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synthesized via a condensation reaction and characterized through FT-IR, UV-Vis, and NMR spectroscopy.
Density Functional Theory (DFT) calculations were performed using the B3LYP/6-311G(d,p) level to explore
the molecular structure and vibrational frequencies, with vibrational assignments supported by total energy
distribution (TED) analysis. Theoretical 1H and 13C NMR chemical shifts were computed using the Gauge-
Independent Atomic Orbital (GIAO) method and found to align well with experimental values. Optimized
geometrical parameters also showed good correlation with empirical data. Additionally, the compound’s
HOMO-LUMO gap, reactivity descriptors, Mulliken charges, and molecular electrostatic potential (MEP)
were analyzed. Molecular docking studies were conducted to evaluate its potential biological activity, further

supporting the compound's relevance in medicinal chemistry.

1. Introduction

Chalcones are a class of open-chain flavonoids
characterized by a bicyclic structure containing a
carbonyl group conjugated with o,p-unsaturated carbon
atoms [1-3]. They serve as key intermediates in the
synthesis of a range of heterocyclic frameworks such as
isoxazolines [4], pyrazoles [5,6], pyridines [7],
cyclohexenones [8], and oxadiazole derivatives [9]. Due
to their structural features, chalcones act as valuable
synthetic precursors and exhibit drug-like properties.
Many chalcone derivatives have shown potential as UV-
absorbing chromophores, making them suitable
candidates for sunscreen formulations. Conjugated
chalcones also exhibit notable nonlinear optical (NLO)
behavior, making them of interest in optoelectronic
technologies, high-speed optical
communication, data storage, and phototherapy
applications [10,11]. The continued development of
chalcone analogues is largely driven by their
pharmacological relevance, particularly in managing
conditions associated with inflammation [12]. Chalcones
are reported to possess a wide spectrum of biological
activities, including anti-inflammatory, antibacterial, and
antibiotic properties [13—15]. The presence of phenolic

photonics,

groups in chalcone molecules contributes to their
antioxidant potential, notably in neutralizing free
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radicals, thus enhancing the value of chalcone-rich plants
in therapeutic contexts. Cyclooxygenase-2 (COX-2), an
enzyme involved in prostaglandin synthesis linked to
pain and inflammation, is also upregulated in various
cancers such as those of the breast, colon, lung, prostate,
and liver [16]. Considering these biological implications,
the present study includes molecular docking analysis to
assess the interaction of synthesized chalcone derivatives
with target proteins. The synthesized compounds were
evaluated using spectroscopic techniques such as FT-IR,
NMR, and UV-Vis. Additionally, their nonlinear optical
behavior, molecular electrostatic potential (MEP), dipole
moments, HOMO-LUMO characteristics, and Mulliken
charge distributions were analyzed. Molecular docking
was further employed to explore their potential
bioactivity.

2. Experimental
2.1. Instruments

All reagents used for the synthesis were procured from
reputed suppliers such as Sigma-Aldrich and E-Merck.
The melting point of the synthesized compound was
determined using a Mettler FP51 apparatus with open
glass capillaries; the values reported are uncorrected.
UV-Visible absorption spectra were recorded on a

SHIMADZU-1650 PC  spectrophotometer  using
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spectroscopic-grade methanol as the solvent. Infrared
(IR) spectra in the range of 4000—400 cm™! were obtained
using an AVATAR-NICOLET 330 FT-IR spectrometer
with KBr pellets. The 'H and '*C NMR spectra were
measured using a BRUKER AV400 spectrometer,
operating at 400 MHz for 'H and 100 MHz for '3C, in
CDCL: solvent with tetramethylsilane (TMS) as the
internal reference standard.

2.2. Synthesis of (E)-3-(2-bromo-4-methoxyphenyl)-1-(4-
(methylthio)phenyl)prop-2-en-1-one

A mixture of 2-bromo-4-methoxybenzaldehyde (0.01
mL) and 4'-methylthioacetophenone (0.01 mL) is taken
in a 250 mL flask equipped with a magnetic stirrer. It was
dissolved in an Erlenmeyer flask in 10 mL of rectifying
spirit [17]. Then 10 mL of 20 % NaOH solution was
added dropwise to the reaction mixture and stirred for 30
minutes until the solution became cloudy. Completion of
the reaction was continuously monitored by TLC. After
vigorous stirring for 4-5 hours, the reaction mixture was
poured into cold water, filtered to obtain the crude
compound, and recrystallized from ethanol. It melted at
117 °C and was a bright pale yellow color.

X = 0-Br, p-OMe
Y = p-thiomethyl

Scheme 1.
2.3. Computational details

In this study, Density Functional Theory (DFT)
computations were carried out using the Gaussian09W
software package [18] with the B3LYP functional and
the 6-311G(d,p) basis set. Structural visualization and
dimensional analysis were performed using GaussView
5.0 [19]. The vibrational frequencies and normal modes
were assigned with the aid of total energy distribution
(TED) analysis through the VEDA 4 program [20].
Frontier molecular orbitals (HOMO and LUMO) were
analyzed using the same theoretical approach. Various
molecular properties, including optimized geometries,
vibrational spectra, nonlinear optical (NLO) behavior,
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dipole moments, UV-Vis spectra, and NMR parameters,
were computed at the same level of theory. Proton and
carbon NMR chemical shifts were predicted using the
gauge-independent atomic orbital (GIAO) method and
compared with experimental results within the
B3LYP/6-311G(d,p) framework ([21]. Additionally,
molecular electrostatic potential (MEP) maps and
Mulliken atomic charges were evaluated. Molecular
docking simulations were performed using AutoDock
Vina, and the ligand-receptor binding interactions were
analyzed using Discovery Studio 2017.

3. Results and Discussion
3.1. Molecular geometry

The molecular geometry of the synthesized compound
was optimized using the B3LYP functional with the 6-
311G(d,p) basis set. The optimized molecular structure
is illustrated in Fig. 1, while detailed geometrical
parameters are listed in Table 1. Within the phenyl rings,
the C—C bond lengths (e.g., C1-C2, C2-C6, C24—C25)
were found to be approximately 1.40 A. The C—H bond
distances for the aromatic hydrogens (such as C1-H7,
C4-H9, C5-H10, C21-H28, and C23-H29) were
estimated at around 1.08 A. Similar bond lengths were
noted for the aliphatic C—H bonds (C18-H26 and C19-
H27), which also measured close to 1.08 A. The C18—
C19 bond, part of the enone linkage, showed a calculated
distance of about 1.35 A, while double bonds between
carbon atoms exhibited lengths close to 1.40 A. The
carbonyl bond (C11-012) was determined to be 1.26 A
in length. The bond angles within the aromatic rings
(e.g., C2-C1-C6, C1-C6—C5, C6—C5-C4, C22-C23-
C25, and C21-C24-C25) were found to be near 120°, as
expected for sp*-hybridized systems. Key bond angles
such as C3-C11-012, 012-C11-C18, and C11-C18—
H26 were also around 120°, consistent with trigonal
planar geometry. Meanwhile, bond angles involving
heteroatoms and alkyl chains, such as C25-032-C33
and 032-C33-H34, were approximately 109.5°
indicating tetrahedral coordination. Regarding dihedral
angles, values such as 179° were calculated for torsions
including C5-C4-C3-Cl11, C4-C3-C2-H8, S13-C6-
C5-C4, and Br31-C24-C25-C23. The enone system
displayed torsional angles suggesting an E-
configuration, specifically with O12—-C11-C18-C19 and
C11-C18-C19-C20 calculated at about 1.3° and 180°,
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respectively, confirming an S-trans orientation.
Additionally, a dihedral angle of approximately 152° for
C24-C25-032—C33 suggested that the methyl group is
not coplanar with its adjacent phenyl ring.

Fig. 1. Optimized Structure of (£)-3-(2-bromo-4-
methoxyphenyl)-1-(4-(methylthio)phenyl)prop-2-en-1-one.

Table 1. Selected geometrical Parameters of the titled compound.

Bond length B3LYP/6-311 G Bond angle B3LYP/6-311 G Dihedral angle B3LYP/6-311 G
(d, p) (d, p) (d, p)
CI-H7 1.07 C6-S13-Cl14 102.97 C5-C4-C3-Cl11 -180
C6-C5 1.4 S13-C14-H16 105.09 C2-C1-Co6-S13 -180
C4-Cs 1.4 C3-C11-C18 120 C4-C5-Co6-S13 -180
C4-H9 1.08 C3-C11-012 120 C6-S13-C14-H15 60
C2-C3 1.4 012-C11-C18 120 C1-C2-C3-Cl11 180
C3-C11 1.49 C11-C18-C19 120 C2-C3-C11-012 -177
Cl11-C18 1.48 C18-C19-C20 129 C4-C3-C11-012 22
CI18-C19 1.35 C11-C18-H26 119 C4-C3-C11-C18 -180
C21-C24-Br31 120 C2-C3-C11-C18 0
Br31-C24-C25 119 C3-C11-C18-C19 -180
C3-C11-C18-H26 0
012-C11-C18-H26 -179
012-C11-C18-C19 1.3
C11-C18-C19-H27 0.2
C11-C18-C19-C20 180
C20-C21-C24-Br31 -180

H28-C21-C24-Br31 0

3.2. Vibrational analysis group symmetry and comprises 36 atoms, giving rise to
102 fundamental vibrational modes as predicted using
the B3LYP/6-311G(d,p) level of theory. These include
35 stretching and 67 bending vibrations. Selected
experimental and theoretical vibrational modes, along

The FT-IR spectrum of the synthesized compound,
recorded in the solid phase within the spectral range of
4000-400 cm™, is presented in Fig. 2a, while the gas-
phase theoretically computed vibrational spectrum is

. oretl . h thei . . .
depicted in Fig. 2b. The molecule possesses Ci point with their corresponding intensities and assignments, are
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summarized in Table 2. The carbonyl stretching
frequency, characteristic of the chalcone framework,
typically appears between 1750 and 1600 cm™ [22]. In
this study, the C=O stretching was experimentally
observed at 1648.8 cm™ and predicted at 1613 cm™,
which aligns well with literature values for similar
compounds [23, 24]Jou et al., 2021; Lee et al., 2023).
Aromatic C-H stretching vibrations, generally expected
above 3000 cm™ [25], were computed in the range of
3097-3073 cm™* and experimentally detected as a broad
band at 3065 cm™. In-plane and out-of-plane bending
modes of aromatic and vinyl C—H groups appeared at
1260, 881, and 802 cm™ in the experimental spectrum,
with theoretical values calculated at 1267, 877, 814, and
790 cm™, showing good correlation. The C=C stretching
associated with the enone moiety, which has been
reported around 1592 cm™ and calculated near 1588 cm™
in similar compounds [24](Zhou et al., 2021), was
observed at 1583 cm™ in this case and predicted at 1572
cm ™. The stretching vibration of the aromatic C=C bond
was found at 1545 cm™ experimentally and 1542 cm™
theoretically. An out-of-plane bending vibration of the
CH=CH moiety observed at 959 cm™! confirms the trans
configuration of the alkene group. The C—Br stretching
vibration, commonly found in halogenated aromatic
compounds, was identified at 666.3 cm™* and calculated
at 637 cm™'. The C-S stretching band, known to appear
between 800-700 cm™ [26], was observed at 732.82
cm™', matching closely with the theoretical prediction of

Table 2. FT-IR Vibrational and TED assignments.

735 cm™. For the methoxy group, the asymmetric
stretching (O—CH3) vibration was predicted at 1059 cm™
using DFT/B3LYP/6-311G(d,p) and observed at 1041
cm™', as supported by [27]. The overall correspondence
between observed and calculated FT-IR frequencies,
along with the Total Energy Distribution (TED) analysis,
validates the vibrational assignments and structural
integrity of the title compound, as illustrated in Table 2.

1 7L
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Fig. 2a. Experimental FT-IR spectrum of titled
compound
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Fig. 2b. Theoretical IR spectrum of titled compound
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3.3. NMR spectral analysis by GIAO method

A comparison between the calculated and experimental
'"H and *C NMR chemical shifts reveals that the
theoretical 'H values are generally higher than their
experimental counterparts, with some proton signals
showing notable deviations. The 'H NMR spectrum
displays a cluster of signals in the downfield region
between 7.0 and 8.5 ppm, primarily attributed to
aromatic protons from both phenyl rings. Notably, the
alkylidene protons, labeled H, and Hp, exhibit two
distinct signals at 7.320 ppm and 7.711 ppm,
respectively, which aligns with previously reported data
[28]. These values correspond to a coupling constant (Ju-—
n) of approximately 16 Hz, suggesting that the two
protons adopt an E- or trans-configuration. In contrast,
significantly lower J values would be expected for a Z-
or cis-isomer across the C=C double bond. Furthermore,
the Hp proton appears slightly more downfield
(unshielded) than Ha, which can be attributed to the

electron-withdrawing influence of the enone system. The
resonance stabilization of the enone group may result in
a partial positive charge at the allylic position (C-19),
making the HB proton more deshielded compared to the
Ha proton on C-18. The simulated and experimental 'H
NMR data are presented in Table 3. The '*C NMR
spectrum displays signals from 111.87 to 157.59 ppm,
corresponding to aromatic carbon atoms. The carbonyl
carbon (C=0) is observed at 188.84 ppm, while the vinyl
carbons, Ca and CP, are recorded at 120.57 ppm and
142.70 ppm, respectively. Overall, the theoretical
chemical shift values for both 'H and '*C nuclei show
strong agreement with the experimental results, as
detailed in Table 3. A correlation analysis between the
calculated and observed chemical shifts, shown in Fig. 3,
yielded correlation coefficients of 0.9588 for 'H and
0.9305 for '3C nuclei. These values indicate a strong and
satisfactory linear relationship, validating the accuracy of
the computational method employed.

Table 3. The predicted and observed 'H and '*C NMR chemical shifts for the titled compound.
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Chemical shift (ppm)
Atom };13112{(1:1/3) Experimental
11C (carbonyl) 191.818 188.84
25C 159.414 157.59
19C (Cp) 144.927 142.70
6C 157.137 145.69
24C 134.75 111.87
18C (Cy) 118.037 120.57
33C (methoxy) 60.937 56.42
14C (methyl) 27.484 14.84
26H 7.29 7.40
27H 7.769 7.71
28H (Hy) 7.605 7.32
29H (Hg) 6.252 7.711
34H,36H (methoxy )  3.593 3.951
15H,17H (methyl) 2.245 2.546
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Fig. 3. Correlation diagram between theoretical and experimental NMR chemicals shifts.

3.4. UV-VIS spectral analysis

The electronic transitions of the UV-Vis spectra of the
title compounds were investigated using time-dependent
density functional theory (TD-DFT) to calculate the
transitions allowed in the gas phase. The electronic
absorption spectrum of the title molecule was recorded
experimentally with pure methanol as solvent. The
experimental and simulated UV spectrum is shown in
Fig. 4. The calculated UV-visible spectrum showed two

strongly allowed transitions at Amax = 364 nm, f=0.7392
and Amax = 329 nm, = 0.2380. They corresponded to the
experimental Amax value of 319 nm. The peaks observed
in the theoretical spectrum can be attributed to the
excitation of the C=0 and —C=C- groups, so the assigned
bands are due to the (n — *) and (&1 — 7*) transitions.
In HOMO, the n-bonding electrons are distributed on the
phenyl ring, the carbonyl oxygen atom, and the C=C
moiety. LUMO, in electrons, is distributed throughout
the molecule except for the methyl group.
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Fig. 4. Experimental and simulated UV Spectrum of of (£)-3-(2-bromo-4-methoxyphenyl)-1-(4-(methylthio)phenyl)prop-

2-en-1-one
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3.5. Frontier Molecular Orbital Analysis

The intermolecular charge transfer process from donor to
acceptor units in molecular systems is characterized by the
excitation of electron-shaped occupied orbitals (HOMO)
to unoccupied orbitals (LUMO) and is described by
quantum chemical approaches [29]. High HOMO energy
levels represent compounds that are good nucleophiles,
and low LUMO levels represent compounds that are good
electrophiles [30]. The molecular frontier orbital energies
are shown in Fig. 7. From Fig. 7, the values of EHOMO
and E LUMO are found to be -5.96 ¢V and -2.17 eV,
respectively. A HOMO-LUMO energy variation (AE) of
3.80 eV indicates a possible intramolecular charge-
transfer interaction. A wide bandgap describes the
hardness of the molecule, which is related to the non-
reactivity of the molecule. Using the calculated HOMO
and LUMO energies, we can obtain electrochemical
parameters shown in Table 4, such as the global
electrophilic index is ® = p2/2n, the global hardness n =
(I-A)/2, the chemical potential p = -(I+A)/2 and the
electronegativity (y) is x = (I+A )/2 and the global softness
v = 1/n was called the global reactivity parameter [31-35].

LUMO 2 § ".’ 217 ev
B AR
“‘J‘ ‘ , ’
|AE = 3.80ev
HOMO ° ” 5.967 ev
, o' b ‘
TP o AN
9 v @ °
Fig. 5. HOMO-LUMO °S

Table 4. HOMO and LUMO calculated values by
B3LYP/6-311G (d,p) method.

Parameters Calculated values
Enomo(a 1) -5.96
ELumo(a.u) 2.17
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Energy gap(a.u) 3.80
Ionization energy(I) 5.96
Electron affinity(A) 2.17
Global hardness(n) 1.8977
Chemical potential(p) -4.0665
il;:ec)t(r((()l[))?ilicity 4356

Chemical softness(s) 0.5269

3.6. Mulliken atomic charge analysis

Mulliken atomic charge analysis is wuseful for
understanding chemical potentials and ionization
potentials. Atomic charge affects the dipole moment,
polarizability, electronic structure, and various molecular
properties of the system [36-38]. The Mulliken atomic
charge, which is hydrogen added to the heavy atom, was
calculated using the B3LYP/6-311G(d,p) basis set
method and is shown in Fig. 9. Atomic charge
calculations, shown in Table 5, showed that the carbonyl
group connecting the two phenyl rings affects the charge.
As expected, the presence of the ketone moiety increased
the electronegativity of the C11 atom.

Fig. 6. Milliken Charge Distribution of (£)-3-(2-bromo-
4-methoxyphenyl)-1-(4-(methylthio) phenyl)prop-2-en-
1-one.

The C25 (0.3449), C33 (0.2618), and C11 (0.1984) are
due to highly electronegative oxygens bonded to carbon
atoms. The atomic charges of C3, C6, 012, C14, C24 and
032 have negative charges. Atom 032 (-0.4912) has a
larger negative atomic charge. Finally, the larger the
positive charge C25 and the negative charge 032, the
larger the active site of the compound.
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Table 5. Mulliken Charges of (£)-3-(2-bromo-4-methoxyphenyl)-1-(4-(methylthio)phenyl)prop-2-en-1-one.

Mulliken

Atoms Charges Atoms Mulliken Charges

1C 0.034387 19C 0.065661

2C 0.020712 20C 0.078362

3C 0.02705 21C 0.04601

4C 0.04966 22C -0.02263

5C 0.039285 23C 0.013122

6C -0.27872 24C -0.35741

11C 0.262347 25C 0.320066

120 -0.44645 31Br 0.196038

13S 0.271959 320 -0.52487

14C -0.08717 33C 0.294834

18C -0.00223
3.7. NLO properties Wtotal 2.546
Higher values of dipole moment (p) and Parameters Hyperpolarizability
hyperpolarizability (B) indicate more active NLO 249.09
properties. This molecule's dipole moment and first Brox ‘
hyperpolarizability are 2.546 Debye and 3.223 x 10 Bxxy 65.27
esu), as shown in Table 6. This hyperpolarizability value B 66.04
is eight times higher than that of urea (p and B of urea are e ’
1.3732 Debye and 0.3728 x 10 esu) [39], and the Byyy -106.82
resulting values indicate that this compound is an B 67.91
excellent NLO material. Suppose we know the dipole
moment of a molecule. In that case, we can investigate Bryz 28.04
the interaction between dipoles occurring within the Byyz 735
atoms of that molecule, and the higher the dipole
moment, the stronger the interaction between molecules. Pz 43.69
Table 6. Dipole Moment Components of (E)-3-(2- Byzz -26.66
bromo-4-methoxyphenyl)-1-(4- Bz 0.91
methylthio)phenyl)prop-2-en-1-one.
(methylthio)phenyl)prop B 3.223x10%%su

Dipole vector Dipole moment, u
components (Debye)

U 2.313

Ly 0.2553

Uz 1.033
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3.8. Molecular docking analysis

Docking studies were performed with Autodock 4.2 tool.
The titled compound was docked with the active site of
the enzyme COX-2 (PDB ID: 3LN1) and showed better
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docking values. Before docking, the gastiger charges and Table 10. Results of molecular docking interactions.

polar hydrogens were added, and it contains five

. Interactions Receptor residue Distance (A°
rotatable bonds. From the results, it can be concluded that P (A%

the synthesized compound showed a good binding  Hydrogen Bond SER 132; ARG 202; ARG208 3.05; 3.14; 3.16
affinity with the proteases used in this study. The  (4) and THR 223 and 4.18

observed binding energy is -8.3 Kcal/mol. Four hydrogen
bonding interactions between the target molecule and
protein are observed. The interaction between donor  Pi-Alkyl

. ARG 208; LEU 210 5.17;4.97
SER132 and the target compound's acceptor methoxy  Interactions (2)
oxygen is observed at a distance of 3.058 A. A hydrogen- Van der waals
bonding interaction between ARG202 and the phenyl ARG 208; ASP 199 4.07;4.79

¢ ' i interactions
group is observed at a distance of 3.136 A. This result

also implies that two electrostatic and three hydrophobic cher . THR 223 3.86
interactions occurred between the protease and the titled ~ Interactions

molecule. The compound, therefore, exhibits good anti-

inflammatory properties with the 3LN1 receptor.
4. Conclusion

. Leu210

A synthetic molecule of  (£)-3-(2-bromo-4-

i methoxyphenyl)-1-(4-(methylthio)phenyl)prop-2-en-1-
one was synthesized and analyzed by IR, 'H and *C
NMR characterization method. Theoretical studies have
confirmed that the molecule has the E-configuration. The
theoretically calculated bond lengths, bond angles, and
A Amax (UV  spectra) are in good agreement with
experimental results. The HOMO-LUMO energy gap
agrees well with experimental results. The FT-IR
Fig. 7a. 2D visualization of docking interactions between spectrum of the title molecule shows a good correlation
molecule and protein. with the theoretically assigned vibrational modes. The
electronic spectral properties of the compounds under
study were calculated by the TD-DFT method using FT
analysis on the B3LYP/6-311G basis set. The chemical
reactivity parameters indicated that the title compound
has excellent chemical strength and stability. The
compounds' electrophilic and nucleophilic reaction sites

sp199

were obtained by MEP surface analysis. Dipole moment
and hyperpolarizability values were calculated to
Fig. 7b. 3D visualization of docking interactions determine the NLO activity of the title chalcone.
between molecule and protein. Furthermore, molecular docking studies with selected

The results are displayed in Table 7, and the interactions proteins imply good anti-inflammatory properties.
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