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Abstract: Montmorillonite K10 is a suitable catalyst in
a multicomponent reaction involving an aldehyde, an
amine, and thioglycolic acid in N,N-dimethylformamide
as solvent at moderate (50°C) to reasonably high (120°C)
temperatures to form thiazolidinones. The reaction
involves easy workup and purification. Several thiazolidi-
nones were prepared. In particular, campholenic aldehyde
obtained from o-pinene was used to synthesize potentially
bioactive thiazolidinones. All products were characterized
by IR, '"H NMR, and mass spectra. Preliminary anticancer
screening tests revealed that two compounds show anti-
cancer activity and can be taken up for further screening.
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Dedicated to: the memory of Prof. A. Srikrishna.

Developing green synthetic routes to novel molecules for
various applications in general and for drug discovery in
particular is of interest in organic synthesis. In this regard,
multi component reactions (MCRs) are becoming popular
choice to achieve the synthesis of target molecules in a
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few steps thereby increasing efficiency [1-6]. In addition,
suitable catalysts such as montmorillonite can provide
eco-friendly reactions. Several reactions catalyzed by
montmorillonite have been reported in the literature [7-12].
Thiazolidinones are an important class of compounds with
potential biological activity [13-15]. In our pursuit to syn-
thesize novel molecules containing thiazolidinone moiety
for screening against certain anticancer targets, we have
come across an easily scalable and environmently benign
method for the synthesis of thiazolidinones. In the present
communication, we wish to disclose the method involving
a one pot MCR catalyzed by ecofriendly montmorillonite
K10 catalyst, with a reasonable reaction time, easy workup,
and purification procedure to furnish products in good to
excellent yields. The method was found to be suitable to
synthesize several thiazolidinones of medicinal interest.

In a typical reaction as shown in Scheme 1, an alde-
hyde, an amine, and thioglycolic acid were taken in 1:1:2
ratio, dissolved in N,N-dimethylformamide (DMF), and
montmorillonite K10 was then added to this solution. The
mixture was stirred at 50°C for 6-8 h based on monitoring
the reaction by thin layer chromatography (TLC). Campho-
lenic aldehyde (obtained from natural product a-pinene in
a single step) was transformed into potentially bioactive
thiazolidinones 4a-e by reacting with different amines and
thioglycolic acid. After preliminary optimization of the con-
ditions, as reported in this communication, the products
were obtained in good to excellent yields. All new prod-
ucts were characterized by IR, 'H NMR, MS, and elemen-
tal analysis. It is worth noting an interesting observation
that 4-fluoroaniline did not react with the aldehyde using
earlier reported catalysts ([15] and references cited therein);
however, it smoothly underwent a conversion to the corre-
sponding thiazolidinone 4d in good yield using conditions
described in this communication.

Inanother preparation shown in Scheme 2, theamine 5
was allowed to react with 3,4-dimethoxybenzaldehyde (6)
and thioglycolic acid in the presence of montmorillonite
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Scheme 2

K10 in dimethylsulfoxide (DMSO) at elevated tempera-
tures (~120°C) to furnish the thiazolidinone 7a in good
yield. The product separated as solid during workup. It
is interesting to note an important observation that this
reaction did not provide thiazolidinone 7 using the earlier
reported catalysts ([15] and references cited therein). It was
also observed that using the earlier reported catalysts, the
reaction produced a Schiff base that is presumed to be the
intermediate product in the synthesis of thiazolidinone 7.
These results clearly demonstrate that montmorillonite
K10 is a superior catalyst in many ways. Interestingly, the
reaction seem to be proceeding smoothly even under neat
conditions without any solvent. The detailed results will
be communicated in due course.

Preliminary anticancer screening gave promising
results. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay was performed as per stand-
ard protocol [16]. The reduction of tetrazolium salts is
now widely accepted as a reliable way to examine cell
proliferation. The yellow tetrazolium MTT is reduced by
metabolically active cells, in part by the action of dehydro-
genase enzymes, to generate reducing equivalents such as
NADH and nicotinamide adenine dinucleotide phosphate
(NADPH). The MTT cell proliferation assay measures the
cell proliferation rate and, conversely, when metabolic
events lead to apoptosis or necrosis, the reduction in cell
viability. Doxorubucin was used as a standard reference

drug. Cells (5000 cells) were plated in 96-well plates. The
cells were treated with different concentrations of drug
for 16 h. PBS was used as the control. After completion of
the treatment, the media were replaced with fresh media
containing 5 mg/ml MTT. The color intensity developed by
intracellular formazan was measured at 570 nm using a
microplate reader. The percentage of cell growth was cal-
culated as the percentage of the absorption of treated cells
to the absorption of non-treated cells. The data obtained
are represented in the form of a bar diagram in Figure 1.
In conclusion, a montmorillonite K10-catalyzed MCR
provides thiazolidinones in good to excellent yields. The
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Figure1 MTT assay results.
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preliminary screening of some of the new products using
an MTT assay shows that several compounds are antican-
cer agents that can be proceeded for further screening.
Additional details will be communicated in due course.

Experimental details

Reagents were obtained from Sigma-Aldrich or Acros and used with-
out purification. Reactions were carriedout under inert atmosphere.
Percentage yields refer to the isolated products after column chroma-
tography. Silica gel (200 mesh) was used for column chromatogra-
phy. Silica gel-coated aluminum sheets were used for TLC. Iodine or
UV lamp was used to visualize the products on TLC plates. 'H NMR
spectra (400 MHz, CDC13) were recorded on a Bruker 400 instrument.
Electron impact mass spectra (EI-MS) were obtained on an Apex
spectrometer.

General experimental procedure for the preparation of
thiazolidinones 4a—e

A mixture of campholenic aldehyde (1, 10 mmol), amine (10 mmol),
thioglycolic acid (1.84 g, 20 mmol), and montmorillonite K10 (0.5 g)
in DMF (15 mL) was heated at 50°C with stirring for 6 h. The reac-
tion progress was monitored by TLC with dichloromethane and
ethanol mobile phases. The reaction mixture was poured into water,
extracted with dichloromethane (3x15 mL), and the extract was dried
over silica, concentrated, and subjected to silica gel column chro-
matography using hexane/dichloromethane and dichloromethane/
methanol as eluents to furnish the product.

2-[(2,2,3-Trimethylcyclopent-3-en-1-yl)methyl]-3-phenylthia-
zolidin-4-one (4a) A viscous oil; yield 70%; purity 97%; 'H NMR:
8 742 (m, 2H, Ar), 7.30 (m, 3H, Ar), 5.22 (d, 1H, J = 10 Hz), 5.15 (m, 1H,
olefinic), 3.70 (m, 2H), 1.8-2.3 (m, 5H), 1.67 (br s, 3H), 0.95 (s, 3H), 0.87
(s, 3H); IR (neat, cm™): 3037, 1682; 3C NMR (100 MHz, CDCla): 5 170.0,
150.0, 139.0, 130.0 (2C), 128.0, 125.0 (2C), 120.0, 65.0, 45.0, 42.0, 39.0,
35.0, 25.0, 19.4, 12.0. Anal. Calcd for C_ _H _NOS: C, 71.72; H, 7.69; N, 4.65;

187723

0, 5.31; S, 10.64. Found: C, 71.718; H, 7.69; N, 4.64; O, 5.31; S, 10.65.

3-(3-Chlorophenyl)-2-[(2,2,3-trimethylcyclopent-3-en-1-yl)
methyl]thiazolidin-4-one (4b) A viscous oil; yield 69%; purity
96%; 'H NMR: § 7.19-7.39 (m, 4H), 1 (br s, 1H, olefinic), 5.11 (d, 1H,
J =10 Hz), 3.70 (m, 2H), 1.69-2.89 (m, 5H), 1.67 (br s, 3H), 0.95 (s, 3H),
0.87 (s, 3H); EI-MS: m/z 336 (M*+1); IR (neat, cm™): 2956, 1706. Anal.
Calcd for C_H_ CINOS: C, 64.36; H, 6.60; Cl, 10.55; N, 4.17; O, 4.76; S,

187722

9.55. Found: C, 64.34; H, 6.59; Cl, 10.55; N, 4.17; O, 4.75; S, 9.54.

3-(4-Chlorophenyl)-2-[(2,2,3-trimethylcyclopent-3-en-1-yl)
methyl]thiazolidin-4-one (4c) A viscous oil; yield 70%; purity
98%; 'H NMR: & 74 (d, 2H, J=8 Hz) 7.2 (d, 2H, 8 Hz), 5.19-5.25 (dd, 1H,
J =10 Hz), 3.70-3.81 (m, 2H), 1.70-2.40 (m, 5H), 1.67 (br s, 3H), 0.95
(s, 3H), 0.87 (s, 3H); EI-MS: m/z 336 (M*+1); IR (neat, cm™): 2929, 1712.
Anal. Calcd for C_H _CINOS: C, 64.36; H, 6.60; Cl, 10.55; N, 4.17; O,

187722

4.76; S, 9.55. Found: C, 64.35; H, 6.59; Cl, 10.54; N, 4.17; O, 4.76; S, 9.54.
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3-(4-Fluorophenyl)-2-[(2,2,3-trimethylcyclopent-3-en-1-yl)
methyl]thiazolidin-4-one (4d) A viscous oil; yield 72%; purity
95%; 'H NMR: & 7.25 (m, 2H), 7.15 (m, 2H), 5.2 (b s, 1H, olefinic), 5.05
(d, 1H, J = 10 Hz), 3.70-4.00 (m, 2H), 1.60-2.3 (m, 5H), 1.67 (b s, 3H),
0.95 (s, 3H), 0.87 (s, 3H); IR (neat, cm™): 3037, 1682; EI-MS: m/z 320 (M").
Anal. Calcd for C_H_FNOS: C, 67.68; H, 6.94; F, 5.95; N, 4.38; O, 5.01, S,

187722

10.04. Found: C, 67.67; H, 6.95; F, 5.95; N, 4.38; 0, 5.02, S, 10.03.

3-(2-Hydroxyphenyl)-2-[(2,2,3-trimethylcyclopent-3-en-1-yl)
methyl]thiazolidin-4-one (4e) A viscous oil; yield 65%; purity
95%; 'H NMR: 8 7.24-6.94 (m, 4H), 5.22 (d, 1H, J = 10 Hz), 5.16 (br s,
1H, olefininic), 3.70 (br s, 2H), 2.26 (m, 1H), 1.88 (m, 1H), 1.79 (m, 2H),
1.69 (m, 2H), 1.67 (br s, 3H), 1.57 (m, 1H), 0.93 (s, 3H), 0.86 (s, 3H); IR
(neat, cm?): 3292.7, 30370, 2953.2, 1682; EI-MS: m/z 318 (M*). Anal.
Calcd for C _H NOZS: C, 68.10; H, 7.30; N, 4.41; O, 10.08; S, 10.10.

187723

Found: C, 68.08; H, 7.31; N, 4.42; 0, 10.09; S, 10.11

Synthesis of N-{(R)-4,5,6,7-tetrahydro-2-[2-(3,4-
dimethoxyphenyl)-4-oxothiazolidin-3-yl]benzo[d]
thiazol-6-yl}propionamide (7)

A mixture of 3,4-dimethoxybenzaldehyde (1.66 g, 10 mmol), the
amine 5 (2.25 g, 10 mmol), thioglycolic acid (1.84 g, 20 mmol), and
montmorillonite K10 (0.5 g) in DMSO (15 mL) was heated at 120°C
with stirring for 6 h. The reaction progress was monitored by TLC
with dichloromethane and methanol as mobile phases. The reac-
tion mixture was poured into water, extracted with dichlorometh-
ane (3x15 mL), and the extract was dried over silica, concentrated
and subjected to silica gel column chromatography using hexane/
dichloromethane and dichloromethane/methanol eluents to furnish
the product 7 as a viscous material: yield 2.7 g (60%). 'H NMR: § 6.8
(d, 1H, aromatic), 6.75 (s, 1H, aromatic), 6. 6 (d, 1H, aromatic), 5.5
(m, 1H), 4.4 (m, 1H), 3.8-4.1 (dd, 2H), 3.9 (s, 6H, OMe), 3.0 (m, 1H),
2.6 (m, 2H), 2.4 (q, 2H), 1.8-2.0 (m, 2H), 1.1 (t, 3H, Me); IR (neat, cm"):
2900, 1690; EI-MS: m/z 448 (M'+1). Anal. Calcd for C,H,N.O,S,: C,
56.35; H, 5.63; N, 9.39; O, 14.30; S, 14.33. Found: C, 56.38; H, 5.62; N,
9.38; 0, 14.30; S, 14.31.
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