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ABSTRACT

A novel drug to treat SARS-CoV-2 infections and hydroxyl chloroquine analogue, 1-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)-2-(furan-2-yl)-4,5-diphenyl-1H-imidazole =~ (DDFDI) compound has
been synthesized in one pot reaction. The novel compound DDFDI had been characterized by FT-IR, 'H-
NMR and BC-NMR spectral techniques. The geometrical structure was optimized by density functional
theory (DFT) method at B3LYP/6-31G (d, p) as the basis set. The smaller energy value provides the higher
reactivity of DDFDI 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. Drug likeness
and oral activity have been carried out based on Lipinski’s rule of five. Molecular docking studies are
implemented to analyse the binding energy of the DDFDI compound against Covid-19/6W41, COVID-
19/6WCF, COVID-19/6Y84 and COVID-19/6W4B receptors and found to be considered as a better antiviral

agents.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

In modern chemical synthesis of organic chemistry, multicom-
ponent reactions have emerged as a powerful weapon to give
a single synthetic product from the complex organic molecules.
These multicomponent reactions have emerged mostly in organic
synthesis and medicinal chemistry [1-3]. Multicomponent reac-
tions are also known as tetrasubstituted compound due to their
short reaction time, better efficiency, atom economy and opera-
tional simplicity [4,5].

In the current arena, interest for the synthesis of complex
molecules in heterocyclic compounds, polymers, natural products,
pharmaceutical and drug discovery are the new valuable ap-
proaches in MCR’s [6-7]. Development of a one pot MCR’s espe-
cially polysubstituted compounds have been one of the current in-
terest method of study amongst the researchers [8].

* Corresponding author.
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Amongst the entire heterocyclic compound, imidazole pos-
sessed the central core due to their numerous applications as ni-
tro groups are present in the structure [9]. Imidazole shows a
wide spectrum of biological activities like antibacterial [10], antag-
onist [11], anti-cancer [12], anti-viral and anti-inflammatory [13],
anti-oxidant [14], antifungal [15], cytotoxicity [16]. This imida-
zole shows great applications in natural compounds such as his-
tamine [17], algeacidal [18], pilocarpine alkaloids [19]. In the im-
idazole skeleton which contain drugs are losartan (antihyperten-
sion), etomidate (hypnotic agent) and flumazenil [20]. These drugs
are broadly supplied and employed. With these abundant appli-
cations of imidazole, researchers are putting their efforts to con-
struct more imidazole moiety. From the above observation, devel-
opment of more practical and versatile method from the available
resources is one of the most vital features.

Thus in this study, we aim to synthesize a novel deriva-
tive of 1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-(furan-2-yl)-4,5-
diphenyl-1H-imidazole (DDFDI)compound in one-pot reaction of
2,6-bis(4-chlorophenyl)-3-methylpiperidine-4-one, acetic acid and
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2,4,6-trichlorophenyl)hydrazine in the presence of ethanol as a cat-
alyst. The prediction of molecular geometry parameters, HOMO-
LUMO orbitals, intramolecular charge transfer, NBO activity and
molecular electrostatic potential (MEP) of the target molecule were
carried out in B3LYP/6-31G (d,p) level of theory to study all the
reactivity and biological importance of the target compound. The
DDFDI compound has been experimented in the molecular dock-
ing studies and found better binding results in the pharmaceutical
arena than the target drugs.

2. Experimental
2.1. General method

All the chemicals and solvents were purchased from Sigma
Aldrich and chemical suppliers, used as received without further
purification. The DDFDI compound was recorded by the Fourier
transform-infrared (FTIR) spectra in the range of 4000-400cm~!
using AVATAR 300FTIR. The 'H-NMR and 3C-NMR spectra of the
title compound were recorded at 400MHz on Bruker AMX 400MHz
spectrometer and 100MHz on BRUKER AMX400MHz spectrometer
using Dimethyl sulfoxide (DMSQ,4) as a solvent. The melting points
were verified by open capillaries and uncorrected.

2.2. Computational method

In the present work, quantum mechanical calculations were
performed with Gaussian-03 program. At the very first step of
DDFDI calculations, the geometry occupied from the preliminary
structure was fully optimized by density functional theory (DFT)
using the Becke3-Lee-Yang-Parr (B3LYP) with standard 6-31 G (d,
p) as the basis set [21,22].

2.3. Molecular docking studies

Molecular docking recreation was performed with the Argus
Lab 4.0. The readied 3D structures of different protein was down-
loaded from the protein information bank (see http//www.rcsb.org/
pdb) and tying webpage was made by picking "Making tying web-
site for this protein” alternative. The ligand was then presented
and docking figuring was permitted to run utilizing shape-based
pursuit calculation and A Score scoring capacity. The scoring ca-
pacity is in charge of assessing the vitality between the ligand and
protein target. Adaptable constructing so as to dock was permitted
lattices over the coupling locales of the protein and vitality based
turn is set for that ligand gathering of molecules that do not have
rotatable bonds. For every pivot, torsions and made and postures
(adaptation) are created amidst the docking process. For every per-
plexing 10 free runs were led and one posture was returned for ev-
ery run. The best docking model was chosen by least tying vitality
computed by Argus lab and the most suitable tying adaptation was
chosen on the premise of hydrogen security connection between
the ligand and protein close to the substrate tying site. The most
minimal vitality postures show the most elevated tying proclivity
as high vitality creates the temperamental adaptations. The sub-
sequent receptor model was spared to Brookhaven PDB document
from the record the 2D and 3D connections are seen in revelation
studio 4.5 renditions [23].

2.4. Drug likeness and ADMET prediction

Drug likeness and ADMET are the current vital method to pre-
dict the potential drug candidates. At first, it emerged for the pre-
liminary assessment of the pharmacokinetics, physicochemical and
drug likeness parameters in the drug discovery process. ADMET
outlooks for Absorption, Distribution, Metabolism, Excretion and
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toxicity. Prediction of the drug likeness of the title compound was
evaluated by rule based filters from Lipinski, Ghose, veber, Egan,
Muegge and synthetic accessibility difficulty level was from 1-10
[24].

2.4.1. Synthesis of the 1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-
(furan-2-yl)-4,5-diphenyl-1H-imidazole (DDFDI) compound

A mixture benzil (6.0mmol), ammonium acetate (24.0mmol),
2,3-dihydrobenzo[b][1,4]dioxin-6-amine (27.0mmol) and furan-2-
carbaldehyde (9.0mmol) in absolute ethanol (20ml) in the pres-
ence of C4HoBF30 (2/3drops) as a catalyst. The reaction mix-
ture was refluxed for about 24hrs at the boiling point of ethanol
(78°C) and upon completion of the reaction, the reaction mix-
ture was cooled and Thin Layer Chromatography is a technique
used to isolate non-volatile mixtures. The experiment is con-
ducted on a glass which is coated with a thin layer of ad-
sorbent material. The material usually used is aluminium ox-
ide.. Thin layer chromatography (TLC) technique was monitored
by using ethyl acetate: benzene (2:8) as the eluent. The reac-
tion mixture was extracted with dichloromethane and the prod-
uct was purified by column chromatography. The final product
was recrystallized from ethanol by slow evaporation and harvested
the pure compound of 1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-
(furan-2-yl)-4,5-diphenyl-1H-imidazole (DDFDI).

2.4.2. Synthesis of the 1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-
(furan-2-yl)-4,5-diphenyl-1H-imidazole (DDFDI)

White solid: m.p. = 178-190°C and yield 92%: IR (Neat,
cm~1);1599 (C=N), 1245 (C-0), 1441, 1403, 1294 (C=C), 2319-3052
(C-H),'H-NMR (CDCl3, ppm);4.39 (m, CH,benzodioxane), 6.34(d, H-
20, furfural moiety), 6.71 (d, H-22, furfural moiety),7.14-8.53ppm
(aromatic proton).’3C-NMR (CDCl;, ppm);53.29, 64.33 (2CH,, ben-
zodioxane), 109.25, 111.33, 123.02 (carbon signal for furfural moi-
ety), 156 (C=N), 124.04-141.31(aromatic carbon). Chemical For-
mula: C27H20N203, Exact Mass: 420.15 Molecular Weight: 420.46
m/z: 420.15 (100.0%), 421.15 (29.5%), 422.15 (5.0%) Elemental Anal-
ysis: C, 77.13; H, 4.79; N, 6.66; O, 11.42.

3. Result and discussions
3.1. Chemistry

A schematic diagram of compound DDFDI is shown in
Scheme 1. The FT-IR spectral analysis of the DDFDI compound is
discussed below. Generally, imines indicate a strong C=N stretch-
ing vibration in the region 1500-1600cm—1. The DDFDI compound
demonstrate strong absorption band and were detected in the re-
gion 1541-1618cm—1 due to the functional group of imine. The
C=N stretching band appears at 1599cm-1 in DDFDI compound
showed high absorption band. The existence of C=N stretching
band supports the skeleton of the imidazole ring. A concrete ab-
sorption band appeared at 1245cm-1 due to furan and dioxin
C-O stretching. The aromatic C-H stretching band arises in the
broad region 2319-3052cm-—1. The observed imine, aliphatic and
aromatic C-H stretching frequencies were confirmed the com-
pound DDFDLIRspectral values of compound DDFDI is displayed
in Fig. 1.

1H-NMR spectra of DDFDI have been recorded in CDCI3 solvent.
The signals were obtained in the TH-NMR spectra were consigned
and established accordingly to their position, multiplicities and
integral values. In general, the aromatic proton signals emerged
in the higher frequency region at 7.00ppm due to the magnetic
anisotropic effect. In the TH-NMR spectrum of DDFDI compound,
the signals appeared in the region7.14-8.53ppm resemble to six-
teen protons integral due to aromatic protons. A multiplet peak
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Scheme 1. Pathway for the Synthesis of 1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-(furan-2-yl)-4,5-diphenyl-1H-imidazole.
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Fig. 1. FT-IR spectrum of compound DDFDL.

detected at 4.39ppm is assigned to two CH2 protons (2CH2 forben-
zodioxane moiety). A douplet peak detected at 6.34ppm is assigned
to H-20 proton signal of furfuryl moiety. A doublet peak was ap-
peared at 6.71ppm was assigned to H-22 proton signal for furfural
moiety.1H-NMRspectral values of compound DDFDI is displayed in
Fig. 2.

The 13C-NMR spectra of 1-(furan-2-yl)methyl)-4,5-diphenyl-2-
(p-tolyl)-1H-imidazole have been recorded. The 13C-NMR chemical
shifts are quoted after rounding off to one decimal point. The 13C-
NMR spectrum of compound DDFDIwas recorded at 400MHZ in-
strument.In 13C-NMR spectrum of compound DDFDI, the two CH2
carbon signals of benzodioxane moiety appeared at 53.29ppm and
64.33ppm. The C-8, C-9 and C-10 carbon signals were appeared at
109.25, 111.33 and 123.02ppm due to furfural moiety. The aromatic
and ipso-carbon signals are appeared in the region of 124.04-
141.31ppm. The imidazole compound containing C=N carbon sig-

nal appeared at 156.02ppm.13C-NMR spectral values of compound
DDFDI is displayed in Fig. 3.

4. Geometry optimization of DDFDI compound

The DDFDI compound was computed in Gaussian 03 software
package using functional B3LYP at 6-31G (d,p) as the basic level
theory. The substitution of functional groups in this compound,
electron donor and electron acceptor are observable in the wave-
length and oscillator strengths. In DDFDI compound, the bond
lengths are observed in C30-029, C24-N27, C24-N26, C38-050,
C23-N27, C45-049 and (25-C23 are 145A, 133A, 1,52A, 1424,
1.44A, 143A and 1.49A respectively. The bond angles in C31-
(C30-029, C30-029-C28, C28-C24-N27, C24-N27-C23, C24-N26-C25,
C46-050-C38, C45-049-C39 and C40-C39-049 are 111.49°, 102.52°,
123.43°, 102.25°, 98.79°, 112.64°, 112.61° and 120.11° respectively.



D. Rajaraman, L.A. Anthony, P. Nethaji et al.

Journal of Molecular Structure 1273 (2023) 134314

shGRER
(<O

Current Data Parameters
N A

ExXPNO
PROCNO

P2 - Acquisition Parameters
Date_ 20210408
16.50

400.1300235 Mz
-

0.30 Mz

1.00

~
@
wn
»

"
7744
1.3
7.1
%0

—111.0
— 107

p
X

a4
6.0
[ERT
53.28

N

croFRaz
wuc2
rerD2
Py
FLM12

3

PLI
sro2

¥2 - Processing parameters
s1 32768
=¥ 100.6127650 Mz
won =
== °
18 1.00 Bz

= °

10 100 so so

150 180 170 160 150 140 130 120 1

Fig. 3. 13C NMR spectrum of compoundDDFDI.

While the dihedral angles at H33-C30-029-C28, N27-C24-C25029,
(C2-C25-C23-N27, N26-C24-C28-029, (36-C37-C38-050, H47-C45-
049-C39, (C41-C40-C39-049 and H48-C46-050-C38 are identified
at 167.79°, 0.79°, -129.85°, 178.79°, 176.15°, 170.90°, 176.21° and
170.82° respectively. When we compared our theoretical (DFT) val-
ues with experimental values of bond lengths 01-C23, N1-C7 and
N2-C22 are 1.35A, 1.32A and 1.44A, the bond angles are C23-01-
(€26, C7-N1-C8 and C7-N2-C22 are 105.90°, 105.84° and 126.23°
and the dihedral angles of N2-C15-C16C17 and 01-C23-C24-C25
are 96.00° and -2.05° respectively were found to be alike [23].
From this observed bond length, bond angle and dihedral angle,
the compound (FMDI) have planar geometry. The optimized struc-
ture of DDFDI compound is shown in Fig. 4. The optimized param-
eters namely bond lengths, bond angles and dihedral angles are of
an isolated molecule in gaseous phase (Table 1).

4.1. Natural bond orbital

Natural bond orbital (NBO) is a special technique to study in-
tramolecular and intermolecular bonding, hybridization, interaction
bonding and charge transfer in the molecular structure [23]. The

NBO calculation was carried out in the Gaussian 03 package at the
DFT/B3LYP level using 6-31G (d,p) as the basis set to recognize nu-
merous second order interactions between occupied orbitals and
unoccupied orbitals is shown in Table 2. The second order Fock
matrix was performed to calculate the donor-acceptor interactions
in the NBO analysis. For each donor (i) and acceptor (j), the stabi-
lization energy E2 is related with the delocalization i-j is estimated
as

F(i.j)*

E? = AE;; = gi— .
qle]—el

ij =

Where q; = donor orbital occupancy

&i and ¢; = diagonal elements

F (i, j) = off diagonal NBO Fock matrix element.

The stabilization energy (E2) values verified the hyperconjuga-
tive interaction and charge transfers by the orbital overlap were
determined between 7w Cyg-C3, to 0*C37-Hyy for anti-bonding or-
bital with stabilization energy 81.59k]/mol. The larger energy value
of E2 gives more chemical stability in the molecular interaction be-
tween electron donors and electron acceptors [25].
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Fig. 4. Optimized structure of DDFDI compound.

Table 1
Selected bond lengths (A), bond angles (°) and torsional angles (°) of DDFDI com-
pound by DFT.

Bond Lengths DFT Dihedral angle DFT
30C-290 1.45 33H-30C-290-28C 167.79
28C-290 1.45 31C-30C-290-28C -12.06
24C- 27N 1.33 30C-290-28C-32C 12.04
23C-27N 1.44 30C-290-28C-24C -167.83
24C-26N 1.52 27N-24C-28C-290 0.79
36C-26N 1.46 33H-30C-290-28C 167.79
25C-26N 1.45 1C-2C-25C-26N 91.60
38C-500 1.42 14C-15C-23C-27N 93.50
46C-500 1.43 36C-37C-38C-500 176.15
45C-490 1.43 42H-37C-38C-500 -3.51
39C-490 1.35 37C-38C-500-46C 158.82
25C-23C 1.49 38C-500-46C-45C 51.121
Bond Angles 48H-46C-500-38C 170.82
31C-30C-290 111.49 490-39C-38C-50C 6.16
33C-30C-290 124.24 47H-45C-490-39C 170.90
30C-290-28C 102.52 51H-45C-490-39C -69.17
32C-28C-290 111.49 39C-490-45C-46C 51.19
24C-28C-290 124.22 40C-39C-490-45C 158.74
28C-24C-27N 123.43 41C-40C-39C-490 176.21
24C-27N-23C 102.25 16C-15C-23C-27N -56.81
26C-24C-27N 113.04 41C-36C-26N-24C -145.89
15C-23C-27N 127.93 41C-36C-26N-25C -34.12
25C-23C-27N 103.75 1C-2C-25C-26N 91.60
24C-26N-25C 98.79 14C-15C-23C-27N 93.50
23C-25C-26N 100.62 36C-37C-38C-500 176.15
40C-39C-490 120.11 42H-37C-38C-500 -3.51
51H-45C-490 110.49 37C-38C-500-46C 158.82
36C-26N-24C 112.60 38C-500-46C-45C 51.121
41C-36C-26N 119.88 1C-2C-25C-26N 91.60
37C-36C-26N 120.19 14C-15C-23C-27N 93.50
46C-500-38C 112.64 36C-37C-38C-500 176.15
37C-38C-500 120.16 48H-46C-500-38C 170.82
39C-38C-500 119.73 490-39C-38C-50C 6.16
52H-46C-500 110.50 47H-45C-490-39C 170.90
Dihedral angle 51H-45C-490-39C -69.17

48H-46C-500-38C 170.82 39C-490-45C-46C 51.19
490-39C-38C-50C 6.16 40C-39C-490-45C 158.74
47H-45C-490-39C 170.90 41C-40C-39C-490 176.21
51H-45C-490-39C -69.17 43H-40C-39C-490 -3.05

4.2. The frontier molecular orbitals

The highest occupied molecular orbitals (HOMO’s) and low-
est unoccupied molecular orbitals (LUMO’s) are the types of fron-
tier molecular orbitals. The HOMO has capacity to donate an
electron whereas LUMO represents the ability to accept electron.
These orbitals are important to decide the stability of the chemi-
cal compound. The HOMO and LUMO energy values was calculated
through DFT method using B3LYP/6-31G (d,p) level of theory are

Journal of Molecular Structure 1273 (2023) 134314

Table 2
Significant delocalization energies of second order perturbation theory analysis of
Fock matrix in NBO for compound DDFDI.

Table Donor (i) Acceptor (j) E2K]/Mol
T-0* C28-C32 C37-H42 81.59
o-* C37-H42 C28-C32 66.27
n-m* LP(1)-050 C37-C38 21.25
n-m* LP(1)-049 C39-C40 20.33
n-m* LP(1)-029 C30-C31 19.89
T-o* C13-C14 C15-C16 11.25
-t C15-C16 C12-C17 10.71
-t C1-C2 C5-C6 10.49
TT-TT* C37-C38 C39-C40 10.43
-t C39-C40 C36-C41 10.17
o-0* C40-C41 (€39-049 6.15
o-0* C41-H44 (€36-C37 5.79
o-0* C23-C25 N26-C36 3.98
o-0* C4-C5 C6-H11 2.99
o-0* C12-C17 C16-C17 1.31
o-m* C25-N26 C24-N27 0.51

shown below.

HOMO = —-0.222¢V, LUMO = —0.017eV

HOMO — 1= —0.224eV, LUMO — 1 = — 0.026eV

HOMO -2 = —0.226eV, LUMO — 2 = —0.028eV

Their main energy gap = 0.205eV, 0.198eV, 0.198eV.

The transfer of electron from ground state to the excited state is
labelled by one electron from highest occupied molecular orbitals
to the lowest unoccupied molecular orbitals. As we can see from
the given figure, HOMO shows the charge density contained over
the entire phenyl ring. The LUMO part is situated on imidazole, fur-
furaldehyde and 1,4-benzodioxan-6-amine ring.The displayed dia-
gram of HOMO-LUMO energy value is shown in Fig. 5. The en-
ergy gap between HOMO and LUMO gives the detail interaction
between the molecules and chemical stability [26].

4.3. Molecular electrostatic potential

The map of molecular electrostatic potential delivers the iso-
surface values with the position of positive and negative electro-
static potentials and broadly used for electrophilic reactions, nucle-
ophilic reactions, biological process, hydrogen bonding and inter-
molecular interactions. MEP map of the DDFDI compound was cal-
culated by DFT method at B3LYP/6-31G (d,p) as the level of theory.
The various values of the electrostatic potential at the surface are
symbolized by different colours i, e, red colour denotes negative
charge, partial blue colour indicate positive charge, yellow colour
shows electron rich region and white colour represents region of
zero potential [27]. In the present work, molecular geometry and
anharmonic vibrational spectra of o-, m-, p-iodonitrobenzene have
been studied. The anharmonic frequencies were calculated using
second order perturbative (PT2) approach with basis set 3-21G/ on
iodine and 6-311G(d,p) on other atoms at DFT(B3LYP) level of the-
ory and were compared to experimental values. The assignments
of vibrational modes of isomeric iodonitrobenzenes were done by
using potential energy distribution (PED) and vibrational assign-
ments of benzene, nitrobenzene and iodobenzene. The combina-
tion and overtone bands are also assigned. The electronic spectra
were recorded as well as simulated using polarizable continuum
model (PCM) at TD-B3LYP/6-311G(d,p)/3-21G/ level of theory. The
vibrational and electronic spectra are interpreted. Moreover, atomic
charges, MEP mapping, HOMO-LUMO, NBO analysis and various
thermodynamics and molecular properties are reported. The MEP
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Fig. 6. Molecular electrostatic potential of DDFDI compound.

map shows the chemical active location and chemical reactivity of
atoms as shown in Fig. 6.

4.4. Mulliken atomic charges

Mulliken atomic charge plays a significant role in the appli-
cation of quantum chemical calculation to molecular system. In
the mulliken atomic charge calculations, atomic charges affect the
dipole moment, polarizability, electronic structure and the prop-

Table 3
Mulliken atomic charges of compound DDFDI.
Atom Charge Atom Charge Atom Charge
1C -0.10 18 H 0.09 35H 0.19
2C -0.02 19 H 0.09 36 C 0.27
3C -0.06 20 H 0.10 37C -0.29
4C -0.10 21H 0.10 38C 0.29
5C -0.09 22 H 0.09 39C 0.33
6C -0.09 23 C 0.07 40 C -0.16
7H 0.11 24 C 0.36 41 C -0.12
8 H 0.11 25 C 0.14 42 H 0.22
9H 0.10 26 N -0.54 43 H 0.10
10H 0.09 27 N -0.44 44 H 0.11
11H 0.10 28 C 0.29 45 C 0.03
12C -0.08 290 -0.50 46 C 0.03
13C -0.09 30C 0.15 47 H 0.11
14 C -0.08 31C -0.11 48 H 0.11
15C 0.07 32C -0.19 49 0 -0.54
16 C -0.12 33 H 0.13 50 0 -0.54
17 C -0.09 34 H 0.11 51 H 0.12
52 H 0.12

erties of molecular systems. The compounds DDFDI are calculated
mulliken atomic charge are recorded in Table 3. Thus, from the
distribution charge calculation, we can see all the heteroatoms
displayed major electron density. Therefore, from the given table
...the carbon atoms C1, C2, C3, C4, C5, C6, C12, C13, C14, C16, C17,
(31, C32, C37, C40 and C41 possess small negative charges whereas
carbon atoms C15, C23, C24, C25, €28, C36, (38, C39, C45 and C46
possess positive charges. The DDFDI compound illustrated that the
high positive charges in a molecule are C24=0.36 and C39=0.33.
The positive regions are associated to nucleophilic reactivity. These
data clearly demonstrate that compound DDFDI are the most reac-
tive parts taking place towards substitution reactions [28].
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Table 4
The molecular electric dipole moment p (Debye), polarizability («0) and hyperpo-
larizability (80) values of compound DDFDI.

Parameters B3LYP/6-31G (d,p)

Dipole moment (j¢) Debye

Ly -5.1259
Iy -1.8690
Uz -0.1353
5.4577
Polarizability (ag) x10-3%su
Olxx 418.346
Oy -6.160
ayy 357.150
Olxz 11.928
yz 3.255
[ 183.427
o 0.8366 x 10~3%su
Hyperpolarizability (Bo) x103%esu
B -217.6981
Brxy -17.9365
Bryy -30.3561
Buyy 25.8286
Bz 37.5228
Bry: -16.7069
Buy: -2.0225
Brzs 28.7195
Byzz -17.2204
Bz 7.9625
Bo 2.407 x 10-3%su

4.5. Nonlinear optics

The hyperpolarizability (By), dipole moment (n) and polar-
izability («a) of the title compound were calculated using DFT
method with 6-31G (d,p) as the level of theory. The entire equa-
tions for calculating the total dipole moment (1), polarizability (o)
and first hyperpolarizability(8y) using X, y, z components from
Gaussian 03W output is shown below:

1,2
= (3 + 15 + p12)

o = (axx + oy + Olzz)]/3

Bo= B2+ B+ D"

herefore, the higher values of dipole moment, polarizability and
hyperpolarizability (80) are the efficient potential in NLO materi-
als are shown in Table 4. Our current work reveals that the w-m
interactions give more intra-molecular interaction and hence the
polarizability of the molecule increases. The S0 value of the DDFDI
(2.40 x 10—30esu) compound is ~7 times greater than that of urea
(0.3728 x 10—30esu) [28]. Thus, we can say that the DDFDI com-
pound has more potential in nonlinear optical properties.

5. Molecular docking studies

The molecular docking analysis of DDFDI ligand with COVID-
19/6W41, COVID-19/6WCF, COVID-19/6Y84 and COVID-19/6W4B
receptors was performed. For structure-based drug design, the
molecular docking plays an important role in the biological stud-
ies and to understand the ligand receptor interactions. The partic-
ular treatment for COVID-19 is vacant till date, so from researchers
many antiretroviral drugs against COVID-19 were reported and ex-
isting such as Atazanavir, Darunavir ritonavir, lopinavir, oseltamivir,
remdesivir, chloroquine and hydroxyl chloroquine. Some of the im-
idazole drugs also reported against COVID-19 [29]. We decided to
do molecular docking analysis of DDFDI compound that we can
recommend against COVID-19. The molecular docking mechanism
between DDFDIligand and the COVID-19/6W41, COVID-19/6WCF,
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COVID-19/6Y84 and COVID-19/6W4B receptor was examined and
evaluated. Firstly, 6W41 is Crystal structure of SARS-CoV-2 recep-
tor binding domain in complex with human antibody CR3022. In
the binding mode, the DDFDI compound was attractively bound
to 6W41 via Vander Waals, carbon hydrogen bond, m-sigma, -
lone pair, w-w T-shaped, m-alkyl bond interactions. The residue
ALA621, CYS490 is binding with phenyl group in the imidazole ring
with distance 6.33A, 4.13A by m-alkyl bond. The residue LYS246
attached in phenyl ring, imidazole and furan ring having a bond
distance 4.65A, 4.66A, 4.33A by Vander Waals bond. The residues
LEU489, ILE244, LEU616 is binding with phenyl, imidazole and fu-
ran moiety with various bond distance 5.01A, 5.09A, 5.12A,4.77A,
4.17A, 5.65A by 7-sigma bond. The residue HIS618 is binding with
dioxane moiety having a bond distance of 4.84A, 3.13A, 6.55A
by m-lone pair bond. But, the standard drug hydroxylchloroquine
is enclosed with carbon-hydrogen bond, mixed alkyl and Pi-alkyl
bond interactions of the amino acids GLU438 (3.45, 3.08), PHE441,
VAL466, LEU467, PHE473, TRP535 residues having a bond distance
4.07A, 5.09A, 4.38A, 4.89A, 3.39A and 6.12A via m-alkyl and alkyl
bond. The binding energy of DDFDI compound is -11.08kcal/mol
while the standard drug (hydroxyl chloroquine) is - 9.21kcal/mol.
The Docking of 2D and 3D images of compound DDFDI and stan-
dard drug (hydroxylchloroquine) with 6W41 receptor were shown
in Fig. 7.

Secondly, the interactions between DDFDI ligand and 6WCF re-
ceptor. 6WCF is a Crystal Structure of ADP ribose phosphatase of
NSP3 from SARS-CoV-2 in complex with MES. 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
the main role for viral survival and growth. The compound was
well bound to 6WCF via -7 stacked, amide-m stacked, -sigma
and Vander Waals. The m-m stacked, amide-m stacked interac-
tions of the amino acids GLY47, PHE132, ALA38 have bond distance
3.96A, 3.18A and 4.67A is binding with phenyl moiety. The amino
acids ILL131 have bond distance 5.19A, 4.01A, 3.05A, 5.40A, 2.50A
is binding with furan, imidazole, phenyl and dioxane moiety via
m-sigma. The Vander Waals has bond distance 2.08A of GLY130
residue is attached to dioxane moiety. But the standard hydrox-
ylchloroquine is enclosed with mixed alkyl and m-alkyl interac-
tions, conventional hydrogen bond and w-lone pair between ligand
and receptor. The residues ALA129, LEU126, VAL49, ILE131 are at-
tached to methyl ring and chorophenyl moiety have bond distance
3.03A, 4.53A, 4.93A, 4.68A via alky and m-alkyl interactions. The
amino acids of ASP157, PHE156 with a bond distance 2.98A, 2.67A
is attached with oxane moieties. The residue of PHE132 have bond
distance 3.62A, 2.84A is attached to pyridine and chlorophenyl
moiety via m-lone pair bond. The binding energy of compound
DDEFDI is -9.75kcal/mol while the standard drug (hydroxyl chloro-
quine) is - 8.31kcal/mol. The docked 2D and 3D images of com-
pound DDFDI and standard drug (hydroxyl chloroquine) with 6 WCF
receptor were shown in Fig. 8.

Thirdly, the interactions between DDFDI ligand and 6Y84 recep-
tor. 6Y84 is the COVID-19 main protease with 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 the main role for viral survival and growth. The com-
pound was well bound to 6Y84 via m-donor hydrogen bond and -
7 T-shaped. The pi-donor hydrogen bond and 7-7 T-shaped inter-
actions of the amino acids TYR101 (2.81A) and PHE103 (3.61A) is
binding with phenyl moiety. But the standard hydroxylchloroquine
is enclosed with Vander Waals, carbon hydrogen bond, mixed alkyl
and m-alkyl interactions between ligand and receptor. The residues
PHE294 is attached to pyridine and chlorophenyl moiety have bond
distance 4.16A, 3.18A and 3.27A via carbon hydrogen bond. The
amino acids of PRO293, ILE249, CYS300, LEU253, VAL297, PRO252
with a bond distance 4.64A, 3.55A, 4.01A, 5.12A, 4.73A, 3.50A,
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Fig. 8. The 2D and 3D images of compound DDFDI and standard drug (hydroxyl chloroquine) with 6WCF receptor.

6.38A, 5.06A, 5.28A is attached with methyl, chlorophenyl and
phenyl moieties. The binding energy of compound DDFDI is -
10.62kcal/mol while the standard drug (hydroxyl chloroquine) is -
8.68kcal/mol. The docked 2D and 3D images of compound DDFDI
and standard drug (hydroxyl chloroquine) with 6Y84 receptor were
shown in Fig. 9.

Lastly, the interactions between DDFDI ligand and the 6W4B
receptor. 6W4b is the crystal structure of Nsp9 RNA binding pro-

tein of SARS CoV-2. 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 the main role for viral survival
and growth. The compound was well bound to 6W4b via 7 -sigma,
m-sulfur, w-w T-shaped and sm-alkyl. The - T-shaped interac-
tion of the amino acids was attached by the residue PHE91 (4.3A)
while the residue LEU89, VALOQ is attached to the phenyl group has
bond distance 4.42A, 4.20A via w-alkyl bond. The residue CYS74,
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Table 5
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Binding energy values for synthesized compound DDFDI and standard drug for different proteins.

S.No Protein (pdb Id) Synthesized compound (DDFDI) Standard drug (Hydroxyl
Binding energy (kcal/mol) chloroquine) Binding energy
(kcal/mol)
1 6W41 -11.08 -9.21
2 6WCF -9.75 -8.31
3 6Y84 -10.62 -8.68
4 6W4B -12.25 -10.18

.- "
T " Ade
o
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Fig. 9. The docked 2D and 3D images of compound DDFDI and standard drug (hydroxyl chloroquine) with 6WCF receptor.

METO is attached to phenyl ring, imidazole and furan moiety have
bond distance 3.01A, 5.10A, 4.83A via m-sulfur bond whereas the
amino acids LEU107, LEU104, LEW5 are attached to phenyl, fu-
ran and imidazole moiety with bond distance 3.09A, 3.76A, 3.41A,
4.58A, 4.82A, 5.09A, 5.30A via mw-sigma bond. But the standard hy-
droxylchloroquine is enclosed with alkyl and mr-alkyl interactions
between ligand and receptor. The residues PHE76, LEU46, ALA79,
LEU5, LEU113, LEU104, VAL111, LEU107 with bond distance 4.13A,
3.68A, 4.64A, 4.26A, 4.64A, 4.54A, 3.13A, 3.68A, 5.15A, 3.77A, 5.01A,
4.58A were attached to phenyl, chlorophenyl and methyl moiety.
The binding energy of compound DDFDI is -12.25kcal/mol while
the standard drug (hydroxyl chloroquine) is -10.18kcal/mol. The
docked 2D and 3D images of compound DDFDI and standard drug
(hydroxyl chloroquine) with 6Y84 receptor were shown in Fig. 10.
The binding energy values for synthesized compound DDFDI and
standard drug for different proteins are shown in Table 5. From
the above molecular docking results, we concluded that DDFDI
compound can be considered as potential agent against COVID-
19/6W41/6WCF/6Y84/6W4b receptors (Table 4).

6. ADMET prediction and drug likeness

Computational techniques and prediction of the various physic-
ochemical and pharmacokinetics of novel drug candidate is one
of the angle for the drug development process to save time, ef-
fort and cost. The word drug-likeness indicated the stability be-
tween the structure characteristic and various molecular proper-

ties which determine the drug discovery and production. The five
rules of Lipinski plays the main role in the discovery of drugs
and in this designed compound the five rules were employed to
determine the bioavailability of bulk materials to examine the
drug-likeness properties and the results shows no violation of the
rule. The physicochemical properties with their ranges as described
by the Lipinski’s rule of five which includes; Molecular weight
is found to be 420.45g/mol (<500g/mol), hydrogen bond donor
is 0 (<5), hydrogen bond acceptor is 4 (<5), High lipophilicity
LogP is 4.93 (<5), Van der Walls topological polar surface area
(TPSA) value is 49.42A~2(120A2). Hence, the compound DDFDI
obeys the five rules of Lipinski’s. The ADMET of the designed com-
pound were used admet SAR database (http://Immd.ecust.edu.cn/
admetsar1/predict). The features of ADMET properties of the ti-
tle compound to act as drug leads such as blood-brain barrier
(BBB) penetration and gastrointestinal absorption (GI), water sol-
uble capability, lipophilicity and CYP1A2 inhibitor. The ADMET re-
sult shows that the studied compound has well absorbed by the
gastrointestinal tract and easily flow into the brain to reach the
target enzyme. Similarly, the effect of cytochrome P450 enzymes
(CYP1A2, CYP2C19 and CYP3A4) for drug metabolism in humans
and the toxicity properties were non-inhibitors of CYP2C9 and
CYP2D6 cytochrome P450 enzymes. Skin permeability is consid-
ered in transdermal drug delivery and evaluates product efficacy,
the studied compound show low skin permeability at -4.98cm/s.
Here, skin permeability shows that the compound has the ability
to reduce skin allergy when directed and the results proved that
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Fig. 10. The docked 2D and 3D images of compound DDFDI and standard drug (hydroxyl chloroquine) with 6W4b receptor.

the compound is harmless and cure for skin allergies [30-32]. The
ADMET prediction results of compound are given in Table 6.

7. Conclusion

1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-(furan-2-yl)-4,5-

diphenyl-1H-imidazole derivatives (DDFDI) have been synthesized
in the presence of C4H10BF30. The compound DDFDI have
been characterized by IR, TH-NMR and 13C-NMR spectral tech-
niques. Theoretical calculation was carried out for compound
DDFDI using DFT/B3LYP/6-31G (d,p) basis set and their optimized
bond parameters were calculated.The stabilization energy (E2) val-
ues verified the hyperconjugative interaction and charge transfer
by the orbital overlap were determined between 7(C28-C32) to
0*(C37-H42) for anti-bonding orbital with stabilization energy
81.59k]/mol. The larger energy value of E2 gives more chemical
stability in the molecular interaction between electron donors and
electron acceptors. HOMO shows the charge density contained over
the entire phenyl ring. The LUMO part is situated on imidazole,
furfuraldehyde and 1,4-benzodioxan-6-amine ring. The molecular
energies of HOMO, HOMO-1, HOMO-2 levels are -0.222, -0.224 and
-0.226eV respectively while LUMO, LUMO+1, LUMO+2 levels are
0.017, 0.026, 0.028eV, respectively. The band gap energy between
HOMO and LUMO is 0.205eV.Nonlinear optical studies revealed
that the w-o* interactions tend more intra-molecular interaction
and hence the polarizability of the molecule increases. The B0
value of the DDFDI compound is ~7 times greater than that of
urea. Drug likeness predicts the oral activity and ADMET property
analysis gives an idea about the pharmacokinetic properties of
the title molecule. Molecular docking studies reveals that the
compound DDFDI exhibit more binding energy are -11.08, -9.75,
-10.62 and -12.25kcal/mol while the standard drug (hydroxyl
chloroquine) is -9.21, -8.31, -8.68 and -10.18kcal/mol with different
Covid-19/ 6W41/ 6WCF| 6Y84/ 6W4B receptors. Finally, molecular
docking results have shows that the compound DDFDI can be
considered as a potential antiviral agent.
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