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Oral ingestion is one of the popularly employed procedures for the drug delivery as the administration of drugs is easy compared to the |
other alternatives such as injection. Therefore, the drug preparation is affected by dissolution rate, metabolism as per system requirements, |
drug permeability as well as solubility of the drug. The current study focused on the solvation dynamics of oxadiazole derivatives to attain
its candidature against drug preparation. Different derivatives are extensively explored using ab initio molecular dynamics and quantum |
chemical calculation tools. The molecular dynamics study depicts the total energy as the addition of kinetic as well as potential energies |
with the progress of simulation time in fs. Oxadiazole derivative solvation efficiency was also investigated, along with its main solvent |
interaction sites. Derivatives of 1,3,4-oxadiazole were analyzed to determine their band gap energies, softness, hardness, ionization |
potential, chemical potential, electrophilicity, nucleophilicity, electronegativity and also their pharmacological effects. |
|
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INTRODUCTION

Oxadiazoles are the five-membered ring structures adjusting
one oxygen along with two nitrogen atoms. Some major appli-
cations are reported in the crucial drugs such as raltegravir,
zibotentan, fenadiazole and tiodazosin [1-7]. Raltegravir is
used in an antiretroviral medication for human immuno-defic-
iency viruses (HIV) whereas zibotentan is a potential candidate
for the manufacturing of drugs having anticancer properties
developed by Astra Zeneca [8,9]. Fenadiazole is used as
hypnotic drug whereas tiodazosin used as a receptor antagonist
[10]. Moreover, oxadiazole derivatives have widespread appli-
cations in numerous fields such as electron transporting mate-
rials, corrosion inhibitors, polymers and luminescence producing
materials [11-14].

Oral ingestion is one of the popularly employed procedures
for the drug delivery as the administration of drugs is easily
comparable to the other alternatives such as injection [15,16].
Furthermore, the high compliance rate to the patient for the
oral ingestion is due to cost effectiveness as well as flexibility
to manipulate the drug doses. Interestingly, this attracted a lot
of drug companies to produce generic medicines and therefore
the market of these medicines is in billions. But the challenges

are majorly faced by poor bioavailability. It is affected by disso-
lution rate, metabolism as per system requirements, drug
permeability as well as solubility of the drug. A poor solubility
of the drug almost affects all properties depending upon the
environment. Therefore, the solubility of the drug is of major
interest in the current scenario.

Keeping this in mind, to determine the pharmacokinetic
profile of each compound, a comprehensive virtual screening
study was devised, including density functional theory (DFT)
analysis to determine the compounds solubility and reactivity,
molecular docking to estimate binding affinity in order to
confirm the solubility, ab initio molecular dynamic simulations
and ADMET properties of 1,3,4-oxadiazoles. Eventually the
ab initio molecular dynamics (AIMD) of oxadiazole has been
studied to obtain in-depth understanding effect of solvent
(water) environment. The study may be helpful to tailor the
structure functional related properties of oxadiazoles based
drugs.

EXPERIMENTAL

A representative collection of nine structures of oxadiazole
derivatives was performed through density functional theory
(DFT). The chemical calculations utilize the def2-SVP basis
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set along with B3LYP functional. The basis set can accurately
determine the energy associated with highest occupied mole-
cular orbital (HOMO) lowest unoccupied molecular orbital
(LUMO), electronegativity, electrophilicity, hardness, softness,
proton affinity and nucleophilicity. These calculations are
performed using ORCA 5.0.3 program suite [17,18]. The Fukui
functional has been calculated by using the local molecular
reactivity using eqn. 1 [19,20]:

_[ p(@)
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where p, N and V(I) define the electronic density, number of
electron and external potential associated with molecular system,
respectively. The study has been performed by the removal and
addition of electrons from the molecular systems using eqns.

2 and 3 [21]:

P (1) = Primo (D @)

pr(H)= Promo () (3)
where prLumo (T) and promo (T) are the the electron density for
LUMO and HOMO, respectively. Further, the molecular local
activity site incorporates infinitesimal change in the quantum
computational calculation achieved from Mulliken population
analysis changes. Fukui function has been used to isolate the
information related to two types of local active sites, electro-
philic and nucleophilic. To understand, the behaviour of various
substituted oxadiazoles, various substitutions of functional
groups take place at the second and fourth positions (Fig. 1).
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Fig. 1. Chemical structure of 1,3,4-oxadiazole derivatives with substitutions
R1 and Rz

The electron withdrawing as well as donating functional
groups such as methyl (-CHjs), ethyl (-C;Hs), propyl (-CsHy),
hydroxyethyl (-C,HsOH), chloroethyl (-C,Hs-Cl), carboxy-
ethyl (-C,Hs-COOH) and thioethyl (-C,Hs-SH) and aminoethyl
(-C,Hs-NH,) were considered for R; and R, substitution. These
compounds are abbreviated as oxal, oxa2, oxa3, oxa4, oxa$,
oxab, oxa7, oxa8 and oxa9, respectively.

Computational studies: DFT quantum calculations were
performed to optimized various geometry of substituted 1,3,4-
oxadiazoles by TURBOMOLE 7.6 program suite [22,23]. Some
related parameters such as band gap energies, softness, hard-
ness, ionization potential, chemical potential, electrophilicity,
nucleophilicity and electronegativity of different derivatives
of 1,3,4-oxadiazole were computed using ORCA 5.0.3[17,18].
The MD calculations were also performed using ORCA 5.0.3
software and the solvated properties of the oxadiazoles were
studied. The pharmacological properties have been predicted
with BOILED-Egg representation obtained from SWISS-
ADME software [24-26].

RESULTS AND DISCUSSION

Quantum chemical calculations

HOMO-LUMO energy gaps: A summary of HOMO
and LUMO of optimized structures of substituted oxadiazole
derivatives 1-9 is shown in Table-1. As the energy of HOMO
goes higher the tendency to donate electrons increases, this is
due to the decrease of the energy gap with the LUMO. Further,
the decrease in the orbital energy of LUMO increases the
tendency to accept electrons. Thus, the flow of electrons affected
by the band gap determines the solvation property of oxadia-
zole derivatives.

Fukui function calculations and molecular properties:
Various quantum calculation parameters such as chemical
potential, electronegativity, electrophilicity, nucleophilicity and
chemical hardness were used to study computational properties.
Koopmans theorem was employed to explain the hard and soft
acid-base theory. The theory is extended by the Pearson model
to describe the HSAB theory, which discusses soft-soft and
hard-hard interactions. This parameter appends upon chemical
potential, hardness and another related parameters as described
below:
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For a high reactivity of the chemical species, the band gap
energy should be low as a hard molecule shows lower reactivity
in comparison to a soft molecule because a soft molecule has
alow band gap. Thus, the reactivity combined with the stability
of the molecular system depends upon hardness and softness.
The property of the molecular system hardness is also asso-
ciated with the deformation of the molecular system by applying
a low perturbation.

The small band gap energy for a chemical species makes
it more reactive and a soft molecule has small band gap energy
whereas a large band gap can be seen for hard molecular system
therefore the reactivity and stability of chemical species can be
predicted from the hardness and softness of the molecular
systems [27]. The softness of the compound relays on easy
deformation of the electron cloud where as a hardness of the
molecular system prevent the deformation and polarization of
the electron cloud of the molecular system [28]. Thus,
interaction efficiency with solvent can be calculated with the
softness of the molecule and higher the efficiency can be supp-
orted from higher softness of the molecular system [29].
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TABLE-1
OPTIMIZED STRUCTURES ALONG WITH HOMO AND LUMO OF 1,3,4-OXADIAZOLE
NON-PROTONATED INHIBITOR MOLECULES 1 TO 9 IN GAS PHASE
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The quantum computational calculation of 1,3,4-oxadiazole
derivatives were performed in the gas phase. The chemical
potential, chemical hardness, chemical softness, electroneg-
ativity and electrophilicity for oxadiazole derivatives are shown
in Table-2. In gaseous phase, the LUMO energy varies with
the order: oxal < oxa2 < oxa3 < oxa4 < oxa7 < oxa5 <oxa8 <
oxa9 < oxa6, whereas the orbital energy associated with the
HOMO charges according to the trend; oxal < oxa3 < oxa4 <
oxa2 < oxa5 < oxa7 < oxa8 < oxab < oxa9. The orbital energy
associated with HOMO and LUMO describes the ionization
energy and electron affinity of the molecule. Thus, the trends
for ionization energy is oxa9 < oxab < oxa8 < oxa7 < oxal <
oxa2 < oxa4 < oxa3 < oxal whereas the trend for electron
affinity is oxa6 < oxa8 < oxa5 < oxa7 < oxa4 < oxa3 <oxa2 <
oxal. The HOMO energy depends upon the ionization energy
depicts the tendency of donating electrons and the LUMO
energy decreases with the tendency of accepting electrons and
therefore electron affinity of the molecular system. The orbital
energy band gap is calculated and formed according to the
trend oxa2 < oxa7 < oxa9 < oxa4 < oxa3 < oxa8 < oxab <
oxa5 < oxal, smaller the band gap the reactivity of the mole-
cule increases. Thus, following the trend, oxal shows the highest
band gap whereas oxa2 is the lowest. This means that the oxal
is the least and oxa?2 is the highest reactive molecular species
in the gaseous phase.

From the data of oxadiazole derivatives in aqueous phase
(Table-3), it was found that LUMO varies with the order: oxal
< oxa2 < oxa4 < oxa3 < oxa7 < oxa8 < oxa5 < oxa9 < oxa6,
whereas the trend for the HOMO in aqueous phase was oxal

< oxa3 < oxa4 < oxa2 < oxad < oxa8 < oxa7 < oxa9 < oxab.
Interestingly, the orbital energy band gap in aqueous phase
incorporating the essence of both HOMO and LUMO energies
follows the trend: oxa7 < oxa8 < oxa9 < oxa2 < oxab < oxa5
< oxa4 < oxal < oxa3. Therefore, the most reactive molecular
species in the aqueous phase is oxa7, whereas the least reactive
chemical species is oxa3.

The reactivity and stability of a molecular system can also
be predicted from the softness and hardness of the molecular
system [30,31]. The trend of observed for the softness of the oxa-
diazole derivative is oxal < oxa5 < oxab < oxa8 < oxa3 < oxa4
< oxa9 < oxa7 < oxa2. Furthermore, the trend of softness in the
aqueous phase is oxa3 < oxal < oxa4 < oxa5 < oxab < oxa2 <
oxa9 < oxa8 < oxa7. This provides the sufficient data to adopt a
particular chemical species to understand the inter-action of
solvent with oxadiazole derivatives in the aqueous environment.

The electrophilic and nucleophilic Fukui functions deter-
mines the interaction with water solvent (Figs. 2 and 3). Further
indepth analysis of the solvent interaction is depicted in Fig. 4.
The Mulliken charges decreases significantly on both nitrogen
atoms present in the ring for oxadiazole derivatives on addition
of water whereas no change is observed on oxygen atom.
Similarly, the value of Fukui functions decreases significantly
on both nitrogen atoms present in the ring for oxadiazole
derivatives on addition of water whereas no change is observed
on the oxygen atom. This modulates the interaction of nucleo-
phile and electrophile to the ring of oxadiazole derivatives.

Electrostatic potential map: Fig. 5 shows the electro-
static potential (ESP) map for oxadiazole derivatives. The ESP

TABLE-2
MOLECULAR CHARACTERISTIC OF COMPOUNDS 1-9 OF 1,3,4-OXADIAZOLE DERIVATIVES IN GAS PHASE

Compound oxal oxa2 oxa3 oxa4 oxad 0xab oxa’ oxa8 oxa9
LUMO (eV) -7.49 -7.15 -7.01 -6.79 -6.00 -5.17 -6.28 -5.80 -5.41
HOMO (eV) -14.96 -13.74 -14.08 -13.85 -13.17 -12.31 -12.98 -12.91 -12.12
1(eV) 14.96 13.74 14.08 13.85 13.17 12.31 12.98 12.91 12.12

A (eV) 7.49 7.15 7.01 6.79 6.00 5.17 6.28 5.80 5.41

AE (eV) 7.46 6.59 7.06 7.06 7.17 7.13 6.70 7.12 6.71

n 3.73 3.29 3.53 3.53 3.58 3.57 3.35 3.56 3.35

o 0.27 0.30 0.28 0.28 0.28 0.28 0.30 0.28 0.30

x 11.23 10.44 10.54 10.32 9.58 8.74 9.63 9.35 8.77

CP -11.23 -10.44 -10.54 -10.32 -9.58 -8.74 -9.63 -9.35 -8.77

[0} 33.77 33.12 31.47 30.19 25.62 21.42 27.69 24.59 22.92

£ 0.27 0.30 0.28 0.28 0.28 0.28 0.30 0.28 0.30

TABLE-3
MOLECULAR CHARACTERISTIC OF COMPOUNDS 1-9 OF 1,3,4-OXADIAZOLE DERIVATIVES IN AQUEOUS SOLUTION

Compound oxal oxa2 oxa3 oxa4 oxas oxab oxa7 oxa8 oxa9
LUMO (eV) -2.803 -2.682 -2.423 -2.465 -1.886 -0.693 -2.406 -2.169 -1.128
HOMO (eV) -10.146 -9.574 -9.801 -9.751 -9.083 -7.824 -8.606 -8.752 -7.867
I 10.146 9.574 9.801 9.751 9.083 7.824 8.606 8.752 7.867

A 2.803 2.682 2.423 2.465 1.886 0.693 2.406 2.169 1.128

AE (eV) 7.343 6.892 7.378 7.286 7.197 7.131 6.200 6.583 6.739

n 3.672 3.446 3.689 3.643 3.599 3.566 3.100 3.292 3.370

o 0.272 0.290 0.271 0.274 0.278 0.280 0.323 0.304 0.297

X 6.475 6.128 6.112 6.108 5.485 4.259 5.506 5.461 4.498

CP -6.475 -6.128 -6.112 -6.108 -5.485 -4.259 -5.506 -5.461 -4.498

[0} 11.417 10.897 10.126 10.241 8.359 5.086 9.779 9.059 6.003

£ 0.272 0.290 0.271 0.274 0.278 0.280 0.323 0.304 0.297
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(@)

Fig. 3. Fukui functions (f{) for compounds 1-9 of 1,3,4-oxadiazole plotted in (a)-(i), respectively

plot shows electrostatic potential based on the quantum calcula-
tions, which provides the reliable information regarding the
chemical reaction related to the solvent interaction. The colour
scheme in ESP plot shows red colour for the maximum whereas
blue colour for minimum potential. The electron withdrawing
and the electron donating groups play the significant role in
deciding the presence of electron cloud across the molecule.
The ESP plot correlates well with the data reported in Fig. 6.

ab initio Molecular dynamics (MD) studies: Molecular
dynamics (MD) study was performed for oxadiazole derivatives
with water using ORCA 5.0.3 software. The calculation was
performed using Timestep of 1.0 fs at 350 K and Timecon of

10.0 fs. The simulation of oxadiazole derivatives with solvent
(water) measured the total energy as the addition of kinetic as
well as potential energies with change of simulation time in
fs. Two major sites have been located for the solvent interaction
for oxadiazole derivative viz. oxal-wtrl and oxal-wtr2. The
site of the interaction could be from either oxygen or nitrogen
present in the oxadiazole ring. Oxal-wtrl corresponds to
solvent interaction along nitrogen whereas solvent interaction
along oxygen is related to oxal-wtr2. The lowest decompo-
sition energies for oxal, oxal-wtrl and oxal-wtr2 measured
were -301.007505, -377.351497 and -377.345877 a.u., respec-
tively. Interestingly, the electrostatic potential map set are in
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Fig. 4. Gas phase and aqueous phase calculations of Fukui functions and Mulliken atomic charges of 1,3,4-oxadiazole derivatives 1-9
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Fig. 5. Electrostatic potential (ESP) map for oxal-9 shown in (a)-(i)

resemblance with the MD results. The MESP sigma hole  Furthermore, the stability of solvent (water) is found along
calculation for oxadiazole was calculated and found to be the nitrogen moiety of the oxadiazole ring, which corresponds
-0.065 as well as 0.045e at nitrogen and oxygen, respectively. well with MESP calculations.
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Fig. 6. Total energy during molecular dynamics study including MESP
sigma hole calculation. for oxadiazole derivative (oxal) with water

Pharmacokinetics and pharmacology properties: Fig.
7 represents a BOILED-Egg representation to investigate the
gastrointestinal absorption as well as brain penetration of
oxadiazole derivatives. Yellow egg’s yolk represents the blood—
brain barrier (BBB) permeation, which predicts the passively
permeation through the blood-brain barrier. BOILED-egg’s
white in the figure corresponds to human intestinal absorption
(HIA) data, which predicted to be passively absorbed by the
gastrointestinal tract. Furthermore, red dots in the figure are
for oxadiazole derivatives predicted not to be effluated from
the central nervous system by the P-glycoprotein.

7
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5
4
o 3 Bur oo
8
§| 2
1 5 ofts
0 oxa01 0o 8
oxaﬂgus
-1
-2
-3
-4

0 20 40 60 80 100 120 140 160 180
TPSA

Fig. 7. Boiled egg representation for oxadiazole derivatives including
ibuprofen (reference) [Ref. 26]

Conclusion

Solvation dynamics of oxadiazole derivatives in water
solvent was performed using ab initio Molecular dynamics
(MD) and quantum chemistry calculation tools to understand
its candidature for the drug preparation based on oxadiazoles
as potential candidate. The molecular dynamics study depicts

the total energy as the addition of kinetic as well as potential
energies with the progress of simulation time in fs. Both the
efficiency of solvation and the main solvent interaction loca-
tions for the oxadiazole derivative were studied. The pharma-
cological properties of different derivatives were also studied.
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