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Environmentally benign, time-efficient and straightforward methodologies have been developed for the synthesis of fused pyranopyrazole
derivatives via a one-pot four-multicomponent reaction (MCR). Two synthetic approaches were employed using aromatic aldehydes,
ethyl acetoacetate, malononitrile and hydrazine hydrate with L-histidine serving as an effective organocatalyst. In method I, the reaction
was carried out in aqueous medium at 85 °C, affording the desired product with a yield of 93%. In method I1, a solvent-free approach
utilizing different mole ratio of the same catalyst achieved a comparable yield of 92% within 5 min, demonstrating the efficiency of the
protocol. The structures of the synthesized pyranopyrazole derivatives were confirmed using spectroscopic techniques including UV, FT-
IR, *H NMR and 3C NMR. The physico-chemical and pharmacokinetic properties were evaluated using the freely accessible SwissADME
web server. Furthermore, molecular docking studies were performed using AutoDock and Molegro Molecular Viewer to assess the
binding interactions of the synthesized compounds with glucosamine-6-phosphate synthase (GImS), a validated antibacterial target. The

docking results suggest the potential inhibitory activity against several tested bacterial strains.
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INTRODUCTION

Pyranopyrazoles are the fused heterocyclic compounds
found in naturally occurring physiologically relevant products
that contains both natural and synthesized molecules with oxygen
and nitrogen rings fused together. They have a number of key
biological properties including anticancer activities [1], antimi-
crobial, insecticidal [2], anti-inflammatory [3] and molluscicidal
activities [4]. The agricultural sector uses pyranopyrazole-based
chemicals as herbicides, fungicides and insecticides [5].

Multicomponent reactions (MCRS) are one-pot processes
in which at least three or more compounds react together to
form the target product without the need for intermediate
separation and purification. The main advantages of multicom-
ponent reactions (MCRs) over traditional multistep protocols
include higher efficiency, experimental simplicity, lower cost,
reduced reaction time, minimal labour requirements and signifi-
cantly decreased waste generation [6]. Based on the broad
spectrum of biological activities associated with pyranopyrazole
scaffolds, various synthetic strategies have been explored to

efficiently construct these heterocyclic frameworks [7]. Combi-
ning MCR strategies with green protocols, such as conducting
reactions in water, has gained significant interest [8-11]. Water
is an attractive solvent due to its eco-friendliness, high cohesive
energy density, negative activation volume and ability to stabi-
lize the transition states through hydrogen bonding [12]. This
MCR reaction has been widely explored with various catalysts
such as acid catalysts i.e. silicotungstic acid [13], sodium salt
of diethyloxaloacetate [14], high thermal heteropoly acid
(HPA, H14sNaPsW3,015) [15], base catalysts i.e. K,COs, Et;N,
Et,NH, pyrrolidine, piperidine, morpholine, piperazine [16],
ionic liquids [17], resin bound polymeric catalysts [18], inor-
ganic catalysts [19], organocatalysts [20], ultrasonic irra-
diation using nanoparticles [12], CuSnOs:SiO, catalyst [22],
microwave-assisted reactions with different catalysts and
also in catalyst-free conditions.

This study reports the synthesis of 1,4-dihydropyrano[2,3-
c]-pyrazole derivatives using L-histidine as a catalyst under
two different conditions viz. (i) in water as a green solvent
(method 1) and (ii) under solvent-free conditions (method I1),
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employing the same catalyst. The physico-chemical properties,
pharmacokinetic profiles, drug-likeness and medicinal chemis-
try aspects, such as lipophilicity and water solubility, were
evaluated using the SwissADME web tool. Furthermore, inhi-
bition potential against cytochrome P450 isoforms (CYP1AZ2,
CYP2C19 and CYP2C9) was also assessed using SwissADME.
Molecular docking studies were conducted using AutoDock
and Molegro Molecular Viewer software. The synthesized
compounds were docked against the bacterial target protein
glucosamine-6-phosphate synthase (GImS) (PDB ID: 2POC),
which plays a crucial role in the bacterial cell wall biosyn-
thesis. The binding interactions between the ligands and the
active site of GImS were analyzed, demonstrating favorable
binding affinities. The results suggest that the synthesized
pyranopyrazole derivatives exhibit promising antibacterial
activity against both Gram-positive and Gram-negative bacte-
rial strains.

EXPERIMENTAL

Melting points of the synthesized compounds were deter-
mined using open capillary tubes on a digital melting point
apparatus and are uncorrected. FT-IR spectra were recorded
on an ABB Bomem MB 104 spectrometer using KBr pellets
in the range of 4000-400 cm™. *H NMR spectra were obtained
on a JOEL GSX-400 MHz spectrometer using CdCl; as
solvent and tetramethylsilane (TMS) as the internal standard.
while *C NMR spectra were obtained using a Bruker 100 MHz
spectrometer. UV-visible absorption spectra were recorded in
ethanol using a Shimadzu UV-vis spectrophotometer (model
160A) over a wavelength range of 200-1000 nm. Thin-layer
chromatography (TLC) was performed on silica gel G for
TLC with petroleum ether — ethyl acetate solvent system and
visualized in the iodine chamber. The purity of all synthesized
compounds was confirmed by consistent TLC profiles and
sharp melting points.

General procedure for synthesis of pyranopyrazole in
water medium (method I): In a 100 mL flat-bottom flask,
ethyl acetoacetate (10 mmol) and hydrazine hydrate (10 mmol)
were added and stirred for 2-3 min. Subsequently, water (15
mL), malononitrile (10 mmol), aromatic aldehyde (10 mmol),
and a catalytic amount of L-histidine (as specified in Table-1)
were introduced into the reaction mixture. The reaction was
carried out under reflux at 85 °C with continuous stirring, and its
progress was monitored by TLC until completion (Scheme-1).

TABLE-1
QUANTITY AND IMPACT ON
SYNTHESIS OF PYRANOPYRAZOLE

Entry Catalyst Grinding time Yield (%)
(mol %) (min)
1 0 35 50
2 5 20 65
3 10 15 83
4 15 5 92
5 20 5 92

General procedure for synthesis of pyranopyrazole
in solvent free technique (method I1): In a mortar, aromatic
aldehyde (10 mmol), malononitrile (10 mmol), hydrazine
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(E)-6-Amino-3-methyl-4-styryl-1,4-
dihydropyrano[2,3-c]pyrazole-
5-carbonitrile
(Method I)

(E)-6-Amino-3-methyl-4-styryl-1,4-
dihydropyrano[2,3-c]pyrazole-
5-carbonitrile

(Method II)

Scheme-I: Synthesis of (E)-6-amino-3-methyl-4-styryl-1,4-dihydro-pyrano-
[2,3-c]pyrazole-5-carbonitrile using water medium and solvent
free conditions

hydrate (10 mmol), ethyl acetoacetate (10 mmol) and L-histi-
dine (15 mol% relative to 10 mmol) were mixed. The mixture
was ground using a mortar and pestle at different durations
(Table-2), with reaction progress monitored by TLC. After
an intermediate melt was observed, the solid product was
allowed to stand for 5-10 min at room temperature. The resul-
ting mixture was then transferred into ice-cold water, filtered
and the crude product was purified by recrystallization from
ethanol (Scheme-1).

TABLE-2
OPTIMIZING THE REACTION TIME
AND PERCENTAGE OF YIELD (5a-¢)

Method | Method 11
Conventional . Grindin .
Compd. reaction time e reaction ti?ne VL
(%) : (%)
(h) (min)

5a 1.0 93 5 92
5b 1.5 92 4 90
5¢c 15 90 5 91
5d 1.0 92 4 90
5e 1.0 91 4 91

(E)-6-Amino-3-methyl-4-styryl-1,4-dihydropyrano-
[2,3-c]pyrazole-5-carbonitrile (5a): A mixture of aromatic
aldehyde (1), ethyl acetoacetate (2), hydrazine (3), malono-
nitrile (4) and catalyst L-histidine taken in equal ratio (10 mmol)
and performed both in water media as well as in grinding
method gives yield 93% and 92%, respectively. Yellow solid,
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m.p.: 179 °C; FT-IR (KBr, vy, cm™): 3420, 3379, 2180, 1637,
1227, 1154, 749. '"H NMR (400 MHz, DMSO-ds, 8 ppm):
2.21 (3H, s), 4.14 (1H, d, J = 4.6 Hz), 6.38-6.56 (2H, 6.46
(dd,J=17.0,4.6 Hz), 6.49 (d, J =17.0 Hz), 6.51 (s, 2H, NH,),
7.19 (1H, tt, = 7.7, 1.3 Hz), 7.25-7.46 (4H, 7.33 (dddd, J =
7.7,7.6, 1.8, 0.5 Hz), 7.39 (dddd, J = 7.6, 1.8, 1.3, 0.5 Hz);
“C NMR (100 MHz, DMSO-ds, 5 ppm): 9.8 (1C, s), 73.2 (1C,
s), 99.5 (1C, s), 113.2 (1C, s), 1194 (1C, s), 126.5 (2C, s),
128.1 (1C, s), 128.7 (2C, s), 133.4 (1C, s), 135.6 (1C, s),
136.1 (1C, s), 141.3 (1C, s), 154.8 (1C, s), 160.9 (1C, s).
(E)-6-Amino-4-(4-chlorostyryl)-3-methyl-1,4-dihydro-
pyrano[2,3-c]pyrazole-5-carbonitrile (5b): Yield: 92% (water
media) and 90% (grinding method). Brown solid, m.p.: 176 °C,
FT-IR (KB, v, cm™): 3430, 3381, 2185, 1640, 1220, 1156,
739; '"H NMR (400 MHz, DMSO-ds, § ppm): 2.21 (3H, s),
4.14 (1H, d, J = 4.6 Hz), 6.38-6.64 (2H, 6.46 (dd, J = 17.0,
4.6 Hz), 6.57 (d, J = 17.0 Hz), 6.59 (s, 2H, NH,), 7.26 (2H,
ddd, J=8.0, 1.8, 0.5 Hz), 7.45 (2H, ddd, J = 8.0, 1.5, 0.5 Hz);
“C NMR (100 MHz, DMSO-ds, 5 ppm): 9.8 (1C, s), 73.2
(1C, s), 99.5 (1C, s), 113.2 (1C, s), 119.4 (1C, s), 128.8 (2C,
s), 129.1 (2C, s), 133.4 (1C, s), 134.6 (1C, s), 134.8 (1C, s),
135.6 (1C, s), 141.3 (1C, s), 154.8 (1C, s), 160.9 (1C, 5).
(E)-6-Amino-3-methyl-4-(2-nitrostyryl)-1,4-dihydro-
pyrano[2,3-c]pyrazole-5-carbonitrile (5¢): Yield: 90% (water
media) and 91% (grinding method). Brown solid, m.p.: 180 °C,
FT-IR (KB, via, cm™): 3429, 3372, 2187, 1635, 1224, 1150,
741. '*H NMR (400 MHz, DMSO-ds, & ppm): 2.21 (3H, s),
4.53 (1H, d, J = 4.7 Hz), 6.72-6.94 (2H, 6.80 (dd, J = 15.5,
4.7 Hz), 6.58 (s, 2H, NH,), 6.87 (d, J = 15.5 Hz), 7.46-7.74
(3H, 7.53 (ddd, J = 8.5, 7.7, 1.3 Hz), 7.60 (ddd, J = 7.7, 7.6,
2.1 Hz), 7.67 (ddd, J = 7.6, 1.3, 0.5 Hz), 8.07 (1H, ddd, J =
8.5, 2.1, 0.5 Hz). ®*C NMR (100 MHz, DMSO-ds, & ppm): 9.8
(1C, s), 73.2 (1C, s), 99.5 (1C, s), 113.2 (1C, s), 119.4 (1C,
s), 124.9 (1C, s), 128.4 (1C, s), 129.2 (1C, s), 132.2 (1C, s),
132.6 (1C, s), 133.7 (1C, s), 135.6 (1C, s), 141.3 (1C, s),
148.0 (1C, s), 154.8 (1C, s), 160.9 (1C, s).
(E)-6-Amino-4-(2-hydroxystyryl)-3-methyl-1,4-dihy-
dropyrano[2,3-c]pyrazole-5-carbonitrile (5d): Yield: 92%
(water media) and 90% (grinding method). Pale yellow solid,
m.p.: 202 °C, FT-IR (KBr, Vi, cm™): 3422, 3383, 2185, 1633,
1225, 1152, 74; *H NMR (400 MHz, DMSO-d;, & ppm): 2.21
(3H, s), 3.99 (1H, d, J = 3.8 Hz), 6.33-6.49 (2H, 6.41 (dd, J
=17.0,3.8Hz),6.42 (d, J = 17.0 Hz), 6.54 (s, 2H, NH,), 6.73
(1H, ddd, J = 8.3, 1.7, 0.5 Hz), 7.03 (1H, ddd, J = 7.9, 7.5,
1.7 Hz), 7.19 (1H, ddd, J = 8.3, 7.5, 1.5 Hz), 7.44 (1H, ddd,
J=7.9,1.5,0.5Hz); ®°C NMR (100 MHz, DMSO-ds, 5 ppm):
9.8 (1C, s), 73.2 (1C, s), 99.5 (1C, s), 113.2 (1C, s), 116.4
(1C, s), 119.4-119.5 (2C, 119.4 (s), 119.4 (5)), 121.0 (1C, 9),
127.5 (1C, s), 132.2 (1C, s), 132.6 (1C, s), 135.6 (1C, s),
141.3 (1C, s), 154.8 (1C, s), 155.6 (1C, s), 160.9 (1C, s).
(E)-6-Amino-4-(2-bromostyryl)-3-methyl-1,4-dihydro-
pyrano[2,3-c]pyrazole-5-carbonitrile (5e): Yield: 91% (water
media) and 91% (grinding method). Yellow solid, m.p.: 209
°C, FT-IR (KBr, vmsx, cm™): 3420, 3379, 2180, 1637, 1227,
1154, 749; 'H NMR (400 MHz, DMSO-ds, 5 ppm): 2.21 (3H,
s),4.10 (1H, d, J=4.4 Hz), 6.34-6.56 (2H, 6.42 (dd, J = 16.8,
4.4 Hz), 6.48 (d, J = 16.8 Hz), 6.53 (s, 2H, NH,), 7.10 (1H,
ddd, J = 8.0, 7.6, 1.5 Hz), 7.20-7.41 (3H, 7.27 (ddd, J = 7.8,

7.6, 1.1 Hz), 7.26 (ddd, J = 8.0, 1.1, 0.5 Hz), 7.35 (ddd, J =
7.8,1.5,0.5Hz); *C NMR (100 MHz, DMSO-ds, 5 ppm): 9.8
(1C, s), 73.2 (1C, s), 99.5 (1C, s), 113.2 (1C, s), 119.4 (1C,
s), 123.4 (1C, s), 126.7 (1C, s), 127.5 (1C, s), 129.6 (1C, 9),
132.2 (1C, s), 133.0 (1C, s), 135.6 (1C, s), 136.3 (1C, s),
141.3 (1C, s), 154.8 (1C, s), 160.9 (1C, s).

Antibacterial activity: To evaluate the antibacterial effi-
cacy, microbial inocula were evenly spread on the agar plates,
and wells were aseptically bored for test and standard solu-
tions. Plates were incubated according to the microorganisms
tested, allowing diffusion of antibacterial agents into the
agar, which inhibits microbial growth. All the synthesized
pyranopyrazole derivatives (5a-e) were tested against human
pathogenic bacteria including Escherichia coli, Staphylo-
coccus aureus, Staphylococcus epidermidis, Pseudomonas
aeruginosa, Klebsiella oxytoca and Bacillus subtilis (procured
from the National Centre for Microbial Resource (NCMR),
National Centre for Cell Science (NCCS), Pune, India), using
amikacin as a standard reference. Antibacterial activity was
assessed by the agar well diffusion method and minimum
inhibitory concentration (MIC). Paper discs containing 1.0%
wi/v test compounds and methanol (control) were applied to
inoculated agar plates and incubated at 37°C for 48 h [23].
The diameter of the inhibition zone (1Z, in mm) was measu-
red to determine the activity.

ADMET parameters: The SwissADME web tool was
employed to evaluate the synthesized compounds (5a-¢) for
their physico-chemical properties, pharmacokinetic profiles,
drug-likeness and medicinal chemistry aspects, including
lipophilicity and water solubility. The 2D molecular structures
were converted into SMILES format, facilitating efficient and
rapid virtual screening. SwissADME, a freely accessible platform
(http://www.swissadme.ch/), provides a user-friendly interface
for assessing the drug-like behaviour of small molecules and
identifying potential candidates for further development [24-27].

Ligand preparation and MM2 optimization: The pyra-
nopyrazole derivatives were sketched using ChemDraw and
converted to 3D structures with the help of Chem3D software.
Molecular mechanics (MM2) force field calculations were
applied to optimize the geometry, predict molecular energy
and ensure a stable conformation suitable for docking. The
optimized structures revealed three aromatic m-systems within
the synthesized molecules. Significant van der Waals (VDW)
interactions were observed between atoms 1-5 (R = 3.340 A)
and 15-28 (R = 2.510 A), with a total calculated energy of
94.318 kcal/mol (Table-3). MM2 optimization helped to
confirm the structural stability of the ligands, supporting the
reliability of subsequent docking studies.

TABLE-3
MM2 ENERGY CALCULATION

Stretch 0.9195
Bend 12.6458
Stretch-bend -0.0829
Torsion -10.2172
Non-1,4 VDW -2.7794
1,4 VDW 12.1997
Dipole/dipole 3.4620

Total energy 16.1474 kcal/mol
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Protein preparation: The crystal structure of glucose-
mine-6-phosphate synthase (GImS) (PDB ID: 2POC) was
retrieved from the Protein Data Bank (www.rcsh.org). GImS
was selected due to its essential role in the bacterial cell wall
biosynthesis, making it a promising antibacterial target. Prior
to docking, water molecules were removed and hydrogen
atoms were added to complete the protein structure. Protein
preparation and active site prediction were performed using
Discovery Studio Visualizer, which identified the binding
pocket for ligand interaction.

Molecular docking: AutoDock software was used to
perform the molecular docking studies. This process was carried
out to determine the interactions and binding affinities of the
optimized ligands and glucose-6-phosphate synthase. The
active region of protein has been identified using a 20 x 20 x
20 A grid box. After the docking process was completed, the
results were assessed using the docking scores, which indicate
the ligands’ binding affinities to the protein and Discovery
Studio Visualizer was used to view and analyse the protein-
ligand complexes.

RESULTS AND DISCUSSION

Pyranopyrazole synthesis has been reported under various
catalytic conditions; however, many approaches suffer from
low yields, the use of toxic catalysts, harsh reaction conditions,
or hazardous solvents. In this work, L-histidine is introduced
as a green catalyst for both solvent-free and water-mediated
synthesis of pyranopyrazoles. A control reaction without catalyst
showed no product formation after 1.5 h. The use of 2.5 mol%
L-histidine yielded 80%, while increasing the catalyst loading to
10 mol% improved the yield to 93%; further increases had no
significant effect. Initially (method I1), cinnamaldehyde,
malononitrile and ethyl acetoacetate were ground with L-
histidine in a solvent-free environment. Without a catalyst,
the product was not produced after 25 min of grinding. But
in the presence of L-histidine, the reaction proceeds with less
time duration. Increasing the L-histidine loading to 5, 10, 15
and 20 mol% improved the product yields to 65%, 83%, 92%
and 92%, respectively, with corresponding solidification
times of 20, 15, 5, and 5 min (Table-1).

The FT-IR spectrum exhibited characteristic absorption
peaks at 3420 and 3379 cm, corresponding to N-H and O-H
stretching vibrations, indicating the presence of hydroxyl and
amino groups, respectively. A sharp peak at 2180 cm™ is
attributed to the stretching vibration of the cyano (—CN)
group. The strong absorption at 1637 cm™ corresponds to the
C=C and C=0 stretching, confirming the presence of conju-
gated carbonyl and alkene functionalities within the hetero-
cyclic ring system. Peaks at 1227 and 1154 cm™ are due to
C-N and C-O stretching vibrations, while the peak at 749
cm™ indicates aromatic C-H out-of-plane bending. In *H NMR,
the aromatic peaks observed in the region of 6.38-6.56 ppm.
The broad singlet observed at 6.56 ppm for NH,, a doublet at
4.14 ppm and doublet of doublet at 6.46 ppm confirms the
aldehyde ring to form 1,4-dihydropyranopyrazole. The “*C
NMR spectra of compounds 5a-e confirmed the formation of
the dihydropyrano[2,3-c]pyrazole scaffold, as evidenced by
consistent chemical shifts across the synthesized series. All
compounds exhibited a characteristic signal around 9.8 ppm,

corresponding to the methyl group on the pyrazole ring. A
signal at ~73.2 ppm was observed for the methine carbon,
confirming the presence of the fused pyran ring. The signal
at ~99.5 ppm is attributed to the C-4a quaternary carbon of the
pyran moiety, while resonances between 113-141 ppm represent
various aromatic carbons, showing slight shifts depending on
the nature and position of substituents on the phenyl ring.
Downfield signals around 154.8 ppm and 160.9 ppm are assi-
gned to the electron-deficient carbons in the pyrazole and
pyran rings, respectively, indicative of conjugated keto and
imine functionalities. Finally, the variations among deriva-
tives (5b-e) in the aromatic region (120-140 ppm) reflect
different substitution patterns, which is especially evident in
compounds 5d and 5e, where additional electron-donating or
electron-withdrawing groups cause slight deshielding or
shielding effects. Furthermore, the UV-visible spectrum dis-
played a broad absorption band at 230 nm, characteristic of
n-1* transitions within the conjugated pyranopyrazole system,
further supporting the formation of the fused heterocyclic ring.

Mechanism: Pyranopyrazole derivatives are synthesized
by the Knoevenagel condensation of aldehyde molecules and
malononitrile, yielding intermediate I. The reaction takes place
simultaneously with the formation of intermediate 11 derived
from phenylhydrazine and ethylacetoacetate precursors. Subse-
quently, the Michael addition and cyclization of the interme-
diate I and 1l lead to the formation of a pyranopyrazole(1,4-
dihydropyrano[2,3-c]pyrazole derivative (Scheme-Il).

Antibacterial activity: The synthesized pyranopyrazole
derivatives (5a-e) were evaluated against six bacterial strains
using the agar well diffusion method. Compounds 5a and 5¢
exhibited the most significant antibacterial activity, showing
the inhibition zones comparable to or exceeding amikacin
(standard drug). Notably, compound 5a showed strong activity
against K. oxytoca (26 mm) and P. aeruginosa (24 mm), while
compound 5¢ was highly effective against S. epidermidis (25
mm) and E. coli (21 mm). The other compounds 5b, 5d and
5e showed moderate to low activity, with 5e being the least
effective across all strains. The results suggest that compo-
unds 5a and 5c, such as electron-withdrawing groups and
improved solubility, may enhance bacterial cell penetration
and binding affinity to microbial targets.

ADMET parameters: Table-4 presents key ADMET-
related physico-chemical properties of compounds 5a-e. All
compounds have molecular weights below 500 g/mol and
Log P values between 1.59 and 2.92, indicating favourable
lipophilicity and good potential for oral bioavailability. The
number of hydrogen bond acceptors (3-5) and donors (2-3)
also comply with Lipinski’s rule of five, supporting good
membrane permeability and solubility. Significantly, compound

TABLE-4
ADMET PROPERTIES OF SYNTHESIZED COMPOUNDS 5a-e
Compd. MM Log P H-Bond H-Bond
acceptor donor

5a 278.31 g/mol 231 3 2

5b 312.75 g/mol 2.87 3 2

5¢c 323.31 g/mol 1.59 5 2

5d 294.31 g/mol 1.90 4 3

5e 357.20 g/mol 2.92 3 2
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Scheme-11: Mechanism route of synthesis of 1,4-dihydropyrano[2,3-c]pyrazole

5¢ shows the highest solubility potential due to its lower Log
P and higher number of hydrogen bond acceptors.

In silico ADME analysis revealed that all the synthesized
compounds (5a-e) exhibit high gastrointestinal (GI) absorption,
suggesting good potential for oral bioavailability (Table-5).
The cytochrome P450 enzymes, CYP1A2, CYP2C19, and
CYP2C9, are key players in drug metabolism, and the evalua-
ted ADME profiles indicate that compounds 5a-e may interact
with these enzymes, supporting their relevance in early-stage
drug discovery. Furthermore, none of the compounds violated
the major drug-likeness rules, including those proposed by
Lipinski, Muegge, Ghose, Veber and Egan, confirming their
compliance with established drug-likeness criteria (Table-6).

The presence of one rotatable bond in these molecules also
suggests favorable water solubility and the potential to cross
the blood-brain barrier (BBB). Among the tested compounds,
compounds 5a, 5b and 5e were predicted to inhibit CYP1A2,
CYP2C19, and CYP2C9, indicating possible implications in
drug-drug interactions and metabolism. Furthermore, all the
synthesized compounds exhibited good aqueous solubility.
Notably, compound 5c¢ was fully water-soluble, showed high
biological permeability, and inhibited CYP2C9. It also had
the lowest Log Kp value (-6.29 c¢cm/s), indicating minimal
potential for transdermal absorption.

Molecular docking: AutoDock docking results revealed
that glucosamine-6-phosphate synthase (GImS), a critical enzy-

TABLE-5
PHARMOKINETIC PROPERTIES FROM ADME
Compd.  Glabs.  BBBpen. P-gpsub. CYPIA2  CYP2CI9  CYP2C9  CYP2D6  CYP3A4 09 Kp (skin
permeability)
5a High No No Yes Yes Yes No No -5.90 cm/s
5b High No No Yes Yes Yes No No -5.66 cm/s
5¢ High No No No No Yes No No -6.29 cm/s
5d High No No Yes No No No No -6.24 cm/s
5e High No No Yes Yes Yes No No -5.88 cm/s
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TABLE-6
DRUGLIKENESS FROM ADME

Compound Lipinski Ghose Veber Egan Muegee Bioavailability score
ba Yes Yes Yes Yes Yes 0.55
5b Yes Yes Yes Yes Yes 0.55
5¢c Yes Yes Yes No Yes 0.55
5d Yes Yes Yes Yes Yes 0.55
5e Yes Yes Yes Yes Yes 0.55

me in bacterial cell wall synthesis, binds strongly with the ligand
5a. This interaction suggests ligand 5a’s potential as an effec-
tive inhibitor against multiple bacterial strains, as supported
by in vitro antibacterial activity summarized in Table-7. Five
distinct binding pockets were identified within the protein,
with ligand 5a engaging multiple cavities (Fig. 1). The ligand
demonstrated a high Vina docking score alongside significant
cavity volumes (Table-8), indicating strong binding affinity
and optimal structural compatibility. These findings under-
score the importance of ligand 5a in inhibiting GImS and

highlight its promise as a lead compound for the antibacterial
drug development.

Conclusion

A green and efficient one-pot four-component synthesis
of pyranopyrazole derivatives (5a-e) was achieved using L-
histidine as a catalyst under both solvent-free and aqueous
conditions. High yields (above 90%) were obtained, with the
solvent-free grinding method obtaining the product within
just 5 min. Structural confirmation was carried out using UV-

TABLE-7
INHIBITORY ZONE VALUE (mm) OF SEVERAL BACTERIAL STRAINS
c Staphylococcus Staphylococcus Staphylococcus Pseudomonas Klebsiella Bacillus
ompound . e . -

aureus aureus epidermidis aeruginosa oxytoca subtilis

5a 20 22 26 24 26 23

5b 18 24 20 20 22 18

5¢c 21 21 25 24 22 22

5d 17 13 19 13 17 18

5e 12 18 17 15 16 13

Standard disc: Amikacin 18

Fig. 1. The binding between protein and the synthesized ligand 5a

TABLE-8
CAVITY AND DOCKING RESULTS OF THE SYNTHESIZED LIGAND 5a WITH THE PROTEIN (2POC)

CurPocket 1D Vina score Cavity volume (A3) Center (X, Y, 2) Docking size (x, Y, z)
C4 -8.3 1484 52, -15, 74 21,21,21
C5 -8.1 1119 53, 15, 93 21,21,21
C1 -7.9 4869 49, -6, 91 34,32,21
Cc2 -7.8 4403 50, -27, 56 35,21,21
C3 -74 1600 56, -46, 54 21,21,27
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Vis, FT-IR, *H and *C NMR analyses. SwissADME analysis
revealed that the synthesized compounds inhibit key cyto-
chrome P450 enzymes (CYP1A2, CYP2C19 and CYP2C9),
indicating strong potential for oral drug development. Mole-
cular docking studies using AutoDock showed favourable
binding energies and Vina scores between the synthesized
ligands and glucosamine-6-phosphate synthase (GImS), a
validated antibacterial target. The binding interactions also
support the compounds’ potential to act as effective antibac-
terial agents against both Gram-positive and Gram-negative
strains.
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