Letters in Applied NanoBioScience
Open-Access Journal (ISSN: 2284-6808)
Article

Volume 15, Issue 3, 2026, 94
https://doi.org/10.33263/LIANBS153.094

DFT, ADME, Docking and Anti-inflammatory Activity of
(E)-3-(3-Bromo-4-Methoxyphenyl)-1-(Substituted phenyl)
Prop-2-en-1-ones

Rajagopal Subha !, Dr. Namasivayam Ingarsal ®

1 Department of Chemistry, DG Govt. Arts College for Women (Affiliated to Annamalai University, Annamalainagar ),
Mayiladuthurai, Tamil Nadu, India
! PG & Res. Department of Chemistry, Rajah Serfoji Govt. College (Autonomous) (Affiliated to Bharathidasan University,
Trichy), Thanjavur, Tamil Nadu, India
* Correspondence: drningarsal@gmail.com (D.N.L.);
Received: 17.01.2024; Accepted: 7.07.2024; Published: 02.07.2026

Abstract: We have prepared two aryl a- and B-unsaturated ketones by microwave irradiation, and their
formation is characterized by IR and NMR spectra. The DFT calculations are performed with the
Gaussian 09 program using the B3LYP/6-311G(d,p) basis set. The structures of the present compounds
are optimized. The existence of the trans-configuration in the present compounds is verified by proton
NMR coupling constants and supported by a dihedral angle of 180° from DFT calculations. Their orbital
energies and global descriptors are revealed. The NLO behavior of BMMP and BMDFP is calculated
from their hyperpolarizabilities and found to be higher than that of standard urea’s hyperpolarizability.
Further, their ADME properties are studied using SwisSADME and pkCSM tools, and the results are
favorable for drug behavior. Docking with the COX-2 enzyme was performed using Autodock, and the
binding affinity of the compounds to the enzyme was predicted (PDB ID: 3LN1). The In vitro study
was also screened using the BSA method, and good inhibitory properties were observed.

Keywords: chalcones; IR and NMR spectra; DFT analysis; ADME behavior; docking; anti-
inflammatory activity.
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1. Introduction

In organic chemistry, a variety of functionalities with different linkages are reported in
the literature, and their applications are widespread across different fields. Among those
functionalities, compounds pertaining to a and p-unsaturated ketones are also included in such
applications. Such compounds are called chalcones or prop-2-en-1-ones, and the name
chalcone was given by Kostenecki [1]. In organic chemistry, these are used to synthesize
pyrazoline [2], benzodiazepines [3], flavanones [4], isoxazoles [5], pyrimidines [6], etc.
Several chalcones or aryl propenones act as good optical materials because of their higher
hyperpolarizabilities than standard NLO materials like urea [7]. These are achieved by DFT
calculations and other properties like the movement of electrons in frontier molecular orbitals
with their energies, optimized structure, energies of electronic transitions from filled bonding
to vacant non-bonding orbitals (NBO), electrostatic potentials, and charges associated with
atoms (Mulliken) are also derived in the gas phase using the DFT approach with the Gaussian

https://nanobioletters.com/ 1of 15


https://nanobioletters.com/
https://doi.org/10.33263/LIANBS153.094
mailto:drningarsal@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0000-1115-4994

https://doi.org/10.33263/LIANBS153.094

09 package [8]. In the case of medicinal chemistry, they act as antimicrobials [9], anti-
inflammatories [10], antiviral agents [11], proliferative activity [12], antioxidants, anticancer
[13], etc. Nowadays, medicinal chemistry involves analyzing certain parameters
computationally and their binding before in vitro or in vivo procedures. For the purpose of
earlier investigation, the ADME behavior (absorption, digestion, metabolism, excretion) of a
compound/drug is studied with the help of several web tools [14]. The activity and binding
energies are computed by the molecular docking method [15]. These two studies are important
before the In vitro assay of a drug to avoid failure and time consumption. By keeping these
factors in mind, the author prepared two different substituted chalcones (BMMP and BMDFP)
via microwave irradiation and characterized their formation using IR and NMR spectra. The
DFT study of compounds (BMMP and BMDFP) is reported in this paper with the use of
B3LYP/6-311G (d,p) basis set calculations. Before the in vitro anti-inflammatory assay,
ADME properties were assessed using the SwissADME web tool, and the results were
analyzed. Then, the molecular docking studies with COX-2 active site (PDB id: 3LN1) resulted
in a good binding nature. Then, the in vitro anti-inflammatory activity is screened at three
different concentrations.

2. Materials and Methods

2.1. Preparation of (E)-3-(3-bromo-4-methoxyphenyl)-1-(4-methoxyphenyl)prop-2-en-1-one
(BMMP).

An equimolar quantity of 4’-methoxyacetophenone and 3-bromo-4-methoxy
benzaldehyde is dissolved in 10ml of methanol and transferred to a 100ml pre-cleaned conical
flask. Then, 3 ml of 40% KOH is added to it. This mixture is irradiated at 640W in a microwave
oven [16], as shown in Scheme 1. Every 30 sec, the completion of the reaction is monitored by
TLC. After 3 minutes, the reaction was completed as monitored by TLC and kept cool at room
temperature. The formed precipitate is filtered and dried, then recrystallized from hot methanol.
It yields glittering yellow needles of the desired product, and its melting point is noted. The
same procedure is followed for preparing compound BMDFP for up to 3 minutes, and it also
appeared as a pale yellow powder.

Br

™~

BMMP - (R) 4-OCHj
BMDEP - (R) 2-Cl, 4-Cl, 5-F

Scheme 1. Preparation of BMMP and BMDFP molecules.
2.2. Instrumentation.

The Spectrometer, AVATAR (model 330), was used for IR spectral measurements, and
samples were measured as potassium bromide pellets.

For recording proton-resonance NMR spectra, a Bruker 400 NMR spectrometer
operating at 400.23 MHz for *H and 100.62 MHz for 3C was used for each NMR measurement.
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2.3. DFT analysis.

Gaussian 09 program [8] is used to carry out the theoretical calculations with the
B3LYP/6-311Gg (d,p) basis set. The structures are visualized in GaussView software. The
present compounds are optimized using the B3LYP/6-311G(d,p) basis set.

2.4. ADMET study.

For the prediction of pharmacokinetic behavior for the present molecules, the
SwissADME web tool and the pkCSM server are used.

2.5. Molecular docking.

The COX-II enzyme’s 3D structure (PDB id:3LN1) was downloaded from the protein
data bank, and the 3D structures of BMMP and BMDFP are optimized using the Gaussian 09W
tool. Autodock vina [15] is used for docking studies, and their interactions are visualized using
Biovia Discovery Studio 2017.

2.6. In vitro assay.

To assess the anti-inflammatory activity of the present molecules, BMMP and BMDFP,
the bovine serum albumin denaturation technique [17] is used, along with the standard drug
diclofenac sodium.

3. Results and Discussion

3.1. Spectral characterization.

The IR, proton, and carbon resonance spectra of the titled compounds are displayed in
supplementary data as Figures S1, S2, S3, S4, S5, and S6.

3.1.1. (E)-3-(3-bromo-4-methoxyphenyl)-1-(4-methoxyphenyl)prop-2-en-1-one (BMMP).

Yield: 82%; pale yellow needles; mp:136-137°C, m/z 346; IR (KBr, vem™) 1650 (CO),
1123 (CHip), 736 (CHop), 1050 (CH=CHop), 578 (C=Cqp); *H NMR (400 MHz, CDCls, §/ppm)
d 7.29(1H, d, J=15.6 Hz), 7.701 (1H, d, J = 15 Hz), 3.897 (3H, s), 3.950 (3H, s), 6.918-8.051
(7H, overlapping m, ArH); 3C-NMR (100.64 MHz, CDCls, 8/ppm) 120.74 (C,), 132.52 (Cg),
188.38(C0), 56.41 (OCHs), 55.52 (OCHs), 111.86, 112.39, 163.45, 157.47, 142.16, 131.11,
130.79, 129.72, 113.55; Anal. Calcd. for C17H1sBrOs: C, 58.81; H, 4.35; Br, 23.01; O, 13.82.

3.1.2. (E)-3-(3-bromo-4-methoxyphenyl)-1-(2,4-dichloro-5-fluorophenyl)prop-2-en-1-one
(BMDFP).

Yield 86%; mp 129-130°C; m/z 404; IR (KBr, vem™) 1661 (CO), 1153 (CHip), 731
(CHop), 1054 (CH=CHop), 559(C=Cop); *H NMR (400 MHz, CDCls, &/ppm) d 6.972(1H, d, J
=15 Hz), 7.387 (1H, d, J = 15 Hz), 3.950 (3H, s), 6.915-7.798 (6H, overlapping m, ArH); 3C-
NMR (100.64 MHz, CDCls, &/ppm) 124.12 (Cy), 145.26 (Cgp), 190.80(CO), 111.94, 56.47
(OCHg), 155.54, 158.23, 138.84, 133.30, 132.02, 129.81, 126.80, 117.39, 112.58. Anal. Calcd.
for C16H10BrCI2FO2: C, 47.56; H, 2.49; Br, 19.78; Cl, 17.55; F, 4.70; O, 7.92.
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3.2. Computational study.
3.2.1. Molecular structure, bond length, bond angle.

As shown in Figure 1, the structures of the molecules BMMP and BMDFP are
displayed, both optimized to 100%. Due to the overall asymmetry, both BMMP and BMDFP
are C1 point groups. The optimized energies for BMMP and BMDFP are -3453.8185 a.u. and
-4339.0136 a.u, respectively. The calculated parameters from the geometrical optimization,
such as bond angles and bond lengths of BMMP and BMDFP, are presented in Table S1 in the
supplementary data. The carbonyl bond length (C7-010) in BMMP and BMDFP is 1.26 A.
The olefinic bonds (C8-C9) in both BMMP and BMDFP are exactly the same at 1.35 A. A
good agreement was also observed between the bond lengths of the remaining atoms and those
of the optimized structures. The bond angle data of both compounds are also in good
agreement. The bond angles between C7-C8-C9 and 010-C7-C8 in BMMP and BMDFP are
obtained as ~120°. It indicates that all compounds' enone moieties (a,-unsaturated ketone) lie
in the same plane. The dihedral angles of BMMP and BMDFP with 010-C7-C8-C9 and C7-
C8-C9-C11 for all the present compounds are obtained as less than 2.230° and 180°,
respectively. It clearly evidenced the presence of an E-configuration in the enone moiety. All
bond lengths and angles are within the expected range and are consistent with previously
reported chalcone structures [18].

[} 9
otle ¢ |4 29000 ag
FPJ" "o 00 " T
e ! ' ¢ v f 9 J
BMMP BMDFP

Figure 1. Optimized structures of synthesized BMMP and BMDFP.
3.2.2. HOMO-LUMO and reactivity descriptor’s study.

Collectively referred to as FMO (frontier molecular orbitals), the combination of
HOMO (highest occupied molecular orbital-donor) and LUMO (lowest unoccupied molecular
orbital-acceptor) [19] provides valuable insight into the stability and reactivity of molecules.
By analyzing the energy gap between FMOs, we can gain insight into the fundamental
electronic properties of molecules. Figure 2 illustrates the HOMO-LUMO of BMMP and
BMDFP compounds, with the former exhibiting a dispersed HOMO while the latter's HOMO
is mainly concentrated on the enone and phenyl groups of the aldehyde.

The LUMO of both compounds is spread across almost the entire molecule, with the
exception of the methyl groups linked to oxygen and halogens. Table 1 presents the electronic
parameters, revealing that BMMP has a significantly larger HOMO-LUMO energy gap than
BMDFP, indicating a higher stability for BMMP. Additionally, the ionization potential and
electron affinity values of BMDFP are greater than those of BMMP. Utilizing Koopman's
theorem [20], global reactivity parameters such as chemical hardness (n), chemical softness
(o), global electrophilicity (w), electronegativity (), and chemical potential (n) have been
calculated based on the HOMO-LUMO energy values. The chemical hardness and softness
values suggest that both compounds are highly polarizable.
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Figure 2. HOMO-LUMO’s of BMMP and BMDFP.

Table 1. Electronic and global descriptors of BMMP and BMDFP.

Electronic Parameters BMMP BMDFP
Ehomo (a U) -6.208 -6.571
Eiumo (a.u) -2.221 -2.779
Energy gap (a.u) 3.987 3.792
lonization energy () 6.208 6.571
Electron affinity (A) 2221 2.779

Global reactivity parameters BMMP BMDFP
Global hardness (1) 1.993 1.896
Chemical potential (L) -4.215 -4.675
Electrophilicity index (w) 4.455 5.764
Chemical softness (s) 0.502 0.527

The chemical potential () is associated with its electronegativity. The global
electrophilicity index (w) has a higher value for a good electrophile and a lower value for a
good nucleophile. In the present investigation, BMDFP has a higher global electrophilicity
index value and hardness, and is significantly more likely to accept electrons and undergo
nucleophilic attack than BMMP. Additionally, the molecule BMDFP possesses excellent
chemical strength and stability due to its higher electrophilicity, negative potential, and lower
softness compared with BMMP.

NLO materials' involvement in electron delocalization is a significant concern for
organic molecules. The charge transfer in intermolecular systems, which occurs as a result of
electron cloud movement through the conjugated framework, is measured as the first
hyperpolarizability (Bo), which is defined as the nonlinear optical activity of the molecular
system. The equations (1) to (4) are used to compute the mean polarizability (oo), total static
dipole moment (p), and first-order hyperpolarizability (Bo). These values are based on
observations of X, y, or z components.

= (el + py? + )t
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ao=1/3 ((lxx + Olyy + (Xzz) ......... (2)
Bo= (B + Py*+ BzH)1/2 .......... (3)
Bo=[(Bxxx+ Bxyy+Bxzz)* +(Byyy+Byxx+Bvzz)+(Bzzz+Bzxx+Bzyy)?11/2...... (4)

For the current compounds, we calculated the total molecular dipole moment (p) and
first-order hyperpolarizability () using a 6-311G(d,p) basis set of the B3LYP method, and the
values are given in Table 2.

Table 2. Dipole moments, polarizability, and hyperpolarizability of BMMP and BMDFP.

Dipole moment BMMP BMDFP Hyperpolarizability BMMP BMDFP
x 1.142 1.481 Brxx -57.26 221.157
Ly 3.183 -0.176 Bxxy -8.679 7.808
Yz 0.09 1.591 Bxyy -70.621 62.32
Mot (Debye) 3.383 2.181 Byyy 14.091 -79.117
Polarizability BMMP BMDFP Bxxz 62.599 68.562
Olxx -130.46 -152.78 Bxyz 42.668 -1.739
Olxy 2.623 9.398 Byyz -2.845 -2.03
Qlyy -133.04 -149.25 Bz -56.037 28.23
Oxz 23.667 10.807 Byzz -6.665 -25.377
Oyz -1.861 -0.283 Bzzz 6.661 -0.934
Ozz -137.21 -155.36 Brot (01.L) 195.546 332.885
<o> (a.u) 133.57 152.461 Bo(esu) x 10-° 1.689 2.875
atot (€SU) X 1024 19.795 22.595

The significance of higher values of dipole moment () and hyperpolarizability () for
enhanced nonlinear optical properties is widely recognized. The first hyperpolarizability value
of the BMDFP molecule (2.875x10%%esu) is approximately nine times greater than that of urea
(u and B of urea are 1.3732 Debye and 0.3728x10"*cm®/esu) [22]. This indicates that the
present compound, BMDFP, has better NLO characteristics than BMMP, whose
hyperpolarizability (1.689x10%*esu) is five times greater than that of urea. A high dipole
moment in a molecule facilitates stronger dipole-dipole interactions among its atoms, leading
to stronger intermolecular interactions. The BMMP molecule, with a higher dipole moment,
exhibits considerably stronger intermolecular interactions than the BMDFP molecule.

3.2.3. MEP analysis.

The topography of the Molecular Electrostatic Potential (MEP) provides insights into
the refined changes in the three-dimensional electronic distribution resulting from
modifications in molecular structure. This is achieved by detecting and characterizing the
MEP's critical points. The MEP of BMMP and BMDFP is calculated using the B3LYP/6-
311G(d, p) method, and the results are depicted in Figure 3.

BMDFP

BMMP
Figure 3. MEP illustration of BMMP and BMDFP.

The varying colors on the surface represent different electrostatic potential features; red
indicates the highest electronegativity, blue represents the highest electropositivity, and green
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indicates zero potential [23]. The potential follows the order of red, orange, yellow, green, and
blue. In our study, the most electropositive region (blue, electron-poor) is located over the
hydrogen atoms of the phenyl rings. The negative regions are localized in the bromo, carbonyl
oxygen, and methoxy groups of both compounds, which act as electrophilic sites and can
undergo electrophilic interactions.

3.2.4. NBO analysis.

The estimation of intra- and intermolecular bonding consequences is achieved using the
natural bond orbital (NBO) analysis, which plays an essential role in investigating conjugative
interactions and charge transfers within molecular structures. Interactions between donors and
acceptors within a molecular organization stabilize the system by delocalizing electron density
among occupied Lewis-type and unoccupied non-Lewis NBOs. Typically, n—n* orbital
interactions exhibit higher energy values in comparison to c—c* interactions due to the large
switch of electron density between the donor and acceptor moieties. To discover intra-
molecular delocalization or hyperconjugation, the synthesized molecules are subjected to NBO
evaluation at the DFT/B3LYP/6-311G(d,p) stage. The second-order Fock matrix was used to
assess donor (i), acceptor (j), i.e., donor level bonds to acceptor stage bonds interplay inside
the NBO evaluation as shown in equation (5), where each donor (i) and acceptor (j), the
stabilization power E2 associates with the delocalization i — j E2.

qiF (i, j)’
E> = AEjj= >y, | (5)

Where qi is the donor orbital occupancy, Ei and Ej are diagonal elements, and F(i,j) is
the off-diagonal NBO Fock matrix detail. The larger the E> cost, the more intensive, i.e., the
greater the tendency of electron donors to donate to electron acceptors and the greater the
quantity of conjugation of the entire device [24].

The C1-C2 bond electrons of both BMMP and BMDFP strongly undergo intra-
molecular hyper-conjugation (n-n*) to the C3—C3 with the stabilization energies of 80.96 and
92.63 KJ/mol, respectively. The bonding electrons of C1-C2 undergo similar delocalization
with anti-bonding vacant orbitals in carbonyl compounds (C7-O10), and the highest
stabilization power is calculated for BMMP compared to BMDFP. Also, the sturdy
hyperconjugation for BMMP takes place from m(C5-C6) of the donor to n*(C3-C4) of the
acceptor. Within the case of BMDFP, a sturdy intra-molecular interplay between n(C8-C9) to
n*(C7-010) with the very best stabilization energies of 102.80 KJ/mol is found. The
intramolecular interactions inside the molecules have caused the conjugated bonds in the
molecules, which play a chief role in stabilizing the molecules. In the benzene ring, the ICT
occurs with the aid of a switch of the n-electron cloud from donor to acceptor (n-n*), which
ends up in the polarization of the molecules and the attribution of NLO properties. One of the
fundamental participants in the resonance and interaction power inside the molecule is the
electron donation from the LP(3)F5 of molecule BMDFP to BD*(2) C5 - C6 (n- «*), and these
interactions result in a healthful stabilization energy of 105.31 KJ/mol. The stabilization
energies inside the BMDFP are likewise raised via the presence of lone pair electrons in
chlorine atoms. In addition, BMMP and BMDFP transfer a full-size amount of stabilization
energies from non-bonding (Br13) to anti-bonding orbitals (C13-C14) throughout the n-m*
transition. Each of the chalcones is further stabilized by the lone pair electron donation from
https://nanobioletters.com/ 7 of 15
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carbonyl oxygen (O10) to anti-bonding orbitals (n-c*) of the vinyl part (C8-C9), with the
extensive stabilization energies as shown in Table S2 in supplementary data. Based on the
calculations of the maximal hyperconjugative power E(2), it's considerably noticeable that each
molecule demonstrates higher suitability for packages within the fields of biology and
medicine.

3.2.5. Mulliken population analysis.

The atomic charge distributions of the atoms present in compounds BMMP and
BMDFP, as accomplished by Mulliken population analysis [25], are shown in Figure 4.

°
=

o
N

0.0

°
°
_

Mulliken Charges (a.u)
S
0

s
2
Mulliken Charges (a.u)
5 s
2 2

-0.6-

BMMP BMDFP
Figure 4. Bar graph of Mulliken charges for BMMP and BMDFP.

Mulliken atomic charges play a significant role in the application of quantum
mechanical calculations to molecular structures. The theoretical calculation is used to depict
the charge of every atom in the molecule. The distribution of positive and negative charges is
necessary for the length of bonds between atoms to increase or decrease. In the present study,
the oxygen atoms of BMMP and BMDFP are negatively charged because they are donor atoms.
The oxygen atoms (O10) present in carbonyl groups display greater negative charges. Also, the
oxygen atom (O4) of the methoxy group in BMMP and the oxygen atoms O14 and O10 in the
BMMP and BMDFP compounds have been shown to carry negative charges. The fluorine
atoms in BMDFP have substantially shown negative charges. Carbon atoms exhibit a positive
charge since they are acceptor atoms. The calculated Mulliken charges showed that there is
more than one active center.

3.3. Drug-likeness and ADME predictions.

Considering that many drug development tasks fail throughout clinical trials due to bad
ADME properties. So, it is vital to perform ADME checks at an early stage of drug discovery.
Currently, SwissADME and pkCSM servers are used to analyze the ADMET residences of
BMMP and BMDFP molecules. The drug-likeness of the existing BMMP and BMDFP
molecules is predicted by following Lipinski’s rule of 5 [26, 27]. It denoted that any drug
molecule that is violet more than two of its criteria (molecular weight < 500g/mol, number of
hydrogen bond donors < 5, a wide variety of hydrogen bond acceptors < 10, calculated logP <
5), the offer said drug molecule is taken into consideration as impermeable or weakly absorbed
by the body.

By using and verifying this rule of five for the prevailing BMMP and BMDFP
molecules from SwissADME and pkCSM internet tackle, as expected, as proven in Table S3
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in supplementary data. The molecule BMMP has no violations and meets all criteria, whereas
the molecule BMDFP has only one violation of the rule of 5, as defined by Lipinski.
Subsequently, the titled molecules of each BMMP and BMDFP have demonstrated proper
drug-likeness, oral bioavailability, and activity. The Bioavailability Radar for these compounds
provides an overview of a molecule's drug-likeness (Figure 5). The region sketched in pink
color suggests the range for each asset. FLEX for the power of the molecule as in step with
rotatable bonds (<9 bonds), size for the size because the molecular weight (among a 150-500
g/mol), POLAR for polarity as in line with the topological polar floor area (20-130 A?),
INSOLU for insolubility in water via log S (<6), and INSATU for saturation as in line with
fraction of carbons within the sp3 hybridization (>0.25) [28].

LiPo LIPO

FLEX SIZE FLEX SIZE

INSATU POLAR INSATU POLAR

INSOLU INSOLU

BMMP BMDFP
Figure 5. Bioavailability radar predictions for BMMP and BMDFP.

The radar depictions for the bioavailability of all the reported compounds are shown in
Figure 5. The bioavailability radar prediction indicated that both molecules showed good
lipophilicity, flexibility, size, and solubility. The fraction of Csp3 hybridization predictions is
slightly beyond the radar level.

For absorption predictions, the parameters of skin permeability (log Kp), human
intestinal absorption (HIA), and Pgp substrates are predicted. The skin permeability (log Kp)
for BMMP and BMDFP are -2.381 and -2.477 cm/h, respectively, which are acceptable ranges.
The HIA is 98.78 and 100 for BMMP and BMDFP, respectively, and it showed that they are
predicted as well as absorbed molecules. P-glycoprotein can bind to a wide variety of
substrates, which are widely distributed throughout the body. Pgp transporters are located
inside the small gut, blood-brain barrier capillaries, and numerous crucial organs, including the
kidney and liver [29]. The prevailing compounds BMMP and BMDFP aren't detected as Pgp
substrates, and it is concluded that they do not affect the absorption, distribution, or clearance
of substances and are properly metabolized.

Table S3 shows that both compounds exhibit volume of distribution (VDss) and blood-
brain barrier (logBB) parameters within the acceptable limits. The VDss values for present
BMMP and BMDFP molecules are predicted as 421 L/kg and 0.430 L/kg, respectively, and
also showed moderate BBB behavior. These observations show that they are well distributed
due to their strong plasma-binding properties and do not cause renal failure. Because these
compounds are not inhibitors of the cytochrome enzymes CYP2D6 and CYP3A4, they may be
metabolized, potentially increasing their elimination rate and decreasing their bioavailability
in the body. These are isozymes of Cytochrome P450 enzymes, which are essential for the
metabolism of many medications [30].

Total clearance is the result of eliminating the entire drug from the body. The amount
of drug removed from the blood plasma in the vascular section per unit of time is called drug
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clearance. In this study, the compounds of the present invention were well eliminated, as
evidenced by very low overall clearance values (Table S3). All the compounds are predicted
to be non-carcinogenic and non-mutagenic molecules. Also, they are e predicted to be non-
hepatotoxic molecules. Overall, the titled compounds BMMP and BMDFP are predicted to be
good drug-like molecules; hence, in vitro studies are carried out, especially on anti-
inflammatory activities.

3.4. Anti-inflammatory activity.

The in vitro anti-inflammatory activities of recent molecules are carried out by using
the BSA denaturation method [17] with diclofenac sodium as the standard drug. Inhibition
screening is performed at five concentrations (20 pg/mL, 40 pg/mL, 80 pg/mL, 200 pg/mL,
and 400 pg/mL), as shown in Table 3. The % inhibition of BMMP is excellent, as it is well
above the standard inhibition values at all concentrations. The % inhibition of BMDFP is
significantly lower than the standard and is considered to have good inhibitory properties for
BMDFP and excellent inhibition properties for BMMP. It may be due to the presence of two
methoxy electron donor groups, which facilitate the inhibitory property [31].

Table 3. Anti-inflammatory activity inhibition of BMMP and BMDFP.

Molecules Concentration (ng/mL) % of inhibition

20 32.31

40 39.45

BMMP 80 54.54
200 62.28

400 86.34

20 25.38

40 33.33

BMDFP 80 48.42
200 57.59

400 81.24

20 27.22

40 35.37

Std (Diclofenac sodium) 80 50.66
200 59.33

400 83.59

Both molecules have a tendency to prevent edema; however, BMMP has slightly
greater potency than BMDFP. The graphical extract is shown in Figure 6.

100 -lr""_*—*—*——f—f_f_f_____ﬁ_
P
80— -
S |‘
2 60
E | ~ - E BMMP
;,5 40 J‘ ——
$ | _ EBMDFP
20 -|¥ A M Std
0 _|<’_",_“¥L-_‘¥ N
ne/mhg (ng/mg)
(ug/mlL)
Concentrations

Figure 6. Graphical extract of in vitro anti-inflammatory activity.
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3.5. Molecular docking study.

Molecular docking is performed for those compounds that showed better anti-
inflammatory activity against the COX-2 protease protein 3LN1 to investigate their binding
modes. The docking of present ligands with the 3LN1 receptor [32] is achieved with the help
of Autodock Vina software [15].

Table 4 clearly indicates that both molecules exhibit good binding affinity and two
hydrogen-bonding interactions in each case. The BMMP has slightly lower binding affinity
than BMDFP (a more negative value indicates stronger binding). However, BMMP shows a
strong interaction with the TYR371 amino acid residue, with its oxygen atom (1.7605 A)
attached to a methyl group. The molecule BMDFP has shown hydrogen-bonding interactions
with ILE503, and both ligands have shown the same binding interactions with the PHE504
residue.

Table 4. Binding affinity and types of interactions from the docking result of BMMP and BMDFP.

Binding Hydrogen Bonding interactions Hydrophobic interactions
Ligands energy . No. o.f Amln.o acid . No. o.f Amino acid residue
kcal/mol interactions residue interactions
TYR371 Pi-sigma (LEU338, SER339 &
(1.7605A°) & VAL509), Alkyl (LEU370); Pi-
BMMP 8.1 2 PHE504 o Alkyl (PHE367, TYR371, TYR373
(3.1683A°) & VAL335);
pi-sigma (GLN178, VAL335 &
ILE503 VAL509), Alkyl (ALA502,
(2.9013A°) & VAL509, ARG499, VAL102 &
BMDFP 84 2 PHE504(2.2175A 14 LEU345); Pi-Alkyl (HIS75-2,
°) TYR341-2, ALA502, ALA513 &
LEU517);

Additionally, BMMP has shown 9 hydrophobic interactions, whereas BMDFP has
shown 14 other interactions.

3D view (BMDFP) 2D view (BMDFP)
Figure 7. 3D (surface around the ligand) and 2D (interactions) view of BMMP and BMDFP with 3LN1
receptor.
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The interactions between ligands and receptors are shown in a 2D view, and their
corresponding protein surfaces around the ligand poses are given a 3D view, as in Figure 7.
Hence, both the present molecules tend to bind well with receptors and may display better
biological performance.

4. Conclusion

Two diaryl o,pB-unsaturated ketones have been synthesized from 3-bromo-4-
methoxybenzaldehyde with 4-methoxyacetophenone and 2,4-dichloro-5-fluoroacetophenone
by microwave irradiation, and the products are obtained within 3 min. Yields are 82% and 86%
for BMMP and BMDFP, respectively. These physical constants are measured, and their IR and
NMR spectral data characterize their formations. The carbonyl and its deformation modes are
observed, and 1H NMR Spectral data confirm the existence of the trans form, which displays
two doublets for the a- and B-protons with a coupling constant (J) of 16Hz in each case. The
13C NMR spectra were also recorded to confirm formation. The DFT investigation provides
information on these compounds, including agreement of bond parameters with literature data
and simulated spectral analysis that mostly coincides with experimental data. The dihedral
angles of C7-C8-C9-C11 for both BMMP (180A) and BMDFP (-179A) have also supported
the trans form a,-unsaturated ketones. BMDFP is a better NLO material than BMMP due to
its higher polarizability and stronger intramolecular interactions between ©(C8-C9) and n*(C7-
010), with the highest stabilization energies of 102.80 kJ/mol and 75.86 kJ/mol observed for
BMDFP and BMMP, respectively. In both cases, negative regions are localized in the bromo,
carbonyl oxygen, and methoxy groups, which act as electrophilic sites and undergo
electrophilic interaction. The Mulliken charges are calculated, and it is reported that oxygen
atoms are observed with negative values. The physicochemical and ADME predictions showed
that both molecules exhibit drug-likeness, supported by well-established anti-inflammatory
activities in vitro and in silico. The molecule BMMP has shown a better biological profile than
the BMDFP molecule.
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