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A series of new indole-pyrazole-linked isoxazole hybrids (5a-0) were synthesized using Cu(l)-catalyzed 1,3-dipolar cycloaddition and
assessed for antibacterial and antibiofilm activities against methicillin-sensitive Staphylococcus aureus (MSSA), methicillin-resistant
Staphylococcus aureus (MRSA) and vancomycin-resistant Staphylococcus aureus (VRSA) pathogens. Biological evaluation showed that
the dihalogenated derivatives, particularly 3,5-dichloro (5g) and 2,4-dichloro (5i), exhibited pronounced antibacterial activity comparable
to dicloxacillin. Both compounds substantially inhibited biofilm formation. Molecular docking studies against penicillin-binding protein
(PDB ID: IMWT) supported the experimental findings, with favourable binding interactions and high predicted affinity. Structure-activity
relationship analysis indicated that dichloro substitution enhanced antibacterial potency. These hybrid compounds may serve as potential

candidates for further investigation against resistant Staphylococcus aureus infections.
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INTRODUCTION

Indole, pyrazole and isoxazole are established hetero-
cyclic scaffolds in medicinal chemistry and provide diverse
structural frameworks for the development of biologically active
molecules [1-6]. Isoxazole derivatives have been investi-
gated extensively as pharmacologically relevant compounds
and synthetic intermediates, including in the preparation of
B-lactam antibiotics such as cloxacillin and dicloxacillin [7].
The pyrazole ring is widely incorporated into organic, bioor-
ganic and medicinal compounds due of its accessible synthesis
and broad biological activity [3,4]. Indole derivatives have
likewise attracted attention for their antibacterial activity
against clinically relevant pathogens, including methicillin-
resistant Staphylococcus aureus (MRSA) [8]. Indole contain-
ing hybrids have been reported to exhibit activity against a
range of pathogenic and drug-resistant bacterial strains [9-14].

This investigation is relevant to the continuing increase in
multidrug resistance (MDR), which presents a major challenge
in the treatment of bacterial infections and contributes substan-
tially to infection-associated mortality [15]. S. aureus is an
opportunistic pathogen and a common component of the human

microbiota, with asymptomatic nasal or skin colonization
occurring in approximately one-third of the population [16].
Following disruption of epithelial barriers, S. aureus can
cause infections involving multiple tissues and organs. Its cap-
acity to adapt to host environments and antimicrobial pressure
contributes to its clinical importance [17]. Methicillin-suscep-
tible S. aureus (MSSA), methicillin-resistant S. aureus (MRSA)
and vancomycin-resistant S. aureus (VRSA) represent clini-
cally important phenotypes associated with antimicrobial
resistance [18,19]. The continuing emergence of resistant strains
has increased the need for antibacterial compounds with new
chemical scaffolds and mechanisms of action [20-22].

Biofilm formation further complicates the management
of S. aureus infections. Biofilms are structured bacterial com-
munities associated with persistent infections in humans and
animals and with contamination of medical implants and health-
care equipment [23]. Bacterial aggregation precedes biofilm
maturation [24], while the resulting extracellular matrix and
altered physiological state can reduce susceptibility to anti-
microbial treatment [25,26]. Biofilm-associated S. aureus
infections are consequently difficult to eradicate and represent
an important therapeutic problem [27].

This is an open access journal and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license and indicate if changes were made.


https://orcid.org/0009-0001-3725-7657
https://orcid.org/0000-0002-3415-1865
https://orcid.org/0000-0001-5509-0873
https://orcid.org/0009-0000-7154-2315

Vol. 38, No. 9 (2026)

Synthesis of New Indole-Pyrazole linked Isoxazoles as Potent Antibacterial and Antibiofilm Agents 2439

Molecular hybridization, in which two or more biologi-
cally relevant pharmacophores are combined within one mole-
cular framework, provides a rational approach to the design
of new antibacterial compounds [28-30]. On this basis, new
indole—pyrazole-linked isoxazoles were designed and synth-
esized by a Cu-catalyzed 1,3-dipolar cycloaddition involving
an alkyne and substituted aryl aldehyde-derived precursors.
The resulting compounds were evaluated for antibacterial
activity against selected strains of S. aureus. The incorpora-
tion of three heterocyclic units within a single molecular frame-
work was designed to assess their influence on antibacterial
activity and biofilm inhibition. Moreover, the molecular design
was based on a molecular hybridization technique targeted at
increasing EGFR inhibitory activity and antiproliferative
efficacy (Fig. 1).

EXPERIMENTAL

All reagents were of analytical grade or chemically pure.
Analytical thin-layer chromatography was performed on silica

gel 60 Fzsq plates (Merck). 'H NMR spectra were acquired
using a Varian Gemini 400 MHz spectrometer. 3C NMR
spectra were obtained using a Bruker 100 MHz spectrometer.
Chemical shift measurements were quantified in parts per
million (ppm, &), with tetramethylsilane serving as an internal
reference. Mass spectrometry measurements were performed
using the electron impact (EI) method.

Synthesis of (E)-5-methyl-4-((1-methyl-1H-indol-3-yl)-
methylene)-2-(prop-2-yn-1-yl)-2,4-dihydro-3H-pyrazol-3-
one (4): A mixture of 1-methyl-1H-indole-3-carbaldehyde
(1, 3 g, 0.019 mol), 5-methyl-2-(prop-2-yn-1-yl)-2,4-dihydro-
3H-pyrazol-3-one (3, 2.6 g, 0.019 mol) and piperidene (0.003
mol) was refluxed in methanol for 16 h. Then, the reaction
mixture was allowed to cool to room temperature for a period
of 2 h. The precipitate formed was filtered, washed with cold
ethanol and dried. In the final step, the crude solid was cry-
stallized with ethanol, resulting in a pale red solid with a yield
of 69%. 'H NMR (400 MHz, DMSO-ds, § ppm): 7.79 (s, 1H),
7.66 (d, J =8.0 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.19-7.16
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Fig. 1. Design strategy for the synthesis of indole-pyrazole linked Isoxazoles via a molecular hybridization approach
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(m, 1H), 7.09 (s, 1H), 7.04-7.02 (m, 1H), 3.93 (d, J = 4.0 Hz,
2H, N-CHy), 3.53 (s, 3H, N-CH3), 2.68 (s, 3H, -CH3), 1.96 (t,
J=4.0 Hz, 1H, CH). ESI-MS: 278 [M + H].

Synthesis of (E)-2-((3-(aryl)isoxazol-5-yl)methyl)-5-
methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-dihydro-
3H-pyrazol-3-one (5a-0): Aldehyde (0.32 g, 0.003 mol) was
added to a solution of hydroxylamine hydrochloride (0.22 g,
0.0033 mol) in 10 mL of 1:1 t-BuOH:H>O mixture. Subseg-
uently, NaOH (0.13 g, 0.0033 mol) was introduced and after
30 min of agitation at room temperature, TLC analysis verified
the completion of oxime synthesis. Chloramine-T trihydrate
(0.9 g, 0.0033 mol) was gradually added over 10 min, followed
by Cul (44 mg, 0.233 mmol). Compound 4 (0.4 g, 0.002 mol)
was added, the pH was adjusted to 6 with a few drops of 1 M
NaOH and stirring was continued for an additional 8-10 h. The
reaction mixture was added to 50 mL of cold water, followed
by the addition of 10 mL of dilute NH4OH to remove any
copper salts (Scheme-1). The crude was refined using column
chromatography with silica gel and a liquid combination of
25% ethyl acetate and hexane.

(E)-5-Methyl-4-((1-methyl-1H-indol-3-yl)methylene)-
2-((3-phenylisoxazol-5-yl)methyl)-2,4-dihydro-3H-pyrazol-
3-one (5a): Yield: 65%; m.p.: 147-149 °C; 'H NMR (400
MHz, DMSO-ds, 8 ppm): 7.78 (s, 1H), 7.68 (d, J = 8.0 Hz, 1H),
7.55 (d, J =8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 1H), 7.34-7.31
(m, 3H), 7.18-7.15 (m, 1H), 7.09 (s, 1H), 7.03-7.01 (m, 1H),
6.83 (s, 1H, isoxazole), 5.10 (s, 2H, N-CHy), 3.54 (s, 3H, N-CHg),
2.64 (s, 3H, -CHs); *3C NMR (100 MHz, DMSO-dg, & ppm):
169.47,163.47,160.31, 154.52, 138.41, 133.38, 132.03, 130.79,
129.95, 128.83, 128.39 (2C), 127.67 (2C), 124.57, 123.74,
122.38, 121.26, 117.87, 110.46, 99.69, 44.20, 36.37, 14.53;
ESI-MS: calcd. for Ca4H20N4O2: [M]* m/z: 396, found: 397
[M+H]*. Anal. calcd. (found) % for CaaH2oN4O2: C, 72.71
(72.73); H, 5.09 (5.05); N, 14.13 (14.11).

(E)-5-Methyl-4-((1-methyl-1H-indol-3-yl)methylene)-
2-((3-(p-tolyl)isoxazol-5-yl)methyl)-2,4-dihydro-3H-pyrazol-
3-one (5b): Yield: 65%; m.p.: 151-153 °C; 'H NMR (400
MHz, DMSO-ds, 6 ppm): 7.79 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H),
7.51 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 1H), 7.32 (d, J
=8.0 Hz, 2H), 7.18-7.16 (m, 1H), 7.07 (s, 1H), 7.04-7.01 (m,
1H), 6.84 (s, 1H, isoxazole), 5.11 (s, 2H, N-CHy), 3.53 (s, 3H,
N-CHg), 2.65 (s, 3H, -CHs), 2.25 (s, 3H, -CH3); ¥C NMR (100
MHz, DMSO-ds, & ppm): 169.50, 163.62, 160.47, 154.52, 139.36,

%
—O0
Piperidine
\ + (0] N\N MeOH, reflux
N u 16h
1
\ ;

Propargyl [ Cs,CO3,
bromide DMF, rt, 4h

138.42, 133.35, 132.17, 130.52, 129.15 (2C), 128.13, 127.12
(2C), 124.81, 123.60, 122.41, 121.44, 117.55, 110.53, 99.81,
44,28, 36.31, 21.56, 14.35; ESI-MS: calcd. for CasH22N4O2:
[M]* m/z: 410, found: 411 [M+H]*. Anal. calcd. (found) % for
CosH2N402: C, 73.15 (73.19); H, 5.40 (5.43); N, 13.65 (13.62).
(E)-2-((3-(3,5-Dimethylphenyl)isoxazol-5-yl)methyl)-
5-methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-dihydro-
3H-pyrazol-3-one (5¢): Yield: 50%; m.p.: 158-161 °C; *H
NMR (400 MHz, DMSO-ds, 8 ppm): 7.80 (s, 1H), 7.66 (d, J
= 8.0 Hz, 1H), 7.52 (s, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.19-
7.17 (m, 1H), 7.13 (s, 1H), 7.07 (s, 1H), 7.04-7.01 (m, 1H),
6.84 (s, 1H, isoxazole), 5.10 (s, 2H, N-CHy), 3.53 (s, 3H, N-
CHj3), 2.64 (s, 3H, -CH3), 2.16 (s, 6H, 2-CH3); 3C NMR (100
MHz, DMSO-ds, 6 ppm): 169.26, 163.75, 160.49, 154.46,
138.81, 137.50 (2C), 133.71, 132.58, 132.05, 131.04, 128.27,
126.14 (2C), 124.53, 123.30, 122.54, 121.44, 117.76, 110.52,
99.76, 44.30, 36.23, 20.31 (2C), 14.47; ESI-MS: calcd. for
Ca26H24N4O2: [M]" m/z: 424, found: 425 [M+H]*. Anal. calcd.
for CasH24N4O2: C, 73.56; H, 5.70; N, 13.20. Found: C,
73.59; H,5.73; N, 13.17.
(E)-2-((3-(4-Methoxyphenyl)isoxazol-5-yl)methyl)-5-
methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-dihydro-
3H-pyrazol-3-one (5d): Yield: 40%; m.p.: 163-165 °C; H
NMR (400 MHz, DMSO-ds, 8 ppm): 7.79 (s, 1H), 7.02-7.67
(m, 3H), 7.43 (d, J = 8.0 Hz, 1H), 7.19-7.16 (m, 1H), 7.08 (s,
1H), 7.05-7.02 (m, 1H), 6.98 (d, J = 8.0 Hz, 2H), 6.84 (s, 1H,
isoxazole), 5.10 (s, 2H, N-CH>), 3.84 (s, 3H, OCHj3), 3.54 (s,
3H, N-CHs), 2.65 (s, 3H, -CH3); **C NMR (100 MHz, DMSO-
ds, & ppm): 169.44, 163.49, 160.68, 159.34, 154.30, 138.66,
133.18, 132.24,129.34 (2C), 128.73, 124.32, 123.28, 122.46,
121.31, 120.44, 117.42, 114.57 (2C), 110.44, 99.82, 56.23,
44.52, 36.44, 14.65; ESI-MS: calcd. for CosH22N4O3: [M]* m/z:
426, found: 427 [M+H]"*. Anal. calcd. (found) % for C2sH22N4Os:
C, 70.41 (70.43); H, 5.20 (5.16); N, 13.14 (13.11).
((E)-2-((3-(3,5-Dimethoxyphenyl)isoxazol-5-yl)methyl)-
5-methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-
dihydro-3H-pyrazol-3-one (5¢): Yield: 30%; m.p.: 170-172
°C; 'H NMR (400 MHz, DMSO-ds, 8 ppm): 7.79 (s, 1H), 7.65
(d, J = 8.0 Hz, 1H), 7.55 (s, 2H), 7.43 (d, J = 8.0 Hz, 1H),
7.19-7.16 (m, 1H), 7.09 (s, 1H), 7.06-7.03 (m, 1H), 6.96 (s,
1H), 6.84 (s, 1H, isoxazole), 5.10 (s, 2H, N-CH), 3.83 (s, 6H,
2x0CHa), 3.53 (s, 3H, N-CHs3), 2.65 (s, 3H, -CHs); °C NMR
(100 MHz, DMSO-dg, & ppm): 169.57, 163.55, 161.35 (2C),

R
(a) Ar-CHO, \ ~
/ NH,OH-HCl, NaOH
/ t-BuOH:H,0 \
r.t., 30 min /
—_—
N (b) Chloramine-T-3H,0
Cu(l) XN
r.t.,10-12 h \ /
(0]

R = H (5a), 4-Me (5b), 3,5-diMe (5c), 4-OMe (5d), 3,5-diOMe (5e), 4-CI (5f),
N 3,5-diCl (5g), 2,3-diCl (5h), 2,4-diCl (5i), 4-Br (5j), 3,5-diBr (5k),

/ 4-NO, (51), 4-CN (5m), 3,5-diCN (5n), 3,5-diNO, (50)

Scheme-1: Synthesis of indole—isoxazole—pyrazole hybrids (5a-0)
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160.55, 154.27,138.77, 134.25, 133.45, 132.50, 128.80, 124.41,
123.48,122.39, 121.55, 117.43, 110.51, 108.25 (2C), 104.24,
99.85, 55.12 (2C), 44.21, 36.33, 14.82; ESI-MS: calcd. for
C26H24N404: [M]* m/z: 456, found: 457 [M+H]*. Anal. calcd.
(found) % for CsH24N4O4: C, 68.41 (5.33); H, 5.30 (5.33); N,
12.27 (12.25).
(E)-2-((3-(4-Chlorophenyl)isoxazol-5-yl)methyl)-5-
methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-dihydro-
3H-pyrazol-3-one (5f): Yield: 63%; m.p.: 158-160 °C; H
NMR (400 MHz, DMSO-dg, 6 ppm): 7.80 (s, 1H), 7.71 (d, J
=8.0Hz, 2H), 7.65 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H),
7.33(d, J = 8.0 Hz, 2H), 7.20-7.17 (m, 1H), 7.09 (s, 1H), 7.06-
7.03 (m, 1H), 6.85 (s, 1H, isoxazole), 5.11 (s, 2H, N-CHy), 3.52
(s, 3H, N-CHs), 2.64 (s, 3H, -CH3); 3C NMR (100 MHz, DMSO-
de, & ppm): 169.21, 163.52, 160.29, 154.46, 138.97, 135.19,
133.39, 132.23, 129.03, 128.55 (2C), 127.90, 127.30 (2C), 124.23,
123.38, 122.11, 121.19, 117.56, 110.62, 99.76, 44.55, 36.61,
14.53; ESI-MS: Cal for C24H19CIN4O2: [M]* m/z: 430, found:
431 [M+H]*. Anal. calcd. (found) % for C24H19CIN4O2: C,
66.90 (66.88); H, 4.44 (4.41); N, 13.00 (12.97).
(E)-2-((3-(3,5-Dichlorophenyl)isoxazol-5-yl)methyl)-
5-methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-
dihydro-3H-pyrazol-3-one (5g): Yield: 80%; m.p.: 150-
152 °C; *H NMR (400 MHz, DMSO-ds, 5 ppm): 7.80 (s, 1H),
7.73 (s, 2H), 7.63 (d, J = 8.0 Hz, 1H), 7.43 (d, = 8.0 Hz, 1H),
7.29 (s, 1H), 7.20-7.17 (m, 1H), 7.09 (s, 1H), 7.06-7.03 (m,
1H), 6.88 (s, 1H, isoxazole), 5.11(s, 2H, N-CH>), 3.53 (s, 3H,
N-CHjs), 2.65 (s, 3H, -CH3); **C NMR (100 MHz, DMSO-ds,
3 ppm): 169.72, 163.67, 160.36, 154.54, 138.77, 135.12 (2C),
133.86, 132.74, 130.85, 130.23, 128.44, 126.23 (2C), 124.68,
123.60, 122.53, 121.50, 117.61, 110.26, 99.74, 44,51, 36.23,
14.31; ESI-MS: calcd. for C24H1sCl2N4O2: [M]* m/z: 464, found:
465 [M+H]*. Anal. calcd. (found) % for Cz4H15CI2N4O2: C,
61.95 (61.91); H, 3.90 (3.87); N, 12.04 (12.01).
(E)-2-((3-(2,3-Dichlorophenyl)isoxazol-5-yl)methyl)-
5-methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-
dihydro-3H-pyrazol-3-one (5h): Yield: 43%; m.p.: 173-175
°C; H NMR (400 MHz, DMSO-ds,  ppm): 7.80 (s, 1H), 7.65
(d, J=8.0Hz 1H), 7.57 (d,J =8.0 Hz, 1H), 7.43 (d, J = 8.0 Hz,
1H), 7.34 (d, J = 8.0 Hz, 1H), 7.20-7.16 (m, 3H), 7.06-7.03
(m, 1H), 6.86 (s, 1H, isoxazole), 5.11(s, 2H, N-CHy), 3.52 (s, 3H,
N-CHs), 2.65 (s, 3H, -CH3); **C NMR (100 MHz, DMSO-ds,
S ppm): 169.04, 163.37,160.54, 154.53, 138.68, 133.70, 133.11,
132.64,132.16, 131.45, 130.56, 128.29, 127.31, 127.07, 124.32,
123.29, 122.38, 121.60, 117.92, 110.74, 99.83, 44.19, 36.38,
14.72; ESI-MS: calcd. for CaH1gCloN4O,: [M]* m/z: 464,
found: 465 [M+H]*. Anal. calcd. (found) % for CosH15CloN4O5:
C, 61.95 (61.92); H, 3.90 (3.86); N, 12.04 (12.02).
(E)-2-((3-(2,4-Dichlorophenyl)isoxazol-5-yl)methyl)-
5-methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-
dihydro-3H-pyrazol-3-one (5i): Yield: 70%; m.p.: 169-171
°C; 'H NMR (400 MHz, DMSO-dsg, 8 ppm): 7.80 (s, 1H), 7.63
(d,J=8.0Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz,
1H), 7.35 (s, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.21-7.18 (m, 1H),
7.09 (s, 1H), 7.05-7.02 (m, 1H), 6.86 (s, 1H, isoxazole), 5.11
(s, 2H, N-CHy), 3.54 (s, 3H, N-CH3), 2.64 (s, 3H, -CH3); °C
NMR (100 MHz, DMSO-ds, & ppm): 169.36, 163.88, 160.53,
154.27, 138.71, 136.34, 134.46, 133.32, 132.36, 131.36,

130.41, 129.35, 128.77, 127.26, 124.46, 123.52, 122.28,
121.56, 117.61, 110.22, 99.72, 44.60, 36.32, 14.82; ESI-MS:
calcd. for C24H15CI2N4O2: [M]* m/z: 464, found: 465 [M+H]".
Anal. calcd. (found) % for C24H1sCI2N4O,: C, 61.95 (61.92);
H, 3.90 (3.87); N, 12.04 (12.01).
(E)-2-((3-(4-Bromophenyl)isoxazol-5-yl)methyl)-5-
methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-dihydro-
3H-pyrazol-3-one (5j): Yield: 72%; m.p.: 172-174 °C; H
NMR (400 MHz, DMSO-dg, & ppm): 7.80 (s, 1H), 7.64 (d, J
= 8.0 Hz, 1H), 7.54-7.42 (m, 5H), 7.19-7.16 (m, 1H), 7.09 (s,
1H), 7.05-7.03 (m, 1H), 6.85 (s, 1H, isoxazole), 5.10 (s, 2H,
N-CH.), 3.53 (s, 3H, N-CHj3), 2.64 (s, 3H, -CHj3); 3C NMR
(100 MHz, DMSO-ds, 3 ppm): 169.61, 163.64, 160.41, 154.32,
138.76, 133.40, 132.68, 131.31 (2C), 128.71, 127.73, 126.73
(2C), 125.44, 124.32, 123.49, 122.57, 121.68, 117.59, 110.74,
99.84, 44.21, 36.27, 14.66; ESI-MS: calcd. for C4H10BrN4O3:
[M]* m/z: 474, found: 475 [M+H]*. Anal. calcd. (found) %
for C24H19BrN4O2: C, 60.64 (60.66); H, 4.03 (4.00); N, 11.79
(11.76).
(E)-2-((3-(3,5-Dibromophenyl)isoxazol-5-yl)methyl)-
5-methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-
dihydro-3H-pyrazol-3-one (5k): Yield: 35%; m.p.: 181-183
°C; 'H NMR (400 MHz, DMSO-ds, 8 ppm): 7.79 (s, 1H), 7.66
(d, J=8.0Hz, 1H), 7.55 (s, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.35
(s, 1H), 7.20-7.16 (m, 1H), 7.09 (s, 1H), 7.05-7.02 (m, 1H), 6.85
(s, 1H, isoxazole), 5.11 (s, 2H, N-CHy), 3.53 (s, 3H, N-CHj),
2.64 (s, 3H, -CHg); 3C NMR (100 MHz, DMSO-ds, & ppm):
169.57, 163.75, 160.48, 154.44, 138.76, 135.13, 133.58, 132.52,
130.61, 128.74 (2C), 128.31, 125.38 (2C), 124.37, 123.32,
122.48,121.19,117.52,110.32,99.72, 44.31, 36.32, 14.76; ESI-
MS: calcd. for Cz4H1sBraN4O2: [M]* m/z: 552, found: 553
[M+H]*. Anal. calcd. (found) % for C24H1sBraN4O2: C, 52.01
(51.97); H, 3.27 (3.25); N, 10.11 (10.08).
(E)-5-Methyl-4-((1-methyl-1H-indol-3-yl)methylene)-
2-((3-(4-nitrophenyl)isoxazol-5-yl)methyl)-2,4-dihydro-3H-
pyrazol-3-one (51): Yield: 77%; m.p.: 171-173 °C; *H NMR
(400 MHz, DMSO-ds, 8 ppm): 7.94 (d, J = 8.0 Hz, 2H), 7.79
(s, 1H), 7.63 (d, J=8.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.43
(d, J=8.0 Hz, 1H), 7.21-7.18 (m, 1H), 7.09 (s, 1H), 7.06-7.03
(m, 1H), 6.87 (s, 1H, isoxazole), 5.11 (s, 2H, N-CH,), 3.53 (s,
3H, N-CHs), 2.65 (s, 3H, -CH3); **C NMR (100 MHz, DMSO-
ds, 6 ppm): 169.48, 163.60, 160.28, 154.69, 149.05, 138.97,
135.08, 133.59, 132.46, 128.78, 127.71 (2C), 125.28 (2C),
124,60, 123.53, 122.71, 121.66, 117.65, 110.31, 99.86, 44.17,
36.29, 14.52; ESI-MS: calcd. for C24H1sNsO4: [M]* m/z: 441,
found: 442 [M+H]*. Anal. calcd. (found) % for C24H19NsOa:
C, 65.30 (65.27); H, 4.34 (4.31); N, 15.86 (15.83).
(E)-4-(5-((3-Methyl-4-((1-methyl-1H-indol-3-yl)methyl-
ene)-5-oxo-4,5-dihydro-1H-pyrazol-1-yl)methyl)isoxazol-
3-yl)benzonitrile (5m): Yield: 44%; m.p.: 184-186 °C; 'H
NMR (400 MHz, DMSO-dg, 8 ppm): 7.85 (d, J = 8.0 Hz, 2H),
7.79 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 2H),
7.44 (d, J = 8.0 Hz, 1H), 7.20-7.17 (m, 1H), 7.09 (s, 1H), 7.05-
7.02 (m, 1H), 6.86 (s, 1H, isoxazole), 5.11 (s, 2H, N-CH>), 3.53
(s, 3H, N-CHs), 2.63 (s, 3H, -CHs); *C NMR (100 MHz, DMSO-
de, 6 ppm): 169.61, 163.76, 160.54, 154.31, 138.71, 135.25,
133.59, 132.33 (2C), 131.33, 128.77 (2C), 127.18, 124.47,
123.34,122.32,121.44,119.88, 117.59, 114.46, 110.23, 99.78,
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44.82, 36.64, 14.52; ESI-MS: calcd. for CsHigNsO,: [M+2H]*
m/z 421, found: 422 [M+3H]*. Anal. calcd. (found) % for
CosH1gNs02: C, 71.25 (71.23); H, 4.54 (4.51); N, 16.62 (16.59).

(E)-5-(5-((3-Methyl-4-((1-methyl-1H-indol-3-yl)methyl-
ene)-5-0x0-4,5-dihydro-1H-pyrazol-1-yl)methyl)isoxazol-
3-yl)isophthalonitrile (5n): Yield: 54%; m.p.: 170-172 °C;
'H NMR (400 MHz, DMSO-ds, 5 ppm): 7.80 (s, 1H), 7.72 (s,
2H), 7.64 (d, J=8.0 Hz, 1H), 7.49 (s, 1H), 7.42 (d, J = 8.0 Hz,
1H), 7.20-7.16 (m, 1H), 7.09 (s, 1H), 7.06-7.02 (m, 1H), 6.89
(s, 1H, isoxazole), 5.11(s, 2H, N-CHy), 3.55 (s, 3H, N-CH3),
2.65 (s, 3H, -CH3); C NMR (100 MHz, DMSO-ds, & ppm):
169.57, 163.52, 160.34, 154.44, 138.60, 136.03 (2C), 135.13,
133.45, 132.66, 131.23,128.79, 124.67, 123.51, 122.78, 121.35,
118.14 (2C), 117.00, 116.19 (2C), 110.55, 99.82, 44.63, 36.36,
14.84; ESI-MS: calcd. for CsH1sNsO2: [M]* m/z: 446, found:
447 [M+H]". Anal. calcd. (found) % for CsH1sNeO2: C, 69.95
(69.97); H, 4.06 (69.97); N, 18.82 (18.78).

(E)-2-((3-(3,5-Dinitrophenyl)isoxazol-5-yl)methyl)-5-
methyl-4-((1-methyl-1H-indol-3-yl)methylene)-2,4-dihydro-
3H-pyrazol-3-one (50): Yield: 38%; m.p.: 196-198 °C; H
NMR (400 MHz, DMSO-dg, 3 ppm): 7.97 (s, 2H), 7.80 (s, 1H),
7.65 (d, J = 8.0 Hz, 1H), 7.61 (s, 1H), 7.42 (d, J = 8.0 Hz,
1H), 7.20-7.16 (m, 1H), 7.09 (s, 1H), 7.06-7.03 (m, 1H), 6.89
(s, 1H, isoxazole), 5.11 (s, 2H, N-CHy), 3.54 (s, 3H, N-CHs5),
2.65 (s, 3H, -CHg); **C NMR (100 MHz, DMSO-ds, & ppm):
169.64, 163.57, 160.47, 154.51, 146.23 (2C), 138.39, 133.65,
132.52,131.57,130.10 (2C), 128.27, 124.62, 123.60, 122.87,
122.42, 121.16, 117.46, 110.27, 99.76, 44.45, 36.53, 14.57;
ESI-MS: calcd. for C24H1sNsOg: [M]* m/z: 486, found: 487
[M+H]*. Anal. calcd. (found) % for CasH1gNgOs: C, 59.26
(59.23); H, 3.73 (3.70); N, 17.28 (17.32).

Determination of minimum inhibitory concentration
(MIC): The MIC of the synthesized compounds was deter-
mined by the broth microdilution method according to the
Clinical and Laboratory Standards Institute (CLSI) guide-
lines. Stock solutions of the synthesized compounds were pre-
pared separately in DMSO and diluted with Mueller-Hinton
broth (MHB; Becton Dickinson, Sparks, MD, USA) to obtain
the required concentrations. Serial two-fold dilutions were pre-
pared in 96-well microplates to obtain final concentrations
ranging from 50 to 0.25 pg/mL. Fresh 24 h bacterial cultures
were used for preparation of the inoculum. The bacterial sus-
pension was adjusted to approximately 5 x 10° CFU/mL. An
aliquot of 100 pL of the bacterial suspension was added to each
well containing the respective concentration of the test comp-
ound. The plates were incubated at 37 °C for 24 h. Following
incubation, 40 L of resazurin solution (0.4 ug/mL) was added
to each well as a microbial growth indicator and the plates
were further incubated at 37 °C for 30 min. The MIC was
recorded as the lowest concentration of the test compound at
which no visible bacterial growth was observed. Appropriate
growth and sterility controls were included in each assay. All
experiments were performed in triplicate.

Growing of biofilm: The ability of the selected comp-
ounds to prevent biofilm development or destroy of preformed
biofilms was investigated using a previously described method
[31]. A 100 pL aliquot of standardized concentration of
cultures with ODsgo = 0.05 (5 x 10° CFU/mL) was added into
individual flat-bottomed 96-well microtiter plates containing

LB medium. The microtiter plate was incubated to develop a
multilayer biofilm for approximately 24 h (irreversible attach-
ment phase) and 48 h (mature biofilm) at 37 °C. Following,
different concentrations of the compounds (0-1000 pg/mL)
were added into the wells of a 96-well microtiter plate and the
plates were incubated further at 37 °C for 24 h. Wells contain-
ing only media served as negative controls. Biofilm biomass
was assessed using a crystal violet (CV) staining assay.

Crystal violet staining of biofilm: The crystal violet
staining assay was performed as previously described, with
minor modifications [32]. Following incubation, the contents
of each well were removed by gently shaking and inverting
the microtiter plate. The wells were then washed 3-4 times
with sterile distilled water to remove loosely attached cells
and residual culture medium. The plate was air-dried and sub-
sequently dried in an oven at 60 °C for 35-45 min. After
drying, 125 pL of 0.1% (w/v) crystal violet solution was added
to each well and incubated at room temperature for 10-15 min.
The crystal violet solution was then removed and the wells
were washed 4-5 times with sterile distilled water to remove
excess dye. After washing, the biofilm appeared as a purple
ring along the sidewalls of the wells. The plate was inverted
and allowed to dry overnight before quantitative determina-
tion of the biofilm biomass. For quantitative analysis, the crystal
violet retained by the biofilm was subsequently solubilized and
the absorbance was measured using a microplate reader. The
absorbance value was taken as an indicator of the amount of
biofilm biomass present in each well.

RESULTS AND DISCUSSION

The synthetic sequence describes the synthesis of indole—
isoxazole—pyrazole hybrids (5a-0) through sequential funct-
ionalization followed by Cu(l)-catalyzed 1,3-dipolar cyclo-
addition. Initially, 5-methyl-2,4-dihydro-3H-pyrazol-3-one
(2) under-went base-promoted propargylation with propargyl
bromide using Cs,CO3 in DMF at ambient temperature to
afford the corresponding propargylated intermediate (3). Inter-
mediate 3 was then subjected to Knoevenagel condensation
with 1-methyl-1H-indole-3-carbaldehyde (1) in methanol under
reflux in the presence of piperidine as a base catalyst. The
active methylene group of the pyrazolone reacted with the
aldehyde functionality to furnish the arylidene pyrazolone
derivative (4). The resulting C=C bond remains conjugated
with the carbonyl group, contributing to the stability of the
intermediate. The key transformation involves the generation
of nitrile oxides from substituted aromatic aldehydes. The
aldehydes were treated with NH,OH-HCI and NaOH in a
butanol/water medium at ambient temperature to form the
corresponding aldoximes. The oxidation of the aldoximes with
chloramine-T trihydrate generated the reactive nitrile oxide
species in situ. The nitrile oxide then underwent a Cu(l)-cataly-
zed regioselective [3+2] cycloaddition with the terminal
alkyne moiety of compound 4 in THF at ambient temperature,
affording the corresponding isoxazole ring. Cu(l) promotes
formation of a copper acetylide from the terminal alkyne,
which facilitates alkyne activation and directs the cycloaddi-
tion toward the observed regioisomer [33,34].

Antibacterial activity: The antibacterial efficacy of com-
pounds 5a-0 was assessed against mutant strains of S. aureus:
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methicillin-susceptible S. aureus (MSSA), methicillin-resis-
tant S. aureus (MRSA) and vancomycin-resistant S. aureus
(VRSA) using the conventional broth microdilution method
[35]. The antibacterial data unequivocally indicate that the
biological activity is significantly affected by the characteris-
tics and placement of substituents on the aromatic ring
(Table-1). The unsubstituted compound 5a (R = H) was inac-
tive (MIC > 50 pg/mL), affirming that substitution is crucial
for antibacterial efficacy. Electron-donating groups such as
4-Me (5b) and 3,5-diMe (5c) exhibited only moderate activity,
primarily against MRSA (25 pg/mL). Methoxy derivatives
5d (4-OMe) and 5e (3,5-diOMe) exhibited enhanced efficacy
against MSSA (6.25-12.5 pg/mL), although they were less
efficient against resistant strains. Halogen substitution markedly
improved the antibacterial efficacy. The mono-chloro deriva-
tive 5f (4-Cl) demonstrated considerable broad-spectrum
efficacy (6.25-12.5 ug/mL). Notably, the dichloro derivatives
exhibited superior efficacy, with 5g (3,5-diCl) and 5i (2,4-
diCl) demonstrating exceptional potency against MSSA (1.56
ug/mL) and significant activity against MRSA and VRSA (3.12-
6.25 ng/mL), comparable to dicloxacillin. Likewise, 5h (2,3-
dichlorophenyl) and 5k (3,5-dibromophenyl) exhibited reli-
able and encouraging broad-spectrum inhibition within the
6.25 pg/mL range. Strong electron-withdrawing substituents,
such as 4-NO; (51) and 3,5-diNO- (50), were associated with
reduced activity (25-50 mg/mL), suggesting that excessive
electron deficiency may be unfavorable for interactions with
the target. Cyano derivatives 5m (4-CN) and 5n (3,5-diCN)
exhibited moderate activity. The SAR demonstrates that
dihalogen substitution, especially with chloro groups at the
3,5- or 2,4-positions, yields maximal antibacterial efficacy,
presumably due to increased lipophilicity and advantageous
interactions with bacterial targets. Among the disubstituted
derivatives, dichloro derivatives exhibited potent activity then
methoxy, cyano, bromo and nitro derivatives (Fig. 2).

The dichloro-substituted derivatives (5g and 5i) exhi-
bited superior antibacterial and antibiofilm activities, which
may be associated with the combined electronic and lipo-
philic effects of the chlorine substituents. Chlorine acts as a
moderately electron-withdrawing group while increasing the

[lndole backbone with drug like propertie9<: \

R = H, Me, OMe, diOMe, |
Cl, diCl, Br, diBr, CN, !
diCN, NO,, diNO,

TABLE-1
In vitro ANTIBACTERIAL ACTIVITY
DATA FOR COMPOUNDS 5a-of!

Compound R MIC (ug/mL)

MSSA MRSA VRSA
5a H >50 >50 >50
5b 4-Me >50 25 >50
5c 3,5-diMe 12.5 25 >50
5d 4-OMe 12.5 25 50
5e 3,5-diOMe 6.25 25 50
5f 4-Cl 6.25 12.5 12,5
59 3,5-diCl 1.56 1.56 6.25
5h 2,3-diCl 3.12 6.25 6.25
5i 2,4-diCl 1.56 3.12 6.25
5j 4-Br 25 50 50
5k 3,5-diBr 6.25 6.25 6.25
51 4-NO2 25 50 50
5m 4-CN 125 25 25
5n 3,5-diCN 25 125 125
50 3,5-diNO2 50 50 25

Dicloxacillin 3.12 6.25 6.25

<> Indicates a concentration of > 50 pg/mL. FIMIC i.e., lowest con-
centration of the test compound required to inhibit bacterial growth.

hydrophobic character of the molecule. The resulting enhance-
ment in lipophilic surface area may promote penetration across
the bacterial cell envelope and facilitate interactions with
penicillin-binding proteins (PBPs). Molecular docking results
supported this interpretation, with the 3,5- and 2,4-dichloro
substitution patterns providing a suitable steric and electronic
environment for hydrophobic and z-interactions with key amino
acid residues within the binding site.

In contrast, strongly electron-withdrawing substituents
such as nitro and cyano groups can substantially alter the
electron distribution of the molecular framework, potentially
affecting molecular recognition and target binding. The com-
paratively higher activity of 5g and 5i may, therefore, arise
from a balance between electronic effects, lipophilicity, steric
characteristics and favourable target interactions rather than
from the presence of chlorine atoms alone.

[ Isoxazole clinical trial antibacterial agcnt]

I

[ Pyrazole backbone with drug like properties

] (Aromatic unit for lipophilic control]

i) Disubstituted derivatives are more potent than mone substitute derivatives

ii) DiChloro derivatives are more potent than remaining compounds

Fig. 2. SAR of the target fused 1,2,3-triazole derivatives
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Antibiofilm activity: The MIC values identified several
compounds with appreciable antibacterial activity, promp-
ting their evaluation for antibiofilm efficacy (Table-2). Biofilm
inhibition was assessed over a concentration range of 0-1000
ug/mL. Compounds 5f, 5g, 5h, 5i and 5k exhibited signifi-
cant biofilm inhibition, as reflected by their BFIC values in
Table-2. Among these derivatives, 5i (2,4-diCl) displayed the
highest potency, with BFIC values of 3.89 ug/mL against MSSA,
5.52 pg/mL against MRSA and 12.89 ug/mL against VRSA.
These values were comparable to those of dicloxacillin, which
exhibited BFIC values of 4.39, 6.67 and 10.89 ug/mL, respec-
tively. Compound 5g (3,5-diCl) exhibited strong inhibition,
with BFIC values ranging from 4.32 to 14.13 pg/mL, whereas
5h (2,3-diCl) showed moderate activity. The mono-chloro deri-
vative 5f and the dibromo derivative 5k exhibited compara-
tively weaker biofilm inhibition.

TABLE-2
BACTERIAL FILM INHIBITION CONCENTRATION
(BFIC, ug/mL) OF COMPOUNDS 5f, 5g, 5h, 5i AND 5k

Bacteria MSSA MRSA VRSA
5f 12.34%* 16.33 23.33

59 4,32%** 8.69*** 14.13**

5h 8.42** 11.32** 16.20

5i 3.89*** 5.52%** 12.89**

5k 15.13 22.53 28.43
Dicloxacillin 4.39 6.67 10.89

% < 0,001, **p < 0.05.

The enhanced antibiofilm activity associated with the
dichloro derivatives suggests that the position and number of
halogen substituents play an important role in biological per-
formance. The 2,4- and 3,5-dichloro substitution patterns may
provide a favourable balance of electronic and lipophilic pro-
perties, which can facilitate interaction with bacterial biofilm
associated targets and improve penetration into the biofilm
matrix, particularly in resistant strains.

Correlation between MIC and BIC activities: The anti-
bacterial and antibiofilm data demonstrated a distinct correla-
tion, wherein drugs with reduced MIC values showed enhanced

biofilm inhibition. Compound 5g exhibited superior antibact-
erial activity (1.56-6.25 pg/mL) and a comparably robust anti-
biofilm effect (4.32-14.13 pg/mL), comparable to that of diclo-
xacillin. Compounds 5h and 5i exhibited moderate efficacy
in both experiments, whereas 5f and 5k, with elevated MIC
values, showed reduced biofilm inhibition. The higher plank-
tonic antibacterial efficacy immediately facilitated improved
biofilm formation avoidance.

Docking studies: The molecular interactions of com-
pounds 5f, 5g, 5h, 5i, 5k and dicloxacillin with the penicillin
binding protein of S. aureus (MRSA) (PDB ID: 1 MWT, co-
crystallized ligand inhibitor: Penicillin G were evaluated using
in silico docking simulations [35]. Molecular docking demon-
strated that all the synthesized compounds 5f-k exhibited
favourable binding inside the active site, with binding
energies ranging from -6.76 to -7.17 kcal/mol. Compound 5h
had the highest affinity (-7.17 kcal/mol), comparable to that
of penicillin G (-7.47 kcal/mol). The observed stability may be
attributed to two hydrogen-bonding interactions with THR600
and ASN464, along with a w-anion interaction with GLU602
and a hydrophobic contact with TYR446. These interactions
support a favourable orientation of the ligand within the bind-
ing pocket and may contribute to the stability of the ligand-
target complex. Compounds 5k and 5g demonstrated robust
binding via w-anion, w-lone pair and m-alkyl interactions despite
the absence of traditional hydrogen bonds, underscoring the
significance of hydrophobic stabilization. In contrast, comp-
ounds 5f and 5i exhibited modest affinities owing to restricted
hydrogen bonding (Fig. 3). Dicloxacillin exhibited weaker
binding despite forming several hydrogen bonds, which may
be attributed to an unfavorable orientation within the binding
pocket. The w-anion interaction with GLU602, together with
a balanced network of hydrogen-bonding and hydrophobic
interactions, appears to contribute to the favourable binding
profile of 5h. These interactions position 5h as a promising
lead for further structural optimization (Table-3).

Conclusion

Novel indole—pyrazole—isoxazole hybrids (5a-0) were
synthesized, characterized and subjected to biological evalu-

TABLE-3
BINDING ENERGIES AND INTERACTIONS OF COMPOUNDS 5f, 5g, 5h, 5i AND 5k

Compounds Binding energy  Number of

Key interactions

(Kcal mol?) H-bonds

5f -6.76 1 H-bond with GLN521, m-anion interaction with GLU602 and n-donor hydrogen bond
interaction with ASN464.

59 -6.98 - The carbon hydrogen bond with SER462 and SER461, m--anion interaction with GLU602,
n-lone pair with THR600 and z--alkyl interactions with THR446 and ALA642 were observed.

5h -7.17 2 H-bond interactions with THR600 and ASN464, t-anion interaction with GLU602 and wt-alkyl
interaction with TYR446.

5i -6.78 1 H-bond interaction with GLN521 and —anion interactions with GLU602.

5k -7.02 - The carbon hydrogen bond with SER462 and SER461, m-anion interaction with GLU602,
n-lone pair with THR600 and r-alkyl interactions with THR446 and ALAG642.

Dicloxacillin -6.27 4 H-bond interactions with THR600, SER403 and SER462; Carbon hydrogen interaction with
THR600; Sulfur interactions with MET641 and THR446; Pi-sigma with THR446; and Alkyl
interaction MET641.

Penicillin G -1.47 4 H-bond interactions with SER403, ASN464 and GLN521; halogen interaction with THR444;

unfavourable acceptor-acceptor interaction with SER462; Pi-anion with GLUG602; Pi-Pi
T-shaped with TYR446; alkyl interaction with ALA642.
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ation. Dichloro-substituted derivatives, particularly 5g and
5i, exhibited pronounced antibacterial and antibiofilm activity
against resistant S. aureus strains. Both compounds showed
MIC values of 1.56 ng/mL against MSSA and MRSA and 6.25
ug/mL against VRSA. Compound 5i displayed significant
biofilm inhibition, with BFIC values ranging from 3.89 to 12.89
ug/mL, comparable to those of dicloxacillin. Molecular doc-
king studies supported the in vitro results, with favourable
interactions observed between the active compounds and the
target protein. The structure-activity relationship analysis
emphasized the importance of halogen substitution, particu-
larly the dichloro pattern, in enhancing antibacterial and anti-
biofilm activity. These indole—pyrazole—isoxazole hybrids
provide promising scaffolds for further structural optimiza-
tion toward antibacterial agents active against multidrug
resistant organisms.
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