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ARTICLE INFO ABSTRACT

Keywords: The therapeutic properties of 5-Bromonicotinatic acid (5BNA) were studied for antiviral illnesses
DFT like Hepatitis A, Hepatitis B and Hepatitis C and the influence of electron-donating and electron-
NBO withdrawing properties of functional groups on the nicotinic acid was evaluated and represented
Hirshfeld . . . .

Molecular dockin in this study using the DFT approach. The molecular parameters were determined for both gases
ELF 8 as well as for various solvent phases. The reactive areas in the compound are examined utilising

Fukui analysis. The molecular interactions are accomplished by recognising the different types of
bonding found in the compound using the AIM, ELF, LOL, RDG and IRI. Solvation investigations
were demonstrated to have an influence on molecular orbital energy, ESP, UV-Vis and NLO
analyses. Electron-hole, NBO and Hirshfeld investigations are used to investigate the transfer of
charges and interactions inside the molecule. The method of vibrational spectroscopy (IR and
Raman) is used to differentiate and identify the various types of vibrations displayed by the
compound. The hydropathy plots for the proteins 2A40, 6CWD and 20C8 associated with Hep-
atitis A, Hepatitis B and Hepatitis C illustrate the disquiet and attraction of the amino acids to-
wards the water.

1. Introduction

Pyridine is the fundamental aromatic and heterocyclic organic compound. It shares a structural resemblance with benzene but has a
nitrogen atom in place of one of the methyl groups [1]. It is a colourless compound with high conductivity of electricity and is used in
various branches of chemistry, including catalytic reactions, clinical trials, identification of molecules, etc. Pyridine has been found to
be a major constituent in numerous naturally occurring substances that are significant to biological sciences. The prevalence of
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Fig. 1. Optimised structure of 5BNA.

pyridines in a wide range of natural chemicals and pharmaceuticals, as well as their powerful bioactivities, has piqued the pharma-
ceutical sector’s attention [2]. Pyridine derivatives are important because of their sedative and hypnotic effects. They are available in
naturally occurring products such as vitamin B and also have a variety of therapeutic effects in living systems, such as antimicrobial,
anti-inflammatory, antiviral, antitumour, etc [3].

Niacin, also known as nicotinic acid, is a pyridine derivative and a particular form of vitamin complex, which is essential for human
health [4]. Living organisms such as plants and animals can provide it naturally from tryptophan (amino acid). Nicotinic acid is utilised
in medical therapies such as maintaining blood levels of triglycerides and cholesterol, treatment of vitamin B deficiency such as
pellagra and boosting lipid and protein metabolism [5]. Nicotinamide is the derivative of nicotinic acid and it is used as a core
component in the production of enzymes such as NAD (Nicotinamide Adenine Dinucleotide) and NADP (Nicotinamide Adenine
Dinucleotide Phosphate) [6].

5-Bromonicotinic acid (5BNA) is one of the derivatives of nicotinic acid containing the halogen bromine in it [7]. It has a molecular
formula of C¢H4BrNO; and a mass of 202.01 u and has been selected for quantum chemical investigation. A computational technique
emphasised by Density Functional Theory (DFT) is used to determine the physiochemical properties of SBNA. A comprehensive study
of the literature revealed that the computational assessment of the molecule in question has not yet been done, so we studied it using
DFT calculations [8]. The structural conformation, morphological, dynamics, and electronic characteristics of the heading molecule
have all been thoroughly computed. The title compound is studied using solvents such as water, chloroform, diethyl ether and
acetonitrile [9]. To differentiate and specify various functional groups that are present in organic molecules, vibrational spectroscopy
is employed. The reactive areas are examined through ESP and Fukui and the chemical bonding of the molecule is examined through
ELF (electron localization function) and LOL (localised orbital locator). NBO (natural bond orbital) analysis is employed to identify the
charge transfer and the stability, while NLO (nonlinear optics) is used to evaluate the compound’s optical activity. AIM (Atoms in
molecules), RDG (Reduced density gradient), IRI (Interaction region indicator) and VAW are employed to characterize interactions
[10]. Electron - Hole and Hirshfeld analysis is used to investigate charge transport and intramolecular interaction. Docking studies
establish physiological characteristics and features for toxicity and drug-likeness have also been accomplished [11].

2. Methodology

The quantum chemistry calculation was carried out using the DFT package of the Gaussian 09 and Gauss View 06 applications [12,
13]. The conventional 6-311-G ++(d,p) basis was chosen in this work due to being the higher basis in the B3LYP approach and it offers
superior precision for computations in both the ground and excited states. The TD-DFT technique is used in UV-Vis analysis. The
vibrational assignments for the heading compound are determined using the VEDA [14] programme. The topographical parameters as
well as the non-covalent interactions are computed by Multiwfn 3.7 [15]. The SWISSADME [16], Gusar [17] and ProTox-II [18] tools
are utilised for the physiological analysis of the molecule, which is easily accessible online. PyRx [19] is utilised for molecular docking
and Biovia Discovery Studio [20] for visual representation.

3. Results and discussions
3.1. Structure analysis

The 5BNA is computationally optimised as shown in Fig. 1 [21] and Table S1 gives the bond characteristics of its gaseous form as
well as in different solvents. The XRD results of the SBNA show that it has a triclinic structure with intercepts of 8.2576 A, 11.0316 A

and 17.648 A and has angles 93.9010: 95.644 and 91.486 [22]. There is one Br—C bond, two O-C bonds, two N-C bonds, two O-H
bonds, three C-H bonds, and five C-C bonds in this compound. The highest bond length is observed at 03-H14 and Br1-C7. The bond
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Fig. 2. ESP map of 5BNA in the a) gas phase and with different solvents media b) Water c¢) Chloroform d) Diethyl ether and e) Acetonitrile.

Table 1

Mulliken atomic charges, Fukui functions and local softness of 5BNA.
Atoms Mulliken atomic charges Fukui functions Local softness

0,1(N) N +1(-1,2) N-1(1,2) £y f, I Af sp + £y Sp- fp- sp 9

Brl 0.1173 —0.0292 0.2495 —0.1465 —0.1322 —0.1393 —0.0142 —0.0306 —0.0276 —0.0291
02 —0.4147 —0.4653 —0.3656 —0.0506 —0.0491 —0.0498 —0.0016 —0.0106 —0.0103 —0.0104
03 —0.4779 —0.6189 —-0.2927 —0.1410 —0.1851 —0.1631 0.0441 —0.0295 —0.0387 —0.0341
N4 —0.1122 —0.2149 0.1216 —0.1027 —0.2338 —0.1682 0.1311 —0.0215 —0.0489 —0.0352
C5 —0.6421 —0.8572 —0.5662 —0.2151 —0.0760 —0.1455 —0.1392 —0.0450 —0.0159 —0.0304
c6 0.8699 0.8845 0.9428 0.0145 —0.0729 —0.0292 0.0874 0.0030 —0.0152 —0.0061
c7 —0.4815 —0.5463 —0.3655 —0.0648 —0.1159 —0.0904 0.0511 —0.0136 —0.0242 —0.0189
cs8 —0.2739 —0.4850 —0.2542 —0.2110 —0.0198 —0.1154 —0.1913 —0.0441 —0.0041 —0.0241
(6] 0.0578 0.0827 0.0628 0.0250 —0.0051 0.0099 0.0301 0.0052 —0.0011 0.0021
c10 0.4284 0.5112 0.3388 0.0829 0.0896 0.0862 —0.0067 0.0173 0.0187 0.0180
H11 0.2197 0.1828 0.2515 —0.0369 —0.0319 —0.0344 —0.0050 —0.0077 —0.0067 —0.0072
H12 0.1454 0.0927 0.2002 —0.0527 —0.0548 —0.0538 0.0021 —0.0110 —0.0115 —0.0112
H13 0.1627 0.1037 0.2372 —0.0590 —0.0745 —0.0667 0.0156 —0.0123 —0.0156 —0.0140
H14 0.4012 0.3592 0.4398 —0.0421 —0.0386 —0.0403 —0.0035 —0.0088 —0.0081 —0.0084

between 03-H14 is an intermolecular interaction, especially a partial link such as a hydrogen bond. In Br1-C7, the longer bond length
with the carbon atom results from the presence of bromine, which is heavy in size and has a decreased electronegativity. The presence
of the Br atom in NA increases the chemical stability of the nicotinic acid. Because of the lower attraction between the electrons in both
atoms, bond length increases causing less stability. The shortest bond length is observed for the hydrogens bound to aromatic carbons
(C6-H11, C8-H12 and C9-H13) and the oxygen atom of the carboxylic acid group (02-H14). These hydrogens bound to aromatic
carbons are non-polar and form the fundamental linkage of the compound’s structure by making it stable. The O-H bond is more polar
and more effective because its electronegativity differences are bigger. The strength and stability of an atomic bond increase as the
length of that bond decrease because the electrons are closer to the nucleus and thus leading to a stronger bond between the atoms. The
theoretically measured important bond angles (highest) are at C4-C9-C8, 02-C10-03, C7-C6-H11 and C7-C8-H12 signifies more
stability.

3.2. Reactivity analysis

The electrostatic potential is characterized as the interaction vitality between the charge dissemination of a molecule and a unit
positive charge. It gives important details concerning the atomic and electronic charge dispersion of a given atom and is used as a
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Fig. 3. Fukui functions f*, f~ and f° of 5BNA.

Fig. 4. Hirshfeld surface of 5BNA.

technique for interpreting and predicting the type of chemical reactivity [23]. It is utilised to determine the origin of chemical bonding
and intermolecular interactions [24]. ESP map consists of the colour grading representation for defining the charge distribution of the
molecule. The blue indicates the high concentration of electrons (nucleophile), red as a low high concentration of electrons (elec-
trophile) and green serves as an intermedial stage (neutral region). According to Fig. 2 [25], the electron deficit site is found at the
oxygen atoms of the carboxylic acid region and the nitrogen atom of the molecule in both gas and other solvents. The electron donor
site with positive potential is majorly found at hydrogen atoms bound to aromatic carbon present in the molecule.

The Fukui function gives details on the reactivity zones contained within the molecule as well as a model for evaluating chemical
reaction mechanisms. Atoms that donate electrons (nucleophiles) and accept electrons (electrophiles) are easily distinguished [26].
Under Mulliken charge analysis, each atom will be allocated a number. Simplified Fukui functions are used for radical-f3,
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Fig. 5. 2D fingerprint plots indicating the intermolecular interactions of a) 5BNA molecule, b) Br---H + H---Br, ¢) O---H, d) H---O, e) H---C + C---H, f)
H--H g) C--C h) H-+N i) N--H j) C--N + N---C and k) N---N.

electrophile-f; and nucleophile - f} attacks on the pth atom site[27,27,27].

fy =q, N) —q, (N—1)

f, =g, N+1) —q, (N)

@

(2)
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Table 2
2D Fingerprint percentage of SBNA.
Inside Atom|/Outside Atom — Br C N o H
Br 6.10% 1.20% - - 13.80%
C 1.10% 4.10% 1.70% 1.80% 8.70%
N - 1.30% 0.10% - 6%
(6] - 1.40% - 3.30% 12.20%
H 7.80% 5.90% 5% 9.40% 8.90%
Table 3
NLO parameters of 5SBNA in the gas phase and with various solvent media.
Parameters Gas Water Chloroform Diethyl ether Acetonitrile
pix (D) 0.35186 0.55790 0.48396 0.47762 0.55102
py (D) 0.58966 0.77062 0.72566 0.71964 0.76717
u, (D) 0.00002 0.00005 0.00006 0.00009 0.00845
p (D) 0.68666 0.95138 0.87224 0.86371 0.94459
Oy (€s1) 21.00139 27.71384 25.67112 25.46423 27.53491
ayy (esu) —0.23235 —0.73495 —0.54473 —0.52806 —0.71670
o, (esu) 16.33624 22.64990 20.53358 20.32941 22.45711
< o > (esu) 12.36843 16.54293 15.21999 15.08853 16.42511
A (esu) 184.44068 250.82966 229.61418 227.52652 248.92869
Bxxx (€51) —1852.94378 —5218.00726 —3934.46555 —3816.96459 —5094.45703
Bxyy (esw) —287.30040 —18.55544 —221.38512 —232.02122 —43.28859
Pyzz (eSU) —293.29485 —1283.86292 —888.60532 —855.19786 —1244.91253
Byyy (esu) 236.63566 —78.41278 109.17092 122.43964 —57.13575
Brxy (es) —0.40123 —0.18627 0.45900 0.08447 —0.11579
Byzz (esu) —0.14443 0.47921 0.41877 0.59008 0.48225
Brzz (ESU) 0.48923 0.83266 0.66962 0.71868 1.01910
Bxxz (esu) 383.39921 511.57873 478.62209 475.39653 509.36046
Byyz (esu) 135.86564 233.14323 189.18730 185.83825 228.49034
< B> (esu) 2499.59898 6563.37602 5089.74568 4950.18757 6425.53316
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Fig. 6. (i) Dipole moment, (ii) Polarizability and (iii) Hyperpolarizability of 5BNA in the gas phase and with different solvents media.

(3)

The dual descriptor, which is calculated as Af = f;, e f,, can accurately distinguish between nucleophilic and electrophilic lo-
cations present in the molecule. The negative values (Af < 0) of 5BNA (gas Phase) are electrophile, whereas the positive values (Af > 0)
are nucleophile, as shown in Table 1. In accordance with Fig. 3 [28], the blue portions represent negative regions that are vulnerable to
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Table 4
Second-order perturbation theory analysis of Fock matrix in NBO basis of 5BNA in the gas phase.
Donar (i) Type ED/e Acceptor (j) Type ED/e E(2) E(M-E@) F@,j)
(Kcal/mol) (a.u) (a.u)
Brl - C7 c 1.98517 C5-C6 o* 0.03307 2.6 1.21 0.05
Brl - C7 c 1.98517 C8-C9 c* 0.02823 2.56 1.21 0.05
02-C10 c 1.99535 03-C10 o* 0.01871 0.6 1.55 0.027
02-C10 c 1.99535 C5-C6 o* 0.03307 1.25 1.49 0.039
02-H14 c 1.98565 03-C10 c* 0.01871 1.05 1.36 0.034
02-H14 G 1.98565 C5-C10 c* 0.07929 4.03 1.14 0.061
03-C10 c 1.9959 N4-C5 o* 0.02199 1.11 1.61 0.038
03-C10 c 1.9959 C5-C10 o* 0.07929 1.51 1.48 0.043
03-C10 T 1.9959 03-C10 b 0.23911 0.76 0.4 0.016
03-C10 b4 1.9959 C5-C6 b 0.32453 3.22 0.4 0.035
N4-C5 c 1.98467 03-C10 o* 0.01871 1.12 1.45 0.036
N4-C5 G 1.98467 N4-C9 c* 0.01434 1.01 1.38 0.033
N4-C5 c 1.98467 C5-C6 o* 0.03307 2.75 1.39 0.055
N4-C5 c 1.98467 C5-C10 o* 0.07929 0.56 1.23 0.024
N4-C5 c 1.98467 C6-H11 o* 0.01416 1.29 1.28 0.036
N4-C5 c 1.98467 C9-H13 c* 0.02358 2.11 1.26 0.046
N4-C9 c 1.98621 N4-C5 o* 0.02199 1.15 1.37 0.035
N4-C9 c 1.98621 C5-C10 o* 0.07929 3.08 1.23 0.056
N4-C9 c 1.98621 Cc8-C9 c* 0.02823 1.53 1.39 0.041
N4-C9 c 1.98621 C8-H12 o* 0.01349 1.34 1.26 0.037
N4-C9 T 1.98621 C5-C6 ¥ 0.32453 26.25 0.32 0.082
N4-C9 T 1.98621 C7-C8 ¥ 0.36456 14.6 0.31 0.061
C5-C6 c 1.96919 Brl - C7 o 0.03807 6.08 0.8 0.063
C5-C6 c 1.96919 02-C10 o* 0.08968 1.49 1.08 0.036
C5-C6 c 1.96919 N4-C5 c* 0.02199 2.58 1.25 0.051
C5-C6 c 1.96919 C5-C10 c* 0.07929 1.2 1.11 0.033
C5-C6 c 1.96919 C6-C7 o* 0.02557 3.42 1.27 0.059
C5-C6 c 1.96919 C6-H11 o* 0.01416 1.2 1.16 0.033
C5-C6 T 1.96919 03-C10 bl 0.23911 16.57 0.28 0.063
C5-C6 b4 1.96919 N4-C9 bl 0.3576 18.51 0.27 0.064
C5-C6 bd 1.96919 C7-C8 bl 0.36456 22.07 0.27 0.069
C5-C10 c 1.97386 02-H14 c* 0.01002 2.06 1.06 0.042
C5-C10 c 1.97386 03-C10 c* 0.01871 1.17 1.28 0.035
C5-C10 c 1.97386 N4-C5 o* 0.02199 1.12 1.19 0.033
C5-C10 c 1.97386 N4-C9 c* 0.01434 3.28 1.2 0.056
C5-C10 G 1.97386 C5-C6 c* 0.03307 1.02 1.21 0.031
C5-C10 c 1.97386 C6-C7 o* 0.02557 2.41 1.22 0.048
C6-C7 c 1.97989 C5-C6 o* 0.03307 291 1.29 0.055
C6-C7 c 1.97989 C5-C10 c* 0.07929 2.17 1.14 0.045
C6-C7 c 1.97989 C6-H11 o* 0.01416 1.64 1.19 0.039
C6-C7 c 1.97989 C7-C8 o* 0.02656 3.09 1.3 0.057
C6-C7 G 1.97989 C8-H12 c* 0.01349 2.41 1.17 0.048
C6-H11 c 1.97521 N4-C5 o* 0.02199 5.07 1.06 0.065
C6-H11 c 1.97521 C5-C6 o* 0.03307 0.95 1.08 0.029
C6-H11 c 1.97521 C6-C7 o* 0.02557 1.44 1.09 0.035
C6-H11 c 1.97521 C7-C8 c* 0.02656 4.09 1.09 0.059
C7-C8 c 1.98103 C6-C7 o* 0.02557 3.07 1.3 0.057
C7-C8 c 1.98103 C6-H11 o* 0.01416 2.48 1.19 0.049
C7-C8 c 1.98103 C8-C9 c* 0.02823 2.46 1.3 0.051
C7-C8 c 1.98103 C8-H12 o* 0.01349 1.48 117 0.037
C7-C8 c 1.98103 C9-H13 o* 0.02358 1.8 1.17 0.041
C7-C8 T 1.65299 N4-C9 w* 0.3576 23.92 0.29 0.074
C7-C8 T 1.65299 C5-Cé6 bl 0.32453 18.97 0.3 0.068
C8-C9 c 1.97493 Brl - C7 o* 0.03807 6.09 0.81 0.063
C8-C9 c 1.97493 N4-C9 o* 0.01434 1.38 1.26 0.037
C8-C9 c 1.97493 C7-C8 c* 0.02656 3.4 1.27 0.059
C8-C9 c 1.97493 C8-H12 o* 0.01349 0.97 1.15 0.03
C8-C9 c 1.97493 C9-H13 o* 0.02358 0.83 1.14 0.027
C8-H12 c 1.9783 N4-C9 c* 0.01434 4.12 1.08 0.06
C8-H12 c 1.9783 C6-C7 c* 0.02557 4.09 1.09 0.06
C8-H12 c 1.9783 C7-C8 o* 0.02656 1.21 1.09 0.032
C8-H12 c 1.9783 C8-C9 c* 0.02823 0.69 1.09 0.025
C9-H13 c 1.98082 N4-C5 c* 0.02199 4.75 1.06 0.063
C9-H13 c 1.98082 C7-C8 o* 0.02656 3.37 1.08 0.054
Brl LP(1) 1.99325 C6-C7 c* 0.02557 1.62 1.55 0.045
Brl LP(1) 1.99325 C7-C8 o* 0.02656 1.72 1.55 0.046
Brl LP(2) 1.97477 C7-C8 o* 0.02656 3.49 0.85 0.049

(continued on next page)
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Table 4 (continued)

Donar (i) Type ED/e Acceptor (j) Type ED/e E(2) E(M-EQ{) F(,j)
(Kcal/mol) (a.w) (a.u)
Brl LP(2) 1.97477 C7-C8 o* 0.02656 3.44 0.85 0.048
Brl LP(3) 1.92328 C7-C8 bl 0.36456 10.96 0.3 0.055
02 LP(1) 1.97671 03-C10 o* 0.01871 6.91 1.23 0.082
02 LP(2) 1.8096 03-C10 b 0.23911 47.29 0.34 0.115
03 LP(1) 1.98034 02-C10 o* 0.08968 1.32 1.06 0.034
03 LP(1) 1.98034 C5-C10 c* 0.07929 2.09 1.1 0.043
03 LP(2) 1.85334 02-C10 o* 0.08968 31.71 0.63 0.128
03 LP(2) 1.85334 C5-C10 o* 0.07929 18.29 0.66 0.1
N4 LP(1) 1.9125 C5-C6 c* 0.03307 10.23 0.89 0.086
N4 LP(1) 1.9125 C5-C10 o* 0.07929 3.8 0.74 0.047
N4 LP(1) 1.9125 C8-C9 o* 0.02823 9.3 0.89 0.083
N4 LP(1) 1.9125 C9-H13 o* 0.02358 4.22 0.77 0.052

Ermio=-2.35207 eV Epovo=-2.35995 eV

s Erunio =-2.36084 eV

Ertaio =2.35309 eV

i I Ervno =-2.36660 ¢

AE = 5.39566 eV AE= 544110 &V AE

I
i

.46261 eV AE = 5.46522 eV AE = 5.44308 eV

= 7 Exomo=-7.81729 eV Exnono=-7.80303 eV
E =-7.80194 eV Enoyo=-7.81570 eV
Enowmo=-7.76235 eV HOMO==1- &
a) Gas b) Water C) Chloroform d) Diethyl ether e) Acetonitrile

Fig. 7. HOMO and LUMO plot 5BNA in the a) gas phase and with different solvents media b) Water ¢) Chloroform d) Diethyl ether and e)
Acetonitrile.

Table 5

Calculated energy values of 5BNA in the gas phase and with various solvent media.
Parameters Gas Water Chloroform Diethyl ether Acetonitrile
HOMO (eV) —7.76235 —7.80194 —7.81570 —7.81729 —7.80303
LUMO (eV) —2.36669 —2.36084 —2.35309 —2.35207 —2.35995
Ionisation potential (eV) 7.76235 7.80194 7.81570 7.81729 7.80303
Electron affinity (eV) 2.36669 2.36084 2.35309 2.35207 2.35995
Energy gap (eV) 5.39566 5.44110 5.46261 5.46522 5.44308
Electronegativity (eV) 5.06452 5.08139 5.08439 5.08468 5.08149
Chemical potential (eV) —5.06452 —5.08139 —5.08439 —5.08468 —5.08149
Chemical hardness (eV) 2.69783 2.72055 2.73131 2.73261 2.72154
Chemical softness (eV) 0.18533 0.18379 0.18306 0.18298 0.18372
Electrophilicity index (eV) 4.75370 4.74546 4.73236 4.73064 4.74392
Electronic charge (eV) —1.87726 —1.86778 —1.86152 —1.86074 —1.86714
Electron donating capability (w + ) (eV) 7.62319 7.62622 7.61597 7.61455 7.62485
Electron accepting capability (w-) (eV) 2.55867 2.54483 2.53158 2.52987 2.54336
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Fig. 8. Charge distribution for (i) first, (ii) second and (iii) third excited states for 5BNA in the gas phase.
Table 6
Excitation energy (E), D index, Ar index, t index for different excited states for 5SBNA gas phase.
Parameters First excited state Second excited state Third excited state
Excitation energy - E (eV) 4.144 4.799 4.833
Charge transfer length- D index (A) 0.839 1.963 1.539
Ar index (A) 0.839 2.079 1.318
T index (10\) —0.595 0.292 0.099
H index (A) 2.130 2.237 2.187
S index (a.u) 0.25617 0.44417 0.22969
S, index (a.u) 0.51805 0.67993 0.48146

attacks caused by electrophiles and the green portions represent positive regions that are vulnerable to attacks caused by nucleophiles.
In 5BNA, electrophiles are located at Brl, 02, C5, C8, H11 and H14 and the nucleophiles are located at 03, N4, C6, C7, C9, H12 and
H13. The local softness of the compound is directly associated with the Fukui function of the compound and the maximum local
softness is found at C10 = 0.018737.

3.3. Hirshfeld surface analysis

Hirshfeld surface is an effective method for investigating the interactions in the molecular crystal as the surface is characterized by
both the confined molecule and its closest neighbouring atoms [29]. The 3D structural information of 5BNA is provided by various
properties such as d. (0.6434-2.6094), d; (0.6419-2.4828), curvedness (—4.0322-0.3046), shape index (—0.9968-0.9982), fragment’s
colour patch (0.0000-13.0000) (Fig. S1) and dporm (—0.7504-0.9593). The red patches in Fig. 4 [30] reflect the region with the most
interactions between hydrogen bonds because they represent the closer link among the closest nearby atoms. The red patch encom-
passing the C=0 and O-H bonds indicates how tight the bonds are and how much stronger the intermolecular interactions will be as a
result of their presence. The white region depicts the Vander Walls partition, whereas the blue region indicates the molecule’s wider
interconnectedness [31]. The percentage of each type of intermolecular interaction on the molecule’s surface is displayed in the 2D
fingerprint plots in Fig. 5 [32] and Table 2. Br ....H and H ......Br together constitutes 21.7% of the primary fingerprint region. The
major lowest peak was provided by a 12.2% contribution from O---H and the highest peak was provided by a 9.4% contribution from H
......0. In the middle, the H ....C and C ....H comprise 14.6%. H ....H interactions contribute 8.9% and C ......C interactions contribute

4.9%. H ....N contributes 5% and N ....H contributes 6% to a significant peak in the centre. C ....N and N ....C provide 3.1% collec-
tively, with N ....N contributing the least at 0.1%.
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Fig. 9. AIM of 5BNA in the gas phase.

3.4. Non-linear optics

Non-linear optics is the evaluation of phenomena that develop as a result of light’s influence altering a material’s optical char-
acteristics. It focuses on the theoretical underpinnings regulating the tensor properties of a molecule’s polarisation capability [33,34].
Table 3 demonstrates the calculated NLO parameters such as dipole moment (), polarizability (o) and hyperpolarizability () of 5SBNA
with the various solvents. The calculated values of p,a and p of SBNA in the gas phase are 0.68666D, 16.54292 x 10~2* esu and
2499.598978 x 1033 esu. With the addition of solvents like water (0.95138D, 250.82966 x 10~2* esu and 6563.37602 x 10~ esu),
chloroform (0.87223D, 229.61418 x 10~2* esu and 6563.37602 x 10~% esu), diethyl ether (0.86371D, 227.5265 x 10~ 24 esu and
4950.187567 x 10733 esu) and acetonitrile (0.944589D, 248.92869 x 10~ 2* esu and 6425.53316 x 10732 esu), the p,a and p show a
rise by transitioning from the gas to the solution phases (Fig. 6) [35]. 5BNA with various solvents could serve as a suitable NLO
compound and its large a, p and no null values of p suggest that it belongs to an essential group of compounds in pharmaceutical
science. Moreover, in comparison with nicotinic acid, 5BNA shows high enhancement as the bromine atom in the 5BNA acts as an
electron-withdrawing group [36]. The prediction of p plays a significant subject related to the stability of the molecule [37]. These
obtained findings are made to compare with the urea as the model and it is noticed that the 5BNA in gas and with solvents have larger
values of o and B [38]. As a result, it is possible 5BNA will be useful for research on optical properties that are nonlinear over the
forthcoming years.

3.5. NBO

NBO investigations are an effective technique for examining inter and intramolecular linkages, as they offer a valuable foundation
for investigating the transfer of charge in molecules [39]. It provides a strong analytical approach that produces a comprehensible
chemical depiction of complicated electronic structures in an instinctual way. The charge transfer between the accepting proton and
anti-bonding orbitals of the donating proton is emphasised in NBO analysis [40]. The following equation is used in NBO analysis to
calculate the E(2) (stabilisation energy) is[41].

2

F
AEj=EQ2)=aqp—5
il i

E;j and E; represent the energies of acceptor and donor energies, Fj; is the Fock matrix’s diagonal elements and q; is the occupancy of
donor Lewis’s type orbital. Higher E(2) values indicate more effective, greater interactions of donor and acceptor [42]. From Table 4,
the following that contributes most to molecule stability comprise LP (lone pair) 02— n* 03-C10 with 47.29 kcal/mol, LP 03— &*
02-C10 with 31.71 kcal/mol, 1 N4-C9— n* C5-C6 with 26.25 kcal/mol, n C7-C8— n* N4-C9 with 23.92 kcal/mol, = C5 — C6— n*
C7-C8 with 22.07 kcal/mol, 1 C5-C6— n* N4-C9 with 18.51 kcal/mol, LP 03— ¢* C5-C10 with 18.29 kcal/mol, © C5 — C6— nt*
03-C10 with 16.57 kcal/mol and from & N4-C9— n* C7-C8 with 14.6 kcal/mol. The other interactions, c C8-C9— ¢* Brl — C7 with
6.09 kcal/mol, o6 C5 — C6— o* Brl — C7 with 6.08 kcal/mol, 6 C6-H11— ¢* N4-C5 with 5.07 kcal/mol and from ¢ C9-H13— o* N4-C5
with 4.75 kcal/mol. The interactions coming from lone pairs of electrons on heteroatoms to n* orbitals are those that are vital and have
the highest degree of stability. Within this molecule, further stabilising charge transfers are shown to take place at the C7-C8’s r and n*

10
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Table 7

Electron density and Laplacian electron density of 5BNA in the gas phase and with various solvent media.

Atom Gas Water Chloroform Diethyl ether Acetonitrile

p(a. u) V2p(a. u) p(a v V2p(a. u) p(a. u) V3p(a. u) p(a.u) V2p(a. u) p(a. u) Vp(a. u)
02-H14 0.359031 —0.251688 0.355313 —0.252854 0.3564142 —0.252553 0.356576 —0.252567 0.355362 —0.251448
02-C10 0.305729 —0.501934 0.307438 —0.493079 0.3070659 —0.495757 0.307029 —0.49629 0.30741 —0.49333
03-C10 0.41636 —0.214213 0.412777 —0.228969 0.4137293 —0.225175 0.413931 —0.223803 0.412854 —0.228674
C10-C5 0.26296 —0.664852 0.263622 —0.668103 0.263442 —0.66727 0.263339 —0.666716 0.263609 —0.668046
C5-N4 0.34326 —0.100652 0.341513 —0.100053 0.3422455 —0.100292 0.342306 —0.100316 0.341586 —0.100076
N4-C9 0.342635 —0.964449 0.340472 —0.94527 0.3411278 —0.951498 0.341372 —0.95201 0.340532 —0.94583
C9-H13 0.286065 —0.10036 0.287448 —0.101483 0.2870566 —0.101162 0.286949 —0.101082 0.287415 —0.101456
C8-C9 0.309073 —0.860643 0.309311 —0.863865 0.3092728 —0.863062 0.309204 —0.862616 0.309308 —0.8638
C8-H12 0.28383 —0.98703 0.285118 —0.999301 0.2847054 —0.995335 0.284643 —0.994801 0.285081 —0.998947
C7-C8 0.311499 —0.875077 0.312319 —0.880588 0.3120177 —0.878589 0.311988 —0.878358 0.312291 —0.880405
Br1-C7 0.158302 —0.144144 0.158176 —0.144742 0.1581832 —0.144537 0.158217 —0.144579 0.158176 —0.144724
C6-C7 0.312347 —0.87909 0.312204 —0.879083 0.3122671 —0.879141 0.312201 —0.878724 0.312209 —0.879079
C6-H11 0.286087 —0.100566 0.286499 —0.100891 0.2863803 —0.100802 0.286355 —0.100784 0.286488 —0.100883
C5-C6 0.308386 —0.853055 0.309105 —0.856847 0.3088201 —0.855328 0.308823 —0.85533 0.309079 —0.856704
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Fig. 10. RDG map of 5BNA in the a) gas phase and with different solvents media b) Water c¢) Chloroform d) Diethyl ether and e) Acetonitrile.

orbitals in particular, with the majority of these being © and n* transitions.

3.6. MO studies

MO (Molecular orbital) is extremely important in the determination of the optical, chemical and electrical characteristics of a
molecule and also performs a crucial role in chemical processes [43]. This can also be utilised to project the highest reacting point in a
system of n electrons and explicate many forms of conjugate reactions. The HOMO symbolises donating electrons, whereas LUMO
draws in electrons in interactions with the molecule [44]. The obtained energy difference (Fig. 7) [45] values are 5.39566 eV (gas),
5.44110 eV (water), 5.46261 eV (chloroform), 5.46522 eV (diethyl ether) and 5.44308 eV (acetonitrile). The electron affinity is
indicated by HOMO and the ionisation potential is indicated by the LUMO. From Table 5, the ionisation potential shows a very minor
change in the gas and solvent phase of 5BNA and it is greater compared to the electron affinity, showing that it could behave as a
nucleophile. The molecule’s stability can be inferred from its elevated chemical hardness and lower chemical softness values. The
diethyl ether acquires a high energy difference of 5.46522 eV compared with other solvents. The band gap increases as the order of
polarity of solvent rises, i.e., gas phase < water < acetonitrile < chloroform < diethyl ether. Moreover, the most significant increase in
chemical hardness and decrease in the chemical softness of the 5BNA occurs in diethyl ether, making it stronger and less susceptible to
adverse effects owing to increased chemical activity.

3.7. Charge transfer analysis

The inspection of the electron-hole distributions and their visual representation in all three excited states within the molecule is
performed using Multiwfn 3.7 application to investigate charge transfer caused by excitation inside the molecule. Fig. 8 [46] and
Table 6 depict the electron-hole distributions of 5BNA. The value of the D index for S1 is 0.839 A, which is nearly half of the value of the
C-C bond of 5BNA. Whereas, the D index values of S2 and S3 are greater than 1 and it represents the transfer of charges in the molecule.
The H-index measures the width of the mean hole and electron dispersion. All three states S1, S2 and S3 show the excitations are clearly
broader, and hence the H index values are higher. The S; index exceeds 0.5 (<1) during the first two excited states, indicating that

12
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Fig. 11. IRI isosurface of 5BNA in the a) gas phase and with different solvents media b) Water ¢) Chloroform d) Diethyl ether and e) Acetonitrile.

nearly half of a hole and electron have the correct match. The positive values of the t index indicate the hole and electron separation
with the charge transfer. D index demonstrates the length of the charge transfer. A large D index value signifies the length of the hole
and electron is greater. and it is observed for S2. The centroid distance between the hole and the electron is indicated by the Ar index
and it is found high at S2 [47].

3.8. AIM

Atoms in molecules (AIM) is a model of molecules where the main components of the molecular framework i.e., atoms as well as
bonds are simple manifestations of the density of electrons of a system [48]. The features of the atom are explained by the theory of
quantum physics. Based on the topology, the path of the bond and the order they indicate simply mimic and conveniently summarise
the atom’s activity. Fig. 9 [49] displays the topographical parameters of 5BNA. In terms of topographical studies, the critical points
(CP) are locations wherein Vp . T = 0 [50]. The orange, magenta and yellow circles represent the CPs at the bond, nucleus and ring of
the molecule. p (Electron density) and Vp (Laplacian electron density) contribute to determining the interaction types and are
tabulated in Table 7. The V2p > 0 and V?p < 0 indicate stronger and weaker hydrogen bonds. The positive V2p values are attributed to
the decreasing of charge in the internuclear zone and the negative V2p values are attributed to an increase in covalent nature [51,52].
The p and Vzp values at N4-C9, C8-C9, C7-C8, C6-C7 and C5-C6 indicate the increase in covalent nature and electron density,
whereas 03-C10, 02-H14, C9-H13, C8-H12 and C6-H11 indicate the moderate covalent nature and electron density.

3.9. RDG, IRI and VAW surfaces
The non-covalent interaction index (NCI) is a tool for describing interactions between molecules and determining the character-

istics of interactions that are weak. They are crucial in the field of chemistry and specifically in life sciences disciplines and its
foundation is RDG (Reduced density gradient) [53]. The molecular interactions that are not covalent are displayed by RDG in-

vestigations and it is expressed by the relation RDG (r) = Z(%Zf ‘;rp)gf/ll [54]. The plot between RDG and sign (A2) p provides the
12)3

interaction types and their strength present in a molecule. According to Fig. 10 [55], the repulsive effect is represented by the red
region, the van Der Waals effect is represented by the green region, and the strong interaction is shown by the blue region [56].
The IRI is an effective tool that may visually indicate any sort of interaction within a system of molecules. It may highlight the poor
interactions as well as the chemically bonded areas. The main benefit of IRI is its ability to depict all kinds of interaction on an equal
basis [57]. Multiwfn 3.7 and VMD software are used to generate the IRI isosurfaces of SBNA. According to Fig. 11 [58], the blue region
clearly demonstrates the chemically bonded portions, i.e., the aromatic ring region, whereas the red region reveals the presence of

13
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Fig. 12. Vdw isosurface of 5BNA in the a) gas phase and with different solvents media b) Water c) Chloroform d) Diethyl ether and e) Acetonitrile.

repulsiveness in the centre of the ring. Furthermore, the green region demonstrates the presence of weak contacts between the
hydrogen and the oxygen atom of the carboxylic acid group. van Der Waals interactions constitute the major components of the weaker
connection inside the molecules [59]. It refers to the forces of electrostatic attraction that hold molecules collectively. From Fig. 12
[601, the blue area signifies the negative zone with negative VAW potential, which is rich in the attraction effect. It is found at C5, C6,
C9, N4 and H13. The green area signifies the positive zone with positive VAW potential, which signifies the repulsive zone. It is found at
Brl, 02, 03, C7, C8, C10, H11, H12 and H14.

3.10. Topographical studies

ELF (Electron localization function) is used to explore the structure of a chemical molecule as it highlights the chemically important
regions [61]. It gives a measure of electron localization in molecules as well as atoms because the bond and lone pairs are typically
localized in certain areas of the molecule [62]. The ELF pictures were produced by the Multiwfn 3.7 application. The high ELF values of
the heading molecule represent the sections of high electron-dense regions which range from 0.5 to 1.0, with a colour transition from
blue to red, whereas the lowest values represent the less electron-dense region which lies in the range of 0-0.5 [63]. From Fig. 13 [64],
the highest localization of electrons of 5BNA in gas as well as in the solvent phase is anticipated near the perimeter of the aromatic ring
structure where the hydrogen atoms are located, whereas the delocalized electron regions are found around the carbon atoms of the
aromatic ring. LOL exposes the shell structure of electrons by highlighting the localization of the innermost electrons. It is an effective
technique for defining bonds between molecules. From Fig. 14 [65], the LOL map of the heading molecule ranges from 0.0 to 0.8. The
blue regions have been noticed in the molecule’s boundary and in the carbon atoms of the aromatic ring, indicating the weak delo-
calized zone containing n-orbitals. The red regions observed at the hydrogen atoms indicate a localized zone containing z-orbitals.

3.11. Electronic analysis

The UV-Visible spectrum of 5BNA in gas, water, chloroform, diethyl ether, and acetonitrile has been determined using the TD-DFT
technique [66] and illustrated in Fig. 15 [67]. The absorption energy, wavelength, energy band gap and Molecular orbitals

14
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Fig. 13. ELF map of 5BNA in the a) gas phase and with different solvents media b) Water c¢) Chloroform d) Diethyl ether and e) Acetonitrile.

contributions are tabulated in Table 8. The impact of solvents is investigated using the IEFPCM model [68]. Between 255 and 295 nm, a
broad absorbance spectrum of 5BNA in the gas phase was found. Diethyl ether has the greatest influence on the UV transition, which is
followed by chloroform, acetonitrile and finally water. The highest wavelengths for gas, diethyl ether, chloroform, acetonitrile and
water have been found to be 299.17 nm, 294.44 nm, 294.25 nm and 291.71 nm and 291.45 nm respectively. With the addition of
solvents, there is an increase in energy as well as in the band gap of 5BNA. The electronic transitions © to n* will shift to longer
wavelengths whereas, n to n* and n to 6* will shift towards the lower wavelengths when the polarity of the solvent increases. According
to the absorption study, there was a slight hypochromic shift in the absorption spectra when the solvents were incorporated [69]. The
shifted absorption spectra show that solvents are involved in causing the intramolecular interaction in the molecule. Furthermore, the
spectral shifts were caused by the HOMO and LUMO charge cloud altering with the lowest energy [70]. Consequently, the calculated
wavelengths 299.17 nm, 291.45 nm, 294.25 nm, 294.44 nm and 291.71 nm for the 5BNA in gas as well as with the solvents water,
chloroform, diethyl ether and acetonitrile show the n to n* transition.

3.12. Vibrational analysis

The heading molecule comprises 14 atoms with 36 modes of vibrations. The spectra base site is utilised to obtain experimental FT-
IR and FT-Raman spectra and the obtained results are compared with the theoretical results obtained from the computational approach
(Figs. 16 and 17) [71,72]. For 5BNA, there were minor differences in frequency between the theoretical and experimental spectra
because the experimental spectra were obtained in solid form, whereas the theoretical spectra were observed in the gas and solvent
phases (Table 9). PED analysis allows for the possibility of numerically defining each mode’s characteristics by expressing the relative
contributions of the redundant internal coordinates to each of the molecule’s typical vibrational modes [73].

C-H vibrations are often detected in 3100 to 3000 cm ! range [74]. For 5BNA the C-H stretching is observed at 3098, 3084, and
3036 cm ™. In experimental FTIR and FT Raman, they are observed at 3010 and 3599 cm™'. For mixed-mode H-C-C bending it is
observed at 1538, 1434, 1369, 1316, 1076 and 1058 cm . The mixed-mode bending vibrations is noticed in the experimental FTIR at
1615 and 1394 cm ! and FT Raman are observed at 1566, 1502, 1438, 1348 and 1004 cm™'. Torsional vibrations of H-C-C-C are
recorded at 900 and 770 cm™’.

C-C vibrations are often detected in 1650 to 1100 cm ™! range [75]. For this compound, it is seen at 1538, 1527, 1434, 1369, 1255,
1236, 1167, 1076, 1058, 969, 794, 770 and 379 cm ™. In experimental FTIR and FT Raman, they are observed at 1528 and 1502 cem L
The mixed-mode C-C-C bending vibrations are noticed at 969, 665 and 292 cm ™. In experimental FTIR it is observed at 673 cm ™.

O-H vibrations are often detected in the 3700 to 3100 cm ™! range [76]. For this compound, it is seen at 3615 cm ™. In experimental
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Fig. 15. UV-Vis spectra of 5BNA in the a) gas phase and with different solvents media b) Water ¢) Chloroform d) Diethyl ether and e) Acetonitrile.

FTIR and FT Raman, they are observed at 3445 and 3601 cm ™. The mixed-mode H-O-C bending vibrations are observed at 1316 and
1167 cm 1. The experimental mixed-mode bending vibrations are noticed in FTIR at 1115 cm™ L. The torsional vibrations of H-O-C—C
are observed at 585, 697, 585, 485, 403 and 131 em L

O-C vibrations are often detected in 1320 to 1000 cm ™+ range [77]. For this, it is seen at 1316, 1093 and 1076 c¢m L. C=0 vi-
brations are detected at 1710 to 1680 cm ™! [78]. The C=0 vibration for SBNA is noticed at 1714 cm ™. In experimental FTIR and FT
Raman, they are noticed at 1615 and 1655 cm ™.

C-X (Br) vibrations are observed in the region of 300-800 cm ! [79]. For this compound, the Br—C stretching is observed at 665,
292 and 258 cm ™. The experimental FTIR is observed at 673 cm .. The mixed bending vibrations for C-C-Br bending are 292 and 258
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Table 8
Electronic parameters of 5BNA in the gas phase and with various solvent media.
Solvents Energy (em™) Wavelength (nm) Osc. Strength Band gap (eV) Major Contributions
Gas 33426.0352 299.17 0.0009 4.14 HOMO- > LUMO (99%)
38705.74049 258.36 0.0285 4.80 H-2- > L+1 (10%), H-1- > LUMO (79%)
38977.54934 256.56 0.0007 4.83 H-4- > LUMO (24%), H-3- > LUMO (59%), HOMO- > L+1 (14%)
Water 34311.63196 291.45 0.0012 4.25 H-1- > LUMO (99%)
38304.07639 261.07 0.0427 4.75 HOMO- > LUMO (80%)
39871.21164 250.81 0.0006 4.94 H-4- > LUMO (71%), H-3- > LUMO (19%)
Chloroform 33984.17087 294.25 0.0013 4.21 H-1- > LUMO (99%)
38394.41048 260.45 0.0456 4.76 HOMO- > LUMO (80%)
39598.59625 252.53 0.0007 4.91 H-4- > LUMO (63%), H-3- > LUMO (24%), H-1- > L+1 (10%)
Diethyl ether 33963.20045 294.44 0.0012 4.21 H-1- > LUMO (99%)
38427.47922 260.23 0.0425 4.77 HOMO- > LUMO (80%)
39582.46516 252.64 0.0007 4.91 H-4- > LUMO (61%), H-3- > LUMO (25%), H-1- > L+1 (10%)
Acetonitrile 34280.9829 291.71 0.0012 4.25 H-1- > LUMO (99%)
38312.14193 261.01 0.043 4.75 HOMO- > LUMO (80%)
39847.82156 250.95 0.0006 4.94 H-4- > LUMO (70%), H-3- > LUMO (19%)
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Fig. 16. Compared (i) Gas phase and (ii) Experimental FTIR spectrum of 5BNA.

cm™L. The other vibrations such as out-of-plane vibrations for C-C-N-C are at 900 and 770 cm ™! and for O-C-C—C is noticed at 44

em .

3.13. Biological analysis

In order to increase the likelihood of a chemical substance accessing and succeeding in clinical investigations, the idea of drug-
likeness was put up as valuable guidance during the early phases of drug research [80]. It is established through the biophysical
and biochemistry scientific research on emerging compounds that have advanced sufficiently to be considered as medicine taken as
oral alternatives. The rule of five proposed by Lipinski is widely employed to predict the probability that a compound will have
dominant drug-like characteristics and therefore qualify as a successful pharmaceutical applicant [81]. From Table 10, in 5BNA, the
rotatable bonds present is 1 ( > 10), the H bond acceptor and donor are 3 (> 10) and 1 ( > 5), the TPSA (Topological polar surface area)
is 50.19 A2 (40-130 10\2) and AlogP is 1.54 (0.4-5.6). The compound 5BNA satisfies Lipinski’s rule. This compound is extremely soluble
in water, as indicated by a solubility score (log S) of less than —2. Furthermore, a BBB (blood-brain barrier) score of less than 5 signifies
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Fig. 17. Compared (i) Gas phase and (ii) Experimental FT-Raman spectrum of 5SBNA.

that the substance is known as a non-CNS (Central nervous system) medication. The lead-like criterion is followed and there are no
violations, however, the compound is only appropriate if its binding affinity is more than 0.1 pM. The pharmacologic filters PAINS and
Brenk are implemented to identify drugs that have poor physicochemical characteristics and this compound shows zero violation
indicating that there is no false occurrence of positives and is suggested to be used in Insilco drug discovery [82]. The bioavailability
score of 0.85 provides the validation for the compound as an orally absorbable drug.

The complementary approach by Insilco prediction methods aims to optimise the preclinical drug discovery technique in an
attempt to reduce the time, expense and involvement of animals. Using computational modelling for the drug development process
offers many advantages [83]. The ProTox II webserver has been utilised to test the chemical compound’s toxicity. The prediction
technique represents an original strategy in toxicology prediction because it combines the recognition of toxic components and is based
on the comparison of substances with reported average lethal doses (LD50) [84]. The compound 5BNA is not carcinogenic, cytotoxic,
immunotoxin and mutagenic. Moreover, it does not cause p53 gene (tumour suppressor) mutation along with the inactive Heat shock
response. The average lethal dosage (LD50) for 5BNA is predicted to be 3720 mg/kg and it lies in the toxicity class of Class VI which
indicates that the compound is non-toxic in nature and can also be proposed as the drug [85].

3.14. Hydropathy and Ramachandran plot

A molecule may be either apprehensive of water (hydrophobic) or attracted to water (hydrophilic). One aspect that affects the
structure of a molecule is its hydropathy. Hydropathy plots illustrate the degree of hydrophobicity of a polypeptide chain over its
whole length. It serves as the centre of attention in investigating the folding of proteins and steadiness, especially in both inner and
outer areas, antigen spots, etc [86]. Expasy web server is used to obtain the hydropathy plot (Kyte-Doolittle) of the protein [87]. Fig. 18
[88] illustrates the hydropathy plots of proteins 2A40, 6CWD and 20C8. The negative peaks on the plot indicate the amino acid which
is hydrophobic and they lie inside the protein. Whereas, the positive peaks indicate the amino acids which are hydrophilic and they lie
outside the protein [89]. From Table S2, the maximum hydrophobicity is found for the amino acid isoleucine (ILE:4.5) and the
maximum hydrophilicity is found for the amino acid lysine (LYS:3.9) [90].

The Ramachandran plot has been used for the proteins which are selected for the docking investigations with the help of the
PDBSum web server [91]. This plot is also called the ¢ and y (torsion angles) plot of the residues of amino acids present in the protein.
It entails charting the ¢ and y values on the x and y axis to estimate the protein’s potential structure. From —180° to +180° is the range
of angles along each of the axes [92]. From Fig. 19 [93], the red and brown patches constitute the allowed and permitted zones of the
amino acids. The red patches correspond to the steric hindrance. These patches comprise beta-sheet and alpha helix. Thus, the amino
acid residues of the selected proteins 2A40, 6CWD and 20C8 lie within the permitted limited.
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Vibrational assignments of 5BNA in the gas phase and with various solvent media.
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Experimental FT- Experimental FT- Gas Water  Chloroform  Diethyl Acetonitrile  Vibrational Assignments*
IR* Raman” ether
3445 3601 3615 3596 3602 3603 3597 yOH(100)
3599 3098 3103 3101 3100 3102 yCH(99)
3010 2045 3084 3092 3089 3089 3092 yCH(97)
2856 1801 3036 3048 3045 3043 3048 yCH(97)
1615 1665 1714 1679 1689 1691 1680 yOC(85)
1566 1538 1535 1536 1537 1536 yCC(67)+pHCC(10)
1528 1502 1527 1526 1526 1526 1526 yCC(50)
1438 1434 1434 1434 1435 1434 yCC(22)+pHCC(47)
1394 1348 1369 1367 1368 1368 1367 yCC(13)+pHCC(21)+PCNC(11)
1316 1309 1312 1312 1309 yOC(14)+BHOC(26)+pHCC(10)+pCNC
an
1255 1254 1254 1254 1254 yCC(14)+pHCC(59)
1230 1236 1237 1236 1237 1237 yCC(85)
1115 1167 1160 1161 1161 1160 yCC(11)+pHOC(38)
1093 1085 1087 1087 1085 yOC(39)+BCNC(10)
1076 1077 1077 1077 1077 yCC(19)+yOC(12)+pHCC(41)+pCNC
an
1028 1004 1058 1057 1057 1057 1057 yCC(42)+pHCC(41)+pCNC(11)
969 969 969 969 969 yCC(36)+pCCC(47)
952 941 953 960 958 958 960 THCNC(66)+TtCCCN(21)
900 894 896 896 894 THCCC(75)+»CCNC(10)
827 825 830 829 829 830 THCCN(79)
794 792 793 793 792 yOC(13)+yCC(21)+pCNC(31)
770 769 769 769 769 THCCC(11)+tHCCN(11)+0CCNC(70)
697 697 694 695 695 694 THCNC(12)+tHOCC(69)
673 665 662 662 663 662 yBrC(19)+pCCC(49)
625 634 628 629 629 628 BCNC(57)
577 561 585 571 574 574 572 THOCC(88)
497 499 498 498 499 pCCO(71)
471 471 485 484 484 483 484 THOCC(60)+tCCNC(11)
403 404 404 403 404 THOCC(15)+BHCNC(11)+tCCCN(55)
379 381 380 380 381 yCC(30)+BCNC(50)
292 292 292 292 292 yBrC(39)+pCCC(10)+pBCCBr(31)
258 262 260 259 262 yBrC(20)+pCCBr(55)
176 177 176 176 177 ®»CCNC(81)
131 133 132 132 133 THOCC(23)+»CCNC(60)
131 133 131 131 132 BCCBr(78)
44 44 41 40 43 ®»OCCC(90)
**y - stretching, p - in-plane bending, t - out-plane bending and - torsion.
@ SpectraBase Spectrum ID: C5xjMIOFFTw.
b SpectraBase Spectrum ID: FgEEb9bmsM9.
Table 10
Drug likeness and Toxicity parameters of 5SBNA.
Parameters Value
Hydrogen bond Donor (HBD) 1
Hydrogen bond Acceptor (HBA) 3
A LogP 1.54
Topological polar surface area (TPSA) 50.19
Molar refractivity 38.9
Number of atoms 13
Number of rotatable bonds 1
BBB 0.9
LogS -1.72
Bioavailability Score 0.85
PAINS 0
Brenk 0
Carcinogenicity Inactive
Immunotoxicity Inactive
Mutagenicity Inactive
Cytotoxicity Inactive
P50 Inactive
Heat shock response Inactive
LD50 3720 mg/kg

19



S.Retal Heliyon 9 (2023) e19965

ProtScale Ul Ul o user  Sec]uie o e

Tty wte sl i>Lonittiae

as
=
=
&
o Z000 aAa0oo sooo 2000 10000 12000 14000 16000
Pomition
ProtScale GULD UL Tor UuSer  Secguence
= Hy b oohtn] 7 <hte & >oolitolia
=
1.s
a
©.*
@ L=}
=
<5 -0 .S
-3
-a.=
-=
2.5
-3
o Z2O00 OO0 HGOO0O BOOO TOO0OO0O0O 12000 14000 1 SO0
Position
FProtScmle QUEPD UL Tor LS _ Ser o) LI o e
ey P saa Tty S T I esestitrl |
= £
2+ |
x I
o5 \
2 o i
c§ - .S I
= |
-a.s
-=
=.=
= . . - i i i -
o o000 acoo sooo BooOO 10000 1000 1Ta000

)

Fig. 18. Hydropathy plot of the proteins (i) 2A40, (ii) 6CWD and (iii) 20C8.
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3.15. Insilco drug designing

Molecular docking has evolved into a significant part of the drug development technique. Using the PASS analysis tool, the antiviral
activity especially for Hepatitis is predicted. Hepatitis is a communicable viral infection. It causes an infection in the liver by causing
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Fig. 20. Proteins (i) 2A40, (ii) 6CWD and (iii) docked with the ligand 5BNA.
Table 11
Molecular docking parameters of protein 2A40, 6CWD and 20C8 docked with SBNA.
PDBID  Binding energy (kcal/ Intermolecular Energy (kcal/ Bonded Bond Distance Bond Type Interaction Type
mol) mol) Residues (A)
2A40 —4.7 -5 GLY62 3.17 Hydrogen Conventional Hydrogen
Bond Bond
PRO127 4.54 Hydrophobic Alkyl
PRO127 5.41 Hydrophobic Pi-Alkyl
6CWD -5.3 —5.6 PHE101 3.12 Hydrogen Conventional Hydrogen
Bond Bond
TYR175 3.08 Hydrogen Conventional Hydrogen
Bond Bond
TRP190 2.98 Hydrogen Conventional Hydrogen
Bond Bond
ALA100 3.44 Hydrogen Carbon Hydrogen Bond
Bond
20C8 -5.2 -5.5 GLU32 2.55 Hydrogen Conventional Hydrogen
Bond Bond
VAL33 4.80 Hydrophobic Alkyl
ILE35 4.74 Hydrophobic Alkyl
LEU44 4.31 Hydrophobic Alkyl
ALA7 5.00 Hydrophobic Pi-Alkyl
VAL33 4.69 Hydrophobic Pi-Alkyl

damage to liver tissues [94]. The PDB files of the proteins 2A40, 6CWD and 20C8 are obtained from the RCSB PDB server and they are
associated with Hepatitis A, Hepatitis B and Hepatitis C [95]. The Autodock Vina utility in the PyRx application uses the Lamarckian
algorithm and empirical energy score model for pliable ligand and protein receptor docking [96]. The Chain A of the protein 2A40,
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6CWD and 20C8 is selected along with its active site for the docking. The grid centre with dimensions (x, y and z) for the protein 2A40
is 0.455 points, 14.668 points and 31.700 points with a volume of 313 A3, for 6CWD it is 145.664 points, —60.848 points and 317.057
points with the volume of 141 A% and for 20C8 it is 198.890 points, —4.387 points and 50.450 points with the volume of 152 A% [97,
98]. The visualisation of protein and ligand sites is done using the PyRx and BIOVIA Discovery Studio applications. The proteins 2A40,
6CWD and 20C8 docked with the ligand 5BNA are displayed in Fig. 20 [99]. The distances between associated residues of amino acids,
category of bond, binding energy and interaction energy are listed in Table 11. In common, the bond type observed between the ligand
and the amino acid residues is a hydrogen and hydrophobic bond. With the ligand 5BNA, the interacted of amino acid residues of the
protein 24A0 are GLY62 with conventional H bond, PRO127 with alkyl interaction and PRO127 with pi-alkyl interaction, for the
protein 6CWD, the interacted of amino acid residues are PHE101, TYR175 and TRP 190 with conventional H bond and ALA100 with
C-H bond and for the protein 20C8 the interacted of amino acid residues are GLU32, VAL33 and ILE35 with alkyl interaction and ALA7
and VAL33 with pi-alkyl interaction. The negative values of the binding energy signify the exhibition of activity against Hepatitis
[100].

4. Conclusion

The DFT approach is employed to theoretically characterize the structural and electronic characteristics of 5-Bromonicotinatic acid
by using different organic solvents. The various reactive and fingerprint zones present in the compound are picturised using the ESP
map, Fukui analysis and Hirshfeld surface. p, @ and p of 5BNA exhibit a shift when they switch between the gas to the solution phases.
Through the NBO analysis, the highest stabilisation energy of 47.29 kcal/mol is found for the transition between the LP 02— =*
03-C10. In 5BNA, the majority of transitions occur between the = and n*. The molecular orbital energy difference of SBNA with the
diethyl ether has the highest energy difference of 5.46522eV compared with other solvents and gas phase of 5BNA. The highest values
of the D index i.e., <1 and the H index indicate the presence of charge transfer within the molecule. The highest values of p and V2p by
AIM analysis at the N4-C9, C8-C9, C7-C8, C6-C7 and C5-C6, indicate that the 5BNA in both gas phase as well as with solvent show
maximum electron density and covalent nature. By ELF and LOL studies, the electron dense region is found at the circumference of the
aromatic ring and the electron-deficit zone is found at the carbon atoms. By the UV-Vis spectra, the maximum absorption wavelength
is observed at 299.17 nm for gas and 294.44 nm for diethyl ether. The various molecular vibrations present in the compound are
determined and documented using vibrational spectroscopy (IR and Raman) and their wavenumbers are correlated with the experi-
mental values. 5BNA’s drug-likeness and toxicity effects show that compound 5BNA can be suggested as a drug. The proteins 2A40,
6CWD and 20C8 associated with Hepatitis A, Hepatitis B and Hepatitis C are docked with the ligand 5BNA and has the binding energy
of —4.7 kcal/mol, —5.3 kcal/mol and —5.2 kcal/mol.
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