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In this study, the quantum calculations of Favipiravir tautomers were
evaluated using the B3LYP method with the 6-311++G (d,p) basis set. The

DFT calculations have been carried out the atomic polarizability tensor charge

(APT), Local descriptor function. The nature of the molecular interactions
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within the molecule through hydrogen bonding has been investigated using

reduced density gradient (RDG), Non - covalent interactions (NCI), and Atoms

in molecules (AIM). Potential energy surface (PES) scanning of the above
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compound has been examined. The additional studies like Bioactivity scores
were discussed. Docking studies were analyzed to predict the binding energy.
Keywords : AIM, RDG - NCI, ADMET, QSAR, Docking.

I. INTRODUCTION

Since the late year of 2019, COVID-19 has been
spread almost all around the world and made major
damage to public health [1]. Every day, the number of
the death

tremendously. As a result, there is a pressing need to

infected people and rate  grows

find an effective vaccination, a medication that can be
COVID-19. Finding a novel

medication is a lengthy procedure. As a result,

used to address
existing medicinal compounds and their analogs with
promising drug-like properties would be the best
remedy for the COVID-19 pandemic.

Heterocycles are widely investigated for possible
medicinal applications [2-3]. The pyrazine moiety is a
prime part of many clinically used drugs, including

anticancer, diuretic [4], antidiabetic, antithrombotic,

antidepressants, or anti-infective agents, and offers
many possibilities in drug development [5]. Pyrazine-
2-carboxamide may be used in the treatment of multi-
drug resistant tuberculosis, a major growing problem
among HIV-infected patients [6], and has multiple
mechanisms of action and as a prodrug, it is
via mycobacterial

metabolized enzyme

acid [7].

intracellularly and

pyrazinamidase to form pyrazinoic

Pyrazinoic acid accumulates
lowers pH in a mycobacterial cell, which guides the
inhibition of membrane transport and energy
depletion [8]. Favipiravir is an antiviral medication
with a pyrazine structure that was developed by the
Fujifilm group in Japan and has an action against a
wide range of RNA viruses [9]. It has been more over-
examined for different types of influenza in the last

years [10]. In abundant recent works, Favipiravir has
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been designed for experimental treatments of
COVID-19, in which it has been recommended as a
helpful drug for the purpose [11].

Computer-aided drug design (CADD) has recently
been utilized successfully in drug discovery. This
method requires substantially less effort, time, and
money when compared to traditional approaches.
Quantum chemical computations have already been
proved to be an excellent tool for evaluating molecule
characteristics [12-13]. A systematic analysis has been
done to investigate the structural properties of
Favipiravir tautomers besides exploring their
biological activity.

A more complete quantum chemistry research of the
title molecule is required after reviewing prior
investigations [14-16]. This research will look at two
tautomeric structures 1 and 2 (Fig. 1) carried out using

the DFT (B3LYP) method. Molecular properties such
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as APT charges, and Local reactivity descriptor
properties have been calculated for both the
tautomers. The Natural bond orbital study is used to
estimate the stability of a molecule derived from
hyper interaction and  charged
delocalization. AIM, NCI, and RDG here, this study

aims to investigate hydrogen bond interaction within

conjugative

the molecule. Potential energy surface scan and local
reactivity descriptor properties have been calculated
for the Favipiravir. We created structural analogs of
favipiravir (compounds 3 and 4) to target the virus in
work. The

structural analogs of Favipiravir as a potential

our physicochemical properties of
COVID-19 medicine were investigated using multiple
computational methodologies (Bioactivity studies) in
this work. Molecular docking studies are also
tautomer’s

explained to establish Favipiravir
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biological activity.

3

Fig.1. Structures of Favipiravir tautomer - I (1), tautomer - II (2), CI - analog (3), and Br - analog (4).

Tautomer - I

—
@ 9

Tautomer - I1

Fig. 2. Optimized geometric tautomeric structures with atom numbering of Favipiravir tautomer - I and

tautomer - II.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 8 | Issue 4



Natte Kavitha et al Int ] Sci Res Sci & Technol. July-August-2021, 8 (4) : 668-689

II. THEORETICAL CALCULATIONS

Gaussian 09 software program package was used for
theoretical calculation [17]. The quantum chemical
calculations were accomplished by applying the
density functional theory method with the three-
parameter hybrid functional (B3) for the interchange
part and the Lee-Yang-Par (LYP) correlation function
with 6-311++G (d,p) basis set [18-19]. The optimized
structural parameters were utilized in the calculations
of DFT methods. Natural Bond Orbital (NBO) analysis
[20] using B3LYP/6-311++G(d,p) level to understand
hyper conjugative interactions and charge
delocalization. Using the theory of Bader’s quantum
theory of atoms-in-molecules (QTAIM) framework
[21], many topological parameters were deliberated
by the means of the Multiwfn program [22]. The non-
covalent interactions and strong repulsions in the
molecule is resolved using reduced density gradient
(RDG) analysis. Finally, the results were visualized
using the VMD program [23-24]. Bioactivity scores
were explored with molinspiration engine v2018.03
and the results proved them as safer drugs. Molecular
docking studies were carried out using the Autodock
4.2.6 software package [25] and the docking results
were visualized Biovia

using discovery

studiovisualizer 3.5 [26].

III. RESULTS AND DISCUSSION

3.1 Natural bond orbital (NBO) analysis

The NBO studies give information about the transfer
of electrons from one place to another place i.e. donor
NBO to acceptor NBO [27]. The strength of the
acceptor interaction can be illumination from the
interaction energy E(2). Using the equation [28-29]
the E(2) can be determined. The stabilization energy
E(2) associated with the i to j delocalization, for all
donor NBO(i) and acceptor NBO(j), is calculated as

E(2) = AE; = [qi (Fy)?)/ [&i -]
Where qi is the i donor orbital occupancy, i, € are

diagonal elements (orbital energies) and Fij is the off-

diagonal element corresponding with NBO matrix.
The huge E value indicates more intensive interaction
between electron donors and electron acceptors, i.e.,
the increased donating propensity from electron
donors to electron acceptors and significant the extent

of conjugation of the entire system.

In the present study, the NBO analysis of Favipiravir
tautomer molecules shows six types of transitions
such as strong 0—0*, n—0*, n—1*, T-1*, o—7*, T'—* the
hyper conjugative intramolecular interactions
constructed by orbital interaction between bonding
C-C, C-N, C-O, and C-F antibonding C-F, C-C, C-N,
C-O and the bonding of lone pair atoms like N, O, F
with C-N, C-O, C-F and N-H, antibonding orbitals
C—C contact with antibonding orbitals of C-O which
intra-molecular  electron

give  an density

delocalization and initiate the stability of a system.

All the interactions of the title compound tautomers
were given in Table 2. From the table we obtained,
the highest interaction from m*of C10C2 to w*
C90010 100.71 kcal/mol which donates the more
stabilization in the tautomer - I molecule. The most
important interactions from © C50N6 to m* C10C2 is
25.89 kcal/mol, m of C10C2 and N30C4 to anti-
bonding of m* of N30C4 and C10C2 are 24.03 and
25.01 kcal /mol in this investigated molecule. The o
electron delocalization is considerable around C5-H7
bond and is diffuse to o*antibonding of C1-N6 energy
4.62 kcal/mol. The electron delocalization energies
are 3.95, 3.37 and 3.30 kcal/mol are due to the o
electron delocalization C2-N3, N11-H12, and C5-H7
that is diffuse to o* anti-bonding of C4-F8, C9-0O10
and N3-C4. Lone pair around LP (1) NI11 is
distributed to m* anti-bonding C9-0O10 and LP(2) O10
distristributed to m* C9-N11 with stabilization energy
25.25 and 23.20 kcal/mol, whereas that around LP(3)
F8 is distributed to m* antibonding N3-C 4 with
stabilization energy 21.49 kcal/mol.
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The tautomer - II shows the highest interactions from
m*of C2-O9 to m* C1-N6 and m*C1-N6 to m* C10-O11
with stabilization energy 128.07 kcal/mol and 105.32
kcal/mol. The o electron displacement is considerable
the C4-H7 bond diffuse
o*antibonding of C5-N6 energy 5.24 kcal/mol. The

electron delocalization energies are 4.25 and 3.67

around and is to

kcal/mol are due to the o electron delocalization C1-
C10 and N3-C4, which is diffuse to ¢* anti-bonding of

C5-N6 and C5-F8. Lone pair around LP(1) N12 is
distributed to m* anti-bonding C10-O11 and LP(2) O9
anti-bonding C2-N3 with
stabilization energy of about 25.70 and 25.54 kcal/mol,
whereas that around LP(3) F8 is distributed to w*

distristributed to o*

antibonding C4-C5 with stabilization energy 19.50
kcal/mol. As seen in the NBO analysis, the highest

energy interactions were seen in tautomer - II.

Table 1. Second order perturbation theory analysis of Fock matrix in NBO basis for Favipiravir tautomer - I and
tautomer - IT at B3LYP/6-311++G (d, p) level of theory.

Donor (i) Type ED/e Acceptor (j) Type Ed/e E(2)= E@) -EG)° f(i,j)e
C1-C2 o 1.98175 | C1-Cé6 o* 0.026 2.52 1.32 0.052
C2-N3 o 0.01443 | 2.22 1.34 0.049
C2-C9 o 0.0856 | 1.24 1.11 0.034
C9-010 o* 0.01015 | 1.17 1.3 0.035
014-H15 o 0.00841 | 1.06 1.16 0.031
C1-C2 T 1.55916 | C1-C2 ™ 0.36993 | 0.52 0.29 0.011
N3-C4 m* 0.38581 |24.03 |0.28 0.074
C5-N6 T 0.37261 |21.93 |(0.28 0.071
C9-010 ™ 0.23346 | 1355 (0.3 0.06
O14-H15 m* 0.00841 | 0.51 0.7 0.019
C1-N6 o 1.9864 C1-C2 o* 0.04954 | 2.65 1.43 0.055
C2-C9 o 0.0856 | 1.56 1.27 0.041
C5-N6 o* 0.01233 | 1.79 1.49 0.046
C5-H7 o 0.02574 | 1.97 1.33 0.046
C1-014 o 1.99252 | C2-N3 o 0.01443 | 1.64 1.45 0.44
C5-N6 o 0.01233 |2.24 1.45 0.051
C2-N3 o 1.97657 | C1-C2 o 0.04954 | 2.42 1.42 0.053
C1-014 o 0.05797 | 2.57 1.15 0.049
C2-C9 o 0.0856 | 1.49 1.26 0.039
N3-C4 o 0.02813 | 1.78 1.47 0.046
C4-F8 o 0.06518 | 3.95 1.15 0.061
C9-N11 o 0.06964 | 1.1 1.24 0.033
C2-C9 o 1.97853 | C1-C2 o 0.04954 | 0.98 1.17 0.03
C1-N6 o 0.026 2.58 1.22 0.05
C2-N3 o 0.01443 | 1.54 1.24 0.039
N3-C4 o 0.02813 | 3.28 1.12 0.057
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N11-H13 " 0.00688 | 1.09 1.11 0.031
N3-C4 o 1.9865 C2-N3 o* 0.01443 | 1.85 1.48 0.047
C2-C9 o 0.0856 3.21 1.26 0.058
C4-H5 o* 0.04798 | 2.11 1.4 0.049
C5-H7 o 0.02574 | 0.96 1.32 0.032
N3-C4 i 1.0784 C1-C2 m* 0.03699 | 25.01 |0.34 0.084
C5-N6 * 0.37261 | 17.05 |[0.33 0.068
C4-C5 o 1.99014 | N3-C4 o* 0.02813 | 2.34 1.32 0.05
C5-N6 o* 0.01233 | 1.11 1.33 0.034
C5-H7 o* 0.02574 | 0.93 1.17 0.03
C4-F8 o 1.99564 | C2-N3 o* 0.01443 | 1.62 1.6 0.035
C5-N6 o* 0.01233 | 0.97 1.6 0.035
C5-N6 o 1.97887 | C1-N6 o* 0.026 2.08 1.47 0.049
C1-014 o* 0.05797 | 4.67 1.15 0.066
C4-GC5 o* 0.04798 | 1.2 1.4 0.037
C4-F8 o* 0.06518 | 2.36 1.15 0.047
C5-H7 o* 0.02574 | 0.92 1.32 0.031
C5-N6 i 1.73936 | C1-C2 m* 0.03699 | 25.89 |0.34 0.086
N3-C4 m* 0.38581 | 14.82 | 0.33 0.064
C5-H7 o 1.98259 | C1-N6 o 0.026 4.62 1.13 0.065
N3-C4 c* 0.02813 | 3.3 1.13 0.055
C4-F8 c* 0.06518 | 0.73 0.81 0.022
C5-N6 o 0.01233 | 0.87 1.14 0.028
C9-010 o 1.99622 | C1-C2 c* 0.04954 | 0.68 1.51 0.029
C9-010 i 1.97643 | C1-C2 " 0.36993 | 4.75 0.34 0.039
C9-N11 o 1.99427 | C2-N3 o 0.01443 | 1.38 1.32 0.038
N11-H12 o 1.97955 | C9-O10 c* 0.0105 3.37 1.18 0.056
C9-010 m* 0.23346 | 1.33 0.64 0.028
O14-H15 c* 0.00841 | 0.51 1.04 0.021
N11-H13 o} 1.98391 | C2-C9 " 0.0856 3.18 0.99 0.051
C9-010 c* 0.01015 | 0.54 1.17 0.022
C9-010 m* 0.02335 | 0.79 0.64 0.021
O14-H15 o} 1.98692 | C1-C2 c* 0.04954 | 2.43 1.28 0.05
C1-C2 m* 0.03699 | 0.87 0.76 0.025
LP N3 o} 1.86967 | C1-C2 c* 0.04954 | 9.99 0.86 0.85
C1-014 " 0.05797 | 0.78 0.59 0.02
C2-C9 o* 0.0856 | 4.61 0.71 0.052
C4-C5 o* 0.04798 | 8.96 0.85 0.079
C4-F8 o* 0.06518 | 9.61 0.59 0.069
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LPN6 o 1.88545 | C1-C2 o* 0.04954 | 9.61 0.88 0.083
C1-014 o* 0.05797 | 8.53 0.61 0.065
C4-C5 o* 0.04798 | 8.95 0.86 0.08
C4-F8 o* 0.06518 | 0.78 0.61 0.02
C5-H7 o* 0.02574 | 4.89 0.78 0.056
LPF8 o 1.99126 | N3-C4 o* 0.02813 | 0.66 1.63 0.029
LPF8 T 1.96588 | N3-C4 o* 0.02813 | 8.3 0.99 0.081
C4-C5 o* 0.04798 | 5.92 0.92 0.066
LPF8 3 1.91702 | N3-C4 ™ 0.38581 |21.49 |[0.41 0.091
LPO10 1 1.9813 C2-C9 o* 0.0856 1.67 1.05 0.038
C9-N11 o* 0.06964 | 1.27 1.02 0.033
LPO10 2 1.87318 | C2-C9 o* 0.0856 1821 |[0.6 0.094
C9-N11 o* 0.06964 | 23.2 0.57 0.104
LPN11 1 1.81832 | C9-0O10 ™ 0.02335 | 25.25 |[0.34 0.084
N11-H12 o* 0.0159 | 0.58 0.8 0.02
LPO14 1 1.97145 | C1-N6 o* 0.026 5.03 1.2 0.069
N11-H12 o* 0.0159 | 4.92 1.1 0.066
N11-H13 o* 0.00688 | 0.66 1.09 0.024
LPO14 2 1.90001 | C1-C2 o* 0.04954 | 1.15 0.88 0.29
C1-C2 > 0.03699 |17.33 [0.35 0.075
C1-N6 o* 0.026 0.63 0.93 0.027
C1-C2 ™ 0.03699 [ C9-0O10 > 0.02335 | 100.71 | 0.02 0.04
Tautomer -
II
C1-C2 o} 1.98451 | C1-N6 o* 0.01551 |2.80 1.34 0.055
C1-C10 o* 0.08789 | 0.73 1.12 0.026
C2-09 o* 0.01388 | 1.56 1.28 0.040
N3-H15 o* 0.01338 | 0.87 1.16 0.028
C10-011 o* 0.00945 | 1.05 1.30 0.033
C1-N6 o 1.98316 | C1-C2 o* 0.05489 | 1.92 1.42 0.047
C1-C10 o* 0.08789 | 1.43 1.27 0.039
C2-09 o* 0.01388 | 1.71 1.43 0.044
C5-F8 o* 0.03841 | 1.93 1.16 0.042
C10-N12 o* 0.06848 | 1.05 1.25 0.033
C1-N6 T 1.82211 | C1-N6 ™ 0.19409 | 1.17 0.34 0.018
C2-09 ™ 0.30843 |20.44 |[0.32 0.075
C4-C5 ™ 0.20853 | 11.11 [ 0.34 0.055
C10-011 ™ 0.23625 | 9.79 0.35 0.053
C1-C10 o 1.97153 | C1-C2 o* 0.05489 | 1.26 1.16 0.034
C1-N6 o* 0.01551 | 1.99 1.23 0.044
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C2-N3 o* 0.08612 | 3.75 0.95 0.054
C5-N6 o* 0.04394 | 4.25 0.98 0.058
N12-H13 o 0.00845 | 1.07 1.12 0.031
C2-N3 o 1.98488 [ C1-C10 o* 0.08789 | 1.63 1.12 0.039
C4-H7 " 0.01207 | 1.82 1.18 0.041
C2-09 o 1.99315 | C1-C2 o* 0.05489 | 1.52 1.53 0.044
C1-N6 o 0.01551 | 1.86 1.60 0.049
N3-C4 o* 0.01637 | 0.80 1.32 0.029
C2-09 i 1.96645 | C1-N6 m* 0.19409 | 8.79 0.37 0.053
C2-09 m* 0.30843 | 0.58 0.35 0.014
N12-H14 o* 0.01535 | 0.68 0.85 0.022
N3-C4 o 1.97888 | C2-O9 o* 0.01388 | 2.73 1.28 0.053
C4-C5 o* 0.02447 | 0.60 1.32 0.025
C5-F8 o* 0.03841 | 3.67 1.00 0.054
N3-H15 o 1.96811 | C1-C2 o* 0.05489 | 2.27 1.17 0.046
C2-09 o* 0.01388 | 0.51 1.18 0.022
C2-09 m* 0.30843 | 1.22 0.64 0.027
C4-GC5 o* 0.02447 | 1.53 1.23 0.039
C4-C5 m* 0.20853 | 1.01 0.66 0.024
C4-C5 o 1.99106 | C1-N6 o 0.01551 | 0.55 1.37 0.025
N3-H15 c* 0.01338 | 0.86 1.19 0.029
C4-H7 o 0.01207 | 1.27 1.21 0.035
C5-Né6 c* 0.04394 | 0.89 1.12 0.028
C4-C5 i 1.84162 | C1-N6 ™ 0.19409 | 11.26 | 0.32 0.054
N3-H15 c* 0.01338 | 0.99 0.72 0.025
C4-H7 o 1.98022 | C2-N3 o 0.08612 | 2.02 0.87 0.038
C4-C5 c* 0.02447 | 1.08 1.14 0.031
C5-N6 o 0.04394 |5.24 0.90 0.062
C5-F8 " 0.03841 | 0.93 0.82 0.025
C5-N6 o 1.98057 | C1-C10 c* 0.08789 | 4.08 1.11 0.061
C4-C5 " 0.02447 | 1.11 1.32 0.034
C4-H7 o 0.01207 | 1.87 1.16 0.042
CI1-N6 " 0.01551 | 0.68 1.60 0.029
N3-C4 c* 0.01637 | 1.68 1.33 0.042
C5-F8 o} 1.99540 | C1-N6 o* 0.01551 | 0.68 1.60 0.029
N3-C4 c* 0.01637 | 1.68 1.33 0.042
C10-011 o} 1.99593 [ C1-C2 " 0.05489 | 0.78 1.50 0.031
C1-N6 m* 0.19409 | 5.21 0.34 0.039
C10-N12 o} 1.99394 | C1-N6 o* 0.01551 | 1.44 1.31 0.039
N12-H13 1.98298 | C1-C10 o* 0.08789 | 3.29 0.98 0.052
C10-011 o* 0.00945 | 0.51 1.17 0.022
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C10-011 m* 0.23625 | 0.84 0.63 0.022
N12-H14 1.97891 [ C10-O11 o* 0.00945 | 3.38 1.17 0.056
C10-011 m* 0.23625 | 1.32 0.63 0.027
LP(1)N3 1.71245 | C2-O9 m* 0.30843 | 23.26 |0.36 0.083
N3-H15 o 0.01338 | 1.37 0.79 0.032
C4-C5 m* 0.20853 | 16.44 | 0.38 0.072
LP(1)N6 191339 | C1-C2 o 0.05489 | 9.53 0.88 0.082
C1-C10 o* 0.08789 | 3.36 0.73 0.044
C4-C5 o* 0.02447 | 5.05 0.94 0.063
C5-F8 o* 0.03841 | 3.85 0.61 0.044
LP(1)F8 1.99004 | C4-C5 o* 0.02447 | 1.22 1.62 0.040
C5-N6 o* 0.04394 | 0.90 1.38 0.032
LP(2)F8 1.95655 | N3-C4 o* 0.01637 | 0.52 0.74 0.018
C4-C5 o* 0.02447 | 5.04 1.00 0.064
C5-N6 o* 0.04394 | 1046 |[0.76 0.080
LP(3)F8 1.92739 | C4-C5 m* 0.20853 | 19.50 | 0.42 0.084
LP(1)O9 1.97997 | C1-C2 o* 0.05489 | 2.06 1.23 0.045
C2-N3 o* 0.08612 | 0.64 1.01 0.023
N12-H14 o* 0.01535 | 1.00 1.19 0.031
LP(2)O09 1.87209 | C1-C2 o 0.05489 | 12.00 | 0.78 0.088
CI-N6 c* 0.01551 | 0.63 0.86 0.021
C2-N3 o 0.08612 | 25.54 | 0.57 0.109
N12-N13 c* 0.00845 | 0.93 0.74 0.024
Cl12-H14 o* 0.01535 | 2.27 0.75 0.038
LP(1)O11 1.98111 | C1-C10 c* 0.08789 | 1.64 1.05 0.038
C10-N12 o 0.06848 | 1.32 1.03 0.033
LP(2)O11 1.86946 C1-C10 c* 0.08789 | 19.18 | 0.60 0.096
C10-N12 o 0.06848 | 22.63 | 0.57 0.103
LP(1)N12 1.81017 | C10-O11 m* 0.23625 | 25.70 |0.33 0.084
N12-H14 o 0.01535 | 0.81 0.80 0.024
CI1-N6 * 0.19409 ([ C10-O11 m* 0.23625 | 105.32 | 0.01 0.070
C2-09 m* 0.30843 | C1-N6 m* 0.19409 | 128.07 | 0.02 0.088
N3-H15 " 0.01338 | 0.53 0.42 0.033

ED/e: Electron Density of donor and acceptor of NBO orbitals.

2E(2) means energy of hyper conjugative interaction (stabilization energy).

bE(i) - E(j) Energy difference between donor and acceptor i and j NBO orbitals.

<F{(1,) is the Fock matrix element between i and j NBO orbitals.

I donor orbital; j acceptor orbital; a.u: atomic unit; e: occupancy.
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3.2 Local descriptor functions

The Fukui function is received as the local density
functional descriptors to illustrate both chemical
reactivity and selectivity. This local reactivity
descriptor enables the regions where a chemical
change will enhance its density when the number of
electron changes. Accordingly, it indicates the
propensity of the electronic density to deface at a
specific locality about receiving or donating electrons
[30]. The more compact or atomic Fukui functions of
the j* atom positions are stated as per the following
equations for an electrophilic fj(r), nucleophilic and
free radical attack fj*(r), fj° on the reference

compound respectively

fj* = qj(N+1)-gj(N); for nucleophilic attack
fj- = qj(N)-gj(N -1); for electrophile attack
£j° = ¥2[ qj(N+1)-qj(N -1)]; for radical attack

Whereas, qgj is the atomic charge at the j* atomic site
in the corresponding neutral (N), anionic (N+1), or
cationic (N-1) chemical species. It accommodates
almost all the information concerning various global,
local reactivity and discernment descriptors in
addition to information about thr electrophilic or
nucleophilic potential of the atomic site in a
compound. The dual descriptor (Df(r)), defined as the
difference between the nucleophilic and electrophilic
Fukui function and is stated by

Af(r) = [£(r)-£ (1)]

The position is to recommend for a nucleophilic
attack if Af(r)>0. The site is recommended for the
if Af (r)<0. Mathematic

electrophilic  attack

descriptors Af (r) indicate a direct distinction between
the nucleophilic and electrophilic attacks in a
specified region [31]. The NBO charges have been
described to be in tremendous acceptance for
calculating Fukui functions [32]. From the Table 4 it
is coupled that the nucleophilic attacking sites for the
tautomer I is C2 and N3, the electrophilic attacking
sites are C9 and O13 and the radical attack sites for
compound are O13 and C2. In tautomer - II
C2, 09, the

electrophilic attacking sites are O11, C2 and the

nucleophilic attacking sites are
radical attack sites for the compound are C2 and O11.
The Fukui function has been indicated to be related
to the local softness of a system. This property has
permitted it to be used for biological applications
involving ligand docking, active site detection, and

protein folding.

The local softness condensed to an atom location
described by s*x= f k*s [33] and local electrophilicity
indices [34] defined by wk*= f k* w is also calculated
to describe the reactivity of atoms. These calculations
estimate the most electrophilic site in a system has
the highest value of s+ and w+ while the highest value
of s- and w- analogous to the nucleophilic site in the
compound. The local reactivity descriptors like sk,
wk* furnish the reactivity propensity of the local site
through nucleophilic or electrophilic attacks. The
lower chemical hardness indicates a more stable
nature of the molecule. The location of reactive
electrophile sites and nucleophilic sites are in heeding
with the whole electron density surface and chemical

behavior.

Table 2. Local reactivity descriptors for Favipiravir tautomer - I and tautomer - II at B3LYP/6-311++G (d, p)

level of theory
Atom | f(r) f-&) (r) Af(r) Local hardness | wv) WHev)
(au)
Tautomer - I C1 0.0168 | 0.0039 | 0.0104 |-0.0129 | 0.0001 0.0070 | 0.0300
C2 0.5774 | 0.0002 | 0.2888 | -0.5772 |-0.0343 0.0003 | 1.0332
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N3 0.3928 | 0.0003 | 0.1965 | -0.3925 | -0.0233 0.0004 | 0.7029
C4 0.0049 | 0.0002 | 0.0026 | -0.0047 | -0.0002 0.0004 | 0.0088
C5 0.0007 | 0.0049 | 0.0028 | 0.0042 |0.0014 0.0088 | 0.0013
N6 0.0005 | 0.0092 | 0.0049 | 0.0087 | 0.0026 0.0165 | 0.0009
H7 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 0.0001 0.0000
F8 0.0058 | 0.0000 | 0.0029 | -0.0058 | -0.0003 0.0000 | 0.0104
C9 0.0004 | 0.0564 | 0.0284 | 0.0560 | 0.0160 0.1009 | 0.0007
N10 0.0003 | 0.0178 | 0.0091 0.0175 | 0.0051 0.0319 | 0.0104
H11 0.0001 | 0.0010 | 0.0005 | 0.0009 | 0.0003 0.0017 | 0.0001
H12 0.0001 | 0.0034 | 0.0017 |0.0033 |0.0010 0.0060 | 0.0001
013 0.0001 | 0.9027 |0.4514 | 0.9026 |0.2574 1.6155 | 0.0002
014 0.0001 | 0.0000 | 0.0001 -0.0001 | 0.0000 0.0000 | 0.0003
H15 0.0000 | 0.0000 | 0.0000 | -0.0000 | 0.0000 0.0000 | 0.0000
Tautomer - I
C1 0.0712 | 0.0079 |0.0395 | 0.0633 |-0.0017 0.0130 | 0.1175
C2 0.6180 | 0.0009 |0.3095 |0.6172 |-0.0333 0.0015 1.0210
N3 0.0195 | 0.0001 |0.0098 | 0.0194 |-0.0010 0.0002 | 0.0322
C4 0.0178 | 0.0002 | 0.0090 |0.0176 | -0.0009 0.0003 | 0.0294
C5 0.0093 | 0.0009 | 0.0051 0.0084 | -0.0003 0.0015 | 0.0153
N6 0.0029 | 0.0029 | 0.0029 | 0.0000 | 0.0006 0.0048 | 0.0048
H7 0.0003 | 0.0000 | 0.0002 | 0.0003 | 0.0000 0.0000 | 0.0005
F8 0.0002 | 0.0000 | 0.0001 0.0002 | 0.0000 0.0000 | 0.0003
09 0.2230 | 0.0000 |0.1115 |0.2230 |-0.0121 0.0001 0.3684
C10 0.0354 | 0.0233 | 0.0293 |0.0121 | 0.0043 0.0384 | 0.0584
0o11 0.0001 | 0.9582 |0.4792 | -0.9581 | 0.2570 1.5830 | 0.0002
N12 0.0011 | 0.0051 | 0.0031 -0.0039 | 0.0013 0.0084 | 0.0019
H13 0.0000 | 0.0003 0.0002 | -0.0002 | 0.0001 0.0004 | 0.0001
H14 0.0009 | 0.0002 0.0006 | 0.0007 | 0.0000 0.0003 | 0.0016
H15 0.0002 | 0.0000 0.0001 | 0.0002 | 0.0000 0.0000 | 0.0003

au: Atomic Unit.

eV: Electron volt.

3.3 APT charges

The atomic polarizability tensor (APT) charges are
the amount of charge tensor and amount of charge
flux tensor which is studied as charge-charge flux
model [35]. The atomic charges relatively appear on
the surface that could be present the whole chemical

properties of the molecule [36-37].

The optimized geometrical structure and atomic
polarizability tensor charges of tautomer - I and its
tautomer — II is shown in Table 5. The atomic charges
on the innumerable atomic site of tautomer - I and
tautomer - II molecule have been calculated using the
DFT/B3LYP/ with 6-311++G(d,p) level [38] and are

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 8 | Issue 4



Natte Kavitha et al Int ] Sci Res Sci & Technol. July-August-2021, 8 (4) : 668-689

Table 5 the

electronegativity in differentiation with the other

given in constitute higher

atoms.

Here, the C2 atom exhibit the negative charge with
magnitude -0.024 a.u., and the remaining four carbon
atoms of the pyrazine ring C1, C3, C5, and C9 have a
positive charge with magnitudes 0.529,0.623,0.128
and 1.185 a .u. respectively, but only the C2 atom of
pyrazine ring atoms exhibit reactant property due to
negative charge than other carbon atoms of the ring.
The two atoms, 010, and O14 possess negative APT
charges as -0.795 and -0.704 a.u. for the molecule.
Analogous as the three atoms, N3, N6 and N11 have
negative APT charges as -0.192,-0.306 and -0.756 a.u.
of tautomer - I. The F8 atom has -0.593 a.u. due to the
high electronegativity. In the molecule, the four H
atoms (H7, H12, H13, and H15) of tautomer - I have
positive APT charges with magnitudes 0.065, 0.282,
0.234, and 0.325 a.u. respectively.

The tautomer - II molecule, C1 and C9 atoms show
the negative charge with magnitude -0.037a u. and -
0.428 a.u. The remaining three carbon atoms of the
pyrazine ring C2, C4, and C5 have positive charge
0.604, 0.084 and 0.390 a.u.
respectively. The O14 atom possess negative APT

with magnitudes

charges as -0.628 and O10 atom possess positive APT
-0.917 a.u. for the molecule. Analogous as the three
atoms, N3, N6, and N11 have negative APT charges as
-0.337, -0.083 and -0.764 a.u. of tautomer. The F8
atom has -0.712 a.u. due to the high electro negativity.
In the molecule, the four H atoms (H7, H12, H13, and
H15) of tautomer - II have positive APT charges with
magnitudes 0.102, 0.241, 0.385, and 0.265 a.u.
respectively. Also, it could be noticed that two of the
H atoms (H12, H13) on Favipiravir molecule are
attached directly toward the N atoms and have the
positive APT charges, H15 directly attached towards
the O atom, and H7 attached to pyrazine carbon.

Table 3. Calculated APT charges of Favipiravir tautomer - I and tautomer - IT at B3LYP/6-311++G (d, p) level of

theory.
S.no Atom APT Charges (a.u)
Tautomer - 1 Tautomer - II

1 C1 0.529 -0.037
2 C2 -0.024 0.604
3 N3 -0.192 -0.337
4 C4 0.623 0.084
5 C5 0.128 0.390
6 N6 -0.306 -0.083
7 H7 0.065 0.102
8 F8 -0.593 -0.712
9 c9 1.185 -0.428
10 010 -0.795 0.917
11 N11 -0.756 -0.764
12 H12 0.282 0.241
13 H13 0.234 0.385
14 014 -0.704 -0.628
15 H15 0.325 0.265
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a.u: AtomicUnit

3.4 AIM- NCI -RDG ANALYSIS.

The quantum theory of atoms in molecules (QTAIM),
the

intermolecular hydrogen bond and to explore the

have been wused to determine intra and
bond structure of molecular systems [39-40]. The
topological properties of the bond critical point (BCP)
such as the electron density (p) as well Laplacian of
electron density (V?p), Lagrangian kinetic electron
density (g) and the potential electron density (v) have
been investigated using the Baders theory, which is
applied in AIMALL software [41].

Topological parameters such as Laplacian of electron
density V?p(r), the electron density p(r), Lagrangian
kinetic energy G(r), the potential energy density V(r),
Hamiltonian kinetic energy can be used to view the
of hydrogen bond properties within the molecule. H(r)
= G(r)+V(z), and the hydrogen bond energy (Eus) can
also be studied using QTAIM method as recommend
by Espinosa et al. Eq. 1 estimate Eus is the half of
VBCP (1)

Eug =% VBCP.............. (1)

For AIM analysis, the optimized Favipiravir undergo
intramolecular BCPs and ring critical points (RCPs).
The calculation of AIM analysis was concluding using

the Multiwfn program. The topological parameters of

Favipiravir the BCP are listed in Table 6. According to
Rozas et al. [42], the hydrogen bond interactions can
be classified as follows:

(1) Weak hydrogen bonds are detected by V?p(r) > 0
and H(r) >0

(2) Moderate hydrogen bonds are detected by V?p(r) >
Oand H(r) < 0

(3) Strong hydrogen bonds are detected by V?p(r) < 0
and H(r) < 0

Electron density p(r) and its Laplacian V?p(r ) assist to
calculate the nature of interactions. Normally the
huge values of electron density p(r) and its Laplacian
V2p(r) show the potentiality of hydrogen interactions
[43]. The positive values of Laplacian V?p(r) are assign
to the reducing of the charge in the internuclear
region, while the negative values are provocative of a
strong covalent character. From Table 6, we observed
N11-H12...014 N12-H14...09

interaction, where the electron density values are

and type of
0.02 a.u.,0.27a.u. and the values of Laplacian are 0.10
a.u., 0.14 a.u. respectively. As known, positive values
of Laplacian V?p(r) and low values of electron density
p(r) in BCPs suggested the presence of hydrogen bond
[44]. The

energy at BCP shows one O...H intramolecular

interactions intramolecular interaction
hydrogen bonding the bond energy of both the
Favipiravir tautomers have been calculated as -13.12
kJ/mol.

Table 4. Topological parameters for bonds of interacting atoms Favipiravir tautomer - I and tautomer - II:

electron density (pr), Laplacian of electron density (V?pr), electron kinetic energy density (G), electron

potential energy density (V), total electron energy density (H) at bond critical point (BCP)

S.no Bond p(x) | Vp(r) G \% H Eus
Tautomer - I
1 C1-C2 030 | -0.82 | 0.09 | -0.40 -0.31
2 C2-N3 033 | -0.87 | 0.26 | -0.75 -0.49
3 N3-C4 037 | -1.08 | 0.28 | -0.84 -0.56
4 C5-N6 034 | -0.88 | 0.27 | -0.77 -0.50
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5 C4-C5 0.31 -0.90 | 0.10 | -0.43 -0.33
6 C1-N6 035 | -1.07 | 0.23 | -0.73 -0.50
7 C5-H7 028 | -1.01 | 0.03 | -0.31 -0.28
8 C4-F8 0.26 0.03 | 035 | -0.71 -0.36
9 C2-C9 024 | -058 | 0.05 | -0.25 -0.20
10 C9-010 0.41 -0.26 | 0.63 | -1.33 -0.70
11 H12-014 | 0.02 0.10 | 0.02 | -0.01 0.01 -13.12
12 C9-N11 0.31 -0.92 | 0.20 | -0.64 -0.44
13 N11-H12 | 033 | -1.72 | 0.05 | -0.53 -0.48
14 C1-014 029 | -0.44 | 031 | -0.73 -0.42
15 N11-H13 | 033 | -1.66 | 0.05 | -0.51 -0.46
16 O14-H15 | 035 | -252 | 0.06 | -0.76 -0.70
Tautomer - II
C1-C2 030 | -0.99 | 0.05 | -0.36 -0.21
C2-N3 026 | -0.76 | 0.06 | -0.31 -0.25
N3-C4 026 | -0.73 | 0.07 | -0.33 -0.26
C5-N6 027 | -0.74 | 0.06 | -0.32 -0.26
C4- G5 032 | -092 | 0.12 | -0.48 -0.36
C1-N6 036 | -0.79 | 0.36 | -0.93 -0.57
C4-H7 029 | -1.05 | 0.03 | -0.32 -0.29
C5-F8 025 | -0.01 | 0.33 | -0.68 -0.35
C2-09 036 | -0.41 | 0.47 | -1.05 -0.58
C1-C10 024 | -057 | 0.05 | -0.21 -0.18
C10-011 | 0.36 | -0.42 | 0.47 | -1.05 -0.58
C10-N12 | 0.26 | -0.75 | 0.05 | -0.30 -0.25
09-H14 0.27 | +0.14 | 0.03 | -0.20 0.01 -13.12
N12-H13 | 035 | -1.77 | 0.05 | -0.55 -0.50
N12-H14 | 035 | -1.83 | 0.05 | -0.56 -0.51
N3-H15 035 | -1.87 | 0.05 | -0.58 -0.53
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ECF Property: W

3(b)
Fig.3. AIM molecular graphs of Favipiravir tautomer - I (3a) tautomer - II ( 3b) (RCP is shown as small red
spheres, BCP is shown as small green spheres, Hydrogen bond show doted lines).
implicates the density and first derivative, and it is
The NCI analysis indicates constructive information illuminated by the formula following [45].
about the noncovalent interactions within a molecule. 1 [Vp(r)l

RDG(r) = I 7
The strong directional attractions correlated with 2(3m2) /3 p(1) /3

localized atom-atom contacts and the molecular

division having weak interactions can be illustrious The scatter graphs plotted reduced density gradient

by an NCI plot. The reduced density gradient (RDG) against electron density r, arrangement by the sign of

is an inceptive non-dimensional quantity, which A2 and the 3D color-filled reduced density gradient
isosurface are appear in Fig 5(a), 5(b), 6(a), and 6(b).
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From the graph, it can be seen that weak forces of
interaction are current between the atoms in the
molecule. The NCI index provides more confirmation
of noncovalent interaction, and it is built upon the
reduced density gradient (RDG). The electron density
quantity of the RDG against sign (A2) p peaks gives us
statistics about the nature and power of interactions
of molecules. The interaction of the power in the
molecular system, which designates the stronger
advisability of blue color and the push of red, is
studied with Multiwfn and VMD software.

The value of sign (A2) p is particularly important in
the nature of the interaction. It means if the sign (A2)
p > 0 indicates a repulsive interaction (non-bonded)
and the sign (A2) p < 0 shows an attractive interaction
(bonded).

The RDG scatter graphs of tautomer - I and tautomer
- II on the left side the blue colors indicate the
hydrogen-bonding interaction, green colors are van
der Waals interactions, and the red color is illustrated
as strong repulsion (steric effect). When looking at
tautomer - I, hydrogen-bonding interactions were

more.
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Fig. 4. Non- covalen interaction 4(a) and Reduced
density gradient (RDG) analysis 4(b) to identify weak

and strong interaction in Favipiravir tautomer — I
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Fig. 5. Non - covalen interaction 5(a), and Reduced
density gradient (RDG) analysis 5(b) to identify weak

and strong interaction in tautomer - II.
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3.5 Potential energy surface scan (PES) analysis

The potential energy surface scan is used to illustrate
the relationship between potential energy and
molecular geometry [46]. For tautomer - I the
minimum energy distribution was obtained by PES
scan analysis by choosing the dihedral angle C1-C2-
C9-N11. This dihedral angle is also applicable co-
ordinate for conformational flexibility within the
molecule. The determined dihedral angle range from
0° to 360° rotations by a step of 10°. The lowest global
minimum energy is obtained at 175°in the potential
energy curve with an energy value -381320.432
kJ/mol, which is due to the possibility of strong N11-
H12...014 hydrogen bonding as supported by NBO
analysis. The maximum energy value -381320.44
kJ/mol obtained at 350°. The separation between the
energy curves shows the highest potential barrier AE
= 8 kJ/mol.

Scan of Total Energy
-381,320.432 -

238132043 -
§-381,32u.434 -

. 4
0 381320435 7

¥
~—-381,320.436

F
9-381,320.437 4
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T -381,320.439

Tot

-381,320.44 4

-381,320.441 -
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Scan Coordinate (- 6125.00007793) (Scaled Units)

Fig. 6. Potential energy surface scan of Favipiravir

tautomer - 1.

3.6 Bioactivity and toxicity risk studies

The prediction of bioactivity and toxicity risk studies
of 1-4 compounds (Table 9) revealed their bioactivity
properties like GPCR ligand property, ion channel
modulator, kinase inhibitor, nuclear receptor-ligand
interactions, protease inhibitor, enzyme inhibitor
interactions, and drug properties like drug-likeness,
and drug scores have studied and find out potential

non-toxic molecules. This Molinspiration prediction

extensively assist to investigate the cheminformatics
of the compounds under analysis by correlating with
the database of in vitro and in vivo studies of accepted
drugs based on mutual functional group comparison.
The toxicity risk results plainly indicate that 1-4
compounds are safer as exhibit low or no risks of
mutagenicity, tumorigenicity, irritant and low or no
effect on the reproductive system and obeys drug-like
behavior. The positive value of drug-likeness states
that the molecule contains predominantly fragments
that are frequently present in commercial drugs.
Solubility is an important factor that aids in the
movement of the compound from the site of
administration into the bloodstream and poor
solubility leads to poor absorption. Alike drug score is
a harmonizing parameter of drug-likeness, ClogP,
logS, molecular weight and toxicity risks and used to
judge the compound’s overall potential to qualify for a
drug. Ultimately it is predicted that all the
compounds 1-4 exhibited higher scores.

Table 5. Bioactivity scores of 1-4 compounds.

Parameter 1 2 3 4
Bioactivity | GPCRL | -0.43 | -0.62 | -0.35 | -0.60
ICM 042 |-0.44|0.39 |041
KI -0.35 | -0.31 | -0.15 | -0.36
NRL -1.14 | -150 | -1.20 | -1.18
PI -0.58 | -0.91 | -0.60 | -0.90
EI -0.18 | -0.33 | -0.13 | -0.18
Toxicity Mut Nil Nil Nil Nil
risks Tum Nil Nil Nil Nil
Irrit Nil Nil Nil Nil
RE Nil Nil Nil Nil

GPCRL: G protein-coupled receptor ligand.

ICM: Ion channel modulator; KI: Kinase inhibitor.
NRL: Nuclear receptor ligand.

PI: Protease inhibitor.

EI: Enzyme inhibitor.

Mut: Mutagenic.

Tum: Tumorigenic.

Irrit: Irritant.

R.E: Reproductive efect.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 8 | Issue 4




Natte Kavitha et al Int ] Sci Res Sci & Technol. July-August-2021, 8 (4) : 668-689

3.7 Molecular docking studies

Molecular docking is used to predict the -classic
binding direction, affinity, and activity of drug
The title

molecule was chosen to be docked into the active sites

molecules and their protein targets.
of the protein 5R7Y. This protein is obtained from a
protein data bank (PDB ID:5R7Y). Molecular docking
study has been carried out by Gaussian, optimized
tautomer - I and tautomer - II molecule as a ligand
with selected proteins using Auto dock 4.2.6,
Autogrid 4.0

determined wusing the

software. Atomic charges were
Kollmann and Gasteiger
method after adding the polar hydrogen. The active
site of the protein was defined with 40A x 40A x 40A

grid size, with the Lamarkkian Genetic Algorithm

(LGA) being used to carry out the process. The
minimum binding energies of tautomer - I is obtained
to be -3.9 kcal/mol. It shows three interactions are
formed between Tyr126, Vall25, and Aal7 and one
intramolecular hydrogen bond of receptor moiety.
The bond distances are 3.46 A, 5.36 A, 2.20 A, and
1.98 A. Tautomer - II show -4.62 kcal/mol of
minimum binding energy, and two interactions are
formed between Aal7, Glnl27, one intramolecular
hydrogen bond of receptor moiety. The bond
distances are 1.99 A, 296 A and 1.98 A.
endeavor, it was confirmed that the Favipiravir
aspirant of COVID-19

In this

molecule is a stimulate

symptomatic.

Table 6. The binding affinity values of Favipiravir tautomer - I and tautomer — II predicted by Autodock 4.2.6.

Protein (PDB ID) Binding Energy Reference RMSD Estimated Inhibition
Constant
5R7Y tautomer - I -3.9 kcal/mol 26.15 A° 1.69 um
5R7Y tautomer - II -4.62 kcal/mol 19.59 A° 413.84 pm

Fig. 7(a). Hydrogen bonding interactions between Favipiravir tautomer - I and target protein (PDB ID: 5R7Y).
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Fig. 8(a). Hydrogen bonding interactions between tautomer - IT and target protein (PDB ID: 5R7Y).
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IV. CONCLUSION

In this, theoretical study of Favipiravir tautomer
molecules, the DFT calculations have been analyzed
using B3LYP/6-311++G (d, p). The m*—m" transitions
have the highest resonance energies relative to the
other interactions of the title molecule from the
results of the NBO analysis. APT charges, and local
reactivity descriptors are analyzed in tautomer — I and
tautomer - II molecules. In QTAIM, the interaction
energy at BCP shows one (N-H...O) intermolecular
hydrogen bonding (H12...014) in tautomer - I, the
bond energy is calculated as -13.12 kJ/mol, and in
tautomer- II intermolecular hydrogen bonding (N12-
H14...09), the bond energy is calculated as -13.12
kJ/mol. The interactions formed within the molecule,
such as Van der Walls, hydrogen bond interactions,
and steric effects are classified by the means of RDG
surface analysis. The maximum energy value was
found to be -381320.44 kJ/mol using a potential
energy surface scan study. Bioactivity properties are
analyzed. 1-4 molecules show good pharmacokinetic
properties. Molecular docking simulations have been

concluded.
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