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INTRODUCTION

Recent years have revealed the increase of resistant diseases,
prompting researchers to design, chemically synthesize and
create novel compounds for use as pharmacological treatments
in an effort to combat this growing problem [1,2]. The introd-
uction of the fluorine atom has become an important tool in
drug discovery. It is a proven fact that the introduction of the
fluorine atom in a drug/drug-like molecule results in a signi-
ficant influence on its biological and physical properties due
to the enhancement of membrane permeability, hydrophobic
bonding, stability against metabolic oxidation, etc. [3].

Fluorine is known as the ‘bioisostere’ of the H and OH.
Insertion of fluorine atoms in a potential drug molecule can
have dramatic effects on the properties of that molecule making
them more selective, increasing their efficacy, making them easier
to administer, etc. Therefore, it is of no great surprise that around
5th position of all commercial drugs, today contain at least
one fluorine substituent [4]. Three of the top ten best-sellers
drugs contain fluorine atoms like Pfizer’s lipid-lowering agent
“Lipitor”, which has an aromatic fluorine substituent [5].
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Linezolid, a commercially available antimicrobial drug also
possesses a fluorine atom in the 4-morpholinophenylimino
ring [6].

The medicinal potentials of 4-thiazolidinones, sometimes
known as ‘wonder nucleus’ have been documented due to their
wide range of biological activities and drug-like properties
[7-11]. Nowadays there is growing interest in the synthesis
and pharmacological evaluation of benzylidene moiety at the
5th position of the iminothiazolidinone ring. The oxo derivative
of thiazolidine is a heterocyclic ring that contains carbonyl
bonds, sulfur and nitrogen in a 5-membered ring and is there-
fore considered as the fundamental component of heterocyclic
compounds [12,13]. Thiazolidinone derivatives which attracted
great attention due to the diversity of their biological activities
[14] such as antidiarrheal [15], antimicrobial [16], antidiabetic
[17,18], antihistaminics [19], anticancer [20-23], anti-HIV
[24], Ca2+ channel blocker [25], cardioprotective [26], anti-
ischemic [27], cycloxygenase inhibitory [28] and anti-platelet
activating factor [29]. In this study, novel 3-ethyl-2-(2,3,4-
trifluorophenylimino)thiazolidin-4-one derivatives have been
synthesized on which the in vitro antibacterial activity examined.
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EXPERIMENTAL

All compounds used during synthesis were procured from
Sigma Aldrich Pvt. Ltd., except for ethylisothiocyanate which
was procured from Spectrochem Pvt. Ltd. Ethyl acetate, HCl,
hexane, DMSO and sodium sulfate were procured from S.D.
Fine Chem. Pvt. Ltd. Precoated silica gel 60F254 TLC plates
were procured from Merck India. Nutrient broth for antibac-
terial activity was purchased from HiMedia Laboratories Pvt.
Ltd., India. The cultures for bacterial strains Escherichia coli
and Serratia marcescens have been obtained from the internal
repository of Department of Microbiology, The M.S. University,
Vadodara, India.

Characterization: Infrared spectra were recorded on Agilent
spectrophotometer using zirconium plate. The 1H, 19F and 13C
NMR spectra were recorded on Bruker Advance III 300 NMR
Ultra Shield spectrometer using DMSO-d6/CDCl3 as solvent
and tetramethyl silane as internal standard. Melting points were
determined using the Buchi-M565 melting point apparatus in
open capillary tubes and are uncorrected.

Synthesis of 1-ethyl-3-(2,3,4-trifluorophenyl)thiourea
(2): To a solution of 2,3,4-trifluoro phenylamine (1) (6 g, 0.041
mol) in absolute ethanol, ethylisothiocyanate (4.05 g, 0.046
mol) was added. The reaction mixture was heated at 90-100
ºC for 4 h. After completion of the reaction (monitored using
TLC) ethanol was evaporated completely. Ethyl acetate (50 mL)
and 0.1 N HCl (100 mL) were added to the residue and stirred
for 5 min. The organic layer was separated and washed with
distilled water (2 × 50 mL). The organic layer was dried over
sodium sulphate and evaporated to get desired product 2 as an
offwhite solid in 87% yield.

Synthesis of 3-ethyl-2-(2,3,4-trifluorophenylimino)-
thiazolidin-4-ones (3): In absolute ethanol, (2,3,4-trifluoro-
phenyl)-3-ethylthiourea (2) (0.25 g, 0.0010 mol), ethyl bromo-
acetate (0.225 g, 0.0013 mol) and triethylamine (0.21 g, 0.0015
mol) was added and reaction mixture was heated at 80-90 ºC
for 3 h. After completion of the reaction, the TLC was checked
using the system of 4:1 hexane:ethyl acetate (v/v). The reaction
mixture was cooled to room temperature and ethanol was dis-
carded under reduced pressure. Then, the residue was treated
with 30 mL distilled water, stirred for 15 min and extracted
with ethyl acetate (3 × 20 mL). The separated organic layer
was evaporated under reduced pressure to get a sticky red solid
(Scheme-I). This product was then recrystallized using
absolute ethanol to obtain brown solid in 76% yield.

Synthesis of 5-benzylidine 3-ethyl-2-(2,3,4-trifluorophenyl-
imino)thiazolidin-4-one (4a-r)

Conventional method: A mixture of 3-ethyl-2-(2,3,4-
trifluorophenylimino)thiazolidin-4-one (0.25 g, 0.91 mmol),
benzaldehyde (0.11 g, 1.09 mmol) and diisopropylethylamine
(0.158 g, 1.8 mmol) in absolute ethanol was refluxed at 90-95
ºC for 8-10 h. After completion of the reaction (monitored
through TLC), ethanol was evaporated, cold water was added
to the residue and the compound was extracted with ethyl acetate
(3 × 20 mL). The combined organic layers were washed with
brine, dried over anhydrous sodium sulfate, filtered and concen-
trated under the reduced pressure (Scheme-II). The crude
product was recrystallized using absolute ethanol to get the
compound in good yields (Table-1).

TABLE-1 
COMPARISON OF REACTION YIELDS AND TIME USING 

CONVENTIONAL & NON-CONVENTIONAL METHODS OF 
KNOEVENAGEL CONDENSATION WITH DIFFERENT 

SUBSTITUTED ARYL ALDEHYDES 

Ultrasonic (non-conventional) Conventional 
Compd. 

Yield (%) Time (min) Yield (%) Time (h) 
4a 86 30 70 8 
4b 88 30 72 9 
4c 89 30 73 9 
4d 89 30 75 6 
4e 87 40 76 10 
4f 84 40 69 10 
4g 85 40 71 10 
4h 83 20 66 5 
4i 87 40 72 9 
4j 80 20 72 4 
4k 82 20 71 4 
4l 82 20 70 4 

4m 86 25 67 8 
4n 82 40 67 8 
4o 87 20 68 4 
4p 91 20 77 4 
4q 91 20 69 8 
4r 93 20 71 8 

 
Ultrasonic method: A mixture of 3-ethyl-2-(2,3,4-tri-

fluorophenylimino)thiazolidin-4-one (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 (LOBALife, 2.5 L, 50 K Hz, Mumbai, India).
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After the completion of reaction (as monitored through TLC),
the reaction mixture was allowed to stand for 30 min at room
temperature in order to precipitate solid in the reaction mixture,
later reaction mixture was filtered to get a yellow solid (Scheme-
III). Solid was washed with absolute ethanol and dried under
vacuum to get pure compound (2E,5E)-5-benzylidene-3-ethyl-
2-(2,3,4-trifluorophenylimino)thiazolidin-4-one in good yields
(Table-1).
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(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-benzylid-
ene-3-ethylthiazolidin-4-one (4a): White solid; m.p.: 135-
137 ºC. IR (ATR, cm–1): 2987, 2943 (C-H), 1709 (C=O), 1632
(C=N), 1496 (C=C), 1372 (C-N), 1367 (C-O), 1252. 1H NMR
(CDCl3, 300 MHz): δ 1.37 (t, J = 7.11 Hz, 3H), 4.02-4.11 (q,
J = 7.11 Hz, 2H), 6.71-6.79 (m, 1H), 6.93-7.03 (d t, 1H), 7.36-
7.44 (m, 5H), 7.79 (S, 1H); 19F NMR (CDCl3, 282 MHz): δ
138.8 (dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz 1F), 144.5 (dd, 2JF-F =
20.5 &3JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F = 20.5 1F). MS (m/z):
363.3 [M+ +1]; C18H13F3N2OS.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-(4-fluoro-
benzylidene)-3-ethylthiazolidin-4-one (4b): Yellow solid;
m.p.: 165-167 ºC. IR (ATR, cm–1): 2947 (C-H), 1709 (C=O),
1628 (C=N), 1590 (C=C), 1506 (C-C), 1363 (N-CH2), 1336
(C-N), 1228 (C-F), 859 (p-substituted Ph ring), 819 (C-S-C).
1H NMR (CDCl3, 300 MHz): δ 1.36 (t, J = 7.14 Hz, 3H), 4.05
(q, J = 7.14 Hz, 2H), 6.74-6.79 (d, t, 1H), 6.94-7.03 (d t, 1H),
7.09-7.15 (dd, 8.7 Hz, 2H), 7.40-7.46 (d, J = 8.7 Hz 2H), 7.75
(S, 1H); 19F NMR (CDCl3, 282 MHz): δ -121.6 (s, 1F), -138.8
(dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz 1F), -144.5 (dd, 2JF-F = 20.5
&3JF-F = 4.1 Hz 1F), -158.22 (t, 2JF-F = 20.5 1F). MS (m/z):
381.3 [M+ +1]; C18H12F4N2OS.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-(3-bromo-4-
fluorobenzylidene)-3-ethylthiazolidin-4-one (4c): Yellow
solid; m.p.: 167-169 ºC. IR (ATR, cm–1): 2987 (C-H), 1710
(C=O), 1631 (C=N), 1497 (C=C), 1366 (C-NCH2), 1252 (C-N),

1093 (C-F), 905 (trisubstituted Ph ring), 694 (C-S-C). 1H NMR
(CDCl3, 300 MHz): δ 1.35 (t, J = 7.14 Hz, 3H), 4.06 (q, J =
7.11 Hz, 2H), 6.74-6.79 (dt, 1H), 6.95-7.10 (dt, 1H), 7.13-
7.18 (t, J = 8.31 Hz, 1H), 7.35-7.40 (m, 1H), 7.62-7.64 (dd, J
= 6.422.01 Hz, 1H), 7.67 (S, 1H). 19F NMR (CDCl3, 282 MHz):
δ 108.6 (s, 1F), 138.8 (dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz 1F),
144.5 (dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F =
20.5 1F). MS (m/z): 460.3 [M+ +1]; C18H11BrF4N2OS.

(2E,5E)-5-(2,3-Dichlorobenzylidene)-2-(2,3,4-trifluoro-
phenylimino)-3-ethylthiazolidin-4-one (4d): Yellow solid;
m.p.: 177-179 ºC. IR (ATR, cm–1): 2943 (C-H), 1714 (C=O),
1644 (C=N), 1512 (C=C), 1364 (C-NCH2), 1332 (C-N), 1103
(C-F), 878 (disubstituted Ph ring). 1H NMR (CDCl3, 300 MHz):
δ 1.37 (t, J = 7.11 Hz, 3H), 4.06 (q, J = 7.11 Hz, 2H), 6.68-
6.76 (m, 1H), 6.91-7.08 (m, 1H), 7.27-7.30 (dd, 1H), 7.34-7.37
(d, J = 8.4 Hz, 1H), 7.47-7.48 (d, J = 2.0 Hz, 1H), 8.00 (s, 1H).
19F NMR (CDCl3, 282 MHz): δ 138.8 (dd, 2JF-F = 20.5 &3JF-F =
4.1 Hz 1F), 144.5 (dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz 1F), 158.22
(t, 2JF-F = 20.5, 1F). MS (m/z): 432.3 [M+ +1]; C18H11Cl2F3N2OS.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-(2-(trifluoro-
methyl)benzylidene)-3-ethylthiazolidin-4-one (4e): Yellow
solid; m.p.: 125-127 ºC. IR (ATR, cm–1): 2988 (C-H), 1709
(C=O), 1630 (C=N), 1495 (C=C), 1367 (C-NCH2), 1337 (C-N),
1093 (C-CF3), 843 (O-substituted Ph ring), 812 (C-S-C). 1H
NMR (CDCl3, 300 MHz): δ 1.37 (t, J = 7.14 Hz, 3H), 4.06 (q,
J = 7.11 Hz, 2H), 6.70-6.79 (m, 1H), 6.92-7.02 (m, 1H), 7.45-
7.50 (t, J = 8.4 Hz 1H), 7.54-7.63 (m, J = 8.7 Hz 2H), 7.74-
7.76 (d, J = 8.4 Hz 1H), 8.05 (S, 1H). 19F NMR (CDCl3, 282
MHz): δ 61.7 (s, 3F), 138.8 (dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz
1F), 144.5 (dd, 2JF-F = 20.53JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F =
20.5 1F). MS (m/z): 431.3 [M+ +1]; C19H12F6N2OS.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-(3-(trifluoro-
methyl) benzylidene)-3-ethylthiazolidin-4-one (4f): Yellow
solid; m.p.: 133-135 ºC. IR (ATR, cm–1): 2949 (C-H), 1715
(C=O), 1638 (C=N), 1607 (C=C), 1510 (C-C) 1368 (C-NCH2),
1333 (C-N), 1106 (C-F3), 863 (O-substituted Ph ring), 683
(C-S-C). 1H NMR (CDCl3, 300 MHz): δ 1.35 (t, J = 7.14 Hz,
3H), 4.06 (q, J = 7.11 Hz, 2H), 6.71-6.79 (m, 1H), 6.92-7.02
(m, 1H), 7.54-7.61 (m, 3H), 7.67 (s, 1H), 7.80 (S, 1H). 19F NMR
(CDCl3, 282 MHz): δ 62.1 (s, 3F), 138.8 (dd, 2JF-F = 20.5 &3JF-F =
4.1 Hz 1F), 144.5 (dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz 1F), 158.22
(t, 2JF-F = 20.5 1F). MS (m/z): 431.3 [M+ +1]; C19H12F6N2OS.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-(4-(trifluoro-
methyl) benzylidene)-3-ethylthiazolidin-4-one (4g): Yellow
solid; m.p.: 111-113 ºC. IR (ATR, cm–1): 2983 (C-H), 1715
(C=O), 1637 (C=N), 1609 (C=C), 1508 (C-C), 1373 (N-CH2),
1314 (C-N), 1204 (C-F3), 878 (p-substituted Ph ring), 828 (C-
S-C). 1H NMR (CDCl3, 300 MHz): δ 1.36 (t, J = 7.14 Hz,
3H), 4.06 (q, J = 7.11 Hz, 2H), 6.84-6.93 (d t, 1H), 7.00-7.09
(d t, 1H), 7.53-7.56 (d, 8.4 Hz, 2H), 7.66-7.69 (d, J = 8.7 Hz
2H), 7.79 (S, 1H), 19F NMR (CDCl3, 282 MHz): δ 61.7 (s, 3F),
138.8 (dd, 2JF-F = 20.53JF-F = 4.1 Hz 1F), 144.5 (dd, 2JF-F =
20.53JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F = 20.5 1F). MS (m/z):
431.3 [M+ +1]; C19H12F6N2OS.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-(4-(dimeth-
ylamino) benzylidene)-3-ethylthiazolidin-4-one (4h): Yellow
solid; m.p.: 171-173 ºC. IR (ATR, cm–1): 2943 (C-H), 1697
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(C=O), 1586 (C=N), 1505 (C=C), 1359 (CNCH2), 1333 (N-
CH3), 1109 (C-F), 809 (p-substituted Ph ring), 711 (C-S-C).
1H NMR (CDCl3, 300 MHz): δ 1.35 (t, J = 7.08 Hz, 3H), 3.02
(s, 6H) 4.03 (q, J = 7.08 Hz, 2H), 6.67-6.70 (d, J = 8.85 Hz,
2H), 6.72-6.81 (m, 1H), 6.92-7.01 (m, 1H), 7.32-7.35 (t, J =
8.85 Hz, 1H), 7.71 (S, 1H). 19F NMR (CDCl3, 282 MHz): δ 138.8
(dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz 1F), 144.5 (dd, 2JF-F = 20.53JF-

F = 4.1 Hz 1F), 158.22 (t, 2JF-F = 20.5 1F). MS (m/z): 406.5 [M+

+1]; C20H18F3N3OS.
(2E,5E)-2-(2,3,4-Trifluorophenylimino))-5-(4-fluoro-3-

phenoxybenzylidine 3-ethylthiazolidin-4-one (4i): Yellow
solid; m.p.: 167-169 ºC. IR (ATR, cm–1): 3056, (SP2C-H) 2938
(C-H), 1708 (C=O), 1636 C=N), 1504 (C=C), 1363 (CNCH2),
1203 (C-F), 905 (m-substituted Ph ring), 874 (C-S-C). 1H NMR
(CDCl3, 300 MHz): δ 1.33 (t, J = 7.08 Hz, 3H), 4.02 (q, J =
7.08 Hz, 2H), 6.72-6.79 (m, 1H), 6.90-7.10 (m, 4H), 7.12-
7.14 (d, J = 8.65 Hz, 1H), 7.15-7.19 (m, 1H), 7.19-7.26 (d, J =
8.7 Hz, 1H), 7.27-7.34 (m, 2H) 7.64 (S, 1H). 19F NMR (CDCl3,
282 MHz): δ 103.5, 138.8 (dd, 2JF-F = 20.53JF-F = 4.1 Hz 1F),
144.5 (dd, 2JF-F = 20.53JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F = 20.5
1F). MS (m/z): 473.1 [M+ +1]; C24H16F4N2O2S.

(2E,5E)-5-(2,3-Dimethoxybenzylidene)-2-(2,3,4-tri-
fluorophenylimino)-3-ethylthiazolidin-4-one (4j): Yellow
solid; m.p.: 171-173 ºC. IR (ATR, cm–1): 2950 (C-H), 1703
(C=O), 1628 (C=N), 1586 (C=C), 1464 (C-NCH2), 1366 (C-N),
1333 (C-F), 1125 (C-O), 868 (m-disubstituted Ph-ring), 687 (C-
S-C). 1H NMR (CDCl3, 300 MHz): δ 1.33 (t, J = 7.08 Hz, 3H),
3.83 (s, 3H), 3.85 (s, 3H) 4.01 (q, J = 7.08 Hz, 2H), 6.44-6.45 (d,
J = 2.1 Hz, 1H), 6.50-6.54 (d, d J = 8.62.1 Hz, 2H), 6.67-6.77 (m,
1H), 6.92-7.01 (m, 1H), 7.29-7.32 (d, J = 8.6 Hz, 1H), 8.12 (S,
1H). 19F NMR (CDCl3, 282 MHz): δ 138.8 (dd, 2JF-F = 20.5 &3JF-F

= 4.1 Hz 1F), 144.5 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F), 158.22
(t, 2JF-F = 20.5 1F). MS (m/z): 423.5 [M+ +1]. C20H17F3N2O3S.

(2E,5E)-5-(2,3,4-Trimethoxybenzylidene)-2-(2,3,4-
trifluorophenylimino)-3-ethylthiazolidin-4-one (4k). Yellow
solid; m.p.: 171-173 ºC. 1H NMR (CDCl3, 300 MHz): δ 1.36
(t, J = 7.08 Hz, 3H), 3.86 (s, 3H), 3.88 (s, 3H), 3.92 (s, 3H),
4.05 (q, J = 7.08 Hz, 2H), 6.69-6.72 (d, J = 8.76 Hz, 1H),
6.75-6.78 (m, 1H), 6.91-7.01 (m, 1H), 7.08-7.11 (d, J = 8.76
Hz, 1H), 8.04 (S, 1H). 19F NMR (CDCl3, 282 MHz): δ 138.8
(dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F), 144.5 (dd, 2JF-F = 20.5 &
3JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F = 20.5 1F). IR (ATR, cm–1):
2942 (C-H), 1713 (C=O), 1614 (C=N), 1589 (C=C), 1445
(C-NCH2), 1366 (C-N), 1128 (C-O), 1090 (C-F), 907(m-disub-
stituted Ph-ring), 782 (C-S-C). MS (m/z): 453.1 [M+ +1];
C21H19F3N2O4S.

(2E,5E)-5-(2,4,6-Trimethoxybenzylidene)-2-(2,3,4-
trifluorophenylimino)-3-ethylthiazolidin-4-one (4l): Yellow
solid; m.p.: 171-173 ºC. IR (ATR, cm–1): 2942 (C-H), 1713
(C=O), 1614 (C=N), 1589 (C=C), 1445 (NCH2), 1366 (C-N),
1128 (C-O), 1090 (C-F), 907 (m-disubstituted Ph-ring) 782
(C-S-C). 1H NMR (CDCl3, 300 MHz): δ 1.36 (t, J = 7.14 Hz, 3H),
3.84-388, (s, 9H), 4.04 (q, J = 7.14 Hz, 2H), 6.65 (s, 2H), 6.71-
6.79 (m, 1H), 6.92-7.01 (m, 1H), 7.72 (s, 1H). 19F NMR (CDCl3,
282 MHz): δ  138.8 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F),
144.5 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F =
20.5 1F). MS (m/z): 453.1 [M+ +1]; C21H19F3N2O4S.

(2E,5E)-2-(2,3,4-Trifluorophenylimino))-5-(4-hydroxy-
3-methoxybenzylidine 3-ethylthiazolidin-4-one (4m): White
solid; m.p.: 132-134 ºC. IR (ATR, cm–1): 3350 (OH), 2944
(C-H), 1714 (C=O), 1598 (C=C), 1504 (C-O-C), 1363 (C-N),
1127 (C-O), 872 (disubstituted Ph ring), 730 (C-S-C). 1H NMR
(CDCl3, 300 MHz): δ 1.34 (t, J = 7.14 Hz, 3H), 3.88 (s, 3H)
4.05 (q, J = 7.14 Hz, 2H), 4.08 (bs, 1H) 6.72-6.77 (m, 3H),
6.94-7.03 (m, 2H), 7.72 (S, 1H). 19F NMR (CDCl3, 282 MHz):
δ 138.8 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F), 144.5 (dd, 2JF-F =
20.5 & 3JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F = 20.5 1F). MS (m/z):
409.5 [M+ +1]; C19H15F3N2O3S.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-3-ethyl-5-
((furan-2-yl)methylene)thiazolidin-4-one (4n): Yellow solid;
m.p.: 171-173 ºC. IR (KBr): 3100 (C=C-O), 2943 (C-H), 1714
(C=O), 1644 (C=C), 1512 (C-O-C), 1364 (C-N), 1332 (C-C-F),
1103 (C-O), 878 (disubstituted furan ring). 1H NMR (CDCl3,
300 MHz): δ 1.35 (t, J = 7.14 Hz, 3H), 4.03 (q, J = 7.14 Hz,
2H), 6.54-6.55 (dd, 1H), 6.73-6.74 (d, 1H), 6.75-6.97 (m, 1H),
7.02-7.11 (m, 1H), 7.56 (s, 1H), 7.61-7.62 (d, 1H). 19F NMR
(CDCl3, 282 MHz): δ 138.8 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz
1F), 144.5 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-

F = 20.5 1F). IR (ATR, cm–1): 353.4 [M+ +1]; C16H11F3N2O2S.
(2E,5E)-5-((1H-Pyrrol-2-yl)methylene)-2-(2,3,4-tri-

fluorophenylimino)-3-ethyl thiazolidin-4-one (4o): Yellow
solid; m.p.: 215-217 ºC.  IR (ATR, cm–1): 3742 (C-C=N), 2978
(C-H), 1705 (C=O), 1633 (C=C), 1598 (C-O-C), 1503 (C-N),
1377 (C-C-F), 1200 (C-O), 962 (disubstituted phenyl ring).
1H NMR (CDCl3, 300 MHz): δ 1.35 (t, J = 7.14 Hz, 3H), 4.03
(q, J = 7.11 Hz, 2H), 6.38-6.39 (m, 1H), 6.54 (bs, 1H), 6.76-
6.81 (m, 1H), 6.92-7.02 (m, 1H), 7.69 (s, 1H), 8.89 (bs, 1H,
exchangeable with D2O). 19F NMR (CDCl3, 282 MHz): δ 138.8
(dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz 1F), 144.5 (dd, 2JF-F = 20.5 &
3JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F = 20.5 1F). MS (m/z): 352.5
[M+ +1]; C16H12F3N3OS.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-(4-methoxy-
benzylidene)-3-ethylthiazolidin-4-one (4p): White solid;
m.p.: 132-134 ºC. IR (ATR, cm–1): 2954 (C-H), 1700 (C=O), 1628
(C=N), 1592 (C=C), 1508 (C-C), 1363 (N-CH2), 1253 (C-O), 1026,
818 (p-substituted Ph ring), 691 (C-S-C). 1H NMR (CDCl3, 300
MHz): δ 1.36 (t, J = 7.11 Hz, 3H), 3.83 (s, 3H) 4.05 (q, J = 7.11
Hz, 2H), 6.71-6.80 (m, 1H), 6.91-6.94 (d, 8.7 Hz 2H), 6.95-7.02
(m, 1H), 7.38-7.42 (d, J = 8.7 Hz 2H), 7.75 (S, 1H). 19F NMR
(CDCl3, 282 MHz): δ 138.8 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F),
144.5 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F), 158.22 (t, 2JF-F = 20.5
1F). MS (m/z): 393.3 [M+ +1]. C19H15F3N2O2S.

(2E,5E)-2-(2,3,4-Trifluorophenylimino)-3-ethyl-5-
((thiophene-2-yl)methylene)thiazolidin-4-one (4q): White
solid; m.p.: 133-135 ºC. IR (ATR, cm–1): 2954 (C-H), 1700
(C=O), 1628 (C=N), 1592 (C=C), 1508 (C-C), 1363 (N-CH2),

1253 (C-O), 1026, 818 (p-substituted Ph ring), 691 (C-S-C).
1H NMR (CDCl3, 300 MHz): δ 1.36 (t, J = 7.14 Hz, 3H), 4.05
(q, J = 7.11 Hz, 2H), 6.74-6.79 (m, 1H), 6.93-6.96 (d, 8.7 Hz
2H), 6.94-7.03 (m, 1H), 7.14-7.15 (d, J = 3.84 Hz, 1H), 7.32-
7.33 (d, 3.5 Hz, 1H), 7.54-7.56 (d, J = 4.98 Hz, 1H), 7.94 (S, 1H).
19F NMR (CDCl3, 282 MHz): δ 138.8 (dd, 2JF-F = 20.5 & 3JF-F =
4.1 Hz 1F), 144.5 (dd, 2JF-F = 20.5 & 3JF-F = 4.1 Hz 1F), -158.22
(t, 2JF-F = 20.5 1F). MS (m/z): 393.3 [M+ +1]. C19H15F3N2O2S.
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(2E,5E)-2-(2,3,4-Trifluorophenylimino)-5-(4-cyano-
benzylidene)-3-ethylthiazolidin-4-one (4r): White solid; m.p.:
141-143 ºC. IR (ATR, cm–1): 2954 (C-H), 1700 (C=O), 1628
(C=N), 1592 (C=C), 1508 (C-C), 1363 (N-CH2), 1253 (C-O),
1026, 818 (p-substituted Ph ring), 691 (C-S-C). 1H NMR
(CDCl3, 300 MHz): δ 1.37 (t, J = 7.11 Hz, 3H), 4.06 (q, J =
7.11 Hz, 2H), 6.76-6.81 (m, 1H), 6.95-6.98 (d, 8.7 Hz 2H),
6.97-7.11 (m, 1H), 7.46-7.49 (d, J = 8.7 Hz, 2H), 7.78 (S,
1H). 19F NMR (CDCl3, 282 MHz): δ 138.8 (dd, 2JF-F = 20.5 &
3JF-F = 4.1 Hz, 1F), 144.5 (dd, 2JF-F = 20.5 &3JF-F = 4.1 Hz, 1F),
158.22 (t, 2JF-F = 20.5 Hz, 1F). MS (m/z): 393.3 [M+ +1].
C19H15F3N2O2S.

Antibacterial activity: To investigate the impact of the
synthesized iminothiazolidinone moieties on the bacterial
growth, a broth dilution assay was used to test the antibacterial
activity of the synthesized compounds (4a-r). The Gram-negative
bacteria, Escherichia coli and Serratia marcescens were used
for the experiment. Both the organisms were challenged with
different concentrations of compounds ranging from 50 ng/
mL to 20 µg/mL. Nutrient broth (peptic digest of animal tissue
20 g/L, potassium sulfate 10 g/L, magnesium chloride 1.4 g/L,
pH 7.0 ± 0.2) was used as a growth medium. The culture of
both organisms was used to prepare inoculum, which was stand-
ardized to 0.5 McFarland turbidity standard [30]. The amount
of compound and/or DMSO was kept constant at 0.2% v/v for
all the experiments. Appropriate controls such as vehicle control
(containing DMSO), abiotic control (containing compound
and growth medium, but no inoculum), positive control (DMSO
and culture) and negative control (only growth medium) were
included in the experiment. Treated and untreated cultures were
incubated at 37 ºC for 24 h followed by measuring their optical
density (OD) at 600 nm on Shimadzu 1900i spectrophotometer.
The growth profile of the cultures was compared with the
positive control. The synthesized iminothiazolidinone derivatives
(4a-r) were tested for its potential to inhibit the growth of diff-
erent bacterial and fungal species at doses of 100 µg/mL in
DMSO as a solvent, against bacterial and fungal cultures.

RESULTS AND DISCUSSION

The designed synthetic route starts with a reaction of 2,3,4-
trifluorophenylamine (1) which was stirred in absolute ethanol
and further reacted with ethyl isothiocyanate. The mixture was
refluxed at 90 ºC to obtain 1-ethyl-3-(2,3,4-trifluorophenyl)-
thiourea (2). The synthesized intermediate 2 was further refluxed
with ethyl bromoacetate in ethanol using triethylamine as a base
to obtain 3-ethyl-2-(2,3,4-trifluorophenylimino)thiazolidin-4-
one (3) as a brownish solid compound showing yield of 81%.
Knoevenagel reaction was performed on molecule 3 by conden-
sation with various aldehydes using both conventional reflux,
as well as non-conventional sonication methods. The various
derivatives (4a-r) synthesized have been shown in Fig. 1.
Knoevenagel products (4a-r) synthesized using different alde-
hydes via conventional method showed yields between 62-78%
as compared to non-conventional method which showed yields
between 82-95% as shown in Table-1.

3-Ethyl-2-(2,3,4-trifluorophenylimino)thiazolidin-4-one
(3) was characterized by strong absorption bands at 1651 cm-1

(C=O) and at 1734 cm-1 (C=N), which confirms the presence
of C=O and C=N functional groups, respectively. The 1H NMR
spectrum of compound 3 showed a triplet at δ 1.30 ppm with
a coupling constant of δ 7.08 Hz for three protons, which were
attributed to the methyl protons of N-CH2-CH3. Another triplet
resonated at δ 3.91 ppm with a coupling constant of 7.08 Hz
due to the integration of two protons methylene groups attached
to the N-atom N-CH2-CH3. The formation of iminothiazoli-
dinone ring structure was confirmed due to the observance of
a singlet at δ 3.86 ppm integrating two protons of the methylene
group attached to the S-atom of iminothiazolidin-4-one ring.
Two aromatic protons of the trifluorinated benzene ring exhibited
multiplets between δ 6.73-6.74 ppm and δ 6.90-6.98 ppm
integrating for one proton, respectively. These multiplets are
due to H{F} coupling constants are 6.0, 8.010 Hz respectively.
19F NMR spectrum shows three peaks integrating for 1 fluorine
each for the three fluorine atoms of the aromatic ring at 139.37
ppm (dd, 1F, 2JF-F = 20 Hz, 3JF-F = 4.1 Hz), 144.8 ppm (dd, 1F,
2JF-F = 20 Hz, 3JF-F = 4.1 Hz) and 158.5 ppm (t, 1F, 2JF-F = 20.4
Hz). 13C NMR spectrum shows showed a peak at 12.3 ppm for
the methyl carbon of N-CH2-CH3. Another peak resonated at
38.5 ppm due to the carbon of the methylene group attached
to the N-atom N-CH2-CH3. The formation of the iminothia-
zolidinone ring structure was confirmed due to the presence
of a peak at δ 33.0 ppm of the carbon of the methylene group,
which is attached to the S-atom of iminothiazolidin-4-one ring.
Carbons of 2,3,4-trifluorinated benzene ring exhibited multi-
plets at δ 111.5 ppm (dd, 2JC-F = 20 Hz, 3JC-F = 4.4 Hz), while
the signal δ 116.0 ppm (dd, 3JC-F = 30 Hz), was assigned to the
protonated carbon of benzene ring. Three sets of multiplets
with 1JC-F = 255 Hz, 2JC-F = 20 Hz and 3JC-F = 8 Hz were observed
for the three carbon atoms attached to fluorine between 130.0
to 150.0 ppm. The peaks at 96.0 and 152.0 can be attributed to
the C=N carbon of the iminothiazolidinone ring, while the
peak at 166.8 ppm is due to the carbonyl carbon of the imino-
thiazolidinone ring. Thus, with the help of 1H, 19F and 13C NMR
spectra, the formation of desired iminothiazolidinone pharma-
cophore is confirmed. The mass spectrum showed a peak at
m/z = 274.53 (M++1) was accordance with the molecular formula
C11H9F3N2OS. All the spectral values and analysis data confirmed
the core structure of the key intermediate.

The stereochemistry of compound 4j was confirmed by
running a 2D NOESY NMR experiment. The compound shows
no interaction of N-CH2-CH3 protons with benzylidine proton.
Benzylidine proton at δ 8.13 ppm shows corelation with the
3,4-dimethoxybenzene 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 also
observed that there is no interaction of N-CH2-CH3 protons of
ethyl group with protons of the trifluorophenyl ring as well as
the protons of the benzylidine group, which confirms that the
stereochemistry about C=N and C=C groups is E, E.

The reaction yield of the Knoevenagel reaction formed
using ultrasonic condition is better than the conventional
Knoevenagel reaction (Table-1). All the compounds formed
in 82-95% yields, which are better than the conventional method
that uses excess ethanol as solvent and requires heating. During
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Fig. 1. Synthesized novel thiazolidin-4-one derivatives (4a-r)

heating, there is the formation of impurities, which is another
disadvantage of the process.

Antibacterial activity: Synthesized compounds (4a-r)
were tested to evaluate their in vitro antibacterial potential and
found to exhibit excellent antibacterial against Escherichia coli
and Serratia marcescens. Compounds 4m, 4n, 4o, 4q and 4r
showed the excellent activity among which compound 4r with
-CN functional group at the para-position of benzaldehyde
showed the best activity among all the tested compounds against
Escherichia coli. Whereas, compounds 4m, 4n, 4o, 4q and 4r

showed excellent activity out of which compound 4n showed
the best activity against Serratia marcescens (Table-2).

Conclusion

In this work, novel fluorinated 5-benzylidine-3-ethyl-2-
(2,3,4-trifluorophenylimino)thiazolidin-4-one derivatives (4a-r)
were synthesized and characterized using conventional as well
as ultrasonic process using Knoevenagel method. The present
work aimed at decreasing reaction time and increasing the
yield, without the use of heat and only employing sonication.

TABLE-2 
IC50 VALUES OF 5-BENZYLIDINE 3-ETHYL-2-(2,3,4-TRIFLUORO-PHENYLIMINO)-THIAZOLIDIN-4-ONE  

DERIVATIVES (4a-r) BASED ON ANTIMICROBIAL ACTIVITY STUDY 

Compd. 
Escherichia coli 
NCIM No. 2602 

Serratia marcescens 
NCIM No. 2919 Compd. 

Escherichia coli 
NCIM No. 2602 

Serratia marcescens 
NCIM No. 2919 

4a 5.2 6.0 4k 10.1 8.7 
4b 8.9 7.7 4l 6.9 6.1 
4c 5.3 5.8 4m 3.2 3.1 
4d 7.9 7.8 4n 3.1 2.4 
4e 10.1 8.2 4o 2.8 2.5 
4f 11.9 10.6 4p 7.1 6.2 
4g 10.8 10.2 4q 3.2 2.4 
4h 7.2 7.2 4r 2.5 2.5 
4i 7.4 7.8 Standard (Ampicillin) 1.3 2.2 
4j 5.6 5.1    
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The new method required reaction times ranging from 20-40
min, as well as giving excellent yields ranging from 80-93%.
The method also requires a lesser amount of solvent. Thus, the
decrease in time energy and solvent for reaction, as well as the
increase in reaction yield makes this modified method a better
option than the tedious conventional Knoevenagel method.
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