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Synthesis, characterization and biological
application of 5-quinoline 1,3,5-trisubstituted
pyrazole based platinumĲII) complexes†
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Chandramani Pathak b and Mohan N. Patel *a

Square planar mononuclear platinumĲII) complexes were synthesized in the presence of neutral bidentate

heterocyclic (5-quinoline 1,3,5-tri-substituted pyrazole scaffold) ligands and K2PtCl4 salt. The synthesized

compounds were characterized by micro-elemental analysis, FT-IR, UV-vis, 1H NMR, 13C NMR, TGA, mass

spectrometry and molar conductivity. Their biological activities were investigated by in vitro brine shrimp

lethality bioassay, in vitro antimicrobial study against five different pathogens, in vivo cellular level cytotox-

icity against Schizosaccharomyces pombe cells, and in vitro anti-proliferation assay. The binding constant

Ksv, Kb, Ka values of the complexes were determined by DNA interaction studies. The gel electrophoresis

assay was carried out to examine the effect of the complexes on the DNA nuclease of pUC19 plasmid

DNA. The docking energies of the ligands (L1–L5) and complexes (I–V) were observed in the range of

−265.14 to −284.33 kJ mol−1. The synthesized PtĲII) complexes (I–V) were screened against the MCF-7 (hu-

man breast adenocarcinoma) and HCT-116 (human colon carcinoma) cancer cell lines.

Introduction

In bioinorganic chemistry, metal complexes have been used
for the treatment of many diseases such as cancer, arthritis,
diabetes, and Alzheimer's.1,2 The development of platinum
based anti-tumour drugs such as cisplatin, carboplatin, oxa-
liplatin and nedaplatin plays an intensely important role, and
these drugs are used for the therapy of various types of can-
cer, such as germ cell tumours, ovarian, lung, head, neck,
prostate, colon and bladder cancers.3,4 Cisplatin promotes
cancer cell death by binding with DNA, and is one of the most
used platinum anticancer drugs as well as effective antitumor
agents. The effectiveness of drugs can be improved by (i) low-
ering the toxic side effects by decreasing their reactivity with
non-DNA biological nucleophiles, (ii) the use of drug delivery
vehicles to target clearly cancerous cells, leaving normal cells
uninjured, (iii) increasing the efficiency of DNA binding in-
side the cell, and (iv) design of drugs that form novel adducts
with DNA, different to those of cisplatin, which are still able
to prevent DNA transcription and replication, but are not

recognised and removed by DNA repair proteins.5 On the ba-
sis of the structural equivalence (for d8 systems the square-
planar geometry is preferred) and thermodynamic variance of
platinumĲII) complexes, there is much interest in the study of
platinumĲII) complexes as potential anticancer drugs, espe-
cially with 5-quinoline based 1,3,5-tri-substituted pyrazole
based ligands.6–10

Quinolines are heterocyclic aromatic organic compounds
containing nitrogen atoms. Quinoline derivative compounds
are generally used as “parental” compounds to synthesize
molecules with medical benefits, mainly with anti-microbial
and anti-malarial activities.11 These azo-heterocycles have
considerable interest because a large number of natural prod-
ucts and drugs contain azo-heterocyclic units. Quinoline
based drugs are used for pharmacological and various biologi-
cal activities.6,12 Quinoline and its analogues have recently
been examined for their modes of function in the inhibition
of tyrosine kinases, proteasome, tubulin polymerization, topo-
isomerase and DNA repair. Uses of quinoline based com-
pounds are fast spreading from anticancer drugs to almost ev-
ery branch of medicinal chemistry. Quinoline derivatives
exhibit cytotoxicity through DNA intercalation, causing inter-
ference in the replication process.7,13 Pyrazoles are a large
family of compounds that are widely used in various applica-
tions like agrochemicals and medicine, due to their broad
range of biological activities. The azole (pyrazole) type drugs
fluconazole, itraconazole, voriconazole, and posaconazole are
significant for the treatment of invasive fungal infections

282 | Med. Chem. Commun., 2018, 9, 282–298 This journal is © The Royal Society of Chemistry 2018

aDepartment of Chemistry, Sardar Patel University, Vallabh Vidyanagar-388 120,

Gujarat, India. E-mail: jeenen@gmail.com; Tel: (+912692) 226856 218
bDepartment of Cell Biology, School of Biological Sciences and Biotechnology,

Indian Institute of Advanced Research, Koba Institutional Area, Gandhinagar-

382007, Gujarat, India. Tel: +91 79 30514245

† Electronic supplementary information (ESI) available. See DOI: 10.1039/
c7md00472a

Pu
bl

is
he

d 
on

 2
0 

D
ec

em
be

r 
20

17
. D

ow
nl

oa
de

d 
by

 I
nd

ia
n 

In
st

itu
te

 o
f 

Sc
ie

nc
e 

E
du

ca
tio

n 
an

d 
R

es
ea

rc
h 

– 
B

ho
pa

l  
on

 1
/1

8/
20

22
 1

2:
02

:2
0 

PM
. 

View Article Online
View Journal  | View Issue

http://crossmark.crossref.org/dialog/?doi=10.1039/c7md00472a&domain=pdf&date_stamp=2018-02-21
http://orcid.org/0000-0002-9389-8096
http://orcid.org/0000-0001-9016-9245
https://doi.org/10.1039/c7md00472a
https://pubs.rsc.org/en/journals/journal/MD
https://pubs.rsc.org/en/journals/journal/MD?issueid=MD009002


Med. Chem. Commun., 2018, 9, 282–298 | 283This journal is © The Royal Society of Chemistry 2018

(IFIs).8 Most azoles are active, show a broad-spectrum against
most filamentous fungi, and are relatively nontoxic.1,14,15

In this paper, we have focused on the following points: (a)
synthesis of substituted quinoline based ligands (L1–L5) by
three step reactions employing conventional methods, (b)
synthesis of platinumĲII) complexes (I–V) by single step one-
pot two-component reactions and (c) in the framework of bio-
logical significance, we have developed a new approach for
structural diversity of heterocycles incorporated in scaffolds.
The modifications made on pyrazole centres for probing anti-
bacterial and anti-proliferation activity include: phenyl ring
at N-1 position, substituted thiophene ring at C-3 position
and quinoline ring at C-5 position. All synthesized com-
pounds were evaluated for their biological activity including
DNA binding studies, DNA nuclease, antibacterial activity,
in vitro anti-proliferation studies, in vivo cytotoxicity against
Schizosaccharomyces pombe at the cellular level and brine
shrimp lethality bioassay against Artemia cyst.

Experimental
Chemical reagents and materials

All the chemicals used were of analytical grade. Potassium
tetrachloro platinateĲII) salt, 5-chloro-2-acetylthiophene,
5-bromo-2-acetylthiophene, 3-bromo-2-acetylthiophene,
4-methyl-2-acetylthiophene, and phenyl hydrazine hydride
were purchased from Sigma Chemical Co. (India). Ethidium
bromide (EB), bromophenol blue, agarose and Luria Broth
(LB) were purchased from Hi-media Laboratories Pvt. Ltd.,
India. Cultures of pUC19 bacteria (MTCC 47), including two
Gram(+ve) species, i.e. Staphylococcus aureus (S. aureus)
(MTCC-3160) and Bacillus subtilis (B. subtilis) (MTCC-7193),
and three Gram(−ve) species, i.e. Serratia marcescens (S.
marcescens) (MTCC-7103), Pseudomonas aeruginosa (P.
aeruginosa) (MTCC-1688) and Escherichia coli (E. coli) (MTCC-
433), were purchased from Institute of Microbial Technology
(Chandigarh, India). Ethidium bromide (EB) and pUC19 bac-
teria (MTCC 47) were used for all DNA binding and cleavage
studies. S. pombe Var. Paul Linder 3360 was obtained from
IMTECH, Chandigarh, India. Human colorectal carcinoma
(HCT 116) and human breast adenocarcinoma (MCF-7) cell
lines were obtained from National Center for Cell Science
(NCCS), Pune, Maharashtra, India. HCT 116 cells were cul-
tured in RPMI-1640 medium (Gibco, Life Technologies, USA)
and MCF-7 cells were cultured in DMEM medium (Gibco,
Life Technologies, USA). The culture media were
supplemented with 10% fetal bovine serum (FBS) and PSN
antibiotic solution (Gibco, Life Technologies, USA). The cells
were kept in a humidified atmosphere of 5% CO2 at 37 °C.
Exponentially growing cells were used for the entire study.

Physical measurement

The 1H NMR and 13C NMR spectra were recorded with a
Bruker Avance (400 MHz and 100 MHz) either in D2O (25 °C)
or DMSO-d6 (35 °C), with TMS used as an internal reference.
The following abbreviations apply to (used for) splitting pat-

terns: s (singlet), d (doublet), t (triplet), q (quartet), m (multi-
plet). The chemical shift (parts per million) of each reso-
nance is reported as the approximate midpoint of its
multiplicity, δ (ppm) and the coupling constants (J) in Hz.
The attached proton test in the 13C NMR characterization
showed C, CH, CH2 and CH3 signals for carbon attached to
protons (below the base line being negative, above the base
line being positive). Infrared spectra were recorded on an FT-
IR ABB Bomen MB-3000 spectrophotometer (Canada) in the
range of 4000 to 400 cm−1. Micro elemental analysis (C, H, N
and S) of the synthesized compounds was performed with a
model Euro EA elemental analyzer. Melting points (°C,
uncorrected) were determined in open capillaries on a
thermoCal10 melting point apparatus (Analab Scientific Pvt.
Ltd, India). The mass spectra were obtained on a Thermo Sci-
entific mass spectrophotometer (USA), using the positive
electrospray ionization mode. The electronic spectra were
recorded on a UV-160A UV-vis spectrophotometer, Shimadzu,
Kyoto (Japan). The magnetic moments were measured by
Gouy's method using mercury tetrathiocyanatocobaltateĲII) as
the calibrant (χg = 16.44 × 10−6 cgs units at 20 °C), Citizen
balance. An antibacterial study was carried out using a lami-
nar airflow cabinet (Toshiba, Delhi, India). The thermograms
of the complexes were recorded with a Mettler Toledo TGA
Thermogravimetric Analyzer. Fluorescence spectroscopy was
carried out using a FluoroMax-4 spectrofluorometer, HORIBA
(Scientific). Conductance measurement was carried out using
a conductivity meter, model number E-660A. Photo-
quantization of the gel after electrophoresis was done using
AlphaDigiDoc™ Version V.4.0.0 PC-Image software, Califor-
nia (USA).

General procedure for the synthesis of 2-chloro-3-
formylquinolines via Vilsmeier–Haack reaction (2a)

2-Chloro-3-formylquinoline (2a) was prepared from
N-phenylacetamide via a Vilsmeier Haack reaction by using
traditional methods.14 To a solution of N-phenylacetamide
(1a) (1 mmol) in dry dimethyl formamide (DMF) (3 mmol) at
0–5 °C with mechanical stirring, phosphoryl trichloride
(POCl3) (10 mmol) was added dropwise and charged in a 100
mL round bottom flask. After addition of these compounds,
the reaction mixture was heated at 80–90 °C in a water bath
for 2–3 h. After the completion of the reaction as confirmed
by TLC, the reaction mixture was poured into 100 mL
crushed ice-water, stirred for 10 min and the resulting reac-
tion mass filtered, washed thoroughly with water and dried.
The 2-chloro-3-formylquinoline (2a) product was purified and
recrystallized from ethanol to obtain a pale yellow solid.

Quinoline based thiophene derivative enones (4a–4e)

Synthesis of α, β unsaturated carbonyl compounds was
performed by Claisen–Schmidt condensation reaction.16

Methanolic solutions of different substituted 2-acetyl thio-
phenes (–Cl, –Br, –CH3, –H) (3a–3e) (1 mmol) were prepared
in round bottom flasks. To these, a methanolic solution of
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potassium hydroxide (KOH) was added dropwise, which acted
to abstract acidic hydrogen from the 2-acetyl thiophene.
Then, a methanolic solution of 2-chloro-3-formylquinoline
was added dropwise to the reaction mixture. The reaction
mixture was stirred at room temperature until formation of a
precipitate. The obtained expected chalcone product was iso-
lated by filtration, washed with cold ethanol and
recrystallized from methanol.

5-Quinoline based 1,3,5-trisubstituted pyrazole derivative
ligands (L1–L5)

The 2-chloro-3-(1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-5-yl)
quinoline derivative enones (4a–4e) (1.0 mmol) and phenyl hy-
drazine (4a) (1.0 mmol) were thoroughly mixed in ethanol (5
mL) with potassium tertiary butoxide (t-BuO− K+) (1 mmol)
used to generate basic conditions in a 50 mL round bottom
flask. The reaction mixture was refluxed for 5 h. After the com-
pletion of the reaction was confirmed by a TLC ethyl acetate :
hexane (1 : 5) system, the reaction mixture was cooled to room
temperature, washed with water and dried over anhydrous
Na2SO4. The ensuing product upon purification by chromatog-

raphy (silica gel 60–120 mesh, eluent 20% EtOAc/hexane) gave
a yellowish solid as the desired product (Scheme 1).

Preparation of 2-chloro-3-(3-(5-chlorothiophen-2-yl)-1-phenyl-
1H-pyrazol-5-yl) quinoline (L1)

The product L1 was synthesized using phenyl hydrazine
(4a) (0.389 g, 7 mmol) and different substituted quino-
line derivative enones (3a–3e) (1 g, 7 mmol) after reflux
for 5 h in methanolic solution as described in general pro-
cess. Colour: yellowish orange crystal, yield: 92%, mol. wt:
424.34 g mol−1, m.p.: 270 °C; anal. calc. (%) for C22H15Cl2N3S:
C, 62.77; H, 3.10; N, 9.95; S, 7.59. Found (%): C, 63.08; H,
3.05; N, 10.20; S, 7.19. UV-vis: λ (nm) (ε, M−1 cm−1): 261
(38910), 307 (9440). Mass m/z (%): 423.25 [M]+. 1H NMR (400
MHz, DMSO-d6) δ/ppm: 3.284 (1H, dd, 3J1 = 8.0 Hz, 3J2 = 7.6
Hz, H-a), 4.119 (1H, dd, 3J1 = 8.8 Hz, 3J2 = 6.0 H-b), 5.739 (1H,
dd, 3J1 = 10.4, 3J2 = 8.4 Hz, H5), 6.730–8.067 (12H, m,
H3′,4′,4″,5″,6″,7″,8″,2‴,6‴,3‴,5‴,4‴, ArH). 13C NMR (100 MHz, DMSO-
d6) δ/ppm: 148.81 (C2″, Cquat.), 146.93 (C9″a, Cquat.), 144.73
(C2′, Cquat.), 144.21 (C1‴, Cquat.), 138.15 (C4″, –CH), 136.36 (C3,
Cquat.), 135.32 (C5″, –CH), 132.87 (C5″a, Cquat.), 131.39 (C3″,

Scheme 1 Synthesis of the 5-quinoline based 1,3,5-tri-substituted pyrazole derivative ligands (L1–L5).
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Cquat.), 130.55 (C7″, –CH), 129.66 (C3‴,5‴, –CH), 129.56 (C8″,
–CH), 128.69 (C4′, –CH), 128.04 (C5′, Cquat.), 127.99 (C6″, –CH),
127.44 (C5, –CH), 123.37 (C3′, –CH), 119.55 (C4‴, –CH), 113.26
(C2‴,6‴, –CH), 113.16 (C4, –CH2) [Total signal observed = 20:
signal of C and CH2 = 9 (thiophene-C = 2, pyrazole-C = 1, phe-
nyl ring-C = 1, quinoline-C = 4, pyrazole-CH2 = 1), signal of CH
= 11 (thiophene-CH = 2, pyrazole-CH = 1, phenyl ring-CH = 3,
quinoline-CH = 5]. FT-IR (KBr): (cm−1): 3039 ν(C–H)ar (w),
1596–1558 ν(CN) (s), 1496–1458 ν(CC)conjugated alkenes (m),
1388 ν(C–H)bonding (m), 1319 ν(C–N), 1234 ν(C–C)alkanes (s), 1041
ν(C–S–C)stre. (thiophene ring), (w), 786–678 ν(Ar–H)2 adjacent hydrogen (s).

Preparation of 2-chloro-3-(3-(4-methylthiophen-2-yl)-1-phenyl-
1H-pyrazol-5-yl) quinoline (L2)

The above-named product was synthesized using phenyl hy-
drazine (5a) (0.389 g, 7 mmol) and different substituted
quinoline derivative enones (4a–4e) (1 g, 7 mmol) after re-
flux for 5 h in methanolic solution as described in general
process. Colour: yellowish orange crystal, yield: 90%, mol.
wt: 403.93 g mol−1, m.p.: 275 °C; anal. calc. (%) for
C23H18ClN3S: C, 68.73; H, 4.01; N, 10.46; S, 7.98. Found
(%): C, 68.56; H, 4.05; N, 10.26; S, 7.89. UV-vis: λ (nm) (ε,
M−1 cm−1): 255 (36 560), 313 (6590). Mass m/z (%): 402.08
[M]+. 1H NMR (400 MHz, DMSO-d6) δ/ppm: 3.286 (1H, dd,
3J1 = 8.8 Hz, 3J2 = 6.0 Hz, H-a), 4.121 (1H, dd, 3J1 = 8.4 Hz,
3J2 = 6.4 Hz, H-b), 5.739 (1H, dd, 3J1 = 8.0 Hz, 3J2 = 6.4 Hz,
H5), 6.736–8.062 (12H, m, H3′,5′,4″,5″,6″,7″,8″,2‴,6‴,3‴,4‴,5″, Ar–H),
2.177 (3H, s, –CH3).

13C NMR (100 MHz, DMSO-d6) δ/ppm:
148.91 (C2″, Cquat.) 146.95 (9″a, Cquat.), 144.75 (C2′, Cquat.),
144.27 (C1‴, Cquat.), 138.17 (C4′, Cquat.), 136.86 (C3, Cquat.),
135.38 (C5″, –CH), 132.87 (C5″a, –CH), 131.39 (C3″, Cquat.),
130.55 (C7″, –CH), 129.68 (C3‴,5‴, –CH), 129.56 (C8″ –CH),
128.89 (C4″, –CH), 128.04 (C6″, –CH), 127.99 (C5, –CH),
127.44 (C3′, –CH), 123.87 (C5′, –CH), 119.55 (C4‴, –CH),
113.86 (C2‴,6‴, –CH), 113.18 (C4, –CH2), 15.48 (–CH3). [Total
signal observed = 21: signal of C and CH2 = 9 (thiophene-C
= 2, pyrazole-C = 1, phenyl ring-C = 1, quinoline-C = 4,
pyrazole-CH2 = 1), signal of CH and CH3 = 12 (thiophene-
CH = 2, pyrazole-CH = 1, phenyl ring-CH = 3, quinoline-CH
= 5, –CH3 = 1]. FT-IR: (KBr) (cm−1): 3039 ν(C–H)ar (w),
1596–1559 ν(CN) (s), 1496–1450 ν(CC)conjugated alkenes (m),
1388 ν(C–H)bonding (m), 1319 ν(C–N), 1234 ν(C–C)alkanes (s), 1041
ν(C–S–C)stre. (thiophene ring), (w), 779–678 ν(Ar–H)2 adjacent hydrogen (s).

Preparation of 3-(3-(5-bromothiophen-2-yl)-1-phenyl-1H-
pyrazol-5-yl)-2-chloroquinoline (L3)

The above-named product was synthesized using phenyl hy-
drazine (5a) (0.389 g, 7 mmol) and different substituted quin-
oline derivative enones (4a–4e) (1 g, 7 mmol) after reflux for
5 h in methanolic solution as described in general process.
Colour: yellowish orange crystal, yield: 93%, mol. wt: 468.80 g
mol−1, m.p.: 268 °C; anal. calc. (%) For C22H15BrClN3S: C,
56.61; H, 2.81; N, 9.00; S, 6.87. Found (%): C, 56.76; H, 2.79;
N, 9.26; S, 7.02. UV-vis: λ (nm) (ε, M−1 cm−1): 258 (37.620),
321 (9730). Mass m/z (%): 467.08 [M]+. 1H NMR (400 MHz,

DMSO-d6) δ/ppm: 3.288 (1H, dd, 3J1 = 11.2 Hz, 3J2 = 6.8 Hz, H-
a), 4.121 (1H, dd, 3J1 = 8.8 Hz, 3J2 = 4.4 Hz, H-b), 5.728 (1H,
dd, 3J1 = 9.6 Hz, 3J2 = 9.2 Hz, H5), 6.739–8.087 (12H, m,
H3′,4′,4″,5″,6″,7″,8″,2‴,6‴,3‴,5‴,4‴, Ar–H). 13C NMR (100 MHz, DMSO-
d6) δ/ppm: 148.99 (C2″, Cquat.), 146.90 (C9″a, Cquat.), 144.88
(C2′, Cquat.), 144.28 (C1‴, Cquat.), 138.67 (C4″, –CH), 136.82 (C3,
Cquat.), 135.48 (C5″, –CH), 132.87 (C5″a, Cquat.), 131.59 (C3″,
Cquat.), 130.55 (C7″, –CH), 129.98 (C3‴,5‴, –CH), 129.56 (C8″,
–CH), 128.89 (C4′, –CH), 128.04 (C6″, –CH), 127.99 (C5, –CH),
127.44 (C3′, –CH), 123.87 (C2‴,6‴), 119.95 (C4‴, –CH), 113.89
(C5′, Cquat.), 113.28 (C4, –CH2). [Total signal observed = 20:
signal of C and CH2 = 9 (thiophene-C = 2, pyrazole-C = 1, phe-
nyl ring-C = 1, quinoline-C = 4, pyrazole-CH2 = 1), signal of CH
= 11 (thiophene-CH = 2, pyrazole-CH = 1, phenyl ring-CH = 3,
quinoline-CH = 5]. FT-IR: (KBr) (cm−1): 3039 ν(C–H)ar (w),
1596–1559 ν(CN) (s), 1496–1450 ν(CC)conjugated alkenes (m),
1388 ν(C–H)bonding (m), 1320 ν(C–N), 1234 ν(C–C)alkanes (s), 1041
ν(C–S–C)stre. (thiophene ring), (w), 779–678 ν(Ar–H)2 adjacent hydrogen (s).

Preparation of 3-(3-(3-bromothiophen-2-yl)-1-phenyl-1H-
pyrazol-5-yl)-2-chloroquinoline (L4)

The above-named product was synthesized using phenyl hy-
drazine (5a) (0.389 g, 7 mmol) and different substituted quin-
oline derivative enones (4a–4e) (1 g, 7 mmol) after reflux for
5 h in DMF solution as described in general process. Colour:
yellowish orange crystal, yield: 95%, mol. wt: 468.80 g mol−1,
m.p.: 263 °C; anal. calc. (%) for C22H15BrClN3S: C, 56.61; H,
2.81; N, 9.00; S, 6.87. Found (%): C, 56.96; H, 2.44; N, 9.06; S,
6.92. UV-vis: λ (nm) (ε, M−1 cm−1): 260 (32 210), 307 (9520).
Mass m/z (%): 467.57 [M]+. 1H NMR (400 MHz, DMSO-d6) δ/
ppm: 3.272 (1H, dd, 3J1 = 6.4 Hz, 3J2 = 10.4 Hz, H-a), 4.116
(1H, dd, 3J1 = 11.6 Hz, 3J2 = 12.8 Hz, H-b), 5.789 (1H, dd, 3J1 =
6.4 Hz, 3J2 = 9.6 Hz, H5), 6.763–8.084 (12H, m,
H4′,5′,4″,5″,6″,7″,8″,2‴,6‴,3‴,4‴,5‴).

13C NMR (100 MHz, DMSO-d6) δ/
ppm: 148.98 (C2″, Cquat.), 146.80 (C9″a, Cquat.), 144.82 (C2′,
Cquat.), 144.48 (C1‴, Cquat.), 138.64 (C4″, –CH), 136.83 (C3,
Cquat.), 135.48 (C5″, –CH), 132.87 (C5″a, Cquat.), 131.59 (C3″,
Cquat.), 130.53 (C7″, –CH), 129.93 (C3‴,5‴, –CH), 129.56 (C8″,
–CH), 128.89 (C4′, –CH), 128.34 (C5′, –CH), 127.99 (C6″, –CH),
127.44 (C5, –CH), 123.87 (C4‴, –CH), 119.25 (C2‴,6‴, –CH),
113.89 (C4, –CH2), 112.92 (C3′, Cquat.). [Total signal observed =
20: signal of C and CH2 = 9 (thiophene-C = 2, pyrazole-C = 1,
phenyl ring-C = 1, quinoline-C = 4, pyrazole-CH2 = 1), signal of
CH = 11 (thiophene-CH = 2, pyrazole-CH = 1, phenyl ring-CH =
3, quinoline-CH = 5]. FT-IR: (KBr) (cm−1): 3039 ν(C–H)ar (w),
1596–1542 ν(CN) (s), 1496–1458 ν(CC)conjugated alkenes (m),
1388 ν(C–H)bonding (m), 1311 ν(C–N), 1234 ν(C–C)alkanes (s), 1042
ν(C–S–C)stre. (thiophene ring), (w), 786–678 ν(Ar–H)2 adjacent hydrogen (s).

Preparation of 2-chloro-3-(1-phenyl-3-(thiophen-2-yl)-1H-
pyrazol-5-yl)quinoline (L5)

The above-named product was synthesized using phenyl hy-
drazine (5a) (0.784 g, 7 mmol) and different substituted quin-
oline derivative enones (4a–4e) (0.953 g, 7 mmol) after reflux
for 5 h in methanolic solution as described in general
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process. Colour: yellowish orange crystal, yield: 92%, mol. wt:
389.90 g mol−1, m.p.: 260 °C; anal. calc. (%) for C22H16ClN3S:
C, 68.12; H, 3.64; N, 10.83; S, 8.27. Found (%): C, 68.06; H,
3.44; N, 10.56; S, 8.32. UV-vis: λ (nm) (ε, M−1 cm−1): 264
(31,580), 307 (14,030). LC-MS m/z (%): 388.89 [M]+. 1H NMR
(400 MHz, DMSO-d6) δ/ppm: 3.272 (1H, dd, 3J1 = 9.6 Hz, 3J2 =
10.8 Hz, H-a), 4.122 (1H, dd, 3J1 = 11.6 Hz, 3J2 = 13.6 Hz, H-
b), 5.791 (1H, dd, 3J1 = 10.4 Hz, 3J2 = 8.8 Hz, H5), 6.761–8.081
(13H, m, H3′,4′,5′,4″,5″,6″,7″,8″,2‴,3‴,4‴,5‴,6‴).

13C NMR (100 MHz,
DMSO-d6) δ/ppm: 148.34 (C2″, Cquat.), 146.20 (C9″a, Cquat.),
144.83 (C2′, Cquat.), 144.43 (C1‴, Cquat.), 138.64 (C4″, –CH),
136.84 (C3, Cquat.), 135.48 (C5″, –CH), 132.80 (C5″a, Cquat.),
131.59 (C3″, Cquat.), 130.50 (C7″, –CH), 129.93 (C3‴,5‴, –CH),
129.06 (C8″, –CH), 128.89 (C4′, –CH), 128.34 (C5′, –CH), 127.90
(C6″, –CH), 127.04 (C5, –CH), 123.87 (C3′, –CH), 119.25 (C4‴,
–CH), 113.09 (C2‴,6‴, –CH), 112.92 (C4, –CH2). [Total signal ob-
served = 20: signal of C and CH2 = 8 (thiophene-C = 1,
pyrazole-C = 1, phenyl ring-C = 1, quinoline-C = 4, pyrazole-
CH2 = 1), signal of CH = 12 (thiophene-CH = 3, pyrazole-CH =
1, phenyl ring-CH = 3, quinoline-CH = 5]. FT-IR: (KBr) (cm−1):
3038 ν(C–H)ar (w), 1596–1543 ν(CN) (s), 1496–1450 ν(CC)conju-

gated alkenes (m), 1387 ν(C–H)bonding (m), 1311 ν(C–N), 1234
ν(C–C)alkanes (s), 1042 ν(C–S–C)stre. (thiophene ring), (w), 786–678
ν(Ar–H)2 adjacent hydrogen (s).

General synthesis of platinumĲII) complexes (I–V)

The complexes were synthesized using the method proposed
by Hodges and Rund.17 Complexes (I–V) were synthesized by

refluxing a 1 : 1 ratio of (L1–L5) (0.25 mmol) and K2PtCl4 (0.25
mmol) in water–methanol system (50 mL) at 60 °C with 1–2
drops of hydrochloric acid (free acid is used to avoid dis-
placement of Cl− by –OH) until the solution became
colourless (0.5–6 h). The reaction mixture was allowed to cool
at room temperature. The obtained product was washed with
hot water and dried under vacuum. This procedure was
reported in the literature.18 The proposed reaction of
platinumĲII) complexes is represented in Scheme 2.

Preparation of complex [PtĲL1)Cl2] (I)

The above-named product was synthesized using potassium
tetrachloroplatinate salt (K2PtCl4) (0.103 g, 0.25 mmol) and li-
gands (L1) (0.097 g, 0.25 mmol) in 1 : 1 ratio, after reflux for 6
h in MeOH/H2O system as described in general process. Col-
our: brown powder, yield: 91%, mol. wt: 690.33 g mol−1, m.p.:
>300 °C; anal. calc. (%) for C22H15Cl4N3PtS: C, 38.28; H, 2.19;
N, 6.09; Pt, 28.26; S, 4.64. Found (%): C, 38.76; H, 2.38; N,
5.87; Pt, 28.98; S, 5.29. Conductance: 22 Ω−1 cm2 mol−1. UV-
vis: λ (nm) (ε, M−1 cm−1): 259 (36 960), 304 (18.860), 374
(8260). 1H NMR (400 MHz, DMSO-d6) δ/ppm: 3.288 (1H, dd,
3J1 = 10.8 Hz, 3J2 = 10.8 Hz, H-a), 4.122 (1H, dd, 3J1 = 10.00
Hz, 3J2 = 6.0 Hz, H-b), 5.729 (1H, dd, 3J1 = 10.4 Hz, 3J2 = 8.0
Hz, H5), 7.201–8.799 (12H, m, H3′,4,4″,5″,6″,7″,8″,2‴,3‴,4‴,5‴,6‴).

13C
NMR (100 MHz, DMSO-d6) δ/ppm: 155.17 (C2″, Cquat.), 153.76
(C5′, Cquat.), 151.61 (C9″a, Cquat.), 150.70 (C5, –CH), 149.95 (C4″,
–CH), 145.23 (C3′, –CH), 138.13 (C4′, –CH), 135.83 (C5″, –CH),
132.57 (C5″a, Cquat.), 132.48 (C3″, Cquat.), 128.61 (C8″, –CH),

Scheme 2 Synthesis of the bidentate N/S-donor ligands coordinate to designed platinumĲII) complexes (I–V).
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127.84 (C2‴,6‴, –CH), 127.70 (C3‴,5‴, –CH), 127.32 (C4‴, –CH),
125.92 (C1‴, Cquat.), 121.56 (C7″, –CH), 116.31 (C6″, –CH),
116.09 (C4, –CH2), 114.49 (C2′, Cquat.), 105.00 (C3, Cquat.). [To-
tal signal observed = 20: signal of C and CH2 = 9 (thiophene-
C = 2, pyrazole-C = 1, phenyl ring-C = 1, quinoline-C = 4,
pyrazole-CH2 = 1), signal of CH = 11 (thiophene-CH = 2,
pyrazole-CH = 1, phenyl ring-CH = 3, quinoline-CH = 5]. FT-
IR: (KBr) (cm−1): 3170 ν(C–H)ar (w), 1596–1566 ν(CN) (s),
1504–1458 ν(CC)conjugated alkenes (m), 1388–1326 ν(C–H)bonding

(m), 1203 ν(C–N), 1265 ν(C–C)alkanes (s), 1072 ν(C–S–C)stre. (thiophene

ring), (w), 779–655 ν(Ar–H)2 adjacent hydrogen (s), 524 ν(N-Pt) (s), 509
ν(S-Pt) (s). LC-MS (m/z): 690.33 [M], 692.30 [M + 2], 694.31 [M +
4], 696.29 [M + 6] and 698.32 [M + 8].

Preparation of complex [PtĲL2)Cl2] (II)

The above-named product was synthesized using potassium
tetrachloroplatinate salt (K2PtCl4) (0.103 g, 0.25 mmol) and li-
gands (L2) (0.1 g, 0.25 mmol) in 1 : 1 ratio, after reflux for 6 h
in MeOH/H2O system as described in general process. Col-
our: brown powder, yield: 90%, mol. wt: 669.91 g mol−1, m.p.:
>300 °C; anal. calc. (%) for C23H18Cl3N3PtS: C, 41.24; H, 2.71;
N, 6.27; Pt, 29.12; S, 4.79. Found (%): C, 40.76; H, 2.38; N,
5.97; Pt, 28.98; S, 5.02. Conductance: 20 Ω−1 cm2 mol−1. UV-
vis: λ (nm) (ε, M−1 cm−1): 269 (35 730), 295 (20 000), 364 (14
910). 1H NMR (400 MHz, DMSO-d6) δ/ppm: 3.286 (1H, dd, 3J1
= 10.4 Hz, 3J2 = 9.6 Hz, H-a), 4.121 (1H, dd, 3J1 = 10.0 Hz, 3J2 =
4.8 Hz, H-b), 5.726 (1H, dd, 3J1 = 9.2 Hz, 3J2 = 7.6 Hz, H5),
7.203–8.793 (12H, m, H3′,5′,4″,5″,6″,7″,8″,2‴,3‴,4‴,5‴,6‴), 2.152 (3H, s,
–CH3).

13C NMR (100 MHz, DMSO-d6) δ/ppm: 155.07 (C2″,
Cquat.), 153.56 (C9″a, Cquat.), 151.61 (C5, –CH), 150.75 (C4″,
–CH), 149.95 (C3′, –CH), 145.23 (C4′, Cquat.), 138.13 (C5″, –CH),
135.53 (C5″a, Cquat.), 132.87 (C3″, Cquat.), 132.48 (C8″, –CH),
128.61 (C2‴,6‴, –CH), 127.88 (C3‴,5‴, –CH), 127.60 (C4‴, –CH),
127.32 (C1‴, Cquat.), 125.92 (C7″, –CH), 121.66 (C6″, –CH),
116.31 (C4, –CH2), 116.06 (C5′, –CH), 114.69 (C2′, Cquat.),
105.60 (C3, Cquat.), 24.69 (–CH3). [Total signal observed = 21:
signal of C and CH2 = 9 (thiophene-C = 2, pyrazole-C = 1, phe-
nyl ring-C = 1, quinoline-C = 4, pyrazole-CH2 = 1), signal of
CH and CH3 = 12 (thiophene-CH = 2, pyrazole-CH = 1, phenyl
ring-CH = 3, quinoline-CH = 5, -CH3 = 1]. FT-IR: (KBr) (cm−1):
3163 ν(C–H)ar (w), 1596–1566 ν(CN) (s), 1496–1473 ν(CC)conju-

gated alkenes (m), 1380–1326 ν(C–H)bonding (m), 1203 ν(C–N), 1249
ν(C–C)alkanes (s), 1072 ν(C–S–C)stre. (thiophene ring), (w), 740–686
ν(Ar–H)2 adjacent hydrogen (s), 555 ν(N-Pt) (s), 509 ν(S-Pt) (s).

Preparation of complex [PtĲL3)Cl2] (III)

The above-named product was synthesized using potassium
tetrachloroplatinate salt (K2PtCl4) (0.103 g, 0.25 mmol) and li-
gands (L3) (0.117 g, 0.25 mmol) in 1 : 1 ratio, after reflux for 6
h in MeOH/H2O system as described in general process. Col-
our: brown powder, yield: 88%, mol. wt: 734.78 g mol−1, m.p.:
>300 °C; anal. calc. (%) for C22H15BrCl3N3PtS: C, 35.96; H,
2.06; N, 5.72; Pt, 26.55; S, 4.36. Found (%): C, 35.76; H, 2.09;
N, 5.97; Pt, 26.58; S, 4.12. Conductance: 21 Ω−1 cm2 mol−1.
UV-vis: λ (nm) (ε, M−1 cm−1): 257 (33 060), 307 (10 810), 380

(8150). 1H NMR (400 MHz, DMSO-d6) δ/ppm: 3.286 (1H, dd,
3J1 = 9.6 Hz, 3J2 = 9.2 Hz, H-a), 4.126 (1H, dd, 3J1 = 11.2 Hz,
3J2 = 7.2 Hz, H-b), 5.734 (1H, dd, 3J1 = 9.6 Hz, 3J2 = 8.8 Hz,
H5), 7.206–8.795 (12H, m, H3′,4′,4″,5″,6″,7″,8″,2‴,3‴,4‴,5‴,6‴ Ar–H). 13C
NMR (100 MHz, DMSO-d6) δ/ppm: 155.23 (C2″, Cquat.), 153.79
(C5′, Cquat.), 151.11 (C9″a, Cquat.), 150.71 (C5, –CH), 149.95 (C4″,
–CH), 145.53 (C3′, –CH), 138.53 (C4′, –CH), 135.83 (C5″, –CH),
132.57 (C5″a, Cquat.), 132.48 (C3″, Cquat.), 128.61 (C8″, –CH),
127.84 (C2‴,6‴, –CH), 127.50 (C3‴,5‴, –CH), 127.32 (C4‴, –CH),
125.92 (C1‴, Cquat.), 121.56 (C7″, –CH), 116.51 (C6″, –CH), 116.09
(C4, –CH2), 114.49 (C2′, Cquat.), 105.05 (C3, Cquat.). [Total signal
observed = 20: signal of C and CH2 = 9 (thiophene-C = 2,
pyrazole-C = 1, phenyl ring-C = 1, quinoline-C = 4, pyrazole-
CH2 = 1), signal of CH = 11 (thiophene-CH = 2, pyrazole-CH =
1, phenyl ring-CH = 3, quinoline-CH = 5]. FT-IR: (KBr) (cm−1):
3170 ν(C–H)ar (w), 1596–1566 ν(CN) (s), 1450–1504 ν(CC)conju-

gated alkenes (m), 1388–1326 ν(C–H)bonding (m), 1203 ν(C–N), 1257
ν(C–C)alkanes (s), 1070 ν(C–S–C)stre. (thiophene ring), (w), 779–655
ν(Ar–H)2 adjacent hydrogen (s), 555 ν(N-Pt) (s), 439 ν(S-Pt) (s).

Preparation of complex [PtĲL4)Cl2] (IV)

The above-named product was synthesized using potassium
tetrachloroplatinate salt (K2PtCl4) (0.103 g, 0.25 mmol) and li-
gands (L4) (0.117 g, 0.25 mmol) in 1 : 1 ratio, after reflux for 6
h in MeOH/H2O system as described in general process. Col-
our: brown powder, yield: 85%, mol. wt: 734.78 g mol−1, m.p.:
>300 °C; anal. calc. (%) for C22H15BrCl3N3PtS: C, 35.56; H,
2.26; N, 5.42; Pt, 26.28; S, 4.86. Found (%): C, 35.45; H, 2.19;
N, 5.37; Pt, 26.36; S, 4.52. Conductance: 22 Ω−1 cm2 mol−1.
UV-vis: λ (nm) (ε, M−1 cm−1): 265 (35 120), 303 (21 620), 378
(19 600). 1H NMR (400 MHz, DMSO-d6) δ/ppm: 3.285 (1H, dd,
3J1 = 10.00 Hz, 3J2 = 9.6 Hz, H-a) 4.125 (1H, dd, 3J1 = 12.4 Hz,
3J2 = 5.2 Hz, H-b), 5.732 (1H, dd, 3J1 = 9.6 Hz, 3J2 = 7.6 Hz,
H5), 7.203–8.790 (12H, m, H4′,5′,4″,5″,6″,7″,8″,2‴,3‴,4‴,5‴,6‴, Ar–H).
13C NMR (100 MHz, DMSO-d6) δ/ppm: 155.13 (C2″, Cquat.),
153.19 (C3′, Cquat.), 151.11 (C9″a, Cquat.), 150.71 (C5, –CH),
149.15 (C4″, –CH), 145.53 (C5′, –CH), 138.23 (C4′, –CH), 135.82
(C5″, –CH), 132.57 (C5′a, Cquat.), 132.48 (C3″, Cquat.), 128.62
(C8″, –CH), 127.84 (C2‴,6‴, –CH), 127.50 (C3‴,5‴, Cquat.), 127.22
(C4‴, –CH), 125.92 (C1‴, Cquat.), 121.56 (C7″, –CH), 116.51 (C6″,
–CH), 116.09 (C4, –CH2), 114.29 (C2′, Cquat.), 105.02 (C3,
Cquat.). [Total signal observed = 20: signal of C and CH2 = 9
(thiophene-C = 2, pyrazole-C = 1, phenyl ring-C = 1,
quinoline-C = 4, pyrazole-CH2 = 1), signal of CH = 11 (thio-
phene-CH = 2, pyrazole-CH = 1, phenyl ring-CH = 3,
quinoline-CH = 5]. FT-IR: (KBr) (cm−1): 3163 ν(C–H)ar (w),
1596–1566 ν(CN) (s), 1496–1458 ν(CC)conjugated alkenes (m),
1388–1326 ν(C–H)bonding (m), 1203 ν(C–N), 1257 ν(C–C)alkanes (s),
1072 ν(C–S–C)stre. (thiophene ring), (w), 779–655 ν(Ar–H)2 adjacent hy-

drogen (s), 555 ν(N-Pt) (s), 509 ν(S-Pt) (s).

Preparation of complex [PtĲL5)Cl2] (V)

The above-named product was synthesized using potassium
tetrachloroplatinate salt (K2PtCl4) (0.103 g, 0.25 mmol) and li-
gands (L5) (0.106 g, 0.25 mmol) in 1 : 1 ratio, after reflux for 6
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h in MeOH/H2O system as described in general process. Col-
our: brown powder, yield: 91%, mol. wt: 655.89 g mol−1, m.p.:
>300 °C; anal. calc. (%) for C22H16Cl3N3PtS: C, 40.29; H, 2.46;
N, 6.41; Pt, 29.74; S, 4.89. Found (%): C, 40.45; H, 2.39; N,
6.37; Pt, 28.86; S, 4.37. Conductance: 22 Ω−1cm2mol−1. UV-vis:
λ (nm) (ε, M−1 cm−1): 257 (37 080), 296 (11 510), 363 (5470).
1H NMR (400 MHz, DMSO-d6) δ/ppm: 3.285 (1H, dd, 3J1 =
10.4 Hz, 3J2 = 8.8 Hz, H-a), 4.122 (1H, dd, 3J1 = 11.6 Hz, 3J2 =
8.4 Hz, H-b), 5.731 (1H, dd, 3J1 = 8.0 Hz, 3J2 = 8.4 Hz, H5),
7.208–8.793 (13H3′,4′,5′,4″,5″,6″,7″,8″,2‴,6‴,3‴,5‴,4‴, Ar–H). 13C NMR
(100 MHz, DMSO-d6) δ/ppm: 155.49 (C2″, Cquat.), 153.55 (C3′,
–CH), 151.11 (C9″a, Cquat.), 150.21 (C5, –CH), 149.15 (C4″, –CH),
145.52 (C4, –CH2), 138.23 (C4′, –CH), 135.82 (C5″, –CH),
132.57 (C5″a, Cquat.), 132.28 (C3″, Cquat.), 128.62 (C8″, –CH),
127.84 (C2‴,6‴, –CH), 127.50 (C3‴,5‴, –CH), 127.22 (C4‴, –CH),
125.92 (C1‴, Cquat.), 121.58 (C7″, –CH), 116.51 (C6″, –CH),
116.02 (C5′, –CH), 114.29 (C2′, Cquat.), 105.02 (C3, Cquat.). [Total
signal observed = 20: signal of C and CH2 = 8 (thiophene-C =
1, pyrazole-C = 1, phenyl ring-C = 1, quinoline-C = 4,
pyrazole-CH2 = 1), signal of CH = 12 (thiophene-CH = 3,
pyrazole-CH = 1, phenyl ring-CH = 3, quinoline-CH = 5].
FT-IR: (KBr) (cm−1): 3124 ν(C–H)ar (w), 1604–1566 ν(CN) (s),
1504–1465 ν(CC)conjugated alkenes (m), 1396–1326 ν(C–H)bonding

(m), 1211 ν(C–N), 1272 ν(C–C)alkanes (s), 1049 ν(C–S–C)stre. (thiophene

ring), (w), 756–671 ν(Ar–H)2 adjacent hydrogen (s), 563 ν(N-Pt) (s), 439
ν(S-Pt) (s).

Biological application of the compounds

In vitro antibacterial study. The antibacterial activity of
the compounds (free ligands and platinum complexes) was
investigated using five test organisms including two Gram(+ve)

species (Bacillus subtilis and Serratia marcescens) and three
Gram(−ve) species (Escherichia coli, Pseudomonas aeruginosa
and Staphylococcus aureus) using the broth dilution tech-
nique. A preculture of bacteria was grown in Luria Broth.
DMSO was used as medium to acquire the preferred concen-
tration of the compounds to study their effect on microbial
strains. The test compounds at specific concentrations were
added to a sugar tube containing Luria Broth as a solution
and were sterilized in an autoclave before the addition of the
previously cultured bacterial species. After adding different
bacterial species to the tubes containing specific concentra-
tions of test compounds, they were allowed to incubate for 24
h, at an optimum temperature. The experiment was repeated
till only a faint turbidity appeared in the tube. The lowest
concentration at which no growth of bacteria occurred after
24 h culture was considered as the MIC for each
compound.19,20

In vitro cytotoxicity (brine shrimp lethality) bioassay. Cyto-
toxicity assays are widely used by the pharmaceutical industry
to screen for cytotoxicity in compound libraries. Brine shrimp
(Artemia cysts) eggs were hatched in a shallow rectangular
plastic dish (22 × 32 cm), filled with artificial seawater, which
was prepared with commercial salt mixture and double dis-
tilled water. An unequal partition was made in the plastic

dish with the help of a perforated device. Approximately 50
mg of eggs were sprinkled into the large compartment and it
was opened to ordinary light. After two days, nauplii were col-
lected by a pipette from the lighted side. The experiment was
carried out following the protocol of Mayer et al. A set of 2, 4,
8, 16, 20 μg mL−1 solutions in test tubes was prepared from a
stock solution of 1000 μg mL−1 of the test compounds. The fi-
nal volume in each test tube was adjusted to 2500 μL (1000
μL sea salt solution, 450 μL double distilled water, 50 μL
DMSO + complex and the remaining 1000 μL was added as
10 nauplii in a sea salt solution). After 24 h the numbers of
dead nauplii were counted and from this the survival LC50

was calculated.21,22

Bioassay of Schizosaccharomyces pombe cells at cellular level

A cellular level bioassay was carried out using
Schizosaccharomyces pombe cells. The detailed process of
measuring the cellular level cytotoxicity of the synthesized
compounds is described in the literature.23

In vitro antiproliferative cytotoxicity on MCF-7 and HCT-
116 cancer cells. The antiproliferative cytotoxicity of the
synthesized PtĲII) complexes (I–V) was determined by the MTT
(3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bro-
mide) assay. The MCF-7 and HCT-116 cells were plated at
5000 cells per well in 96-well culture plates with a culture me-
dium, and incubated for 24 h at 37 °C in a 5% CO2 incuba-
tor. The concentrations of compounds included the vehicle
control (0.8% DMSO), DMSO, 50, 100, 250, 500, 1000, 2000
μg mL−1. The cells were washed twice with Dulbecco's
phosphate-buffered saline (DPBS) and 0.5 mg mL−1 MTT so-
lution and incubated for 4 h at 37 °C. Subsequently, 0.1 mL
of SDS–HCl (10% SDS in 0.01 M HCl) was added to each well,
mixed carefully and allowed to incubate in the dark for 20
min at 37 °C. Finally, the absorbance of each well was
recorded at 570 nm with a reference wavelength of 650 nm
using a multimedia micro plate reader (Spectra Max M2e,
Molecular Devices, USA). IC50 values were calculated from the
chart of the cell proliferation (%) against the compound con-
centration (μg mL−1). The results are represented as percent-
age of cell proliferation in different treatment groups. All ex-
periments were carried out in triplicate.24 Cell viability was
evaluated by trypan blue exclusion assay. MCF-7 and HCT-
116 cells were treated with 50, 100, 250, 500, 1000, 2000 μg
mL−1 of conjugates of complexes (I–V) for 24 h. After comple-
tion of incubation, cells were harvested and washed once
with DPBS. An equal amount of cell suspension was mixed
with trypan blue. Subsequently, live and dead cells were
counted and percentage of cell death was determined by the
following formula (Percentage of cell death = Number of dead
cells/Total number of cells × 100). Generally, the complexes
showed strong growth inhibitory activity against the cell
lines. The complexes have been evaluated for cell prolifera-
tion potential in MCF-7 (human breast adenocarcinoma) and
HCT-116 (human colon carcinoma) cells and the IC50 values
of the complexes were determined by MTT assay.
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Biomolecule (DNA) interaction studies

(a) Absorption titration spectroscopy. Electronic absorption
titration was used to study the relative binding mode of HS-
DNA with the molecules. Stock solutions of HS-DNA were pre-
pared in phosphate buffer and stored for less than 4 days at 4
°C. The UV absorbance of HS-DNA obtained at 260 and 280 nm
in phosphate buffer (Na2HPO4/NaH2PO4, pH = 7.2) solution at
room temperature gave a ratio of 1.8–1.9 : 1, signifying that the
DNA was suitably free from proteins.25 The molar absorption
coefficient (ε) of HS-DNA was taken as 12858 M−1 cm−1. These
experiment were performed by maintaining a constant concen-
tration of complexes and varying the concentration of HS-DNA.
Complex–DNA solutions were allowed to incubate for 10 min at
room temperature before measurements were taken. While
measuring the absorption spectra, an equal quantity of HS-
DNA was added to both the complex solution and the reference
solution to eliminate the absorbance of HS-DNA itself.

(b) Viscosity measurements. Viscosity experiments were
performed by using an Ubbelohde viscometer (maintained at
a constant temperature of at 25.0 ± 0.5 °C in a thermostatic
jacket in a water bath). The viscosity of a 200 μM solution of
HS-DNA was determined in the presence of the complexes
using different [complex]/[DNA] ratios in the range of 0.00 to
2.00. The flow time was measured in triplicate by digital stop-
watch and then averaged (where η and η0 were the relative vis-
cosity of DNA in the presence or absence of complexes, respec-
tively). The hydrodynamic length of DNA generally increases
upon partial intercalation while it does not lengthen upon
groove binding.26 Viscosity measurements can sensitively detect
the lengthening of a DNA helix induced by the binding of inter-
calators and thus provide evidence of intercalation for small
DNA-binding molecules.27 The data are represented as the plot
of the relative viscosity, i.e. (η/η0)

1/3 vs. [complex]/[DNA].12

(c) Molecular modeling study. Docking studies were
performed for the PtĲII) complexes with a biomolecule (DNA),
to identify the binding mode of the metal complexes and the
vital functional groups interacting with the DNA, using Hex
8.0 software. The detailed process of this study is described
in the literature.28

(d) Fluorescence quenching analysis. Emission intensity
measurements of ethidium bromide (EB = 3,8-diamino-5-
ethyl-6-phenylphenanthridinium bromide) with free HS-DNA
in the absence and presence of PtĲII) complexes were
performed in phosphate buffer. The HS-DNA solution was
prepared with the value of r = 3.33 ([DNA]/[complex]) of pre-
treated EB–DNA mixture ([EB] = 33.3 μM, [DNA] = 10 μM) at
ambient temperature and incubated for 10 min before mea-
surement. The emission intensity was recorded in the range
of 500–800 nm. The emission intensities at 610 nm (λmax)
were obtained through excitation at 510 nm and slit wave-
length 1.45 nm in the FluoroMax-4, HORIBA (Scientific)
spectrofluorometer. The changes in fluorescence intensities
of ethidium bromide when bound to DNA were measured
with respect to different concentrations of the complex.
Ethidium bromide has lower emission intensity in phosphate

buffer solution at 7.2 pH due to florescence quenching of free
ethidium bromide by the solvent molecules. In the presence
of DNA, EB exhibits higher intensity due to its partial inter-
calative binding mode to DNA. Fluorescence quenching of an
EB–DNA mixture can arise owing to the inner-filter effect.
The mechanism of quenching can be deduced from the emis-
sion intensity of EB. In our study, the inner filter effect was
corrected with the following equation obtained from the
literature.5,29

The Stern–Volmer quenching constant (Ksv) was deter-
mined by eqn (1):30,31

I0/I = Ksv[Q] + 1 (1)

where I0 and I are the emission intensity of EB–DNA in the
absence and presence of quencher (complex), Ksv is the linear
Stern–Volmer quenching constant obtained from the plot of
I0/I vs. [Q] and [Q] is the concentration of quencher. To deter-
mine the strength of the interaction of complexes with DNA,
the value of the associative binding constant (Ka) was calcu-
lated using the Scatchard equation (eqn (2)):13,32

logI0 − I/I = logKa + nlog[Q] (2)

where I0 and I are the fluorescence intensities of the EB–DNA
in the absence and presence of different concentrations of
complexes, respectively, and n is the number of binding
pairs. The forces acting between drugs and bio-
macromolecules include hydrogen bonds, van der Waals
forces, electrostatic attraction and hydrophobic interaction,
etc. In order to estimate the interaction force of the various
compounds, the standard free energy changes (ΔG) for the
binding process have been calculated using the Van't Hoff
equation (eqn (3)):33

ΔG0 = −RT lnKa (3)

where T is the temperature (25 °C, 298 K here), Ka is the asso-
ciative binding constant and R is the gas constant (8.314 J
mol−1 K−1). A negative sign for ΔG0 means that the binding
process is spontaneous.34

Chemical nuclease activity

A gel electrophoresis study was performed using pUC19 DNA
with the synthesized compounds. The samples were incubated
for 0.5 h at 37 ° C. The samples were analysed by 1% agarose
gel electrophoresis (Tris-acetate-ethylenediaminetetraacetic
acid [TAE] buffer, pH 8.0) for 3 h at 100 mV. The gel was
stained with (0.5 mg mL−1) ethidium bromide. The gels were
viewed in the Alpha Innotech Corporation Gel Doc System
and photographed using a CCD (charged coupled device) cam-
era. The cleavage efficiency of the compounds and the degree
of DNA cleavage activity were measured by determining the
ability of the complexes to convert from SC-DNA to OC-DNA,
using an equation described in the literature.35,36
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Results and discussion
NMR spectroscopy

The 1H NMR spectra of the free ligands (L1–L5), containing a
pyrazole ring, show a doublet of doublet proton signals (H4a

4b, 5) in the range of 5.769–3.255 ppm, and the multiplet pro-
tons of heteroaromatic and arene rings appear in the range
of 8.067–6.754 ppm. Upon complexation, H4a 4b, H5 and aro-
matic protons are shifted up field in the range of 5.753–3.251
ppm and 7.201–8.799 ppm, respectively. On the other hand
the 13C NMR spectra of the free ligands, containing (C2′) car-
bon atoms of thiophene rings, contain signals in the range of
144.73–144.83 ppm, while in complexes these signals are
shifted up field in the range of 114.29–114.69 ppm. Free
pyrazole rings containing the imine carbon (>CN) peak are
observed in the range of 136.86–136.87 ppm, whereas upon
complexation this imine carbon peak is observed in the range
of 105.60–105.00 ppm. The 1H and 13C NMR spectra con-
firmed that the N, S-donor bidentate ligands are coordinated
to the platinum centre to give platinumĲII) complexes. The 1H
and 13C NMR data of ligands and complexes are represented
in the Experimental section and ESI† (1 and 2), respectively.

Fourier transform infrared spectroscopy

The FT-IR spectra of the 5-quinoline based 1,3,5-tri-
substituted pyrazole derivatives of free ligands (L1–L5) show
the sharp peak for the pyrazole ring containing ν(>CN)
stretching bands in the range of 1543–1596 cm−1, but for the
complexes (I–V), the ν(>CN) bands are shifted to higher
frequencies in the range of 1604–1566 cm−1.37 In the free li-
gands, the thiophene heterocyclic ring contains ν(C–S–C)
bands, which are observed in the range of 1041–1042 cm−1.
This is assigned to the nitrogen atom of the (>CN) imine
functional group now being coordinated to platinum metal.
The unsaturated cyclic alkene ν(C–H) bands of aromatic
stretching frequencies are observed for all the free ligands in
the range of 3038–3039 cm−1, while in the platinumĲII) com-
plexes these bands are observed at around 3124–3170 cm−1.
In the complexes, the ν(Pt-N) and ν(Pt-S) bands appear at
around 524–563 cm−1 and 439–509 cm−1, respectively.38 The
above FT-IR data are illustrated in the Experimental section
and the FT-IR data table is shown in ESI 3.†

Mass spectroscopy

Mass spectral data of the free ligands (L1–L5) and platinumĲII)
complex (I) are represented in the Experimental section. Mass
spectral graphs of the ligands (L1–L5) and complex (I) are repre-
sented in ESI 4.† The mass spectrum of the complex (I) shows
peaks at m/z = 690.33, 692.30, 694.31, 696.29 and 698.32, due to
the presence of four chlorine atoms, and it also confirms that
chlorine atoms are attached to the platinum metal atom
through covalent bonds. The peak appearing at m/z = 654.88 is
due to loss of one chlorine atom. Some other fragments at
619.43, 424.34, 347.24, 230.67 and 69.09 m/z values are observed.
The peak at m/z = 424.34 is the base peak of 100% intensity.

Thermo-gravimetric analysis

The complex (I) was studied using thermogravimetric analy-
sis (TGA) to examine the thermal behaviour of the complexes
under dinitrogen (N2) atmosphere at a scanning rate of 10 °C
min−1. There was no weight loss up to the temperature of 160
°C, which indicates the absence of water molecules in the
complex. The decomposition temperature profiles of the
platinumĲII) complexes are divided in two steps, where the
first loss (10.28%) occurring in the temperature range of 170–
220 °C is related to loss of chlorine molecules (Cl2). The sec-
ond loss (61.46%) occurring in the temperature range of 380–
490 °C corresponds to the decomposition of quinoline based
1,3,5-tri-substituted pyrazole ligands, leaving behind metallic
platinum as a residue.39 These results suggest that the
platinumĲII) complexes have high thermostability.

Electronic transition and conductivity measurements

The electronic spectra of the PtĲII) complexes exhibit three
bands in the range of 257–380 nm. The bands in the range of
370–380 nm correspond to d–d transitions. The other band
around 295–307 nm is assigned to the metal-to-ligand charge
transfer (MLCT) transitions, while the band around 257–260
nm is assigned as intraligand charge transfer (ILCT) bands.40

The molar conductivities (Λm) of the PtĲII) complexes are ob-
served in the range of 18–25 Ω−1 cm2 mol−1, which indicates
the non-electrolytic nature of the complexes.

Biological screening of the compounds

In vitro antimicrobial study. The in vitro antibacterial ac-
tivities of the ligands and platinumĲII) complexes were tested
against five different microorganisms, including two
Gram(+ve) species (Bacillus subtilis and Staphylococcus aureus)
and three Gram(−ve) species (Serratia marcescens, Escherichia
coli and Pseudomonas aeruginosa). Antibacterial activity is de-
fined as the lowest concentration which inhibits the growth
of microorganisms (MIC), evidenced by lack of turbidity in
the tube. The results of antibacterial activity testing are repre-
sented in Fig. 1 and the MIC values of the compounds are

Fig. 1 Antibacterial activity of the ligands (L1–L5) and platinumĲII)
complexes (I–V) against five different microorganisms (Bacillus subtilis,
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and
Serratia marcescens). Error bars are calculated from three repeated
experiments (STD ± 5%).
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shown in ESI 5.† The compounds reveal moderate to strong
antibacterial activity. The platinumĲII) complexes show higher
efficiency than the parent ligands and K2PtCl4 salt, under iden-
tical experimental conditions, which indicates that the com-
plexation improves the activity of the ligands. The platinumĲII)
complexes with bromo and chloro substituted functional
groups show better activity compared to the methyl substituted
platinumĲII) complexes. This can be explained by Tweedy's
chelation theory.41,42 On chelation, the delocalization of
π-electrons over the whole chelate ring will be increased, which
enhances the penetration of the complexes into lipid mem-
branes, allowing them to rapidly attack the metal binding sites
on the enzymes of microorganisms. PlatinumĲII) complexes
may disturb the metabolic processes of the cell and subse-
quently block the synthesis of proteins, leading to inhibition of
the growth of organisms.43 Other factors such as solubility, con-
ductivity and dipole moment are also possible reasons for the
inhibited growth of bacteria and increased biological activity of

the platinumĲII) complexes. The platinumĲII) complexes show
strong activity, particularly against the GramĲ−ve) bacteria.44

In vitro cytotoxicity. In the brine shrimp lethality bioassay,
the platinumĲII) complexes (I–V), cisplatin, transplatin and
quinoline based 1,3,5-tri-substituted pyrazole ligands (L1–L5)
exhibited excellent results, indicating that the compounds are
biologically active. The mortality rate of nauplii increased with
increasing concentration of the compounds. The 50% lethal
concentration (LC50) values of the ligands, complexes, cisplatin
and transplatin are shown in Fig. 2. The LC50 values of the
compounds are distributed in the range of 3.133 to 100 μg
mL−1. The obtained cytotoxic data are represented in ESI 6.†

In vitro cellular level cytotoxicity. The cellular level cytotox-
icity of the synthesized compounds was established using S.
pombe cells. The cell death caused by the toxicity of the syn-
thesized compounds could be easily monitored by trypan blue
dye as a staining agent. The toxicity was found to vary with the
different types of functional group present in the compounds,
and also the concentrations of the synthesized ligands and
platinumĲII) complexes. Complexes I, III and IV were found to
be more cytotoxic, while complexes II and V were found to be
less toxic. The platinumĲII) complexes are more cytotoxic in na-
ture as compared to the quinoline based 1,3,5-tri-substituted
ligands (L1–L5). The cytotoxicities of the synthesized
platinumĲII) complexes are comparable with cisplatin and
transplatin drug standards. The in vivo cytotoxicity of the syn-
thesized compounds is in the order of cisplatin > transplatin
> I > III > IV > II > V > L1 > L3 > L4 > L2 > L5 (Fig. 3). After
17–20 h of the treatment, a large proportion of the S. pombe
cells had been killed due to the toxicity of the complexes. Cel-
lular level cytotoxicity data are represented in ESI 7.†

Effect of platinumĲII) complexes on the degradation of DNA
of S. pombe cells

The results of cellular level cytotoxicity stimulated us to dis-
cover whether the complexes have any influence on the deg-
radation of DNA or not.45 The DNA degradation of S. pombe

Fig. 2 In vitro cytotoxicity of the platinumĲII) complexes (I–V), cisplatin,
transplatin and 5-quinoline based 1,3,5-tri-substituted pyrazole deriva-
tive ligands (L1–L5).

Fig. 3 Influence of compounds on viability of S. pombe cell at different concentration.
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cells was investigated by the comparison of DNA from treated
and untreated S. pombe cells, and the degradation of the S.
pombe cells' DNA was also visualized on electrophoresed 1%
agarose gel. When the platinumĲII) complexes were used to

treat S. pombe cells, DNA degradation manifested as
smearing, while in untreated S. pombe cells, no smearing was
observed. The degradation of S. pombe cellular DNA by com-
plexes (I–V) is represented in Fig. 4. Smearing of S. pombe cel-
lular DNA was observed, indicating that damage had oc-
curred due to the toxic nature of the compounds. The
cellular level cytotoxicity results are in agreement with the
conclusion that the platinumĲII) complexes entered into the S.
pombe cells and caused the degradation of DNA. Cisplatin,
transplatin and the platinumĲII) complexes have more cyto-
toxic potency as compared to the 5-quinoline based 1,3,5-tri-
substituted pyrazole derivative ligands.

In vitro antiproliferative cytotoxicity on MCF-7 and HCT-
116 cancer cells. The positive results observed in DNA
binding and DNA cleavage studies directed us to examine
the cell growth inhibition of the platinumĲII) complexes. To
examine the potential of the complexes as antitumor agents,

Fig. 4 The DNA damage of the S. pombe cells by treatment with the
compounds.

Fig. 5 (a) Effect of conjugates of synthesized PtĲII) complexes on cell proliferation (MTT assay). Determination of IC50 value of conjugates of PtĲII)
complexes (I–V) in MCF-7 cancer cell line. Error bars represent mean ± SEM of three independent experiments. Significant difference indicated as
*P ≤ 0.5 between untreated and complexes-treated cells, **P ≤ 0.01. Error bars represent deviation of three replicates. (b) Effect of conjugates of
synthesized PtĲII) complexes on cell proliferation (MTT assay). Determination of IC50 value of conjugates of PtĲII) complexes (I–V) in HCT-116 cancer
cell line. Error bars represent mean ± SEM of three independent experiments. Significant difference indicated as *P ≤ 0.5 between untreated and
complexes-treated cells, **P ≤ 0.01. Error bars represent deviation of three replicates.
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the in vitro antiproliferative activity of the synthesized
platinumĲII) complexes (I–V) against MCF-7 (human breast ad-
enocarcinoma) and HCT-116 cell lines were evaluated by
MTT assay (Fig. 5a and b). The platinumĲII) complexes ranged
in concentration from 50–2000 μg mL−1. The viability of cells
in the presence of the tested compounds was compared to
that observed in the control, and the inhibition growth (%)
was calculated. The IC50 (i.e., the concentration producing
50% inhibition of growth) was determined and expressed in
μg mL−1 concentration (Fig. 6a and b). The IC50 values of the
platinumĲII) complexes I and III exhibit higher inhibitory ef-
fect on the MCF-7 cancer cell line, while II, IV and V were
found to be moderately effective. The IC50 values of the PtĲII)
complexes I and V exhibit higher inhibitory effect on the
HCT-116 cancer cell line, while II, III and IV are found to be
moderately effective. The PtĲII) complexes I and III, where
the 5th position of the thiophene ring group contains –Cl
and –Br, have greater in vitro cytotoxicity than the complexes

II (–CH3), IV (–3-Br) and V (–H). Furthermore, the IC50 values
of the PtĲII) complexes I and III are comparable with standard
drugs such as cisplatin (15.49 μg mL−1),46 carboplatin
(>111.37 μg mL−1)4 and oxaliplatin (22.66 μg mL−1).24 The
IC50 values of the complexes I and III are comparable with
the standard drugs carboplatin and oxaliplatin. Complex I
(–Cl) is the most cytotoxic against MCF-7 cancer cell line as
compared to the other complexes. The cytotoxic effect of
DMSO on the cells' viability, measured using control solu-
tions of DMSO, is found to be very low. The IC50 values for
the MCF-7 cancer cell line of the PtĲII) complexes are found
in the order of I (310.54 μg mL−1) > III (517.96 μg mL−1) > IV
(725.39 μg mL−1) > V (1001.95 μg mL−1) > II (1336.13 μg
mL−1) > vehicle control (0.8% DMSO) > DMSO.

The IC50 values for the HCT-116 cancer cell line of the PtĲII)
complexes are found in order of I (183.78 μg mL−1) > V (206.83
μg mL−1) > II (886.71 μg mL−1) > III (1981.44 μg mL−1) > IV
(>2000 μg mL−1) > vehicle control (0.8% DMSO) > DMSO.

Fig. 6 Evaluation of cell death by trypan blue exclusion assay. Error bars represent mean ± SEM of three independent experiments. Significant
difference indicated as *p ≤ 0.05 between untreated and complexes-treated cells; **p ≤ 0.01, ***p ≤ 0.001. Error bars represent standard devia-
tion of three replicates.
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DNA interaction studies

(a) Spectral study of the DNA binding. The electronic ab-
sorption titration study is one of the most commonly used
methods for defining the binding constant (Kb), binding ex-
tent, binding position and size (s) of ligands, and involves
monitoring the change in absorption intensity. The binding
of compounds with HS DNA via partial intercalation usually
results in hypochromism of the absorption intensity and a
slight red shift by about 1–3 nm. In general, it is believed
that hypochromism and bathochromism are related with the
intercalative mode of compounds to the HS DNA helix, in-
volving strong stacking interactions of the planar aromatic
rings of the coordinated ligand with the base pairs of DNA.
The absorption spectra of the ligand (L1) and complex (I)
with and without HS DNA are represented in Fig. 7. The
hypochromism of the LMCT absorption band at 310 nm,
along with a slight bathochromism, are observed, which indi-
cates the binding of the compounds to DNA by the insertion
of an aromatic heterocyclic ligand between adjacent base
pairs (AT and GC) on the DNA duplex. The extent of the
hypochromism is commonly consistent with the strength of
the intercalative binding. In order to evaluate the DNA bind-
ing strengths of the complexes, the intrinsic binding con-
stants (Kb) for the association of the complex with HS DNA
are obtained from the spectroscopic titration data using the
Wolfe–Shimer equation.17 The % hypochromicity (% H =
17.23–42.67), Gibbs free energy (ΔG = 27.53–31.71 kJ mol−1)
and binding constant (Kb = 0.672–3.618 × 105 M−1) were cal-
culated and the data are represented in Table 1. The Kb

values of cisplatin, oxaliplatin and carboplatin are 5.73 × 104

M−1,47 5.3 × 103 M−1 (ref. 48) and 0.33 × 103 M−1,49 respec-
tively and these binding constant (Kb) values are comparable
with the ligands and platinumĲII) complexes. The binding
abilities of the compounds are in the order of I > III > IV >

II > V > L1 > L3 > L4 > L2 > L5.
(b) Viscosity measurements assay. Viscosity measurement

is a common method to examine the interaction mode be-
tween the ligands and platinumĲII) complexes with DNA
(Fig. 8). Viscosity depends on the shape and size of the HS
DNA molecule. The viscosity is obtained from a plot of (η/
η0)

1/3, where η and η0 are the specific viscosities of DNA with

and without the complexes. In general, increasing viscosity
suggests that the DNA adopts a more open structure, possibly
due to a classical intercalation mode, and causes a bend in
the DNA helix reducing its actual length and size. On increas-
ing the amount of the compounds, a significant increasing
trend in the relative viscosity of HS-DNA was observed. This
suggests that the compounds can bind to the HS-DNA via the
partial intercalative mode of binding, which is consistent
with the above-mentioned electronic absorption and fluores-
cence quenching titrations. The relative viscosity order of the
synthesized compounds is I > III > IV > II > V > L1 > L3 >

L4 > L2 > L5.
(c) Docking analysis of binding of the ligands and

platinumĲII) complexes to B-DNA. Molecular docking analysis
was performed to discover the binding affinity and mode of
binding between the complex–DNA adducts. Slight bending
of the DNA occurs in such a way that a part of the planar
heterocyclic ring makes a favourable stacking interaction be-
tween the DNA base pairs and leads to van der Waals

Fig. 7 (a) Absorption spectral traces on addition of HS DNA to ligand
(L1) (Kb = 1.135 × 105 M−1) with inset plot of [DNA]/(εa − εf) vs. [DNA]. (b)
Absorption spectral traces on addition of HS DNA to complex (I) (Kb =
3.618 × 105 M−1) with inset plot of [DNA]/(εa − εf) vs. [DNA].

Table 1 The binding constant (Kb, M
−1), % hypochromicity and change in

Gibbs free energy (ΔG0, J mol−1) of platinumĲII) complexes (I–V) and
ligands (L1–L5) with DNA at different temperatures

Compounds

λmax (nm) Δλ
(nm)

Kb (M−1)
× 105 H%

ΔG0

(J mol−1)Bound Free

L1 324 322 2 1.135 30.65 −28 837.84
L2 324 323 1 1.012 25.96 −28 553.65
L3 324 323 1 1.045 43.36 −28 633.15
L4 325 323 2 1.028 31.78 −28 592.52
L5 324 322 2 0.672 42.67 −27 539.27
I 265 264 1 3.618 20.34 −31 710.23
II 323 322 1 1.480 25.27 −29 495.41
III 246 245 2 3.308 19.57 −31 488.12
IV 258 256 2 1.600 17.23 −29 688.56
V 300 297 3 1.364 17.47 −29 293.19

H% = [(Afree − Abound)/Afree] × 100%. Kb = Intrinsic DNA binding
constant determined from the UV-vis absorption spectral titration.
Δλ = Difference between bound wavelength and free wavelength.

Fig. 8 (a) The relative viscosity graph of synthesized ligands (L1–L5)
with inset plot of (η/η0)

1/3 vs. [complex]/[DNA]. (b) The relative viscosity
graph of synthesized platinumĲII) complexes (I–V) with inset plot of (η/
η0)

1/3 vs. [complex]/[DNA].
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interactions and hydrophobic contacts with the B-DNA func-
tional groups that define the groove.50 The total energies for
binding interaction of the ligands (L1–L5) and complexes
(I–V) are found to be −271.68 (L1), −277.94 (L2), −275.65 (L3),
−271.37 (L4), −266.82 (L5), −269.82 (I), −279.38 (II), −284.33
(III), −283.42 (IV), and −265.14 (V). The docking structures of
ligand (L1) and complex (I) are shown in Fig. 9 and the
docking structures of all the compounds are represented in
ESI 8.† This binding study is consistent with the above-
mentioned fluorescence quenching analysis, viscosity mea-
surement and electronic absorption titration study.

(d) Fluorescence quenching analysis (EB exchange) activ-
ity. To further examine the mode of binding and binding
strength of the platinumĲII) complexes with HS-DNA, fluores-
cence quenching experiments based on the displacement of
ethidium bromide (EB) from HS-DNA were performed. These
provide evidence about the binding affinity of the complex–
DNA.51 Ethidium bromide is a planar conjugate molecule,
which exhibits very weak fluorescence emission intensity in
the presence of phosphate buffer solution and in its free
state. However, the fluorescence intensity of EB is signifi-
cantly increased after addition of HS-DNA to the EB-buffer

Fig. 9 The molecular docking analysis of interaction between DNA and the synthesized platinumĲII) complex (I) and ligand (L1). Surface
representation of the docked model of complexes with the DNA dodecamer duplex sequence dĲCGCGAATTCGCG)2 (PDB ID: 1BNA).

Fig. 10 Fluorescence emission spectra of EB bound to HS-DNA in the presence of complexes (I). [EB] = 33.3 μM, [DNA] = 10 μM; [complex] = (i)
3.33, (ii) 6.66, (iii) 10, (iv) 13.33, (v) 16.66, (vi) 20, (vii) 23.33, (viii) 26.66, (ix) 30, (x) 33.3 μM; λex = 510 nm. The arrows show the intensity changes
upon increasing the concentrations of complex. Inset graph: Plots of I0/I vs. [Q], with for the experimental data points and the dotted line for the
linear fitting of the data. Comparative plot of log[I0 − I/I] versus log[complex] for the titration of HS-DNA EB system with platinumĲII) complexes (I)
in phosphate buffer medium.
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solution. The intense fluorescence emission is due to the de-
velopment of the EB–DNA complex.52 In this study, the in-
creased concentration of the platinumĲII) complexes (I–V) rel-
ative to the EB–DNA system caused a reduction of the
number of binding sites on the DNA available, together with
a decrease in the emission intensity, specifying that these
compounds competitively bind to HS DNA. The Stern–Volmer
plots and Scatchard plots of the fluorescence quenching
analysis of complex–DNA are presented in Fig. 10. The Ksv

values for the platinumĲII) complexes are found in the range
of 1.1 × 102–8.5 × 105 M−1. The data of associative binding
constant (Ka) and number of binding sites (n) are listed in
Table 2. The associative binding Gibbs free energy of the
platinumĲII) complexes is found in the range of 29.43–16.48
kJmol−1. Complex (I) exhibits considerably larger binding
ability because of the larger number of binding sites present
on DNA (Fig. 10). The fluorescence quenching data and
emission intensity graph of the complexes (I–V) are shown in
ESI 9.†

Gel electrophoresis

The ability of the platinumĲII) complexes (I–V), cisplatin,
transplatin and synthesized ligands (L1–L5) to cleave super-
coiled DNA was determined by the agarose gel electrophore-
sis method. The plasmid pUC19 DNA could be cleaved
completely by these compounds, as shown in Fig. 11, and the

percentage nuclease values of the compounds are repre-
sented in ESI 10.† After increasing the complex concentra-
tions, the amount of the supercoiled form of DNA (form I)
decreases, while the opened form of DNA (form II) with
single-strand breaks increases significantly. The percentage
cleavage data of the compounds are represented in Fig. 12.
The cleavage efficiency of the compounds is in the order of
cisplatin > I > III > IV > II > V > L1 > L3 > L4 > L2 > L5 >
transplatin > K2PtCl4.

Conclusions

Five new PtĲII) complexes (I–V) with 5-quinoline 1,3,5-tri-
substituted pyrazole based ligands (L1–L5) have been synthe-
sized and characterized. The structures of the PtĲII) complexes
(I–V) and ligands (L1–L5) have been determined by various
physicochemical and spectroscopic methods such as micro-
elemental analysis (C, H, N and S), FT-IR, UV-vis, 1H NMR,
13C NMR, TGA, mass spectrometry and molar conductivity. A
square planar geometry has been confirmed by UV-visible
spectroscopy. The binding constants of the complexes with
HS-DNA calculated by UV-visible absorption spectroscopy (Kb)
and fluorescence quenching analysis showed that complexes
I, III and IV exhibit a higher binding affinity to DNA than the
complexes II and V. The binding ability and binding energy
of complex–DNA are higher as compared to ligand–DNA. Fur-
thermore, the compounds bind to HS-DNA via one binding
site, as confirmed by the fluorescence titration method. In
addition, the percentage DNA cleavage of the complexes I, III
and IV is higher than the complexes II and V. Based on the
experimental data as well as molecular modeling study, the
mode of binding is suggested as partial intercalation and
stronger interaction of the complexes to B-DNA than the li-
gands. Cisplatin, transplatin and the PtĲII) complexes exhibit
excellent potency in terms of cellular level cytotoxicity and
brine shrimp lethality bioassay compared with the free li-
gands. The PtĲII) complexes exhibit lower MIC values than the
ligands and K2PtCl4 salt. In addition, the anti-proliferation
in vitro cytotoxic activity of the complex I is more significant
as compared to other complexes and the free ligands at

Table 2 Linear Stern–Volmer quenching constant (Ksv, M
−1), binding sites

(n) and association binding constant (Ka, M
−1) from competitive binding

assay

Complexes Ksv (M
−1) Ka (M

−1) n ΔG (kJ mol−1)

I 1.1 × 102 1.44 × 105 1.25 −29.435
II 2.2 × 103 0.42 × 104 0.84 −14.991
III 8.5 × 103 1.32 × 104 0.84 −23.563
IV 5.3 × 103 0.77 × 103 0.81 −16.486
V 3.3 × 103 0.15 × 103 0.69 −12.379

Fig. 11 Photographic images of cleavage of pUC19 DNA (300 μg
cm−3) with series of ligands (L1–L5) and PtĲII) complexes (200 μM) using
1% agarose gel containing 0.5 μg cm−3 EtBr. Reactions were incubated
in TE buffer solution (pH 8) at a final volume of 15 mm3 for time period
of 3 h at 37 °C.

Fig. 12 Plot of nuclease cleavage (% of form I, form II and DNA
cleavage) assay of the ligands (L1–L5) and complexes (I–V). Error bars
represent standard deviation of three replicates.
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low concentration against MCF-7 (human breast adenocarci-
noma) and HCT-116 (human colon carcinoma) cancer cell
lines.
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