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a b s t r a c t

Benzyl-3-N-(2,4,5-trimethoxyphenylmethylene)hydrazinecarbodithioate (compound 1) is a bidentate
and nitrogen-sulfur containing Schiff base, which has been synthesized by the condensation reaction of
S-benzylndithiocarbazate and 2,4,5-trimethoxybenzaldehyde. The theoretical calculations of the
mentioned compound have been carried out using the more popular density functional theory method,
Becke-3-Parameter-Lee-Yang-Parr (B3LYP) in 6-31Gþ(d,p) basis set. The computational results of the
compound were compared with the obtained experimental value. Moreover, the highest occupied mo-
lecular orbital, the lowest unoccupied molecular orbital, molecular electrostatic potential, chemical
reactivity parameters and natural bond orbital of the optimized structure have been evaluated at the
same level of theory. Furthermore, the UVeVis spectrum of the compound has been carried out for the
better understanding of electronic absorption spectra with the help of the time-dependent density
functional theory at room temperature. Besides, the molecular docking simulation of the mentioned
molecule with target protein was also investigated. In addition, in silico studies were performed to
predict absorption, distribution, metabolism, excretion and toxicity profiles of the designed compound.
The results indicated that the theoretical data have well correlated with the observed values. The narrow
frontier orbital gap indicated that the eventual charge transfer interaction occurs within the studied
molecule and showed high chemical reactivity. The global reactivity values showed that the compound is
soft molecule, electrophilic species and has strong binding ability with biomolecules. The molecular
electrostatic potential structure indicated that the negative and positive potential sites are around
electronegative atoms and hydrogen atoms of studied compound, respectively. The natural bond orbital
data revealed that the compound contains 97.42% Lewis and 2.58% non-Lewis structure. The intra and
inter-molecular charge transfers process occur within the studied compound. The studied compound
showed more binding energy (�6.0 kcal/mol) with target protein than hydroxychloroquine (�5.6 kcal/
mol). The absorption, distribution, metabolism, excretion and toxicity investigation predicted that the
compound has good drug like character.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

S-benzyl dithiocarbazates (SBDTC) are nitrogen-sulfur consist-
ing of organic compounds and can easily coordinate with metal
ions due to the presence of hard nitrogen and soft sulfur donor
m.ruet.ac.bd (T.K. Pal).
atoms [1e5]. S-benzyl dithiocarbazate and its substituted de-
rivatives have been shown significant biological activities [6e13].
Therefore, owing to their versatile coordination character and
promising biological properties, a large number of Schiff bases have
been synthesized and reported from SBDTC and various aromatic
aldehydes or ketones [2,3,6,7]. Dithiocarbazate Schiff bases have
been shown cis-trans and trans-cis isomers in solid-state with
respect to the NeC and CeS bond. Moreover, Some of these
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dithiocarbazate Schiff bases have interesting applications in the
area of electronic engineering as solar cell components, non-linear
optical materials [6,7,9,14e18] and of medicinal field as antifungal,
antibacterial, anticancer and antioxidant [7,14,19e24]. Recently,
most of the researchers are highly interested in computational
methods to assist the experimental evidences of chemical species.
The theoretical methods play an important role for the investiga-
tion of the chemical reaction and several molecular properties of
the chemical species. Besides, the theoretical methods are mostly
used for the identification of proposed structure of newly synthe-
sized chemical species, due to their high efficiency and accuracy.
From this point of view and continuation of our previous research
work [7], the current study is an effort to investigate of computa-
tional calculation of the mentioned Schiff base in details. However,
to the best of our knowledge, no theoretical study of S-benzyl
dithiocarbazate Schiff base has been published in the literature so
far. Density functional theory (DFT) [25e28] calculation having
vibrational frequency is an essential for theoretical studies of
organic molecules and related fields. Besides, DFT approach is very
important and helpful tool to explore the relationship between
geometry and electronic properties of chemical compound
[18,28,29] Therefore, we report herein DFT calculations involving
vibrational frequency analysis, electronic spectra, highest occupied
molecular orbital (HOMO)-lowest unoccupied molecular orbital
(LUMO) energy with various chemical reactivity parameters, mul-
liken population analysis, molecular electrostatic potential, HOMA
index, natural population analysis, natural bond orbital (NBO)
investigation of the Schiff base, benzyl-3-N-(2,4,5-
trimethoxyphenylmethylene)hydrazinecarbodithioate. The theo-
retically computed infrared, UVeVisible, bond length and bond
angle were compared with experimental values. All experimental
values have been carried out using pure single crystal compound. In
addition, molecular docking of SBDTC Schiff base, azithromycin and
hydroxychloroquine with the target protein, coronavirus, 6LU7 was
investigated as well as the absorption, distribution, metabolism,
excretion and toxicity (ADMET) prediction was also performed to
assess the drug-likeness and toxicity profile of the mentioned
compound.

2. Method

2.1. Synthesis of NS-Schiff base

The NS-Schiff base, benzyl-3-N-(2,4,5-
trimethoxyphenylmethylene)hydrazinecarbodithioate has been
synthesized by the method of our previous reports [7,14].

2.2. Computational details

The molecular structure (Fig. 1) was drawn using GaussView
6.0.16 software [30]. The full molecular geometry optimization of
the compound was carried out by employing the density functional
theory at B3LYP level [31] and 6-31Gþ(d,p) basis set with the help
of Gaussian 09W software package [32]. The optimized structure of
the compound 1 (Fig. 1) has been used to calculate the molecular
electrostatic potential, highest occupied molecular orbital and
lowest unoccupied molecular orbital energy by Gaussian 09W
software. The vibrational frequencies were measured at the same
level of theory for the optimized geometry and found frequencies
were scaled 0.9614 [33,34].The electronic excitations of the opti-
mized neutral compound were also measured using the time-
dependent density functional theory in gas phase. For the molec-
ular docking simulation, first of all, the initial 3D structure of the
above mentioned compound was drawn in GaussView 6.0.16 soft-
ware. Then the structurewas saved as single file and PDB format via
PyMol software [35]. Secondly, the crystal structure of selected
protein (PDB code: 6LU7) was collected from the protein data bank
server (www.rcsb.org) as PDB format. All water molecules, ions and
ligands were removed from the crystal structure of the target
protein through PyMol software. In the case of studied compound,
OpenBabel of PyRx software [36] was used tominimize and convert
the.pdb files to the AutoDock docking format (.pdbqt). While, the
receptor protein was minimized and converted the.pdb files to the
AutoDock docking format (.pdbqt) in PyRx software for afterward
docking. AutoDock Wizard in a virtual screening software, PyRx
was used for the molecular docking simulation between studied
compound and target receptor. The predicted docking poses of the
compound-protein complex were visually investigated using Dis-
covery studio 4.5 software [37].

3. Results and discussion

3.1. Infrared spectra

The FTIR spectra were shown in Fig. 2. The mentioned com-
pound was showed a characteristic band at 3103 cm�1 due to thi-
one group [eNHeC(¼S)-] [7,14,38] which was theoretically
calculated as 3461 cm�1. The aromatic C]C bonds showed at
1608 cm�1 [7,39], which was found at 1631 cm�1 based on the
theoretical spectrum. The most characteristic azomethine group
v(C]N) band was observed at 1595 cm�1 experimentally
[1,19,38,40e44], where theoretical calculation produced this band
at 1668 cm�1. The studied compound was appeared a band at
1097 cm�1 that attributed to symmetric stretching of v(C]S)
[7,14,38], which were theoretically observed at 1139 cm�1 using the
B3LYP/6-31Gþ(d,p) computation method.

3.2. Electronic spectra

The UVevisible absorption spectrum is used to calculate the
charge transfer phenomena in organic compounds. The UV-VIS
spectrum of the compound 1 was studied within the range
200e800 nm and the electronic spectrum of the compound was
done by TD-DFT method as theoretically. The experimental and
theoretical spectra are given in Fig. 3. The electronic absorption
spectrum of the compound was appeared four medium to instance
bands at 241, 289, 316 and 395 nm experimentally. These transi-
tions could be attributed to the p/p* transition of aromatic,
p/p* transition of azomethine, n/p* transition of azomethine
and n/p* transition of dithiocarbazate moiety, respectively [7].
While, the studied compound was showed only three absorption
bands at 320, 387 and 410 nm in DFT obtained spectrum, which
may be attributed to p/p* transition of azomethine, n/p*
transition of azomethine and n/p* transition of dithiocarbazate
moiety, respectively. Thus, the results revealed that the DFT
determined wavelength is in good agreement to the observed
wavelength.

3.3. Crystal structure interpretation

The crystal structure, bond length and bond angle of the com-
pound 1 has been carried out by single crystal X-ray diffraction
technique using a single crystal with the dimensions of
0.200 � 0.125 � 0.090 mm [7]. The studied compound crystallizes
in monoclinic system with space group P21/c. The calculated bond
length and bond angle for compound 1 were determined with the
help of GaussView 6.0.16 software. An ORTEP drawing and opti-
mized structures of the mentioned compound is given in Fig. 1. The
selected bond length and bond angle for compound 1 are shown in
Table 1, which were compared to the correspondent geometrical

http://www.rcsb.org


Fig. 1. Crystal (left) and optimized structure (right) with atoms numbering of compound 1.

Fig. 2. Theoretical (up) and experimental (down) infrared spectrum of compound 1.
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parameters of observed data.
From the graph, a linearity was found between the calculated

and experimental data (Figs. 4 and 5). The correlation coefficient
(R2) of bond length and bond angle of the studied compound was
found to be 0.9492 and 0.8488, respectively in the case of experi-
mental and calculated data. Thus, it can be concluded that the bond
length and bond angle values obtained from DFT method were
consistent with the observed data.

The crystal data showed that C10 ¼ N1 bond length of the
studied molecule was 1.283(2) Å, which conforms that the double
bond character exists between carbon and nitrogen atoms (Fig. 1,
left). This bond length is almost same with the calculated value
(1.289 Å). The mentioned dithiocarbazate group adopts an E-
configuration relatively to the double bond between carbon-
nitrogen atoms. The C11eS1 bond length of thione tautomeric
form of studied molecule was 1.670(15) Å. Besides, the entire spe-
cies has coplanar atoms with the exception of the S-benzyl phenyl
ring, which is indicating that an electron delocalization occurs
within the molecule. This bond length value of C11eS1 was found
to be 1.654 Å as theoretically. The b-nitrogen and the thioketo sulfur
were showed trans configuration due to the C11eN2 bond. The
obtained value of bond length revealed that the C11eN2 bond was
existed as single bond in the molecule and is in good agreement
with the calculated value. Moreover, the values of bond length and
bond angle of the studied compound showed that nitrogen and
aromatic carbon atoms in the molecule have sp2 hybrid character
(Table 1).
3.4. Electrostatic results and mulliken electronegativity

The electron donating and receiving ability of a molecule can be
defined using the value of HOMO and LUMO energy. These mo-
lecular orbitals play vital role in electronic and optical properties,
luminescence, photochemical reaction, UV-VIS, quantum chemistry
and pharmaceutical studies as well as provide the information of
biological mechanism [45e49]. The frontier molecular orbital’s (i.e.,
FMO’s) energy gap supports to indicate the stability of structure.
Besides, FMO’s also informs about the kinetic stability and chemical
reactivity of a molecule. Furthermore, the FMO’s helps for pre-
dicting the most reactive position of a studied molecule. The
calculated energy value of HOMO and LUMO orbitals are �0.26751
and �0.18094 eV, respectively. The FMO’s energy gap (DEHOMO-



Fig. 3. Theoretical (up) and experimental (down) UV-VIS spectrum of compound 1.

Table 1
Selected bond length (Å) and bond angle (�) for compound 1.

Geometrical Parameters Calculated Observed Geometrical Parameters Calculated Observed

C1eC2 1.389 1.371(3) C1eC6 1.409 1.410(3)
C2eC3 1.416 1.409(3) C3eC4 1.395 1.381(3)
C4eC5 1.399 1.395(3) C5eC6 1.411 1.398(2)
C6eC10 1.457 1.456(2) C12eC13 1.507 1.511(3)
C13eC14 1.404 1.386(3) C13eC18 1.402 1.385(3)
C14eC15 1.396 1.385(3) C15eC16 1.398 1.365(3)
C16eC17 1.397 1.371(3) C17eC18 1.397 1.395(3)
C11eN2 1.362 1.336(2) C10eN1 1.289 1.283(2)
C11eS2eC12 103.39 101.37(8) C13eC14eC15 120.51 121.37(18)
N2eN1eC10 116.06 115.49(13) C13eC18eC17 120.78 120.34(16)
C2eC1eC6 121.82 121.66(15) N1eN2eC11 123.09 120.33(13)
O2eC3eC2 117.21 115.40(15) O2eC3eC4 122.71 124.33(15)
C4eC5eC6 119.65 120.56(14) C5eC6eC10 120.36 121.48(13)
C1eC6eC10 120.80 120.31(14) S1eC11eS2 126.75 124.50(9)
S1eC11eN2 125.52 121.50(12) S2eC11eN2 107.71 113.99(11)

Fig. 4. Correlation diagram of bond length for compound 1.

M.A. Mumit et al. / Journal of Molecular Structure 1220 (2020) 1287154
LUMO) of the mentioned organic molecule was found to
be �0.08657 eV. The lower value of HOMO and LUMO energy gap
showed that the studied molecule has high chemical reactivity,
biological activity and polarizability. The frontier molecular orbital



Fig. 5. Correlation diagram of bond angle for compound 1.
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distribution of the compound was depicted in Fig. 6. Moreover, the
chemical reactivity parameters of the studied molecule such as
chemical softness (S), chemical potential (m), electrophilicity index
(u) and chemical hardness (h) were also carried out with the help
of energy of HOMO and LUMO orbitals. The calculated value of
chemical hardness, chemical potential as well as electrophilicity
index and chemical softness for studied molecule was found to
have 0.04, �0.22, 0.58 eV and 11.55 eV-1, respectively. Electrophi-
licity index of a molecule informs about the binding ability of a
compound with biomolecules [44,50,51]. The higher value of
electrophilicity index of mentioned molecule showed that it has
higher binding capacity with biomolecules and can act as an elec-
trophilic species. While, the lower value of chemical hardness with
high negative value of chemical potential means that the studied
molecule is a soft molecule with high polarizibility. Futhermore,
HOMO orbitals have mostly localized on sulfur atom, S15 and
partially located on nitrogen atom (N13), azomethine group and
methoxy group attached benzene ring (Fig. 6). While, LUMO
Fig. 6. HOMO (left) and LUMO (
orbitals were located on the whole molecule, but mostly located
near the sulfur atom, S15, nitrogen atom (N13), azomethine group
and methoxy group attached benzene ring.
3.5. Mulliken population analysis

Mulliken atomic charges of the optimized crystal structure were
carried out by B3LYP/6-31þG(d,p) method in gas phase. The dis-
tribution of Mulliken atomic charge is tabulated in Table 2. The
Mulliken atomic charges on carbon atoms were exhibited either
positive or negative value. All hydrogen atoms were displayed a net
positive charge, but H16was gainedmaximumpositive charge than
the other hydrogen atoms, due to the presence of electronegative
atom (N13). They act as acceptor atoms. Besides, all oxygen atoms of
the optimized compound were shown to have negative charge,
which act as donor atoms.
right) plot of compound 1.



Table 2
Mulliken atomic charge of compound 1.

Atom Charge Atom Charge Atom Charge Atom Charge Atom Charge

C1 0.725301 C10 �0.903603 H19 0.119749 H28 0.129170 H37 0.153549
C2 0.593998 C11 �0.776762 C20 �0.103310 H29 0.127625 H38 0.111691
C3 �0.554817 N12 0.295406 C21 �0.223107 H30 0.119679 H39 0.150903
C4 0.127749 N13 �0.279076 C22 0.851136 H31 0.180698 C40 �0.141155
C5 0.245151 S14 0.077841 C23 �0.397223 H32 0.128447 H41 0.129807
C6 �1.243883 S15 0.598803 C24 �0.368889 H33 0.130925 H42 0.148212
H7 0.167735 H16 0.305065 C25 �0.114700 O34 �0.360772 H43 0.155347
H8 0.123178 H17 0.247872 H26 0.127846 C35 �0.200583 O44 �0.359263
C9 �0.068235 H18 0.219145 H27 0.118413 C36 �0.128638 O45 �0.386424
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3.6. Molecular electrostatic potential surface

The molecular electrostatic potential (MEP) uses to predict the
relative reactivity positions in a species for nucleophilic and elec-
trophilic attack. The MEP surface analysis of the compound was
determined by the DFT calculation using the optimized structure
with B3LYP/6-31Gþ(d,p) basis set. The electrostatic potential sur-
face mapped of the studied compound is given in Fig. 7. The color
code of the compound lies in the range of �4.618e�3 to þ4.618e�3.
Red and blue color in the MEP structure point to more electron rich
and electron poor region respectively.

The polarization effect is clearly seen in the compound. In the
MEP, the negative potential regions are localized over the electro-
negative atoms (oxygen, nitrogen and sulfur) and the positive po-
tential regions are localized over the hydrogen atoms. But sulfur
atom of the compound is less negative potential site than the other
electronegative atoms. Therefore, the more negative electronega-
tive potential and positive electrostatic potential sites are more
favorable for the attraction of nucleophilic and electrophilic
species.
Fig. 7. Molecular electrostatic potential of compound 1.
3.7. Harmonic oscillator model of aromaticity index

The aromaticity term is frequently used in organic chemistry.
The aromaticity of homocyclic and heterocyclic compounds can be
evaluated by harmonic oscillator model of aromaticity (HOMA)
[52e54]. In order to calculate the geometrical aromaticity of
homocyclic molecule, we have split the HOMA index into GEO and
EN destabilizing terms. Both terms lead to decrease of the value of
HOMA. Therefore, the HOMA can be written as follows:

HOMA¼ 1� 1
n

X

i

a
�
Ropt � Ri

�2 ¼1�EN� GEO

Where

GEO¼1
n

X

i

aðRav � RiÞ2

and

EN¼a
�
Ropt � Rav

�2

The HOMA index value is close to 1 for the purely aromatic, close
to 0 value for non-aromatic species [52e54]. The experimental
value of GEO, EN and HOMA of thementionedmoleculewere found
to have 0.1363, 0.0093 and 0.9394 for C1eC6 ring and 0.0060,
0.0120 and 0.9618 for C13eC18 ring. On the other hand, in theo-
retically these values were found to be 0.0517, 0.0593 and 0.9173 for
C1eC6 ring and 0.0064, 0.0318 and 0.9666 for C13eC18 ring. The
theoretical and experimental results indicated that the both rings
are the aromatic in nature.
3.8. Natural population analysis

The natural population analysis (NPA) of an organic compound
reveals the distribution of electrons in various sub shells in atomic
orbitals. The natural energies on individual atom and the accu-
mulation of electron in the core, valance and Rydberg sub-shells are
tabulated in Table 3. The value of natural charges informs that the
atoms O45 was showed more electronegativity than O34 and O44
atoms. On the other hand, the N13 atom was gained more elec-
tronegative charge than N12 atom. Whereas, the atoms C3, C4 and
C6 contain nearly same positive charge. H17 and H18 atoms were
also gained more electropositive charge.

According to electrostatic point of view, more electronegative
atom can easily donate their electron and most electropositive
atom can accept an electron. The electrons of the mentioned
compound were concentrated on the sub-shell as follows:

Core: 65.97790 (99.9665% of 66)
Valence: 131.35649 (99.5125% of 132)
Rydberg: 0.66560 (0.3362% of 198)



Table 3
Summary of natural population analysis of compound 1.

Atom No. Natural charge (e) Natural population (e)

Core Valence Rydberg Total (e)

C1 �0.14243 1.99891 4.12601 0.01752 6.14243
C2 �0.20691 1.99898 4.19253 0.01540 6.20691
C3 0.21469 1.99861 3.76383 0.02288 5.78531
C4 0.28834 1.99859 3.68962 0.02345 5.71166
C5 �0.32943 1.99895 4.31687 0.01362 6.32943
C6 0.32425 1.99864 3.65638 0.02073 5.67575
H7 0.27932 0.00000 0.71791 0.00277 0.72068
H8 0.25659 0.00000 0.74122 0.00218 0.74341
C9 0.04943 1.99932 3.92698 0.02427 5.95057
C10 �0.27447 1.99937 4.23101 0.04409 6.27447
C11 �1.06682 1.99891 5.02861 0.03930 7.06682
N12 �0.26530 1.99933 5.23798 0.02799 7.26530
N13 �0.50850 1.99943 5.47646 0.03260 7.50850
S14 0.04997 9.99861 5.91317 0.03825 15.95003
S15 0.61515 9.99867 5.30958 0.07661 15.38485
H16 0.40072 0.00000 0.59368 0.00560 0.59928
H17 0.43773 0.00000 0.55762 0.00465 0.56227
H18 0.42450 0.00000 0.57075 0.00475 0.57550
H19 0.20953 0.00000 0.78695 0.00352 0.79047
C20 �0.21347 1.99918 4.19867 0.01561 6.21347
C21 �0.26397 1.99902 4.25012 0.01484 6.26397
C22 �0.02879 1.99881 4.00601 0.02397 6.02879
C23 �0.35937 1.99888 4.33515 0.02534 6.35937
C24 �0.19030 1.99912 4.17413 0.01706 6.19030
C25 �0.26963 1.99917 4.25437 0.01610 6.26963
H26 0.24854 0.00000 0.75008 0.00138 0.75146
H27 0.24081 0.00000 0.75748 0.00171 0.75919
H28 0.28390 0.00000 0.71161 0.00449 0.71610
H29 0.24696 0.00000 0.75148 0.00156 0.75304
H30 0.24326 0.00000 0.75509 0.00165 0.75674
H31 0.25683 0.00000 0.73986 0.00331 0.74317
H32 0.18665 0.00000 0.81099 0.00235 0.81335
H33 0.22355 0.00000 0.77519 0.00126 0.77645
O34 �0.53919 1.99978 6.52109 0.01831 8.53919
C35 �0.33509 1.99928 4.31581 0.01999 6.33509
C36 �0.34260 1.99933 4.32889 0.01439 6.34260
H37 0.22327 0.00000 0.77509 0.00164 0.77673
H38 0.20057 0.00000 0.79699 0.00244 0.79943
H39 0.23020 0.00000 0.76865 0.00115 0.76980
C40 �0.32019 1.99945 4.30599 0.01475 6.32019
H41 0.20131 0.00000 0.79680 0.00189 0.79869
H42 0.23277 0.00000 0.76627 0.00096 0.76723
H43 0.21470 0.00000 0.78308 0.00221 0.78530
O44 �0.55019 1.99978 6.53288 0.01753 8.55019
O45 �0.57689 1.99979 6.55756 0.01954 8.57689

Table 4
Occupancy of natural orbitals and hybrids of compound 1 for C, H, O, N, S atoms.

Parameters Occupancies (e) Hybrids Atomic orbitals (%)

sC1 - C2 1.96744 sp1.80 s(35.76%)p(64.21%)d(0.04%)
sC1 e C9 1.97053 sp2.38 s(29.57%)p(70.39%)d(0.03%)
sC3 - O45 1.98794 sp3.13 s(24.17%)p(75.63%)d(0.20%)
sC9 - N12 1.98947 sp2.06 s(32.61%)p(67.29%)d(0.10%)
sC9 - H19 1.98704 sp1.95 s(33.88%)p(66.07%)d(0.05%)
sC10 - S14 1.99052 sp1.63 s(37.98%)p(61.90%)d(0.11%)
sN12 - N13 1.98163 sp3.28 s(23.35%)p(76.51%)d(0.14%)
sN13 - H16 1.96849 sp3.15 s(24.05%)p(75.88%)d(0.06%)
sC22 - C23 1.96531 sp1.77 s(36.09%)p(63.86%)d(0.05%)
nN12 1.92521 sp1.89 s(34.56%)p(65.37%)d(0.07%)
nS14 1.97919 sp0.30 s(77.00%)p(22.96%)d(0.04%)
nS15 1.92992 sp0.48 s(67.65%)p(32.33%)d(0.02%)
nO34 1.97022 sp1.30 s(43.49%)p(56.46%)d(0.05%)
nO44 1.96652 sp1.25 s(44.41%)p(55.54%)d(0.05%)
nO45 1.94686 sp1.30 s(43.49%)p(56.44%)d(0.07%)
s*C1 e C2 0.01735 sp1.80 s(35.76%)p(64.21%)d(0.04%)
s*C1 e C9 0.03026 sp2.38 s(29.57%)p(70.39%)d(0.03%)
s*C3 e O45 0.02937 sp3.13 s(24.17%)p(75.63%)d(0.20%)
s*C9 e N12 0.00782 sp2.06 s(32.61%)p(67.29%)d(0.10%)
s*C9 e H19 0.02785 sp1.95 s(33.88%)p(66.07%)d(0.05%)
s*C10 e S14 0.03266 sp1.63 s(37.98%)p(61.90%)d(0.11%)
s*N12 e N13 0.02094 sp3.28 s(23.35%)p(76.51%)d(0.14%)
s*N13 e H16 0.02726 sp3.15 s(24.05%)p(75.88%)d(0.06%)
s*C22 e C23 0.03274 sp1.77 s(36.09%)p(63.86%)d(0.05%)
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3.9. Natural bond orbital

The natural bond orbital investigation gives the information of
conjugative interaction, hyper-conjugative interaction, intra and
inter-molecular hydrogen bonding in a compound [48,55e57]. The
natural bond orbital calculation was performed using NBO method
[58,59] under Gaussian 09W program package at B3LYP method
with 6-31Gþ(d,p) basis set. For each donor NBO (i) and acceptor
NBO (j), the donor-acceptor stabilization energy E(2) associated
with i / j delocalization is calculated as

Eð2Þ ¼ qi: Fði; jÞ2=
�
εj� εi

�

where qi is the donor orbital occupancy (2 for closed-shell, 1 for
open-shell), εi, εj are diagonal elements (orbital energies) and F(i,j)
is the off-diagonal NBO Fock matrix element [55,60,61]. The whole
molecular system enjoys the greater extent of conjugation owing to
the larger value of the stabilization energy, E2. Thus, the electron
delocalization between occupied Lewis and unoccupied non-Lewis
type natural bond orbitals can stabilize the donor-acceptor inter-
action. The electron density of conjugated single and double bond
of the conjugated system clearly indicates more delocalization
within the molecular system. From the output results of NBO
analysis, the total Lewis structure has 97.42% (core, 99.97% and
valance Lewis 96.14%) and non-Lewis structure has 2.58% (valance
non-Lewis, 2.36% and Rydberg non-Lewis, 0.22%) in the studied
compound. The various type of interactions, such as p/ p*, s/
p*, n/ p*, n/s*, p*/ p* and s/ s* were appeared in the
theoretical result (Table 4), while only p/ p* and n/ p* in-
teractions were observed in electronic spectral analysis as ex-
pected. Thus, the NBO results revealed that the calculated above
two transitions are in good agreement with the observed electronic
spectrum. The obtained results from NBO analysis showed that the
s(C1eC2) bondwas formed from the sp1.80 hybrid orbital on carbon
(64.21% p-character) interacting with a sp1.92 hybrid on carbon
(65.67% p-character) in NBO analysis (Table 4). The sp3.13 hybrid on
carbon atomwas interacted with a sp2.68 hybrid of oxygen atom for
the formation of s(C3eO45) bond. The sp2.06 hybrid orbital of
carbon (67.29% p-character) was interacted with sp1.37 hybrid on
nitrogen (57.69% p-charcter) and formed s(C9eN12) bond. For the
formation of s(C10eS14) bond, the sp1.63 hybrid orbital of carbon
(61.90% p-character) was interacted with sp3.24 hybrid on sulfur
(75.89% p-character) atom.

The p(CeC) interactions and antibonding p*(CeC) interactions
are most responsible for the conjugation of respective p* bonds in
aromatic rings. The interactions pC1-C2 to p*C3eC4 and p*C5eC6;
pC3-C4 to p*C1eC2 and p*C5eC6 and pC5-C6 to p*C1eC2 and
p*C3eC4 were observed in the C1/C6 benzene ring containing
stabilization energy of 18.02, 24.04; 21.81, 16.42 and 16.58,
21.91 kcal/mol, respectively (Table 5). Similarly, in the case of C20/
C25 benzene ring, the interactions pC20-C21 to p*C22eC23 and
p*C24eC25; pC22-C23 to p*C20eC21 and p*C24eC25 and pC24-
C25 to p*C20eC21 and p*C22eC23 were found to be 21.35, 16.81;
16.32, 19.51 and 22.96, 18.16 kcal/mol, respectively. The afore-
mentioned stabilization energies are more responsible for the
stability of the benzene rings and for the intramolecular charge
transfer of the studied compound. The energies for the interaction
n2O34 to p*C3eC4 and n2O44 to p*C5eC6 were 19.03 and
18.55 kcal/mol, respectively. The aforesaid energies were stabilized
the structure of studied molecule and proved the resonance



Table 5
Second-order perturbation analysis of the interaction between donor and acceptor orbitals of compound 1 in NBO basis.

Donor (i) Type Acceptor (j) Type E(2), kcal/mol Donor (i) Type Acceptor (j) Type E(2), kcal/mol

C1eC2 s C1eC6 s* 3.43 N12eN13 s C1eC9 s* 2.78
C1eC9 s* 1.26 C10eC14 p* 0.81
C2eC3 s* 2.09 C20eC21 p C22eC23 p* 21.35
C2eH7 s* 1.36 C24eC25 p* 16.81

C1eC2 p C5eC6 p* 24.04 C20eC25 s C20eC21 s* 2.12
C3eC4 p * 18.02 C24eC25 s* 2.04

C1eC6 s C5eC6 s* 2.91 C22eC23 s C23eC24 s* 3.86
C1eC9 s C9eN12 s* 1.09 C22eC23 p C20eC21 p* 16.32

N12eN13 s* 5.21 C24eC25 p* 19.51
C2eC3 s C1eC2 s* 2.33 C23eC24 s C22eC23 s* 3.98

C4eO34 s* 3.79 C23eH28 s* 1.72
C3eC4 s C4eC5 s* 2.90 C24eH29 s* 0.91

C36eO45 s* 0.72 C24eC25 s C20eC25 s* 2.03
C3eC4 p C1eC2 p* 21.81 C23eC24 s* 2.38

C5eC6 p * 16.42 C24eC25 p C20eC21 p* 22.96
C4eC5 s C3eC4 s* 3.18 C22eC23 p* 18.16

C3eO45 s* 4.06 N12 n1 C1eC9 s* 2.55
C5eH8 s* 1.66 N13 n1 C9eN12 s* 0.62

C5eC6 s C1eC6 s* 3.54 C10eS15 s* 1.70
C1eC9 s* 3.37 S14 n1 C10eN13 s* 2.99

C5eC6 p C1eC2 p* 16.58 C10eS15 s* 3.28
C3eC4 p* 21.91 S15 n1 C10eS14 s* 4.16

C9eN12 s C10eN13 s* 1.62 n2 C10eS14 p* 25.70
C9eN12 p C1eC2 p* 5.48 O34 n1 C3eC4 s* 5.07

C9eN12 p* 0.54 n2 C3eC4 p* 19.03
C10eN13 s C11eS15 s* 0.75 O44 n1 C5eC6 s* 5.15
C10eS14 s N13eH16 s* 0.58 n2 C5eC6 p* 18.55
C10eS14 p C10eS14 p* 0.86 O45 n1 C3eC4 s* 1.98
C11eS15 s C11eC22 s* 0.64 n2 C2eC3 s* 6.16

C21eC22 s* 8.13 C3eC4 p* C1eC2 p* 270.05
C20eC21 s C20eC25 s* 2.02 C5eC6 p* C1eC2 p* 255.00

C20eH26 s* 0.99 C9eN12 p* C1eC2 p* 103.13
C21eC22 s* 3.23 C22eC23 p* C20eC21 p* 173.98
C21eH27 s* 1.33 C24eC25 p* 130.97
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interaction occurs between hetero atoms and aromatic ring.
Therefore, thewhole system of the compound enjoys greater extent
of conjugation. The donor orbital n2S14 was also exhibited stron-
gest interaction having higher stabilization energy (18.48 kcal/
mol), which supports in favor of intra-molecular hydrogen bond
between S14 atom and N13eH16 (N13eH16 …. S14). Additionally,
the highest stabilization energy (Table 4) containing
p*C3eC4/p*C1eC2, p*C5eC6/p*C1eC2,
p*C9eN12/p*C1eC2, p*C22eC23/p*C20eC21 and
p*C24eC25 interactions clearly lead to intermolecular charge
transfer process in the studied molecule. Additionally, the intra-
molecular charge transfer and redistribution of electron in various
orbitals within the compound were occurred, which is clearly
ensured by NBO and simulated electronic spectral analysis.
3.10. Molecular docking investigation

Molecular docking is an essential technique in structure-based
drug design and can be used in facilitating and speeding up the
development of drugs. Molecular docking informs scientists to
virtually screen of the interaction between the ligand and target
protein as well as predicts the binding conformations and affinities
of any species to target protein. The recent emergence of the novel
coronavirus threatens public health across the world and World
Health Organization declares this as global pandemic. But the
specific drug treatment against covid-19 are yet to be discovered.
Thus, in order to search new drug, we have performed in silico
evaluation of the compound within the active site of coronavirus to
explore how it interact. A greater negative value of binding energy
of any species reveals that it has the better docking ability to target
protein as well as the docking of ligand and target protein were
selected based on the related binding energy value. The inhibition
constant (Ki) of the studied species was calculated from the binding
energy (DG) with the help of Ki ¼ exp(DG/RT) equation, where R is
the universal gas constant (1.987 � 10�3 kcal mol�1 K�1) and T is
the temperature (298.15 K). The calculated binding energy of the
compound 1, azithromycin and hydroxychloroquine with target
protein was found to be �6.0, �7.3 and �5.6 kcal/mol, respectively.
While, the calculated inhibition constant values of the aforesaid
species were 39.54, 4.45 and 77.73 mM, respectively. The obtained
results revealed that the binding energy of the compound 1 is
higher than that of hydroxychloroquine and slightly lower than
that of azithromycin. Besides, the inhibition constant values also
indicated that the compound 1 has higher ability to inhibit the
biological process of target protein than hydroxychloroquine.
Generally, the ligand binds with docking sites of target protein
through various interactions such as hydrogen bond, hydrophobic
bond and electrostatic bond type interactions. These types of in-
teractions were appeared in molecular docking simulation of the
studied compounds. From the docking cavity, it was seen that
CYS145, GLU166, GLN189 and HIS163 amino acids of target protein
were interactedwith the studied compound 1, inwhich SH group of
CYS145 was formed hydrogen bond interaction with oxygen of
methoxy group of compound 1 and the bonding distance was
3.54 Å (Fig. 8). Besides, carbonyl group of GLU166, GLN189 and
HIS163 amino acids was also formed hydrogen bond by the inter-
action with hydrogen of methoxy group of compound 1 with bond
distance 1.87, 3.78 and 3.73 Å, respectively. Furthermore, carbonyl
group of GLU166 was also showed an electrostatic interaction with
nitrogen of NH group of compound 1. While, PRO168 and HIS41
amino acids were docked with pi-electron of benzene ring of
compound 1 through hydrophobic interactions. The bonding



Fig. 8. Binding modes of compound 1, with target protein.
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distances were 5.40 and 5.50 Å, respectively. Another hydrophobic
interaction was seen in the docking site, which was formed by the
interaction of pi-electron of benzene of compound 1 and sulfur of
MET165 amino acid residue. The obtained docking results revealed
that the drug component, azithromycin was formed two hydrogen
bonds with THR199 and LEU287 amino acids (Fig. 9, left). The
bonding distance of first hydrogen bond was found to be 3.18 Å,
while the distance of second hydrogen bond was 3.70 Å. Besides,
three hydrophobic interactions were identified between azi-
thromycin and MET276, TRY239 and TRY237 amino acids residues
in docking sites. The distances of three hydrophobic interactions
were found to be 3.88, 4.94 and 4.51 Å. For the case of hydroxy-
chloroquine, it was showed first hydrogen bond interaction be-
tween NH of GLN192 and the oxygen of hydroxyl group of
hydroxychloroquine (Fig. 9, right). The bond distance was found to
Fig. 9. Binding pose of azithromycin (left) and hy
be 3.08 Å. Another hydrogen bond interaction was obtained be-
tween oxygen of carbonyl group of ARG188 and the hydrogen of
hydroxyl group of hydroxychloroquine and the bond distance was
2.44 Å. The third hydrogen bond interaction was also being
appeared between carbonyl group of Glu166 and NH of hydroxy-
chloroquine compound and the bond distance was 3.62 Å. More-
over, three hydrophobic interactions were observed between
PRO168, HIS41 and MET49 amino acid residues and hydroxy-
chloroquine compound in the docking pose. The obtained bond
distances were found to be 4.18, 4.96 and 4.82 Å, respectively.
3.11. Assessment of drug-likeness and ADMET analysis

Most of the leads cannot make their appearance to the market
due to their poor absorption, distribution, metabolism, excretion
and toxicity issues, which are generally known as ADMET. In this
study, drug-likeness and ADMET of the compound 1 were investi-
gated. The predicted results of the studied compound are tabulated
in Table 6. The drug-likeness of a compound is assessed by Lip-
inski’s rule of five (RO5) and Jorgensen’s rule of three. Compound
with a fewer or preferably no violations are likely to be considered
as a potential drug candidate. The results showed that there was no
violation of Lipinski’s rule of five (RO5) and Jorgensen’s rule of
three, indicating the drug-likeness of the compound. The com-
pound showed excellent absorption owing to its promising solu-
bility, lipophilicity and permeability. The number of rotatable bond
and polar surface area indicated high bioavailability of the studied
compound. From the predicted value of QPloghERG, it has been
found to be safe for drug-induced hERG (human ether-a-go-go-
related gene) related cardiotoxicity, as hERG Kþ channel blockers
lead to QT interval prolongation and fatal cardiac arrhythmia.
Moreover, the compound was found to be CNS inactive. The num-
ber of metabolites and other parameters were also within the
permissible range. The toxicity profile of the studied compound
was carried out using ProTox II. The designed compound has shown
good toxicity profile based on toxicity risk assessment. The pre-
dicted LD50 value of the compound was 700 mg/kg, which belongs
to toxicity class 4. The predicted results suggested that the com-
pound was non-carcinogenic in nature and has no effect on
immunotoxicity, mutagenicity and cytotoxicity.
droxychloroquine (right) with target protein.



Table 6
Prediction of ADME properties of compound 1.

Parameter Observed value Parameter Observed value Parameter Observed value

HBD 1 QPlogS �5.87 QPPCaco 4672.84
HBA 5.75 QPlogPw 8.725 QPPMDCK 7235.64
Molecular weight 376.48 QPlogPo/w 4.88 Human Oral Absorption 3
PSA 51.82 QPlogKhsa 0.396 % Human Oral Absorption 100
metab 4 QPlogBB �0.16 CNS 0
#rotor 9 QPlogKp �0.304 QPloghERG �6.414
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4. Conclusion

The most characteristic azomethine group of compound 1
showed a band at 1668 cm�1 as expected. The theoretical and
experimental values of infrared and UV-VIS spectra for the studied
compound were almost same. Bond lengths and bond angles ob-
tained from crystal data were in excellent agreement with theo-
retical values. The molecular electrostatic potential of the studied
compound showed suitable regions to attack for electrophilic and
nucleophilic substances. The mentioned compound is highly
chemically reactive and acts as a soft molecule. Both benzene rings
of the compound were aromatic in character due to calculated
HOMA value. The molecular docking analysis showed that the
compound 1 has relatively more binding affinity with the target
protein than hydroxychloroquine. Moreover, the compound fol-
lowed all the parameters of Lipinski’s rule of five. It also showed
good ADME properties and toxicity profile that makes the com-
pound a potential drug candidate and may be considered for
further drug development.
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