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ABSTRACT

INTRODUCTION

With the aid of its everyday biochemical reactions, the
human body regularly builds reactive compounds, against
that there is an antioxidant protection network.!" Despite,
when there may be an inequality, either by elevated
construction of those reactive compounds or from a
decrease within the protection system, an environment
leads to build up oxidative stress.?l Under these conditions,
reactive species produce additive damage to biomolecules,
including lipids, proteins, and DNA, related to numerous
chronic diseases, such as, diabetes mellitus.[?!

Diabetes mellitus refers to an accumulation of
chronic disorders occurring with divergent multiple
etiologies. It consists of excessive levels of blood glucose
(hyperglycemia) due to the malfunctioningin insulin action
and/or insulin secretion, induce impaired metabolism of
carbohydrates, proteins, and lipids in the body.[*!

*Corresponding Author: Gagandeep Kaur

This article describes the synthesis, characterization, and anti-diabetic evaluation of some derivatives
containing thiazolidinedione. The titled derivatives 4a-4y have been prepared by the condensation of
chlorosulfonyl-benzylidine 2,4-thiazolidinedione with thiadiazole derivatives formed by the reaction
of aromatic acid and thiosemicarbazide. The finalization of the reaction was affirmed by thin-layer
chromatography (TLC), and the structures of the derivatives were characterized and analyzed through
Fourier transform-infrared (FT-IR), proton nuclear magnetic resonance (*H-NMR), carbon 13 nuclear
magnetic resonance (*3C-NMR), and mass spectroscopy. Alloxan induced diabetes and oral glucose tolerance
tests were done to evaluate for the anti-diabetic profile of the synthesized derivatives. Furthermore,
docking of the compounds was done using V Life MDS software. The dock score of the test compounds
was in good correlation with the pharmacological activity results. The electron-withdrawing substituents
added on the core structure were more potent inhibitors than others.

Diabetes is correlated with macrovascular and
microvascular complexity, which is the main cause of
death and morbidity in diabetic persons.®! Diabetes can be
controlled through medicines, physical activity, and weight
loss programs that are both too costly or have undesirable
aftereffects or contraindications.®! Consequently, the
search for more secure and more effective anti-diabetic
agents has endured being a field of research of concern.
The World Health Organization (WHO) has encouraged and
recommended using other ways of therapy, mainly in those
areas where the approach to the conventional therapy of
hyperglycemia is not satisfactory.!’”]
Thiazolidinediones are also a member of five-
membered heterocyclic compounds with sulfur, oxygen,
and nitrogen atom in their structure and have a wide
range of pharmacological activities.[® Plasma glucose and
insulin levels are reduced by thiazolidinediones (TZDs),
and limited lipid metabolism abnormalities also get
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improved. Persistent with animal studies, clinical studies
have revealed that treatment with thiazolidinediones can
lower insulin levels and serum glucose of type 2 diabetic
patients with TZDs, besides increasing peripheral glucose
uptake and decreasing triglyceride levels. Moreover,
several heterocyclic moieties, such as, benzoxazinone,
benzoxazole, benzofuran, pyrimidinone, etc., have been
clubbed with thiazolidine-2,4-dione and were found
to show a good to a significant profile of activities.[”]
Therefore, a conscious effortis made in the chemistry part
of the present work to cull out selective modifications of
the thiadiazole and dione skeletons.

MATERIALS AND METHODS

Chemistry

The reagents and solvents were used as usual. TLC was
executed by utilizing precoated silica plates (Merk,
Silica gel 60 F,z,) for analysis. Open glass capillary tubes
in the Thiele's tube were used for the determination of
the melting point and are not corrected. The infrared (IR)
spectra of all intermediates and final derivatives were
reported on a FT-IR spectrometer having KBr pellets
withv,,, values stated in cm™. The '3C-NMR and '"H-NMR
spectra of the synthesized derivatives were collected
from Bruker Avance II 400 NMR spectrometer in
DMSO.

General Method of Synthesis of Thiadiazole
Derivatives (1)

Benzoicacid (0.048 M) and thiosemicarbazide (0.048 mol)
in equimolar quantities were mixed together in phosphorus
oxychloride (16 mL) and refluxed it gently for at least
30 minutes. After that, cooled down the mixture at room
temperature, and 90 mL of water is added to it. The solution
is refluxed again for 4 hours, and it is filtered while hot.
Basification is done by the addition of an aqueous solution
of potassium hydroxide while stirring. Precipitates were
collected, filtered, dried, and recrystallized by ethanol.[®]

General Method of Synthesis of

2,4-Thiazolidinedione (2)

Equimolar quantities of chloroacetic acid (56.4 grams)
and thiourea (45.6 grams) were mixed in 60 mL of H,0
and stirred with a glass rod approximately for 15 minutes.
White precipitates resulted from stirring were cooled
and 60 mL concentrated HCl was added to it slowly from
a dropping funnel. After the addition of concentrated
HCI was completed, it was refluxed and stirred at a mild
temperature of 100 to 110°C for 8 to 10 hours. The flask
was cooled and washed the product with water, filtered,
and collected as a cluster of white needle-like crystals.
Recrystallization was afforded from ethyl alcohol.'% A
single patch was observed on the TLC plate identified the
pureness of the product. n-Hexane:ethyl acetate (8:2) was
used as a solvent system.
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General Procedure for Synthesis of 5-Benzylidine
2,4-Thiazolidinedione (3)

Refluxation of 2,4-thiazolidinedione (2) (2.4 grams,
20 mmol), piperidine (1.4 grams, 16 mmol),
benzaldehyde (20 mmol), and EtOH (150 mL) was done
for 16 to 24 hours. After refluxing, the reaction mixture
was poured into H,0 and acidified with acetic acid to give
solids and recrystallized product with methanol.['!

General Method of Synthesis of 4'-Chlorosulfonyl-
Benzylidene 2,4Thiazolidinedione (4)

In a 100 mL RBF, 8 grams of benzylidine-2,4-
thiazolidinedione (0.0388 M) was placed. 18.08 grams
of chlorosulphonic acid (0.155 M) was added dropwise at
room temperature. The mixture was refluxed for 1-hour
after the chlorosulphonic acid was added completely to
water bath at 60°C. The mixture was cooled completely and
added over mashed ice. The product was filtered, dried,
and purification is done by using ethanol.[*?]

General Procedure for Synthesis of (E)-4-((2,4-
Dioxothiazolidin-5-Ylidene)Methyl)-N-(5-(Phenyl)-1,3,4-
Thiadiazol-2-yl)Benzenesulfonamide (4a-40)

For preparation of final compounds, equimolar quantities
of intermediates (4) synthesized in the earlier step and
thiadiazole derivatives (1) were taken in a flask, and
refluxing was done for 4 hours. Completion of reaction is
noticed by TLC using a solvent system of n-hexane:ethyl
acetate (8:2). After the reaction is over, ice-cold water was
added, and solid was precipitated, which was collected
further and purified from alcohol.**!

Spectral Characterization of Titled Derivatives

Comp 4a

Yield 76%, MP-182 to 184°C. FT-IR 3314 (NH), 3068 (C-H
Ar), 2836 (CH Arylidene) 1671 (C=0)1620 (C=C Ar),
1367 (S0,), 775 (Cl), 666 (C-S); 'H-NMR 6.95 to 7.39 (m, 7H,
ArH), 7.24 (s, 1H, CH), 4.01 (s, 1H, NH); 13C-NMR 155.04,
134.00,132.83, 132.11, 127.60, 126.47, 125.85, 124.70.MS
ES+ (ToF): m/z511.92

Comp 4b

Yield 81%, MP-155 to 157°C. FT-IR 3335 (NH), 3002 (C-H
Ar), 2946 (CH Arylidene) 1670 (C=0)1588 (C=C Ar),
1393 (S0,), 1333 (NO,), 761 (Cl), 685(C-S); 'H-NMR 7.07-
7.62 (m, 7H, ArH), 7.19 (s, 1H, CH), 13C-NMR 168.41, 166.94,
157.40, 153.40, 138.28, 132.51, 131.29, 13.72, 130.04,
128.43, 113.05. MS ES+ (ToF): m/z522.95

Comp 4c

Yield 59%, MP-161 to 163°C. FT-IR 3371 (NH), 3118 (C-H
Ar), 2956 (CH Arylidene) 1678 (C=0), 1328 (S0,), 721 (Cl),
672(C-S); 'H-NMR 7.28 to 8.08 (m, 7H, ArH), 7.53 (s, 1H,
CH), 3.97 (s, 1H, NH); 13C-NMR 155.04, 134.00, 132.83,
132.11, 127.60, 126.47, 125.85, 124.70.MS ES+ (ToF):
m/z511.92
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Comp 4d

Yield 77%, MP-150 to 152°C. FT-IR 3287(NH), 2963 (C-H
Ar), 2835 (CH Arylidene) 1673 (C=0), 1590 (C=C Ar),
1394 (S0,), 771 (Cl), 677 (C-S); 'H-NMR 7.03 to 7.32 (m,
8H, ArH), 7.22 (s, 1H, CH), 3.60 (s, 1H, NH).13C-NMR 168.41,
166.94, 157.40, 153.40, 138.28, 132.51, 131.29, 13.72,
130.04, 128.43, 113.05.MS ES+ (ToF): m/z477.96

Comp 4e

Yield 63%, MP-191 to 193°C. FT-IR 3359 (NH), 3120 (C-H
Ar), 2774 (CH Arylidene) 1630 (C=0), 1585 (C=C Ar),
1394 (S0,), 1332 (NO,), 727 (Cl), 669 (C-S); 'H-NMR 6.94-
9.50 (m, 6H, ArH), 7.92 (s, 1H, CH), 3.78 (s, 1H, NH); !3C-NMR
155.04, 134.00, 132.83, 132.11, 127.60,126.47, 125.85,
124.70.MS ES+ (ToF): m/z556.91

Comp 4f

Yield 78%, MP-222 to 224°C. FT-IR 3319 (NH), 3060 (C-H
Ar), 2811 (CH Arylidene) 1525 (C=C Ar), 1392 (S0,), 1281
(-OCH,), 749 (Cl), 695(C-S); 'H-NMR 7.13 to 7.44 (m, 6H,
ArH), 7.16 (s, 1H, CH), 3.38 (s, 3H, OCH,); 13C-NMR 155.42,
133.86, 132.05, 129.83, 127.80, 126.53, 124.73, 40.64.MS
ES+ (ToF): m/z541.93

Comp 4g

Yield 70%, MP-174 to 176°C. FT-IR 3310 (NH), 3077 (C-H
Ar), 2852 (CH Arylidene) 1688 (C=0), 1602 (C=C Ar),
1349 (S0,), 1281 (-OCH3), 757 (C1), 693(C-S); TH-NMR
7.02 to 7.88 (m, 6H, ArH), 7.16 (s, 1H, CH), 4.40 (s, 1H, NH);
3.47 (s, 3H, OCHj;). 13C-NMR 166.00, 155.16,133.95,132.13,
127.62,126.48,124.70, 40.74.MS ES+ (ToF): m/z541.93

Comp 4h

Yield 63%, MP-209 to 211°C. FT-IR 3317 (NH), 3036 (C-H
Ar), 2849 (CH Arylidene) 1673 (C=0), 1637 (C=C Ar),
1390 (S0,), 758 (Cl), 648(C-S); *H-NMR 6.58 to 7.96 (m, 6H,
ArH), 7.26 (s, 1H, CH), 3.53 (s, 1H, NH); 3*C-NMR 161.68,
160.52, 150.11, 147.54, 133.96, 132.14, 127.67, 126.48,
125.94, 124.68, 122.80, 112.54.MS ES+ (ToF): m/z547.88

Comp 4i

Yield 60%, MP-181 to 183°C. FT-IR 3357 (NH), 1699 (C=0),
1628 (C=C Ar), 1294 (NO,), 790 (Cl), 695(C-S); 'H-NMR:
6.21 to 7.5 (m, 7H, ArH), 7.14 (s, 1H, CH), 1*CNMR 158.72,
155.37, 135.20, 134.00, 132.79, 132.11, 130.97, 129.60,
127.64, 126.49, 124.65.MS ES+ (ToF): m/z556.91

Comp 4j

Yield 57%, MP-157 to 159°C.FT-IR 3335 (NH), 3032 (C-H Ar),
2969 (CH Arylidene) 1691 (C=0), 1609 (C=C Ar), 1365 (SO,),
783 (Cl), 623 (C-S); *H-NMR 7.09 to 7.71 (m, 6H, ArH), 7.35 (s,
1H, CH). 13C-NMR 155.04, 134.00, 132.83, 132.11, 127.60,
126.47,125.85,124.70.MS ES+ (ToF): m/z547.88

Comp 4k

Yield 83%, MP-170 to 172°C. FT-IR 3364 (NH), 3079 (C-H
Ar), 2962 (CH Arylidene) 1639 (C=0), 1602 (C=C Ar),
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1353 (S0,), 789 (Cl), 658 (C-S); 'H-NMR 7.46 t0 9.06 (m, 7H,
ArH), 7.49 (s, 1H, CH), 4.08 (s, 1H, NH); 13C-NMR 160.84,
160.51, 152.08, 149.42, 127.13, 125.05, 112.88, 110.96,
110.30, 108.65.MS ES+ (ToF): m/z511.92

Comp 41

Yield 74%, MP-144 to 146°C. FT-IR 3362 (NH), 2990 (C-H
Ar), 2814 (CH Arylidene) 1688 (C=0), 1607 (C=C Ar),
1398 (S0,), 1349 (NO,), 1270 (-OCH3), 651(C-S); *H-NMR
6.91 to 8.13 (m, 7H, ArH), 6.94 (s, 1H, CH), 3.37 (s, 3H,
-0CH;). *C-NMR 165.27, 162.70, 143.12, 135.18, 125.32,
128.20,126.21,121.54,119.75,87.43, 77.01.MS ES+ (ToF):
m/z519.00

Comp 4m

Yield 68%, MP-234 to 236°C. FT-IR 3301 (NH), 2996 (C-H
Ar), 2882 (CH Arylidene) 1681 (C=0), 1649 (C=C Ar),
1397 (S0,), 1226 (-OCH;), 668 (C-S); 'H-NMR 6.95 to
7.57 (m, 7H, ArH), 7.25 (s, 1H, CH), 3.84 (s, 1H, NH), 3.59 (s,
6H,-0CH;); 13C-NMR 169.13, 167.27,160.70, 143.12,135.18,
128.32,127.20, 126.21, 120.54, 119.75, 77.43, 77.01.MS
ES+ (ToF): m/z504.02

Comp 4n

Yield 74%, MP-188 to 190°C. FT-IR 3412 (NH), 2960 (C-H
Ar), 2830 (CH Arylidene) 1592 (C=C Ar), 1387 (S0,),
1266 (-0OCH,), 770 (C1), 637 (C-S); 'H-NMR 7.37 to 8.63 (m,
7H, ArH), 7.53 (s, 1H, CH), 4.10 (s, 1H, NH) 3.72 (s, 3H,
-0CH,); *C-NMR 169.13, 167.27, 160.70, 143.12, 135.18,
128.32,127.20,126.21,120.54, 119.75, 77.01MS ES+ (ToF):
m/z507.97

Comp 4o

Yield 65%, MP-155 to 157°C. FT-IR 3361 (NH), 3012 (C-H
Ar), 2988 (CH Arylidene) 1692 (C=0), 1649 (C=C Ar),
1391 (S0,), 1260 (-OCH3), 666(C-S); 6.47 to 7.39 (m, 8H,
ArH),7.21 (s, 1H, CH), 3.82 (s, 1H, NH), 3.72 (s, 3H, -OCH3).
13C-NMR 165.27, 162.70, 143.12, 135.18, 125.32, 128.20,
126.21, 121.54, 119.75, 87.43, 77.01.MS ES+ (ToF): m/
z474.01

Anti-Diabetic Evaluation

Alloxan-induced Model

The animals were made to adapt and fasted overnight.
On the day of starting, all the animals receive a dose
of 120 mg/kg i.p. of alloxan monohydrate prepared in
normal saline. This group serves as alloxan control for
comparison. To beat the early hypoglycemic phase a
solution of 5% dextrose was dispensed for a day. The
standard group was given an injection of glibenclamide
in a dose of 5 mg/kg of the body weight. The test
compounds (50 mg/kg) were dispensed orally by making
a solution with CMC (0.25%). The level of blood glucose
was monitored by collecting the blood from tail vein on
the strip of glucometer, and readings were noted on 0-day,
3rd day, and 7th day of the model.**]
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Oral Glucose Tolerance Test (OGTT)

The OGTT was carried out subsequently after 15 days of
diet treatment. After 8 hours of fasting, dextrose solution
(2 g/kgbody weight) was administrated intraperitoneally,
and blood glucose levels collected from tail vein were
checked at 0, 30, 60, and 120 minutes afterward glucose
injection using a glucometer (Accu-Chek).[%]

Molecular Modelling

Docking

Molecular docking experiments were carried out on seven
enzymes by using the molecular Design Suite (V-Life
MDS 3.0 software package, version 3.0, from VLife
Sciences, Pune, India), on a Windows 7, Windows Server
2008 R2 (operating system version 6.1), Genuine Intel
Computer ID: 783232402132454023. The crystal
structures of peroxisome proliferator-activated receptor-
gamma (PPARG) (PDB Code-2XKW, resolution: 3.1 A*)[*®!
were digitized from Research Collaboratory for Structural
Bioinformatics (RCSB) protein data bank (PDB). The
modification of the basic PDB structure of the protein was
carried out by managing the imperfect and missing amino
acid residues. The ligand previously embedded within
the structure of the protein was amended. To the crystal
structure of the protein side-chain, hydrogens were added
and then provided with hydrogen atoms in the side-chain,
and finally, they were upraised up to the root mean squared
(RMS) gradient 1. The receptor was then optimized and
converted into as mol file and saved in a folder for docking
purposes. The ligands with low energy conformation
were selected and docked with standard precision (SP)
docking mode into the grid generated from protein
structure.

RESULTS AND DISCUSSION

Five or six-membered heterocyclic aromatic compounds
have been under exploration for a long time because of
their wide range of biological activities. In small-molecule
heterocyclic compounds, thiadiazole and thiazolidinedione
are known scaffolds for potential drugs. Plasma glucose and
insulin levels are reduced by thiazolidinediones (TZDs),
and some of the abnormalities of lipid metabolism also get
improved. Moreover, several heterocyclic moieties, such as,
benzoxazinone, benzoxazole, benzofuran, pyrimidinone,
etc., have been clubbed with thiazolidine-2,4-dione and
were found to show a good to a significant profile of
activities.[”) Therefore, a conscious effort is made in the
chemistry part of the present work to cull out selective
modifications of the thiadiazole and dione skeletons.

Chemistry

Series of derivatives (4a-40) was designed and synthesized,
according to Synthetic scheme mentioned in Fig. 1. A
reaction of benzoic acid with thiosemicarbazide was
done in the presence of phosphorus oxychloride to yield
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the desired amino thiadiazoles. In another step, portions
of chloroacetic acid and thiourea were mixed together, a
white precipitate formed after stirring for 15 minutes, to
which was added dropwise in small parts of concentrated
hydrochloric acid (60 mL) from a dropping funnel and
refluxed for 8 to 10 hours toyield the 2,4-thiazolidinedione,
proceeding which aromatic aldehyde was then attached
to the thiazolidinedione system in the presence of
piperidine. After that, chlorosulphonic acid was reacted
with benzylidene derivatives to give up the chlorosulfonyl-
thiazolidinedione. At the last step, both the intermediates
were joined together to form title compounds (4a-4o0).
Molecular weights of all the synthesised compounds
were depicted in Table 1. TH-NMR reveals the existence
of singlet for -NH group at §3.14 along with the absence
of singlet for two protons of -NH, group of thiadiazole at
64.52 to 7.01, which proved the product formation. The
]
—_— R\ﬁiﬁ/NHz
Thiadiazole (1)

RCOOH =4 H,N—NH
>/—NH2

Benzoic acid Thiosemicarbazide

H
H N
cl S N Oz 20
Oy =0 AICHO
‘>/*OH + HZN% — e = T 7
NH, s

S
0 4
Chloroacetic acid Thiourea ‘ =i =2
o
RI
S0,CI
N H
~ R N
N7 Ouw '~ =0
e ‘
s NH R NH, s
0= - \ﬁfﬁ/ + 7 @)
N .
H \O Thiadiazole (1) ‘ \/R
4(a0) . -

(B2 5 EX
S0,01

Fig. 1: Synthetic scheme for title derivatives (4a-40)

Table 1: Derivatives 4a-40 with molecular weights

S. No. R R’ Mol. Wt.
4a p-chloro phenyl 2-Cl 513.4
4b -do- 2-NO, 523.95
4c -do- 3-Cl 513.4
4d -do- - 478.95
4e 2,4-dichloro phenyl 3-NO, 558.39
4f -do- 3-0CH; 543.42
4g -do- 2-0CH; 543.42
4h -do- 2-Cl 547.84
4i -do- 2-NO, 558.39
4j -do- 3-Cl 547.84
4k -do- - 513.4
4] -do- 3-NO, 519.33
4m 2-methoxy phenyl 3-0CH; 504.56
4n -do- 3-Cl 508.98
40 -do- - 474.73
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appearance of one proton singlet in the range 62 to 5
in NMR spectra confirmed the fusion of thiadiazole moiety
with thiazolidinediones.

Biological Activity

Synthesized compounds were screened for their efficiency
against diabetes is calculated by alloxan-induced model!**!
and oral glucose tolerance test.[' In the case of the alloxan-
induced model, the level of blood glucose was mentored
at 0-day, 3rd day, and 7th day. In the case of oral glucose
tolerance test, after 8 hours of fasting, blood glucose levels
were resoluted at intervals of 0, 30, 60, and 120 minutes
after glucose solution administration, using a glucometer.
The results for the models were represented in Tables 2
and 3.

From the results of the alloxan model, compound
4k with o,p-dichloro group was found to be the most
dynamic one with significant reductions in blood glucose
level (141.22 *+ 10.35) as compared to control. Similarly,
another compound 41 with meta nitro group gave good
results as compared to standard drug. In the case of
oral glucose tolerance test, after 8 hours of fasting, glucose
solution (2 g/kg body weight) was administrated
intraperitoneally, and tail vein blood glucose levels were
checked at0, 30, 60,and 120 minutes after glucose injection,
using a glucometer. Results described that compounds 4;j
with ortho, para-dichloro groups, respectively, showed
a significant reduction in blood glucose (82.9 * 1.79)
and (84.05 = 1.45) compared to the standard drug
glibenclamide.

Docking

A preferred geometry of interaction of ligand-receptor
complexes with minimum interaction energy grounded
on diverse scoring functions, such as, electrostatic
forces, the sum of steric and electrostatic forces, and
the dock score is termed as molecular docking.'”! The
synthesized compounds of both the series interacted with
the active site of proteins using VLife MDS 3.0 software
package to understand the binding interactions. From
the complete analysis, it was concluded that almost all
compounds had shown interactions with proteins with
considerable scores. The docking results illustrated
that the thiadiazole center of these compounds was
gripped in the active pocket by forming the hydrophobic
and hydrogen bonding interaction with amino acid
residues. Receptor PPARG (PDB code-2KXWY, resolution:
3.1A°) was digitized from the RCSB protein data bank.
After minimizing the energy, all generated conformers
were placed in the GRIP docking wizard selected from the
Biopredicta module. The conformer with the best dock
result is kept safe in the output folder. The conformer
with the best orientation in the receptor's binding pocket
having a minimum dock score with more negative value
on the scoring function indicated better docking. The
interaction energy of the ligands and their interactions has
presented appreciable results. The optimized complexes
were then analyzed for various interactions of the
molecule with protein and hydrogen bonding, and many
other types of interactions, like van der Waals interaction
and hydrophobic bonding, were revealed.

Table 2: Anti-diabetic activity of derivatives (4a-40) by alloxan-induced model

Glucose concentration (mg/dL)

S. No. Dose (mg/kg) 0-day
Normal control - 81.9+0.71
Alloxan control 120 224.28 +4.22
Glibenclamide 5 216.3+1.78
4a 50 226.28 +1.69
4b 50 231.55+1.09
4c 50 22478 +4.79
4d 50 22443 +2.36
4e 50 234.28+1.17
4f 50 235.38+1.38
4g 50 230.48+6.2
4h 50 237.65 + 2.73
4i 50 237.08 + 2.7
4j 50 2389+2.24
4k 50 22478 +4.79
41 50 223.83 + 2.64
4m 50 237.35+6.32
4n 50 22633 +3.74
40 50 227.45+1.08

3rd day 7th day

79.95 + 0.58 81.25 + 0.45
270.95 +9.58 292.3 +8.92
130.52 + 16.23"™ 96.4 +15.22™
244.62 +1.77 154.72 + 1.89°
235.2+2.57 166.45 + 9.65
227.17 192" 168.02 + 8.65"
232.4 223" 154.7 + 1.56"
223.15 £ 0.87 163.8 £9.35
233.32+4.1 154 + 11.44
224.2 £ 2.05 155.1 + 10.75
230.82 + 2.78 154.15 + 11.46
22427 + 1.6 166.45 +9.42
233.7£2.3 165.1 + 10.18

223.15+3.03"
210.2 £ 6.317

141.22 +10.35"
166.15 + 7.64™

210.2 +1.98" 155.1 +10.67"
209.3+0.71" 153.22 +10.52"
224.45 + 0.65 153.22 + 10.78

Each value was expressed in a Mean + SEM; obtained results were analysed by statistically using one-way, ANOVA followed by Dunnett’s’t

test (n = 6); Significant p values are ** regarded to be p <0.05 and*** p <0.0001.
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Table 3: Anti-diabetic activity of derivatives (4a-40) by oral glucose tolerance test

Gagandeep Kaur et al.

Glucose concentration (mg/dL)

Treatment Dose (mg/kg) 0 mins 30 mins 60 mins 120 mins
Normal control 0.9% saline 72.82 +2.97 77.52 +1.86 72.62+1.6 75.45 £ 1.25
10% glucose 2 80.47 + 2.08 143.57 + 2.05 156.9 + 1.17 137.05 + 1.62
Glibenclamide 5 78.55 + 1.53" 67.27 227 71.7 £1.49™ 68.8+1.18™
4a 50 89.52 + 0.72 154.3 +1.26 136.42 + 1.25 104.42 + 1.46
4b 50 88.3+0.51 141.42 + 1.04 115.07 + 1.56 94.37 +1.23"
4c 50 88.47 + 0.78 134.27 +1.71° 124.8 + 1.03" 96.47 + 1.99"
4d 50 87.3+0.75 141.67 + 1.48 107.95+1.9" 105.17 + 1.18
4e 50 89.42 +1.26 137 £+ 1.01" 127.75 + 1.23 124.2 + 1.68
4f 50 87 +1.11 139.1 + 1.93" 125.55 + 1.71 111.1 £ 1.79
4g 50 87.27 £ 0.67 143.92 +1.71 126.22 + 1.14 108.7 + 1.43
4h 50 88 +1.37 134.55 + 1.83" 106.52 + 1.81" 105.77 + 1.35
4i 50 91.3+0.5 135.35 + 1.23" 106.32 + 1.46" 95.45 + 1.42"
4 50 88.17 +1.21 135.5 +1.93" 114.57 + 1.86 84.05 + 1.45"
4k 50 89.47 + 0.06 143.57 + 1.24 107.95 + 1.78" 95.5 + 1.43"
4] 50 88.35 + 0.64 134.72 +1.77" 114.1+1.74" 103.57 + 1.67"
4m 50 87.87 + 0.81 134.27 +1.88" 106.62 + 1.84" 89.07 + 1.91"
4n 50 87.72 + 0.49 145.75 + 1.99 125.55 + 1.27 95.02 + 1.06"
40 50 91.50 + 0.51 139.1 + 1.44" 113.77 + 1.45" 94.56 + 1.45"

Each value was expressed in a Mean + SEM; obtained results were analysed by statistically using one-way ANOVA, followed by Dunnett’s”t
test (n = 6); Significant p values are ** regarded to be p < 0.05 and*** p <0.0001.

Fig. 2: Image of ligand in cavity with minimum score are
represented here with hydrogen bonding interaction, hydrophobic
interactions, and van der Waals interactions shown with dotted
lines in blue, green, and red colors, respectively

The minimum score has been obtained for ligand 40 with
the dock score of -82.907601 kcal/mol with different
interactions between amino acid PRO206A, GLU207A,
GLU448A, ASP210A, GLN444B, and TYR447B, as shown in
Fig. 2. Here, itis concluded that the thiazolidinedione ring's
nitrogen atoms, the carbonyl group of thiazolidinedione,
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are involved in hydrogen bonding and van der Waals
interactions. All compounds provided satisfactory dock
scores ranging from -82.907601 to -30.114406 kcal/mol.

Structure-Activity Relationship (SAR)

From all the above data obtained from biological and
computational studies of novel synthesized compounds,
SAR is derived, and it shows that specifically, substituted
thiazolidinedione-thiadiazoles are more potent than
non-substituted derivatives. The occurrence of the
electron-withdrawing substituents, like o,p-NO,, and
Cl groups on phenyl ring substituted on thiadiazole and
thiazolidinedione, may be responsible for the improvement
in the in vivo biological potential. It is observed that the
dock score predicted by the software isin good correlation
with the experimental values. It culminates from the
overall comparison of computational and biological
activity that substituents have variable effects on the
observed pharmacological activities. It is concluded from
the SAR that derivatives 4c and 4k possessing electron-
withdrawing groups were found to be highly active for
the in vivo anti-diabetic activity.

CONCLUSION

From all the data obtained from the computational and
biological evaluation of the novel synthesized compounds,
the structure-activity relationship was derived, and it
shows that for most of the compounds, the occurrence
of an electron-withdrawing group on arylidene ring of




Synthesis and Antidiabetic Evaluation of some Novel Nitrogen-containing Small Heterocyclic Derivatives

a thiazolidinedione and heterocyclic ring system, i.e.,
thiadiazole nucleus potentially increases the biological
profile of the series. It is observed that the dock score
predicted by the software is in good correlation with
the experimental values. It culminates from the overall
comparison of all the biological activities that substituents
have variable effects on the observed pharmacological
actions. The substituents, like chloro and nitro, added
on the core structure were more potent inhibitors than
methyl phenyl derivatives. Therefore, it is believed that
the compounds from the present series can assist in
the designing and development of new pharmacological
agents.
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