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a b s t r a c t

A new series of thiazolidinedione derivatives were synthesized and evaluated for in vitro a-glucosidase
inhibition and anticancer activities. Compounds 3d, 3e and 3j showed potential a-glucosidase inhibition
with IC50 values ranging between 0.1 and 0.3 mg/ml whereas compounds 3i, 3j and 3k have showed
better anticancer activity towards human cancer cell lines IMR-32 (neuroblastoma), Hep-G2 (hepatoma)
and MCF-7 (breast). Molecular docking studies revealed compounds 3d, 3e and 3j are potent inhibitors of
a-glucosidase and also showed compliance with standard parameters of drug likeness.

� 2013 Elsevier Masson SAS. All rights reserved.
1. Introduction

Thiazolidinediones (TZDs), also known as glitazones, are a class
of insulin sensitizing drugs includes ciglitazone, pioglitazone, tro-
glitazone and rosiglitazone (Fig. 1) etc. TZDs were initially
discovered by Takeda Pharmaceuticals, Japan, in 1975 and the lead
substance ciglitazone was synthesized in 1980. Although ciglita-
zone improved gycaemic control in animal models of insulin
resistance, but toxicity prevented trials in humans. Rosiglitazone
and pioglitazone are currently approved for use for type 2 diabetes
under the trade names Avandia� and Actos� respectively whereas
troglitazone (Rezulin�), the first of the glitazones approved by the
U.S.FDA, was recently withdrawn from the market due to hepa-
totoxicity [1]. Apart from their known antidiabetic activity, the
ability of TZDs to contribute to cancer therapy has been evidenced
by in vitro and in vivo studies [2,3]. While TZDs are known to
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stimulate PPAR-g (Peroxisome Proliferator Activated Receptor
gamma) receptor, they also have showed other significant biolog-
ical activities, such as antimicrobial [4], analgesic [5], anti-
inflammatory [6] and anticancer [7] etc. Similarly, nitrogenous
compounds like 1,2,3-triazole also played an important role in
agrochemical and pharmaceuticals such as anti-HIV [8,9], anti-
bacterial [10], antiviral [11], antiproliferative [12], insecticidal [13]
and fungicidal [14].

The diverse biological potencies of both pharmacophores
prompted us to synthesize the title compounds with a presumption
that their incorporation in a single structural entity could produce
novel compoundswith significant antidiabetic as well as anticancer
properties. One of the therapeutic approaches for treating diabetes
is the inhibition of the enzyme a-glucosidase which delays carbo-
hydrate digestion, causing a reduction in the rate of glucose ab-
sorption and consequently blunting the postprandial blood glucose
and insulin levels [15]. This paper consists of synthesis of novel
TZD’s tagged with 1,2,3-triazoles and evaluation of their antidia-
betic and anticancer activity profiles. Finally, molecules that
showed potential a-glucosidase inhibition were subjected to
docking studies using molecular modeling tools.
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Fig. 1. Structures of some thiazolidinedione drugs.
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2. Results and discussion

2.1. Chemistry

A series of 5-(benzo-[1,3]-dioxol-5-ylmethylene)-3-((1-phenyl-
1H-1,2,3-triazol-4-yl)methyl) thiazolidine-2,4-diones 3ae3k were
synthesized in three steps (Scheme 1). In the first step, 5-(benzo-
[1,3]-dioxol-5-ylmethylene)-2,4-Thiazolidinedione 1 was prepared
by attempting Knoevenagel condensation reaction between piper-
onal and 2,4-thiazolidinedione under reflux conditions in the
presence of piperidine as catalyst. In the second step, compound 1
was condensed with propargyl bromide in the presence of K2CO3 in
dry acetone under reflux for 4e5 h to obtain intermediate 2 which
was common to all derivatives being synthesized. In the final step,
intermediate 2 was condensed with various aromatic azides under
click chemistry reaction conditions in presence of copper iodide
and dry THF at room temperature for 10e12 h to result in novel
TZD’s 3ae3k in quantitative yields. All the derivatives were char-
acterized by 1H NMR, IR and ESI-MS spectra. Compounds 3ae3k
showed IR absorption bands ranging from 3132 to 3000 cm�1 for
aromatic CeH stretching, 2960e2900 cm�1 for aliphatic CeH
stretching’s. There were also absorptions due to C]C, C]N
stretchings at 1580e1570 and 1505e1480 cm�1 respectively. In 1H
NMR spectra, the presence of singlet resonances at d 5.5e6.0 ppm
and 6.0e6.5 ppm were attributed to the methylene protons
attached to nitrogen and oxygen atoms respectively whereas the
corresponding carbon resonances in the 13C NMR spectra were
observed at 36.8 and 102.3 ppm respectively. Rest all the protons
and carbons resonated at expected regions.

2.2. Anticancer activity

Anti-cancer activity of the synthesized thiazolidinedione de-
rivatives was evaluated in in vitro mode using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay [16] on the human cancer cell lines IMR 32 (neuroblastoma),
HepG2 (Human hematoma) and MCF-7 (Human breast adenocar-
cinoma). The assay was dependent on the reduction of tetrazolium
salt by the mitochondrial dehydrogenase of viable cells to form a
blue formazan product dissolved in DMSO and measured at
570 nm. The results of cytotoxic activity in vitro were expressed as
the IC50 (mg/ml) and doxorubicin was used as positive control
(Table 1). The structural diversity in all the derivatives was intro-
duced by varying substitution at 3 position of the triazole ring
while keeping the thiazolidinedione moiety intact. As shown in
Table 1, most of the compounds were moderately active but,
compound 3j showed better inhibition against HepG2 (IC50 31 mg/
ml) and MCF-7 (IC50 30 mg/ml) cell lines respectively.
2.3. a-Glucosidase inhibition

Intestinal a-glucosidase inhibitory activity was determined as
per earlier reported methods [17,18]. Rat intestinal acetone powder
in normal saline (100:1; w/v) was sonicated properly and the su-
pernatant was used as a source of crude intestinal a-glucosidase
after centrifugation. In brief, 10 mL of test samples (5 mg/mL DMSO
solution) were reconstituted in 100 mL of 100mM-phosphate buffer
(pH 6.8) in 96-well microplate and incubated with 50 mL yeast a-
glucosidase (0.76 U/Ml in same buffer) or crude intestinal a-
glucosidase for 5 min before 50 mL substrate (5 mM, p-nitrophenyl-
a-D-glucopyranoside prepared in same buffer) was added. Release
of p-nitrophenol was measured at 405 nm spectrophotometrically
(SpectraMAx Plus384, Molecular Devices Corporation, Sunnyvale, CA,
USA) 5 min after incubation with substrate. Individual blanks for
test samples were prepared to correct back-ground absorbance
where substrate was replaced with 50 mL of buffer. Control sample
contained 10 mL DMSO in place of test samples. Acarbose was taken
as standard reference for a-glucosidase inhibition. All the samples
were studied in triplicate. Percentage of enzyme inhibition was
calculated as (1 � B/A) � 100 where A represents absorbance of
control without test samples, and B represents absorbance in
presence of test samples. All the tests were run in duplicate. IC50
values were calculated applying suitable regression analysis from
the mean inhibitory values. As shown in Table 1, among all the
synthesized derivatives, compounds 3d (IC50 0.1 mg/ml), 3e (IC50
0.3 mg/ml) and 3j (IC50 0.3 mg/ml) have shown much better a-
glucosidase enzyme inhibitory activity than the standard Acarbose
(IC50 12.5 mg/ml). Comparing the a-glucosidase inhibitory activity of
compounds 3ae3iwith a substituted benzene ring, it was observed
that the presence of NO2 group at ortho (3d, IC50 0.1 mg/ml) and
Isopropyl group at para-positions (3e, IC50 0.3 mg/ml) showed most
potent inhibitory activity than chloro (3c, IC50 40 mg/ml) at ortho,
flouro (3a, >100 mg/ml) and methyl (3f, 75.5 mg/ml) at para posi-
tions resulted in dramatically less potential compounds. Similarly,
substitution of 1-phenyl ethyl moiety at 3 position of triazole ring
(3j, IC50 0.1 mg/ml) showed potential enzyme inhibition activity
than aliphatic n-hexyl (3k IC50 > 100 mg/ml) substitution.

3. Molecular docking studies

Exploration of mechanism of action andmolecular interaction of
compound 3d, 3e and 3jwas performed throughmolecular docking
studies using AutoDock Vina software [19]. Oral bioavailability and
drug likeness parameters screening was performed by evaluating
topological polar surface area (TPSA) and Lipinski’s rule of five [20].
The toxicity risk assessment at high doses or long term use was
performed through OSIRIS program. To study the molecular inter-
action of compounds, crystallographic data of human intestinal a-
glucosidase (EC ¼ 3.2.1.20) (PDB:3L4Y) was retrieved from Protein
Data Bank [21]. Retrieved crystal structure of a-glucosidase was
cleaned and hydrogen atomswere added. All the heteroatomswere
removed before docking study. The chemical samples used in the
molecular docking studies were compounds 3d, 3e, 3j and Acarbose
(Fig. 2). The 2D structures were sketched using ChemDraw-ultra-
v8.0 followed by 3D structure conversion and energy minimiza-
tion by ChemBioOffice modeling software (Cambridgesoft, UK).

3.1. Exploration of interacting amino acid residues through
molecular docking studies

Results of molecular docking on human intestinal a-glucosidase
(Table 2 and Fig. 3) showed that compound 3e (docking
score �7.9 kcal/mol and two hydrogen bonds with ARG-647, ASP-
649) has similar binding affinity as compared to standard drug
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Acarbose (docking score �7.9 kcal/mol and eleven hydrogen bonds
with ARG-653, ARG-647, TYR-733, ASP-759, GLU-767) within the
4 �A of selection radius. On the other hand compound 3d (docking
score �8.8 kcal/mol and five hydrogen bonds with GLU-658, ARG-
647, ARG-653) and 3j (docking score �8.3 kcal/mol and three
hydrogen bonds with ARG-647, GLU-658) showed slightly higher
binding affinity than Acarbose.

To analyze oral bioavailability and drug likeness compliance of
compounds 3d, 3e and 3j with standard parameters, chemical de-
scriptors of pharmacokinetic properties were calculated. Log P
value which is a measure of lipophilicity and is the ratio of the
solubility of the compound in octanol compared to its solubility in
water was calculated. Log P and molecular weight of compounds
3d, 3e and 3jwere within the standard range limit as per Lipinski’s
rule of five and comparable with Acarbose, thus indicating high oral
bioavailability. The excretion process that eliminates the compound
from the human body also depends on Log P as well as the mo-
lecular weight. Large molecular weight drugs generally have poor
absorption pattern due to the presence of polar groups. Moreover,
when the TPSA was calculated as a chemical descriptor for passive
molecular transport through membranes, results showed lower
TPSA value than Acarbose, thus indicates better intestinal absorp-
tion of compounds 3d, 3e and 3j (refer Table 1 in Supplementary
material).

3.2. Toxicity risk assessment screening

Toxicity risk assessment screening showed that compounds 3d,
3e and 3j have risk of mutagenicity on prolonged usage whereas
compound 3d exhibited risk of tumorogenicity and medium risk of



Table 1
Anticancer and a-glucosidase inhibitory activity of compound 3ae3k.

Compound a-Glucosidase
inhibition

Anticancer activity

IC50 mg/ml IMR 32
IC50 mg/ml

HepG2
IC50 mg/ml

MCF-7
IC50 mg/ml

3a >100 >100 >100 96.21
3b 33.6 >100 >100 >100
3c 40.0 >100 >100 87
3d 0.1 >100 >100 >100
3e 0.3 97.52 66 78
3f 75.5 >100 >100 >100
3g >100 >100 >100 >100
3h >100 >100 >100 >100
3i >100 52.58 45 34
3j 0.3 52.64 31 30
3k >100 77.58 67 43
Acarbose 12.5 e e e

Doxorubicine e 0.80 0.60 0.87
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reproductive or developmental toxicity. Compound 3e has showed
risk of irritation but no risk of tumorogenecity. Compound 3j
showed no risk of tumorogenicity; irritation and reproductive
toxicity (refer Table 2 in Supplementary material).

4. Conclusion

Synthesis of a series of novel hybrid molecules, 3ae3k, con-
sisting of biologically important pharmacophores 2,4-
thiazolidinediones tagged with 1,2,3-triazoles showed potential
antidiabetic properties. a-Glucosidase enzyme inhibition in in vitro
screening revealed compounds 3d, 3e and 3j were highly potential
than the standard Acarbose. These inhibitory results were further
optimized by molecular docking studies. Docking studies showed
compounds 3d, 3e and 3j have high binding affinity with the a-
glucosidase due to the presence of conserved binding site amino
acid residues e.g., LEU-640, ARG-647, ASP-649, ARG-653, PRO-676,
GLY-766, GLU-767, thus indicating their high stability along with
activity potentials similar to control Acarbose.

5. Experimental

5.1. Chemistry

Melting points of all the compounds was recorded on Casia-
Siamia (VMP-AM) melting point apparatus and uncorrected. IR
spectra were recorded on a PerkineElmer FT-IR 240-C spectrom-
eter using KBr optics. NMR spectrawere recorded on Burker Avance
300 MHz in CDCl3 and DMSO-d6 using TMS as internal standard.
Electron impact (EI) and chemical ionization mass spectra were
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recorded on a VG Micromass model 7070H instrument. All the re-
actions were monitored on silica gel precoated TLC plates of Merck
and spots were visualized with UV light. Silica gel (100e200 mesh)
used for column chromatography was procured from Merck.

5.1.1. Synthesis of 5-(benzo[1,3]dioxol-5-ylmethylene)thiazolidine-
2,4-dione 1 general procedure

A mixture of Piperonal (40 mmol) and thiazolidine-2,4-dione
(40 mmol) with catalytic quantity of piperidine was refluxed in
toluene with continuous removal of water using dean stark appa-
ratus for 4 h. The reaction mixture was cooled to 25 �C to obtain a
pale yellow solid. The solid was recrystallized from water to get
compound 1, 5-(benzo [1,3]dioxol-5-ylmethylene) thiazolidine-
2,4-dione.

5.1.2. Synthesis of 5-(benzo[1,3]dioxol-5-ylmethylene)-3-(prop-2-
ynyl)-thiazolidine-2,4-dione 2 general procedure

Compound 1 (23.60 mmol) along with potassium carbonate
(22 mmol) was dissolved in 10 ml of dry Acetone and later prop-
argyl bromide (23 mmol) was added slowly while stirring. The
reaction mixturewas refluxed for 4 h and then extracted with ethyl
acetate to afford crude 5-(benzo[1,3]dioxol-5-ylmethylene)-3-
(prop-2-ynyl)-thiazolidine-2,4-dione 2. This crude residue was
purified by column chromatography over silica gel (100e200mesh)
in 15% ethyl acetate in hexane to get compound 2 in pure state.
Yellow solid, yield: 93%, m.p.199-201 �C, 1H NMR (CDCl3, 300 MHz)
d 2.291 (s,1H), 4.52 (s, 2H), 6.08 (s, 2H), 6.91e6.94 (d,1H, J¼ 8.1 Hz),
7.06e7.09 (d, 1H, J ¼ 8.1 Hz), 7.86 (s, 1H); 13C NMR (CDCl3,75 MHz)
d ppm: 31.03, 72.55, 76.57, 102.39, 109.52, 118.91, 127.22, 127.71,
129.09, 134.94, 149.03, 150.38, 165.56, 167.15; ESI-MS (m/z): 288.0
(M þ 1) observed for C14H9NO4S.

5.1.3. Synthesis of thiazolidine-2,4-dione triazole derivatives 3ae
3k general procedure

Compound 2 (1.0 mmol) was dissolved in dry THF (10 ml) and
catalytic amount of Copper iodide was added. To this, substituted
aromatic azides (1.0 mmol) in dry THF were added slowly while
stirring at room temperature under nitrogen atmosphere for 12 h.
Later, 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 Na2SO4 and concentrated to get the final product 3ae3k.
The crude products were purified by column chromatography with
ethyl acetate in hexane.

5.1.4. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-(4-fluorophenyl)-
1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione 3a

Yellow solid, yield: 85%, m.p.199e201 �C, IR (KBr) cm�1 3156,
2920, 1733, 1683, 1518, 1488. 1H NMR (CDCl3, 300 MHz) d (ppm):
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Table 2
Binding site residues detected during docking studies of compounds 3d, 3e, 3j and Acarbose on a-glucosidase.

Compound Interacting amino acid residues (within 4 �A binding site) Conserved binding site residues

3d THR-269, GLU-271, GLN-272, GLN-275, TYR-636, THR-639, LEU-640, ARG-647,
ASP-649, ARG-653, GLU-658, PRO-676, TYR-733, ILE-734, GLY-766, GLU-767

LEU-640, ARG-647, ASP-649, ARG-653, PRO-676, GLY-766, GLU-767

3e THR-269, GLU-271, LEU-640, ARG-647, ASP-649, ARG-653, HIS-657, GLU-658,
TYR-660, PRO-676, GLY-732, TYR-733, LYS-765, GLY-766, GLU-767

LEU-640, ARG-647, ASP-649, ARG-653, PRO-676, GLY-766, GLU-767

3j THR-269, GLU-271, TYR-636, THR-639, LEU-640, ARG-647, ASP-649, ARG-653,
HIS-657, GLU-658, TYR-660, PRO-676, TYR-733, LYS-765, GLY-766, GLU-767

LEU-640, ARG-647, ASP-649, ARG-653, PRO-676, GLY-766, GLU-767

Acarbose Tyr-636, THR-639, LEU-640, ARG-643, ARG-647, ASP-649, ARG-653, GLU-658,
PRO-676, GLY-732, TYR-737, ILE-734, PRO-736, ASP-759, GLU-763, ALA-764,
LYS-765, GLY-766, GLU-767

LEU-640, ARG-647, ASP-649, ARG-653, PRO-676, GLY-766, GLU-767

Y. Chinthala et al. / European Journal of Medicinal Chemistry 70 (2013) 308e314312
5.14 (s, 2H), 6.07 (s, 2H), 6.91 (d, 1H, J ¼ 8.1 Hz), 6.07 (s, 1H), 7.07 (d,
1H, J ¼ 8.1 Hz), 7.22 (1H, d, J ¼ 8.85 Hz), 7.28 (s, 1H), 7.73e7.69 (m,
2H) 7.85 (s, 1H), 8.04 (s, 1H). 13C NMR (CDCl3,75MHz): d (ppm) 36.8,
102.3, 109.5, 116.9, 117.2, 119.11, 122.1, 123.0, 123.1, 127.1, 127.7, 133.6,
134.8, 142.8, 149.0, 150.35, 161.2, 164.5, 166.2, 167.8. ESI-MS (m/z)
425 (M þ 1) observed for C20H13FN4O4S.

5.1.5. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-(4-chlorophenyl)-
1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione 3b

Yellow solid, yield: 85%, m.p. 180e182 �C, 1H NMR (CDCl3,
300 MHz) d(ppm): 5.15 (s, 2H), 6.08 (s, 2H), 6.92 (d, 1H,
J ¼ 8.100 Hz), 6.99 (s, 1H), 7.07 (d, 1H, J ¼ 8.471 Hz), 7.29 (s, 1H),
7,45 (d, 2H, J ¼ 7.912 Hz), 7.15 (d, 1H, J ¼ 7.535 Hz), 7.79 (s, 1H),
Fig. 3. Molecular insight of compounds 3d, 3e, 3j and A
7.86 (s, 1H), 8.09 (s, 1H). 13C NMR (CDCl3, 75 MHz) d (ppm):
168.12, 167.43, 166.22, 150.35, 149.05, 143.50, 138.11, 136.03,
134.90, 131.22, 129.38, 127.77, 127.18, 122.32, 121.96, 121.28, 119.01,
110.62, 109.53, 102.36, 36.84. ESI-MS (m/z) 441 (M þ 1) observed
for C20H13ClN4O4S.

5.1.6. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-(2-chlorophenyl)-
1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione 3c

Yellow solid, yield: 83%, m.p.179e180 �C, 1H NMR (CDCl3,
300 MHz) d (ppm): 5.15 (s, 2H), 6.05 (s, 2H), 6.89 (d, 1H,
J ¼ 8.120 Hz), 6.97 (s, 1H), 7.04 (d, 1H, J ¼ 8.120 Hz), 7.42e7.46 (m,
2H) 7.55e7.61 (m, 2H) 7.83 (s, 1H), 8.08 (s, 1H). ESI-MS (m/z) 441
(M þ 1) observed for C20H13ClN4O4S.
carbose docked on human intestinal a-glucosidase.
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5.1.7. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-(2-nitrophenyl)-
1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione 3d

Yellow solid, yield: 83%, m.p. 202e205 �C, IR (KBr) cm�1 3155,
2923, 1733, 1675, 1585, 1456. 1H NMR (CDCl3, 300 MHz) d (ppm):
5.13 (s, 2H), 6.04 (s, 2H), 6.89 (d, 1H, J ¼ 9.042 Hz), 7.60 (d, 1H,
J¼ 7.15 Hz), 7.71 (d,1H, J¼ 7.535 Hz), 7.77 (d,1H, J¼ 8.66 Hz), 7.83 (s,
1H), 7.97 (s, 1H), 8.08 (d, 1H, J ¼ 8.66 Hz). ESI-MS (m/z) 452 (M þ 1)
observed for C20H13N5O6S.

5.1.8. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-(4-
isopropylphenyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-
dione 3e

Yellow solid, yield: 79%, m.p. 142e146 �C, 1H NMR (CDCl3,
300 MHz) d (ppm): 1.29 (s, 6H), 2.93e3.02 (m,1H), 5.12 (s, 2H), 6.05
(s, 2H), 6.88e6.91 (d, 1H, J ¼ 8.30 Hz), 6.97 (s, 1H), 7.03e7.06 (d, 1H,
J ¼ 8.3 Hz), 7.33e7.36 (d, 2H, J ¼ 8.3 Hz), 7.59e7.62 (d, 2H,
J ¼ 9.0 Hz), 7.83 (s, 1H), 8.02 (s, 1H). ESI-MS (m/z) 449 (M þ 1)
observed for C23H20N4O4S.

5.1.9. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-p-tolyl-1H-1,2,3-
triazol-4-yl)methyl)thiazolidine-2,4-dione 3f

Yellow solid, yield: 79%, m.p.155e158 �C, 1H NMR (CDCl3,
300 MHz) d (ppm): 1.28 (s, 3H), 5.16 (s, 2H), 6.08 (s, 2H), 6.92 (d, 1H,
J ¼ 8.10 Hz), 6.99 (s, 1H), 7.08 (d, 1H, J ¼ 7.53 Hz), 7.64 (d, 1H,
J ¼ 7.91 Hz) 7.73e7.81 (m, 2H), 7.86 (s, 1H), 8.00 (s, 1H), 8.11 (d, 1H,
J ¼ 7.91 Hz). ESI-MS (m/z) 421 (M þ 1) observed for C21H16N4O4S.

5.1.10. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-(3,4-
difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione
3g

Yellow solid, yield: 85%, m.p.182e184 �C, 1H NMR (CDCl3,
300 MHz) d (ppm): 5.11 (s, 2H), 6.05 (s, 2H), 6.90 (d, 1H, J ¼ 8.477),
6.96 (s, 1H), 7.05 (s, 1H), 7.30 (d,1H, J¼ 11.86 Hz), 7.58e7.64 (m, 2H),
7.85 (d, 1H, J ¼ 2.63 Hz) 7.83 (s, 1H) 8.02 (s, 1H). ESI-MS (m/z) 443
(M þ 1) observed for C20H12F2N4O4S.

5.1.11. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-(4-chloro-3-
fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione
3h

Yellow solid, yield: 80%, m.p.174e175 �C, IR (KBr) cm�1: 3156,
2926, 1736, 1685, 1588, 1451. 1H NMR (CDCl3, 300 MHz) d (ppm):
5.14 (s, 2H) 6.08 (s, 2H), 6.92 (d, 1H, J¼ 8.10 Hz), 6.98 (s, 1H), 7.07 (d,
1H, J¼ 8.10 Hz),7.33 (d,1H, J¼ 8.28 Hz), 7.61e76 (m,1H), 7.83 (d,1H,
J ¼ 2.637 Hz), 7.85 (s, 1H), 8.06 (s, 1H). ESI-MS (m/z) 459 (M þ 1)
observed for C20H12ClFN4O4S.

5.1.12. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-(2-methoxy-4-
methylphenyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione
3i

Yellow solid, yield: 82%, m.p. 200e205 �C, 1H NMR (CDCl3,
300 MHz) d (ppm): 1.25 (s, 3H), 2.414 (s, 3H), 5.12 (s, 2H), 6.04 (s,
2H), 6.88e6.91 (d, 1H, J ¼ 8.12 Hz), 6.97 (s, 1H), 7.03e7.06 (d, 1H,
J ¼ 9.63 Hz), 7.28e7.31 (d, 2H, J ¼ 8.3 Hz), 7.56e7.59 (d, 2H,
J ¼ 8.3 Hz), 7.83 (s, 1H), 8.01 (s, 1H). ESI-MS (m/z) 451 (M þ 1)
observed for C22H18N4O5S.

5.1.13. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-phenethyl-1H-
1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione 3j

Yellow solid, yield: 86%, m.p. 166e165 �C, IR (KBr) cm�1: 3122,
2924, 1744, 1684, 1591, 1506. 1H NMR (CDCl3, 300 MHz) d (ppm):
3.44e3.49 (t, 2H), 4.81e4.86 (t, 2H), 5.27 (s, 2H), 6.35 (s, 2H), 7.18e
7.20 (d, 1H, J ¼ 8.12 Hz), 7.32e7.37 (m, 3H), 7.50e7.59 (m, 4H) 7.62
(s, 1H), 8.01 (s, 1H). ESI-MS (m/z) 435 (M þ 1) observed for
C22H18N4O4S.
5.1.14. 5-(Benzo[1,3]dioxol-5-ylmethylene)-3-((1-octyl-1H-1,2,3-
triazol-4-yl)methyl)thiazolidine-2,4-dione 3k

Yellow solid, yield: 81%, m.p. 95e98 �C, 1H NMR (CDCl3,
300MHz) d (ppm): 0.84e0.89 (t, 3H),1.25e1.30 (s, 6H), 1.85e1.90 (t,
2H), 4.28e4.33 (t, 2H), 5.03 (s, 2H), 6.05 (s, 2H), 6.88e6.91 (d, 1H,
J ¼ 8.12 Hz), 6.96 (s,1H), 7.02e7.05 (d, 1H, J ¼ 8.12 Hz), 7.60 (s, 1H),
7.81 (s, 1H). ESI-MS 415 (m/z) (M þ 1) observed for C20H22N4O4S.
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