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Abstract- The present study aims to determine the
interaction of three naturally occurring compounds;
eugenol, cis- isoeugenol and methyl eugenol with the
binding site of SARS-CoV19 virus. Eugenol is a natural
compound which is found extensively in tulsi (Basil) and
clove. To understand the geometries and their chemical
behavior, density functional theory (DFT) energy
calculations and Natural Bond Orbital (NBO) analysis of
all three compounds were performed. Global reactivity
descriptors were calculated to examine reactivity of the
molecules. To understand the drug-likeness of these
compounds, Adsorption, Distribution, Metabolism and
Excretion (ADME) descriptors were calculated. This was
followed by molecular docking studies with SARS-
CoV19 spike protein. The efficacy of these compounds as
potential drugs for Covid-19 infection was tested by
comparing the results with some already known potent
drugs. These drugs were Fingolimod, Favipiravir,
Chloroquine and Remdesivir. The results show that the
molecules, in particular, Eugenol can act as potential
inhibitors of SARS-CoV19 virus. This prediction could
be further validated by subsequent experimental and
clinical studies.

Keywords: Binding Affinity, Docking, ADME, SARS-
Cov19, DFT
INTRODUCTION

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV19), which is popularly known as Covid-
19, is a highly pathogenic virus of zoonotic origin. It
causes a highly transmissible disease which leads to
mild to severe respiratory problems in humans. The
first case of Covid-19 was recorded on December 8,
2019 in Wuhan, China. Since then, the number of
cases has increased at an alarming rate, influencing
millions of people across the world. Many recent
studies have proven the efficacy of natural products as
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potential inhibitors of SARS-CoV19[1]-[4]. Eugenol
or 4-allyl-1-hydroxy-2-methoxybenzene is a naturally
occurring molecule, found in angiospermic plants and
possess a mild aromatic odor of clove and spicy
taste[5]. Eugenol comes under the class of
phenylpropanes such as anethol, cinnamaldehyde and
estragole[6]. Eugenol is partially soluble in water
which is an important property in medicines
formulation[7]. It has gained importance in research
because of its potential role in diminishing and
preventing chronic diseases such as cancer,
inflammatory reactions, and other serious health
conditions[8]. Besides eugenol, cis-isoeugenol and
methyl eugenol also has various applications[6].
Methyl eugenol is used as a tang in many food items,
in toiletries, detergents for aroma, in some pesticide
formulations and as an insect crowd puller. Eugenol
are phenolic monoterpenes[6] (it contains an allyl
chain which is substituted at para position with respect
to the hydroxyl group)[9]. It is well-known that plants
possess medicinal value and from ancient times they
are used for medicinal purposes[10]. Although
Eugenol is majorly extracted from clove buds, stems
and leaves[11] but it is also found in many plants like
tulsi, cinnamon, lemon balm and nutmeg[12].
Different concentrations of eugenol can be extracted
from different plants[12]. Being antiseptic in nature, it
is used as a bactericide in mouthwash[13]. Eugenol
behaves as a radioprotective molecule[14]. Before
coming in contact to y — radiation, administrating
eugenol orally bring down the levels of micronuclei in
the polychromatic erythrocytes[15].

This work aims to test the efficacy of eugenol, cis-
isoeugenol and methyl eugenol as potential drugs
against SARS-CoV19 through molecular docking
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studies[16],[17]. Prior to docking, the three molecules
were subjected to DFT calculations to understand their
properties and chemical reactivity.

COMPUTATIONAL METHODOLOGY

To understand the chemistry of eugenol, cis-
isoeugenol and methyl eugenol, DFT calculations and
NBO analysis were performed using Gaussian 09
software[18]. B3LYP/6-311G™ basis set[19]-[21],
was selected for DFT calculations. IR, UV-Visible and
NMR spectra were generated in DMSO solvent. These
molecules were then subjected to ADME screening
using SwissADME tool [22] and molecular docking
using Autodock vina[23]. The analysis of docked
poses was done in Biovia Discovery studio [24]. To
examine the effectiveness of these molecules as drugs,
calculations were also carried out on four known
drugs, Fingolimod, Remdesivir, Chloroguine and
Fevipiravir. In this way, the possibility of these new

compounds capable of acting as inhibitors against
corona virus was tested.

RESULTS AND DISCUSSIONS

DFT Calculations

The three molecules viz. eugenol, cis-isoeugenol and
methyl eugenol were geometry optimized in gas
phase. The optimized structures along with their
numbering scheme are shown in Table 1. This was
followed by frequency calculations which revealed
absence of imaginary frequency. The IR vibrational
frequencies were scaled by a factor of 0.9679 and the
zero-point energies by 0.9877 to account for the
anharmonicity corrections, and the scaled zero-point
energies were added to the calculated energies to give
the final energies [25]. A detailed description of the
IR frequencies of the three molecules is reported in
Table S1 (Supporting Information).

Table 1 Optimized geometries (along with numbering scheme) of Eugenol, cis-1soeugenol and Methyl eugenol
(Color codes: Grey: carbon; white: hydrogen; red: oxygen)

Eugenol

Cis-Isoeugenol
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Table 2 Global reactivity descriptors of Eugenol, cis-Isoeugenol and Methyl eugenol
Molecules | HOMO LUMO u (Ha) n (Ha) HLG (Ha) | S (Ha%) Q (Ha)
(Ha) (Ha)
Eugenol 0.22537 | 0.02031 | -0.12284 0.10253 0.20506 0.051265 0.073587
Cis- 0.21500 | 0.03070 | -0.12285 0.09215 0.18430 0.046075 0.081889
Isoeugenol
Methyl 0.21932 | 0.01731 | -0.11832 0.101005 0.20201 0.050503 0.069296
eugenol

On comparing UV-Vis spectra of all the three species,
it was found that cis-isoeugenol has maximum value
of Amax (Table S2) which is expected because in case
of cis-isoeugenol, double bond present outside
benzene system also enters in conjugation with
benzene. The dipole moment values for all the three
species showed that they all are non-polar.

In order to study reactivity of these molecules, several
global reactivity descriptors[26],[27] were computed
(Table 2). The results reveal that cis-isoeugenol has
lowest HOMO-LUMO gap (HLG) among three
species which indicates that cis-isoeugenol is most
reactive. This is further confirmed by lowest value of
chemical potential (). Global softness (S) value for
eugenol and methyl eugenol is almost same which
indicates that their electronic cloud can be easily
perturbed. Global electrophilicity index () has
highest value for cis-isoeugenol indicating its high
tendency to accept electron density.

Total energy and Thermodynamic parameters
Investigation of total energy and thermodynamic
parameters (Table 3) of the three molecules indicates
that methyl eugenol is most stable. The total energy,
enthalpy and free energies are comparable for eugenol
and cis-isoeugenol, which reflects their similar
stability.
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Table 3 Total energy and thermodynamic parameters
of Eugenol, cis-l1soeugenol and Methyl eugenol

Molecules | Total Enthalpy | Free energy
Energy (kcal/mol) | (kcal/mol)
(Ha)

Eugenol -538.8473 | -538.64 -538.69

cis- -538.8527 | -538.64 -538.69

Isoeugenol

Methyl -578.1560 | -577.92 -577.97

eugenol

NBO Analysis

NBO analysis [28]-[33] was performed for a detailed
understanding of the charge transfer within the system
(Table S3-S5). The interpretation for analysis of the
three molecules is given below.

Eugenol

First seven m—mn" and two m"—m" transitions suggest
delocalisation of m electron density on the aromatic
ring. Lone pair of O2 interacts with =" molecular
orbital of C8-C9 bond which suggests the involvement
of this lone pair in resonance with benzene ring. Lone
pair of Ol interacts with =~ molecular orbital of C5-C6
bond and c"'molecular orbital of C11-H19 bond due to
resonance effect and hyper conjugative effect
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respectively. Electron density from O1 is transferred
to o"molecular orbital of C6-C8 bond and C5-C6 bond
due to hyper conjugative effect.

cis-l1soeugenol

First seven m—n" and three n"—m" transitions suggest
delocalisation of m electron density of the aromatic
ring and C9-C10 bond. Lone pair of O1 and O2
interacts with 7~ molecular orbital of C4-C5 bond and
C7-C8 bond respectively which suggests the
involvement of lone pair of O1 and O2 in resonance
with benzene ring. Lone pair of O2 interacts less with
n° molecular orbital of C4-C7 bond (IE=0.52
kcal/mol)) which is due to the involvement of lone pair
of O1 in resonance with =" molecular orbital of C4-C7
bond (IE=5.81 kcal/mol). Lone pair of Ol interacts
with ¢ molecular orbital of C12-H21 bond due to
hyper conjugative effect.

Methyl Eugenol
First six n—n" and one n"—x" transitions suggest
delocalisation of m electron density of the aromatic

ring. Lone pair of O2 and Ol interacts with ©"
molecular orbital of C8-C9 bond and C5-C6 bond due
to resonance effect. Lone pair of O2 transfers electron
density to o"'molecular orbital of C12-H23 bond and
C12-H24 bond due to hyperconjugative effect.
Similarly lone pair of O1 interacts with ¢"'molecular
orbital of C12-H23 bond C11-H21 bond with an
interaction energy of 5.77 kcal/mol.

Drug-likeness of molecules

To understand the drug-likeness of the compounds,
ADME (Adsorption, Distribution, Metabolism and
excretion) screening for the compounds was
performed (Table S6) using SwissADME[22]. The
physicochemical properties, pharmacokinetics and
drug-likeness of these molecules were obtained.
Moreover, properties of four compounds that are
already in use for the treatment of covid infection,
Fingolimod, Favipiravir, Chloroquine and Remdesivir
were also calculated. This was done to draw a
comparison between the known drugs and proposed
drugs.

Table 4 Drug-likeness properties of molecules under investigation

Compound #H- Lead-
bond #H- Lipinski Ghose  Veber Egan Muegge Bioavail  likeness
acceptor  bond #violation  #viola #violati  #violation #violation ability #violation
s donors s tions ons s s Score S

Eugenol 2 1 0 0 0 0 1 0.55 1

Methyl

Eugenol 2 0 0 0 0 0 1 0.55 1

cis-Isoeugenol 3 3 0 0 1 0 0 0.55 2

Fingolimod 4 2 0 4 0 0 1 0.55 1

Favipiravir 3 1 0 0 0 0 0 0.55 1

Chloroquine 2 1 0 0 0 0 0 0.55 2

Remdesivir 12 4 2 3 2 1 3 0.17 2

To check the drug-likeness of any molecule,
Lipinski’s rule of five should be considered[34]. It can
be seen from Table 4 and Table S6 (Supporting
Information) that all ligands follow Lipinski’s rule of
five except Remdesivir. Remdesivir has molecular
weight greater than 500 Da and hydrogen bond
acceptors greater than 10 hence, it violates Lipinski’s
rule of five. This also results into drug being firmly
bound to the body cells. This may be one of the reasons
that leads to major side effects by Remdesivir. Hence,
it is important for a drug to be moderately bound so
that it is safely eliminated from the body in the end.
Rest of the six molecules have H-bond donors and
acceptors under 5, which falls under acceptable range.
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Non zero values for Ghose, Veber and Egan
parameters lead to violations from drug-likeness as
explained by Diana and  co-authors[22].
Bioavailability score is equal for all other molecules
except for Remdesivir. Maximum lead-likeness
violations (2) are observed in the case of cis-
Isoeugenol, Chloroquine and Remdesivir. The results
indicate that eugenol and methyl eugenol show
promising results and can be considered as potent
drugs to treat covid infections. The remaining
parameters calculated by SwissADME are provided in
Table S6.

Molecular Docking
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Protein Preparation

The structure of SARS CoV-19 virus with PDB ID-
6LU7 was selected from RCSB (Research
Collaboratory for Structural Bioinformatics) protein
data bank[35]. Protein preparation was done using
open source BIOVIA Discovery Studio[24]. The aim

(a)

Ligand Library Preparation

A library of 7 ligands comprising of eugenol, methyl
eugenol, cis-lIsoeugenol, fingolimod, favipiravir,
chloroquine and remdesivir was prepared.

Molecular Docking

The molecular docking approach was used to study
interaction between ligands and SARS Cov-19
protein. In this paper, blind docking of the protein was
done using the grid box coordinate settings. This
ensures that the best interaction takes place between

the ligands and the binding sites. Autodock vina

software[23] was used for the molecular docking
study.

Docking Scores
The results obtained from the molecular docking is
shown in the Table 5.

Table 5 Binding affinity of all seven ligands
Name of the Ligand  Binding Affinity(Kcal/mol)

Eugenol -5.5
Methyl Eugenol -4.7
Fingolimod -5.3
Favipiravir -5.3
cis-1soeugenol -5.5
Chloroquine -5.3
Remdesivir -6.6
IJIRT 162211

of protein preparation is to separate the native ligand
from the binding site so that these sites can be used for
docking process. The prepared protein is shown in
Figure 1(a) and 1(b) in ball and stick model and ribbon
form respectively.

(b)
Figure 1 Structure of the prepared protein (Pdb ID: 6LU7) (a) In ball and stick form (b) In ribbon form

The binding affinity represents how firmly a ligand
can bind to the spike protein of the virus. As a result
of this binding, the binding sites gets occupied and
are not free to bind the body cells. Table 5 shows
binding affinity of eugenol is better than fingolimod,
favipiravir and chloroquine. Although the binding
affinity of remdesivir is more than eugenol but the
side effects caused by remdesivir cannot be
neglected[36]. On the other hand, eugenol being a
natural product shows no or less side effects. The
rmsd (root mean square deviation) values are
generally used for ligands which show different
conformations at binding sites of a protein.
According to the geometrical and physical nature of
the cavity, the values of highest binding affinities for
different conformations were generated and the
deviation between these values are compared. The
highest binding affinity is compared to itself hence
the wvalue for rmsd/ub (upper band) and
rmsd/lIb(lower band) is zero. The order of their
binding affinity is mentioned below.

Remdesivir  >Eugenol = cis-Isoeugenol >
Fingolimod = Favipiravir = Chloroquine > Methyl
eugenol

The ligands having high negative binding affinity
signify stable interactions between ligand and
protein. After a comparison analysis, it can be said
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that eugenol can be used as a potential drug against
COVID-19 virus. Although methyl eugenol is found
to have a comparatively lower negative binding
affinity than other ligands but it may also be an
effective drug candidate. van der Waals interactions
and hydrophobic interactions between protein and
the ligand were found to have significant role in
stabilizing the protein structure. The main binding
sites for different ligands are discussed in the
following section.

Important binding sites and various interactions

In order to understand the various Kkinds of
interactions (both favorable and non-favorable), it is
important to observe all possible binding sites
through which protein interacts with the ligand. The
binding sites for different ligands are depicted in
Figure 2. Different color codes have been used to
distinguish different types of interactions. Eugenol
binds to the protein through PHE A:294, THR

Interactions

jl Corvventionol Hydrogen Bond I:] Pi-Alveyl
— R @

Interactions

[: von der Wesls I:] Pi-Donor Hydrogen Bond
E Conventionol Hydrogen Bond |:] Alkyl
- Undavoratie Donor-Donor I: Pi-Alky|
©
IJIRT 162211

A:111, ILE A:106 and GLN A:110 (Figure 2 (a)).
These are all favorable interactions which involve
hydrogen bonding and van der Waals interactions.
No unfavorable interaction was observed in this
case. This feature makes it suitable for binding to the
target protein. In case of methyl eugenol, the main
binding sites are PHE A:294, THR A:292, ILE
A:106, GLN A:110. In this case also, all the
observed interactions are favorable. In Fingolimod,
interactions occur through TYR A:237, TYR A:239,
LEU A:272, LEU A:286, LEU A:287, ARG A:131,
LYS A:137, GLU A:290, GLU A:288, ASP A:289
and ILE A:200. In this molecule, many interactions
are there and most are van der Waals. There is only
one unfavorable interaction, that is between
hydroxyl group and THR A:199. For Favipiravir, the
main binding site units are GLN A:110, ASP A:295,
GLN A:127, PHE A:8, ASN A:151, PHE A:294,
THR A:292, PHE A:112, ILE A:106. In case of cis-

THR
A292

ILE
A:106

PHE
A294

GLN
a0
Interactions
[:l Conventional Hydrogen Bond :] Alky!
:} Carbon Hydrogen Bond Pi-Aliey!
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Figure 2 The 2D interaction diagram of the ligands with protein 6LU7 binding sites: (a) Eugenol (b) Methyl Eugenol
(c) Fingolimod and (d) Favipiravir (e) cis-1soeugenol, (f) Chloroquine (g) Remdesivir

Isoeugenol, Chloroquine and Remdesivir, the amino
acids which are responsible for the binding of drug to
protein are PHE A:294, ILE A:106, GLN A:110; PHE
A:294, ILE A:106, ASN A:151 and GLN A:127, LYS
A5, LYS A:137, GLN A:290, ASP A:289
respectively. This shows there are some common
binding units which interact with the drug candidates
to cause its inhibition. The hydroxyl group in eugenol
and methyl eugenol makes it more convenient to
interact with the target protein and bind the sites which
are responsible for binding with the body cells. This
causes inhibition of viral protein, which in turn
prevents spread of infection in body.

CONCLUSION
The present study deals with the molecular docking
study of three ligands, eugenol, methyl eugenol and

cis-Isoeugenol for inhibition of spike protein of
SARS-CoV19 virus. The molecular properties such as
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global  reactivity  descriptors, thermodynamic
parameters, spectra, NBO analysis were calculated to
understand reactivity and of the molecules. Further,
drug-likeness, and binding affinity towards protein
were calculated using SwissADME. To understand the
effectiveness of these ligands as potent drugs, a
comparison study was carried out with already known
drugs, fingolimod, favipiravir, chloroquine and
remdesivir. The results show that cis-Isoeugenol
perform poorly in ADME analysis and hence have less
drug-likeness. Methyl eugenol has least binding
affinity amongst all the docked ligands. However,
eugenol passed the ADME analysis and also showed
the second highest binding affinity (after Remdesivir)
amongst all the docked ligands. From our study, it can
be proposed that eugenol is very effective against the
inhibition of SARS-CoV19 virus. Additionally, being
a natural product, it is safe to consume with minimal
or no side effects.
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Table S1 IR frequencies of Eugenol, cis-isoeugenol and methyl eugenol

Molecule Frequency (Intensity)

Description

1303.66(249.1592)

Antisymm stretch C6-C8-02 coupled with bending mode of
C9-H17 and C4-H14

1540.18(153.7444)

Symm stretch of C6-C8-C9 coupled with bending mode of
C9-H17, C7-H16 and C5-H15

Symm stretch of Methyl group coupled with symm stretch

3012.80(88.2458) of H13-CA-H14

1187.99(88.1411) Bending mode of 02-H22, C9-H17, C7-H16H15 and C5-
Eugenol H15

3836.40(71.8911) Stretching mode of 02-H22

308.86(70.1230) Bending 02-H22

1044.97(64.4914) Stretching mode of C11-O1 coupled with bending mode of

C9-H17 and C5-H15

1358.12(64.0228)

Antisymm stretching mode of C6-C8-C9 and C5-C3-C7
coupled with bending mode of H22-02-C8, C7-H16, C5-
H15 and C4-H13.

Antisymm stretch of 01-C4-C7 coupled with bending mode

1317.84(228.2442) of C8-H15, C9-H16, C10-H17, C5-H13 and 02-H24
Antisymm stretch of 01-C4-C7 coupled with symm stretch

1537.04(146.1397) of C4-C7-C8 and bending mode of C8-H15, C5-H13, C6-
H14.
Stretching mode of O1-C4 coupled with bending mode of

1128.84(83.1607) 02-H24 and C6-H14

3835.25(82.5868) Stretching mode of O2-H24r

Cis-Isoeugenol CS-C6TC8 symm stretch coupled Wi_th stretch of O1-C4-

1287.75(81.5364) C5(antisymm) and O2-C7 and bending mode of C5-H13,
C9-H16 and C10-H17

1187.89(69.3645) Bending mode of 02-H24, C8-H15, C6-H14 and C5-H13

3011.71(67.4576) Symm stretch of methyl group

307.44(66.7404) Bending mode of 02-H24

1044.39(61.3041) Stretching mode of O1-C12 coupled with bending mode of

C5-H13 and C8-H15

1259.77(54.2102)

Stretching of O1-C4 coupled with bending of C12-01, C12-
H21, C12-H22, C7-C4-C5, 02-H24, C6-H14 and C10-H17

Stretching of C9-C7, 01-C6-C8 (antisymm), C6-C8-02

Methyl Eugenol

1292.73(224.5650) (antisymm) coupled with bending of C9-H18, C4-H14,
C11-H20, C11-H21, C12-H23 and C12-H24
Symm stretch of C6-C8-C9 and C5-C3-C7 coupled with
1537.37(190.9787) bending mode of C9-H18, C7-H17, C5-H16, C12-H23,

C12-H24 and C12-H25

1248.16(101.3157)

Stretching of C8-02 and O1-C6 coupled with bending of
C5-H16, C7-H17, C9-H18, C12-H23, C12-H24, C1202,
C11-H20, C11-H21 and C4-H15

1148.24(97.2224)

Stretching of 02-C12 coupled with bending of C5-H16, C7-
H17, C9-H18
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Stretching of O1-C11 coupled with bending of C7-C3-C5,

1045.38(80.5794) C5-H16 and C9-H18

3010.55(74.5736) Symm stretch of methyl group corresponding to C11

3004.34(63.1622) Symm stretch of methyl group corresponding to C12

1056.41(56.4860) 02-C12 stretch coupled with bending of C5-C6-C8
Two bending modes corresponding to H14-C4-H15 and

1310.04(52.7177) C10-H19 are coupled

1504.29(45.2787) Bending of methyl group corresponding to C12

Table S2 UV-Visible spectroscopic parameters of Eugenol, cis-isoeugenol and methyl eugenol

Molecule Dipole moment (Debye) "EE1 (hm) EE2 (nm) EE3 (nm)
Eugenol 2.1933 254.71 236.8 23391
(**0.0496) (0.1066) (0.0303)
cis-1soeugenol 2.0268 273.93 260.43 246.97
(0.1746) (0.4168) (0.0046)
Methyl eugenol | 2.1022 256.79 239.58 234.59
(0.0816) (0.148) (0.0186)

*Excitation Energy

**Figures in parenthesis are oscillator strength

Table S3 Natural Bond Orbital (NBO) analysis of eugenol

Donor Orhital Acceptor Orbital Interaction Energy in kcal/mol (IE)
7 (C3-C7) *(C5-C6) 20.19
7 (C3-C7) *(C8-C9) 19.72
n (C5-C6) *(C3-C7) 19.28
n (C5-C6) n*(C8-C9) 20.82
7 (C8-C9) *(C3-C7) 19.27
n (C8-C9) n*(C5-C6) 17.37
n2(02) n*(C8-C9) 25.86
n* (C8-C9) n*(C3-C7) 165.62
* (C8-C9) *(C5-C6) 287.71
n2(01) T*(C5-C6) 9.67
n2(01) o*(C11-H19) 5.8
n1(02) c*(C8-C9) 5.74
n1(01) c*(C6-C8) 5.87
o(C12-H24) 6*(C10-H18) 5.33
o(C12-H23) 6*(C4-C10) 6.21
o(C10-H18) o*(12-H24) 4.92
6(C4-H13) 6*(C3-C5) 4.51
o(C5-H15) 6*(C3-C7) 4.39
o(C5-H15) 6*(C6-C8) 4.04
o(C7-C9) 6*(02-C8) 4.37
o(C7-H16) 6*(C3-C5) 4.48
o(C8-C9) o*(C6-C8) 4
n2(01) 6*(C5-C6) 4.35
Table S4 Natural Bond Orbital (NBO) analysis of cis-Isoeugenol
Donor Orbital Acceptor Orbital Interaction Energy in kcal/mol (IE)
n (C3-C7) m*(C4-C5) 21.08
n (C3-C7) n*(C7-C8) 20.52
n (C3-C6) *H(C9-C10) 11.42
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7 (C4-C5) *(C3-C6) 18.27
n (C4-C5) *(C7-C8) 20.82
n (C7-C8) *(C3-C6) 20.04
m (C9-C10) *(C3-C6) 8.84
* (C7-C8) *(C3-C6) 188.08
* (C7-C8) *(C4-CE) 286.98
n* (C3-C6) *(C9-C10) 38.32
n2(01) 5*(C4-C5) 431
n1(02) 6*(C7-C8) 5.76
n2(02) o*(C7-C8) 25.94
n1(02) 6*(C4-CT7) 0.52
n2(01) *(C4-C5) 9.52
o6(C5-H13) o*(C3-C6) 411
o(C5-H13) 6*(C4-CT) 4.14
5(C6-H8) 6*(02-C7) 433
o(C6-H14) 6*(C3-C5) 4.25
5(C9-H116) o*(C3-C7) 4.02
5(C9-H16) o*(C10-C11) 7
5(C10-H17) 6*(C3-C9) 7.22
5(C11-H19) 6*(C9-C10) 5.12

Table S5 Natural Bond Orbital (NBO) analysis of Methyl eugenol

Donor Orbital Acceptor Orbital Interaction Energy in kcal/mol (IE)
 (C3-C7) *(C5-C6) 20.57
7 (C3-C7) T*(C8-C9) 19.71
7 (C5-C6) *(C3-C7) 19.32
n (C5-C6) n*(C8-C9) 19.99
n (C8-C9) n*(C3-C7) 19.49
7 (C8-C9) *(C5-C6) 17.92
¥ (C8-C9) T*(C3-C7) 172.08
n2(02) T*(C8-C9) 28.15
n2(01) n*(C5-C6) 9.14
n2(01) 6*(C11-H20) 5.77
n2(02) 6*(C12-H23) 5.67
n2(02) o*(C12-H24) 5.56
n1(01) 6*(C6-C8) 5.96
n2(01) 6*(C5-C6) 4.49
6(C5-H16) 6*(C3-C7) 4.39
o(C5-H16) 6*(C6-C8) 43
o(C7-C9) 6*(02-C8) 452
6(C7-H17) 6*(C3-C5) 4.45
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5(C10-H19) 6*(C13-H27) 4.94
5(C13-H26) 6*(C4-C10) 6.19
6(C13-H27) 6*(C10-H19) 5.31
6(C11-H19) 6*(C9-C10) 5.12

Table S6 SwissADME analysis of various molecules under investigation

Property Eugenol Ié\ﬂgtehn)gl Fingolimod | Favipiravir Cis-Iso Eugenol Chloroquine Remdesivir
Molecule Molecule 1 Molecule 2 Molecule 3 Molecule 4 Molecule 5 Molecule 6 Molecule 7
MW (Da) 164.2 178.23 164.2 307.47 157.1 319.87 602.58
#Heavy atoms 12 13 12 22 11 22 42
#Aromatic heavy atoms 6 6 6 6 6 10 15
Fraction Ces 0.2 0.27 0.2 0.68 0 0.5 0.48
#Rotatable bonds 3 4 2 12 1 8 14
#H-bond acceptors 2 2 2 3 4 2 12
#H-bond donors 1 0 1 3 2 1 4
MR 49.06 53.53 49.86 94.32 32.91 97.41 150.43
TPSA 29.46 18.46 29.46 66.48 88.84 28.16 213.36
iLOGP 2.37 2.65 2.47 3.76 0.39 3.95 3.52
XLOGP3 2.27 2.52 3.04 4.16 -0.56 4.63 191
WLOGP 2.13 2.43 2.33 3.2 -0.57 4.62 2.21
MLOGP 2.01 2.3 2.01 3.01 -1.3 3.2 0.18
Silicos-IT Log P 2.48 3 2.31 4.62 0.69 4.32 -0.05
Consensus Log P 2.25 2.58 243 3.75 -0.27 4.15 1.56
ESOL Log S -2.46 -2.61 -3.01 -3.78 -0.8 -4.55 -4.12
Eso(; ;?I']“Lk;"'ty 560E-01 | 437E-01 | 160E-01 | 5.14E-02 2 50E+01 9.05E-03 4.58E-02
ESO('-m?)‘I’/'E;’"“y 347E-03 | 245E-03 | O.74E-04 | 1.67E-04 159E-01 2.83E-05 7.59E-05
ESOL Class Soluble Soluble Soluble Soluble Very soluble Moderately Moderately
soluble soluble
AliLog S -2.53 -2.55 -3.32 -5.26 -0.84 -4.95 -6.01
Ali Solubility (mg/mL) 4.90E-01 4.98E-01 7.78E-02 1.67E-03 2.29E+01 3.61E-03 5.84E-04
Ali Solubility (mol/L) 2.98E-03 2.79E-03 4.74E-04 5.44E-06 1.46E-01 1.13E-05 9.69E-07
Ali Class Soluble Soluble Soluble | Moderately |y, soluble Moderately Poorly
soluble soluble soluble
Silicos-IT
LogSw -2.79 -3.5 -2.42 -5.76 -1.42 -6.92 -4.77
S"'cozr;g/z‘ﬂ;’b"“y 265E-01 | 562E-02 | 627E-0L | 5.32E-04 6.04E+00 3.86E-05 1.03E-02
S"'Cos('rLToﬁf_")“b"”y 161E-03 | 316E-04 | 382E-03 | 173E-06 3.85E-02 121E-07 1.71E-05
Silicos-IT class Soluble Soluble Soluple | Moderately Soluble Poorly Moderately
soluble soluble soluble
Gl absorption High High High High High High Low
BBB permeant Yes Yes Yes Yes No Yes No
Pgp substrate No No No Yes No No Yes
CYP1A2 inhibitor Yes Yes Yes No No Yes No
CYP2C19 inhibitor No No No No No No No
CYP2C9 inhibitor No No No No No No No
CYP2D6 inhibitor No No No Yes No Yes No
CYP3A4 inhibitor No No No Yes No Yes Yes
log Kp (cmis) -5.69 -5.6 -5.14 -5.22 -7.66 -4.96 -8.62
Lipinski #violations 0 0 0 0 0 0 2
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Ghose #violations

Veber #violations

Egan #violations

Muegge #violations

Bioavailability Score

PAINS #alerts

Brenk #alerts

rlo|lm|r|lo|lo|o

rlo|lm|r|lo|lo|o

olo|lm|r|o|lo|o

olo|lm|o|o|r|o

o|lo|lm|r|lo|lo| s

o|lo|lm|o|lo|o|o

P O|lRr|lW|F,|[N|W

Lead-likeness
#violations

Synthetic Accessibility

1.58

171

181

2.27

2.08

2.76

6.33
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