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A series of novel hydrazone-linked 1,2,3-triazole-pyrazole derivatives (7a-1) were rationally designed and synthesised through an efficient
multistep synthetic strategy. The key intermediates were constructed via diazotisation—azidation followed by cycloaddition to generate
the 1,2,3-triazole core, which was further functionalised to afford the target hydrazone derivatives. Final compounds were evaluated for
their in vitro anticancer and antimicrobial activities. Antiproliferative screening against selected human cancer cell lines revealed that
compounds bearing electron-withdrawing substituents exhibited superior cytotoxicity compared to electron-donating analogues. Among
the synthesised derivatives, 7d (p-Cl) and 7c (p-NOz) exhibited the lowest ICso values against the MCF-7 cell line (0.10 and 0.55 uM,
respectively), comparable to doxorubicin (0.92 pM) under the same conditions. In antibacterial assays, halogen and fluoro-substituted
derivatives demonstrated comparatively improved activity, with compounds 7b, 7d, 7i and 7k showing notable potency. Antifungal
evaluation revealed that nitro-, fluoro- and methoxy-substituted analogues, particularly 7c, 7e and 7f, displayed enhanced activity against
the tested strains. Molecular docking studies suggested favourable binding interactions with selected biological targets. Based on the
obtained results, it is concluded that hydrazone-linked 1,2,3-triazole-pyrazole hybrids act as promising scaffolds for further optimisation
toward anticancer and antimicrobial applications.
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INTRODUCTION

Among privileged heterocycles, 1,2,3-triazoles occupy a
central position due to their metabolic stability, strong dipole
character and capacity to participate in hydrogen-bonding and
n-interactions with biological macromolecules [1-3]. Exten-
sive studies have demonstrated that 1,2,3-triazole-containing
hybrids can display diverse pharmacological profiles including
antiproliferative and antimicrobial effects and they are freq-
uently explored alongside in silico techniques such as mole-
cular docking to rationalize structure-activity relationships
(SAR) [4-7].

Likewise, the pyrazole nucleus is a well-established bio-
active scaffold found in numerous lead structures and drug
like candidates, with reported antibacterial, antifungal and anti-
cancer potential [8-10]. Recent literature highlights that the
strategic substitution and hybrid formation, particularly coup-
ling pyrazole with other heterocyclic systems, can significantly

modulate biological profiles and target affinity [11-13]. In this
context, triazole-pyrazole hybrids have attracted sustained
attention, with several reports describing compounds exhibiting
potent antimicrobial activity and/or cytotoxicity against vari-
ous cancer cell lines [14-16].

In parallel, hydrazones are also recognised as versatile
pharmacophores and valuable synthetic intermediates, offering
conformational flexibility and multiple hydrogen bond donor/
acceptor sites that facilitate the interaction with enzymes and
receptors [17,18]. Hydrazone-containing compounds have
been widely investigated for their antimicrobial and antiproli-
ferative activities and recent reviews continue to underscore
their importance as promising scaffolds in drug discovery
[19-21]. Notably, triazole-linked hydrazones and related hybrid
systems have demonstrated significant biological potential,
with molecular docking studies frequently employed to support
mechanistic insights and guide the structural optimisation
[22,23].
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Hydrazones, 1,2,3-triazoles and pyrazoles represent privi-
leged pharmacophores in medicinal chemistry, as evidenced
by their presence in numerous clinically approved drugs across
diverse therapeutic areas. Hydrazone- and hydrazide-based
motifs are integral to several important drugs including isoni-
azid and hydralazine for tuberculosis and hypertension, resp-
ectively, as well as anticancer agents such as procarbazine
and dacarbazine, highlighting their relevance in both anti-
microbial and antiproliferative therapy [24-27]. Similarly,
the triazole scaffold has achieved remarkable success in drug
discovery owing to its metabolic stability and favourable
binding characteristics, with triazole-containing drugs such
as fluconazole, itraconazole, voriconazole and posaconazole
being widely used as frontline antifungal agents, while other
triazole-based drugs like ribavirin, ticagrelor, alprazolam and
triazolam demonstrate antiviral, antiplatelet and central nervous
system activities [28-32]. In parallel, the pyrazole nucleus is
a well-established structural motif in several marketed drugs,
particularly in anti-inflammatory and anticancer therapy. Not-
able examples include celecoxib and phenylbutazone as anti-
inflammatory agents and kinase inhibitors such as crizotinib,
ruxolitinib, pazopanib and tofacitinib, which are widely used
in cancer and immunological disorders [33-38]. The broad
spectrum of biological activities associated with these scaff-
olds underscores their excellent drug-likeness and validates
ongoing efforts to develop hybrid molecules that integrate hyd-
razone, triazole and pyrazole pharmacophores within a single
molecular framework to achieve enhanced antiproliferative
and antimicrobial efficacy [39-41].

Based on these considerations, the present work focuses
on the design, synthesis and characterisation of hydrazone-
linked 1,2,3-triazole-pyrazole derivatives, followed by eval-
uation of their in vitro antiproliferative and antimicrobial
activities, along with molecular docking studies to elucidate
plausible binding modes and key ligand—target interactions,
thereby supporting SAR-driven lead identification and further
optimisation.

EXPERIMENTAL

All the synthetic reagents, catalysts and solvents were
obtained from reputable chemical suppliers such as Merck,
Sigma-Aldrich, TCI, Spectrochem and Avra Chemicals.
These chemicals were used directly without any additional
purification. The progress of the reactions was monitored by
thin-layer chromatography (TLC) on Merck silica gel 60 Fsa
plates. Melting points of the final compounds were deter-
mined using a Stuart SMP3 apparatus and the values are
uncorrected. Purification of the crude mixtures was carried
out through recrystallisation and by column chromatography
using ethyl acetate and n-hexane in a 10:90 ratio as the eluent
system. The composition and functional groups of the synth-
esised compounds were confirmed by infrared spectroscopy
using a Shimadzu FTIR 8400 S instrument with KBr pellets.
'H and *C NMR spectra were recorded on a Bruker 400 MHz
spectrometer operating at 400 MHz and 100 MHz, respec-
tively, with CDCl3z and DMSO-ds as solvents and TMS as the
internal reference. Mass spectral data were obtained using a
Shimadzu GC-MS QP 1000 system.

Synthesis: The synthesis of novel hydrazone-linked 1,2,3-
triazole-pyrazole derivatives (7a-1) was accomplished through
a multistep protocol involving diazotisation, cycloaddition and
condensation reactions. Initially, aromatic anilines (1a-1) were
converted into the corresponding aryl azides (2a-1), which were
subsequently subjected to a base-catalysed reaction with a
1,3-dicarbonyl compound (2,4-diketone) to furnish the desired
1,2,3-triazole derivatives. The corresponding carbaldehyde
(5a-I) were then obtained via a two-step synthetic sequence.
In first step, hydrazone derivatives (4a-1) were prepared by the
condensation of the appropriate ketones (3a-1) with phenyl-
hydrazine in absolute ethanol, using a catalytic amount of glacial
acetic acid. The reaction mixture was stirred at room temp-
erature for 2-3 h and the progress of the reaction was moni-
tored by TLC. Upon completion, hydrazones were isolated by
standard work-up procedures. In the subsequent step, the synthe-
sised hydrazones (4a-1) were subjected to formylation using
the Vilsmeier—Haack reagent, generated in situ from DMF
and POCIs, to afford the corresponding carbaldehyde (5a-I)
in good yields. Finally, the carbaldehyde derivatives (5a-I)
were condensed with benzenesulfonyl hydrazide in absolute
ethanol in the presence of a catalytic amount of glacial acetic
acid (Scheme-I). The reaction mixture was stirred at room
temperature for 4 h and the progress of the reaction was
monitored by TLC. Upon completion, the products were
isolated to afford the corresponding hydrazone derivatives
(7a-1) in good yields.

(2)-4-Methyl-N’-((3-(5-methyl-1-(p-tolyl)-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)benzene-
sulfonohydrazide (7a): White solid; yield: 75%, m.p.: 188-
190°C; IR (KBr, vimax, cm™): 3169 (N-H), 3090 (=C-H), 1715
(C=N imine), 1554 (C=C), 1264 (N=N), 1204 (S=0); H
NMR (500 MHz, CDCls, & ppm): 8.72 (s, 1H), 8.48 (s, 1H),
7.86 (d, J=8.3 Hz, 2H), 7.76 (d, J=9.4 Hz, 2H), 7.50 (t, J =
8.0 Hz, 2H), 7.38-7.33 (m, 6H), 7.30 (d, J = 8.1 Hz, 2H), 2.64
(s, 3H), 2.47 (s, 3H), 2.39 (s, 3H); **C NMR (500 MHz, CDCls,
S ppm): 144.34,143.97, 142.31, 139.95, 139.43, 138.58, 135.64,
133.58, 132.48, 130.17, 129.67, 129.58, 127.92, 127.16, 125.
ESI-MS: m/z 512 [M+H]"*; Elemental analysis: calcd. (found) %:
C, 63.39 (63.34); H, 4.93 (4.87); N, 19.17 (19.11).

(Z2)-N’-((3-(1-(4-Bromophenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methyl-
benzenesulfonohydrazide (7b): White solid; yield: 64%, m.p.:
186-188 °C; IR (KBTI, vmax, cm™): 3154 (N-H), 3086=C-H),
1685 (C=N), 1545 (C=C), 1252 (N=N), 1165 (S=0); H
NMR (500 MHz, CDCls, & ppm): 8.68 (s, 1H), 8.47 (s, 1H),
7.86 (d, J=8.3 Hz, 2H), 7.76 (d, J = 7.8 Hz, 2H), 7.72 (d, J
= 8.6 Hz, 2H), 7.50 (t, J = 7.9 Hz, 2H), 7.40 (d, J = 8.6 Hz,
2H), 7.35 (t, J = 7.4 Hz, 1H), 7.30 (d, J = 8.2 Hz, 2H), 2.66
(s, 3H), 2.39 (s, 3H); *C NMR (101 MHz, CDCls, § ppm):
144,07, 142.06, 139.38, 138.99, 135.58, 135.05, 132.91, 132.36,
129.70, 129.61, 127.92, 127.28, 126.67, 125.86, 123.85,
119.06, 117.49, 21.61, 10.37. ESI-MS: m/z 576.2 [M+H]",
Elemental analysis: calcd. (found) %: C, 54.17 (54.11); H,
3.85(3.79); N, 17.01 (16.95).

(2)-4-Methyl-N'-((3-(5-methyl-1-(4-nitrophenyl)-1H-
1,2,3-triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-
benzenesulfonohydrazide (7c): Light yellow solid, yield:
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Scheme-1: Synthesis of hydrazone-linked 1,2,3-triazole—pyrazole derivatives

66%, m.p.: 194-196 °C; IR (KB, vmax, cm™): 3162 (N-H),
3074 (=C-H), 1694 (C=N), 1552 (C=C), 1262 (N=N), 1178
(S=0); *H NMR (500 MHz, CDCls, 6 ppm): 8.66 (s, 1H),
8.48 (dd, J=12.1, 6.6 Hz, 2H), 7.85 (d, J = 8.2 Hz, 2H), 7.78
(dd, J=17.1,8.1 Hz, 5H), 7.51 (t, J = 7.9 Hz, 2H), 7.40-7.35
(m, 1H), 7.31 (d, J = 8.1 Hz, 2H), 2.75 (s, 3H), 2.40 (s, 3H); 3C
NMR (101 MHz, CDCls, & ppm): 144.34, 144.09, 142.30,
139.47,138.79, 136.14, 135.64, 132.47, 129.74, 129.69, 129.64,
127.97, 127.25, 125.84, 125.30, 119.10, 117.50, 21.66, 10.41;
ESI-MS: m/z 543 [M+H]*; Elemental analysis: calcd. (found) %:
C, 57.56 (57.50); H, 4.09 (4.03); N, 20.65 (20.59).
(2)-N’-((3-(1-(4-Chlorophenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methyl-
benzenesulfonohydrazide (7d): White solid, yield: 74%,
m.p.: 192-194 °C; IR (KB, vmax, cm™?): 3202 (N-H), 3021
(=C-H), 1682 (C=N), 1576 (C=C), 1264 (N=N), 1187 (S=0);
!H NMR (500 MHz, CDCls, 5 ppm): 8.69 (s, 1H), 8.47 (s, 1H),
7.86 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 7.7 Hz, 2H), 7.56 (d, J
= 8.7 Hz, 2H), 7.52-7.45 (m, 5H), 7.35 (t, J = 7.4 Hz, 1H),
7.30 (d, J = 8.2 Hz, 2H), 2.65 (s, 3H), 2.39 (s, 3H). °C NMR
(126 MHz, CDCls, 6 ppm): 143.88, 142.04, 139.30, 138.84,
135.71,135.59, 134.48, 132.42, 129.80, 129.58, 129.51, 127.84,
127.14, 126.39, 125.77, 118.97, 117.53, 21.52, 10.26; ESI-MS:
m/z 532 [M+H]*; Elemental analysis: calcd. (found) %: C,
58.70 (58.64); H, 4.17 (4.11); N, 18.43 (18.37).
(2)-N'-((3-(1-(4-Methoxyphenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methyl-

benzenesulfonohydrazide (7e): White solid, yield: 79%,
m.p.: 195-197 °C, IR (KBTI, vmax, cm?): 3184 (N-H), 3045
(=C-H), 1687 (C=N), 1577 (C=C), 1274 (N=N), 1179 (S=0),
'H NMR (500 MHz, CDCls, § ppm): 8.71 (s, 1H), 8.47 (s, 1H),
7.86(d,J=7.8Hz,2H),7.76 (d, J=7.7 Hz, 2H), 7.49 (t, J =
7.3 Hz, 2H), 7.40 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 7.2 Hz,
1H), 7.29 (d, J = 7.7 Hz, 3H), 7.06 (d, J = 8.4 Hz, 2H), 3.89
(s,3H), 2.61 (s, 3H), 2.38 (s, 3H); *C NMR (126 MHz, CDCls,
S ppm): 160.41, 144.30, 143.91, 142.25, 139.37, 138.41, 135.58,
132.57,129.61, 129.51, 128.88, 127.86, 127.09, 126.60, 125.70,
118.97, 117.40, 114.67, 55.62, 21.54, 10.18; ESI-MS: m/z
528 [M+H]*; Elemental analysis: calcd. (found) %: C, 61.47
(61.41); H, 4.78 (4.72); N, 18.58 (18.52).
(Z2)-N'-((3-(1-(4-Fluorophenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methyl-
benzenesulfonohydrazide: (7f); White solid, yield: 72%,
m.p.: 184-186 °C; IR (KBTI, vmax, cm™): 3178 (N-H), 3065
(=C-H), 1681 (C=N), 1565 (C=C), 1225 (N=N), 1121 (S=0);
'H NMR (500 MHz, CDCls, § ppm): 8.69 (s, 1H), 8.48 (s, 1H),
7.88-7.80 (m, 2H), 7.76 (d, J = 7.7 Hz, 2H), 7.53-7.47 (m, 5H),
7.35 (s, 1H), 7.31 (d, J = 7.2 Hz, 2H), 2.64 (s, 3H), 2.40 (s,
3H); °C NMR (126 MHz, CDCls, § ppm): 143.77, 141.94,
139.20, 138.74, 135.60, 135.49, 134.37, 132.32, 129.70, 129.48,
129.41,127.74,127.04,126.29, 125.67, 118.87, 117.43, 21.42,
10.15; ESI-MS: m/z 516 [M+H]*; Elemental analysis: calcd.
(found) %: C, 60.57 (60.51); H, 4.30 (4.24); N, 19.02 (18.96).
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(2)-4-Methyl-N'-((3-(5-methyl-1-phenyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)benzene-
sulfonohydrazide (7g): White solid, yield: 75% m.p.: 190-
192°C; IR (KB, Vmax, cm): 3193 (N-H), 3047 (=C-H), 1678
(C=N), 1554 (C=C), 1232 (N=N), 1165 (S=0); 'H NMR (500
MHz, CDCls, 8 ppm): 8.72 (s, 1H), 8.48 (s, 1H), 7.87 (d, J =
8.3 Hz, 2H), 7.77 (d, J = 7.7 Hz, 2H), 7.58 (t, J = 5.1 Hz, 3H),
7.50 (dd, J = 11.4, 4.6 Hz, 4H), 7.35 (s, 1H), 7.30 (d, J = 8.1 Hz,
2H), 2.66 (s, 3H), 2.39 (s, 3H); 3C NMR (101 MHz, CDCls,
S ppm): 144.29, 144.04,142.25, 139.43, 138.70, 136.10, 135.59,
132.43,129.69, 129.64, 129.60, 127.93, 127.21, 125.79, 125.25,
119.05, 117.45, 21.61, 10.37; ESI-MS: m/z 498 [M+H]*;
Elemental analysis: calcd. (found) %: C, 62.76 (62.71); H,
4.66 (4.61); N, 19.71 (19.65).

(Z2)-N'-((3-(1-(3-Chlorophenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methyl-
benzenesulfonohydrazide (7h): White solid, yield: 71%; m.p.:
184-186 °C, IR (KBr, vmax, cm™): 3191 (N-H), 3056 (=C-H),
1665 (C=N), 1526 (C=C), 1263 (N=N), 1145 (S=0); *H NMR
(500 MHz, CDCls, & ppm): 8.69 (s, 1H), 8.48 (s, 1H), 7.88-
7.83 (m, 2H), 7.76 (d, J = 7.8 Hz, 2H), 7.56-7.49 (m, 5H),
7.43-7.41 (m, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.31 (d, = 8.2 Hz,
2H), 2.68 (s, 3H), 2.40 (s, 3H); *C NMR (101 MHz, CDCls,
dppm): 144.08, 142.11, 139.43, 139.04, 135.63, 132.96, 132.41,
129.75, 129.67, 127.97, 127.33, 126.73, 125.91, 123.91, 119.12,
117.54, 21.67, 10.42. ESI-MS: m/z 532 [M+H]*; Elemental
analysis: calcd. (found) %: C, 58.70 (58.64); H, 4.17 (4.11);
N, 18.43 (18.37).

(2)-4-Methyl-N'-((3-(5-methyl-1-(m-tolyl)-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)benzene-
sulfonohydrazide (7i): White solid, yield: 78%, m.p.: 194-
196 °C; IR (KB, vinax, cm1): 3188 (N-H), 3087 (=C-H), 1698
(C=N), 1565 (C=C), 1274 (N=N), 1169 (S5=0); *H NMR (500
MHz, CDCls, 8 ppm): 8.69 (s, 1H), 8.45 (s, 1H), 7.84 (d, J =
8.3 Hz, 2H), 7.74 (d, J = 8.7 Hz, 2H), 7.47 (t, J = 8.0 Hz, 2H),
7.36-7.30 (m, 5H), 7.27 (d, J =8.1 Hz, 2H), 2.61 (s, 3H), 2.44
(s, 3H), 2.37 (s, 3H); 3C NMR (126 MHz, CDCls, & ppm):
144.41,144.04, 142.38, 140.02, 139.50, 138.65, 135.70, 133.65,
132.55,130.24, 129.74, 129.65, 127.99, 127.23, 125.83, 125.14,
119.10, 117.54, 21.68, 21.37, 10.38; ESI-MS: m/z 512 [M+H]*;
Elemental analysis: calcd. (found) %: C, 63.33 (63.27); H,
4.87 (4.81); N, 19.11 (19.05).

(2)-N'-((3-(1-(3-Bromophenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methyl-
benzenesulfonohydrazide (7j): White solid, yield: 75%, m.p.:
193-195 °C, IR (KBr, vmax, cm™): 3179 (N-H), 3065 (=C-H),
1641 (C=N), 1562 (C=C), 1245 (N=N), 1161 (S=0); *H NMR
(500 MHz, CDCls, 6 ppm): 8.60 (s, 1H), 8.38 (s, 1H), 7.77
(d,J=8.3Hz,2H),7.67 (d,J=7.7 Hz, 2H), 7.47 (d, J = 8.7 Hz,
2H), 7.42 (d, J = 7.6 Hz, 1H), 7.38 (t, J = 5.5 Hz, 3H), 7.26
(t,J=7.4Hz, 1H), 7.21 (d, J = 8.2 Hz, 2H), 2.56 (s, 3H), 2.30
(s, 3H); *C NMR (101 MHz, CDCls, § ppm): 143.87, 141.86,
139.18, 138.79, 135.38, 134.85, 132.71, 132.16, 129.50, 129.41,
127.72,127.08, 126.47,125.66, 123.65, 118.86, 117.29, 21.41,
10.17; ESI-MS: m/z 576 [M+H]*; Elemental analysis: calcd.
(found) %: C, 54.17 (54.11); H, 3.85 (3.79); N, 17.01 (16.95).

(2)-N'-((3-(1-(3-Fluorophenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methyl-

benzenesulfonohydrazide (7k): White solid, yield: 69%, m.p.:
196-198 °C; IR (KBr, vmax, cm™): 3186 (N-H), 3087 (=C-H),
1647 (C=N), 1562 (C=C), 1232 (N=N), 1112 (S=0); 'H NMR
(500 MHz, CDCls, 8 ppm): 8.71 (s, 1H), 8.50 (s, 1H), 7.89
(d, J = 8.3 Hz, 2H), 7.86 (s, 1H), 7.79 (d, J = 7.8 Hz, 2H),
7.56 (dd, J=10.9,4.4 Hz, 4H),7.52 (d, J = 8.2 Hz, 2H), 7.46-
7.43 (m, 1H), 7.38 (t, J = 7.4 Hz, 1H), 7.33 (d, J = 8.2 Hz,
2H), 2.70 (s, 3H), 2.42 (s, 3H); *3C NMR (126 MHz, CDCls,
dppm): 144.54,144.18, 142.52, 140.16, 139.64, 138.79, 135.84,
133.79, 132.69, 130.37, 129.88, 129.79, 128.13, 127.37, 125.97,
125.28,119.24, 117.68, 21.51, 10.52; ESI-MS: m/z 516 [M+H]*;
Elemental analysis: calcd. (found) %: C, 60.57 (60.51); H, 4.30
(4.24); N, 19.02 (18.97).

(2)-N'-((3-(1-(3-Methoxyphenyl)-5-methyl-1H-1,2,3-
triazol-4-yl)-1-phenyl-1H-pyrazol-4-yl)methylene)-4-methyl-
benzenesulfonohydrazide (71): White solid, yield: 76%, m.p.:
191-193 °C; IR (KB, vmax, cm™): 3195 (N-H), 3082 (=C-H),
1664 (C=N), 1587 (C=C), 1246 (N=N), 1165 (S=0); 'H NMR
(500 MHz, CDCls, 6 ppm): 8.76 (s, 1H), 8.52 (s, 1H), 7.91
(d,J=7.8Hz,2H),7.81 (d, J=7.7 Hz, 2H), 7.54 (t, = 7.3
Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 7.41-7.38 (m, 1H), 7.35 (s,
2H), 7.11 (d, J = 8.4 Hz, 2H), 3.94 (s, 3H), 2.66 (s, 3H), 2.44
(s, 3H); °C NMR (126 MHz, CDCls, § ppm): 160.55, 144.44,
144.05, 142.39, 139.51, 138.55, 135.72, 132.71, 129.75, 129.65,
129.02, 128.00, 127.23, 126.74,125.84,119.11, 117.54, 114.81,
55.76, 21.68, 10.32; ESI-MS: m/z 528 [M+H]*; Elemental
analysis: calcd. (found) %: C, 61.47 (61.41); H, 4.78 (4.72);
N, 18.58 (18.52).

Cytotoxicity: The synthesised compounds 7a-I were eva-
luated for their in vitro anticancer activity using the MTT
assay, a well-established colorimetric method for assessing
cell viability based on mitochondrial metabolic activity. The
assay was performed against the human breast cancer cell line
(MCEF-7) to assess anticancer potential and the mouse fibro-
blast cell line (NIH/3T3) was used as a representative normal
cell line to evaluate cytotoxic selectivity. The compounds
were tested at a range of micromolar concentrations (12, 25,
50, 100, 200 and 400 puM) to generate dose—response curves,
from which I1Csp values were calculated. The clinically used
anticancer drug doxorubicin served as the reference standard
for comparison.

Antibacterial activity: The synthesised compounds 7a-I,
bearing different substituents at the R-position, were systemati-
cally evaluated for their antibacterial activity against selected
Gram-positive bacteria, Staphylococcus aureus and Bacillus
subtilis and Gram-negative bacteria, Escherichia coli and
Klebsiella pneumoniae. The antibacterial screening was carried
out at concentrations of 10 pg/mL and 20 pg/mL using the agar
disc diffusion method, with gatifloxacin employed as the refer-
ence standard.

Antifungal activity: The synthesised compounds 7a-I,
containing different substituents at the R position, were evalua-
ted for their in vitro antifungal activity against Aspergillus
niger, Aspergillus flavus and Fusarium oxysporum at a concen-
tration of 50 ug/mL using the agar disc diffusion method. The
antifungal efficacy was expressed as the zone of inhibition (mm)
and compared with the standard antifungal drug clotrimazole.
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Molecular docking: Molecular docking is a computa-
tional technique widely used to predict the most favourable
binding orientation of a ligand within the active site of a macro-
molecular target (receptor), leading to the formation of a stable
complex. The epidermal growth factor receptor (EGFR) plays
acrucial role in the progression of several types of cancer and
is therefore considered a key therapeutic target in anticancer
drug discovery. For this reason, the crystal structure of EGFR
(PDB ID: 2J6M) was selected for in silico screening of the
synthesised compounds.

Molecular docking studies were carried out using Auto-
Dock Vina implemented through the PyRx virtual screening
platform. The X-ray crystal structure of the epidermal growth
factor receptor (EGFR) (PDB ID: 2J6M) [42] was obtained from
the Protein Data Bank (www.rcsb.org). Ligand structures were
constructed in ChemDraw Professional 16.0 and exported in
MDL format. Prior to docking, the protein structure was pre-
pared by removing co-crystallised water molecules and other
non-essential heteroatoms, followed by the addition of polar
hydrogen atoms. The processed protein was saved in PDBQT
format. Ligands were subjected to geometry optimisation
through energy minimisation and subsequently converted
into .pdbqt format. Docking calculations were performed by
defining a three-dimensional grid box encompassing the active
site, with the exhaustiveness parameter set to 8 to ensure adeq-
uate conformational sampling. The docking poses and protein—
ligand interactions were examined and illustrated using PyMOL
and BIOVIA Discovery Studio.

RESULTS AND DISCUSSION

The target novel hydrazone-linked 1,2,3-triazole-pyrazole
derivatives (7a-1) were successfully synthesized through a
rational multistep sequence involving diazotisation, cycloaddi-
tion, hydrazone formation, Vilsmeier-Haack formylation and
final condensation reactions. This synthetic route enabled
efficient incorporation of three pharmacologically relevant
heterocyclic motifs, namely triazole, pyrazole and sulfonyl
hydrazone, within a single molecular framework. Initially,
substituted aromatic anilines were transformed into the corres-
ponding aryl azides (2a-l), which subsequently underwent
base-mediated cycloaddition with a 1,3-dicarbonyl precursor
to furnish substituted 1,2,3-triazole intermediates. The forma-
tion of pyrazole derivatives was then achieved through conden-
sation of ketones (3a-I) with phenylhydrazine in ethanol using
catalytic acetic acid, affording hydrazones (4a-1). Subsequent
Vilsmeier-Haack formylation using DMF/POCI; introduced
the aldehyde functionality at the desired position to yield carb-
aldehydes (5a-I). Finally, condensation of these aldehydes
with benzenesulfonyl hydrazide in ethanol smoothly prod-
uced the target compounds (7a-1) in moderate to good yields
(64-79%).

The structures of synthesised compounds 7a-l were well
supported by IR, NMR, mass spectrometry and elemental
analysis. All derivatives exhibited characteristic absorption
bands for the hydrazone N-H group in the 3202-3154 cm?
region, confirming retention of the sulfonohydrazide proton.
Aromatic =C—H stretching vibrations appeared near 3090-
3021 cm*. Strong bands observed at 1715-1641 cm* were

assigned to the azomethine (C=N) linkage formed during the
final condensation step. Peaks in the range 1587-1526 cm
corresponded to aromatic C=C stretching vibrations. Bands
at 1274-1225 cm* were attributed to the triazole-associated
N=N/C-N vibrations, while strong absorptions around 1204-
1112 cm* confirmed the presence of the sulfonyl (SO2) group.
These features collectively verified successful formation of
the desired hydrazone-linked sulfonamide framework.

The proton NMR spectra of all compounds showed a
characteristic singlet at 5 8.60-8.76 ppm assignable to the
azomethine proton (-CH=N-), confirming hydrazone forma-
tion. Another singlet near 6 8.38-8.52 ppm corresponded to
the NH proton of the sulfonohydrazide moiety. Multiplets and
doublets between 5 7.06-7.91 ppm were due to aromatic protons
of phenyl, substituted aryl and heteroaryl rings. Methyl-
substituted derivatives displayed singlets near 6 2.30-2.75 ppm
corresponding to aryl-CHs and triazole-CHs groups. Methoxy
derivatives (7e, 71) showed distinct singlets around & 3.89-3.94
ppm, confirming OCHs substitution. The carbon NMR spectra
further supported the assigned structures. Signals for azome-
thine carbons appeared in the downfield region around & 142-
145 ppm. Methoxy-substituted compounds showed character-
istic resonances near 6 55-56 ppm. Methyl carbons resonated
around & 10-22 ppm. Aromatic and heteroaromatic carbons
were distributed across & 114-140 ppm, consistent with substi-
tuted phenyl, pyrazole and triazole environments.

ESI-MS spectra displayed molecular ion peaks corres-
ponding to [M+H]* for all derivatives, confirming their mole-
cular masses. Representative examples included m/z 512 for
7a, m/z 576 for brominated analogues (7b, 7j), m/z 543 for
nitro derivative 7c, m/z 532 for chloro analogues (7d, 7h), m/z
516 for fluoro derivatives (7f, 7k) and m/z 528 for methoxy
derivatives (7e, 71). These values were in excellent agreement
with calculated molecular weights.

Cytotoxicity: Mostly derivatives showed lower toxicity
toward the normal NIH/3T3 fibroblast cell line, indicating a
degree of selectivity toward malignant cells. The 1Cso values
for both MCF-7 and NIH/3T3 cell lines are summarized in
Table-1. All experiments were performed in triplicate and
results were expressed as mean + SD. Statistical significance
was evaluated by one-way ANOVA at p < 0.05.

TABLE-1
ICso VALUES (M) FOR COMPOUNDS 7a-l
Compound ICso + SD (M)
MCF-7 +SD NIH/3T3 +SD
7a 2.11 0.23 12.09 0.88
7b 2.79 1.35 16.50 171
7c 0.55 0.86 8.55 1.08
7d 0.10 1.41 6.98 0.31
7e 4.41 0.16 13.84 1.74
7 4.77 2.11 1471 0.27
79 0.69 1.22 5.50 0.51
7h 1.82 0.28 18.19 115
7i 3.06 1.50 19.84 1.45
7j 1.64 2.12 16.64 0.37
7k 5.21 2.57 16.40 1.10
71 1.34 1.67 15.13 1.05
Doxorubicin 0.92 1.24 10.81 0.30
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The cytotoxicity results indicated that both the electronic
character and positional orientation of substituents at R-position
significantly affected antiproliferative activity against the
MCF-7 breast cancer cell line. In general, derivatives bearing
electron-withdrawing groups demonstrated superior activity
compared with analogues containing electron-donating substi-
tuents. Among the synthesised compounds, derivative 7d
carrying a p-chloro substituent showed the highest potency
with an ICso value of 0.10 uM, followed by compound 7c
containing a p-nitro group (ICso = 0.55 uM). Both compounds
exhibited stronger activity than the reference drug doxorubicin,
which displayed an 1Csq value of 0.92 uM under identical
experimental conditions. These observations suggest that
incorporation of electron-withdrawing groups at the para-
position may enhance the cytotoxic potential of this scaffold.
Nevertheless, considering the high potency observed, additi-
onal independent studies and rigorous statistical confirmation
are required to verify reproducibility.

The unsubstituted derivative 7g (R = H) also demons-
trated significant activity (ICso = 0.69 uM), indicating that
substitution at the R-position is not essential for maintaining
activity and that sterically neutral analogues remain effective.
In contrast, compounds bearing electron-donating substituents
such as p-methoxy and p-methyl generally showed reduced
cytotoxicity suggesting that electron-rich aromatic substitution
is less favourable for anticancer activity within this series.

Antibacterial activity: The antibacterial screening results
revealed that the activity of compounds 7a-I was significantly
influenced by both the electronic nature and positional orien-
tation of substituents at the R-position (Table-2). Derivatives
bearing halogen substituents, particularly compounds 7b (R
= p-Br) and 7d (R = p-Cl), exhibited significant antibacterial
activity against Gram-positive strains such as S. aureus and
B. subtilis, with inhibition zones comparable to the reference
drug gatifloxacin (20 png/mL) under identical experimental
conditions. This trend suggests that electron-withdrawing
halogens at the para-position favour enhanced interaction
with Gram-positive bacterial targets.

Compounds containing electron-donating groups, inclu-
ding 7a (R = p-Me) and 7e (R = p-OMe), showed moderate to
good antibacterial activity, although their potency was gener-
ally lower than that of the halogenated analogues. This indi-
cates that electron-releasing substituents may support activity
but are less effective in maximizing antibacterial response
within this scaffold.

Among the meta-substituted derivatives, biological activity
varied according to the substituent type. Compounds 7i (R =
m-Me) and 7j (R = m-Br) displayed moderate antibacterial
effects, whereas 7k (R = m-F) showed comparatively improved
activity against Gram-negative organisms, particularly E. coli
and K. pneumoniae. In contrast, compound 71 (R = m-OMe)
exhibited relatively weaker activity. Compound 7¢ (R = p-NO3)
also demonstrated selective inhibition against E. coli and
K. pneumoniae, suggesting that the nitro group may enhance
affinity toward certain Gram-negative strains.

The unsubstituted analogue 7g (R = H) displayed moderate
activity, indicating that substitution at the R-position is not
essential for antibacterial action but contributes to improved
the potency and selectivity. These results suggest that both
electronic effects and substitution pattern play important roles
in determining the antibacterial efficacy. Halogen substitution
was particularly beneficial for Gram-positive activity, while
selected meta-substituents improved Gram-negative inhibition.
Among the synthesized series, compounds 7b, 7d, 7i and 7k
emerged as the most promising antibacterial candidates for
further biological investigation.

Antifungal activity: The observed activity indicated that
both the electronic nature and positional orientation of the sub-
stituent at the R-position significantly influenced antifungal
potency within this series. Compounds bearing electron with-
drawing groups, particularly 7¢ (R = p-NO,) and 7f (R = p-F),
exhibited strong antifungal activity against the tested fungal
strains, with inhibition zones comparable to the reference drug
clotrimazole (Table-3). These findings suggest that p-positioned
electron-withdrawing substituents favour enhanced interaction
with fungal targets.

TABLE-2
ANTIBACTERIAL ACTIVITY OF COMPOUNDS 7a-I AT DIFFERENT CONCENTRATIONS

Zone of inhibition (mm)

Comei Gram positive bacteria Gram negative bacteria
Stapylococus aeureus Bacillus Subtilis Escherichia coli Klebsiella pneumonia
10 pg/mL 20 pg/mL 10 pg/mL 20 pg/mL 10 pg/mL 20 pg/mL 10 pg/mL 20 pg/mL
Ta 16.2 215 17.1 12.5 14.1 17.5 19.1 14.5
7b 23.9 22.1 23.2 24.3 124 12.9 13.8 14.0
7c 13.6 12.6 14.6 134 22.4 19.2 19.4 215
7d 235 25.7 22.0 22.5 11.1 15,5 13.0 12.4
Te 135 142 15.2 16.2 13.8 14.5 12.6 13.8
Tf 12.4 12.5 12.5 14.5 21.4 23.1 23.7 20.9
79 135 14.5 145 14.8 18.6 18.4 15.8 16.1
7h 18.5 19.2 21.0 20.4 11.6 18.9 18.6 19.5
7i 20.3 21.7 21.0 21.2 135 12.1 11.0 14.1
7j 17.5 17.8 215 225 14.3 19.8 14.5 17.5
Tk 10.2 10.4 16.0 10.4 21.4 27.4 26.5 239
71 20.1 224 22.2 20.4 10.1 11.4 10.4 115
Gatifloxacin 20.2 22.7 19.8 22.1 16.2 17.5 17.9 10.5
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TABLE-3
ANTIFUNGAL ACTIVITIES OF THE
COMPOUNDS 7a-1 AT CONCENTRATION 50 pg/mL

TABLE-4
BINDING ENERGY VALUES FOR ALL
THE SYNTHESISED COMPOUNDS 7a-I

Zone of inhibition (mm) Ligand Binding affinity Ligand Binding affinity
Compound Aspergillus Aspergillus  Fusariumoxy 7a -8.9 7h 9.3
niger flavus sporum 7b -85 7i 9.1

7a 14.6 15.2 15.8 7c -10.2 7j 9.2

7b 19.8 17.9 18.7 7d -10.1 7K 92

7c 254 24.8 25.0 7e 97 71 -9.4

d 14.9 19.8 19.8 7 -9.8 AEET788 -9.8

7e 24.6 238 25.6 70 -10.0

7f 25.9 26.2 24.8

;ﬁ ;gi ;gg ;ig docking methodology. Among the screened compounds, ligands

7i 133 155 14.6 7c and 7d exhibited the highest binding affinities toward

7j 17.6 16.8 18.6 EGFR, with docking scores of -10.2 and -10.1 kcal/mol, resp-

7k 16.5 14.9 13.9 ectively. Both compounds demonstrated comparable binding

7l 19.8 208 20.8 modes, involving hydrogen bonding, van der Waals inter-
Clotrimazole 17.3 20.4 21.2

The methoxy-substituted derivative 7e (R = p-OMe) also
demonstrated remarkable activity, indicating that antifungal
potency in this scaffold is not governed solely by electronic
withdrawal, but may also benefit from favourable steric or
lipophilic effects. Among the meta-substituted analogues,
compounds 7h (R = m-Cl) and 71 (R = m-OMe) showed
moderate to good inhibition, whereas 7i (R = m-Me) and 7k
(R = m-F) displayed comparatively lower activity. The unsub-
stituted analogue 7g (R = H) showed only moderate anti-
fungal effects, suggesting that aromatic substitution at the
R-position contributes positively to biological performance.
Based on the SAR, it is found that nitro, fluoro and methoxy
substituents are valuable for antifungal activity in this mole-
cular framework. Among the synthesized derivatives, 7c, 7e
and 7f emerged as the most promising candidates for further
detailed biological investigation.

Molecular docking: The docking study revealed promi-
sing binding affinity values ranging from -8.5 to -10.2 kcal/
mol, as shown in Table-4. To validate the docking protocol, the
co-crystallised ligand AEE788 was re-docked into the active
site of EGFR, yielding a binding energy of -9.8 kcal/mol with
a RMSD value of 1.04 A, confirming the reliability of the

actions, w-alkyl, w-cation and n-n stacking interactions. Fig. 1a
illustrates the interaction of ligand 7c within the EGFR binding
cavity, its interactions with key amino acid residues (Fig. 1b),
and the three-dimensional binding conformation of the ligand
(Fig. 1c). Notably, ligand 7c formed significant interactions
with critical EGFR residues, including Lys745, Asn842,
11e759, Lys875, Pro877, Val726, Leu718, Phe723 and Glu762.
Similarly, ligand 7d exhibited strong interactions within
the EGFR active site, as illustrated by its binding within the
EGFR cavity (Fig. 2a), amino acid interactions (Fig. 2b), and
three-dimensional binding orientation (Fig. 2c). Ligand 7d
formed hydrogen bonds and r-alkyl, 7-cation and n-r stacked
interactions with key residues such as Asp855, Asn842 (2.36
A), Leu718 and Lys745. Among these, a notable n- stacking
interaction and a w-anion interaction involving Lys745 were
observed, contributing to the enhanced binding stability. The
reference ligand AEE788 exhibited hydrogen bonding inter-
actions with Met793 and hydrophobic interactions with Ala743,
Lys745, Leu844 and Thr790 within the EGFR binding pocket,
as shown in Fig. 3. The docking poses of ligands 7c, 7d and
AEE788 against EGFR (Figs. 1a and 2a) revealed significant
overlap, indicating a similar binding orientation within the
active site and suggesting comparable interaction patterns.

G (c)

Interactions

"1 van der Waals [T Pi-Sulfur
B Conventional hydrogen bond I Pi-Pi stacked
771 Halogen (Fluorine) 1 Alkyl

I Pi-Cation 1 Pi-Alkyl

I Pi-Anion

Fig. 1. Binding interactions of ligand 7c against EGFR
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Fig. 2. Binding interactions of ligand 7d against EGFR
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Fig. 3. Binding interactions of AEE788 against EGFR

The favourable docking scores and strong binding inter-
actions observed for ligands 7c and 7d support their potential
effectiveness as EGFR inhibitors. These in silico findings are
in good agreement with the experimental results, highlighting
the therapeutic relevance of the synthesised compounds.

Conclusion

A series of novel hydrazone-linked 1,2,3-triazole-pyrazole
hybrids (7a-1) were synthesised and evaluated for their anti-
cancer and antimicrobial activities. Several derivatives demon-
strated remarkable in vitro antiproliferative activity against
the MCF-7 cell line, with compounds 7d (p-Cl) and 7c (p-
NO,) showing the lowest ICso values within the series under
the tested conditions. The antibacterial evaluation indicated
that halogenated and fluoro-substituted derivatives exhibited
comparatively improved activity, while antifungal screening
revealed favourable activity for nitro-, fluoro- and methoxy-
substituted analogues. Preliminary SAR observations suggest
that both electronic properties and positional substitution

influence biological performance. Molecular docking studies
indicated potential binding interactions with selected biolo-
gical targets; however, further biochemical and mechanistic
investigations are required to validate these findings.
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