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RNA is vital in HIV gene expression and replication. Despite antiretroviral therapy (ART) advancements, the high mutation of HIV rate
remains challenging. In this work, the synthesis, quantum chemical analysis and molecular docking of 3-methyl-2,6-bis(3-methyl-
phenyl)piperidin-4-one (MBMP) were carried out to evaluate its potential as an anti-retroviral therapeutic agent. The synthesized MBMP
was structurally confirmed through standard spectroscopic techniques and its molecular geometry along with electronic properties were
further optimized using density functional theory (DFT) calculations performed with Gaussian 16W in the gas phase. The electronic
structure of the optimised structure has been identified through the density functional theory (DFT) approach. All calculations were
performed at the B3LYP/6-311G(d,p) level of theory and the resulting HOMO-LUMO energies were analyzed to elucidate the system’s
stability, reactivity and electronic properties. The Fukui function was determined to identify reactive sites within the molecule, while
Mulliken population analysis was employed to evaluate the charge distribution on individual atoms. Molecular electrostatic potential
(MEP) analysis was employed to identify electron-rich and electron-deficient regions, while natural bond orbital (NBO) analysis provided
insight into molecular stability. Further analyses, including non-covalent interactions (NCI), scanning tunneling microscopy (STM),
aromaticity and LOL-based shaded surface maps, were carried out using Multiwfn 3.8, while UV and NMR spectroscopy validated
structural integrity and purity, and binding interactions were elucidated using Discovery Studio Visualizer.

Keywords: Piperidinone, Fukui functions, Non-covalent interactions, Scanning tunneling microscopy, Docking studies.

Based on facts, these structural features enable piperidone-
related compounds to act as bioenhancers, improving both the
pharmacokinetics and efficacy of conventional HIV treat-
ments.

INTRODUCTION

Piperidone-related compounds, such as piperine, are
characterized by a conjugated system of double bonds and a

piperidine ring, which contribute to their lipophilicity and
ability to interact with biological membranes and enzymes
[1]. The electron-rich regions of the molecule can form non-
covalent interactions, including hydrogen bonding, n—n stack-
ing and van der Waals contacts, with key sites in cytochrome
P450 enzymes and efflux transporters like P-glycoprotein
[2,3]. These interactions inhibit enzymatic metabolism and
efflux of co-administered drugs, such as nevirapine, thereby
enhancing their systemic availability. From a pharmaco-
chemical perspective, the methylenedioxyphenyl moiety of
piperine is particularly important for stabilizing enzyme-
inhibitor complexes [4,5], while the flexible piperidine ring
allows optimal conformational adaptation to active sites [6].

In the human immunodeficiency virus (HIV), ribonucleic
acid (RNA) plays a crucial role in replication and gene regul-
ation. Alterations in RNA significantly influence HIV-1 gene
expression and replication [7]. HIV exists as two main types,
HIV-1 and HIV-2, both being single-stranded positive-sense
RNA viruses. HIV-1 is the predominant type associated with
acquired immunodeficiency syndrome (AIDS) [8-10]. The
rapid mutation rate of HIV-1 enables it to dodge the immune
responses, making treatment challenging [10]. Antiviral strat-
egies focus on inhibiting key viral enzymes, such as reverse
transcriptase and protease. Highly active antiretroviral therapy
(HAART) combines nucleoside reverse transcriptase inhibitors
(NRTIs) with either non-nucleoside reverse transcriptase inhi-
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bitors (NNRTISs) or protease inhibitors to block viral replication
[11-13].

HIV protease inhibitors (PIs) are critical in therapy, with
early drugs including saquinavir, nelfinavir (NFV), indinavir,
ritonavir and fosamprenavir, a prodrug of amprenavir [14,15].
Subsequent Pls such as lopinavir, atazanavir, tipranavir, and
darunavir were developed to improve efficacy and resistance
profiles. Studies on inhibitors like KNI-1657 show enhanced
binding affinity to mutant HIV-1 proteases, driven by van der
Waals and electrostatic interactions, highlighting the impor-
tance of molecular interactions in drug design [16].

Density functional theory (DFT) serves as an effective
approach for understanding biological activity by providing
detailed insights into the electronic properties of molecules,
which are essential for predicting their reactivity in various
chemical environments [17,18]. Such analyses are particularly
relevant for piperidone derivatives, as their electronic charact-
eristics may contribute to improved interaction with biological
targets, thereby potentially enhancing the efficacy of conven-
tional HIV treatments through better drug metabolism and
activity [19]. The present study focuses on investigating the
molecular structure, electronic properties and reactive sites of
the 3-methyl-2,6-bis(3-methyl-phenyl)piperidin-4-one (MBMP)
compound using DFT calculations. In addition, molecular doc-
king analysis is performed to understand its interaction with
biological targets. The study also seeks to correlate theoreti-
cal findings with experimental spectral data to assess its
stability, reactivity and therapeutic relevance.

COMPUTATIONAL METHOD

The Gaussian 16W package’s [20] density functional
theory technique is chosen to explain all of the theoretical
computations. The chosen basis set is 6-311G(d,p). The prefe-
rred density function is B3LYP [21]. A molecular visualisa-
tion tool called GaussView 06 is used to observe the properties
of molecules [22]. Bond angle, bond length and dihedral angle
are among the structural properties that have been calculated
theoretically. The aforementioned basis set and DFT methodo-
logies have been utilised to find out the target molecule’s
electronic structure. Some physical properties of the molecule
are also predicted using NBO analysis, Mulliken population
analysis and MEP. Various reactivity parameters are comp-
uted using HOMO and LUMO values. Non-covalent inter-
actions, the localised orbital locator (LOL), the electron locali-
sation function (ELF) [23] and other topics are examined.
The Multiwfn 3.8 platform analyzes reduced density gradients

PR
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[24] and the Visual Molecular Dynamics 1.9.3 (VMD) pack-
age [25,26] visualizes them.

EXPERIMENTAL

—3» HiC

Synthesis: Compound 3-methyl-2,6-bis(3-methyl-phenyl)-
piperidin-4-one (MBMP) was synthesized following a modi-
fied procedure based on the method reported by Noller & Baliah
[27]. Ammonium acetate (0.05 mol) was dissolved in 60 mL
of absolute ethanol and mixed with 3-methylbenzaldehyde
(0.1 mol) and ethyl methyl ketone (0.05 mol). The reaction
mixture was refluxed in a 250 mL round-bottom flask for 30
min and then allowed to stand undisturbed at room tempera-
ture overnight to facilitate product formation. The resulting
crude product was separated, washed with ethanol to remove
the impurities and subsequently purified through recrystalli-
zation using ethanol (Scheme-I). The purified solution was
filtered using Whatman No. 41 filter paper and stored. To
obtain the acidic form, the free base was treated with conc.
HCl in an ether medium. The resulting hydrochloride salt was
further purified by recrystallization. Subsequently, the free
base was regenerated by treating the hydrochloride with
aqueous NHs solution in an alcoholic medium, followed by
dilution with water to induce precipitation. The final product
was obtained as well-defined crystals after allowing the solu-
tion to stand for 7-10 days, yielding a high-purity compound.

Characterisation: UV-Vis spectra of the sample were
recorded using a JASCO V-530 dual beam spectrophoto-
meter in the wavelength range of 200-900 nm after dissolving
the sample in ethanol. The *H NMR spectrum was obtained
on a Bruker 400 MHz spectrometer, with the sample prepared
by dissolving 20 mg of compound in 0.5 mL of DMSO-ds
containing 0.03% TMS and recorded with 16 scans. The *C
NMR spectrum was also recorded on a Bruker 400 MHz instr-
ument operating at 100 MHz using a similar sample prepara-
tion, with spectral data acquired over 1024 scans.

Docking analysis: The X-ray crystal structure of HIV-1
protease (PDB ID: 5YOK) complexed with a hydrolase inhi-
bitor, with a resolution of 0.85 A, was retrieved from the Protein
Data Bank (https://www.rcsb.org/structure/5YOK) [28]. A
library of 38,361 piperidone derivatives (57 series comprising
673 molecules each) was designed using ChemSketch soft-
ware [29], incorporating various substituents such as ClI, Br, 1,
NH,, OH, OMe and NO; at different positions on the benzene
rings in mono-, di- and tri-substituted forms. All the designed
compounds were subjected to energy minimization using the
Avogadro tool [30] prior to molecular docking and the most

H,;C
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Scheme-1: Synthesis of 3-methyl-2,6-bis(3-methylphenyl)piperidin-4-one (MBMP)
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favourable docking model was selected for further analysis.
The energy minimised structures are saved as PDB format. The
prepared 5YOK protein may potentially dock with the desig-
ned 673 piperidin-4-one ligands (a complete series). The PyRx
software [31] and AutoDock program [32] have been used for
docking. Docking results were analyzed and visualized using
PyMOL [33], while molecular interactions and binding modes
were further examined using Discovery Studio Visualizer.
Ligand 3-methyl-2,6-bis(3-methylphenyl)piperidin-4-one
was identified as the most promising candidate, exhibiting a
binding affinity of -7.6 kcal/mol. FDA-approved HIV-1 drugs
were also docked against the target protein for comparison,
and their binding affinities were evaluated. These compara-
tive results have been reported in our previous study [34].

RESULTS AND DISCUSSION

Optimised parameters of the target molecule

Atom list: 3-Methyl-2,6-bis(3-methylphenyl)piperidin-
4-one (MBMP) is a compound with the molecular formula
Ca0H23NO. The 2D and 3D structures of the molecule are pre-
sented in Fig. 1, while the atom numbering scheme is shown
in Table-1. The molecule consists of 45 atoms, including 20
carbon, 23 hydrogen, one nitrogen and one oxygen atom,
with a total of 158 electrons. It exists in a neutral singlet state.
The piperidone ring is formed by carbon atoms C1, C2, C3,
C5 and C6, whereas the remaining carbon atoms are distribu-
ted in the side chains and two six-membered aromatic rings.

TABLE-1
ATOMIC INFORMATION OF THE MBMP MOLECULE
1 Cc 10 C 19 O 28 H 37 H
2 Cc 11 C 20 Cc 29 H 38 H
3 Cc 12 C 21 Cc 30 H 39 H
4 N 13 Cc 22 C 31 H 40 H
5 C 14 Cc 23 H 32 H 41 H
6 C 15 Cc 24 H 33 H 42 H
7 C 16 Cc 25 H 34 H 43 H
8 C 17 Cc 26 H 35 H 44 H
9 Cc 18 C 27 H 36 H 45 H

H,C

Bond length interpretation: The bond lengths of the
MBMP molecule were calculated using the specified level of
theory. The structure comprises twenty one C-C, twenty two
C-H, two C-N, one N-H and one C=0 bond. Within the
piperidone ring, the C—C bond lengths show noticeable varia-
tion rather than uniformity. As presented in Table-2, bonds
adjacent to substituent groups exhibit slight shortening or elong-
ation, which can be attributed to the influence of electron-
donating and electron-withdrawing groups on the ring system
[35].

Since, the piperidone ring contains the electronegative
replacements C3-019 and N4-H26, the bond length for C-C
in the current work is approximately 1.5 A. In contrast, C2-N4
and C6-N4 bonds have bond lengths of 1.4748 A and 1.4781 A,
respectively. The valence electron cloud of the H-atom is
strongly attracted by the carbon atoms of the phenyl ring in the
substituted piperidone, which causes the C—C bond lengths to
decrease by about 1.39 A. For alkyl groups, piperidone ring
and phenyl rings, the C-H bond lengths are determined to be
typical C-H single bond lengths of 1.08 A. The carbon bond
lengths of C1-C2 and C1-H23 are computed to be 1.5428 A
and 1.0949 A, respectively. These values will be expected for
the piperidone ring’s electronegative nitrogen atom relation-
ship. The longest bond length in the MBMP molecule is
observed between C5 and C6 (1.5575 A), which can be influ-
enced by the presence of nearby substituent groups. In cont-
rast, the shortest bond is between N4 and H26 (1.0132 A),
likely due to the strong interaction involving the electro-
negative nitrogen atom in the piperidone ring. The bond
lengths of C2-N4 (1.4748 A) and C6-N4 (1.4781 A) are
longer compared to the C3=019 bond (1.2127 A), which is
shorter due to the higher electronegativity and double bond
character of oxygen.

Bond angle interpretation: The bond angles of the
optimized MBMP molecule were calculated using the same
level of theory. The C6-N4-H26 bond angle was found to be
109.743°, which is close to the ideal tetrahedral angle of 109.5°,
but shows slight deviation due to the presence of a lone pair
of electrons on the nitrogen atom. The bond angles around N4
[C2-N4-C6 =119.725° C2-N4-H26 = 110.423° and C6-N4—

Fig. 1. (a) 2D and (b) optimised 3D structure of MBMP molecule
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TABLE-2
BOND LENGTH VALUES OF MBMP MOLECULE (OPTIMIZED STRUCTURE)
S. No. Atom set Bond distance (&) | S. No. Atom set Bond distance (&) | S. No. Atom set Bond distance (A)

1 (C1-C2) 1.5428 17 (C7-C8) 1.3958 33 (C15-H34) 1.0877
2 (C1-C3) 1.5191 18 (C7-C9) 1.4006 34 (C16-C18) 1.3909
3 (C1-H23) 1.0949 19 (C8-C10) 1.4012 35 (C16-H35) 1.0845
4 (C1-H24) 1.0893 20 (C8-H29) 1.084 36 (C17-C18) 1.3979
5 (C2-N4) 1.4748 21 (C9-C11) 1.3887 37 (C17-C21) 1.5102
6 (C2-C7) 1.5376 22 (C9-H30) 1.0861 38 (C18-H36) 1.0854
7 (C2-H25) 1.0961 23 (C10-C12) 1.3948 39 (C20-H37) 1.0927
8 (C3-C5) 1.5242 24 (C10-C20) 15103 40 (C20-H38) 1.0922
9 (C3-019) 1.2127 25 (C11-C12) 1.3938 M (C20-H39) 1.0955
10 (N4-C6) 1.4781 26 (C11-H31) 1.0846 42 (C21-H40) 1.0924
11 (N4-H26) 1.0132 27 (C12-H32) 1.0852 43 (C21-H41) 1.0929
12 (C5-C6) 1.5575 28 (C13-C14) 1.3975 44 (C21-H42) 1.0956
13 (C5-C22) 1.5268 29 (C13-C15) 1.4003 45 (C22-H43) 1.0893
14 (C5-H27) 1.0984 30 (C14-C16) 1.3931 46 (C22-H44) 1.0935
15 (C6-C13) 15327 31 (C14-H33) 1.0816 47 (C22-H45) 1.0916
16 (C6-H28) 1.0956 32 (C15-C17) 1.3962

H26 = 109.743°] indicate a pyramidal geometry. Among all
the bond angles, the largest was observed for C6-C13-C14
(124.751°), while the smallest was found for C6-C5-H27
(103.262°). The complete geometrical parameters of the title
compound are summarized in Table-3.

Dihedral angle interpretation: The geometric relation-
ship between the two portions of a molecule connected by a
chemical bond is represented by a torsion angle, which is a

specific example of a dihedral angle in stereochemistry [36].
A half-plane is defined by each set of three non-colinear
atoms in a molecule. As previously mentioned, a dihedral
angle is formed when two of these half-planes (i.e. a group of
four consecutively bonded atoms) cross. It is possible to desc-
ribe the molecule conformation through dihedral angles. The
two sorts of words that may be used to define four ranges
of angles include the following: stereochemical arrangements

TABLE-3
BOND ANGLE VALUES OF THE OPTIMIZED GEOMETRY OF MBMP MOLECULE

S. No. Atom set Bond angle (°) S. No. Atom set Bond angle (°) | S. No. Atom set Bond angle (°)
1 (C2-C1-C3) 112.285 29 (C5-C6-H28) 105.288 57 (C17-C15-H34) 118.626
2 (C2-C1-H23) 107.113 30 (C13-C6-H28) 105.161 58 (C14-C16-C18) 120.712
3 (C2-C1-H24) 112.207 31 (C2-C7-C8) 123.777 59 (C14-C16-H35) 119.517
4 (C3-C1-H23) 107.117 32 (C2-C7-C9) 117.966 60 (C18-C16-H35) 119.770
5 (C3-C1-H24) 109.683 33 (C8-C7-C9) 118.192 61 (C15-C17-C18) 118.052
6 (H23-C1-H24) 108.193 34 (C7-C8-C10) 121.848 62 (C15-C17-C21) 120.992
7 (C1-C2-N4) 107.843 35 (C7-C8-H29) 120.073 63 (C18-C17-C21) 120.954
8 (C1-Cc2-C7) 114.710 36 (C10-C8-H29) 118.076 64 (C16-C18-C17) 120.390
9 (C1-C2-H25) 106.583 37 (C7-C9-C11) 120.789 65 (C16-C18-H36) 119.913
10 (N4-C2-C7) 116.860 38 (C7-C9-H30) 119.878 66 (C17-C18-H36) 119.694
11 (N4-C2-H25) 104.564 39 (C11-C9-H30) 119.325 67 (C10-C20-H37) 111.460
12 (C7-C2-H25) 105.275 40 (C8-C10-C12) 118.612 68 (C10-C20-H38) 111.389
13 (C1-C3-C5) 113.882 41 (C8-C10-C20) 120.341 69 (C10-C20-H39) 110.981
14 (C1-C3-019) 122.705 42 (C12-C10-C20) 121.038 70 (H37-C20-H38) 108.142
15 (C5-C3-019) 123.403 43 (C9-C11-C12) 120.159 71 (H37-C20-H39) 107.193
16 (C2-N4-C6) 119.725 44 (C9-C11-H31) 119.941 72 (H38-C20-H39) 107.480
17 (C2-N4-H26) 110.423 45 (C12-C11-H31) 119.897 73 (C17-C21-H40) 111.428
18 (C6-N4-H26) 109.743 46 (C10-C12-C11) 120.396 74 (C17-C21-H41) 111.409
19 (C3-C5-C6) 110.846 47 (C10-C12-H32) 119.735 75 (C17-C21-H42) 111.049
20 (C3-C5-C22) 113.829 48 (C11-C12-H32) 119.867 76 (H40-C21-H41) 108.011
21 (C3-C5-H27) 104.074 49 (C6-C13-C14) 124,751 7 (H40-C21-H42) 107.476
22 (C6-C5-C22) 115.042 50 (C6-C13-C15) 117.156 78 (H41-C21-H42) 107.271
23 (C6-C5-H27) 103.262 51 (C14-C13-C15) 118.090 79 (C5-C22-H43) 112.194
24 (C22-C5-H27) 108.601 52 (C13-C14-C16) 120.227 80 (C5-C22-H44) 110.363
25 (N4-C6-C5) 108.288 53 (C13-C14-H33) 120.713 81 (C5-C22-H45) 110.151
26 (N4-C6-C13) 115.824 54 (C16-C14-H33) 119.056 82 (H43-C22-H44) 108.157
27 (N4-C6-H28) 104.278 55 (C13-C15-C17) 122.523 83 (H43-C22-H45) 107.524
28 (C5-C6-C13) 116.654 56 (C13-C15-H34) 118.848 84 (H44-C22-H45) 108.324
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TABLE-4
DIHEDRAL ANGLE VALUES OF MBMP MOLECULE (OPTIMISED GEOMETRY)

S.No. Atom set D'hEdrfl Conformation S.No. Atom set Dlhedr;al Conformation

angle (°) angle (°)
1 (C3-C1-C2-N4) 50.1 +sC 63 (H28-C6-C13-C15) 30.6 +SC
2 (C3-C1-C2-C7) -82.0 -sC 64 (C2-C7-C8-C10) -177.7 -ap
3 (C3-C1-C2-H25) 161.9 +ap 65 (C2-C7-C8-H29) 3.0 +sp
4 (H23-C1-C2-N4) -67.2 -sC 66 (C9-C7-C8-C10) -0.7 -sp
5 (H23-C1-C2-C7) 160.6 +ap 67 (C9-C7-C8-H29) 180.0 +ap
6 (H23-C1-C2-H25) 44.6 +sC 68 (C2-C7-C9-C11) 177.8 +ap
7 (H24-C1-C2-N4) 174.2 +ap 69 (C2-C7-C9-H30) -1.2 -sp
8 (H24-C1-C2-C7) 421 +sC 70 (C8-C7-C9-C11) 0.6 +sp
9 (H24-C1-C2-H25) -74.0 -sC 71 (C8-C7-C9-H30) -178.4 -ap
10 (C2-C1-C3-C5) -52.9 -sC 72 (C7-C8-C10-C12) 0.4 +sp
11 (C2-C1-C3-019) 128.2 +ac 73 (C7-C8-C10-C20) -178.5 -ap
12 (H23-C1-C3-C5) 64.4 +SC 74 (H29-C8-C10-C12) 179.7 +ap
13 (H23-C1-C3-019) -114.5 -ac 75 (H29-C8-C10-C20) 0.9 +sp
14 (H24-C1-C3-C5) -178.4 -ap 76 (C7-C9-C11-C12) -0.3 -sp
15 (H24-C1-C3-019) 2.7 +sp 77 (C7-C9-C11-H31) -179.6 -ap
16 (C1-C2-N4-C6) -55.4 -sC 78 (H30-C9-C11-C12) 178.7 +ap
17 (C1-C2-N4-H26) 175.8 +ap 79 (H30-C9-C11-H31) -0.6 -sp
18 (C7-C2-N4-C6) 75.6 +sC 80 (C8-C10-C12-C11) 0.0 -sp
19 (C7-C2-N4-H26) -53.3 -sC 81 (C8-C10-C12-H32) 179.5 +ap
20 (H25-C2-N4-C6) -168.5 -ap 82 (C20-C10-C12-C11) 178.9 +ap
21 (H25-C2-N4-H26) 62.6 +sC 83 (C20-C10-C12-H32) -1.6 -sp
22 (C1-C2-C7-C8) 5.9 +sp 84 (C8-C10-C20-H37) -37.5 -sC
23 (C1-C2-C7-C9) -171.1 -ap 85 (C8-C10-C20-H38) -158.4 -ap
24 (N4-C2-C7-C8) -121.8 -ac 86 (C8-C10-C20-H39) 81.9 +sC
25 (N4-C2-C7-C9) 61.2 +sC 87 (C12-C10-C20-H37) 143.6 +ac
26 (H25-C2-C7-C8) 122.7 +ac 88 (C12-C10-C20-H38) 22.8 +sp
27 (H25-C2-C7-C9) -54.3 -sC 89 (C12-C10-C20-H39) -97.0 -ac
28 (C1-C3-C5-C6) 52.6 +sC 90 (C9-C11-C12-C10) 0.0 -sp
29 (C1-C3-C5-C22) -175.9 -ap 91 (C9-C11-C12-H32) -179.6 -ap
30 (C1-C3-C5-H27) -57.8 -sC 92 (H31-C11-C12-C10) 179.3 +ap
31 (019-C3-C5-C6) -128.5 -ac 93 (H31-C11-C12-H32) -0.3 -sp
32 (019-C3-C5-C22) 3.0 +sp 94 (C6-C13-C14-C16) -178.8 -ap
33 (019-C3-C5-H27) 121.1 +ac 95 (C6-C13-C14-H33) 1.9 +sp
34 (C2-N4-C6-C5) 56.0 +sc 96 (C15-C13-C14-C16) 0.5 +sp
35 (C2-N4-C6-C13) -77.3 -sC 97 (C15-C13-C14-H33) -178.8 -ap
36 (C2-N4-C6-H28) 167.7 +ap 98 (C6-C13-C15-C17) 178.4 +ap
37 (H26-N4-C6-C5) -174.9 -ap 99 (C6-C13-C15-H34) -2.3 -sp
38 (H26-N4-C6-C13) 51.9 +sC 100 (C14-C13-C15-C17) -1.0 -sp
39 (H26-N4-C6-H28) -63.1 -sC 101 (C14-C13-C15-H34) 178.3 +ap
40 (C3-C5-C6-N4) -50.4 -sC 102 (C13-C14-C16-C18) 0.1 +sp
41 (C3-C5-C6-C13) 82.4 +sC 103 (C13-C14-C16-H35) -179.5 -ap
42 (C3-C5-C6-H28) -161.5 -ap 104 (H33-C14-C16-C18) 179.4 +ap
43 (C22-C5-C6-N4) 178.7 +ap 105 (H33-C14-C16-H35) -0.2 -sp
44 (C22-C5-C6-C13) -48.5 -sC 106 (C13-C15-C17-C18) 0.8 +sp
45 (C22-C5-C6-H28) 67.6 +sc 107 (C13-C15-C17-C21) -178.6 -ap
46 (H27-C5-C6-N4) 60.5 +sC 108 (H34-C15-C17-C18) -178.5 -ap
47 (H27-C5-C6-C13) -166.7 -ap 109 (H34-C15-C17-C21) 2.0 +sp
48 (H27-C5-C6-H28) -50.5 -sC 110 (C14-C16-C18-C17) -0.3 -sp
49 (C3-C5-C22-H43) -61.2 -sC 111 (C14-C16-C18-H36) -179.7 -ap
50 (C3-C5-C22-H44) 178.1 +ap 112 (H35-C16-C18-C17) 179.3 +ap
51 (C3-C5-C22-H45) 58.6 +sC 113 (H35-C16-C18-H36) -0.1 -sp
52 (C6-C5-C22-H43) 68.3 +sC 114 (C15-C17-C18-C16) -0.1 -sp
53 (C6-C5-C22-H44) -52.4 -sC 115 (C15-C17-C18-H36) 179.3 +ap
54 (C6-C5-C22-H45) -172.0 -ap 116 (C21-C17-C18-C16) 179.3 +ap
55 (H27-C5-C22-H43) -176.6 -ap 117 (C21-C17-C18-H36) -1.3 -sp
56 (H27-C5-C22-H44) 62.7 +sC 118 (C15-C17-C21-H40) -23.0 -sp
57 (H27-C5-C22-H45) -56.8 -sC 119 (C15-C17-C21-H41) -143.7 -ac
58 (C4-C6-C13-C14) 955 +ac 120 (C15-C17-C21-H42) 96.8 +ac
59 (C4-C6-C13-C15) -83.9 -sC 121 (C18-C17-C21-H40) 157.6 +ap
60 (C5-C6-C13-C14) -33.8 -sC 122 (C18-C17-C21-H41) 36.9 +sC
61 (C5-C6-C13-C15) 146.8 +ac 123 (C18-C17-C21-H42) -82.6 -sC
62 (H28-C6-C13-C14) -150.0 -ap
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corresponding to angles, (i) 0° to + 30° syn-periplanar (sp); TABLE-5

(ii) 30° to 90° and -30° to -90° syn-clinal (sc); (iii) 90° to 150° MULLIKEN CHARGE VALUES OF MBMP MOLECULE
and -90° to -150° anti-clinal (ac), and (iv) £150° to 180° anti- Atom  Mulliken | Mulliken |\ Mulliken
periplanar (ap). No. charge No. charge No. charge

The syn-periplanar conformation is also referred to as the (@u) (@u) (@.u)
cis- or syn-conformation, while the anti-periplanar corres- Cl -0.225 | €16 -0090 | H3l 0.088
ponds to the trans conformation. Similarly, the syn-clinal is = 054 et -0.0%6 his2 0.080
known as the gauche or skew form, and the anti-clinal repre- Ei _%232731 (C)ig :8218 Egi 8'(1)22
sents an intermedia’;e _arrangemgnt. As shown in '_I'able-4, the cs _0:233 C20 _0:258 H35 0:090
target m_olecule exhibits gco_mblnatlon of syn-pgrlplanar (sp), c6 -0.047 co1 -0.259 H36 0.080
anti-periplanar (ap), anti-clinal (ac) and syn-clinal (sc) con- c7 -0.016 c22 0.223 H37 0118
formations.

According to the computed dihedral angles C3-C1-C2-N4 gg _828%’ :;i 8:12471 :gg 8:122
(50.1° and C1-C2-N4-C6 (-55.4°) [37], the piperidone ring c10 -0.101 H25 0.140 H40 0.108
favoured adopting the chair configuration. The dihedral angles c11 -0.084 H26 0.192 H41 0.115
of C5-C4-N1-H1 and C3-C2-N1-H1 show slight variations, C12 -0.067 H27 0.140 H42 0.125
likely due to weak interactions with neighbouring atoms. C13 -0.024 H28 0.133 H43 0.119
Among the possible conformations, the piperidone ring predo- C14 -0.071 H29 0.102 H44 0.101
minantly adopts the more stable chair form. In this arrange- C15 -0.066 H30 0.070 H45 0.112
ment, the N-H group is favourably oriented near the equatorial
position, contributing to its stability [38,39]. The calculated o dbe)

dihedral angle values in this study are in close agreement with
those reported in the literature by Ramalingam et al. [40].
Mulliken charges: Mulliken charge analysis provides
insight into the distribution of electronic charge within a mole-
cule by equally partitioning orbital overlap among atoms [41].
This charge distribution influences bond lengths and is crucial
in determining properties such as dipole moment, polarisa-
bility, chemical reactivity and acid-base behaviour, making it
an important parameter in quantum chemical studies [42,43].
Itis revealed from the results that the nitrogen atom N4 (-0.374
a.u.) in the piperidone ring has a strong negative charge. All
carbon atoms are negatively charged except C3 (0.229 a.u.),
which is attached to the 019 atom (Fig. 2). The results indicate
that the H26 atom (0.192 a.u.), attached to the ring nitrogen
(N12), carries a higher positive charge than the other hydro-
gen atoms in MBMP, likely due to its involvement in intra-
molecular hydrogen bonding (Table-5). This highlights charge
transfer interactions and helps identify the potential reactive
sites within the molecule (Fig. 3). Furthermore, the charge
distribution on key atoms plays a significant role in deter-

mining the molecule’s bonding ability. Fig. 3. Mulliken atomic charge distribution of MBMP molecule

0.3
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III\II LLLLLLE
inninmnim

0 L) |
IC3 IC7I&ICI1 'C13 Cl5ICI7IO|9‘C|1 |H23 H25 H27 H29 H31 H33 H35 H37 H39 H41 H43 H45

Charges
=)

Atoms

Fig. 2. Mulliken atomic charge chart of 3-methyl-2,6-bis(3-methylphenyl)piperidin-4-one (MBMP) molecule
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Molecular electrostatic potential (MEP) analysis: MEP
analysis is widely used to examine reactive sites and inter-
molecular interactions within a molecule [44,45]. It helps
distinguish electrophilic and nucleophilic regions, which are
important for understanding biological activity and interaction
behaviour [46-48]. In the MEP map, negative regions (red)
indicate electron-rich sites prone to electrophilic attack, while
the positive regions (blue) represent electron-deficient areas
susceptible to nucleophilic interaction; green regions corres-
pond to near-neutral potential.

For the target molecule, the carbonyl oxygen exhibits a
negative potential region, whereas the area around the nitrogen
and attached hydrogen atoms shows positive potential. The
presence of intermediate green regions reflects a balanced
distribution between these extremes. Such charge distribution
provides valuable insight into potential reactive sites (Fig. 4)
and is useful for predicting drug-receptor and enzyme—
substrate interactions [49,50].

Frontier molecular orbitals (FMO) and quantum
chemical calculations: In this study, HOMO is mainly
distributed over the molecular ring system, while LUMO s
localized on the ring and sp2-hybridized atoms such as
nitrogen, oxygen and aromatic carbons. The HOMO-LUMO
energies were calculated using the same level of theory to

(a) HOMO

(b)

evaluate the electronic behaviour of the molecule. The investi-
gated molecule has HOMO and LUMO values of -6.206 eV
and -0.864 eV, respectively. It is determined that the energy
gap (AE) is 5.342 eV. The stability of the title molecule is
demonstrated by this wide gap. The HOMO and LUMO distri-
butions of the MBMP molecule were obtained based on the
optimized geometry at the B3LYP/6-311G(d,p) level, as
shown in Fig. 5a-b. The HOMO energy is related to the ioni-
sation potential (1), while the LUMO energy corresponds to the
electron affinity (A) of the molecule [51]. Using these ener-
gies, global reactivity parameters such as electronegativity
(%), chemical potential (), electrophilicity index (), hardness
(n) and softness (S) were calculated [52,53]. The results
(Table-6) indicate that the title molecule exhibits stronger
electron donating ability than electron-accepting character,
and the higher hardness value compared to softness suggests
that MBMP behaves as a relatively hard molecule.

Fukui function analysis: In this study, Fukui functions
for electrophilic, nucleophilic and free radical attacks were
calculated using the same level of theory, enabling the identi-
fication of reactive regions within the molecule [54,55]. The
formulae used are as follows [56]:

For electrophilic attack:

fj_:qj(N)_qj(N_l) (1)

(b) LUMO

Fig. 5. HOMO-LUMO cloud distributions of MBMP molecule
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TABLE-6
IDENTIFIED REACTIVE PARAMETERS
OF THE MBMP MOLECULE

Quantum chemical parameters Charge (eV)
ELumo -0.864
Eromo -6.206
Energy band gap AE = Eromo — ELumo 5.342
lonization potential | = —Exomo 6.206
Electron affinity A = —ELumo 0.864
Chemical hardness n = I-A/2 2.671
Global softness s = 1/2n 0.187
Electronegativity y = 1+A/2 3.535
Chemical potential p = -1+A/2 -3.535
Electrophilicity index o = p?/2n 2.339
Electron accepting o* = 1+3A2/161-A 0.906
Donating capability @™ = 31+A2/161-A 4.440
Chemical softness ¢ = 1/n 0.374
Optical softness co = 1/AE 0.187
Nucleophilicity index N = 1/w 0.428
Additional electronic charges ANmax = —W/n 1.323
For nucleophilic attack:
fj+=qj(N+1)_qj(N) (2)
For free radical attack:
1
i =Sla(N+D-q;(N-1)] 3)

here, g is the atomic charge at the j" atomic site, (N), (N+1)
and (N-1) are the total electrons present in the neutral, anionic
and cationic states of the studied molecule, respectively [57].
The dual descriptor Af(r) is defined as the difference between
the electrophilic and nucleophilic Fukui functions, providing
a clearer identification of reactive sites within the molecule.
This approach, introduced by Morell et al. [58], allows the
simultaneous evaluation of regions susceptible to both types
of chemical attack and defined as follows:

AR(r) =[ f; =/ ] (4)

This description states that if Af(r) <0, a site is suscepti-
ble to electrophilic attack and if Af(r) > 0, it is susceptible to
nucleophilic attack.

The reactivity of MBMP was analysed using NPA, MPA
and dual descriptor (Af(r)) approaches, as summarized in Table-
7. The NPA results indicate that the nitrogen atom (N4) is the
most favourable site for electrophilic attack across anionic,
cationic and neutral species, while the carbon atom (C3) is
predominantly susceptible to nucleophilic attack. Similarly,
MPA analysis highlights oxygen (019) and nitrogen (N4) as
key electrophilic centers, with hydrogen (H26) and carbon (C3)
contributing to nucleophilic regions.

The order of reactive sites varies slightly depending on
the molecular charge state; however, nitrogen (N4), oxygen
(019) and certain carbon atoms consistently emerge as major
reactive centers. The dual descriptor (Af(r)) further supports
these findings, where atoms such as C2, C3, C6, C10, C11,
Cl6, C17, C20, C21, C22, H26 and H29 exhibit negative
values, indicating susceptibility to electrophilic attack, while
atoms with positive values are more prone to nucleophilic
attack. These combined analyses provide a clear understanding

of the charge distribution and reactive regions within the mole-
cule, as illustrated in Fig. 6.
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Fig. 6. NPA, MPA and Af(r) representations of the MBMP molecule

Natural bond order (NBO) analysis: Natural bond orbital
(NBO) analysis is used to study intra- and intermolecular
interactions by examining electron density distribution and
charge transfer between donor and acceptor orbitals [59-61].
It is particularly useful for understanding hydrogen bonding,
where hyperconjugative interactions influence bond strength
and geometry [62]. The extent of charge transfer affects the
elongation or contraction of X—H bonds, and the associated
stabilization energy E(2) was calculated using egn. 5 [63-66]:

i, ) -

E(2) = AE; =q;
@)=, -a¢ "¢

where ¢; is the donor orbital occupancy, E; is the diagonal
elements and F(i,j) is the off-diagonal NBO Fock matrix
element. The more strongly the donor and electron acceptor
are connected, the more likely the donor is to donate to the
acceptor; also, the more conjugated the system as a whole,
the higher the E(2) value. A few NBO analytical findings for
the chemical under study are summarised in Table-8.

NBO analysis reveals significant donor-acceptor inter-
actions contributing to the stabilization of the MBMP molecule.
The o(C1-H23)—n*(C3-019) interaction provides a stabili-
zation energy of 6.12 kcal/mol, while 6(C2-H25)—c*(N4-C6)
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TABLE-7
NPA AND MPA VALUES WITH Af(r) FOR THE CATIONIC, ANIONIC AND NEUTRAL FORMS OF MBMP MOLECULE
NPA (a.u.) MPA (a.u.)
Atom
fi fit f° Af(r) Quv-y Qv+ Qo)
1C -0.4379 -0.3727 -0.5135 0.0652 -0.2004 -0.2304 -0.2246
2C 0.6065 0.1913 0.5516 -0.4152 -0.0599 -0.0874 -0.0668
3C 0.6083 0.5728 0.6812 -0.0355 0.1505 0.2323 0.2295
4N -1.0270 -0.4488 -0.9585 0.5782 -0.3657 -0.2598 -0.3743
5C -0.1557 -0.0069 -0.2014 0.1488 -0.1956 -0.2483 -0.2332
6C 0.4540 0.0531 0.3846 -0.4009 -0.0379 -0.0715 -0.0467
7C -0.1069 -0.0115 -0.1755 0.0954 -0.0209 -0.0331 -0.0161
8C -0.3650 -0.1865 -0.2326 0.1785 -0.0782 -0.0675 -0.0840
9C -0.1744 -0.1439 -0.1014 0.0305 -0.0924 -0.0487 -0.0698
10C 0.3443 0.2917 0.2850 -0.0526 -0.1068 -0.0972 -0.1005
11C -0.0894 -0.0914 -0.1164 -0.002 -0.0866 -0.0703 -0.0841
12C -0.3637 -0.2143 -0.2548 0.1494 -0.1022 -0.0399 -0.0670
13C 0.1234 0.1247 0.0336 0.0013 -0.0271 -0.0282 -0.0237
14C -0.0397 0.0214 0.0070 0.0611 -0.0599 -0.0454 -0.0705
15C -0.5675 -0.3984 -0.4351 0.1691 -0.0993 -0.0472 -0.0665
16C -0.1887 -0.2247 -0.1930 -0.036 -0.1133 -0.0834 -0.0902
17C 0.3936 0.3473 0.3563 -0.0463 -0.0805 -0.0962 -0.0956
18C -0.3614 -0.1480 -0.2705 0.2134 -0.1057 -0.0263 -0.0701
190 -0.6349 -0.4479 -0.5034 0.187 -0.4040 -0.2737 -0.3096
20C -0.4250 -0.4679 -0.4461 -0.0429 -0.2578 -0.2522 -0.2577
21C -0.3918 -0.4669 -0.4302 -0.0751 -0.2630 -0.2525 -0.2586
22C -0.2852 -0.4247 -0.3077 -0.1395 -0.2267 -0.2221 -0.2231
23H 0.0475 0.1386 0.1376 0.0911 0.0701 0.1694 0.1373
24H 0.0782 0.1349 0.1215 0.0567 0.1017 0.1751 0.1437
25H -0.0822 0.1086 0.0171 0.1908 0.0658 0.1871 0.1400
26H 0.3913 0.3254 0.3910 -0.0659 0.1737 0.2404 0.1918
27H 0.0288 0.0875 0.1014 0.0587 0.0812 0.1676 0.1396
28H -0.0431 0.1212 0.0425 0.1643 0.0691 0.1812 0.1333
29H 0.1727 0.1353 0.1462 -0.0374 0.0899 0.1275 0.1016
30H 0.0724 0.1368 0.0936 0.0644 0.0363 0.1043 0.0699
31H 0.0911 0.1573 0.1242 0.0662 0.0476 0.1286 0.0880
32H 0.1276 0.1671 0.1452 0.0395 0.0359 0.1214 0.0797
33H 0.0991 0.1062 0.0998 0.0071 0.1071 0.1378 0.1085
34H 0.1579 0.1773 0.1621 0.0194 0.0351 0.1019 0.0685
35H 0.1083 0.1801 0.1394 0.0718 0.0543 0.1282 0.0897
36H 0.1337 0.1649 0.1533 0.0312 0.0367 0.1276 0.0804
37H 0.0918 0.1610 0.1220 0.0692 0.0975 0.1447 0.1175
38H 0.0776 0.1573 0.1169 0.0797 0.0759 0.1383 0.1076
39H 0.1163 0.1456 0.1297 0.0293 0.1125 0.1475 0.1256
40H 0.0899 0.1568 0.1189 0.0669 0.0880 0.1338 0.1079
41H 0.0672 0.1541 0.1082 0.0869 0.0890 0.1442 0.1149
42H 0.1005 0.1451 0.1213 0.0446 0.1057 0.1525 0.1252
43H 0.0333 0.1159 0.0593 0.0826 0.1051 0.1244 0.1194
44H 0.0399 0.1254 0.0809 0.0855 0.0712 0.1219 0.1013
45H 0.0844 0.1501 0.1086 0.0657 0.0840 0.1440 0.1120

contributes 5.00 kcal/mol. Similarly, o(C5-H27)—n*(C3-019)
interaction shows a stabilization of 6.39 kcal/mol. Strong n-r*

interactions are observed within the aromatic systems, where

n(C7-C8)—n*(C9-C11) and r(C9-C8)—n*(C9-C11) contri-

bute 19.29 and 21.04 kcal/mol, respectively. Additional stabili-

sation arises from n(C7-C8)—n*(C10-C12) (21.89 kcal/mol)

and n(C10-C12)—n*(C7-C8) (19.09 kcal/mol), along with

1(C9-C11)—n*(C10-C12) (18.40 kcal/mol) and the reverse

interaction (22.05 kcal/mol).

Further n—nt* interactions involving aromatic rings, such
as m(C13-C14), n(C15-C17) and n(C16—C18), contribute stab-
ilization energies in the range of ~19-22 kcal/mol, indicating
strong electron delocalization. In addition, lone pair interactions
play a crucial role, where LP(2)O19 donates to 6*(C3-C5) and
6*(C1-C3) with stabilization energies of 20.79 and 20.18
kcal/mol, respectively. The LP(1)N4 also contributes to stab-
ilization via 6*(C2-C7) and o*(C6—C13) interactions with
energies of 8.84 and 8.44 kcal/mol. These interactions collect-
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TABLE-8
NBO RELATED PARAMETERS VALUES OF MBMP MOLECULE
a
Type Donor NBO ED/e (a.u.) Type A(’:\(l:gpcgor ED/e (a.u.) (kcii/zrlol) E@)-E(i)° F(@i,j)°
c C1-H23 1.9567 * C3-019 0.0950 6.12 0.52 0.051
c C2-H25 1.9597 c* N4-C6 0.0336 5.00 0.83 0.058
c C5-H27 1.9432 * C3-019 0.0950 6.39 0.50 0.051
bis C7-C8 1.6677 * C9-C11 0.3258 19.29 0.28 0.066
bis C7-C8 1.6677 * C10-C12 0.3362 21.89 0.29 0.071
bis C9-C11 1.6827 * C7-C8 0.3375 21.04 0.29 0.070
bis C9-C11 1.6827 * C10-C12 0.3362 18.40 0.29 0.066
bis C10-C12 1.6550 * C7-C8 0.3375 19.09 0.29 0.066
T C10-C12 1.6550 * C9-C11 0.3258 22.05 0.28 0.071
T C13-C14 1.6509 * C15-C17 0.3459 19.65 0.29 0.067
b C13-C14 1.6509 ¥ C16-C18 0.3294 21.49 0.28 0.070
b C15-C17 1.6571 ¥ C13-C14 0.3509 21.94 0.29 0.071
b C15-C17 1.6571 ¥ C16-C18 0.3294 19.23 0.28 0.066
ks C16-C18 1.6690 * C13-C14 0.3509 19.51 0.29 0.067
T C16-C18 1.6690 * C15-C17 0.3459 21.93 0.29 0.071
LP(2) 019 1.8895 c* C3-C5 0.0736 20.79 0.66 0.106
LP(2) 019 1.8895 c* C1-C3 0.0617 20.18 0.66 0.104
LP(1) N4 1.9055 c* C2-C7 0.0479 8.84 0.68 0.070
LP(2) N4 1.9055 c* C6-C13 0.0466 8.44 0.69 0.069

3E(2) means energy of hyperconjugative interactions (stabilisation energy). ED/e means the electron density. "Energy difference between donor
and acceptor i and j NBO orbitals. °F(i, j) is the Fock matrix element between i and j NBO orbital. LP(n)A is a valence lone pair orbital (n) on A

atom.

ively highlight strong hyperconjugation and electron delocali-
sation within the molecule, contributing significantly to its
overall stability.

Non-covalent interaction (NCI): Non-covalent inter-
actions can be identified directly from electron density, as they
exhibit distinct signatures. The reduced density gradient (RDG)
method is widely used to analyse different types of NCls in
real space [67-69]. In the DFT framework, RDG is a dimen-
sionless function derived from the electron density gradient,
describing deviations from a uniform electron distribution.
Eqgn. 6 expresses RDG (S), which is calculated as:

_ 1 [vp()
2(37_c2)1/3 p(r)4/3

The headline molecule’s colour-mapped isosurfaces and
matching scatter graphs are displayed in Fig. 7. The electron
density times the sign of the second highest eigenvalue of the
Hessian matrix (12) yields sign (A2)p(r). It is a valuable metric
for predicting the type of contact. Large negative signs
(A2)p(r) suggest attractive interactions like hydrogen bonding,
whereas large positive signs (L2)p(r) indicate repulsive inter-
actions (steric effect). The sign (A2)p(r) values are extremely
near to zero indicate weak van der Waals interactions. NCI
isosurfaces are shown using the following colour-coding
scheme: blue denotes attractive interactions, red denotes repul-
sive interactions and green denotes intermediate interactions.
The deeper the colour, the higher the level of interaction.

NCI-RDG analysis was performed using the optimized
molecular geometry obtained at the same level of theory with
Gaussian 16W. The RDG isosurface map (Fig. 7) highlights
different types of non-covalent interactions, where red regions
indicate steric repulsion and green regions represent weak

(6)

van der Waals interactions. The red isosurfaces are mainly
localized within the phenyl rings, suggesting steric effects in
these regions, while the broad green areas correspond to van
der Waals interactions distributed across the molecule.

Aromaticity determinations: The studied molecule con-
tains two aromatic benzene rings, whose aromatic character was
evaluated and compared using the same level of theory. The
PDI [70], BIRD Aromaticity [71], FLU [72], HOMA [73]
and PLR [74] data obtained. Multiwfn 3.8 is employed for
these determinations. The outcomes are displayed in Table-9.
The FLU (eqn. 7), PDI (egn. 8), HOMA (eqn. 9), BIRD aro-
maticity (egn. 10) and PLR (egn. 11) aromaticity are defined
as follows:

2
ring & _
LU= 3 [V(B)j [B(A»B) Ot (A,B)j @
n A-B V(A) 6ref (AJB)
where n is equal to the number of atoms in the ring, 8y is the

reference DI value, which is pre-calculated parameter; o is
used to ensure the ratio of atomic valences is greater than one:

6(1,4)+6(23,5)+8(3,6) ®)

PDI =

HOMA =1~ R, —R,) ©)

where N is the total number of the atoms considered, j denotes
the atom next to atom i, o and Rrer are pre-calculated cons-
tants given in original paper for each type of atomic pair:

Z(Ni,' - N)z
| :100{1[\/)} where v =10, [T "N, =2 (10)
v N TR

1
K n ij
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Fig. 7. NCI-RDG isosurfaces and scatter graphs of 3-methyl-2,6-bis(3-methylphenyl)piperidin-4-one (MBMP) molecule

TABLE-9
VARIOUS AROMATICITY VALUES DETERMINED OF MBMP MOLECULE
Phenyl ring PDI HOMA BIRD FLU PLR
1 0.096921 0.946989 95.512809 0.002134 0.588519
2 0.097074 0.947423 95.476914 0.002171 0.588734
where i cycles over all of the bonds in the ring, j denotes the TABLE-10

atom next to atom i. n is the total number of the bonds
considered. N denotes Gordy bond order, N is the average
value of the N values. R;; is bond length. a and b are prede-
fined parameters, respectively for each type of bonds. V is
pre-determined reference V:

14 T Aos T Ase
3

Table-9 shows the values for PDI, HOMA, BIRD, FLU
and PLR aromaticities. The higher the aromatic nature, the
lower the FLU number. In this case, ring 1 (with carbon atoms,
14, 15, 16, 17, 18 and 20 as in Fig. 1) of the phenyl is more
aromatic than ring 2 (with carbon atoms, 24, 25, 26, 27, 28
and 30 as in Fig. 1). A ring is considered fully aromatic when
the HOMA value approaches 1, indicating uniform bond
lengths close to the ideal value. Based on the results, phenyl
ring 2 shows higher aromaticity than phenyl ring 1. The BIRD
index, where values closer to 100 indicate greater aromaticity,
also supports this trend. Similarly, PDI, FLU and PLR para-
meters confirm that phenyl ring 2 is more aromatic than
phenyl ring 1.

Simulated scanning tunneling microscope (STM) anal-
ysis: The simulated STM image (Fig. 8), generated using
Multiwfn 3.8, illustrates spatial variations in tunnelling current
at the interface between a conducting surface and a metallic
tip [75]. Different values of tip height (Z) and bias voltage (V)
were adjusted to obtain optimal images, as shown in Table-10.
The maximum local density of states (LDOS) value of 0.114437
a.u. was observed at Z = 0.5 A and V = -3.5 V. According to
the Tersoff-Hamann model, the tunnelling current is directly
proportional to LDOS, where brighter regions correspond to
higher current intensity. The results indicate that the nitrogen
atom of the piperidone ring and selected carbon atoms of the

PLR(A,B) = (11)

BIAS VOLTAGE AND Z COORDINATES OF XY PLANE
ALONG WITH LDOS VALUES OF MBMP MOLECULE

Z coordinates of

Bias voltage (V) XY plane (A) LDOS (a.u.)
-35 2.2. 0.017541
-35 2.0 0.023180
-35 1.5 0.055345
-35 1.0 0.110450
-3.5 0.5 0.114437
-3.0 0.5 0.076900

phenyl rings exhibit the highest tunnelling current, reflecting
regions of enhanced electronic activity.

Shaded surface map with projection of localised orbital
locator (LOL) determinations: According to Schmider &
Becke [76], the localised orbital locator (LOL) is a crucial tool
for positioning high localisation regions such as the ELF.

Dy (1)
1
Ezini |V(Pi |2

where Do(r) for close-shell and spin-polarised systems, which
are characterised similarly to ELF, whereas LOL and ELF share
a similar relationship. The LOL map of the studied molecule is
presented in Fig. 9. The results indicate significant electron
localisation around the aromatic rings, highlighting their delo-
calized -electron nature. Hydrogen atoms show higher electron
density, whereas regions indicated by blue contours represent
areas of electron depletion. Moreover, several aromatic carbon
atoms exhibit reduced electron density, reflecting charge redis-
tribution within the molecular framework.

UV-Visible studies: The observed UV-Vis spectrum of the
title molecule in the range of 200-900 nm is shown in Fig. 10

() where (r) =

LoLn =17 rr(r)

(12)
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(0.0175 0.0232 0.0553
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0 0.0088 0.0116 0.0277
0.0070 0.0093 0.0221
-4 0.0063 " 0.0070 0.0166
28 0.0035 -2 0.0046 0.0111
0.0018 0.0023 0.0055

42 o 42 b

61 4120 0 20 41 6.1 61 41 20 0 20 4.1 61 41 20 0 20 41 6.1
Length unit: A Length unit: A Length unit: A

10.1104 0.1144 0.0769
4.2 £0.0994 101030 4. 0.0692
28 0.0884 0.0915 0.0615
0.0773 0.0801 - 0.0538
14 0.0663 10.0687 1. 0.0461
0 0.0552 0.0572 0.0384
0.0442 0.0468 0.0308
4 0.0331 0.0343 - 0.0231
238 0.0221 -2 00229 .o, 0.0154
42 0.0110 0.0114 0.0077

61 -41 20 0 20 41 . 61 -41 20 0 20 4.1 61 -41 20 0 20 41 6.1 .

Length unit: A Length unit: A Length unit: A

Fig. 8. STM image of 3-methyl-2,6-bis(3-methylphenyl)piperidin-4-one (MBMP) molecule

Phenyl ring 1 Phenyl ring 2 Piperidone
Fig. 9. Shaded surface map of 3-methyl-2,6-bis(3-methylphenyl)piperidin-4-one (MBMP) molecule
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Fig. 10. UV-Vis spectra (a) simulated and (b) observed for MBMP in ethanol solvent
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TABLE-11
SIMULATED UV-VIS DATA OF MBMP MOLECULE IN ETHANOL SOLVENT

Wavelength (nm)

1 A . . A - -
Energy (cm™) Observed Calculated Osc. strength (f) Major contributions Minor contributions
HOMO-4 — LUMO (26%), HOMO-4 — LUMO+2 (3%),
34506.0 285 289.8 0.0002 HOMO-3 — LUMO (45%), HOMO-3 — LUMO+2 (5%),
HOMO-1 — LUMO (11%) HOMO-2 — LUMO (5%)
35618.3 281 280.8 0.0077 HOMO — LUMO (97%) -
HOMO-2 — LUMO (19%), HOMO-2 — LUMO+1 (2%),
892275 241 254.9 0.0111 HOMO-1 — LUMO (66%) HOMO-1 — LUMO+1 (2%)
for ethanol solvent. The TD-DFT method was opted to . TABLE-12
compute the theoretical UV-Vis spectra in ethanol solvent. H NMR (EXPERIMENTAL AND CALCULATED)
The calculated data are summarized in Table-11, with the GAIAICAL SAll~Us ), CIF Wehil? 1% OISl
HOMO of the molecule located at molecular orbital (MO) 79. I Experimental (oom B3LYP/6-
The UV-Vis spectrum of the title molecule in ethanol P (PP 3116(d.p) (ppm)
shows three prominent absorption peaks. The simulated wave- H29 7.3656 7.4229
lengths are observed at 289.8, 280.8 and 254.9 nm, which are H31 7.3536 6.8735
in good agreement with the experimental values of 285, 281 H34 7.3394 6.7909
and 247 nm, respectively. The peak at 289.8 nm with an energy H32 7.3275 6.7870
of 34506.0 cm™ arises due to the major contribution of H36 _ 6.7596
HOMO-4—LUMO (26%), HOMO-3—LUMO (45%), HOMO-1 H35 71727 6.6768
—LUMO (11%) and the minor contribution of HOMO-4— H30 71483 6.6405
LUMO+2 (3%), HOMO-3—»LUMO+2 (5%), HOMO-2— H33 71230 6.5546
LUMO (5%). The contribution of HOMO—LUMO (97%) is H25 3.9912 46231
the only reason for the peak at 280.8 nm with an energy of H28 3.9570 4.3306
35618.3 cm™. Due to the minor contribution of HOMO-2— o 2'9481 3'1561
LUMO+1 (2%), HOMO-1—-LUMO+1 (2%) and the major o 2'9047 2'9668
contribution of HOMO-2—LUMO (19%), HOMO-1— LUMO . 2'7378 2'8862
(66%), a peak with energy of 39227.5 cm™ is appeared at : :
254.9. The three oscillator strengths observed are 0.0002, ik LA Zalts
0.0077 and 0.0111. HA42 24189 23252
NMR spectral analysis: Tables 12 and 13 provide the H37 2.4106 2.2185
theoretical and experimental values for the MBMP’s *H and H41 2.3761 2.0400
13C NMR, respectively. Figs. 11 and 12 show the recorded *H H38 2.3676 1.9187
NMR and 3C NMR spectra (both simulated and observed) in H40 2.3401 1.8530
DMSO-ds solvent. Theoretical chemical shift values were H26 3.3666 1.6684
calculated using the same basis set. In g_eneral,_ more shielded H45 22270 1.1285
p;gtf)dnsdreso?ate upfield ((jlowefr_ (igen;]l_ce:]l Shl:ﬁ), Whllle k:?fis H43 20843 11253
?7% ed protons appear downfield (higher chemical shift) - P00 e
‘ » ’ | _ 3.0
e " @ (b) Simulations
(a) Experimental = —
&
> 2.0
& &8
2
5
w WA H 2 38
© 1.0
=
| I 0
' ! \
28 3 la  gqux 8 0-
L S ; o

. 5 . 9 8 7 6 5 4 3 2 1 0
8 6 4 2 0 ppm Shift (ppm)
Fig. 11. '"H NMR spectra (experimental and simulated) of MBMP molecule
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Fig. 12. Experimental and simulated **C NMR spectra of MBMP molecule

TABLE-13
13C NMR (EXPERIMENTAL AND CALCULATED)
CHEMICAL SHIFTS (ppm) OF MBMP MOLECULE

. B3LYP/6-
Atom Experimental (ppm) 311G(d,p) (ppm)
C3 209.5543 218.044
Cc7 140.8639 150.394
C13 139.9830 147.215
C17 136.9431 142.582
C10 136.7423 142.534
C15 129.2995 133.473
C8 - 131.819
Ci11 129.2686 131.527
Cl4 - 130.809
C18 128.0593 130.471
C16 - 130.308
C12 126.9084 129.855
C9 - 128.163
C6 67.8944 71.594
Cc2 60.8877 62.7153
Cs 50.7759 51.5471
C1 39.9728 46.4018
C20 21.1933 21.9077
c21 21.1462 21.5833
C22 10.7822 12.4127

13C NMR spectra analysis: The nearby electronegative
oxygen atom O19 causes the carbon C3 in the piperidone ring
to appear at a greater chemical shift of & 209.5543 ppm. The
piperidone ring has a -CH; moiety (C1), which is detected at

6 39.9728 ppm. Aromatic carbon signals are recognised
between & 126.9084 and 140.8639 parts per million. The
piperidone ring has a methyl group (C22), which is detected
at 10.7822 ppm and appears to be well protected by methyl
hydrogens. Two more methyl groups are linked with phenyl
rings (C20 and C21) and appear at 6 21.1933 and 21.1462 ppm,
respectively. The two carbon atoms, C10 and C17, of two
phenyl rings bear two methyl groups (C20 and C21) and they
are shown at 6 136.7423 and 136.9431 ppm, respectively. The
two carbon atoms (C7 and C13) of phenyl rings attached to the
piperidone ring show their signals at & 140.8639 and 139.9830
ppm. The measured and anticipated chemical shift values are
nearly in perfect agreement.

Docking studies: In this study, the ligand—5YOK protein
complexes are stabilized through interactions such as C-H bonds,
alkyl and n—o interactions, as well as n—alkyl and n—r stack-
ing interactions. The 2D and 3D diagrams of the molecular
interaction of 5YOK protein with 3-methyl-2,6-bis(3-methyl-
phenyl)piperidin-4-one (MBMP) are shown in Fig. 13. The
docking results of the ligand and 5YOK protein presented in
Table-14 suggested a carbon hydrogen bond of GLY(49)
with the bond distance of 2.75 A. There are 4 alkyl bonds, such
as ALA(28), VAL(32), ILE(47) and ILE(84) which are hydro-
phobic in nature with a bond distance of 3.61, 4.48, 5.15 and
4.61 A and also there are 3 pi-alkyl bonds from the 2,6-
aromatic ring, which binds with ALA(28) and VAL(32) which
also come under the hydrophobic category with a bond dist-
ance of 5.07, 5.45 and 5.48 A. There is only one pi-sigma

TABLE-14
MOLECULAR DOCKING RESULTS OF MBMP MOLECULE WITH 5YOK PROTEIN
Name Parent D's(;;l;] ce Category Types From Err]gm To To chem
A:GLY49:HA2 - :.LIG1:0  Ligand non-bond monitor 2.75478 Hydrogen bond C-H bond A:GLY49:HA2 H-Donor :LIG1:0 H-Acceptor
A:ILE47:HD12 - :LIG1 Ligand non-bond monitor 2.50443 Hydrophobic Pi-Sigma A:ILE4AT:HD12 C-H :LIG1 Pi-Orbitals
:LIG1 - :LIG1 Ligand non-bond monitor 4.09493 Hydrophobic Pi-Pi Stacked :LIG1 Pi-orbitals :LIG1 Pi-Orbitals
A:ALA28 - :LIG1:C Ligand non-bond monitor 3.61915 Hydrophobic Alkyl A:ALA28 Alkyl :LIG1:C Alkyl
LIG1:C - A:VAL32 Ligand non-bond monitor ~ 4.48400 Hydrophobic Alkyl LIG1:.C Alkyl A:VAL32 Alkyl
LIG1:C - AlILE47 Ligand non-bond monitor ~ 5.15017 Hydrophobic Alkyl LIG1:.C Alkyl A:ILE47 Alkyl
LIG1:C - AlILE84 Ligand non-bond monitor ~ 4.61011 Hydrophobic Alkyl LIG1:.C Alkyl A:ILE84 Alkyl
LIG1 - A:ALA28 Ligand non-bond monitor ~ 5.06680 Hydrophobic Pi-Alkyl LIG1 Pi-orbitals ~ A:ALA28 Alkyl
:LIG1 - A:ALA28 Ligand non-bond monitor 5.45055 Hydrophobic Pi-Alkyl :LIG1 Pi-orbitals ~ A:ALA28 Alkyl
:LIG1 - A:VAL32 Ligand non-bond monitor 5.47858 Hydrophobic Pi-Alkyl :LIG1 Pi-orbitals ~ A:VAL32 Alkyl
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Fig. 13. 2D and 3D docking patterns of 3-methyl-2,6-bis(3-methylphenyl)piperidin-4-one (MBMP) molecule

type bond with ILE(47), which is also a hydrophobic category
with a bond distance of 2.50 A.

Conclusion

In this study, 3-methyl-2,6-bis(3-methylphenyl)piperidin-
4-one (MBMP) was identified as a potential lead compound
for anti-retroviral applications. Molecular docking with HIV-1
protease (PDB ID: 5YOK) demonstrated a strong binding
affinity, suggesting its possible effectiveness. The molecule was
optimized using the B3LYP/6-311G(d,p) level of theory, and
its electronic structure was systematically analyzed. Mulliken
charge and electrostatic potential (ESP) studies helped identify
electron-rich and electron-deficient regions, while HOMO-
LUMO analysis provided insight into its stability and reacti-
vity. Fukui function and NBO analyses further revealed reac-
tive sites and stabilization through electron delocalization.
NCI and STM studies offered additional understanding of
intermolecular interactions and electronic behaviour, while
aromaticity analysis confirmed the contribution of phenyl
rings. Experimental UV-Vis and NMR results supported the
theoretical findings, confirming the structure and purity of the
compound. These combined results suggest that MBMP is a
promising candidate for further development as an anti-
retroviral agent.
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