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A novel series of phenyl-triazolo-thiadiazole derivatives (6a-m) was designed and synthesised via a stepwise synthetic route starting with
benzoic acid. The key transformation involved the cyclo-condensation of 4-amino-3-mercapto-5-phenyl-2,4-dihydro-1,2,4-triazole with
appropriately substituted benzoic acids to afford the target compounds. All the synthesised derivatives were subjected to comprehensive
in silico evaluation, like molecular docking, toxicity and density functional theory (DFT) studies. Docking analysis demonstrated that
compound 6i exhibited greater binding affinity (-9.9 kcal/mol) toward the selected inflammatory target when compared with the reference
drug mefenamic acid (-8.0 kcal/mol). Toxicological assessment suggested that the synthesised molecules possess acceptable and
comparable safety profiles. DFT calculations indicated that compound 6i displays favourable chemical reactivity, attributed to its
moderate electrophilicity index. Furthermore, Molecular dynamics (MD) simulations bear stable protein—ligand interactions for
compound 6i, although minor conformational fluctuations were observed, indicating limited dynamic stability. The anti-inflammatory
effectivity of compounds 6a-m was further validated through in vivo rat paw edema experiments, where compound 6i emerged as the
most active candidate, exhibiting the statistically significant activity (p < 0.01).
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INTRODUCTION

Thiazoles are an important class of heterocyclic comp-
ounds and key structural motifs in numerous biologically
active and pharmacologically significant molecules. Several
therapeutic agents contain the thiazole nucleus including fen-
tiazac and meloxicam (anti-inflammatory), nizatidine (anti-
ulcer), sulfathiazole (antimicrobial), ritonavir (antiretroviral)
and bleomycin and tiazofurin (antineoplastic) drugs [1-4].
Owing to its privileged pharmacophoric nature, the thiazole
ring is widely explored for the design of novel bioactive
compounds and exhibits diverse biological activities [5-7].

The chemistry of 1,2,4-triazoles has undergone signifi-
cant and rapid development in modern heterocyclic research.
Literature reports identify the 1,2,4-triazole ring as a key pharm-
acophoric scaffold with considerable relevance in medicinal

chemistry. Derivatives containing this nucleus exhibit a broad
spectrum of biological activities including antibacterial, anti-
fungal, antitubercular, and anticancer properties [8-10].

In addition to thiazoles and 1,2,4-triazoles, sulfur contain-
ing heterocycles constitute another important class of comp-
ounds with considerable synthetic and pharmacological
relevance. Numerous derivatives of these sulfur heterocycles
have been reported to exhibit diverse biological activities,
including antibacterial, antitubercular, antifungal, anticancer,
antimycobacterial, diuretic and hypoglycemic properties [11-13].
Among them, mercapto-substituted 1,2,4-triazoles have
attracted particular attention because of their dual importance
as bioactive molecules and versatile synthetic intermediates.
Owing to the presence of a reactive mercapto group, these
compounds readily undergo cyclization and condensation
reactions to furnish fused heterocyclic systems such as triazolo-
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thiadiazoles, triazolothiazepines, triazolothiazines thiazolo-
triazoles and triazolothiadiazines [14,15].

Notably, 4-amino-3-mercapto-5-phenyl-2,4-dihydro-1,2,4-
triazole has emerged as a valuable bifunctional precursor for
the synthesis of structurally diverse and pharmacologically
significant heterocycles, particularly triazolothiadiazole deri-
vatives. These fused systems have been extensively investig-
ated in medicinal chemistry and have demonstrated promising
antimicrobial and anti-inflammatory activities, highlighting
their potential for further structural optimization and thera-
peutic development [16].

Recent advances in heterocyclic and medicinal chemistry
have highlighted the strategic importance of halogen substi-
tution in modulating molecular properties. Incorporation of
halogen atoms can alter lipophilicity, electronic distribution,
metabolic stability, target-binding affinity and is therefore
widely employed in the rational design of bioactive molecules
[17]. In particular, replacement of hydrogen with halogen
substituents has frequently resulted in the enhanced biological
activity across diverse heterocyclic systems. Accordingly,
the introduction of a chlorophenyl moiety was expected to
improve the pharmacological potential of the synthesized
compounds, consistent with the reported activity of 1,2,4-
triazolo[3,4-b][1,3,4]thiadiazole derivatives [18,19].

Non-steroidal anti-inflammatory drugs (NSAIDs) remain
among the most widely used agents for the treatment of pain
and inflammation. Their therapeutic action primarily arises
from inhibition of cyclooxygenase (COX)-mediated prosta-
glandin biosynthesis. However, the presence of two function-
ally distinct COX isoforms and the non-selective inhibition
exhibited by many conventional NSAIDs are associated with
adverse effects, particularly gastrointestinal complications
[20,21]. In addition, the predominantly acidic nature of several
clinically used NSAIDs contributes to gastric irritation, thereby
limiting long-term use.

These limitations have stimulated continued efforts toward
the discovery of safer anti-inflammatory agents with improved
tolerability. In this regard, fused heterocyclic systems posse-
ssing established pharmacological relevance have gained
increasing attention. Among them, triazolothiadiazole scaff-
olds, containing fused triazole and thiadiazole rings, represent
promising candidates for anti-inflammatory drug development.
Based on these considerations, the present study focuses on the
rational design and synthesis of a series of triazolothiadiazole
derivatives, followed by systematic evaluation of their anti-
inflammatory potential using integrated computational and
experimental approaches, with the aim of identifying struct-
urally optimized and safer therapeutic candidates [22,23].

EXPERIMENTAL

All reagents were purchased from Merck (India) and
Loba Chemicals (India) and used as received. Solvents were
freshly distilled prior to use. Reaction progress and purity was
assessed by TLC on silica gel 60 Fzsq plates using chloroform:
ethanol (7:3, v/v) as the mobile phase. Infrared spectra were
recorded on a Shimadzu spectrometer and NMR spectra were
obtained on a Bruker automated spectrometer using DMSO-
ds as the solvent. Mass spectra were acquired using a Micromass

Q-TOF mass spectrometer, while elemental analyses were per-
formed with a Perkin-Elmer CHNS/O analyzer (Series I, USA).

Synthesis of 4-amino-3-mercapto-5-phenyl-2,4-dihydro-
1,2,4-triazole (5): Benzoic acid (1, 0.246 mol) was esterified
with methanol (2.5 mol) in the presence of conc. H.SO4 (2.7
mL) under reflux to afford methyl benzoate (2) in 50% yield.
Compound 2 (0.073 mol) was subsequently treated with
hydrazine hydrate (0.21 mol) in ethanol to obtain benzo-
hydrazide (3) in 50% vyield. Benzohydrazide (3) (0.01 mol)
was dissolved in methanol (10 mL), cooled to 0-5 °C and
reacted with KOH (2 g) and CS; to furnish the corresponding
potassium dithiocarbazate intermediate (4) in 78% yield.
Refluxing compound 4 (0.01 mol) with hydrazine hydrate
(0.01 mol) for 4-6 h resulted in cyclization with evolution of
H>S. The reaction mixture was then acidified, and the resul-
ting precipitate was collected, washed with cold water and
recrystallized from aqueous methanol to yield 4-amino-3-
mercapto-5-phenyl-2,4-dihydro-1,2,4-triazole (5) as a white
solid. Yield 48%; m.p.: 195-198 °C (lit. 211-215 °C); FTIR
(KBTI, vmax, cm™): 3120 (N-H), 3050 (Ar. H), 2960 (Ar. H),
2550 (S-H), 1650 (C=N), 1600 (C=C), 1475 (C=C), 1120 (C-
N), 640 (C-S); *H NMR, 400 MHz, DMSO-ds: 5 5.70 (s, 2H,
amine), 7.81-7.61 (d, 2H, J = 8.24 Hz, benzene), 8.19-7.88 (t,
J = 8.13 Hz, 3H, benzene), 13.90 (s, 1H, Ar. C-S-H); 3C
NMR (125 MHz, DMSO-ds, 5 ppm): 126.43, 128.31, 128.78,
129.04, 131.94, 135.80, 148.38, 164.74; LC-MS, m/z, %:
193.06, M+1, 9.8%.

Synthesis of phenyl-triazolo-thiadiazole derivatives
(6a-m): Compound 5 (0.01 mol) and the appropriate substi-
tuted benzoic acid (0.01 mol) were dissolved in POCl3 (10 mL)
and refluxed for 7-8 h. After completion. The mixture was
poured over crushed ice and neutralised with agueous sodium
bicarbonate. The resulting phenyl-triazolo-thiadiazole deriva-
tives (6a-m) were collected by filtration, washed with water,
dried and recrystallised using hot ethanol (Scheme-1).

3,6-Diphenyl-[1,2 4]triazolo[3,4-b][1,3,4]thiadiazole (6a):
Colour: white, yield: 88%, m.p.: 112-114 °C; Elemental analysis
of CisH1oNsS (m.w. 278.33): calcd. (found) %: C, 64.73
(64.77); H, 3.62 (3.68); N, 20.13 (20.10); S, 11.52 (11.48);
FTIR (KBr, vmax, cm™): 2910 (Ar. H), 1690 (C=N), 1600
(C=C), 1475 (C=C), 1360 (C-N), 1170 (N-N), 760 (C-S);
'H NMR (400 MHz, DMSO-ds, & ppm): 8.46-8.32 (d, J =
8.17 Hz, 2H, phenyl-triazolothiadiazoles), 8.26-7.96 (d, J =
8.44 Hz, 2H, phenyl-triazolothiadiazoles), 7.83-7.59 (t, J =
7.98 Hz, 3H, benzene), 7.46-7.35 (t, J = 8.11 Hz, 3H, benzene);
13C NMR (125 MHz, DMSO-ds, & ppm): 127.17, 127.56,
128.27, 129.33, 129.56, 129.82, 129.99, 130.56, 130.84,
130.92, 131.56, 133.48, 149.64, 154.12, 167.11; LC-MS,
m/z, %: 293.21, M+1, 20.10.

6-(2-Chlorophenyl)-3-phenyl-[1,2,4]triazolo[3,4-b]-
[1,3,4]thiadiazole (6b): Colour: white, yield: 82%, m.p.:
127-129 °C; Elemental analysis of C1sHgN4SCI (m.w. 312.78):
calcd. (found) %: C, 57.60 (57.63); H, 2.90 (2.91); N, 17.91
(17.93); S, 10.25 (10.28); FTIR (KBr, vimax, cm™): 3100 (Avr.
H), 1680 (C=N), 1600 (C=C), 1475 (C=C), 1400 (C-N), 740
(C-Cl), 830 (C-S); *H NMR (400 MHz, DMSO-ds, § ppm):
8.46-8.32 (d, J = 8.09 Hz, 2H, phenyl-triazolothiadiazoles),
8.26-7.96 (t, J = 8.15 Hz, 2H, phenyl-triazolothiadiazoles),
7.83-7.64 (d, J =7.89 Hz, 2H, benzene), 7.59-7.35 (t, J=8.31
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Scheme-I: Synthesis of phenyl-triazolo-thiadiazole derivatives (6a-m)

Hz, 3H, benzene); **C NMR (125 MHz, DMSO-dg, § ppm):
127.12, 127.44, 127.56, 128.27, 129.33, 129.56, 129.82,
130.56, 130.84, 131.56, 132.48, 148.78, 153.12, 167.11,
174.56; LC-MS, m/z, %: 313.48, M+1, 23.1.
6-(4-Chlorophenyl)-3-phenyl-[1,2,4]triazolo[3,4-b]-
[1,3,4]-thiadiazole (6¢): Colour: white, yield: 79%, m.p.:
123-125 °C; Elemental analysis of C1sHgN4SCI (m.w. 312.78):
calcd. (found) %: C, 57.62 (57.64); H, 2.96 (2.95); N, 17.95
(17.96); S, 10.23 (10.26); FTIR (KB, vimax, cm): 3110 (Ar.
H str.), 1680 (C=N str.), 1475 (C=C str.), 1320 (C-N str.),
680 (C—Cl str.), 840 (C-S str.); *H NMR (400 MHz, DMSO-
de, & ppm): 8.46-8.22 (d, J = 8.11 Hz, 2H, phenyl-triazolothia-
diazoles), 8.16-7.81 (t, J = 8.07 Hz, 2H, phenyl-triazolothia-
diazoles), 7.76-7.62 (d, J = 7.77 Hz, 2H, benzene), 7.55-7.45
(t, J =8.13 Hz, 3H, benzene); *C NMR, (125 MHz, DMSO-
de, & ppm): 127.17,127.56, 128.27, 128.73, 129.16, 129.42,
129.69, 129.86, 130.84, 131.42, 131.56, 134.48, 143.84,
154.78, 167.14; LC-MS, m/z, %: 314.11, M+1, 21.1.
6-(2-Bromophenyl)-3-phenyl-[1,2,4]triazolo[3,4-b]-
[1,3,4]thiadiazole (6d): Colour: yellow, yield: 66%, m.p.:
120-122 °C; Elemental analysis of C1sHgN4SBr (m.w. 357.23):
calcd. (found) %: C, 50.43 (50.48); H, 2.59 (2.61); N, 15.39
(15.41); S, 9.24 (9.27); FTIR (KB, Vimax, cm): 3130 (Ar-H
str.), 1680 (C=N str.), 1590 (C=C str.), 1430 (C=C str.), 1350
(C-N str.), 760 (C-S str.), 620 (C-Br str.); *H NMR (400
MHz, DMSO-dgs, 5 ppm): 8.43-8.24 (d, J = 8.06 Hz, 2H,
phenyl-triazolothiadiazoles), 7.94-7.74 (t, J = 8.15 Hz, 2H,
phenyl-triazolothiadiazoles), 7.67-7.53 (d, J = 7.81 Hz, 2H,
benzene), 7.45-7.33 (t, J = 8.11 Hz, 3H, benzene); °C NMR
(125 MHz, DMSO-ds, 5 ppm): 127.33,127.49, 127.56, 128.29,
129.43, 129.76, 129.82, 130.56, 130.84, 131.86, 132.78,
147.78, 154.75, 166.89, 176.12; LC-MS, m/z, %: 358.19,
M+1, 28.1.
6-(4-Bromophenyl)-3-phenyl-[1,2,4]triazolo[3,4-b]-
[1,3,4]thiadiazole (6e): Colour: yellow, yield: 69%, m.p.:
112-114 °C; Elemental analysis of C1sHgN4SBr (m.w. 357.23):
calcd. (found) %: C, 50.47 (50.49); H, 2.54 (2.58); N, 15.43
(15.45); S, 9.27 (9.33); FTIR (KBTI, Vmax, cm™): 3110 (Ar-H

str.), 1690 (C=N str.), 1590 (C=C str.), 1475 (C=C str.), 1280
(C-N), 640 (C-S str.), 840 (C-Br str.); 'H NMR (400 MHz,
DMSO-ds, & ppm): 8.38-8.21 (d, J = 8.19 Hz, 2H, phenyl-
triazolothiadiazoles), 8.15-7.86 (t, J = 8.25 Hz, 2H, phenyl-
triazolothiadiazoles), 7.78-7.65 (d, J = 7.65 Hz, 2H, benzene),
7.58-7.45 (t, J = 8.52 Hz, 3H, benzene); 3C NMR, (125 MHz,
DMSO-ds, 8 ppm): 127.44, 127.56, 128.54, 128.73, 129.20,
129.43, 129.70, 129.87, 130.33, 13126, 131.66, 134.12,
143.64, 154.77, 167.44; LC-MS, m/z, %: 358.11, M+1, 19.1.
2-(3-Phenyl-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-
yl)phenol (6f): Colour: white, yield: 82%, m.p.: 146-148 °C;
Elemental analysis of CisH1oNsOS (m.w. 294.33): calcd.
(found) %: C, 63.95 (63.98); H, 5.04 (5.09); N, 18.27 (18.31);
S, 10.89 (10.85); FTIR (KBTI, vinax, cm™): 3440 (O-H str.),
3110 (Ar—H str.), 1680 (C=N str.), 1590 (C=C str.), 1430
(C=C str.), 1320 (C—N str.), 1180 (C-O str.), 770 (C-S str.);
'H NMR (400 MHz, DMSO-ds, 5 ppm): 9.68-9.60 (s, 1H,
Hydroxy), 8.52-8.23 (d, J = 8.26 Hz, 2H, benzene), 7.98-7.69
(t, J =8.23 Hz, 2H, benzene), 7.62-7.42 (d, J = 8.09 Hz, 2H,
phenyl-triazolothiadiazoles), 7.35-7.19 (t, J = 8.12 Hz, 3H,
phenyl-triazolothiadiazoles); **C NMR (125 MHz, DMSO-
de, & ppm): 127.28, 127.67, 127.88, 128.17, 129.43, 129.66,
129.82, 130.56, 130.87, 131.15, 132.48, 147.88, 154.55,
166.12, 175.56; LC-MS, m/z, %: 295.12, M+1, 32.1.
4-(3-Phenyl-[1,2 4]triazolo[3,4-b][1,3,4]thiadiazol-6-

yl)phenol (6g): Colour: white, yield: 83%, m.p.: 150-152 °C;
Elemental analysis of CisHioN4sOS (m.w. 294.33): calcd.
(found) %: C, 64.02 (64.07); H, 5.35 (5.38); N, 19.27 (19.25);
S, 10.78 (10.74); FTIR (KBTI, vimax, cm™): 3390 (O-H str.),
3150 (Ar—H str.), 1610 (C=N str.), 1610 (C=C str.), 1475
(C=C str.), 1380 (C—N str.), 1240 (C—-O str.), 760 (C-S str.);
'H NMR (400 MHz, DMSO-ds, & ppm): 9.79-9.72 (s, 1H,
Hydroxy), 8.48-8.26 (d, J=8.13 Hz, 2H, benzene), 7.98-7.71
(t, J = 8.61 Hz, 2H, benzene), 7.61-7.47 (d, J = 8.33Hz, 2H,
phenyl-triazolothiadiazoles), 7.36-7.11 (t, J = 8.56 Hz, 3H,
phenyl-triazolothiadiazoles); **C NMR (125 MHz, DMSO-
de, & ppm): 127.24, 127.67, 138.25, 128.60, 129.22, 129.43,
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129.73,129.88, 130.35, 131.26, 131.66, 134.14, 143.74, 154.84,
167.47; LC-MS, m/z, %: 295.14, M+1, 32.1.
3-Phenyl-6-(o-tolyl)-[1,2,4]triazolo[3,4-b][1,3,4]thia-
diazole (6h): Colour: brown, yield: 74%, m.p.: 110-112 °C;
Elemental analysis of CisH12N4S (m.w. 292.36): calcd.
(found) %: C, 59.89 (59.92); H, 4.40 (4.41); N, 18.17 (18.24);
S, 10.83 (10.79); FTIR (KBTI, vimax, cm™): 3240 (C-H aroma-
tic str.), 3140 (C-H of CHjs str.), 1620 (C=N str.), 1455
(C=C), 1340 (C-N), 740 (C-S str.); 'H NMR (400 MHz,
DMSO-ds, 8 ppm): 8.41-7.91 (d, J = 8.41 Hz, 2H, phenyl-
triazolothiadiazoles), 7.86-7.62 (t, J = 8.25 Hz, 2H, phenyl-
triazolothiadiazoles), 7.56-7.35 (d, J = 8.41 Hz, 2H, benzene),
7.22-7.12 (t, J = 8.23 Hz, 3H, benzene), 2.63 (s, 3H, methyl);
13C NMR, 125 (400 MHz, DMSO-ds, & ppm): 18.63, 125.57,
127.88, 128.17, 128.63, 129.46, 129.52, 130.16, 130.87,
131.15, 132.43, 133.15, 151.11, 156.55, 167.41, 177.71; LC-
MS, m/z, %: 293.14, M+1, 19.0.
3-Phenyl-6-(p-tolyl)-[1,2,4]triazolo[3,4-b][1,3,4]thia-
diazole (6i): Colour: brown, yield: 68%, m.p.: 116-118 °C;
Elemental analysis of CigH12N4S (m.w. 292.36): calcd.
(found) %: C, 58.89 (58.86); H, 5.40 (5.43); N, 17.93 (17.89);
S, 11.13 (11.15); FTIR (KB, vmax, cm™): 3250 (C-H aromatic
str.), 3140 (C—H of CHgs str.), 1610 (C=N str.), 1450 (C=C),
1350 (C-N), 750 (C-S str.); *H NMR (400 MHz, DMSO-ds,
S ppm): 8.44-7.92 (d, J = 8.46 Hz, 2H, phenyl-triazolothia-
diazoles), 7.85-7.64 (t, J = 8.18 Hz, 2H, phenyl-triazolothia-
diazoles), 7.55-7.36 (d, J = 8.19 Hz, 2H, benzene), 7.22-7.14
(t, J=8.77 Hz, 3H, benzene), 2.74 (s, 3H, methyl); 3C NMR
(125 MHz, DMSO-ds, & ppm): 19.81, 127.25, 127.76, 128.39,
128.73,129.21, 129.59, 129.68, 129.87, 130.61, 131.26, 131.59,
134.29, 143,53, 154.84, 167.86; LC-MS, m/z, %: 293.32, M+1,
18.0.
6-(2-Methoxyphenyl)-3-phenyl-[1,2,4]triazolo[3,4-b]-
[1,3,4]thiadiazole (6j): Colour: white, yield: 69%, m.p.: 156-
158 °C; Elemental analysis of CisH12N4OS (m.w. 308.36):
calcd. (found) %: C, 60.06 (60.11); H, 4.72 (4.60); N, 23.52
(23.48); S, 11.86 (11.82); FTIR (KBr, Vmax, cm™): 3320 (C-H
aromatic str.), 2920 (C—H of CH3 str.), 1610 (C=N str.), 1475
(C=C), 1240 (C-0), 1120 (C-N), 750 (C-S str.); *H NMR
(400 MHz, DMSO-dg, 6 ppm): 8.38-7.93 (d, J = 8.33 Hz, 2H,
phenyl-triazolothiadiazoles), 7.88-7.67 (t, J = 8.93 Hz, 2H,
phenyl-triazolothiadiazoles), 7.56-7.31(d, J = 8.15 Hz, 2H,
benzene),7.26-7.16 (t, J = 8.34 Hz, 3H, benzene), 4.21 (s, 3H,
methoxy); C NMR (125 MHz, DMSO-dg, & ppm): 56.29,
125.55, 127.84, 128.22, 128.63, 129.44, 129.52, 130.16,
130.72, 131.15, 132.40, 133.41, 151.11, 156.49, 167.15,
177.77; LC-MS, m/z, %: 309.23, M+1, 22.40.
6-(4-Methoxyphenyl)-3-phenyl-[1,2,4]triazolo[3,4-b]-
[1,3,4]thiadiazole (6k): Colour: white, yield: 71%, m.p.: 162-
164 °C; Elemental analysis of CigH12N4OS (m.w. 308.36):
calcd. (found) %: C, 60.26 (60.23); H, 4.86 (4.82); N, 23.64
(23.61); S, 11.76 (11.73); FTIR (KB, Vmax, cm™): 3260 (C-H
aromatic str.), 3120 (C—H of CH3 str.), 1630 (C=N str.), 1240
(C-0), 1100 (C—-N), 750 (C-S str.); *H NMR (400 (400 MHz,
DMSO-ds, & ppm): 8.34-7.91 (d, J = 8.82 Hz, 2H, phenyl-
triazolothiadiazoles), 7.87-7.61 (t, J = 8.33 Hz, 2H, phenyl-
triazolothiadiazoles), 7.54-7.33 (d, J = 8.59 Hz, 2H, benzene),
7.25-7.17 (t, J = 8.89 Hz, 3H, benzene), 4.28 (s, 3H, methoxy);

13C NMR (125 MHz, DMSO-ds, 8 ppm): 55.86, 123.25,
125.76, 127.39, 128.73, 129.21, 129.59, 129.68, 129.87,
130.61, 131.26, 131.49, 134.86, 143.72, 154.84, 167.25; LC-
MS, m/z, %: 309.22, M+1, 18.61.

2-(3-Phenyl-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-
ylaniline (61): Colour: white, yield: 77%, m.p.: 123-125 °C;
Elemental analysis of CisH1iNsS (m.w. 293.35): calcd.
(found) %: C, 58.55 (58.51); H, 4.16 (4.21); N, 19.66 (19.61);
S, 10.86 (10.82); FTIR (KB, vmax, cm): 3380 (N-H str.),
3320 (C-H aromatic str.), 1610 (C=N str.), 1475 (C=C str.),
1120 (C-N str.), 830 (C-S); *H NMR (400 MHz, DMSO-ds,
d ppm): 8.37-7.93 (d, J = 8.26 Hz, 2H, benzene), 7.88-7.61
(t, J =8.36 Hz, 2H, benzene), 7.47-7.28 (d, J = 8.91 Hz, 2H,
phenyl-triazolothiadiazoles), 7.19-6.91 (t, J = 8.52 Hz, 3H,
phenyl-triazolothiadiazoles), 5.53 (s, 2H, amino); C NMR
(125 (400 MHz, DMSO-ds, 6 ppm): 123.28, 125.57, 127.88,
128.17, 128.53, 129.46, 129.82, 130.16, 130.87, 131.15,
132.43, 151.11, 156.55, 167.12, 177.56; LC-MS, m/z, %:
294.46, M+2, 50.23%.

4-(3-Phenyl-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-
yhaniline (6m): Colour: white, yield: 75%, m.p.: 128-130
°C; Elemental analysis of CisH11NsS (m.w. 293.35): calcd.
(found) %: C, 58.63 (58.65); H, 4.07 (4.11); N, 19.06 (19.10);
S, 10.77 (10.78); FTIR (KB, vmax, cm1): 3380 (N-H str.),
3310 (C-H aromatic str.), 1610 (C=N str.), 1475 (C=C str.),
1120 (C-N str.), 840 (C-S); *H NMR (400 MHz, DMSO-ds,
d ppm): 8.31-7.89 (d, J = 8.53 Hz, 2H, benzene), 7.79-7.59
(t, J =8.69 Hz, 2H, benzene), 7.48-7.29 (d, J = 8.38 Hz, 2H,
phenyl-triazolothiadiazoles), 7.18-6.93 (t, J = 8.59 Hz, 3H,
phenyl-triazolothiadiazoles), 5.47 (s, 2H, amino); *C NMR
(125 (400 MHz, DMSO-ds, 6 ppm): 123.59, 125.58, 126.98,
127.57, 128.26, 129.16, 129.82, 130.22, 130.87, 131.15,
132.43, 151.15, 156.17, 167.52, 177.19; LC-MS, m/z, %:
294.46, M+2, 51.28.

Molecular docking: Molecular docking was carried out
by Schrédinger Maestro 2023 (12.5) to evaluate ligand binding
to COX-II (PDB ID: 51KR, Chain B). The protein was prep-
ared by Protein Preparation Wizard; water and cofactors removed.
The active pocket was defined and the docking grid was
generated based on pharmacophore alignment. Binding
affinities were calculated, with ligand 6i exhibiting the upper-
most docking score of —9.9 kcal/mol.

Toxicity prediction: In silico toxicity assessment was
performed using ProTox3.0. All ligands exhibited a predicted
LDso of 800 mg/kg, classifying them as Class IV on the GHS
scale, indicative of low toxicity. The predictions suggested
comparable hepatotoxicity and immunotoxicity risks across the
ligands, which displayed a safer profile relative to mefenamic
acid.

Density functional theory (DFT) analysis: DFT were
performed for all 13 ligands using GaussView 5.0 to evaluate
their electronic properties. Key parameters, including HOMO,
LUMO, energy gap and electrophilicity, were analysed.
Ligand 6i exhibited the highest docking affinity, with a DFT
profile indicating a soft ligand with moderate electrophilicity,
high chemical reactivity, structural stability and favourable
drug-like characteristics, identifying it as the most promising
candidate for further study.
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Molecular dynamics simulation: A 100 ns MD simul-
ation of the COX-Il-ligand 6i complex was conducted using
Desmond software. The system was solvated and simulated
under NPT conditions at 310K and 1atm. The complex
exhibited stable RMSD, hydrogen-bonding and hydrophobic-
interactions during the simulation. While ligand 6i main-
tained stable binding, DFT analysis suggested high reactivity
with potential implications for long-term stability.

Acute toxicity studies: Acute oral toxicity was evalua-
ted following OECD guidelines 420 (fixed dose procedure)
[24]. Female Wistar albino rats (160-225 g) were randomly
assigned to groups of three and housed in polypropylene
cages under standard laboratory conditions. Animals were
housed for 1 week before dosing to allow adaptation. The test
compounds were administered orally as suspensions in 0.5%
methyl cellulose at a starting dose of 50 mg/kg body weight
by single gavage. Animals were closely observed for the first
30 min, intermittently for 6 h and daily for 14 days. The para-
meters including mortality, clinical signs, behavioural changes,
food intake and body weight were recorded. No mortality,
abnormal behaviour or significant body weight changes were
observed, indicating an LDsy greater than 50 mg/kg. Based
on these results, a safe working dose of 10 mg/kg body weight
was selected for the evaluation of anti-inflammatory activity.
The study was approved by the Institutional Animal Ethics
Committee (IAEC; Reg. No. 535/PO/ReRcBt/S/02/CPCSEA,
Proposal No. 535/PO/ReRcBt/S/02/CPCSEA/IPER/IAEC/2025-
26/02).

In vivo evaluation of anti-inflammatory activity: The
anti-inflammatory activity of compounds 6a-m was assessed
in Wistar albino rats (170-260 g) using the carrageenan-
induced paw edema model as described by Winter et al. [25].
Mefenamic acid (1.5 mg/kg, p.o.) served as the standard.
Animals maintained under controlled laboratory conditions
were randomly divided into fourteen groups (n = 6). Test com-
pounds were administered orally at 10 mg/kg as a 2% gum
acacia suspension. Acute inflammation was induced 1 h later
by sub-plantar injection of 0.1 mL of 1% carrageenan into the
left hind paw. Paw volume was measured at baseline and at
selected time intervals using a digital plethysmometer and anti-
inflammatory activity was expressed as percentage inhibition
of edema relative to the control.

Edema inhibition (%) :100—[&}100

control

B:ALA:202

Interactions
van der Waals
% Pi-Pi T-shaped
% Amide Pi Stacked

where: V= amount of paw edema (in both the control and the
test conditions).

RESULTS AND DISCUSSION

The phenyl-triazolo-thiadiazole derivatives (6a-m) were
synthesised through a multistep route starting from benzoic
acid. Potassium N-anilinocarbamodithioate (4) was prepared
from benzoic acid according to reported methods [19,20].
Refluxing compound 4 with hydrazine hydrate yielded 4-
amino-3-mercapto-5-phenyl-2,4-di-hydro-1,2,4-triazole (5).
The target derivatives 6a-m were then obtained by reacting
compound 5 with various substituted benzoic acids in POCls
under reflux. The structural characterisation was carried out
using *H and 3C NMR, FTIR, mass spectrometry and ele-
mental analysis.

Molecular docking: Molecular docking were performed
for synthesised phenyl-triazolo-thiadiazole derivatives (6a-m)
and compared with the standard ligand. Among the series,
compound 6i exhibited maximal affinity (-9.9 kcal/mol),
followed by compounds 6a, 6g and 61 (-9.6 kcal/mol). Comp-
ounds 6b, 6¢ and 6h also demonstrated favourable binding
energies (-9.5 kcal/mol), exceeding that of the reference drug
mefenamic acid (-8.0 kcal/mol) (Table-1). Hence, based on
results, it is observed that several derivatives exhibited stronger
binding than the standard, suggesting their potential as more
effective inhibitors. The docking images are shown in Fig. 1.

TABLE-1
TOXICITY AND BINDING AFFINITIES DATA
OF THE SYNTHETIC COMPOUNDS (6a-m)

] Toxicity dose predicted ~ Toxicity Bln_dl_ng
Ligand affinity
LD50 (mg/kg) class (kcal/mol)

6a 800 4 -9.6
6b 800 4 -9.5
6c 800 4 -9.5
6d 800 4 -9.4
6e 800 4 -9.4
6f 800 4 -9.0
69 800 4 -9.6
6h 800 4 -9.5
6i 800 4 -9.9
6j 800 4 -8.6
6k 800 4 -9.4
6l 800 4 -9.6
6m 800 4 -9.4
Standard 525 4 8.0

BHIS207 | | B:vaL:295

/j/‘ 8:GLN:20$LEV:391

B:VAL:444
1 B:TYR:404

| B:ILE:408

Alkyl
Pi-Alkyl

Surface pocket

Fig. 1. Visualisations of docked molecule 6i
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Toxicity estimation: All 13 docked ligands were further
assessed for predicted toxicity, covering key safety para-
meters. The evaluation focused on estimated LDso values and
toxicity classification, as summarised in Table-1, to identify
compounds with acceptable safety profiles. The ligands showed
comparable predicted LDsp values and toxicity classes; there-
fore, final selection was based on a combined consideration
of docking scores and toxicity predictions. On this basis,
ligand 6i proved most promising, demonstrating a favourable
balance between binding affinity and predicted safety and
was selected for further investigation.

DFT studies: DFT were performed to examine the elec-
tronic properties, stability and reactivity of the phenyl-triazolo-
thiadiazole derivatives (6a-m), ligand 6i exhibits the most
favourable electronic profile for electron-transfer processes.
It possesses a high dipole moment (6.4320 Debye) and a
narrow HOMO-LUMO energy gap (AE =-0.00569 a.u.; Exomo
=-0.03160 a.u., ELumo =-0.03729 a.u.), indicating high soft-
ness and reactivity. Its ionisation potential (0.85988 eV) and
electron affinity (1.014713 eV) suggest balanced electron-
donating and electron-accepting capabilities, while its electro-
chemical potential (-0.9373 eV) and electronegativity
(0.937296 eV) further support its efficiency in charge-transfer
mechanisms. The electrophilicity (-5.67402 eV), hardness
(-0.07742 eV) and softness (-12.9172 eV) values confirm 6i

as the most reactive yet sufficiently stable ligand in the series.
Other ligands, such as 6j and 6k, exhibit higher electrophilicity
but reduced softness, implying comparatively lower adapta-
bility in electron-transfer reactions. Ligands 6a and 6d show
greater softness but lower electrophilicity, indicating a distinct
reactivity pattern. Ligands 6b and 6c demonstrate moderate
reactivity, yet their higher ionisation potential and electron
affinity reduce their efficiency in comparison to 6i. The find-
ings are depicted in Fig. 2 and summarised in Table-2.

MD simulation: Protein—ligand complex stability of
compound 6i was evaluated using MD simulation. RMSD
analysis indicated that the ligand remained firmly bound with
minimal positional deviation, while the protein backbone achi-
eved stability within 1-3 A. RMSF analysis present expected
flexibility in loop and terminal residues, with negligible fluct-
uations at ligand-interacting residues, indicating stable binding.
Secondary structure element (SSE) analysis revealed a consi-
stent structural composition (helix 33.80%, strand 4.11%,
total SSE 37.91%), confirming preservation of protein integrity
throughout the simulation. Interaction analysis identified per-
sistent hydrogen bonds, water-mediated interactions, ionic
and hydrophobic contacts, with key residues participating in
more than 70% of simulation frames. Ligand—protein contact
maps confirmed sustained multivalent interactions, while
torsional analysis demonstrated limited ligand flexibility

TABLE-2
DFT CALCULATIONS (QUANTUM CHEMICAL DESCRIPTORS) OF THE SYNTHESISED DERIVATIVES (6a-m)
. DIelt HOMO LUMO Energy Ionlsatl_on Eleptron Electronegativity  Electrochemical ~ Hardness
Ligand moment (@u) (@au) Gap Potential affinity Ne ———Cy (67
(Debye) (AEGap) (eV) (eV)
6a 5.3784 -0.04288  -0.05027  0.13721 5.834 2.101 1.26737 -1.26737 1.867
6b 2.5137 -0.02124  -0.04610  0.12996 5.835 2.299 0.916207 -0.91621 1.768
6c 5.5018 -0.05245  -0.06612  0.13383 5.936 2.294 1.613227 -1.61323 1.821
6d 4.3630 -0.02055  -0.02276  0.13553 6.048 2.360 0.589263 -0.58926 1.844
6e 5.6318 -0.04061  -0.05211  0.14101 5.776 1.939 1.26152 -1.26152 1.919
6f 2.2983 -0.01599  -0.05171  0.13845 5.766 1.998 0.921105 -0.92111 1.884
69 1.0751 -0.02223  -0.05544  0.14713 5.557 1.554 1.056754 -1.05675 2.002
6h 1.5262 -0.01615  -0.09800  0.13552 5.832 2.144 1.55309 -1.55309 1.844
Bi 6.4320 -0.03160  -0.03729  0.13907 5.789 2.005 0.937296 -0.9373 1.892
6j 5.8368 -0.08039  -0.21223  0.13594 5.659 1.960 3.981298 -3.9813 1.850
6k 6.1256 -0.08070  -0.21979  0.14091 5.767 1.932 4.088375 -4.08837 1.917
6l 1.2217 -0.01002  -0.05975  0.07603 5.844 3.775 0.949269 -0.94927 1.034
6m 1.1274 -0.02641 -0.05552 0.09079 6.163 3.692 1.114714 -1.11471 1.235
Ligand ng(tgs/s)s, EIect(;oFe Q',I)'C'ty’ Inference

6a 0.536 4.216 Very soft, high electrophilicity = highly reactive & good electron-acceptor.

6b 0.566 4.677 Moderately soft; moderate electrophilicity = moderately reactive ligand.

6c 0.549 4.651 Soft ligand with high electrophilicity = strong electrophilic reactivity.

6d 0.542 4.792 Extremely soft (very low hardness) = highly reactive and easily polarised.

6e 0.521 3.878 Soft ligand; good electrophile = favourable for charge-transfer interactions.

6f 0.531 4.000 Moderately soft; moderate electrophilicity = balanced reactivity.

69 0.500 3.158 Moderately soft; moderate electrophilicity = stable but still reactive.

6h 0.542 4.313 High electron affinity & high y = strong electron-acceptor; high electrophilic strength.
6i 0.529 4.013 Soft ligand with moderate electrophilicity = good chemical reactivity.

6j 0.541 3.924 Very high electrophilicity & very soft = highly reactive and strong electrophile.

6k 0.522 3.865 Most electrophilic ligand = strongest electron-acceptor; very highly reactive.

6l 0.967 11.180 Moderately soft; lower electrophilicity = comparatively less reactive.

6m 0.810 9.827 Moderately soft and moderately electrophilic = intermediate reactivity.
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Fig. 2. Visualisations of DFT Analysis (HOMO-LUMO) of synthesised derivatives (6a-m)
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Fig. 3. Visualisations of molecular dynamics simulation of molecule 6i

consistent with docking poses (Fig. 3). In addition, ligand para-
meters such as rGyr, MolSA, SASA, PSA and intramolecular
hydrogen bonds remained stable throughout the simulation,
supporting the stability of the protein—-ligand complex.
Anti-inflammatory activity: The anti-inflammatory
activity of compounds 6a-m were statistically analysed using
one-way ANOVA followed by Dunnett’s test. Among the
synthesised derivatives, compound 6i exhibited a highly signi-
ficant anti-inflammatory effect (p < 0.01), whereas compound

6a showed a significant response (p < 0.05). In contrast,
compound 6¢ displayed relatively weak activity (p > 0.05).
Among all tested compounds, 6i produced the highest inhibi-
tion (59.22%) of carrageenan-induced paw edema after 4 h.
Although the activity of compound 6i was comparable to that
of the reference drug used in the study, the result indicates
that the phenyl-triazolo-thiadiazole scaffold possesses promi-
sing anti-inflammatory potential. The enhanced activity of
compound 6i may be attributed to the presence of the electron-
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TABLE-3
ANTI-INFLAMMATORY ACTIVITY DATA OF THE SYNTHESISED DERIVATIVES (6a-m)

Compound Dose Mean paw edema volume after hour? % edema inhibition after hour
(mg/kg, p.o.) 1 2 3 4 1 2 3 4
ol omAg SR Geer G omr | - - - -
Standard® 15 0'08_10%22‘291 0'15’.%%1%“ 0'5%%%%* 0'33%%%%“ 49.7 55.7 59.7 51.52
o w Chma ol omle oMM L s s o
o o Olmss o ogmes omels| .o g oWy oam
o m OO o ommTe 0ZWIY |, gn om s
o m Olmems oM. ommmms 0S:| g o w s
o w Dl o ogesms oMESs |, ge oms ows
o w Ol odmems oM. 0%e| i o s s
o OWDDEe ombu. omoLs oISl 40w 4y s
o Ol omsme oxmus OB go ps wme  ws
6w oA ommme o 0B\ gy s s sz
6w Okwmer omemm. o omR:| uh w4 o w2
s m OMmEme oom. osmne o oy pp e en
o o Ol omwmos omms omues| iy 03 as
on o  Dlmhees owmre olmie ogemer| g wp ;s ws

2Values are signified as mean £ S.E.M. (n = 6); data were analysed via one-way ANOVA trailed through Dunnett’s post hoc tests.

**p < 0.01, *p < 0.05, “p > 0.05 when equated with control group.

donating 4-methoxy substituent, which may improve mole-
cular interactions with the target site. In comparison, the
unsubstituted analogue 6a also demonstrated notable activity,
suggesting that substitution on the phenyl ring plays an
important role in modulating the anti-inflammatory response
(Table-3).

Conclusion

This study established an efficient synthetic route for the
phenyl-triazolo-thiadiazole derivatives (6a-m) and confirmed
their structures using FTIR, NMR, mass spectrometry and
elemental analysis. Comprehensive in silico evaluations inclu-
ding molecular docking, toxicity prediction, DFT analysis
and molecular dynamics simulations, identified ligand 6i as
the most promising candidate. Docking studies demonstrated
superior binding affinity and toxicity assessments indicated
favourable safety profiles. DFT analysis revealed differences
in electronic and stability properties among the derivatives,
with 6i exhibiting moderate electrophilicity and high chemical
reactivity, suggesting significant biological potential. MD
simulations confirmed the dynamic stability of the ligand-
protein complex, supported by consistent RMSD/RMSF values,
stable secondary structures and persistent non-covalent inter-
actions. These findings highlight ligand 6i as a potential lead

scaffold for drug development. Further evaluation through
biological assays, such as the carrageenan-induced rat paw
edema model, along with expanded pharmacokinetic studies
and structure-activity relationship analyses, will be essential
to advance these derivatives toward therapeutic applications.
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