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Abstract

Thiophene-containing compounds have antiviral properties and may be among the drugs tested for the treatment of
COVID-19 diseases. In order to better understand the molecular definition of the 1-(2°-Thiophen)-2-propen-1-one-3-
(2,3,5-trichlorophenyl) molecule from thiophene-containing compounds, the physico-chemical (molecular structure analysis,
spectroscopic properties, boundary orbital analysis) mechanisms underlying the protein—ligand interaction should be examined
in detail. For this reason, geometric parameters, IR and UV-vis spectra, conformational analysis, electronic, NBO and NLO
properties, molecular electrostatic potential map and Mulliken charge distributions of the TTCP molecule were investigated
theoretically using DFT theory in the Gaussian program. Accordingly, molecular docking calculations with COVID-19 main
protease (PDB 5R7Y) were performed to determine the pharmaceutical activities of the TTCP molecule against coronavirus

diseases.
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1 Introduction

The coronavirus emerged as a rapidly spreading epidemic in
the city of Wuhan, China, in late 2019. An effective antiviral
drug has not yet been developed against the SARS-CoV-2
virus, which was named as a global epidemic on March 11,
2020, by the World Health Organization. Rapid and detailed
research is ongoing as there is an urgent need to search for
effective antiviral agents to combat the COVID-19 virus.
Today, many researches go on in drug design using molec-
ular docking (MD) studies. Protein—ligand interaction studies
by molecular docking (MD) play an important role in the
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knowledge of mechanisms in the discovery, design and devel-
opment of drugs. Ligand selection in molecular docking is
based on their antiviral activity.

The Thiophene-containing compound forms the basic
framework for various species in pharmacological, chem-
ical, biological and industrial fields. Thiophene-containing
compounds are widely used in polymer electronics [1], non-
static covering, electronic and optoelectronic [2, 3] devices,
optoelectronic applications [4], petroleum and fossil fuel [5]
and modern drug design. Compounds containing thiophene
nucleus possess a broad range of biological activities such
as anti-inflammatory, analgesic, antifungal, ocular hyperten-
sive activities, and antimicrobial activities [6—8]. In light of
this information, TTCP molecule, one of the compounds
containing thiophene with antiviral activity, may be among
the drugs tested for the treatment of COVID-19 diseases.
In order to better understand the molecular definition of the
TTCP molecule, first of all, the optimized structures of the
molecules were determined using the density functional the-
ory (DFT) method in the Gaussian 09 W program. Using
optimized constructs in molecular docking calculations is
more precise, making the program more reliable for use in
construct-based drug design.
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Manjunath et al. [1] were synthesized TTCP molecule,
and its geometric parameters (bond lengths and bond angles)
and vibrational spectroscopy were performed experimen-
tally. However, the theoretical studies on above-mentioned
analyses for the TTCP molecule are neglected. In order
to eliminate this deficiency, we investigated the structural,
spectroscopic, conformations and Mulliken charge analysis,
molecular electrostatic potential maps, electronic, NLO and
NBO properties of TTCP molecule at DFT method. In addi-
tion; Molecular docking calculations were performed with
COVID-19 main protease (PDB 5R7Y) to determine the
pharmaceutical activities of the TTCP molecule against coro-
navirus diseases.

2 Computational Methods

2.1 DFT Calculations

The theoretical modeling was calculated for the TTCP
molecule by Gaussian 09 software [9] in the ground state.
The molecular structure of the optimized molecule was
drawn by Gaussian View 5 program [10]. Theoretical cal-
culations of the TTCP molecule performed with B3LYP
[11, 12] and HSEh1PBE [13-16] with 6-311++ G(d,p) [17].
UV-vis was performed with TD-HSEh1PBE and TD-B3LYP
approach in ground state. Nonlinear optical parameters were
calculated at both levels. Natural bond analysis calcula-
tions were made to investigate various quadratic interactions
[18]. The DFT method also made application to calculate
molecular frontier orbital energies and polarizability, as well
as molecule charges, molecular docking, and electrostatic
potential (MEP) surface.

2.2 Molecular Docking Calculations (Ligand
and Target Protein Preparation)

Before starting the molecular docking calculations, the 3D
molecular structure of COVID-19 (5R7Y) were downloaded
from the Protein Data Bank (PDB) of the Structural Bioinfor-
matics Research Laboratory (RCSB) [19]. Thus, the ligand
(TTCP) and target (PDB 5SR7Y) were determined for molec-
ular docking calculations. Molecular Docking calculations
were performed by using the AutoDock Tools (ADT) Version
1.5.6 [20] to find the ligand—protein docking interactions. The
PyMOL software package [21] has analyzed the output of the
AutoDock (version 4.0) program [22]. In addition, Discovery
Studio Visualizer 3.5 software [23] was used to visualize the
docked active sites in the protein and its H-bond interactions.
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Fig. 1 Experimental and calculated structure with B3LYP for the TTCP

3 Results and Discussion
3.1 Geometric Optimization

The TTCP was studied by Manjunath et al. [1]. The unit cell
parameters a = 16.6170(6), b = 7.6180(5), ¢ = 10.9280(11)
(in A) B = 104.635° and V = 1338.47(17) A3. The obtained
geometric structure is seen in Fig. 1. Obtained geomet-
ric data listed in Table 1. In the study, Theoretical bond
lengths (for C—C) were found in the range 1.370-1.482 A
and 1.371-1.489 (in 10\) at HSEh1PBE and B3LYP, respec-
tively. Experimental bond lengths (C—C) are seen in the range
of 1.340 and 1.476 (in A) [1]. Experimental C{;—Cj¢, C5—S1,
and C¢—O7 bond lengths are 1.729, 1.689, and 1.226 A,
respectively [1]. Calculated bond lengths were observed as
1.744, 1.723, 1.224 A for the B3LYP and 1.726, 1.710,
1.220 A for the HSEh1PBE. THE experimental C3—C»—S;
bond angle is 110.9° [1], and this angle has been seen at
110.8° for the B3LYP and 110.9° for the HSEh1PBE.

R? (linear correlation coefficients) of calculated bond
lengths are 0.9942 for the B3LYP and 0.9934 for the
HSEh1PBE. R? (linear correlation coefficients) of calculated
bond angles are 0.9867° for the B3LYP and 0.9850° for the
HSEh1PBE. The best calculating geometric data correlation
coefficient of the TTCP is obtained with the B3LYP.
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Table 1 Experimental and calculated bond lengths and bond angles

Experimental DFT
X-ray B3LYP HSEh1PBE

Bond length(/i )

Ci1—Ci2 1.385 1.399 1.396
C11—Cio 1.399 1.410 1.406
C11—Clys 1.729 1.744 1.726
Ci2—Ci3 1.380 1.391 1.388
Cip—Clyg 1.734 1.745 1.727
Ci3—Cyuy 1.377 1.389 1.386
C14—Cys 1.367 1.384 1.382
C14—Clyo 1.738 1.753 1.735
Ci5—Cio 1.405 1.403 1.398
C10—Co 1.459 1.466 1.460
Cy—Cg 1.318 1.341 1.339
C3—Ce 1.476 1.489 1.482
Ce—0O7 1.226 1.224 1.220
Ce—C2 1.461 1.472 1.466
Cr—C3 1.402 1.380 1.377
Cr-S; 1.707 1.746 1.731
C3-Cy 1.410 1.416 1411
C4—Cs 1.340 1.371 1.370
Cs-S; 1.689 1.723 1.710
Bag Angles (°)

C12—C11—Cyo 120.5 120.0 120.0
C12—C11—Clyg 119.1 119.8 119.8
C10—C11-Clig 120.4 120.0 120.1
C13-Cp—Cyy 121.2 120.8 120.7
C13-C12—Clyg 118.3 117.8 118.0
C14—C13-Cy2 118.1 118.8 118.9
Ci5—C14—Ci3 122.2 121.2 121.1
Ci5—C14—Clyg 118.8 119.6 119.6
C13—-C14—Clyo 119.0 119.1 119.1
C14—C15-Cyo 120.3 120.6 120.5
C11—C10-Cis 117.7 118.3 118.5
C11—C10-Co 121.2 121.1 120.9
Ci5—C10-Co 121.0 120.4 120.4
Cy—Cg—Cg 121.4 120.3 119.8
07-C6—C» 120.6 120.7 120.7
07-Cs—Cg 122.1 121.7 121.9
C,—C¢—Cs 117.3 1174 117.3
C3-Cr—Cg 129.8 130.8 130.8
C3-Cr-S4 110.9 110.8 110.9
Ce—Cr-S 119.3 118.3 118.1
Cr—C3-Cy 111.0 113.2 112.9
C5-C4—C3 113.2 112.2 112.0
C4—C5-S4 112.9 112.5 112.5
Cs-S1-C; 92.0 91.2 914
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Fig. 2 PES scans of energy and dihedral angles for the TTCP

3.2 Potential Energy Surface (PES) Scan

A conformational study is done to determine stable con-
formers. These stable conformers are called sampling points
on PES (potential energy surface). The sampling points
are important to determine the minimum energy confor-
mation to obtain data about the structure of the protein.
The simple points found in scanning for the TTCP are cal-
culated with the B3LYP method at the minimum energy
level. To find possible conformation of the TTCP, the
potential energy curve is calculated between 0° and 360°
in 10° steps. Confirmation of the TTCP was calculated
for 71 (S;—C—C¢—Cg) and 75 (Cg—Co—C9—Ci1) dihedral
angles. PES scan of the TTCP is shown in Fig. 2. Sta-
ble minimum point was observed 365.472° at — 2353.570
Hartree energy value for 71(S;—Cy—Ce—Cg) dihedral angle
and 205.472° at — 2353.570 Hartree energy value for 7,
(Cg—Co—C190—Cq1) dihedral angle. There are two maximum
points on PES, global and local. The two maximum points of
71(S1—-C,—C—Cg) dihedral are 266.503° and 456.503° at —
2353.556 Hartree energy value. The two maximum points of
79 (Cg—C9—C19p—C11) dihedral are 275.472° and 445.472° at
— 2353.564 Hartree energy value. 3D contour potential sur-
face graph of the TTCP shown in Fig. 3 for S1—C,—C¢—Cg

@ Springer
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Fig.3 3D Contour graphic of molecular energy surfaces for the TTCP

and Cg—Cy—C19—Cj; dihedral angles.

3.3 IR Spectra

To better understand the spectral properties of the TTCP, the-
oretical vibration modes were studied in detail. Theoretical
vibration assignments and functional groups are summarized
in Table 2. Optimized structural data are used to calculate
vibrational wavenumbers. As seen in Table 2, the absence of
negative vibration wavenumber verified that the optimized
structure is stable. The DFT method underestimates interac-
tions such as intermolecular hydrogen bonds and considers
molecules. Since theoretical and experimental data to be
more compatible with each other, it is essential to multiply
by the 0.9614 coefficient [24-26].

Experimental stretching bands (C—H) were observed at
3062, 2967, and 2812 (in cm~!) [1]. Theoretical C-H
stretching bands were calculated in the range of 3114-3079
(in ecm™!) for the B3LYP method and 3135-3101 cm™!
for the HSEh1PBE method. C-H in-plane bending vibra-
tions appear as a very weak peak in the frequency
region 1000-1550 cm™! [27]. These peaks were found at
1540-1042 and 1569—1051 cm ™! mostly coupled peaks with
the PED contribution of 15-49%. It is reported that the bands
at the range of 1400 and 1650 cm™! in the aromatic and
heteroaromatic compounds are assigned to the C—C bond
vibrations [28]. According to Varsanyi [26], these bands
have variable intensity observed at 1625-1280 (in cm™!).
C—C stretching vibrations were calculated at 1643—-1021 (in
cm™!) for the B3LYP method and 1676-1035 cm™! for the
HSEh1PBE method. Manjunath et al. reported that the peak
was observed at 1591 cm ™! from the C=C stretching vibra-
tions [1]. This peak is calculated at 1581 and 1613 cm~!

@ Springer

Table 2 Experimental and theoretical vibrational wavenumbers and
assignments for the TTCP

Assignments FT-IR B3LYP scaled HSEh1PBE
with B3LYP [1] freq. Scaled freq.”
PED%*
v CH 82 (T) 3114 3135
v CH 72 (B) 3095 3115
v CH 69 (T) 3094 3112
v CH 59 (B) 3089 3105
v CH 69 (T) 3079 3101
v CH 64 3063 3080
v CH 66 3057 3070
vCO 12 +v CC 1649 1643 1676
14
vCO9+vCC25 1591 1581 1613
vCC31(B)+8 1540 1569
CCH 17 (B)
vCC 17 (B) 1516 1546
vCC20(T)+ B 1495 1516
CCH 20 (T)
vCC28(T)+ B 1395 1420
CCH 28 (T)
B CCH 15 (B) 1380 1398
vCC22(B)+p 1366 1384
CCH 18 (B)
vCC16(T)+ B 1329 1342
CCH 24 (T)
B CCH 29 1299 1309
B CCH 22 1280 1290
v CC 24 (B) 1233 1260
p CCH 38 (T) 1207 1209
B CCH 27 1177 1187
vCC6(B)+v 1153 1168
CCl16 (B)
vCCI5B)+v 1097 1106
CCl 11 (B)
vCCo6(T)+p 1064 1064
CCH45 (T) +
B SCH 17 (T)
vCC14(T)+ B 1042 1051
CCH 49 (T)
v CC 16(B) 1021 1035
THCCH17 +t 977 978
CCCC12+~
CCCH 23
TSCCH10+ 7 885 888
HCCH34 + ¢
CCCH 13
TSCCH12+1 812 816
HCCH 10+t
CCCH 18
v CCl 14 (B) 720 792 798
v SC 27 (T) 676 717 735
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Fig. 4 Calculated and observed IR spectra for the TTCP

with a PED contribution of 25%, respectively. The stretching
vibration (C=0) [29, 30] is observed in the region 1715-1680
(in cm ™). The strong peak appeared at 1649 cm™~! assigned
as C=0 stretching vibration [1]. This peak is found at 1643
and 1581 cm™! for B3LYP method, 1676 and 1613 cm™! for
HSEhIPBE method with the PED contribution of 12-9%.
This mode is coupled with the C=C stretching vibrations.
Because the large degree of their m-electron delocaliza-
tion is insufficient due to conjugation of the molecule, the
number of waves is calculated for this mode deviates. The
assignments of C—S bands are a rough task in thiophenes
due to the shorter bond length and higher polarity of the
C-S bond in thiophenes [31]. This mode is observed at the
range of 872-750 cm™! [32]. Manjunath et al. reported the
band at 676 cm™! originated from C-S stretching vibra-
tion [1]. This mode is calculated at 717 and 735 (in cm™!)
for B3LYP and HSEh1PBE methods, respectively. For sim-
ple organic chlorine compounds, C—Cl absorptions in the
region were 750-700 cm™! [33, 34]. In the TTCP, the peak
was observed at 720 cm~! [1] and calculated at 792 and
798 cm~!. The experimental and theoretical IR spectra for
the TTCP molecule are shown in Fig. 4.

3.4 Natural Bonding Orbital

Natural Bonding Orbital (NBO) method examines charge
conjugative or transfers interactions in molecular systems
[35]. The method performs it possible to study hyper con-
jugative interactions due to electron transitions between
acceptor—donor orbitals. From donor—acceptor, more elec-
trons increase conjugation and stabilization energy of the
system.

NBO results are listed in Table 3. According to Table 3,
LP2 (O7) — o* (C,—C¢) and LP3 (Cy9) — 7w* (C14—Cy5)
interaction energies are found 17.91 and 12.76 kcal/mol at the
B3LYP level. A number of the same types of interactions are
calculated for the TTCP. The intramolecular hyper conjuga-
tive interaction of o (C19—Cj1) deploys to o * (C19—Cy5), o*
(C11—C12) leading to stabilization of 3.13 and 4.15 kcal/mol,
respectively. Antibonding orbitals increase conjugation for
m* (C15-C14) and w* (C12—C13) which provides strong
delocalization of 18.68 and 20.88 kcal/mol, respectively.
Interaction energies of LP1 S| — o * (C3-C,) and o (C¢—Cg)
— 0% (Cp-S1) calculated as 2.50, 2.58 kcal/mol for B3LYP
method and 3.61, 3.62 kcal/mol for the HSEh1PBE method.

3.5 Electronic Properties

The transition of an electron from HOMO (highest occupied
orbit) to LUMO (lowest empty orbit) is defined as electronic
absorption. Total energies of the frontier molecular orbital
of the TTCP were investigated at the B3LYP method and
shown in Fig. 5. The energy gap is important in definition
electrical transport properties of the molecule [36]. Quantum
chemical parameters (as chemical activity, HOMO-LUMO
energies and their energy gap (AE), hardness (), electroneg-
ativity (c¢), and electronic transition energies)were performed
with B3LYP and HSEh1PBE methods and calculated values
listed in Table 4. HOMO-LUMO values were found as —
7.4300 and — 5.8863 eV at the HSEh1PBE method. AE
is an electronic system and charge transfer is more likely
to occur in a molecular system with a smaller energy gap.
Thus, NLO properties of such systems are generally higher
than molecules with a larger energy gap. AE were found
as 1.5437 and 1.5674 eV at the HSEh1PBE and the B3LYP
methods. These values indicate that intramolecular charge
transfer takes place in the TTCP molecule.

The x (Electronegativity) and 7 (chemical hardness)
were calculated as 6.6640 and 0.7837 (in eV) using
HOMO-LUMO values. UV-vis spectra of the TTCP were
performed by using the TD-DFT method. The absorption
band, experimentally was observed at 324 nm and assigned
as n—m* transition and found at 326 and 331 nm for the
B3LYP and the HSEh1PBE methods. Electronic transition
energies, wavelengths, and oscillator strengths for the TTCP
are given in Table 4.

3.6 Nonlinear Optics

Hyperpolarizability increases in organic molecules contain-
ing C=0 and C-C groups, which are involved in hydrogen
bond interactions. Dipole moment is important to show the
motion of intermolecular charge. The dipole moment of the
TTCP was found as 4.0438 Debye for the B3LYP method and
3.9950 Debye for the HSEH1PBE method with a maximum

@ Springer
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Table 3 NBO analysis for the
TTCP

¢

Fig.5 The FMOs, HOMO-LUMO energy gap and energies (in eV) for

the TTCP

Donor (i) Acceptor (j) E(2)* (kcal/mol) E() — E()® (au) F(ij)° (a.u.)
B3LYP HSEh1 B3LYP  HSEhI B3LYP  HSEhl

o (C3—Cy) o* (C,—Co) 2.53 2.74 1.19 1.20 0.05 0.05
o (C3-Cy) o* (Ce—07) 1.64 1.68 1.33 1.34 0.04 0.04
o (C-S)) o* (C3-Cp) 0.60 0.71 1.24 1.26 0.02 0.03
o (C2-S1) o* (Ce—Cg) 3.09 3.10 1.09 1.11 0.05 0.05
o (C2—Ce) o* (Ce—07) 1.48 1.58 1.28 1.30 0.04 0.04
7 (C5—Cy) 1*(Cr—C3) 17.4 16.57 0.29 0.29 0.07 0.07
7 (Cr—C3) 7*(Ce—07) 21.0 20.26 0.30 0.30 0.07 0.07
o (Ce—Cg) o* (C-Sy) 3.61 3.62 0.87 0.89 0.05 0.05
o (Ce—Cg) o* (Cr—Cp) 1.13 1.26 1.11 1.13 0.03 0.03
o (Ce—Cg) o* (Ce—07) 1.13 1.23 1.25 1.26 0.03 0.04
o (Cg—Co) o* (C10-Cq1) 2.15 2.22 1.26 1.27 0.05 0.05
7 (Cg—Cy) o* (C10—C11) 0.56 0.54 0.79 0.80 0.02 0.02
7w (Cg—Cy) 7* (C10-Cr1) 11.6 11.54 0.28 0.27 0.06 0.05
o (Co—Cjp) o* (C10—C11) 3.17 3.40 1.19 1.20 0.06 0.06
o (C10—Ci1) o* (C10—Cis) 3.13 4.00 1.19 1.27 0.05 0.06
o (C10-Ci11) o* (C11—C12) 4.15 4.40 1.25 1.26 0.07 0.07
7w (C10-Cq1) 7* (C15-Cla) 18.8 17.66 0.28 0.28 0.07 0.06
7w (C10—Cq1) ¥ (C1p—C13) 209 19.56 0.28 0.27 0.07 0.07
o (C11—Clig)  o* (C10—Cy5) 2.64 2.64 1.26 1.29 0.05 0.05
o (C11—Clig)  o* (C12-Cy3) 2.58 2.54 1.27 1.29 0.05 0.05
LPI1 (Sy) o* (C3—Cp) 2.50 2.58 1.23 1.23 0.05 0.05
LP1 (Oy) o* (Cr—Cg) 1.88 1.86 1.14 1.15 0.04 0.04
LP2 (Clyg) o* (C10-C11) 4.51 4.80 0.84 0.84 0.06 0.06
LP2 (O7) o* (C,—Cp) 17.9 18.16 0.71 0.72 0.10 0.10
LP2 (O7) o* (Ce—Cg) 19.8 19.90 0.69 0.69 0.11 0.11
LP3 (Cly9) * (C14—Cys) 12.8 13.32 0.33 0.32 0.062 0.06

N

HOMO

LUMO
First excited state

A ELumo=-5.8803 eV

AE=1.5674 ¢V

y Enomo=-7.4477 eV

Ground state

Table 4 FMOs, energies and calculated physico-chemical properties for
the TTCP

B3LYP HSEh1PBE
Enomo (eV) — 7.4477 — 7.4300
Erumo (eV) —5.8803 —5.8863
AE = Erymo — Euomo (eV) 1.5674 1.5437
x(eV) 6.6640 6.6582
n(ev) 0.7837 0.7719

additive from -y-axis (as seen in Table 5). NLO materials are
very important for future applications in the optoelectronics
field.

Due to hyperpolarizability, organic materials have non-
linear optic features. Organic, Inorganic, and organometallic
molecular systems are investigated for NLO active feature.
u (total static dipole moment), < o > (the mean polarizabil-
ity), A« (the anisotropy of the polarizability) and < 8 > (the
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Table 5 The electric dipole (hyper) polarizabilities for the TTCP

Property B3LYP HSEh1PBE
My — 1.2835 —1.2182
My 3.6017 3.5842
Mz 1.3161 1.2766

I 4.0438 3.9950
Oy 51.776 50.846
Qyy 35.093 34.515
oz 17.800 17.396
<a> 34.890 34.252
Ao 29.426 28.972
Bx — 1.308 — 2.446
By —4.206 —3.949
B —2.945 — 3.068
<p> 5.299 5.567

n 4

s

o

Fig.6 MEP surface plots for the TTCP

mean first-order hyperpolarizability) parameters were per-
formed using defined equations previously [37]. All NLO
parameters (< « >, Ax and <  >) were calculated with the
B3LYP and the HSEh1PBE methods for the TTCP. < o >,
A« and < B > parameters in Gaussian output file were calcu-
lated in atomic units. Calculated < & >, A« and < 8 > values
were converted to electrostatic units («: 1 a.u. = 0.1482 x
10~2* esu. and B: 1 a.u. = 8.6393 x 10733 esu.). Calculated
<a >, Aa and < 8 > were found as 29.426 x 10724, 34.890
x 1072% and 5.299 x 1073? esu. at B3LYP method for the
TTCP. Calculated maximum § data (8y) is due to 7—7 inter-
actions and hydrogen bonds. Calculated maximum g data
show that the electron cloud is more in the y-direction.

3.7 Molecular Surfaces and Atomic Charge Analysis

Molecular surfaces are a technique of mapping electrostatic
potential onto the iso-electron density surface. MEP surface
map is very important for the investigation of molecular
structure. MEP surface map shows the molecule’s color,
shape, charge, size, and electrostatic potential regions at the
same time. The color chart of MEP is red for (—) charge, blue
for (+) charge, yellow for the slightly electron-rich region,
green for neutral [38]. 3D MEPs of the TTCP were simulated
by using the B3LYP and shown in Fig. 6. The electrolyte will
hold from oxygen atom to the TTCP, as seen in Fig. 6.
Unlike electron density, atomic charges cannot be
observed quantum mechanically, so they cannot be calcu-
lated exactly. Developed methods contain randomness for
calculating this quantity. Mulliken charge distribution is an
old method and common method [39]. This method is a linear
combination of atomic orbital results based on the method
of obtaining molecular orbital. In case making the distribu-
tion to atoms of wave functions, it is based on the principle
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Fig.7 Comparative of Mulliken atomic charges for the TTCP

of equally distributing two overlapping orbits. The B3LYP
and the HSEh1PBE methods are used to calculating atomic
charges of the TTCP. Calculated Mulliken density analysis
results are shown in Fig. 7. The magnitude of C charges is
given to be either (+) or (—) are recorded to change from —
1.07543 to 1.14634 with the B3LYP method.

3.8 Molecular Docking Analysis

Molecular interactions play important roles in the basic bio-
logical processes. These molecular interactions lead to the
formation of stable ligand—protein complexes that are nec-
essary for their biological functions. Molecular docking was
performed by AutoDock (version 4.0) program. The program
receives a semi empirical free energy force in docking sim-
ulation processes. The force field contains (Vi) and a loss of
conformational entropy after binding (ASconf):

_(vL-L L—L P—p P—P
AG _(Vbound - Vunbound) + (Vbound - Vunbound)

P—L P—L
+ (Vbound - Vunbound + ASconf)
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Fig.8 The 3D interaction
diagrams of the TTCP in into the
active sites PDB 5SR7Y main
protease

where L refers to the ligand and P to the protease [40].
The PDB 5R7Y target protease exhibits the minimum bind-
ing energy of — 4.12 kcal/mol, intermolecular energy of —
4.47 kcal/mol, and an inhibition constant of 959.73 micro-
molar (uM). The deviation between the ligand- protease was
analyzed, where the root mean square deviation (RMSD)
value was calculated as 24.21 for TTCP molecule.

3D molecular interaction diagrams of target protease
(PDB 5R7Y) and ligand (TTCP) are shown in Fig. 8. Detailed
2D interaction diagrams are shown in Fig. 9. The molecular
docking results show that the analyzed TTCP molecule has a
2 pi-anion interactions with the A100 residue of PDB 5R7Y,
which is characterized by interaction lengths of 4.07 A. The
TTCP molecule and the target have PDB S5R7Y CeeQ inter-
action and pi-alkyl interaction in the range of 4.90-5.29 A
interaction length. With the TTCP molecule, the target PDB
5R7Y has a sulfur-x interaction with residue A103, which
is characterized by interaction lengths of 3.17 A, and also
has a pi-donor hydrogen interaction with residue A101 with
an interaction length of 4.05 A. The total energy of the best
conformation obtained for the TTCP complex was calculated
as 4.12 kcal/mol, and the inhibition constant was calculated
as 959,73um (micromolar). According to this docking result,
the TTCP molecule appears to be active with PDB 5R7Y.

4 Conclusions

The 1-(2°-Thiophen)-2-propen-1-one-3-(2,3,5-
trichlorophenyl) (TTCP) molecule from thiophene-
containing compounds were investigated as inhibitors
for COVID-19 with help of DFT and molecular docking
calculations. Molecular Modeling of the TTCP molecule

@ Springer
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Fig.9 The binding orientation and 2D molecular interaction diagram
of the TTCP in into the active sites of PDB SR7Y main protease

was done by using Gaussian 09 W program. Firstly, the
molecular geometry of the TTCP molecule was opti-
mized with DFT/B3LYP and DFT/HSEHIPBE methods
using 6-311++ G(d,p) basis set. Detailed assignments of
vibration modes were shown using PED (potential energy
distribution). UV—-vis spectrum inspected for optimized
the TTCP. Optimized geometric parameters (bond lengths
and angles), vibration and UV—vis spectra theoretical data
were observed in accordance with the experimental data.
Additionally, 3D potential energy surface was investigated
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for S1-C2-C6-C8 and C8-C9-C10-C11 dihedral angles,
and the fixed points are minimally verified by the frequency
analysis. According to the potential energy surface scan
calculations, the energy value of most stable structure which
located on the global minimum point is — 2353.570 Hartree
for 71(S1-C2-C6-C8). The HOMO-LUMO energy band
gap for the TTCP molecule was calculated as 1.5674 eV at
B3LYP method. This low energy band gap indicates that it
supports the bioactive property of the TTCP molecule.

The reactivity of the TTCP molecule in the treatment of
coronavirus by combining DFT and molecular docking cal-
culations were determined. As aresult of DFT and molecular
docking analyses, TTCP molecule is suggested as a poten-
tial antiviral for the treatment of Covid-19 diseases. The
interactions between ligand-target were examined by using
molecular docking and it was observed that TTCP molecule is
a good inhibitor of COVID-19 virus. According to the dock-
ing results, the TTCP molecule can be effective in the control
of COVID-19 disease has contributed to the literature.
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