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Density Functional Theory (DFT) and Molecular docking are pivotal computational techniques in modern
chemistry and drug design. This work investigates the electronic structure and reactivity of 2-thiophenecarboni-
trile (2TCN) with an emphasis on important factors such as HOMO-LUMO energy gap, MEP, Mulliken atomic
charges, natural population analysis, and Mutiwfn (ELF, LOL, ALIE, and RDG) analysis. The MEP and FMO
studies were calculated in various solvents like acetonitrile, water, gas, and methanol. The anti-inflammatory and

antioxidant investigations revealed substantial activities by 2TCN. Additionally, molecular docking studies are
performed to elucidate the binding interaction between the compound and target proteins, providing insights
into its potential therapeutic mechanisms. The results demonstrate the binding energies, interaction residues,
and the most favorable docking poses. This approach underscores the integration of theoretical and computa-
tional methods in advancing molecule design and therapeutic discovery.

1. Introduction

Among the organic molecules that are classified as heterocyclic
compounds, 2-thiophenecarbonitrile is one of the compounds that can
be found. Specifically, it possesses a thiophene ring, which is a five-
membered ring consisting of four carbon atoms and one sulfur atom.
Additionally, it possesses a cyano group (—C=N) that is connected to the
second carbon position on the ring. The aromatic nature of the thio-
phene ring makes it a useful building block in a variety of organic syn-
thesis reactions. This property also contributes to the fact that it is stable.
The cyano group results in the introduction of reactivity and polarity.

Depending on the purity of the substance and the conditions under
which it is found, it can manifest as a colorless to light yellow liquid or
solid. Several different medicinal molecules are synthesized with the
help of 2-thiophenecarbonitrile, which serves as an intermediate (Molvi
et al., 2008). Due to its reactivity, it is an extremely valuable starting
material for the development of pharmaceuticals that possess anti-
fungal, antibacterial and other bioactive qualities. It is utilized in the
manufacturing of conductive polymers and other materials, particularly
those that call for heterocyclic frameworks, such as polymers based on
thiophene (Alomar et al., 2013). In addition to its role as a precursor in
the synthesis of various thiophene derivatives, 2-thiophenecarbonitrile
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Fig. 1. Observed and simulated FT-IR spectrum of 2TCN.

is also engaged in the construction of heterocyclic compounds that
consist of more complex structures. As a result of its ability to participate
in nucleophilic addition processes, the cyano group (—C=N) is
frequently utilized in the production of a wide range of amines and
amidines. The thiophene ring contains the ability to undergo electro-
philic substitution reactions, which enables it to be utilized in the syn-
thesis of a wide variety of substituted thiophene derivatives (Baildya
et al.,, 2021). On account of its versatility in organic and medicinal
chemistry, 2-thiophenecarbonitrile has garnered a lot of attention in the
field of scientific research. Through modification, it is possible to create
derivatives that possess potentially beneficial biological activities, or it
can be utilized in the development of material science advances such as
semiconductors and sensors. Thiophene derivatives have gained interest
in medicinal chemistry for their diverse biological activities, including
antidiabetic, antimicrobial, and anti-inflammatory properties (Ruan and
Lodish, 2003) (Ruan and Lodish, 2003) (Chaudhury et al., 2017). This
study presents a comprehensive vibrational analysis of 2-thiophenecar-
bonitrile (2TCN) by integrating actual IR and Raman spectrum data with
theoretical information utilizing a scaled quantum chemistry approach
based on DFT. The calculation of stabilization energies E(2) is performed
using NBO, which provides definitive proof of stabilization resulting
from hyperconjugation in different intramolecular interactions. The
analysis of the HOMO and LUMO has been employed to clarify details
about the transmission of electric charge within the molecule, in various
solvents. The topology analyses were derived using the Multiwfn soft-
ware, which functions as a wave function analyzer. In addition, bio-
logical experiments were conducted, including investigations on anti-
inflammatory, and antioxidant properties, as well as molecular docking.

2. Experimental
2.1. Materials and methods

The 2TCN chemical was obtained from Sigma-Aldrich with purity of
99 percent. The Infrared spectrum was obtained by utilizing the FTIR
spectrophotometer with KBr pellets, whereas the FT-Raman spectral
analysis was conducted using the Brucker Spectrometer. The Perki-
nElmer Lamda-35 spectrophotometer was utilized to capture the emis-
sion spectra, utilizing ethanol as the solvent.

2.2. Computational analysis

The computational analysis of 2TCN was carried out using Gaassview
and Gaussian 09 W software(Frisch et al., 2009). Using B3LYP func-
tional, the 2TCN molecule geometry was calculated. Fig S1 shows the
optimization structure of the 2TCN molecule. The interactions between
orbitals within and between molecules were examined using NBO
computations. Table S1 presents the optimized geometrical parameters
for both methods. The HOMO-LUMO and MEP analyses were performed
in the gas phase(Dominguez-Flores and Melander, 2022). Using Atom-
istic Online, a web tool for creating input files for common RDG dia-
grams, and Gauss-sum software, the DOS plot was constructed. The
investigations of ELF, LOL, and ALIE were carried out by Multiwfn (Lu
and Chen, 2012). The output data obtained from Multiwfn were utilized
along with the VMD 1.9.1 software for generating the isosurface maps.
The software Autodock-4.2.6 and Discovery Studio were used to do the
molecular docking study(Lalpara et al., 2022).
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Fig. 2. Observed and simulated Raman spectrum of 2TCN.

2.3. Antioxidant (DPPH) activity

It had 0.2 mL of DPPH radical solution 0.5 mM in ethanol, 0.1 mL of
sample at different concentrations, and 2 mL of pure ethanol in it. When
DPPH mixes with an antioxidant that can gives off hydrogen (Ezati et al.,
2022; Elangovan et al., 2023). After 30 min of reaction, the color
changed from deep violet to bright yellow and the change in the
absorbance was measured using UV-VIS spectrophotometer at 517 nm.
The blank was the mixture of ethanol and sample. Combining the DPPH
radical solution with ethanol produced the control solution.

2.4. Anti-inflammatory activity

A 0.2 mL of a 2 % egg albumin solution, 0.1 mL of sample extract at
different strengths, and 2.7 mL of phosphate-buffered saline (pH 7.4)
were mixed to make a 3 mL reaction mixture(Arulmurugan et al., 2024;
Elangovan et al., 2023). The control was made by mixing 3 mL of triple-
distilled water, 0.1 mL of 2 % egg albumin solution, and 2.7 mL of
phosphate-buffered saline. Next, the mixtures were kept at 37 4 2°C for
30 min. After that, the mixtures were heated in a water bath at 70 4+ 2°C
for 15 min. UV/Vis spectrophotometer was used to measure the absor-
bance at 280 nm.

3. Results and Discussion
3.1. Vibrational assignments

The investigation of the IR and Raman vibrational spectra can yield
valuable insights into the vibrational modes of the 2TCN molecule.
Experimental spectral analyses using IR and Raman techniques have
been conducted(Elangovan et al., 2023). The results are presented in
Fig. 1&2. The B3LYP/6-311 ++G(d,p) and B3LYP/6-311 + G(d,p) basis
sets were used in corresponding theoretical calculations. The assign-
ments for each spectrum are found in Table 1. Typically, the C-H
stretching vibration modes are not affected by substituent groups
(Arulmurugan et al., 2024). However, there are specific vibrations that
are sensitive to substituents and can offer important structural infor-
mation because of their mechanical interaction with the substituent
groups. Typically, the spectral range of 3100-3000 cm™! is where the
asymmetric stretching vibrations C-H are commonly found. The current
work on 2-thiophenecarbonitrile detected the stretching C-H vibration
in Raman at 3110 cm™!, and in IR at 3108 cm™! and 2908 cm .
Stretching vibrations at 3116 cm Y, 3108 em ™), and 2914 cm ™! were
anticipated by theoretical calculations employing B3LYP/6-311 ++ G
(d,p). B3LYP/6-311 + G(d,p) computations also projected vibrations at
3112 em™}, 3103 em-1, and 2910 cm-'.Observations of C-H bending
vibrational modes were found within the 1530-1000 cm ™! frequency
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Table 1
Comparison of the calculated and experimental vibrational spectra and proposal
assignments of2-Thiophenecarbonitrile.

No FT- FT- B3LYP/ B3LYP/ Vibrational
IR RAMAN 6-311 + G 6-311++G(p, assignments
(p,d) d)

1 3116 3112 VvCH(99)

2 3102 3108 3103 VvCH(98)

3 2908 2914 2910 VCH(99)

4 2221 2222 2224 2221 VCN(88)

5 1672 1677 1673 vCC(71)

6 1576 1578 1575 VCC(70),

7 1513 1519 1514 VCH(70),

8 1475 1480 1475 VvCH(68), vCC
(16), YCN(10)

9 1131 1133 1130 VCC(68), CH(15)

10 1079 1079 1083 1078 vCH(70), vCC
(18), YCN(10)

11 1041 1044 1040 VCN(68)

12 940 947 941 vCS(72), CH(16)

13 914 918 915 vCS(70), CH(17)

14 856 859 859 855 vCC(67), CH(12)

15 751 758 750 YCH(62), Yring
(21)

16 722 724 721 vCC(58),vCH(17)

17 686 690 687 YCH(60), Yring
19

18 567 571 565 yCH(60), y CN
(15)

19 524 528 524 YCN(55)

20 506 502 yCC(49)

21 487 488 490 485 Yring (52)

22 416 419 415 Yring (50)

23 156 153 Yring (49)

24 146 142 Yring (49)

Note: v-stretching, 6-in-plane bending, y-out -of -plane bending, &, -ring
vibration.

range(Elangovan et al., 2023). Whereas the Raman spectrum features
peaks at 1513 and 1079 cm ™%, the IR spectrum comprises peaks at 1672,
1576, 1131, and 1079 cm ™ were noticed. While with the B3LYP/6-311
++ G(d,p) approach the values are 1673, 1575, 1514, 1475, and 1078
cm’l, the predicted values for the B3LYP/6-311 + G(d,p) method are
1677, 1578, 1519, 1480, and 1083 cm™'. Within the frequency range
900-625 cm 1, the C-H bending vibration in the out-of-plane direction
exists.

The recorded IR spectrum at 567 and Raman spectrum at 751 and
686 have equivalent theoretical values of 758, 690, and 571 em ! for
B3LYP/6-311 ++G(d,p), and 750, 687, and 565 cm~ ! for B3LYP/6-311
+ G(d,p). Nitrogen compounds containing double and triple bonds, such
as nitrile and cyanate, exhibit a distinct spectrum characterized by a
single, typically prominent peak at 2280-2200 cm™!. B3LYP/6-311
++G(d,p) and B3LYP/6-311 + G(d,p) have comparable theoretical
values of 2224 and 2221 cm ™}, respectively, for the stretching vibration
of C-N in IR and 2222 cm ! in FT-Raman (Elangovan et al., 2023). The
bending vibration of B3LYP/6-311 ++G(d,p) and B3LYP/6-311 + G(d,
p) was observed at 1041 cm ™! in the IR spectrum, while B3LYP/6-311
+ G(d,p) has a frequency of 1044 cm™! and 1040 cm ™, respectively.
The C-C stretching vibrations commonly occur within the range of 1635
to 1080 cm ™. The stretching vibration of the C-C modes was detected at
frequencies of 1672, 1576, and 1131 cm ™! in IR. The theoretical values
for these vibrations are 1677, 1578, and 1133 cm ™! for B3LYP/6-311
++G(d,p), and 1673, 1575, and 1130 cm™! for B3LYP/6-311 + G(d,p).

3.2. Electronic spectra
Electronic spectra, often referred to as UV-Vis (ultraviolet-visible)

spectra, are used to study the absorption of ultraviolet (UV) and visible
light by molecules. The absorption of light in these regions of the

Journal of King Saud University - Science 36 (2024) 103526

|
0
< .
s Experimental
=
o
=
wn
o
<
.
Theoretical
\
T T
200 400 600 800
Wavelength

Fig. 3. Absorption spectra of 2TCN.

electromagnetic spectrum causes electronic transitions in molecules,
typically between different energy levels of electrons. The ¢ to ¢*
transitions occur when light excites an electron from a bonding sigma
orbital (c) to an antibonding sigma orbital (6*). These transitions are
very high in energy and typically occur in the far UV region (below 200
nm). The n to ¢* transition involves the excitation of a non-bonding
electron (n) to an antibonding sigma orbital (6*). These transitions
occur in the UV region (around 150-250 nm). The & to ©* transitions
occur when electrons in a pi bonding orbital (n) are excited to an anti-
bonding pi orbital (n*). These transitions usually occur in the UV to
visible range (180-400 nm), especially in compounds with conjugated
systems like alkenes and aromatic rings. The n to n* transition involves
the excitation of a non-bonding electron to an antibonding pi orbital
(n*). These transitions typically occur in the near-UV region (200-400
nm). The absorption spectroscopic properties of the title molecule were
forecasted using the TD-DFT technique, specifically with the B3LYP/
CPCM solvation method. Ethanol was used as the solvent in both the
experimental and theoretical analysis(Elangovan et al., 2023). Table S2
displays the UV-visible data analysis(Elangovan et al., 2024). From
Fig. 3; the molecule exhibits absorption peaks at 279.20 nm in the
experimental section and at 236.27 nm in the theoretical technique with
80 % of the contribution coming from the HOMO and LUMO.

3.3. Donor acceptor interaction

The HOMO and LUMO play a pivotal role in assessing the chemical
stability of a molecule. To comprehend the behavior of molecules, one
must possess knowledge regarding electronic transitions and the corre-
sponding disparities in energy, which are denoted by the energy gap
(Priya et al., 2023). Moreover, many chemical reactivity descriptors are
crucial in comprehending this matter. Fig. 4 graphically depicts the
energies of the HOMO and LUMO, along with the band gap, which is the
difference between them. The color green signifies the unfavorable
stage, whilst the color red signifies the favorable stage. The HOMO is
connected to the nucleophilic part of the molecule, while the LUMO tells
us about the electrophilicity of the molecule(Gobinath et al., 2024). The
energy difference of 2TCN is determined to be 5.21 (eV) in solvents
methanol, water, and acetonitrile and the gas phase is 5.23 (eV)
respectively. A high-energy HOMO indicates strong nucleophilic
behavior, making thiophene derivatives more reactive towards nucleo-
philic. The global reactivity description for the specified chemical has
been calculated and condensed in Table S3, for both gas phase solvent
phases. The diagram illustrates that both the HOMO and the LUMO are
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Fig. 5. MEP surface map of 2TCN in various solvents and gas phase.

localized inside the entire molecule. The smaller energy gap means that
the molecule can carry electrons more effectively, which makes it more
biologically active.

3.4. Study of DOS

The Density of States (DOS) is a concept used in physics and chem-
istry to describe the number of states that are available for occupation by
electrons (or other particles like phonons) at each energy level in a
material. It’s particularly important in solid-state physics, quantum
mechanics, and materials science for understanding electronic structure
and how materials interact with light, electricity, and other external

factors. Fig S2 shows the DOS spectrum, which shows how many energy
levels there are per unit of energy increase and what kinds of levels and
Fig S2 displays the HOMO and LUMO energy levels. The HOMO by the
green line and the LUMO by the red line(Elangovan et al., 2021). When
looking at the plot’s energy axis, the range from —20 eV to —5 €V is
called “filled orbitals,” and the range from 0 eV to 20 eV is called “virtual
orbitals.” The empty orbitals are called recipient orbitals, and the full
orbitals are called donor orbitals.

3.5. MEP map analysis

The MEP (molecular electrostatic potential) is utilized to forecast the
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Fig. 6. RDG scatter graph of 2TCN.

positions of nucleophilic and electrophilic reactive sites within a mole-
cule, offering a valuable understanding of their comparative reactivity.
An MEP analysis was performed on the optimized structure of the title
compounds(Diya et al., 2023).This method is valuable for data verifi-
cation, demonstrating that these chemicals interact as inhibitors. The
MEP method utilizes color categorization to precisely determine a
molecule’s dimensions, configuration, and positive, negative, and
neutral regions. While the red color signifies areas with low electrostatic
potential, indicating a high concentration of electrons, the blue hue
represents places with very high electrostatic potential. This designation
means the absence of electrons in this area, making it a favorable
location for nucleophilic assault. The MEP surface is seen in Fig. 5 for the
gas phase and solvent phases. The depicted surface range spans from
—9.003 to + 9.003 atomic units in acetonitrile and water(Elangovan
et al., 2023). The gas phase water ranges from —8.929 to + 8.829 and
—9.005 to + 9.005 a.u respectively. The red region corresponds to the
site of the electrophilic attack, located around N10. On the other hand,
the blue hue reflects the region of nucleophilic assault, which is situated
around the sulfur atom for both the gas phase and solvent phases.

3.6. Mulliken atomic analysis

The distribution of Mulliken’s atomic charges is crucial in quantum
chemical calculations. It represents the electrostatic potential that ulti-
mately persists beyond the molecule’s surface(Geethapriya et al., 2023).
Charge transfer between donor and acceptor pairs will occur within the
molecule. Table S4 shows the MPA study results. The hydrogen atom as
a whole has a net positive charge ranging from 0.142 to 0.263. The
carbon atoms C2, C3, and C5 carry a positive charge, whereas the atoms
C4, C9, and S1 carry negative charges. Atoms with a high positive
Mullikan charge might be more electrophilic while atoms with high
negative charge might be more nucleophilic.

3.7. NPA analysis

The natural population analysis provides the electron density dis-
tribution and charge transfer between atoms or within molecules. The
NPA was employed to illustrate the distribution of electrons within the
subshells of atomic orbitals. Table S5 presents the inherent energies of
each atom, together with the number of electrons in the nucleus,
valence, and Rydberg subshells. The carbon atom displays both elec-
tronegativity and electronegativity. The carbon atom at position C5
(—0.415) exhibits higher electronegativity, while the carbon atom at
position C3 (0.295) exhibits higher electro-positivity(Muthukumar
et al., 2022). All hydrogen atoms have electropositive charges. The el-
ements with atomic numbers 6, 7, and 8 exhibit electropositive charges
0f 0.227,0.233, and 0.241, respectively. S1(0.547) displayed the highest
electropositive charge. Based on the electrostatic perspective, most
electropositive atoms can take an electron, while most electronegative
atoms can readily donate their electrons. The whole natural population
analysis of the 2TCN molecule has been computed as

Core: 21.99346 (99.9703 % of 22).

Valence:33.81282 (99.4495 % of 34).

Rydberg: 0.19372 (0.3459 % of 56).

3.8. NCI analysis

The Reduced Gradient Density (RDG) is employed to analyze non-
covalent interactions, which can be attracting (noncovalent), repulsive
(steric), or neutral (van der Waals). The Fig. 6 displays a 2D scatter plot
and a 2D RDG analysis(Kazachenko et al., 2022). The scatter plot reveals
that the Red flaky has a range of 0.02 to 0.005 a.u., indicating stronger
repulsive interactions and demonstrating the steric effect. The green
patches indicate the presence of van der Waals interactions, which occur
within the range of the negative area from —0.005 to —0.015. The
presence of a blue color patch within the range of —0.020 to —0.035 a.u
indicates a significant hydrogen bond interaction.
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3.9. ELF and LOL

The Electron Localization Function (ELF) is a powerful tool used in
computational chemistry and materials science to analyze and visualize
the degree of electron localization in molecules and solids. ELF helps to
provide insight into the nature of chemical bonding, stability, and
reactivity by mapping regions of space where electrons are likely to be
found. It allows chemists to study the distribution of electron density in a
way that reveals the behavior of electrons beyond what traditional bond
descriptions offer. We utilized the software MULTIWFN version 3.8 to do
a topological study of ELF and LOL. Fig S3 displays the three-
dimensional mapping of the ELF and LOL. Within the range of 0.001
to 1.000, there exist various color codes. The red zone indicates higher
levels of (ELF) values, whereas the blue region represents lower ELF
values. ELF studies aim mostly to understand the quantitative behavior
of electrons in a system(Arulaabaranam et al., 2021). The Pauli repul-
sion between two electrons with the same spin arises from the disparity
in their kinetic energy density and is connected to the behavior of the
electron. The presence of Pauli repulsion is denoted by the red and blue
zones, respectively. A red zone including hydrogen atoms surrounds the
higher ELF region, suggesting the presence of highly localized bonding
and nonbonding electrons. Carbon, sulfur, and nitrogen atoms are rep-
resented by blue, indicating the electron-depleted region. On the LOL
map, the white center region of the hydrogen atom (H6, H7, and H8)
indicates that the electron density surpasses the upper limit of the color
scale. The presence of the blue color in atoms C2, C3, C4, C5, C9, and
N10 signifies the phenomenon of electron delocalization.

3.10. Average localization energy (ALIE)

It is possible to get rid of the electrons in a point system by ionizing
the average local energy. The favored reaction sites for electrophiles or
radicals are those with the lowest energy, indicating the position of the
most tightly bound electrons. The compound’s average localization
energy is depicted in Fig S4. The study demonstrated that electrons can
contribute to the stability and bioactivity of molecules, whether they are
localized or delocalized, depending on the specific context of the
molecule(Vincy et al., 2022). The Bohr scale for these sites runs from
—8.65 to 8.65 and is represented by the colors blue (0.000) to red
(2.000). The hue red represents core electrons, the color blue represents
localized bonded electrons, and the color greenish-yellow represents
delocalized electrons in molecules.

3.11. Toxicity prediction

Toxicity prediction methods are widely recognized for their safety,
but cell-based toxicity studies do not comprehensively grasp their po-
tential negative impacts. The terms “active” and “inactive” describe
whether a substance is expected to have a hazardous activity or not
based on specific biological endpoints or assays when toxicity prediction
is done utilizing web servers. When a substance is designated as “active”
in a toxicity prediction, it indicates that the model being employed
predicts that the compound will demonstrate hazardous activity
(Kolahalam et al., 2021). To put it another way, the substance is prob-
ably going to have a hurtful impact on biological systems, such as
mutagenesis consequences, organ toxicity, or cell destruction. When a
substance is classified as “inactive,” it indicates that the prediction
model indicates that it is unlikely to be hazardous under the tested
conditions (Pillai et al., 2020). Based on the supplied data, it does not
exhibit any noteworthy negative interactions or consequences. To
forecast the organ toxicity (OC toxicity), toxicological parameters
(TEMs), and LD50 (Median LD50) for the 2TCN chemical, we utilized
the web server pro-tox II program (Fnfoon and Al-Adilee, 2023). The
LD50 value and pFPP of the 2TCN molecule are displayed in the
Table S6. Based on the results, the title compound was classified as
having acute toxicity class IV. The acute toxicity prediction results
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encompass the classification of toxicity classes. Class IV generally in-
dicates a low level of toxicity compared to more hazardous classes. The
results indicate that the title molecule does not possess any carcinogenic,
mutagenic, or cytotoxic effects.

3.12. Antioxidant activity

The 2.2 diphenyl-1-picrylhydrazyl (DPPH) assay was employed to
evaluate the antioxidant capacity of the 2TCN molecule. The DPPH free
radical scavenging method is a well-established technique used to assess
the antioxidant capacity of a sample. In the DPPH experiment, the
sample causes the violet DPPH solution to undergo a reduction in an
amount that depends on its concentration, resulting in the formation of a
yellow by-product known as diphenyl picryl hydrazine (Lalpara et al.,
2022). After a 30-minute incubation period, the samples’ absorbance
was determined at 517 nm. The percentage of inhibition determined
using the formula OD of sample — OD of blank / OD of control x 100 is
illustrated in Table S7. The scavenging activity percentage (AA%) was
obtained, and the inhibition percentage of ascorbic acid was found to be
78 % at 100 pg, while 2TCN exhibited an inhibition percentage of 72 %
at 200 pg.

3.13. Anti-inflammatory activity

The anti-inflammatory effect of 2TCN compounds at four doses (25,
50, 100 and 200 pg) was assessed using albumin denaturation. The OD
of control — OD of sample / OD of control x 100 equals % of albumin
denaturation inhibition. The corresponding percentage of inhibition for
each concentration was found to be 32, 38, 46, and 60 %, respectively.
The reference drug, diclofenac sodium, exhibited a percentage of inhi-
bition of 72 %. Diclofenac sodium is used as a reference drug because it
has a well-established efficacy and safety profile(Souza et al., 237
(2022)). Albumin denaturation inhibition may signify an anti-
inflammatory impact, as it plays a crucial function in regulating in-
flammatory reactions and sustaining oncotic pressure in the blood-
stream. Denaturation of proteins such as albumin can result in
alterations to their structure and function, potentially indicating un-
derlying physiological abnormalities (Bihari et al., 2020). The values are
presented in Table S8.

3.14. Ramachandran plot of 2TCN

It helps in assessing the quality and validity of protein structure by
showing whether the ¢ and y angles fall within allowed regions for
stable conformation. Deviations from these regions indicate potential
structure issues in protein models. The Ramachandran plot consists of
four quadrants, with the phi and psi angles plotted on the x and y axes,
respectively, ranging from —180 to + 180 degrees(Shntaif et al., 2021).
The red color represents the allowed zone of the core, whereas the blue
color denotes the preferred regions with no steric hindrance. The pro-
tein’s Ramachandran plots are depicted in Fig S5. The majority of res-
idues fall within acceptable ranges that indicate the stability of proteins
suited for computer-aided drug design docking.

3.15. Molecular docking study

After downloading the 2IEG, 3S9Y, 4PF7, and 6R9W receptor mac-
romolecules from the Protein Data Bank at https://www.rcsb.org/pdb,
they were converted to pdb format. Finding the receptor’s cavity is the
first step in locating the residues. It was from https://www.cgl.ucsf.edu
/chimera/ that the offline Auto dock application was downloaded
(Kerkour et al., 2023). Macromolecular receptors might be separated
from ligands, solvents, and unusual residues. Macromolecular and non-
molecular components were isolated using the Discovery Studio soft-
ware. The PDB format was used to save the output of the separation. The
ligand structure of the produced compound can be downloaded from the
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Fig. 7. Molecular docking analysis of 2TCN.

PubChem website (https://pubchem.ncbi.nlm.nih.gov). A change to the
mol file format and an adjustment to the number of action torsions were
used to optimize this using Auto-dock tools. While preparing the re-
ceptor by adding hydrogen polar, the grid box was built up to know the

binding site location, and the format was converted to pdbqt form
(Izuchukwu et al., 2022). The docking of molecules was done with the
help of Auto-dock vina. The ligands and receptors that were previously
on drive C: were copied and saved in a notepad file called conf.txt, and
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Table 2
Molecular docking analysis of 2TCN compound with 2IEG, 3S9Y, 4PF7, and 6R9W proteins.
Ligand Activity Protein ID Binding energy Inhibition constant RMSD
(kcal/mol) A)
2-Thiophenecarbonitrile Antidiabetic 2IEG -5.10 182.20 96.02
Antiviral 359Y —4.72 348.42 49.56
Insulin inhibitor 4PF7 —4.73 339.06 14.79
Antituberculosis 6ROW —4.55 463.22 84.73

Auto-dock Vina was executed using the command prompt tool. An
analysis of the study findings was made possible by extracting the
binding docking data free energy value from the log.txt output. The
docking structure in Fig. 7 for 2IEG, 3S9Y, 4PF7, and 6R9W macro-
molecules(Raza et al., 2023). Dashed lines in the image represent a
hydrogen bond developing between the target protein and the ligand.
The protein-ligand complex hydrogen bonds are Tyr185, Tyr260,
Gly331, and Val65 for 2IEG, 3S9Y, 4PF7, and 6R9W with the binding
energies are —5.10, —4.72, —4.73, and —4.55 kcal/mol respectively. The
docking energies are presented in Table 2. The protein 6R9W showed
the best binding affinity score when compared to other proteins.

4. Conclusion

The compound experienced characterization using infrared (IR),
Raman, and ultraviolet (UV) spectroscopy. The UV-Vis spectra showed
absorption bands below 400 nm in both methods (experimental and TD-
DFT). The MEP elucidated the location of the nucleophilic site on the N
atom and identified an electrophilic site in the vicinity of the sulfur
within the molecule in both solvents (acetonitrile, water, and methanol)
and gas phases. The 2TCN molecule exhibits a HOMO-LUMO gap of 5.21
(eV) in solvents methanol, water, and acetonitrile and the gas phase is
5.23 (eV), suggesting a high level of chemical stability. The localization
and delocalization of electrons can be determined by topological in-
vestigations such as ELF and LOL. The compound 2TCN exhibited anti-
inflammatory, and antioxidant effectiveness. According to molecular
docking studies, 2TCN forms an interaction with 2IEG, 3S9Y, 4PF7, and
6R9W, and binding energies are —5.10, —4.72, —4.73, and —4.55 kcal/
mol.
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