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Density Functional Theory calculations, Spectroscopic
study, Reduced Density Gradient and molecular docking
of 2-[3-(4-chlorophenyl)-5-(4-(propane-2-yl) phenyl-4,
5-dihydro-1H pyrozol-1-yl]-4-(nitrophenyl)-1, 3-thiazole

S. Babiyana?, V. Balachandran®

Abstract

The 2-[3-(4-chlorophenyl)-5-(4-(propane-2-yl) phenyl-4,5-dihydro-1Hpyrozol-1-yl]-4-(nitrophenyl)-1,3-thiazole (CPDNT) was synthesized
by reflux technique. FT-IR and FT-Ramanstudies attest to the presence of functional groups in the 2CPDNT molecule together with DFT
method. Vibrational assignments were done using scaled quantum mechanical force fields. To assess the molecule’s chemical reactivity,
the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) energy gap and quantum chemical
descriptors were computed using the frontier orbital energies. A Molecular Electrostatic Potential (MEP) Map is a powerful means for
visualizing the electron density distribution of a molecule, helping to identify its electrophilic and nucleophilic regions. Theoretical
topology analysis (ELF, LOL) has been performed. A Reduced Density Gradient (RDG) was applied to examine weak interactions. To find
the protein-ligand interaction and its lowest binding energy, the CPDNT molecule was docked to the active sites of 1FSE, 3VZX, 5MKD,

and LIXM protein structures.
Keywords: DFT; Thiazole; RDG; ELF; MEP; Docking.

Introduction

The synthesis of heterocyclic compounds is seen as
beneficial in the field of drug discovery. Individuals
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possessing penta-cyclic structures exerted a significant
influence on heterocyclic molecules within the domains
of chemistry and biology (Roy et al., 2024). Thiazole nuclei
exhibit a diverse range of biological functions, which is a
noteworthy observation. The presence of a five-member
ring distinguishes thiazole. Thiazole derivatives have
attracted the attention of scientists due to their diverse
pharmacological effects (Patra et al., 2021). Thiazole
compounds exhibit potential as anticancer, antibacterial,
and antiviral drugs (Cashman et al., 2020, Moeini et al.,
2019, Kassem et al., 2024, Liu et al., 2024). Synthetic drugs
with a thiazole core include antibiotics like sulfathiazole
and penicillin, cancer drugs like bleomycin and tiazofurin,
HIV drugs, and ulcer treatments. Additionally, extensively
applied thiazole derivatives (Matta et al., 2023, Shosha et al.,
2025, Bhanwala et al., 2023, Chahal et al., 2023, Ghomashi
et al., 2023) include the non-steroidal drug. The thiazole
derivatives significantly influence the pharmacocores of
numerous pharmaceutically significant bio compounds. It is
desirable to estimate their biotic action, such as antibacterial,
anti-tubercular, and anti-fungal properties, especially for
their anti-inflammatory properties (Bhasker et al., 2024,
Safaei et al.,, 2012, Saranya et al., 2024, Bachhar et al., 2024,
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Nemeikaité-Céniené etal., 2023, Sebutsoe et al., 2024, Zheng
etal., 2023, Raveesha et al., 2022)

Research on pyrazoline derivatives is extensive due to
their presence in numerous pharmacologically active drugs.
Pyazofurin, sulfinpyrazone, and metamizole are examples
of pharmacological actions associated with pyrazoline
function. Furthermore, studies have demonstrated the
antioxidant, antibacterial, analgesic, anti-inflammatory,
anticonvulsant, antitubercular, antiviral, and anticancer
properties of these compounds.

For the title compound, we investigate the structure of
the molecules and how charges move within the CPDNT
molecules using spectral and quantum chemical calculations.
Combining experimental data with theoretical structure
analysis utilizing DFT quantum chemical computation gave
this result. We used density functional theory to calculate
vibrational and optimized geometry at the B3LYP/cc-pVDZ
levels. We also performed frontier molecular orbital analysis
and molecular electrostatic potential calculations. We used
molecular docking to find the possible modes for the CPDNT
molecule to bind to protein-active sites in Bacillus subtilis.

Materials and Methods
2-[3-(4-chlorophenyl)-5-(4-(propane-2-yl)phenyl-4,5-
dihydro-1Hpyrozol-1-yl]-4-(nitrophenyl)-1,3-thiazole was
synthesized by refluxing 3-(4-chlorophenyl)-5-[4-propan-
2-yl) phenyl]-4,5-dihydro-1H-pyrazole-1-carbothioamide
(0.01mol) and 2-(bromomethyl)-4-methoxyphenol (0.0Tmol
in ethanol/DMF mixture (30ml) as per the procedure
reported. (Babiyana et al., 2024).

Characterization details

The FT-IR spectrum of the compound was recorded
employing a Perkin Elmer spectrometer fitted with a
KBr beam splitter around 4000 —450 cm. Bruker RFS 27
FT-Raman spectrometer was used to report the FT-Raman
spectrum in the region 3500 - 0 cm™ using a 1064 nm Nd:
YAG laser source.

Quantum chemical calculations

We used the DFT/B3LYP/cc-pVDZ basis sets to calculate the
structural properties of the CPDNT molecule. We performed
the calculations using the Gaussian 09W program (Frisch et
al., 2009, Parr et al., 1995, Dennington et al., 2009). We used
anisolated CPDNT molecule’s optimized molecular structure
to calculate vibrational and other quantum chemical
calculations. The Gauss View 5.0 graphical interface (Viji et
al., 2020) visualized the frontier molecular orbital and MEP
surfaces of CPDNT. The Multiwfn software maps the CPDNT
molecule’s reduced gradient densities and represents
them through the VMD program. This lets us insight at
the topology of the non-covalent interaction in line with
Bader's theory.

Results and Discussion

Optimized geometry
Figure 1 displays the optimized molecular structure of the
CPDNT molecule. The theoretical geometrical parameters
of CPDNT are depicted in Table1 using B3LYP/cc pVDZ. C-C
bond length is in the range of 1.410-1.378 A (Sahin et al.,
2024). C-C bond lengths of C1-C2 and C2-C3 are 1.399A
and 1.391A and this calculated value shows an excellent
agreement with the experimental value.

C-N bond length 1.351/1.381A is greater than C=N (1.22
A). In the present study, the C-N bond lengths of C12-N14
and C51-N54 are 1.324 A and 1.485 A, which is in good
accordance with the observed value. C-H bond lengths
of C3-H8, C13-H58, C21-H23and C26-H30are 1.101, 1.116,
1.089 and 1.101 A which matches with experimental value
(Ragavan, et al., 2022).

Vibrational study

The CPDNT molecule used in this investigation has 58
atoms and 168 normal vibrational modes are computed at
the B3LYP/cc-pVDZ levels. Table 2 presents the vibrational
assignments of CPDNT with PED contributions. Using the
VEDA 4 algorithm (Vidya et al., 2019), Potential Energy
Distribution (PED) assigns expected infrared and Raman
vibrational wavenumbers. Fig.2.and Fig.3. shows computed
and investigational FT-IR and FT-Raman spectra.

CH vibration

The range of symmetric vibrations is 2990-2900 cm™,
while the range of asymmetric (C-H stretching) vibrations
is 3100-3000 cm~ (Neetha et al., 2025). The bands for the
main compound were found at 3174, 3116, 2922 cm~'(FT-IR)
and 3077, 2932 cm7'(FT-Raman). The DFT estimated value
is 3176 and 3118cm~'with a 99% (PED) contribution. Bands
in the 1300-1000 cm™ area are typically used to describe
the strong to weak intensity of the C-H bending vibrations
(Elangovan et al., 2024). Around 1283-909 cm™ (in-plane)

Figure 1: Optimized structure of CPDNT molecule
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Table 1: Optimized geometrical parameters of CPDNT compound

B3LYP Bond B3LYP Dihedral B3LYP
Bond lengths

A) angles A) Angles A)
C1-C2 1.399 C2-C1-Cé 120.36 C6-C1-C2-C3 -0.01
C1-Cé 1.398 C2-C1-Cl11 119.76 C6-C1-C2-H7 -179.98
c1-Cin 1.698 C6-C1-CI1 119.88 cn1-C1-C2-C3 179.98
C2-C3 1.391 C1-C2-C3 119.65 Cl11-C1-C2-H7 0.00
C2-H7 1.101 C1-C2-H7 120.34 C2-C1-C6-C5 -0.04
C3-C4 1.404 C3-C2-H7 120.01 C2-C1-C6-H10 179.96
C3-H8 1.101 C2-C3-C4 120.59 Cl11-C1-Cé-C5 179.98
C4-C5 1.403 C2-C3-H8 119.23 Cl11-C1-C6-H10 -0.02
C4-C12 1.456 C4-C3-H8 120.18 C1-C2-C3-C4 0.08
C5-C6 1.393 C3-C4-C5 119.18 C1-C2-C3-H8 -179.92
C5-H9 1.102 C3-C4-C12 119.64 H7-C2-C3-C4 -179.94
C6-H10 1.101 C5-C4-C12 121.18 H7-C2-C3-H8 0.06
C12-C13 1.523 C4-C5-C6 120.47 C2-C3-C4-C5 -0.11
C12-N14 1.324 C4-C5-H9 120.40 C2-C3-C4-C12 179.72
C13-C15 1.557 C6-C5-H9 119.14 H8-C3-C4-C5 179.89
C13-H16 1.115 C1-C6-C5 119.74 H8-C3-C4-C12 -0.28
C13-H58 1.116 C1-C6-H10 120.36 C3-C4-C5-Co 0.07
N14-N17 1.368 C5-C6-H10 119.90 C3-C4-C5-H9 -179.90
C15-N17 1.512 C4-C12-C13 121.60 C12-C4-C5-Co -179.76
C15-C24 1.497 C4-C12-N14 125.48 C12-C4-C5-H9 0.27
C15-H57 1.128 C13-C12-N14 112.90 C3-C4-C12-C13 3.82
N17-C18 1.416 C12-C13-C15 101.67 (C3-C4-C12-N14 -177.75
C18-S19 1.741 C12-C13-H16 111.41 C5-C4-C12-C13 -176.36
C18-N20 1.348 C12-C13-H58 111.10 C5-C4-C12-N14 2.08
S19-C21 1.658 C15-C13-H16 111.50 C4-C5-C6-C1 0.01
N20-C22 1.393 C15-C13-H58 111.44 C4-C5-C6-H10 -179.99
C21-C22 1.396 H16-C13-H58 109.54 H9-C5-C6-C1 179.98

and 832-710 cm—1 (out-of-plane), the C-H bending vibrations
were observed. The present compound had C-H bending at
1176 ccncm~'(FT-Raman) and DFT values were the same at
1178cm(70% PED). With corresponding DFT values at 1164
cm™' (72% PED), C-H (in-plane) bending was detected at 1165
cm™' (FT-IR). There is a noticeable bending vibration in the
1000-750 cm™' (out-of-plane) region. The bending (out-of-
plane) vibration in the current study was measured at 853
cm™ (FT-IR) and 852 cm™ (FT-Raman), with an estimated
value of 852 cm™' (69% PED).

CH ,vibrations

The range of CH, antisymmetric stretching vibrations is
3100-3000 cm™, while the range of symmetric stretching is
3000-2900 cm™ (Elangovan et al., 2024). In FT-IR, symmetric

CH, vibrations are seen at 2857 cm™', which agrees with the
calculated asymmetric CH, vibrations seen at 2861 cm~'(99%
PED). The CH, twisting vibrations are at 1128 cm™'in FT-IRand
DFT is calculated to be 1130 cm™(61% PED). The peak at
1407 cm™" (FT-IR) and peak at 1403 cm~'(FT-Raman) are both
attributed to CH, scissoring, with the estimated value at
1408 cm™' (69% PED).

CH, vibrations

The CH, (symmetric) stretching mode is estimated to be
around 2870 cm™', whereas the asymmetric CH, stretching
isat2980cm™". CH, stretching (asymmetric) has a magnitude
greater than the CH, stretching (symmetric). CH, stretching
vibrations are anticipated in the range of 3050-2800
cm™'(Vidya et al., 2019, Neetha et al., 2025). The bands at
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Figure 2: Experimental and theoretical FT-IR spectra of CPDNT
compound
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Figure 3: Experimental and theoretical FT-Raman spectra of CPDNT
compound

2922 cm™'in FT-IR and 2932 cm™"in FT-Raman are assigned
to CH, asymmetric stretching. The corresponding DFT
value is observed at 2928cm~"and 2936 cm~"'with 98 % PED.
Deformation is detected in the range 1450-1400 cm™(Vidya
et al., 2019). The experimental peaks detected at 1317
cm~(FT-IR) match the calculated bending deformations
presented at 1318 cm™" with a 78% PED contribution. Peaks
were detected at 1012 cm™'(FT-IR) and 1011 cm~'(FT-Raman),
while the estimated bending (in -plane) deformations in DFT
were found at 1015 cm~" with 71% PED contribution.

C-C and C-N vibrations

C-Cstretching vibrations occur in between 1380-1280 cm™,
and C=C stretching vibrations occur in between 1625-1400
cm™(Vidya et al.,, 2019). In the current study, the peaks were

detected at 1593 cm™(FT-IR) and 1594 cm™' (FT-Raman).
DFT value is observed at 1604 cm~'with 96% PED. The
peak was detected at 1555 cm™'(FT-IR) with DFT values
at 1563 cm~'(68%). The C-N stretching vibration occurs
between 1382-1266 cm™"'and 1310-1290 cm™". C-N stretching
absorption is assigned at 1348 cm™ (80% PED) for the title
compound.

NO, vibrations

NO, bending (symmetric) occurs in the range 1370 - 1330
cm~'. Symmetrical NO, vibrations occur at 1326 cm™in
FT-Raman, which matches with the computed (symmetric)
vibrations observed at 1328 cm~" with 86% PED.

Ring vibrations

Experimental values at 566 cm~'and 568 cm~'for FT-IR
and FT-Raman were attributed to ring vibrations (in-plane
bending) and the corresponding observed values at 570
cm'with 72% PED. Ring vibrations at 450 cm™in the FT-IR
and the estimated value at 452 cm~'(70% PED).

Frontier molecular orbital analysis

There is a relationship between the property of frontier
molecular orbitals with the optical, electrical, and UV-vis
spectra of a molecule. The three-dimension plot of the
highest HOMO and LUMO of CPDNT are shown in Fig. 4. The
energy gap (eV) was a very important dispute to analyze the
chemical behavior of the title compound (Sahin et al.,2024).
In Fig.4. HOMOs are concentrated on the CI11 atom, C2-C1-
(6, C3-C4-C5,C13-C12-N14, C13-H58, C13-H16, C15-N17,C15-
C24, C15-H57, C18-N20, S19 atom, C21-C22, C45, C46 atoms
and C51-N54. As well as LUMOs are localized on the N54, 055
and 056 atoms of the nitro group, C51 atom, C45-C47, C44,
C21,C22, 519, C18, N20 and C46-C49. The calculated values
of HOMO and LUMO, as well as its respective energy gap,
have been calculated to be -5.555 eV, -2.344 eV, and 3.211

Figure 4: HOMO-LUMO of CPDNT
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Table 2: Vibrational assignments, observed and calculated B B 1420 5. CH,(82)
wavenumbers of CPDNT compound P
Observed Calculated Vibrational 1407 1403 1408 © s CH(69)
wavenumbers (cm™) wavenumbers (cm™) assignments - N 1398 6ipb CH,(80)
FT{R  FT-Raman  B3LYP/6311++G(dp)  (%PED) - - 1387 8CH(73)
3174 - 3176 v CH(99) - - 1380 8CH(75)
3116 - 3118 v CH(99) - - 1354 8CH(75)
- - 3112 v CH(99) - - 1348 v CN(80), 6CH(22)
- - 3091 v CH(99) - - 1334 6, CH,(78)
- 3077 3082 v CH(98) - 1326 1328 v_NO,(86)
- - 3051 v CH(98) 1317 - 1318 6. CH,(78)
- - 3039 v CH(98) - - 1311 6CH(78)
_ _ 3017 v CH(99) - - 1298 v CC(69), 5CH(12)
- _ 2989 v CH(98) - - 1290 &CH(75), 6CC(17)
- _ 2973 v CH(99) - - 1280 v CC(76), 5CH(13)
- - 2048 v CH(98) - - 1268 &CH(75), 6CC(13)
- 2932 2936 v CH(98) - - 1254 5CH(86)
2922 _ 2928 v CH(98) - 1240 1246 &CH(68), v CC(17)
- - 2918 v, CH,(98) - - 1235 S6CH(68), v CC(12)
- - 2910 v, CH,(98) - - 1228 6CH(68)
- - 2901 v, CH,(98) - - 1219 S6CH(68)
- - 2887 v, CH,(98) - - 1213 S8CH(71)
- _ 2880 v, CH,(98) - 1202 1204 S&CH(71)
- - 2874 v CH(99) - - 1196 Proci CH,(68)
2857 - 2861 v, CH,(99) - - 1188 6CH(72)
- - 2848 v, CH,(99) - - 1185 &CH(72)
- R 2839 v, CH,(99) - 1176 1178 SCH(70)
) ) 2833 v CH(98) 1165 - 1164 8CH(72)
1593 1594 1604 v CC(96),6CH(23) - 1138 8CH(7)
v NO (63) 1132 1134 SCH(72)
; ; 1586 CCl16), SCN(15) © CH(61),
1128 - 1130 2
i i 1577 vCN(72),v YCH(19)
CC(14), 6CH(12) _ 1116 YoprCH (63)
1560 1566 v CC(74), 6CH(13) - 1104 1110 v NN(76)
1555 - 1563 v CC(68), 5CH(15), 1098 - 1096 & CH(66),vCC(10)
vENao) - 1089 1090 & CH(66)
- 1533 v CC(68), 5CH(18) i i 1076 VCN(63)
- 1520 1523 éﬁzz)(isc)cu 0 - - 1065 Y, CH,(65)
) ) 1516 v CC(66), 1049 - 1055 SCH(72)
v, NO,(23) - - 1045 vCCI(82), § CH(14)
- - 1512 v CC(65), 6CH(21) - - 1033 y CH(85)
- - 1509 v CC(72), 6CH(12) 1012 1011 1015 8, CH,(71)
1497 - 1498 8CH(69), v CC(13) - - 1005 0,0 CH,(69)
- - 1475 SCH(81) - - 998 8,1,(75)
- 1472 1454 SCH(80) - - 996 8,,4(75)
- - 1446 ,,, CH,(84) - - 988 8,,,(76)
- - 1433 8., CH,(84) - - 981 8,4(75)

Cont..
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- - 974 y CH(68) - - 436 Y 1ing(58)
- - 959 y CH(68) 426 - 428 6 CC(62)
- - 950 y CH(68) - 413 413 5 ,,(66)
- - 936 y CH(67) - - 406 ¥ g 63)
- - 930 y CH(68) - - 392 Y 1y 65)
- - 921 y CH(68) - 362 364 Y g 58)
- - 910 y CH(68) - - 246 5,62
- - 897 8, CH,(71) - - 329 y CC(60)
- - 885 y CH(67) - - 305 6 CC(62)
- - 876 y CCH,(72) - - 291 6 CC(62)
- - 871 8,,(75) - - 278 y CC(61)
- - 860 6 CCC(75) - 258 257 6 CCl(63)
853 852 852 y CH(69) - - 246 8,,4(59)
- - 843 y CH(68) - - 228 5,,,(58)
- - 837 0., NO,76) - - 215 Yy CN(57)
- - 832 y CH(68) - - 201 0 .0s NO,(57)
817 - 820 y CH(68) - - 188 T CC(58)
- - 807 y CH(68) - - 164 TCH,(55)
- - 799 y CH(69) - - 155 TCH,(54)
781 - 784 v CH(67) - - 147 y CCI(58)
- - 771 y CH(66) - 137 140 y CC(60)
- - 754 v CS(64), y CN(17) - - 136 5CC(63)
- - 742 v CH(59) - - 135 y CC(56)
- 717 724 Y 1ng (62) - - 130 TCC(60)
711 - 714 Y 1ng 62) - - 126 Y 1ng(58)
- - 691 8,0 71) - - 118 ¥ 1ng(58)
- - 674 Y g (63) - - 80 5,,,(61)
- - 669 vCH(68) - - 73 6 CC(66)
- - 650 8,y (65) - - 68 8 CC(66)
- - 642 ng (66) - - 64 TNO, (58)
- 631 634 y CH(76) - - 53 6 CC(61)
- - 619 yCS(65), 6 CH(22) - - 48 T CC(54)
595 - 597 Y 1ng(69), YCH(13) - - 41 TCC(58)
- - 588 8,72 - - 35 y CC(56)
- - 582 8 1e75) - - 30 y CC(54)
566 568 570 8 ,(72) - - 27 Ving(54)
- - 553 y CH(67) - - 21 Y ing(54)
- - 544 5 CN(67) - - 13 TCC(52)
- - 523 yCN (59) - - 10 T CC(50)
) . 311 v CH(60) v - stretching, Vom symmetric stretching, Vasym™ asymmetric stretching,
- - 499 y CH(62) § - in-plane bending, y - out-of-plane bending, scis - scissoring,
485 482 486 p..NO, (73) w-wagging, rock-rocking,t- torsion (out-of-plane bending)
- - 876 8,75
- - 465 Y 1ing(70) eV, respectively. Hardness (n), softness (S), Electronegativity
450 B 452 Y in70) (x) and electrophilicity index (w) are usually called as global
) ) 444 v CN (66) reactivity parameters. In this study, energy gap, electro

Cont..

negativity, electrophilicity index and hardness of the title
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molecule were estimated B3LYP/cc-pVDZ method and the
estimated values were listed in Table 3.

Reduced density gradient

The RDG analysis gets close to the real-space weak
interaction, which is based on electron density and
derivatives (Irfan et al.,2023). NCI-RDG analysis follows
the graphic image of non-covalent interaction. It is a
resolving and helpful technique, using a simple colour
code to characterize steric interactions, van der Waals
interactions and hydrogen bonds. RDG surface analysis
enables investigation of interaction quality and strength.
The blue color denotes strong hydrogen bond interaction;
thered color represents strong repulsion and the green color
implies van der Waals interaction (Fig.5.).

ELF & LOL analysis

ELF determines the localization of electrons in molecular
systems (Jayaprakash et al., 2024). ELF is used to describe
the aromaticity of a particle and the chemical bonding
nature in transition metal centers. ELF value is close to one
in the region of maximum Pauli repulsion and zero in the
region of minimum Pauli repulsion. Fig. 6(a) graphically
represents a 2-dimensional image of ELF. Fig. 6(b) shows
its LOL distribution. The red color signifies a high ELF value,
indicating the presence of 25 hydrogen atoms in the positive
region for the title compound. Blue denotes the lowest ELF
value. The least attractive atoms are 057, O58, N6, N7, N34,
N56, and S33. A blue region surrounds these atoms. The
LOL value is 0.98 au.

Molecular electrostatic potential surface

The purpose of this analysis is to investigate the electrophilic
and nucleophilic boundary locationsthat influence the
biological capacity of the molecule (Du et al., 2023).
We visualize the molecule’s relative polarity using the
electrostatic potential surface. Fig.7. gives the MEP surface-

Table 3. Calculated frontier molecular orbital’s energy values of CPDNT

Parameters B3LYP
HOMO energy, E, . (€V) -5.555
LUMO energy, E . (eV) -2.345
HOMO- LUMO energy gap, AE_,, (eV) 3.211
lonization potential, IP (eV) 5.555
Electron affinity, EA (eV) 2.345
Electronegativity,  (eV) 3.950
Chemical hardness, n (eV) 1.605
Global softness, S (eV)! 0311
Chemical potential, p (eV) -3.950
Electrophilicity index, w (eV) 4.859
Total energy change, AE, (eV) -0.401
Overall energy balance, AE (eV) -3.211

Figure 5. Iso density surface of RDG analysis
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Figure 6: ELF and LOL surface maps of CPDNT compound

mapped isosurface range from -7.762e-2 to +7.762e-2. The
055 and 056 atoms of the nitro group primarily concentrate
the most negative electrostatic potential, while the
hydrogen-atom attached carbon atoms of the benzene
ring display a red color. The blue color signifies the primary
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Table 4: Molecular docking parameters of CPDNT ligand

PDBID Bond Length (A) Amino acid Binding Energy (kcal/mol) Inhibition constant (mM) RMSD (A)
23 LYS A:30

1FSE -7.72 2.19 69.833
2.1 LYS A:30
2.2 LYS A:17

3VzZX -8.27 0.86 18.26
2.2 LYS A:17

5MKD 1.8 GLU A:36 -7.47 3.33 171.106
1.8 ARG A:127

LIXM 2.1 SER A:126 -8.39 0.71 81.956
2.8 ASN A:131

Figure 7: The surface mapping by electrostatic potential of CPDNT

concentration of positive electrostatic potential on the N54
atom of the nitro group, the S19 atom, and the hydrogen
atoms.

Molecular docking

Itis most frequently used to understand the protein-ligand
interactions for the structure-based design of drugs (Mifarro
-Lleonaretal., 2023). It involves placing a ligand molecule in
the preferred site of binding of the target molecule, forming
acomplex, stable molecule. The structures of target proteins
1FSE, 3VZX, 5MKD, and 11XM were attained from RCSB
PDB format. Calculations were accomplished using Auto
Dock-Vina software. Fig.8. displays the docking analysis of
the CPDNT compound. Table 4 records the first three rank
docking parameters for all four proteins.

These results indicate that CPDNT binds with 1FSE, 3VZX,
5MKD, and 1IXM with binding affinity of -7.72 kcal/mol, -8.27
kcal/mol, -7.47 kcal/mol, and -8.39 kcal/mol, respectively.
The CPDNT ligand made two hydrogen bonds with the
1FSE protein’s LYS30, one at 2.3 Aand the otherat 2.1 A. The
binding result of 3VZX with CPDNT illustrates the binding
site of LYS17, positioned at distances of 2.2 A. GLU36 of the
5MKD protein contributes to the stabilization of the ligand

Figure 8: 3D images of interactions between ligand with target
protein structures

CPDNT in the binding pocket, located at 1.8 A.The CPDNT
ligand formed three hydrogen bonds with the 11XM protein’s
ARG127,SER126, and ASN131 with distances measured at 1.8,
2.1, and 2.8 A, respectively. These molecules immobilized
the CPDNT ligand within the binding pockets of the 1FSE,
3VZX, 5MKD, and 1IXM proteins.

Conclusion

The compound CPDNT was studied under vibrational
spectroscopy, and its characteristics were determined. For
the title compound, Optimized geometries, vibrational band
intensityand vibrational wave number have been calculated
using the B3LYP/cc-pVDZ, which shows good agreement with
the outcomes that were observed. Spectroscopic analysis
confirms the functional groups present in the CPDNT. The
plot of calculated HOMO and LUMO has been given out
for understanding the transfer of charge in the molecule.
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The frontier molecular orbital calculations revealed a small
value of the HOMO-LUMO energy gap of 3.211 eV, showing
the chemically active. MEP analysis was accomplished,
from which the nucleophilic and electrophilic regions were
mapped. Molecular docking was accomplished for the
CPDNT ligand with 1IXM protein, which displayed a large
binding energy of -8.39 kcal/mol. Thus, the title compound
formed a stable complex with this protein.
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