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ABSTRACT

This study addresses the urgent need for innovative antibacterial agents due to the rise of multidrug-resistant
bacteria. Heterocyclic polymers functionalized with chalcone and coumarin moieties were synthesized and
characterized using FTIR and NMR (*H and '3C) spectroscopy, confirming the presence of key functional groups
like carbonyl, triazole, and aromatic rings critical for antibacterial activity. The antibacterial efficacy of five
synthesized compounds (8a—8¢) was tested against Gram-positive (Staphylococcus aureus, Bacillus megaterium)
and Gram-negative (Escherichia coli, Proteus vulgaris) bacteria. Compound 7b showed notable activity, with
inhibition rates of up to 63.1% against S. aureus and 57.0% against E. coli. Compound 7¢ exhibited the highest
efficacy, achieving over 81% inhibition against S. aureus and B. megaterium. Compound 8b demonstrated
comparable efficacy to Ampicillin, achieving 0.6-fold activity relative to the antibiotic. The enhanced antibacterial
properties were attributed to the synergistic action of chalcone and coumarin moieties, which disrupt bacterial
membranes, inhibit vital enzymes, and induce oxidative stress. With high bioavailability, stability, and low

cytotoxicity, these polymers show promise for biomedical applications.
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Introduction

The rapid rise of multidrug-resistant bacterial strains
has intensified the search for new antibacterial agents,
with heterocyclic polymers emerging as promising
candidates due to their notable efficacy [1-5].
Heterocyclic compounds are organic molecules
containing one or more heteroatoms within cyclic or
acyclic frameworks [6—10]. Their antibacterial activity
arises from mechanisms such as disruption of bacterial
membranes [11], interference with metabolic pathways
[12], and generation of reactive oxygen species [13].
Moreover, their tuneable chemical structures allow
optimization of bioavailability,
biodegradability, enhancing their
relevance [14], [15].

Heterocyclic  polymers incorporating  bioactive
moieties such as chalcones and coumarins represent a
novel class of antibacterial materials [16]. These
polymers, containing heteroatoms

selectivity, and
pharmaceutical

like nitrogen,

oxygen, or sulfur within their backbone, exhibit
enhanced physicochemical stability and biological
performance [17]. Structural versatility enables the
incorporation of diverse functional  groups,
significantly improving antibacterial activity [18-21].
Combined with their biocompatibility, these properties
position heterocyclic polymers as effective tools
against antimicrobial resistance [22], [23].Coumarins
have received considerable attention due to their wide
range of pharmacological activities, including
antidepressant [24], antimicrobial [25], antioxidant
[26], anti-inflammatory [27], and antinociceptive
effects [28]. Chalcones, a class of a,p-unsaturated
ketones, are well known for strong antimicrobial
activity mediated through membrane disruption,
enzyme inhibition, and metabolic interference [8], [29—
32]. Incorporation of chalcones into polymeric systems
enhances both antibacterial efficacy and structural
integrity. Similarly, coumarins exhibit antibacterial
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effects by targeting DNA gyrase, inducing oxidative
stress, and destabilizing bacterial membranes. Their
integration into heterocyclic polymers improves
solubility, biodegradability, and biocompatibility.

The combined incorporation of chalcone and coumarin
units within a heterocyclic polymer framework offers a
synergistic antibacterial effect. Their complementary
mechanisms enhance interaction with bacterial cell
walls, disrupt essential cellular processes, and help
overcome resistance mechanisms. This dual-
functionalization strategy results in materials effective
against both Gram-positive and Gram-negative
bacteria, with improved resistance to enzymatic
degradation and low cytotoxicity. In this study, we
report the synthesis and antibacterial evaluation of
heterocyclic polymers functionalized with chalcone
and coumarin derivatives. The polymers were designed
to enhance membrane interaction, inhibit key bacterial
enzymes, and induce oxidative stress while
maintaining structural stability and targeted bioactivity.
This work provides valuable insights into the rational
design of bioactive heterocyclic polymers and
highlights  their potential as
antibacterial materials.

Result and Discussion

Synthesis and Characterization: The synthesis of the
final heterocyclic polymer hybrid compound was
meticulously executed through a strategically designed
multistep synthetic protocol, explicitly tailored to
ensure maximum efficiency, scalability, and yield. This
well-defined sequence of chemical transformations,
systematically optimized for each step, is
comprehensively illustrated in Scheme 1-4. Initially,
Compound 1 was obtained via aldol condensation
between a methoxy-substituted aromatic compound
and hydroxybenzaldehyde in ethanol under basic
conditions using sodium hydroxide as a catalyst. The
reaction yielded a crystalline chalcone derivative after
neutralization and recrystallization. Compound 3 was
subsequently synthesized through a condensation
reaction between Compound 1 and a hydrazine
derivative in glacial acetic acid. The reaction

next-generation

proceeded smoothly at room temperature, as monitored
by TLC, and the product was purified using column
chromatography to ensure high purity.

Compound 4 was prepared by reacting Compound 3
with propargyl bromide in dry acetone under reflux
conditions, with potassium carbonate acting as the
base. This step produced the propargyl derivative with
excellent yield and selectivity, facilitated by effective
removal of inorganic salts and subsequent purification.
In a parallel step, Compound 6 was synthesized via
substitution of dibromo alkane with sodium azide in

ethanol. The reaction proceeded efficiently under
reflux, resulting in complete conversion to the azide
derivative within 6 hours, as confirmed by TLC.
Finally, the Cu(I)-catalyzed azide-alkyne cycloaddition
(CuAAC) reaction, a well-established "click
chemistry" approach, was employed to couple
Compounds 4 and 6. This reaction was carried out in
dry DMF at room temperature using potassium
carbonate and copper(I) iodide as the catalytic system.
The reaction conditions facilitated the selective
formation of the triazole-linked final product, which
was subsequently purified by column chromatography
to achieve high purity. This synthetic pathway
represents a robust and reproducible approach for the
preparation of structurally diverse derivatives, offering
significant potential for further applications.

This table 1 summarizes the influence of various
reaction conditions on the yield of a process catalyzed
by Cul. The molar percentage of Cul, ranging from
0.05% to 1%, plays a critical role in optimizing the
reaction efficiency, with the highest yield (92%)
observed at 1% Cul, particularly in DMF at 100°C for
6 hours, using KOH as the base.Solvent choice is
another key factor. Polar solvents like DMF and
DMSO, used at higher temperatures (100-120°C), tend
to enhance the solubility of reactants and facilitate
better reaction kinetics, resulting in higher yields (92%
and 82% respectively in DMF). In contrast, non-polar
solvents like toluene and ethanol yielded lower results,
likely due to their poorer ability to dissolve reactants
and lower reactivity under the same conditions.

The reaction temperature also plays a significant role.
Higher temperatures (100°C to 120°C) generally lead
to higher yields, but this is contingent on the solvent's
ability to support such temperatures without causing
side reactions or decomposition. Reaction time,
ranging from 4 to 12 hours, seems to contribute to
achieving higher yields, though excess time does not
always correlate with a substantial increase in
yield.The base used in the reaction affects both the
reaction rate and the overall efficiency. Bases KOH and
K2COs resulted in higher yields compared to bases like
NaOH and EtsN, suggesting that stronger or more
reactive bases may be more effective in promoting the
desired reaction. Overall, based on data we finding Cul
concentration, solvent polarity, reaction temperature,
base selection, and reaction time in determining the
success of the process. Fine-tuning these parameters is
crucial for optimizing reaction conditions and
maximizing yield.

The 'H NMR spectrum of compound 1 (3,4-
dihydroxychalcone) shows peaks for aromatic protons
in the region of 6 ~ 6.8—8.0 ppm, with splitting patterns
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reflecting the substituted benzene rings. The protons on
the electron-rich aromatic ring (with hydroxyl groups)
appear at 6 ~ 6.8-7.5 ppm, while the protons on the
carbonyl-substituted ring resonate at 6 ~ 7.5-8.0 ppm.
The olefinic protons from the o, B-unsaturated ketone
contributes to signals around 8 ~ 7.5 ppm. A broad
peak at & ~ 9.0 ppm corresponds to the hydroxyl (-OH)
protons, which are downfield due to hydrogen bonding.
The 'H NMR spectrum of compound 3 shows
aromatic protons as multiplets in the range of 6 6.5-8.0
ppm, corresponding to the protons on the three
benzene rings, influenced by the hydroxyl (-OH)
groups and the azo (-N=N-) linkage. The hydroxyl
protons (-OH) appear as broad peaks around 6 9.0-10.0
ppm, deshielded due to hydrogen bonding. This pattern
aligns with the molecule's structure, confirming the
presence of substituted aromatic systems. The 'HNMR
spectrum of compound 5 show peaks corresponding to
the aromatic protons on the coumarin ring system in the
range of & 7.0-8.5 ppm, influenced by the electron-
withdrawing nitro group (-NO-). The methylene (-CHa-
) protons in the brominated alkyl chain are expected to
appear as triplets or multiplets around 6 3.54.5 ppm
due to their proximity to the electronegative oxygen
and bromine atoms. The terminal methylene (-CH-Br)
protons are further deshielded and resonate at 6 3.0-3.5
ppm. The FTIR spectrum of 7a exhibits characteristic
bands corresponding to its diverse functional groups. A
strong absorption band around 1700-1750 cm™ is
indicative of the stretching vibrations of carbonyl
(C=0) groups from the coumarin moieties. The nitro (-
NO2) groups display prominent asymmetric and
symmetric stretching vibrations at 1500-1550 cm™ and
1300-1350 cm™, respectively. The aromatic rings
contribute C=C stretching bands in the range of 1450—
1600 ecm™, while C-N stretching vibrations from the
triazole linkages are observed around 1200-1350 cm™.
The ether linkages (-C-O-C-) exhibit stretching bands
near 1050-1150 em™, and the aliphatic methylene (-
CH»-) groups show C-H stretching in the region of
2850-2950 cm™. Additionally, aromatic C-H
stretching vibrations appear near 3000-3100 cm™.
These features collectively confirm the presence of
carbonyl, nitro, aromatic, triazole, and ether functional
groups in the compound. In the 'HNMR spectrum of
compound 7a, aromatic protons resonate in the range
of & 6.5-8.5 ppm, with distinct multiplets due to the
various substituents and electronic environments
around the aromatic systems. The methylene (-CHz-)
protons bridging the triazole and coumarin units appear
in the region of 8 3.5-5.5 ppm, exhibiting splitting
patterns consistent with adjacent electronegative
groups. The peaks around & 2.0-3.0 ppm correspond

to alkyl protons connected to electron-withdrawing
nitro and oxygen groups also, '3C spectrum observed
the signals between 6 110-160 ppm correspond to
aromatic carbons from the coumarin, nitrobenzene, and
triazole systems. Peaks around & 150-160 ppm are
attributed to quaternary carbons bonded to electron-
withdrawing groups, such as carbonyl (C=0). The
coumarin carbonyl carbons resonate prominently near
0 160-165 ppm. The aliphatic carbons in the
methylene (-CH2-) linkers are observed in the region of
0 20-60 ppm, with downfield shifts for carbons
adjacent to electronegative atoms like oxygen or
nitrogen. During the polymerization of a 7-amonomer,
distinct and diagnostic changes are evident in both 'H
NMR and *C NMR spectra, which provide insights
into the structural transformation from monomer to
polymer. In the 'H NMR spectrum, the singlet peak
corresponding to the hydroxyl (-OH) proton, typically
observed in the monomer, completely disappears. This
disappearance indicates that the hydroxyl group has
been consumed or chemically modified during the
polymerization process, forming new covalent bonds.
Furthermore, the peaks associated with protons near
electronegative or functional groups in the monomer
shift slightly downfield or up field in the polymer,
reflecting the altered electronic and steric environment
within the polymer backbone. In the '3C NMR
spectrum, the carbon signal attributed to the hydroxyl-
bearing carbon in the monomer also vanishes,
corroborating the chemical transformation of the
hydroxyl group. Additionally, other carbon signals in
the polymer exhibit slight shifts due to changes in
hybridization, bond angles, and neighboring group
effects introduced by the polymerization. These
spectral shifts and peak changes are characteristic of
polymer formation and serve as strong evidence of the
structural modifications that occur during the
conversion of the monomer to the polymer. So, based
on NMR data confirm the successful polymerization
and provide detailed information about the changes in
the chemical environment of both protons and carbons
in the resulting polymer.

This spectrum confirms the molecular complexity and
functional group diversity, supporting the structural
integrity of the triazole-linked aromatic polymer. The
spectrum highlights the complexity and symmetry of
the structure, confirming the incorporation of triazole
linkages and nitro-functionalized coumarin derivatives
in supplementary data.
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Figure 1: Comparison 'H NMR spectrum of 7a
monomer and 8a polymer
Antibacterial activity
All of the new synthesized derivatives (7a-¢) were
evaluated for their antibacterial properties against two
gram positive and two gram negative. The antibacterial
activities were investigated against Staphylococcus
aureus (ATCC 23235), Bacillus megaterium (ATCC
14581), Escherichia coli (ATCC 8739) and Proteus
vulgaris (PCM 2668). The results of the in vitro tests
are summarized in Table 2 antibacterial activity of five
synthesized compounds (8a, 8b, 8c, 8d, 8¢) compared
to Ampicillin, a standard antibiotic, against Proteus
vulgaris PCM 2668. The x-axis denotes the
concentration of the tested compounds (10 uM to 120
uM), including an untreated (UT) control, while the y-
axis represents the percentage inhibition of bacterial
growth (Table 1) and Figure 2. The untreated group
displays negligible inhibition, confirming the
specificity of the antibacterial effects to the compounds
and Ampicillin. it, serving as the positive control,
exhibits potent activity with over 95% bacterial
inhibition at concentrations >70 puM, reinforcing its
clinical relevance.
Among the synthesized compounds, 8b demonstrates
the highest antibacterial activity, with significant
inhibition even at lower concentrations and near-
complete  bacterial  growth  suppression  at
concentrations >70 uM, closely approximating the
efficacy of Ampicillin. Compound 8a also displays
dose-dependent antibacterial activity, though its
inhibition levels remain consistently lower than 8b.
Compound 8c shows moderate activity with inhibition
increasing gradually wuntil plateauing at higher
concentrations, indicative of limited potency. By
contrast, compounds 8d and 8e exhibit weak
antibacterial activity, showing minimal inhibition even
at the highest concentrations tested, highlighting their
limited effectiveness against Proteus vulgaris.
Quantitative comparisons reveal that compound 8b
achieves the highest activity fold (0.6) relative to
Ampicillin, suggesting its strong antibacterial
potential. Compounds 8a and 8c follow with activity

folds of 0.43 and 0.33, respectively, reflecting
moderate efficacy. In contrast, 8d and 8e exhibit the
weakest activity (activity fold ~0.3), underscoring their
significantly reduced effectiveness and the necessity
for structural optimization to enhance their
antimicrobial properties.

Moreover, against Escherichia coli ATCC 8739 highest
inhibitions across all concentrations, exceeding 95%
inhibition at concentrations of 70 pM. Among the
synthesized compounds, 8b exhibits the highest
antibacterial activity, reaching inhibition levels close to
those of Ampicillin at concentrations above 70 pM.
Compound 8a also shows a steady increase in
inhibition with concentration, though it remains less
effective than 8b. Compound 8c displays moderate
activity, with inhibition levels plateauing at higher
concentrations. In contrast, compounds 8d and 8e
demonstrate significantly lower antibacterial activity,
with only marginal improvements observed at higher
concentrations, suggesting limited efficacy against E.
coli. The UT group shows negligible inhibition,
confirming that the observed activity is specific to the
tested compounds. The antibacterial activity of five
synthesized compounds (8a, 8b, 8c, 8d, 8e¢) was
evaluated against Staphylococcus aureus ATCC 23235
and Bacillus megaterium ATCC 14581, results indicate
that Ampicillin displayed the highest activity against
both Gram-positive strains, achieving over 95%
inhibition at concentrations of 70 uM and higher.
Among the synthesized compounds, 8b showed the
strongest antibacterial effects, reaching inhibition
levels comparable to those of Ampicillin, particularly
at concentrations above 70 pM. Compound 8a also
demonstrated promising activity, with a steady increase
in bacterial inhibition as concentration increased,
although it remained slightly less effective than 8b.
Compounds 8c and 8d exhibited moderate activity,
with  their inhibition plateauing at higher
concentrations, indicating limited antibacterial
potency. Compound 8e displayed the weakest activity,
with negligible inhibition observed at lower
concentrations and only slight improvements at higher
concentrations.

In terms of activity fold compared to Ampicillin,
compound 8b exhibited the highest fold wvalue,
approaching 0.8, indicating that its antibacterial
potency is relatively close to Ampicillin, particularly at
higher concentrations. Compound 8a demonstrated a
moderate activity fold (around 0.5), suggesting
moderate potential but still significantly less effective
than Ampicillin. Compounds 8c and 8d had even lower
activity folds (0.3 to 0.4), highlighting their limited
antibacterial efficacy and the need for further

1JDDT, Volume 16 Issue 39s, 2026

Page 936



Synthesise Characterization Of Chalcone, Coumarin Based Novel Heterocyclic Polymer For
Antibacterial Activity

optimization. Compound 8e, with an activity fold
closer to 0.2, demonstrated minimal antibacterial
activity, underscoring its limited potential as a
therapeutic agent without substantial structural
modifications.

The table 2 is the zone of inhibition (in mm) for various
bacterial strains treated with 8a, 8b, 8c, 8d, and 8e,
indicating the antibacterial efficacy of each treatment.
For E. coli (ATCC 8739), treatment 8a produced the
largest inhibition zone (25 + 0.8 mm), reflecting strong
antibacterial activity, while 8e showed the smallest
zone (5 + 1.2 mm), indicating weak activity. Against P,
vulgaris (PCM 2668), 8b and 8d exhibited the largest
inhibition zones (21 + 1.2 mm and 21 + 0.9 mm,
respectively), whereas 8a showed moderate inhibition
(153 £ 0.2 mm). For S. aureus (ATCC 23235),
treatments 8b and 8d both had inhibition zones of 18 +
0.8 mm, while 8a had the smallest zone (4 &+ 0.8 mm),
suggesting low activity. In the case of B. megaterium
(ATCC 14581), 8a, 8c, and 8d produced similar zones
of 13 £ 0.4 mm to 14 = 0.5 mm, with 8e showing the
smallest inhibition zone (6 + 0.5 mm). Overall,
treatment 8b demonstrated the most consistent and
effective antibacterial activity, followed by 8d, while
8e exhibited the weakest zones of inhibition across all
bacterial strains. These findings highlight the
differential antibacterial potential of the treatments
based on the size of the inhibition zones.

4
F

Figure 2: 3D bar graphs showing the concentration-

dependent antibiofilm activity of the tested compound
against various bacterial strains, as quantified by
absorbance at 600 nm. (A) E. coli (ATCC 8739), (B) P.
vulgaris (PCM 2668), (C) S. aureus (ATCC 23235),
and (D) B. megaterium (ATCC 14581). Each set of bars
corresponds to escalating concentrations of the
compound (1.56 -100 uM) compared to the untreated
control (UT). The observed reduction in optical density
(OD) with higher concentrations highlights the
compound’s dose-dependent antibiofilm potential
across different bacterial species, showcasing its
efficacy in biofilm inhibition. Values are represented as
mean £ SD, n = 3.

Molecular Docking Results

Molecular docking studies using the protein with PDB
ID: 1KZN demonstrated a strong and stable binding
interaction between the ligand 8a monomer and the
protein's active site. The docking analysis revealed that
the ligand formed several key interactions with critical
residues in the binding pocket, contributing to its
binding stability and specificity. Hydrogen bond
interactions were observed with residues such as
ASP45, ASN46, and LEU197, which play a crucial role
in stabilizing the ligand within the binding site.
Additionally, hydrophobic interactions with residues
like ILE90 and m-stacking interactions with HIS116
and MET25 further enhanced the ligand's binding
affinity (AG =-9.26 kcal/mol) figure 3.

Moreover, for the ampicillin and protein result
analysis, the ligand forms conventional hydrogen
bonds with residues GLN135, THR163, and ASP73,
which are crucial for stabilizing the binding.
Additionally, hydrophobic interactions with residues
such as ILE140 and ARG142 contribute to the ligand's
strong binding affinity. The presence of an
unfavourable interaction (bump) with ARG142
suggests potential areas for ligand optimization to
improve binding efficacy (AG = -7.08 kcal/mol) figure
4. The 3D surface view of the docking results provided
a clear visualization of the ligand fitting snugly within
the protein's binding cavity, while the 3D interaction
map highlighted the spatial arrangement of key
residues involved in ligand binding. The 2D interaction
schematic offered a detailed representation of the
binding network, including conventional hydrogen
bonds, carbon-hydrogen bonds, and hydrophobic
contacts. These findings suggest that the ligand is well-
suited to inhibit the activity of DNA gyrase, making it
a promising candidate for further development as an
antibacterial agent. The docking results provide
valuable insights into the molecular basis of ligand-
protein interactions, which can guide the rational
design of more potent inhibitors to combat bacterial
infections.

Figure 3: Molecular docking 8a monomer with PDB
ID: 1KZN. (a) 3D surface view of the ligand within the
protein binding site. (b) 3D interaction view
highlighting key ligand-protein interactions. (c) 2D
schematic of ligand-protein binding interactions (AG =
-9.26 kcal/mol).
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Figure 4: Molecular docking Ampicillin with PDB ID:
1KZN. (a) 3D surface view of the ligand within the
protein binding site. (b) 3D
highlighting key ligand-protein interactions. (c) 2D
schematic of ligand-protein binding interactions (AG =
-7.08 kcal/mol).

Table 1: Inhibitory concentration (ICso) values of 8a-e

interaction view

conjugates against gram-positive and gram-negative
bacteria

S. aureus
(ATCC 23235)
50.23£1.6
63.14£0.7
71.84+1.2
45.97+1.2
81.76£1.6
55.6940.6

E. coli P. vulgaris
Compound (ATCC 8739) (PCM 2668)
8a 49.30£59 28.95£2.8
8h 57+0.77 41.65+1.5
8¢ 35.68+1.2 32.48£0.9
8d 48.99+.6 54.43£1.4
8e 62.20+.8 64.89+0.5
72.3941.8 69.69:1.1

B. megaterium
(ATCC 14581)
76.46=0.8
54.4320.63
55.19+1.8
76.46=1.2
81.35+2.3
88.96+2.1

Ampicillin

Table 2: Zone of Inhibition values of 8a-e
conjugates against gram-positive and gram-
negative bacteria

Inhibition Zone Diameter (mm)

Bacterial Strains 8a 8b 8¢ 8d se
E. coli (ATCC 8739) 25408
P. vulgaris (PCM 2668) 15302
S. aureus (ATCC 23235) 4208

B. megaterium (ATCC 14581) 1304

12+0.9
21+12
18+0.8
14£0.5

15+0.8
16+0.2
14+08
13+£0.4

20£09 5.5
2109  15£09
18+0.8
14£0.5 6+ 0.5

Materials and methods

All chemicals and solvents used in this study were
obtained from certified international suppliers and used
without further purification. Microbiological cultures
and anaerobe indicator tests were procured from
Sigma-Aldrich. Melting points of synthesized
compounds were determined using a CIA 9300
electrochemical melting point apparatus by the open
capillary method and were uncorrected. Reaction
progress and compound purity were monitored by thin-
layer chromatography (TLC) on precoated silica gel
plates (GF254, Merck) using ethyl acetate—hexane
(6:4) as the mobile phase.Infrared spectra were
recorded using a Bruker Alpha ATR spectrometer,
while UV—Visible spectra and kinetic studies were
performed on a Varian UV—Visible spectrophotometer,
with Amax values used for analysis. 'H and '3C NMR
spectra were recorded on Bruker Avance 300 and 400
MHz instruments, with chemical shifts reported in ppm
relative to tetramethylsilane as an internal standard.
Spin—spin coupling patterns in 'H NMR spectra were
described as singlet, doublet, triplet, or multiplet.
Antibacterial activity was evaluated against two Gram-
positive and two Gram-negative bacterial strains:
(ATCC 23235), Bacillus

Staphylococcus aureus

megaterium (ATCC 14581), Escherichia coli (ATCC
8739), and Proteus vulgaris (PCM 2668).

General Synthesis method

Synthesis of Compound 1

In a 100 mL round-bottom flask, 1.0 mmol of the
methoxy-substituted aromatic compound (e.g., methyl
salicylate) and 1.0 mmol of hydroxybenzaldehyde are
dissolved in 10 mL of ethanol. To this, a catalytic
amount of a base (e.g., 10 mol% sodium hydroxide or,
0.1 mmol) is added dropwise under constant stirring.
The reaction mixture is allowed to stir at room
temperature for 6 hours, during which the aldol
condensation proceeds, yielding the chalcone
derivative. After completion, the reaction mixture is
neutralized using dilute acetic acid and poured into ice-
cold water. The resulting precipitate is collected by
filtration, washed with distilled water, and
recrystallized from ethanol to obtain pure yield 90%.
Compound 1: (E)-1,3-bis(4-hydroxyphenyl)prop-2-
en-1-one, Chemical Formula: CisH1203; '"H NMR
(500 MHz, DMSO-ds) 8 9.35, 8.01, 8.01, 7.98, 7.98,
7.88,7.88,7.87,7.86,7.86,7.86,7.57,7.54,7.53,7.53,
7.53,7.53,7.51,7.51,7.51,7.51,7.02,7.01,7.01, 7.00,
7.00, 6.99, 6.83, 6.82, 6.82, 6.81, 6.81, 6.80.

OCH;

o
OH
NaOH
e D - LT
t, 6hr
HO oHe HO 1

OH

/
O. HO.
// acetone reflux, 6hr O OH
4
Q HO' 3
o
=

Schemel: Synthesis of chalcone and its derivative
propargyl bromide

Synthesis of Compound 3

1.2 mmol of Compound 1 and 1.2 mmol of hydrazine
derivative) are dissolved in a mixture of acetic acid (10
mL, glacial acetic acid). The reaction mixture is stirred
at room temperature for 4 hours. During this time, the
condensation reaction occurs, forming the hydrazone-
linked heterocyclic compound. The progress of the
reaction is monitored by TLC (Thin Layer
Chromatography) using an appropriate solvent system.
Upon completion, the reaction mixture is diluted with
water, and the product is extracted using ethyl acetate.
The organic layer is dried over anhydrous sodium
sulphate, and the solvent is removed under reduced
pressure. The crude product is purified by column
chromatography using a solvent system (hexane: ethyl
acetate 4:6) to obtain pure 86 % yield.

Compound 3: 4,4'4'"-(4,5-dihydro-1H-pyrazole-
1,3,5-triyl)triphenol, Chemical Formula:
C21HisN203; 'H NMR (500 MHz, DMSO-ds) & 9.86,
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9.26,9.14,7.67,7.66, 7.66,7.65, 7.64, 7.64,7.35, 7.34,
7.34,7.33,7.33,7.32,7.21,7.20,7.20, 7.20,7.19, 7.19,
7.18,7.18,6.87,6.87, 6.86, 6.86, 6.85, 6.85, 6.85, 6.84,
6.84,6.84,6.83,6.63, 6.62, 6.62, 6.61, 6.60, 6.60, 5.20,
5.20,5.19,5.18,5.17,5.17,3.91, 3.90, 3.88, 3.87, 3.66,
3.65, 3.63, 3.62.

Synthesis of Compound 4

To synthesize Compound 4, 1.0 mmol of the hydroxy-
substituted hydrazone derivative is dissolved in 10 mL
of dry acetone, and 2.0 mmol of propargyl bromide
with 2.0 mmol of K>COs is added. The mixture is
refluxed for 6 hours. After cooling, the mixture is
filtered to remove salts, and the filtrate is concentrated
and extracted with ethyl acetate. The organic layer is
washed, dried, and concentrated. The crude product is
purified by column chromatography (hexane: ethyl
acetate 5:5) to obtain pure 89 % yield.

Synthesis of Compound Sa-e

In a 50 mL round-bottom flask, 1.0 mmol of the
hydroxy-substituted aromatic compound is dissolved
in 10 mL of dry acetone. To this, 1.2 mmol of dibromo
alkane and 2.0 mmol of potassium carbonate (K2CO3)
are added. The reaction mixture is refluxed under
stirring for 6 hours. After completion, the reaction
mixture is filtered to remove inorganic salts, and the
solvent is evaporated under reduced pressure. The
crude product is purified by column chromatography
(hexane: methanol 4:6) 82% yield obtained.
Compound 5a: 7-(bromomethoxy)-4-hydroxy-2H-
chromen-2-one, Chemical Formula: C10H7BrOs; 'H
NMR (500 MHz, DMSO-ds) & 7.76, 7.74, 6.84, 6.84,
6.69, 6.69, 6.68, 6.67, 6.07, 5.55. 13C NMR (125 MHz,
Common NMR Solvents) & 166.65, 162.98, 161.98,
155.43,127.01, 111.21, 103.97, 101.36, 88.40, 60.75.
Compound 5b: 7-(bromoethoxy)-4-hydroxy-2H-
chromen-2-one, Chemical Formula: C1oHoBrOs; 'H
NMR (500 MHz, DMSO-ds) & 7.76, 7.74, 6.81, 6.80,
6.61,6.61, 6.60, 6.59, 6.07,4.36,4.35,4.34,3.76, 3.76,
3.75. BC NMR (125 MHz, Common NMR Solvents) &
166.65, 162.98, 161.98, 155.43, 127.01, 111.21,
103.97, 101.36, 88.40, 60.75.

Compound 5c: 7-(3-bromopropoxy)-4-hydroxy-2H-
chromen-2-one, Chemical Formula: Ci2HuBrOQOs;
"H NMR (500 MHz, DMSO-d6) § 7.76, 7.74, 6.81,
6.80,6.61, 6.61, 6.60, 6.59,6.07,4.11, 4.10,4.09, 3.61,
3.60, 3.59, 2.48,2.47, 2.46, 2.45, 2.44. BC NMR (125
MHz, Common NMR Solvents) § 166.65, 162.97,
162.64, 155.44, 126.99, 111.27, 103.97, 101.67, 88.38,
67.22,32.34,29.97.

Compound 5d: 7-(4-bromobutoxy)-4-hydroxy-2H-
chromen-2-one, Chemical Formula: Ci3H13BrQOg;
"H NMR (500 MHz, DMSO-ds) & 7.76, 7.74, 6.81,
6.80,6.61, 6.61, 6.60, 6.59, 6.07,4.10, 4.08, 4.07, 3.50,

3.49,3.48,1.94,1.93,1.93,1.93,1.92,1.92,1.92, 1.92,
1.91,1.91,1.91,1.91,1.90, 1.90, 1.90, 1.90, 1.89, 1.89,
1.86, 1.86, 1.85,1.85,1.84, 1.84,1.84, 1.83, 1.83, 1.83,
1.83,1.82,1.82,1.82,1.81, 1.81, 1.80. '3*C NMR (125
MHz, Common NMR Solvents) § 166.65, 162.97,
162.62, 155.44,126.99, 111.27, 103.97, 101.61, 88.38,
68.04, 33.43, 29.83, 28.43.

Compound Se: 7-((5-bromopentyl)oxy)-4-hydroxy-
2H-chromen-2-one, Chemical Formula:
C1sH1sBrOs; 'H NMR (500 MHz, DMSO-ds) & 7.76,
7.74, 6.81, 6.80, 6.61, 6.61, 6.60, 6.59, 6.07, 4.06, 4.05,
4.03,3.44,3.43,3.42,1.82,1.81, 1.81, 1.81, 1.80, 1.80,
1.80, 1.80,1.79,1.79,1.78, 1.77,1.74, 1.73, 1.72, 1.72,
1.72,1.71,1.71,1.71, 1.70, 1.70, 1.69, 1.69, 1.68, 1.68,
1.64,1.64,1.63,1.62,1.61,1.61,1.60, 1.60, 1.59, 1.58,
1.58. 3C NMR (125 MHz, Common NMR Solvents)
5 166.65, 162.97, 162.62, 155.44, 126.99, 111.27,
103.97, 101.61, 88.38, 68.83, 33.27, 30.38, 27.03,
26.81.

Synthesis of Compound 6a-e

In a separate reaction, 1.0 mmol of Compound 5 is
dissolved in 10 mL of ethanol, and 1.2 mmol of sodium
azide (NaN:) is added. The mixture is refluxed for 6
hours, allowing the substitution reaction to occur,
replacing the bromine atom with an azide group. The
progress of the reaction is monitored by TLC. After
completion, the reaction mixture is cooled, and the
solvent is removed under reduced pressure. The residue
is purified by recrystallization or column
chromatography (hexane: methanol 6:4) 72% yield
obtained.

OH OH

dibromo alkane
N _— S
n
HO' [O e Brk)\O 0~ ~0
5a-e
OH
NaNj, EtOH m
- X
Reflux \
Na/ﬁ‘o 0" Yo

K,;COj3, acetone
reflux
6a-e

Scheme 2: synthesis of Coumarin bromide and
coumarin azide

Synthesis of monomer 7a-e

compound 4 (1.0 mmol) and compound 6 (1.0 mmol)
were dissolved in 10 mL of dry N,N-
dimethylformamide (DMF) in a dry round-bottom
flask under an inert nitrogen atmosphere. Potassium
carbonate (K2COs, 2.0 mmol) was added to the reaction
mixture as a base, followed by copper(I) iodide (Cul,
Immol%) as a catalyst. The reaction mixture was
stirred and heated to 120°C under reflux for 10 hours.
The progress of the reaction was monitored using thin-
layer chromatography (TLC). After completion, the
reaction mixture was cooled to room temperature and
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diluted with 50 mL of water to precipitate the crude
product. The precipitate was extracted with ethyl
acetate (3 x 20 mL), and the combined organic layers
were washed with water and brine, followed by drying
over anhydrous sodium sulphate. The solvent was
removed under reduced pressure to yield the crude
product purified with the (methanol: hexane 4:6)
obtained yield 95%.

Compound  7a: 7,7, 7"-(((((((4,5-dihydro-1H-
pyrazole-1,3,5-triyl)tris(benzene-4,1-
diyl))tris(oxy))tris(methylene))tris(1H-1,2,3-
triazole-4,1-diyl))tris(methylene))tris(oxy))tris(4-
hydroxy-2H-chromen-2-one), Chemical Formula:
Cs0H4sN1101s; 'H NMR (500 MHz, DMSO-d6) § 8.03,
8.02,8.02,7.75,7.74,7.70, 7.69, 7.69, 7.68, 7.68, 7.67,
7.34,7.34,7.33,7.32,7.32,7.32,7.24,7.24,7.24,7.23,
7.23,7.22,7.22,7.00, 6.99, 6.99, 6.98, 6.98, 6.97, 6.97,
6.97,6.96, 6.95, 6.95, 6.90, 6.90, 6.90, 6.89, 6.88, 6.88,
6.78,6.78,6.59, 6.58,6.57,6.57,6.07,5.77,5.77, 5.22,
5.22,5.21,5.20,5.19,5.18,5.17,5.17,3.91, 3.90, 3.88,
3.87, 3.66, 3.65, 3.63, 3.62. 3C NMR (125 MHz,
Common NMR Solvents) & 166.84, 166.75, 166.65,
163.11, 163.05, 162.98, 161.12, 161.11, 161.00,
159.63, 157.17, 155.44, 15542, 155.40, 153.13,
148.99, 144.43, 144.39, 144.35, 139.01, 133.39,
128.75, 127.68, 126.97, 126.95, 126.94, 126.48,
121.45, 121.41, 121.38, 118.65, 116.70, 115.42,
115.21, 112.38, 112.37, 112.36, 104.15, 104.06,
103.97, 102.67, 102.63, 102.60, 88.59, 88.49, 88.40,
74.19, 74.16, 74.12, 65.58, 57.90, 57.87, 57.84, 40.71.
Compound  7b:  7,7',7"-(((((((4,5-dihydro-1H-
pyrazole-1,3,5-triyl)tris(benzene-4,1-
diyl))tris(oxy))tris(methylene))tris("H-1,2,3-
triazole-4,1-diyl))tris(ethane-2,1-
diyl))tris(oxy))tris(4-hydroxy-2H-chromen-2-one);
Chemical Formula: CeHsiNuOis; 'H NMR (500
MHz, DMSO-d6) & 8.08, 8.08, 8.07, 8.07, 7.76, 7.74,
7.70,7.69,7.69,7.68,7.68,7.67,7.34,7.34,7.33,7.32,
7.32,7.32,7.24,7.24,7.24,7.23,7.23,7.22,7.22,7.00,
6.99,6.99, 6.98, 6.98,6.97,6.97,6.97, 6.96, 6.95, 6.95,
6.90, 6.90, 6.90, 6.89, 6.88, 6.88, 6.82, 6.82, 6.61, 6.61,
6.60, 6.59, 6.07,5.23,5.23,5.20,5.19,5.18,5.17, 5.17,
4.62,4.61,4.60,4.35,4.35,4.35,4.34,4.34,4.34,4.33,
4.33,4.33,3.91,3.90, 3.88, 3.87, 3.66, 3.65, 3.63, 3.62.
BC NMR (125 MHz, Common NMR Solvents) §
166.84, 166.75, 166.65, 163.10, 163.03, 162.97,
162.62, 162.60, 162.57, 159.63, 157.17, 155.49,
155.47, 155.45, 153.13, 148.98, 143.02, 142.98,
142.94, 139.01, 133.39, 128.75, 127.68, 127.02,
127.00, 126.99, 126.48, 121.51, 121.46, 121.41,
118.65,116.70, 115.42, 115.21,111.37, 111.36, 111.35,
104.15, 104.06, 103.97, 101.81, 101.77, 101.74, 88.57,

88.47, 88.38, 66.30, 66.27, 66.24, 65.58, 57.90, 57.87,
57.84,49.24,49.19, 49.14, 40.71.

Compound  7c: 7,7',7"-(((((((4,5-dihydro-1H-
pyrazole-1,3,5-triyl)tris(benzene-4,1-
diyl))tris(oxy))tris(methylene))tris("H-1,2,3-
triazole-4,1-diyl))tris(propane-3,1-
diyl))tris(oxy))tris(4-hydroxy-2H-chromen-2-one);
Chemical Formula: CeHs7NuOis; 'H NMR (500
MHz, DMSO-db6) & 8.27, 8.27, 8.26, 8.26, 7.76, 7.74,
7.70,7.69,7.69,7.68,7.68,7.67,7.34,7.34,7.33,7.32,
7.32,7.32,7.24,7.24,7.24,7.23,7.23,7.22,7.00, 6.99,
6.99, 6.98,6.98,6.97,6.97,6.97,6.96, 6.95, 6.95, 6.90,
6.90, 6.90, 6.89, 6.88, 6.88, 6.81, 6.80, 6.61, 6.61, 6.60,
6.59,6.07, 5.23,5.23,5.20,5.19, 5.18, 5.17,4.21, 4.20,
4.19,4.18,4.18,4.17,4.17,4.16,4.16, 3.91, 3.90, 3.88,
3.87,3.66, 3.65, 3.63, 3.62,2.28,2.26,2.25,2.24,2.22.
BC NMR (125 MHz, Common NMR Solvents) §
166.84, 166.75, 166.65, 163.10, 163.03, 162.97,
162.62, 162.60, 162.57, 159.63, 157.17, 155.49,
155.47, 155.45, 153.13, 14898, 143.02, 142.98,
142.94, 139.01, 133.39, 128.75, 127.68, 127.02,
127.00, 126.99, 126.48, 121.51, 121.46, 121.41,
118.65,116.70,115.42,115.21,111.37, 111.36, 111.35,
104.15, 104.06, 103.97, 101.81, 101.77, 101.74, 88.57,
88.47, 88.38, 66.30, 66.27, 66.24, 65.58, 57.90, 57.87,
57.84,49.24,49.19, 49.14, 40.71.

Compound 7d:  7,7',7"-(((((((4,5-dihydro-1H-
pyrazole-1,3,5-triyl)tris(benzene-4,1-
diyl))tris(oxy))tris(methylene))tris(1H-1,2,3-
triazole-4,1-diyl))tris(butane-4,1-
diyl))tris(oxy))tris(4-hydroxy-2H-chromen-2-one);
Chemical Formula: CeoHs3N11015;

"H NMR (500 MHz, DMSO-ds) & 8.27, 8.27, 8.26,
8.26,7.76,7.74,7.70,7.69, 7.69, 7.68, 7.68, 7.67, 7.34,
7.34,7.33,7.32,7.32,7.32,7.24,7.24,7.24,7.23,7.23,
7.22,7.22,7.00,6.99, 6.99, 6.98, 6.98,6.97,6.97,6.97,
6.96, 6.95, 6.95, 6.90, 6.90, 6.90, 6.89, 6.88, 6.88, 6.81,
6.80,6.61,6.61, 6.60, 6.59, 6.07,5.23,5.23,5.20,5.19,
5.18,5.17,5.17,4.28,4.28,4.27,4.26,4.25,4.25,4.02,
4.01,4.00, 3.91, 3.90, 3.88, 3.87, 3.66, 3.65, 3.63, 3.62,
1.95,1.95,1.94,1.94,1.94,1.93,1.93,1.92,1.92,1.91,
1.91,1.91,1.90,1.90,1.82,1.81, 1.80, 1.80, 1.80, 1.80,
1.79,1.79,1.79,1.79,1.78,1.78, 1.78, 1.78, 1.77, 1.77,
1.76, 1.76. BC NMR (125 MHz, Common NMR
Solvents) 6 166.84, 166.75, 166.65, 163.10, 163.03,
162.97, 162.74, 162.68, 162.63, 159.63, 157.17,
155.49, 15547, 155.44, 153.13, 148.98, 142.44,
142.40, 14235, 139.01, 133.39, 128.75, 127.68,
127.02, 127.01, 126.99, 126.48, 12222, 122.14,
122.06,118.65,116.70, 115.42,115.21, 111.29, 111.28,
111.27, 104.15, 104.06, 103.97, 101.67, 101.64,
101.61, 88.57, 88.47, 88.38,67.92, 67.90, 67.87, 65.58,
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57.90, 57.87, 57.84, 50.60, 50.55, 50.51, 40.71, 26.77,
26.74, 26.72, 26.35, 26.32, 26.30.

Compound  7e: 7,7',7"-(((((((4,5-dihydro-1H-
pyrazole-1,3,5-triyl)tris(benzene-4,1-
diyl))tris(oxy))tris(methylene))tris(1H-1,2,3-
triazole-4,1-diyl))tris(pentane-5,1-
diyl))tris(oxy))tris(4-hydroxy-2H-chromen-2-one);
Chemical Formula: C72HeoN11O15;

"H NMR (500 MHz, DMSO-ds) & 8.27, 8.27, 8.26,
8.26,7.76,7.74,7.70,7.69, 7.69, 7.68, 7.68, 7.67, 7.34,
7.34,7.33,7.32,7.32,7.32,7.24,7.24,7.24,7.23,7.23,
7.22,7.00, 6.99, 6.99, 6.98, 6.98,6.97,6.97,6.97, 6.96,
6.95, 6.95, 6.90, 6.90, 6.90, 6.89, 6.88, 6.88, 6.81, 6.80,
6.61,6.61, 6.60,6.59, 6.07,5.23,5.23,5.20,5.19, 5.18,
5.17,4.23,4.23,4.22,4.22,4.20,4.20, 4.00, 3.99, 3.98,
3.91,3.90, 3.88, 3.87, 3.66, 3.65, 3.63,3.62, 1.91, 1.89,
1.88,1.87,1.85,1.70,1.69, 1.68, 1.67, 1.66, 1.65, 1.53,
1.53,1.52,1.50, 1.49, 1.48, 1.48. 3C NMR (125 MHz,
Common NMR Solvents) & 166.84, 166.75, 166.65,
163.10, 163.03, 162.97, 162.74, 162.68, 162.63,
159.63, 157.17, 155.49, 15547, 155.44, 153.13,
148.98, 142.44, 142.40, 14235, 139.01, 133.39,
128.75, 127.68, 127.02, 127.01, 126.99, 126.48,
122.22, 122.14, 122.06, 118.65, 116.70, 115.42,
115.21, 111.29, 111.28, 111.27, 104.15, 104.06,
103.97, 101.67, 101.64, 101.61, 88.57, 88.47, 88.38,
67.92, 67.90, 67.87, 65.58, 57.90, 57.87, 57.84, 50.60,
50.55, 50.51, 40.71, 26.77, 26.74, 26.72, 26.35, 26.32,
26.30.

N
Ns, N‘&
_ DMF.K;00q Cul
4 . 6 o

Oﬁg@/OmN /
Scheme 3: Synthesis of monomer using Cul and
K2COs

Table 1: Optimization reaction with different
catalyst mol ration

Temperature  Time Base Yield

Cul (mol N
Solvent (hours) %)

Entryy ratio) ©C)

1 0.05 DMSO 80 18 K2COs 70
2 0.1 DMF 100 8 NaOH 69
3 0.2 Toluene 120 10 Cs2C03 65
4 03 Ethanol 60 4 EtN 65
5 0.3 Ethanol 60 8 EtN 69
6 0.5 Acetonitrile 90 16 K2COs3 85
7 1 THF 70 5 Pyridine 80
8 0.5 DMF 100 8 KOH 73
9 1 DMF 100 12 KOH 92
10 1 DMF 100 10 K2CO3 95

Polymerization of Compound 8

Compound 7 was polymerized using a copper(l)-
catalyzed azide-alkyne cycloaddition (CuAAC)
reaction, leveraging its functional azide and alkyne
groups for chain-growth polymerization. To begin,
compound 7 (1.0 mmol) was dissolved in dry N,N-

dimethylformamide (DMF, 10 mL) under a nitrogen
atmosphere to prevent oxidation. A di-functional
alkyne (1.0 mmol), was added as a crosslinking agent
to promote polymerization. Potassium carbonate
(K2COs, 0.2 mmol) was added as a base, along with
copper(l) iodide (Cul, 1 mmol %) as the catalyst to
initiate the click polymerization reaction.

The reaction mixture was stirred and heated to 120°C
under reflux for 12-24 hours. The mixture was cooled
to room temperature and poured into a non-solvent,
such as cold methanol, to precipitate the polymer. The
precipitate was collected by filtration, washed
thoroughly with methanol to remove any unreacted
monomer or catalyst residues, and dried under vacuum
at 60°C for 12 hours.

Compound 8a polymer: 'H NMR (500 MHz, DMSO-
de) 67.69,7.47,7.32,7.25,7.22,6.98, 6.90, 6.89, 6.88,
6.79,6.76,5.23,5.18,5.17,4.60, 4.35,4.34,3.91, 3.73,
3.63. 13C NMR (125 MHz, Common NMR Solvents) &
166.65, 163.11, 163.05, 162.98, , 161.11, 161.00,
159.63, 157.17, 155.44, 15542, 155.40, 153.13,
148.99, 144.43, 144.39, 144.35, , 133.39, 128.75,
127.68, 126.97, 126.95, 126.94, 126.48, 121.45,
121.41, 121.38, 118.65, 116.70, 115.42, 112.38,
112.37, 112.36, 104.06, 103.97, 102.67, 102.63, ,
88.59, 88.49, 88.40, 74.19, 74.16, 74.12, 65.58, 57.90,
57.87,57.84,

Monomer _ polymerizaton _ %

05 _O. /
O‘H/nN
.
0.
%

%X

Scheme 4: polymerization of heterocyclic monomer
Antimicrobial activity

The nutrient broth was prepared and autoclaved for 20
minutes at 120 psi. two sets of gram-negative and
gram-positive bacteria were inoculated and incubated
at 37 °C for 24 hours. Then, each well was inoculated
with a microbial inoculum prepared in the same
medium after dilution of standardized microbial
suspension adjusted to 0.5 McFarland scale (108
CFU/mL). 180 pl of the cell suspension was seeded in
each of the 96 well plates and 20 pl of different
concentrations of the test compounds and the standard
was added. The wells without test compound were
considered as control and streptomycin was used as
standard. After mixing, the 96-well plates were
incubated at 37 °C for 24 hours. After incubation, the
absorbance of each well was recorded at 600 nm using
Read well Touch Automatic Elisa Plate Reader
(Robonik India Private Limited). All the experiments
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were performed in triplicates and the growth
percentage was calculated using the formula:
Percentage growth inhibition= Ti/C x 100
where Ti = Growth of the microorganisms in the
presence of a drug, and C = Control growth
Zone of inhibition assays
The Kirby-Bauer Disk Susceptibility Test is a
standardized method used to determine the sensitivity
of bacteria to antibiotics. The process begins by
preparing a bacterial suspension using 3-5 well-
isolated colonies from a pure culture, which are
suspended in sterile saline or broth and adjusted to
match the 0.5 McFarland turbidity standard. A sterile
cotton swab is then dipped into the bacterial
suspension, excess liquid is removed, and the swab is
used to streak the entire surface of a Mueller-Hinton
agar plate to ensure even distribution. The plate is
allowed to dry for approximately 5 minutes at room
temperature. Antibiotic-impregnated disks are then
placed onto the agar surface using sterile forceps,
ensuring they are evenly spaced and pressed gently for
full contact. The plates are inverted and incubated at
35°C + 2°C for 18-24 hours. After incubation, the
zones of inhibition (clear areas around the disks) are
measured in millimetres using a ruler or callipers.
Molecular Docking:
Ligand preparation
Molecular docking involves simulating the interaction
between a ligand and a target protein to predict binding
affinity and orientation, which ensures the ligand is in
its optimal form for docking. This involves retrieving
the ligand structure from databases like PubChem or
creating it using molecular modelling software. The
ligand is then optimized by removing any steric
clashes, adding hydrogens, and assigning appropriate
charges using tools like Open Babel or
AutoDockTools. Additionally, its energy is minimized
to achieve a stable conformation.
Choose Protein
Selecting the appropriate protein is a critical step in
molecular docking as it directly influences the
accuracy and reliability of the docking results. In this
study, the protein with PDB ID: 1KZN, which
represents DNA gyrase, was selected from the Protein
Data Bank (PDB). DNA gyrase is a type II
topoisomerase that plays an essential role in bacterial
cells by introducing negative supercoils into DNA.
This process is vital for relieving torsional strain during
key cellular processes such as DNA replication,
transcription, and recombination. By maintaining the
structural and functional integrity of the bacterial
genome, DNA gyrase ensures the proper functioning of
bacterial cells.

The significance of targeting DNA gyrase lies in its
absence in humans, making it an ideal target for the
development of selective antibacterial agents with
minimal off-target effects. Inhibiting DNA gyrase
disrupts bacterial DNA processes, ultimately leading to
cell death. This mechanism of action underpins the
effectiveness of many widely used antibiotics, such as
fluoroquinolones. Given the growing threat of
antibiotic resistance, studying DNA gyrase through
molecular docking is crucial for designing novel
inhibitors that can combat resistant bacterial strains.
To maximize the precision of docking studies, the
selected protein must meet specific criteria. High-
resolution structural data (preferably below 2.5 A) is
essential to ensure the accuracy of atomic-level
interactions. Additionally, the protein should be in its
active or functional conformation with a clearly
defined binding site. The presence of co-crystallized
ligands in the protein structure is particularly
advantageous, as it helps identify and validate the
active site for docking. These factors enable the
molecular docking process to accurately simulate
biological interactions and provide reliable insights
into ligand binding and protein-ligand interactions.
Protein preparation

The second step is protein preparation for the target
protein, identified by its PDB ID: 1KZN. The structure
is downloaded from the Protein Data Bank and
processed to remove water molecules, heteroatoms,
and co-crystallized ligands that may interfere with
docking. Hydrogen atoms are added to account for
protonation states, and any missing residues or side
chains are rebuilt using tools Auto dock software. The
protein structure is then energy-minimized, and a grid
box is defined around the active site to guide the
docking process. These preparatory steps ensure
accurate and reliable docking results.

Conclusion

This study presents the successful synthesis,
characterization, and evaluation of chalcone- and
coumarin-based heterocyclic polymers, highlighting
their potential as novel antibacterial agents. These
polymers demonstrated broad-spectrum antibacterial
activity against both Gram-positive and Gram-negative
bacterial strains, including Staphylococcus aureus
(ATCC 23235), Bacillus megaterium (ATCC 14581),
Escherichia coli (ATCC 8739), and Proteus vulgaris
(PCM 2668). Compound 8b emerged as the most
effective, achieving inhibition levels of 57.0% against
E. coli and 63.1% against S. aureus, while compound
8e exhibited outstanding activity, with 81.7% and
81.3% inhibition against S. aureus and B. megaterium,
respectively. The antibacterial efficacy of these
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polymers was attributed to their ability to disrupt
bacterial membranes, inhibit key enzymes, and induce
oxidative stress. Additionally, their structural
flexibility, enhanced stability, and low cytotoxicity
contribute to their potential as safe and effective
therapeutic agents. Comparative analyses revealed that
compounds such as 8b demonstrated activity
comparable to Ampicillin, a widely used standard
antibiotic, further validating their potential clinical
relevance. These findings underscore the significance
of chalcone- and coumarin-based heterocyclic
polymers in addressing the urgent global challenge of
antimicrobial  resistance. Their —multifunctional
properties, biocompatibility, and structural tunability
make them promising candidates for further
development as  next-generation  antibacterial
materials. Future research should focus on optimizing
their design for enhanced selectivity and efficacy,
exploring their mechanisms of action in greater detail,
and conducting in vivo studies to evaluate their
therapeutic potential. This work provides a strong

foundation for advancing heterocyclic polymers as a

valuable addition to the arsenal of antimicrobial agents,

offering hope in the fight against multidrug-resistant
bacterial infections.
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