Pl=k{-1

Iranian Journal of Pharmaceutical Sciences
9 Resewrch

L g
i 2025: 21 (1): 430- 447
https://journals.sbmu.ac.ir/1JPS
Center

Research Article OPEN~ ACCESS

Exploration of Chalcones as Antimicrobial agents: Synthesis, Characterization,
Antimicrobial Evaluation and Molecular Docking studies

s, Pharmacentical
L5y, Seienees

Kanaka Raju Addipalli ®*, Rajendra Prasad Yejella ®, Girija Sastry Vedula ¢

aResearch Scholar, Pharmaceutical Chemistry division, A.U. College of Pharmaceutical Sciences, Andhra University, Visakhapatnam 530003,
Andhra Pradesh, India.

b Pharmaceutical Chemistry division, Vignan Institute of Pharmaceutical Technology, Duvvada, Visakhapatnam-530049, Andhra Pradesh,
India.

¢Pharmaceutical Chemistry Division, A.U. College of Pharmaceutical Sciences, Andhra University, Visakhapatnam 530003, Andhra Pradesh,
India.

Received: December 6, 2024 Last Revision: February 3, 2025 Accepted: July 21, 2025  Available online: December 21, 2025.

Abstract

Although many medications are available to treat infectious infections, their therapeutic efficacy is hampered by systemic
toxicities, drug resistance, hypersensitivity, and a narrow antibacterial spectrum. Based on the above facts, we synthesized
and evaluated some new chalcones' antibacterial and antifungal properties. A group of natural compounds called chalcones
has a broad spectrum of biological activity. The Claisen-Schmidt condensation of 4-tert-butyl-2,6-dimethyl-3,5-dinitro
acetophenone with a variety of substituted aromatic and heteroaromatic aldehydes yielded some new chalcones with different
substituents in consideration of the wide range of biological activities related to chalcones. Column chromatography and
recrystallization techniques were used to purify the produced chalcones. IR, *H NMR, and elemental analysis data
characterized the purified chalcones. These substances underwent additional testing for antimicrobial activity using the serial
tube dilution technique. Antibacterial testing revealed potent activity for chalcones R1, R5, R6, and R18 (MIC: 32 pg/mL),
attributed to electron-withdrawing groups like dichloro, nitro, and difluoro substituents. Antifungal studies identified R1, R3,
and R18 as the most effective (MIC: 16 pg/mL against Aspergillus niger and Candida tropicalis), with SAR analysis
emphasizing the roles of halogens and methoxy groups in enhancing activity. Quality evaluation of the protein PDB: 4AMV
confirmed its suitability for molecular docking studies using the SAVES server and binding pocket analysis using CASTp
and BIOVIA Discovery studio. Docking of chalcones against PDB: 4AMV using Auto Dock Vina module of PyRx 0.8
revealed binding affinities ranging from —7.2 to —8.4 kcal/mol, with ciprofloxacin (standard) showing —8.3 kcal/mol. Chalcone
R6 exhibited the greatest affinity for binding (-8.4 kcal/mol) and robust interactions, including hydrogen bonds and
hydrophobic contacts. R1, RS, and R9 also demonstrated significant affinities (—8.2 to —8.0 kcal/mol). These findings highlight
chalcones, particularly R6, as promising candidates for further antimicrobial development.
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1. Introduction

Microorganisms like bacteria, fungi, and viruses are
responsible for causing infectious diseases in humans.
These conditions are managed with the help of different
antimicrobial drugs available on the market. However,
the increasing dependence on these medications has
raised a significant issue: antimicrobial resistance
(AMR) [1, 2]. Antimicrobial resistance seriously
threatens public health, leading to a notable increase in
illness, death, and hospitalizations. In response to this
challenge, the World Health Organization (WHO)
launched the slogan "No action today, no cure
tomorrow" to address the growing issue of AMR [3-5].
The challenges posed by current antimicrobial agents,
such as antimicrobial resistance (AMR), undesirable side
effects, prolonged treatment durations, and suboptimal
therapeutic outcomes, highlight the need to develop new,
more effective antimicrobial compounds that can serve
as reliable drugs. Scientists are constantly exploring new
antimicrobial agents using various approaches. A widely
adopted method involves designing and synthesizing
small molecules to evaluate their potential as
antimicrobial drug candidates. Small molecule drugs are
crucial for treating a variety of diseases. However, their
development has slightly declined in recent years, as
reported by the United States Food and Drug
Administration (US-FDA), with 74% in 2017 and 71%
in 2018. In 2019, approximately 70% of all approved
targeted drugs were small molecules [6, 7]. Small
molecules offer several benefits, including improved
pharmacokinetics, oral bioavailability, efficient delivery,
and lower production costs [8]. Small molecules provide
greater chemical diversity more quickly and
conveniently than the processes of isolating, analyzing
structures, and testing natural products for biological
activity. Furthermore, the pharmaceutical industry
commonly uses libraries of synthetic small molecules to
screen for lead compounds with promising drug-like
characteristics [9].

Chalcones are part of the family of flavonoids and are
secondary metabolites found in various edible and
medicinal plants. Structurally, they are 1, 3-diphenyl-2-
propen-1-ones, featuring two aryl groups connected
through an o, B-unsaturated carbonyl system [10]. This
system includes a characteristic —C=0-CH=CH-
ketoethylenic group, contributing to their delocalized n-
electron arrangement in the aromatic rings [11].
Chalcones are primarily polyphenolic compounds,
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exhibiting vibrant colors ranging from yellow to orange,
which play a role in the pigmentation of some plant
corollas. Naturally present in fruits, teas, spices, and soy-
based foods, chalcones have garnered significant interest
for their intriguing chemical properties and potential
health benefits. Additionally, these compounds are found
in nature as plant allelochemicals, insect hormones, and
pheromones [12, 13]. Chalcones are notable for their
diverse chemical reactivity and are widely used to
produce heterocyclic compounds. They are synthesized
by reacting aryl ketones with aromatic aldehydes in the
presence of suitable condensing agents [14]. These
derivatives serve as critical intermediates in the
biosynthesis of flavonoids, isoflavonoids, and aurones
[15]. Over the past decades, chalcones have been a focus
of medicinal chemistry research due to their broad
pharmacological potential. Their reported biological
activities  include antibacterial  [16-18], anti-
inflammatory [19-21], analgesic [22, 23], anticholinergic
[24], antiplatelet [25], antiulcer [26], antioxidant [27,
28], antimalarial [29], anticancer [30, 31], antiviral [32-
35], antileishmanial, [36] antidiabetic [37, 38],
immunomodulatory [39, 40], aldose reductase inhibitory
[41], estrogenic [42] acetylcholinesterase inhibitory [43]
and non-purine xanthine oxidase inhibitory effects [44].
Chalcones are highly appealing in medicinal chemistry
due to their straightforward synthesis, structural
simplicity, and wide-ranging biological applications.

This study outlines the synthesis of a series of
chalcones (R1 to R20) through the reaction of 4-tert-
butyl-2, 6-dimethyl-3, 5-dinitroacetophenone with
various aromatic and heteroaromatic aldehydes. IR
spectroscopy, H NMR, and elemental analysis were
used to confirm the structures of the synthesized
chalcones. Additionally, the AutoDock Vina module in
PyRx 0.8 was used for molecular docking investigations,
and the serial tube dilution technique was used to assess
the antibacterial qualities of the molecules.

2. Materials and methods
2.1. chemicals and instruments

Every chemical employed in this study was of analytical
quality and was acquired from a commercial supplier.
The spectral-grade organic solvents, including methanol,
ethyl acetate, and hexane were utilized without
additional purification. Some solvents were bought from
Otto Chemie Pvt. Ltd. Mumbai, India, while others were
bought from local suppliers. Merck grade precoated TLC
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silica gel 60 F254 plates (Merck KGaA, Darmstadt,
Germany) were used for TLC chromatography, and the
spots were visible under a UV lamp. The Carloerba EA-
1108 element analyzer was used for the microanalyses,
which came back within £ 0.4% of the theoretical values.
We purchased aldehydes, 4-tert-butyl-2, 6-dimethyl-3,
5-dinitro acetophenone from Sigma-Aldrich Chemicals
PVT LTD. A digital EZ Melt apparatus (Stanford
Research Systems) was utilized to measure the m.p
(melting point) in open capillaries; the findings were
presented in degrees Celsius without correction. The
results are uncorrected and expressed in °C. A Bruker
ALPHA 11 FTIR was used to scan the FT-IR spectra, and
a Bruker 400 Avance NMR spectrophotometer was used
to record the *HNMR spectra. Tetramethylsilane (TMS)
was used as the internal standard, and chemical shifts
were represented in 6 ppm.

2.2. Synthesis
General Procedure for Synthesis of Chalcones

The series of chalcones (R1 to R20) were prepared
(Scheme 1) by following the Claisen—Schmidt
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condensation reaction [45]. Initially, 8 mL of ethanol
was used to dissolve one mmol of 4-tert-butyl-2, 6-
dimethyl-3, 5-dinitro acetophenone. 4 mL of 30%
aqueous sodium hydroxide solution was added dropwise
to the previously mentioned solution, which had been
agitated on a magnetic stirrer for approximately 6 to 15
hours at room temperature after that one mmol of the
appropriate aldehyde had been added. On precoated
silica gel-G TLC plates, the progress and completion of
the reaction were monitored. lodine vapors and a UV
lamp were used to observe the spots on the plates. Upon
the completion of the reaction, the reaction mixture's
contents were poured into a beaker of crushed ice. The
mixture was then neutralized with 50% hydrochloric
acid, allowing the chalcone's crude precipitate to
separate. The precipitate was dried in a desiccator after
being vacuum-filtered and thoroughly cleaned with cold
water. Further, the crude mixture was purified using
column chromatography to isolate the pure product. The
list of synthesized chalcones (R1 to R20) is listed in
Table 1.

(" ™\
0N CHa 0N CH.
CHs CHs 0
HaC t|:| OHs + RCHO 08 HaC | ﬂ CH=CH—R
— CHa + - — CH—CH—
: Stirsing RT | Yoo
O CHy OZI\/ CHa
4-tert-butyl-2.6-dimethyl aromatic’hetero
-3__5-d1'm'1:£’o acaophmc;ne aromatic aldehvde Chalcone derivative
. y,

Schemel. Synthesis of chalcones derivatives using Claisen-Schmidt reaction

Tablel. List of synthesized chalcones (R1 to R20)

Compound code R Compound code R
R1 2" 4"-dichlorphenyl R11 4"-fluorophenyl
R2 4"-chlorophenyl R12 4"-hydroxyphenyl
R3 3",4" 5"-trimethoxyphenyl R13 3",4"-dihydroxyphenyl
R4 4"-dimethylaminopheny! R14 3"-ethoxy-4"- hydroxypheny!
R5 3"-nitrophenyl R15 2"-pyrrolyl
R6 4"-nitrophenyl R16 2"-thienyl
R7 3"-bromophenyl R17 4"-methylphenyl
R8 4"-bromophenyl R18 2", 4"-difluorophenyl
R9 3",4"-methylendioxyphenyl R19 3",4"-dimethoxyphenyl
R10 4"-methoxyphenyl R20 4"-pyridinyl
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R1:Synthesis of (E)-1-(4’-tert-butyl-2’, 6’-dimethyl-
3°,5’-dinitrophenyl)-3-(2”,4”- dichlorophenyl)-2-
propen-1-one: Yield: 85%; m.w:451g ,m.p:161°C; Rs =
0.6 (20% Ethyl acetate in Hexane); FT-IR (KBr,cm™):
1651 (C=0), 1622 (C=C Ar), 1583 (CH=CH), 3089 (Ar
C-H stretching), 2925 (Alkyl C-H
stretching),1534(NO,), 864 (C-Cl); 'H NMR (400 MHz,
CDCls, ppm), 8: 6.909 (1H, d, J = 16Hz CO-CH=), 7.704
(1H, d, J = 16Hz, Ar-CH=), 1.497 (9H, s, tert-
butyl),2.137 (6H, s, Ar-CHs), 7.285-7.625 (3H,m,C-
37.5”,6” Ar-H), EIm. Anal. Calcd.for C21H20Cl2N2Os: C,
55.89%: H, 4.47%:; O, 17.73%. Found: C, 55%; H, 4.2%;
0, 17%.

R2:Synthesis of (E)-1-(4’-tert-butyl-2°,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(4”-  chlorophenyl)-2-propen-1-
one : Yield: 75%; m.w:416g, m.p:153°C ; Rt = 0.5 (20%
Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1687
(C=0), 1627 (C=C Ar), 1591 (CH=CH), 1205 (Ar C-H
), 2972 (Alkyl C-H stretching),1530 (NO), 841 (C-Cl);
'H NMR (400 MHz, CDCls, ppm), &: 6.953 (1H, d, J =
16Hz CO-CH=), 7.261(1H, d, J = 16Hz, Ar-CH=), 1.504
(9H,s,tert-butyl), 2.120 (6H,s,Ar-CHs), 7.447 (2H,d, C-
2”7, 6” Ar-H),7.549 (2H, d, C-3”, 5” Ar-H), EIm. Anal.
Calcd.for CxH21CIN,Os: C, 60.51%; H, 5.08%; O,
19.19%. Found: C, 60%; H, 5%; O, 19.2%.

R3: Synthesis of (E)-1-(4’-tert-butyl-2°,6’-dimethyl-
3°,5’-dinitrophenyl)-3- (3”,4”,5”- trimethoxy phenyl) -2-
propen-1-one : Yield: 70%; m.w:472g, m.p:154°C; R¢ =
0.7 (20% Ethyl acetate in Hexane); FT-IR (KBr,cm™):
1651 (C=0), 1619 (C=C Ar), 1579 (CH=CH), 1030 (Ar
C-H), 2927 (Alkyl C-H stretching), 1538 (NO2), 1242 (
Ar OCHs); 'H NMR (400 MHz, CDCls, ppm), :
6.901(1H, d,J =16Hz CO-CH=), 7.200 (1H, d, J = 16Hz,
Ar-CH=), 1.509 (9H, s, tert-butyl), 2.130 (6H, s, Ar-
CHa), 3.929 (9H, s, OCHs) 7.285 (2H, s, C-27,6” Ar-H).
Elm. Anal. Calcd.for C24H2sN>0g: C, 61.01%:; H, 5.97%;
0, 27.09%. Found: C, 61%; H, 5.2%; O, 27%.

R4:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(4"-N,N- dimethylamino
phenyl)-2-propen-1-one:  Yield: 65%; m.w:425g,
m.p.146°C ; Ry = 0.6 (20% Ethyl acetate in Hexane); FT-
IR (KBr,cm™): 1706 (C=0), 1652 (C=C Ar), 1609
(CH=CH), 1021 (Ar C-H ), 2923 (Alkyl C-H
stretching),1528 (NO2), 1180 ( -N-CHjz); *H NMR (400
MHz, CDCls, ppm), 8: 6.781(1H, d, J = 16Hz CO-CH=),
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7.200 (1H, d, J = 16Hz, Ar-CH=), 1.500 (9H, s, tert-
butyl), 2.132 (6H, s, Ar-CH3),3.090 (6H, s, N-
CHj3),7.490 (2H, d,C-27,6” Ar-H), 6.706 (2H,d,C-37,5”
Ar-H). EIm. Anal. Calcd.for Ca3H27N3Os: C, 64.93%; H,
6.40%; O, 18.8%. Found: C, 64%; H, 6.2%; O, 18%.

R5:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(3”-  nitrophenyl)-2-propen-1-
one: Yield: 75%; m.w:427g, m.p.175°C; Rt = 0.6 (20%
Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1711
(C=0), 1618 (C=C Ar), 1579 (CH=CH), 1030 (Ar C-H
), 2926 (Alkyl C-H stretching),1538 (NO2); ‘H NMR
(400 MHz, CDCls, ppm), 8: 6.972 (1H, d, J = 16Hz CO-
CH=), 7.238 (1H, d, J = 16Hz, Ar-CH=), 1.507 (9H, s,
tert-butyl), 2.119 (6H,s,Ar-CHs ), 7.286-7.745 (4H, m,
C- 27, 47, 57, 6”, Ar-H), Elm. Anal. Calcd.for
C21H21N307: C, 59.01%; H, 4.95%; O, 26.20%. Found:
C, 59%; H, 4.7%; O, 26%.

R6:Synthesis of (E)-1-(4’-tert-butyl-2°,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(4”-  nitrophenyl)-2-propen-1-
one: Yield: 65%;%; m.w:427g, m.p.175°C; Rs = 0.6
(20% Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1655
(C=0), 1594 (C=C Ar), 1537 (CH=CH), 1026 (Ar C-H
), 2927 (Alkyl C-H stretching),1516 (NO); *H NMR
(400 MHz, CDCls, ppm), 8: 7.077 (1H, d, J = 16Hz CO-
CH=), 7.330 (1H, d, J = 18Hz, Ar-CH=), 1.503 (9H, s,
tert-butyl), 2.126 (6H,s,Ar-CHs ), 7.781 ( 2H,d,C-2",6”
Ar-H),8.317( 2H,d,C-37,5” Ar-H). EIm. Anal. Calcd.for
C21H21N307: C, 59.01%; H, 4.95%; O, 26.20%. Found:
C, 59%; H, 4.7%; O, 26%.

R7:Synthesis of (E)-1-(4’-tert-butyl-2°,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(3”- bromophenyl) -2-propen-1-
one : Yield: 75%; m.w:461g, m.p.177°C ; Rr= 0.6 (20%
Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1710
(C=0), 1652 (C=C Ar), 1537 (CH=CH), 1026 (Ar C-H
), 2926 (Alkyl C-H stretching),1469 (NO,), 675 ( Ar C-
Br); ); 'H NMR (400 MHz, CDCls, ppm), 8: 6.972 (1H,
d,J=16Hz CO-CH=), 7.238 (1H, d, J = 16Hz, Ar-CH=),
1.507 (9H, s, tert-butyl), 2.119 (6H,s,Ar-CHs),7.286—
7.745(4H,m,C-27,4",5”,6", Ar-H), EIm. Anal. Calcd.for
CauH2BrN2Os: C, 54.68%; H, 4.59%; O, 17.32%.
Found: C, 54%; H, 4.2%; O, 17%.

R8:Synthesis of (E)-1-(4’-tert-butyl-2°,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(4”-  bromophenyl)-2-propen-1-
one:Yield: 85%; m.w:461g m.p.177°C; Rs = 0.6 (20%
Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1652
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(C=0),1622 (C=C Ar), 1584 (CH=CH), 1011 (Ar C-H),
2926 (Alkyl C-H stretching), 1534 (NO), 689 ( Ar C-
Br); *H NMR (400 MHz, CDCls, ppm), &: 6.968 (1H, d,
J = 16Hz CO-CH=), 7.245 (1H, d, J = 16Hz, Ar-CH=),
1500 (9H, s, tert-butyl), 2.115 (6H,s,Ar-
CHj3),7.472(2H,d,C-2",6”Ar-H),7.605(2H,d,C-37,5”Ar-
H), Elm.Anal.Calcd.forC21H21BrN2Os: C, 54.68%; H,
4.59%:; O, 17.32%. Found: C, 54%:; H, 4.2%:; O, 17%.

R9:Synthesis of (E)-1-(4’-tert-butyl-2°,6’-
dimethyl-3’,5’-dinitrophenyl)-3-(3",4"-Methylendioxy
phenyl)-2-propen-1-one Yield: 75%; m.w:426g,
m.p.198°C ; R¢= 0.6 (20% Ethyl acetate in Hexane); FT-
IR (KBr,cm™): 1641 (C=0), 1616 (C=C Ar), 1594
(CH=CH), 1032 (Ar C-H), 2922 (Alkyl C-H
stretching),1544 (NO;), 1255 (Ar C-O-C); *H NMR (400
MHz, CDCls, ppm), &: 6.805 (1H, d, J = 16Hz CO-CH=),
7.197 (1H, d, J = 16Hz, Ar-CH=), 1.480 (9H, s, tert-
butyl), 2.102 (6H,s,Ar-CHs), 6.053 (2H,s, -CH>), 6.837-
7.093 (3H, m,Ar-H), EIm. Anal. Calcd.for C2H22N207:
C, 61.97%; H, 5.20%; O, 26.26%. Found: C, 61%; H,
5%; O, 26%.

R10:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(4"- methoxy phenyl) -2-propen-
1-one : Yield: 55%; m.w:412g, m.p. 165°C ; Rf = 0.7
(20% Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1640
(C=0), 1600 (C=C Ar), 1532 (CH=CH), 1025 (Ar C-H
), 2925 (Alkyl C-H stretching),1465 (NO,), 1207 ( Ar C-
0O-C); 'H NMR (400 MHz, CDCls, ppm), 8: 6.863 (1H,
d, J = 16Hz CO-CH=), 7.244 (1H, d, J = 16Hz, Ar-CH=),
1.503 (9H, s, tert-butyl), 2.126 (6H,s,Ar-CHs), 3.858(
3H,s,0CH3) 7.547 (2H,d,C-2",6” Ar-H),6.949( 2H,d,C-
3”5”7 Ar-H), Elm. Anal. Calcd.for Cx:H24N20s: C,
64.07%; H, 5.87%); O, 23.28%. Found: C, 64%; H, 5.5%);
0, 23%.

R11:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(4"- fluoro phenyl) -2-propen-1-
one : Yield: 65%; m.w:400g, m.p.143°C ; Rs= 0.6 (20%
Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1708
(C=0), 1645 (C=C Ar), 1597 (CH=CH), 1026 (Ar C-H),
2925 (Alkyl C-H stretching),1537 (NO.), 1350 ( Ar C-
F); *tH NMR (400 MHz, CDCls, ppm), &: 7.077 (1H, d, J
= 16Hz CO-CH=),7.330 (1H, d, J = 16Hz, Ar-
CH=),1.504 (9H, s, tert-butyl), 2.120 (6H,s,Ar-CHs),
7.781(2H,d,C-2",6"Ar-H), 8.317 (2H,d,C-3",5”Ar-H),
Elm.Anal.Calcd.forC,1H21FN2Os: C, 62.99%; H, 5.29%;
0, 19.98%. Found: C, 62%; H, 5%; O, 19%.
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R12:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(4”- hydroxy phenyl) -2-propen-
1-one : Yield: 75%; m.w:398g, m.p.177°C ; Rs = 0.6
(20% Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1687
(C=0), 1655 (C=C Ar), 1627 (CH=CH), 1013 (Ar C-H
), 2924 (Alkyl C-H stretching),1510 (NOy), 3451 (Ar
OH); *H NMR (400 MHz, CDCls, ppm), : 6.953 (1H, d,
J = 16Hz CO-CH=), 7.261 (1H, d, J = 16Hz, Ar-CH=),
1.504 (9H, s, tert-butyl), 2.120 (6H,s,Ar-CHs ),
5.255(1H,s, Ar-OH), 7.549 (2H,d,C-2”,6” Ar-H),7.425(
2H,d,C-37,5” Ar-H), EIm. Anal. Calcd.for C21H22N2Oe:
C, 63.31%; H, 5.57%; O, 24.10%. Found: C, 63%:; H,
5.2%; O, 24%.

R13:Synthesis of (E)-1-(4’-tert-butyl-2°,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(3”,4”- dihydroxy phenyl) -2-
propen-1-one : Yield: 75%; m.w:414g, m.p.167°C; R =
0.6 (20% Ethyl acetate in Hexane); FT-IR (KBr,cm™):
1711 (C=0), 1651 (C=C Ar), 1618 (CH=CH), 1030 (Ar
C-H ), 2926 (Alkyl C-H stretching),1510 (NO,), 3437
(Ar OH); *H NMR (400 MHz, CDCls, ppm), &: 7.077
(1H, d, J = 16Hz CO-CH=), 7.330 (1H, d, J = 18Hz, Ar-
CH=), 1.503 (9H, s, tert-butyl), 2.126 ( 6H,s, Ar-CHz),
5.036( 2H,s,Ar-OH), 7.371-8.317 (3H, m, C- 2", 5, 6",
Ar-H), EIm. Anal. Calcd.for C21H22N2O7: C, 60.86%; H,
5.35%; O, 24.10%. Found: C, 60%; H, 5%; O, 24%.

R14:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(3”-ethoxy-4"- hydroxylphenyl) -
2-propen-1-one :Yield: 55%; m.w:442g, m.p.148°C; Rs
= 0.6 (20% Ethyl acetate in Hexane); FT-IR (KBr,cm™):
1651 (C=0), 1619 (C=C Ar), 1579 (CH=CH), 1030 (Ar
C-H ), 2927 (Alkyl C-H stretching),1503 (NO,), 3445
(Ar OH), 1242 ( Ar C-O-C); ); '*H NMR (400 MHz,
CDCls, ppm), 8: 7.077 (1H, d, J = 16Hz CO-CH=), 7.330
(1H, d, J = 18Hz, Ar-CH=), 1.480 (9H, s, tert-butyl),
2.102 (6H,s, Ar-CHj3), 5.280( 1H,s,Ar-OH), 3.480( 5H,s,
-OC3Hs) 7.371-8.317 (3H, m, C-2",5”,6", Ar-H), EIm.
Anal. Calcd.for C21H20Ci2N20s: C, 62.43%; H, 5.92%; O,
25.31%. Found: C, 62%; H, 5.2%; O, 25%.

R15:  Synthesis of (E)-1-(4’-tert-butyl-2°,6’-
dimethyl-3°,5’-dinitrophenyl)-3-(1H-pyrrol-2-yl)  -2-
propen-1-one : Yield: 75%; m.w:371g, m.p.165°C; R¢
=0.6 (20% Ethyl acetate in Hexane); FT-IR (KBr,cm™):
1713 (C=0), 1646 (C=C Ar), 1611 (CH=CH), 1129 (Ar
C-H), 2924 (Alkyl C-H stretching),1532 (NO-),3428 (-
NH),1460 (C-N); *H NMR (400 MHz, CDCls, ppm), &:
7.077 (1H, d, J = 16Hz CO-CH=), 7.330 (1H, d, J =
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18Hz, Ar-CH=), 1.480 (9H, s, tert-butyl), 2.102 (6H,s,
Ar-CHs ), 5.280( 1H,s,Ar-OH), 3.480( 5H,s, -OC;Hs)
7.371-8.317 (3H, m, C- 3", 47, 5", Ar-H), EIm. Anal.
Calcd.for C19H21N30s: C, 61.45%; H, 5.70%; O, 21.54%.
Found: C, 61%; H, 5.2%; O, 21%.

R16:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(thiophen-2-yl) -2-propen-1-one
. Yield: 55%; m.w:388g, m.p.195°C ; Rt = 0.6 (20%
Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1704
(C=0), 1605 (C=C Ar), 1640 (CH=CH), 1036 (Ar C-H
), 2924 (Alkyl C-H stretching),1531 (NO,),834 (C-S); H
NMR (400 MHz, CDCls, ppm), 4: 6.764 (1H, d, J = 16Hz
CO-CH=), 7.574 (1H, d, J = 16Hz, Ar-CH=), 1.504 (9H,
s, tert-butyl), 2.130 ( 6H,s,Ar-CHs), 7.138-7.428 (3H, m,
C-37,4”,5”, Ar-H), EIm. Anal. Calcd.for C19H20N20sS:
C, 58.75%; H, 5.19%; O, 20.18%. Found: C, 58%; H,
5%; O, 20%.

R17:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(4”- methyl phenyl) -2-propen-1-
one : Yield: 75%; m.w:396g m.p.160°C ; R¢ = 0.6 (20%
Ethyl acetate in Hexane); FT-IR (KBr,cm™): 1710
(C=0), 1646 (C=C Ar), 1537 (CH=CH), 1027 (Ar C-H
), 2924 (Alkyl C-H stretching),1463 (NO); *H NMR
(400 MHz, CDCls, ppm), 8: 6.863 (1H, d, J = 16Hz CO-
CH=), 7.244 (1H, d, J = 16Hz, Ar-CH=), 1.503 (9H, s,
tert-butyl), 2.126 ( 6H,5Ar-CHs ), 3.858(
3H,s,CH3),7.547 (2H,d,C-2",6” Ar-H),6.949( 2H,d,C-
3”5”7 Ar-H), Elm. Anal. Calcd.for C2H24N20s: C,
66.65%; H, 6.10%; O, 20.18%. Found: C, 66%; H, 6%;
0, 20%.

R18:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(2”,4”- difluoro phenyl) -2-
propen-1-one: Yield: 65%; m.w:418g, m.p.136°C; R¢ =
0.6 (20% Ethyl acetate in Hexane); FT-IR (KBr,cm™):
1651 (C=0), 1622 (C=C Ar), 1583 (CH=CH), 1048 (Ar
C-H), 2925 (Alkyl C-H stretching),1534 (NO-), 1356 (
Ar C-F); 'H NMR (400 MHz, CDCls, ppm), &: 6.909
(1H, d, J = 16Hz CO-CH=), 7.704 (1H, d, J = 16Hz, Ar-
CH=), 1.497 (9H, s, tert-butyl), 2.137 ( 6H,s, Ar-CHjs
),7.285-7.625 (3H, m, C- 3", 5”, 6", Ar-H), EIm. Anal.
Calcd.for CaHxF2N20s: C, 60.28%; H, 4.82%; O,
19.12%. Found: C, 60%; H, 4.2%; O, 19%.

R19:Synthesis of (E)-1-(4’-tert-butyl-2’,6’-dimethyl-
3°,5’-dinitrophenyl)-3-(3”,4”-  dimethoxy phenyl)-2-
propen-1-one : Yield: 55%; m.w:442g m.p. 148°C; Rf =
0.6 (20% Ethyl acetate in Hexane); FT-IR (KBr,cm—1):
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1651 (C=0), 1619 (C=C Ar), 1579 (CH=CH), 1030 (Ar
C-H ), 2927 (Alkyl C-H stretching),1503 (NO2),1242
(Ar C-O-C)’ 1H NMR (400 MHz, CDCI3, ppm), &:
7.077 (1H, d, J = 16Hz CO-CH=), 7.330 (1H, d, J =
18Hz, Ar-CH=), 1.503 (9H, s, tert-butyl), 2.126 (6H,s,
Ar-CH3), 3.940 ( 6H,s, Ar-OCH3), 7.371-8.317 (3H, m,
C- 27, 57, 6”, Ar-H), EIm. Anal. Calcd.for
C23H26N207: C, 62.423%; H, 5.92%; O, 25.31%.
Found: C, 62%; H, 5.3%; O, 25%.

R20: Synthesis of (E)-1-(4’-tert-butyl-2’, 6’-
dimethyl-3’, 5’-dinitro phenyl)-3-(pyridin-4”-yl) -2-
propen-1-one : Yield: 75%; m.w:383g, m.p.150°C ; R¢=
0.6 (20% Ethyl acetate in Hexane); FT-IR (KBr,cm™):
1655 (C=0), 1594 (C=C Ar), 1537 (CH=CH), 1025 (Ar
C-H ), 2927 (Alkyl C-H stretching),1515 (NOy), 1467 (
C=N); 'H NMR (400 MHz, CDCls, ppm), &: 6.953 (1H,
d,J=16Hz CO-CH=), 7.261 (1H, d, J = 16Hz, Ar-CH=),
1.504 (9H, s, tert-butyl), 2.120 ( 6H,s,Ar-CHs), 7.447
(2H, d, C-27,6” Ar-H),7.549(2H, d, C-37,5” Ar-H), EIm.
Anal. Calcd.for Cx0H21N3Os: C, 62.66%; H, 5.52%; O,
20.87%. Found: C, 62%; H, 5%; O, 20%.

2.3 Antimicrobial Evaluation

The antibacterial activity was tested using serial dilution
to ascertain each compound's minimum inhibitory
concentration (MIC) [46]. The organisms listed below
were employed.

Gram-positive
bacteria

Staphylococcus aureus (NCIM-2079), Bacillus
subtilis (NCIM 2063)

Gram-negative
bacteria

Escherichia coli (NCIM-2068), Proteus vulgaris
(NCIM-2027)

Aspergillus niger (ATCC-6275), Candida

Fungi tropicalis (ATCC-1369)

The MIC—the lowest dose of the compound that
inhibited each strain's growth following an overnight
incubation  period—was wused to evaluate the
antibacterial activity of the chalcones (R1 to R20). MIC
levels can be found using several common test methods.
Agar and tube dilution are the two most widely used
techniques to verify if pathogens are resistant to an
antimicrobial agent and to track the effectiveness of
novel antimicrobial agents. The serial tube method was
used in the current study to estimate the MIC. The test
organisms were inoculated into broth medium tubes
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containing graded chemical dosages. Growth occurred
inside the tubes where the chemical concentration was
below the inhibitory level, and the culture turned turbid
after the appropriate incubation. The tubes retained clear,
and no growth was observed above the inhibitory
threshold.

1. Preparation of the sample solution: Each test chemical
was taken separately in vials containing 2.048 mg. Two
milliliters of methanol were then added. Consequently, a
solution containing 1.024 mg/mL was produced.

2. Preparation of the inoculums: The sterile nutritional
broth medium was used to dilute the test bacteria,
cultivated at 37°C in nutrient agar medium until the
suspension contained roughly 107 cells/mL. As the
inoculum, this suspension was employed.

3. Procedure:

Nine of the eleven test tubes were labeled 1, 2, 3, 5, 6, 7,
8, and 9, while the remaining two were designated as TM
(medium) and TMI (medium+inoculum). Each of the 11
test tubes received 1 milliliter of the nutrient broth
medium. After being cotton-plugged, these test tubes
were autoclave-sterilized at a pressure of 15 pounds per
square inch. Following cooling, 1 milliliter of the sample
solution was added to the first test tube, thoroughly
mixed, and then moved to the second test tube. After
thoroughly mixing the contents of the second test tube, 1
mL was once more moved to the third test tube. The same
serial dilution procedure was followed up to the ninth test
tube. Each of the nine test tubes received 10 pL of the
appropriately diluted inoculum, which was thoroughly
mixed. A total of 10 pL of the inoculum was put into the
test tube TMI to see how the organism grew in the media.
The sterility of the medium was verified using a
controlled test tube TM that contained only the medium.
All test tubes were then incubated for eighteen hours at
37°C.

A control experiment was performed with a medium,
methanol, and an inoculum without the test substance to
confirm that methanol did not interfere with the
dilutions. The test tube where the initial growth of the
organism was observed was noted. The concentration in
the tube immediately preceding the one where growth
was first detected was identified as the MIC. This
procedure determined the MIC values and standard for
the tested compounds. A similar method was employed
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to assess antifungal activity, except for using the potato-
dextrose-agar medium.

2.4. Molecular docking
2.4.1. Protein and ligand preparation

The RCSB protein data bank provided the previously
published 3D crystal structure of glucosamine-6P
synthase with PDB: 4AMV and 2.05A° resolution
(available at https://www.rcsh.org/). Furthermore, water
molecules and previously bound ligand groups were
eliminated to clean and prepare the downloaded protein
structure. Polar hydrogen atoms were also added to the
protein structure to protonate it. All the protein
preparation tasks were done using BIOVIA Discovery
Studio [47]. The 2D structures of the prepared chalcones
(R1 to R20) as ligands were drawn using the
ChemSketch chemical drawing tool; these structures
were saved in MOL format and uploaded to the
AutoDock Vina module in the PyRx 0.8 software
package for docking studies.

2.4.2. Validation of protein structure

The validation of protein structures is particularly
important in silico studies as these rely heavily on the
accuracy and quality of computational models for a
variety of applications in drug discovery. For protein-
ligand docking, accurate protein structures are critical for
docking studies, as errors can lead to incorrect
predictions of binding sites, binding affinities, or ligand
orientations. In this study, the PROCHECK, ERRAT,
PROVE, and Verify 3D tools from the SAVES server
(available at https://saves.mbi.ucla.edu/) and the online
ProSA-web server (available at
https://prosa.services.came.sbg.ac.at/prosa.php)  were
used for validating and evaluating the quality of the
produced protein structure (PDB: 4AMV) to determine
the overall QMEAN score [48-52].

2.4.3. Active site prediction

Predicting active sites helps locate regions of proteins
that can bind to small molecules, guiding the design of
inhibitors or activators. Understanding active sites'
geometry and chemical properties enables the rational
design of compounds that specifically interact with the
target protein. Predicted active sites are used to dock
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virtual libraries of compounds, accelerating the
identification of lead molecules. In this study, the
validated protein structure (PDB: 4AMV) was analyzed
for binding pocket compatibility using the active site
prediction server CASTp (available at
http://sts.bioe.uic.edu/castp/index.html?4jii) [53] and
BIOVIA Discovery Studio. The CASTp server identifies
multiple binding pockets with distinct surface areas,
volume dimensions, and residue counts. For docking
analysis, this study selected the binding pocket with the
largest surface area (1320.615A2) and volume
(753.2474A 3).

2.4.4. Molecular docking studies

Using the Auto Dock Vina package of PyRx 0.8
(available at https://pyrx.sourceforge.io/), [54-57]
molecular docking was carried out for 20 chalcones (R1
to R20) with the protein (4AMV). PyRx 0.8 loaded the
target protein's PDB file format, which was subsequently
transformed into a macromolecule in the PDBQT file
format. The PyRx Open Babel plugin was used to apply
energy minimization (EM) to the ligand structure and
convert it to the PDBQT format. A grid box was chosen
to cover the binding site residues using dimensions
obtained from CASTp (Computed Atlas of Surface
Topology of Protein) after the ligand structures and the
targeted protein were chosen in Auto Dock Vina, using
the Vina workspace, X: 27.92, Y: 35.65, and Z: 32.54
with center X: 7.193, Y: 3.008, and Z: 92.020. By
default, the exhaustiveness was set to 8 for every ligand,
and the optimal position with the greatest negative
binding affinity and zero RMSD was chosen.
Additionally, using BIOVIA Discovery Studio, the
interaction between the docked protein and ligand was
visualized, and stored conformations were examined.

3. Results and Discussion
3.1. Chemistry

The data provided for the synthesized chalcones (R1to
R20) includes their IR and *H NMR spectral
characteristics and elemental analysis, revealing critical
insights into their structural and functional properties. In
the IR spectra, the strong absorption bands between
1600-1710 cm™ t and 1500-1600 cm™ ! correspond to
C=0 stretching vibrations and C=C stretching
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vibrations, confirming the presence of a, f-unsaturated
ketone functional group typical of chalcones [58-59].
Additional bands in the regions 1000-1050, 3000-3100
cm™ 1, and 2900-3000 cm™ ! indicate aromatic C—H and
aliphatic C—H stretching, respectively. The peaks at
1550-1650 cm™ ! are associated with C=C aromatic
stretching; compounds containing nitro (-NO, ) groups
exhibit characteristic absorption bands near 1500 cm™ !
and 1300 cm™ 1, while halogen substituents contribute to
low-intensity bands around 850 cm™ * and 1350 cm™ L.
In the "H NMR spectra, signals in the & 6.5-8.5 ppm
range are attributed to aromatic protons, confirming the
conjugated aromatic rings in chalcone scaffolds. The
doublets observed at & 6.5-8.5 ppm with coupling
constant (J) of 16 Hz are diagnostic for trans-olefinic
protons, consistent with the a, f-unsaturated system [60-
62]. Aliphatic protons from methyl groups appear at o
1.45 — 4.0 ppm, while substituents such as hydroxyl (-
OH) or methoxy (-OCHj; ) are indicated by singlets in
the & 3.5-5.5 ppm range. Nitro and halogen groups
influence the chemical shifts and splitting patterns,
supporting the substitution positions on the aromatic
rings.

The elemental analysis shows good agreement
between the calculated and experimental carbon,
hydrogen, and oxygen percentages, validating the
proposed molecular compositions. Variations in
functional groups (e.g., halogen, nitro, methoxy) across
R1 to R20 significantly influence the spectroscopic
patterns, emphasizing their role in modulating electronic
and steric properties. Overall, the IR and NMR results,
alongside elemental analysis, provide comprehensive
structural confirmation of the chalcones, highlighting
their conjugated systems and diverse functional groups.
These properties are fundamental for their reactivity and
potential applications in medicinal chemistry.

3.2 Antimicrobial Evaluation
3.2.1. Antibacterial Activity:

Table 2 shows the MIC values for the antibacterial
activity of chalcones (R1 to R20) against gram-positive
and gram-negative organisms. The findings make it clear
that all the synthesized chalcones exhibited antibacterial
activity against the tested species but with varying
minimum inhibitory concentrations (MICs) that were not
equivalent to the standard (ciprofloxacin).
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(MIC is expressed in pg/mL)

Compound code R

Gram +ve organisms Gram-ve organisms

Bacillus subtilis Staphilococcus aureus E. coli Proteus vulgaris
R1 2",4"-dichlorphenyl 32 32 32 32
R2 4"-chlorophenyl 64 64 32 64
R3 3",4" 5"-trimethoxyphenyl 64 64 64 64
R4 4"-dimethylaminophenyl 128 64 128 128
R5 3"-nitrophenyl 32 32 32 32
R6 4"-nitrophenyl 32 32 32 32
R7 3"-bromophenyl 128 64 128 128
R8 4"-bromophenyl 128 64 256 128
R9 3",4"-methylendioxyphenyl 64 64 64 64
R10 4"-methoxyphenyl 128 256 256 128
R11 4"-fluorophenyl 64 64 64 128
R12 4"-hydroxyphenyl 256 128 256 256
R13 3",4"-dihydroxyphenyl 256 256 128 256
R14 3"-ethoxy-4"- hydroxyphenyl 256 128 256 128
R15 2"-pyrrolyl 128 128 128 64
R16 2"-thienyl 128 128 128 64
R17 4"-methylphenyl 128 256 128 128
R18 2",4"-difluorophenyl 32 32 32 32
R19 3",4"-dimethoxyphenyl 128 64 64 128
R20 4"-pyridinyl 128 128 128 64
Clp(rosf_lrog;;lcm < < <2 <2

With a MIC value of 32 pg/mL in each instance, R1
(chlorophenyl), R5 (3-nitro phenyl), R6 (4-nitro phenyl),
and R18 (difluorophenyl) were determined to be the
most effective drugs against gram-positive and gram-
negative organisms among those examined. The
chalcones R2 (chlorophenyl), R3 (trimethoxyphenyl),
R9 (methylenedioxyphenyl), and R11 (fluorophenyl)
showed moderately effective against both gram-positive
and gram-negative microorganisms having a MIC value
of 64 pg/mL in each case. However, most of the
synthesized chalcones exhibited higher MIC values,
ranging from 128 to 256 pg/mL, reflecting reduced
antibacterial potency. The structure-activity relationship
(SAR) analysis highlights the critical role of electron-
withdrawing groups in enhancing antibacterial activity
[63-65]. Compounds such as R1 and R18, with dichloro
and difluoro substitutions, respectively, demonstrated a
cumulative effect on activity when multiple electron-
withdrawing groups were present on the phenyl ring.
Similarly, nitro-substituted compounds like R5 and R6

also exhibited enhanced antibacterial activity,
underscoring the importance of these groups.
Interestingly, compounds with electron-releasing

substituents, such as R3 (trimethoxyphenyl) and R9

(methylenedioxyphenyl), also displayed moderate
activity, suggesting that such groups can contribute
positively to antibacterial potency under certain
conditions. These findings imply that electron-
withdrawing and electron-releasing groups can influence
activity through different mechanisms. Future studies
should focus on synthesizing chalcones with varying
numbers and positions of electron-withdrawing and
electron-releasing  substituents on aromatic  or
heteroaromatic rings to further elucidate the impact of
electronic effects on antimicrobial activity. This
approach may provide deeper insights into the influence
of electronic effects on antibacterial activity and aid in
designing more potent chalcone derivatives.

3.2.2. Antifungal Activity:

Table 3 shows the MIC values for the antifungal activity
of chalcones (R1 to R20) against the examined
organisms. It is evident from the results that all of the
synthesized chalcones exhibited antifungal efficacy
against the tested organisms but with varying minimum
inhibitory concentrations (MICs) that were not
equivalent to the standard (fluconazole).
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Table 3. Antifungal activity of chalcones (R1 to R20). (MIC is expressed in pg/mL)

Compound code R Aspergillus niger Candida tropicalis
R1 2".4"-dichlorphenyl 16 16
R2 4"-chlorophenyl 32 32
R3 3",4" 5"-trimethoxyphenyl 16 16
R4 4"-dimethylaminophenyl 128 128
R5 3"-nitrophenyl 128 128
R6 4"-nitrophenyl 128 128
R7 3"-bromophenyl 128 128
R8 4"-bromophenyl 64 64
R9 3",4"-methylendioxyphenyl 64 64
R10 4"-methoxyphenyl 128 128
R11 4"-fluorophenyl 32 32
R12 4"-hydroxyphenyl 32 32
R13 3",4"-dihydroxyphenyl 256 256
R14 3"-ethoxy-4"- hydroxyphenyl 256 256
R15 2"-pyrrolyl 128 128
R16 2"-thienyl 128 128
R17 4"-methylphenyl 128 256
R18 2",4"-difluorophenyl 16 16
R19 3",4"-dimethoxyphenyl 128 128
R20 4"-pyridinyl 128 64

Fluconazole (STD) <2 <2

With a MIC value of 16pg/mL against A. niger and C.
tropicalis, compounds R1, R3, and B18 were shown to
be the most effective among those evaluated for
antifungal activity. The dual activity of R1 and R18
underscores the importance of their dichlorophenyl and
difluorophenyl moieties in contributing favorably to
antibacterial and antifungal activities. With MIC values
of 32 pg/mL, the chalcones R2, R11, and R12, each of
which included a distinct electron-withdrawing or
electron-releasing substituent, demonstrated antifungal
activity. The other drugs were likewise found to be
moderately potent, with MIC values ranging from 64 to
256 pg/mL. According to the Structure-Activity
Relationship (SAR), antifungal activity is greatly
increased when halogens such as fluorine and chlorine
are present at various locations on the phenyl ring [66].
Furthermore, as indicated by R3, electron-releasing
groups, such as three methoxy groups at positions 3, 4,
and 5 of the phenyl ring, also seem to increase inhibitory

activity [67]. These findings highlight the crucial role of
both electron-withdrawing and electron-releasing
substituents in modulating antifungal potency. Future
studies should focus on synthesizing chalcones with
multiple substituents on the aromatic ring to further
explore and enhance antifungal activity, strategically
incorporating  electron-withdrawing and electron-
releasing groups at various positions. This approach
holds promise for developing more potent antifungal
chalcone derivatives.

3.3. Validation of Protein structure

Various online tools were utilized to assess the quality of
the generated protein structure for PDB: 4AMV. The
Ramachandran plot, created using the PROCHECK
server, revealed that 92.7% of the residues are located in
favored regions, as illustrated in Figure la. This
indicates a well-refined protein model. ERRAT analysis
further supported this by reporting an overall quality
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factor of 97.830% for the structure (Figure 1b). The
Verify 3D analysis also showed that 83.39% of the amino
acid residues achieved an average score greater than 0.1,
confirming a consistent match between the atomic 3D
model and the 1D amino acid sequence (Figure 1c). The
ProSA-web server provided z-scores of —7.55 for all
chains in the structure, which are represented as black
dots in Figure 1d. These scores, calculated based on
chain lengths determined by X-ray crystallography (light
blue) or NMR spectroscopy (dark blue), further confirm
the structural accuracy of the model. Moreover, the
ProSA-web energy plot (Figure 1e) illustrates local
model quality, with a thick green line representing the
average energy for each 40-residue fragment and a thin
green line indicating the average energy for a window
size of 10 residues [48-52]. These analyses collectively
validate the suitability of the PDB: 4AMV structure for
further molecular docking studies. The high percentage
of residues in favored regions, the excellent quality
factor from ERRAT, and the alignment of the atomic
model with the amino acid sequence confirm that the
protein structure is robust and reliable. These findings
enhance confidence in its application for subsequent
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computational or experimental research, particularly in
exploring protein-ligand interactions.

3.4. Active Site Prediction

Binding pocket analysis performed using CASTp and
BIOVIA Discovery Studio revealed a series of key
amino acid residues within the binding pocket of the
protein structure PDB: 4AMV. These critical residues
include CYS 1, ARG 26, HIS 71, ARG 73, THR 76,
GLU 79, ASN 84, GLY 175, SER 176, PRO 177, SER
191, ASP 192, GLN 193, CYS 300, GLY 301, THR 302,
GLN 348, SER 349, GLU 351, THR 352, ALA 353,
ASN 375, SER 379, VAL 376, SER 401, LEU 484, LEU
601, LYS 603, SER 604, and VAL 605. These residues
play a significant role in the binding interactions within
the pocket and are represented by yellow spheres in
Figure 2. Identifying and visualizing these key residues
are crucial for understanding the potential binding sites
for ligands and developing effective therapeutic
strategies. These amino acids contribute to the structural
and functional integrity of the binding pocket, suggesting
their involvement in protein-ligand interactions that
could be leveraged in drug design.

Pass
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Figure 1. Validation and quality assessment of the prepared protein structure (PDB:4AMV) using a) the PROCHEK Ramachandran plot, b)
ERRAT, and c) a 3D plot that confirms the amino acids in the preferred regions. d) The model's overall quality, and €) The local model quality

as seen through ProSA-web.
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Figure 2. The predicted active site of glucosamine-6P synthase (PDB ID: 4AMV) using BIOVIA Discovery Studio and
the CASTp server. The yellow sphere highlighted in PDB ID 4AMYV indicates the binding pocket that has been found.

3.5. Molecular Docking Studies affinities (R6, R1, R5, and R9) were selected for further

A docking study was conducted using twenty chalcones ~d0cking analysis.

(R1 to R20) as ligands and ciprofloxacin (STD) with the Table 5 provides detailed information on the binding

protein PDB: 4AMV, yielding binding affinities ranging ~ afinities, number of hydrogen bonds, and residual
from -7.2 to -8.4 kcal/mol. as summarized in Table 4. interactions of these top four ranked ligands along with

The four ligands with the highest negative binding ciprofloxacin (STD).

Table 4. Binding affinity of ciprofloxacin and chalcones (R1 to R20).

sne Commmnd MGG ono compondeose Oty
1 R1 -8.2 11 R11 -7.5
2 R2 -7.5 12 R12 -7.4
3 R3 -7.5 13 R13 -7.4
4 R4 -75 14 R14 -7.7
5 R5 -8.2 15 R15 -7.2
6 R6 -8.4 16 R16 -7.2
7 R7 -7.4 17 R17 -7.6
8 R8 -7.6 18 R18 -7.7
9 R9 -8 19 R19 -7.5
10 R10 -7.4 20 R20 -7.3
Ciprofloxacin (STD) -8.3
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Table 5. The binding affinity of ciprofloxacin (STD) and top four ranked chalcones against Glucosamine-6P synthase (PDB ID: 4AMV) along

with the interacting residues and type of interaction.

S.No Compound 2112?12?3 No of hydrogen Inter_acting Distance Type of interaction
code bonds residues A)
(K.cal/mol)
GLN 348 1.99 Conventional HB
LYS 603 1.78 Conventional HB
Ciprofloxacin SER 604 2.65 Conventional HB
1 (STD) 8.3 4 SER 604 273 Conventional HB
SER 349 3.48 Carbon HB
CYS 300 4,54 Pi-Alkyl
VAL 605 4.28 Pi-Alkyl
CYS1 2.21 Conventional HB
GLN 193 2.59 Conventional HB
GLN 348 2.34 Conventional HB
2 R6 -84 3 PRO 177 3.72 Pi-Alkyl
VAL 376 4.18 Pi-Sigma
ASP 192 2.99 Pi-Cation
ARG 26 2.97 Pi-Anion
GLN 193 243 Conventional HB
GLN 348 2.50 Conventional HB
VAL 376 4,50 Pi-Sigma
ASP 192 2.98 Pi-Cation
ARG 26 3.14 Pi-Anion
SER 401 2.33 Conventional HB
VAL 605 2.03 Conventional HB
THR 352 244 Conventional HB
4 R5 -8.2 3 LEU 601 4.52 Pi-Sigma
GLY 301 3.01 Carbon HB
THR 302 2.99 Carbon HB
CYS 300 4.66 Amide Pi Stacked
SER 401 2.50 Conventional HB
VAL 605 2.00 Conventional HB
5 R9 8 3 THR 352 231 Conventional HB
THR 302 3.15 Carbon HB
LEU 484 5.32 Pi-Alkyl

Figure 3 illustrates the superimposed structures of the
top four ranked ligands and ciprofloxacin within the
active site of PDB: 4AMV, as predicted by the CASTp
server and BIOVIA Discovery Studio. Additionally,
Figures 4 and 5 depict the docking poses of
ciprofloxacin and the top four ranked ligands forming
complexes with PDB: 4AMV.

The docking results of the ligands R6, R1, R5, and R9
with the protein PDB: 4AMV demonstrate significant
binding affinities and specific particular interactions at
the protein's active site. Ciprofloxacin, used as the
reference standard, exhibited a binding affinity of -8.3
kcal/mol, forming four hydrogen bonds with residues
such as GLN348, LYS603, and SER604 (2), in addition
to hydrophobic interactions like Pi-Alkyl. Among the

four ligands, R6 displayed the highest binding affinity (-
8.4 kcal/mol), forming three hydrogen bonds with
residues like CYS1, GLN193, and GLN348. It also
interacted through hydrophobic interactions such as Pi-
Alkyl and Pi-Cation. This suggests that R6 effectively
stabilizes within the binding pocket, making it a strong
candidate for further consideration. Ligands R1 and R5
showed identical binding affinities of -8.2 kcal/mol. R1
formed two hydrogen bonds, interacting primarily with
GLN193 and GLN348, complemented by Pi-Sigma and
Pi-Anion interactions. R5, on the other hand, formed
three hydrogen bonds, engaging residues such as THR
352, SER401, and VALG605, alongside Pi-Sigma and
Carbon Hydrogen interactions.
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The additional hydrogen bond in R5 may contribute
to its comparable binding affinity with R1 despite
differing interaction profiles.R9 demonstrated a binding
affinity of -8.0 kcal/mol, forming three hydrogen bonds
with residues such as THR352, SER401, and VALG605.
Additionally, it showed strong hydrophobic interactions,
including Pi-Alkyl, which may enhance its binding
stability within the active site. Overall, the top ligands

Addipalli K.R. et al. / 1IPS 2025; 21 (1): 430- 447

(R6, R1, R5, and R9) exhibit competitive binding
affinities and interactions relative to ciprofloxacin. The
differences in hydrogen bonding and hydrophobic
interactions highlight the importance of specific
molecular features in achieving optimal binding. These
results suggest that R6, in particular, warrants further
investigation due to its superior binding affinity and
robust interaction profile.

Figure 3. The red sphere that is highlighted indicates the binding pocket that has been found in glucosamine-6P synthase (PDB
ID: 4AMV). Superimpose of the top four ranked chalcones (R6, R1, R5, and R9) represented in green color stick model and

ciprofloxacin (STD) represented in blue color stick model.

Cito
Al
LYS603 .
X s 7 M
) VALBOS lf“ﬂ e
Ny I
- P G- o AL A
N\'n".-_,-o-"'"‘ 3 |
L .
- o M
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-.L.:" [ . L¥E
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[ ot Hpumgmrs [ ==t

Figure 4. Binding interactions of Ciprofloxacin (STD) at the active site of Glucosamine-6P synthase (PDB ID: 4AMV) along with
their 2D interactions. The interacting residues of the protein are represented in the yellow color stick model, and Ciprofloxacin
(STD) is represented in the blue color stick model. The conventional hydrogen bonds are represented in the green color, and non-

covalent interactions are represented in the pink color.
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Figure 5 (a-h). Binding interactions of the top four ranked chalcones (R6, R1, R5, and R9) at the active site of Glucosamine-6P synthase
(PDB ID: 4AMV) along with their 2D interactions. The interacting residues of the protein are represented in the yellow color stick model
and chalcones (R6, R1, R5 and R9) in the green color stick model. Conventional hydrogen bonds are represented in green, and non-

covalent interactions are represented in pink.

4. Conclusion

The study highlights the antibacterial, antifungal, and
molecular docking study of chalcones (R1 to R20),
demonstrating their potential as antimicrobial agents.
Among the synthesized chalcones, R1, R5, R6, and R18
exhibited the most potent antibacterial activity with MIC
values of 32 pg/mL, attributed to the presence of

electron-withdrawing groups like dichloro, nitro, and
difluoro moieties. Similarly, R1, R3, and R18 displayed
significant antifungal activity, with MIC values of 16
pg/mL, indicating the dual antimicrobial potency of R1
and R18. Structure-activity relationship (SAR) analysis
revealed that electron-withdrawing and electron-
releasing substituent’s on the phenyl ring significantly
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modulated antimicrobial activity, suggesting that further
structural modifications could enhance potency. Protein
quality evaluation of PDB: 4AMV confirmed its
suitability for docking studies, with 92.7% of residues in
favored regions and high-quality assessment scores.
Docking studies identified R6 as the top-performing
ligand with the highest binding affinity (-8.4 kcal/mol),
forming three hydrogen bonds and multiple hydrophobic
interactions within the active site of PDB: 4AMV. R1,
R5, and R9 also showed competitive binding affinities (-
8.2 to -8.0 kcal/mol), highlighting their potential as
ciprofloxacin alternatives. These ligands' strong binding
affinities and interaction profiles underscore their
potential as lead compounds for antimicrobial drug
development, warranting further in-depth investigations.
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