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Synthesis, characterization and evaluation of in vitro anticancer potential of novel
fluorinated 5-benzylidene-3-ethyl-2-(2-methyl-3-trifluoromethyl-phenylimino)-
thiazolidin-4-one derivatives: Comparison of reflux and ultrasonic conditions
for Knoevenagel reaction
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A set of novel 5-benzylidene-3-ethyl-2-(2-methyl-3-trifluoromethyl-phenylimino)-thiazolidin-4-one derivatives have
been synthesized by Knoevenagel reaction via both conventional as well as non-conventional methods on the synthesized
iminothiazolidinone core. In terms of yield and reaction time, the ultrasound mediated Knoevenagel reaction method has
proved to be more effective than the conventional approach using heat. The *H NMR spectra have been used to deduce the
structure of the compounds, while LC-MS, FTIR, and elemental analysis data have also been utilized for better
confirmation. Using a 2D NOESY NMR experiment, the stereochemistry of the final compound has been verified. The
synthesized benzylidine compounds have been screened for in vitro anticancer potential against Human Hepatoma (Hep-G2)
cell line. The compound having p-substituted methoxy group on benzylidine moiety is observed to be the most active
against the tested cell line as compared to the rest of the compounds.
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Since cancer is the main cause of mortality for those
under the age of 70 worldwide, it is an important issue
that requires the development of new and more potent
medications for the treatment of cancer”. The poor
therapeutic index, development of resistance, and
limited bioavailability of traditional anticancer
chemotherapeutics have forced medicinal chemistry
research to investigate other approaches®. In this
regard, small novel molecules are prepared in the
present work that could possess the ability to act as an
anti-cancer agent.

Certain 5-membered ring heterocycles®** have
demonstrated diverse pharmacological activities due
to their ability to interact with biological targets.
Among 5-membered ring heterocycles, compounds
like thiazoles, oxazoles, thiophenes, and furans have
received attention in cancer research due to their
ability to interfere with various cellular processes
involved in cancer development and progression.
Researchers continue to explore the potential of
various 5-membered ring heterocycles and their
derivatives as anticancer agents through synthetic

chemistry, computational modelling, and biological
testing. These efforts aim to discover novel
compounds with improved efficacy, reduced toxicity,
and enhanced selectivity for targeting cancer cells.
Thiazolidin-4-ones, known as oxo derivatives of
thiazolidine, are a significant class of heterocyclic
compounds that have a carbonyl group in the fourth
position of a five-membered ring together with sulfur
and nitrogen***. These derivatives have gained
significant attention in medicinal chemistry due to
their diverse biological activities™ such as
anticancer’®™®,  cardioprotective”, anti-ischemic®,
antidiabetic®®®, cycloxygenase inhibitory®, anti-
platelet  activating  factor®,  antidiarrheal®,
anticonvulsant?’, antimicrobial®®, 5-antihistaminics®,
anti-HIV®, Ca** channel blocker®!, PAF antagonist®,
non-peptide thrombin receptor antagonist® and
tumour necrosis factor-o antagonist activities®'. Their
involvement in the design and development of new
anticancer drugs has been thoroughly investigated.
Derivatives of thiazolidinone®*® have demonstrated
potential in preventing the development of certain
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cancer cell lines, such as from the prostate, breast, and
lung. There are some of the readily available drugs in
the market containing thiazolidinone ring, depicted in
Fig. 1 such as Rosiglitazone*'which is agonist for
PPARy, Lobeglitazone® that is agonist for both
PPARo and PPARy, Epalrestat® is noncompetitive
and  reversible  Aldose reductase inhibitor,
Ponesimod®® is agonist S1P1 receptor modulator, etc.
After a comprehensive analysis of the literature, we
were able to determine that the thiazolidinone
heterocycle moieties may function as effective anti-
cancer drugs* by aiding in the treatment of abnormal
cell growth'" 8428 After more investigation, it has
been discovered that these heterocycles performed
better when tested against the HepG2 cell line*>".
Hence in the present work, we have synthesized and
characterized a series of novel 5-Benzylidene-3-ethyl-
2-(2-methyl-3-trifluoromethyl-phenylimino)-
thiazolidin-4-one (4a-n) derivatives using different
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aldehydes and evaluated their invitro anti-cancer
study against HepG2 cell line. The structures of all
the 14 novel compounds synthesized have been
shown in Fig. 2.

Experimental Section

For the synthesis process, 3-Ethyl-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one, ethyl
bromoacetate, and aldehydes were procured from
Sigma Aldrich Pvt. Ltd., while ethyl isothiocyanate
and triethylamine were sourced from Spectrochem
Pvt. Ltd. Chemicals such as ethyl acetate, hexane,
DMSO, and sodium sulfate were acquired from
Thermo Fisher Scientific India Pvt. Ltd, and ethyl
alcohol was supplied by Changshu Hongcheng
Fine Chemical Co. Ltd., Jiangsu Province, China.
Precoated silica gel 60F254 TLC plates were
purchased from Merck India. The purification of all
final products was accomplished through column
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Fig. 1 — Commercially available drugs containing thiazolidinone ring
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Fig. 2 — Structures of synthesized thiazolidin-4-one derivatives 8(a-n)
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chromatography using 60-120 mesh size silica gel
from Thermo Fisher Scientific India Pvt. Ltd.

Characterization of the newly synthesized
compounds was conducted through FT-IR, 1H NMR,
2D NOESY, mass spectrometry and elemental
analysis. IR spectra were obtained using an Agilent
Cary 630 FTIR Spectrophotometer with ATR. Proton
and 2D NOESY NMR spectra were recorded on a
Bruker Avance 11l HD 300 MHz NMR Ultra Shield
Spectrometer using CDClI; as solvent. Chemical shift
values were expressed in parts per million (ppm) and
coupling constant values (J) were given in Hz. The
stereochemistry of the iminothiazolidinone ring was
confirmed through a 2D NOESY experiment using
the "noesyphsw" pulse program with a 1.2s NOESY
mixing time and 32 scan repetitions. LC-MS spectra
were recorded using a Waters Acquity QSM
instrument. CHNS elemental analysis was performed
using Elementar Vario Micro Cube, with
sulfanilamide as the reference standard [Found (%): C,
41.85; H, 4.680; N, 16.26; S, 18.62]. The images of
sample tested during anticancer studies (highest drug
concentration used) were taken using Ti-S Inverted
Research Microscope- Nikon with a magnification
of %20, with Eclipse Image processing software
NIS-Elements. The progression of reactions was
monitored by thin-layer chromatography (TLC).
Chemical names and structures were generated using
ChemDraw Ultra 7.0 software.

The synthetic route starts with a reaction of 2-
methyl-3-trifluoromethyl-phenylamine (5) which was
stirred in absolute ethanol and further reacted with
ethyl isothiocyanate. To get 1-Ethyl-3-(2-methyl-3-
trifluoromethyl-phenyl)-thiourea (6), the mixture was
refluxed at 90°C. Using triethylamine as a base, the
produced intermediate 2 was further refluxed with
ethyl bromoacetate in absolute ethanol to generate 3-
Ethyl-2-(2-methyl-3-trifluoromethyl-phenylimino)-
thiazolidin-4-one (7), a yellow solid chemical with an
82% vyield.

1-Ethyl-3-(2-methyl-3-trifluoromethyl-phenyl)-
thiourea, 6: Ethylisothiocyanate (4.05 g, 0.046 mol)

was added to a solution of 2-methyl-3-
S

a
NH, NH” NH

CHs Reflux CHs

* Nes T +

CFa EtOH CFs

5 6

INDIAN J. CHEM., NOVEMBER 2024

trifluoromethyl-phenylamine (5) (6 g, 0.041 mol) in
absolute ethanol. The reaction mixture was heated at
90-95 °C for 6 hours. Ethyl acetate (50 mL) and 0.1 N
HCI (100 mL) were added to the residue and stirred
for five minutes. The organic layer was separated and
washed with distilled water (2 x 50 mL). The organic
layer was dried over sodium sulphate and evaporated
to obtain the desired product 2 as an off-white solid in
92% yield.

3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-thiazolidin-4-one, 7: 1-Ethyl-3-(2-
methyl-3-trifluoromethyl-phenyl)-thiourea (6) (0.25 g,
0.0010 mol), ethyl bromoacetate (0.225 g, 0.0013
mol), and triethylamine (0.21 g, 0.0015 mol) were
added to absolute ethanol, and the reaction mixture
was heated for 5 hours at 80-90 °C. Completion of
reaction was monitored using a 4:1 hexane:
ethylacetate (v/v) system on TLC. Ethanol was
removed under lower pressure once the reaction
mixture had cooled to room temperature. After that,
30 mL of distilled water was added to the residue,
agitated for 15 minutes, and extracted using ethyl
acetate (3 x 20 mL). A sticky red solid was obtained
by evaporating the separated organic layer at a lower
pressure. An 82% vyield of yellow solid was obtained
by recrystallizing this product using absolute ethanol.
This step completed Scheme 1.

Synthesis of 5-benzylidene-3-ethyl-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one 8a-n

Conventional approach: A mixture of 3-Ethyl-2-
(2-methyl-3-trifluoromethyl-phenylimino)-
thiazolidin-4-one (7) (0.25 g, 0.91 mmol), aldehyde
(0.11 g, 1.09 mmol) and diisopropylethylamine (0.158
g, 1.8 mmol) in absolute ethanol was refluxed at 90-
95 °C for 8-9 hrs. Following TLC monitoring, ethanol
was removed, cold water was added to the residue,
and ethyl acetate (3 x 20 mL) was used to extract the
product. The pooled organic layers were subjected to
a brine wash, dried on anhydrous sodium sulfate,
filtered, and concentrated at a lower pressure
(Scheme 2). The chemical was obtained in good
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Scheme 1 — Synthesis of 3-Ethyl-2-(2-methyl-3-trifluoromethyl-phenylimino)-thiazolidin-4-one
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Scheme 2 — Synthesis of thiazolidin-4-one derivatives via
conventional method 8 (a-n)

Table 1 — Calculated yields and reaction time for the
synthesized compounds

Sr.No.  Ccompd Non-conventional Conventional
method method
(using ultrasound) (using heat)
Yield Time(min) Yield Time(hrs)
(%) (%)
1 8a 85 30 70 8
2 8b 87 30 72 9
3 8c 90 30 73 9
4 8d 89 30 75 6
5 8e 88 40 76 10
6 8f 83 40 69 10
7 8¢ 86 40 71 10
8 8h 84 35 66 5
9 8i 85 30 72 9
10 8j 81 20 72 4
11 8k 83 20 71 4
12 8l 83 20 70 4
13 8m 87 25 67 8
14 8n 81 35 67 8

yields by recrystallizing the crude product with
absolute ethanol (Table 1)***,

Non-Conventional approach: A mixture of 3-
Ethyl-2-(2-methyl-3-trifluoromethyl-phenylimino)-
thiazolidin-4-one(7) (0.25 g, 0.91 mmol) and
aldehyde (0.11 g, 1.09 mmol) and
diisopropylethylamine (0.158 g, 1.8 mmol) were
mixed in 5 mL ethanol in a GC-HS vial, crimped and
sonicated for 15 min at room temperature in an
ultrasonic bath (LOBALIife, 2.5 L, 50 K Hz, Mumbai,
India).The reaction mixture was allowed to remain at
room temperature for 30 minutes after the reaction
was completed (as determined by TLC), during which
time a solid precipitated out and the reaction mixture
was filtered to produce a yellow solid (Scheme 3). In
order to get a pure compound, the solid was cleaned
with 100% ethanol and vacuum-dried to get(2E, 5E)-
5-Benzylidene-3-ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-thiazolidin-4-one in good vyields
(Table 1).%%2
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Scheme 3 — Synthesis of thiazolidin-4-one derivatives via

ultrasonic method 8 (a-n)

Anticancer Activity

The in vitro anti-cancer analysis of the synthesized
compounds on HEPG2 cells were analyzed using
SRB Assay.”**'The cell lines were grown in an
appropriate medium containing 10% fetal bovine
serum and 2 mM L-glutamine. For the present
screening experiment, 5000 cells/well were inoculated
into 96 well microtiter plates in 100 pL. After cell
inoculation, the microtiter plates were incubated at
37°C, 5% CO,, 95% air and 100% relative humidity
for 24 hours prior to the addition of experimental
drugs. Experimental drugs were solubilized in
appropriate solvent at 100mg/mL and diluted to
1mg/ml using water and stored frozen prior to use. At
the time of drug addition, an aliquot of frozen
concentrate (Img/mL) was thawed and diluted to
100 pg/mL, 200 pug/mL, 400 pg/mL and 800 pg/mL
with complete medium containing test article.
Aliguots of 10 pL of these different drug dilutions
were added to the appropriate microliter wells already
containing 90 pL of the medium, resulting in the
required final drug concentrations i.e.10 pg/mL,
20 pg/mL, 40 pg/mL, 80 pg/mL. After compound
addition, plates were incubated at standard conditions
for 48 hours and the assay was terminated by the
addition of cold TCA. Cells were fixed in situ by the
gentle addition of 50 pL of cold 30% (w/v) TCA
(final concentration, 10% TCA) and incubated for 60
minutes at 4°C. The supernatant was discarded; the
plates were washed five times with tap water and air-
dried. Sulforhodamine B (SRB) solution (50 uL) at
0.4% (w/v) in 1% acetic acid was added to each of the
wells, and plates were incubated for 20 minutes at
room temperature. After staining, the unbound dye
was recovered, and the residual dye was removed by
washing five times with 1% acetic acid. The plates
were air-dried. The bound stain was subsequently
eluted with 10 mM trizma base, and the absorbance
was read on a plate reader at a wavelength of 540 nm,
using 690 nm as reference wavelength. Percent
growth was calculated on a plate-by-plate basis for
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test wells relative to control wells. Percent Growth
was expressed as the ratio of average absorbance of
the test well to the average absorbance of the control
wells * 100.Using the six absorbance measurements
[time zero (Tz), control growth (C), and test growth in
the presence of drug at the four concentration levels
(Ti)], the percentage growth was calculated at each of
the drug concentration levels. Growth inhibition of
50% (GI50) drug concentration resulting in a 50%
reduction in the net protein increase (as measured by
SRB staining) in control cells during the drug
incubation. Values were calculated for each of these
three parameters if the level of activity was reached;
however, if the effect was not reached or was
exceeded, the values for that parameter were
expressed as greater or less than the maximum or
minimum concentration tested.

Results and Discussion

Spectroscopic Data
5-Benzylidene-3-ethyl-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one (8a)

Orange solid IR (ATR): 2942(C-H), 1710(C=0),
1632(C=N), 1496(C=C), 1372(C-N), 1367(C-O) cm"
"H NMR (CDCls, 300 MHz): & 1.42 (t, J = 7.08 Hz,
3H), 2.32 (s, 3H), 4.11 (g, J = 7.11 Hz, 2H)

7.12 (d, J = 8.01 Hz, 1H), 7.28-7.52 (m, 7H), 7.80
(s, 1H).MS (m/z): 391.14 [M" +1]. Elemental analysis
calculated for CyH37FsN,OS (%): C, 61.53; H, 4.39;
N, 7.18; S, 8.21. Found (%): C, 61.43; H, 4.41; N,
7.16; S, 8.23.

3-Ethyl-5-(4-fluoro-benzylidene)-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one (8b)

Yellow solid IR (ATR): 2948(C-H), 1708(C=0),
1625(C=N), 1593(C=C), 1507(C-C), 1365 (N-CHy,),
1340(C-N), 1229(C-F), 859(p-substituted Ph ring),
819(C-S-C) cm™. *H NMR (CDCl;, 300 MHz): & 1.40
(t, J = 7.05 Hz, 3H), 2.32 (s, 3H), 411 (9, J = 7.11
Hz, 2H), 6.89 (d, J = 8.82 Hz, 2H), 7.13 (d, J = 7.83
Hz, 1H), 7.32 (m, 3H), 7.50 (d, 1H), 7.70 (s, 1H). MS
(m/z): 409.21 [M* +1].Elemental analysis calculated
for CyHisF4sN,OS (%): C, 58.82; H, 3.95; N, 6.86; S,
7.85. Found (%): C, 58.80; H, 3.93; N, 6.85; S, 7.87.

5-(4-Chloro-benzylidene)-3-ethyl-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one (8c)

Yellow solid IR (ATR): 2945(C-H), 1712(C=0),
1645(C=N), 1510(C=C), 1363(C-NCH,),1331(C-N),
1103(C-F), 878 (disubstituted Ph ring cm™). *H NMR
(CDClg, 300 MHz): 6 1.41 (t, J = 7.08 Hz, 3H), 2.32
(s, 3H), 4.13 (q, J = 7.05 Hz, 2H), 7.11 (d, J = 7.86
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Hz, 1H), 7.28-7.41 (m, 5H), 7.52 (d, J = 7.95 Hz,
1H), 7.7 (s, 1H). MS (m/z): 425.01 [M" +1].Elemental
analysis calculated for CyHisCIF3N,OS (%): C,
56.54; H, 3.80; N, 6.59; S, 7.55. Found (%): C, 56.46;
H, 3.81; N, 6.62; S, 7.54.

3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-5-(4-nitro-benzylidene)-thiazolidin-4-
one (8d)

Yellow solid IR (ATR): ,2941(C-H), 1716(C=0),
1630(C=N), 1497(C=C), 1373(C-N), 1368(C-O) cm"
"H NMR (CDCls, 300 MHz): & 1.43 (t, J = 7.08 Hz,
3H), 2.33 (s, 3H), 4.13 (g, J = 7.06 Hz, 2H), 7.10 (d, J
= 7.86 Hz, 1H), 7.31 (m, 1H), 7.58 (m, 3H), 7.81 (s,
1H), 8.29 (d, J = 7.86 Hz, 2H). MS (m/z): 436.34 [M*
+1].Elemental analysis calculated for CyoHi6FsN3O3S
(%): C, 55.17; H, 3.70; N, 9.65; S, 7.36. Found (%):
C, 55.15; H, 3.69; N, 9.62; S, 7.38.

5-(4-Dimethylamino-benzylidene)-3-ethyl-2-(2-
methyl-3-trifluoromethyl-phenylimino)-
thiazolidin-4-one, 8e: Yellow solid IR (ATR):
2943(C-H), 1697(C=0), 1586(C=N), 1505(C=C),
1359(CNCH2),  1333(N-CHj), 1109(C-F), 809
(p-substituted Ph ring), 711(C-S-C) cm™. 'HNMR
(CDCls, 300 MHz): 6 1.40 (t, J = 7.08 Hz, 3H), 2.33
(s, 3H), 3.03 (s, 6H), 4.11 (q, J = 7.11 Hz, 2H), 6.70 (d,
J =882 Hz, 2H), 7.13 (d, J = 7.92 Hz, 1H), 7.28-7.36
(m, 3H), 7.50 (d, J = 7.74 Hz, 1H), 7.77 (s, 1H). MS
(m/z): 434.02 [M" +1].Elemental analysis calculated for
CxHx%F3N30S (%): C, 60.96; H, 5.12; N, 9.69; S, 7.40.
Found (%): C, 60.98; H, 5.10; N, 9.71; S, 7.43.

3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-5-(2-trifluoromethyl-benzylidene)-
thiazolidin-4-one, 8f: Yellow solid IR (ATR):
2989(C-H), 1710(C=0), 1627(C=N), 1498(C=C),
1369(C-NCH2), 1339(C-N), 1095(C-CF3), 842(O-
substituted Ph ring), 768(C-S-C) cm™. 'HNMR
(CDCls, 300 MHz): & 1.43 (t, J = 7.08 Hz, 3H), 2.31
(s, 3H), 4.11 (g, J = 7.11 Hz, 2H), 7.06 (d, J = 7.83
Hz, 1H), 7.28 (m, 2H), 7.44-7.60 (m, 3H), 7.76 (d, J
= 7.68 Hz, 1H), 8.06 (s, 1H). MS (m/z): 458.95 [M*
+1].Elemental analysis calculated for C,;H;sFsN,OS
(%): C, 55.02; H, 3.52; N, 6.11; S, 6.99. Found (%):
C, 55.04; H, 3.49; N, 6.09; S, 6.98.

3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-5-(3-trifluoromethyl-benzylidene)-
thiazolidin-4-one, 8g: Yellow solid IR (ATR):
2948(C-H), 1711(C=0), 1640(C=N), 1609(C=C),
1513(C-C) 1370(C-NCH,), 1339(C-N), 1114(C-F5),
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865(0-substituted Ph ring), 686 (C-S-C) cm™.
'H NMR (CDCl3, 300 MHz): & 1.42 (t, J = 7.08 Hz,
3H), 2.33 (s, 3H), 4.14 (g, J = 7.11 Hz, 2H), 7.11 (d,
J = 7.83 Hz, 1H), 7.30 (m, 1H), 7.50-7.68 (m, 5H),
7.80 (s, 1H). MS (m/z): 459.02 [M™ +1].

Elemental analysis calculated for C,H;sFsN,OS
(%): C, 55.02; H, 3.52; N, 6.11; S, 6.99. Found (%):
C, 55.05; H, 3.57; N, 6.08; S, 7.03.

3-Ethyl-5-(4-methoxy-benzylidene)-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one,
8h: Orange solid IR (ATR): 2956(C-H), 1702(C=0),
1631(C=N), 1591(C=C), 1513(C-C), 1361(N-CH,,
1248(C-0), 818(p-substituted Ph ring), 691(C-S-C)
cm *.*H NMR (CDCl;, 300 MHz): & 1.41 (t, J = 7.08
Hz, 3H), 2.32 (s, 3H), 3.84 (s, 3H), 4.12 (9, J = 7.11
Hz, 2H), 6.96 (d, J = 8.73 Hz, 2H), 7.12 (d, J = 7.83
Hz, 1H), 7.30 (t, 1H), 7.42 (d, J = 8.7 Hz, 2H),
751 (d, J = 7.71 Hz, 1H), 7.75 (s, 1H).MS (m/z):
421.12 [M" +1]. Elemental analysis calculated for
CaiH1oF3N,0,S (%): C, 59.99; H, 4.55; N, 6.66; S,
7.63. Found (%): C, 60.05; H, 4.48; N, 6.70; S, 7.66.

5-(2,4-Dimethoxy-benzylidene)-3-ethyl-2-(2-
methyl-3-trifluoromethyl-phenylimino)-
thiazolidin-4-one, 8i: Yellow solidIR (ATR):
2950(C-H), 1703(C=0), 1628(C=N), 1586(C=C),
1464(C-NCH,), 1366(C-N), 1333(C-F), 1125(C-0),
868(m-disubstituted  Ph-ring), 687(C-S-C) cm"
!'H NMR (CDCl;, 300 MHz): & 1.40 (t, J = 7.05 Hz,
3H), 2.32 (s, 3H), 3.89 (s, 7H), 4.11 (q, J = 7.11 Hz,
2H), 6.46 (s, 1H), 6.52 (d, J = 8.64 Hz, 1H), 7.11 (d, J
=7.89 Hz, 1H), 7.31 (t, J =8.13 Hz, 1H), 7.49 (d, J =
7.71 Hz, 1H), 8.14 (s, 1H).MS (m/z): 450.98 [M* +1].
Elemental analysis calculated for C,,H21F3N2OsS (%):
C, 58.66; H, 4.70; N, 6.22; S, 7.12. Found (%): C,
58.61; H, 4.81; N, 6.11; S, 7.07.

3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-5-(2,3,4-trimethoxy-benzylidene)-
thiazolidin-4-one, 8j: Yellow solid IR(ATR):
2945(C-H), 1713(C=0), 1614(C=N), 1589(C=C),
1445(C-NCH,), 1366(C-N), 1128(C-0), 1090(C-F),
907(m-disubstituted  Ph-ring), 782(C-S-C) cm™.
'H NMR (CDCl;, 300 MHz): & 1.34 (t, J = 7.05 Hz,
3H), 2.22 (s, 3H), 3.82 (s, 7H), 3.85 (s, 3H), 4.03 (q, J
= 7.11 Hz, 2H), 6.62 (d, J = 8.88 Hz, 1H), 7.05 (d, J
= 8.89 Hz, 2H), 7.43 (d, J = 7.83 Hz, 1H), 7.96 (s,
1H). MS (m/z): 481.09 [M* +1].Elemental analysis
calculated for 023H23F3N204S (%) C, 57.49; H, 4.82;
N, 5.83; S, 6.67. Found (%): C, 57.44; H, 4.86; N,
5.86; S, 6.61.
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3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-5-(2,4,5-trimethoxy-benzylidene)-
thiazolidin-4-one, 8k: Yellow solid IR (ATR):
2942(C-H), 1713(C=0), 1614(C=N), 1589(C=C),
1445(NCH2), 1366(C-N), 1128(C-0O), 1090 (C-F),
907(m-disubstituted  Ph-ring), 782(C-S-C) cm™.
'H NMR (CDCl;, 300 MHz): & 1.40 (t, J = 7.05 Hz,
3H), 2.32 (s, 3H), 3.77 (s, 3H), 3.9 (s, 3H), 4.11
(9, J = 7.11 Hz, 2H), 6.51 (s, 1H), 6.88 (s, 1H), 7.12
(d, J = 8.81 Hz, 2H), 7.30 (s, 3H), 7.48 (d, J = 7.83
Hz, 1H), 8.12 (s, 1H). MS (m/z): 481.02 [M'
+1].Elemental analysis calculated for CysH,3FsN,0,S
(%): C, 57.49; H, 4.82; N, 5.83; S, 6.67. Found (%):
C,57.41; H,4.89; N, 5.79; S, 6.71.

3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-5-(3,4,5-trimethoxy-benzylidene)
thiazolidin-4-one, 8l: Yellow solid IR(ATR):
2945(C-H), 1713(C=0), 1614(C=N), 1589(C=C),
1445(C-NCH,), 1366(C-N), 1128(C-0), 1090(C-F),
907(m-disubstituted  Ph-ring), 782(C-S-C) cm™.
'H NMR (CDCls, 300 MHz): § 1.41 (t, J = 7.11 Hz,
3H), 2.33 (s, 3H), 3.84 (s, 6H), 3.89 (s, 3H), 4.13 (q, J
= 7.05 Hz, 2H), 6.51 (s, 1H), 6.66 (s, 1H), 7.12 (d, J
= 7.74 Hz, 2H), 7.50 (d, J = 7.68 Hz, 1H), 7.72
(s, 1H). MS (m/z): 480.98 [M" +1].Elemental analysis
calculated for C23H23F3N204S (%) C, 57.49; H, 4.82;
N, 5.83; S, 6.67. Found (%): C, 57.41; H, 4.86; N,
5.75; S, 6.74.

3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-5-(1H-pyrrol-2-ylmethylene)-
thiazolidin-4-one, 8m: Green Solid IR (ATR):
3742(C-C=N), 2978(C-H), 1705(C=0), 1633(C=C),
1503(C-N), 1377(C-C-F),1200(C-0), 962
(disubstituted phenyl ring) cm™. '"H NMR (CDClIs,
300 MHz): & 1.41 (t, J = 7.08 Hz, 3H), 2.33 (s, 3H),
413 (q, J = 7.05 Hz, 2H), 6.37 (s, 1H), 6.52 (s, 1H),
7.02 (s, 1H), 7.13 (d, J = 7.80 Hz, 2H), 7.51 (d, J =
7.86 Hz, 1H), 7.71 (s, 1H), 8.86 (s, 1H).MS (m/z):
379.96 [M" +1]. Elemental analysis calculated for
C18H15F3N3OS (%) C, 5698, H, 425, N, 1108, S,
8.45. Found (%): C, 56.91; H, 4.21; N, 11.13; S, 8.51.

3-Ethyl-2-(2-methyl-3-trifluoromethyl-
phenylimino)-5-thiophen-2-ylmethylene-

thiazolidin-4-one, 8n: Green Solid IR (ATR):
2956(C-H), 1702(C=0), 1630(C=N), 1595(C=C),
1513(C-C), 1366(N-CH,;), 1253(C-O), 818(p-

substituted Ph ring), 691(C-S-C) cm “.'H NMR
(CDCls, 300 MHz): 8 1.41 (t, J = 7.11 Hz, 3H), 2.33
(s, 3H), 4.12 (q, J = 7.14 Hz, 2H), 7.13 (s, 2H), 7.33
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(d, 2H), 7.49-7.56 (m, 2H), 7.97 (s, 1H).MS (m/z):
397.12 [M" +1]. Elemental analysis calculated for
ClngngNzoSZ (%) C, 5453, H, 381, N, 707, S,
16.18. Found (%): C, 54.42; H, 3.87; N, 7.12; S,
16.11.

The FT-IR analysis of 3-Ethyl-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one  (7)
gave strong absorption bands at 1651 cm™ (C=0) and
1734 cm™ (C=N), indicating the presence of C=0 and
C=N functional groups, respectively.The'H NMR
spectrum of compound 7 showed a triplet of three
protons at 1.34 ppm with a coupling constant of 7.08
Hz for three protons and quartet of two protons
resonated at 3.98 ppm with a coupling constant
of 7.08 Hz which were attributed to the ethyl
group protons of N-CH,-CH3.The formation of
iminothiazolidinone ring structure was confirmed due
to the observance of a singlet at 3.83 ppm integrating
two protons of the methylene group attached to the
S-atom of iminothiazolidin-4-one ring. Three protons
of CH; group attached to benzene ring gave singlet at
2.29 ppm. Ortho proton attached to benzene ring gave
doublet at 7.06ppm, meta proton gave triplet at
7.26 ppm and para proton gave doublet at 7.45 ppm.
Thus, with the help of FT-IR and ‘HNMR
spectra, confirmed the formation of desired
iminothiazolidinone core. The mass spectrum showed
a peak at m/z = 303.03 (M*+1). Elemental analysis
calculated for Cy3Hi3F3N,OS (%):C, 51.65; H, 4.33;
N, 9.27; S, 10.61. Found (%): C, 51.52; H, 4.23; N,
9.35; S, 10.67. All the spectral values and analysis
data confirmed the core structure of the key
intermediate.

Molecule 7 was later subjected to the Knoevenagel
reaction by condensation with several aldehydes
utilizing both traditional reflux and unconventional
sonication techniques. The reaction of 3-Ethyl-2-(2-
methyl-3-trifluoromethyl-phenylimino)-thiazolidin-4-
one(7) with various aryl aldehydes in the presence of
Diisopropylethylamine as a base in absolute ethanol
yielded 5-Benzylidene-3-ethyl-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one  (8a-n).
Fig. 2 displays the many derivatives 8a-n that were
synthesized. All the Knoevengel reaction products are
characterized by using mass analysis, IR, and NMR
spectroscopy. Spectral data of representative
compound (8b) (2E,5E)-3-Ethyl-5-(4-fluoro-
benzylidene)-2-(2-methyl-3-trifluoromethyl-
phenylimino)-thiazolidin-4-oneshowed  strong IR
absorption bands at 2949cm™® (C=C), 1709cm™
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(C=0) and at 1630 cm* (C=N) confirms the presence
of C=C, C=0 and C=N functional groups
respectively.

The *H NMR spectrum shows protons of N-CH,-
CHs resonating at 1.40 ppm (t, J=7.05 Hz,3H) and N-
CH,-CHzat 4.11ppm (g, J=7.11 Hz,2H). The absence
of the signal of methylene protons of thiazolidin-4-
one ring of starting core moiety at 3.83 ppm and the
presence signal of the methine proton as a singlet at
7.70 ppm confirms the formation of the C=C bond
across thiazolidinone rings. The CH; proton of 2-
methyl-3-trifluoromethyl-phenyl ring resonate at 2.32
ppm (s,3H),while protons attached to phenyl ring are
observed between 7.10 to 7.50 ppm. The 4-Fluoro
benzylidene ring protons resonated between 6.86 to
7.35 ppm.

The mass spectrum exhibited a peak at m/z =
408.98 (M*+1). Elemental analysis calculated for
CyoH16FsN,0S (%): C, 58.82; H, 3.95; N, 6.86; S,
7.85. Found (%): C, 58.73; H, 4.02; N, 6.87; S, 7.84.
All the spectral values and analysis data confirmed
the core structure of the key intermediate.

The stereochemistry of compound 8b was
confirmed by conducting a 2D NOESYNMR
experiment. The compound shows no interaction of
N-CH,-CH; protons with benzylidine proton.
Benzylidine proton at 7.70 ppm shows correlation
with the 4-fluorobenzene ring of the benzylidine
moiety, which means that benzylidine bond formation
at thiazolidinone rings is trans- to the S-atom of
thiazolidinone ring. It was alsoobserved that there is
no interaction of N-CH,-CH; protons ofethyl group
with protons of the 2-methyl-3-trifluoromethyl-phenyl
ring as well asthe protons of the benzylidine group,
which confirms that the stereochemistry about C=N
and C=C groups is E, E. As indicated in Table 1, the
yields of the novel synthesized products 8(a-n)
utilizing various aldehydes using the conventional
heating technique ranged from 66 to 76%, whereas
the vyields from the non-conventional ultrasound
method were found to be between 81 to 90%. It was
concluded that the non-conventional method is better
than the conventional method as reflux uses excess
ethanol as solvent and requires heating. The formation
of impurities is another disadvantage of the process.

Anti-Cancer Activity

The effect of the synthesized on the growth of the
HEPG2 cells has been depicted in Fig.3. The
activities of the compounds show growth quite high
as compared to the anticancer drug doxorubicin
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Fig. 5 — Images of HEPG2 cells after treatment with synthesized thiazolidin-4-one derivatives 8(a-n), and doxorubicin as positive control

(Fig. 4). The molecule 8h having a single methoxy
group at p-position of the benzylidene ring exhibited
the best activity among all the synthesized molecules.
The presence of halogen atoms, heterocyclic rings,
trifluoromethyl groups, dimethylamino as well as
higher number of methoxy groups at different
positions of the ring did not show much effect in
controlling the growth of the cells. Even if the ring is
unsubstituted there is no profound inhibition in the
growth of cells. The presence of pyrrole ring shows
similar growth control at all the analyzed
concentrations, indicating that it is effective even at
low levels. However, replacement of the same by
thiophene ring shows diminished growth control
potential. The images of the cells after incubation post

treatment with the synthesized compounds, as well as
doxorubicin have been shown in Fig. 5.

Conclusion

The present work describes the synthesis of novel
fluorinated 5-benzylidene-3-ethyl-2-(2-methyl-3-
trifluoromethyl-phenylimino)-thiazolidin-4-one
derivatives. In addition to this, the study also
describes the effect of ultrasound on the yield and
reaction time for successful Knoevenagel reaction
was also carried out. This nonconventional method
was found to give better yields as compared to the
conventional heating method. Also, the reaction was
carried out at room temperature, which is an added
advantage. A small amount of solvent is required
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when sonication is employed, as compared to
reflux method. These compounds when tested
against HEPG2 cell line, showed that presence of
p-substituted methoxy group in the benzylidene ring
showed best anticancer potential.
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