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Abstract—S5-[(1H-Indol-3-yl)methylene]thiazolidine-2,4-dione—[1,2,3 ]triazole

hybrid  derivatives = were

synthesized by click chemistry reaction and screened for antimicrobial activity against Gram positive and Gram
negative bacteria and fungal species. All synthesized compounds were characterized by 'H and *C NMR, IR
and MS spectra. Antibacterial study indicated that several products demonstrated high activity and some
products were determined to be potentially antifungal active agents.
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Compounds with the indole nucleus in their struc-
tures demonstrated a wide range of pharmacological
activities [1-8]. Many compounds containing 2,4-
thiazolidinedione scaffold were determined to be
biologically active [9—12]. Triazole derivatives found a
vast variety of applications in medicinal chemistry
[13-22]. The current study targeted synthesis of
5-[(1H-indol-3-yl)methylene]thiazolidine-2,4-dione—
[1,2,3]triazole hybrid derivatives and screening their
antibacterial and antifungal activity.

RESULTS AND DISCUSSION

A series of 3-phenyl-5-{(1-[(1-phenyl-1H-1,2,3-
triazol-4-yl)methyl]-1H-indol-3-yl)methylene} thiazol-
idine-2,4-diones 6a—6j were synthesized in four steps
(Scheme 1). In the first step thiazolidine-2,4-dione
reacted with substituted benzyl bromides 1a—1j in the
basic media to give respective 3-benzylthiazolidine-2,4-
dione derivatives 2a—2j. In the second step reaction of
pro-pargylbromide with 1H-indole-3-carbaldehyde 3 in
the presence of K,CO; in dry DMF under reflux for
2 h led to intermediate 1-(prop-2-yn-1-yl)-1H-indole-3-
carbaldehyde 4 which was subjected to cycloaddition
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with 1-azido-2-methyl-3-nitrobenzene under click chemistry
reaction conditions in the presence of copper(l) as a
catalyst in 1 : 1 water/tert-butanol mixture for 12 h to
give 1-{[1-(2-methyl-3-nitrophenyl)-1H-1,2,3-triazol-
4-yllmethyl}-1H-indole-3-carbaldehyde S. The latter
was common to all derivatives synthesized. In the final
step intermediate compound 5 was condensed with a
compound 2a-2j in the presence of catalytic quantity
of piperidine in toluene under reflux to give respective
3-benzyl-5-{(1-[(1-(2-methyl-3-nitrophenyl)-1H-1,2,3-
triazol-4-yl)methyl]-1H-indol-3-yl)methylene} thiazol-
idine-2,4-diones 6a—6j in quantitative yields. All
products were characterized by 'H and *C NMR, IR,
and ESI-MS spectra.

Antibacterial activity. All synthesized compounds
6a—6j were screened in vitro for their antibacterial
activity against gram-positive bacterial strains [Staphylo-
coccus aureus, Bacillus subtilis] and gram-negative
bacterial strains [Escherichia coli, Klebsiella pneu-
monia] at concentration of 100 pug/mL. The zones of
inhibition (mm) were compared with standard drug
ampicilline (see the table). Compounds 6a, 6d, 6e, and
6h demonstrated promising activity against bacterial
strains and compounds 6b, 6c, 6f, 6g, 6i, and 6j
exhibited moderate zones of inhibition, indicating the
highest activity of compounds with electron-withd-
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Scheme 1. Synthesis of thiazolidinedione-1,2,3 triazole derivatives.
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(6a), 4-Br (6b), 4-F (6¢), 4-COOH (6d), 2-NO, (6e), 2-F (6f), 2-Cl (6g), 2-CN (6h), 3-CI (6i), 2,4-Cl (6]),

rawing substitutions on the phenyl ring (-COOH,
—NO, and —CN). In cases of R = F, Cl and Br the
activity was moderate.

Antifungal activity. Antifungal activity of com-
pounds 6a—6j was tested against Aspergillus niger,
Aspergillus flavus and Candida albicans at concentra-
tion of 100 pg/mL. The zones of inhibition (mm) were
compared with the standard drug Clotrimazole (see the
table). Fluorine containing compounds 6¢ and 6f and
the compound 6h containing the cyano substituent
demonstrated the highest activity. The compound 6d
with the acid substituent was the most active against
Aspergillus  flavus. The other products exhibited
moderate activity.

EXPERIMENTAL

Melting points were recorded on a Casia-Siamia
(VMP-AM) apparatus. IR spectra were recorded on a
Perkin—Elmer FT-IR spectrophotometer in KBr discs.
NMR spectra were measured on a Bruker Avance 300 MHz
spectrometer in CDCI; and DMSO-ds using TMS as
the internal standard. Electron impact (EI) and
chemical ionization mass spectra were measured on a
VG Micro mass model 7070H instrument. All
reactions were monitored by TLC (Merck silica gel)
and visualized under UV light. Silica gel from Merck
(100-200 mesh) was used for column chromatography.

Synthesis of 3-benzylthiazolidine-2,4-dione deri-
vatives (2a-2j). To the mixture of thiazolidine-2,4-
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Antimicrobial activity of compounds 6a—6j"

Zone of inhibition, mm
Compound gram positive bacteria gram negative bacteria fungi
S. aeureus B. subtilis E. coli K. pneumonia | A. niger A. flavus | C. albicans
6a 12 10 11 8 10 11 9
6b 11 9 9 6 9 10 7
6¢ 10 11 8 5 12 10 10
6d 12 14 11 10 12 14 9
6e 12 12 11 8 10 11 9
6f 9 11 8 8 13 12 10
6g 9 10 7 10 8 6 7
6h 11 13 8 9 13 13 10
6i 9 10 9 7 8 7 7
6j 10 11 10 8 9 10 7
Ampicillin 15 16 18 14 - - -
Clotrimazole - - - - 13 14 11

*Concentration 100 pg/mL.

dione (1.0 mol) and potassium carbonate (1.5 mol) in
DMF a solution of substituted a benzyl bromide 1a—1j
(1.5 mol) in DMF was added. The reaction mixture
was stirred for 2—3 h. Upon completion of the reaction
(TLC), the mixture was extracted with chloroform
(2%50 mL). The combined chloroform extracts were
washed with water (50 mL) and brine solution (20 mL),
dried over anhydrous Na,SO,, filtered off, and concen-
trated under reduced pressure. The residue was purified
by column chromatography (ethyl acetate : n-hexane =
25 :75) to give a corresponding pure compound.

Synthesis of 1-(prop-2-ynyl)-1H-indole-3-carbal-
dehyde (4). Indole-3-carboxaldehyde 3 (23.60 mmol)
and potassium carbonate (22 mmol) were mixed with
10 mL of dry DMF. Propargyl bromide (23 mmol) was
added slowly upon stirring followed by 2 h of stirring
of the mixture. The reaction mixture was extracted by
ethyl acetate. The crude residue was purified by
column chromatography (ethyl acetate : hexane =
15 : 85) to give the pure product 4.

Synthesis of 1-[(1-(2-methyl-3-nitrophenyl)-1H-
1,2,3-triazol-4-yl)methyl]-1H-indole-3-carbaldehyde
(5). Compound 4 (3 mmol) and 1-azido-2-methyl-3-
nitrobenzene (3 mmol) were suspended in 12 mL of a
1 : 1 water—tert-butanol mixture. Addition of aqueous
solution of sodium ascorbate (0.3 mmol) was followed

by addition of aqueous solution of CuSO45H,0
(0.03 mmol). The heterogeneous mixture was stirred
vigorously overnight, at which point it turned clear and
TLC indicated complete consumption of the reactants.
The resulting mixture was diluted with 50 mL of water
and cooled in the ice. The precipitate was filtered off,
washed with cold water (2x25 mL) and dried under
vacuum to give the pure product in the form of
powder.

Synthesis of 3-phenyl-5-{(1-[(1-phenyl-1H-1,2,3-
triazol-4-yl)methyl]-1H-indol-3-yl)methylene} thiazol-
idine-2,4-diones (6a—6j). The intermediate 5 (1.0 mmol)
and catalytic amount of piperdine were dissolved in
toluene (10 mL). A compound 2a-2j (1.0 mmol) was
added upon stirring. The reaction mixture was refluxed
for 3 h. The solvent was removed under reduced
pressure and the residue was diluted with distilled
water and extracted thrice with dichloromethane. The
combined organic layers were dried over anhydrous
Na,S0O,, concentrated, and a crude compound was
purified by column chromatography (ethyl acetate :
hexane) to give a yellow solid product .

(2)-5-{(1-[(1-(2-Methyl-3-nitrophenyl)-1H-1,2,3-
triazol-4-yl)methyl]-1H-indol-3yl)methylene}-3-(4-
nitrobenzyl)thiazolidin-2,4-dione (6a). Yield 86%,
mp 250-252°C. IR spectrum, v, cem ™ 3136, 3105, 2866,
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1714, 1665, 1594, 1385. '"H NMR spectrum, 6, ppm:
2.27 s (3H), 493 s (2H), 5.65 s (2H), 7.30-7.39 m
(2H), 7.44-7.58 m (3H), 7.58 d (J = 6.76 Hz, 2H), 7.61
d (/=9.03 Hz, 2H), 7.86 d (J/ = 9.26 Hz, 1H), 8.05 d
(/ = 10.03 Hz, 1H), 8.19 s (1H), 8.20 s (1H), 8.26 s
(1H). *C NMR spectrum, 8, ppm: 3.8, 41.4, 43.9,
110.1, 111.3, 113.9, 118.8, 121.7, 123.5, 123.8, 125.7,
126.1, 127.5, 127.9, 128.3, 128.7, 131.0, 131.9, 136.0,
137.4, 142.8, 143.2, 146.9, 150.6, 165.2, 167.0. ESI-
MS: m/z 595 [M+ 2] C29H21N70(,S.

(2)-3-(4-Bromobenzyl)-5-{(1-[(1-(2-methyl-3-nitro-
phenyl)-1H-1,2,3-triazol-4-yl)methyl]-1H-indol-3-yl)-
methylene}thiazolidine-2,4-dione (6b) Yield 85%,
mp 242-244°C. IR spectrum, v, cem 3103, 1719, 1668,
1598, 1385. 'H NMR spectrum, 8, ppm: 2.10 s (3H),
4.82 s (2H), 5.80 s (2H), 7.23-7.35 m (4H), 7.56 d.d
(J/ =2.00 Hz, J = 2.00 Hz, 2H), 7.65 (t, J = 1.25 Hz,
1H), 7.76 d (J = 8.28 Hz, 1H), 7.81 d.d (J = 1.50 Hz,
J =1.25 Hz, 1H), 7.96 d (J = 8.03 Hz, 1H), 8.08 s
(1H), 8.15 d.d (J = 1.50 Hz, J=1.25 Hz, 1H), 8.20 s
(1H), 8.67 s (1H). C NMR spectrum, &, ppm: 13.8,
41.3, 438, 110.1, 111.3, 113.9, 118.7, 120.9, 121.7,
1234, 125.5, 125.6, 126.1, 127.4, 128.3, 129.8, 131.0,
131.5, 131.7, 135.1, 135.9, 137.4, 142.9, 150.5,
165.3,166.9. ESI-MS: m/z 629 [M + 1]. Cy9H,1N704S.

(Z2)-3-(4-Fluorobenzyl)-5-{(1-|(1-(2-methyl-3-nitro-
phenyl)-1H-1,2,3-triazol-4-yl)methyl]-1H-indol-3-yl)-
methylene}thiazolidine-2,4-dione (6¢). Yield 90%,
mp 245-247°C. IR spectrum, v, cm 3143, 2955,
1720, 1668, 1597, 1365. '"H NMR spectrum, 3, ppm:
2.22 s (3H), 4.86 s (2H), 5.64 s (2H), 6.91-7.04 m
(2H), 7.30 d.d (J = 1.25 Hz, J = 1.00 Hz, 1H), 7.34—
7.37 m (2H), 7.43-7.46 m (1H), 7.47 d (J = 4.51 Hz,
1H), 7.49 d (J/ = 4.01 Hz, 1H), 7.45 d (J/ = 2.008 Hz,
1H), 7.54 s (1H), 7.84 d.d (J/ = 2.00 Hz, J = 1.50Hz,
1H), 8.01 d.d (J = 2.25 Hz, J = 2.00 Hz, 1H), 8.23 s
(1H). *C NMR spectrum, 8, ppm: 13.2, 41.2, 43.8,
110.1, 111.0, 113.8, 118.4, 120.9, 121.7, 123.2, 125.4,
25.5, 126.1, 127.4, 127.2, 128.0, 129.7, 131.0, 131.4,
131.9, 135.5, 135.2, 137.5, 142.8, 150.8, 166.2170.1.
ESI-MS: m/z 568 [M+ 1] C29H21FN604S.

(2)-4-{(5-|(1-{[1-(2-Methyl-3-nitrophenyl)-1H-1,2,3-
triazol-4-yljmethyl}-1H-indol-3-yl)methylene]-2,4-di-
oxothiazolidin-3-yl)methyl}benzoic acid (6d). Yield
92%, mp 166—167°C. IR spectrum, v, em 2924, 2853,
1714, 1675, 1527, 1349, 1115, 1012. '"H NMR spec-
trum, o, ppm: 2.10 s (3H), 4.28 s (1H), 4.30 s (1H),
4.76 s (1H), 4.93 d (J = 8.533 Hz, 1H), 5.43-5.46 m
(2H), 7.24-7.35 m (1H), 5.80 s (1H), 7.41-7.45 m

(1H), 7.54-7.58 m (1H), 7.60-7.67 m (1H), 7.75-7.82
m (1H), 7.91-8.00 m (2H), 8.03-8.06 dd (J =
2.25 Hz, J = 2.00 Hz, 1H), 8.09 s (1H), 8.14-8.16 d
(J = 8.28 Hz, 1H), 8.22 s (1H), 8.69 s (1H). *C NMR
spectrum, o, ppm: 13.9, 41. 8, 44.1, 1104, 111.0,
113.8, 118.4, 120.9, 121.7, 123.2, 125.4, 25.5, 126.1,
127.4,127.2, 128.0, 129.7, 131.0, 131.4, 131.9, 135.5,
135.2, 137.5, 144.5, 151.4, 165.3, 169.2. ESI-MS: m/z
594 [M + 1]. C30H2NgO6S.

(£)-5-{(1-[(1-(2-Methyl-3-nitrophenyl)-1H-1,2,3-
triazol-4-yl)methyl]-1H-indol-3-yl)methylene}-3-(2-
nitrobenzyl)thiazolidine-2,4-dione (6e). Yield 85%,
mp 232-234°C. IR spectrum, v, cm': 3016, 2970,
2223, 1737, 1685, 1523, 1348. 'H NMR spectrum, &,
ppm: 2.23 s (3H), 5.15 s (2H), 5.66 s (2H), 7.30-7.32
m (1H), 7.33-7.35 m (1H), 7.37-7.39 m (2H), 7.40-
7.42 d.d (J=1.00 Hz, J = 1.00 Hz, 1H), 7.46-7.50 m
(2H), 7.52-7.54 d.d (J = 1.75 Hz, J =1.25 Hz, 1H),
7.56 s (1H), 7.58 s (1H), 7.68-7.70 d.d (, J = 1.50 Hz,
J=1.25 Hz, 1H), 7.84-7.86 d (J = 8.28 Hz, 1H), 8.00—
8.03 d.d (J/=2.00 Hz, J = 1.50 Hz, 1H), 8.280 s (1H).
ESI-MS: m/z 595 [M+ 2] C29H21N7OGS.

(Z2)-3-(2-Fluorobenzyl)-5-{(1-[ (1-(2-methyl-3-nitro-
phenyl)-1H-1,2,3-triazol-4-yl)methyl]-1H-indol-3-yl)-
methylene}thiazolidine-2,4-dione (6f). Yield 89%,
mp 233-234°C. IR spectrum, v, cm: 3144, 2970, 1739,
1721, 1666, 1598, 1350, 825. 'H NMR spectrum, 9,
ppm: 2.23 s (3H), 5.00 s (2H), 5.65 s (2H), 7.03-7.08
m (2H), 7.10-7.12 m (1H), 7.32 d.d (/= 1.00 Hz, J =
1.25 Hz, 1H), 7.34-7.38 m (2H), 7.46-7.50 m (2H),
7.51 (t, J=1.25, 1H), 7.54 s (1H), 7.56 s (1H), 7.83—
7.58 d.d (/ =1.00 Hz, J = 1.25 Hz, 1H), 8.00-7.02 d.d
(J/=2.00 Hz, J=1.75 Hz, 1H), 8.25 s (1H). ESI-MS:
m/z 568 (M+ 1) C29H21FN(,O4S.

(Z£)-3-(2-Chlorobenzyl)-5-{(1-[(1-(2-methyl-3-nitro-
phenyl)-1H-1,2,3-triazol-4-yl)methyl]-1H-indol-3-yl)-
methylene}thiazolidine-2,4-dione (6g). Yield 82%,
mp 242-243°C. IR spectrum, v, cm 3111, 2970,
1735, 1677, 1597, 1346, 1034. '"H NMR spectrum, &,
ppm: 2.23 s (3H), 5.06 s (2H), 5.66 s (2H), 7.15-7.19
m (2H), 7.21-7.24 m (1H), 7.32-7.35 m (1H), 7.37-
7.40 m (1H), 7.46-7.52 m (2H), 7.55 s (1H), 7.60 s
(1H), 7.60-7.63 m (1H), 7.86 d (J = 8.28 Hz, 1H), 8.01
d (J=8.78 Hz, 1H), 8.24 d (J = 8.78 Hz, 1H), 8.26 s
(1H). *C NMR spectrum, &, ppm: 13.8, 41.3, 43.8,
110.1, 111.3, 113.9, 118.7, 120.9, 121.1, 121.8, 123.9,
125.5, 25.6, 126.1, 127.4, 127.9, 128.3, 129.8, 131.0,
131.5, 131.7, 135.1, 135.9, 137.4, 142.9, 150.5, 164.2,
166.6. ESI-MS: m/z 585 [M + 1]. Co9H,;CINGO,S.
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(2)-2-{|5-({1-[(1-(2-Methyl-3-nitrophenyl)-1H-1,2,3-
triazol-4-yl)methyl]-1H-indol-3-yl} methylene)-2,4-di-
oxothiazolidin-3-yl|methyl}benzonitrile (6h). Yield
85%, mp 232-234°C. IR spectrum, v, em 3016, 2970,
2223, 1737, 1685, 1523, 1348. '"H NMR spectrum, &,
ppm: 2.232 s (3H), 5.157 s (2H), 5.66 s (2H), 7.30-
7.32 m (1H), 7.33-7.35 m (1H), 7.37-7.39 m (2H),
7.40-7.42 d.d (J/ = 1.00 Hz, J = 1.00 Hz, 1H), 7.46—
7.50 m (2H), 7.52-7.54 d.d (J = 1.75 Hz, J =1.25 Hz,
1H), 7.56 s (1H), 7.58 s (1H), 7.68-7.70 d.d (J =
1.50 Hz, J = 1.25 Hz, 1H), 7.84-7.86 d (J = 8.28 Hz,
1H), 8.00-8.03 d.d (/ = 2.00 Hz, J = 1.50 Hz, 1H),
8.28 s (1H), ESI-MS: m/z 585 [M+ 1] C29H21C1N6O4S

(Z£)-3-(3-Chlorobenzyl)-5-{[1-({1-(2-methyl-3-nitro-
phenyl)-1H-1,2,3-triazol-4-yl} methyl)-1H-indol-3-yl]-
methylene}thiazolidine-2,4-dione (6i). Yield 93%,
mp 206-207°C. IR spectrum, v, em ™ 3 132, 2971, 1728,
1679, 1597, 1364, 1045. '"H NMR spectrum, 6, ppm:
2.11 s (3H), 4.85 s (2H), 5.77 s (2H), 7.23-7.35 m
(3H), 7.40 d.d (J = 2.51 Hz, J = 8.28 Hz, 3H), 7.64 t
(J=2.51Hz, 1H), 7.75-7.82 m (2H), 7.96 d (/= 8.282 Hz,
1H), 8.07 s (1H), 8.15 d (/= 8.53 Hz, 1H), 8.21 s (1H),
8.68 s (IH) ESI-MS: m/z 585 [M+ 1] C29H21C1N6O4S

(2)-3-(2,4-Dichlorobenzyl)-5-{[1-{[1-(2-methyl-3-
nitrophenyl)-1H-1,2,3-triazol-4-yljmethyl}-1H-indol-
3-yllmethylene}thiazolidine-2,4-dione (6j). Yield 70%,
mp 199-200°C. IR spectrum, v, cm ' 3111, 2919,
1729, 1669, 1603, 1527, 1385. '"H NMR spectrum, &,
ppm: 2.23 s (3H), 5.01 s (2H), 5.66 s (2H), 7.12-7.14
m (1H), 7.20 d.d (J = 2.25, J = 2.25 Hz, 1H), 7.30 d.d
(/=1.25Hz,J=1.00 Hz, 1H), 7.34 d.d (/= 1.50 Hz,
J=1.50 Hz, 1H), 7.37 d.d (/= 1.50 Hz, J = 1.25 Hz,
1H), 7.39-7.41 m (1H), 7.50 d.d (/ = 1.50 Hz, J =
1.25 Hz, 1H), 7.56 s (1H), 7.58 s (1H), 7.84-7.86 d
(J/=17.27 Hz, 1H), 8.03 m (1H), 8.26 s (1H). ESI-MS:
I’I’l/Z 585 [M+ 1] C29H21CIN604S.
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