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Abstract

The geometrical structures of cucurbit[z]uril (CB[n], n=5-8 and their complexes with molnupiravir (MLP) drug have been
investigated using the DFT computations. The complexation energies and electronic properties of CB[n]/MLP complexes
were also computed. The host—guest interactions in the complexation are occurred through the of dipole—dipole interactions
which are the hydrogen bonds between the O—H or N—H of molnupiravir and oxygen atoms of CB[n]s. The CB[n]/MLP
host—guest complexation in both gas and water are found to be an exothermic reaction with negative complexation energy
values. By means of the NBO analysis and MEP contours, the partial charge transfers from CB[n]s to molnupiravir are
displayed. After drug complexation, the electronics properties of CB[n]s are significantly changed. This means that CB[#]
s can act as a host for appropriately molnupiravir guest, even in aqueous solution.
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Introduction

The molnupiravir (MLP) has been known to be a pro-drug of
the nucleoside analogue N*-hydroxycytidine and an antiviral
drug used for the influenza treatment [1, 2]. In addition, it
has recently been known as an oral antiviral treatment drug
of COVID-19 [3]. Molnupiravir reduces the virus’s ability
to replicate, by this means slowing the disease. The clini-
cal trials show a meaningfully lower risk of hospitalization
in adults experiencing mild COVID-19 [4]. However, mol-
nupiravir has some side effects like any other drug, such
as diarrhea, nausea, and dizziness [5]. Most therapeutic
COVID-19 drugs have been discarded due to their low effi-
ciency due to several factors, such as poor solubility and
drug release and other toxic effects. To solve these factors, a
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drug delivery system via host—guest formation based on the
encapsulation of a guest (drug of interest) molecule inside
the cavity of a macrocyclic host by noncovalent interaction
and bonding has been developed [6, 7]. The noncovalent
interactions of host—guest formation include van der Waals
force, n—x stacking interaction, hydrogen-bonding, electro-
static interaction, and hydrophobic/hydrophilic interaction
[8, 9]. In particular, hydrogen bond is a noncovalent interac-
tion that stabilize the formed complexes [10].
Cucurbiturils or cucurbit[n]urils (CB[n]s) are one of the
major macrocyclic hosts for drug delivery vehicles due to
their comparatively low toxicity and ability to make guest
compound crossing via the cellular membrane easier [11,
12]. The molecular formula of CB[n]s is Cg Hg, N, O,
which has a simple structure with a pumpkin-like geometry
[13, 14]. The main characteristic of macrocyclic hosts is
their hydrophobic cavity interior with hydrophilic exteriors
that allow them to afford partial or complete encapsulation
of drugs through noncovalent interactions such as ion—dipole
interactions and hydrogen bonding interaction between mac-
rocyclic host and drug [15-18]. However, because experi-
mental method is expensive and time-consuming, there is
more advantageous to model them theoretically before suc-
cessful experimental studies. The density functional theory
(DFT) computation is a powerful theoretical tool which
is applied for studying the host—guest interaction between
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drugs and macrocyclic hosts such as calix[n]arenes, cyclo-
dextrins, and CB[n]s. The DFT method was performed for
theoretical modeling on the interactions between the CB[n]
s and drugs such as fluorouracil [19], capecitabine [20],
oseltamivir [21], and gemcitabine [22].

To our recent knowledge, there has not been reported of
a systematic theoretical investigation of the complexation
between molnupiravir and CB[#n]s. So, in the present work, a
systematic theoretical investigation of the host—guest compl-
exations between molnupiravir and cucurbit[n]uril (n =5-8)
and their energetical and geometrical properties by means
of the DFT calculations has been investigated. Moreover,
the electronic properties such as charge transfer, energies of
the highest occupied molecular orbital (HOMO), the low-
est unoccupied molecular orbital (LUMO), and molecular
electrostatic potential (MEP) for the species and complexes
have been also computed and reported.

Computational details

The initial geometries of cucurbit[n]urils (CB[n=6-8]) have
been adopted from previously reported [21]. The optimized
structures of molnupiravir (MLP), CB[n] (n=5-8) and their
complexes were performed at the density functional calcu-
lations. All calculations were carried out with the Becke
three-parameters exchange functionals and LYP correlation
functional (B3LYP) theory. The 6-31G(d,p) basis set was
used [23-25]. The geometrical structures of the MLP and
CB[n] molecules have been optimized prior to forming the
1:1 host—guest supramolecular assemblies. By means of
the corresponding optimized structures of MLP and CB|[#]
compounds, the assemblies have been constructed as dis-
played in Fig. 1. The model in which MLP entering into the
CB[n] cavity by isopropyl was named the MLP—-1 complex,
the other in which MLP entering into the CB[r] cavity by
aromatic group was named the MLP-2 complex. Full geo-
metrical optimizations of the MLP, CB[n]s and their com-
plexation structures without any geometrical or symmetry
constrains have been performed. So, the MLP compound had
to move in the CB[n] cavity during the whole optimization
process. The highest occupied molecular orbital (Eygno)
and the lowest unoccupied molecular orbital (£} ;o) ener-
gies have been also calculated.

All calculations were carried out using the GAUSS-
IAN 09 program package [26]. Electronic properties of all
species were computed in the gas and water phases. The
computations in water phase, the solvent effect under the
conductor—like polarizable continuum model (CPCM) [27,
28] have been carried out. To understand the complexation
stability, the complexation energy (Ecpx) between CB[n]
and molnupiravir was calculated according to the following
equation:
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Fig.1 Schematics of the 1:1 molecular host-guest supramolecular
assemblies of MLP with CB[n]

Ecpx = EH—G - (EH + EG) (1)

where Ey g, Ey and E are the total energy of the complex,
the free optimized CB[#n], and the free optimized molnupira-
vir energy, respectively.

The natural bond orbital (NBO) were performed as imple-
mented in GAUSSIAN 09 program. The partial charge trans-
fers (PCTs) during complexation were defined as a change
in molnupiravir charges during the complexation using the
calculated natural bond orbital charges. Finally, the molecu-
lar graphics and electrostatic potential of studied compound
were generated with MOLEKEL 4.3 program [29].

Results and discussion
Geometrical structures

The geometrical structures of molnupiravir, cucurbit[#n]
uril (n=>5-8) and their complexes with molnupiravir were
computed by full optimization without any constrains using
the DFT computation. Fully optimized geometries of mol-
nupiravir and free cucurbit[z]uril molecules are displayed in
Figs.2, 3, respectively. The optimized geometrical structure
of CBJ[5] is found to possess as a D,;, symmetrical structure.
The intramolecular depths of the CB[5] cavity is 6.23 A.
The intermolecular distance between the oxygen portals for
CBJ[5]is 5.46 A. While, the geometrical structures including
the symmetrical structure, the intramolecular depths of the
cavity and the intermolecular distances between the oxygen
portals of CB[6]-CB[8] are according to the earlier com-
puted values [21].

To examine the possible geometries of the CB[n]/
MLP complexes, two types of the possible 1:1 molecu-
lar host—guest inclusion modes of binding motive via
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Fig.2 Optimized structure,
HOMO and LUMO of mol-
nupiravir

isopropyl (CB[n]/MLP-1) and aromatic (CB[n]/MLP-2)
side chains of MLP pointing to CB[n] cavities are obtained
(Fig. 1). The DFT optimized structures of molnupiravir
complexes with the CB[5]-CB[8] are displayed in Figs. 4,
5. The optimized structures for all CB[n]/MLP complexes
present that most of molnupiravir is still positioned inside
the CB[6]-CB[8] cavities except for CB[S]/MLP complex,
molnupiravir is expelled out of CB[5]. This imply that the
CBJ[5] cavity size is too small for molnupiravir inclusion.
Upon inclusion of MLP drug, the CB[n] diameter under-
takes a change with extension in one direction, while the
other side undertakes a contraction. After MLP inclusion
into CB[n]s, it is found that there is not remarkable change
in the geometric structure of MLP.

The calculated results also show that the CB[n] can
form stable complexes with molnupiravir through
dipole—dipole interactions such as the hydrogen bonds
between the O—H or N—H of molnupiravir drug and portal
oxygen atoms of CB[n]. The number of hydrogen bonds
and average hydrogen bond distances of CB[5]-CB|[8]
complexes with MLP drug with different inclusion orien-
tations are listed in Table 1. It is found that, all CB[n] can
form the stable complexes with MLP through hydrogen
bonds, except for CB[5]/MLP-1 and CB[6]/MLP-1 com-
plexes. The average hydrogen bond distances of CB[n]/
MLP complexes are found in the range of 2.036-2.282 A.

Complexation energies

To know the complexation ability, the complexation ener-
gies (E,,) of the MLP with CB[n] were computed. The
complexation energy was defined as the energy difference
between the total energy of CB[n]/MLP complex and the
total energy of the free CB[n] and MLP compound at their
most stable geometry. The complexation energies of the
CB[5]-CB[8] with molnupiravir in gas and water phases
computed at the B3LYP/6-31G(d,p) theoretical level are
listed in Table 1. The negative complexation energy val-
ues reveal that the inclusion complexes are exothermic
process. The complexation energies of all complexes in
gas phase are found to be in the range of — 6.02 to — 19.66
kcal/mol. The complexation energy of CB[8]/MLP-2
complex show the most energetically favorable value of
— 19.66 kcal/mol. The complexation abilities of CB[n] to
molnupiravir drug in gas phase are in the order: CB[8]/
MLP-2 (- 19.66 kcal/mol) = CB[7]/MLP-1 (- 19.45
kcal/mol) > CB[8]/MLP-1 (- 18.47 kcal/mol) > CB[7]/
MLP-2 (- 17.39 kcal/mol) > CB[5]/MLP-1 (- 15.97
kcal/mol) > CB[5]/MLP-2 (- 13.49 kcal/mol) > CB[6]/
MLP-1 (- 8.12 kcal/mol) > CB[6]/MLP-2 (- 6.02 kcal/
mol), respectively. It is found that, CB[8]/MLP-2 com-
plex has the most energetically favorable value among
the other complexes which corresponds to a large number
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Fig.3 Optimized structures of a CB[5], b CB[6], ¢ CB[7], and d
CBJ[38]

of hydrogen bonds and short average hydrogen bond dis-
tance compared to CB[7]/MLP-2 with the same number
of hydrogen bonds. In addition, the hydrogen bonds of
CB[8]/MLP-2 complex are more stronger than hydrogen
bonds of CB[7]/MLP-2 complex according to the differ-
ences in their bond angles in which the hydrogen bond
angles of CB[8]/MLP-2 complex are more close to 180
degrees than that of the CB[7]/MLP-2 complex.

In water phase, the complexation energies of all com-
plexes are negative values except for CB[6]/MLP complexes.
The complexation energies of all complexes in water phase
are in the range of — 4.39 to — 12.80 kcal/mol. This indicates
that complexations are also processed via exothermic reac-
tion and all complexes are also stable in water phase as same
as in the gas phase, except for CB[6]/MLP complexes. In the
gas phase, the complexation energies are very high com-
pared to the water phase. The higher values of complexation
energies in the gas phase ascend as the water molecules in
the CB[#n] cavity are not considered in the gas phase compu-
tations. Whereas in the water phase, those water molecules
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Fig.4 Optimized structures of a CB[5]/MLP-1, b CB[5]/MLP-2,
¢ CB[6]/MLP-1, and d CB[6]/MLP-2 complexes. Birds eye—view
(top) and side view (bottom)

can bind with MLP and CB[n]s via hydrogen bonding inter-
action and stabilize the complexes [30-32].

Charge and electronic properties

Upon the complexation of molnupiravir drug with CB[#n]
s, the effects of molnupiravir drug on CB[n] electronic
behavior have been investigated to explore their electronic
structural change. In addition, the chemical activity of
CB[n]s to molnupiravir, the highest occupied molecular
orbital (HOMO), the lowest unoccupied molecular orbital
(LUMO), and energy gap (E,,,) have been computed. The
energy gap is defined as the gap between HOMO and
LUMO energies. The electronic properties of the CB[n]s
comparing with their complexes with molnupiravir were
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Fig.5 Optimized structures of a CB[7]/MLP-1, b CB[7]/MLP-2,
¢ CB[8]/MLP-1, and d CB[8]/MLP-2 complexes. Birds eye—view
(top) and side view (bottom)

used to evaluate the chemical activity of CB[n]s. The com-
puted HOMO and LUMO energies and energy gaps of
CB[n]s and theirs complexes with molnupiravir drug com-
puted in both gas and water phases are listed in Table 2.
In the gas phase, the results display that the HOMO levels
of CB[n]s are not remarkably different from that of MLP,
nevertheless the LUMO levels of CB[n]s are higher than
that of MLP. This means that in CB[n]/MLP complexes,
electron can transfer from CB[n]s to MLP. The energy
gaps of CB[5], CB[6], CB[7], and CB[8] are computed to
be 7.196, 7.228, 7.237, and 7.224 eV, respectively, these
results are found to be in good agreement with the previ-
ous works [21]. For the CB[n]/MLP complexes, the energy
gaps of CB[n]/MLP complexes are found in the range of

Table 1 The complexation energies (Ecpx) in gas and water phases (in
parenthesis) and partial charge transfers (PCTs), average hydrogen
bond distance (HBD), and number of hydrogen bond (HB) of CB[n]/
MLP complexes obtained from the B3LYP/6-31G(d,p) theoretical

level

Complexes Ep PCT® Average Number of
HBD® HB
CB[5//MLP-1 —1597 (-4.39) —0.004 - -
CB[5)/MLP-2 — 1349 (- 8.65) —0.026 2.177 2
CB[6/MLP-1 —8.12 (=% -0.038 - -
CB[6]/MLP-2 — 6.02 (=% —0.057 2.249 3
CB[7//MLP-1 —19.45 (- 1220) —0.043 2.036 1
CB[7/MLP-2 —17.39 (- 12.50) —0.057 2282 4
CB[8]/MLP-1 —18.47(-9.89) —0.049 2.057 2
CB[8/MLP-2 —19.66 (— 12.80) —0.055 2.188 4

In kilocalories/mol (kcal/mol)
®Tn electrons (e)
‘In angstroms

dunconvergence

4.956-5.426 eV. In the water phase, the calculated results
display that the HOMO levels of CB[r]s are also slightly
different from that of MLP, nevertheless the LUMO levels
of CB[n]s are also found to be higher than that of MLP.
This means that in CB[n]/MLP complexes, electron can
transfer from CB[n]s to MLP. The energy gaps of CB[5],
CB[6], CB[7], and CB[8] are computed to be 7.184, 7.320,
7.347, and 7.374 eV, respectively. For the CB[n]/MLP
complexes, the energy gaps of CB[n]/MLP complexes are
computed to be in the range of 5.089-5.442 eV. These
deceasing of energy gaps of CB[n]s which appears after
complexation with molnupiravir drug in both gas and
water phases may be due to the electrons are transferred
from CB[n]s to molnupiravir drug which confirmed by the
charge transfer analysis. Moreover, the results indicate that
all of CB[n]s are changed in their electrical conductivi-
ties due to molnupiravir complexation. The dipole moment
of MLP is larger than that of CB[n]s, which implies that
inclusion of MLP into CB[n] can modify the dipole
moment of MLP. Most of dipole moments of CB[n]/MLP
complexes are found to be larger than MLP, this implies
that CB[n]/MLP complexes can have more solubility in
water than free MLP.

In addition, the quantum molecular descriptors i.e., elec-
tronic chemical potential (u), electronegativity (y), chemical
hardness (), electrophilicity (w), and chemical softness ()
of the CB[n] and their complexation with molnupiravir drug
were computed and analyzed (Table 2). They were calculated
from the HOMO and LUMO energy levels (Eq. (2)-(6)).
The p, y, n, @, and S are considered as the first and the sec-
ond partial derivatives of electronic energy (E) with respect
to the number of electrons (N) at a fixed external potential
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Table 2 The highest occupied

molecular orbital energies Type Enomo Eromo Exap - u 4 ¢ 5
(EHOMO’.eZ)’ tf;e lolwest MLP -6328  —1.299 5030 —3.813 3.813 2515 2891  0.199
‘;;‘t‘)’l:;“g;rg‘:z ZCFLLIUTA N (- 6204) (- 1.088) (5.116) (—3.646) (3.646) (2.558) (2.599) (0.195)
eV), energy gaps (Egyy eV), CBI5] -6377 0819 7196 —2.779 2779 3598 1073 0.139
electronic chemical potential (-6.613) (0.571) (7.184) (-=3.021) (3.021) (3.592) (1.270) (0.139)
g? ez]’; elllecttonfiatigity CB[6] - 6424 0.803 7228 —2.811 2.811 3614  1.093  0.138
o, ZV): Zlgcrgl:;hn?crit;e(z (- 6.694)  (0.626) (7320) (—3.034) (3.034) (3.660) (1.258) (0.137)
eV), and softness (S, eV) of CB[7] -6507 0730 7237 —-2.888 2.888 3619  1.153  0.138
molnupiravir, CB[n] and CB[n]/ (- 6.749)  (0.599) (7.347) (=3.075) (3.075) (3.674) (1.287) (0.136)
MLP complexes obtained CB[8] - 6574 0.649 7224 —2.963 2963 3612 1215  0.138
;‘;rg:rftﬁzgsv)va‘er phases (in (- 6803) (0571)  (7374) (=3.116) (3.116) (3.687) (1316) (0.136)
CB[5J/MLP-1 —5804  —0.708 5095 —3.256 3256 2548 2081  0.196
(—6.150) (- 1.061) (5.089) (—3.606) (3.606) (2.544) (2.555) (0.197)
CB[5J/MLP-2 —5261  0.164 5426 —2.548 2.548 2713 1.197  0.184
(—6.095) (—0.653) (5442) (-3.374) (3.374) (2.721) (2.092) (0.184)
CB[6/MLP—1 —5489  —0.362 5127 —2.925 2925 2564  1.669  0.195
(—6.123) (= 1.007) (5.116) (—3.565) (3.565) (2.558) (2.484) (0.195)
CB[6)/MLP-2 —5.144  0.133 5277  -2506 2506 2638  1.190  0.190
(-5959) (-0.708) (5.252) (-3.333) (3.333) (2.626) (2.116) (0.190)
CB[7)/MLP-1 —5.144  —0.015 5129 2580 2580 2564 1297  0.195
(—6.150) (—1.034) (5.116) (-3.592) (3.592) (2.558) (2.522) (0.195)
CB[7)/MLP-2 —4.669  0.297 4965 —2.186 2186 2483 0962  0.201
(—5932) (—0816) (5.116) (-3.374) (3.374) (2.558) (2.226) (0.195)
CB[8)/MLP-1 —43885  0.180 5064 —2352 2352 2532 1.093  0.197
(—6.095) (—1.007) (5.089) (-3.551) (3.551) (2.544) (2.478) (0.197)
CB[8/MLP-2 —4.489  0.467 4956 —2.011 2011 2478 0816 0202
(—5.932) (—0.844) (5.089) (—3.388) (3.388) (2.544) (2.256) (0.197)

(v(r)) [33]. Base on the Janak’s approximation [34], ana-
lytical and operational definitions of the quantum molecular
descriptors were given as following equations:

oF
H= <W>v(7) = (Eromo + Enomo)/2 @
4= —u 3)
1( 0°E
n = §<W>V(7) = (Eromo=Enomo) /2 )
_#
0=t )
_ 1
- . (6)

The molecular descriptors were used to describe the elec-
tron transfer between host and guest molecules and supply
data about the structural stability and reactivity of all spe-
cies. The increasing of the x4 and 5 results in the decrease of
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the y, w, and S which induce the increasing of the stability
and decreasing of the reactivity. The global indices of stabil-
ity and reactivity in both gas and water phases are listed in
Table 2. All of values of the hardness, chemical potential,
electronegativity, electrophilicity, and chemical softness
for complexes are modified from the individual CB[n]s and
molnupiravir drug.

In gas phase, the electronic chemical potential values of
all complexes are computed to be in the range of — 3.256 to
—2.011 eV. The chemical potentials of all the complexes are
computed to be a negative value indicating that the inclusion
complexes are in the stable form. The chemical potential can
point out the affinity of electron transfer in the complexation
process. The electronegativity values are computed in the
range of 2.011 to 3.256 eV, and the chemical hardness values
are found in range of 2.478 to 2.713 eV. The electrophilicity
values are in range of 0.816 to 2.081 eV and the chemical
softness values are in range of 0.184 to 0.202 eV. This indi-
cates that after molnupiravir forms complexes with CB[n],
the chemical hardness and electronegativity values of com-
plexes are decreased, excepted the electronegativity value
of CB[5]/MLP-1 and CB[6]/MLP-1 which are increased.
The chemical potential and softness values are increased,
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Fig. 6 Plots of the LUMO (top) and the HOMO (bottom) orbitals of a CB[5], b CB[5]/MLP-1, ¢ CB[5[/MLP-2, d CB[6], e CB[6]/MLP-1, and

f CB[6]/MLP-2

except for the chemical potential value of CB[5]/MLP-1 and
CB[6]/MLP-1 are decreased. The chemical softness values
of CB[n]/MLP complexes are higher than that of the bare
CB|[n]s, therefore the reactivity of CB[n]/MLP complexes is
higher than that of the bare CB[n]s. The electrophilicity val-
ues of CB[5]/MLP complexes, CB[6]/MLP complexes and
CB[7]/MLP-1 are increased while the electrophilicity values
of CB[8]/MLP complexes and CB[7]/MLP-2 are decreased.
Therefore, the calculated results approve that CB[n]s are

changed in their electrical conductivity due to molnupiravir
complexation.

In water phase, the electronic chemical potential and
chemical hardness values of bare CB[n]s are in the range
of —3.116 to — 3.021 eV and 3.592 to 3.687 eV, respec-
tively. The electronic chemical potential and chemical
hardness values of CB[r]/MLP complexes are in the range
of — 3.606 to — 3.333 eV and 2.544 to 2.721 eV, respec-
tively. Signifying that when molnupiravir forms complexes
with CB[n], the electronic chemical potential and chemical
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Fig.7 Plots of the LUMO (top) and the HOMO (bottom) orbitals of a CB[7], b CB[7]/MLP-1, ¢ CB[7[/MLP-2, d CBI[8], e CB[8]/MLP-1, and

f CB[8]/MLP-2

hardness values are decreased. The electronegativity, elec-
trophilicity, and chemical softness values of bare CB[n]s
are in range of 3.021 to 3.116 eV, 1.258 to 1.316 eV, and
0.136 to 0.139 eV, respectively. The electronegativity, elec-
trophilicity, and chemical softness values of CB[n]/MLP

@ Springer

complexes are in range of 3.333 to 3.606 eV, 2.092 to 2.555
eV, and 0.184 to 0.197 eV, respectively. This indicates that
when molnupiravir forms complexes with CB[r], the elec-
tronegativity, electrophilicity, and chemical softness values
of CB|[n]s are increased. Therefore, the results confirm that
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Fig.8 Computed molecular electrostatic potentials on the molecular surfaces of a CB[5], b CB[6], ¢ CB[7], and d CB[8]. Blue regions are more

positive charges and red regions are more negative charge

after molnupiravir complexes with CB[n], the stability of
the CB[n]/MLP complexes are lower than that of the bare
CB[n]s, whereas the chemical reactivity of the CB[n]/MLP
complexes are higher than the bare CB[rn]s. In addition, it is
also found that CB[n]s are changed in their electrical con-
ductivity due to molnupiravir complexation.

Partial charge transfer (PCT) and host—guest interaction
between molnupiravir and CB[n] complexation can be inter-
preted by the NBO (natural bond orbital) analysis [33]. The
PCT was defined as Qcgy,ymp—Cmip Where the Qcppynrp
is the total charge of molnupiravir complexation with CB[n],
and the Q) p is the charge of isolated molnupiravir. Consid-
ering the PCT of molnupiravir complexation, the negative
value of PCT denotes the electron transfer from CB[#n] to
molnupiravir molecule; positive PCT value means the oppo-
site process. The computed PCTs of CB[n]/MLP complexes
are in the range of — 0.004 to — 0.057 e. The computed PCT
results approve that the charge transfer arises from the CB[#]
s to the molnupiravir. This indicates that when the CB[n]

molecules interact with molnupiravir, their charge distribu-
tions are altered.

The orbital distributions were computed to analyze elec-
tronic property variation of CB[n]s corresponding to the
complexation with molnupiravir drug. The HOMO and the
LUMO distributions of the CB[5]-CB[8], and their com-
plexes with molnupiravir were plotted and displayed in
Figs. 6, 7. For the bare CB[n]s, all of the HOMO and the
LUMO orbitals demonstrate charge delocalization on the
CB[n]s. Whereas, all of the HOMO and the LUMO orbitals
of CB[n]/MLP complexes are delocalized on molnupiravir
drug. This indicates that after the bare CB[n]s complexed
with molnupiravir drug, their HOMO and the LUMO orbit-
als are clearly redistributed. These support the significant
modifications in the electronic structures of CB[n]s by mol-
nupiravir complexation. In addition, it is found that before
and after complexation, the HOMO and LUMO orbitals of
CB[n]/MLP complexes are located mainly on the molnupira-
vir drug, (Fig. 2), indicating that the complexation does not
alter the electronic nature the of molnupiravir drug and the
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Fig.9 Computed molecular electrostatic potentials on the molecular surfaces of a MLP, b CB[8] and, ¢ CB[8]/MLP-2. Blue regions are more

positive charges and red regions are more negative charge

host—guest interaction occurs by pure physical inclussion
[34].

The chemical reactivities of molecules are also related
with their electrostatic potentials and hence, the molecular
electrostatic potentials (MEP) have been extensively used
to identify electrophilic and nucleophilic areas of molecules
in electrostatic interactions. The MEP surfaces are defined
based on electron density and represented by a RGB color
model, in which red regions are more negative charge and
blue regions are more positive charge. It is predictable that
during the complexation process, the noticed positive region
in a compound can interact with any negative region of the
other compound, giving rise to a directional interaction [35].
Hence, there can be an increase or decrease in the positive
or negative values for the studied inclusion complexes. The
MEP contours of bare CB[n]s are displayed in Fig. 8, the
result show that the negative charges are localized over the
portal oxygen atom of CB[n]s. The MEP contours of mol-
nupiravir drug, CB[8], and the most stable CB[8]/MLP-2
complex are displayed in Fig. 9. Based on Fig. 9, it is clearly
seen that the negative charges are localized over the por-
tal oxygen atoms of CB[8]. After the CB[8] complexed

@ Springer

with molnupiravir, the red regions of portal oxygen atom
of CB[8] are decreased. Suggesting that the charge trans-
fer occurs from the CB[8] to the molnupiravir molecule
which corresponds to the negative PCT values approving
the host—guest, molnupiravir—CB[n] complex formation.

Conclusions

The DFT optimized geometrical structures of cucurbit[n]
urils with n=5-8 are found to possess a D,;, symmetry.
The host—guest complex formation of CB[n]-MLP are
appropriate in CB[n] cavity, except for CB[5]/MLP-1 and
CB[5]/MLP-2 complexes, molnupiravir drug is expelled
out of the cavity. The intermolecular non-covalent inter-
actions which are the hydrogen bonds between the portal
oxygen atom of CB[n] and the O—H or N—H of molnupira-
vir drug are found to play positive role in the CB[n]/MLP
complex formation. The negative complexation energy
values of CB[n]/MLP complexes initiated in both gas
and water phases are specified that the most host—guest
complexes are occurred via an exothermic procedure. In
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addition, the CB[8]/MLP-2 complex is more stable than
that of all studied CB[n]/MLP complexes. Affording to
the computed NBO and MEP results, it is indicated that
the intermolecular hydrogen interactions in CB[n]/MLP
host—guest complexes play an important role with regard
to the complexation stability. Furthermore, after mol-
nupiravir complexation, the HOMO and LUMO orbitals
and the energy gaps of CB[n] are also clearly modified. It
can be summarized here that CB[n]s can act as a host for
appropriately molnupiravir guest, even in aqueous phase.
These results can be applied for the design and synthesis
of encapsulated drug with cucurbit[#n]urils.
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