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Abstract
Rimegepant is a new medicine developed for the management of chronic headache due to migraine. This
manuscript is an attempt to study the various structural, physical and chemical properties of the
molecules. The molecule was optimised using B3LYP functional with 6-311G+(2d,p) basis set. Excited
state properties of the compound were studied using CAM-B3LYP functional with same basis sets using
IEFPCM model in methanol for the implicit solvent atmosphere. The various electronic descriptors helped
to identify the reactivity behaviour and stability. The compound is found to possess good nonlinear
optical properties in gas phase. The various intramolecular electronic delocalisations and non-covalent
interactions were analysed and explained. As the compound contain several heterocyclic nitrogen atoms,
they have potential proton abstraction features, which was analysed energetically. The most important
result from this study is from the molecular docking analysis which indicates that rimegepant binds
irreversibly with three established SARS-CoV-2 proteins with ID 6LU7, 6M03 and 6W63 with docking
scores − 9.2988, -8.3629 and − 9.5421 kcal/mol respectively. Further assessment of docked complexes
with molecular dynamics simulations revealed that hydrophobic interactions, water bridges and π – π
interactions play a signi�cation role in stabilising the ligand within the binding region of respective
proteins. MMGBSA free energies further demonstrated that rimegepant is more stable when complexed
with 6LU7 among the selected PDB models. As the pharmacology and pharmacokinetics of this molecule
are already established, rimegepant can be considered as an ideal candidate with potential for use in the
treatment of COVID patients after clinical studies.

1 Introduction
Migrane is one of the major chromic disease affecting a large number of people throughout the globe [1].
Migraine reduces the quality of life, productivity, and limits the individual’s participation in the social
setup [2]. Usually, the migraine pain lasts between 4–72 hours, causes nausea, vomiting, irritation
towards light and sometimes phonophobia [3]. The calcitonin gene-related peptide (CGRP) receptor was
found to have a typical role in the onset of migrane and small drug molecules and antibodies are
developed to antagonise this receptor [4, 5]. Also, humanized antibodies against CGRP or its receptor are
also being used as a prophylaxis measure in the management of migraine [6]. Rimegepant was
developed as a CGRP receptor by using Heck reaction, Hayashi–Miyaura and Ellman reactions [7].
Rimegepant is a heterocyclic system where the cyclohexane ring system was designed with the help of
Heck reaction. The other two reactions were used to design chiral centres with aryl and amine groups.
This is a relatively new drug as it was marketed in 2020 as a small-molecule blockers of CGRP by the
Biohaven Pharmaceuticals of New Haven, Connecticut [8].

SARS due to n-CoV-2 is at present considered as a global pandemic which affected the life and economy
of all countries around the world [9, 10]. Vaccines have been developed to prevent this viral attack, but
only a small fraction of the entire global population is fortunate enough to get them [11–13]. Once
infected, it may cause serious effect on patients leading to SARS pneumonia and ultimately death. Even
though drug development against this deadly disease is a matter of importance, a new drug development
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is a time consuming process and hence, drug repurposing of existing drug molecules with known
pharmacology and toxicity is a good idea. A lot of molecules are investigated as a probable candidate to
treat the COVID related di�culties, but none of them is considered as a complete cure [14–20].
Computational methods has been extensively used for virtual screening and insilico screening of
potential COVID-19 cures [21–23].

Remigepant is a newly marketed drug for the treatment of migraine. But its detailed electronic structure
and reactivity is not reported elsewhere in best of our knowledge. We used density functional theory to
establish the structure and properties of the molecule. Also, we evaluated the intramolecular electron
delocalisations, non-covalent interactions and the average local ionisation energy indices of the
molecule. Also, we wanted to check whether this new drug is a probable candidate for drug repurposing
for the management of the COVID-19. Jiang and co-workers already showed that this molecule is a
potential inhibitors targeting 2'-O-ribose methyltransferase of SARS-CoV-2 [24]. In this manuscript, we
report the structure and electronic features of this molecule and also molecular docking and molecular
dynamics study of the compound was performed with three other established COVID protein targets.

2 Methods
Rimegepant molecule was optimized with Gaussian-09 [25] software using DFT- B3LYP[26] functional
and 6-311G+(2d,p) as a basis set. This optimised structure was used to study FMO and NBO. TD-DFT
with RCAM-B3LYP [27] functional was used to simulate UV spectra and was visualised using GaussSum
[28]. Rimegepant molecule has more than two reaction sites for an example, 1,2-di�uorophenyl-,
cycloheptapyrimidinamine-, piperidine-1-carboxylate-, and 2H-imidazopyridin-2-one groups. Reaction sites
of rimegepant calculated using Multiwavefunction [29] to prepare the electrostatic potential map [30],
ALIE and noncovalent interactions [31]. Molecular docking was used to predict the binding a�nity
between the drug and different COVID associated proteins, which was downloaded from the RCSB [32].
The COVID-2 related proteins used in this study are PDBs: 6LU7, 6M03 and 6W63. The �rst one with ID
6LU7 represents the crystal structure of the main protease Mpro protein of the n-CoV-2 [33]. 6MO3 is the
COVID-19 main protease in apo form [34] and 6W63 is SARS coronavirus papain-like protease [35]
.Docking was performed using Autodock Vina [36, 37] and visualised using BIOVA Discovery studio [38]
and was con�rmed using molecular dynamics simulations.

Molecular dynamics simulations were executed using the GPU accelerated Desmond software accessed
through Schrodinger 2020 release 3 hosted by the Lengau Linux Cluster of the Centre for High
Performance Computing South Africa [39, 40]. Prior to MD simulations, all models were downloaded from
PDB and processed using the protein preparation wizard [40] available via the user interface Maestro
version 12.5 [41]. Molecular dynamics simulation investigations were performed on undocked models
(PDBs: 6LU7, 6M03 and 6W63) as well as their respective docked complexes for a timeframe of 400
nanoseconds. Prior to production, all systems were allowed to relax using the default conditions of
DESMOND as given in Maestro. During the production stage, trajectories were recorded at 100
picoseconds intervals. As a result, 4004 frames were recorded. All simulations used a TIP5P solvent
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model in a 10 Å orthorhombic box using OPLS3e as the force �eld [42]. Three sodium ions were added to
both 6M03 and 6W63 whereas two sodium ions were added to 6LU7 systems to neutralize the positive
charge. An NPT ensemble utilizing 1atm pressure and 300K temperature was employed. Herein, the
pressure and temperature were controlled using the Martyna-Tobias-KJein [43] and the Nose-Hoover
chain thermostat methods respectively [43]. No restraints were applied and all the other parameters were
kept at default. A cut-off of 9 Å was used for short range Coulombic interactions. Post MD, various
parameters such as protein – ligand interactions, root mean square deviation (RMSD) and root mean
square �uctuation (RMSF), among others, were assessed. The Simulation Interaction Diagram tool
available in Schrödinger Maestro was used for these parameters [41].

3 Results And Discussions
3.1 Geometry for Rimegepant

Rimegepant molecule structure was optimized by using density functional theory DFT-B3LYP as a
method, and 6-311G+(2d,p) as a basis set. Fig.1 shows the structure of rimegepant molecule and
explains by its important bond angles and distances. The bond angles are 117.4278 and 118.79130 for
1F-30C-2F-35C-30C respectively, and their bond distances are 1.3556, 1.3524 and 1.3679 Ǻ for 1F-30C,
2F-35C and 3O-25C respectively. The bond distances for 3O-21C, 4O-25C, 6N-25C, 6N-18C and 6N-19C
having 1.4679, 1.2225, 1.3687, 1.4643 and 1.4631 Ǻ respectively, and their bond angles for 21C-3O-25C,
3O-25C-4O, 4O-25C-6N, 18C-6N-25C and 19C-6N-25C partaking 115.7344, 123.2764, 124.4281, 118.5318
and 124.81330 respectively. The bond angles are 124.2606, 126.1067, 127.4362, 127.1117, 111.0334,
127.1832 and 114.87300 for 12C-7N-27C, 12C-7N-26C, 5O-27C-7N, 5O-27C-10N, 27C-10N-29C, 10N-29C-
11N and 29C-11N-39C respectively, and bond distances for 7N-12C, 7N-27C, 7N-26C, 5O-27C, 10N-27C,
10N-29C, 11N-29C and 11N-39C are 1.4683, 1.4028, 1.3943, 1.2226, 1.3934, 1.3832, 1.3190 and 1.3509 Ǻ
respectively. The bond angles for 17C-8N-56H, 17C-8N-57H and 23C-9N-34C having 109.5901, 109.94740

respectively, and the bond distances are 1.4778, 1.0190, 1.0187, 1.3455, 1.3364, 1.5227 and 1,5323 for
8N-17C, 8N-56H, 8N-57H, 9N-23C, 9N-34C, 21C-23C and 20C-21C respectively. 

3.2 Frontier molecular orbital (FMO) properties for Rimegepant

Rimegepant molecule structure was optimized by using density functional theory DFT-B3LYP as a
method, and 6-311G+(2d,p) as a basis set. The frontier molecular orbitals are mostly involved in reactions
and explain the reactivity features of rimegepant [30,44–47]. Frontier molecular orbital data can be
effectively used to study several reactivity information. Table 1 explains those important chemical
descriptors. The frontier molecular orbitals are higher occupied molecular orbital (HOMO) and lower
unoccupied molecular orbital (LUMO) energies are -6.5 and -1.14 eV respectively, and the energy gap
between them is 5.36 eV. The gap is very high that the compound will be remain as an organic insulator.
The gas phase ionization energy [48,49] and electron a�nity [49] are are 6.5 and 1.14 eV respectively. The
global hardness and softness energies for rimegepant are 2.68 and 0.37 respectively. The chemical
potential [48], electronegativity [30], electrophilicity index [50–53] and nucleophilicity index [54]for
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rimegepant are -3.82, 3.82, 2.73, and 0.37 eV, which indicates that the molecule is potentially reactive
towards biological molecules. The calculated hardness and softness values are 2.68 and 0.37 [55–61].

Table 1 Frontier molecular orbitals properties for Rimegepant

Chemical descriptors Energy in eV

E(HOMO) -6.50

E(LUMO) -1.14

Energy Gap ∆E 5.36

Ionization Energy 6.50

Electron A�nity 1.14

Global Hardness 2.68

Global Softness 0.37

Chemical Potential -3.82

Electronegativity 3.82

Electrophilicity index 2.73

Nucleophilicity index 0.37

3.3 TD-DFT study for Rimegepant in methanol

Rimegepant molecule structure was optimized by using time dependent density functional theory
RCAMB3LYP as a method, 6-311G+(2d,p) as a basic set and methanol using as a solvent using IEFPCM
solvation model [35-37]. Fig.2 shows the UV-visible spectrum and Fig.3 shows the orbitals involved in
which the electronic transitions. From the Fig.2 shows, the peak appears at the wavelength is 260.05 nm
and the oscillator strength is 03082. From the Fig.3 shows the important orbitals that participate in
electronic transition. The major peak was due to the transition of electrons froms from higher occupied
molecular orbital (HOMO) to �rst lower unoccupied molecular orbital (LUMO+1) which are located at 2H-
imidazopyridin-2-one group to cycloheptapyridinamine group respectively with 91 percentage transition
contribution.

3.4 Nature bonding orbital (NBO) property for Rimegepant

Intramolecular electron delocalisations due to hyper conjugation is very important for the stabilisation of
a molecule. Natural bond orbitals can be used as an ideal method for the evaluation of these type of
interactions. NBO 3.1 suite [38] associated with Gaussian09 W program was used to perform these
calculations. The orbital occupancy and delocalisation energy data helps to analyse the different electron
shifting. Both bonding and anti-bonding orbitals for rimegepant can give details in this part by transfer of



Page 6/25

electrons having suitable occupancies, from bonding, lone pairs and anti-bonding orbitals to anti-bonding
orbitals with absorbing some energy.

The bonding electrons transfer from donor bonding orbitals to acceptor anti-bonding orbitals with their
occupancies with suitable energies. From σ (N9-C23) with the occupancy 1.7135 to σ* (C22-C28) and σ*
(C33-C34) with delocalisation energies 13.63 and 25.61 kcal/mol respectively. From σ (N11-C29) with
occupancy 1.7448 to σ* (C26-C32) and σ* (C37-C39) using the energies are 11.26 and 23.11 , from σ
(C22-C28) having the occupancy, is 1.6318 to σ* (C31-C36) and σ* (C33-C34) with the energies are 26.78
and 18.29 , from σ (C24-C30) with occupancy 1.6625 to σ* (C31-C36) and σ* (C35-C38) taking the
energies are 18.45 and 21.66, from σ (C26-C32) has occupancy 1.6810 to σ* (N11-C29) and σ* (C37-C39)
having the energies are 23.52 and 17.08 , from σ (C31-C36) with occupancy 1.6789 to σ* (C24-C30) and
σ* (C35-C38) having the energies are 20.82 and 19.77 , from σ (C33-C34) with occupancy 1.6309 to σ*
(N9-C23) and σ* (C22-C28) by taking the energies are 18.06 and 21.43 , from σ (C35-C38) with the
occupancy, is 1.6793 to σ* (C24-C30) and σ* (C31-C36) having the energies are 19.09 and 18.95 , and
from σ (C37-C39) has occupancy 1.6902 to σ* (N11-C29) and σ* (C26-C32) by with energy are 14.65 and
19.85 kcal/mol .

The lone-pairs of electrons transfer from donor bonding orbitals to acceptor anti-bonding and anti-
Rydberg orbital by with energy with suitable occupancies. From lone-pair electrons in bonding orbitals are
n (F1), n (F2), n (O3), n (O4), n (O4), and n (O5) having the occupancies are 1.9276, 1.9264, 1.8338,
1.8332, 1.9735, and 1.9745 to anti-bonding and anti-Rydberg orbitals are σ* (C24-C30), σ* (C35-C38), σ*
(O4-C25), σ* (N6-C25), RY* (C25), and RY* (C27) by taking the energies are 17.45, 18.34, 14.89, 15.32,
15.87, and 16.93 . From n (O5) has occupancy 1.8352 to σ* (N7-C27) and σ* (N10-C27) having the
energies are 28.02 and 27.14 , from n (N6) having occupancy 1.7085 to σ* (O4-C25) having the energy is
15.77 kcal/mol, from n (N7) with the occupancy, is 1.6436 to σ* (O5-C27) and σ* (C26-C32) having the
energies are 58.01 and 41.66 , from n (N9) has occupancy 1.9177 to σ* (C22-C23) and σ* (C33-C34)
having the energies are 11.22 and 9.61 , from n (N10) with occupancy 1.6560 to σ* (O5-C27) and σ* (N11-
C29) having the energies are 57.19 and 47.23 , and from n (N11) has occupancy 1.9097 to σ* (C26-C29)
and σ* (C37-C39) by with energy are 12.31 and 8.78 kcal/mol .

The electrons transfer from anti-bonding orbitals to other anti-bonding orbitals by with the occupancies
and with energy. From σ* (O4-C25), σ* (O4-C25) and σ* (C35-C38) having the occupancies are 0.1817,
0.2248 and 0.3857 to σ* (O3-C25), σ* (O4-C25) and σ* (C31-C36) by taking the energies are 21.19, 247.54
and 232.22 , from σ* (N9-C23) has occupancy is 0.3877 to σ* (C22-C28) and σ* (C33-C34) having the
energies are 200.59 and 210.34 , from σ* (N11-C29) with occupancy 0.4408 to σ* (C26-C32) and σ* (C37-
C39) having the energies are 268.80 and 137.72 kcal/mol .

 3.6 Molecular electrostatic potentials (MESP) of Rimegepant

Molecular electrostatic potentials explain the reaction sites appear in a molecule [39–41]. Fig.4 shows the
reaction sites of rimegepant molecule, within ±18.98 Bohr3 from the numerical value from -1.000 to
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0.100, and from blue to red in color. The blue color on primary amine nitrogen and nitrogen in
cycloheppyridinamine, carbonyl oxygens in piperidine-1-carboxylate, and 2H-imidazopyridine-2-one
groups, these are electrons-rich sites so electrophiles can easily attack these sites. The red color on all the
carbon having protons in 2H-imidazopyridine-2-one, piperidine-1-carboxylate, and carbon having protons
and primary amine protons in cycloheptapyridinamine groups, these are electron-poor sites so
nucleophiles can easily attack these sites.

3.7 Average localized ionization energy (ALIE) property of Rimegepant

Rimegepant molecule was optimized by using density functional theory DFT-B3LYP as a method, and 6-
311G+(2d,p) as a basis set. The average localized ionization energy can explain the resonance structure
of the molecule, which also explains saturated and unsaturated bonds in the molecule, and its stability.
Fig.5 shows the reaction sites of rimegepant molecule, within ±19.07 Bohr3 from the numerical value
from 0.000 to 2.000, and from blue to red in color [42-44]. The blush-green color indicates the unsaturated
or moving or delocalized electrons in rimegepant molecule, in 2H-imidazopyridine-2-one group, on amine
nitrogen to carbon in cycloheptapyrinamine group, in ring and �uorines to carbons in 1,2-di�uorophenyl
group, these areas are unsaturated or delocalized electrons sites so addition reactions can occur in these
sites. The blue color on all the protons in piperidine-1-carboxylate, cycloheptapyridinamide, and adjacent
carbon in 2H-imidazopyridin-2-one groups, these sites are saturated single bond sites so substitution
reactions can occur in these sites.

3.8 Non-covalent interactions (NCI) of Rimegepant

Rimegepant molecule structure was optimized by using density functional theory DFT-B3LYP as a
method, and 6-311G+(2d,p) as a basic set. The non-covalent interactions property explains the non-
covalent but few types of bond attractions appear within the molecule, are hydrogen, van der Waals and
steric type of forces [45-48]. Fig. 6 shows the non-covalent bond within rimegepant molecule, a graph
plotted energy against a reduced density gradient. The hydrogen bond appears the energy from -0.198 to
-0.006 a.u from �uorines to protons in the same 1,2-di�uorophenyl and cycloheptapyridine groups. The
van der Waals force of attractions from carbonyl oxygen in 2H-imidazopyridin-2-one group to protons in
piperidine-1-carboxylate group, and from oxygen in piperidine-1-carboxylate group to protons in the same
group and protons in cycloheptapyridinamine group. The steric force of attractions shown from 1,2-
di�uorophenyl group to cycloheptapyridinamine group, and from piperidine-1-carboxylate to 2H-
imidazopyridin-2-one group.

3.9 Proton a�nity and regioselectivity of protonation process of Rimegepant

The Rimegepant molecule, with its six nitrogen atoms, shows very high proton a�nity. But, as the
nitrogen atoms do not reside in same environment, the proton a�nities corresponding to the nitrogen
atoms are indeed different. Looking at the structure of the molecule, it can be seen that there is one
nitrogen atom (N8) in the form of a free amine group attached to the cycloheptane ring, while there are
two nitrogen atoms (N9 & N11) in the two pyridine rings. Again, one nitrogen atom (N6) can be observed
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as a constituent of the piperidine ring, while the imidazolone ring of the molecule contains two more
nitrogen atoms (N7 & N10). Fig-7 graphically represents and compares all these six proton a�nities.

 Fig-7 indicates that N8, i.e. the nitrogen atom of the free amine group has the greatest proton a�nity,
followed by N9, i.e. the nitrogen atom of the pyridine ring, which is fused with the cycloheptane ring. Then
comes N11, i.e. the nitrogen atom of the other pyridine ring, which is fused with the imidazolone ring,
followed by N6, i.e. the nitrogen atom of the piperidine ring. N7 and N10, that are present in the
imidazolone ring, show comparatively less proton a�nities. So, the order of the proton a�nities of the six
nitrogen atoms of the molecule becomes N8 > N9 > N11 > N6 > N7 > N10.

N8 is the part of an isolated and independent amine group. It is the only nitrogen atom present in the
Rimegepant molecule that is not a part of any ring. So, the availability of the lone pair of electrons on it is
not reduced by any electron withdrawing effect. This makes N8 having the highest proton a�nity among
the nitrogen atoms of the molecule. Then come the nitrogen atoms of the pyridine rings N9 and N11 as
the corresponding lone pairs of electrons do not participate in the resonance of the pyridine rings. The
proton a�nity of N9 is greater than that of N11, probably because, in case of the latter, the corresponding
pyridine ring is fused with an imidazolone ring, which pulls the electron cloud of the pyridine ring and
makes the lone pair of electrons of N11 comparative less donatable that N7. The proton a�nity of N6 is
further less because of the conjugation of N6 with the attached -COOR group, that reduces the availability
of the lone pair of electrons on N6. The proton a�nities of N7 and N10 are comparatively less than that
of the rest of the nitrogen atoms, as these nitrogen atoms enjoy a cross conjugation with a carbonyl
group. Protonation at any one of the nitrogen atoms between N7 and N11 is possible only at the cost of
sacri�cing this stabilizing cross conjugation. The proton a�nity of N7 is slightly more than that of N10
probably as the former is attached to the piperidine ring that slightly increases the availability of the lone
pair of electrons on it by +I effect.

3.10 Molecular Docking for Rimegepant with SARS-CoV-2 proteins

As the world is facing the severe pandemic COVID, we thought of assessing rimegepant’s activity towards
the known COVID proteins. We used molecular docking procedures for this study as mentioned in the
methods section. This study gives biological activity information about the type of interactions between
rimegepant and SARS-CoV-2 proteins (PDB IDs: 6LU7 [49] , 6M03 and 6W63 residues. Table S1 shows the
docking results between rimegepant and SARS-CoV-2 proteins. The free enrgy of docking was founf to be
-9.2, -8.3 and -9.5 kcal/mol respectively for the 6LU7 , 6M03 and 6W63 systems. The free energy values
are very high and hence we decided to investigate further.

The score values 5740, 5764 and 6002 are rimegepant with SARS-CoV-2 proteins are 6LU7, 6M03 and
6W63 respectively, surface area are 667.40, 666.10 and 711.80 Ǻ2 for rimegepant with SARS-CoV-2
proteins are 6LU7, 6M03 and 6W63 respectively, and minimum atomic contact energies are -280.28,
-265.46 and -327.41 for rimegepant with SARS-CoV-2 proteins are 6LU7, 6M03 and 6W63 respectively.
Table S2 represents different interactions between rimegepant and the proteins (6LU7, 6M03 and 6W63)
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while Fig.8 gives a pictorial representation of interactions between drug and aminoacid residues [40,50-
54]. Table S3 shows the non-bond interactions between Rimegepant with SARS-CoV-2 proteins (6LU7,
6M03, and 6W63).

 3.11 Molecular dynamic study for Rimegepant

Root mean standard deviation (RMSD) �uctuations were used to assess if the protein-ligand had
stabilized during the production stage. The results for the simulations of docked complexes are presented
in Fig.8. For all the three protein-ligand complexes, equilibrium was attained at about 200ns showing
protein RMSD �uctuations of less than 2Å. Close examination of all the three proteins (6LU7, 6M03 and
6W63) showed no distortion of either the protein or docked ligand. Further assessment with protein root
mean square �uctuations (RMSF) also con�rmed that all the proteins were stable in their states.
Examining the RMSF (Fig S1 and Fig S2), the N- and C-terminals �uctuated more than other residues as
expected. The other amino acids showed average �uctuations of less than 2.4Å for docked 6LU7 and
6M03 while 6W63 had average �uctuations less than 2Å. These �ndings demonstrate that all the three
protein models were stable when docked with Rimegepant over an MD timescale of 400ns. Although
there was a surge in Rimegepant (6W63) RMSD at around 325ns (Figure 8c), inspection of the trajectory
revealed that the imidazolium side chain on the ligand was adjusting to a more stable position within the
binding pocket.

Average protein-ligand interactions were computed from 250ns to the last frame, the region in which all
the complexes had equilibrated. The results are outlined in Fig.9 below.

On all models, hydrophobic interactions were found to be the primary forces for Rimegepant binding onto
the receptors. Residues such as HIS, MET, CYS and LEU were among the major contributors to
hydrophobic interactions as illustrated in Fig 10. In addition to hydrophobic interactions, water bridges,
predominantly with glutamine, also play a major role towards the binding of Rimegepant to all the protein
models. Lastly, pi-pi interactions, predominantly with histidine (HIS41), appeared to stabilize the docked
complexes during the stipulated timeframe. Further investigation of binding strength on different proteins
was performed using Molecular Mechanics Generalized Born Surface Area (MM/GBSA) calculations to
predict the estimate binding free energies of Rimegepant on the selected protein models. The MMGBSA
module estimate binding free energy (∆Gbind) as a difference between the docked complex (∆Gcomplex)
and the free receptor (∆Greceptor) and ligand (∆Gligand) as shown below.

∆Gbind = ∆Gcomplex - ∆Greceptor - ∆Gligand

There are several parameters that contribute towards ΔGbind, however, here we only present those that
had the largest contributions, for example ΔGbind_VdW and ΔGbind_Coulomb, among others, (Table 2.) In this
work, MM/GBSA energies were calculated from frame 2500 to frame 4000 where the system had
equilibrated. The results are as presented in Table 2.

Table.2 MMGBSA* results of Rimegepant on the selected PDB models
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PDB ID ΔGbind ΔGbind_Coulomb ΔGbind_Covalent ΔGbind_Hbond ΔGbind_Solv ΔGbind_VdW

6LU7 -67.13 -31.99 1.51 -1.65 30.54 -46.89

6M03 -65.30 -46.86 3.22 -0.84 51.28 -54.58

6W63 -52.02 -29.49 3.89 -0.11 39.51 -47.03

*All values are reported in kcal/mol

Although favorable binding is shown on all models, binding of Rimegepant to PDB model 6LU7 appeared
to be the most favored. In all models, Van der Waals forces were the major contributors toward the
binding energy. This is somewhat in agreement with our docking results where Rimegepant and 6LU7
have higher full �tness, inter full �tness, solvent full �tness and better ΔG complex solvent polar than
other two proteins.

4 Conclusions
The results from frontier molecular analysis chemical descriptors of rimegepant were analyzed. NBO
studies revealed the intensity of various intramolecular interactions. TD-DFT study of rimegepant
explained the UV-visible spectral property, and major and minor contributions orbitals. The various
wavefunction studies are MESP, ALIE, and NCI data helped to predict the more than one reactivity and
active site are 1,2 di�uorophenyl, cycloheptapyridinamine, piperidine-1-carboxylate, and 2H-
imidazopyridin-2-one in rimegepant. Docking studies explained the ΔG, scores, minimum atomic contact
energies, and different types of interactions between rimegepant and SARS-CoV-2 proteins. Time
dependent behaviours of docked complexes were investigated using molecular dynamics simulations
over a time frame of 400 ns. Herein, intermolecular forces such as water bridges, π – π and hydrophobic
interactions were found to be the major contributors for ligand binding to receptor pocket. Estimate
binding free energies using MMGBSA further demonstrated that rimegepant binding to the selected
protein models (6LU7, 6M03 and 6W63) is favourable on all models with PDB 6LU7 being the most
favoured. It can be concluded that this compound may be investigated further for a potential medicine to
act against the SARS-CoV-2.
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Figures

Figure 1

Optimised structure of Rimegepant at B3LYP/6-311G+(2d,p). (Blue colour indicated nitrogen atoms, red-
oxygen, black-carbon, grey-hydrogen and light blue- �uorine)
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Figure 2

TD-DFT simulated UV-visible spectrum of Rimegepant
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Figure 3

Representative FMO’s of Rimegepant
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Figure 4

Molecular electrostatic potential map of Rimegepant depicting reactivity centres

Figure 5

Average localized ionization energy map Rimegepant representing the reactivity centres

Figure 6
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Non-covalent interactions present in Rimegepant

Figure 7

Comparison plot of the proton a�nities (kcal/mol) corresponding to the six different nitrogen atoms of
Rimegepant molecule (B3LYP/6-311G+(2d,p))
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Figure 8

Protein-ligand interactions between Rimegepant and (a) 6LU7,(b) 6M03 and (c) 6W63 proteins as
depicted in LigPlot. The bond lengths presented are in angstroms (Å).
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Figure 9

RMSD of the ligand (Rimegepant) with respect to (a) PDB: 6LU7, (b) PDB: 6M03 and (c) PDB: 6W63 over
a timeframe of 400 nanoseconds. The RMSD values for the protein models were computed using alpha
carbons.
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Figure 10

Protein-Ligand interactions (left) and ligand atom interactions (right) with the respective protein receptor
residues, (a) 6LU7, (b) 6M03 and (c) 6W63 all docked with Rimegepant (ligand).
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