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ABSTRACT

Computational quantum research was conducted for structural analysis of Favipiravir and its behaviour against COVID-19.
Favipiravir customers were studied first of all and found to be regarded as ligands by four tautomeric structures. All
calculations are performed in calculations of density functional theory (DFT). Conducted molecular docking simulations were
allocated to similar protease and polymerase macromolecules in COVID-19. The utility of the descriptor values for global
reactivity to predict the reactivity of the favipiravir tautomers has been determined by HOMO and LUMO energies. Compared
to others, the FA tautomer exhibits a lower value, and one can assume that it is more likely that FA will participate in
electrophile reactions than other tautomers at any stage. The operation of amide-form favipiravir has a higher binding affinity
with 6LU7 in the overall docking procedure compared to the other tautomer forms. The results showed that the four ligands
would interact differently with each target. FK is the most stable, and FE is the most active macromolecular ligand. It has
been found that ligands are not so strongly linked to the low values of connecting energies. The action of ligands is more
favourable to protease than to polymeras a target. Qualitative ligand...target interaction representations have suggested various
interaction environments with complex formations. Further research is also required to investigate Favipiravir's dominant

activities against COVID-109.
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Introduction

Favipiravir (CsHsFN3O2, 6-fluoro-3-hydroxy-2-pyrazine
carboxamide) is an antiviral medication based on
pyrazinecarboxamides that is effective against a variety of
viral infectious diseases, including influenza viruses
(types A, B, and C),! H5N1 virus,®> hepatotropic
pheleboviral diseases,*West Nile virus,* Norwalk virus (
norovirus),’encephalitis viruses,® arenaviruses,’
bunnyvirus’ and Ebola virus.®® As a result, Favipiravir
sold under Avigan is considered an antiviral in large-scale
agent, which inhibits the reproduction of viral infections
of ribonucleic acid (RNA).*° First Toyama Chemical Co.,
Ltd, Japan, registered Favipiravir in 2000.1* Differing
investigators made significant efforts to alter, optimize
and improve cost-efficient and straightforward routes for
favipiravir synthesis due to its effective antiviral
potency.?-1° Favipiravir has been examined as one of the
possible medicines for the experimental treatment of new
coronavirus disease as a consequence of the latest
outbreak of the novel coronavirus disease 2019 (COVID-
19), an infectious disease due to the severe acute
coronavirustwo disease (SARS-CoV-2) in the world.6-
ZFavipiravir RTP is a polymerase RNA inhibitor that

prevents transcriptions and replication of viral RNA-
dependent polymerase.?” Various hypotheses were
developed about how favipiravir RTP interacts with RNA-
dependent RNA polymerase, which demonstrates that it is
incorporated into an emerging RNA strand preventing the
elongation of the RNA strand and viral proliferation.?® The
existence of purine nucleoside analogs is likely to
considerably reduce the antiviral activity of FPV,
indicating a rivalry for the same binding site between FPV
and the purine nucleosides. Most preclinical data of
favipiravir are associated with influenza and Ebola but
have shown widespread activity compared with other
RNA viruses.?It is identified that Favipiravir has in vitro
activity against SARS-CoV-2, although with high
chloroquine or remdesivir concentrations (ECso = 61.88
uM)_ZQ

Even though favipiravir and Ebola virus have a similar
high ECsy, it has been shown in previous animal models to
be highly successful as post-exposure prophylaxis for
mice exposed to Ebola virus challenges, with rapid
virological responses preventing mortality.®3° Human
Ebola trials were conducted on a loading regimen of 6000

http://www.pkheartjournal.com

997



Pak Heart J 2023:56(02)
ISSN:0048-2706 E-ISSN:2227-9199

mg per day followed by 1200 mg per day orally for 10
days in a singlearm, and two different people produced
results: It successfully weakened the Ebola for 10 in
Guinea, but it did not affect its overall patient survival.In
a study of 124 Ebola virus patients in Sierra Leone, those
given favipiravir had a significantly higher survival rate
than those given supportive care (56.4 percent versus 35.3
percent; P = 0.027).%2 On day 1, patients were given 800
mg of favipiravir orally twice daily, and on day 2, they
received 800 mg of favipiravir orally twice daily. On days
3-11, take 600 mg twice a day orally. In addition, the viral
loads of 35 patients were measured twice during their
hospitalization and were found to be significantly lower in
those who received favipiravir.
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A systemic investigation was conducted to examine the
structural properties of Favipiravir tautomers. The
chemical structures of favipiravir and its tautomers are
provided in Figure 1. In cyclic compounds,3336
conformational modifications of Favipiravir could also
undergo ubiquitous tautomerism processes. Moreover,
these molecules may have keto-enol tautomerism that may
be of interest to the design and production of drug products
to decide which tautomeric forms are bound to a targeted
bio-molecule. However, no theory of the conformational
analysis, electronic and reactivity descriptors and partition
coefficients of favipiravir and its structural analogs are
carried out systematically and comparativelybecause of
the significant applications of favipiravir.

O
F N
T ﬁ
N O
H

6-fluoro-3,4-dihydro-3-oxopyrazine
-2-carboxamide

keto form(FK)

OH
F N
T f
N O
H

6-fluoro-3,4-dihydro-3-oxopyrazine
-2-carboxylimidic acid
imide form(FI)

Figure 1. The tautomeric structures of Favipiravir are represented based on the H atom movement.

Structures of all Favipiravir tautomeric types have been
studied on the grounds of quantum chemistry
computations, and then molecular docking simulations of
associated protease and polymerase to COVID-19 have
been studied for their biological function. Note that silicon
environments could offer computations of molecular
scales to provide insight into the complex interaction
complexes of the ligand.3”-* Such studies will help explain
the molecular structures, electronic characteristics and
descriptors, and favipiravir partitions coefficients used to
develop new  antiviral drugs based on
pyrazinecarboxamide.

Materials and method
Computational Details

The Gaussian 09W suite of programs*? has been used to
perform all quantum chemical calculations for the

tautomers of Favipiravir (fig:1). Geometry optimizations
for all tautomers have been performed using density
functional theory (DFT) at the B3LYP functional***® in
conjunction with the 6-311G basis set. To characterize
their existence as minimum or transition states and correct
energies for zero-point energy and thermal contribution,
we performed a harmonical measurement of the strength
at each stationary point. The Gaussveiw software*t
extracted electrostatic potential maps (EPM). Polarizable
Continuum Model (PCM),*” as implemented in Gaussian
09W, describes solvent effects.

Molecular Docking simulations

Protein and Ligand Preparations

For the current study, the crystal structure of the COVID -
19 protease enzyme was collected from the Protein data
bank (rcsh.org)*® with PDB ID 6LU7. The 6LU7 structure
was prepared by energy minimization and coordinated
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interaction sites using SWISS-PDB viewer* and
Discovery studio client (BIOVIA, Dassault Systems)*° of
the PDB file, followed by saving a required format for
further analysis. The structure of favipiravir was acquired
from a drug bank;® using ChemDraw,>? the tautomeric
designs were drawn and checked the structural integrity
with the help of an inbuilt suite in the software, followed
by saving the required formats including .mol and .sdf
formats.

Docking Executions

Auto dock 4.0 and Auto dock tools are more versatile for
preparing the docking environment with standard protocol
management,>5 which includes a set of parameters to
assign for the receptor grid in the ligand-binding
coordinates and ligand acquisition for the docking. Once
the auto dock environment is ready, using the standard
configuration file and Microsoft cmd prompt, auto dock
Vina is executed for recording the values for the binding

affinity of the ligands towards the receptor, as mentioned
above. After completing the docking procedure with auto
dock Vina, the saved file formats are viewed with
Discovery studio client and PyMol software® to analyze
ligand receptors' affinity with 2D and 3D illustration
objects.

Results and discussion
Structural parameters

The DFT method with B3LYP functional and 6-311G
basis set was performed in gas and different solvents
without symmetry restriction and convergence criteria for
geometry optimization for favipiravir and tautomers.
Figure 2 shows a minimum energy geometry and atomic
numeration. Table 1 shows the bond lengths and selected
bond angles of the optimized structure of FE in gas and
different solvents. Tables S1-S3 provided the geometrical
parameters of the remaining tautomers (FA,FE and FI).

FI

Figure 2. Geometry optimization structures of favipiravir and its structural tautomers at DFT/B3LYP/6-311G basis set in
the gas phase.

Table 1, together with the experimental values for FE,
provides the bond lengths and selective bond angles of the
optimized structures of tautomers. The structural
parameters calculated for FE are compatible with the
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experimental values. For the bond length and the
endocylic bond angles in the pyrazine ring, the correlation
(R?) between the experimental and theoretical values is
determined to be 0.9677. (Figure 3)

999



Pak Heart J 2023:56(02)
ISSN:0048-2706 E-ISSN:2227-9199

experimental values
N

0.90 1.05 1.20 1.35 1.50
theoretical values

124

122

120

118

experimental values

116
117.0 118.5 120.0 121.5 123.0

theoretical values

Figure 3. Correlation between the experimental and theoretical values of FE tautomer.

Table.1: Some of the selected optimized structural parameters for favipiravir (FE tautomer) in gas and different solvents at
DFT/B3LYP/6-311G level.

Bond length

Parameter® Expt® Gas
1C-2C 1.397 1.397
1C-6N 1.295 1.303
1C-7F 1.339 1.341
2C-3N 1.306 1.324
2C-12H 0.930 1.085
N3-4C 1.340 1.333
C4-5C 1.397 1.414
C4-80 1.328 1.346
C5-6N 1.335 1.338
C5-9C 1.489 1.509
08-13H 0.820 0.972
C9-100 1.224 1.205
C9-11N 1.318 1.401
N11-14H 0.860 1.014
N11-15H 0.860 1.013
Bond angles

2C-1C-6N 123.3 123.1
1C-2C-3N 121.2 120.4
2C-3N-4C 117.0 117.8
3N-4C-5C 120.8 121.0
4C-5C-6N 121.4 120.5
1C-6N-5C 116.3 117.2

@The atom numbering is given in Figure 2.

water octanol Hexane
1.394 1.395 1.396
1.303 1.303 1.303
1.345 1.344 1.342
1.326 1.326 1.325
1.084 1.084 1.085
1.334 1.334 1.334
1.412 1.413 1.413
1.345 1.345 1.346
1.338 1.338 1.338
1.509 1.509 1.509
0.973 0.973 0.973
1.215 1.213 1.209
1.378 1.381 1.392
1.013 1.013 1.013
1.013 1.013 1.013
123.4 123.3 123.2
120.0 120.0 120.2
118.0 118.0 117.8
121.1 121.1 121.0
120.2 120.3 120.4
117.4 117.3 117.3

Experimental values for T705 compounds taken from reference [13].

2.2 Relative stabilities

The overall and relative energies (at level DFT/6-311G) of
four favipiravir tautomers are presented in Table 2, four
two are keto-enol tautomers (FE and FE) and two are
amide-imide tautomers (FA and FI). The most stable
tautomer FK is considered a reference when calculating
relative energies for tautomers. Results suggest that the
two amino and imide are of the highest energy among four
tautomers since hydrogen atoms can migrate and the
simultaneous transfers a little more than atoms can be
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eliminated. Still, the hydrogen atom can only be
exchanged in a very similar and distinct way between
heteroatoms by more than two atoms. Relative stability
order of tautomers in the gas phase is: FK> FE > FI>FA.
At equilibrium, the enol form predominates. For this series
of tautomers, however, the enol form is strongly favoured
by the aromatic nature of the keto ring. The intramolecular
hydrogen connection between the hydrogen atom and the
oxygen atom of the carbonyl group is also stabilizing the
enol form.
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Table 2. The energies of tautomers(a.u) at DFT/B3LYP/6-311G level in gas and different solvents and the relative energies

Tautomer
FE

FA

FK

FI

Gas
-607.647351
(4.66)
-604.319471
(2092.90)
-607.654783
(0.00)
-607.617665
(23.29)

Water
-607.664692
(7.13)
-604.335910
(2095.94)
-607.676047
(0.00)
-607.640827
(22.10)

Octanol
-607.662085
(6.80)
-604.333515
(2095.48)
-607.672929
(0.00)
-607.637266
(22.38)

compared to the most stable isomer FK. The relative energies in brackets in kcal mol™.

Hexane
-607.653792
(5.65)
-604.325686
(2095.04)
-607.662800
(0.00)
-607.626091
(23.03)

Solvent effects are essential in phenomena of stability of
tautomers because polarity differences between tautomers
can lead to significant changes in their relative solvent
energies. The solvent effects for favipiravir tautomerism
were analyzed using SCRF/B3LYP calculations. The
relative energies in Table 1 show that polar solvents
increase all favipiravir tautomers' stability compared to the
gas phase. When changing from the gas phase to the
solvent phase, the total energy of Favipiravir and
tautomers shows no regular pattern. The interactions of
solvents have marked the level of stability in the gasphase
of the tautomers.

2.3 The Thermodynamic Parameters
Entropy, enthalpy, heat capacity, exceptional heat
capacity, and many more are essential thermodynamic

properties of solids. Molecular stability, binding features
of biologically active protein molecules, and
physicochemical  properties are analyzed using
thermodynamic properties.>**Table 3 contains the
thermodynamic parameters in various mediums; the AH,
AG and AS values are suitable for different solvents,

except FK — FI that the negative value is in gas and

FK — FA negative values in solvents of water and
octanol. The change of enthalpies (AH) values are all
positive, i.e. endothermic reaction, AS usually is relatively
small (in cal/mole in table 3) to compare to other
thermodynamic properties (AH and AG), indicating that
with no ring formation or other unusual changes in the
constraints between the products and reactants.

Table 3. The enthalpy (AH), Gibbs free energy (AG) values in kcal/mol and entropy(AS) in cal/mol Kelvin, and equilibrium
constants for the tautomers at DFT/6-311G level in the gas phase and different solvents

Gas

Tautomer AH AG
equilibrium

FK - FE 4.63 5.00
FK = FA 2097.75 2099.05
FK — FI 22.87 22.05
Water

FK - FE 7.00 34.80
FK = FA 2100.51 2101.58
FK = FI 21.81 21.13
Octanol

FK - FE 6.70 6.84
FK = FA 2100.03 2101.15
FK = FI 22.08 21.76
Hexane

FK — FE 5.58 5.89
FK = FA 2098.76 2099.94
FK — FlI 22.68 22.17

AS K pTK
12.55 2.16 X107 3.66
60.87 0.00 0.00
-61.49 6.84 X10Y 16.16
8.16 3.07 X10% 25.51
-28.87 0.00 0.00
38.28 3.23 X101 15.49
479.41 9.67 X10° 5.01
-38.28 0.00 0.00
272.33 1.12 X10°%® 15.95
1521.69 4.81 X10° 4.31
721.63 0.00 0.00
668.29 5.58 X107 16.25
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2.4 Equilibrium Constants

We determined their tautomeric equilibrium constants
with the relation's help to determine the changes in kinetic
parameters.%

_AG
KT =X RT
(1)

K is the equilibrium constant;the gas constant R is
1.987x107 kcal/mol, and T is 298.15 k. The amount AG is
the difference in stable energy between the Gibbs free

energy of the tautomer. From equation®® the pTK values of

the tautomer were calculated concerning stable tautomer
FE. Table 3 included equilibrium values (K), gas, and
different solvents determined from the most stable
tautomer FE. All values in the gas phase and the two
solvents were positive, confirming the stability of FE
Tautomer. All gases and solvents with a pKT value of 3.66,
25.51, 5.01 and 4.31 for gas, water, octanol and hexane
calculated equilibrium levels between favipiravir
tautomers indicate that the FK is dominant over the FE.
The FK type is more prevalent than the FA and FI shape.

2.5 HOMO-LUMO energy gap (AE)

Table 4 in the gas phase and various solvents summarizes
the HOMO, LUMO and HOMO- LUMO gapenergies.
Figures 4 and 5 display the 3D plots for the highest

molecular orbital (HOMO) and the lowest molecular
orbital (LUMO) of favipiravir and its tautomers. These
plots are generated from optimized and frequency
calculations. The HOMO orbitals are distributed over the
entire molecules, whereas the pyrazine ring and the
carboxamide group are placed in the LUMO orbital, as
shown in the figure.

In terms of chemical stabilityy, HOMO and LUMO
energies are involved. The HOMO is the power to donate
an electron, while LUMO represents the capacity to
absorb an electron as an electron receiver. The HOMO's
energy is directly linked to the ionizationpotential, and
LUMO's energy directly correlates with the electron's
affinity. The high value of HOMO energy can show that
the molecule is inclined to give electrons to an accepting
molecule of low, empty, orbital molecules. Conversely,
electron acceptance is more likely due to the lower values
of LUMO energy. Thus, the energy gap (AEg) is an
effective stability indicator, namely the difference in
energy between the HOMO and LUMO. The wider the
energy differences between LUMO and HOMO, the easier
they are to excite the HOMO electrons; the higher the
HOMO energies, the easier they are to give electrons; the
lower the LUMO energies, the easier the electrons can be
accepted by the molecules. From Figure 6, the amide form
(FA) AEgq is high value at all phases.

Table 4. The global descriptors calculated by DFT/6-311 in the gas phase and different solvents

Medium Gas Water

Molecule | FE FA FK FI FE FA FK FI
HOMO | 723250 | -92712 |-6.96557 |-6.53727 |-7.1615 |-9.31854 |-6.78435 | -6.54761
LUMO -2.45637 | -1.55432 | -2.89638 | -2.45719 |-2.36739 | -1.53908 | -2.75651 | -2.57474
AEq 477614 | 7.71688 | 4.06919 | 4.08008 | 9.52889 | 7.77947 | 4.02783 | 3.97286
' 7.23252 | 9.2712 6.96557 | 6.53727 |-7.1615 | 9.31854 | 6.78435 | 6.54761
A 245637 | 155432 | 2.89638 | 245719 |2.36739 | 153908 | 2.75651 | 2.57474
X 4.84445 | 541276 | 493008 | 4.49723 | -2.39705 |[5.42881 | 4.77043 | 4.56117
H 2.38807 | 3.85844 | 2.0346 2.04004 | -4.76444 |3.88973 | 2.01392 | 1.98643
M -4.84445 | -5.41276 | -4.93008 | -4.49723 | 2.39705 | -5.42881 | -4.77043 | -4.56117
S 041875 | 0.25917 | 0.4915 049019 | -0.20989 | 0.25709 | 0.49655 | 0.50342
Q 4.91372 | 3.7966 597527 | 495703 | -0.60209 | 3.78843 | 5.64994 | 5.2366
ANimax 2.0286 1.40284 | 2.42357 | 2.20448 | 050311 | 1.39568 | 2.36873 | 2.29616
AEn 245735 | 224229 | 3.07889 | 249984 | -2.97039 | 224936 |2.89343 | 2.66186
AE. 12.14624 | 13.0678 | 12.94085 |[11.4943 |-7.76449 | 13.10698 | 12.43429 | 11.78421
Medium octane Hexane

Molecule | FE FA FK FI FE FA FK FI
HOMO | 717129 |-9.31256 |-6.80884 |-6.54108 |-7.17129 |-9.20024 | -6.89238 | -6.534
LUMO -2.37746 | -1.54289 | -2.77311 | -2.57474 | -2.37746 | -1.5535 -2.83543 | -2.48603
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AEg 4.79383 7.76967 4.03572 3.96633 4.79383 7.73675 4.05695 4.04797
I 7.17129 9.31256 6.80884 6.54108 7.17129 9.29024 6.89238 6.534
A 2.37746 1.54289 2.77311 2.57474 2.37746 1.5535 2.83543 2.48603
X 4.77438 5.42772 4.79098 4.55791 4.77438 5.42187 4.8639 4.51002
H 2.39692 3.88484 2.01786 1.98317 2.39692 3.86837 2.02847 2.02398
M -4.77438 -5.42772 | -4.79098 -4.55791 | -4.77438 | -5.42187 -4.8639 -4.51002
S 0.4172 0.25741 0.49557 0.50424 0.4172 0.25851 0.49298 0.49408
4.755 3.79169 5.68757 5.23772 4.755 3.79962 5.83136 5.02481
ANimax 1.99188 1.39716 2.37428 2.2983 1.99188 1.40159 2.39781 2.22829
AEn 2.37754 2.2488 2.91445 2.66298 2.37754 2.24612 2.99594 2.53877
AE. 11.92629 13.10424 | 12.4964 11.77879 | 11.92629 | 13.08986 12.72374 11.55881

Indeed, the solvent effects of HOMO and LUMO energies
must be studied, and the number of solvents linked to these
orbitals and thus chemical reactivity tested. The dielectric compounds. The Figure 6 readings show the order of
constant of solvent is increasing, the energy difference stability in all phases of tautomers is identical

W 053 W o

between HOMO and LUMO grows, and tautomers are
more stable due to the significant (Enomo-ELumo)

FE- HOMO- G FA- HOMO- G FK- HOMO- G FI- HOMO- G
ﬁ” 'CD? ﬁ ‘Uf
FE- HOMO- W FA- HO FK- HOMO- W FlI- HOMO- W
‘ﬁ” W 'Oi‘ ‘"?
FE- HOMO- O FA- HOMO- O FK- HOMO- O FI- HOMO- O
o r
’ !
0
FE- HOMO- H FA- HOMO- H FK- HOMO- H FI- HOMO- H
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Figure 4. Highest occupied molecular orbitals (HOMO) for favipiravir and its tautomers at DFT/B3LYP/-311G basis set in
gas (O), water (W), octanol (O) and hexane (H).

ek

FE- LUMO- G FA- LUMO- G FK- LUMO- G FI- LUMO- G

FE- LUMO-W FA- LUMO- W FK- LUMO- W FI- LUMO- W

FE- LUMO-0O FA- LUMO- 0O FK- LUMO- O FI- LUMO- O
8’2 Aw
]
FE- LUMO- H FA- LUMO- H FK- LUMO- H FI- LUMO- H

Figure 5. Lowest occupied molecular orbitals (HOMO) for favipiravir and its tautomers at DFT/B3LYP/-311G basis set in
gas (O), water (W), octanol (O) and hexane (H).

http://www.pkheartjournal.com 1004



Pak Heart J 2023:56(02)
ISSN:0048-2706 E-ISSN:2227-9199

0 |
! LUMO
_4 -
|
£ n 5
| a4 =
[ e— HOMO
-8 HOMO HOMO
-10 F HOMO
[ | M (] '_ [ | M L
FE FA FK Fl
tautomer

Figure 6. The calculated HOMO —LUMO energy gap Vs the studied tautomers in gas and different solvents.

2.6 Quantum chemical molecular descriptors:
Quantum  chemical parameters arise from the
measurements of molecular structures with various
guantum mechanical outputs. These equations derive from
the electronic interactions of the component atoms and
thus refer mainly to their intrinsic characteristics. Many
QSAR studies have used molecular descriptors measured
using quantum mechanical methods.®?As the reaction
species regulate several chemical reactions, the most well-
known quantum chemical descriptors are HOMO and
LUMO energies.®® In terms of HOMO and LUMO; you
can also clearly describe the definition of hard and soft
nucleophiles, electrophiles and molecule stability, and
active durability. Some molecular descriptors most used
for QSPR analytical applications are molecular orbital
energy sources like HOMO, LUMO etc. and their derived
numerical values like HOMO-LUMO energy gap,
ionizing potential (IP), the affinity of electrons (EA),
electron-negativity (y), hardness (1), hardness (S),
chemical potentials(), electrophilicity index (w).#*®® The
calculated molecular descriptors of favipiravir tautomers
are presented in Table 4 in gas and different solvents. The
global descriptors are calculated by using the following
equations

_ (Eviomo + Evumo) _I+A
2 2

X =
@)

(EHOMO + ELUMO)

2
®)
n= E\umo ; Eviomo
Q)
1
S=—
n
®)
2
o=1
2n
(6)

Ayers and coworkers®® proposed two new reactivity
indices for quantifying the ability of nucleophiles and
electrophiles to quit the community, nucleofugality (AEn)
and electrofugality (AEe), which are explained as follows:

2
AL =—A+ao :—(u+77)
2n
(7
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2
AE,=I+o= (u=n)
21

®)
The electrophilicity index was used as a structural
descriptor for the chemical reactivity study of molecules.
Compared to others, the calculated value for the FA
tautomer is lower; one may assume that the FA would
have a better tendency to participate in electrophile
reactions than other tautomers at any point. Chemical
potential (1) defines the trend to escape from a balance
system of electrons.

2.7 Partition coefficients

Partition coefficients are used in various solvent
conditions to verify the accuracy of the atomic force fields.
The concentration ratios for a neutral solvent molecule in
a system of two immiscible solvents are clarified.

[solute]

_ Organic

[solute]

Agueous

)
Where solute is a neutral solvent, the concentration ratio
of either solvent is typically stated as a logarithm P
(logP).%"

This is different from the "apparent partition coefficient,"”
which covers the solution's ionized and unionized forms.58
Log P is proportional to the free energy transfer between
the two solvents and can be related to free solvent
energies. Solvency-free sources were used to measure® 71
and notify changes® to fields of nuclear strength,
including the force field GROMOS 53A5, which was
partially parametrized using solvency-free enthalpies in
cyclohexane.” The following are: However, solvent-free
energies can be compared to partition coefficients which
are relatively simple to calculate and regularly
measure.”*The Council of Europe Partition coefficients
report is an excellent way to measure and enhance the
accuracy of atomic force fields in various solvent
environments due to experimental logP values and their
direct connection to solvent-free energy.

As these values are common in the pharmaceutical
industry, several tools exist to forecast the partitioning of
octanol and water coefficients (logPoc). In the
pharmaceutical industry, partitioning coefficients are used
to estimate how a drug can move among biological
environments and are routinely used to predict the
hydrophobicity of a molecule. Also, several methods use
log Poct as a measured input parameter for the quantitative
structure-activity relationship (QSAR).™

Table. 5: Calculated solvation free energy change of transfer from the gas phase to water phase (AGsoivwaten / kcal mol?) and
octanol phase (AGsoivoctanony/ kcal mol™) under standard state conditions, and corresponding logP values of examined
B3LYP/6-311 level of theory.

AGsol. w AGsol. o
FE -10.44 16.66
FA -15.16 -10.61
FK -9.15 -13.14
FI -9.66 -14.07

The SMD solvation model was applied to four tautomers
of favipiravir with B3LYP 6-311G as a basic set.
Frequency calculations for all gas phase, water, and
octanol molecules have been performed for geometry
optimizations. Table 5 shows the partition coefficients.
LogP is used in the pharmaceutical/biotech industry to
explain the function of the drug molecules in the body.
Drug candidates will also be tested for directing the LogP
pharmaceutical selection and analogueoptimization. This
is because lipophilicity determines the absorbent body
distribution, penetration through essential membranes,
and the biological obstacles of a compound (ADME
properties). The compound designed for oral
administration should be logP < 5 following 'Lipinski's
rules of 5' (developed at Pfizer)

More fatty: poorly soluble and bio disposable. If the drug
cannot achieve or keep sufficient concentration, the most

AGomw Logp
27.10 19.8704
4.55 3.3382
-3.99 -2.9233
-4.41 -3.2307

potent in-vitro product cannot be effective.In addition, the
fatty tissue can be sequestered and challenging to excrete;
it adds to the buildup, causing systemic toxicity. It might
not be feasible to create such obstacles. Ideal CNS-
oriented medicinal products should have a logP value of
about two’® while a sub-sorption drug should have a logP
value of > 5; oral and intestinal absorption is outstanding
at 1.35-1.8. The low coefficient of octanol and water split,
mainly seen inthe body's fluid, is characterized by a
specific matter.”® Table5 shows that FI (low for log P= -
3.2307) is highly hydrophilic, and FE is very lipophilic
(high for log P=19.8704).

2.8 Atomic Mulliken charges (AMCs)

The B3LYP/6-311G equilibrium geometric structures
using the Gaussian09 were used to measure the atomic
Mulliken charges. Tables S4-S7 provided Mulliken
charges of tautomers. In Figure 7, gas and various solvents
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demonstrate atomic charges of FE along with three other
structural analogs. The distribution of charges is identical
for all molecules, but the magnitude of the charges differs
slightly. N3, N6, 010 and N11 and O8 molecules are
negatively loaded since the electronegativity of the atoms
are considerably higher than the carbon and hydrogen
atoms. Possibly charged, but with the electron withdrawal
effect of adjacentO8, hydroxyl H13 is more optimistic.
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0.2 | H
O |
o O i
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S 02t B Water
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Charge (e)
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The carboxamide group's H14 and H15 hydrogen atoms
and carbonyl carbon atom C9 are charged with a nearly
equivalent magnitude for all molecules. The pyrazine
rings C2, C4 and C5 are positive, but the hydroxyl O8
influences C4 more positively. The atomic charges of
0.3136¢ for FA, 0.4113e for FK, 0.02774e for FI, 0.2659¢
for FI, respectively.
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Figure 7. Atomic charges for favipiravir and its tautomers in gas and different solvents.

2.9 Molecular Electrostatic Potentials (MEP) surfaces
Molecular electrostatic potential (MEP) surfaces display
the possible interaction sites of the studied molecules
(Figure 8). The surface of the MEP is colour coded to
show the density variations. The regions susceptible to
nuclear and electrophile attacks are blue-coded (positive
charged) and red (negative charged). The density of
charges on MEP surfaces corresponds to the cargo
distribution in Figure 6.The electrophilic region lies in the

http://www.pkheartjournal.com

amine carboxamide group for all molecules. However, the
nucleophilic area spreads to the group of hydroxyls via
carbonyl oxygen, hydroxyl oxygen, and pyrazine ring
nitrogen (N6). The N6 nucleophilic nitrogen atom
represents a possible protonation site, particularly in
biologically active environments for these molecules.
Pyrazine is the site of potential contact between the
molecules.
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Figure 8. Molecular electrostatic potential energy surface (MEP) of favipiravir and its tautomers.

2.10 Docking Results

The docking procedure was made with the executable
command from Autodock Vina, which generated the
structural poses for the rigid docking with the 6LU7

Kcal/mol. However, as the binding pocket size was kept
at 20 A units, the affinity binding lost its ability to bind
perfectly to generate less energy between -5.0 to -6.0
Kcal/mol, as shown in Table 6.

protein complex under affinity-based ranking around -5.6

Table 6: Affinity calculations between ligand-receptor interactions

Ligand Affinity (Kcal/mol)
Amide -5.6
Enol -5.4
Imidic -5.2
Keto -5.1
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Figure 9. Molecular docking of 6LU7 Protease enzyme with active site bind favipiravir amide tautomer (a) Insight of
binding interactions in 3D (b) Insight of binding interactions in 2D
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Figure 10. Molecular docking of 6LU7 Protease enzyme with active site bind favipiravir enol tautomer (a) Insight of
binding interactions in 3D (b) Insight of binding interactions in 2D.
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Figufe 12. Molecular docking of 6LU7 Protease enzyme with active site bind favipiravir keto tautomer (a) Insight of
binding interactions in 3D (b) Insight of binding interactions in 2D.

Considering the observations from the previous docking,
results show that our study had effectively presented the
binding of the tautomer active form of favipiravir in amide
form in the active pocket as per the coordinates provided
in the protocol.”” The ligand molecules in the amide bond
found to interact with the amino acid units highly include

LEU141, GLY143, SER144, CYS145 and HIS163 in
chain A of 6LU7 with hydrogen bonding with the
functional groups of the ligand favipiravir amide form
have —NH (side groups and ring groups) and —OH groups
which were shown in figure 1. Compared to the other
isomeric forms of the favipiravir, the amide bond shows
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high affinity due to its free availability of two sets of -OH
groups than the rest of the other forms. In overall
observations from Figures 9 to Figure 12, the active site
shows typically high reactivity with the LEU141 and
GLY 143 amino acids in the amide, enol and imidic form,
where there is some steric interference shown in keto form
towards the above amino acids to accept hydrogen
bonding from ASP187 and HIS41 of the chain A.

Conclusion

The usefulness of global descriptors of reactivity, namely
electrophilicity, chemical hardness, chemical potential
(), celectrophilicide index (to), softness (S),
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