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Cancer of the lungs and thyroid is particularly difficult to manage and treat. Notably, selpercatinib has recently
been suggested as an effective drug to combat these diseases. The entireworld is currently tackling the pandemic
caused by the SARS-CoV-19 virus. Numerous pharmaceuticals have been evaluated for the management of the
disease caused by SARS-CoV-19 (i.e., COVID-19). In this study, selpercatinibwas proposed as a potential inhibitor
of different SARS-CoV-19 proteins. Several intriguing effects of the molecule were found during the conducted
computational investigations. Selpercatinib could effectively act as a proton sponge and exhibited high proton
affinity in solution. Moreover, it was able to form complexes with metal ions in aqueous solutions. Specifically,
the compound displayed high affinity towards zinc ions, which are important for the prevention of virus multi-
plication inside human cells. However, due to their charge, zinc ions are not able to pass the lipid bilayer and
enter the cell. Thus, it was determined that selpercatinib could act as an ionophore, effectively transporting active
zinc ions into cells. Furthermore, various quantum mechanical analyses, including energy studies, evaluation of
the reactivity parameters, examination of the electron localisation and delocalisation properties, as well as
assessment of the nonlinear optical (NLO) properties and information entropy, were conducted herein. The per-
formed docking studies (docking scores −9.3169, −9.1002,−8.1853 and −8.1222 kcal mol−1) demonstrated
that selpercatinib strongly bound with four isolated SARS-CoV-2 proteins.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Cancer remains theworld's leading cause of death [1]. Onemain rea-
sons for human T-cell lymphoma is the mutation of an oncogene in the
NIH-3 T3 cells [2]. Selpercatinib is a rearranged during transfection
(RET)-specific tyrosine kinase inhibitor (TKI) and has been shown as
an effective agent for the treatment of the disease [3]. About 10% of thy-
roid cancers originate in the parafollicular C cells of the thyroid, which
produce the calcitonin hormone. Genemutation and the resultingmed-
ullary thyroid cancer lead to increased levels of calcitonin [4]. Alcetinib
was developed as an agent for the treatment of cancers associated with
RET mutations [5]. It is noteworthy that the Food and Drug Administra-
tion (FDA) in the USA recently approved the use of selpercatinib, also
known as Retevmo, for the management of three types of cancers
caused by RET mutations.

Recently, a new strain of coronavirus, namely SARS-CoV-2, has
posed a threat to the human health worldwide [6]. The rapid spread of
the virus has led to classification of the outbreak as a pandemic [7]. Nu-
merous research groups all over the world are working on the
development of a vaccine or medicine to prevent or treat COVID-19,
which is the disease caused by SARS-CoV-2. At the time of writing this
article, COVID-19 resulted in 600,000 deaths globally. Hence, scientists
are determined to establish the pathology [8] and epidemiology [8] of
the disease as well as to develop medicines and vaccines against it [9].
As the development of new cures is a challenging process, a number
of existing drugs have been proposed for the management of COVID-
19 [10]. For instance, despite contrasting results, chloroquine was
highlighted as an effective medicine for the managements of the dis-
ease; however, it is now discontinued [11]. At present, remdesivir is
widely used for the treatment of pneumonia associated with COVID-
19 [12]. Lopinavir, umifenovir, favipiravir and oseltamivir have also
been demonstrated as potentially active compounds against the virus
[10]. Because the design and development of drugs is a time consuming
process, studies on utilising existing agents for the management and
treatment of COVID-19 are important. In the present study, we investi-
gated selpercatinib as a potential anti-SARS-CoV-2 drug candidate.

In this work, we evaluated the structural and electronic features of
selpercatinib. Computational chemistry is a powerful tool for studying
the behaviours of various molecules and materials [13–17]. Hence, in
the current study, we examined the geometry, electronic properties
and reactivity descriptors of selpercatinib using density functional
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Fig. 1. Molecular structure of selpercatinib.

Table 1
Calculated physical parameters for selpercatinib.

Bond length Ǻ Bond Angle Value (in 0)

R(1,26) 1.35 A(26,1,33) 117.36
R(1,33) 1.43 A(21,7,26) 117.91
R(7,21) 1.34 A(1,26,7) 119.76
R(7,26) 1.32 A(4,16,18) 111.98
R(16,18) 1.51 A(11,4,12) 85.55
R(4,16) 1.46 A(11,13,12) 82.99
R(4,11) 1.51 A(14,5,15) 120.00
R(4,12) 1.51 A(15,5,17) 119.14
R(11,14) 1.52 A(14,5,17) 120.35
R(11,13) 1.54 A(5,17,6) 116.81
R(12,13) 1.55 A(17,6,23) 118.73
R(12,15) 1.52 A(28,8,32) 124.53
R(5,14) 1.46 A(9,8,28) 113.30
R(5,15) 1.47 A(8,9,34) 104.58
R(5,17) 1.37 A(30,2,36) 117.99
R(6,17) 1.35 A(2,36,35) 108.88
R(17,19) 1.42 A(36,35,38) 111.21
R(24,27) 1.48 A(3,35,36) 101.86
R(8,28) 1.38 A(35,3,70) 108.68
R(8,9) 1.36
R(8,32) 1.37
R(9,34) 1.33
R(31,39) 1.41
R(10,39) 1.16
R(28,31) 1.41
R(2,30) 1.36
R(2,36) 1.43
R(35,36) 1.53
R(35,37) 1.53
R(35,38) 1.53
R(3,35) 1.44
R(3,70) 0.96
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theory (DFT) calculations.We also analysed the intramolecular electron
delocalisations, non-covalent interactions and average local ionisation
energy indices of the compound. The data was supplemented by NICS
calculations. Moreover, the proton affinity of selpercatinib in solution
was evaluated using theoretical calculations. Intriguingly, high proton
and metal affinities were determined. The affinity of the agent towards
zinc was also investigated. It was found that zinc ions could inhibit the
multiplication of the virus inside host cells. Hence, it was hypothesised
that if selpercatinib could act as an ionophore, enabling the diffusion
of the metal ions into cells through the lipid bilayer, it could effectively
control further spread of the virus. The most important aspect of the
study was the potential use of the drug as a supplementary medicine
for the management of COVID-19 caused by SARS-CoV-19. Hence, we
also performed molecular docking of the compound with four known
SARS-CoV-19 proteins.

2. Methods

The selpercatinib molecule was optimised using the Gaussian-09
software [18]. The DFT-B3LYP method [19,20] and 6-311G+ (2d,p)
basis set were employed for the optimisation [21,22]. To ensure the
lack of imaginary frequency, frequency calculations were performed
to confirm that the obtained geometry corresponded to a global mini-
mum of the optimised geometry. The same geometry was used for the
analysis of the frontier molecular orbitals (FMO) and natural bond or-
bitals (NBO) as well as for nonlinear optical (NLO) studies. For the sim-
ulation of the ultraviolet (UV)-visible spectrum, time-dependent
density functional theory (TD-DFT) analysis with long-range corrected
CAM-B3LYP functional [23,24] and 6-311G+ (2d,p) basis set was con-
ducted using GaussSum to establish whether the electronic transitions
were time-dependent phenomena [25]. Selpercatinib contains more
than two possible reaction sites, e.g. methoxy, methylpyridine, 3,6-
diazobicycloheptane, pyridine, carbonitrile and pyrazolopyridine
groups. The total electrostatic potential, average localised ionisation en-
ergy, electron localisation functions, localised orbital locators, reduced
density gradients, localised entropy interactions and non-covalent in-
teractions of selpercatinibwere calculated using theMultiwavefunction
software [26]. The biological activity of the compound against SARS-
CoV-2 was evaluated by downloading the structures of the viral pro-
teins from the Protein Data Bank (PDB) at the RCSB website [27]. The
energy values were obtained from SwissDock [28,29], while the score
values were acquired from PatchDock [30,31]. The docked results
were collected from the bio-discovery studio software.

3. Results

3.1. Molecular geometry of selpercatinib

Themolecular structure of selpercatinib was optimised by DFT using
the DFT-B3LYP method and 6-311G+ (2d,p) basis set. The optimised
structure of the compound is illustrated in Fig. 1. As it can be seen,
selpercatinib contains a number of rings and functional groups, includ-
ingmethylpyridine, 3,6-diazobicycloheptane, pyridine, carbonitrile and
pyrazolopyridine moieties.

A summary of the calculated physical parameters for selpercatinib is
shown in Table 1. The bond angles for 26C–1O–33C, 21C–7 N–26C, 1O–
26C–7 N, 4 N–16C–18C, 11C–4 N–12C, 11C–13C–12C, 14C–5 N–15C,
15C–5 N–17C, 14C–5 N–17C, 5 N–17C–6 N, 17C–6 N–23C, 28C–8 N–
32C, 9 N–8 N–28C, 8 N–9 N–34C, 30C–2O–36C, 2O–36C–35C, 36C–
35C–38C, 3O–35C–36C, 35C–3O–70H and 3O–35C–37C were deter-
mined at 117.36°, 117.91°, 119.76°, 111.98°, 85.55°, 82.99°, 120.00°,
119.14°, 120.35°, 116.81°, 118.73°, 124.53°, 113.30°, 104.58°, 117.99°,
108.88°, 111.21°, 101.86°, 108.68° and 110.31°, respectively. In addition,
the bond lengths for 1O-26C, 1O-33C, 7 N–21C, 7 N–26C, 16C-18C, 4 N–
16C, 4 N–11C and 4 N–12C were established at 1.35, 1.43, 1.34, 1.32,
1.51, 1.46, 1.51 and 1.51 Å, respectively.
2

3.2. FMO analysis

FMO theory provides valuable information on the energy band gap.
Based on the energies of the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO), various
physical and chemical descriptors of a molecule can be predicted, en-
abling evaluation of its reactivity, stability and biological activity [32].
In this study, the HOMO and LUMO energies were calculated using the
B3LYP/6–311 + G(2d,p) basis set. The frontier energies and the related
chemical descriptors are summarised in Table 2 [33,34].

The HOMO, LUMO and energy gap (ΔE) of selpercatinib were
determined at−5.58,−1.69 and 3.90 eV, respectively. The other evalu-
ated chemical descriptors included ionisation energy (I), electron affin-
ity (A), global hardness (η), global softness (S), chemical potential (μ),
electronegativity (χ), electrophilicity index (ω) [35] and nucleophilicity
index (N) [36]. The values of these descriptors were established at 5.58,
1.69, 1.95, 0.51,−3.64, 3.64, 3.39 and 0.29, respectively. The energy gap
between the HOMO and LUMO was only 3.90 eV, indicating that the



Table 2
FMO properties of selpercatinib.

HOMO −5.58
LUMO −1.69
Energy gap ΔE 3.90
Ionisation energy (I = ɛHOMO = −HOMO) 5.58
Electron affinity (A = ɛLUMO = −LUMO) 1.69
Global hardness (η = (I − A)/2) 1.95
Global softness (S = 1/η) 0.51
Chemical potential (μ = −(I + A)/2) −3.64
Electronegativity (χ = −μ) 3.64
Electrophilicity index (ω = μ2/2η 3.39
Nucleophilicity index (N = 1/ω) 0.29
ΔNmax 1.87
Electroaccepting power ω + = A2/2(I − A) 0.37
Electrodonating power ω + = I2/2(I − A) −59.98
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electron transition in this compound is not difficult [33]. Chemical hard-
ness refers [37] to the ability of a compound to resist deformationwhile,
polarizability or softness [38] is the inverse measure of resistance to de-
formation and hence inversely related to hardness [39]. Amore detailed
discussion of reactivity is provided in the subsequent sections.
3.3. TD-DFT study

As time-dependent phenomena, electronic transitions, and conse-
quently electronic spectra, cannot be modelled by DFT simulations.
TD-DFT simulations, which employ Tamm–Dancoff approximations
must be used instead [40–44]. In this work, TD-DFT simulations with
the CAM-B3LYP functional and 6-311G+ (2d,p) basis set were con-
ducted using the integral equation formalism (IEFPCM) solvation
model and methanol as the solvent [45–48]. Fig. 2 illustrates the simu-
lated UV–visible spectrum of selpercatinib. The major peak with an os-
cillating strength of 0.46 was detected at 307.1 nm. The two major
contributions for this transition were from HOMO to LUMO (84%) and
from HOMO−1 to LUMO (11%). Notably, Fig. S1 demonstrating
the FMO indicates that HOMO, HOMO-1 and LUMO are located in the
similar region of the molecule. Furthermore, the second transition was
observed at 273.19 nm with an oscillating strength of 0.10. Thus, the
Fig. 2. UV–visible spectrum of selpercatinib simulated by TD-DFT CAM-B3LYP

3

second transition was less intense than the first. In this case, the major
contributions were from HOMO−1 to LUMO (42%) and from HOMO
to LUMO+2 (25%). The density of states (DOS) spectrum (Fig. 3)
showed that the band gaps near the HOMO and LUMO as well as the
frontier orbitals were free from core electron overlaps.

3.4. NLO properties of selpercatinib

Evaluation of light–matter interactions is remarkably important, par-
ticularly in the case of organic molecules. The ability of a molecule to
bend linear light can be determined by the analysis of the polarisability
and hyperpolarisability values obtained from Raman spectrum simula-
tions. Consideration of the NLO activity is especially significant for appli-
cation of organic compounds in the electronics industry [49–52].
Simulations are typically conducted on the same theoretical level as that
used for the optimisation studies and the results are comparedwith stan-
dard NLO active substances such as urea and p-nitroacetanilide [53–55].
The NLO properties of selpercatinib as well as their comparison with the
characteristics of urea and p-nitroacetanilide are shown in Table 3.

Selpercatinib exhibits a dipole moment (μ) of 2.9799 D, which is
0.9950 times greater than that of urea and 3.6106 times greater than
that of p-nitroacetanilide. Morever, hyperpolarisability (β) of the stud-
ied compound was established at 3714.3349*10−37 esu, which is
42.0605 times greater than that of urea and 4.6058 times greater than
that of p-nitroacetanilide. The mean polarisability (α0) of selpercatinib
is 424.0073*10−23 esu; hence, it is 17.4480 times higher than that of
urea and 3.4511 times higher than that of p-nitroacetanilide. Further-
more, the anisotropy of the polarisability (Δα) of the molecule was de-
termined at 950.3143*10−23 esu, which is 17.9165 times greater than
that of urea and 2.7533 times greater than that of p-nitroacetanilide.
Lastly, the molar refractivity (MR) of selpercatinib was established at
10699.84444 esu; therefore, it is 17.448 times higher than that of urea
and 3.4512 times higher than that of p-nitroacetanilide.

3.5. Study of NBO of selpercatinib

Intramolecular electron displacements are remarkably important as
they determine the inherent stability of a compound. Analysis of NBO
can be used to evaluate interactions by hyperconjugation [51–53]. The
/6-311G+ (2d,p) in methanol using the IEFPCM implicit solvation model.



Fig. 3. DOS spectrum indicating the occupied and virtual orbitals of selpercatinib with a distinct energy gap.
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occupancy values of NBOs and their delocalisation energies provide use-
ful information about the above-mentioned stabilisations [56–58]. In
this study, the NBO calculations were conducted using the NBO suite
available within the Gaussian 09 software [59].

Table 4 shows the occupancy data of NBOs of selpercatinib. Electron
transitions can occur from the donor bonding orbitals to the acceptor
lone pair, anti-bonding and anti-Rydberg orbitals exhibiting the corre-
sponding occupancies with suitable energies. In this work, we predomi-
nantly focused on the most significant transitions. It was established
that the electrons in the σ (O3–C35) orbital with an occupancy of
1.99 transitioned to R* (O3) with a delocalisation energy of 4329.48
kcal mol−1. Moreover, the electrons in σ (O3–H70) with an occupancy
of 1.99 transitioned to R* (O3) with an energy of 6329.79 kcal mol−1.
The occupancy of σ (C16–H49) was determined at 1.99. The electrons
in this orbital transitioned to R* (O3) with a delocalisation energy of
5312.21 kcal mol−1. In the case of σ (C17–C19) with an occupancy of
1.98, the electrons transitioned to R* (O3) with a delocalisation energy
6850.61 kcalmol−1. In addition, the electrons in theσ (C18–C20) orbital,
which displayed an occupancy of 1.98, transitioned to R* (O3) with an
energy of 10,167.24 kcal mol−1. The electrons in the σ (C19–C22) orbital
with occupancy of 1.98 transitioned to R* (O3) with an energy of
16,534.65 kcal mol−1. The electrons from σ (C19–H50), which exhibited
occupancy of 1.98 transitioned to R* (O3)with a delocalisation energy of
20,864.88 kcal mol−1. Lastly, the electrons from the σ (C20–C25) orbital
Table 3
NLO properties of selpercatinib.

Non-linear property selpercatinib urea p-nitroaceta

Dipole moment (μ) 2.9799 D 2.9946 D 0.8253 D

Hyperpolarisability (β) 3714.3349*10−37 esu 88.3092*10−37 esu 806.4447*10

Mean polarisability (α0) 424.0073*10−23 esu 24.3006*10−23 esu 122.8583*10

Anisotropy of polarisability
(Δα)

950.3143*10−23 esu 53.0411*10−23 esu 345.1504*10

Molar refractivity (MR) 10,699.84444 esu 613.2114 esu 3100.2575 e
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with an occupancy of 1.98 transitioned to R* (O3) with an energy of
20,135.46 kcal mol−1.

It is known that electrons transitions can also occur from the donor
core pair orbitals to the acceptor anti-bonding and anti-Rydberg orbitals
exhibiting the corresponding occupancies with suitable energies. In the
case of selpercatinib, the electrons transitioned from CR (O3) with an
occupancy of 1.99 to R* (O3) with an energy of 2735.82 kcal mol−1. In
addition, electron transitions can occur from the donor lone pair orbital
to the acceptor anti-Rydberg orbitals displaying the corresponding oc-
cupancies with suitable energies. In the studied case, these type of tran-
sitions were determined from n (O3) with an occupancy of 1.96 to R*
(O3), R* (C30), R* (C31), R* (C32), R* (C33), R* (C35), R* (C36) and R*
(C39) with energies of 2559.65, 130.38, 201.55, 248.72, 225.82,
450.30, 430.81 and 1044.68 kcal mol−1, respectively.

Furthermore, electron transitions can take place from the donor
anti-bonding orbitals to the acceptor anti-bonding orbitals exhibiting
the corresponding occupancies with suitable energies. It was
established that electron transitions occurred from σ* (C28–C31) and
σ* (C30–C32) with occupancies of 0.55 and 0.32 to σ* (C27–C29) and
σ* (C27–C29) exhibiting energies of 157.92 and 128.04 kcal mol−1, re-
spectively. Electrons also transitioned from the σ* (N7–C17) orbital
with occupancy of 0.48 to σ* (C19–C22) and σ* (C23–C24) with ener-
gies of 117.19 and 141.14 kcal mol−1, correspondingly. Lastly, the elec-
trons from the σ* (N7–C26) orbital with occupancy of 0.44 transitioned
nilide Comparison of selpercatinib with urea and p-nitroacetanilide

0.9950 times greater than urea and 3.6106 times greater than
p-nitroacetanilide

−37 esu 42.0605 times greater than urea and 4.6058 times greater than
p-nitroacetanilide

−23 esu 17.4480 times greater than urea and 3.4511 times greater than
p-nitroacetanilide

−23 esu 17.9165 times greater than urea and 2.7533 times greater than
p-nitroacetanilide

su 17.448 times greater than urea and 3.4512 times greater than
p-nitroacetanilide



Table 4
The occupancy data of natural bond orbitals (NBO) of selpercatinib.

Donor NBO (i) Acceptor NBO (j) E(2) kcal mol−1 E(j)-E(i) a.u. F(i,j) a.u. Occupancy

BD (1) C 16 - H 49 RY* (3) C 31 474.36 2.39 0.952 1.99
BD (1) C 17 - C 19 RY* (12) C 38 8687.41 2.32 4.027 1.98
BD (1) C 17 - C 19 RY* (2) C 39 7952.29 2.05 3.624 1.98
BD (1) C 17 - C 19 RY* (12) O 3 6850.61 2.53 3.736 1.98
BD (1) C 17 - C 19 RY* (10) C 35 793.97 4.39 1.675 1.98
BD (1) C 17 - C 19 RY* (12) C 32 643.21 4.8 1.578 1.98
BD (1) C 17 - C 19 RY* (10) C 33 595.82 4.85 1.526 1.98
BD (1) C 17 - C 19 RY* (3) C 31 594.26 4.99 1.545 1.98
BD (1) C 18 - C 20 RY* (10) O 3 10,167.2 0.18 1.213 1.98
BD (1) C 18 - C 20 RY* (5) C 39 769.77 0.96 0.771 1.98
BD (1) C 18 - C 20 RY* (11) C 36 492.87 1.39 0.744 1.98
BD (1) C 18 - C 20 RY* (10) C 35 474.39 1.06 0.636 1.98
BD (1) C 19 - C 22 RY* (10) O 3 16,534.7 0.09 1.101 1.98
BD (1) C 19 - C 22 RY* (5) C 39 696.83 0.87 0.699 1.98
BD (1) C 19 - H 50 RY* (12) O 3 20,864.9 0.42 2.645 1.98
BD (1) C 19 - H 50 RY* (9) C 36 7610.47 0.78 2.189 1.98
BD (1) C 19 - H 50 RY* (5) C 39 1181.71 2.18 1.44 1.98
BD (1) C 19 - H 50 RY* (10) C 35 767.61 2.28 1.186 1.98
BD (1) C 19 - H 50 RY* (12) C 32 576 2.69 1.118 1.98
BD (1) C 19 - H 50 RY* (10) C 33 529.12 2.74 1.081 1.98
BD (1) C 19 - H 50 RY* (3) C 31 517.35 2.87 1.094 1.98
BD (1) C 20 - C 25 RY* (6) O 3 20,135.5 5.04 9.044 1.98
BD (1) C 20 - C 25 RY* (1) H 70 10,354.6 6.92 7.598 1.98
BD (1) C 20 - C 25 BD* (1) C 38 - H 66 8695.02 7.27 7.124 1.98
BD (1) C 20 - C 25 RY* (12) C 36 7967.61 7.54 6.959 1.98
BD (1) C 20 - C 25 RY* (12) C 38 6041.7 9.24 6.708 1.98
BD (1) C 20 - C 25 RY* (2) C 39 5043.42 8.98 6.036 1.98
BD (1) C 20 - C 25 RY* (10) C 35 854.43 11.31 2.791 1.98
BD (1) C 20 - C 25 RY* (12) C 32 732.2 11.73 2.631 1.98
BD (1) C 20 - C 25 RY* (3) C 31 690.91 11.91 2.574 1.98
BD (1) C 20 - C 25 RY* (10) C 33 681.07 11.77 2.542 1.98
BD (1) C 20 - C 25 RY* (14) C 37 668.01 14.8 2.823 1.98
BD (1) C 20 - C 25 RY* (13) C 30 549.02 12.14 2.318 1.98
BD (1) C 23 - H 54 RY* (4) O 3 504.63 0.1 0.202 1.98
BD (1) O 3 - C 35 RY* (5) C 39 912.99 0.57 0.648 1.99
BD (1) O 3 - C 35 RY* (11) C 36 482.78 1.01 0.624 1.99
BD (1) O 3 - H 70 RY* (4) O 3 6329.79 0.17 0.942 1.99
BD (1) O 3 - H 70 RY* (5) C 39 2379.46 0.33 0.787 1.99
BD (1) O 3 - H 70 RY* (10) C 35 969.05 0.42 0.574 1.99
BD (1) O 3 - H 70 RY* (11) C 36 967.18 0.76 0.767 1.99
BD (1) O 3 - H 70 RY* (12) C 32 535.17 0.84 0.601 1.99
BD (1) O 3 - H 70 RY* (10) C 33 492.22 0.89 0.591 1.99
BD (1) O 3-C 35 RY* (7) O 3 4329.48 0.22 0.88 1.99
CR (1) O 3 RY* (6) O 3 2735.82 12.49 5.219 1.99
CR (1) O 3 BD* (1) C 38 - H 66 1352.84 14.72 3.991 1.99
CR (1) O 3 RY* (1) H 70 1319.02 14.37 3.888 1.99
CR (1) O 3 RY* (12) C 36 1254.1 14.99 3.871 1.99
CR (1) O 3 RY* (12) C 38 1075.45 16.69 3.782 1.99
CR (1) O 3 RY* (2) C 39 889.11 16.43 3.415 1.99
LP (1) O 3 RY* (4) O 3 2559.65 0.2 0.64 1.96
LP (1) O 3 RY* (5) C 39 1044.68 0.35 0.542 1.96
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to the σ* (C18–C21) and σ* (C20–C25) orbitals with energies of 99.02
and 161.88 kcal mol−1, respectively.

3.6. Evaluation of the molecular electrostatic potentials from electron den-
sities and nuclear charges and nuclear induced chemical shift (NICS) mea-
surements for the analysis of aromaticity

The electrostatic potential (V(r)) around a molecule is generated by
its nuclei and electrons. Analysis of static charge distribution is particu-
larly useful for predicting reactivity and can be defined by experimental
and computational calculations. Charge distribution indicates the posi-
tions or regions of a molecule, to which electrophiles are initially
attracted. It can also be used for the analysis of optimal relative orienta-
tions of reactants or respective orientations ofmolecules and their cellu-
lar receptors [32,60,61]. Fig. 4 illustrates the possible reaction sites of
selpercatinibwithin the range of−18.02–18.02 Bohr3. In the figure, col-
ours blue to red correspond to values between −0.100 and 0.100,
respectively.
5

As it can be seen, the blue colour was predominantly noted near
the nitrogen and oxygen atoms in selpercatinib. These are electron-
rich sites; therefore, they are easily attacked by electrophiles. In
contrast, the red colour was mainly observed near carbon atoms of
the 2-methylpropan-2-ol-1-oxy, diazobicycloheptane, pyridine, 4-
methoxypyridine and methyl moieties. These are electron-poor sites;
hence, they are attacked by nucleophiles [62].

The electrostatic potentials determined based on nuclear charges of
selpercatinib are shown in Fig. 5 [63–65]. Colours from blue to red refer
to numerical values between 0.000 and 50.000. The atomic structure
ranged from −19.32 to 19.32 Bohr3. For nuclear charge between 13 and
17, the blue colour near the proton atoms in 2-methylpropan-2-ol-1-
oxy, pyrazolopyridine, carbonitrile, diazobicycloheptane, pyridine and
4-methoxypyridinemethyl groups suggested that these sites were most
likely to undergo substitution reactions. Moreover, for nuclear charge
between 40 and 50, the red colour near oxygen, nitrogen and carbon
atoms in 2-methylpropan-2-ol-1-oxy, pyrazolopyridine, carbonitrile,
diazobicycloheptane, pyridine and 4-methoxypyridinemethyl moieties



Fig. 4.Molecular electrostatic potentials of selpercatinib.
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indicated that these sites predominantly underwent addition reactions.
Lastly, for nuclear charge between 27 and 33, the greenish-yellow colour
near all other elements implied that these sites were not involved in ei-
ther addition or substitution reactions.

The NICS analysis involves a magnetic measurement of the local
level of ring aromaticity in a molecule [66–70]. Selpercatinib contains
one terminal pyridine ring and one pyridine moiety in the middle of
the molecule. In addition, the compound also exhibits a pyrazolo-[1,5-
a]-pyridine ring, which is a combination of pyridine and pyrazole
rings. In this study, NICS(0), NICS (1) and NICS(−1) analyses were per-
formed for all of the above-mentioned aromatic groups at the DFT-
B3LYP / 6-31G+(d) level. Several reports demonstrated that NICS
(1) is a better measure of magnetic aromaticity that NICS(0), especially
in the case of five-membered rings.

The NICS(0), NICS(1) and NICS(−1) values of the terminal pyridine
ring in the molecule were determined at −6.95, −9.15 and −9.36,
respectively. These values were comparable those pure pyridine (i.e.
NICS(1), NICS (1) and NICS(−1) of −6.69, −9.98 and −9.95, respec-
tively). Hence, the results indicated that the pyridine ring in selpercatinib
maintained its aromaticity. The NICS(0), NICS(1) and NICS(−1) values
of the pyridine ring situated in the middle of the molecule were found
to be −5.32, −7.49 and −7.85, respectively. These values evidently
Fig. 5.Molecular electrostatic potentials determin
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demonstrated that the aromaticity of the pyridine ring marginally de-
creased. The NICS(0), NICS(1) and NICS(−1) values of the pyridine
ring of the pyrazolo-[1,5-a]-pyridine system were established at−7.35,
−7.43 and −7.44. It is noteworthy that the NICS(1) and NICS(−1)
values were consistent with second order degeneracy. Furthermore,
the NICS(0), NICS(1) and NICS(−1) values of the five-membered
pyrazole ring of the pyrazolo-[1,5-a]-pyridine system were determined
at −13.84, −11.16 and −11.20, respectively. Thus, the NICS(1) and
NICS(−1) values were consistent with second order degeneracy and
showed similar magnetic influence at the studied locations in the mole-
cule. Overall, the pyrazole ring of the pyrazolo-[1,5-a]-pyridine system in
selpercatinib was found to be themost aromatic, while the pyridine ring
in the centre of the molecule was established as the least aromatic. Spe-
cifically, the highest level of aromaticity in the molecule was detected in
the centre of the pyrazole ring of the pyrazolo-[1,5-a]-pyridine system. In
contrast, the centre of the pyridine ring situated in themiddle part of the
molecule was comparatively less aromatic.

3.7. Analysis of the average localised ionisation energy of selpercatinib

The average localised ionisation energy, I(r), is the energy needed to
remove an electron from point r in the system. The lowest values of I
ed based on nuclear charges of selpercatinib.



Fig. 6. Average localised ionisation energy of selpercatinib.
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(r) indicate the positions exhibiting the least tightly held electrons, i.e.
the most likely sites for reactions with electrophiles or radical species.
In addition to its importance in predicting reactivity, I(r) plays a signif-
icant role in evaluation of the atomic shell composition, electronegativ-
ity as well as local polarisability and hardness [71]. Fig. 6 demonstrates
the delocalisation and localisation of electrons in selpercatinib within
the range between −18.11 and 18.11 Bohr3. Colours blue to red corre-
spond to numerical values of 0.000–2.000.

The bluish-green colour indicates delocalised electrons of the
methoxypyridine, diazobicycloheptane, pyridine, pyrazolopyridine
and 2-methylpropan-2-ol-1-oxy groups. These moieties give rise to a
number of resonance structures and increase the stability of the mole-
cule. Moreover, blue denotes saturated or sigma bonds between the
proton, carbon and oxygen atoms. Red indicates multiple bonds in the
molecule; however, no such bonds were detected in selpercatinib.

3.8. Evaluation of non-covalent interactions in selpercatinib

Non-covalent interactions differ from covalent bonds in that they do
not involve sharing of electrons. Instead, they involve dispersed
Fig. 7. Non-covalent intera

7

variations of electromagnetic interactions betweenmolecules or within
a molecule. Non-covalent interactions are important in three-
dimensional arrangements of large molecules, such as proteins and
nucleic acids. Additionally, they play key roles in various biological pro-
cesses, in which largemolecules bind to each other specifically but tran-
siently. Consideration of covalent interactions is a crucial part of drug
and material design as covalent bonds affect crystallinity and self-
assembly processes [39]. Fig. 7 shows the non-covalent interactions of
selpercatinib, including hydrogen bonds, van der Waals interactions
and steric effects. The graph is a plot of energy vs. reduced density
gradient.

The hydrogen bonding interactions between the nitrogen atom in
the carbonitrile moiety and the hydrogen atoms in pyrazole were de-
tected between −0.021 and −0.005 a.u. Furthermore, the van der
Waals forces between the oxygen and hydrogen atoms of the
methylpropan-2-ol-1-oxy group in selpercatinib were in energy range
of −0.005–0.006 a.u. Lastly, the steric effects between the 2-
methylpropan-2-ol-1-oxy and pyrazolpyridine moieties as well as be-
tween the diazobicycloheptane and methylpyridine-4-methoxy groups
were in the energy range of 0.006–0.024 a.u.
ctions of selpercatinib.



Fig. 8. ELF of selpercatinib.
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3.9. Analysis of the electron localisation function (ELF) of selpercatinib

We subsequently investigated the electronic structure of
selpercatinib. Higher values of ELF indicate strong localisation, while
low values imply strong delocalisation of electrons in a molecule
[72–74]. The ELF values of selpercatinib are demonstrated in Fig. 8.

Colours blue to red correspond to numerical values between
0.000 and 0.100 for the molecule within the range of −19.32–19.32
Bohr3. Red was observed near all protons, lone pairs of electrons on
the oxygen and nitrogen atoms as well as near the core orbital elec-
trons of the carbon atoms of the 2-methylpropan-2-ol-1-oxy,
pyrazolopyridine, carbonitrile, diazobicycloheptane, pyridine and
4-methoxypyridinemethyl groups, indicating strongly localised
electrons. Moderately delocalised electrons were marked in green.
These were detected near ring and chain structures in the molecule.
Lastly, the blue colour denoted strongly delocalised electrons at
the carbon-to‑nitrogen-to‑carbon positions in the 2-methylpropan-
2-ol-1-oxy and carbonitrile chains as well as in the pyrazolopyridine,
diazobicycloheptane, pyridine and 4-methoxypyridinemethyl
groups. Electron delocalisation resulted in a number of resonance
structures, which contributed to the stability of selpercatinib.
Fig. 9. LOL profile o
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3.10. Localised orbital locator (LOL) of selpercatinib

We subsequently analysed the localised and delocalised molecular
orbitals of selpercatinib [75–77]. The LOL profile for selpercatinib is
shown in Fig. 9.

Colours blue to red correspond to numerical values between 0.000 and
0.800 for the molecule within the range of−19.32–19.32 Bohr3. The blue
colour denotes weakly pi-delocalised orbitals, whereas red indicates
strongly pi-delocalised orbitals in selpercatinib. In the molecule, these
orbitals are adjacent to one another; therefore, delocalisation of electrons
occurs on oxygen, nitrogen and carbon atoms of the 2-methylpropan-2-
ol-1-oxy, pyrazolopyridine, carbonitrile, diazobicycloheptane, pyridine
and 4-methoxypyridinemethyl groups.
3.11. Reduced density gradient of selpercatinib

The reduced density gradient is directly proportional to the elec-
tronic density of a molecule. Low value of the reduced density gradient
indicates low electronic density [75–77]. Fig. 10 shows the reduced den-
sity gradient of selpercatinib.
f selpercatinib.



Fig. 10. Reduced density gradient of selpercatinib.
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Colours blue to red correspond to numerical values between
0.000 and 1.000 for the molecule within the range of −19.32–19.32
Bohr3. In the plot, red indicates the reduced density between
0.9000 and 1.000 for the nitrogen atoms of the 2-methylpropan-2-
ol-1-oxy, pyrazolopyridine, carbonitrile, diazobicycloheptane, pyri-
dine and 4-methoxypyridinemethyl groups. The low reduced density
gradients are denoted in green and blue (0.5–0.65 and 0.0–0.5, re-
spectively). As shown in Fig. 10, the low and high reduced density
gradients are mixed.
3.12. Local information entropy of selpercatinib

Local information entropy analysis provides information on the sta-
bility of a molecule. Entropy is a feature of probability distributions and
can be used to quantify uncertainty. High values of local information en-
tropy are directly proportional to the uncertainty of spatial distribution
of electrons [78–81]. Fig. 11 demonstrates the local information entropy
of selpercatinib.

Colours blue to red correspond to numerical values between 0.000
and 1.000 for the molecule within the range of −19.32–19.32 Bohr3.
As it can be seen, all elements in the selpercatinib molecule exhibit
Fig. 11. Local information e
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very low local information entropy (0.000–0.100). This suggests that
selpercatinib is more stable at low uncertainty of spatial distribution
of electrons denoted in blue and depends on themass of hydrogen, car-
bon, nitrogen and oxygen atoms.
3.13. Proton affinity and regioselectivity of monoprotonation of
selpercatinib

Selpercatinib contains seven nitrogen atoms and exhibits remark-
ably high gas phase proton affinity. However, as they are located in dif-
ferent environments, the gas phase proton affinities corresponding to
different nitrogen atoms vary. The structure of the molecule contains
two nitrogen atoms (N4 and N5) in the 3,6-diazabicyclo-[3.1.1]-hep-
tane ring and two (N6 and N7) in the pyridine moieties. Moreover,
there are two nitrogen atoms (N8 and N9) in the substituents of the
pyrazolo-[1,5-a]-pyridine system and one (N10) in the cyano function-
ality bonded to this scaffold. The proton affinities corresponding to
these six nitrogen atoms were calculated using DFT with the B3LYP
functional combined with the 6-31G(d) basis set. Fig. 7 shows the com-
parison of the gas phase proton affinities of the different nitrogen atoms
in selpercatinib.
ntropy of selpercatinib.



Fig. 12. Comparison of the gas phase proton affinities (kcal mol−1) corresponding to the seven nitrogen atoms in selpercatinib.
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Fig. 12 clearly indicates that N4, i.e. one of the nitrogen atoms of the
3,6-diazabicyclo-[3.1.1]-heptane system, exhibits the highest gas phase
proton affinity, followed by the N6 atom of the pyridine ring in the cen-
tre of themolecule, N7 of the other pyridine ring, N5, i.e. the other nitro-
gen atom of the 3,6-diazabicyclo-[3.1.1]-heptane system, N9 of the
pyrazole ring and N10 of the cyano moiety. Moreover, N8, i.e. one of
the nitrogen atoms of the pyrazolo-[1,5-a]-pyridine system was found
to display the lowest gas phase proton affinity. Thus, the gas phase pro-
ton affinity of the seven nitrogen atoms of selpercatinibwas in the order
of N4 > N6 > N7 > N5 > N9 > N10 > N8.

Notably, N4 is not attached to any aromatic system and exhibits a
natural pyramidal geometry, making its lone electron pair easily avail-
able. This was the reason for the highest gas phase proton affinity of
this atom. Furthermore, N6 and N7 of the pyridine rings also show
high gas phase proton affinities. Similarly to N4, the lone electron
pairs of N6 and N7 are not delocalised into any aromatic system. In con-
trast, N5 displays a comparatively low gas phase proton affinity as it is
directly attached to the central pyridine ring of the molecule. Conse-
quently, its lone pair of electrons participates in resonancewith the pyr-
idine ring. In the case of N9, the lone pair of electrons participates in
aromaticity, decreasing the gas phase proton affinity of this nitrogen
atom. The sp. hybridised nitrogen atom of the cyano moiety (N10)
Fig. 13. Comparison of the gas phase affinities (kcal mol−1

10
shows an even lower gas phase proton affinity as its lone pair of elec-
trons is held tightly. Moreover, the considerably lower gas phase proton
affinity of N8 is attributed to the protonation of the atom at the cost of
distortion of the structure of the stable bicyclic aromatic rings. Hence,
the monoprotonation of selpercatinib was found to be regioselective
at the N4 position.

3.14. Ion selectivity and zinc affinity of selpercatinib

The gas phase affinities of N4 towards s-block metal ions, including
Li+, Na+ and K+, were subsequently calculated at the same theoretical
level. Fig. 13 shows the comparison of the gas phase metal ion affinities
and gas phase proton affinity at the N4 position.

Fig. 13 clearly indicates the high chemoselectivity of the N4 atom to-
wards H+. The gas phase affinity decreases sharply from H+ to Li+.
Moreover, the gas phase affinities were found slightly decrease with
the decrease in the charge density from Li+ to K+ via Na+. The affinities
of selpercatinib towards Zn++ were calculated at the DFT-B3LYP/
LanL2DZ level both in gas phase and in presence of water using the
IEFPCM model. When the Zn++ ion was placed close to N4 and N5, the
gas phase affinity was established at −254.91 kcal mol−1. In presence
of water in the IEFPCMmodel, at the same position of Zn++, the affinity
) of N4 of selpercatinib towards H+, Li+, Na+ and K+.



Table 5
Docking results for selpercatinib with SARS-CoV-2 proteins.

Parameters 6LZG 6 W63 6 M03 6 LU7

Energy 145.853 kcal mol−1 139.788 kcal mol−1 153.313 kcal mol−1 153.362 kcal mol−1

Simple Fitness 145.853 kcal mol−1 139.788 kcal mol−1 153.313 kcal mol−1 153.362 kcal mol−1

Full Fitness −3319.6 kcal mol−1 −1057.9 kcal mol−1 −1059.3 kcal mol−1 −1083.8 kcal mol−1

Inter Full Fitness −82.67 kcal mol−1 −58.331 kcal mol−1 −51.705 kcal mol−1 −45.918 kcal mol−1

Intra Full Fitness 187.894 kcal mol−1 186.294 kcal mol−1 189.101 kcal mol−1 190.347 kcal mol−1

Solvent Full Fitness −3957 kcal mol−1 −1407.1 kcal mol−1 −1417.6 kcal mol−1 −1447.7 kcal mol−1

Surface Full Fitness 532.146 kcal mol−1 221.238 kcal mol−1 220.891 kcal mol−1 219.475 kcal mol−1

Extra Full Fitness 0 kcal mol−1 0 kcal mol−1 0 kcal mol−1 0 kcal mol−1

ΔG complex solvent polar −3957 kcal mol−1 −1407.1 kcal mol−1 −1417.6 kcal mol−1 −1447.7 kcal mol−1

ΔG complex solvent nonpolar 532.146 kcal mol−1 221.238 kcal mol−1 220.891 kcal mol−1 219.475 kcal mol−1

ΔG protein solvent polar −3956. kcal mol−1 −1372.1 kcal mol−1 −1385.7 kcal mol−1 −1411.4 kcal mol−1

ΔG protein solvent nonpolar 533.989 kcal mol−1 222.123 kcal mol−1 221.3 kcal mol−1 221.095 kcal mol−1

ΔG ligand solvent polar −61.14 kcal mol−1 −60.313 kcal mol−1 −61.442 kcal mol−1 −59.367 kcal mol−1

ΔG ligand solvent nonpolar 11.2274 kcal mol−1 11.2051 kcal mol−1 11.3135 kcal mol−1 11.0969 kcal mol−1

ΔG van der Waals force −82.67 kcal mol−1 −58.331 kcal mol−1 −51.705 kcal mol−1 −45.918 kcal mol−1

ΔG electric force 0 kcal mol−1 0 kcal mol−1 0 kcal mol−1 0 kcal mol−1

Total ΔG −9.3169 kcal mol−1 −9.1002 kcal mol−1 −8.1853 kcal mol−1 −8.1222 kcal mol−1
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drastically decreased, reaching values as low as−23.11 kcal mol−1. The
decrease in the affinity of selpercatinib towards Zn++ in the presence of
water was attributed to the coordination and entrapment of the metal
ion in the solvent envelope. The coordinated cation is bulkier, which re-
sults in the reduced affinity of selpercatinib towards it.

3.15. Molecular docking

The molecular docking analysis was used to evaluate the interac-
tions between selpercatinib and SARS-CoV-2 proteins, including PDB
IDs 6LZG [82], 6W63 [83], 6 M03 [83] and 6 LU7. Numerous binding in-
teractions with the residues of these proteins have been identified [84].

Table 5 summarises the docking results obtained from SwissDock, in-
cluding the energy of the interactions between selpercatinib and the stud-
ied proteins. As it can be seen, SARS-CoV-2 protein 6LZG exhibited higher
Fig. 14. Skeletal structures showing the interactions
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full fitness, inter full fitness, solvent full fitness, surface full fitness, ΔG of
the complex in a polar solvent, ΔG of the complex in a nonpolar solvent,
ΔG of the protein in a polar solvent, ΔG of the protein in a nonpolar
solvent, ΔG of the ligand in a nonpolar solvent, ΔG of the van der Waals
forces and total ΔG energy than the other investigated proteins. In con-
trast, protein 6 M03 displayed higher ΔG of the ligand in a polar solvent
compared to the other proteins, while 6 LU7 showed the highest energy
as well as simple and intra full fitness energies [85–89]. SARS-CoV-2 pro-
teins 6LZG, 6 W63, 6 M03 and 6 LU7 exhibited full fitness energies of
−3319.61, −1057.90, −1059.33 and −1083 kcal mol−1, respectively.
The total ΔG values were determined at −9.3169, −9.1002, −8.1853
and−8.1222 kcal mol−1, respectively.

Analysis of the SARS-CoV proteins 6LZG, 6 W63, 6 M03 and 6 LU7
using PatchDock enabled the determination of score values of 6508,
5570, 5624 and 5894, respectively. Furthermore, the total interacting
between selpercatinib and SARS-CoV-2 proteins.
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surface areas were established at 745.50, 688.10, 770.40 and 743.80 Å2,
respectively, while theminimum atomic contact energies were−22.58,
−331.05,−409.25 and 372.48 kcal mol−1, correspondingly [90–92]. In
addition, the molecule solvent accessibilities were found to be 3385.80,
3089.51, 2833.11 and 3009.17 Å2, respectively.

Fig. 14 shows the skeletal structures of the interactions between
selpercatinib and SARS-CoV-2 proteins. Additionally, Fig. S2 demon-
strates the interactions between selpercatinib and SARS-CoV-2 protein
residues, whereas Table S1 summarises the SARS-CoV-2 protein labels,
names, hydrophobicity, pKa, average isotropic displacement, secondary
structure, residue solvent accessibility, side-chain solvent accessibility,
percent solvent accessibility, and percent side-chain solvent accessibility.

Table S2 shows the non-covalent interactions between selpercatinib
and SARS-CoV-2 proteins, including favorable non-bonding as well as
unfavourable non-bonding and bonding interactions. Moreover,
Table 6 summarises the hydrophobicity, hydrophilicity as well as neu-
tral, acidic and basic groups participating in the interactions between
selpercatinib and SARS-CoV-2 proteins.

Fig. S3, Tables 5 and 6 summarise the hydrophobic interactions be-
tween selpercatinib and SARS-CoV-2 proteins. In addition, hydrophilic
interactions between selpercatinib and SARS-CoV-2 proteins are dem-
onstrated in Fig. S4, Tables 5 and 6. The neutral, acidic and basic groups
participating in the interactions between selpercatinib and SARS-CoV-2
proteins are shown in Tables 5, 6 and Fig. S5–S7.
Table 6
Non-bonding interactions between selpercatinib and SARS-CoV-2 protein residues.

Non-bonding
interactions

Name of the
SARS-CoV-2
proteins

Labels of the SARS-CoV-2 proteins

Hydrophobicity 6LZG GLU A:37, MET A:383, ALA A:386, ALA A:387, PHE
A:390, ARG A:393, ARG B:403, ASP B:405 SER
B:494, VAL B:503, and TYR B:505

6 W63 THR A:26, MET A:49, LEU A:141, ASN A:142, CYS
A:145, MET A:165, GLU A:166, LEU A:167, PRO
A:168, and ARG A:188

6 M03 THR A:25, LEU A:27, VAL A:42, CYS A:44, MET
A:49, PHE A:140, LEU A:141, ASN A:142, CYS
A:145, MET A:165, GLU A:166, and LEU A:167

6 LU7 CYS A:22, THR A:24, THR A:25, LEU A:27, HIS
A:41, CYS A:44, MET A:49, LEU A:141, ASN A:142,
GLY A:143, CYS A:145, HIS A:164, MET A:165, VAL
A:186, and ARG A:188

Hydrophilicity 6LZG ASN A:33, HIS A:34, GLU A:37, ASP A:38, LYS
A:353, GLN A:388, ARG A:393, ARG B:403, ASP
B:405, GLN B:493, SER B:494, and TYR B:505

6 W63 THR A:26, HIS A:41, ASN A:142, HIS A:164, GLU
A:166, PRO A:168, ASP A:187, ARG A:188, GLN
A:189, and GLN A:192

6 M03 THR A:25, HIS A:41, ASN A:142, HIS A:163, HIS
A:164, GLU A:166, HIS A:172, and GLN A:189

6 LU7 THR A:24, THR A:25, HIS A:41, ASN A:142, GLY
A:143, HIS A:164, GLU A:166, ASP A:187, ARG
A:188, GLN A:189, and GLN A:192

Neutral groups 6LZG THR A:324, PRO A:389, TYR B:453, SER B:494, TYR
B:495, GLY B:496, GLY B:502, GLY B:504, and TYR
B:505

6 W63 THR A:A25, THR A:26, GLY A:143, PRO A:168, and
THR A:190

6 M03 THR A:25, SER A:46, TYR A:118, SER A:139, GLY
A:143, and SER A:144

6 LU7 GLY A:23, THR A:24, THR A:25, THR A:26, THR
A:45, THR A:54, GLY A:143, and SER A:144

Acidic groups 6LZG GLU A:37, ASP A:38, and ASP B:405
6 W63 GLU A:166, and ASP A:187
6 M03 GLU A:166
6 LU7 GLU A:166, and ASP A:187

Basic groups 6LZG HIS A:34, LYS A:353, ARG A:393, and ARG B:403
6 W63 HIS A:41, HIS A:164, and ARG A:188
6 M03 HIS A:41, HIS A:163, HIS A:164, and HIS A:172
6 LU7 HIS A:41, HIS A:164, and ARG A:188
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4. Conclusions

Selpercatinib exhibits suitable HOMO–LUMO energy gap values. The
molecule also displays good chemical parameters, ionisation energy,
electron affinity, global hardness, global softness, chemical potential,
electronegativity, electrophilicity index and nucleophilicity index. The
UV–vis spectrum of selpercatinib showed absorption peaks at
307.1098 and 272.1917 nm with 0.0.4698 and 101,061 oscillator
strengths, respectively. Analysis of the NLO properties of the molecule
revealed that its dipole moment is 0.9950 times greater than that of
urea and 3.6106 times higher than that of p-nitroacetanilide. Moreover,
it was determined that hyperpolarisability of selpercatinib is 42.0605
times higher than that of urea and 4.6058 times higher than that of p-
nitroacetanilide. The mean polarisability is 17.4480 and 3.45 times
greater than those of urea and p-nitroacetanilide, respectively. It was
also established that the anisotropy of the polarisability of the com-
pound is 17.91 and 2.7533 times higher than those of urea and p-
nitroacetanilide, correspondingly. Lastly, it was found that themolar re-
fractivity of selpercatinib is 17.448 and 3.4512 times higher than those
of urea and p-nitroacetanilide, respectively. The NBO analysis was
used to evaluate the bonding molecular orbital properties of
selpercatinib exhibiting suitable occupancies and energies. The assessed
reaction site properties included electrostatic potentials, average local-
ised ionisation energy and noncovalent interactions. It was determined
that the methoxy, methylpyridine, 3,6-diazobicycloheptane, pyridine,
carbonitrile and pyrazolopyridine moieties were the most reactive
groups in selpercatinib. The molecule was shown to behave as a proton
sponge and displayed strong proton affinity. Furthermore, selpercatinib
is capable of removing metal ions in aqueous solutions. The particularly
noteworthy ability is its attraction to zinc ions in solutions. It is know
than as zinc ions play key roles in preventing the penetration of viruses
into human cells; however, due to their charge, they cannot enter the
cells through the lipid bilayers. Importantly, the affinity of selpercatinib
towards zinc makes it an ionophore, enabling effective transport of ac-
tive zinc ions into cells. Lastly, we conducted a molecular docking anal-
ysis to investigate the interactions between selpercatinib and several
SARS-CoV-2 proteins (6LZG, 6W63, 6M03, and 6 LU7). The interactions
between hydrophilic, hydrophobicity, acidic, basic and neutral groups of
the proteins and selpercatinib were evaluated in detail.
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