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This study contains synthesis, antimicrobial activity, density functional modelling and molecular dock-
ing studies of benzoxazole derivative: 2-(p-chloro-benzyl)-5-[3-(4-ethly-1-piperazynl) propionamido]-
benzoxazole. The synthetic procedure of investigated compound is given in detail. The newly synthesized
benzoxazole compound and standard drugs were evaluated for their antimicrobial activity against some
Gram-positive, Gram-negative bacteria and fungus C. albicans and their drug-resistant isolates. The ben-
zoxazole compound has been characterized by using '"H-NMR, IR and MASS spectrometry and elemental
analysis techniques. The molecular structure of the compound in the ground state has been modelling
using density functional theory (DFT) with B3LYP/6-311++g(d,p) level. The molecular docking of 2-(p-
chloro-benzyl)-5-[3-(4-ethly-1-piperazynl) propionamido]-benzoxazole with COVID-19 main protease has
been also performed by using optimized geometry and the experimentally determined dimensional struc-

Covid-19

ture of the main protease (M-pro) of COVID-19.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

During the last decades, a better comprehension of viral repli-
cation and disease states caused by viral infections have led to
the development of newer antiviral agents with enhanced activ-
ity and better tolerability. However, because of limited efficacy
of treatment and treatment-emergent antiviral resistance in infec-
tions there are needed urgently new compounds. Especially nowa-
days a great number of deaths and various public health problems
are occurring throughout the globe because of COVID-19 which
has been designated as SARS-CoV-2 around the globe [1,2]. The
scientists around the world have been struggling to understand
SARS-CoV-2 and investigate the pathophysiology of this disease
to find out potential treatment and discover effective therapeutic
drug candidate. Benzoxazole derivatives have acquired a lot of im-
portance in the past few years because of their use in intermedi-
ates for new biological materials. Many known drugs are available
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having benzoxazole as core active moiety like, nonsteroidal anti-
inflammatory drug; flunoxaprofen, benoxaprofen, muscle relaxant-
chloroxazone and an antibiotic; calcimycin. Benzoxazoles are im-
portant materials in medicinal chemistry due to their wide spec-
trum of different biological activities such as antimicrobial [3-5],
anticancer [6], anti-inflammatory [7], antimicrobacterial [8], anti-
histaminic [9], antiparkinson [10], antiviral [11] and Rho-kinase in-
hibition [12]. Our research group has been intensively studying
the synthesis of benzoxazoles and their molecular properties be-
cause of the importance of the benzoxazole derivatives [3-5, 8,
13,14]. Prompted by the above findings in the present study, we
hereby report the synthesis, spectroscopic, antimicrobial activity,
Density Functional Theory (DFT) calculations studies of the inves-
tigated new benzoxazole derivative. The molecular docking stud-
ies have become efficient tool for drug discovery and development.
While traditional methods of drug discovery can take many years
with high costs, the possible medications are investigated by using
molecular docking studiesin a short time and with very low costs.
The experimentally determined dimensional structure of the main
protease (M-pro) of COVID-19 which plays a pivotal role in medi-


https://doi.org/10.1016/j.molstruc.2021.130413
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130413&domain=pdf
mailto:zeyrek@taek.gov.tr
https://doi.org/10.1016/j.molstruc.2021.130413

C.T. Zeyrek, O.T. Arpaci, M. Arisoy et al.

ating viral replication and transcription are available in the Protein
Data Bank (PDB) [15]. This protease represents a potential target
for the inhibition of COVID-19 replication [15]. Therefore, we have
also performed the molecular docking of 2-(p-chloro-benzyl)-5-[3-
(4-ethly-1-piperazynl) propionamido]-benzoxazole with COVID-19
main protease.

2. Materials and methods
2.1. Reagents and techniques

The analytical grade chemicals procured from Sigma-Aldrich Co.
(Taufkirchen, Munich Germany) and Fisher Scientific (Pittsburgh,
PA, USA) were used as such without further purification. Thin-
layer chromatography on 0.3 mm silica gel (Merck) plates was per-
formed for monitoring the progress of reaction, using chloroform
and methanol as mobile phase in ratio of 3:1. Melting point was
recorded on a Stuart Scientific SMP 1 (Bibby Scientific Limited,
Stone, Staffordshire, UK) and are uncorrected. Schimadzu spec-
trometer was used for recording infrared spectrum. Varian Mer-
cury 400 MHz NMR spectrometer was used for recording 1H spec-
tra in appropriate deuterated solvent and are expressed in parts
per million (ppm) downfield from tetramethylsilane (internal stan-
dard). NMR data are given as multiplicity (s, singlet; d, doublet;
t, triplet; m, multiplet) and number of protons. LECO 932 CHNS
(St. Joseph, MI, USA) instrument C, H and N analyzer was utilized
for the elemental analysis of the new synthesized compound. Mass
spectra were obtained on Waters ZQ Micromass LC-MS spectrom-
eter (Milford, MA, USA) using the ESI(+) method. Infrared absorp-
tion spectra of the investigated compound were obtained from Shi-
madzu IR Affinity-1 model FT-IR spectrometer and were reported
in cm~! units. The FT-IR spectrum of the investigated compound
(3) are given in Fig. S1 (Supplementary material).

2.2. Procedure for synthesis of benzoxazole derivatives

The method to synthesize the designed benzoxazole deriva-
tive is given in Fig. 1. Initially, 5-amino-2-(p-chlorobenzyl)-
benzoxazole (1) was synthesized by the reaction of ortho
aminophenol, p-chlorophenylacetic acid in polyphosphoric acid.
5-[3-chloropropanamido]-2-(p-chlorobenzyl)-benzoxazole (2) was
synthesized by the reaction of 3-chloropropionylchloride with
5-amino-2-(p-chlorobenzyl)-benzoxazole in diethyl eter-water-
sodium bicarbonate solution in ice-cooled condition. Finally,
reaction of (2) with N-ethyl-piperazine gave the title compound
with yield of %61 (3) (Fig. 1). Its melting point was 110-112°C.
The molecular structures of the synthesized compound (3) were
determined by IR (cm-1), 1H/13C-NMR (DMSO-d6, 400 MHz,
ppm), mass spectra and elemental analysis studies. The synthetic
procedure of investigated compound (3) is given following step by
step:

Step1 : Synthesisof2 — (p — chlorobenzyl)

—5 — aminobenzoxazole (1)

5-Amino-2-(p-chlorobenzyl)-benzoxazole was synthesized by
heating (0.02 mol) 2,4-diaminophenol-hydrochloride with (0.02
mol) p-chlorophenyl acetic acid in 25 g polyphosphoric acid (PPA)
and stirring for about 1 h at 160 °C. Then the residue was poured
over ice, and the solution was neutralized with 10% NaOH. The
resulting precipitate was filtered and was crystallized in ethanol
[2].

Step2 : Synthesisof5 — [3 — chloropropanamido]
—2 — (p — chlorobenzyl) — benzoxazole (2)

Chloropropionyl chloride (0.02 mol) was added over a period
of 1 h to a stirred, ice-cooled mixture of 5-amino-2-(p-chloro-
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benzyl)-benzoxazole (0.02 mol) (1), sodium bicarbonate (0.02 mol),
diethyl ether (40 ml), and water (20 ml). The mixture was stirred
overnight. The precipitate formed was filtered off, washed with
water, and dissolved in ethanol. Elemental analyses result was +
0.04% of theoretical values for compounds (1), (2) and given as
Supplementary material (Table S1).

Step3 : Synthesisof2 — (p — chloro — benzyl)
—5—[3 — (4 —ethly — 1 — piperazynl) propionamido]
— benzoxazole (3)

Then, (0.002 mol) 5-(3-chloropropionamido)-2-(p-chloro-
benzyl)-benzoxazole (2) was added to (0.002 mol) N-ethyl-
piperazine 2 ml of triethylamine solution in 3 ml of N,N-
dimethylformamide (DMF) and 2 ml of ethanol. The mixture
was stirred at room temperature for 24 h. At the end of the
reaction time, the mixture was poured over ice, an equal vol-
ume of 5% (w/v) of aqueous NaOH solution was added, and the
mixture extracted with chloroform. The solvent was evaporated
under reduced pressure, and the resulting crude product was
purified by column chromatography using chloroform as mobile
phase. Finally, the chloroform fractions were collected, the solvent
evaporated, and crystallization was achieved by dissolving the
residue in chloroform and adding petroleum ether. The crystalline
material was dried in vacuo. The investigated compound 3 was
prepared as original product. The structure of its was confirmed
by spectral data and the analysis results agree with its of the
proposed structure. Yield: %61, Melting Point:110-112°C, 'H-NMR
(DMSO-dg s ppm): 0.954-0.990 (3H, t, CH3CH,-), 2.256-2.516 (12H,
m, piperazine -CH, CH;CH,-, CH,-CO), 2.608-2.643 (2H, t, CH,-
CH,C0), 4.334 (2H, s, benzyl CH,), 7.415-7.441 (5H, m, phenyl-H,
benzoxazole H-6), 7.571-7.594 (1H, d, J,=9.2, benzoxazole H-7),
8.018-8.022 (1H, d, J;,=1.6 benzoxazole H-4), 10.217 (1H, s). MS
(m/z): 427(100, M+H) 429(33). Cy3H,7CIN4O, Calculated C: 64.70
H: 6.37 N: 13.12, Observed C: 64.80 H: 6.55 N: 12.95

2.3. Screening for antimicrobial activities

Standard powders that were obtained Sigma, were used as
standard antimicrobial agents. Isolates were; P. aeruginosa iso-
late [resistant to gentamycine], E. coli isolate [has Extended Spec-
trum Beta Lactamase (ESBL) enzyme], E. faecalis isolate [resis-
tant to vancomycin (VRE)], and S. aureus isolate [resistant to me-
thicilline (MRSA)]. Standard strains were; Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853, Staphylococcus au-
reus ATCC 29213, Enterococcus faecalis ATCC 29212 and Candida
albicans ATCC 10231 standard strains and clinical isolates provided
from Gazi University Hospital Microbiology Laboratory (Ankara,
Turkey) were used in this research.

2.4. Calculation details

2.4.1. DFT calculations

The molecular geometry of the compound is modelled by the
Gauss-view visualization program [16] and the geometry optimiza-
tion is performed by the Gaussian 09 software package program
[17] for the DFT calculations with Becke’s three parameters hybrid
exchange-correlation functional (B3LYP) at 6-311++G(d,p) basis
set [18]. MEP surface was evaluated by using B3LYP/6-311++G(d,p)
method to investigate the reactive sites and to identify sites of
intra- and intermolecular interactions of the compound. The total
energy, frontier molecular orbitals energies, band gaps and chem-
ical parameters such as total molecular dipole moments (u), the
absolute electro negativity (), the absolute hardness (n) and soft-
ness (o) are calculated by the B3LYP/6-311++G(d,p).
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Fig. 1. The synthesize diagrams.

2.4.2. Molecular docking

We have performed molecular docking calculations to exam-
ine the state of three dimensional structure of the main pro-
tease (M-pro) of COVID-19 settlement of investigated 2-(p-chloro-
benzyl)-5-[3-(4-ethly-1-piperazynl) propionamido]-benzoxazole (3)
compound. Thus to implement the molecular docking study, 3D
molecular structure of the main protease (M-pro) in complex with
an inhibitor N3 of COVID-19 virus which PDB ID number is 6LU7
was taken from the protein data bank [15]. The molecular geom-
etry of the (3) was directly taken from the optimization results
from output of Gaussian 09 software package program. The molec-
ular docking simulations between inhibitor (3) and the SARS-CoV-
2 main protease were performed using the AutoDock-Vina code,
running 3-ways multithreading, Lamarkian Genetic Algorithm and
the feasible region center_x = -26.283, center_y = 12.599, cen-
ter_z = 58.965, size_x = 50, size_y = 60, size_z = 60, spacing = 1
and exhaustiveness = 8 [19]. All residues were removed and po-

lar hydrogens were added, producing favorable protonation states
for molecular docking by using Discover Studio Visualizer 4.0 soft-
ware [20]. The active site of the SARS-CoV-2 main protease was
defined to include residues of active site within the grid size of
50 x 60 x 60 A for 6LU7. Between molecular docking executions
were performed, the most favorable ones being represented by the
lowest free-bond energy (AG) [21]. The other criteria is the Root
Mean Square Deviation (RMSD) values which is lower than 2 A
[22]. The interactions figures were drafted using Discover Studio
Visualizer 4.0 software and PyMol [20, 23].

3. Results and discussions
3.1. Spectroscopic studies

The presence of IR absorption respectively band at
1682 cm~! and 1618 cm~! in the spectral data of synthesized



C.T. Zeyrek, O.T. Arpaci, M. Arisoy et al.

derivative (I) corresponds to the group NH-C=O (amide I band
and amide II band). Oxazole ring vibration of benzoxazole com-
pounds shows band around 1476 cm~!. In case of halogen group
Ar—Cl vibration appears at 760-799 cm~!(Fig. S1, Supplementary
material). DMSO-d6 was used for recording the 'H-NMR spectra
of benzoxazole derivative. In case of TH-NMR spectra the presence
of multiplet signals between 7.42 and 7.44 ppm reflected the
presence of phenyl and 6t position of benzoxazole ring protons
in synthesized derivative. Also 7" position of benzoxazole ring
proton and 4% position of benzoxazole ring proton appeared
respectively at 7.571-7.594 ppm (1H, d, J,=9.2Hz) and, 8.018-8.022
(1H, d, Jm=1.6 Hz). The compound showed singlet at 10.22 ppm
because of the presence of NH of NH-C=0. The appearance of
singlet at 4.33 ppm, is due to the existence of benzylic CH, group.
Compound 3 showed triplet around 2.61-2.64 ppm and 0.95-0.99
ppm respectively due to existence of CH,-CH,CO group at CH,
protons and CHs protons of ethyl group. Also compound (3)
showed that multiplet at range of 2.26-2.52 ppm as 12 H due
to presence of piperazine CH,, CH, protons of ethyl group and
CH, protons of CH,-CO group. According to Mass spectral data, its
M+H peak was observed that the spectral signals and proposed
molecular structure of the prepared compound showed good
agreement. Finally, elemental analyses result was + 0.04% of
theoretical values.

3.2. Optimized molecular structure

The molecular structure of 2-(p-chloro-benzyl)-5-[3-(4-ethly-1-
piperazynl) propionamido]-benzoxazole (3) compound has been
modelled by the Gauss-view visualization program [16] and op-
timized by the Gaussian 09 software package program [17]. The
bond lengths, bond angles, and dihedral angles of the title com-
pound were calculated by using density functional theory (DFT)
with the functional B3LYP using the 6-311++G(d,p) basis set. The
selected bond distances, bond angles and torsion angles are given
in the Table 1. The optimized molecular geometry with atom label
of the investigated compound is given in Fig. 2.

As an optimized geometry, whole of moieties is not nearly pla-
nar. The torsion angles for 2-(p-chloro-benzyl) ring Ph1 with the
benzoxazole Ring3 are C19-C18-C17-C16= -113.59, C18-C17-C16-
02=74.40 and C18-C17-C16-N4=-104.23°. The propionamido group
is titled from the phenyl ring Ph2 which is evident from the tor-
sion angles C11-C10-N3-C9= -175.37 and (8-C9-N3-C10=177.75°.
The torsion angle N2-C7-C8-C9 value between with piperazynl
ring and propionamido group is -64.29°. The angles between 2-
(p-chloro-benzyl) ring Ph1, benzoxazole Ring3 and the phenyl ring
Ph2 are 76.75 and 76.67° respectively.

The bond distances, bond angles and torsion angles which are
theoretically determinedby DFT with the functional B3LYP using
the 6-311++G(d,p) basis set in the investigated compound are
good consistent with experimentally (X-ray structure analysis) cor-
responding values of similar benzoxazoles derivatives in the litera-
ture [13,14, 24].

3.6. Molecular electrostatic potential surface

The electrostatic potential is well suited for analyzing processes
based on the “recognition” of one molecule by another, as in drug-
receptor, and enzyme-substrate interactions, because it is through
their potentials that the two species first “see” each other [25,
26]. To investigate the regions of the MEP for the title compound
was composed by DFT calculation using the optimized geometry
at the B3LYP/6-311++G(d,p). The MEP surface, electrophilic reac-
tivity (negative regions: red and yellow colours) and nucleophilic
reactivity (positive regions: blue colours) shown in Fig. 3. As can
be seen from Fig. 3, the compound has three possible sites for
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electrophilic attack. The O1, N1 and Cl1 atoms have negative re-
gion. The negative molecular electrostatic potential value for is the
01, N1 and CI1 atoms 0.060, 0.041 and 0.016 a.u, respectively. The
main regions for nucleophilic reactivity in the whole molecule is 2-
(p-chloro-benzyl) ring Ph1, the propionamido group and the piper-
azynl ring. These groups have positive region between 0.013-0.024
a.u.

3.7. HOMO-LUMO band gap and chemical parameters

The determining highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUMO) are key to
calculating chemical parameters and very important for chemical
stability because of these orbitals play an important role in the
electric properties and determine the way the molecule interacts
with other species [27, 28]. In the other words, HOMO and LUMO
are the main orbitals for the chemical reactions.

The HOMO represents the ability to donate an electron, whereas
LUMO represents the ability to obtain an electron. Thus, the HOMO
is directly related to the ionization potential (IP), while LUMO is di-
rectly related to the electron affinity (EA). According to the Koop-
man’s theorem [29] for closed-shell molecules, IP and EA can be
expressed as follows in terms of HOMO and LUMO energies:

IP = —Eumo (5)

EA = —Epomo (6)

If the values of IP and EA are predicted, HOMO-LUMO band gap
and the global chemical reactivity descriptors of molecules such as
chemical hardness (n), electronegativity (x ), softness (o), chemical
potential (yp), and electrophilicity index (w) as well as local reac-
tivity can determine according to the Koopman'’s theorem.

The total molecular energies, HOMO and LUMO energies were
predicted by the B3LYP/6-311++G(d,p) level for investigating. The
values of total energy, HOMO-LUMO band gap and chemical pa-
rameters of the investigated compound were listed in Table 2.
The frontier molecular orbital distributions and energy levels of
the HOMO and LUMO which is mostly the m-antibonding type
molecular orbitals of the title compound are shown in Fig. 4. Ex-
cept for the propionamido group and the piperazynl ring in the
structure, the LUMO are mainly localized on the whole structure,
whereas the HOMO is localized only on the 2-(p-chloro-benzyl)
ring Ph1 with the benzoxazole Ring3 and phenyl ring Ph2, as seen
from Fig. 4. The HOMO-LUMO gap was calculated to be 4.8795 eV.
The large HOMO-LUMO band gap means a hard molecule whereas
small band gap means a soft molecule. They are very important
relation between HOMO-LUMO band gap and light-emitting prop-
erties of the benzoxazole derivatives [13].

3.8. Antimicrobial activity

Antimicrobial susceptibility testing was performed through CLSI
M100-S18 and CLSI M27-A3 directions [12, 13]. Mueller Hin-
ton Agar (MHA) (Merck), Mueller Hinton Broth (MHB) (Merck),
Sabouraud Dextrose Agar (SDA) (Merck), Sabouraud Liquid Medium
(SLM) (Merck) and RPMI-1640 medium (Sigma) with L-glutamine
buffered pH 7 with 3-[N-morpholino]-propansulfonic acid (MOPS)
(Sigma) were used for microbial cultures. Stock solutions of the
test compounds were prepared in DMSO (Merck). Ampicillin was
prepared in phosphate buffer solution and other antibiotic solu-
tions were prepared in sterile distilled water according to the
guideline of CLSI) M100-S25. Bacterial isolates were subcultured
in Mueller Hinton Agar (MHA) plates and incubated over night
at 37 °C and C. albicans was subcultured in Sabouraud Dextrose
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Table 1

Optimized structural parameters using DFT/B3LYP with 6-311++G(d,p) basis set of the title compound in the ground state. Bond distances (A)

and angles (°).

Bond distances (A)  B3LYP6-311++G(d,p)  Bond angles (°)  B3LYP6-311++G(d,p)  Selected torsion angles (°) ~ B3LYP6-311++G(d,p)

C1-c2 1.5276 C1-C2-N1 113.799 C1-C2-N1-C3 -164.005
C2-N1 1.4633 C2-N1-C3 111.392 C1-C2-N1-C6 70.446
N1-C3 1.4881 N1-C3-C4 111.305 N1-C6-C5-N2 -28.290
N1-C6 1.4582 C3-C4-N2 110.204 N1-C3-C4-N2 -30.675
C3-C4 1.5416 C4-N2-C5 110.685 N2-C7-C8-C9 -64.293
C4-N2 1.4621 N2-C5-C6 111.058 C3-C4-N2-C7 -165.825
N2-C5 1.4729 (5-C6-N1 109.830 (C6-C5-N2-C7 -162.835
C5-C6 1.5406 C6-N1-C2 114.558 C4-N2-C7-C8 163.516
N2-C7 1.4661 C6-N1-C3 109.924 C6-N2-C7-C8 -69.044
C7-C8 1.5375 C4-N2-C7 113.525 C8-C9-N3-C10 177.749
C8-C9 1.5333 C5-N2-C7 113.382 C7-C8-C9-01 -143.052
C9-01 1.2218 N2-C7-C8 113.916 (C9-N3-C10-C15 4.790
C9-N3 1.3695 C7-C8-C9 117.346 C9-N3-C10-C11 -175.371
N3-C10 1.4102 C8-C9-N3 114.315 N3-C10-C15-C14 179.627
C10-C11 1.4157 C9-N3-C10 128.882 N3-C10-C11-C12 179.449
C11-C12 1.3909 N3-C10-C11 115.888 C15-C14-N4-C16 179.749
C12-C13 1.3838 N3-C10-C15 123.265 C12-C13-02-C16 179.984
C13-C14 1.3953 C10-C11-C12 122.100 N4-C14-C13-C12 179.960
C14-C15 1.3945 C11-C12-C13 115.960 02-C13-C14-C15 179.702
C15-C10 1.3997 C12-C13-C14 123.073 C13-02-C16-C17 -178.664
C13-02 1.3753 C13-C14-C15 121.182 C14-N4-C16-C17 178.528
02-C16 1.3756 C14-C15-C10 116.837 N4-C16-C17-C18 -104.230
C16-N4 1.2910 C15-C10-C11 120.847 02-C16-C17-C18 74.397
N4-C14 1.3995 C12-C13-02 129.219 C16-C-17-C18-C23 66.554
C16-C17 1.4929 C13-02-C16 103.978 C16-C-17-C18-C19 -113.590
C17-C18 1.5216 02-C16-N4 115.272 C19-C20-C21-Cl1 179.936
C18-C19 1.3955 C16-N4-C14 104.755 (€23-C22-C21-Cl1 179.920
C19-C20 1.3942 N4-C14-C13 108.287

C20-C21 1.3894 02-C16-C17 116.838

c21-Cln 1.7602 N4-C16-C17 127.878

C21-C22 1.3921 C16-C17-C18 113.060

C22-C23 1.3915 C17-C18-C19 121.054

C23-C18 1.3988 C18-C19-C20 121.125

C19-C20-C21 119.041
C20-C21-Cl1 119.491
Cl1-C21-C22 119.451
C20-C21-C22 121.058
C21-C22-C23 119.138
C22-C23-C18 121.014
C23-C18-C19 118.624

Agar (SDA) plates at 35 °C for 24-48 h. Pure colonies were trans-
Table 2 _ ) ferred to MHB and SLM for bacteria and fungi, respectively. They
Calculated chemical parameters of the title were incubated in the appropriate conditions overnight. After in-
compound at B3LYP/6-311++G(d,p) level. . . . . .

cubation, the bacterial suspensions used for inoculation were pre-
pared at 105 cfu/ml by diluting fresh cultures at MacFarland 0.5
density (108 cfu/ml). Yeast suspensions were also prepared accord-

Basis Set B3LYP/6-311G++(d,p)

EroraL(Hartree)  -1722.7301

Exomo(eV) -5.9492 ing to McFarland 0.5 density and a working suspension was made
Erumo (eV) -1.0697 by a 1:100 dilution followed by a 1:20 dilution of the stock sus-
;?eEVG;P (eV) g'gzgg pension (2.5 x 103 CFU/ml). Susceptibility testing was performed
A (eV) 1.0697 with MHB for bacteria and RPMI-1640 medium with L-glutamine
wu(Debye) 7.4052 buffered pH 7 with 3-[N-morpholino]-propansulfonic acid (MOPS)
n(ev) 24398 for fungi. The solution of the newly synthesized compounds and
x(eV) 35095 standard drugs were prepared at 512, 256, 128, 64, 32, 16, 8, 4
;(2’\),) oy pg/mL and 16, 8, 4, 2, 1, 0.5, 0.25, 0.125, 0.06, 0.03, 0.015, 0.0078
wp 15.0245 ng/mL concentrations, respectively by diluting the stock concentra-

tions in a microdilution tray with a multichannel pipette. After di-

Erora: Total energy
Enomo and Epymo: Energy values of HOMO
and LUMO
p: Total molecular dipole moments,
I: lonization potential,
A: Electron affinity,
7n: Absolute hardness, (I-A)/2,
x: Electronegativity, (I+A)/2,
o: Softness, 1/n,
p:Chemical potential, -(I+A)/2
w: Electrophilicity, 1p?/21.
* AEgap= (Ewmo - Enomo): gap of energy,

lution, a 10 ul bacterial or fungal inoculum was added to each well
of the microdilution trays. The trays were incubated at 37 °C for
bacteria and 35 °C for fungi, in a humid chamber and MIC end-
points were read after 24 h of incubation. The lowest concentration
of the compound that completely inhibits macroscopic growth was
determined and minimum inhibitory concentrations (MICs) were
reported.

All organisms were tested in triplicate in each run of the exper-
iments. Solvents, pure microorganisms and pure media were used
as control wells. The data on the antimicrobial activity of the com-
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Fig. 2. Optimized geometry of investigated compound.

C21/
.
Cci1
N . s
-0.06 a.u. 0.06 a.u.

Fig. 3. Molecular electrostatic potential surface of the investigated compound.

pound and the control drugs as MIC values (ug/mL) are given in
Table 3. Based on these data, the antimicrobial effect of this ben-
zoxazole compound against various microorganisms has been de-
tected in a broad spectrum.

When the benzoxazole ring system’s chemical structure is in-
vestigated, it is thought that the nucleic acids are analog to the
adenine and guanine bases in their structure and can show their

LUMO (eV) = -1.0697

AEcap (€V) = 4.8795

HOMO (eV) = -5.9492

Fig. 4. Molecular orbital surfaces and energy levels given in parentheses for the
HOMO and LUMO orbitals of the title compound computed at 6-311++G(d,p) level.

antimicrobial effects by inhibiting nucleic acid synthesis [30,31]. So
that, studies on the benzoxazole derivatives have been increased
in recent years [3, 32-34].Antimicrobial activities of some benzox-
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In vitro antibacterial and antifungal MIC values (ug/mL) of the new compound (3) and reference antimicrobial drugs.

o o)
Ha
Hx  Hp ” H / c ci
CyHs——N N—C''=——C —C—N
N
Gram-negative bacteria Gram-positive bacteria

Comp. No E.c. E.c Pa. Pa’ Sa. Ef. E.f Ca.
3 64 64 64 64 128 64 32 128
Vancomycin n.d n.d n.d n.d 1 1 32 n.d
Ampicillin 2 128 nd nd 2 2 2 n.d
Ofloxacin <0,0625 64 8 64 0,25 1 4 n.d
Gentamycin 0.5 >512 0.5 >512 0.125 4 32 n.d
Amphotericin B n.d n.d nd nd n.d nd nd 025
Fluconazole n.d n.d nd nd n.d nd nd 1

* nd: not determined

Table 4

Binding affinity of different poses of the investigated ligand (3) as predicted Autodock Vina.

Compound-inhibitor

Mode Affinity Distance from best mode(kcal/mol)RMSD L.b.RMSD u.b.

(3)- (6LU7)

-6.1
-6.0
-6.0
-6.0
-5.9
-5.9
5.9
5.8
5.8

CONO U WN =

©

0.000 0.000

22.045 25.624
27.555 31.601
26.621 30.749
27.359 31.497
29.657 33.283
22.296 26.690
22.722 24.648
28.833 33.034

(3): 2-(p-chloro-benzyl)-5-[3-(4-ethly-1-piperazynl) propionamido]-benzoxazole

azole derivatives obtained were observed equal or more effective
than reference drugs. In previous studies, some derivatives contain-
ing p-(substituted)phenyl/benzyl) at position 2 and 6-membered
rings attached to the amide side chain at position 5 were synthe-
sized, and promising results were obtained by examining their an-
timicrobial effects [35-38].

3.9. Molecular docking studies of
2-(p-chloro-benzyl)-5-[3-(4-ethly-1-piperazynl)
propionamido]-benzoxazole with COVID-19 main protease

The study of molecules employing molecular docking has be-
come increasingly relevant to predict bond modes to understand-
ing of receptor-binder interactions. Benzoxazoles are important
materials in medicinal chemistry due to especially their antimicro-
bial and antiviral inhibition [3-5, 11]. A new coronavirus which is
named COVID-19 has spread worldwide and the World Health Or-
ganization (WHO) is declared a pandemic [1,2].

With the onset of the COVID-19 epidemic, studies have started
on interactions of some Antiviral molecules with CoV-2 main pro-
tease with molecular docking simulations. Molecular modeling
studies of this type are available on some quinoline and indole
compounds with a long history as antiviral agents [39, 40]. Ben-
zoxazoles, benzimidazoles and benzothiazoles are isosteres of in-
doles that indicate potent antiviral activity.A23187 is also known
as Calcimycin that is a benzoxazole compound has potent anti-
influenza activity [41, 42]. Based on this information, this study
paved the way for further experimental evaluation of the benzox-
azole molecule, which is thought to have potential antiviral effects
against SARS-CoV-2.

To implement the molecular docking study, 3D molecular struc-
ture of the main protease (M-pro) in complex of COVID-19 virus
(PDB ID: 6LU7). The generated bonding energy and RMSD values

as a result of molecular docking are given in Table 4. The dock-
ing protocol was tested by removing co-crystallized inhibitor from
the main protease (M-pro) and then docking it at the same site
as seen in Fig. 5a. Analysis of the molecular docking simulations
showed that investigated new benzoxazole molecule are linked
with relative binding energy value is -6.1 kcal/mol in site of the
main protease (M-pro) in complex of COVID-19 virus. Energetically
most favorable docked structures obtained from the rigid molec-
ular docking of the compound 2-(p-chloro-benzyl)-5-[3-(4-ethly-
1-piperazynl) propionamido]-benzoxazole with 6LU7 are shown
in Fig. 5b. The interaction of 2-(p-chloro-benzyl)-5-[3-(4-ethly-1-
piperazynl) propionamido]-benzoxazole with the protease showed
a high affinity interaction in the main protease (M-pro) as the lig-
and fits inside the core pocket region of the protease (Fig. 5b).
Analysis of interactions with 2-(p-chloro-benzyl)-5-[3-(4-ethly-1-
piperazynl) propionamido]-benzoxazole showed that the molecu-
lar fitting simulation of the inhibitor (Fig. 6) resulted in the forma-
tion of four interactions type with the enzyme, one of the carbon
hydrogen bonding between the C3 atom of the piperazynl ring of
investigated benzoxazole ligand with GLU166 (3.57 A), a Pi-sigma
bonding between the ph1 group of the ligand with THR25 (3.74 A),
two Pi-donor hydrogen bonding between the Rng3 and Ph2 groups
of the benzoxazole ligand with CYS145 (3.73 and 4.01 A). Some of
the van der Waals interaction of the investigated new benzoxazole
ligand with LEU27, MET49, HIS41, GLY143 and MET165 has been
observed (Fig. 6). These results draw us to the conclusion that the
investigated benzoxazole ligand might exhibit an inhibitor activity.
But biological tests need to be done to validate the computational
predictions. Docking calculations look for a suitable in site of the
main protease (M-pro) in complex of COVID-19 virus and perform
the interaction energy calculations using the topology of the site
chosen beforehand.
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()

'
.?-([)-L‘IIIUI'()-[N.’I]i',l'I)-5-/3-(4-L’/III,|‘-.’ -
piperazynl) propionamido]-benzoxazole

(b)

Fig. 5. (a) Co-crystallized molecule shown in grey color and the docked conformation of L (blue) as predicted by the Autodock Vina show very low RMSD value. (b)
Representation of docking results of investigated a new benzoxazole compound embedded into the main protease (M-pro) in complex of COVID-19 virus (PDB ID: 6LU7).
(For interpretation of the references to color in this figure legend, the reader is referred to web version of this article).

(a)

Interactions
[[] venderwaas

Il Carbon Hydrogen Bond
Il Pi-Donor Hydrogen Bond

A:14: .
&
A A:165

SER Bl Fsoma

(b)

Fig. 6. (a) The ligand binds at the active site of the main protease (M-pro) in complex of COVID-19 virus (PDB ID: 6LU7). (b) 2-(p-chloro-benzyl)-5-[3-(4-ethly-1-piperazynl)

propionamido]-benzoxazole and 6LU7 interaction (2D).

4. Conclusion

In this study, initially synthesis, spectroscopic (NMR, FTIR)
and elemental analysis of a new benzoxazole compound titled
2-(p-chloro-benzyl)-5-[3-(4-ethly-1-piperazynl) propionamido]-
benzoxazole (compound 3) have been presented. Then, it was
further evaluated for antibacterial, antifungal activity and it was
observed that thecompound 2-(p-chloro-benzyl)-5-[3-(4-ethly-1-
piperazynl) propionamido]-benzoxazole (compound 3) displayed
the moderate activity against various microbial species in com-
parison to reference drugs. Also, The molecular structure of the
compound 3 in the ground state has been molecular modelling
using density functional theory (DFT) with B3LYP/6-311++g(d,p)
level. The theoretical 3D-geometric parameters values of the new
benzoxazol were quite agreement with the experimental values of
the similar compound in literature. MEP surface was evaluated by

using B3LYP/6-311++G(d,p) method to predicted the reactive sites
and to identify sites of intra- and intermolecular interactions of
the compound. The O1, N1 and Cl1 atoms have negative region.
The total energy, frontier molecular orbitals energies, band gaps
and chemical parameters such as total molecular dipole moments
(u), the absolute electro negativity (), the absolute hardness (1)
and softness (o) are calculated by the B3LYP/6-311++G(d,p). The
HOMO-LUMO gap was calculated to be 4.8795 eV. All organisms
were tested in triplicate in each run of the experiments. Sol-
vents, pure microorganisms and pure media were used as control
wells. The data on the antimicrobial activity of the compound
and the control drugs as MIC values (ug/mL) are given in this
study. The molecular docking of 2-(p-chloro-benzyl)-5-[3-(4-ethly-
1-piperazynl) propionamido]-benzoxazole with COVID-19 main
protease has been also performed by using optimized geometry
and the experimentally determined dimensional structure of the



C.T. Zeyrek, O.T. Arpaci, M. Arisoy et al.

main protease (M-pro) of COVID-19. The molecular fitting simula-
tion of the inhibitor resulted in the formation of four interactions
type with the enzyme;the carbon hydrogen bonding, Pi-sigma
bonding, Pi-donor hydrogen bonding and van der Waals interac-
tion. A virtual screening based on molecular docking emerges as
an important tool for obtaining new antiviral molecules, where
researchers can use this tool as a complementary approach so that
the synthesis of new compounds or the repositioning of drugs can
be assigned.
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