and 0.1% N-(1-naphthyl) ethylenediamine dihydrochloride
was added. The absorbance of the chromophore formed was
measured at 546 nm.

The superoxide (O2
-) radical scavenging assay was based on

the capacity of the complexes to inhibit formazan formation by
scavenging the superoxide radicals generated in riboflavin-light-
NBT system.44 Each 3 ml reaction mixture contained 50 mM
sodium phosphate buffer (pH 7.6), 20 mg riboflavin, 12 mM
EDTA, 0.1 mg NBT and 1 ml complex solution (20–100 mg ml-1).

This journal is © The Royal Society of Chemistry 2011 Dalton Trans., 2011, 40, 4548–4559 | 4551
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Reaction was started by illuminating the reaction mixture with
different concentrations of complex for 90 s. Immediately after
illumination, the absorbance was measured at 590 nm. The entire
reaction assembly was enclosed in a box lined with aluminium
foil. Identical tubes with reaction mixture kept in dark served as
blanks.

For the above five assays, all the tests were run in triplicate
and various concentrations of the complexes were used to fix a
concentration at which complexes showed in and around 50% of
activity. In addition, the percentage of activity was calculated using
the formula, % of activity = [(A0 - AC)/A0] ¥ 100. A0 and AC are
the absorbance in the absence and presence of the tested complex
respectively. The 50% of activity (IC50) can be calculated using the
percentage of activity results.

Cytotoxicity studies

Cytotoxicity studies were carried out on human cervical cancer
cell line (HeLa) and NIH 3T3 mouse embryonic fibroblasts which
were obtained from National Centre for Cell Science (NCCS),
Pune, India. Cell viability was carried out using the MTT assay
method.45 The HeLa cells were grown in Eagles minimum essential
medium containing 10% fetal bovine serum (FBS) and NIH 3T3
fibroblasts were grown in Dulbeccos modified Eagles medium
(DMEM) containing with 10% FBS. For screening experiment, the
cells were seeded into 96 -well plates in 100 ml of respective medium
containing 10% FBS, at plating density of 10,000 cells/well and
incubated at 37 ◦C, 5% CO2, 95% air and 100% relative humidity
for 24 h prior to addition of complexes. The complexes were
dissolved in DMSO and diluted in respective medium containing
1% FBS. After 24 h, the medium was replaced with respective
medium with 1% FBS containing the complexes at various
concentration and incubated at 37 ◦C, 5% CO2, 95% air and
100% relative humidity for 48 h. Triplicate was maintained and the
medium containing without the complexes were served as control.
After 48 h, 10 ml of MTT (5 mg ml-1) in phosphate buffered saline

(PBS) was added to each well and incubated at 37 ◦C for 4h. The
medium with MTT was then flicked off and the formed formazan
crystals were dissolved in 100 ml of DMSO and then measured
the absorbance at 570 nm using micro plate reader. The % of cell
inhibition was determined using the following formula and chart
was plotted between % of cell inhibition and concentration and
from this IC50 value was calculated. % inhibition = [mean OD of
untreated cells (control)/mean OD of treated cells (control)] ¥ 100.

Results and Discussion

Crystal structures of the complexes

The ORTEP diagrams of the neutral complexes [CuCl2(H2-OQtsc-
H)]·2H2O (1) and [CuCl2(H2-OQtsc-Me)]·2H2O (2) are given in
Fig. 1 and 2. Five donor atoms in a square pyramidal fashion
(4+1) surround the copper ion in both 1 and 2. The basal plane in
both the complexes is made up from the O, N, and S atoms of the
ligand in its neutral form and one chloride ion, while the second
chloride occupies the apical position. The overall geometry of 1
and 2 are very similar; the copper ion lies at about 0.203 Å above
the average basal plane towards the axial Cl1 atom in 1 while about
the corresponding distance is 0.199 Å in 2.

The pyramid is fairly regular and the axial Cu–Cl bond length
is longer than that of basal one in both the cases which can be
ascribed to Jahn–Teller distortion. The dihedral angle between
the mean planes of the five-member chelation ring and the six-
member one is 10.65◦ and 11.24◦ for 1 and 2 respectively. Since
the thiosemicarbazone moieties have both the hydrogen bond
donors and the hydrogen bond acceptors, the species provide the
possibility of forming hydrogen bonds in the crystal. Indeed the
complexes are connected through hydrogen bonds involving N2
and N3 nitrogen atoms, the O20 and O21 oxygen atoms of water
molecules, and the chlorine atom Cl2, giving three dimensional
lattice for 1 (Figure S1) and 2 (Figure S2).† It is to be noted that

Fig. 1 ORTEP drawing of 1 showing thermal ellipsoids at the 50% probability level.
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Fig. 2 ORTEP drawing of 2 showing thermal ellipsoids at the 50% probability level.

Fig. 3 ORTEP drawing of 3 showing thermal ellipsoids at the 50% probability level.

the chlorine atom Cl1 in 2 has been found involved in the hydrogen
bonding but the same has not been seen in 1.

An ORTEP view of complex 3 is depicted in Fig. 3. The
crystal building of 3 is made up of discrete monomeric entities
containing five-coordinated copper ion and chloride counter-ions.
The geometry of the metal center is close to square pyramid. The
quinoline oxygen and azomethine nitrogen atom together with the
sulfur that constitutes the thiosemicarbazone ONS chelating set
forms the basal plane. The fourth basal position is occupied by one
chloride ion. The oxygen from a methanol molecule has taken the
apical vertex. Here the copper ion lies at 0.146 Å above the average
basal plane towards the apical oxygen of methanol molecule. In
addition, there is an appreciable Jahn–Teller effect highlighted by
an axial Cu–O2 distance (2.375(2) Å) significantly longer than that
observed for Cu–O1 distance (1.9732(18) Å).

The dihedral angle between the mean planes of the five member
chelation ring and the six member one is 7.37◦. An analysis of the
molecular packing suggested that the stabilization of the lattice by
several hydrogen bonds, mainly involving the N2, N3, O2 and Cl2.
Unlike in 2, equatorial chlorine atom is not involved in hydrogen
bonding in the crystal lattice of 3 (Figure S3).†

An ORTEP view of complex 4 is given in Fig. 4. Complex 4
contains tetra coordinated copper ion with one ONS tridentate
uni-negative ligand, one chloride ion and one methanol solvate
molecule. The S1–Cu–N1 bond angle (85.45(3)◦) is significantly

smaller than that of other three (bond angle of O1–Cu–N1,
S1–Cu–Cl1 and O1–Cu–Cl1 is 92.25(4), 93.14(2) and 89.30(3)◦

respectively) indicating a slightly distorted square planar geometry
around copper(II) ion in the complex.

Unlike in 1, 2 & 3, sulfur atom is coordinated as negative donor
(thiolate and not thione form) in 4. It may be due to the electron
withdrawing nature of phenyl group present in the ligand (H2-
OQtsc-Ph). The Cu1–S1 (2.2436(7) Å) and C11–S1 (1.7483(15) Å)
bond lengths very well support this. A very short distance (0.029 Å)
between copper ion and the average basal plane and a small
dihedral angle (3.07◦) between the mean planes of the five member
chelation ring and the six member one ensures that the planarity
of square should be appreciable.

The molecular packing suggested that the stabilization of the
lattice must have been due to several hydrogen bonds, mainly
involving the N3, O20 and Cl1 atoms (Figure S4).† The presence
of phenyl substitution in aminic nitrogen and the thiolate form of
coordinated sulfur provided the conjugation from quinoline ring
to terminal N-phenyl ring in 4. Thus, the above observation clearly
revel that the aliphatic mono substitutions on terminal nitrogen
of the thiosemicarbazide chain do not affect the coordination
mode of the thiosemicarbazone and the overall geometry of their
corresponding copper(II) complexes. But, the phenyl substitution
on terminal nitrogen of the thiosemicarbazide chain does affect
not only the coordination mode of the thiosemicarbazone but also

This journal is © The Royal Society of Chemistry 2011 Dalton Trans., 2011, 40, 4548–4559 | 4553
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Fig. 4 ORTEP drawing of 4 showing thermal ellipsoids at the 50% probability level.

Table 2 Selected bond distances (Å) and angles (◦)

1 2 3 4

Cu(1)–O(1) 1.9701(16) 1.9726(18) 1.9732(18) 1.9636(11)
Cu(1)–N(1) 1.992(2) 1.991(2) 2.006(2) 1.9704(13)
Cu(1)–Cl(1) 2.2589(7) 2.2515(10) 2.2249(13) 2.2458(8)
Cu(1)–S(1) 2.2618(7) 2.2628(10) 2.2687(13) 2.2436(7)
Cu(1)–Cl(2) 2.6832(7) 2.6897(14)
Cu(1)–O(2) 2.375(2)
S(1)–C(11) 1.704(3) 1.703(3) 1.706(2) 1.7483(15)
O(1)–C(3) 1.260(3) 1.261(3) 1.257(3) 1.2622(17)
N(1)–C(1) 1.287(3) 1.294(3) 1.290(3) 1.2952(18)
N(1)–N(2) 1.381(3) 1.375(3) 1.382(3) 1.3913(16)
N(2)–C(11) 1.339(3) 1.357(3) 1.354(3) 1.3078(18)

O(1)–Cu(1)–N(1) 90.03(7) 90.01(8) 89.77(8) 92.25(5)
O(1)–Cu(1)–Cl(1) 90.10(5) 91.31(6) 90.61(7) 174.59(3)
N(1)–Cu(1)–Cl(1) 175.13(6) 175.39(6) 178.17(6) 85.45(4)
O(1)–Cu(1)–S(1) 162.33(6) 162.10(5) 165.33(5) 89.30(3)
N(1)–Cu(1)–S(1) 85.96(6) 86.11(7) 86.17(8) 177.73(3)
Cl(1)–Cu(1)–S(1) 92.47(2) 91.29(4) 93.03(6) 93.14(2)
O(1)–Cu(1)–Cl(2) 94.30(5) 92.96(5)
N(1)–Cu(1)–Cl(2) 90.21(6) 89.50(6)
Cl(2)–Cu(1)–Cl(1) 94.63(2) 94.84(3)
S(1)–Cu(1)–Cl(2) 102.90(2) 104.46(2)
O(1)–Cu(1)–O(2) 91.36(8)
N(1)–Cu(1)–O(2) 85.15(8)
S(1)–Cu(1)–O(2) 102.31(6)
Cl(1)–Cu(1)–O(2) 96.63(6)

the overall geometry of its copper(II) complex. The selected bond
distances and bond angles of all the complexes are given in Table 2
and they agree very well with those that are reported in other
related copper(II) complexes.27,46,47

Protein binding studies

Fluorescence quenching studies. Fluorescence quenching is the
decrease in intensity of the fluorescence from a fluorophore that
occurs by various types of molecular interactions such as ground
state complex formation, excited reactions, energy transfer and
collision quenching. Fluorescence quenching measurements have

been widely used to study the interaction of complexes with
proteins.48–50 Changes in molecular environment in the vicinity of
fluorophore can be accessed by the changes in fluorescence spectra
in the absence and presence of the complexes and hence provide
clues to the nature of the binding phenomenon. The interaction
of lysozyme with all the complexes was studied by fluorescence
measurement at room temperature (Fig. 5, S5–S7†). A solution of
lysozyme (1 ¥ 10-6 M) was titrated with various concentrations of
complexes (0–5 ¥ 10-5 M). Fluorescence spectra were recorded in
the range of 290–550 nm upon excitation at 280 nm.

The effect of complex 4 on the fluorescence emission spectrum
of lysozyme is shown in Fig. 5. Addition of complex 4 to the
solution of lysozyme resulted in the decrease of its fluorescence
intensity accompanied by a small blue shift. The observed blue
shift is mainly due to the fact that the active site in protein is buried
in a hydrophobic environment which suggests the interaction of
complex 4 with the drug carrier protein.

The fluorescence quenching can be described by Stern–Volmer
relation:

I 0/I = 1+ KSV[Q] (1)

where I 0 and I are the fluorescence intensities of the fluorophore
in the absence and presence of quencher, KSV is the Stern–Volmer
quenching constant and [Q] is the quencher concentration. The
KSV value is obtained as a slope from the plot of I0/I vs. [Q].

The fluorescence quenching mechanisms are usually classified as
either static or dynamic quenching. A simple method to explore
the type quenching is UV-Visible absorption spectroscopy. Fig.
6 shows the absorption spectrum of lysozyme, complex 4 and
lysozyme-complex4.

In the presence of complex 4, the absorbance of lysozyme
increases and a slight red shift was observed. This indicates that the
interaction between lysozyme and complex 4 is a static one and it
was involved in the formation of ground state complex of the type
lysozyme . . . .complex 4. But, dynamic quenching affects only the
excited state while it has no function on the absorption spectrum.

4554 | Dalton Trans., 2011, 40, 4548–4559 This journal is © The Royal Society of Chemistry 2011
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Fig. 5 The emission spectrum of lysozyme (1 ¥ 10-6 M; lexi = 280 nm; lemi = 347 nm) in the presence of increasing amounts of complex 4 (0, 1, 2, 3, 4 and
5 ¥ 10-5 M). Arrows show the fluorescence quenching accompanied by blue shift upon increasing concentration of complex 4.

Fig. 6 Absorption spectra of (1) lysozyme (1 ¥ 10-6 M), (2) complex 4 (1 ¥ 10-5 M) and (3) lysozyme-complex 4 [lysozyme = 1 ¥ 10-6 M and complex 4 =
1 ¥ 10-5 M].

Therefore, the mechanism is only static quenching. The absorption
spectra of lysozyme-complex 1 (Figure S8), lysozyme-complex
2 (Figure S9) and lysozyme-complex 3 (Figure S10) also have
the same phenomena.† Similar type of static interaction between
protein with drug molecule has been previously reported.51

If it is assumed that the binding of proteins to complex occurs at
equilibrium, the equilibrium binding constant and the number of
binding sites can be analyzed according to the Scatchard equation:

log =log log[Q]0F F

F
K n

−⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

+ (2)

where K is the binding constant of quencher with lysozyme, n is
the number of binding sites, F 0 and F are the fluorescence intensity
in the absence and presence of the quencher. The value of K can
be determined from the slope of log [(F 0 - F)/F ] versus log [Q] as
shown in Fig. 7.

The calculated value of binding constant (K) and the number
of binding sites (n) are listed in Table 3. The binding constant
values indicate that the complexes bind to lysozyme in the series
of complex 4 > complex 3 > complex 2 > complex 1. The observed
blue shift can be correlated with the binding of the complexes with
protein that makes it more hydrophobic environment. Complex
1 possesses a free amino group while the other complexes 2, 3, 4
have methyl, ethyl, phenyl substitutions. Complex 4 possesses a

Table 3 Binding constant and number of binding sites for the interactions
of complexes with lysozyme

System K (M) n aR2

Lysozyme + Complex 1 9.2 ¥ 103 0.7675 0.9952
Lysozyme + Complex 2 1.1 ¥ 104 0.9615 0.9828
Lysozyme + Complex 3 7.6 ¥ 104 1.1726 0.9913
Lysozyme + Complex 4 2.1 ¥ 106 1.5643 0.9934

a R2 is the correlation coefficient.

phenyl group, which can interact with the active site by making
it more hydrophobic. On decreasing the bulkiness in substitution,
the binding constant value (K) also decreases. The larger value
of K indicates a strong interaction between the lysozyme and the
complexes.

Characteristics of synchronous fluorescence spectra

Synchronous fluorescence spectra provide information on the
molecular micro-environment, particularly in the vicinity of the
fluorophore functional groups.52 The fluorescence of lysozyme
is due to presence of tyrosine and tryptophan residues. Among
them, tryptophan is the most dominant fluorophore, located
at the substrate binding sites. Most of the drugs bind to the

This journal is © The Royal Society of Chemistry 2011 Dalton Trans., 2011, 40, 4548–4559 | 4555
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Fig. 7 Plot of log [(F 0 - F)/F ] vs. log [Q].

Fig. 8 Synchronous spectra of lysozyme (1 ¥ 10-6 M) in the presence of increasing amounts of complex 4 (0, 1, 2, 3, 4 and 5 ¥ 10-5 M) in the wavelength
difference of Dl = 60 nm. Arrows show the emission intensity decrease accompanied by blue shift upon the increasing concentration of complex 4.

protein in the active binding sites. Hence, synchronous method
is usually applied to find out the conformational changes around
tryptophan and tyrosine region. In synchronous fluorescence
spectroscopy, according to Miller,53 the difference between the
excitation wavelength and emission wavelength (Dl = lemi - lexc)
indicates the type of chromophores. A higher Dl value such as
60 nm is indicative of the characteristic of tryptophan residue
while a lower l value such as 15 nm is characteristic of tyrosine
residue.54 The synchronous fluorescence spectra of lysozyme with
various concentrations of 1, 2, 3 and 4 were recorded at Dl = 15 nm
(Figures S11–S14) and Dl = 60 nm (Fig. 8, S15–S17†), respectively.
The fluorescence intensities of both the tryptophan and tyrosine
were decreased but the emission wavelength of the tryptophan
residues is blue shifted with increasing concentration of complex
4. At the same time, there is no change in the emission wavelength
of tyrosine. It suggests that the interaction of complex 4 with
lysozyme affects the conformation of tryptophan micro-region.
The other complexes also show a blue shift in tryptophan region
(Figures S15–S17†). It reveals that the hydrophobicity around
tryptophan residues is strengthened. The hydrophobicity observed
in fluorescence and synchronous measurements confirmed the
effective binding of all the complexes with the lysozyme. Hence,

the strong interaction of these complexes with lysozyme suggests
that the complexes may be fit for anticancer studies.

Antioxidant activity

In the antioxidant activity of all the complexes evaluated in
a series of in vitro assay involving hydroxyl radicals, DPPH
radicals, ABTS cation radicals, nitric oxide and superoxide anion
radicals, the IC50 values have been determined. The IC50 value
of all complexes (Chart 1) obtained from different type of assay
experiments strongly supports that all the complexes possess
excellent antioxidant activities, which are much better than that
of standard antioxidants like mannitol and vitamin C.55 The
copper metal chelation gives almost a planar structure for all the
complexes which is responsible for their antioxidant activity.

In general, the Cu(II) complexes showed antioxidant activity in
the order of 4 > 3 > 2 > 1 in all the experiments. The ABTS
cation radical scavenging power of the tested complexes was the
most and NO scavenging was the least. 1 and 2 having similar
structure showed almost comparable antioxidant activities. But, 3
showed better radical scavenging activities over 1 and 2 which
may be due to the fact that it has one coordinated methanol

4556 | Dalton Trans., 2011, 40, 4548–4559 This journal is © The Royal Society of Chemistry 2011
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Chart 1 Antioxidant activity of the complexes.

Chart 2 The % of inhibition at various conc. of 3 on NIH3T3 and HeLa cell line.

Chart 3 The % of inhibition at various conc. of 4 on NIH3T3 and HeLa cell line.

molecule in it. However, 4 showed the highest activity among all
the complexes which may be due to the phenyl substitution in the
terminal nitrogen of the ligand and to the square planar geometry
of the complex.

Study of cytotoxicity by MTT Assay

MTT assay was performed on HeLa (human cervical cancer cell
line) to check the anticancer activity and on NIH 3T3 (normal
mouse embryonic fibroblasts cell line) to study the toxicity of
complexes 1–4. Complex 1 and 2 did not show any significant
activity even up to 1000 mM of complexes on both the cells.
However, complexes 3 and 4 showed excellent activity on both the
cells. When the concentration of complexes 3 and 4 were increased
from 1.875 mM to 60 mM, an increase in the percentage of cell

inhibition was observed with both the complexes on both the
cells. An inhibition of 83.4% NIH 3T3 cell and 90.9% in HeLa
were observed with 60 mM of complex 3 (Chart 2). Cell inhibition
of 68.5% in NIH 3T3 and 85.9% in HeLa were observed with
60 mM of complex 4 (Chart 3).

From the IC50 values (Chart 4), complex 4 showed low toxicity
against normal NIH 3T3 cell and high cytotoxicity against HeLa
cancer cell over complex 3. It may be due to the square planar
geometry of complex 4. But, complexes 1 and 2 showed very low
activity because both these complexes are square pyramidal and
have low planarity which may influence the cytotoxic activity.
However, the complex 3 showed better activity though it has
square pyramidal geometry which may be due to the presence
of coordinated methanol and cationic nature of the complex.
The substitution of a phenyl group at terminal nitrogen of

This journal is © The Royal Society of Chemistry 2011 Dalton Trans., 2011, 40, 4548–4559 | 4557
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Chart 4 The IC50 value (in mM) of 3 and 4 on NIH3T3 and HeLa cell
line.

the coordinated ligand and the planarity of complex 4 may be
responsible for its observed excellent cytotoxic activity over the
other three complexes. The observed potency, selectivity and low
toxicity of the complex 4 suggest the need for synthesizing some
more compounds of this type for better activity. Hence, a detailed
study on the structure-activity of the complexes and mechanisms
of their biological activities needs to be done.

Conclusion

A series of copper(II) complexes containing 2-oxo-1,2-dihydro-
quinoline-3-carbaldehyde N-substituted thiosemicarbazone has
been prepared and characterized in order to study the effect of
substitution at terminal N of the ligand on the structures of the
complexes formed and their biological activities. The presence
of phenyl group in terminal nitrogen has in fact altered the
coordination mode of thiosemicarbazone from ONS to ONS- and
also the geometry of the complexes from square pyramidal to
square planar. The protein binding properties of the complexes
examined by the fluorescence spectra suggested that the binding
affinity increases with the increase in size of substitution at
terminal nitrogen of the thiosemicarbazone moiety. The results
from various radical scavenging assay showed that the methanol
coordination and cationic nature of the complex increases the
activity of square pyramidal complexes though it was slightly
less compared to that of square planar complex. The cytotoxic
studies showed that the complexes 3 and 4 exhibit good cytotoxic
activity against HeLa and NIH 3T3 cell lines. The IC50 cytotoxicity
values indicted that the complex 4 is less toxic but more cytotoxic
over complex 3. All encouraging chemical and biological findings
indicate that these complexes are very promising candidates as live-
cell imaging reagents that could contribute to the understanding
of cellular uptake of metal complexes. Further studies are needed
to assess their pharmacological properties in vivo and to elucidate
the actual mechanism of their biological activity.
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