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ABSTRACT

A novel drug to treat SARS-CoV-2 infections and hydroxyl chloroquine analogue, (E)-2,6-bis(4-
chlorophenyl)-3-methyl-4-(2-(2,4,6-trichlorophenyl)hydrazono)piperidine (BCMTP) compound has been
synthesized in one pot reaction. The novel compound BCMTP has been characterized by FT-IR, '"H-NMR,
13C-NMR and single-crystal X-ray diffraction patterns. Crystal packing is stabilized by C8-H8AeeeCl10i,
C41-H41eee(l1i and N1-H1AeeeCl6il intermolecular hydrogen bonds. From the geometrical parameters,
it is observed that the piperidine ring adopts chair conformation. Hirshfeld surface analysis was carried
out to quantify the interactions and an interaction energy analysis was done to study the interactions
between pairs of molecules. The geometrical structure was optimized by density functional theory (DFT)
method at B3LYP/6-31G (d, p) as the basic set. The smaller binding energy value provides the higher re-
activity of BCMTP compound than hydroxyl chloroquine and was corrected by high electrophilic and low
nucleophilic reactions. The stability and charge delocalization of the molecule were also considered by
natural bond orbital (NBO) analysis. The HOMO-LUMO energies describe the charge transfer which takes
place within the molecule. Molecular electrostatic potential has also been analysed. Molecular docking
studies are implemented to analyse the binding energy of the BCMTP compound against standard drugs
such as the crystal structure of ADP ribose phosphatase of NSP3 from SARS-CoV-2 in complex with MES
and SARS-CoV-2 main protease with an unliganded active site (2019-nCoV, corona virus disease 2019,
COVID-19) and found to be considered having better antiviral agents. Molecular dynamics simulation was
performed for COVID-19 main protease (Mpro: 6WCF/6Y84) to understand the elements governing the
inhibitory effect and the stability of interaction under dynamic conditions.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

in human life. Among the family of heterocyclic compounds, ni-
trogen containing heterocyclic compounds, especially piperidine-4-

Heterocyclic compounds play a vital role in biological processes
and are widespread as natural products. Synthetically produced
heterocycles designed by organic chemists are used, for instance,
as Agrochemicals and pharmaceuticals and play an important role
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ones presumably gaining considerable importance owing to var-
ied biological properties such as antibacterial [1], antifungal [2],
antiviral [3], anti-tumor [4], analgesic [5], anti-inflammatory, local
anesthetic [6], Central Nervous System (CNS) and depressant activ-
ities [7]. The relative chemical shift order of equatorial and axial
protons in the normal chair conformation of cyclohexane and its
derivatives (deq>dax) are considered as caused by the magnetic
anisotropic effect of the C-C single bonds. The influence of sub-
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stituent’s on the chemical shifts of protons attached to the adja-
cent carbons has been studied in detail [8-10].

Hydrazones are organic compounds containing R,C=NNHR
group, synthesized by heating the substituted hydrazines with
aldehyde and ketones in solvents such as ethanol, methanol etc.
Hydrazone compound has diverse heteroatoms in the structure
and are used in coordination chemistry as multidentated ligands
for the synthesis of metal complexes through pharmaceutical and
catalytic properties [11-12]. In modern days, arylhydrazones are
studied and found considered as the best p-type semiconductors
among the semiconductors due to rapid charge transport, high
photosensitivity, simple synthesis and low cost in its structure.
Thus, hole-transport properties are present in arylhydrazones and
are used as organic semiconductors in electrophotographic, mem-
ory storage, photovoltaic devices and organic light emitting diodes
[13-18]. Hydrazone compound are the current interest in many
chemical processes such as sensors, pharmaceutical activities and
nonlinear optical materials due to its high value in hyperpolariz-
ability [19-20]. Therefore, the presence of N-N and C=N bonds in
the skeleton of hydrazones have so much attraction from various
researchers as they possess many applications in pharmaceutical,
biological and various applications in industrial chemistry such as
anti-inflammatory, antioxidant, antitumor, anti-tuberculosis, anal-
gesic, antiviral, anticancer, antimicrobial and insecticidal activities
[21-29].

In our current study, we developed a novel (E)-2,6-bis
(4-chlorophenyl)-3-methyl-4-(2-(2,4,6-trichlorophenyl)hydrazono)
piperidine (BCMTP) compound. The BCMTP compound is struc-
turally characterized by FT-IR, 'H-NMR, 3C-NMR, single crystal
X-ray diffraction, hirshfeld Conceptualization, Supervision, Inves-
tigation, Methodology, Resources, Formal analysis, Data curation,
Writing - original draftsurface analysis, molecular docking studies
and density functional theory using B3LYP/6-31G(d,p) level to
investigate the intra-molecular structure via natural bond orbital
(NBO), molecular electrostatic potential (MEP), frontier molecular
orbital (FMO) analysis. The single crystal x-ray crystallography
revealed that the BCMTP compound was crystallized in the tri-
clinic system with space group P-1. In addition, a detailed BCMTP
graphical image of the intermolecular interactions is displayed
by Hirshfeld surface analysis. Molecular docking and molecular
dynamic simulation studies determined the intermolecular in-
teractions between synthesised BCMTP compound and receptor
molecules.

2. Experimental section
2.1. FT-IR and FT-Raman measurement

The FT-IR spectrum of the synthesized BCMTP was measured
in the 4000-400 cm~! region using on AVATAR-330 FT-IR spec-
trophotometer (Thermo Nicolet). FT-IR spectrum was recorded in
Department of Chemistry, Annamalai University, Annamalainagar.
The FT- Raman spectrum of the title compound was recorded on
BRUKER: RFS27 spectrometer operating at laser 100mW in the
spectral range of 4000-50 cm~!. FT-Raman spectral measurements
were carried out from Sophisticated Analytical Instrument Facility
(SAIF), Indian Institute of Technology (IIT), Chennai.

2.1.1. Synthesis of 2,6-bis(4-chlorophenyl)-3,3-dimethylpiperidin-4-one
(BCDP)

The parent 2,6-bis(4-chlorophenyl)-3,3-dimethylpiperidin-
4-one were prepared by condensing 3-methylbutan-2-one, 4-
chlorobenzaldehyde and ammonium acetate in warm ethanol
in the ratio of 1:2:1, respectively, which afforded the forma-
tion of  2,6-bis(4-chlorophenyl)-3,3-dimethylpiperidin-4-one.
The crude products formed were filtered and washed with an
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ethanol-ether (1:5) mixture to yield 2,6-bis(4-chlorophenyl)-3,3-
dimethylpiperidin-4-one (BCDP) [30] and recrystallized from
chloroform to obtain the pure compound.

2.1.2. Synthesis of (E)-2,6-bis(4-chlorophenyl)-3,3-dimethyl-4-
(2-(2,4,6-trichlorophenyl)hydrazono )piperidine (BCMTP)

To the boiling solution of the 2,6-bis(4-chlorophenyl)-
3,3-dimethylpiperidin-4-one (25.0mmol), react with 2,4,6-
trichlorophenyl hydrazine (25.0mmol) in ethanol and a few
drops of acetic acid were added and refluxed for 2-4 h. After
completion of the reaction, the reaction mixture was cooled
to room temperature. The precipitate was filtered and washed
with petroleum ether. The final product was recrystallized
from ethanol by slow evaporation and harvested the pure
crystal of (E)-2,6-bis(4-chlorophenyl)-3,3-dimethyl-4-(2-(2,4,6-
trichlorophenyl)hydrazono)piperidine.

2.1.3. Spectral value

2.1.3.1. (E)-2,6-bis(4-chlorophenyl)-3-methyl-4-(2-(2,4,6-
trichlorophenyl)hydrazono)piperidine. Yield: 74%, m.p. 160-165,
White Solid: IR (KBr, cm~1); vmax3330-3315 (N—H st), 2850-3078
(C—H st), 1589 (C=N st). 'TH NMR (400 MHz, CDCI3); § (ppm) 1.03
(s, 3H, H-3e), 1.14 (s, 3H, H-3a), 1.81 (s, 1H, NH), 2.31 (t,1H, H-5a),
2.98 (dd, 1H, H-5e), 3.77 (s, 1H, H-2a), 3.91 (dd, 1H, H-6a), 7.00
(s, 1H, Hydrazine) 7.29-7.52 (m, 10H, aromatic protons). 3C NMR
(100 MHz, CDCI3); § (ppm) 43.0 (C-3), 158.4 (C-4), 31.5 (C-5), 60.5
(C-6), 70.0 (C-2), 21.1, 22.5 (C-3 alkyl carbons), 121.5-142.7 (aro-
matic and ipso carbons). Calculated m/z: 541.02 (100.0%), 543.02
(64.2%), 539.03 (62.6%), 542.03 (27.3%), 545.02 (20.6%), 544.02
(18.0%), 540.03 (17.1%), 546.02 (5.6%), 543.03 (3.6%), 547.01 (3.3%),
541.03 (2.4%), 545.03 (2.3%), 542.02 (1.1%), Calculated elemental
Analysis: C, 55.43; H, 4.09; Cl, 32.72; N, 7.76.

2.2. X-ray crystallographic analysis

By slow evaporation technique the crystal was grown in ethyl
acetate solvent. Diffraction data were collected on a Bruker D8
Quest diffractometer using graphite monochromated MoKo ra-
diation (A = 0.71073A) at 3002 (2) K with crystal size of
0.160 x 0.150 x 0.100 mm. Data were corrected for absorp-
tion effects using the multi-scan method (SADABS). The frames
were integrated with the Bruker SAINT Software package using
a narrow-frame algorithm. The structure was solved by Apex 3
software. The structure was solved and refined using the Bruker
SHELXTL software package and successive Fourier difference syn-
thesis and refined by full-matrix least-square procedure on F2 with
anisotropic thermal parameters. All non-hydrogen atoms were re-
fined (SHELXL-2018/3) and placed at chemically acceptable posi-
tions. Crystallographic data have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary publication
number CCDC 2127016. Copies of the data can be obtained free of
charge via http://www.ccdc.cam.ac.uk or from the Cambridge Crys-
tallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: p44 1223 336 033: or e-mail: deposit@ccdc.cam.ac.uk.

2.3. Hirshfeld surface analysis

The stability of crystal structure mainly depends on the inter-
molecular interactions. The Hirshfeld surface analysis of the title
compound was carried out with the help of Crystal Explorer 3.1
program to figure out and investigate the surface over the normal-
ized contact distance (dnorm), which depends on contact distances
to the closest atoms outside (de) and inside (di) the surface index
[31-32]. Hirshfeld surface analysis provides colour pictorial repre-
sentation of inter-contact in the crystal structure with 2D finger-
print plots of the BCMTP compound.
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2.4. Computational method

The complete geometrical optimized structure of the BCMTP
compound based on the crystal data were operated on a personal
computer using Gaussian 09 software package and calculated for
the molecular structure, optimized geometry, frontier molecular
orbital, molecular electrostatic potential (MEP), natural bond or-
bital (NBO), HOMO-LUMO energy, hyperpolarizability and Mullikan
atomic charges of the targeted compound by using Lee-Parr cor-
relation functional (B3LYP) method with 6-31G (d, p) as the base
level in Gauss view 5.0 software program [33-35].

2.5. Molecular docking studies

The most current widespread program for predicting the
protein-ligand interactions is the molecular docking studies [36].
The MDS tells about the interaction between the drug and DNA-
molecules by placing a small molecule into the binding site. The
accurate molecular docking studies were carried out by using Ar-
gus lab 4.0 and discovery studio 4.5 were the molecular graphics
program for calculating and displaying feasible docking of the two
modes of protein between enzyme and DNA molecules. The crys-
tal structure of ADP ribose phosphatase of NSP3 from SARS-CoV-2
in complex with MES and SARS-CoV-2 main protease with unli-
ganded active site (2019-nCoV, coronavirus disease 2019, COVID-19
[37] were found from Protein Data Bank (http://www.rcsb.org).
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2.6. Molecular dynamics (MD) simulation

To perform the MD simulation, the best conformer was se-
lected from docking analysis based on the intermolecular interac-
tions and docking score values. The topology files for all the com-
plexes were prepared by AMBERTOOLS20 with AMBER19ffSB force
field using LEAP module [38]. The system setup was built with a
TIP3P water model with 10A distance on each side of the water
box; and the system was neutralized by adding CI~/Na* ions [39].
Further the entire complex systems were minimized with steepest
descent and conjugate gradient with 500 and 1500 steps respec-
tively. The annealing process was done with 0 to 310K tempera-
tures and 500 picoseconds (ps) NVT ensembles. Equilibration was
performed by NPT ensembles over 500 ps duration. The MD pro-
duction was performed up to 50ns for each complex using NPT
ensembles with 310K temperature and 1 bar pressure by Langevin
thermostat and Berendsen barostat method [40]. The MD trajec-
tories were collected for each 2 femto seconds time using VMD
software from the production output files [41].

3. Result and discussions

(E)-2,6-bis(4-chlorophenyl)-3-methyl-4-(2-(2,4,6-
trichlorophenyl)hydrazono)piperidine derivatives according to
the synthetic sequences of reactions illustrated in Scheme 1. The
structures of the synthesized BCMTP compound is established

(0]
CH
H3C)H/ ’ o)
CHj3 CH,
o CH;
Ethanol N
ey R YT
warm
Cl Cl
cl NH,OAc cl +
NHNH,
Cl Cl
Cl
AcOH Reflux
EtOH
Cl

Cl

Scheme 1. Synthesis of (E)-2,6-bis(4-chlorophenyl)-3,3-dimethyl-4-(2-(2,4,6-trichlorophenyl)hydrazono)piperidine (BCMTP).
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Fig. 1. ORTEP of compound BCMTP.

Fig. 2. Packing diagram of BCMTP.

on the basis of FT-IR, FT-Raman, 'H-NMR and 3C-NMR spectral
techniques and compound BCMTP was successfully crystallized
and its structure was determined by single-crystal X-ray diffraction
analysis.

3.1. FT-IR and FT-Raman spectral analysis

The FT-IR and Raman spectrum of the compound BCMTP
showed that the presence of C=N stretching frequency observed
at 1589.91 and 1690.11 cm~! confirm the formation of hydrazones

[42]. However, the absence of carbonyl stretching frequency around
1720cm~! has also confirmed the formation of the target com-
pound. A collection of bands observed in the region 3330-3315 (IR)
and 3300-3310cm~! (Raman) is due to the presence of -NH group
in piperidine and hydrazine moiety. The aromatic and aliphatic
C-H stretching frequencies observed in the region of 3078-2850
cm~! (IR) and 3000-2950 cm~! (Raman). The C=C weak stretch-
ing frequencies is observed in the region of 1663-1700 cm~! in IR
but in Raman the strong frequency observed at 1500-1600 cm~!.
The asymmetric and symmetric CH, stretching vibrations are nor-
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Table 3
Selected bond length (A)°, bond angle (°) and torsional angles (°) of the BCMTP by

XRD.

Table 1

Crystal data and structure refinement details of BCMTP.
Parameters BCMTP
CCDC No. 2127016
Chemical formula Cy5H,ClsN3
M; 541.70
Crystal system, space group Triclinic, P-1
Temperature (K) 296

a, b, c(A)

o B,y ()

vV (A3)

V4

Radiation type

p (mm-1)

Crystal size (mm)

Data collection Diffractometer

Absorption correction

Tmin' Tmax

No. of measured, independent and
observed [I > 20(I)] reflections
Rint .

(sin 6/A)max (A1)

Refinement

R[F2 > 20 (F2)], wR(F2), S

No. of reflections

No. of parameters

No. of restraints

11.766 (8), 13.701 (9), 16.101 (11)
92.646 (12), 101.004 (12), 90.831 (7)
2544 (3)

4

Mo Ka

0.59

0.30 x 0.30 x 0.25

Bruker kappa apex2 CCD
Diffractometer

Multi-scan SADABS (Bruker, 2012)
0.833, 0.871

26615, 11589, 9309

0.082
0.650
0.062, 0.166, 1.07

11589
615
4

H-atom treatment H atoms treated by a mixture of
independent and constrained
refinement

APmaxs APmin (8 A3) 0.82, —0.67

mally appear in the region 3100-2900 cm~! [43]. The methyl
and methylene asymmetric stretching medium band is observed at
1487 cm~! in IR and 1480 cm~! in Raman. In C-Cl strong stretch-
ing band observed in IR and Raman in the region of 466-503 and
520-530 cm~!. We have confirmed the formation of BCMTP com-
pound from the observed frequencies in IR and Raman spectrum.
The FT-IR and Raman spectrum of compound BCMTP is shown in
Fig. S1. (Supplementary Material).

3.2. 'H NMR and 3C NMR spectral analysis

The 'H NMR signals are assigned based on their position, mul-
tiplicity and integral values. In general, the aromatic protons res-
onated in the downfield region around at 7ppm due to the mag-
netic anisotropic effect. In 'H NMR spectrum of compound, the
signals appeared in the range of 7.29-7.52ppm corresponding to
ten protons integral values are assigned to the aromatic protons
of the phenyl groups at C-2, C-6 and also to the phenyl protons
of the 2,4,6-trichlorophenyl hydrazine moiety. The doublet of dou-
blet appeared in the higher frequency region at 3.91 ppm with a
vicinal coupling constant value of | 53, 6a =12 & ] 5e, 6a = 3.2
Hz is assigned to H-6a proton of piperidine ring system. The sharp
singlet observed at 3.77ppm with one proton integral value is as-
signed for H-2a proton. Therefore, deshielded signal at 3.91ppm
and the shielded signal at 3.77ppm are assigned to benzylic pro-
tons of H-6a and H-2a. However, shielding of benzylic proton at C-
2 is attributed to the substituent effect (+I effect) of alkyl groups

Table 2

Hydrogen bonds for BCMTP [A and deg.].
D—H--A D—H H--A D--A D—H--A
C8—H8A.---C110' 0.97 2.82 3.515 (3) 129
C41—H41...cl1i 0.93 2.88 3.741 (4) 154
N1-H1A...Cl6 0.90 (1) 2.80 (2) 3.652 (3) 160 (3)

Symmetry codes: (i) X, y—1, z; (ii) —x+1, —y+1, —z+1; (iii) —x+2, —y+1, —z+1.

Bond Angle Exp Dihedral angle Exp
C7—N1 1.456 (3) C6—C1-C2—-C3 0.0 (4)
C9—N2 1.273 (3) C1-C2-C3-C4 0.3 (4)
C11-N1 1.455 (3) C1-C2-C3-Cl -179.6 (2)
C28—Cl6 1.728(3) C2—-C3-C4-C5 -0.2 (4)
C15—CI2 1.743 (3) Cl1-C3-C4-C5 179.7 (2)
C20—N3 1.391 (3) C3-C4—-C5-C6 -0.1 (4)
N1-H1A 0.896 (10) C4—C5—-C6—C1 0.4 (4)
N2—N3 1.414 (3) C4—C5—-C6—C7 178.9 (2)
N3—H3A 0.896 (10) C2—-C1-C6-C5 -0.4 (4)
C21-CI3 1.729 (3) C2-C1-C6—-C7 -178.8 (2)
C23-Cl4 1.727 (3) C5—C6—C7—N1 -55.3 (3)
C25—CI5 1.721 (3) C1-C6—C7—N1 123.1 (2)
c3-Cl 1.733 (3) C5—-C6—C7—C8 64.0 (3)
Bond Angle C1-C6—C7—C8 -117.6 (3)
C20—C21-CI3 119.1 (2) N1-C7-C8—-C9 -53.9 (3)
C20—-C25—Cl5 120.6 (2) C6—C7—-C8—C9 —174.4 (2)
C24—C25—Cl5 117.7 (2) C7—C8—C9—N2 -130.2 (3)
N1-C7-C6 109.7 (2) C7—-C8—-C9—C10 504 (3)
N1-C7-C8 107.5 (2) N2—-C9-C10-C19 —108.6 (3)
N1-C7—H7 109.2 C8—-C9—-C10—C19 70.9 (3)
N2-C9—C8 126.3 (2) N2—-C9—-C10-C18 11.6 (3)
N2—C9-C10 116.6 (2) C8—C9—-C10—-C18 -169.0 (2)
N1-C11-C12 109.4 (2) N2-C9-C10-C11 131.4 (2)
N1-C11-C10 109.6 (2) C8—C9—-C10—C11 —49.1 (3)
N1-C11-H11 108.1 C19—C10—C11-N1 -64.1 (3)
(C25—C20—N3 122.3 (3) C18—C10—-C11—N1 174.5 (2)
N3-C20—C21 121.3 (3) C9—-C10—C11-N1 54.2 (3)
C11-N1-C7 112.6 (2) C19-C10-C11-C12 58.5 (3)
C11-N1—-H1A 110 (2) C18—C10-C11-C12 -62.9 (3)
C7—N1-H1A 105 (2) C9-C10—C11-C12 176.8 (2)
C9—N2—-N3 116.0 (2) N1-C11-C12—-C17 333 (3)
C20—N3—N2 113.0 (2) C10—-C11-C12-C17 —89.5 (3)
C20—N3—H3A 115 (3) N1-C11-C12—-C13 —145.6 (2)
N2—N3—H3A 120 (3) C10-C11-C12—C13 91.6 (3)
c4—-C3-CI1 119.1 (2) C17—C12—C13-C14 1.7 (4)
c2-C3-CI 119.3 (2) C11-C12—-C13-C14 -179.4 (3)
C14—C15—CI2 119.1 (3) C12—-C13-C14—C15 -1.8 (5)
C16—C15—CI2 119.1 (3) C13—C14—-C15-C16 0.8 (5)
C24—-C23-Cl4 119.2 (3) C13—-C14—-C15-CI2 -178.7 (2)
C22—-C23—-Cl4 119.1 (2) C14—C15-C16—C17 0.3 (5)
€22—-C21-CI3 117.9 (2) Cl2—C15—-C16—C17 179.8 (3)
Dihedral angle C13-C12—-C17-C16 -0.5 (4)
(€22—-C23—-C24—-C25 0.0 (5) C11-C12—-C17-C16 -179.4 (3)
Cl4—C23—-C24—-C25 178.8 (2) C15—C16—C17—C12 -0.5 (5)
N3-C20—C25—-C24 -178.2 (3) C25—C20—C21-C22 0.3 (4)
C21-C20—C25—-C24 -1.0 (4) N3-C20—-C21-C22 177.6 (3)
N3-C20—C25—CI5 -0.8 (4) C25—-C20—C21-CI3 -178.7 (2)
€21-C20—C25—ClI5 176.5 (2) N3—-C20—-C21-CI3 -1.4 (4)
(€23-C24—C25-C20 0.9 (4) C20-C21-C22—-C23 0.5 (5)
(€23—-C24—C25—CI5 -176.7 (2) Cl3—C21-C22—-C23 179.5 (2)
C12—C11-N1-C7 168.1 (2) C21-C22—-C23-C24 -0.7 (5)
C10—C11-N1-C7 —66.8 (3) C21-C22—-C23-Cl4 -179.5 (2)
C6—C7—N1-C11 -173.1 (2) C10—C9—N2—-N3 176.9 (2)
C8—C7—N1-C11 65.0 (3) C25—C20—N3—-N2 —56.6 (4)
C8—C9—N2—N3 -24(4) C21—C20—N3—-N2 126.3 (3)
C9—N2—-N3-C20 179.1 (3)

present at C-3 position. A doublet of doublet appeared at 2.98 ppm
(3J6a, 5e=14 & 2J5a, 5e = 3.2) corresponding to one proton inte-
gral value is assigned for H-5e proton. Consequently the H-5a pro-
ton appeared as triplet with one proton integral at 2.31 ppm (3]6a,
5a=14 & 2J5a, 5e=12.4). For the synthesized compound, the chem-
ical shift value of H-5e is greater than of H-5a proton. Also, C-5 is
a lower chemical shift than C-3. These observations suggested that
the configuration about C(4) = N bond is E. In such a configuration,
the C(5)-H5e bond is polarized. Hence, H-5e gets a partial posi-
tive charge and C-5 acquires a partial negative charge. The positive
charge on H-5e deshields and the partial negative charge on C-5
shields it and H-5a. However, shielding of syn «-carbon is more
pronounced than that of anti e-carbon. This is due to the interac-
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tion of the H-5e proton and the proton of nitrogen bearing 2,4,6-
trichlorophenyl hydrazine moiety. From this statement, the higher
frequency signal at 2.98ppm is assigned to H-5e proton.

Generally, the signals due to the aromatic carbons can be very
readily distinguished from that of other carbons. Similarly, the aro-
matic ipso carbons showed their resonances at a further downfield
region compared to other aromatic carbons. In 3C-NMR spectrum,
the carbon signals appeared at 121.5-142.7ppm is assigned to aro-
matic carbons and aromatic ipso carbons. The low intense signals
observed at 158.4 ppm are assigned to the C=N carbon atom of the
piperidine ring system. Further two low intense signals at 142.7
and 139.3 ppm are due to ipso carbons of the phenyl rings at C-2’
and C-6’ carbon atom. There are four high-frequency signals ob-
served in the aliphatic region. The signals observed at 70.0 and
60.5 ppm are assigned to C-2 and C-6 carbons. Similarly, the sig-
nals that appeared at 43.0 and 31.5 ppm are assigned to C-3 and
C-5 carbons of the piperidine ring system. The alkyl substituted
carbons at C-3 axial and equatorial positions of the methyl carbons
are appeared at 21.1 and 22.5 ppm respectively. The TH-NMR and
13C-NMR spectrum of compound BCMTP is shown in Fig. S2 and
S3 (Supplementary Material).

3.3. Crystal and molecular structure

The ORTEP and packing diagram of compound BCMTP are given
in Figs. 1 and 2 respectively. The crystal and structure refinement
data are provided in Table 1. Hydrogen bonding parameters be-
longing to the molecule are shown in Table 2. Selected bond dis-
tances, bond angles and torsion angles are given in Table 3. Com-
pound BCMTP crystallizes in the triclinic system with the space
group P-1. The unit cell dimensions observed are a = 11.766 (8) A,
b = 13.701 (9) A, c = 16.101 (11) A. o = 92.646(12)°, B =101.004°
(12), ¥=90.831(7)° and a unit cell contains four molecules. Crys-
tal packing is stabilized by C8-H8AeeeCI10i, C41-H41eeeCl1i N1-
H1AeeeCl6lll intermolecular hydrogen bonds. From the geomet-
rical parameters, it is observed that the piperidine ring adopts
chair conformation. The observed torsion angles of BCMTP re-
vealed that the substituents in the piperidine ring are equatori-
ally oriented. The configuration about >C=N- bond is anti- with
respect to the alkyl substituent at C3 carbon. The C(9)-N(2) bond
distance is 1.273(3) A and it specifies double bonded nature. The
distance associated with C-N single bond in the heterocyclic ring
are C(11)-N(1) = 1.455(3) A and C(7)-N(1) = 1.456(3) A respec-
tively. Two phenyl groups present in the piperidine are equatori-
ally oriented as evidenced by their dihedral angles [C(6)-C(7)-C(8)-
C(9) = -174.4(2); C(12)-C(11)-N(1)-C(7) =168.1(2) and C(6)-C(7)-
N(1)-C(11) = -173.1(2); C(9)-C(10)-C(11)-C(12) = 176.8(2)].

3.4. Hirshfeld surface analysis

The HSA was operated to examine the intermolecular short and
long contacts which can be figured out as visual spots on the sur-
face of the molecule. In the Hirshfeld surface, the quantities de and
d; represents the external and internal distance from a point on
the HSA to the closest atoms. Table 4 shows Hirshfeld surface and
2D molecular fingerprint provides detail information about molec-
ular interaction in the compound BCMTP are shown in Figs. 3 and
4. On the surface, the different colours designate the differences
in electrostatic potential. In the two-dimensional fingerprint plots,
the highest contribution in the BCMTP compound is 38.7% due to
H-Cl contacts and followed by H+~H, C-Cl, CI-Cl, N~H, C-C, C~N
and N-Cl interactions contributing 29.9%, 7.6%, 2.6%, 1.6%, 1.3%, 1.2%
and 0.1% respectively. [44-46].
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Table 4
Quantification of intercontacts in BCMTP compound.

Entry Type Intercontacts (%)
1 C-H 25.2%,
2 N-H 9%,
3 S+H 6.9%
4 C-N 5.2%
5 O-H 4.6%
6 N-N 3.2%
7 c-C 1.4%
Table 5

Selected bond length (A)°, bond angle (°) and torsional angles (°) of the BCMTP
compound by DFT.

Bond Length Cal Bond Angle Cal
10C-6C 1.76 8H-5C-6C-10Cl 0.72
2C-11C 1.76 7H-1C-6C -10Cl1 -0.72
4C-9Cl1 1.75 4C-5C-6C-10C1 -179.3
3C-12N 1.47 2C-1C-6C-10C1 179.14
13H-12N 0.99 7H-1C-2C-11C1 -0.05
12N-20N 1.39 6C-1C-2C-11C1 -179.92
20N-17C 1.29 4C-3C-2C -11C1 -178.98
14C 29N 1.48 12N-3C-2C-11C1 1.20
30H-29N 1.00 1C-2C-3C-12N -178.64
15C-29N 1.47 2C-3C-12N-13H -152.77
52C1-48C 1.75 4C-3C -12N-13H 27.41
51C1-38C 1.75 9C1-4C-3C-12N -1.48
Bond Angle 5C-4C-3C-12N 178.49
10CI-6C-1C 120.08 4C-3C-12N-13H 27.41
10C- 6C-5C 119.92 4C-3C-12N-20N 147.47
1C-2C-11cl 193.75 42C-44C-48C-52C1 -179.50
3C-2C-11C1 120.08 49H-44C-48C-52C1 0.50
5C-4C-9Cl 119.95 50H-46H-48C-52Cl -0.18
3C-4C-9C1 119.96 40H-36C-38C-51Cl -0.12
3C-12N-13H 110.06 33C-36C-38C-51Cl 179.85
4C-3C-12N 120.69 32C-34C-38C-51Cl -179.88
2C-3C-12N 119.71 39H-34C-38C-51Cl 0.25
13H-12N- 20N 109.50 3C-12N-20N-17C -158.91
12N-20N-17C 122.95 13H-12N-20N-17C -38.50
16C-17C-20N 123.64 12N-20N-17C-18C 171.01
30H-29N-15C 109.08 12N-20N-17C-16C -8.75
54H-15C-29N 109.71 15C-16C-17C-20N -164.78
53H-14C-29N 89.56 14C-18C-17C-20N 137.76
31C-14C-29N 118.27 17C-18C-14C-29N 25.21
18C-14C-29N 122.86 18C-14C-29N-30H -98.54
46C-48-52Cl 120.05 18C-14C-29N-15C 22.01
44C-48C-52C1 120.07 17C-16C-15C-29N 32.87
34C-38C-51Cl 120.02 30H-29N-14C-31C 75.62
36C-38C-51Cl 120.09 32C-31C-14C-29N -79.44

43C-41C-15C-29N 29.65

54H-15C-29N-30H -172.39

54H-15C-29N-14C 68.27

Table 6

Significant delocalization energies of second order perturbation theory analysis of
Fock matrix in NBO for compound BCMTP.

Type Donor Acceptor E2K]J/Mol
T -t C44 -C48 (43 - C46 237.72
T -t C36-C38 (32-C34 225.56
T -t C44-C48 C41-C42 190.49
n-om* N12-N20 C3-C4 23.02
-t C41-C42 C44-C48 2241
n-gm* N12-N20 C17-N20 20.42
-7t C43-C46 C44-C48 20.08
T -t C3-C4 C1-C2 16.68
o -0* C17-C18 N12-N20 7.17
o -0* C33-C36 C38-CI51 4.88
o -0* C15-C16 C17-N20 3.96
o -0* (C25-H28 C16-C17 2.97
T-o* C17-N20 C18-H55 2.64

o -0* C41-C43 C46-H50 1.99
- o* C41-C42 C15-N29 1.04
T -o* C31-C33 C14-N29 0.51
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shape index

Curvvedness

Fig. 3. The Hirshfeld surface of the BCMTP compound with a variety of properties mapped onto the surface. Hirshfield surface mapped on its natural range; Distance internal

to the surface, di; Distance External to the surface, de; Shape index S, Curvedness.

4. DFT study

The BCMTP compound was performed in Gaussian 03 software
program by using B3LYP at 6-31G (d,p) as the basic theory of the
program. From the functional group in this compound, electron
donor and electron acceptor are noticeable for the wavelength and
oscillator. In the targeted compound, the bond length observed in
C10 - C6, C2 - C11, C4 - (19, C3 - N12, H13 - N12, N12 - N20,
N20 - C17, C14 - N29, H30 - 29N, C15 - N29, CI52 - (48 and
C511 - 38 are 1.76 (A), 1.76 (A), 1.75 (A), 1.47 (A), 0.99 (A), 1.39
(A), 129 (A), 148 (A), 1.00 (A), 147 (A), 1.75(A) and 1.75 (A) re-
spectively. The bond angle in C10l - C6 - C1,C3 - N12 - H13, C4
- C3 - N12, H13 - N12 - N20, N12 - N20 - C17, C16 - C17 -
N20, C18 - C14 - N29, C46 - C48 - C52I, C31 - C14 - N29, C44 -
C48 - (152 and C36 - C38 - CI51 are examined at 120.08°, 110.06°,
120.69°, 109.50°, 122.95°, 123.64°, 122.86°, 120.05°, 118.27°, 120.07°
and 120.09° respectively whereas the dihedral angle at 8H - 5C -
6C - 10Cl, 4C - 5C - 6C - 10Cl, 2C - 1C - 6C - 10Cl, 12N - 3C -
2C - 11Cl, 33C - 36C - 38C - 51(l, 3C - 12N - 20N - 17C, 12N
- 20N - 17C - 18C, 15C - 16C - 17C - 20N, 5C - 4C - 3C - 12N,
4C - 3C - 12N - 20N, 14C - 18C - 17C - 20N, 30H - 29N - 14C
- 31C, 54H - 15C - 29N - 30H and 54H - 15C - 29N - 14C are
spotted at 0.72°, -0.72°, 179.14°, 1.20°, 179.85°, -158.91°, 171.01°, -
164.78°, 178.49°, 147.47°, 137.76°, -172.39° and 68.27° respectively

[47-49]. From the calculated geometrical parameters it is observed
that the piperidine ring adopts chair conformation. The optimized
geometry structure of BCMTP compound is revealed in Fig. 5. The
DFT selected bond parameters are given in Table 5.

Natural bond orbital predicts the inter-molecular and intra-
molecular charge transfer from donor to acceptor through a single-
double bond conjugated organic molecules. The dipole moment (1),
polarizability (o) and hyperpolarizability (8q) are performed in the
title compound by using DFT/6-31(d, p) in Gaussian 09 software
program. The stabilization energy (E2) values determined the hyper
conjugative interactions and charge transfers by the orbital overlap
between m-m* (C44-C48) with stabilization energy 237.72kj/mol.
The greater value of E(2) gives more interactions from electron
donors to electron acceptors in the system. In NBO analysis, it is
observed that the higher value of dipole moment, polarizability
and hyperpolarizability contributes more stability to the NLO activ-
ity [50-51]. The whole details of intensive interactions are shown
in Table 6.

The frontier molecular orbital’s can calculate the qualitative ex-
citation properties and electron transport in the given scheme.
The energy of frontier molecular orbital's is the Highest Occu-
pied Molecular Orbital and the Lowest Unoccupied Molecular Or-
bital. The HOMO energy clarifies the ability to donate an electron
while LUMO energy also has the capacity to accept an electron. The
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Fig. 4. The two-dimensional fingerprint plots of the BCMTP compound, showing (A) all interactions, and (B) H-Cl, (C) H-H, (D) C-Cl, (E) Cl-Cl, (F) N~H,(G) C-C, (H) C-N
and (I) N~Cl interactions[de and di represent the distances from a point on the HS to the nearest atoms outside (external) and inside (internal) the surface respectively].

Highest Occupied Molecular Orbital (HOMO) and the Lowest Unoc-
cupied Molecular Orbital (LUMO) play a vital factor in the chem-
ical reactivity, bioactivity, electrical and optical properties in the
target compound. The HOMO and LUMO energy of the title com-
pound are calculated at the B3LYP method in 6-31g (p, d) as the
basis set of the theory. The energy values of the ligand and its
compound are Eyomo, Enomo-1, Enomo-2, levels are -0.24, -0.25, -
0.26eV and ELUMO LUMO, LUMO+ 1, LUMO+2 levels are -0.00 eV, -0.00
eV, -0.00eV respectively. The main energy gap between the HOMO
and LUMO of the ligand are 0.24eV, 0.25eV and 0.26eV respec-
tively. The molecule with small energy gap is more polarizability
and gives low kinetic stability which is known as soft molecule.
The soft molecules explained the resistance towards the electron
cloud and polarization of chemical systems [52-54]. The atomic
orbital mechanisms of the frontier molecular orbital are shown in
Fig. 6.

The electrostatic potential is one of a great tool for interpret-
ing and predicting the reactive charges towards electrophilic and
nucleophilic reaction and one of the indicators of biological inves-

tigation and interaction towards hydrogen bonding. The diagram of
MEP shows the most probable reactive side of the molecule for in-
teraction with electrophilic and nucleophilic charges. The BCMTP
compound of molecular electrostatic potential was calculated at
the DFT/B3LYP method with 6-31G (d, p) as the basic level. The
negative region represents the white colour due to the presence
of electrophilic reactivity while the positive region represents the
pink colour due to the nucleophilic reaction as shown in Fig. 7. The
maximum electrostatic potential arises due to the positive region
in the presence of the nitrogen atom and hydrogen atoms which
are nucleophilic. The result of MEP provides detailed indication for
the biological activity of the BCMTP compound [55-56].

The atomic charge value of the synthesized BCMTP compound
was calculated with the help of Lee-Parr correlation functional
(B3LYP) method at 6-31 G (d, p) as the basic level of theory. The
atomic distribution of positive and negative charges in the particle
and the bond length of the molecule changed between the atoms.
The carbon atom which is attached to C21, N19, N12, CI39 and CI53
has a negative charge. Besides, all the hydrogen atoms which are
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Fig. 5. Optimization structure of BCMTP.

attached to nitrogen atoms have a positive charge [57]. The calcu-
lated Mullikan atomic charge of the BCMTP compound is shown in
Table 7.

5. Molecular docking studies

The molecular docking analysis of (E)-2,6-bis(4-chlorophenyl)-
3-methyl-4-(2-(2,4,6-trichlorophenyl)hydrazono)piperidine
(BCMTP) ligand with COVID-19/6WCF and COVID-19/6Y84 re-
ceptors were operated [58-59]. For structure-based drug design,
molecular docking is extremely essential. The particular treatment
for COVID-19 is not available up to date, so by researchers many
anti-retroviral drugs against COVID-19 were reported and existing
such as Atazanavir, Darunavir ritonavir, lopinavir, oseltamivir,
remdesivir, chloroquine and hydroxychloroquine [58]. The molec-
ular docking mechanism between ligand (BCMTP) and the 6WCF
receptor was investigated and evaluated. 6WCF is the Crystal
Structure of ADP ribose phosphatase of NSP3 from SARS-CoV-2
in complex with MES41. In the binding mode, the compound
was attractively bound to 6WCF via conventional hydrogen bond,
Pi-Pi stacked, Alkyl and Pi-alkyl hydrophobic interactions. The
residues ILE25, ALA154, PRO225 and VAL49 were binding with
chlorine atom in the 1,3,5-trichlorobenzene ring with distance
3.45A, 2.2A, 4.05A and 4.59A by conventional hydrogen bond. The
residue LYS158 is binding in chlorobenzene ring with distance

2.02A through alkyl bond. The residue PHE256 is binding with
a piperidine ring with two bond distances 4.10A and 4.44A by
Pi-Pi stacked and Pi-alkyl interactions. While, the standard drug
hydroxychloroquine is enclosed with Pi-donor hydrogen bond,
mixed alkyl and Pi-alkyl hydrophobic interactions such as PHE156
(1.78A), VAL49(2.88A), ILE23 (3.21A), PRO125 (3.63 A), LEU126
(4.72A), LEU160 (3.43A), LEU164 (4.40A), PRO136 (4.28A) and
VAL155 (2.99A, 3.64A, 4.28A) amino acids with different distances.
The binding energy of compound BCMTP is -11.108kcal/mol while
the standard drug (hydroxychloroquine) is -8.96kcal/mol. Docked
2D and 3D images of compound BCMTP and standard drug
(hydroxychloroquine) with 6WCF receptor were shown in Fig. 8.
Secondly, the interactions between BCMTP ligand and the 6Y84
receptor are as follows. 6Y84 is the COVID-19 main protease with a
un-liganded active site. SARS-CoV-2 main protease has a vital role
in the processing of polyprotein that is translated from viral RNA,
and the protease is considered as key for viral survival and growth.
The compound was well bound to 6Y84 via carbon hydrogen bond,
conventional hydrogen bond, halogen, Pi-donor hydrogen bond, Pi-
sigma, Pi-Pi stacked, alkyl and pi-alkyl hydrophobic interactions.
The conventional hydrogen bond and halogen bond interactions of
the amino acids GLN107 (3.14A) and GLN100 (2.55A) are binding
with 1,3,5-trichlorobenzene ring. PHE294 (4.93A), (4.11A), (5.33A),
PRO293 (4.14A), (5.23A) and THR292 (2.53A) is well bound with
chlorobenzene and piperidine moiety in different distances by
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Fig. 6. Frontier Molecular Orbitals HOMO-i and LUMO + i where i = 1,2 with their orbital energies (eV) and orbital energy gaps (eV).

Pi-Pi stacked, Pi-alkyl and alkyl interactions. The residue ILE249
(3.81A, 3.23A) is attached to chlorobenzene and shows piperidine
bond interactions. But the standard hydroxychloroquine is having
less binding energy due to fewer interactions of carbon hydrogen
bond between ligand and receptor. The binding energy of com-
pound BCMTP is -11.25kcal/mol while the standard drug (hydrox-
ychloroquine) is -8.68kcal/mol. The docking of 2D and 3D images
of target compound and standard drug (hydroxychloroquine) with
6Y84 receptor were shown in Fig. 9. From the above molecular
docking results, it can be concluded that the synthesised BCMTP
molecules can be considered as potential agents against COVID-
19/6Y84-6WCF receptors.

6. Molecular dynamics simulation study

The binding stability of t both piperidin and hydroxychloro-
quine drug molecules with the active site of the ADP-ribose phos-
phatase and main protease of SARS-CoV-2 were studied by per-
forming 50ns MD simulations. The RMSD (Root Means Square De-
viation) plot affirms the stability of both molecules with each pro-
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tein during the MD simulations. Also, RMSF (Root Means Square
Fluctuation) plots show conformational modifications of the amino
acid residues of both proteins with the drug molecules during the
entire MD simulations.

6.1. Intermolecular interactions of compound BCMTP with 6WCF/6Y84
receptors

The binding energy value of synthesized BCMTP molecule
is -11.10kcal/mol with 6WCF receptors and forms the expected
conventional hydrogen bonding interactions with the active site
amino acid VAL41 (1.29A), this complex was chosen for further
analysis. In molecular dynamic simulation the BCMTP molecule
forms various types of interactions (pi-donor hydrogen bond,
halogen bond, pi-cation, pi-pi stacked, alkyl and pi-alkyl in-
teractions) with 6WCF receptors. The ASN37 (4.74A) form pi-
donor hydrogen bonding interactions with 2,4,6-trichlorophenyl
hydrazine moiety in MD. The residue ALA35 (5.37A) interacts
with the chlorine atom of the phenyl hydrazine by halogen
bond. Pi-cation and pi-pi stacked interactions formed with C-6
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Fig. 7. Molecular electrostatic potential of BCMTP.

Table 7

Mulliken atomic charges of BCMTP.
Atom Charge Atom Charge
1C -0.09 29 C -0.08
2C -0.06 30C -0.09
3C 0.26 31C -0.09
4C -0.11 32C -0.09
5C -0.08 33C -0.13
6C -0.08 34 C 0.08
7H 0.14 35H 0.11
8 H 0.13 36 H 0.11
9l 0.01 37H 0.11
10 Cl 0.02 38 H 0.10
11c 0.02 39 Cl -0.02
12N -0.44 40 H 0.25
13 H 0.27 41 H 0.11
14 C 0.01 42 H 0.13
15C 0.02 43 C -0.09
16 C -0.01 44 C -0.09
17 C 0.30 45 C -0.09
18 C -0.21 46 C 0.06
19 N -0.54 47 C -0.13
20N -0.37 48 C -0.09
21C -0.31 49 H 0.11
22 H 0.12 50 H 0.10
23 H 0.12 51 H 0.12
24 H 0.11 52 H 0.11
25C -0.31 53 Cl -0.02
26 H 0.11 54 H 0.13
27H 0.13 55 H 0.09
28 H 0.10

n
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Fig. 10. The 2D representation of their intermolecular interactions and surface view of standard drug (A, B) and BCMTP (C, D) with 6WCF receptor.

and C-2 phenyl group through the amino acids LYS41 (2.74A)
and TYR39 (5.56A). Alkyl and pi-alkyl interactions also formed
with 2,4,6-trichlorophenyl hydrazine moiety and C-2 aromatic
phenyl group by the residues of PHE129 (6.41A), ALA47 (4.15A),
ILE128 (4.84A) and LYS99 (6.19A) with different distances. But the
standard hydroxychloroquine drug molecule forms pi-pi stacked
interaction with active site amino acid PHE129 (5.09A) with
quinoline moiety. The amino acids ALA36 (4.08 A), ALA47 (4.76
A) and HIS42 (4.27A) formed Alkyl and pi-alkyl interactions
with chlorine atom. ILE128 (6.00A) and ALA47 (4.65A) residues
formed alkyl and pi-alkyl bonding interactions with a quino-
line ring containing methyl and ethyl substituent. The 2D rep-
resentation of their intermolecular interactions and surface view
of standard drug and BCMTP with 6WCF receptor are given
in Fig. 10.

The ligand pose energy value of BCMTP molecule is -
11.25kcal/mol with 6Y84 receptors and is formed by carbon hy-
drogen bonding interactions with the active site amino acid PRO9
(2.20A) with chlorine atom of 2,4,6-trichlorophenyl hydrazine moi-
ety. In MD simulation the BCMTP molecule forms various types of
interactions (Van der Waals interactions, Halogen bond, pi-sigma,
pi-pi stacked, alkyl and pi-alkyl interactions) with 6Y84 recep-
tors. The MET6 forms pi-sigma bonding interactions with 2,4,6-

13

trichlorophenyl hydrazine moiety with distance 3.56A. The pi-pi
stacked bond also formed with C-6 phenyl group through the
amino acids PHE8 (6.32A). Alkyl and pi-alkyl interactions also
formed with methyl moiety present in C-3 carbon atom and chlo-
rine atom of C-6 aromatic phenyl group through the amino acids
ARG4 (3.20A) and PHE8 (6.76A) with different distances. In hy-
droxychloroquine the carbon hydrogen bond formed with oxy-
gen atom of ethanolic OH and ethyl moiety by PRO108 (3.20A)
and ASP245 (4.45A). GLY109 (4.94A) is formed amide pi-stacked
bonding interaction with a quinoline ring. The amino acid ILE249
(5.60), (4.84), (4.95), HIS246 (4.21), VAL202 (6.21), PHE294 (6.22)
also formed alkyl and pi-alkyl interactions with hydroxycholro-
quine moiety with different distances. As compared to synthe-
sized BCMTP molecule, the standard hydroxychloroquine drug has
moderate interactions with low bond distances. In molecular dy-
namic simulation studies the amino acid residues, mutation num-
ber and bond distances are changed from docking results due to
the non-super imposable of the structure. The molecular dynamic
simulation results revealed that the synthesized BCMTP molecule
has greater intermolecular interactions and more stability with
6WCF/6Y84 receptors than standard drug. The 2D representation
of their intermolecular interactions and surface view of standard
drug and BCMTP with 6Y84 receptor are given in Fig. 11.
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Fig. 11. The 2D representation of their intermolecular interactions and surface view of standard drug (A, B) and BCMTP (C,D) with 6Y84 receptor.

6.2. Root mean square deviation (RMSD)

To understand the stability of all complexes, RMSD plots were
generated using MD trajectories as shown in Fig. 12. The com-
plexes which have hydroxychloroquine and piperidin with ADP-
ribosephosphatase shows deviation between the range 1.5 to 2.0
A and it confirms the high stability of the both complexes during
the MD simulation. But the complexes which have hydroxychloro-
quine and piperidin with main protease shows the deviation in the
average range 1 to 3 A as uneven, although both deviations are un-
der the acceptable range and these plots still confirms the stability
during the MD simulation. In these two complexes, ligand RMSD
of both hydroxychloroquine and piperidin shows high range modi-
fications unlike with ADP-ribosephosphatase. However, the overall
deviation of the complexes shows the stability of the complexes
during the MD simulations is stable.

6.3. Root means square fluctuation (RMSF)

Root means square fluctuation (RMSF) has been plotted to un-
derstand fluctuations of the individual amino acids of each com-
plex during the MD simulations. In all the cases, N and C terminal
indicates larger fluctuations due to their start and end sequence
placing in the protein structure as nearly 4 to 7A range averagely.
Also some high RMSF values are observed during the simulations
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for the residues located in loop regions of all the complexes. Re-
maining the side chain residues shows the less fluctuation values
which are under the acceptable range (less than 4A). Among these
results confirms the structural confirmations of the complexes dur-
ing the MD simulations. RMSF plots for the complexes are given in
Fig. 13.

7. Conclusion

In conclusion, we have designed, synthesized and char-
acterized (E)-2,6-bis(4-chlorophenyl)-3-methyl-4-(2-(2,4,6-
trichlorophenyl)hydrazono)piperidine derivatives (BCMTP). This
synthesized compound BCMTP exhibits in chair conformation with
equatorial orientation of two phenyl groups at C-2, C-6 and methyl
group at C-3 carbon. The single crystal XRD study of BCMTP also
evidenced E configuration about the C=N bond and the chair
conformation of the piperidine ring. Hirshfeld surface analysis
was performed to observe better intermolecular interactions in
the crystal packing of BCMTP. The stabilization energy (E2) val-
ues determined the hyper conjugative interactions and charge
transfers by the orbital overlap between m-m* (C44-C48) with
stabilization energy 237.72kj/mol. The possible intermolecular and
intra-molecular transitions inside the BCMTP molecule were stud-
ied by NBO analysis. The energy gap between HOMO and LUMO is
given by 0.24eV labelled that the BCMTP compound is suitable for
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Fig. 12. RMSD plots for the complexes (a) Hydroxychloroquine-ADP-
ribosephosphatase, (b) Piperidin-ADP-ribosephosphatase, (c) Hydroxychloroquine-
main protease, and (d) Piperidin-main protease. In these plots, Protein (Red) and
Ligand (Black).

chemical stability and the transfer of electrons from the ground
state to the excited state of the molecules. The MEP diagram of
the BCMTP molecule visualized its electrophilic and nucleophilic
regions. The binding energy values of compound BCMTP is -11.10
and -11.25kcal/mol while the standard drug hydroxychloroquine
is -8.96 and -8.68kcal/mol with 6WCF/6Y84 receptor. Molecular
dynamics simulation and molecular docking studies of compound
BCMTP into the binding site of ADP ribose phosphatase of NSP3
and main protease with an unliganded active site from SARS-
CoV-2 exhibited the probable interactions of BCMTP with the
binding site of the SARS-CoV-2 main protease. Molecular docking
and molecular dynamics simulation results have shown that the
BCMTP compound can be considered as a potential antiviral agent
against COVID-19/ 6Y84-6WCF receptors.
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Fig. 13. RMSF plots for the complexes (a) Hydroxychloroquine-ADP-
ribosephosphatase, (b) Piperidin-ADP-ribosephosphatase, (c) Hydroxychloroquine-
main protease, and (d) Piperidin-main protease.
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