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Abstract: The title molecule N-(2,4-Dihydroxy-3,3-dimethylbutanoyl)-B-alanine or Vitamin B5 and its 23
derivatives were selected for theoretical investigations viz geometry optimization, ADME profiling, binding
affinity using quantum-mechanical calculations and modeling simulation tools. Geometry optimization by
Gaussian 09 program revealed the stability and electrophilic nature of the investigated molecules. In order
to depict the charge density distributions, the contour maps of HOMO-LUMO and the associated chemical
descriptors such as chemical potential (u), electronegativity (y), electrophilicity (®), hardness (1) and
softness (o) were explored. The docked molecules showed strong propensity for binding to 2HQ6 cancer
protein active sites. Vit B5-CH=CF; and Vit B5-CCl; showed low binding energies of -5.861 and -5.478
kcal/mol respectively with low inhibition constant value (1.43 M). The molecular docking and the
druglikeness assessments were concomitant with the antiviral, antibacterial, and anticancer activities of the
investigated molecules. Studies on the natural bond orbital (NBO), Mulliken population, and Fukui functions
were analyzed. Further, the interactions between the derivatives and other molecules were studied using
Hirshfeld surface analysis.

Keywords: Vitamin B5; Pantothenic acid; Coenzyme A; Quantum chemical descriptors; Molecular
mechanics; DFT; drug likeness; ADMET; molecular docking; antiviral; antimicrobial; anticancer activity.

1. Introduction
Vitamins, including Vitamin B5 derivatives,

pantothenic acid whose structure as shown in
Figure 1. Vitamin B5 is a precursor of coenzyme A

display a comprehensive variety of biological and
pharmacological properties. Vitamin B5, one of the
potent water-soluble vitamins of the vitamin B
complex, is also known commercially as D-
pantothenic acid or pantothenate. Since pantothenic
acid is present in almost all foods, the word
"pantothenic” is derived from the Greek word
"pantou”, which means "everywhere". Vitamin B5
is present in all sources of plants and animals. For
the formation of coenzyme-A (CoA), as well as for
the metabolization of carbohydrates, proteins, and
lipids, animals need pantothenic acid [1].

In the year 1933, an American biochemist Roger
John Williams discovered Vitamin B5 or

(CoA), involved in various enzymatic pathways in
the body. It plays a crucial role in the conversion of
energy for many biological functions and in the
conversion of the various other B vitamins into
forms which is acceptable by the body. Pantothenic
acid is a potent antioxidant and a neural compound
which helps in boosting the immune system and
neural functions. It also aids in metabolising fat and
reducing stress levels [2].

Under physiological circumstances, pantothenic
acid is negatively charged and soluble in water (log
P=1.69). When the pH is low (between 2 and 3), it
has no charge [3]. Because of its relative instability,
pantothenic acid decomposes chemically quickly in
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both acidic and basic environments. Additionally,
heat accelerates the breakdown of pantothenic acid
[4]. There is no proof that exposure to light affects
pantothenic acid's stability. Table 1 displays the

biophysical characteristics of vitamin B5. For the
creation of brand-new antiviral, antibacterial, and
anticancer drugs, the pre-selected compounds could
be promoted as promising drug candidates.

Table 1. Biophysical Properties of Vitamin B5

Molecular weight

Estimated log P - 1.69

219.24 g//mol

Freely soluble in water, ethyl acetate, dioxane, glacial

Solubility

acetic acid Moderately soluble in ether, amyl alcohol

Practically insoluble in benzene and chloroform

The B-series vitamins (B1 to B6 and B11) have
been intensively investigated with regard to their
anticancer behaviour and strongly expressed
synergistic effect on cytostatic agents. Vitamin B5
occurs in all animal and plant tissues, however, the
richest source is the jelly of the queen bee and liver.
Vitamin B5 and its derivatives have versatile
biological properties. Among its antioxidant actions
[5,6] it exhibits protective ability against ionizing
radiations [7,8], which is mainly referred to OH-
radicals [9] (k=4.5x109 L.molts™). Vitamin B5
exhibits an essential anticancer effect in in-vitro
tests, according to a recent report [10]. Vitamin B5
demonstrates rather high antitumor effect in
different media. The products resulting from the
attack of free radicals (OH) on Vitamin B5 are very
likely involved in the observed anticancer effect.

Despite advances in anticancer therapeutic
interventions, the majority of anticancer drugs
continue to face multiple challenges. The present-
day lifestyle has caused the emergence of increased
number of cancer cases requiring the quest for
novel chemical utilities to address these
deficiencies in anticancer treatment. The efficacy of
such Vitamin B5 and their derivatives has prompted

a.i.

chemists to synthesize efficient novel drugs to
satisfy the demands of the world’s growing health
problems.

Computational approaches to drug discovery and
design have increased in popularity due to its
reliability in discovering molecules with high
pharmacological properties [11]. The molecular
docking technique is frequently used to evaluate the
binding affinity of drug molecules and to determine
the correct orientation of drug molecules in the
protein-active site [12,13]. Other virtual screening
approaches for the adoption of compounds that
display physiological activities and drug-like
identities include drug similarity criteria and an in-
silico ADMET profile based on their drug database
model [14,15]. For several material systems,
density functional theory (DFT) calculations

produce the most accurate and trustworthy results
that are quite consistent with the experimental data
[16,17]. In this research work, DFT calculations,
ADMET, Hirshfeld analysis and molecular docking
studies were used to provide a systematic
computational analysis of Vitamin B5 and 21 of its
virtually modified derivatives in Figure 1.
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0
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R=H, CHs, CH,CI, CCls, CH;F, CHF;, CF3, CH=CH,, CH=CHF, CH=CF,, CH,CN, CH;NCO, CH,0OH,
CH2CONH_, CH2NCS, CPF, CPF;, OCF3, OCHzF, OCH3, OCHF,
CP — Cyclopropan
Figure 1. a. i. Molecular structure & ii. Optimized structure of Vitamin B5 (Pantothenic acid), b.
Virtually modified derivatives of Vitamin B5

2. METHOD
2.1. Selection of target protein

Cyclophilin-A (CyPA): A crucial component in
human disease

The immunophilin family of proteins includes the
widely dispersed cyclophilin A (CyPA) Figure 2.
Peptidyl prolyl cis-trans isomerase (PPlase)
activity, which is present in CyPA, controls the
folding and transport of proteins. CyPA can be
released by cells in response to inflammatory
stimuli. CyPA plays a crucial role of in a number of
human disorders has been strongly supported by
recent studies in both human and animal models
[18].

Figure 2. Ribbon diagram of Cyclophilin A
(CyPA)

Influenza A virus and CyPA.

According to Liu et al [19], while overexpressing
CyPA reduced influenza A viral replication,
decreasing endogenous CyPA increased the
production of the virus. Furthermore, CyPA
interacts with (M1) matrix protein 1 and influences
the early stages of viral transmission. Finally,
CyPA restricted influenza virus growth by
accelerating the degradation of the protein M1.
Through its incorporation into particles [20] and

binding to the nucleocapsid protein, CyPA has also
been implicated in controlling the replication of the
SARS-CoV coronavirus.

Protozoan Parasites

A growing body of research indicates the
significance of CyPA in the development of human
parasitic protozoa. Mammalian CyPA host cell is
involved in the replication cycle of intracellular
Leishmania major parasites [21]. The participation
of CyPA in protozoan parasite development was
further supported by the finding of anti-parasitic
activity of CsA against a wide range of parasites
[22] with the exclusion of Leishmania [23]. Some
of the minor CyPs from Toxoplasma gondii and
Plasmodium falciparum (i.e. TgCyP18) have
shown similar inhibitory profiles to those
established for the human CyPA [24,25].

CyPA and Cancer Upregulation of CyPA

The function of CyPA in cancer is how a well-
established field of study. Indeed, numerous studies
have established that CyPA is increased in cancer
and is a vital part in the development of metastasis
and malignant transformation [26,27]. In small cell
lung cancer, CyPA overexpression promotes cancer
cell proliferation [28] while CyPA knockdown
inhibits it. CyPA participates in several pathogenic
processes that lead to the development of cancer. In
particular, it has been noted that CyPA is
overexpressed in several cancers: (1) aids in cancer
proliferation [29]; (2) controls cell cycle
progression [30]; (3) inhibits apoptosis [31]; and (4)
encourages  cell  migration/invasion  [32].
Remarkably, chemotherapeutic agents influence
the expression of CyPA. Treatment, for example
with anti-cancer medications such as 5-aza-2-
deoxycytidine, celecoxib, and 5-fluorouracil,
reduces the expression of CyPA in cancer cells [33,
34]. Moreover, CsA and sanglifehrin A (SfA), the
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two immunosuppressive drugs that bind CyPA,
increase the chemotherapeutical outcome of
cisplatin in glioblastoma multiforme [35]. Given
CyPA's critical role in controlling the replication
and infectivity of many viruses, it is worthwhile to
suggest CyPA as a target for our biological
evaluation.

3. Methodology and Computational details
The Becke-3 Parameter-Lee-Yang-Parr (B3LYP)
and 6-311G basis set model of the DFT method [36,
37], was utilised to employ the Gaussian 09
software suite to optimize the title molecule [38].
The output data was analysed using the Gauss View
5.0 graphical user interface, including the optimised
geometry, HOMO-LUMO and MEP [39].
According to DFT, the first and second partial
derivatives of a system are its chemical potential (u)
and global hardness (1), respectively in relation to
the quantity of electrons (N) at a certain external
potential, v(r). Electronegativity (y), is finitely
identical with the definition of the chemical
potential, which is expressed as [40];

L=~ aN

This can be written as,
_IP+EA
T2
where IP denotes the first ionisation potential and

EA denotes the first electron affinity. The
comparable second derivative of E(N) with respect
to N, while maintaining a constant external
potential (v) or nuclear charge, is the absolute

hardness [41].
_ 1(8%E
- 3Gw)

From the above equation, hardness can be related to
electronegativity or chemical potential as,
(M) - _ (%
n _(ON)V - (aN)\,

The reverse of the hardness has been known as the

softness.
s<in=(3),

The system's overall stability is indicated by its
global softness (S). The ionisation potential and
electron affinity can be used to represent the
chemical potential or electronegativity and
hardness [42]. The difference between the right and
left derivatives is then used to express the finite-
difference approximation to the second order
energy derivative (02E/0N?). As a result, and can be
expressed as,

_ —(IP+EA)
===
_ (IP-EA)
T2
The above-mentioned quantities are represented by

frontier orbital energies. They can be calculated
using the Koopmans' approximation within
Molecular Orbital (MO) theory, in which the
lonisation Potential (IP) and Electron Activity (EA)
are related to HOMO and LUMO energy as,
—Enomo = IP
—ELumo = EA
Hence, p and 1 can be written in terms of HOMO
and LUMO as

_(ELumo+Enomo)
:(ELUMZO_EHOMO)
2
c=1Mm
o=y%2n

FMO predicts that an electrophilic reaction will
occur ina molecule at a location with a high relative
density of HOMO, and that a nucleophilic reaction
will occur preferentially at a location with a high
relative density of LUMO. The site selectivity and
reactivity of atoms in all systems have been
extensively studied using reactivity descriptors.
The global reactivity descriptors were evaluated
using the DFT method using basis set 6-311G (d,p).
For the parameters of the descriptors, Koopman's
method was used.

Auto Dock Tools 1.5.6 [43] was used to obtain the
binding affinities and types of interactions between
the ligand and target proteins for molecular docking
computation. The X-ray crystal structure of
peptidyl prolyl cis-trans isomerase (PPlase) of
CyPA (PDB code: 2HQ6) was downloaded from
the protein data bank (http://www.rcsb.org./pdb).
2HQ6 was the structure of cyclophilin-like domain
of the serologically defined colon cancer. The
protein was prepared for docking by deleting the
water molecules, merging polar hydrogen atoms
and adding Kollman charges. Gasteiger charges
were computed and the non-rotatable amide bonds
were made to rotate. The protein was bounded in a
grid box with dimensions of 90 x 90 x 90 grid
points along x x y x z directions with 0.370 A
spacing and Lamarckian genetic algorithm was
employed to perform the docking calculations. The
output file in ‘dlg’ format provided the key
information about the binding energies of the
various docked conformations.
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The Discovery Studio 4.5 programme was used to
display the ligand-protein interactions [44]. Swiss
ADME, an open-source online server was used to
evaluate the ADMET properties of the drug
candidates [45].

4. Results and discussion

4.1. Frontier Molecular Orbitals
Frontier molecular orbitals (FMO’s) are used to
predict and explain many types of reactions as well
as the most reactive locations in molecular systems.

Energy Gap
2.26 eV

LUMO

LUMO and HOMO orbitals, are very helpful for
characterizing materials to understand the
chemically reactivity of the molecules [46]. Since
the HOMO orbital has a high electron density, it
frequently transfers electrons to open orbitals. On
the other hand, LUMO is an empty orbital that can
readily take electrons from other filled orbitals. Vit
B5 CH=CF, displayed lowest energy gap of 2.26
eV and thus expected to show better biological
activities.

N

2
f ‘?j‘a
9

é—/gﬁ

4 5.41eV
S

Figure 3. HOMO-LUMO contour maps for Vit B5 CH=CF; and Vit B5 CCl;

4.2. Quantum Chemical Descriptors

In the context of quantum chemical calculations,
the study of electronic energies has become
important in better understanding the nature of
molecular chemical stability and reactivity. A
theoretical method for connecting the chemical
activities of molecular structures to their electrical
characteristics is represented by Koopmans'
theorem [47]. Quantum chemical descriptors

derived from Koopman's theorem are used to
evaluate parameters such as electron affinity (A),
ionization potential (I), hardness (1), softness (o),
chemical potential (u), electronegativity (y), and
electrophilicity (@) to predict a molecule's
reactivity are given in Table 2. Vit B5 CH=CF;
showed the lowest hardness value of 1.13 attributed
to the presence of two fluorine atoms and thus said
to possess high chemical stability.

Table 2. Various substituents and molecular descriptors of the Vitamin B5 derivatives

No R Energy Band Global Global Electro- Chemical Global Electro-
) Gap (AE) ineV | Hardness () | Softness (1/]) | negativity (%) | Potential () philicity (®)
1 H 5.82 291 0.34 4.16 -4.16 2.98

2 CHjs 5.52 2.76 0.36 4.09 -4.09 3.03

3 CH.CI 5.90 2.95 0.34 4.34 -4.34 3.19

4 CHCI, 5.98 2.99 0.33 4.46 -4.46 3.33

5 CCls 541 2.71 0.37 4.64 -4.64 3.97

6 CH,F 5.68 2.84 0.35 4.04 -4.04 2.87
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7 CHF; 6.01 3.01 0.33 4.42 -4.42 3.25
8 CFs 6.45 3.22 0.31 4.15 -4.15 2.67
9 CH=CH; 5.85 2.92 0.34 4.04 -4.04 2.79
10 CH=CHF 6.01 3.01 0.33 3.96 -3.96 2.61
11 CH=CF; 2.26 1.13 0.89 4.20 -4.20 7.82
12 CH2:CN 5.90 2.95 0.34 3.90 -3.90 2.58
13 CH2NCO 6.50 3.25 0.31 3.82 -3.82 2.25
14 CH:0OH 5.63 2.82 0.36 4.18 -4.18 3.10
15 | CH,CONH; 5.68 2.84 0.35 4.04 -4.04 2.87
16 CH:NCS 6.23 3.11 0.32 4.01 -4.01 2.58
17 CPF 5.82 291 0.34 4.03 -4.03 2.78
18 CPF; 5.82 291 0.34 4.13 -4.13 2.94
19 OCF; 5.74 2.87 0.35 4.39 -4.39 3.36
20 OCHyF 5.66 2.83 0.35 4.19 -4.19 3.10
21 OCHs 5.49 2.75 0.36 4.05 -4.05 2.99
22 OCHF; 14.47 7.24 0.14 3.70 -3.70 0.95
23 CP 5.63 2.82 0.36 3.93 -3.93 2.74
24 CH2SH 5.11 2.56 0.39 3.86 -3.86 2.92

Table 3. Top-five Vitamin B5 derivatives with better FMO and molecular descriptor values

Energy Global Global Softness
R E HOMO (eV) E LUMO (eV) Band Gap Hardness (1) ()
CH=CF; -5.33 -3.07 2.26 1.12 0.88
CH.SH -6.41 -1.30 5.11 2.55 0.39
CCls -7.34 -1.93 5.41 2.70 0.36
OCH; -6.80 -1.30 5.49 2.74 0.36
CH3s -6.85 -1.33 5.52 2.76 0.36

Table 4. Binding Energy Values from Molecular Docking Results

S.No R Binding Energy kJ/mol
Ligand A CH=CF; -5.861
Ligand B CH2SH -1.355
Ligand C CCl; -5.478
Ligand D OCH3 -2.159
Ligand E CHs -2.395

3.1.Molecular Docking

From the global softness values the top five
Vitamin B5 derivatives were selected for ADMET
studies and molecular docking as mentioned in
Table 3. Using Auto Dock software, the behaviour
of derivatives of vitamin B5 in the functional sites
of receptor 2HQ6 protein was investigated. Binding
energy affinity is considered to be an important
predictor to assess the biological activities. The
active site of the cyclophilin family includes the
invariant catalytic arginine (Arg55) and a highly
conserved mixture of hydrophobic, aromatic, and
polar residues including Phe60, Met61l, GIn63,
Alal01, Phell3, Trpl21, Leul22, and His126. All
of these side chains contribute to an extensive
binding surface along one face of the PPlase

domain measuring roughly 10 A along the Arg55—
His126 axis and 15 A along the Trp121-Ala101
axis [48]. The selected compounds (listed in Table
3) were docked with the active site of 2HQ6, and
the binding energies of the docked molecules were
examined to determine a minimal value.

The results (Table 4) show the binding energy
values of the docked ligands. Ligand A exhibited 4
H/O hydrogen bonding interactions with GIn64,
GInl112, Gly72, Gly110, Alal02 and one H/N
hydrogen bonding interaction with GIn112, with
RMSD value being 0.003A°. Ligand C exhibited 5
H/O hydrogen bonding interactions with Alal02,
Gly110, Gly72, GIn72, Asnl03 and a H/N
hydrogen bonding with GIn72 with RMSD being
0.013 A° as mentioned in Figure 5. Binding
affinities of the potent CypA inhibitors were
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ranging from 5.3 Kcal/mol and -7.5 Kcal/mol [49].
The results of the molecular docking analysis
indicated that ligand A (Vit B5-CH=CF;) and
ligand C (Vit B5-CCl3) have the lowest binding

respectively comparable with that of the CypA
inhibitors. Consequently, these Vitamin B5
derivatives possess beneficial biological activities,
including antiviral, antibacterial, and anticancer

energies, with -5.861 and

Figure 5.

-5.478 kcal/mol,

properties.

Charged (negatwe)
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Docking pose and 2D interaction of Vit B5 CCI3 with 2HQ6
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Figure 6. Bioavailability radar plots of (a). Vit B5, (b). Vit B5-CCI3, (c). Vit B5- CH=CF, (d). Vit B5-CH,SH,
(e). Vit B5- CHj, (f). Vit B5- OCH3s

Table 5a. ADMET parameters of Vitamin B5 derivatives

Ligand MW Donor HB Acceptor nHB logP
Vit-B5 219.23 4 5 -0.48
Vit-B5-CCl; 336.6 4 5 0.86
Vit-B5-CH=CF; 281.25 4 7 0.43
Vit-B5-CH,SH 265.33 4 5 -0.17
Vit-B5-CH3 233.26 4 5 -0.26
Vit-B5-OCHj3 249.26 4 6 -0.5
Recommended values <500 <5 <10 <5

Table 5b. ADMET parameters of Vitamin B5 derivatives

Ligand RBC Rule of five TPSA(A 2) Bioavailability Score
Vit-B5 7 0 106.86 0.56
Vit-B5-CCls 8 0 106.86 0.56
Vit-B5-CH=CF, 8 0 106.86 0.56
Vit-B5-CH,SH 8 0 145.66 0.56
Vit-B5-CH3 7 0 106.86 0.56
Vit-B5-OCHjs 8 0 116.09 0.56

Recommended values <10 Max 2 <140

Abbreviations: MW- Molecule's molecular weight, donor HB stands for the approximation of the number of
hydrogen bonds the solute would donate to water molecules in an aqueous solution, accept HB stands for the
approximation of the number of hydrogen bonds the solute would take away from water molecules in an aqueous
solution.

Table 6. Lipinski rule parameters of Vitamin B5 derivatives

. - . BBB P
Ligand Log S Solubility LogKp (cm/s) Gl Absorption Permeability subs%?ate
Vit-B5 -0.67 High soluble -8.4 High No No

Vit-B5-CCl3 -2.42 Soluble -7.93 High No No
Vit-B5-CH=CF; -14 High soluble -8.29 High No No
Vit-B5-CH,SH -1.61 High soluble -8.6 Low No No

Vit-B5-CHa -0.87 High soluble -8.35 High No No

Vit-B5-OCHj3 -0.64 High soluble -8.74 High No No
3.4. Drug Likeness and ADMET Assessment similarity." ADMET stands for absorption,

A medicine's physicochemical properties are  distribution, metabolism, excretion and toxicity
related to the required biopharmaceutical properties  properties of a drug. Lipinski’s rule of five, and
in the human body to determine its "drug  drug likeness provide the benchmark for a drug
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candidate to be considered as a good drug [50]. The
rules are: molecular weight < 500, (octanol/water
coefficient) logP < 5, hydrogen bond donors HBD
<5, hydrogen bond acceptors < 10 [51,52]. Tables
5a, 5b and 6 show that the Vitamin B5 and its
selected derivatives possess optimal ADMET
properties and obeys Lipinski’s rule of five with
zero violation and thus has the potential to be used
as good therapeutic candidates. The bioavailaility
radar plot (figure 6) displays the druglikeness of the
drug candidates. The plots shows that all the 6
candidates have the optimal range of all the six
properties, and hence can be considered to possess
significant therapeutic potentials.

The Brain Or Intestinal EstimateD permeation
method (BOILED-Egg) accurately predicts the
passive human gastrointestinal absorption (HIA)
and brain permeability (BBB) of a drug. This model
depend on WLOGP and TPSA descriptors for
assessing the lipophilicity and corresponding
polarity [53]. Figure 7 shows the BOILED-eqgg
model of vitamin B5 and its derivatives. Except
molecule 4 (Vit-B5-CH,SH), all other molecules
were spotted in the white yolk attributed to highly
probable HIA absorption. The ligands under study
have high intestinal absorbance, indicating their
ease of absorption.

Solubility is a significant condition in achieving the
optimum pharmacological drug. Low solubility is
the major issue experienced when synthesizing
novel drugs. The calculated water solubility values
as mentioned in the Table 6 classify the studied
molecules as highly soluble drugs and hence having
desired pharmacokinetics property for absorption
and distribution [54]. Lower the Log Kp value, the
more challenging for the epidermis to absorb the
subject molecule [55]. One of the earliest ABC
transporter members, P-glycoprotein (P-gp) serves
as a physiological barrier by pushing xenobiotics
and poisons out from the cells [56, 57]. The apical
surface of the epithelial cells lining the small
intestine, colon, bile ductules, pancreatic ductules,
kidney proximal tubules, and adrenal gland is
where P-gp is primarily found [58, 59]. It is also
located in the endothelial cells of the blood brain
barrier (BBB) [60]. The transporter is
overexpressed on the surface of many neoplastic
cells and restricts cell entry. P-gp's is likely to
shield these wvulnerable organs from hazardous
substances by inhibiting their entry into the cytosol
and expulsion to the outside [61]. Thus, it also
enhances the secretion of metabolites and
xenobiotics into bile, urine, and the lumen of
gastrointestinal tract.

WLOGP

3

-4
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Molequle 3
Molecule 2

o
Molegyle 5,

1 e

Molequideule 6

Show Molecules Name

Legends
BEE
HIA

o PGP+

o  PGP—

None

Molegule 4

0 20 40 60 80 100

140 160 180 TPSA

Molecule 1: Vit B5, Molecule 2: Vit B5-CCI3, Molecule 3: Vit B5-CH=CF;,
Molecule 4: Vit B5-CH,SH, Molecule 5: Vit B5-CHs, Molecule 6: Vit B5-OCH3
Figure 7. Boiled Egg Model of Vitamin B5 and its derivatives
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Figure 7. Bioavailability radar plots of (a). Vit B5, (b). Vit B5-CCI3, (c). Vit B5- CH=CF;, (d). Vit B5-

CHSH, (e). Vit B5- CHjs, (f). Vit B5- OCHs

3.5.Molecular electrostatic potential (MEP) and
Hirshfeld surface (HS) analysis

Hirshfeld surfaces' maps of electrostatic potential
make available precise information on the
interactions between molecules in crystals [62].
MEP is used to discover the electrophilic and
nucleophilic attacks during the reactions as well as
hydrogen bonding interactions. Figures 8 and 9
show the MEP map of Vit B5-CCls, ranges from -
7.2 a. u (deepest red) to 7.2 a.u (deepest blue) and
of Vit B5-CH=CF; ranges from -7.43 a.u (deepest
red) to 7.43 a.u (deepest blue). Besides, the positive
potential and the negative potential are represented
by blue and red colours, respectively. The negative
electrostatic potential is generally incorporated
with the lone pair of electronegative atoms.
Hirshfeld surfaces gives, the molecular surface
analysis, electrostatic potential, di, de, dnorm,
shape index and curvedness, for Vit B5 CCl; and
Vit B5 CH=CF, molecules as shown in Figures
10(a-f) & 11(a-f) respectively. The dnorm surface

(Figures 10d & 11d) is a normalized contact
distance, ranging from [0.3193 A (red) to 6.2907 A
(blue)] for Vit B5 CClz & [-0.2627 A (red) to
7.1076 A (blue)] for Vit BS CH=CF,. The positive
dnorm value is represented by red colour regions
with longer intermolecular interactions, the
negative dnorm value is indicated by blue colour
regions with shorter intermolecular contacts, and
the zero dnorm value is indicated by white colour
region. The de surface of Figures 10c & 11c show
the distance between the nearest nuclei external to
the surface region of Vit B5 CCl; (1.4068—-7.0505
A) & Vit B5 CH=CF, (0.9768-7.6058 A). The
shape index surface (Figures 10e & 11e) show the
electron density surface curves around the
molecular interaction range from (-1 Ato 1 A ) for
both the derivatives [63, 64]. The curvedness
(Figures 10f & 11f) indicates the electron density
surface curves around the molecular interaction
range (-4 A to 0.4 A) for both the derivatives
respectively.
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7.2q T - T TR 7o

Figure 8. MEP of Vit B5 CCl;

-7.43.y T

+7.43a.u

(b) CCl5 di (c) CClz de

(d) CCl3 dnorm (e) CClszshape index (f) CCls curvedness
Figure 10. Molecular surface analysis of Vit B5 CCls;
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a. CH=CF; Electrostatic b. CH=CF, di c. CH=CF, de

d. CH=CF; Norm e. CH=CF; shape index f. CH=CF; curvedness
Figure 11. Molecular surface analysis of Vit B5 CH=CF;
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Figure 13. Finger Print Plots of Vitamin B5 CH=CF;
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Figure 12 illustrates the plot of the 2D fingerprint
for Vit B5 CCls that was resolved into H---H, H---
0, and H---ClI contacts, along with the interaction
percentages and their proportional contributions. H-
---H (39.4%) and H---O (16.4 %) are the largest and
minimum contributions, respectively. The outcome
confirms that the super-molecular property of the
Vit B5 CCl; molecule. Figure 13 illustrates the plot
of the 2D fingerprint for Vit B5 CH=CF; that was
resolved into H---H, H---O, and H---F contacts,
along with the interaction percentages and their
proportional contributions. H----H (39.1%) and H-
---0 (19.1%) are the largest and minimum
contributions, respectively. The outcome confirms
that the super-molecular property of the Vit B5
CH=CF, molecule.

3.6.Donor- Acceptor Interactions

4.The most effective way to describe charge
transfer, conjugative interactions, intramolecular-
intermolecular bonding, and stabilisation energy in
a molecular system is through the NBO analysis
[65]. This analysis has been done on the Vitamin
B5 derivatives and is listed in Table 7 & 8. The
NBO analysis is performed to find the electron
donor-electron acceptor interaction energy in the
Vitamin B5 derivatives. The second order Fock
matrix was finalized to calculate the donor-acceptor
interactions in the NBO analysis. The stabilization
energy E (2) for each electron-donor (i) and
electron-acceptor (j) were done.

Table 7. Fukui function parameters of Vit B5S CCla.

N Z f- f+ O Dual-Descrpt | Hardness (au) | W-(eV) | W+(eV)
1 8 0.0001 0 0 0 0 0 0

2 8 0.0001 0 0.0001 -0.0001 0 0.0001 0

3 8 0.0003 0 0.0002 -0.0003 0.0001 0.0003 0

4 8 0.0001 | 0.008 | 0.004 0.0079 0 0.0001 | 0.0075
5 8 0.0001 | 0.3407 | 0.1704 0.3407 -0.0027 0.0001 | 0.3181
6 7 0.9623 | 0.0005 | 0.4814 -0.9619 0.24 0.8983 | 0.0004
7 6 0.0009 0 0.0005 -0.0009 0.0002 0.0009 0

8 6 0.0008 | 0.0004 | 0.0006 -0.0004 0.0002 0.0008 | 0.0004
9 6 0 0 0 0 0 0 0
10 6 0 0 0 0 0 0 0
11 6 0.0003 0 0.0001 -0.0002 0.0001 0.0002 0
12 6 0.0191 | 0.0003 | 0.0097 -0.0188 0.0048 0.0178 | 0.0003
13 6 0.013 | 0.0019 | 0.0074 -0.0111 0.0032 0.0121 | 0.0017
14 6 0.0011 | 0.0056 | 0.0033 0.0045 0.0002 0.001 | 0.0052
15 6 0.0008 | 0.6411 | 0.321 0.6404 -0.0049 0.0007 | 0.5985
16 6 0.0002 0 0.0001 -0.0002 0.0001 0.0002 0
17 1 0 0 0 0 0 0 0
18 1 0 0 0 0 0 0 0
19 1 0 0 0 0 0 0 0
20 1 0 0 0 0 0 0 0
21 1 0 0 0 0 0 0 0
22 1 0 0 0 0 0 0 0
23 1 0 0 0 0 0 0 0
24 1 0.0001 0 0.0001 -0.0001 0 0.0001 0
25 1 0.0001 | 0.0001 | 0.0001 -0.0001 0 0.0001 | 0.0001
26 1 0 0 0 0 0 0 0
27 1 0 0.0003 | 0.0002 0.0003 0 0 0.0003
28 1 0 0 0 0 0 0 0
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29 1 0 0 0 0 0 0 0
30 1 0.0001 | 0.0006 | 0.0004 0.0005 0 0.0001 | 0.0006
31 1 0 0.0004 | 0.0002 0.0004 0 0 0.0004
32 1 0 0 0 0 0 0 0
33 17 0.0003 0 0.0002 -0.0003 0.0001 0.0003 0
34 17 0 0 0 0 0 0 0
35 17 0 0 0 0 0 0 0
Table 8. Fukui function parameters of Vit B5 CH=CF-.
Dual- | Hardness

N Z f- f+ fo Descrpt (au) W-(eV) | W+(eV)

1 8 0.0001 | 0.0006 | 0.0004 | 0.0005 0 0.0001 | 0.0004

2 8 0 0 0 0 0 0 0

3 8 0.9677 | 0.3337 | 0.6507 | -0.634 0.2411 | 0.6593 | 0.2274

4 8 0 0.0001 0 0 0 0 0

5 8 0 0 0 0 0 0 0

6 7 0.0059 | 0.0105 | 0.0082 | 0.0046 0.0016 0.004 | 0.0072

7 6 0.0007 | 0.0049 | 0.0028 | 0.0041 0.0003 | 0.0005 | 0.0033

8 6 0.0111 | 0.0063 | 0.0087 | -0.0047 | 0.0028 | 0.0075 | 0.0043

9 6 0.0001 | 0.0012 | 0.0007 | 0.0012 0 0 0.0008

10 6 0.0001 | 0.0017 | 0.0009 | 0.0015 0.0001 | 0.0001 | 0.0011

11 6 0.0002 | 0.001 | 0.0006 | 0.0008 0.0001 | 0.0001 | 0.0007

12 6 0.0105 | 0.6312 | 0.3208 | 0.6207 0.0125 | 0.0071 0.43

13 6 0.0007 | 0.0012 | 0.001 | 0.0006 0.0002 | 0.0005 | 0.0008

14 6 0.0004 | 0.0014 | 0.0009 | 0.001 0.0001 | 0.0003 | 0.001

15 6 0.0001 | 0.0006 | 0.0003 | 0.0005 0 0.0001 | 0.0004

16 6 0.0015 | 0.003 | 0.0023 | 0.0015 0.0004 0.001 | 0.0021

17 1 0 0 0 0 0 0 0

18 1 0 0 0 0 0 0 0

19 1 0 0 0 0 0 0 0

20 1 0 0 0 0 0 0 0

21 1 0 0 0 0 0 0 0

22 1 0 0 0 0 0 0 0

23 1 0 0.0003 | 0.0001 | 0.0003 0 0 0.0002

24 1 0 0 0 0 0 0 0

25 1 0.0002 | 0.0001 | 0.0001 | -0.0001 0 0.0001 0

26 1 0 0.0001 | 0.0001 | 0.0001 0 0 0.0001

27 1 0 0 0 0 0 0 0

28 1 0.0003 | 0.0001 | 0.0002 | -0.0002 | 0.0001 | 0.0002 | 0.0001

29 1 0 0 0 0 0 0 0

30 1 0 0.0001 | 0.0001 | 0.0001 0 0 0.0001

31 1 0 0 0 0 0 0 0

32 1 0 0 0 0 0 0 0

33 6 0.0002 | 0.001 | 0.0006 | 0.0008 0.0001 | 0.0001 | 0.0007

34 9 0 0 0 0 0 0 0

35 1 0 0.0007 | 0.0003 | 0.0007 0 0 0.0004

36 9 0 0.0001 0 0.0001 0 0 0
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5. Conclusions

Vitamin B5 and its virtually designed derivatives
were selected for in-silico investigations. Utilizing
the DFT/B3LYP method with 6-311G (d,p) basis
set, the optimized geometry, atomic charges,
chemical reactivity parameters, and natural bond
calculations were performed. The energy gap
calculated from the FMO’s has a lower value of
2.257 eV and this indicates low kinetic stability and
high biological activity of the compounds under
study. Chemical descriptors analysis showed the
higher chemical stability of Vit B5 CH=CF2. The
result of the ADMET analysis proved good drug
likeness and excellent ADME properties as well as
permissible toxicity assessment. The molecular
docking studies suggests that ligands Vit B5-
CH=CF2 and Vit B5-CCI3 have the good binding
affinity against the target cyclophilin A. These two
Vitamin B5 derivatives demonstrated comparable
anticancer effect when compared to known CypA
inhibitors, as indicated by binding energy values (-
5.861 and -5.478 kcal/mol) respectively. To
conclude, the derivatives Vit B5-CH=CF2 and Vit
B5-CCI3 are safe and feature a successful
combination therapy as a pharmaceutical medicine
and could be developed as efficient antiviral,
antibacterial, and anticancer drugs.
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