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The severe acute respiratory syndrome coronavirus 2, better known as COVID-19, has become 
a major health concern worldwide. It has challenged the global healthcare sector like anything. It 
appeared in Wuhan, China, around November 2019, had spread to almost 187 countries due to its 
highly contagious nature. Quarantine, isolation, mask, and other precautionary measures remain 
the sole obliging strategy to decline the person-to-person transmissions. Amidst the pandemic, 
drug repurposing by identifying therapeutically potent molecule from the collection of pre-existing 
molecules by molecular docking and DFT methods are certainly fast and handy. Herein, this paper 
is dealing with 5 hydroxy based drugs such as 5-isopropyl-2-methylphenol (Carvacrol), 3-isopropyl-
6-methylbenzene-1,2-diol, 2-isopropyl-5-methylbenzene-1,4-diol, 5-isopropyl-2-methylbenzene-1,3-
diol, 2-isopropyl-5-methylbenzene-1,3-diol to discover the new possible COVID-19 inhibitors. The 
proteases PDB, e.g., 5r7y is used as hosts to calculate the interactions with hydroxy-based drugs 
as guests. Our research shows that 5-isopropyl-2-methylbenzene-1,3-diol is the most active, having 
binding energy –6.46 kcal/mol against 5r7y of SARS-CoV-2. Hence it is assumed that increasing 
number of alcohol group make the system more preferable towards SARS-CoV-2 protease protein 
5r7y. It was also observed that relative binding energy among these alcohol-based drugs is further 
tuned by their positional isomerism property.
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INTRODUCTION 
Coronavirus disease 2019 or COVID-19 has created devastation in humankind 

throughout the world. The virus, seemingly unstoppable, highly contagious, and 
infectious, is in an exponential growth phase worldwide with numbers increasing 
day by day. There have been 14,81,28,030 confi rmed cases of COVID–19, including 
31,24,905 deaths worldwide as of 28th April 2021 reported to the World Health 
Organization (WHO). COVID–19 has been accepted as a pandemic by the World 
Health Organization (WHO) on 11th March 2020. Almost all the continents and 
countries have suff ered from this pandemic hugely. Initially, COVID- 19 started in 
the Wuhan city of Hubei province in China in November 2019. It was spreading as 
an unknown pneumonia-type virus having many similar symptoms with Severe 
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Acute Respiratory Syndrome (SARS) in 2003, Middle East 
Respiratory Syndrome (MERS) in 2013, and other infl uenza 
viruses [1]. But COVID–19 is acknowledged as much more 
virulent than MERS and SARS [2]. The most common 
symptoms of COVID-19 patients are fever, fatigue, dry cough, 
myalgia, and dyspnea [3]. Sputum production, headache, 
hemoptysis, and diarrhea are the other indications of 
infected patients [4]. The major routes of human to human 
transmission is sneezing droplets and air [5].

Covid-19 virus transfers from an infected person to a 
normal person via aerosol transmission also. Exhalation, 
coughing, sneezing and talking to an infected person can 
spread it as SARS-CoV-2 can be suspended in air for hours 
and travels via air [6].

Coronaviruses are categorized as a member of the 
subfamily Coronavirinae, family Coronaviridae, and order 
Nidovirales. Four major genera of this subfamily are Alpha 
– CoVs, Beta – CoVs, Gamma – CoVs, and Delta-CoVs [7]. 
Alpha and Beta CoVs are mainly known to infect mammals 
generating from primary host bats and rodents [8]. The 
diameter of enveloped viral component COVID-19 virus is 
60-160nm though it primarily occurs in the pleomorphic 
form [9]. 

Coronaviruses are virions having crown-like projections 
of glycoproteins protruding outside their near-spherical 
shape [1,4]. Coronavirus has an ssRNA genome enveloped 
through the folded structure [10]. These ssRNAs possess a 
5’-cap arrangement and 3’ – poly-A tail, which interacts 
with nucleoproteins [7]. Almost all CoVs share resemblances 
in genome organization and expression. The genome of 
CoV encodes 4 key structural proteins: the Spike protein(S), 
Nucleocapsid protein (N), Membrane protein (M), and the 
Envelope protein (E [11,12]. COVID-19 shares 50%, 79%, 
and 96% genetic resemblance to MERS-CoV, SARS-CoV, 
and other bat SARS-related viruses, respectively [13,14]. 
SARS-CoV-1 and SARS-CoV-2 are also noticed to share 
Angiotensin-Converting Enzyme II (ACE2) as their receptor 
[15].

Scientists are tirelessly working for the advancement 
of immunization and medications to deal with COVID-19. 
Phyto compounds are also under research. Bioactive 
Phyto-intensifi es, which were usually utilized, has now 
developed as vital medications to treat viral infection. 
When the COVID-19 virus enters the host’s non-specifi c 
innate immune responses and then antigen adaptation by 
mediated B cells and regulatory T cells. On the fi rst meeting 
with SARS- CoV-2 memory is created by B and T cells. This 
is known as protecting immunity. It stimulates a quicker and 
stronger response against the COVID-19 virus on successive 
encounters [16].

The biological mixture-based therapeutic procedure can 
be focused on, which are composed of organic compounds 
having hydroxyl or keto groups. Previous studies show that 

several fundamental mixtures, where the major counterpart 
is hydroxyl functional group-based organic ligands, have 
successfully inhibited the attack of microbes. A couple of 
fundamental organic ligands have been viable against RNA 
and DNA infections, for example, avian fl u infection [17], 
Herpes Simplex Infection Type 1 (HSV-1) & Type 2 (HSV-
2), dengue infection type 2, Junín infection, fl u infection 
adenovirus type 3, poliovirus, and coxsackievirus [18]. As 
there is an inadequate number of medications available 
for treating the viral ailment, a specifi c understanding of 
drug development is the obvious need of this hour. For 
evaluating the therapeutic potential of a specifi c drug, it is 
crucial to comprehend the association between the ligands 
and the protein at the sub-atomic level. An underlying in-
silico research incorporating various methods impressively 
can reduce the time needed for this drug discovery process 
[19,20]. It is easy to fi nd out possible results about protein-
ligand or host-guest interactions through computational 
studies by analyzing some specifi c parameters (e.g. binding 
energy, number of hydrogen bonds, hydrophobic bonds, 
bandgap, etc.), that will assist further in targeted drug 
designing.

This article has selected the SARS-CoV-2 principle 
protease as the host for the situation with some hydroxy-
based organic ligands. [21,22] The protease receptor proteins 
PDB ID: 5r7y had been chosen. In the current experiment, 
molecular docking and the applied Density Functional 
Theory (DFT) technique have been used to evaluate hydroxy-
based drugs. Using molecular docking, hydrogen bonding 
and hydrophobic interactions have been tested properly in 
the stable collaboration between the protein and ligand. 

MATERIALS AND METHODS
Selection and preparation of host protein structure

The protease subunit of SARS-CoV-2 proteins like PDB 
ID: 5r7y is specifi cally selected as the target with selected 
ligand molecules. The reason behind the selection of this 
protease subunit is because of its vital role in the viral eff ect. 
From the RCSB protein data bank, both protease subunits 
were downloaded in PDB format. For visualizing the 3D 
structure and removal of water molecules and unwanted 
species bound to the host PDB, Pymol was used. After the 
successful creation of the PDB host from Pymol, Autodock 
software was used for modifying various charges and 
energies correlated with the PDB of hosts. For further use 
PDB was converted into pdbqt format with the help of the 
same software.

Selection and preparation of ligands

Here we take fi ve hydroxy compounds as a ligand 
viz 5-isopropyl-2-methyl phenol, 3-isopropyl-6-
methylbenzene-1,2-diol, 2-isopropyl-5-methylbenzene-
1,4-diol, 5-isopropyl-2-methylbenzene-1,3-diol, and 
2-isopropyl-5-methylbenzene-1,3-diol. Among these 
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ligands, 5-isopropyl-2-methyl phenol (Carvacrol) is 
experimentally known for its antiviral, and/or anti-bacterial 
activities. These are selected as guests against the SARS-
CoV-2 protease-based host viz; 5r7y. Now, ChemDraw3D 
along with MM2 performance has been used to generate 
each structure of ligand for fi nding out detailed information 
about their exact chemical composition. The exported PDB of 
the ligands from ChemDraw was further used to calculate the 
geometry optimized structure through Density Functional 
Theory (DFT). These ligands were screened at Auto dock 
software which converts PDB fi les into pdbqt format. This 
process involves detecting torsion root, adjusting torsion 
angle, assigning charges, and changing them to pdbqt 
format for their further use during molecular docking [23-
26]. 

Theoretical calculations of ligand structures

Density Functional Theory (DFT) gives us an idea of 
the solid-state structure of a molecule using quantum 
formulations [27]. Another fi eld of DFT is to state chemical 
behavior by using electron density calculation. To achieve 
the geometry optimized structures, the Gaussian09 
program having B3LYP basis set and 6-31G(+)d,p functional 
have been used for each ligand. Furthermore, diff erent 
parameters have been elucidated via DFT calculations, which 
includes total energy, molecular dipole moment, Lowest 
Unoccupied Molecular Orbital (LUMO) and Highest Occupied 
Molecular Orbital (HOMO) energies, bandgap (ΔE), absolute 
hardness (ɳ), a fraction of electrons transfer (ΔN), and 
electronegativity (χ) [24].

Molecular docking

In-silico technique anticipates suitable interconnection 
between protein molecules of hosts and small guests (viz. 
ligand) based on their geometry and structure [28]. In this 
report, molecular docking is performed by using certain 
software and servers such as Autodock, CCDC Gold, PLIP, 
Open Bable GUI, Chimera, and Protein. Plus. 

In Autodock, accuracy and speed are maintained 
throughout the steps. The protein and the ligand molecules 
were selected with a little adjustment of Kollman and 
residual charges. Apart from that, the structure is dehydrated 
and heteroatom(s) were deleted wherever applicable. 
Furthermore, torsion tree grid and spacing were set followed 
by running ‘auto grid’ and ‘auto dock’ programs to get the 
host-guest interaction-based docked results in the form of 
binding energy and inhibition constant [29].

The best dock PDB fi le obtained in Autodock were 
selected and converted to pdbqt format in the open babel 
tool. The cavity site recognition is known to be a preliminary 
step for protein binding site recognition was done through 
protein plus server and the 3D structure of molecules was 
observed through the PLIP server.

Besides, CCDC Gold work proceeded by choosing the 
HERMES tool, in which protein in PDB format is loaded 
followed by defi ning binding sites. Mol2 fi le of ligand 
prepared from CCDC Mercury was selected by using ligand 
fl exibility, GA setting, scoring function, and all other 
required functions to run a program, which after completion 
gives docking solutions/poses.

Chimera is an extensible program for instinctive 
portrayal and examination of nuclear developments and 
related data, including thickness maps, supramolecular 
social occasions, gathering game plans, docking results, 
bearings, and conformational outfi ts. Structural analysis is 
done using this, all the residues were also named using the 
name specifi er option. At last interaction poses and sessions 
were saved for further use.

RESULTS AND DISCUSSION
Molecular docking

The docking technique is an in silico technique, where the 
measurement of binding energy parameters and scores are 
used to predict how a protein interacts with ligands [30,31]. 
To determine potential antiviral activity, all the ligands are 
docked with host SARS-COV-2 proteins. So, the docking 
result of 5-isopropyl-2-methylbenzene-1,3-diol with 5r7y 
gives the lowest value of binding energy (-6.46 kcal/mol) 
during complexation and it is a leading score compare to 
other docked results. The binding energy result with other 
ligands are 2-isopropyl-5-methylbenzene-1,4-diol (-6.09 
kcal/mol), 5-isopropyl-2-methyl phenol (-5.78 kcal/mol), 
2-isopropyl-5-methylbenzene-1,3-diol (-5.29 kcal/mol), 
and 3-isopropyl-6-methylbenzene-1,2-diol (-5.11 kcal/
mol) are lower than binding energy of 5-isopropyl-2-
methylbenzene-1,3-diol. Five hydrogen bonding are shown 
with amino acids ASP295A (H-donor), GLN299A (H-donor), 
GLN299A (H-donor), MET6A (H-donor), PHE8A (H-donor) 
and four hydrophobic interaction with amino acid residues 
PHE8A, ASP295A, ARG298A, GLN299A are laid out in 
complexation with the host 5r7y. The hydrogen bonding and 
hydrophobic interaction between other ligands and protein 
5r7y are briefed in table 2.

In the formation process of protein-ligand complexes, 
hydrogen bonding plays a vital role in determining its 
specifi city and affi  nity of complexes. Hydrogen bonding 
and hydrophobic interactions play an important role in 
giving shape and stabilizing the docked complex. Apart 
from describing binding energy, a comparison of inhibition 
constant (Ki) can additionally provide information about 
inhibitor potential. Here 5-isopropyl-2-methylbenzene-
1,3-diol with 5r7y indicates excellent Ki value of 18.47μM 
in comparison with 2-isopropyl-5-methylbenzene-1,4-
diol (34.35μM), 5-isopropyl-2-methyl phenol (57.65μM), 
2-isopropyl-5-methylbenzene-1,3-diol (132.28μM), and 
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3-isopropyl-6-methylbenzene-1,2-diol (181.13μM). The 
hydrogen bonding and hydrophobic interaction between 
the selected ligands and the host 5r7y are summarized in 
table 1. 2D binding poses are calculated using protein plus 
server and depicted in fi gure 1. From this calculation, it is 
clear that when two -OH group is placed in meta and para 
position, then a severe interaction is happening with amino 
acid residues of the proteins. 

Furthermore, the docked ligands with hydrophobic 
interactions that are selected for identifying suitable 
binding pocket(s) around the ligands are summarized via 
Protein. Plus server. This hydrophobic interaction between 
the ligands and the host protein gives the information about 
the stability of the docked complex. The binding pocket of 
each ligand is shown in fi gure 2, where diff erent colors have 
been used for better visualization and easy investigation. 
PLIP outcomes are summarized in fi gure 3, which provide 
not only the 3D plot but also the data related to hydrophobic 
interaction, an amino acid involved in the interaction, and 
residue of that specifi c amino acid. Apart from that, hydrogen 
bonding and hydrophobic interactions play an important 
role in giving shape and stabilizing the docking complex. 
From the results, it can be concluded that the number of 
hydrogen bonds, as well as hydrophobic interactions, are 
proportional to the activity of the corresponding ligand.

PLIP results are summarized in fi gure 3, which gives not 
only the 3D plot but also the data related to hydrophobic 

interaction, an amino acid involved in the interaction, and 
residue of that specifi c amino acid. Apart from that, hydrogen 
bonding and hydrophobic interactions play an important 
role in giving shape and stabilizing the docking complex. 
From the results, it can be concluded that the number of 
hydrogen bonds, as well as hydrophobic interactions, are 
proportional to the activity of the corresponding ligand.

CCDC Gold has been used to authenticate the Autodock 
results by choosing all essential frameworks like torsion 
angle distribution, protonated ligand, rotatable bond, 
fl exibility, and GA setting to run the process. From these, 
we get binding sites accompanying several solutions, which 
are presented in fi gure 4. The results are investigated by 
analogizing the bond distance from the functional groups 
of ligands with the amino acid residue of certain proteases 
of the host SARS-CoV-2. For example, 3-isopropyl-6-
methylbenzene-1,2-diol interacts with the lowest bond 
distance of 1.963Å with GLN189. An amino residue of host 
5r7y. The bond distance of the host-guest plays a vital role 
in binding interaction and it is observed that the activity 
of the host-guest molecule is more if the bond distance is 
less between host-guest. By using the chimera tool, the 3D 
structure of the host-guest complex of the best-docked 
analog was elucidated to determine the active binding sites 
of the ligand with protein (Figure 4). 

From the all data as described above, it is clear 
compounds containing two -OH group bind more eff ectively 

Table 1: Ligands structure in two and three dimensions.

Compound Name
Chemical Structure

2D 3D

5-isopropyl-2-methylphenol
(Carvacrol)

(C1)
HO

3-isopropyl-6-methylbenzene-1,2-diol

(C2)

OH
OH

2-isopropyl-5-methylbenzene-1,4-diol

(C3)

OH

HO

5-isopropyl-2-methylbenzene-1,3-diol

(C4)

OH

HO

2-isopropyl-5-methylbenzene-1,3-diol

(C5)

OH

OH
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Table 2: Obtained best scores from docking of ligand 5-isopropyl-2-methylphenol, 3-isopropyl-6-methylbenzene-1,2-diol, 2-isopropyl-5-methylbenzene-1,4-diol, 
5-isopropyl-2-methylbenzene-1,3-diol, and 2-isopropyl-5-methylbenzene-1,3-diol with host protein 5r7y of SARS-CoV-2 virus.

Ligand Protein of 
Host RMSD* Binding energy

(Kcal/mol)

Inhibition 
constant

(Ki)

No of 
H-bonds 

(drug-protein)

Amino acid 
involved in the 

interaction

No of Hydro
phobic 
bond

Amino acid residue 
involved

5-isopropyl-2-
methylphenol

(C1)
5r7y 0.80 -5.78 57.65μM 2 ASP295A

GLN299A 6

ARG298A
PHE8A
PHE8A
PHE8A

PHE291A
ASP295A

3-isopropyl-6-
methylbenzene-1,2-diol

(C2)
5r7y 0.29 -5.11 181.13μM 3

MET6A
MET6A

GLN127A
4

PHE8A
PHE291A
ASP295A
GLN299A

2-isopropyl-5-
methylbenzene-1,4-diol

(C3)
5r7y 0.21 -6.09 34.35μM 4

ALA7A
ASP295A
GLN299A
GLN299A

3
MET6A

ASP295A
GLN299A

5-isopropyl-2-
methylbenzene-1,3-diol

(C4)
5r7y 0.22 -6.46 18.47μM 5

MET6A
PHE8A

ASP295A
GLN299A
GLN299A

4

PHE8A
ASP295A
ARG298A
GLN299A

2-isopropyl-5-
methylbenzene-1,3-diol

(C5)
5r7y 1.39 -5.29 132.28μM 4

MET6A
ASP295A
GLN299A 
GLN299A

4

MET6A
GLN299A
ASP295A
ARG298A

*RMSD value of the best-docked conformation.

Figure 1 2D binding poses for ligands with host protein (5r7y) of SARS-CoV-2: (a) C1-5r7y; (b) C2-5r7y; (c) C3-5r7y; (d) C4-5r7y and (e) C5-5r7y.

with 5r7y protein than the compound which has a single -OH 
group. Not only number of -OH group is primary attention 
towards high binding but also the position of -OH group is a 
major concern here. Meta and para diol compounds are more 
eff ective than ortho diol. This is because of the interactions 
of diff erent amino acids from diff erent regions. It was further 
observed that compound 4 (C4) meta diol is most eff ective. 
This is might be because of less steric repulsion between two 

meta-oriented -OH groups. There is a tertiary butyl group 
presents in between two meta-oriented -OH groups. Thus, 
there is a severe steric repulsion. For this reason compound, 
3 becomes less eff ective than compound 4. 

Evaluation of drug-likeness

5-isopropyl-2-methyl phenol (C1), 3-isopropyl-6-
methylbenzene-1,2-diol (C2), 2-isopropyl-5-methylben-



388Palsaniya M, et al. (2021) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1246

Figure 2 Binding Site for ligands with host protein (5r7y) of SARS-CoV-2:  (a) C1-5r7y; (b) C2-5r7y; (c) C3-5r7y; (d) C4-5r7y and (e) C5-5r7y.

Figure 3 The binding site for ligands in protease of hosts. The active site has been highlighted, surface and cartoon representation in a black box and the cavity 
has been magnifi ed to display the residues in each case. The distinct bond distance along with the bond between hetero atoms and other atoms is also shown in 
a mess structure. Here  (a) C1-5r7y; (b) C2-5r7y; (c) C3-5r7y; (d) C4-5r7y and (e) C5-5r7y.

Figure 4 Binding site detection using CCDC Gold program. Specifi c bond distances along with atom name and heteroatoms are displayed for each case i.e., (a) 
C1-5r7y; (b) C2-5r7y; (c) C3-5r7y; (d) C4-5r7y and (e) C5-5r7y. The smallest bond distance shows a good binding site.
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zene-1,4-diol (C3), 5-isopropyl-2-methylbenzene-1,3-
diol (C4), and 2-isopropyl-5-methylbenzene-1,3-diol (C5) 
have respectively the following molecular weights (150.22, 
166.22, 166.22, 166.22, 166.22) g/mol, all fi ve molecule have 
molecular weight ≤ 500 g/mol which follow the Lipinski’s 
rule. The 5-isopropyl-2-methyl phenol molecule has been 
found to have topological polar surface (TPSA) as 20.23 Å2, 
while 3-isopropyl-6-methylbenzene-1,2-diol, 2-isopro-
pyl-5-methylbenzene-1,4-diol, 5-isopropyl-2-methyl-
benzene-1,3-diol, and 2-isopropyl-5-methylbenzene-1,3-
diol molecules were found to have 40.46 Å2. According to 
the rule, the lowest TPSA values always produce good re-
sults; therefore, we noted that selected molecules are bet-
ter behaved than the co-crystallized ligand. [32] The (LogP) 
values of C1, C2, C3, C4, and C5 were found in the range of 
2.82, 2.35, 2.39, 2.31, 2.34, respectively. Predicted LogP val-
ues depict that these molecules can be absorbed in the body. 
All fi ve molecules present a number of hydrogen bond do-
nors: ≤5, a number of hydrogen bond acceptors ≤10, and also 
molar refractivity values between 48.01, 50.03, 50.03, 50.03, 
50.03, respectively. The hydrogen bonding and a molar re-
fractivity calculation showed that these molecules validate 
the fi ve Lipinski’s rule. These molecules also follow the ve-
ber’s rule which denotes the oral bioavailability of drug mol-
ecules. Since in some CAD molecules cannot be synthesized, 
synthetic accessibility (SA) is a key aspect of drug designing. 
The 5-isopropyl-2-methylphenol, 3-isopropyl-6-methyl-
benzene-1,2-diol, 2-isopropyl-5-methylbenzene-1,4-diol, 

5-isopropyl-2-methylbenzene-1,3-diol, and 2-isopropyl-
5-methylbenzene-1,3-diol molecules were found to have SA 
score 1.00, 1.04, 1.05, 1.08, 1.07, respectively. According to SA 
method molecules having score 1 is easy to synthesize it; on 
the other hand, score 10 represents diffi  culties to synthesize 
the molecules. All fi ve molecules having less than 10 score, 
so they can be easily synthesized. The results of the ADME 
calculations are listed in the table 3. 

Concepts of DFT

Initially, the geometry optimized solid-state structures 
of the keto-based ligands are calculated through Density 
Functional Theory (DFT). Also, molecular orbital energies 
like HOMO (EHOMO) and LUMO (ELUMO) were calculated for 
those ligands to check their tendency to donate and/or accept 
electrons towards protease hosts viz. 5r7y. The electron 
density in diff erent regions of the molecule at HOMO and 
LUMO is generated and visualized in fi gure 5. Furthermore, 
the HOMO energy (EHOMO) and LUMO energy (ELUMO) 
values of the selected natural drugs are summarized in table 
2. Besides, the electron density maps of molecular orbitals of 
the chosen ligands are shown in fi gure 5 and the energy or 
bandgap (ΔE) between two molecular orbitals of the ligand 
is calculated with the formula: ΔE = ELUMO - EHOMO.

Further, the ionization potential and electron affi  nity can 
be calculated by using formulas I= -EHOMO and A= -ELUMO, 
respectively. We also derived the values of electronegativity 

Table 3: Results of phytochemical molecules drug likeness properties.

Drug Likeness: Ligands C1 C2 C3 C4 C5

Molecular Weight g/mol 150.22 166.22 166.22 166.22 166.22

Consensus Log P0/W 2.82 2.35 2.39 2.31 2.34

Num. H-bond acceptors 1 2 2 2 2

Num. H-bond donors 1 2 2 2 2

Molar Refractivity 48.01 50.03 50.03 50.03 50.03

Lipinski Yes Yes Yes Yes Yes

Veber Yes Yes Yes Yes Yes

Bioavailability 0.55 0.55 0.55 0.55 0.55

Synthetic accessibility (SA) 1.00 1.04 1.05 1.08 1.07

TPSA (Å2) 20.23 40.46 40.46 40.46 40.46

No of rotatable bonds 1 1 1 1 1

Solubility 1.46e-01 5.91e-01 5.91e-01 5.91e-01 5.91e-01

Table 4: DFT calculated parameters to obtain the value of dipole moment, electronegativity (χ), absolute hardness (η), and a fraction of electron transfer (∆N).

Ligand EHOMO
(eV)

ELUMO
(eV)

Band Gap (∆E 
in eV)

ELUMO(Fe) -
EHOMO (inh in eV)

Electro
negativity (χ)

Absolute
Hardness (ɳ)

fraction of
electrons transfer 

(∆N)

C1 -6.0481 -0.2312 5.8169 6.1781 3.13965 2.90845 0.6636438

C2 -5.8618 -0.4545 5.4073 5.9918 3.15815 2.70365 0.7104932

C3 -5.5602 -0.3087 5.2515 5.6902 2.93445 2.62575 0.7741692

C4 -5.9241 -0.5676 5.3565 6.0541 3.24585 2.67825 0.7008587

C5 -5.9565 -0.2369 5.7196 6.0865 3.0967 2.8598 0.6824428
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Figure 5 Electron density maps of HOMO and LUMO of keto-based ligands through DFT calculation.

(), absolute hardness () and a fraction of electron transfer 
(ΔN) by using the formula  = (I+A)/2,  = (I-A)/2 and ΔN 
= Fe-inh/2(Fe+inh), respectively. We considered the 
theoretical value of Fe = 7 eV and Fe =0 eV to calculate ΔN 
value. 

Guest compounds (C1, C2, C3, C4, and C5) that are taken 
for this study give molecular dipole moment of 1.5167 Debye, 
2.5757 Debye, 0.1618 Debye, 2.2820 Debye, and 1.6174 Debye, 
respectively (Table 4).

CONCLUSION
COVID-19 should be restrained to curb further spread 

and mortality as soon as possible. The natural organic 
ligands found in several plants with potential antimicrobial 
or antifungal actions have been proposed for this study. 
Thus, these ligands can play a leading position in deterring 
the recurrence of the virus in the gripping system and 
thus stopping additional devastation. Searching for a 
desirable binding position inside the host protein(s) is very 
signifi cant to fi x its viral activities. Therefore, molecular 
docking simulationion is of great interest to recent research 
to select site-specifi c drugs with the targeted role. With 
the incorporation of the DFT approach, this research has 
contributed to a better understanding of the chemical nature 
of hydroxy-based natural drugs by defi ning the electron 
density of molecules. At a glimpse, the outcomes of this in 
silicon techniques using virtual examination can be very 

useful to fi nd some phyto-compounds or natural drugs 
suitable for the treatment of COVID-19 viral infection.
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