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a-Glucosidase is an intestinal membrane-bound enzyme that catalyzes the final step in the digestion of carbohydrates. It cleaves the
glycosidic bonds of oligosaccharides to release glucose and its inhibition results in delayed glucose absorption, thereby inhibiting post-
prandial hyperglycemia and hyperinsulinemia in patients with type 2 diabetes. Therefore, in view of the biological role of a-glucosidase
as an antidiabetic drug target, a series of 5-(substituted)-1,3-thiazolidine-2,4-diones (C1-C6) were designed, synthesized and characterized
by FT-IR, *H NMR, *3C NMR and mass spectral analyses. All the compounds were subjected to in vitro a-glucosidase inhibitory evaluation.
Among the compounds tested for a-glucosidase inhibitory activity, compounds C1 and C3 exhibited significant inhibition, with 1Cso
values of 0.1363 + 0.00085 puM and 3.63780 + 0.00005 pM, respectively. Structure-activity relationship (SAR) analysis of the test
compounds revealed the positive contribution of the 1,3-thiazolidine-2,4-dione moiety and the phenyl ring substituents at the 5-position
of the 1,3-thiazolidine-2,4-dione scaffold towards the observed activity.
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INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic disorders
characterized by persistent hyperglycaemia resulting from the
impaired insulin secretion, insulin action or both [1]. Pro-
longed hyperglycaemia damages multiple organ systems,
particularly the cardiovascular system, kidneys, retina and
nervous system, increasing the risk of complications such as
kidney failure, stroke, myocardial infarction, blindness and
lower-limb amputation [2]. According to the IDF Diabetes
Atlas, diabetes affects approximately 536.6 million people
(10.5% of the global population) and this number is projected
to reach 783.2 million (12.2%) by 2045 [3]. DM is classified
into three major forms viz. type 1 diabetes mellitus (T1DM),
type 2 diabetes mellitus (T2DM) and gestational diabetes.
T1DM results from autoimmune destruction of pancreatic B-
cells, leading to absolute insulin deficiency and lifelong
insulin therapy. T2DM is characterized by insulin resistance
accompanied by impaired insulin secretion [4]. Gestational
diabetes develops during pregnancy as a result of glucose

intolerance and is associated with adverse maternal and fetal
outcomes if left untreated.

Thiazolidinediones (TZDs), due to their ability to decre-
ase insulin resistance by increasing insulin sensitivity in the
liver, muscle and adipose tissue, have high potential for stru-
ctural modification to improve their efficacy. According to
Lebovitz et al. [5], rosiglitazone and pioglitazone both showed
similar effects in reducing blood glucose levels by lowering
HbAlc levels by approximately 0.5% and preserving B-cell
function better than sulfonylureas. According to the DREAM
(diabetes reduction assessment with ramipril and rosiglita-
zone medication ongoing follow-up) study [6], rosiglitazone
was found to reduce the progression of 3-cell dysfunction and
decrease the long-term risk of diabetes development. How-
ever, existing thiazolidinediones could not successfully pass
all clinical evaluations due to several adverse findings,
including heart failure caused by fluid retention, potential fatal
idiosyncratic hepatotoxicity, increased risk of acute ischemic
events, risk of bladder cancer and other serious side effects.
Besides contributing to glycaemic control, TZDs also provide
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additional benefits. Studies have shown that rosiglitazone
reduces fasting insulin levels, increases HDL levels and signi-
ficantly decreases high-sensitivity C-reactive protein (hs-CRP)
levels.

o-Glucosidases are vital enzymes that hydrolyse O- and
S-glycosyl residues and are involved in the biosynthesis and
processing of oligosaccharide chains of N-linked glycopro-
teins. During the hydrolysis of glycosidic bonds at the termi-
nal glucose cleavage site, a- and B-glucosidases catalyse the
reaction through the action of two carboxylic acid side chains
[7]. The catalytic mechanisms of o- and B-glucosidases differ,
where one residue attacks the anomeric centre as a catalytic
nucleophile while the other weakens the C—O bond as an acid
catalyst. Acarbose, voglibose and miglitol are among the clini-
cally approved a-glucosidase inhibitors used for the manage-
ment of diabetes. Therefore, the design and development of
glucosidase inhibitors with improved selectivity and efficacy
are still needed. a-Glucosidase inhibitors are also recognized
for their anti-HIV and antiviral activities, as they can alter the
glycosylation of envelope glycoproteins by interfering with
the biosynthesis of N-linked oligosaccharides [8]. Recently,
several synthetic ligands have been reported to exhibit inhi-
bitory activity against a-glucosidase.

This study does not introduce a new thiazolidinedione
scaffold. Its novelty lies in the systematic evaluation of the
structure—activity relationship (SAR) and in vitro a-gluco-
sidase inhibitory activity of a series of 5-(substituted)-1,3-
thiazolidine-2,4-dione derivatives to identify promising hit
molecules [9]. This work extends our previous efforts toward
the development of novel a-glucosidase inhibitors [10-12]
and provides valuable insights for the lead optimization of
the thiazolidinedione scaffold rather than the discovery of a
new chemotype.

EXPERIMENTAL

All reagents and chemicals were of analytical grade and
purchased from Sigma-Aldrich (St. Louis, MO, USA). These
included 3-(4-fluorophenyl)-1,3-thiazolidine-2,4-dione, benzal-
dehyde, 4-dimethylaminobenzaldehyde, 4-methyl-/4-chloro/

F. (o) CHO
N J< + AN
)\/ S y
Substituted
benzaldehyde

3-(4-Fluorophenyl)
thiazolidine-2,4-dione

4-fluoro/4-bromobenzaldehyde, piperidine, acetone, methylene
chloride, LC-grade methanol, hexane, ethyl acetate, absolute
ethanol, dimethyl sulfoxide (DMSO) and 4-nitrophenyl-a.-D-
glucopyranoside.

The purity of the synthesized compounds was monitored
by thin-layer chromatography (TLC) on pre-coated silica gel
60 F2s4 plates (0.25 mm; Merck, USA) using n-hexane/ethyl
acetate as the developing solvent system. FT-IR spectra were
recorded on a Shimadzu MIRATffinity-1S spectrometer (Japan).
'H NMR spectra were acquired on a 500 MHz Varian NMR
spectrometer (USA) using TMS as the internal standard. The
compounds were weighed using a Mettler Toledo ML204
analytical balance (USA). High-resolution electrospray ioni-
zation mass spectra (HR-ESI-MS) were recorded on a Thermo
Scientific Q Exactive Focus Orbitrap LC-MS/MS system
(USA). Melting points were determined in open capillary
tubes using a Stuart Scientific SMP1 melting point apparatus
(United Kingdom) and are uncorrected.

General procedure for the synthesis of 5-benzylidene
derivatives of 3-(4-fluorophenyl)-2,4-thiazolidinedione (C1-
C6): 3-(4-Fluorophenyl)-2,4-thiazolidinedione (50 mg) was
dissolved in 5 mL of absolute ethanol and 24 pL of piperidine
was added using a pipette into the solution with continuous
gentle stir. An equimolar amount of the appropriate substi-
tuted benzaldehyde was weighed (or pipetted for liquid deri-
vatives) and added to the reaction mixture. The mixture was
stirred at 75 °C for 1 h, then allowed to cool. The resulting solid
was collected by filtration and dried in an oven at 40 °C for 20
min (Scheme-1). The purity of the product was examined by
TLC using a solvent system of 30% ethyl acetate and 70%
n-hexane.

5-Benzylidene-3-(4-fluorophenyl)thiazolidine-2,4-dione
(C1): Cream coloured amorphous powder; yield: 65%; m.p.:
210 °C; m.f.: Ci6H10FNO-S; relative molecular mass: 299;
FT-IR (ATR, Vimax, cm™): 3057.17 (=C-H str.), 1759.08 (C=0
str.), 1678.07 (conjugated C=0 str.); *H NMR (500 MHz,
DMSO-ds, & ppm): 7.35-7.39 (t, 2H, J; = 10 MHz, J, = 10
MHz, Ar-H), 7.50-7.57 (m, 5H, Ar-H), 7.65 (d, 2H, J = 10
MHz, Ar-H), 7.98 (s, 1H, benzylidene -C=C-H); **C NMR
(500 MHz, DMSO-dg, 8 ppm): 167.37, 165.60, 163.44, 161.48,
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Scheme-I: Synthesis of 5-benzylidene derivatives of 3-(4-fluorophenyl)-2,4-thiazolidinedione (C1-C6)
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157.38, 141.87, 133.46, 131.10, 130.83, 130.76, 130.56, 129.87,
129.67, 129.64, 121.94, 116.65, 116.46; ESI-HRMS (m/z):
300.0485 [M+H]* (positive-ion mode).
3-(4-Fluorophenyl)-5-(4-methylbenzylidene)thiazoli-
dine-2,4-dione (C2): Pale yellow coloured amorphous pow-
der; yield: 51%; m.p.: 226 °C; m.f.; C17H12FNO,S; relative
molecular mass: 313; FT-IR (ATR, vmax, cm™): 3078.39 (=C-H
str.), 1755.22 (C=0 str.), 1680.00 (conjugated C=0 str.); *H
NMR (500 MHz, DMSO-ds, 6 ppm): 2.37 (s, 3H, Ar-CHs),
7.35-7.38 (m, 4H, Ar-H), 7.48-7.52 (m, 2H, Ar-H), 7.55 (d,
2H, J = 5 MHz, Ar-H), 7.94 (s, 1H, benzylidene -C=C-H);
13C NMR (500 MHz, DMSO-dg, § ppm): 167.40, 165.67,
163.42, 161.46, 141.47, 133.55, 130.85, 130.77, 130.72, 130.65,
130.51, 129.71, 120.67, 116.63, 116.45; ESI-HRMS (m/2):
314.0652 [M+H]* (positive-ion mode).
5-(4-(Dimethylamino)benzylidene)-3-(4-fluorophenyl)-
thiazolidine-2,4-dione (C3): Dark yellow coloured amorp-
hous powder; yield: 27%; m.p.: 268 °C; m.f.; C1gH15FN20,S;
relative molecular mass: 342; FT-IR (ATR, vma, cm™): 3080.32
(=C-H str.), 1735.93 (C=0str.), 1676.14 (conjugated C=0 str.);
'H NMR (500 MHz, DMSO-dg, & ppm): 3.02 (s, 6H, N-(CH3)2),
6.83(d, 2H, J=5 MHz, Ar-H), 7.34-7.38 (t, 2H, J; = 10 MHz,
J, = 10 MHz, Ar-H), 7.47-7.50 (m, 4H, Ar-H), 7.84 (s, 1H,
Benzylidene -C=C-H); *C NMR (500 MHz, DMSO-ds, & ppm):
168.28, 165.53, 163.08, 161.21, 152.09, 134.70, 132.85, 130.88,
130.81, 130.18, 120.24, 116.56, 116.38, 113.62, 112.58; ESI-
HRMS (m/z): 343.2963 [M+H]* (positive-ion mode).
5-(4-Chlorobenzylidene)-3-(4-fluorophenyl)thiazolidine-
2,4-dione (C4): Light yellow coloured amorphous powder;
yield: 46%; m.p.: 235 °C; m.f.: CisHoCIFNO,S; relative
molecular mass: 333; FT-IR (ATR, vmax, cm™): 3016.67 (=C-H
str.), 1753.93 (C=0 str.), 1681.93 (conjugated C=0 str.); *H
NMR (500 MHz, DMSO-ds, 6 ppm): 7.36-7.40 (t, 2H, J; =
10 MHz, J, = 10 MHz, Ar-H), 7.50-7.52 (m, 2H, Ar-H), 7.62
(d, 2H, J = 10 MHz, Ar-H), 7.69 (d, 2H, J = 10 MHz, Ar-H),
7.99 (s, 1H, Benzylidene -C=C-H); *C NMR (500 MHz, DMSO-
ds, & ppm): 167.02, 165.52, 161.51, 161.22, 142.76, 135.71,
132.20, 132.07, 130.86, 130.79, 129.98, 123.12, 122.53, 116.68,
116.50; ESI-HRMS (m/z): 334.2255 [M+H]" (positive-ion
mode).
5-(4-Fluorobenzylidene)-3-(4-fluorophenyl)thiazolidine-
2,4-dione (C5): Greenish yellow coloured amorphous pow-
der; yield: 22%; m.p.: 215 °C; m.f.: C16HoF2NO,S; relative
molecular mass: 317; FT-IR (ATR, vma, cm): 2918.30 (=C-H
str.), 1761.01 (C=0 str.), 1685.79 (conjugated C=0 str.); *H
NMR (500 MHz, DMSO-ds, 6 ppm): 7.36-7.43 (m, 4H, Ar-H),
7.50-7.53 (m, 2H, Ar-H), 7.74-7.76 (m, 2H, Ar-H), 8.00 (s,
1H, Benzylidene -C=C-H); *C NMR (500 MHz, DMSO-ds,
8 ppm): 165.23, 164.26, 160.92, 155.71, 144.92, 137.25, 133.11,
130.87, 130.80, 129.30, 121.92, 121.26, 117.18, 117.01, 116.49;
ESI-HRMS (m/z): 318.0400 [M+H]* (positive-ion mode).
5-(4-Bromobenzylidene)-3-(4-fluorophenyl)thiazoli-
dine-2,4-dione (C6): Light yellow coloured amorphous
powder; yield: 29%; m.p.: 246 °C; m.f.: CisHgBrFNO,S;
relative molecular mass: 378; FT-IR (ATR, vimax, cm™): 3082.25
(=C-H str.), 1735.93 (C=0 str.), 1668.86 (conjugated C=0
str.); 'H NMR (500 MHz, DMSO-ds, 8 ppm): 7.36-7.40 (t,
2H, J; = 10 MHz, J; = 10 MHz, Ar-H), 7.50-7.53 (m, 2H, Ar-

H), 7.61 (d, 2H, J =10 MHz, Ar-H), 7.76 (d, 2H, J = 10 MHz,
Ar-H), 7.97 (s, 1H, benzylidene -C=C-H); 3C NMR (500 MHz,
DMSO-dg, 6 ppm): & 165.53, 161.50, 154.14, 151.69, 150.80,
140.31, 139.41, 135.10, 132.91, 132.34, 132.16, 130.86,
124.65, 122.86, 116.68, 116.50; ESI-HRMS (m/z): 379.9623
[M+H]* (positive-ion mode).

In vitro a-Glucosidase inhibitor screening: The a-gluco-
sidase inhibitory activity of compounds C1-C6 were evaluated
using in vitro a-glucosidase enzymatic kinetics. The a-gluco-
sidase inhibitory activity was evaluated using Saccharomyces
cerevisiae o-glucosidase (Type 1), 4-nitrophenyl-a-D-gluco-
pyranoside (pNPG) as the substrate, voglibose as the refer-
ence inhibitor and compounds C1-C6 as the test samples
(100-1 uM). Phosphate buffer (pH 7.3) was used as the reac-
tion medium and molecular biology-grade dimethyl sulfoxide
(DMSO) served as the solvent.

Phosphate buffer solution (PBS, pH 7.3) was prepared
by dissolving a pre-adjusted buffer tablet in distilled water.
The enzyme solution (0.0125-0.8 U/mL) and pNPG substrate
solution (0.0125-0.8 mM) were prepared in PBS, while the
test compounds and voglibose were dissolved in DMSO to
obtain stock solutions (100 uM). A calibration curve (r > 0.999)
was constructed using 0.1 U/mL enzyme and pNPG concen-
trations ranging from 0.0125 to 0.8 mM at 405 nm.

The assay was carried out in 130 pL reaction mixtures
containing enzyme, substrate, buffer and either the test com-
pound, voglibose or DMSO as appropriate. Control, reaction
blank, solvent blank, test and standard wells were prepared
using the corresponding reagent combinations. The release of
p-nitrophenol was monitored by measuring the absorbance at
405 nm after 20 min of incubation. The percentage (%) enzyme
inhibition calculated using the following formula:

Abstest compound Abssolvent blank j
Abscontrol - Abscontrol blank

Statistical analysis was carried out using Microsoft Excel.

Enzyme inhibition (%) = [1—

RESULTS AND DISCUSSION

The structures of synthesized compounds C1-C6 were
established based on the Knoevenagel condensation mech-
anism, in which substituted benzaldehydes react with the
activated methylene group of 3-(4-halophenyl)thiazolidine-
2,4-dione to form the corresponding 5-substituted thiazoli-
dine-2,4-dione derivatives. The proposed structures were assi-
gned from the expected reaction pathway and characterized
through combined interpretation of HRMS, FT-IR, *H NMR,
and 3C NMR spectral data.

The electrospray ionization mass spectrum (ESI-MS) of
compound C1, recorded in the positive-ion mode (m/z 100-
1000) using methanol as the solvent, exhibited a pseudo-
molecular ion peak at m/z 300.0485 corresponding to the
[M+H]* ion. This value agreed with the calculated molecular
formula C16H10FNO,S (m.w. 299). The FT-IR spectrum dis-
played characteristic absorption bands at 1759.08 and
1678.07 cm™?, assigned to the two carbonyl (C=0) stretching
vibrations of the thiazolidine-2,4-dione ring, while the band
at 3057.17 cm* corresponded to the olefinic (=C—H) stretch-
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ing vibration. The *H NMR spectrum matched the expected
proton count for the proposed structure. A singlet at & 7.98
ppm was assigned to the benzylidene proton, consistent with
the formation of the Knoevenagel condensation product. The
remaining nine aromatic protons appeared between 6 7.35 and
7.65 ppm. Inthe 3C NMR spectrum, the benzylidene carbons
resonated at & 141.87 and 116.65 ppm, while the carbonyl
carbons of the thiazolidine-2,4-dione ring appeared at &
167.37 and 165.60 ppm. The remaining aromatic carbons
resonated between & 121.94 and 163.44 ppm. The HRMS,
FT-IR, 1H NMR, and 13C NMR data were consistent with
the proposed structure of C1, identified as 5-benzylidene-3-
(4-fluorophenylthiazolidine-2,4-dione.

The ESI-MS spectrum of compound C2, recorded under
identical conditions, exhibited a pseudo-molecular ion peak
at m/z 314.0652 corresponding to the [M+H]* ion, in agree-
ment with the calculated molecular formula C17H12FNO,S (m.w.
313). The FT-IR spectrum showed characteristic carbonyl
stretching bands at 1755.22 and 1680.00 cm, together with
an olefinic (=C—H) stretching band at 3078.39 cm™. The 'H
NMR spectrum was consistent with the expected proton count.
The benzylidene proton appeared as a singlet at 6 7.94 ppm,
while the remaining eight aromatic protons resonated bet-
ween § 7.35 and 7.55 ppm. A singlet at § 2.37 ppm integrating
for three protons confirmed the presence of the aromatic
methyl substituent. The 3C NMR spectrum exhibited benzy-
lidene carbon resonances at  141.47 and 120.67 ppm, where-
as the carbonyl carbons appeared at 6 167.40 and 165.67 ppm.
The remaining aromatic carbons resonated between 6 116.45
and 163.42 ppm. The combined spectroscopic data established
the structure of C2 as 3-(4-fluorophenyl)-5-(4-methylbenzyli-
dene)thiazolidine-2,4-dione.

Compound C3 gave a pseudo-molecular ion peak at m/z
343.2963 ([M+H]") in the positive-ion ESI-MS spectrum,
consistent with the proposed molecular formula CigH1sFN2O,S
(m.w. 342). The FT-IR spectrum displayed carbonyl stretching
vibrations at 1735.93 and 1676.14 cm™* along with an olefinic
(=C—H) stretching band at 3080.32 cm™. The *H NMR spec-
trum agreed with the theoretical proton count. A singlet at &
7.84 ppm corresponded to the benzylidene proton, while the
remaining eight aromatic protons resonated between & 6.83
and 7.50 ppm. A singlet at 8 3.02 ppm integrating for six pro-
tons confirmed the presence of the N,N-dimethylamino
substituent. In the 3C NMR spectrum, the benzylidene carbons
resonated at & 152.09 and 113.62 ppm, the carbonyl carbons
appeared at 5 168.28 and 165.53 ppm and the remaining aro-
matic carbons resonated between & 112.58 and 163.08 ppm.

The electrospray ionization mass spectrum (ESI-MS) of
compound C4, recorded in the positive-ion mode (m/z 100-
1000) using methanol as the solvent, exhibited a pseudo-
molecular ion peak at m/z 334.2255 corresponding to the
[M+H]* ion. The observed molecular ion agreed with the
proposed molecular formula C16HeCIFNO,S (m.w. 333). The
FT-IR spectrum displayed characteristic absorption bands at
1753.93 and 1681.93 cm™?, assigned to the two carbonyl
(C=0) stretching vibrations of the thiazolidine-2,4-dione
ring, together with an olefinic (=C-H) stretching band at
3016.67 cm™. The *H NMR spectrum matched the expected

proton count for the proposed structure. A singletat § 7.99 ppm
was assigned to the benzylidene proton, consistent with the
formation of the Knoevenagel condensation product, while
the remaining eight aromatic protons resonated between &
7.36 and 7.69 ppm. In the 3C NMR spectrum, the benzyli-
dene carbons appeared at 5 142.76 and 122.53 ppm, whereas
the carbonyl carbons of the thiazolidine-2,4-dione ring reso-
nated at 8 167.02 and 165.52 ppm. The remaining aromatic
carbons were observed between § 116.68 and 161.51 ppm.
The combined HRMS, FT-IR, 'H NMR and *C NMR data
supported the proposed structure of C4, identified as 5-(4-
chlorobenzylidene)-3-(4-fluorophenyl)thiazolidine-2,4-dione.

The ESI-MS spectrum of compound C5, recorded under
identical conditions, exhibited a pseudo-molecular ion peak
at m/z 318.0400 corresponding to the [M+H]* ion. This value
agreed with the calculated molecular formula C1gHgF.NO,S
(m.w. 317). The FT-IR spectrum showed characteristic car-
bonyl stretching bands at 1761.01 and 1685.79 cm™. The
absorption band reported at 2918.30 cm™, assigned to the
olefinic (=C—H) stretching vibration, should be verified using
the original FT-IR spectrum, as olefinic C-H stretching
vibrations are generally observed in the 3100-3000 cm™
region. The *H NMR spectrum agreed with the expected proton
count. The benzylidene proton appeared as a singlet at & 8.00
ppm, while the remaining eight aromatic protons resonated
between § 7.36 and 7.76 ppm. The *C NMR spectrum exhi-
bited benzylidene carbon resonances at & 144.92 and 117.18
ppm. The carbonyl carbons of the thiazolidine-2,4-dione ring
appeared at 6 165.23, 164.26 ppm, and the remaining aro-
matic carbons resonated between & 116.49 and 160.92 ppm.
Thus, based on these data the proposed structure of C5 is
assigned as 5-(4-fluorobenzylidene)-3-(4-fluorophenyl)thia-
zolidine-2,4-dione.

Compound C6 gave a pseudo-molecular ion peak at m/z
379.9623 ([M+H]*) in the positive-ion ESI-MS spectrum, con-
sistent with the proposed molecular formula C1sHsBrFNO,S
(m.w. 378). The FT-IR spectrum displayed characteristic absor-
ption bands at 1735.93 and 1668.86 cm™, assigned to the
carbonyl (C=0) stretching vibrations of the thiazolidine-2,4-
dione ring, together with an olefinic (=C-H) stretching band
at 3082.25 cm™. The *H NMR spectrum matched the expec-
ted proton count. A singlet at 6 7.97 ppm corresponded to the
benzylidene proton, while the remaining eight aromatic protons
resonated between § 7.36 and 7.76 ppm. In the *C NMR
spectrum, the benzylidene carbons resonated at & 140.31 and
122.86 ppm. The carbonyl carbons of the thiazolidine-2,4-
dione ring appeared at & 165.53 and 161.50 ppm, whereas the
remaining aromatic carbons resonated between & 116.50 and
154.14 ppm. Thus, based on these data the proposed structure
of C6 is confirmed as 5-(4-bromobenzylidene)-3-(4-fluoro-
phenyl)thiazolidine-2,4-dione.

In vitro a-glucosidase inhibitory activity: The a-gluco-
sidase inhibitory activity results of the synthesized comp-
ounds C1-C6 are shown in Table-1. The ICso values indicate
the concentration required for 50% inhibition of the a-gluco-
sidase enzyme, where lower ICsp values correspond to stronger
inhibitory potency. Among the compounds evaluated, comp-
ound 1 (0.1363 uM) demonstrated the most potent inhibitory
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TABLE-1
In vitro a-GLUCOSIDASE INHIBITORY ACTIVITY (ICs0) OF 5-BENZYLIDENE
DERIVATIVES OF 3-(4-FLUOROPHENYL)-2,4-THIAZOLIDINEDIONE (C1-C6)

Molecule structural features

Substituent on the N3-substituent at the

Compound ICs0 (M) Core scaffold 5-benzylidene-1,3- Electronic position 3 of 1,3-
thiazolidine-2,4-dione MBI thiazolidine-2,4-dione

C1 0.1363 + 0.00085 1,3-Thiazolidine-2,4-dione - - 4-Fluorophenyl
C2 88.15760 + 0.63095  1,3-Thiazolidine-2,4-dione 4-Methyl EDG 4-Fluorophenyl
C3 3.63780 £ 0.00005  1,3-Thiazolidine-2,4-dione 4-Di-methyl-amino EDG 4-Fluorophenyl
C4 4.58130 + 0.00001 1,3-Thiazolidine-2,4-dione 4-Chloro EWG 4-Fluorophenyl
C5 4.28490 + 0.00001 1,3-Thiazolidine-2,4-dione 4-Fluoro EWG 4-Fluorophenyl
C6 5.36620 + 0.00001  1,3-Thiazolidine-2,4-dione 4-Bromo EWG 4-Fluorophenyl

Voglibose 0.0434 + 0.002

EWG: Electron withdrawing group, EDG: Electron donating group

activity among the synthesized derivatives and showed activity
comparatively close to the standard drug voglibose (0.0434
uM). In contrast, compounds 3 (3.6378 uM), 5 (4.2849 uM)
and 4 (4.5813 uM) exhibited moderate inhibitory activity, while
compound 6 (5.3662 uM) displayed comparatively lower
potency. Compound 2 (88.1576 uM) showed the weakest inhi-
bitory activity among all the tested compounds.

The structure activity relationship (SAR) analysis of com-
pounds C1-C6 showed that substitutions on the 5-benzylidene
moiety of the 1,3-thiazolidine-2,4-dione scaffold had a marked
influence on a-glucosidase inhibitory activity. All synthesized
compounds contained the 1,3-thiazolidine-2,4-dione ring and a
4-fluorophenyl substituent at the N-3 position. These structural
features are common to all derivatives and are likely to
contribute to enzyme inhibition. Variations in inhibitory potency
were mainly related to the substituents on the phenyl ring of the
5-benzylidene moiety, particularly their electron-donating (EDG)
or electron-withdrawing (EWG) properties.

Among the synthesized compounds, C1, bearing an unsub-
stituted benzylidene phenyl ring, exhibited the highest inhibitory
activity with an 1Csp value of 0.1363 uM, approaching that of
the reference inhibitor voglibose (ICso = 0.0434 puM). The
absence of a substituent on the benzylidene ring may provide a
steric and electronic environment favorable for interaction with
the a-glucosidase active site. Substitution of the phenyl ring
generally reduced the inhibitory activity. Among the compounds
containing EDGs, C3 bearing a 4-dimethylamino group exhi-
bited moderate activity (ICso = 3.6378 pM), whereas C2,
containing a 4-methyl substituent, showed much weaker inhi-
bition (1Csp = 88.1576 uM). The stronger electron-donating effect
of the dimethylamino group may promote more favourable
interactions with the enzyme active site, whereas the weaker
electron-donating ability of the methyl group appears insuffi-
cient to maintain high inhibitory potency.

Compounds containing EWGs, namely C4 (4-chloro), C5
(4-fluoro) and C6 (4-bromo), exhibited moderate a-glucosidase
inhibitory activity with 1Cso values of 4.5813, 4.2849 and 5.3662
uM, respectively. Among the halogen-substituted derivatives,
C5 displayed the highest activity, followed by C4 and C6. The
differences in inhibitory activity may be related to variations in
electronegativity, atomic size, lipophilicity and steric effects.
The lower activity of the bromo derivative may arise from the

larger atomic radius of bromine, which can increase steric
hindrance around the binding region.

The SAR analysis also identifies the nature of the substi-
tuent on the 5-benzylidene phenyl ring as a key factor governing
a-glucosidase inhibitory activity. The 1,3-thiazolidine-2,4-dione
scaffold and the 4-fluorophenyl substituent at the N-3 position
were present in all active compounds and appear to provide the
structural framework required for enzyme inhibition. Modifi-
cations at the 5-benzylidene phenyl ring influence inhibitory
potency through electronic and steric effects. The unsubstituted
benzylidene derivative (C1) exhibited the highest activity among
the synthesized compounds, whereas weak electron-donating
groups and bulky halogen substituents reduced the inhibitory
potency. These results provide useful information for the future
design and optimization of 1,3-thiazolidine-2,4-dione deriva-
tives as a-glucosidase inhibitors.

Conclusion

In conclusion, a series of six 1,3-thiazolidine-2,4-dione
derivatives bearing different substituents at the 5-benzy-
lidene position were successfully synthesized while retaining
a common 1,3-thiazolidine-2,4-dione core scaffold with a
4-fluorophenyl substituent at the N3 position. All synthesized
compounds were evaluated for their a-glucosidase inhibitory
activity. Among the synthesized derivatives, compound C1
exhibited the most potent inhibitory activity, followed by com-
pound C3, demonstrating promising potential as a-glucosi-
dase inhibitors. SAR analysis revealed that the nature of the
substituent on the 5-benzylidene phenyl ring markedly influ-
enced the inhibitory activity. The unsubstituted benzylidene
derivative (C1) displayed the highest potency, whereas
substitution generally reduced inhibitory activity to varying
extents depending on the electronic and steric properties of
the substituent. These findings support the design and opti-
mization of 1,3-thiazolidine-2,4-dione derivatives as a-gluco-
sidase inhibitors.
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