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RESEARCH ARTICLE ABSTRACT

The present work presents a straightforward synthesis, spectroscopic and structural
depiction, and in silico anti-SARS-CoV-2 activity of an isomeric monosubstituted
benzimidazole pair, 2-(1H-benzo[d]imidazol-2-yl)-6-methoxyphenol (L:0) and 4-(1H-
benzo[d]imidazol-2-yl)-2-methoxyphenol (LiP). The derivatives were synthesized by a
coupling of aromatic aldehydes and o-phenylenediamine in ethanol under reflux. Different
spectroscopic methods and X-ray structural analysis were employed to characterize the
compounds. The crystal structure of LiO reveals that the o-vanillin substituted
benzimidazole compound crystallizes in a monoclinic system and adopts a planar geometry.
In silico anti-SARS-CoV-2 proficiencies of synthetic derivatives were evaluated against the
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main protease (Mr) and nonstructural proteins (nsp2 and nsp7) of SARS-CoV-2. Molecular
docking reveals the binding scores for the L10-Mrr, L10-nsp2 and L10-nsp7 complexes as -
11.31,-6.06 and -8.13 kcal/mol, respectively, while the binding scores for the LiP-Mpro, L1P-
nsp2 and L1P-nsp7 complexes as -10.62, -5.09 and -6.91 kcal/mol, respectively, attributing
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the excellent conformational stability for both the isomeric benzimidazole derivatives.
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1. Introduction

SARS-CoV-2 shatters the socio-economic status of humans
to a great extent [1]. Unprecedented infection by SARS-CoV-2
variants not only severely damages civilization but imposes a
significant restriction on scientific development. In particular,
2019-nCoV is a virus of the Coronaviridae family (Scheme 1)
and bats are considered a source of development of beta-corona
viruses [2-4]. Characteristically, SARS-CoV-2 infection leads to
trifling flu into a fatal health emergency [5-9].

Furthermore, SARS-CoV-2 contagion can lead to acute
respiratory failure, which ultimately leads to death [10-13].
However, life-threatening issues such as persistent viral load
and organ-specific complications, along with compromised
antiviral resistance [14,15], are likely to influence the regu-
lation of coronavirus disease. Hence, examination, evaluation,
and critical studies of fundamental cellular technologies have
gained tremendous attention among the scientific community.
In addition to that, synthetic chemists and biologists have made
significant efforts in the design and production of molecular
therapeutics. Furthermore, the sincere efforts of scientists and
health warriors in combating health emergencies are

undoubtedly laudable [14,15]. Truly, the immense effort to
make significant progress in health and medical science to
tackle SARS-CoV-2 infection enforces significant progress to
overcome the pandemic instead of the huge population across
the globe.

= ® %
&ﬁ——) Spike glycoprotein
]
80 Z Nueleocapsid
Membrane protein

<
%—) Envelop

sSRNA

Lipid membrane

Scheme 1. Schematic diagram of SARS-CoV-2.

Today, the design and production of efficient and cost-
effective molecular therapeutics is one of the most challenging
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issues to deal with. It is scientifically evidenced that
benzimidazole chromophore is potentially utilized in important
drugs [16-19]. However, benzimidazole drugs are highly
effective against HIV-1 virus [20], hepatitis C virus [21], and act
as thrombin inhibitors [22] and antibacterial agents [23].
Recently, our research group has designed and synthesized an
indole-substituted benzimidazole and 5-membered hetero-
cyclic benzimidazole and explored their SARS-CoV-2 screening
activities through computational modeling [24,25]. In this
paper, we report the design and synthesis of an isomeric pair of
mono-substituted benzimidazoles with their structural charac-
terization. Furthermore, anti-SARS-CoV-2 activity against Mpre,
nsp2 and nsp7 has been explored using in silico approaches
including molecular docking, electrostatic complementarity,
and molecular dynamics.

2. Experimental
2.1. Instrumentations

The FTIR-8400S SHIMADZU spectrometer (Shimadzu,
Tokyo, Japan) and the HITACHI U-2910UV-Vis spectrophoto-
meter (Hitachi, Tokyo, Japan) were used to record the IR (KBr)
and UV-Vis spectra of the isomeric benzimidazoles. NMR
spectral analysis was attained on a Bruker Advance 400 MHz
instrument. A PerkinElmer 2400 CHN micro analyzer was used
to record the elemental analysis. A Rigaku XtaLABmini
diffractometer was used to record the X-ray diffraction data,
which were reduced using CrysAlisPro 1.171.41.93a and
CrysAlisPro 1.171.39.35c [26]. Refinement was performed
using the SHELXL-2015 software package [27,28] in the OLEX2
suite [29].

2.2. Synthesis

99.0% o-phenylenediamine (Sigma Aldrich, USA), o-vanillin
(Spectrochem, India), and vanillin (Loba Chemie, India) were
obtained and utilized. o-Phenylenediamine (0.108 g, 1 mmol)
and o-vanillin (0.152 g, 1 mmol) / vanillin (0.152 g, 1 mmol)
were refluxed separately in ethanol at 80 °C for 8 h. The
solutions were evaporated by a rotary evaporator under
reduced pressure. A reddish-brown crystalline product for L10
and a brown gummy mass for LiP were obtained. The
compound Li10 was recrystallized in hot ethanol following a
slow evaporation method, while no single crystals were found
for LiP. Both the compounds were stored over CaCl: for
subsequent use.

2-(1H-Benzo[d]imidazol-2-yl)-6-methoxyphenol (L10):
Color: Reddish-brown. Yield: 60.1%. FT-IR (KBr, v, cm1): 1640
(C=N, imine), 3428 (0O-H, phenolic-OH). 'H NMR (400 MHz,
DMSO-ds, 6, ppm): 3.82 (t, 3H,CHs-0), 6.92 (d, / = 8.0 Hz, 1H, Ar-
H), 6.95 (m, ] = 8.0 Hz, 1H, Ar-H), 7.06 (d, ] = 10.7Hz, 1H, Ar-H),
7.63 (m,] = 8.9, 8.3 Hz, 2H, Ar- H), 7.72 (d, ] = 6.7 Hz, 2H, Ar- H),
13.195 (s, 1H, benzimidazole-NH), 13.26 (s, 1H, Ph-OH). 13C
NMR (400 MHz, DMSO-ds, 6, ppm): 56.3 (3C, CHs-0), 111.9 (1C,
Ar-C), 114.3 (2C, Ar-C),118.3 (1C, Ar-C), 121.9 (1C, Ar-C), 123.0
(2C, Ar-C), 133.0 (1€, Ar-C),143.7 (2C, Ar-C), 147.8 (1C, Ar-C),
149.0 (1C, Ar-C), 152.3 (1C, benzimidazole-C). Anal. calcd. for
C14H12N202: C, 69.99; H, 5.03; N, 11.66. Found: C, 69.75; H, 5.08;
N, 11.73%. UV/Vis (CH30H, Amax, nm, (g)): 249.19 (0.0676),
307.62 (0.1416).

4-(1H-Benzo[d]imidazol-2-yl)-2-methoxyphenol (L1P):
Color: Brown. Yield: 64.8%. FT-IR (KBr, v, cm): 1638 (C=N,
imine), 3429 (N-H, phenolic-OH). H NMR (400 MHz, DMSO-ds,
S, ppm): 3.80 (t, 3H, CH3-0), 6.91 (d, J = 8.1, 4.5 Hz, 1H, Ar-H),
7.15 (d, ] = 5.3 Hz, 2H, Ar-H), 7.48 (s, 1H, Ar-H), 7.60 (m, / = 8.1,
1.9 Hz, 2H, Ar-H), 7.73 (d, ] = 1.7 Hz, 1H, Ar- H), 9.52 (s, 1H,
benzimidazole-NH), 12.64 (s, 1H, Ph-OH). 13C NMR (400 MHz,
DMSO0-ds, §, ppm): 56.1 (3C, CH3-0), 110.7 (1C, Ar-C), 116.7 (2C,

Ar-C),120.0 (1€, Ar-C), 121.7 (3C, Ar-C), 122.1 (1C, Ar-C), 148.2
(2C, Ar-C), 148.8 (2C, Ar-C), 152.2 (1C, benzimidazole-C). Anal.
caled. for Ci14H12N202: C, 69.99; H, 5.03; N, 11.66. Found: C,
69.75; H, 5.08; N, 11.73%. UV /Vis (CH30H, Amax, nm, (€)): 248.98
(0.0742), 309.67 (0.2075).

2.3. In silico SARS-CoV-2 screening activity

The isomeric benzimidazole pair L10 and L1P was analyzed
for its potential to act as anti-SARs-CoV2 agents using some in
silico approaches, including molecular docking electrostatic
complementarity, and molecular dynamics studies. Details of
protein and ligand preparation, molecular docking study, and
are described below [30-33].

2.3.1. Modifications to the protein and ligand for in silico
study

The crystal structure described here was generated using
the ‘Flare protein preparation’ plugin (Flare version 4.0)
available with Flare module of Cresset software
(https://www.cresset-group.com/software/flare/). During
this protein preparation, the bond order of co-crystallized
ligands was finalized, solvent/water molecules were
eliminated, and missing side chains and loops were
constructed. Hydrogen atoms were added to the entire protein
complex. Subsequently, the preprocessed, optimized, and
minimized 3D structure of ALDH1A1 was used for docking
analysis. The L10 / LiP isomeric ligands were prepared using
the ‘Flare Ligand preparation’ plugin (Flare version 4.0)
available with Flare module of Cresset software

(https://www.cresset-group.com/software/flare/).
2.3.2. Molecular docking

The molecular docking studies were performed using one
of the modules of Cresset Software (https://www.cresset-
group.com/software/flare/) ie., ‘Flare’. Initially, the grid was
built around the active site. The docking analysis was conducted
in a highly accurate but slow mode. The obtained docking
results included Rank, dG, and VS scores [24]. Meanwhile, dG
and VS scores were optimized to offer accurate estimations of
protein-ligand binding energy and maximum efficiency in in-
silico based screening experiments, respectively [34].

2.3.3. Electrostatic complementarity

Non-covalent interactions such as H-bonding, lone-pair
sigma hole (halogen bonding), cation-, ionic, m-m, and fluorine
bonding (orthogonal multipolar interactions) are the major
contributors to an effective binding between a drug and target
protein. These noncovalent interactions play a crucial role in
determining the binding free energy (AG) [35]. To calculate the
value of AG and further assess the match between the isomeric
forms L10/L1P and key residues of target proteins in terms of
electrostatics, electrostatic complementarity analysis was
performed using the Cresset software Flare module
(https://www.cresset-group.com/software/flare/). This
analysis offered profound insights into how these isoforms bind
to each of the three targets connected with SARS-CoV-2 [24].

2.3.4. Molecular dynamics study

The docked complexes harboring the highest docking
scores were chosen for subsequent molecular dynamic
simulations lasting 50 ns. To execute the dynamic simulations,
the 'dynamic’ option available with the Cresset software Flare
module  (https://www.cresset-group.com/software/flare/)
was explored. Herein, the AMBER force field [36] and GAFF2
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Scheme 3. Synthesis pathway for benzimidazole, L1P.

[36] options were selected. While AM1-BCC [37] was set as the
charge method and a TIP3P solvent system [38] surrounding
the complex with 10x10x10 A dimensions was built.
Subsequently, the constructed system underwent a 200ps
equilibration using a time step of 2fs. [39]. Following system
equilibration, MD simulations lasting 50 ns were executed on a
GPU Nvidia Tesla V100, with 16 GB of memory.

2.3.5. Computational analysis

The structural characterization of L10 and LiP was also
justified with a detailed quantum chemical computation using
the Gaussian 09W program suite [40] without considering any
symmetrical restrictions. The molecular structures of L10 and
L1P were optimized in a vacuum adopting the B3LYP theoretical
model and 6-311G basis set [41,42].

3. Results and discussion
3.1. Synthesis

The isomeric benzimidazole derivatives were synthesized
by adopting a straightforward preparative method through a
condensation between o-phenylenediamine and isomeric
benzaldehydes in ethanol under reflux. Synthetic procedures
are shown in Schemes 2 and 3.

The compounds are soluble in hot water, ethanol, and
common polar solvents. We developed single crystals for L10
using slow evaporation techniques; however, we were unable
to produce suitable single crystals for LiP instead of several
trials in hot water, ethanol, water-ethanol, and chloroform-
ethanol solvent mixtures. The structural compositions of Li10
and Li1P were examined with various spectral analyzes. The FT
IR spectra exhibited the presence of characteristic peaks at
1640 and 1638 cm-t for L10 and L1P, respectively, ascribing the
azomethine frequencies. The presence of a broad peak at 3428
and 3429 cm-*for L10 and L1P, respectively, suggests O-H/N-H
stretching vibrations. Identified IR frequencies closely align
with data reported previously [43,44]. The UV-vis spectra of
L10 and LiP were obtained in methanol medium. L:0 and L:P
displayed maximum absorption at 230-250 and 305-310 nm.
The high energetic bands in the isomeric benzimidazoles
provide supporting evidence for the m —» m* or n —» m*
transitions and align with the existing literature [43,44].

The H NMR of the isomeric benzimidazole derivatives was
recorded in DMSO-de. Aromatic proton signals appeared in the
range § 6.92 to 7.72 ppm for L10, while the aromatic protons of
L1P displayed their presence between & 6.89 to 7.73 ppm. The
chemical shift value for benzimidazole NH in L10 and Li1P was

obtained at § 13.195 and 9.526 ppm assigning the -NH protons
of the benzimidazole moieties in L10 and L:P, respectively, and
the peak at § 3.82-3.87 and 3.83-3.93 ppm represents the
methoxy protons of L10 and L1P, respectively. Both compounds
exhibited signals at § 13.26 and 12.64 ppm for L10 and LiP,
respectively, unveiling the -OH protons of the ligands. The 13C
NMR spectra of L10 and LiP were also analyzed, which showed
signals at § 152.38 and 152.25 ppm attributed to the presence
of the C atom of benzimidazole, while the characteristic signals
at 6 56.29 and 56.10 ppm attributed methoxy-C in the
benzimidazoles, L10 and L1P, respectively. Aromatic C signals in
L10 and L1P were detected between 6 111.2-149.0 and 110.7-
148.8 ppm, respectively. The reported values of proton and C
signals of the benzimidazoles agree well with the literature
[45].

3.2. Crystal structure and supramolecular interactions

The X-ray single crystal structural revealed that Li0
crystallizes in a monoclinic crystal system with a P21/n space
group. Thermal ellipsoidal plots of L10 are shown in Figure 1a.
The structural parameter is shortened in Table 1 and the bond
angles and distances are summarized in Table 2. In L0, one
methoxy phenol group is connected to the benzimidazole
group, adopting a planar structure.

The planarity of the benzimidazole derivative is evident
from the measurement of the bond angles between two
aromatic moieties, C3-C6-C8 as 178.27°. Furthermore, the bond
angles of N1-C8-C6, N2-C8-C6, C5-C6-C8, and C7-C6-C8 are
found to be 125.22, 123.45, 122.35, and 118.72°, respectively.
The average bond angle, ~122° suggests the high-planarity
structure of L10. The self-assembled structural analysis of L10
reveals that methoxyphenol flips 180° to grow a one-
dimensional network via close range N---H interactions and
moderate-distant O---H interaction in the crystalline phase
(Figure 1b). In addition, the 1D chains of L10 interlink through
m---T interactions that build a wonderful supramolecular
framework along the b-axis (Figure 1c). The noncovalent
interaction parameter for L10 is given in Table 3.

Hirshfeld surface analysis was also performed to
understand the interaction propensity of the surface of LiO.
Different surface parameters were also calculated. The surface
volume, surface area, globularity, and asphericity were
determined as 285.07 A3, 274.72 A2, 0.762, 0.337, respectively.
The 2D fingerprint plots of LiO were also evaluated. The
fingerprint plots show a significant participation of N/O---H
hydrogen bonding and m-m interactions as revealed from the
sharpness of the tooth. The elemental contribution for 2D
fingerprint plots is shown in Table 4.
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Table 1. Crystallographic data and structure refinement parameters for L10.

Empirical formula
Formula weight (g/mol)
Temperature (K)
Crystal system
Space group

a, (&)

b, (&)

o (®)

o)

B ()

vy
Volume (A3)

Z

Pealc(g/cm3)

p (mm-1)

F(000)

Crystal size (mm3)

Radiation

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [1220 (I)]
Final R indexes [all data]
Largest diff. peak/hole (e.A3)
CCDC no

C14H12N202
240.26
298.0(2)
Monoclinic
P21/n
7.7190(10)
12.3492(15)
12.2568(8)
90.00
94.138(8)
90.00
1165.3(2)
4

1.369

0.094

504.0

0.1 x 0.05 % 0.01

MoKa (A=0.71073)

6.04 to 54.94
-8<h<10,-16<k<16,-14<<15
12383

2646 [Rint = 0.0416, Rsigma = 0.0315]
2646/0/165

1.034

R1=0.0594, wR2=0.1676
R1=0.0879, wR2 = 0.1980
0.26/-0.19

2163289

(b)

(©

Figure 1. (a) ORTEP diagram of L10 with 30% probability; (b) Formation of a 1D framework of L10 based on N-:-H, O---H hydrogen bonding (pink dotted) along
the b axis; (c) Development of the supramolecular 3D crystalline architecture based on - interactions.

3.3. Computational outcome

The optimized structure of L10 showed a good correlation
with the crystal structure of L0, as evidenced by the closeness
of the bond distance and bond angle values (Table 2).
Furthermore, the optimization of LiP reveals the exact
structure (Table 5) determined from the spectroscopic analysis.
The energy of frontier orbits was also calculated by TD-DFT to

understand the electronic properties of the isomeric
benzimidazoles, L10 and LiP. The energy difference for HOMO
and LUMO in L10 and L:P displayed values of 4.08 and 4.51 eV,
respectively. The closeness of the energy values for the frontier
orbitals in Li0 and LiP is also attributed to the isomeric
existence of the compounds.
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Table 2. Bond distance and bond angle values of L10 obtained from XRD and DFT.

Bond distances (&)

Li0 XRD DFT Li0 XRD DFT
01-C7 1.354(3) 1.36173 C9-C14 1.404(3) 1.39912
02-C1 1.419(4) 1.45017 C9-C10 1.382(3) 1.39747
02-C2 1.372(3) 1.38647 C10-C11 1.371(3) 1.39337
01-H1 0.8200 1.00825 C11-C12 1.405(3) 1.41060
N1-C8 1.364(3) 1.34159 C12-C13 1.371(3) 1.39550
N1-C14 1.371(3) 1.39527 C13-C14 1.393(3) 1.39527
N2-C9 1.390(3) 1.39912 C1-H1B 0.9600 1.00882
N2-C8 1.325(3) 1.34159 C1-H1C 0.9600 1.09285
N1-H1A 0.8600 1.00298 C1-H1D 0.9600 1.09285
C2-C3 1.367(3) 1.38986 C3-H3 0.9300 1.07941
C2-C7 1.404(3) 1.36173 C4-H4 0.9300 1.08092
C3-C4 1.406(3) 1.40624 C5-H5 0.9300 1.08035
C4-C5 1.365(3) 1.38314 C10-H10 0.9300 1.08035
C5-Cé6 1.399(3) 1.41404 C11-H11 0.9300 1.08134
C6-C7 1.403(3) 1.36173 C12-H12 0.9300 1.08146
C6-C8 1.460(3) 1.34159 C13-H13 0.9300 1.08156
Bond angles (°)

Li0 XRD DFT L0 XRD DFT
C1-02-C2 94.39(11) 118 C10-C11-C12 113.84(9) 121
C7-01-H1 172.17(11) 109 C11-C12-C13 133.5(2) 121
C8-N1-C14 84.57(15) 108 C12-C13-C14 158.3(2) 116
C8-N2-C9 89.78(3) 106 N1-C14-C13 108.9(3) 132
02-C2-C7 96.25(10) 115 C9-C14-C13 110.00 122
C3-C2-C7 96.71(12) 120 N1-C14-C9 110.00 105
02-C2-C3 125.2(2) 124 C4-C5-C6 121.0(2) 120
C2-C3-C4 119.6(2) 120 C7-C6-C8 118.72(18) 118
C3-C4-C5 120.2(2) 120 C5-C6-C7 118.9(2) 119
N1-C8-N2 111.33(19) 110 C5-C6-C8 122.35(19) 122
N2-C8-C6 123.45(18) 123 01-C7-C2 117.48(19) 118
N1-C8-C6 125.22(18) 125 01-C7-Cé6 123.2(2) 122
N2-C9-C14 108.43(19) 109 C2-C7-C6 119.35(19) 119
C10-C9-C14 120.7(2) 120 C9-C10-C11 117.8(2) 117
N2-C9-C10 130.8(2) 130

Table 3. Intermolecular hydrogen bonding (4, °) parameter.

D-H-A D-H H-A DA Z/D-H-A Symmetry

01-H1---N2 0.82 1.86 2.595(2) 148 -

N1-H1A---01 0.86 2.26 3.016(2) 146 1/2+x,1/2-y,1/2+z
N1-H1A---02 0.86 2.49 3.101(2) 129 1/2+x,1/2-y,1/2+z
N2-H2---01 0.86 2.02 2.595(2) 124 -

Table 4. Percentage elemental contribution for Hirshfeld surface.

Inside Outside % Surface area included Inside Outside % Surface area included
All All 100.0 N All 3.1

All 0 6.9 C All 22.6

All H 73.1 C C 6.3

All N 2.6 N H 2.9

All C 17.4 H N 2.4

0 All 8.0 (] H 7.6

H All 66.3 H 0 6.3

3.4. Molecular docking studies

As suggested in the literature [24], Glu 74 and Asp 67 are

crucial in inhibiting the biological activity of nsp7 in SARS-CoV2.
After the docking simulations, it was observed that both
isomeric forms showed strong hydrogen bond interactions with
Asp 67. However, the isomeric form of the compound L:0
showed the highest docking scores in terms of the LF rank score
(Lead Finder Rank Score), LF dG (Protein-ligand binding
energy), LF VS score (Rank-ordering of active and inactive
compounds in virtual screening experiments) and LF LE
(Estimated ligand efficiency) with values of -8.135, -5.335,
-6.574 and -0.296, respectively.

The docking results corresponding to each of the designed
molecules with the target nsp7 are displayed in Table 6. The
interaction pattern for this compound is shown in Figure 2c.
This indicates that L10 is a potential nsp7 inhibitor. A similar
type of observation was disclosed in docking experimentation
with the other two targets, i.e,, nsp2 and the main protease. As
disclosed in Tables 6 and 7, among the designed compounds,
only Li0 could manifest the highest docking scores to PDB
7EXM and PDB 6LU7. As observed in Figure 2b, L10 interacted
with crucial residues, i.e., Glu 110 and Lys 113 with additional

hydrogen bonding with Arg 108. In addition to the observed key
interactions, this compound also showed good docking scores,
as shown in Table 6. The docked complexes of the designed
compounds and the main protease protein were also analyzed
and it was observed that L10 not only showed good interactions
and docking scores with nsp7 and nsp2 but also showed good
interactions with the main protease enzyme (Figure 2a). The
best docking scores in comparison to these two proteins were
observed with Mpre enzyme. As observed in Table 7, L10 showed
-11.311, -7.139, -8.694 and -0.397 values for the LF rank score,
the LF dG, the LF VS score and the LF LE. Moreover, they
manifested key H-bond interactions with Leu 141, His 163, Gly
143, and Ser 144. From the docking study, it could be concluded
that Li0 is the potential multitargeting molecule that can
potentially interfere with the normal functioning of nsp7, nsp2
and Mpro,

3.5. Electrostatic complementarity analysis

Electrostatic complementarity (EC) analysis for an isomeric
form of benzimidazole in a complex with each of the selected
anti-SARS-CoV?2 targets can provide important insight into the
nature and strength of their complexes.
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Table 5. Bond distance and bond angle values of L;P obtained from DFT.
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Bond distances (&)

LiP DFT LiP DFT
011-H12 0.97162 C17-C18 1.33093
010-C13 1.46809 C17-N19 1.39628
C13-H14 1.08537 N19-H20 1.00293
C13-H15 1.09209 C21-C22 1.39276
C13-H16 1.08620 C22-C23 1.39526
010-C5 1.39299 C24-C25 1.39272
011-Cé 1.39503 C25-C26 1.39827
C1-C2 1.39451 C26-C21 1.39827
C2-C3 1.40393 C22-H27 1.08187
C3-C4 1.40624 C23-H28 1.08174
C4-C5 1.38917 C24-H29 1.08174
C5-C6 1.39465 C25-H30 1.08041
C3-C17 1.46059 C2-C8 1.08191
C4-H9 1.07900 Cc1-c7 1.08375
C6-C1 1.39465

Bond angles (°)

LiP DFT L1P DFT
C1-02-C2 118 C10-C11-C12 121
C3-01-H1 111 C11-C12-C13 121
C8-N1-C14 107 C12-C13-C14 116
C8-N2-C9 106 N1-C14-C13 133
02-C2-C7 117 C9-C14-C13 122
C3-C2-C7 119 N1-C14-C9 104
02-C2-C3 122 N2-C9-C10 129
C2-C3-C4 119 C9-C10-C11 118
C3-C4-C5 120 01-C3-C4 122
C4-C5-C6 120 C2-C7-C6 121
C7-C6-C8 118 N1-C8-N2 111
C5-C6-C7 118 N2-C8-C6 124
C5-C6-C8 122 N1-C8-C6 123
01-C3-C2 117 N2-C9-C14 109
C10-C9-C14 120

HIS 163

(@)

(b)

@]

Figure 2. 3D docked poses for L10 in the active site of (a) main-protease; 6LU7, (b) nsp2; 7EXM, and (c) nsp7; 7JLT.

As discussed in the Material and Methods section that
electrostatic interactions are key contributors to the AG, EC
map of each isomeric form was generated with respect to each
selected target. As suggested by the docking analysis, L10 is a
more potential anti-SARs-CoV2 agent compared to LiP due to
its higher docking scores. Electrostatic complementarity
analysis also suggested that LiO exhibits higher comple-
mentarity to each of the selected targets, i.e., nsp7, nsp2 and the

main protease as revealed by the EC scores displayed in Tables
8 and 9, respectively. It is clear from the EC maps shown in
Figures 3-5 that Li0 exhibited higher electrostatic comple-
mentarity with the key residues of each selected target.

In this paper, the green color suggested electrostatic
complementarity, while the red color suggested electrostatic
clashes. The highest electrostatic complementarity can be
observed in Figure 4 with minimal electrostatic clashes.
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Table 6. Docking results for the designed molecules, nsp7 (7JLT) and nsp2 (7EXM) complexes *.

Complex Compound LF rank score LF dG LF VS score LF LE Interactions
nsp7 (7JLT) HO OCH, -8.135 -5.335 -6.574 -0.296 2-Hydrogen bonding
Il:ll Asp 67

nsp7 (7JLT) OCH, -6.919 -4.869 -5.580 -0.270 3-Hydrogen bonding
H Asp 67
N
OH
/
nsp2 (7EXM) HO OCH,4 -6.066 -4.347 -4.728 -0.242 3-Hydrogen bonding
n Lys 113, Glu 110, Lys 111

nsp2 (7EXM) OCH;3 -5.009 -3.746 -3.894 -0.208 3-Hydrogen bonding
H Lys 113,Glu 110
OH
/

* LF-dG score symbolizes accurate binding energy predictions; LF-VS score indicates correct rank-ordering of active and inactive compounds in virtual screening
experiments; LF-Rank score indicates correct energy-ranking of docked ligand poses; LF-LE score signifies estimated ligand efficiency.

Table 7. Docking results for designed molecules and Covid-19 main protease (6LU7) complexes *.

Sample Compound LF rank score LF dG LF VS score LF LE Interactions

L:0 HO OCH; -11.311 -7.139 -8.694 -0.397 5-Hydrogen bonding
H His 163, Ser 144 and Gly 143
/

L.P OCH, -10.629 -6.327 -7.499 -0.352 2-Hydrogen bonding

n His 163, Gly 143
OH
@ /

* LF-dG score symbolizes accurate binding energy predictions; LF-VS score indicates correct rank-ordering of active and inactive compounds in virtual screening
experiments; LF-Rank score indicates correct energy-ranking of docked ligand poses; LF-LE score signifies estimated ligand efficiency.

(4

Figure 3. Electrostatic complementarity analysis for L10-main protease complex (a) L10 EC, (b) L10 EP, (c) EC with respect to the active site of main protease,
(d) EP with respect to the active site of main protease.
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Table 8. Electrostatic complementarity analysis results for L10, LiP in complex with nsp7 (PDB ID: 7JLT) and L:0, L1P in complex with nsp2 (PDB ID: 7EXM) *.

Compounds Complex with EC ECr ECrho
L0 nsp7 (PDB ID: 7JLT) 0.28 0.18 0.32
L.P nsp7 (PDB ID: 7JLT) 0.20 0.32 0.27
L0 nsp2 (PDB ID: 7EXM) 0.39 0.35 0.45
L,P nsp2 (PDB ID: 7EXM) 0.20 0.11 0.24

* EC: Electrostatic complementarity (Normalized surface integral of the complementarity score); EC:: Pearson correlation coefficient of protein and ligand
electrostatic potentials sampled on the surface vertices; ECrno: Spearman rank correlation coefficient of protein and ligand electrostatic potentials sampled on the

surface vertices.

(0

(4

Figure 4. Electrostatic complementarity analysis for L10-nsp7 complex (a) L10 EP, (b) L10 EC, (c) EC with respect to the active site of nsp7, (d) EP with respect

to the active site of nsp7.

(d

Figure 5. Electrostatic complementarity analysis for the L10-nsp2 complex (a) L10 EC, (b) L10 EP, (c) EC with respect to the active site of the nsp2, and (d) EP

with respect to the active site of the nsp2.
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Table 9. Electrostatic complementarity analysis results for the designed ligands with each of the selected targets *.

Compounds EC EC: ECrho
L0 0.24 0.31 0.33
LiP 0.17 0.10 0.17

* EC: Electrostatic complementarity (Normalized surface integral of the complementarity score); EC:: Pearson correlation coefficient of protein and ligand
electrostatic potentials sampled on the surface vertices; ECrno: Spearman rank correlation coefficient of protein and ligand electrostatic potentials sampled on the

surface vertices.

Table 10. Interactions after carrying molecular dynamics for the L10 and main protease 6LU7 complex.

Protein atom % Frames present

Bond type Ligand atom

Hydrogen-bond B MOL 308 02
Aromatic-Aromatic B MOL 308 C1
Hydrogen bond B MOL 308 01
Hydrogen bond B MOL 308 01
Hydrogen bond B MOL 308 N1
Hydrogen bond BMOL 30801
Aromatic-Aromatic B MOL 308 C4
Aromatic-Aromatic B MOL 308 C1
Hydrogen bond B MOL 308 01

A SER 144 HG 36.5
AHIS 41 HD2 35.5
AGLY 143 H 34.6
ACYS145H 26.0
AGLY 143 H 22.7
ASER 144 H 11.8
A HIS 41 NE2 8.2
A HIS 41 NE2 4.9
A SER 144 HG 4.7

® ©

Figure 6. 3D interaction diagram after MD considering docked complexes (A) L10-main protease, (B) nsp2, and (C) nsp7.

Electrostatic complementarity was also observed in the
L10-main protease complex, very slight electrostatic clashes
were observed due to edge aromatic-aromatic interactions
between the benzimidazole core in L:0 and the imidazole ring
of His 163 (Figures 3a and 3c). From the electrostatic potential
(EP) maps displayed in Figures 3b, 3d, 44, 4d, 5b, and 5d, it can
be observed that the negative EP surface of the ligand mapped
over the positive EP surface of the protein and vice versa. This
marked the relevance of higher complementarity of L10 with
Mpro, nsp7 and nsp2.

3.6. Molecular dynamics

The top docking scored LiO was found to retain its
molecular docking interaction with the target Mpro even after
the molecular dynamic simulation for a period of 50 ns. This
compound also shows slightly fewer RMSD (Root Mean Square
Deviation) fluctuations in the case of Mpro in comparison to the
other two proteins, i.e, nsp7 and nsp-2. While prominent RMSD
fluctuations were observed in nsp7 and nsp2 indicating that
L10 is a potential inhibitor of Mpro in comparison to the other
two proteins. Furthermore, the percentage of interactions with
key residues Ser 144, Cys 145, Gly 143, and His 41 was observed
to be the highest for the same, which can be observed in Table
10. The L10 was unable to retain the docking interaction in the
case of nsp2 and nsp7. In general, it could be concluded that L10
is a promising molecule that can efficiently inhibit the main
protease and prevent the progression of Covid-19 disease.

In the current scenario of SARS-CoV-2 infection around the
world, computer-aided structural modification and drug design
receive a great deal of attention among scientists [46-48].
Different scientist groups have shown that a promising change
of dG Bind energy is a primary necessity (-10 to -100 kcal/mol)
for the design of tailor-made therapeutic against Mpro and nsp
proteins [46-47]. Interestingly, Purwati and his colleagues [48]

rationally designed and evaluated the inhibition activities of a
series of dual combinatory drugs such as Lopinavir-Ritonavir-
Azithromycin, Lopinavir-Ritonavir-Clarithromycin, Hydroxy-
chloroquine-Azithromycin, Lopinavir-Ritonavir-Doxycycline,
etc. against Vero cell lines. In comparison with the computa-
tionally calculated binding scores of the compounds through
molecular docking and MD simulation, the synthetic ligand L10
showed an excellent binding priority with His 163, Gly 143 and
Ser 144 of the Mpro of SARS-CoV-2 through a significant number
of hydrogen bonding while L:P formed a hydrogen bonding
with His 163, Gly 143 but a lesser extent with respect to L10 as
evidenced from the stability of conformations (Figure 6).

4. Conclusions

In summary, we report a straightforward synthetic
approach to prepare an isomeric pair of benzimidazole deriva-
tives and characterize them using a range of spectroscopic
techniques and X-ray crystallography. Interestingly, the ortho-
positioned -OH group to methoxybenzene marks a significant
impact on the functional properties relative to the ortho-
positioned -OH. The in silico SARS-CoV-2 screening activities
against Mpre, nsp2, and nsp7 were evaluated by molecular
docking, electrostatic complementarity study, and MD
simulation studies. Molecular docking reveals the binding
scores for Li0-Mpro, L10-nsp2 and Li0-nsp7 complexes as
-11.31, -6.06 and -8.13 kcal/mol while the binding scores for
LiP-Mpro, LiP-nsp2 and LiP-nsp7 complexes as -10.62, -5.09
and -6.91 kcal/mol attributing the stable conformations for
both isomeric benzimidazole derivatives. The origin of
relatively higher stability of the Li0-protein docked confor-
mation was enumerated through the larger number of
hydrogen bonding formation propensity of L10 with His 163,
Ser 144 and Gly 143 of Mpro relative to that of L1P. The 50 ns
time-framing MD simulation studies for the docked complexes
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reveal a similar trend to molecular docking complexes and
attribute the significant effect of o-positioned phenolic-OH. The
O-positioned OH facilitates a significant number of hydrogen
bonding compared to the p-positioned OH, ensuring a more
stable conformation of L10 with the amino acids of SARS-CoV-
2. Therefore, the effect of position on the functional group is an
important aspect of drug design. However, the straightforward
synthetic procedure, high yield with excellent purity, and
remarkable pharmacokinetic properties of the tailor-made
benzimidazoles may be helpful in designing a potent thera-
peutic agent.
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