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2-Bromo-5-methylpyridine (2BMP) has been found to show FTIR and FT-Raman spectra in the 3500-400 cm™.
The density functional theory (DFT/B3LYP) method was applied to determine the structure, frequencies, Raman activities,
and infrared intensities of the molecule using 6-311++G(d,p). The study of molecular orbital contributions has been
done with the use of the DOS spectrum. Natural bond orbital (NBO) analysis has been used to calculate the stability of a
molecule resulting from hyper-conjugative m—mn* exchanges and charge delocalisation. Furthermore, the 2BMP's
Fukui function, Mulliken charges, and NMR chemical shifts have been examined. Thermodynamic, LOL, and ELF
characteristics were investigated topologically in relation to temperature. The binding affinities of breast cancer inhibitors
like 1ERE, 1AQU, and 40AR are found as -5.1, -5.4, and -5.4 Kcal/mol from the docking study. Prescription medications
and these affinities are similar. Through ADMET analysis, the degree of drug-likeness in a molecule has been investigated

and evaluated.
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Heterocyclic ~ derivatives  containing  nitrogen,
including pyridine frameworks and azines, are
essential compounds in chemistry and biology that are
widely used in the production of vitamins, natural
products, drugs, and functional reagentsl. Pyridine
derivatives are known to have better medicinal
qualities. These unique characteristics have prompted
researchers studying organic chemistry to focus more
on crucial molecules with distinct geometries that
characterize the target molecule's biological
selectivity and suggest potential interactions with
particular proteins or DNA” The possible benefits of
pyridine derivatives include anti-cancer’, anti-
bacterial®, anti-fibrotic agents’, anti-inflammatory®,
cardiotonic’, IKK-B inhibitors®, and HIV-1 inhibitor’.
The molecular structure of pyridine derivatives has
been the subject of recent computational and
spectroscopic investigations by several researchers'®'.
Cancer is now the main factor contributing to the
growing worldwide death rate, with the potential to
cause nearly 10 million fatalities yearly. There are
several treatment options available, including as
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surgery, chemotherapy, and radiation. However, a few
of these result in the loss of healthy cells, which may
be lethal for the affected individuals. Thus, efforts to
find ways to eliminate cancerous cells on a specific
basis have continued'>. DFT examines the structural
and electronic excited state features of 2-bromo-5-
methylpyridine (2BMP) that are related to its stability
and reactivity’”. The orbital energy, vibrational
frequencies, and molecular geometry of a molecule
may all be calculated using DFT. Additionally, it has
been discovered that the functional B3LYP offers a
remarkable trade-off between the vibrational spectrum
ofmolecules'.

One of the pyridine compounds, 2BMP, was
chosen for the current investigation, and a
comprehensive  spectroscopic  examination was
performed. There are no reports of quantum chemical
or vibrational analysis of 2BMP, according to a
review of the literature. The basis set B3LYP/6-
311++G(d,p) was used to analyse the molecule
2BMP. Initially, the Gaussian 09 program'> was used
to optimise the 2BMP’s structure. The PED
calculations'® made by the VEDA 4.0 tool have been
calculated and confirmed the harmonic vibrational
wave numbers of 2BMP. The relationship between
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the experimentally acquired data and the NMR
chemical shifts of 2BMP has been computed. It has
been determined that 2BMP is reactive and kinetically
stable using HOMO-LUMO analysis. The MEP
surface analysis, Mullikan distribution computation,
electronic absorbance data comparison in aqueous
solution, and natural bond orbital (NBO) study, which
verifies 2BMP's bioactivity, are utilised to ascertain
the structure. To acquire a better understanding of
2BMP's inhibitory properties against several breast
cancer proteins, a docking study was conducted.
ADMET analysis of 2BMP has been investigated to
determine its drug-likeness.

Experimental and characterization

Characterization techniques

The substance was allegedly 98% pure, and it was
purchased from Sigma-Aldrich Corporation and used.
The structural information of the molecule has been
examined in the 26 range of 10°-50° using an X-ray
diffractometer (BRUKER-DS). The FTIR was obtained
in the range of 3500-400 cm™ with polystyrene bands.
Because the sample was in a solid condition, the KBr
disc technique was used to produce it. FT-Raman could
separate spectra at wave numbers of 3500-400 cm™ at
the chamber temperature. The UV-Vis spectrum
between 100 to 400 nm in wavelength was measured
using a UV-Vis (UV-2600) spectrophotometer. Using
DMSO-d6 as the deuterated solvent, the 'H and "“C
NMR of 2BMP were recorded using the Bruker 400
MHz Avance 11l HD Nanobay NMR spectrometer.

Computational details

Quantum chemistry computations of 2BMP were
performed using the B3LYP/6-311++G(d,p) basis
set'’. Using the optimised molecular structure, the
infrared intensity and Raman activity were calculated.
Using VEDA software', vibrational assignments
were assigned to 2BMP by PED. To get around this,
the computed resonance frequencies have been
modified using a scaling factor' of 0.9613. The
Time-dependent DFT method has been used to
determine electronic transitions, absorption, and
vertical ~ excitation  energies. Hence, @ NBO
calculations'® have been carried. The GIAO approach
uses optimal limits to simulate C and 'H NMR
shifts. From these calculations, DOS spectra were
generated using Gauss Sum 3.0 too”’. A molecule's
individual atom's charge can be estimated using
Mulliken population analysis. The Multiwfn program
was used to analyse RDG, ELF and LOL plots®'.

Molecular docking and ADMET prediction

Human progesterone and estrogen receptors cause
several cellular downstream signalling pathways,
which in turn cause cancer to form and spread.
Utilising a computer-aided molecular modelling
technique, we evaluated 2BMP's inhibitory efficacy
against breast cancer. Protein markers for breast cancer
include the human progesterone (PDB ID: 40AR),
human estrogen (PDB ID: 1ERE) receptor, and
estrogen sulfotransferase (PDB ID: 1AQU) receptor.
These receptors are used as protein indicators, and the
chemical 2BMP as a ligand. PyMOL molecular
graphical system™ and Auto Dock Vina®*were used to
display the protein-ligand binding position. Using
Discovery Studio™, the protein structure and amino
acid locations were examined. Using the pkCSM
server”, the pharmacokinetic and physicochemical
characteristics of the medicinal compound 2BMP were
ascertained. These qualities included absorption,
metabolism, excretion, and toxicity. The BOILED-Egg
model was then run on the Swiss-ADME web server™,
and a variety of pharmacokinetic features, including
drug similarity and water solubility, were predicted.

Result and Discussion

Molecular geometry analysis

According to XRD data®’, 2BMP crystallizes in the
monoclinic space group P21/m with the unit cell
parameters of a = 6.1889 (18) A, b = 6.614 (2) A,
c=7.83512) A, B=293503 (9, V=320.12 (17) A3
and Z = 2. The powder XRD pattern of the crystal
formed from the standard Crystallographic Information
File (CIF) is displayed in (Fig. 1), along with the
2BMP powder X-ray diffraction pattern that was
obtained. Both the XRD patterns of 2BMP have been
well correlated each other and the structure of the
sample was confirmed by this pattern. For the
molecular structure of 2BMP, the C; point group
exhibits symmetry. The optimised structural
parameters are calculated at the DFT-B3LYP level
using the 6-311++G(d,p) basis set, in accordance with
the atom numbering system depicted in (Fig. 2). In this
study, we have compared the experimental values®’
of the molecule with the theoretical values given in
(Table 1). Table 1 displays the results of an RMSD
(Root Mean Square Deviation) computation that was
performed to compare the experimental and theoretical
data in order to evaluate how well the theoretical model
fits reality (R* = 0.982 for bond lengths and R* = 0.954
for bond angles).
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Fig. 1 — Simulated XRD of 2-bromo-5-methylpyridine compared with experimental X-ray diffraction pattern

Table 1 — The optimized structural parameters of 2-bromo-5-

methylpyridine
Structural parameters
Bond length (A) DFT-B3LYP/6- Experimental *7)
311++G(d,p) R*=0.982
C1-C6 1.34 1.34
C2-C3 1.40 1.38
C2-Br8 1.93 1.92
C3-C4 1.39 1.38
C3-H9 1.08 0.95
C4-C5 1.40 1.40
C4-H10 1.09 0.95
C5-Co6 1.39 1.39
C5-Cl1 1.51 1.50
C6-H7 1.09 0.95
Cl11-HI2 1.09 0.95
Fig. 2 — Optimized structure of 2-bromo-5-methylpyridine g} }:g}i }83 832
. . 0 2 _
This molecule is composed of one C-Br bond, two ~ Bond angle () R==0.954
C-N bond, five C-C bonds, and six C-H bonds. It has g?gégg 3‘7"4613 Eg'ég
been demonstrated that C-H bond- lengths for 2BMP  ~, ~ pe 116.97 115.50
vary from 1.08 to 1.09 A. Using the B3LYP/6-  (3.C2-Bi8 118.61 118.80
311++G (d,p) method, the C-C bond distances are  C2-C3-C4 117.12 117.00
elevated from 1.34 to 1.51 A, are compared in the  C2-C3-H9 121.08 121.50
XRD values (1.34-1.50A). From the bond angles for C4-C3-H9 121.79 120.00
. . C3-C4-C5 120.25 120.00
C2-C1-C6, C3—C2—Br8, and C4-C3-H9, is determined C3-C4-H10 119.60 120.00
to be 117.63°, 118.61°, and 121.79° (corresponding  C5-C4-H10 120.15 120.00
experimental values: 116.10°, 118.80°, and 120.00°).  €4-C5-C6 116.50 116.90
Th . C4-C5-Cl11 121.94 121.60
¢ calculated and experimental parameters correlate < ~x <, 12156 121.50
well, as e\{idenged by the.: .C(')rrelation coefficient plot  ¢.ce-cs 124.09 124.30
as shown in (Fig. 3). Utilizing the DFT/B3LYP and  C1-C6-H7 115.59 117.90
6-311++G(d,p) methodologies, the thermodynamic  C5-C6-H7 120.32 117.80
properties of 2BMP were investigated. Table 2 C3-CII-HI2 11.22 I11.30
. C5-C11-H13 111.22 111.30
presents the findings. The molecule 2BMP has a  ~5.cq1.114 1117 111.30
greater dipole moment of 4.08 Debye because of the HI12-C11-H13 107.38 109.10
highly electronegative nitrogen and bromine atoms  HI2-C11-H14 107.84 109.10

and their charges. It is discovered that 2BMP has an ~ HI13-Cl1-HI4 107.84 109.10
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overall energy of 70.81 Kcal mol™' and entropy of
88.24 cal mol 'K''. At 66.13 Kcal mol ', the
immaterial vibrational energy (zero-point) for 2BMP
is reached. The chemical reactions of 2BMP may be
assessed using these thermodynamic properties.

Vibrational analysis

The modes of 2BMP, which are active in the
infrared and Raman spectra, are controlled by its 14
atoms. The experimental and computational spectra of
2BMP are shown in (Fig. 4). Table 3 contains the
fundamental modes of 2BMP. The primary goal of

o]A  Ri=09821 . thi . ~ :

. is study is to properly assign the experimental
< frequencies to the various vibrational modes of 2BMP
g in concordance with the harmonic vibrational
= 154 frequencies estimated at the DFT. The overestimation
z 2 of the predicted vibrational modes is a result of the
‘.5"3’ real system's lack of anharmonicity, as demonstrated
3 by a comparison between the experimental results and

0.9 . . . . Table 2 — The thermodynamic parameters of 2-bromo-5-
0.9 1.1 13 15 17 1.9 methylpyridine
Experimental bond length (A°)
128 Parameters DFT-B3LYP/
1261 6-311++G(d,p)

<124 Optimized global minimum Energy (Hartrees) -2861.22428613
E" 1229 Total energy(thermal), E ., (kcal mol'l) 70.81
3 1201 Heat capacity, C, (cal mol”' k™) 26.65
é 1181 Total Entropy, S (cal mol k™) 88.24
g 1eé Translational Entropy (cal mol™ k™) 41.32
£ 114 Rotational Entropy (cal mol™ k™) 29.39
© 1121 Vibrational Entropy (cal mol™ k™) 17.53

1101 Vibrational energy, E,;, (kcal mol™) 69.03
108 . v . Zero-point vibrational energy, (kcal mol™) 66.13
108 3 ) 118 123 128 Rotational constants (GHz)
Experimental bond angle (°)
A 5.73

Fig. 3 — Correlation graphs of the calculated and experimental B 0.65

molecule (A) bond distances; and (B) bond angles of 2-bromo-5- c 0.58

methylpyridine Dipole moment (Debye) 4.08
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Fig. 4 — FT-IR and FT-Raman spectra of 2-bromo-5-methylpyridine
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Table 3 — The vibrational assignments based on PED calculations for 2-bromo-5-methylpyridine

S.No Observed wave number (cm™) Wavenumber (cm™) IR Intensity Raman activity = Assignment with
FT-IR FT- Raman Calculated Scaled (Km mol”) (A*amu) PED (%)

1 - 3085(ms) 3211 3087 0.86 99.36 vCH(100)

2 - 3042(s) 3164 3041 9.06 107.43 vCH(99)

3 3028(w) 3028(vw) 3152 3030 23.38 114.05 vCH(96)

4 2914(s) 3107 2986 12.88 63.13 CH;ips(95)
5 2963(vw) - 3078 2959 13.23 100.62 CH;ss(94)
6 2885(w) 2857(vw) 3028 2911 27.37 289.85 CH;ops(93)
7 1557(ms) 1585(w) 1621 1559 29.15 34.25 vCC(91)

8 1520(ms) 1542(vw) 1597 1535 30.82 7.99 vCC(90)

9 - 1457(w) 1495 1437 18.95 13.19 CH;ipb(88)
10 1425(ms) - 1488 1430 127.04 4.38 vCC(86)

11 - - 1487 1430 8.29 10.13 vCC(83)

2 - 1310(vw) 1420 1365 0.29 22.46 vCC(84)

13 1345(ms) - 1396 1342 36.20 1.64 CH;3sb(85)
14 1257(w) 1230(vw) 1315 1265 1.07 4.54 VCN(82)

15 1228(vw) - 1287 1237 0.45 2.95 VCN(81)

16 1165(w) 1239 1191 10.12 10.02 CH;0pb(80)
17 1085 (w) 1159 1114 9.15 0.53 bCH(78)

18 1071(ms) - 1101 1058 112.42 17.36 bCH(79)

19 - 1054 (w) 1064 1023 3.44 0.20 bCH(76)
20 1014(ms) - 1041 1001 19.30 3.11 CH;ipr(74)
21 - - 1006 967 0.22 1.04 ®CH(72)
22 - - 984 945 0.06 0.05 ®CH(71)
23 - - 936 900 1.18 0.11 ®CH(75)
24 800(ms) - 832 799 26.80 0.43 CH;opr(74)
25 750(vw) 785(vs) 822 790 18.77 24.67 vCBr(73)
26 628(vw) - 738 710 2.39 0.28 bCC(77)
27 614(w) 642(s) 644 619 421 5.86 Rasymd(68)
28 571(vw) - 601 578 12.99 0.44 Rsymd(67)
29 - - 494 475 7.82 0.13 Rtrigd(69)
30 420(ms) - 420 404 3.88 0.28 ®CC(65)
31 - - 366 352 1.16 0.96 tRasymd(64)
32 - - 297 285 0.18 1.74 tRsymd(62)
33 - - 286 275 6.30 10.17 “tRtrigd(61)
34 - - 216 208 0.78 0.11 bCBr(59)
35 - - 102 98 0.50 0.06 ®CBr(57)
36 - - 65 62 0.08 0.65 tCH; (58)

the frequencies determined using the DFT-B3LYP
approach'”.

CH; group vibrations

A total of nine fundamentals should be assigned
frequencies to each CHj; group: the CH; symmetrical
stretching, the CHj; in-plane stretching, the CH; out-of-
plane stretching, the CH; in-plane bending, the
symmetrical deformation modes, asymmetrical
deformation modes, the in-plane rocking, the out-of-
plane rocking, and twisting t(CH;) modes. The
detection ranges for asymmetric and symmetric
stretching vibrations are 3010-2970 and 2940-2900 cm
!, respectively. The FTIR and Raman spectra of 2BMP
show that its CH; symmetric and in-plane stretching
frequencies are located at 2963 cm™ and 2914 cm™,
respectively. The CH; symmetric bending at 1345 cm™

and the CH; in-plane bending modes at 1457 cm™ are
identified in the spectra. In the infrared, the in-plane
and out-of-plane rocking modes of CH; are responsible
for the bands seen at 1014 cm™ and 800 cm™. The CH;
out-of-plane stretching and bending modes are found at
2885, 2857, and 1165 cm™ in the infrared and Raman
spectra, respectively. Table 3 presents the remaining
modes of vibration of the CH; group. These modes
likewise exhibit strong agreement with the assignments
and get support from the reported literature™,

C-H vibrations

Many weak bands that are commonly seen in the
3100-3000 cm™' region of aromatic compounds are
caused by the C—H stretching vibrations®. As a result,
C-H stretching vibrations have been identified at
3085, 3042, and 3028 cm™' in Raman as well as the IR
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band at 3028 cm’. Their PED values confirm this
identification. Sharp bands that interact with C-C
stretching vibrations are seen in the 1300-1000 cm’
area and are linked to C-H in-plane ring bending
vibrations. In 2BMP, the vibrational bands at 1085,
1071, and 1054 cm™ are indicative of the C—H in-
plane bending vibrations. The C-H's highly coupled
out-of-plane bending vibrations are located between
900 and 667 cm’. Excellent agreement is found
between the theoretically expected values for C-H
vibrational modes via the B3LYP/6-311++G(d,p)
method and the observed results.

Pyridine ring vibrations

The C-C stretching ring of pyridine and the C-N
stretching bands of aromatic rings are often identified
within the respective frequency'’ ranges of 1600-1450
cm” and 1450-950 cm™. The C-N stretching modes,

TD-DFT/B3LYP/6-311++G(d,p)

~
P
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£
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n
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<
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Fig. 5— UV-Vis spectra of 2-bromo-5-methylpyridine

which are calculated as 1265, 1237 cm™ using the
B3LYP/6-311++G(d,p) method, are assigned to the
experimental wave numbers 1257, 1228 cm™ in FTIR
and 1230 cm™ in FT-Raman. The location and mass
of the vibrational mode are significant determinants in
pyridine ring breathing, which typically occurs in the
wave number range of 900-750 cm”. The ring
vibrational modes of 2BMP are identified by the wave
numbers in the FT-IR at 614 and 571 cm™, as well as
the FT-Raman spectrum at 642 cm’'. Table 3
illustrates the observed skeleton vibrational modes
and ring out-of-plane vibrations, which exhibit a
strong connection with the experimental findings.

C—Br vibrations

The most aromatic bromo compounds'’ (C-Br
stretching vibrations) occur in the range of 650 to
395 cm™. Due to the possibility of a combination of
vibrations caused by the heavy atoms, the vibration
linked to the bromine atom and ring is the most
prominent. The current investigation has detected C-
Br vibration at 750 cm™ in FTIR and 785 cm™ in FT-
Raman. The in-plane and out-of-plane C-Br vibrations
for 2BMP are measured at 208 and 98 cm’,
respectively, and are displayed in (Table 3).

UV-Vis Analysis

Time-dependent density functional theory has been
used to study the molecular system's absorption
characteristics (TD-DFT). Using the B3LYP/6-
311++G(d,p) basis set, the electronic absorption
spectrum of 2BMP was simulated using TD-DFT in
the gas phase. Figure 5 displays the UV-Vis spectra of
2BMP. Absorption peaks at 271.22 nm in the
experimental spectrum belong to the @ to n* range and
demonstrate a transition from HOMO to LUMO
(90.34% contribution). The computed absorption
wavelength, oscillator strength, and excitation
energies”’ are displayed in (Table 4). The absorption
peaks at 253.36 nm with excitation energies of 4.8936
eV, respectively, are visible in the computed spectra.

Frontier Molecular Orbitals (FMOs)

The chemical reactivity, electronic properties, and
molecular transitions of the molecule may all be
ascertained using the FMO analysis. Furthermore,

Table 4 — Molecular orbital contributions of 2-bromo-5-methylpyridine

TD-DFT/ B3LYP/6-311++G(d,p)

Experimental wavelength

Energy (eV) Oscillator strength Computed Major contributions Assignment (nm)
wavelength (nm)
4.8936 0.0592 253.36 H—L (90.34%) n—om* 271.22
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FMO analysis may be used to determine the
properties of ligand molecules and their interactions
with biological receptors®. The highest occupied
molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO), respectively, stand for the
capacity to donate an electron to an empty orbital.
Ehomo of -7.02 eV and E ymo of -1.44 eV were
discovered for the 2BMP molecule. The FMOs of
2BMP are shown in (Fig. 6). The main position of the
HOMO was the bromine atom, while the main site of
the LUMO was the pyridine ring moiety. FMOs are
shown in red and green, respectively, for their
positive and negative phases. The energy gap value of
5.58 eV for the 2BMP molecule was calculated in this
case, suggesting that the molecule has a stable
structure. LUMO energy and HOMO energy are
associated with the ionization potential and electron
affinity, respectively. Additionally, Table 5 presents the
molecular characteristics of 2BMP linked to the FMOs,
ascertained by employing Koopmans' theorem™.
Electrophilicity index, ionization potential, electron
affinity, hardness, chemical potential, and softness
values are a few of these characteristics. A molecule's
electronegativity (¢) indicates its ability to attract
electrons. A stronger electron attraction is produced by a
higher electronegativity value. The value of (¢) in
2BMP was found to be 4.23 eV. Softness (S) is the

E(HOMO) = -7.02 eV

2.5

inverse of hardness (1), which represents the level of
chemical reactivity. 2BMP's hardness and softness are
determined to be 2.79 eV and 0.18 eV, respectively.
The electrophilicity (w) scale developed by Domingo
et al.* may be used to categorize organic compounds
as minimal electrophiles (o < 0.8 eV), medium
electrophiles (0.8 < o < 1.5 eV), or high electrophiles
(0 > 1.5 eV). The 2BMP electrophilicity index (o) in
the gas phase is found to be 3.21 eV, indicating a
strong electrophile.

In a border zone, adjacent orbitals may have
comparable degenerate energy levels. If so,
characterizing border orbitals only in terms of HOMO
and LUMO may not be adequate. The density of states

Table 5 — Global reactivity descriptors for 2-bromo-5-

methylpyridine
Molecular Properties B3LYP/6-311++G(d,p)
HOMO (eV) -7.02
LUMO (eV) -1.44
AE (Exomo -ELumo) (eV) 5.58
Ionization potential (I) (eV) 7.02
Electron affinity (A) (eV) 1.44
Global hardness (n) (eV) 2.79
Global softness (S) (eV™") 0.18
Electronegativity (y) (eV) 4.23
Chemical potential (n) (eV) -4.23
Global electrophilicity () (eV) 3.21

—
AE =558 ¢V

9

Ewuvo) =-1.44 eV

2.0t

s B

1.0

— Alpha DOS spectrum

—— Beta DOS spectrum

— Total DOS spectrum (scaled by 0.5)
Alpha Occupied orbitals

—— Alpha Virtual orbitals

Beta Occupied Orbitals

Beta Virtual Orbitals

0.5
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Fig. 6 — HOMO-LUMO and DOS spectrum of 2-bromo-5-methylpyridine
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(DOS) is the total of the beta () and alpha () electron
density of states since the molecular orbital information
and Gaussian curves are merged using the Gauss Sum
3.0 program. The 42a and 428 combinations together
make up the 84 electrons that occupy the DOS in
2BMP. As seen in Figure 6, the orbital structure of a
molecule controls the chance of the chemical bonds
that hold its atoms together.

Molecular electrostatic potential

MEP illuminates the responsive areas® of the
chemical bonding process by utilizing its different
colour codes. The MEP surfaces of 2BMP in the gas
phase, computed at B3LYP/6-311++G(d,p), are
displayed in (Fig. 7). The MEP increases our
understanding in electrophilic, substituent effects, and
inter-intramolecular interactions by establishing
connections with the chemically active regions of
molecules. Red, yellow, blue, and green have
progressively stronger electrostatic potentials. The
lone pair of nitrogen and bromine atoms in 2BMP
form the electron-rich (red) and moderately electron-
rich (yellow) portions. The electron-deficient (blue)
portion of the molecule is surrounded by hydrogen
atoms. The reason for this is because hydrogen atoms
have joined the negatively charged nitrogen atoms.
The ring system has the neutral electric potentials
(green) surrounding it. It was anticipated that the
electrophilic region of 2BMP would be found in the
hydrogen atoms of the pyridine ring.

The most promising red regions in this analysis
sufficiently illustrate the electrophilic character of
nitrogen (N1). The other nitrogen (N1) shows some
electrophilicity because of its link with a hydrogen
atom. Every hydrogen possesses clusters of
nucleophilic patches, with the hydrogen (H14) that is
bonded to bromo having the most (blue area). The
Mulliken charges map in Figure 8, which shows that
atom C11, has the largest negative charge in
comparison to atom C5 and atom H9 has the highest
positive charge in comparison to other hydrogens in
2BMP, further supports this conclusion.

Natural bond orbital analysis

The NBO technique of provides the most realistic
description of a "natural Lewis structure" because it
mathematically modifies all orbital parameters. The
NBO method's ability to produce information on
interactions in both virtual and filled orbital spaces is a
helpful feature that might improve research on intra-
and intermolecular interactions’. The energy of

electron transference or hyperconjugativecontact has
been computed using the second-order perturbation
method. The NBO study of 2BMP has evaluated the
donor-acceptor  interactions using the second-
orderFock matrix by employing the B3LYP technique
and the 6-311++G(d,p) basis set. The delocalization of
electron density between occupied Lewis-type NBO
orbitals and formally empty non-Lewis NBO orbitals
can be used to represent a stabilizing donor-acceptor
interaction. Table 6 provides a list of the corresponding
outcomes. The orbitals interactions m(N1-C2)—n*(C5-
C6), n(C5-C6)—n*(C3-C4), and n(C3-C4)—m*(NI1-
C2) in 2BMP have the greatest stabilization energies
(10.63, 10.87, and 13.26 Kcal mol'l). These
interactions result in high electron concentrations in the
anti-bonding C-C acceptor orbitals (about 0.877e,
0.818e, and 0.835¢). Out of all antibonding orbitals,
69.06 and 49.44 Kcal mol ' stabilize n*(N1-C2) —
1*(C3-C4) and n*(N1-C2) — *(C5-C6). Furthermore,
the lone pairs bromine (Br8) provide transfer charges
with magnitudes of 5.72 Kcal mol™ to the antibonding

Fig. 7— MEP plot over the atoms of 2-bromo-5-methylpyridine

0.8

B3LYP-6311++G(d,p)
0.6

3C 4C sC

7H 8Br 9H 10H 12H 13H 14H|

Atoms

—0.8+

~1.0

Fig. 8 — Mulliken population analysis of 2-bromo-5-

methylpyridine
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Table 6 — Second-order perturbation theory analysis of Fock matrix for 2-bromo-5-methylpyridine

Donor(i) ED (i) (e)  Acceptor (j) ED (j) (e) Stabilization energy Energy difference Fock matrix element
E(2) (Kcal/mol) E (j) —E (i) (arb. units) F(i,j) (arb. units)
n(N1-C2) 0.877 n*C3-C4 0.144 6.19 0.34 0.058
n(N1-C2) 0.877 n*C5-C6 0.150 10.63 0.35 0.078
o(N1-C6) 0.986 6*(C2-Brd) 0.035 2.94 0.91 0.066
o(C3-C4) 0.985 o*(C2-Brd) 0.035 2.64 0.8 0.059
w(C3-C4) 0.835 n*(N1-C2) 0.211 13.26 0.26 0.076
w(C3-C4) 0.835 *(C5-C6) 0.150 8.93 0.29 0.065
6(C3-H9) 0.990  o*(N1-C2) 0.014 2.56 1.09 0.067
n(C5-C6) 0.818 n*(N1-C2) 0.211 9.45 0.26 0.063
n(C5-C6) 0.818 n*(C3-C4) 0.144 10.87 0.28 0.071
o(C6-H7) 0.991  o*(NI1-C2) 0.014 221 1.08 0.062
o(C6-H7) 0.991 c*(C4-C5) 0.012 2.08 1.09 0.06
o(C11-H14) 0.994 o*(C4-C5) 0.012 2.34 1.07 0.063
LP(1)N1 0.946 o*(C2-C3) 0.018 5.19 0.89 0.087
LP(1)NI 0.946 6*(C2-Brd) 0.035 2.55 0.42 0.042
LP(1)N1 0.946 c*(C5-C6) 0.016 4.19 0.91 0.079
LP(1)N1 0.946 o*(C6-H7) 0.012 2.09 0.76 0.051
LP(2)Br8 0.987 o*(N1-C2) 0.014 241 0.84 0.057
LP(3)Br8 0.966 7*(N1-C2) 0.211 5.72 0.28 0.055
1*(N1-C2) 0.211 n*(C3-C4) 0.144 69.06 0.02 0.084
n*(N1-C2) 0.211 *(C5-C6) 0.150 49.44 0.03 0.081

n*(N1-C2) orbital. Strong hyperconjugative interactions
between the nitrogen and bromine atoms and the ring
structure result in a significant reduction of the lone
pair electron density in comparison to other orbitals.
Furthermore, the results from the HOMO-LUMO plot
in the figure also generally mirror the results of NBO,
as the bromine atom was the principal site for the
HOMO and the pyridine ring moiety constituted the
primary position for the LUMO.

Mulliken analysis

Mulliken populations provide one of the simplest
representations of charge distribution”. We look at
the atomic charges for 2BMP, which are displayed in
(Fig. 8 and Table 7). In this case, the charges of the
nitrogen (N1) atom are positive (0.053). The molecule
is strongly acidic, as indicated by the optimistic
hydrogen atoms of charges 0.219, 0.25, 0.227, 0.170,
and 0.156 for 2BMP. The carbon atoms C3 and CS,
which have respective positive charges of 0.224 and
0.606, are the strongest. The donor bromine atom (Br8)
in the 2BMP has a negative charge of -0.092, while the
most negatively charged atoms are C2, C4, C6, and C11
(-0.539, -0.151, -0.56, and -0.733). Substitutes have a
major impact on the charges of both positive and
negative carbon atoms.

Table 7 —Mulliken atomic charges for 2-bromo-5-methylpyridine

Atoms Atomic Charges (Mulliken) by B3LYP/6-
311++G(d,p)

N1 0.053

C2 -0.539

C3 0.224

Cc4 -0.151

Cs5 0.606

Co -0.56

H7 0.219
Br8 -0.092
H9 0.25
H10 0.227
Cl11 -0.733
H12 0.17
H13 0.17
H14 0.156

Fukui function

Fukui function analysis is essential for understanding
chemical reactivity and selectivity. Stated differently, it
illustrates how the electron density may shift at a given
site in order to provide or take up electrons that are more
susceptible to assault by electrophiles or nucleophiles.
Fukui functions have been determined for 2BMP for
assaults that include electrophilic, radical, and
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Table 8 — Fukui functions for 2-bromo-5-methylpyridine

Atoms Mulliken Charges Fukui functions
N+1 -1 — 0
q(N+1) a(N) q(N-1) I fi 1 Af(r)
N1 -0.34 0.05 0.22 -0.39 -0.16 -0.28 -0.23
C2 1.80 -0.54 -0.54 2.34 0.00 1.17 2.34
C3 -1.11 0.22 0.29 -1.33 -0.07 -0.70 -1.27
C4 -0.69 -0.15 -0.09 -0.53 -0.06 -0.30 -0.47
C5 -0.19 0.61 0.59 -0.80 0.02 -0.39 -0.82
Cé6 -0.29 -0.56 -0.52 0.27 -0.04 0.11 0.31
H7 -0.55 0.22 0.27 -0.77 -0.05 -0.41 -0.72
Br8 0.54 -0.09 0.29 0.63 -0.38 0.13 1.01
H9 0.19 0.25 0.29 -0.06 -0.04 -0.05 -0.02
H10 -0.34 0.23 0.26 -0.57 -0.03 -0.30 -0.53
Cl1 -0.01 -0.73 -0.68 0.72 -0.06 0.33 0.78
H12 0.37 0.17 0.22 0.20 -0.05 0.08 0.25
H13 -0.27 0.17 0.22 -0.44 -0.05 -0.24 -0.39
H14 -0.16 0.16 0.18 -0.32 -0.03 -0.17 -0.29
nucleophilic attacks. It is possible to derive the Fukui Table 9 — 3C and 'H NMR chemical shifts for 2-bromo-5-
function from each individual atomic charge by using methylpyridine
Mulliken population analysis. A common method for  Atoms Experimental Shift Calculated shift
calculating Fukui function™ is: (ppm) (ppm) R°=0.999
. ci - 17.62
Si=q,(N+1)—q,(N) c3 133.40 131.74
_ C5 138.77 137.13
fe =q;,(N)=q;(N-1) c4 140.44 141.96
1 Cé6 150.90 154.61
0 2 - 166.54
T :E[qj(N”)_qj(N_l)] H14 - 1.98
H13 2.23 2.26
These groups are present in 2BMP and are fiee g;z gig ig?
radical, electrophilic, and nucleophilic. The atom charge H110 748 740
at the jth position in the anionic (N+1) and cationic (N-1) H7 8.20 826

chemical types is denoted by the symbol g. Morell
et al’’ recently presented a dual descriptor. Equation
supports its definition, which states that it is the
distinction between the electrophilic and
nucleophilicfunctions:

NO)=17 -1

Based on their sign, the dual descriptor differentiates
between electrophilic and nucleophilic assaults at a
certain location. Based on the values shown in Table 8,
the nucleophilic sites for 2BMP are C2, C6, Br§, C11,
and H12, which satisfy the dual descriptor criteria. In
contrast, there are negative values for the electrophilic
sites N1, C3, C4, C5, H7, H9, H10, H13, and H14.
Depending on its local behaviour, the molecule 2BMP
reacts to both electrophilic and nucleophilicattacks
during the process.

NMR analysis
A  more thorough discussion of 2BMP's
characteristics is provided through 'H and “C NMR

spectroscopy. Using dimethyl-sulfoxide medium the
NMR spectra of 2BMP are obtained. Gauge-
independent atomic orbital technique (GIAO) was
utilized to determine the 'H and "C chemical shift
values using the B3LYP method with 6-311++G(d,p)
basis set. Table 9 presents the °C and H' chemical shifts
of 2BMP that have been measured and estimated, using
tetramethylsilane (TMS) as a reference. The data's
spectral representation is displayed in (Fig. 9).

Ring carbon atom chemical changes usually fall
between 100 and 200 ppm’”. It is predicted that the
C NMR shift for C2 will be largest when nitrogen
and bromine (N1 and Br8) provide the least effective
shield. C2's calculated shift is 166.54 ppm. The
carbon atom Cl11 connected with the ring system
shows a little chemical change at 17.62 ppm as a
result of the enhanced shielding effect. A greater
wave number is obtained by direct connections or
closeness to an electron-accepting atom, which
reduces hydrogen shielding and enhances resonance.



KUMAR et al.: STUDIES ON POTENT ANTI-CANCER AGENT

Figure 9 shows that the predicted shift for H7, which is
associated with the carbon atom (C6), exhibits a high
value of 8.26 ppm. H7 exhibits a measured chemical
change of 820 ppm in its 'H NMR spectra. As
hydrogens approach an electron donor, shielding
increases and the resonance shifts to a shorter
wavelength. As a result, the calculated shift for H14
produces a 1.98 ppm lower value.
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Topological studies

Strong relationships between the structure and its
surroundings, such as well-known H-bond partners,
repulsive steric and Van der Waals forces, have been
found using the Non-covalent interaction (NCI)**. The
components of 2BMP configuration that demonstrate
molecular  docking,  self-assembly,  chemical
firmness, biologic affinity and disinclination, and

SCF GIAO Magnetic shielding SCF GIAO Magnetic shielding
2 6C 460 1¢ 204 134
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Fig. 10 — Representation of the outcomes of topological analysis using Multiwfn program (A) Scattered RDG plot; (B) Isosurface region;
(C) Colour filled ELF plot; (D) Projected ELF plot; (E) Colour filled LOL plot; and (F) Projected LOL plot of 2-bromo-5-methylpyridine
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recrystallization needed NCI data. The results of this
study produced the Reduced Density Gradient (RDG)
map, as is displayed in (Fig. 10A & B). It depends on
the electron density and its by-products.

The NCI plot is obtained by plotting the RDG
versus the sign for the eigenvalue of the electrons in
the Hessian matrix (A2) multiplied by the value of the
density (p). The sort of interaction is predicted by the
(sign A2) p value. Attraction, Repulsion, and Van der
Waals (VDW) links®® are represented by the values of
sign (A2)p, which are sign (A2)p < 0, sign (A2)p > 0,
and sign (A2) p = 0. Little red areas at 0.02, 0.03, and
0.04 a.u., as seen in the image, indicated thepresence
of weak steric force, while two green shade spikes at
0.015 and 0.02 a.u. indicated the existence of Van der
Waals forces on 2BMP. The development of non-
covalent areas in 2BMP is shown by the existence of
blue colour spikes.

Most research, such as LOL and ELF, only goes so
far in exploring topological analysis. A strong
likelihood of discovering a pair of electrons on the
outermost layer of 2BMP is suggested by the ELF and
LOL of Multiwfn software suite. The colour-shaded
and relief plots of LOL and ELF are displayed in
(Figs 10C-F). The relief chart's condensed or huge
peak region indicates the electron location with
respect to the relevant atom. The ELF and LOL plots
are advanced between 0.0 and 1.0 and 0.0 and 0.8,
respectively™ In nature, the chemical compositions of
LOL and ELF are parallel due to circumstances that

A

Front view

Back view

Gla s

rely on kinetic energy density. While ELF accounts
for the number of electron pairs, LOL provides for the
greatest number of localized orbitals that intersect due
to the orbital gradient. But if electron localization
prevails over electron density, the LOL obtains
significant values > 0.5 (i.e., areas below 0.5 indicate
delocalized electronic zones).

Hirshfeld analysis

The importance of the interactions for the stability of
the crystal lattice has been determined, and their
strength and function have been comprehensively
investigated, using Hirshfeld surface analysis. The
Hirshfeld surfaces of 2BMP are shown in Figure 11A,
which shows front and back surface views with dyom
range of -1.23 to 0.87 A. To enable the molecular
moiety to be seen, the surfaces are rendered
transparent, with each structure having the same
orientation. The deep red, considerable -circular
depressions on the surfaces indicate hydrogen-bonding
interactions, reveal how well the data in
(Fig. 11B) is summed in these locations. The
intermolecular interaction of 2D fingerprint plots™ are
analysed in (Fig. 11C).

The pattern of blue and red triangles on the same
area of shape index surfaces actually illustrates the
n—n stacking. The big flat region on the curvature
surfaces that is indicated by a blue outline illustrates
it. The distinctive characteristics are examined in
order to determine directional interactions. Figure
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Fig. 11 — (A) dyomfront and back view; (B) Shape index; and (C) Fingerprint plot of 2-bromo-5-methylpyridine



KUMAR et al.: STUDIES ON POTENT ANTI-CANCER AGENT 695

11C illustrates this analysis's relative contribution for
each contact found in the 2BMP. As noted earlier,
H---H connections account for the largest portion of
the contribution (30.3%). The fingerprint plot's
bottom left (donor) region, which depicts the
interaction between acid and water oxygen to create a
two-dimensional ~ bond, displays the H---H
interactions as a spike. The H-Br interactions are
shown as a spike in the lower right section (acceptor)
of the fingerprint plot. H-Br interactions make up23%
of all Hirshfeld surfaces.

Molecular docking

Pharmacological drug development uses a tool
called "molecular docking" to examine the ligand and
protein binding sites. Based on previous researc, we
have selected few human progesterone and estrogen
receptors. The interaction between 2BMP and
proteins known to be associated with breast cancer,
including the human progesterone (PDB ID: 40AR)
receptor, the epidermal growth factor, the human
estrogen (PDB ID: 1ERE) receptor, and the
estrogensulfotransferase (PDB ID: 1AQU) receptor, is
illustrated in (Fig. 12) of our in silico study. When it
comes to interactions with the 1AQU protein,
Table 10 data show that 2BMP has the highest

PDB ID:1ERE

LEU
Interactions A:387

binding affinity. The binding energy of 1AQU has
been found to be -5.4 Kcal mol" with no hydrogen
bond interaction.

Our findings show that 2BMP interacts with the
1ERE receptor of binding energy -5.1 Kcal mol™ by
one traditional hydrogen bond, as shown in (Fig. 12).
The distances between the residues of ALA A: 350
are 2.99 A respectively. As seen in Figure 12, 2BMP
forms one hydrogen bond with the 4OAR receptor,
with LYS A: 822 residues separated by 2.51A,
respectively. The protein 4OAR and the ligand 2BMP
have a substantial -5.4 Kcal mol™' affinity for one
another. 40AR has the highest binding energy and
contains the hydrogen bond with the least distance.
The 2BMP ligand consequently binds with the
proteins associated with breast cancer and has the
potential to suppress its activity.

ADMET analysis

The study shows the absorption and metabolism
properties of 2BMP in (Table 11). There is more
Caco-2 permeability present if the log Papp value
recorded by the pkCSM server is greater than 0.90. In
order to absorb food and medications, the human
intestine is necessary. It is considered that compounds
have poor human intestinal absorption (HIA) when

U PDB ID : 40AR

A:388

I Conventional Hydrogen Bond ] Anvt
[] carbon Hydrogen Bond
2D
LYS
A:197
4.86
TYR mo
A:193
3. .
s%8ba.98 _
VS Interactions
PHE TRP I Cconventional Hydrogen Bond [] Alkyl
Interactions A:229 B I unfavorable Positive-Positive
/ B #-Covon [ asn 2D
3D Bl ~-some 2D [ pramyt

Fig. 12 — Molecular Docking of 3D and 2D interaction with H-Bond donor-acceptor colour grade of 2-bromo-5-methylpyridine with
PDB ID: 1ERE, 1AQU and 40AR target proteins
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Table 10 — Comparison of binding energies of 2-bromo-5-methylpyridine
S.No Protein Binding Energy (Kcal/mol) Interacted Residues Ligand and Protein atom
involved in H-bonding
1. 1ERE 5.1 ALA A: 350, MET A:388, LEU A :391, LEU A :387 ALA A:350
. 1AQU -5.4 LYS A: 197, TYR A:193, PHE A: 229, TRP A:53 -
3. 40AR -5.4 LYS A: 822, PRO A: 696 LYS A: 822
Table 11 — ADMET profile of 2-bromo-5-methylpyridine
ADMET prediction Value ADMET prediction Value Pharmacokinetic properties Value
CaCo-2 1.7  Excretion Total Clearance -0.014 Physiochemical Molecular weight 172.02
permeability (log mL/min/kg) properties (g/mol)
(log Papp in 10°® No. of Hydrogen 1
Absorption  cm/s) bond acceptors
No. of Hydrogen 0
bond donors
Fraction Csp 3 0.17
Intestinal 96.635
absorption (human)
(%)
Skin Permeability -2.184 Renal OCT2 No  Water Solubility ESOL -2.97
(log Kp) substrate
P-glycoprotein Yes Renal OCT2 ALI -2.30
substrate substrate
P-glycoprotein I No SILICOS-IT -3.26
inhibitor
P-glycoprotein 11 No Toxicity = AMES toxicity test No  Lipophilicity iLOGP 1.93
inhibitor
Distribution ~ VDss (human) -0.082 Max. tolerated dose 1.078 XLOGP3 2.39
(log L/kg) (human)
Fraction unbound 0.559 (log mg/kg/day) WLOGP 2.15
(human) (Fu)
BBB permeability  -0.139 hERG I inhibitor No MLOGP 1.58
(log BB) SILICOS-IT 2.54
CNS permeability — -2.541 hERG II inhibitor No Drug Likeness  Lipinski Yes, 0,
(log PS) violation
Metabolism CYP2D6 substrate No Oral Rat Acute 2.442
Toxicity (LD50)
(mol/kg)
CYP3A4 substrate No Oral Rat Chronic 1.792
CYP1A2 inhibitor No Toxicity (LOAEL) Veber Yes
(log
mg/kg bw/day)
CYP2C19 inhibitor No Hepatotoxicity No
CYP2C9 inhibitor No Skin Sensitisation Yes Ghose No
CYP2D6 inhibitor No T.Pyriformistoxicit  0.12 Egan Yes
y (log ug/L)
CYP3A4 inhibitor No Minnow toxicity 1.327 Bioavailability 0.55
(log mM) Score
their absorption level is less than 30%"'. In the human  data, suggests that 2BMP has superior dermal

gut, 2BMP absorbs 96.635% of its contents. When
given orally, a higher HIA suggests that the drug may
be more absorbed from the digestive tract. The most
challenging barrier in topical drug development is
breaking through the skin's protective layer. Various
in silico techniques are used to predict the degree of
skin penetration of the 2BMP. The skin permeability
(logKp) of -2.184, as reported by the pkCSM server

permeability. The hypothetical volume of distribution,
or VDss, is the whole dosage of a drug that would
be distributed uniformly to provide a concentration
similar to blood plasma. Increased VDss indicates
a wider distribution of the medication in tissue compared
to plasma. 2BMP was discovered with a VDss
(log L/kg) of -0.082, indicating a substantial volume of
dispersion.
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Fig. 13 — (A) BOILED-Egg plot; and (B) Radar plot of 2-bromo-5-methylpyridine

It indicates that the brain can be shielded from
dangerous drugs by the permeable Blood-Brain
Barrier (BBB). A blood-brain barrier perforation rate
of more than 0.3 suggests that the chemical may be
easily able to cross it, while a logBB of -1 indicates
that the molecule is poorly distributed to the brain.
LogBB of -0.139 on the pkCSM server indicates that
2BMP is significantly disseminated to the brain.
Another straight assessment that is performed via in
situ brain insertion with the medication administered
right away into the carotid artery is CNS permeability
(logPS). According to the pkCSM prediction method,
compounds with logPS> -2 are thought to be able to
enter the central nervous system, whereas compounds
with logPS<-3 are thought to be unable to do so.
According to research, 2BMP has a logPS value of -
2.541, which means it can enter the central nervous
system. Using 2BMP as a renal OCT2 substrate, the
pkCSM server reports a total clearance rate of -0.014.
The oral 2BMP treatment in rats was shown to have
acute and chronic toxicity limits of 2.442 mol/kg
(LD50) and 1.792 log mg/kg bw/day (LOAEL). No
inhibition of hERG I or II is observed by pkCSM
server for 2BMP. P-gP is believed to play a part in the
BOILED Egg Model of 2BMP. It is present in
numerous excretory systems, such as the hepatic,
intestinal, and renal ones. P-gP activation and inhibition
are essential phases in the metabolism of drugs.

The efficaciousness, lipophilicity, solubility, and the
Boiled egg model of lead compound 2BMP are

assessed by SwissADME,* a free online program; the
outcomes are presented in (Table 11). In this study, the
yellow section of the yolk is said to represent brain
penetration, and the white part, or albumin part, stands
for gastrointestinal absorption. Figure 13A shows that
the drug component appears inside the yolk region of
2BMP BOILED Egg model. This illustrates the drug's
capacity to penetrate the BBB. The lone instance of the
Ghose rule being broken occurred with the 2BMP,
whose molecular weight was 172.02 g/mol. The
Fraction of sp3 carbon atoms can be used to
describe the aliphatic degree and forecast the solubility
of a medicinal molecule. According to certain
theories, the therapeutic success rate of a given
chemical increases with increasing saturation.
The pharmacological molecule under research
was found to have a Fraction Csp3 of 0.90, indicating
a high degree of saturation, according to the
study. Figure 13B displays the radar plot that was
obtained. The lipophilicity of iLOGP, XLOGP3,
WLOGP, MLOGP, and SILICOS-IT wasestimated
to be 1.93, 2.39, 2.15, 1.58, and 2.54, respectively.
It was projected that the decanal water solubility
for ESOL, ALI, and SILICOS-IT would be
-2.97, -2.30, and -3.26, respectively. The water
solubility values obtained indicate a range from
somewhat soluble to highly soluble. The expected
pharmacokinetic properties confirm that the 2BMP is
sufficiently safe to be considered as a viable
therapeutic.
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Conclusion

Applying the DFT-B3LYP approach with the
conventional 6-311++G(d,p) basis set calculations has
yielded the optimal geometries, harmonic vibrational
wave numbers, and intensities of vibrational bands of
2BMP. The computation level was found to be more
consistent with experimental findings. Evidence
supporting the frequency assignment is provided by
the PED calculation. It is observed thatUV-Vis
spectral values are compared with the electronic
characteristics. It was used to find the NMR chemical
shifts for 'H and "*C, which are more consistent with
the experiment's findings. Reduced density gradient
analysis was used to evaluate the weak interactions of
2BMP, while the localized orbital locator and electron
localization function were used to evaluate the
molecule's structure. Atom-to-atom interactions in
crystal packing modes are characterized by their kind
and intensity using two-dimensional finger maps and
the Hirshfeld surface analysis. It has been found that
2BMP binds most strongly to the breast cancer
proteins 1ERE, 1AQU, and 40AR, with the highest
affinity energy values of -5.1, -5.4, and -5.4 Kcalmol,
respectively. Their binding affinity is comparable to
that of the common drug anastrozole (-5.9 Kcal mol™).
Ultimately, the physicochemical and ADMET
properties supported the drug-like characteristics of
2BMP, demonstrating the molecule's safety and non-
violation of any Lipinski rules.
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