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A B S T R A C T

The research received a great deal of worldwide attention due to the nature of interpretation before the exper-
imental process. Based on the systematic process the structure of thiazole -pyrazole compound 4-[{2-[3-(4-chlor-
ophenyl)-5-(4-propan-2-yl) phenyl)-4, 5-dihydro- 1H- pyrazol-1-yl]-4-oxo-1, 3- thiazol-5(4H)-ylidene} methyl]
benzonitrile [CPTBN] was investigated. In the first level, the spectral statistics on experimental FT-IR and FT-
Raman was reported. At the next level, geometrical parameters was theoretically acquired from density functional
theory (DFT) using B3LPY/6-31G and 6-311G basis set. The computed Wavenumber were collected and compared
with the experimental data. The vibrational modes were interpreted in terms of potential energy distribution
(PED) results. The FMO, MEP, and NBO analysis further validated the electrophilic and nucleophilic interaction in
the molecular systems. Two grams-positive bacteria: staphylococcus aureus, Bacillus subtilis and two gram-negative
bacteria: Esherichia coli, Pseudomonas aeruginosa was performed for antibacterial activity. Two fungal strain
Candida albicans and Aspergillus Niger was carried out against a ligand using anti-fungal activity. The molecular
docking analysis explores the antimicrobial and selective potential inhibitory nature of the binding molecule.
Besides, RDG and ELF analysis were also performed to show the nature of interactions between the molecule.
1. Introduction

Recently, the investigation of vibrations of substituent azoles com-
pounds was an incredible arrangement of enthusiasm among the spec-
troscopists because of their physical and chemical properties. Thiazole is
one of the most intensively studied classes of aromatic amalgamation that
was initially outlined by Hantzsch and Weber in 1887 [1]. It belongs to
the family of azoles, the heterocyclic five-membered compounds con-
taining sulphur and nitrogen atoms at 1,3 positions in their fragrant ring
structure [2]. Thiazole core occupies a very important position among
the heterocyclic compounds which is naturally bioactive. Attached to
various active elements like pyrazole, phenyl, nitrile contains compounds
were synthesized in a laboratory environment and were eventually
achandran).
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introduced to be used to treat various diseases and varieties of industrial
purposes such as fungicides, dye, and paint production [3, 4]. Consis-
tently, the active elements nitrile are a common choice as both a chemical
and physical barrier to these hazards, especially nitrile gloves were useful
to a huge number of human services and industry laborers who are
exposed to chemical and organic risks [5]. Benzonitrile often plays a key
role in the inhibition of hydrogen absorption [6]. The present work in-
volves the study of comprehensive molecular geometry and vibrational
modes of CPTBN using quantum chemical computations. It has a mo-
lecular formula C29H23ClN4OS. The global reactivity descriptors like
highest occupied molecular orbital (HOMO), lowest unoccupied molec-
ular orbital (LUMO), andmolecular electrostatic potential (MEP) analysis
were interpreted with the theoretical value. The energy gap values (ΔE)
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have been calculated using B3LYP/6-31G and 6-311G basis sets and re-
ported as a result of the molecular transitions. The investigation of nat-
ural bond orbital (NBO) provides information on the chemical features
such as intra and intermolecular charge transfer, second-order pertur-
bation characteristic relationships between the Lewis (donor) and
non-Lewis (acceptor) [6, 7]. The title molecule's reduced density gradient
(RDG) and electron localization function (ELF) were investigated using
Multiwfn software. The disc diffusion method was used to successfully
evaluate anti-microbial activity of the compound at 25, 50, 75, and 100
μg/ml concentration levels with established bacterial and fungus strains.
To explore the potential biological activity of the thiazole (CPTBN)
compound, few studies included in the molecular docking analysis and
report on the drug-like behaviors of the title compound. The
anti-microbial, monoclonal antibodies, Nitric oxide synthase inhibitor,
and Staphylococcal protein A protein structural activity observed were
consistent with the results of docking pose providing key insight of se-
lective antimicrobial and medical potential inhibitors. The above find-
ings are opening up new avenues of medicinal chemistry and important
for clinical manifestation.

2. Experimental details

The structure of CPTBN along with the synthesis procedure was
screened by Salian et al. [8] intrinsically and were used for spectral
measurements. For the compound characterization,

� Fourier transform infrared spectrum was recorded between 4000-
0 cm�1 using a Perkin Elmer spectrometer, which was calibrated
using an MCT Mid-IR range detector with KBr (potassium bromide)
pellets technique.

� FT-Raman spectrum were obtained within the interval of 3500-
0 cm�1 using a Bruker RFS27 the 1064 nm line of a Nd: YAG laser
device for excitation controlled at 200 mW power. At room temper-
ature, the spectrum was recorded at a scanning speed of 10 cm�1 and
a spectral resolution of 1.0 cm�1.

� Using the disc diffusion method, the title compound with four con-
centrations of 25, 50, 75, and 100 μg/ml in distilled DMSO was
prepared and tested against antimicrobial strains were maintained on
agar medium at 4 �C. Antimicrobial cultures such as Staphylococcus
aureus, Bacillus subtilis, Esherichia coli, Pseudomonas aeruginosa,
Candida albicans and Aspergillus Nige were tested.

3. Computational details

In the present work, geometry optimizations and electronic structure
calculation of the CPTBN were first performed for B3LYP functional with
6-31G and 6-311G basis sets using the Gaussian 09 program [9]. The
correlation function is used to predict the molecular structure of the
CPTBN. The potential energy distribution (PEDs) is done with the help of
(VEDA) program [10]. GAUSSVIEW program [11] provided a visual
presentation of vibrational modes.

Screening the calculations exposed that, the density functional
theory (DFT) computations with the promising vibrational properties,
molecular geometry, and orbital energy of CPTBN. Besides natural
bond orbital (NBO) calculations were carried out using the NBO
program implemented in Gaussian 09 [12]. Multi-wfn software pro-
vides a route for a consistent description of interactions between the
atoms in terms of the topological properties of the electron density
ρ(r). Electron localization function (ELF) map and Reduced Density
Gradient (RDG) were calculated using the Multi-wfn program [13].
Molecular docking studies were performed with the help of an Auto
dock [14] software. Discovery Studio Visualizer 4.1 [15] and Pymol
software [16].
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4. Results and discussions

4.1. Molecular geometry

The density functional theory is one of the most reliable computa-
tional approaches for the theoretical investigation of the structure of the
molecule. The Gaussian 09 shows an optimized molecular form of CPTBN
computed by B3LYP/6-31G, B3LYP/6-311G, and visualized through the
Gauss view program shown in Figure 1. The optimized bond lengths and
angles of the title compound are tabulated in Tables 1 and 2, respectively.
The optimized structure is found to be with C1 point group symmetry
having its ground state energy of 2271.46 a.u with a dipole moment of
8.9529 Debye. Elaboration of the collected data is as follows.

The optimized geometrical structure of the title molecule benzonitrile
substituent in the thiazole ring system, chain with pyrazol bounds by two
phenyl rings (one is chlorophenyl - PhI and the other is 4-(Propan-2-yl)
phenyl - PhII. Normally, the C–C bond lengths of aromatic rings formed
by the phenyl ring are greater than range 1.3900 Å, although the
computed value falls in the range C4–C6 ¼ 1.4102/1.4120 Å, C9–C11 ¼
1.3933/1.3964 Å, C5–C7 ¼ 1.3959/1.3977Å. for PhI and C14–C15 ¼
1.4038/1.405Å, C16–C19 ¼ 1.3964/1.3982Å, C17–C21 ¼ 1.4056/1.4076
Å for PhII. The title compound is somewhat regular and the spread of C–C
bond distance is 1.3900–1.5500 Å in (phenyl ring I) PhI and
1.3900–1.4500 Å in (phenyl ring II) PhII, which is similar to the report by
Parveen et al. [17]. The computed bond lengths of the C¼C double bond
values are C4–C5 ¼ 1.4067/1.4083Å, C6–C9 ¼ 1.3907/1.3931Å, C7–C11

¼ 1.3886/1.3922Å for PhI and C14–C16 ¼ 1.3981/1.4009Å, C15–C17 ¼
1.3934/1.3957Å, C19–C21 ¼ 1.4011/1.4036Å for PhII. This observation
reveals that the C–C atoms in both rings are between the conventional
C–C single and C¼C double bond lengths, indicating that the electron
density is conjugated on all rings. The outer shell carbon-hydrogen bond
length values are experimentally falling in the range of 0.90 Å to 1.09 Å,
whereas the calculated C–H (ring) and C–H (methyl) values are 1.0800 Å
and 1.0900 Å, respectively. The C–H length in both phenyl rings is found
almost equal to around 1.08 Å, is very close to the experimental value
1.09 Å, which indicates that C–H bond lengths remain unaffected by the
substitution in rings. Generally, the thiazole ring has a difference in bond
length is due to the presence of a sulphur and nitrogen atom. The theo-
retical value of the C39–S41 bond length is 1.8653/1.8592Å and the
experimental value is found to be 1.86 Å [3]. The C40 ¼ O44 carbonyl
moiety present in thiazole has a double bond character, as evidenced by
the compound's estimated bond length (DFT) of 1.2450/1.2472 Å. The
shortening of these C–N bonds reveals the effect of resonance in this part
of the molecule. It attempts to draw the electron density of the neigh-
bouring atoms which as a result move closer together to share the elec-
trons more easily. The literature value of C–N, C¼N, C�N bond length
(XRD) is 1.3000 Å, 1.31 Å and 1.1600 Å [17]. In the current studies
C1–N24 ¼ 1.3046/1.3061Å, C2–N25 ¼ 1.5079/1.5097Å present in pyr-
azole ring, C42 ¼ N43¼ 1.3051/1.3059Å present in thiazole ring, and C57
� N58 ¼ 1.1682/1.1748Å present in benzonitrile ring indicating that
π-electron in the molecules are delocalized in the C–C of the molecule
which is similar in reported by Mustafa Er et al. [18]. The chlorine is
extremely electronegative, it strives to get more electron density, and the
computed value is 1.825 Å, that is found near the phenyl ring PhI. The
experimental values are taken from similar C–Cl bond length is observed
in 1.8200 Å by Vanasundari et al. [19]. The magnitude of the length N–N
bond is described in 1.38 Å assigned by Priyanka Singh et al. [20] and is
found in the center to be 1.3963/1.3946Å for the CPTBN molecule. The
angle formed between two adjacent bonds shows the internal bond an-
gles N25–C42–N43, C1–N24–N25, C39–C40–O44 and N43–C40–O44 are found
around the range to be 123�, 108�, 124�, and 122� in the CPTBN
respectively. This shortest bond angle is formed between thiazol is
C39–S41–C42 in 86�.



Figure 1. Optimized structure of CPTBN using B3LYP/6-311G basis set.

N. Shanmugapriya et al. Heliyon 7 (2021) e07634
4.2. Vibrational assignments

The main aim of this vibrational calculation is to provide a clear
interpretation of both experimental and theoretical results. The experi-
mental calculation was carried out using IR and Raman (Figures 2 and 3).
Comparative theoretical calculations were performed using the B3LYP
method with 6–31 G and 6-311G basis sets were reported in Table 3.
Generally, the vibrational modes of a compound with N atoms are more
complex, with 3N 5 vibrational modes for a linear compound and 3N 6
modes for a nonlinear compound. On specifying three rotational and one
translational degrees of freedom (3N-6) of CPTBN under (C1) point group
symmetry has 59 atoms and 171 fundamental vibrational modes. Based
on the optimized structure, the detailed spectral information is inter-
preted as follows.

4.2.1. C– H vibrations
The spectrum of a compound represents its energy absorption pattern

is represented by the regions. In the present study, there are three
different benzene rings attached to the combination of thiazole with
pyrazol. The occurrence of benzene C–H stretching vibration extends
3

often above 3000 cm�1 for aromatic composition and less than 3000
cm�1 for non-aromatic composition. In the FT-IR, FT-Raman spectra,
aromatic compounds predominantly have a C–H vibration of 3000–3100
cm�1. The essence and location of the replacement are affected in this
region by the band. Because of their high polarization, these C–H
detention modes typically appear with Raman strength. A spectrum of
FT-Raman, its aromatic stretching mode C–H was used for the observa-
tion of the observed band 3074 cm�1 and 3053 cm�1 by Sathish et al.
[21]. In the case of the title compound, it exhibits multiple weak band's
shoulders on the stronger C– H stretching vibration in the region 3067
cm�1, 3013 cm�1, 2957 cm�1 and 2868 cm�1 vibrational magnitude by
B3LYP/6-311G. Normally, the C–H in-plane vibrational bending mode
occurs in the region 1530- 1000 cm�1. Spectrum of C–H in-plane vibra-
tional bending mode observed at 1424 cm�1 (w), 1396 cm� 1 (ms), and
1114 cm�1 (ms) in FT-IR spectrum and 1285 cm�1 (ms), 1251 cm�1 (s),
1173 cm�1 (ms) in FT-Raman spectrum, the computed wavenumbers for
this mode were coincident with 1429, 1394, 1290, 1251, 1120 cm�1 for
B3LYP/6-31G and 1425, 1395, 1286, 1250, 1116 cm�1 for
B3LYP/6-311G. The out-of-plane C–H bending mode of the phenyl ring
are observed at 804 cm�1(IR), 928, 832, 806 cm�1 (FT-Raman) and



Table 1. Optimized structural parameters (bond length) of CPTBN calculated by DFT/B3LYP method with 6-31G and 6-311G basis sets.

S.No Bond Length (Å) B3LYP/6-31G B3LYP/6-311G S.No Bond Length (Å) B3LYP/6-31G B3LYP/6-311G

1 C1–C4 1.4607 1.4604 33 C26–H28 1.0923 1.0968

2 C1–N24 1.3046 1.3061 34 C29–C30 1.5450 1.5465

3 C1–C26 1.5198 1.5219 35 C29–C3I 1.5446 1.5461

4 C2–C14 1.5176 1.5182 36 C29–H38 1.0949 1.0993

5 C2–N25 1.5079 1.5097 37 C30–H32 1.0923 1.0965

6 C2–C26 1.5552 1.5570 38 C30–H33 1.0910 1.0953

7 C2–H55 1.0875 1.0918 39 C30–H34 1.0925 1.0968

8 H3–C26 1.089 1.0934 40 C31–H35 1.0913 1.0956

9 C4–C5 1.4067 1.4083 41 C31–H36 1.0922 1.0964

10 C4–C6 1.4102 1.4120 42 C31–H37 1.0925 1.0968

11 C5–C7 1.3959 1.3977 43 C39–C40 1.5001 1.5028

12 C5–H8 1.0810 1.0844 44 C39–S41 1.8653 1.8592

13 C6–C9 1.3907 1.3931 45 C39–C45 1.3535 1.3576

14 C6–H10 1.0799 1.0835 46 C40–N43 1.4008 1.4006

15 C7–C11 1.3886 1.3922 47 C40–O44 1.2450 1.2472

16 C7–H12 1.0792 1.0828 48 S41–C42 1.8449 1.8442

17 C9–C11 1.3933 1.3964 49 C42–N43 1.3051 1.3059

18 C9–H13 1.0793 1.0829 50 C45–C46 1.4644 1.4649

19 C11-CL27 1.8250 1.8222 51 C45–H56 1.0864 1.0896

20 C14–C15 1.4038 1.4059 52 C46–C47 1.4165 1.4184

21 C14–C16 1.3981 1.4009 53 C46–C48 1.4123 1.4146

22 C15–C17 1.3934 1.3957 54 C47–C49 1.3868 1.389

23 C15–H18 1.0832 1.0866 55 C47–H50 1.0824 1.0858

24 C16–C19 1.3964 1.3982 56 C48–C51 1.3905 1.3927

25 C16–H20 1.0814 1.0850 57 C48–H52 1.0776 1.0815

26 C17–C21 1.4056 1.4076 58 C49–C53 1.4073 1.4098

27 C17–H22 1.0823 1.0858 59 C49–H59 1.0806 1.084

28 C19–C21 1.4011 1.4036 60 C51–C53 1.4067 1.4092

29 C19–H23 1.0827 1.0861 61 C51–H54 1.0807 1.0842

30 C21–C29 1.5251 1.5260 62 C53–C57 1.4301 1.4303

31 N24–N25 1.3963 1.3946 63 C57–N58 1.1682 1.1748

32 N25–C42 1.3427 1.3433

Ref [17, 18, 19, 20].
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computed values in the range 932- 810 cm�1 (DFT) by Begum et al. [22].
The correlated scale vibrations observed at wavenumbers 896 (w), 829
(ms), 811 cm�1 (w) (FT-IR) and 945 cm�1 (m) (FT-Raman) are coincident
with 933, 900, 833, 814 cm�1 for B3LYP/6-31G and 932, 898, 829, 810
cm�1 for B3LYP/6-311G.

4.2.2. Methyl group vibrations
For the assignments of benzene ring has a methyl CH3 group was

expected in nine fundamental modes, namely symmetrical stretch,
asymmetrical stretch, symmetric deformations, asymmetrical de-
formations, in-plane (δ), out-of-plane (γ), in-plane rocking (δ rock), out-of-
plane rocking (γ rock), and twisting bending (Γ CH3) [23]. From the
structure of the title molecule possesses two CH3 (5-(4-Propan-2-yl)
phenyl)) group substitutions in the pyrazole ring chain. The symmetric
and asymmetric methyl group stretching band can be observed in the
region 2942-2879 cm�1.

Naturally, theCH3grouprelatedtoelectron-donatingsubstitutions that
bind to the same ring systems. These vibrations attain amplitude of 3000-
2840cm�1. TheCH3asymmetric stretchingvibration is recorded in theFT-
IRs spectrum at 2929 (w) cm�1 FT-Raman spectrum at 2947 (w) cm�1,
2933 (w) cm�1. Theoretically computed mode having wavenumber at
2952, 2936, 2934 cm�1 for B3LYP/6-31G and 2948, 2932, 2930 cm�1 for
B3LYP/6-311G. The aromatic ring has a weak symmetric stretching vi-
brationvalue thatappears in the region2903,2881cm�1 forB3LYP/6-31G
and 2900, 2879 cm�1 for B3LYP/6-311G. The in-plane vibrations (δipb)
bending mode has been calculated at 1390, 1385, 998 cm�1 (6-31G), and
4

1389, 1382, 998 cm�1 (6-311G). The out-of-plane bending vibrations of
title compound occur inmediumpeak (γopb) 1409 (ms) cm�1 FT-Raman is
assigned and deformation is predicted at a range (γopb) 1420, 1415, 1025
cm�1 for B3LYP/6-31G and 1418, 1410, 1021 cm�1 for B3LYP/6-311G.
The rocking mode of the CH3 group is computed at 1103, 1025 cm�1 for
B3LYP/6-31G and 1100, 1021 cm�1 for B3LYP/6-311Gwell in agreement
with a recorded value of 1099 cm�1 in the FT-Raman spectrum.Moreover,
the twisting vibration of ГCH3 falls below 500 cm�1. In the present study
twisting CH3 deformations vibrations possessed at 181 (w) in FT-Raman
spectrum, at 185 cm�1 B3LYP/6-31G and 180cm�1 in B3LYP/6-311G in
with the PED contribution is 58 %.

4.2.3. CH2 vibrations
Methylene (CH2) vibration is formed due to the presence of pyrazole

in the title molecule which creates four fundamental frequencies out of
six and follows an anti-symmetric stretching mode-νass (CH2), asym-
metric stretching mode-ν(CH2), a scissoring mode-sis (CH2), twisting
mode- Г (CH2) and a rocking mode-ρ(CH2). According to the literature,
CH2 symmetric and asymmetric vibration fall in the range around 3000-
2800 cm�1 [24]. The CH2 asymmetric stretching modes are computed at
2955, 2915 cm�1 for B3LYP/6-31G and 2953, 2912 cm�1 for
B3LYP/6-311G, but no peak can be seen in this region on a recorded
spectrum. The bending mode, which involves a hydrogen atom attached
to the core carbon, is between 1450 and 875 cm�1, although there is a
coupling of vibration modes that generally occurs, especially CH2 scis-
soring and rocking, which are more sensitive to the molecular



Table 2. Optimized structural parameters (bond angle) of CPTBN calculated by DFT/B3LYP method with 6- 31Gand6-311G basis sets.

S.No Bond angle (degree) B3LYP/6-31G B3LYP/6-311G S.No Bond angle (degree) B3LYP/6-31G B3LYP/6-311G

1 C4–C1–N24 121.66 121.57 54 C2–C26–H28 111.73 111.63

2 C4–C1–C26 125.16 125.26 55 H3–C26–H28 107.50 107.49

3 N24–C1–C26 113.17 113.16 56 C21–C29–C30 111.67 111.74

4 C14–C2–N25 112.28 112.16 57 C21–C29–C31 111.97 112.07

5 C14–C2–C26 115.28 115.36 58 C21–C29–H38 107.05 106.93

6 C14–C2–H55 109.32 109.24 59 C30–C29–C31 110.93 111.07

7 N25–C2–C26 100.08 100.12 60 C30–C29–H38 107.46 107.36

8 N25–C2–H55 107.21 107.31 61 C31–C29–H38 107.48 107.37

9 C26–C2–H55 112.16 112.15 62 C29–C30–H32 110.48 110.46

10 C1–C4–C5 120.62 120.65 63 C29–C30–H33 111.13 111.11

11 C1–C4–C6 120.57 120.67 64 C29–C30–H34 111.11 111.21

12 C5–C4–C6 118.81 118.69 65 H32–C30–H33 108.29 108.22

13 C4–C5–C7 120.86 120.92 66 H32–C30–H34 107.81 107.81

14 C4–C5–H8 120.29 120.37 67 H33–C30–H34 107.90 107.91

15 C7–C5–H8 118.86 118.71 68 C29–C31–H35 111.19 111.16

16 C4–C6–C9 120.73 120.78 69 C29–C31–H36 110.45 110.43

17 C4–C6–H10 119.09 119.12 70 C29–C31–H37 111.19 111.29

18 C9–C6–H10 120.18 120.10 71 H35–C31–H36 108.24 108.17

19 C5–C7–C11 118.80 118.74 72 H35–C31–H37 107.92 107.94

20 C5–C7–H12 120.73 120.72 73 H36–C31–H37 107.72 107.72

21 C11–C7–H12 120.47 120.53 74 C40–C39–S41 108.92 108.90

22 C6–C9–C11 118.96 118.93 75 C40–C39–C45 132.84 132.96

23 C6–C9–H13 120.71 120.71 76 S41–C39–C45 118.24 118.14

24 C11–C9–H13 120.32 120.36 77 C39–C40–N43 113.46 113.45

25 C7–C11–C9 121.84 121.95 78 C39–C40–O44 124.41 124.31

26 C7–C11-CL27 119.10 119.07 79 N43–C40–O44 122.14 122.24

27 C9–C11-CL27 119.06 118.99 80 C39–S41–C42 86.38 86.28

28 C2–C14–C15 121.47 121.46 81 N25–C42–S41 119.48 119.70

29 C2–C14–C16 119.90 120.00 82 N25–C42–N43 123.19 123.01

30 C15–C14–C16 118.63 118.54 83 S41–C42–N43 117.33 117.29

31 C14–C15–C17 120.62 120.67 84 C40–N43–C42 113.91 114.08

32 C14–C15–H18 120.23 120.30 85 C39–C45–C46 134.89 134.95

33 C17–C15–H18 119.15 119.03 86 C39–C45–H56 113.98 113.95

34 C14–C16–C19 120.53 120.59 87 C46–C45–H56 111.13 111.10

35 C14–C16–H20 119.55 119.56 88 C45–C46–C47 115.75 115.85

36 C19–C16–H20 119.90 119.82 89 C45–C46–C48 126.30 126.28

37 C15–C17–C21 121.06 121.10 90 C47–C46–C48 117.96 117.87

38 C15–C17–H22 119.11 119.04 91 C46–C47–C49 121.69 121.70

39 C21–C17–H22 119.84 119.86 92 C46–C47–H50 119.20 119.23

40 C16–C19–C21 121.24 121.28 93 C49–C47–H50 119.11 119.07

41 C16-19-H23 119.38 119.35 94 C46–C48–C51 120.52 120.58

42 C21–C19–H23 119.37 119.37 95 C46–C48–H52 119.11 119.14

43 C17–C21–C19 117.91 117.82 96 C51–C48–H52 120.37 120.29

44 C17–C21–C29 121.37 121.41 97 C47–C49–C53 119.75 119.80

45 C19–C21–C29 120.71 120.76 98 C47–C49–H59 120.49 120.42

46 C1–N24–N25 108.58 108.59 99 C53–C49–H59 119.77 119.78

47 C2–N25–N24 113.47 113.35 100 C48–C51–C53 120.85 120.87

48 C2–N25–C42 125.02 124.98 101 C48–C51–H54 119.73 119.66

49 N24–N25–C42 121.46 121.62 102 C53–C51–H54 119.43 119.47

50 C1–C26–C2 103.65 103.71 103 C49–C53–C51 119.24 119.17

51 C1–C26–H3 112.34 112.39 104 C49–C53–C57 120.26 120.29

52 C1–C26–H28 110.44 110.44 105 C51–C53–C57 120.50 120.54

53 C2–C26–H3 111.23 111.25
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environment. The twisting mode of the CH2 group is computed at 1196
cm�1 (6-31G) and 1194 cm�1 (6-311G) agree with the recoded value of
1195 cm�1 FT-IR and 1196 cm�1 FT-Raman. The mode scissoring value
1375 cm�1(w) in FT-Raman spectrum compared with computed wave-
number 1379 cm�1 for B3LYP/6-31G and 1376 cm�1 for
B3LYP/6-311G.
5

4.2.4. Nitrile vibrations
Nitrogen compounds with cumulated double bonds or triple bonds,

such as nitrile and cyanates, have a specific spectrum, typically with a
single, usually intense absorption peak at 2280–2200 cm�1 [6,25]. The
saturated cyclic nitrile is detected by the presence of a band near 2250
cm�1 while their aromatic counterparts absorb at lower frequencies near



Figure 2. Observed FT-IR and simulated spectra of CPTBN.

Figure 3. Observed FT-Raman and simulated spectra of CPTBN.

N. Shanmugapriya et al. Heliyon 7 (2021) e07634
2230 cm�1. Generally, the IR and Raman spectrum exhibits C� N is
stretching vibrations at 2235 cm�1 and 2290 cm�1. Similarly, the large
range that has been reported against or appearance of C� N is 2223 (w)
cm�1 for FT-IR and 2222 (m) cm�1 for FT-Raman, but also supported by
the appearance of medium-strong stretching bands. Around 1738 cm�1

and 1698 cm�1 for a cyclic ring in the compounds, that confirm the
formation of [3 þ 2] ring condensation product reported by Bardak et al.
[26] The correlated scale vibrations of PED contribution observed in
1300, 1550 cm�1 at 6-31G, 1296,1548 cm�1 at 6-311G and experimental
at 1548 cm�1 (vs) cm�1 in FT-IR spectrum.

4.2.5. C–C vibrations
In general, the stretching vibration of heterocyclic aromatic com-

pounds C–C bond occurs in the region 1650-1200 cm�1 reported by
Sheeja Mol et al. [27]. In the present study, a medium-strong band is
observed in 1493 (ms) cm�1 at FT-IR spectrum and 1441(w), 1551(m)
cm�1 at FT-Raman spectrum, the strong band is observed in the corre-
sponding computed DFT value is 1442, 1552 cm�1 for 6-31G and 1440,
1550 cm�1 for 6-311G. The title molecule has five rings with C–C
stretching vibrations and form peaks arising in the array at 1631-1025
cm�1 [28]. A combination of C–H vibration present in stretching C–C
bond locate the very strong frequency in 1600 cm�1 near FT-IR and 1594,
1561 cm�1 near FT-Raman. The predicted corresponding value lie at
1600, 1564 cm�1 in 6-31G and 1598, 1562 cm�1 in 6-311G. The com-
bination of stretching C–C and in-plane C–C vibration locate the very
strong frequency in both FT-IR and FT-Raman is 1225 cm�1. The ring
carbon-carbon stretching vibration occur in the region 1625-1400 cm�1

routed by Fatma et al. [25] is compared with the values. The C–C
stretching at 1428 cm�1, 1235 cm�1, 1002 cm�1 in the IR spectrum and
1579 cm�1, 1531 cm�1, 1439 cm�1, 1380 cm�1, 1123 cm�1 in the Raman
spectrum are assigned by Kuruvilla et al. [29]. In the present case,
bending and ring vibration of C–C falls below 1000 cm�1 and are shown
6

in Table 3. The C–C in-plane bending medium band occurs between
1000-600 cm�1 [28]. A medium intense FT-Raman band is identified at
823 cm�1, which corresponds to the calculated value lies at 826 cm�1 in
6-31G and 821 cm�1 in 6-311G. From the FT-Raman spectrum the values
predicted at δring ¼ 945ms, 631m, 551vw, 353ms cm�1 that confirms the
formation of δring in the range 632, 671, 622, 339, 332, 327, 310, 81, 76,
71, 23 cm�1 for B3LYP/6-311G and δring in the range 684, 675, 625,
340, 334, 331, 314, 84, 75, 25 23 cm�1 for B3LYP/6-31G. The C–C
in-plane bending vibration mode calculated at δipb 695, 440, 390, 345
cm�1 for B3LYP/6-31G, and δipb 694, 396, 388, 343 cm�1 for
B3LYP/6-311G. The out-of-plane C–C bending modes of γopb in the range
850, 844, 622, 405, 375, 310, 298, 35, 29, 23, 18, 14, 8 cm�1 for
B3LYP/6-311G and γopb in the range 855, 847, 625, 444, 379, 314, 300,
38, 30, 20, 15, 10 cm�1 for B3LYP/6-31G.

4.2.6. C¼O vibrations
The C¼O stretching of the carbonyl group is identical large dipole

moment and intense stretching vibration whose peak is, generally ex-
pected in the region 1740-1660 cm�1. In the present study, a moderate
band was observed within the FT-IR spectrum at 1698 (ms) cm�1 is
assignable. The C¼O stretching vibrations deviate from the B3LYP/6-
311G predicted value by 1659cm�1. The strong band in the FT-IR and
FT-Raman, near 1750- 1655 cm�1 confirm the possibility of a carbonyl
group in an aromatic compound [30]. The C¼O in-plane bending vi-
bration occurs in the range of 820-630 cm�1. El-Azab et al. reported that
C¼O in-plane bending vibration was appearing at 694 cm�1 [31]. For
this compound vibration mode was observed as a weak intense peak at
694 (w) cm�1 in the FT-IR spectrum. The corresponding in-plane C¼O
occurs modes in the 695 cm�1 for B3LYP/6-31G and 694 cm�1 for
B3LYP/6-311G. Based on the absorption and emission, the prominent
absorptions in the combination of δC ¼ O, δCC, the medium-strong peak
is observed in the magnitude of FT-IR is 1094 (ms) cm�1, the corre-
sponding value lies in 1095 cm�1 at both B3LYP/6-31G and
B3LYP/6-311G.



Table 3. Vibrational assignments, observed and calculated wavenumbers (scaled) CPTBN at B3LYP method with 6-31G and 6-311G basis sets.

Mode No. Observed wavenumbers (cm�1) Calculated wavenumbers (cm�1) Vibrational assignments (PED %)

FT-IR FT-RAMAN B3LYP/6-31G B3LYP/6-311G

1 3067m 3075 3067 νCH(98)
2 3060 3061 νCH(98)
3 3049w 3054 3050 νCH(99)
4 3036 3027 νCH(98)
5 3013w 3018 3012 νCH(98)
6 3010 3008 νCH(98)
7 3002 3001 νCH(97)
8 2999 2997 νCH(97)
9 2995 2994 νCH(97)
10 2994 2990 νCH(98)
11 2988 2986 νCH(98)
12 2982 2979 νCH(99)
13 2975 2972 νCH(98)
14 2957w 2966 2960 ν CH(99)

15 2955 2953 νass CH2(88)

16 2947w 2952 2948 νass CH3(89)

17 2928 2924 νass CH3(89)

18 2933w 2936 2932 νass CH3(89)

19 2929w 2934 2930 νass CH3(89)

20 2915 2912 νass CH2(96)

21 2903 2900 νass CH3(96)

22 2881 2879 νass CH3(89)

23 2868w 2868w 2870 2868 νCH(97)
24 2223w 2222ms 2228 2223 νCN(98)
25 1698ms 1697w 1702 1699 νCO(82),δCC(14)
26 1655 1653 νCC(75), δCH(15)
27 1600ms 1596vs 600 1598 νCC(74), δCH(16)
28 1561vs 1564 1562 νCC(74), δCH(15)
29 1551m 1552 1550 νCC(72), δCH(14)
30 1548vs 1550 1548 νCN(72), νCC(12), δCH(10)
31 1525 1522 νCC(88), δCH(16)
32 1493ms 1493w 1498 1495 νCC(78), δCH(10), νCO(10)
33 1455 1453 νCN(72), νCO(14), δCH(10),
34 1441w 1442 1440 νCC(70), νCN(15), νCO(12)
35 1440 1436 δCH(69), νCC(18)
36 1424w 1429 1425 δCH(68), νCC(18)
37 1420 1418 δ opb CH3(72)

38 1409m 1415 1410 δ opb CH3(72)

39 1396ms 1397ms 1394 1395 δCH(68), νCCl(20)
40 1390 1389 δ ipb CH3(82)

41 1385 1382 δ ipb CH3(82)

42 1375w 1379 1376 ρscis CH2(80)

43 1370ms 1370 1368 δCH(69), νCC(10)
44 1345 1343 δCH(68), νCC(12)
45 1331ms 1334ms 1333 1330 δ sb CH3(69)

46 1325 1322 δCH(62)

47 1314 1312 δCH(66)

48 1306w 1304 1305 δ sb CH3(72)

49 1300 1296 δCH(67), νCN(10)
50 1293 1290 δCH(69)

51 1285ms 1290 1286 δCH(70)

52 1283 1280 δCH(70)

53 1274ms 1278 1275 δCH(72)

54 1265 1262 γCH(59)

55 1251s 1253 1250 δCH(63)

56 1250 1246 δCH(64)

57 1245 1241 δCH(69)

(continued on next page)
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Table 3 (continued )

Mode No. Observed wavenumbers (cm�1) Calculated wavenumbers (cm�1) Vibrational assignments (PED %)

FT-IR FT-RAMAN B3LYP/6-31G B3LYP/6-311G

58 1240 1237 νCC(70)
59 1225s 1225s 1230 1226 νCC(70), δCC(12)
60 1205 1203 δCH(72)

61 1195ms 1196ms 1196 1194 Г CH2(69)

62 1192 1189 δCH(64)

63 1185 1182 δCH(64)

64 1173ms 1178 1175 δCH(64)

65 1154 1151 δCH(63)

66 1140 1137 δCH(63)

67 1114ms 1115ms 1120 1116 δCH(62)

68 1114 1110 νCC(71), δCH(12)
69 1107 1107 Г CH2(68)

70 1099ms 1103 1100 δ ipr CH3(62)

71 1094ms 1095 1095 δCO(66), δCC(22)

72 1058w 1061 1056 δCH(69)

73 1033w 1035 1033 δCH(63)

74 1030 1028 δCH(62)

75 1025 1021 δ Opr CH3(62)

76 1014w 1012w 1015 1014 νCCL(78)
77 998 998 δ ipr CH3(70)

78 985w 995 993 νCN(68), νNN(12)
79 980w 980 981 γ CH(66)

80 975 973 δ ipr CH3(69)

81 966 965 δring (58)

82 958 957 δ ring (56)

83 949w 951 949 δring (57)

84 948 945 δring (60)

85 945m 933 932 γ CH(58)

86 928 925 γ CH(57)

87 920 918 γ CH(58)

88 910 906 γ CH(58)

89 896w 900 898 γ CH(58)

90 889w 893 890 νCH(59)
91 878 875 νCS(78),
92 870 866 νCH(59)
93 850w 853 850 γ CC(68)

94 847 844 γ CC(68)

95 837w 840 838 γ CS(78), νCN(12)
96 829ms 833 829 γ CH(68)

97 823w 826 821 γ CC(68)

98 820 816 γ CH(58)

99 811w 814 810 γ CH(56)

100 793 790 γ CH(58)

101 784 781 γ CH(58),

102 770 767 δring (60)

103 748w 753 750 νCH(55)
104 740 738 δring (58), νCS(12)
105 720w 724 720 δring (60), νCS(12)
106 716w 718 715 δring (59)

107 694w 695 694 δ CC(62), δ CO(17)

108 685vw 684 682 γ ring (62)

109 668vw 675 671 γ ring (63)

110 662vw 663 660 γ CO(72)

111 650 647 δring (68)

112 641 638 γ CH(58)

113 631m 632 630 δring (59)

114 619vw 625 622 γ CC(58), γ ring (20)

115 605 602 δring (57), δCN(18)

(continued on next page)
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Table 3 (continued )

Mode No. Observed wavenumbers (cm�1) Calculated wavenumbers (cm�1) Vibrational assignments (PED %)

FT-IR FT-RAMAN B3LYP/6-31G B3LYP/6-311G

116 579w 582 580 δCN(58), δring (17)

117 566 564 δCN(58), δring (20)

118 554ms 551vw 554 552 δring (60)

119 530 528 γ CH(62)

120 520 517 γ CH(60)

121 504w 505 503 γ CH(60)

122 494vw 498 495 γ CH(61)

123 481 479 δring (58)

124 460vw 465 462 νCCL(53), δCC(19)
125 440w 444 440 δCC(52)

126 430 427 δring (58), δCC(12)

127 406vw 408 405 γ CC(56)

128 400 396 δCC(60)

129 390 388 δCC(60)

130 379 375 γ CC(58)

131 365 363 γ CCH3(57)

132 353ms 358 355 δring (58)

133 345 343 δCC(58)

134 340 339 γ ring (53)

135 334 332 γ ring (54)

136 325w 331 327 γ ring (54)

137 320 319 δCCH3(56)

138 314 310 γ CC(52), γ ring (21)

139 297w 300 298 γ CC(53)

140 280 275 δCCC(58)

141 255 253 δCCC(60)

142 233w 236 233 γ CCC(52)

143 215 212 δCCC(60)

144 207 202 Г CH3(58)

145 190 188 γ CCC(58)

146 181w 185 180 Г CH3(58)

147 172 169 γ CCC(53)

148 166 162 Г CCCC(52)

149 153 151 Г CCCC(52)

150 148 145 γ CCH3(62)

151 140 138 δring (63)

152 129w 133 130 δCCC(67)

153 128 122 γ CCN(62)

154 125 117 δCCC(63)

155 116 111 γ CCC(60)

156 105 103 δCCC(60)

157 92 97 93 γ CCC(62)

158 95 89 δCCC(60)

159 79s 84 81 γ ring (56)

160 80 76 γ ring (55)

161 75 71 γ ring (55)

162 64s 68 65 γ CCC(54)

163 62 59 γ CCC(54)

164 53 51 γ CCC(50)

165 45 42 γ CCC(52)

166 38 35 γ CC(54)

167 30 29 γ CC(54)

168 25 23 γ ring (52)

169 20 18 γ CC(52)

170 15 14 γ CC(52)

171 10 8 γ CC(51)

s-strong, ms-medium strong, w-weak, vw-very weak, vs-very strong, υ-stretching, νsym-sym stretching, νass-asym stretching, δ-in-plane, δinb-in-plane bending. δinr-in-
plane rocking, γ-out-of-plane, γ opb-out-of-plane bending, γring-out-of-plane ring, scis-scissoring, ρscis-in plane scissoring, w-wagging, rock-rocking, Г -twisting, δring -ring
vibration.
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4.2.7. C–Cl vibrations
The vibrations assignments of the benzene ring belong to

C–Halogen (F, Cl, Br) bonds, which are formed between the ring and
the halogen atoms are particularly important. Because of the lowering
of molecular symmetry and the presence of heavy atoms, vibrations
indeed be mixed [32, 33, 34, 35]. In the FT-Raman spectrum, a
strong band is observed due to the presence of Cl, Br, and F atoms.
Reporting in the FT-Raman spectrum, bands at 720vs cm�1 are
assigned to C–Cl is stretching vibration observer by Govindarajan
et al. [36]. For simple organic chlorine compounds, C–Cl absorptions
are in the region between 750–700 cm�1. Sundaraganesan et al. [37]
reported C–Cl is stretching at 704 cm�1 (IR), 705 cm�1 (Raman), and
715 cm�1 (DFT) and the deformation bands at 250 cm�1 and 160
cm�1. The C–Cl stretching vibration is observed at 460 (vw) cm�1 in
FT-IR, and the corresponding computed value is 465 cm�1 in
B3LYP/6-31G and 462 cm�1 in 6-311G.

4.2.8. C–S vibrations
The characteristic frequency for the C–S stretching appears as a weak

band in the region 800-600 cm�1. In the current study, FT-Raman
spectrum with very low intensity is assigned to C–S symmetric stretch-
ing vibrations and agreement with the literature value. The C–S
stretching modes are reported at 783, 632 cm�1 in FT-IR, 633 cm�1 in FT-
Raman, and 785, 635 cm�1 theoretically found by E1-Azab et al. [31].
The C–S stretching vibrations are reported as 770 cm�1 in the FT-IR
spectrum, and at 770, 636 cm�1 theoretically assigned by Fatima et al.
[38]. Our FT-Raman shows bands at 720(w) cm�1. The calculated values
of C–S stretching vibrations in the thiazole ring are corresponding to 878,
740, 724 cm�1 for B3LYP/6-31G and 875, 738, 720 cm�1 for
B3LYP/6-311G.
4.3. Local reactivity properties of MEP

The molecular electrostatic potential (MEP) plot is a visual illustra-
tion of the foremost reactive sites during a molecule andmapped with the
rainbow colour scheme (electron made regions represent with red colour,
whereas poor lepton regions represent with blue colour and inexperi-
enced shows of zero potential) [39]. Potential will increase within the
order red < orange < yellow < green < blue. Using the Gaussian 09
program, we tracked and plotted the alpha density (e-4), density differ-
ence (e-3), and MEP (e-2) surface mapping. Surface analysis diagram of
title compound net electrostatic effect produced at that point by total
charge distribution (electron þ proton) of the molecule and correlates
Figure 4. Alpha density (e-4), density difference (e-3), and M
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with electronegativity, partial charges, and chemical reactivity of the
molecules. It provides a visual method to understand the relative
step-by-step polarity of the molecule.

Based on the three electrostatic potential surfaces deepest red po-
tential value in this molecule ranges from-4.055e�4 a.u, -6.088e�3 a.u
and -7.960e�2 a.u, deepest blue potential value in this molecule ranges
from 4.055e�4 a.u, 6.088e�3 a.u and 7.960e�2 a.u. Alpha density rep-
resents the full electrophilic region (blue colour). Density difference
shows the region energy difference between alpha density and MEP. In
the reactive properties of MEP, the nucleophilic reactive site (red colour)
shows the molecule's negative regions, and is located on the thiazole ring
and partly above the benzonitrile. The other site is the electrophilic
reactive site (blue colour) which indicates the positive regions of the
molecule and is located on all hydrogen atoms in the molecule. The more
dominant green colour over the MEP surface indicates that the electro-
static potential is midway between the vicinity of the red and blue re-
gions. Therefore intermolecular interaction of the compound was
confirmed by the reactive site region, the electrostatic potential surface
along with the Alpha density, and complete title compound density is
shown in Figure 4.
4.4. HOMO-LUMO energy and global reactivity descriptors

The energies of the highest occupied molecular orbital (HOMO), the
outermost orbital containing electrons, tend to give electrons and act as
an electron donor. On the other hand lowest unoccupied molecular
orbital (LUMO), the innermost orbital containing is vacant and can
accept electrons. HOMO and LUMO energy gaps between orbits are
called frontier molecular orbital (FMOs). In a simple molecule, orbital
theory approaches HOMO and LUMO can offer a reasonable qualitative
prediction of the excitation properties and the ability of electron trans-
port. The positive surface indicated by red colour and the negative sur-
face is represented by green colour. The energies of the HOMO and
LUMO orbital for the possible excitations were carried as 3.57 eV for
B3LYP/6-31G and 3.58 eV for B3LYP/6-311G. Based on the root density
functional descriptors, global reactivity descriptors of the title molecule
described the ionization potential (I), electron affinity (A), chemical
potential (μ), electro-negativity (χ), global hardness (η), global softness
(σ) and global electrophilicity (ω) value, according to the equations given
below [40]. Using HOMO and LUMO orbital energies, the ionization
energy (I) and electron affinity (A) can be expressed as Eqs. (1) and (2)

Ionization potential I ¼ -EHOMO (EH) (1)
EP (Molecular electrostatic potential surface) of CPTBN.



Figure 5. HOMO - LUMO energy distribution plots of CPTBN at DFT/B3LYP/6-311G basis set.
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Electron affinity A ¼ -ELUMO (EL) (2)

Conforming the Koopman's statement that the negative energies of
EHOMO were 6.46 eV, 6.70 eV, 6.99 eV and ELUMO were 2.88 eV, 2.32 eV,
1.21 eV. Moreover, the energy gap is calculated with the occurrence of
orbital diagram HOMO-LUMO, HOMO-1-LUMOþ1, HOMO-2-LUMOþ2,
and the most significant higher orbital energy gaps were determined in 6-
311G at 3.58 eV, 4.37 eV, 5.78 eV (Figure 5). Predict the molecular
electronic transitions properties results based on the finding the orbital
energy gaps. In a series of EHOMO and ELUMO, it calculates the resistance to
change in the electron distribution was defined by

Global hardness η¼ (I - A) (3)

Reactive side of the compound show η ¼ 1.79 eV, 2.18 eV, 2.89 eV.
which was find from the Eq. (3). The global softness Eq. (4) was the in-
verse of global hardness:

Global softness σ ¼ 1/η (4)
Table 4. Calculated E-HOMO, E-LUMO(H-1→ Lþ1, H-2→ Lþ2), energy gap (EL–EH), Io
(χ), chemical softness (σ), chemical potential (μ) and global electrophilicity (ω) using

Molecular properties Energy (eV) Energy gap (eV) (I) (eV) (A)

EHOMO -6.4673

ELUMO -2.8841 3.5832 6.4673 2.8

EHOMO-1 -6.7003

ELUMOþ1 -2.3211 4.3792 6.7003 2.3

EHOMO-2 -6.9990

ELUMOþ2 -1.2128 5.7862 6.9990 1.2
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Value was σ ¼ 0.55 eV, 0.45 eV, 0.34 eV. Generally, the electron in
solids has a chemical potential expressing (negative value of electro-
negativity - χ) the ability of an uncharged atom or molecule of a chem-
ical system by Eq. (5)

μ ¼ - (I þ A) /2 (5)

The power of an atom in a molecule to attract electrons towards it.
Value is χ ¼ 4.6757 eV, 4.5107 eV, 4.1059 eV has taken from the Eq. (6)

Electro-negativity is χ ¼ (I þ A)/2 (6)

Global electrophilicity, according to Parr et al. [41], evaluates the
stabilization energy when the system acquires an additional electronic
charge from the environment. The relationship between electrochemical
potential and global or chemical hardness can be computed using the
following formula (7):

Global electrophilicity index ω ¼ μ 2/2η (7)

The electrophilicity index of the CPTBN, ω ¼ 6.1013 eV, 4.6461 eV,
2.9136 eV. From the result ω, it measures the maximum electron flow
nization potential (I), Electron affinity (A), global hardness (η), electronegativity
the 6-311G levels of theory.

(eV) (ɳ) (eV) (χ) (eV) (σ) (eV) (μ) (-eV) (ω) (eV)

841 1.7916 4.6757 0.558 -4.6757 6.1013

211 2.1896 4.5107 0.457 -4.5107 4.6461

128 2.8931 4.1059 0.346 -4.1059 2.9136
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between donor and acceptor orbits with lower energy transitions. These
values of global reactive descriptor are computed and listed in Table 4,
which ensures the molecule's indisputable biological activity.
4.5. Fock matrix for bonds

Calculations of the NBO [12] were made using the Gaussian 09 [10]
program to interpret the many second-order perturbation interactions
between the full orbits of one subsystem and the empty orbits of another
subsystem, which is a measure of hyperconjugation intermolecular
delocalization. The donor-acceptor interactions in the NBO basis were
Table 5. Second-order perturbation theory analysis of Foci matrix in NBO basis corre

Donor(i) Type ED/e Acceptor (j) Type

π (C6–C9) 1.66281 π * (C4–C5)

π (C6–C9) 1.66281 π * (C7–C11)

σ (C6–H10) 1.97641 σ * (C4–C5)

π (C7–C11) 1.67990 π * (C4–C5)

π (C7–C11) 1.67990 π * (C6–C9)

π (C14–C15) 1.64735 π * (C16–C19)

π (C14–C15) 1.64735 π * (C17–C21)

π (C16–C19) 1.69021 π * (C14–C15)

π (C16–C19) 1.69021 π * (C17–C21)

π (C17–C21) 1.64735 π * (C14–C15)

π (C17 – C21) 1.64735 π * (C16–C19)

σ (C29–H38) 1.84834 π * (C17–C21)

σ (C29–H38) 1.84834 σ * (C30–H34)

σ (C39–S41) 1.97925 σ * (N25–C42)

π (C39–C45) 1.73334 π * (S41–C42)

σ (C40–N43) 1.97841 σ * (N25–C42)

π (C40–O44) 1.91434 LP (2) N43

π (C40–O44) 1.91434 π * (C39–C45)

π (S41–C42) 1.84834 LP (2) N43

π (S41–C42)) 1.84834 π * (C39–C45)

π (C46–C48) 1.65062 π * (C47–C49)

π (C46–C48) 1.65062 π * (C51–C53)

π (C47–C49) 1.64135 π * (C46–C48)

π (C47–C49) 1.64135 π * (C51–C53)

π (C51–C53) 1.65616 π * (C46–C48)

π (C51–C53) 1.65616 π * (C47–C49)

LP (1) N2 1.99953 σ * (C2–N25)

LP (1) N25 1.99913 π * (C1–N24)

LP (1) N25 1.99913 σ * (C2–H55)

LP (1) N25 1.99913 σ * (S41–C42)

LP (1) N25 1.74932 σ * (C42–N43)

LP (3) Cl27 1.92589 π * (C7–C11)

LP (1) S41 2.00000 σ * (C39–C40)

LP (1) S41 1.94182 σ * (C42–N43)

LP (1) N43 1.99948 σ * (C39–C40)

LP (2) N43 1.92042 π * (C40–O44)

LP (2) N43 1.24797 π * (S41–C42)

LP (2) O44 1.97959 σ * (C39–C40)

LP (2) O44 1.88072 σ * (C40–N43)

LP (1) N58 1.96668 σ * (C53–C57)

π * (C1–N2) 0.25467 π * (C4–C5)

π * (C7–C11) 0.39379 π * (C4–C5)

π * (C7–C11) 0.39379 π * (C6–C9)

π * (C39–C45) 0.28300 σ * (C40–O44)

π * (S41–C42) 0.63064 σ * (N24 - Ns25)

a E (2) means energy of hyper conjugative interaction (stabilization energy).
b Energy difference between donor and acceptor i and j NBO orbitals.
c F (i,j) is the Fock matrix element between i and j NBO orbitals.
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evaluated using the second-order Fock matrix [42]. The interactions
result in a loss of occupancy from the localized NBO of the idealized
Lewis structure in an empty non-Lewis orbital. For each donor (i) and
acceptor (j), the stabilization energy in the Eq. (8) E (2) associated with
the delocalization [i→j] is estimated at

Eð2Þ ¼ ΔEij ¼ qi

�
Fi;j

�2
�
Ej � Ei

� (8)

where qi is the orbital occupancy of the donor, Ei and Ej are diagonal
elements and F (i, j) is the off-diagonal NBO Fock matrix element. The
sponding to the intramolecular bonds of the title compounds.

ED/e E (2)a Kcal/mol E(j)-E(i)b a.u F (i,j)c a.u

0.39139 21 0.28 0.069

0.39379 22 0.26 0.068

0.02245 5 1.06 0.064

0.39139 18 0.3 0.066

0.34219 19 0.3 0.069

0.34219 20 0.29 0.067

0.35984 19 0.29 0.067

0.39031 22 0.28 0.07

0.35984 21 0.29 0.071

0.39031 22 0.27 0.069

0.34219 20 0.28 0.067

0.35984 12 0.46 0.07

0.01601 6 0.86 0.063

0.05277 8 1.43 0.096

0.63064 29 0.22 0.079

0.05277 6 1.16 0.077

1.92042 12 0.17 0.063

0.28300 9 0.27 0.047

1.92042 12 0.24 0.072

0.28300 27 0.34 0.089

0.29371 19 0.29 0.067

0.37039 22 0.28 0.07

0.35121 23 0.28 0.071

0.37039 21 0.27 0.069

0.35121 19 0.29 0.066

0.29371 21 0.29 0.07

0.03916 5 0.81 0.06

0.01741 26 0.25 0.071

0.03916 6 0.61 0.056

0.04831 7 0.74 0.07

0.63064 13 0.67 0.087

0.39379 13 0.32 0.062

0.09788 7 0.95 0.074

0.05976 7 0.93 0.072

0.09788 6 0.79 0.064

0.35013 77 0.16 0.112

0.63064 144.68 0.1 0.112

0.09788 18 0.67 0.099

0.06721 22 0.65 0.108

0.03752 11 0.85 0.088

0.39139 39 0.04 0.064

0.39139 215.88 0.02 0.084

0.29426 141.93 0.02 0.079

0.02004 32 0.06 0.07

0.03320 5 0.34 0.064



Figure 6. RDG a) 3D colour scaling of non-covalent interaction and b) 2D scatter graph of the electron densityρ versus RDG interaction in CPTBN.
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transmission of this electron to electron from a bonding orbital (donor-σ,
π) with depreciation in its occupancy [41], an anti-bonding orbital
(acceptor - σ*, π*) and Lone pair (LP) can be defined as charge transfer.
Several other types of valuable data, such as directionality, hybridization,
and partial loading, have been analyzed from the NBO results.

The strong intra-molecular hyperconjugation interaction of the π*
electrons from C7–C11 to the π* anti-bonding orbital's of S41–C42 bond
shows leading to the stabilization of 215.88 kcal/mol. This enhanced
π*(C7–C11) NBO further conjugates with π*(C4–C5), π *(C6– C9), resulting
in enormous stabilization energy of 215.88, 141.93 Kcal/mol, as shown
in Table 5. The interaction between π* and π* shows (C6–C9), (C7–C11),
and (S41– C4)2 the electrons is heavy intermolecular. It allows the equi-
librium of α kcal/mol, in the (C6–C9) to the anti-bonding orbits of
(C11–Cl27), (C4–C5), and (C7–C11). In addition to these interactions, there
is also a strong lone pair show stabilization capacity, such as LP (1)N25 -π
*(C1–N24) 26 kcal/mol, LP (2)N43 - π *(S41–C42) 144.68 kcal/mol using 6-
311G respectively. These charge transfers are responsible for the
structure-activity of the system.

4.6. Reduced density gradient (RDG)

The RDG method is a powerful way to analyze non-covalent inter-
molecular interactions. The RDG function is a fundamental dimension-
less quantity used to describe the deviation from a homogeneous electron
distribution, which succeeding Eq. (9) was developed by E. R. Johnson
et al. [43].

RDGðrÞ¼ 1

2ð3πr2Þ1

=

2

jrρðrÞj
ρðrÞ4

=

3
(9)

where ρ(r) and RDG (r) are the electron density and its first derivative,
respectively. The gradient subsurface plots of RDG versus the electron
density ρ(r) multiplied by the sign of the second Hessian eigenvalue sign
[k2(r)] were rendered by the VMD 1.9.2 program [44] based on outputs
of Multiwfn software 4.1 program [45], shown in Figure 6. The RDG
surface blue indicates that a stronger interactive hydrogen bond interacts
between benzonitrile and thiazole ring, green colour can be identified as
van der Waals (VDW) interaction region placed partial half elliptical slab
present in the outer part of the title compound and red colour represent
the strong repulsion that appears in the centre of the ring system and the
strong region or interaction is located in the C–Cl, and thiazole ring atom.
The methyl hydrogen-carbon with a hydrogen atom in the ring system as
shown in the Figure 6(a).

The density values of the low-gradient spikes (the RDG versus plot)
appear to be a good indicator of the strength of the interaction. When 2D
13
is plotting RDG values versus ρit is more meaningful to use the sign of λ2
is utilized to distinguish the bonded (λ2 < 0) from nonbonding (λ2 > 0)
interactions, plotted in Figure 6(b).
4.7. Localized orbital locator (LOL) and electron localization function
(ELF)

The localized orbital locator (LOL) and electron localization function
(ELF) is one of the most powerful methods for understanding chemical
bonding because it allows the identification of chemically relevant lo-
cations in the molecular space where electrons concentrate, such as a
bonding, non-bonding and lone pair. This analysis was defined by LOL
[γ(r)] and ELF [η(r)] which is related with Fermi hole curvature [46].
And it is defined as a measure of excess Kinetic energy density due to
Pauli repulsion. The shaded surface map of electron localization function
and localized orbital locator -LOL are drawn using Multi-wfn software
[47], they are presented in Figures 7 and 8 respectively. Basins are
divided into two categories. On the one hand, core basins are clustered
around nuclei (with Z> 2), whereas valence basins occupy the remaining
area. The inner atomic shell structure is quite similar to the structure
provided by the core basins and a valence basin is characterized by a
number of the core is connected [48, 49]. In our description, the locali-
zation colour code (Figure 7) used for the domain are: red-dot blue ring
show the carbon core, red-dot yellow ring show the joining bond be-
tween core atoms or inner shell (C–C, C–N) bond and white shell rounded
with rings of red, yellow, green show the valence shell (i.e., hydrogen
bonding). Next, an electron localization function shows the shaded sur-
face map obtained from localization orbits. Depending upon the density
of electron it notify the boundary region are highly localized with board
peak (hydrogen regions nearer to 1), the ring bond region is middle
localized with a sharp peak (like water droplet) and C�N region are low
localized with small dens peak. shown in Figure 8.
4.8. Antibiotic and antifungal activity

Microbial is killed and ruled out from reproduction by antimicrobial
drugs. Nevertheless, these microorganisms are caused by improper and
unnecessary use of antibiotics to develop resistance to these substances
[3, 50]. Thiazole compound was assayed at a concentration range of 25
μg/ml-violet colour, 50 μg/ml-red colour, 75 μg/ml -green colour, 100
μg/ml-pink colour and total control - blue colour range shown in bar
chart Figure 9 against two Gram-positive bacteria: Bacillus subtilis,
Staphylococcus aureus and two Gram-negative bacteria: Escherichia coli,
Pseudomonas aeruginosa Figure 10. The anti-fungal activity was carried



Figure 8. Electron localization function (ELF) or shaded surface map with projection effect of a) thiazole and benzene ring and b) full CPTBN.

Figure 7. Localized orbital locator (LOL) for CPTBN obtained in xy plane.

Figure 9. Bar chart for antibacterial and antifungal of CPTBN.
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Figure 10. CPTBN microbial tests against bacterial microorganisms a) Bacillus subtilis, b) Staphylococcus aureus, c) Escherichia coli and d) Pseudomonas aeruginosa using
disk-diffusion method.

Figure 11. CPTBN microbial testing of fungal microorganism e) Candida albi-
cans and f) Aspergillus Niger using Disk-diffusion method.
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out against a well-known fungal strain Candida albicans and Aspergillus
Niger (Figure 11) by the disc diffusion method [51]. Bacterial and fungal
pathogens standardized using the DMSO standard were diluted (1:100)
and added to an aliquot into respective wells. The plates were incubated
in a static incubator at 37 �C for 18–24 h and the determined zone of
inhibitory concentration values are listed in Table 6. Results revealed
that the compound showed varying zone of inhibition against the test
panel of pathogens were plotted in the form of bar graph Figure 9.
Notably, the compound showed the highest inhibition against bacterial
strains Staphylococcus aureus, whereas 24μl respectively at 100 μg/ml.
Furthermore, significant inhibition against fungi strains Candida Aabi-
cans whereas 20μl showed inhibition at 100 μg/ml against A. Niger is
shown in Figures.10 and 11.
4.9. Molecular docking

Molecular docking is a computational technique that tries to predict
the sub-region or binding composites from multi-dimensional images of
the macromolecule (protein) non-covalent bonding and a small molecule
(ligands) [52]. Multiple views of the visualization are a useful way of
extending 3D, the 2D display shows dimensional limitations. To collect
Table 6. Antibiotic and Antifungal inhibition zone levels of CPTBN.

SAMPLE DMSO Extract 100 μl added and Zone of inhibition (m

25 μl 50 μl

Bacillus subtilis 12 14

Staphylococcus aureus 14 17

E.coli 10 12

Pseudomonas 11 12

Candida albicans 13 15

A.niger 12 14

15
such views directly from the PDB (protein data bank). Based on the an-
tibiotics, antifungal and biological behaviors of the CPTBN, different
types of protein activities such as high-resolution antibacterial, anti-
fungal, Monoclonal antibodies, Nitric oxide synthase inhibitor, Staphy-
lococcal protein A. Taken protein structure has been downloaded from
the RCSB [53] PDB ID website of the database 2GOM, 4YDO, 5I76, 4D7O
and 1BDC. Initially, the title molecule was minimized as a pdb file based
on the DFT method and bind with downloaded protein Finding 3D
structures with the lowest binding energy of the compound were con-
structed using auto dock tools and minimum docking energy values were
investigated. The dotted lines show the bond formation between the
ligand and targeted proteins. The docking runs were analyzed for the
predicted binding interactions, including binding energy, inhibition
constant, and intermolecular energy, between the receptors and ligand in
the best scoring pose, which was listed in Table 7. Discovery studio [15]
generates the binding position of a ligand-protein dock in 3D view
(Figures 12a, 12c, 12e, 12g and 12i) and 2D represent (Figures 12b, 12d,
12f, 12h and 12j) represent a residual interaction energy conformation.

4.9.1. Antibacterial activity
Antibacterial activity and virtual screening by molecular docking of

staphylococcus aureus is a protein tied to its complementary target to
provide bacterial suppression of structure. Staphylococcus aureus (PDB ID
-2GOM) protein resolution is 1.25 Å having unit cell length a¼ 59.59Å, b
¼ 59.59Å, c ¼ 45.63Å, and angle α ¼ 90�, β ¼ 90�, γ ¼ 90� [54]. The
docking result of CPTBN ligand interaction has shown (Figures 12a and
12b) a binding affinity to the target protein 2GOM, as indicated by the
bonding interaction between the ligand and catalytic site amino acids.
Glutamine (GLN) from a van der Waals interaction was found near
benzonitrile and Lysine (LYS) forms a Pi-Cation interaction near the
thiazole ring. Binding energy and inhibition constant are -7.913 kcal/mol
and 1.42 μM.

4.9.2. Antifungal activity
Antifungal of a medication used to treat a fungus infection medicine

that contains a fungicide. One of the antifungal protein target Candida
m/ml)

75 μl 100 μl Control

16 19 20

20 24 25

14 16 20

14 16 20

17 20 22

16 19 20



Table 7. Molecular docking performance results of the compound CPTBN against selective potential protein inhibitors (PDB).

Ligand name PDB ID Bond
distance (Å)

Amino acid
(residues)

Bond Inhibition Constant
(Micromolar-μM/
Nanomolar- nm))

Binding Energy
(kcal/mol)

Inter-molecular energy
(kcal/mol)

4-[{2-[3-(4-Chlorophenyl)-5-(4-(propan-2-yl)phenyl)-
4,5-dihydro-1H-pyrazol-1-yl]-4-oxo-
1,3-thiazol-5(4H)-ylidene}methyl]benzonitrile (CPTBN)

2GOM 3.5 Glutamine (GLN) van der Waals 1.42 μM -7.98 -9.47

3.6 Lysine (LYS) Pi-Cation

4YDO 2.1 Tyrosine (TYR) van der Waals 16.35nm -10.62 -12.11

1.8 Isoleucine (ILE) van der Waals

2.4 Leucine (LEU) Pi-Alkyl

2.9 Tyrosine (TYR) Pi-Pi T-shaped

5I76 2.7 Proline (PRO) Pi-Alkyl 4.84 μM -7.25 -8.74

2.1 Leucine (LEU) Conventional hydrogen bond

2.9 Serine (SER) van der Waals

2.9 Glutamine (GLN) van der Waals

4D7O 1.9 Isoleucine (ILE) van der Waals 1.63 μM -7.85 -9.34

2.4 Glycine (GLY) van der Waals

2.9 Tryptophan (TRP) Amide-Pi stacked

3.3 Phenylalanine (PHE) van der Waals

1BDC 2.1 Phenylalanine (PHE) Pi-Pi T-shaped 428.64nm -8.69 -10.18

2.7 Asparagine (ASN) van der Waals

2.8 Leucine (LEU) Alkyl

2.9 Serine (SER) Conventional hydroden bond

2.8 Glycine (GLY) van der Waals
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Figure 12. a) Antibacterial Docked interaction pose, b) 2D binding modes of CPTBN structure, c) Antifungal Docked interaction pose, d) residual 2D modes of CPTBN
structure, e) Monoclonal antibodies Docked interaction pose, f) targeting 2D modes of CPTBN structure, g) Nitric oxide synthase inhibitor docked interaction pose, h)
2D amino acid bonding modes of CPTBN structure, i) Staphylococcal Protein A docked interaction pose and j) 2D protein interaction modes of CPTBN structure.
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Albicans PDB ID: 4YDO are examined ligand (CPTBN) using molecular
docking studies. Our aim to verified amino acid (residue) interaction of
protein 4YDO are Crystal Structure (Figures 12c and 12d) of Candida
Albicans Protein Farnesyl transferase in Apo form has a resolution 3.00 Å
having a unit cell length a ¼ 96.824 Å, b¼ 96.824 Å, c ¼ 183.082 Å, and
angle α¼ 90�, β¼ 90�, γ¼ 90� [55]. The binding interaction between the
ligand and catalytic site amino acids Tyrosine (TYR) and Isoleucine (ILE)
forms a Van der Waals interaction near Thiazol ring, Leucine (LEU) forms
a Pi-Alkyl interaction and Tyrosine (TYR) forms a Pi-Pi T-shaped inter-
action. Binding energy and inhibition constant are -10.62 kcal/mol and
16.35 Nanomolar.

4.9.3. Monoclonal antibodies
To develop highly efficient therapeutic and diagnostic agents. Mono-

clonal antibodies (mAbs) structure of the protein PDB ID: 5I76 is used to
simulate the ligandwereperformedbyAutoDock-VinaSoftware [56]. 5I76
protein has a resolution 1.922Å having unit cell length a ¼ 72.482 Å, b ¼
68.037Å, c ¼ 97.689 Å, and angle α ¼ 90�, β ¼ 101.85�, γ ¼ 90�. Exami-
nation of the binding energy (-7.85) kcal/mol, inhibition constant
(1.76μM) and shown in Figures.12e and 12f. CPTBN ligand bind at the
active site of protein by lower amino acid (residue) interaction. Amino acid
Leucine (LEU) forms a conventional hydrogen bond with carbonyl present
in the thiazole ring. Van der Waals interaction Serine (SER):, Glutamine
(GLN): was found near both benzonitrile and propane-2-yl. Proline (PRO)
residual alkylandPi-alkyl bindwithOatomand interactionwith the coreof
the chlorophenyl ring, thiazole ring, and pyrazole ring.
17
4.9.4. Nitric oxide synthase inhibitor
PDB ID - 4D7O protein (Figure 12g and 12h) [57] has a resolution

1.78 Å had a unit cell length a ¼ 51.77Å, b ¼ 110.58Å, c ¼ 165.16Å and
angle α ¼ 90�, β ¼ 90�, γ ¼ 90�.Amino acid Tryptophan (TRP) and
Phenylalanine (PHE) forms Amide-Pi stacked and van Der Waals inter-
action with a CH3 atom in the propan group. Most of the core rings are
interactive with alkyl Pi-Pi, T-Shaped, and amide Pi stacked presented in
protein. Two van Der Waals interactions with Isoleucine (ILE) and
Glycine (GLY) bound with benzonitrile ring. Binding energy and inhi-
bition constants were -7.85 kcal/mol and 1.63 μM.

4.9.5. Staphylococcal Protein A
Staphylococcal Protein A (PDB ID -1BDC) receptor is a persistent

human pathogen that causes a variety of diseases, both in clinical
appearance and in severity found in normal human flora, located on the
skin andmucous membranes. To investigate nanomolar bacterial binding
targets for complementary ligand interaction. Staphylococcal Protein A
interaction protein [58] shows (Figures 12i and 12j)the existence of
many conventional bonds, which are as follows: Benzonitrile ring form
three residual interaction at the same time are Phenylalanine (PHE) form
Pi-Pi T-shaped, Serine (SER) form conventional hydrogen bond, Glycine
(GLY) form VanderWaals interaction. Leucine (LEU) form
carbon-hydrogen bond interaction with the core thiazole ring. Aspara-
gine (ASN) form a van der Waals interaction was found near CH3. The
inhibition constant was 428.64 Nanomolar and the observed binding
energy was -8.69 kcal/mol.
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5. Conclusion

In the integrating work, analysis of 4-[{2-[3-(4-chlorophenyl)-5-(4-
propan-2-yl) phenyl)-4, 5-dihydro- 1H- pyrazol-1-yl]-4-oxo-1, 3-
thiazol-5(4H)-ylidene} methyl] benzonitrile [CPTBN] molecule through
the first level of the spectral statistics on experimental FT-IR, and FT-
Raman are recorded and at the next level, detailed vibrational assign-
ments using DFT/B3LYP/6-31G and B3LYP/6-311G basis level were
computed. The geometry of the title molecule is analyzed theoretically.
The three different zone mapped surfaces provide a visual plot to un-
derstand the atoms in an intermolecular polarity. Positive and negative
regions of the MEP map that are localized around the title compound
indicate possible sites of nucleophilic and electrophilic reactivity of the
molecule. The energy flow from the gap is generally low to high, and
Gaussian diagrams have been used to visualize it. The reactive nature of
the CPTBN is hypothetically dissected using techniques for the quantum
system and addressed by electronic properties, such as hardness, chem-
ical potential, electro-negativity, global hardness, and global softness.
The NBO interprets the conjugate relationship of the orbital donor and
the unoccupied orbital acceptor in the molecular system. RDG generates
the colourful illustration, hydrogen bond, van derWaals and steric effects
depict the interaction of the atoms inside the molecule. The electron
localization of the region in the molecular space at which identified
chemically significant regions as a bond and lone pair. Antimicrobial
inhibitory activity against the compound was explored through the tests.
Utilizing the molecular restraining nature of the particle was seen as the
most vulnerable restricting ligand to a catalyst and the most grounded
hydrogen authoritative. The title molecule is docked with receptors high-
resolution antibacterial (2GOM), antifungal (4YDO), Monoclonal anti-
bodies (5I76), Nitric oxide synthase inhibitor (4D7O), Staphylococcal
protein A (1BDC) and gives good binding affinity values. Acceptable and
delicate antibacterial effect against all screened pathogens and the
definitive medicine support the docking results. The nature of the mol-
ecules shows the binding activity of thiazole with biological targets were
examined and discussed in terms of interaction energy. The inclusion of
antimicrobial resistance raises to the development of new antibiotics
through a direct further rational work mode of action.
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