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Abstract:

This paper describes the synthesis of a novel series of 1,3-thiazolidine-4-ones 6a-n by
cycloaddition reaction of N-aryl-N'-acyl thioureas 4a-k with acetylenic esters 5a-b under
microwave irradiation and solvent free conditions. Our method, compared to conventional
heating conditions has the benefit of higher reaction yield and shorter reaction times. Structural
confirmation and characterization of products based on the analytical, chemical, and spectral
analysis was confirmed. Cellular investigations showed that the target synthesized thiazolidine-
4-ones are toxic and could be used as anticancer agents for MKN-45 gastric adenocarcinoma
cells.
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INTRODUCTION

A Drief review revealed thiazolidine derivatives belonging to an important group of
heterocyclic compounds that have a long history in medicinal chemistry. In particular,
thiazolidine-4-ones represent a class of heterocyclic compounds with a wide variety of
pharmacological activities.! Furthermore, compounds containing a thiazolidine nucleus have a
broad spectrum of biological activities, including anti-tumor,? anti-HIV,® antibacterial,* anti-
microbial,” anti-convulsant,® cycloxygenase inhibitory,” anti-histaminic,? anti-platelet activating

12 antitubercular,”® antiinflammatory™ and

factor,” Ca®* channel blocker,’® antioxidant,
analgesic™ properties. The structure activity relationship of thiazolidine-4-ones base on the
apoptotic degradation of DNA and in vitro antioxidant studies e. g. DPPH and ABTS free radical

1617 and antimicrobial activity’® was previously reported. The reaction of

scavenging assays
thiourea with acetylenic esters has been variously reported to give a thiazoline-4-one, an
imiadazolinthion or a 1,3-thiazin-4-one. However, later studies have shown that in fact the main
product is thiazoline-4-one.*® % Thiazolidinones and their derivatives have attracted continuing
interest because of their potential roles as antitumor and anticancer agents in chemotherapy.??
In view of the importance of this nucleus, it is thought of interest to accommodate this
heterocyclic, unsaturated amide and ester moieties in single molecular framework and screen
them for their anticancer activity. The thermal methodologies for the synthesis of thiazolidinone-
4-ones are very efficient, leading to good or excellent product yields. However, the thermal
methods require a very long reaction time that raises the possibility of creating impure products.

Microwave irradiation is another heating method based on the potential of some compounds to

transform electromagnetic energy into heat. This process, that enhances chemical reaction rates
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and manufactures cleaner products, as well can be successfully applied in pharmaceutical

chemistry.?®
Results and Discussion

As a part of our previous interest towards the development of new routes to the synthesis
of heterocyclic compounds®” * here, we report a facile and efficient route to the synthesis of
several new thiazolidine-5-ylidenes 6a-n compounds prepared from reaction of thioureas 4a-k
with either dimethyl acetylenedicarboxylate (DMAD) or diethyl acetylenedicarboxylate
(DEAD). Later studies have shown that the configuration of these compounds are Z.** 2° The
proposed structures of these new products were confirmed by spectroscopic data. Under
microwave irradiation and solvent free conditions, DMAD and DEAD (5a-b) undergo a smooth
reaction with prepared thioureas 4a-k (Scheme 1) to produce thiazolidine-4-ones 6a-n in good
yield (Scheme 2). The structures of 6a-n were deduced from their IR, *H and **C NMR spectra,
HRMS and their elemental analyses. The IR spectrum of 6a (Figure S5) revealed the presence of
a stretching vibration corresponding to C = O bands at v = 1640-1740 cm™*, absorption bands in
the region 1530--1591 cm™ corresponding to C-N attributed to the ring closure, and bands in the
regions of 1330--1338 and 1050--1098 cm™*, which indicate the presence of C--S and C--N
groups. The *HNMR spectrum of 6a (Figure S6) in CDCl; showed singlets for methyl (8 = 2.20
ppm), methoxy (6 = 3.93 ppm), and characteristic olefinic proton at § = 7.12 ppm, along with
multiplets (6 = 7.24-7.90) for the aromatic protons. The BCNMR spectrum of 6a (Figure S7)
showed eighteen signals, in agreement with the proposed structure. Full assignments for 6a-n are
given in the experimental section, which exhibited characteristic signals with the appropriate

chemical shifts. The proposed concerted mechanism for formation of 6 initially involves amide

* ACCEPTED MANUSCRIPT



ACCEPTED MANUSCRIPT

formation of the more basic nitrogen of 4 with the ester of 5 to produce intermediate 7.
Subsequently, 7 undergo intramolecular 5-exo cyclization to produce thiazolidine-5-ylidenes
derivatives 6 (Scheme 3). Chemotherapy is one of the methods for cancer treatment; so far
several chemical components have been studied for cancer therapy. In continuation for finding

new anticancer drugs®*3*

we consider in vitro (cytotoxicity) analysis by investigating
anticancerous activity of thiazolidine-4-ones 6a-n on fibroblast or cancerous cells, with stock
concentration: 1mM and serial concentrations to be 1, 5, 10, 20 pl. Table S1 (Supplemental
Materials) show the results of a MTT assay for TCPS (control) of synthesized samples (6a-n).
Our results showed a potential toxicity for fluorinated thiazolidine-4-ones due to the high
electronegativity of fluorine. Consequently, a high toxicity for compound 6e (95%) and other
fluorinated compounds (6k, 6¢, 6h, 6m, 6i, 61, 6], 6n) in comparison to thiazolidine-4-ones with
a chlorine substituent (6a, 6d, 6e) was observed. Figure S 1 (Supplemental Materials) shows
images of the cell cultures for both of the test compounds (6e and 6g) and the control (TCPS).
Cellular death is clearly visible in image ¢ and d respectively. Interpretation of results in Table
S1 shows that all the synthesized compounds have anticancer activity although, some of them
proved more active. Comparing the activity of compound 6e (ICsp = 8.7+ 0.04) vs 6d (ICsp =
9.5+ 0.03) indicates that replacement of electronegative fluorine atom instead of chlorine
increases the biological activity. As well as, the position of substituted fluorine e.g. 6k (ICsp =
8.8+ 0.01) vs 6l (ICso = 8.9+ 0.07) leads to change the anticancer activity. Also presence of ester
substitution effects on the biological activity of compounds e.g. 6e (ICso = 8.7+ 0.04) vs 6k (ICsp
=8.8+0.01).

EXPERIMENTAL
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Reactions were carried out in microwave oven (Kenstar, Model No. OM-26 EGO, Power
1200W). The melting points were obtained on an electrothermal capillary melting point
apparatus and are uncorrected. Thin-layer chromatography was performed using HFs4
fluorescent silica gel plates (Merck), which were examined under UV 254 and 365 nm light.
Infrared spectra (v/cm™) were recorded on a Shimadzu IR-470, using KBr disks. 'H and
3CNMR spectra were recorded on a DRX-500 MHz Spectrometer at 293 K in CDCls. Spectra
were internally referenced to TMS. Peaks are reported in ppm downfield of TMS. Elemental
analyses were made by a Carlo--Erba EA1110 CNNO-S analyzer and agreed with the calculated
values. High-resolution mass spectra (HRMS) were recorded on Agilent 6520 (QTOF) ESI-
HRMS instrument. Figure 1 and 2 represents numbering for *C NMR spectra. The Supplemental
Materials contains sample IR, *H and *C NMR spectra for products 6a-6n (Figures S 2 -- S 46)
Typical procedure for the one-pot preparation of 1-aryl-3-arylcarbonylthioureas (4a-k)

To a solution of ammonium thiocyanate (NH;SCN) (5 mmol) in acetone (10 mL) was added
benzoyl chloride derivative (5 mmol) and the mixture was stirred for 45 min. To this was added a
solution of an aniline derivative (5 mmol) in acetone (5 mL) and continued stirring under reflux
condition for another 100 min, the progress of reaction was monitored by TLC (n-hexane:
EtOAc 3:1). After cooling, the product was filtered, washed with cold water and the solid was
recrystallized from EtOH and dried to afford the pure compounds 4a-k (Scheme 1).

Typical procedure for the preparation of thiazolidin-5-ylidenes derivatives (6a-n) (be
cautious 4 is lachrymal).

Microwave Method: In a typical experiment, thioureas 4a-k (Immol) and acetylenic

esters 5a-b (Lmmol) was mixed, ground properly, placed in a septum-capped microwave tube,
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and irradiated at 720 W for a certain period of time (6-8 min). The reaction was monitored by
TLC (n-hexane: EtOAc 3:1). After completion of the reaction, it was cooled to r.t. All the
synthesized compounds were recrystallized from EtOH (Scheme 2).

Conventional Method: To a stirred solution of 4a-1 (Immol) in CH,CI, (10 mL) was
added drop wise a mixture of acetylenic esters 5a-b (Immol) in CH,Cl, (5 mL) at r.t over 10
min. The reaction was allowed to reflux for 5h. The reaction was monitored by TLC (n-hexane:
EtOAc 3:1). The solvent was removed under reduced pressure, and the residue was recrystallized

from EtOH to afford the pure thiazolidine-4-one 6a-n (Scheme 2).
4-Chloro-N-{[(2-methylphenyl)amino]carbonothioyl}benzamide (4a)

Yellow crystals, Yield 98%. m.p 131-132°C, IR (vmad/cm™): 3291 (N-H str.), 3036 (C-H aromatic),
1670, 1609 (C = C aromatic), *H NMR (400 MHz, CDCl5): & 2.38 (s, 3H, -CH3), 7.28 (t, 1H, J = 2.4
Hz, Ar-H), 7.29 (t, 1H, J = 2.4 Hz, Ar-H), 7.32 (d, 1H, J = 8.0 Hz, Ar-H), 7.54 (d, 1H, J = 6.8 Hz,
Ar-H), 7.76 (d, 1H, J = 8.0 Hz, Ar-H), 7.88 (d, 1H, J = 6.8 Hz, Ar-H), 9.17 (s, 1H, NH), 12.19 (s,
1H, NH); *C NMR (100 MHz, CDCl5): § 18.6 (C7), 121.2 (Cs), 125.0 (Cg), 128.9 (C4), 129.6
(C3), 129.8 (C12.14), 130.6 (C1115), 133.8 (Cyp), 133.9 (Cy), 137.6 (C2), 138.1 (C13), 166.9 (Cg),
178.8 (Co); -- HRMS ((+)-ESI): m/z = 304.0434 (calcd. 304.0437 for CisHisCIN,OS):
Anal.Calcd.for: C, 59.11; H, 4.30; N, 9.19 Found: C, 59.14; H, 4.33; N, 9.21.
Methyl-2-(2-((4-chlorobenzoyl)imino)-4-oxo-3-(o-tolyl)thiazolidin-5-ylidene)aetate (6a)
Yellow crystal, Yield 95%, m.p 227-229°C, IR (umad/cm™): 3067 (C-H aromaiic), 2950 (C-H
aliphatic), 1738, 1696, 1641(C = O str.), 1590, 1521 (C = N & C = C aomatic), 1330 (C-S str.),
1186(C-O str.); *H NMR (400 MHz, CDCls): & 2.20 (s, 3H, -CHs), 3.93 (s, 3H, -OCHs), 7.12 (s,

1H, vinyl-H), 7.24 (d, 2H, J = 7.2 Hz, Ar-H), 7.35 (d, 1H, J = 8.4 Hz, Ar-H), 7.42 (d, 1H, J= 7.2
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Hz, Ar-H), 7.46 (t, 1H, J= 4.8 Hz, Ar-H), 7.50 (t, 1H, J= 4.8 Hz, Ar-H), 7.90 (d, 2H, J= 8.4 Hz,
Ar-H); *C NMR (100 MHz, CDCly): § 17.6 C12), 52.8 Cp), 121.0 (Cz1), 127.1 (Cg), 128.1 (Cy),
128.7 (Cis, 18), 130.1 (C11), 131.2 (Cis, 19), 131.6 (Cs), 133.1 (Cs), 130.3 (C14), 135.7 (Cyp), 140.0
(Ce), 140.9 (C17); 164.6 (Cy); 165.4 (Cy); 166.5 (C4); 176.0 (Ci3); -- HRMS ((+)-ESI): m/z =
414.0444 (calcd. 414.0441 for CyH15CIN2O,4S): Anal.Calcd.for: C, 57.90; H, 3.64; N, 6.75.
Found: C, 57.53; H, 3.44; N, 6.55.
Methyl-2-(2-((4-methylbenzoyl)imino)-4-oxo-3-(o-tolyl)thiazolidine-5-ylidene)acetate (6b)
Yellow crystal, Yield 93%, m.p 203-205°C, IR (vmadcm™): 3068 (C-H aromatic), 2952 (C-H
aliphatic), 1738, 1713, 1644 (C = O str.), 1610, 1538 (C = N & C = C aomatic), 1320 (C-S str.), 1198
(C-O str.); 'HNMR (400 MHz CDCls): 6 2.21 (s, 3H, -CHj), 2.38 (s, 3H, -CHg3), 3.92 (s, 3H, -
OCHs), 7.10 (s, H, vinyl-H), 7.18 (d, 2H, J = 7.6 Hz, Ar-H), 7.26 (t, 1H, J= 8.0 Hz, Ar-H), 7.39
(d, 1H, J= 5.6 Hz, Ar-H), 7.44 (t, 1H, J= 4.8 Hz, Ar-H), 7.48 (d, 1H, J= 6.8 Hz, Ar-H), 7.87 (d,
2H, J = 8.4 Hz, Ar-H); *C NMR (100 MHz, CDCls): § 17.7 (C12), 21.8 (C0), 52.7 (Cs), 120.5
(C21), 127.1 (Cy), 128.1 (C-), 129.1 (Cye, 18), 129.9 (C11), 130.4 (Cys, 10), 131.2 (Cg), 132.0 (Cs),
133.4 (C14), 135.8 (Cyp), 141.0 (Cs), 144.5 (Cy7), 164.7 (C2), 165.1 (Cy2), 165.5 (C4), 176.8 (Cya);
-- HRMS ((+)-ESI): m/z = 394.0982 (calcd. 394.0987 for C,;H1gN,O,4S): Anal.Calcd.for: C,
63.95; H, 4.60; N, 7.10. Found: C, 63.75; H, 4.36; N, 7.33.
Methyl-2-(2-((4-fluorobenzoyl)imino)-4-oxo-3-(o-tolyl)thiazolidine-5-ylidene)acetate (6¢)
Yellow crystal, Yield 90%, m.p 180-181°C, IR (vmad/cm™): 3058 (C-H aromaic), 2977 (C-H
aliphatic), 1723, 1710, 1650 (C = O str.), 1544, 1510 (C = N & C = C aomatic), 1314 (C-S str.), 1196
(C-O str.); *H NMR (400 MHz, CDCl5): § 2.21 (s, 3H, -CHs), 3.93 (S, 3H, -OCHj3), 7.09 (m, 2H,

Ar-H), 7.12 (S, 1H, vinyl-H), 7.25 (d, 1H, J = 7.6 Hz, Ar-H), 7.39-7.53 (m, 4H, Ar-H), 7.82 (m,
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1H, Ar-H); 3C NMR (100 MHz, CDCls): & 17.6 (C1,), 52.8 (Ca3), 116.9 (Cy6, 15, d, “Jr.c = 22.0
Hz), 120.9 (Cz1), 123.8 (Cg), 123.9 (C1s, 10, d, *Jrc = 4.0 Hz), 127.1 (C7), 128.1 (Cy1), 130.0 (Cg),
131.2 (Cs), 132.8 (Cu4), 135.8 (C1o), 140.6 (Cg), 163.2 (C17, d, “Jrc = 261.0 Hz), 164.8 (Cy),
165.4 (Cy), 165.5 (Cy), 174.6 (Cy3); -- HRMS ((+)-ESI): m/z = 398.0733 (calcd. 398.0737 for
Ca0H1sF N20O4S): Anal.Calcd.for: C, 60.29; H, 3.80; N, 7.03. Found: C, 60.26; H, 3.82; N, 7.06.
Methyl-2-(2-((4-chlorobenzoyl)imino)-4-oxo-3-(p-tolyl)thiazolidine-5-ylidene)acetate (6d)
Yellow crystal, Yield 96%, m.p 250-252°C, IR (vmad/cm™): 3103 (C-H aromatic), 2954 (C-H
aliphatic), 1730, 1705, 1650 (C = O str.),, 1589, 1532 (C = N & C = C yromaiic), 1322 (C-S str.), 1193
(C-O str.); *H NMR (400 MHz, CDCl3): 6 2.49 (s, 3H, -CHs), 3.92 (s, 3H, -OCH3), 7.10 (s, 1H,
vinyl-H), 7.28 (d, 2H, J = 8.4 Hz, Ar-H), 7.37 (d, 2H, J = 8.4 Hz, Ar-H), 7.39 (d, 2H, J= 6.8 Hz,
Ar-H), 7.97 (d, 2H, J = 8.4 Hz, Ar-H); *C NMR (100 MHz, CDCls): § 21.4 (C1,), 52.9 (Cz3),
120.8 (Ca1), 127.3 (C7. 11), 128.7 (Cg10), 130.0 (Cys, 18), 131.2 (Ce), 131.7 (Cis, 10), 133.1 (Cs),
139.6 (C1s), 140.0 (Cg), 140.7 (C17), 165.0 (Cy), 165.5 (C2), 166.9 (C4), 176.0 (Ci3); -- HRMS
((+)-ESI): m/z = 414.0444 (calcd. 414.0441 for CyoH15CIN2O4S): Anal.Calcd.for: C, 57.90; H,
3.64; N, 6.75. Found: C, 57.79; H, 3.52; N, 6.55.
Methyl-2-(2-((4-fluorobenzoyl)imino)-4-oxo-3-(p-tolyl)thiazolidine-5-ylidene)acetate (6€)
Yellow crystal, Yield 92%, m.p 203-204°C, IR (uma/cm™): 3050 (C-H aromatic), 2979 (C-H
aliphatic), 1725, 1695, 1645 (C = O str.), 1580, 1517 (C = N & C = C aromatic), 1330 (C-S str.), 1186
(C-O str.); *H NMR (400 MHz, CDCls): & 2.50 (s, 3H, -CH3), 3.93 (s, 3H, -OCH3), 7.08 (d, 2H,
J=8.8 Hz, Ar-H), 7.11 (S, 1H, vinyl-H), 7.29 (d, 2H, J = 5.6 Hz, Ar-H), 7.39 (d, 2H, J = 8.0 Hz,
Ar-H), 8.07 (dd, 2H, J=5.6, J= 20.0 Hz, Ar-H); *C NMR (100 MHz, CDCl5): § 21.4 (Cy,), 52.9

(Cz3), 115.5 (Cis, 18, d, 2Jec = 21.0 Hz), 120.7 (Cy1), 127.3 (C7, 11), 131.1 (C1s, 10, d, 3Jpc = 2.0
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Hz), 131.3 (Cg10), 133.0 (C14, d, *Jrc = 9.0 Hz), 139.6 (Cy), 140.8 (Cg), 145.7 (Cs), 165.0 (Cy),
166.1 (C17, d, "Jrc = 264.0 Hz), 175.8 (Cy,), 167.4 (C4), 165.5 (Ci3); -- HRMS ((+)-ESI): m/z =
398.0733 (calcd. 398.0737 for CyHisF N»O4S): Anal.Calcd.for: C, 60.29; H, 3.80; N, 7.03.
Found: C, 60.24; H, 3.75; N, 7.12.
Methyl-2-(2-((4-chlorobenzoyl)imino)-3-(4-ethylphenyl)-4-oxothiazolidine-5-ylidene)acetate
(6f)

Yellow crystal, Yield 94%, m.p 212-215°C, IR (umad/cm™): 3056 (C-H aromaiic), 2950 (C-H
aliphatic), 1723, 1700, 1645 (C = O str.), 1589, 1525 (C = N & C = C aomatic), 1319 (C-S str.), 1199
(C-O str.); *H NMR (400 MHz CDCls): & 1.34 (t, 3H, J= 7.6 Hz, -CH3), 2.79 (g, 2H, J = 7.6 Hz,
-CHy-), 3.93 (s, 3H, -OCHg), 7.11 (s, 1H, vinyl-H), 7.30 (d, 2H, J = 4.0 Hz, Ar-H), 7.38 (d, 2H, J
= 5.2 Hz, Ar-H), 7.42 (d, 2H, J = 8.4 Hz, Ar-H), 7.97 (d, 2H, J = 4.8 Hz, Ar-H); **C NMR (100
MHz, CDCls): 8 15.2 (C1), 28.6 (C12), 52.8 (Cy3), 120.8 (C21), 127.3 (Cg, 10), 128.7 (Co), 130.3
(C15, 10), 131.4 (Cs), 131.7 (C7,11), 133.1 (Cys, 16), 140.0 (C14), 140.7 (Cg), 145.7 (C17), 165.0 (Co),
165.5 (C22), 166.9 (Ca), 176.0 (C13); - HRMS ((+)-ESI): m/z = 428.0595 (calcd. 428.0598 for
C21H17CIN,0,4S): Anal.Calcd.for: C, 58.81; H, 4.00; N, 6.53. Found: C, 58.71; H, 3.86; N, 6.33.
Methyl-2-(3-(4-ethylphenyl)-2-((4-methylbenzoyl)imino)-4-oxothiazolidine-5-
ylidene)acetate (6g)

Yellow crystal, Yield 98%, m.p 175-177°C, IR (uma/cm™): 3068 (C-H aromaic), 2961(C-H
aliphatic), 1729, 1704, 1646 (C = O str.), 1605, 1528 (C = N & C = C aromaiic), 1321(C-S str.), 1207
(C-O str.); *H NMR (400 MHz CDCls): 6 1.34 (t, 3H, J= 7.6 Hz, -CHs), 2.40 (s, 3H, -CH3), 2.79
(9, 2H, J = 7.6 Hz, -CH,-), 3.91 (s, 3H, -OCH3), 7.08 (s, 1H, vinyl-H), 7.20 (d, 2H, J = 8.0 Hz,

Ar-H), 7.32 (d, 2H, J = 4.8 Hz, Ar-H), 7.41 (d, 2H, J = 8.4 Hz, Ar-H), 7.93 (d, 2H, J = 8.4 Hz,

** ACCEPTED MANUSCRIPT



ACCEPTED MANUSCRIPT

Ar-H); *C NMR (100 MHz, CDCl5): § 15.2 (C1,), 21.8 (Cz0), 29.6 (C12), 52.7 (Cz), 120.3 (Cz1),
127.4 (Cg, 10), 128.7 (C7, 11), 129.1 (Cs5 18), 130.4 (Cys, 19), 131.5 (Cy), 132.0 (Cs), 141.0 (C14),
144.5 (Ce), 145.5 (C17), 165.1 (Cy), 165.5 (Cz2), 166.5 (C4), 176.9 (Ci3); -- HRMS ((+)-ESI): m/z
= 408.1142 (calcd. 408.1144 for CyH20N,0,4S): Anal.Calcd.for: C, 64.69; H, 4.94; N, 6.86.
Found: C, 64.53; H, 4.92; N, 6.66.
Methyl-2-(3-(4-ethylphenyl)-2-((4-fluorobenzoyl)imino)-4-oxothiazolidine-5-ylidene)acetate
(6h)

Yellow crystal, Yield 91%, m.p 193-194°C, IR (vmad/cm™): 3055 (C-H aromaiic), 2967 (C-H
aliphatic), 1726, 1690, 1648 (C = O str.), 1570, 1550 (C = N & C = C aomatic), 1335 (C-S str.), 1199
(C-O str.) *H NMR (400 MHz, CDCl5): 6 1.33 (t, 3H, J= 7.6 Hz, -CHs), 2.81 (g, 2H, J = 7.6 Hz,
-CHy-), 3.91 (s, 3H, -OCHs), 7.04 (d, 2H, J = 8.4 Hz, Ar-H), 7.08 (S, 1H, vinyl-H), 7.33 (d, 2H, J
= 8.4 Hz, Ar-H), 7.43 (d, 2H, J = 5.6 Hz, Ar-H), 8.05 (dd, 2H, J= 5.6, J = 20.8 Hz, Ar-H); **C
NMR (100 MHz, CDCls): & 15.2 (C1,), 28.6 (C12), 52.8 (C3), 115.5 (Cie, 15, d, 2Jec = 21.0 Hz),
120.6 (Cz1), 127.4 (Cg 10), 128.7 (C7, 11), 131.1 (Cya, d, *Jec = 2.0 Hz), 131.5 (Co), 132.9 (Cus, 10,
d, 2Jec= 9.0 Hz), 140.8 (Cs), 145.7 (Cg), 165.0 (Cy), 166.1 (C17, d, 2Jrc = 264.0 Hz), 176.8 (Cy),
166.7 (Cs), 1655 (Ci); -- HRMS ((+)-ESI): m/z = 412.0896 (calcd. 412.0893 for
C21H17FN204S): Anal.Calcd.for: C, 61.16; H, 4.15; N, 6.79. Found: C, 61.21; H, 4.27; N, 7.68.
Ethyl-2-(2-((4-fluorobenzoyl)imino)-4-oxo-3-(o-tolyl)thiazolidine-5-ylidene)acetate (6i)
Yellow crystal, Yield 93%, m.p 199-200°C, IR (vmad/cm™): 3047 (C-H aromaic), 2950 (C-H
aliphatic), 1735, 1683, 1648 (C = O str.), 1573, 1551 (C = N & C = C aomatic), 1334 (C-S str.), 1188
(C-O str.); *H NMR (400 MHz, CDCls): & 1.40 (t, 3H, J = 7.2 Hz, -CHs), 2.20 (s, 3H, -CHs),

4.39 (q, 2H, J = 7.2 Hz, -OCHy-), 7.04 (dd, 2H, J= 1.3, J= 6.8 Hz, Ar-H), 7.11 (s, 1H, vinyl-H),
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7.23 (d, 1H, J= 7.6 Hz, Ar-H), 7.39-7.50 (m, 3H, Ar-H), 7.99 (dd, 2H, J= 1.2, J= 6.8 Hz, Ar-H);
13C NMR (100 MHz, CDCls): & 14.2 (C1), 17.6 (Ca3), 62.0 (Cy3), 115.5 (Cis, 18, d, 2Jrc = 21.9
Hz), 121.4 (Cz), 127.1 (Co), 128.1 (C7), 130.0 (Cyy), 131.0 (Cg), 131.2 (Cy4), 132.9 (Cys, 19, d,
3Jrc = 2.5 Hz), 133.3 (Cs), 135.7 (C10), 140.4 (Cs), 164.7 (Cy), 164.8 (C), 166.1 (Cy7, d, 1Ipc =
253.7), 167.3 (C4), 175.7 (Cy3); - HRMS ((+)-ESI): m/z = 412.0889 (calcd. 412.0893 for
C21H17FN20,4S): Anal.Calcd.for: C, 61.16; H, 4.15; N, 6.79. Found: C, 61.12; H, 4.21; N, 6.65.
Ethyl-2-(2-((2-fluorobenzoyl)imino)-4-oxo-3-(o-tolyl)thiazolidine-5-ylidene)acetate (6j)
Yellow crystal, Yield 97%, m.p 186-187°C, IR (vmadcm™): 3056 (C-H aromatic), 2954 (C-H
aliphatic), 1722, 1705, 1655 (C = O str.), 1540, 1510 (C = N & C = C aomaic), 1311 (C-S str.), 1191
(C-O str.); *H NMR (400 MHz, CDCls): 6 1.39 (t, 3H, J = 7.2 Hz, -CHs), 2.21 (S, 3H, -CHs),
4.37 (9, 2H, J = 7.2 Hz, -OCH,-), 7.07 (dd, 2H, J = 1.3, J = 2.0 Hz, Ar-H), 7.11 (S, 1H, vinyl-H),
7.23 (d, 1H, J= 6.8 Hz, Ar-H), 7.39-7.50 (m, 3H, Ar-H), 7.81 (dd, 1H, J = 1.2, J= 2.0 Hz, Ar-
H); *C NMR (100 MHz, CDCls): & 14.2 (Cy3), 17.6 (C12), 62.0 (Cy3), 117.0 (C1g, d, “Jrc = 20.0
Hz), 121.4 (Cz1), 122.9 (Cus, d, 3Jec = 7.2 Hz), 123.8 (Cis, d, *Jrc = 3.9 Hz), 127.1 (Cy), 128.1
(C7), 130.0 (Cyy), 131.2 (Cs), 132.9 (Cs), 133.2 (Cyp), 135.1 (C17), 135.0 (C1s, d, 2Jrc = 9.3 H2),
140.3 (Ce), 161.4 (C,), 164.0 (Cye, d, CF, YJgc = 260.0 Hz), 164.8 (Cz,, d, *Jgc = 35.4 Hz), 165.5
(C4), 174.6 (C13); - HRMS ((+)-ESI): m/z = 412.0891 (calcd. 412.0893 for C,1H17FN,04S):
Anal.Calcd.for: C, 61.16; H, 4.15; N, 6.79. Found: C, 61.10; H, 4.18; N, 6.63.
Ethyl-2-(2-((4-fluorobenzoyl)imino)-4-oxo-3-(p-tolyl)thiazolidine-5-ylidene)acetate (6k)
Yellow crystal, Yield 96%, m.p 209-210°C, IR (vmad/cm™): 3020 (C-H aromaiic), 2957 (C-H
aliphatic), 1725, 1685, 1650 (C = O str.), 1550, 1510 (C = N & C = C aromatic), 1310 (C-S str.), 1189

(C-O str.); *H NMR (400 MHz, CDCl3): & 1.39 (t, 3H, J = 7.2 Hz, -CH3), 2.49 (s, 3H, -CHy),
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4.38(q, 2H, J = 7.2Hz, -OCH,-), 7.06 (dd, 2H, J = 1.4, J= 6.2 Hz, Ar-H), 7.08 (s, 1H, vinyl-H),
7.29 (d, 2H, J= 7.6 Hz, Ar-H), 7.38 (d, 2H, J = 8.0 Hz, Ar-H), 8.05 (dd, 2H, J= 1.3, J= 5.6 Hz,
Ar-H); *C NMR (100 MHz, CDCly): § 1.42 (Czs), 21.3 (C12), 62.0 (C23), 115.4 (Cis18, d, “Jrc =
21.8 Hz), 121.8 (Cy1), 127.3 (C7. 11), 129.9 (Cs.10), 131.0 (Cis1e, d, *Jec = 2.4Hz), 131.3 (Cs),
133.0 (Co), 139.5 (Cia), 140.5 (Ce), 164.8 (Cy), 164.8 (Ci7, d, YJrc = 250.0 Hz), 166.7 (Cz),
167.3 (Cs), 1758 (Ci); - HRMS ((+)-ESI):: m/z = 412.0896 (calcd. 412.0893 for
C21H17FN204S): Anal.Calcd.for: C, 61.16; H, 4.15; N, 6.79. Found: C, 61.14; H, 4.11; N, 6.82.
Ethyl-2-(2-((2-fluorobenzoyl)imino)-4-oxo-3-(p-tolyl)thiazolidine-5-ylidene)acetate (61)
Yellow crystal, Yield 94%, m.p 164-165°C, IR (vma/cm™): 3043 (C-H aomaic), 2920 (C-H
aliphatic), 1720, 1700, 1670 (C = O str.), 1569, 1532 (C = N & C = C aromaiic), 1312 (C-S str.), 1194
(C-O str.); *H NMR (400 MHz, CDClg): & 1.39 (t, 3H, J= 7.2 Hz, -CHj3), 2.47 (s, 3H, -CH3), 4.36
(q, 2H, J = 7.2 Hz, -OCHj-), 7.09 (dd, 2H, J= 1.4, J= 7.6 Hz, Ar-H), 7.13 (1H, S, vinyl-H), 7.28
(d, 2H, J = 4.8 Hz, Ar-H), 7.36 (d, 2H, J = 8.4 Hz, Ar-H), 7.48-7.53 (m, 1H, Ar-H), 7.90 (d, 1H,
J = 7.6 Hz, Ar-H); *C NMR (100 MHz, CDCls): § 14.2 (C3), 21.3 (C12), 62.0 (C23), 116.9 (Cys,
d, 2Jrc=22.2 Hz), 121.2 (C1), 122.9 (Cu4, d, *Jrc = 7.2 Hz), 123.8 (Cys, d, *Jrc = 3.9 Hz), 127.3
(C7. 11), 129.9 (Cs, 10), 131.1 (C1g), 132.8 (Co), 135.0 (C17, d, 2Jrc = 9.3 Hz), 139.5 (Cs), 140.3
(Ce), 164.8 (Cy), 165.0 (Cio, d, *Jrc = 260.8 Hz), 166.7 (Cz2), 167.3 (C4), 175.6 (Cys, d, 3Jrc =
3.60 Hz); -- HRMS ((+)-ESI): m/z = 412.0890 (calcd. 412.0893 for CayHzN,04S):
Anal.Calcd.for: C, 64.70; H, 4.89; N, 6.86. Found: C, 64.33; H, 4.92; N, 6.46. Anal.Calcd.for
C21H17FN20,4S: C, 61.16; H, 4.15; N, 6.79. Found: C, 61.10; H, 4.08; N, 6.72.
Ethyl-2-(3-(4-ethylphenyl)-2-((4-fluorobenzoyl)imino)-4-oxothiazolidine-5-ylidene)acetate

(6m)
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Yellow crystal, Yield 97%, m.p 197-198°C, IR (vmad/cm™): 3042 (C-H aromaic), 2900 (C-H
aliphatic), 1728, 1690, 1642 (C = O str.), 1580, 1560 (C = N & C = C aromatic), 1340 (C-S str.),
1201(C-O str.); *H NMR (400 MHz, CDCl5): & 1.34 (t, 3H, J= 7.6 Hz, -CHs), 1.39 (t, 3H, J=7.2
Hz, -CHa), 2.79 (g, 2H, J = 7.6 Hz, -CH,-), 4.38 (g, 2H, J = 7.2 Hz, -OCH,-), 7.04 (dd, 2H, J =
1.3,J= 6.8 Hz, Ar-H), 7.09 (S, 1H, vinyl-H), 7.32 (d, 2H, J = 8.8 Hz, Ar-H), 7.42 (d, 2H, J= 8.8
Hz, Ar-H), 8.06 (dd, 2H, J= 1.2, J= 6.8 Hz, Ar-H); °C NMR (100 MHz, CDCl3): 5 14.2 (C1y),
15.2 (Czs), 28.6 (C12), 62.0 (C3), 1155 (Cig 15, d, 2Jpc = 21.7 Hz), 121.1 (C,y), 127.4 (Cs, 10),
128.7 (C7, 11), 131.1 (Cis, 10, d, 3Jpc = 2.7 Hz), 132.9 (Cy), 133.0 (Cs), 140.5 (Cs), 145.7 (Cy4),
164.8 (Cy), 165.1 (C17, d, YJgc = 250.0 Hz), 166.7 (Cz2), 167.3 (C4), 175.8 (C13); -- HRMS ((+)-
ESI): m/z = 426.1047 (calcd. 426.1050 for C,,H19FN20,4S): Anal.Calcd.for: C, 61.96; H, 4.49; N,
6.57. Found: C, 61.92; H, 4.41; N, 6.64.
Ethyl-2-(3-(4-ethylphenyl)-2-((2-fluorobenzoyl)imino)-4-oxothiazolidine-5-ylidene)acetate
(6n)

Yellow crystal, Yield 95%, m.p 212-215°C, IR (umad/cm™): 3059 (C-H aromaic), 2952 (C-H
aliphatic), 1728, 1705, 1650 (C = O str.), 1589, 1532 (C = N & C = C aromatic), 1310 (C-S str.), 1205
(C-O str.); *H NMR (400 MHz, CDCls): & 1.32 (t, 3H, J= 8.4 Hz, -CH3), 1.78 (t, 3H, J= 8.4 Hz,
-CH3), 2.77 (g, 2H, J = 7.6 Hz, -CH,-), 3.90 (q, 2H, J = 7.6 Hz, -OCH,-), 7.09 (S, 1H, vinyl-H),
7.10-7.15 (m, 2H, Ar-H), 7.32 (d, 2H, J = 7.6 Hz, Ar-H), 7.40 (d, 2H, J = 7.6 Hz, Ar-H), 7.48-
7.53 (m, 1H, Ar-H), 7.91 (t, 1H, J = 7.6 Hz, Ar-H); **C NMR (100 MHz, CDCls): § 14.4 (Cy,),
15.2 (Ca3), 27.2 (C12), 53.2 (C23), 117.9 (C1s, d, 2Je.c = 22.2 Hz), 120.9 (Cp1), 123.0 (Cua, d, 3Jec
= 7.0 Hz), 123.5 (C1s, d, 3Jec = 3.0 Hz), 127.0 (Cys), 128.2 (C7. 11), 131.8 (C, Cs), 132.2 (Cs.10),

135.1 (C17, d, ZJrc = 9.0 Hz), 140.8 (Cs), 145.6 (Cs), 161.5 (Cy), 164.1 (C2p), 165.4 (Ca), 165.5
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(Cio, d, "Jpc = 258.8 Hz), 175.2 (C13, d, *Jrc = 4.1 Hz); -- HRMS ((+)-ESI): m/z = 426.1046
(calcd. 426.1050 for CjHi19FN,O4S): Anal.Calcd.for: C, 61.96; H, 4.49; N, 6.57. Found: C,

61.95; H, 4.42; N, 6.56.
In vitro cytotoxicity assay

The samples and negative control (tissue culture poly styrene; TCPS) and positive control
(paclitaxel anticancer powder; C47Hs;NO14, PTX, Xi’ a Natural Field Bio-technique Co., Ltd, P.
R. China) were well cleaned and sterilized by the autoclave method. Individual samples were
placed in Petri dishes using a sterilized pincer; cell culture MKN-45 gastric adenocarcinoma
were cultured in RPMI 1640 supplemented with 10% fetal calf serum, 100 U/ml penicillin and
100 pg/ml streptomycin. They were incubated at 37°C in a humidified CO, incubator with 5%
CO; and 95% air. Cultures were examined regularly. To evaluate the cytotoxicity effect of
components on the MKN-45cell line, the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) colorimetric assay was applied.

Briefly, cells were seeded into 96-well culture plates at 10000 cells per well containing 200
pl medium. The medium was removed 24 h after plating and fresh media containing same
concentration of samples (stock concentration: 1mM, serial concentrations 1, 5, 10, 20 pl) was
added. After incubation for 48 h the medium was discarded, the cells were washed twice with
phosphate-buffered saline and 50 pg/ml MTT solutions for 4 h and formazan crystals dissolved
by adding 100 pg DMSO to each well. The absorptions were measured in triplicate at 575 nm,
with a background correction at 630 nm, using a microplate ELISA reader. Results were
recorded as percentage absorbance relative to untreated control cells. The percentage of cell

viability was calculated using the equation: [mean optical density (OD) of treated cells/mean OD
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of control cells] x100. The 1Cs, was calculated manually by linear interpolation using the
formula: 1Cso = [(50-A)/ (B-A)] x (D-C) + C, where A = the first point on the curve, expressed as
percent inhibition, that is less than 50%; B = the first point on the curve, expressed as percent
inhibition, that is greater than or equal to 50%; C = the concentration of inhibitor that gives A%

inhibition; and D = the concentration of inhibitor that gives B% inhibition.>*
CONCLUSION

These two-step synthetic methods allow us the rapid assessment of pharmacological
activities of novel thiazolidine-5-ylidenes derivatives. The simplicity, easy execution, simple
workup, and good yields, together with the use of easily accessible starting materials and an
environmentally friendly procedure, are characters of this process. Several novel fluorinated
derivatives for first time have been synthesized and isolated in satisfactory yields (78-93%).
MTT analysis and cellular images showed a high toxicity of compounds e.g. 6e (95%) to MKN-
45 gastric adenocarcinoma cells when compared to a control sample. Here, we selected MKN-45
gastric adenocarcinoma cells as a case study. In our future study, we are going to apply other

cells and examine their anticancer effects.
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Figure 1 Numbering for **C NMR spectra thiourea
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Figure 2 Numbering for **C NMR spectra thiazolidines
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Scheme 1 One-pot synthesis of thioureas 4a-k
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Scheme 2 Synthesis of thiazolidine-4-one 6a-n

* ACCEPTED MANUSCRIPT



ACCEPTED MANUSCRIPT
f
4 + 5 — O (}L/VO/:‘ — 6

Scheme 3 Mechanism for preparation of 6 via 7
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