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a b s t r a c t

A new compound (3) bisthaizolidinone derivative was synthesized by Knoevenagel condensation reac-
tion. The structure of synthesized compound was elucidated by different spectral techniques and X-ray
diffraction studies. The stereochemistry of the compound (3) was determined by 1He1H NOESY, 1He1H
NMR COSY and single crystal X-ray diffraction studies as (Z, Z)-configuration. The computational quan-
tum chemical studies of compound(3) like, IR, UV, NBO analysis were performed by DFT with Becke-3-
Lee-Yang-Parr (B3LYP) exchange-correlation functional in combination with 6e311þþG(d,p) basis sets.
The DNA-binding of compound (3) exhibited a moderate binding constant (Kb ¼ 1 � 105 Lmol¡1) with
hypochromic shift. The molecular docking displayed good binding affinity¡7.18 kcal/mol. The MTT assay
of compound (3) was screened against different cancerous cell lines, HepG2, Siha, Hela and MCF-7.
Studies against these cell lines depicted that the screened compound (3) showed potent inhibitory ac-
tivity against HepG2 cell (IC50 ¼ 7.5 mM) followed by MCF-7 (IC50 ¼ 52.0 mM), Siha (IC50 ¼ 66.98 mM),
Hela (IC50 ¼ 74.83 mM) cell lines, and non-toxic effect against non-cancerous HEK-293 cells
(IC50 ¼ 287.89 mM) at the concentration range (0e300) mM. Furthermore, cell cycle perturbation was
performed on HepG2 & Siha cell lines and observed that cells were arrested in G2/M in HepG2, and G0/
G1 in Siha cell lines with respect to untreated control. Hence, compound (3) possesses potent anti-
cancerous activity against HepG2 cell line.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Cancer is one of the deadliest diseases in human race ever seen
[1]. According to world health organization (WHO), it is second
most lethal disease causing deaths both in developing and devel-
oped countries [2]. All the developed, developing and under
developed countries have constantly been afraid of this disease
because it devastates both manpower as well as economy; thus

creating havoc [3] for example, Asian countries like China and India
along with Russia contribute more than half of the total cancer
cases [4]. The current data of India show that every year, around 0.7
million people are losing their lives with one million new diag-
nosed cancer patients, which are estimated to be roughly doubled
by the year 2035 [4]. Similarly, it is predicted that by 2030,
approximately 20 million new cancer cases will be diagnosed
worldwide and about 13 million cancer patients will die from this
disease [3,5]. Indeed, many treatment modalities and drugs are
available in the market to curb this terrifying disease like bio-
alkylating (chloramethine) [6], anti-metabolic agents (fluorouracil)
[7], anti-cancer antibiotics (doxorubicin) [8].

The anti-cancer drug development with less or no side effect is
very important for chemotherapy of cancer. The necessity of such
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potent anti-cancer therapeutic agents has led to discovery of small
synthetic molecules which have anti-cancer activity with lesser
side effects. Thiazolidone molecular scaffold is of great importance
in modern medicinal chemistry, and is known to exhibit a diverse
range of pharmacological activities like anti-cancer [9e12], anti-
bacterial [13e15] Fig. 1(a&b), anti-fungal [16e18], anti-viral
[19e22], and anti-HIV [23,24].

Previous studies on this class of molecule report excellent anti-
amoebic activity with a high cytotoxicity [25]. In the view of ver-
satile pharmacological importance, we herein, report the synthesis,
characterization, DNA binding, molecular docking and DNA, cell
cycle perturbation, and cytotoxicity. Also, a DFT study was carried
out for evaluation of its biological potency of compound (3).

2. Results and discussion

2.1. Chemistry

The presented compound (3) (2Z, 20Z, 5Z, 50Z)-5,50-(1,4-
phenylenebis (methanylylidene)) bis(3-isopropyl-2-(phenylimino)
thiazolidin-4-one), was synthesized by reported method [26]. The
compound (3) was prepared in absolute ethanol using tereph-
thaladehyde and thiazolidinone by Knoevenagel condensation re-
action as shown in Scheme 1. The compound (3) is stable at room
temperature and well characterized by different spectroscopic
techniques; CHNS analysis, FT-IR, 1H NMR, 13C NMR and mass
spectroscopy. The stereochemistry of compound (3) was deter-
mined by 1He1H COSY-NMR and 1He1H NOESY-NMR. Furthermore,
stereochemistry was confirmed by X-ray single crystal structure.

The appearance and disappearance of the characteristic bands
confirmed the formation of the compounds. In FT-IR, the appear-
ance of the significant bands at 3265.14 cm�1 and 1240.83 cm�1

due to eNH and C]S confirmed the formation of compound (1). In
1H NMR, the chemical shifts appeared at 8.267 ppm and 5.783 ppm
due to presence of eNH protons, confirmed the formation of
compound (1). Additionally, the compound (1) was confirmed by
13C NMR. The presence of significant peak at 178.94 ppm was
assigned to C]S, indicated the formation of compound (1). In case
of intermediate compound (2), in IR, the appearance of character-
istic bands at 1715.24 cm�1 and 1627.65 cm�1 due to eC]O and
eC]N confirmed the formation of compound (2). In 1H NMR, the
presence of singlet at chemical shift 3.701 ppm due to the presence
of-SeCH2eC]O proton showed the formation of compound (2).
The lead compound (3) was also confirmed by same spectroscopic
techniques along with mass spectrometry and X-ray single crystal
structure. In FT-IR, the presence of characteristic bands at
1704 cm�1 and 1629 cm�1 due to C]O and C]C confirmed the
formation of compound(3). In 1H NMR, the presence of character-
istic peak resonated at high chemical shift at 7.631 ppm due to

methylene (HeC]C-) proton confirmed the formation of com-
pound (3). In 13C NMR, the appearance of significant peaks due to
C]O and C]C at 166.56 ppm and 148 ppm chemical shifts
confirmed the formation of compound (3). In mass spectrometry,
the presence of [MþH]þ, [Mþ2H]þ and [Mþ3H]þ peaks at 567.18,
568.19 and 569.18 showed the formation of compound (3). Addi-
tionally, the structure of the compound (3)was confirmed by X-ray
single crystal structure.

2.2. Stereochemistry and conformational properties

The determination of E or Z-configuration is important for
compound (3) due to the presence of exocyclic C]N and C]C
bonds. The configuration of compound (3) was determined by
2D-1He1H COSY-NMR and 1He1H NOESY-NMR. In 1He1H COSY-
NMR, the strong interactions were observed along off-diagonal
peaks. The doublet due to methyl group at the range of
1.623e1.051 (ppm) chemical shift interactedwithmultiplet of CH at
the range of 5.051e4.982 (ppm) chemical shift. But no off-diagonal
peaks are present in the region of the aliphatic protons attached to
the nitrogen of thiazolidinone ring and aromatic protons
substituted at exocyclic nitrogen which could show correlation
among them, indicating that the position of aromatic moiety
adopted Z-configuration. Furthermore, there are strong in-
teractions among the protons of exocyclic nitrogen substituted ar-
omatic ring at chemical shifts range 7.432e7.349 ppm and 5-
arylidene aromatic protons at chemical shift 6.990 ppm which
confirms Z-configuration of exocyclic 5-arylidene. A Z-configura-
tion of aromatic ring attached to exocyclic C]C bond of thiazoli-
dinone derivative was further confirmed by a methine proton
signal which resonated at a higher chemical shift 7.632 ppm as a
singlet in 1H NMR spectrum. The downfield chemical shift of the
methine proton was due to deshielding effect of carbonyl group.
Studies on E-configuration suggest the upfield resonance at
chemical shift 6.6 ppm or less than d 6.6 (ppm) [25e28]. In 2D
NOESY 1H NMR, the C]N imino and the C]C exocyclic double
bond exhibited strong NOE signals at chemical shifts
7.432e7.349 ppm and 6.990 ppm due to the interaction of protons
of two aromatic rings attached to imine (C]N) and 5-arylidene,
indicating Z-configuration. No NOE signals were observed for
exocyclic N-substituted aromatic protons and aliphatic (chain
attached to the N-of thiazolidinone) protons which suggest that the
molecule adopted Z-configuration. Additionally, a study of X-ray
single crystal structure confirmed (Z, Z)-configuration Fig. 2.

2.2.1. Discussion of crystal structure
ORTEP diagram for the compound (3) (2Z,20Z,5Z,50Z)-5,50-(1,4-

Phenylene bis(methanylylidene))bis(3-isopropyl-2-(phenylimino)
thiazolidin-4-one), was shown in Fig. 3. The asymmetric unit of 1
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Fig. 1. (aeb): 4-Thaizolidinone derivatives (1 a & b) showing anti-bacterial.
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