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[RT9 aaini 6 RS0 D [N This study focuses on the synthesis and evaluation of a
series of new pyrazole and diazepine derivatives, which are significant heterocyclic
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compounds known for their biological and pharmacological potential. The primary
objectives were to characterize the synthesized compounds, investigate their
inhibitory potential against glucosamine-6-phosphate synthase via molecular

docking, and evaluate their antibacterial and anticancer activities.

The derivatives were prepared using conventional organic
methods from chalcone intermediates derived from 4-aminoacetophenone, which
reacted with various substituted anilines. Structural confirmation was achieved using
et R LR ’ FT-IR and "HNMR spectroscopy. Molecular docking studies were performed to assess
o ‘iizzéfj'.:g'oé i3l the binding affinities and interactions of the compounds with glucosamine-6-
§3.§§:§§.? n & :§;f§:’ pho.sphate smthase. Biological evaluatif)n includesi .testing. antibacterial activity
BT I || R SOCON against E. coli and S. aureus and assessing cytotoxicity against the MCF-7 breast
prvrireang: Y cancer cell line.
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Molecular docking revealed that both the pyrazole and diazepine derivatives
exhibited favorable binding affinities for glucosamine-6-phosphate synthase by
forming multiple stabilizing interactions within the enzyme's active site, suggesting a
promising potential as enzyme inhibitors. Biological evaluation showed that some
derivatives had considerable antibacterial activity, with compound 5 being especially
effective against £. coli and S. aureus; its efficacy increased with concentration.
Additionally, derivative 5 demonstrated notable cytotoxicity against the MCF-7 breast
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Institute, Ahvaz Jundishapur cancer cell line, reducing cell viability in a clear dose-dependent manner.
University of Medical Sciences, Ahvaz, )
Iran The comprehensive study confirmed that the new pyrazole and

diazepine derivatives, characterized through synthesis and spectroscopy, are
promising antibacterial and anticancer leads due to favorable molecular docking
profiles and demonstrated structure-activity relationships, warranting future
optimization.
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1. Introduction

he importance of pyrazole and diazepine
derivatives contrasts with their heterocyclic
nature in possessing a plethora of biological and
pharmacological potential. Pyrazoles display a
five-membered ring containing two adjacent nitrogen
atoms, while diazepines exhibit seven-membered ring
harbouring two nitrogen atoms. Both have been
extensively investigated in medical chemistry due to their
antibacterial and anticancer activities (1).

Besides the threat of antibiotic resistance worldwide
and the subsequent demand for new chemotherapeutic
agents, a significant reason for this research is given by
heterocyclic compounds like pyrazoles and diazepines,
which are abundantly found in nature and pharmaceutical
products and are extremely relevant for drug discovery
(2). Their unique framework allows interaction with a
multitude of biological targets, thus making them suitable
for novel treatments that would be developed against
resistant bacteria and cancer (3).
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Significant work has been performed on this subject,
but important gaps still exist in the understanding of
structure-activity relationships, optimum synthesis, and
the relevant biological evaluation of such derivatives (4).
In most cases of previous studies, either synthesis or
biological activity evaluation was carried out in isolation;
very few could integrate molecular docking, synthesis,
and biological assessment under one roof. This article fills
the gaps identified above in considering all the approaches
investigated, leading to a comprehensive understanding of
these compounds' prospects (5).

Glucosamine-6-phosphate synthase (GP6 synthase) is a
crucial enzyme in bacterial metabolism, integral to the
synthesis of cell wall components, specifically in the
biosynthesis of peptidoglycan and lipopolysaccharides
that constitute the structural basis of bacterial cell walls.
Due to the critical role of this enzyme in maintaining
bacterial cell wall integrity and viability, the inhibition of
GP6 synthase has become a validated technique for the
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rational design and development of innovative broad-
spectrum antibacterial medicines. This enzyme-inhibition
strategy presents considerable benefits compared to
conventional antibiotic methods, as it focuses on a
universally critical bacterial pathway, rendering it
especially effective against drug-resistant bacterial strains
that have acquired resistance to standard antibiotics via
alternative mechanisms. The strategic targeting of GP6
synthase utilizes our comprehension of bacterial
biochemistry and establishes a mechanistic basis for
structure-activity relationship (SAR) studies, allowing
researchers to enhance ligand binding and inhibitory
efficacy through systematic molecular alterations. Thus,
GP6 synthase remains a prominent target for
antimicrobial drug development, and the investigation of
new chemical scaffolds that can effectively inhibit this
enzyme constitutes a strategic and scientifically valid
method for combating the global challenge of antibiotic
resistance (6, 7).

Herein, novel pyrazole and diazepine derivatives will
be proposed, characterized, and biologically evaluated
through molecular docking and biological assays. Major
aims include finding compounds with incredible
antibacterial and anticancer activity, elucidating their
interaction with target proteins, and correlating their
chemical structure to biological functions. The associated
strategy intends to expedite the discovery of potent
bioactive = molecules  while  providing  new
pharmacological avenues.

2. Materials and Methods
2.1 Materials

The materials used in the study included 4-amino
aniline (97% purity, Merck, Germany), 4-hydroxy
aniline, 2,4-dinitrophenylhydrazine, 2,4-diaminobenzene
(97% purity, Sigma Aldrich, USA), and 4-butoxy aniline
(99% purity, Merck, Germany); potassium hydroxide
(KOH), hydrochloric acid, and ethanol (99% purity,
Merck, Germany). All chemicals were of analytical grade
and were used without purification.

2.2 Methods

Synthesis of (2E)-1-(4-aminophenyl)-3-(4-
substitutedphenyl) prop-2-en-1-one (1-3)

Chalcone derivatives (1-3) were synthesized from 4-
aminoacetophenone and reacted with other aromatic
aldehyde derivatives, including 4-aminobenzaldehyde, 4-
hydroxybenzaldehyde, and 4-butoxybenzaldehyde, in the
presence of potassium hydroxide (KOH) in ethanol. This
mixture was refluxed for 3 h. At the end of the reflux, the
reaction was subsequently acidified using 1 M
hydrochloric acid to adjust the pH to pH 3. Thus, the
precipitate formed is collected by filtration and washed
using ethanol to afford the desired chalcone compounds

8).

Synthesis of 4-[3-(4-aminophenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-5-yl]-4-substituted benzene
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To prepare pyrazole derivatives (4-6), chalcone (1-3)
(0.005 mol) was dissolved in ethanol, and 24-
dinitrophenylhydrazine (1.01 g, 0.005 mol) and 0.5 mL of
acetic acid were added. The above mixture was refluxed
for 12 h. After completion, the reaction mixture was
purified, and the product was washed with ethanol to yield
the corresponding pyrazole derivatives (9).

Synthesis of 4-[4-(4-aminophenyl)-1H-1,5-
benzodiazepin-2-yl]-4-substitutedbenzene

Chalcone (1-3) (0.005 mol) was dissolved in ethanol.
Further, 2,4-diaminobenzene (0.99 g, 0.005 mol) and 0.5
mL of acetic acid were added. Then, the reaction is
allowed to cool and refluxed. At last, filtration of the
solution was done. The resulting solid was washed with
ethanol to obtain diazepine derivatives (10).

2.3 Molecular Docking Studies

The three-dimensional structure of Glucosamine-6-
Phosphate synthase (GP6 synthase; PDB code: 1MOQ),
obtained from the Protein Data Bank, was prepared for
docking through its energy minimization using Swiss-
PdbViewer (version 4.1), removing water molecules and
co-crystallized ligands, correcting the structure itself, and
adding polar hydrogens (11). Synthesized compounds
were drawn using ChemDraw Ultra (version 18.0) and
energy minimized again with Chem3D (version 18.0).
Conversion of all molecules into PDB format was done
using Open Babel. PDBQT preparation of both enzyme
and ligands was done by AutoDock Tools (version 1.5.6).
Docking studies were conducted using AutoDock Vina
and AutoGrid employing a gridbox (60 A x 60 A x 60 A)
centered on the coordinates (29.814, 21.637, -2.056). All
default parameters were used, and each ligand was made
to generate nine conformations. Docking results were
visualized using Discovery Studio.

2.4 Antibacterial Activity Assessment

The antibacterial evaluation of synthesized derivatives
(5, 6, 7, and 9) was conducted using the cup-plate agar
diffusion method. The inhibition zones measured in mm
were compared to the standard, which was amoxicillin in
concentrations of 100, 50, and 25 pg/mL. The screened
derivatives were tested on S. aureus (Gram-positive) and
E. coli (Gram-negative) strains isolated from clinical
samples.

Muller-Hinton agar was used as a growth medium.
Sterilized agar was poured into petri dishes and allowed
to solidify. Microbial suspensions were evenly spread
onto the agar surface. To create wells in the agar, sterile
stainless-steel cylinders (12 mm diameter) were placed on
the agar, and then into these wells were added the
synthesized compounds at the specified concentrations
using DMSO as the solvent. Amoxicillin was dissolved in
sterile distilled water. The plates were kept at an incubator
temperature of 37°C for 48 hours, and the diameters of
inhibition zones were recorded (12).
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2.5 Cytotoxicity Evaluation Using MTT Assay

The cytotoxic effects on derivative 5 were assessed
using the MTT test with a commercially available kit from
Intron Biotech. In summary, 4.5x10° MCF-7 cells were
inoculated into the wells of a 96-well plate, each
containing 200 pL of complete culture media, and
incubated at 37°C for 24 hours in a 5% CO: environment.
The incubation medium was subsequently substituted
with 200 pL of a two-fold serially diluted derivative at
concentrations of 20, 40, 80, 160, and 320 ng/mL. Each
concentration was evaluated in triplicate, accompanied by
suitable controls. The plates were subsequently incubated
for 48 hours under identical conditions. Thereafter, 10 uL
of MTT solution was introduced to each well, and the
plates were incubated for an additional 4 hours. The
medium was then eliminated, and 100 pL of DMSO
solubilization solution was introduced to each well and
incubated for 5 minutes. Absorbance was quantified at
575 nm utilizing an ELISA reader (Bio-Rad, Germany).
The optical density readings were utilized to determine the
ICso value by statistical analysis (13).

2.6 Statistical Analysis

Statistical analysis was conducted with GraphPad
Prism 8 software. All experiments were conducted a
minimum of three times, and the data are reported as
means + standard deviations. One-way or two-way
analysis of variance (ANOVA) using repeated measures
was utilized to evaluate the significance of differences
between groups. Statistical significance was established
as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p <
0.0001.

3. Result

3.1 FTIR Spectroscopy Analysis

The FT-IR spectra for the synthesized compounds
provided convincing and elaborate information regarding
the successful transformation of chalcone derivatives (1-
3; Fig. 1) into their respective pyrazole (4-6; Fig. 2) and
diazepine (7-9; Fig. 3) derivatives. In the case of chalcone
derivatives, FT-IR spectra exhibited strong absorption
bands for aromatic C-H stretching (3042-3142 c¢m™),
aliphatic C-H stretching (2852-2976 c¢m™), and a
prominent carbonyl C=0 stretch (1660-1673 cm™), which
are characteristic of the o, p-unsaturated ketone
functionality. Bands in the range of 3300-3458 cm
established the presence of primary amine groups. Such
features corroborate the established literature values for
chalcone derivatives and confirm the successful synthesis
of the target structures.

On formation of pyrazole and diazepine derivatives via
cyclization, FT-IR spectra held evidence for the
disappearance of af-unsaturated carbonyl stretch,
indicating ring closure and concomitant loss of the
chalcone carbonyl group. New bands assigned to C=N
stretching (1624-1652 cm!) appeared in the spectra of the
pyrazole and diazepine derivatives, confirming the
closure of respective rings.

Volume 33, November & December 2025

For example, compound 4 exhibited aromatic C-H
stretches at 3097 and 3064 cm™!, C=N stretching at 1624
cm’!, primary amine bands at 3471cm and 3366 cm’!,
and C-H stretching of aliphatic at 2984 ¢m™. Compound
5 showed 3068 cm-! of aromatic C-H stretching and 2877
cm and 2921 ¢cm-' of aliphatic C-H stretches, whereas a
C=N absorption can be seen at 1643 cm-'. Absorption of
primary amines was seen at 3472 cm™ and 3368 cm’.

Compound 6 showed aromatic C-H stretching at 3043
and 3140 cm’!, aliphatic C-H at 2837 cm™ and 2958 cm!,
and C=N stretching at 1650 c¢cm’!, along with primary
amine bands at 3287 and 3370 cml. Aromatic C-H
stretches at 3042 and 3105 cm-! and aliphatic C-H at 2826
cm-! and 2968 cm™!, C=N stretch at 1651 cm™ along with
primary amine bands at 3434 cm! and 3339 cm!, were
recorded for Compound 7. Aromatic C-H stretches at
3011cm™ and 3140 cm! and aliphatic C-H at 2819 cm’!
for Compound 8, along with C=N stretch at 1628 cm! and
Hydroxyl stretch at 3378 cm!. Compound 9 exhibited
aromatic C-H stretches at 3084 and 3045 cm’!, aliphatic
C-H at 2851 and 2989 cm™!, a C=N stretch at 1652 cm’!,
and NH: bands at 3339 and 3432 cm™.

3.2 NMR analysis

The 1H NMR spectroscopic analysis of the synthesized
pyrazole and diazepine derivatives yielded positive results
for their successful synthesis and structural elucidation.
Each compound exhibited distinct chemical shifts and
splitting patterns that are consistent with their proposed
structures and with established literature on similar
heterocyclic systems. Pyrazole derivatives, including 4,4'-
(1-phenyl-4,5-dihydro-1H-pyrazole-3,5-dial) aniline
(Fig. 4a), displayed the 'H NMR spectrum containing a
singlet at 8 9.42 ppm corresponding to the amine protons,
multiple between 6 6.61-7.65 ppm for aromatic protons,
doublet at 6 3.22 ppm for the methylene group, and triplet
at § 4.45 ppm attributed to the H-C-N proton. The 4-[5-
(4-aminophenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl]
phenol (Fig. 4b) spectrum shows a singlet at & 9.45 ppm
for the amine protons, & 9.28 ppm is attributed to the
phenolic hydroxyl group, multiple at & 7.17-7.65 ppm for
aromatic protons, a doublet at & 3.83 ppm for the
methylene group, and a triplet appearing at 6 4.89 ppm for
the H-C-N proton. 4-[3-(4-methoxyphenyl)-1-phenyl-
4,5-dihydro-1H-pyrazol-5-yl] aniline (Fig. 4c) had the 'H
NMR spectrum displaying a singlet at & 9.25 ppm
(amine), multiple 6 7.02—7.69 ppm (aromatic), doublet &
3.84 ppm (methylene), triplet 8 5.50 ppm (H-C-N), triplet
6 096 ppm (methyl), multiple & 1.44-1.78 ppm
(methylene) and triplet 6 3.99 ppm (HC-O). 4,4'-(1H-1,5-
benzodiazepine-2,4-diyl) dianiline (Fig. 5a), as well as the
other diazepine derivatives, had a singlet at 6 9.41 ppm for
the amine protons, a multiplet at § 7.14-8.07 ppm for
aromatic protons, and a signal at § 4.41 ppm for a free NH»
group. These features are typical of diazepine systems and
correspond to previous NMR studies on related
heterocycles (14).

The spectrum of the compound 4-[4-(4-aminophenyl)-
1H-1,5-benzodiazepin-2-yl] phenol (Fig. 5b) showed a
singlet at  9.68 ppm (amine), a singlet at 6 9.07 ppm
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(hydroxyl), multiple at 6 7.49-8.14 ppm (aromatic), and
the signals for NH2 and other protons were observed at &
4.75 and 5.52 ppm, respectively. Further, the NMR data
for 4-[2-(4-butoxyphenyl)-1H-1,5-benzodiazepin-4-yl]
aniline (Fig. 5¢) would prove the existence of NH, groups
and the aromatic and aliphatic regions expected.

3.3 Molecular Docking

Molecular docking studies were performed on the
synthesized diazepine and pyrazole derivatives against
glucosamine-6-phosphate synthase (GP6 synthase, PDB
code: IMOQ). The two classes of compounds showed
favorable binding affinities, with docking scores of -7.8
kcal/mol for diazepine derivatives and -7 kcal/mol for
pyrazole derivatives. A detailed analysis of the docking
poses showed that the diazepine derivative formed two
classical hydrogen bonds between its amine group and the
carboxylate groups of SER303 and SER401 in the GP6
synthase binding site. These hydrogen bonds were further
supplemented by van der Waals interactions and n-alkyl
interaction stabilization of the ligand-protein complex
(Fig. 6a-b).

For the pyrazole derivative, similar interactions were
present: a hydrogen bond was noted between the amine
group and ASN305, and another hydrogen bond was
observed between the hydroxyl group and LYS487 (Fig.
6¢-d). m-Stacked interactions, as well as van der Waals
and m-alkyl interactions, contributed to the overall
stability in binding.

3.4 Antibacterial Activity

The antibacterial study on the synthesized derivatives,
compounds 5, 6, 7, and 9, indicated that they were notably
bactericidal, exhibiting activity against both E. coli and S.
aureus. During evaluation, all tested compounds showed
clear inhibition, and the extent of inhibition consistently
increased in proportion to the concentration levels applied
(Table 1). Among all derivatives, the pyrazole derivative
Compound 5 exhibited maximum activity with larger
inhibition zones, demonstrating broader-spectrum
antibacterial activity compared to the other tested
derivatives.

3.5 Viability MTT Assay

The cytotoxicity of the compound synthesized as
derivative (5) was extensively tested on the MCF-7 breast
cancer cell line using the MTT assay. The results
presented reflected a dose-dependent reduction in cell
viability, ranging from 100.25+0.64% to 47.31+13.60%,
at the highest tested dose after 24 hours, indicating that
derivative (5) has significant cytotoxic effects on MCF-7
cells and that this activity increases with concentration
(Fig. 7a). The calculated ICso value of derivative (5)
determined in this work is 233.41+8.54 pg/mL, which is
quite high but still meaningful to cytotoxicity as compared
to some of the most potent reported in the category (Fig.
70b).

Table 1. Inhibition zones (mm) of synthesized derivatives (Compounds 5, 6, 7, and 9) against Escherichia coli and Staphylococcus

aureus at different concentrations (png/mL).

Concentration
Compound 5
(ng/mL) 8

100 33.67+£3.51

E. coli 50 28.00+2.00
25 24.67+1.53

100 19.67+1.53

S. aureus 50 14.67+£3.51
25 9.67+1.53

Compound 6 Compound 7 Compound 9
29.67+£2.51 27.33%£1.53 25.67+2.52
27.33£3.05 30.00+1.00 25.00+2.00
19.67+£3.51 15.67+2.52 17.33+2.08
7.33+1.53 15.33+2.08 9.67+2.51
6.33+1.53 10.67+1.53 8.67+2.52
4.33+0.58 6.67+1.53 4.67+0.58
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Figure 7. (a) Dose-dependent cytotoxicity of derivative (5) on MCF-7 breast cancer cells measured by MTT assay. (b) Dose-response
curve illustrating decreased cell viability (%) with increasing concentrations of derivative (5), and the calculated ICso value

(233.41 +£8.54 pg/mL) (Prepared by Authors, 2025).

4. Discussions

The systematic disappearance of the carbonyl and H—
C=C bands in FT-IR spectra of the cyclized products, as
the C=N stretches appear, provides solid evidence for the
conversion of chalcone intermediates to pyrazole and
diazepine derivatives. These spectral changes correlate
excellently with previous studies in similar heterocyclic
syntheses in which loss of the o, B-unsaturated carbonyl
and appearance of C=N bands are considered diagnostic
for ring closure and heterocycle formation. Melting
points, yields, and colors as physical properties further
support the purity and successful isolation of synthesized
compounds. Strong primary amine and the aromatic C—-H
stretching bands from all derivatives corroborate
established spectral data for these heterocyclic systems. It
is common for many research works to refer to the FT-IR
chalcone spectra in a manner such that they have
prominent carbonyl stretching vibrations at 1650 to 1675
cmr!, which disappear upon ring closure for forming
pyrazoles or diazepines with new C=N stretching
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vibrations in the range of ca. 1620-1650 cm™, which in
turn represent a good signature for the successful closure
of cyclization and transformation (15, 16). It is generally
accepted that the aromatic C-H stretching bands and the
primary amine stretching bands occurring in the precursor
and respective product spectra confirm faithfully the
various assignments put forth in the present study (16,
17). Besides, the conversion of chalcones into pyrazole
and diazepine derivatives, together with associated visible
changes, has been discussed elsewhere in the literature.
The disappearance of the carbonyl band with the presence
of a C=N band has been mentioned time and again as
strong evidence for these transformations (18, 19).

The chemical shifts and multiplicities observed for the
pyrazole derivatives are in excellent agreement with
established literature for similar heterocyclic systems,
confirming the presence of the pyrazole ring and its
substituents (20, 21). Specifically, the H-C-N proton
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triplet and the methylene doublet, characteristic of the
pyrazoline ring, were clearly observed. For the derivative
4-[5-(4-aminophenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-
3-yl] phenol, the presence of the phenolic OH group,
identified by the singlet at  9.28 ppm, and the expected
aromatic ~ region  corroborate  the  successful
functionalization of the pyrazole core, consistent with
related research. In the case of 4-[3-(4-methoxyphenyl)-
1-phenyl-4,5-dihydro-1H-pyrazol-5-yl], the presence of
methoxy (6 3.99 ppm) and methyl (6 0.96 ppm) signals
further supports the expected structure, aligning well with
reported NMR data for analogous compounds. The
spectral features of the diazepine derivatives, including
the singlet for the amine protons and the multiple for
aromatic protons, are typical of diazepine systems and
correspond to previous NMR studies on related
heterocycles (21). The clear identification of both the
amine and hydroxyl protons for 4-[4-(4-aminophenyl)-
1H-1,5-benzodiazepin-2-yl] phenol further confirms the
structure under discussion. The observation of NH;
groups and the expected aromatic and aliphatic regions in
4-[2-(4-butoxyphenyl)-1H-1,5-benzodiazepin-4-yl]
aniline NMR data further validates its structure based on
available literature. These findings, substantiated by
previous research, strongly confirm that 'H NMR
spectroscopy provides strong arguments in the structural
elucidation of pyrazole and diazepine derivatives (22).
The consistency of the chemical shifts, multiplicities, and
integration values observed confirms the successful
synthesis and correct structural assignment of the new
derivatives (23). 'H NMR, combined with other
spectroscopic methodologies, is well recognized as
standard practice for the characterization of heterocyclic
compounds (24).

The favorable binding affinities observed for both
compound classes, indicated by the strong docking scores,
suggest a strong and stable interaction within the active
site of the enzyme, positioning these molecules as
prospective inhibitors7. The GP6 synthase binding
mechanism observed for the diazepine derivative,
characterized by a combination of hydrogen bonding
(with SER303 and SER401) and hydrophobic interactions
(m-alkyl and van der Waals), is well recognized in the
literature to be crucial for achieving high-affinity binding
and effective inhibition of target enzymes 8 (25, 26).
Similarly, the binding profile of the pyrazole derivative,
which involved a hydrogen bond between the amine
group and ASN305 and another between the hydroxyl
group and LY S487, is consistent with prior studies. These
studies demonstrate that the binding mechanisms of
pyrazole-based ligands typically involve a combination of
hydrogen bonds and hydrophobic interactions with key
amino acid residues in the target protein 9 (27, 28).
Similar binding affinities and interaction outlines have
been reported in other literature studies of heterocyclic
compounds, with comparable docking scores for
bioactive pyrazole and diazepine derivatives targeting
various enzymes and receptors 10 (29). The specific
hydrogen bond interactions highlighted herein,
particularly with SER303, SER401, ASN305, and
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LYS487, suggest that the functional group orientation and
electronic properties are crucial for enhancing ligand-
protein binding, a principle supported by earlier
computational and experimental studies (26).

The pronounced efficacy demonstrated by derivative 5
is likely due to its structural peculiarities, particularly the
presence of diamino and dinitro functional groups. These
substituents facilitate the crucial interaction of the
heterocyclic backbone with bacterial targets, thereby
enhancing otherwise modest properties. This observation
is corroborated by findings from earlier research where
pyrazole derivatives bearing electron-donating or
electron-withdrawing substituents, such as amino and
nitro groups, were reported to show improved
antibacterial activities against both Gram-positive and
Gram-negative bacteria (30, 31). Recent works have
further shown that substitutions of this type in pyrazole-
based compounds can yield minimum inhibitory
concentration (MIC) values comparable to or even below
some standard antibiotics, affirming their therapeutic
prospects (32). The concentration-dependent increase in
antibacterial activities observed across all tested
compounds is consistent with established structure-
activity relationship (SAR) patterns of pyrazole- and
diazepine-type derivatives. The ability of such
compounds to interfere with bacterial cell processes is
typically correlated with the nature and position of the
substituents around the aromatic ring, which modulate
lipophilicity and electronic attributes, thus affecting
membrane permeation and target binding (33).

The dose-dependent reduction in cell viability indicates
that derivative (5) has significant cytotoxic effects on
MCF-7 cells and that this activity increases with
concentration. Such dose-response relationships are
characteristic of effective anticancer agents, thereby
corroborating the promising therapeutic use of this
compound. The cytotoxic effect of derivative (5) is further
supported by recent findings from studies on structurally
related pyrazole and diazepine derivatives known to be
active against a broad spectrum of human cancers,
including MCF-7. For instance, several recently patented
pyrazole-based compounds had IC50 values in the low
micromolar range against MCF-7 cells, confirming the
strong antiproliferative effects of the compounds (34, 35).
This also highlights the importance of specific functional
groups and molecular frameworks in improving
cytotoxicity, supporting the rationale for the design and
selection of derivative (5) in this study. It should be noted
that while the IC50 value of derivative (5) is 233.41+£8.54
pg/mL, which is quite high, it is still meaningful to
cytotoxicity when compared to some of the most potent
reported in the category. The cytotoxic activity of
pyrazole and diazepine derivatives can vary widely with
structural modification, depending on substituent groups
and the effect upon the target cell line into which the
active derivative is being tested (36).

Furthermore, the good molecular docking profile of
derivative (5) was a factor in its further investigation. This
docking profile relates it to an inhibitory interaction with
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the human androgen receptor (PDB ID: 1E3G), where it
is assumed that a dual mechanistic approach could
enhance its anticancer potential.

5. Conclusion

This research effectively produced and characterized
new pyrazole and diazepine compounds by traditional
organic synthesis techniques. Structural validation was
accomplished via FT-IR and 1H NMR spectroscopy,
demonstrating the transformation from chalcone
precursors to the target heterocyclic molecules. Crucial
evidence comprised the absence of a, B-unsaturation
stretching vibrations and the emergence of C=N
stretching bands.  Molecular docking experiments
indicated that these compounds demonstrated strong
binding affinities for glucosamine-6-phosphate synthase,
implying their potential as enzyme inhibitors. Biological
tests revealed that multiple derivatives, especially
compound 5, exhibited substantial antibacterial efficacy
against E. coli and S. aureus, with potency escalating in a
concentration-dependent fashion. Moreover, compound
5 demonstrated significant cytotoxicity against the MCF-
7 breast cancer cell line, suggesting its potential as an
anticancer drug. This research is original due to its
comprehensive strategy that encompasses synthesis,
characterisation, molecular docking, and biological
evaluation. This study emphasizes the promise of
pyrazole and diazepine frameworks as viable candidates
for new antibacterial and anticancer medicines, with
further research aimed at compound optimization and
mechanistic investigations to further examine their
therapeutic uses.
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