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In present work, 1-methylnicotinamide (1-MNA) has been investigated
theoretically by density functional theory approach and investigated
its vibrational spectroscopy. To complete the structure optimization,
determination of vibrational frequencies and other valuable parameters,
B3LYP method used with the 6-311++G(d,p) basis set. Atoms in mole-
cules theory (AIM) had been used to evaluate ellipticity, isosurface
projection by electron localization function and binding energies.
The IR and Raman spectra have also been calculated computationally.
NBO analysis employed to determine interactions of donor and
acceptor. Fukui functions and molecular electrostatic potential (MEP)
showed reactive regions of the molecule. UV-vis spectrum calculated
using TD-DFT/PCM methods with different solvents. Thermodynamic
properties like free energy, enthalpy and entropy with various temperature
were calculated. By the use of the electrophilicity index, the probability
of the bioactive nature of the molecule was proved theoretically.
Protein-ligand interactions calculated and established by molecular
docking. The biological investigations for druglikeness also employed
for the (1-MNA).
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INTRODUCTION

An essential nutrient nicotinamide can be autogenously
metabolized in the liver by enzyme nicotinamide N-methyl-
transferase (NNMT) to 1-methylnicotinamide (1-MNA). Earlier
1-MNA was supposed to be biologically inactive substance,
however, recent studies show remarkable and tremendous thera-
peutic applications of this compound. Several biological studies
on 1-MNA proves that it has antithrombotic [1,2], anti-inflam-
matory [3], gastroprotective and vasoprotective [4] properties.
1-Methylnicotinamide is also a signalling molecule formed in
skeletal muscle to regulate energy metabolism [5] and can
regulate trombolytic and inflammatory processes in the cardio-
vascular system [6]. Recent study showed that 1-MNA can extend
life-span of diabetic rats [7]. Also, 1-MNA and its structural
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analogs were found to prevent cancer metastasis [8]. Other
than that 1-MNA can extend lifespan of diabetic rats, used in
many cosmetic products like hair and skin care products and
as adietary supplement [9]. In spite of huge biological applica-
bility, the 1-MNA has not been theoretically explored earlier
by any research groups.

This study includes density functional theory (DFT) approach
to study structural, vibrational along with spectroscopic details
like UV-visible, Raman, IR. Analysis of non-linear optical
properties, Frontier molecular orbital and molecular electro-
static potential (MEP) were also achieved. Scrutiny of results
will provide better understanding for expected intermolecular
interactions among the atoms of the studied molecule, which
in turn assists the justification of drug-receptor intermolecular
interactions and provide the path for scheming new nicotin-
amide bearing biologically active molecules.

COMPUTATIONAL DETAIL

The density functional theory (DFT) is an adequate tool
among various quantum methods to describe important prop-
erties of the molecule. For better representation of polar bonds,
enhancement of the lower basis sets was carried out by appl-
ying ‘d” and ‘p’ polarization functions for heavy and hydrogen
atoms respectively. Majority of calculations were executed with
B3LYP functional and 6-311++G(d,p) basis set [10,11] which
are provided in the Guassian 03W program package [12] and
some of results are also obtained by ORCA (4.0.1) [13]. The
optimized molecular structure is used to attain number of mole-
cular properties such as, geometrical parameters, vibrational
wavenumbers, HOMO-LUMO, natural bond orbitals (NBO)
and molecular electrostatic potential (MEP). VEDA4 [14]
software was used to assign vibrations along with their PED
(potential energy distribution). Use of atoms in molecule (AIM)
theory to determine electron localization function and electron
density ellipticity were also done. Molecular docking was also
carried out using Autodock-vina software. The SwissADME
tool [15] provides drug-likeness character of molecule, which
is important for any drug development. Multiwfn software [16]
for visualization and Origin8.0 software [17] for plotting
graphs were used.

RESULTS AND DISCUSSION

Optimized molecular geometry: For complete structure
optimization B3LYP method used with 6-311++G(d,p) basis
set. The obtained bond length and bond angles after optimi-
zation are summarized in Table-1 in ESI. The optimized structure
with labelled atoms is shown in Fig. 1. Since title compound
is not symmetrical therefore, it has C1 point group. The calculated
C—C—C and C-C-N bond angles for pyridine ring are ranges
in between 119.29 -121°. While C-C-H bond angle in the ring
ranges from 116.5-122.9°. The bond lengths of C-H almost
remains same. The C-C ranges 1.38-1.40 A because of ring
nitrogen. The bond lengths of all C-H bonds are found almost
similar (1.08 A). The C1-N6 and C5-N6 bond lengths are same
(1.35 A) with experiment bond lengths but shorter than N6-
C16, (1.48 A). On the other hand the bond length of C11-0O12
is shorter (1.21 A) than any C-C or C-N bond as usual. The
bond angle C2-C11-N13 (116.63°) also lesser than any ring

TABLE-1
OPTIMIZED GEOMETRICAL PARAMETERS OF
1-METHYLNICOTINAMIDE (1-NMA): BOND
LENGTH (A) AND BOND ANGLES (°)

Parameter RIS Parameter LESILVIE G-
311++G(d,p) 311++G(d,p)
Bond length (A) Bond angle (°)
Cl1-C2 1.3837 C1-C2-Cl11 123.0829
C1-N6 1.3551 C3-C2-Cl11 118.0868
C1-H8 1.0820 C2-C3-C4 119.6572
C2-C3 1.3995 C2-C3-H7 118.8149
C2-Cl11 1.5199 C4-C3-H7 121.5248
C3-C4 1.3902 C3-C4-C5 119.2909
C3-H7 1.0838 C3-C4-H9 121.5027
C4-C5 1.3830 C5-C4-H9 119.2022
C4-H9 1.0821 C4-C5-N6 120.6398
C5-N6 1.3515 C4-C5-H10 122.859
C5-H10 1.0817 C6-C5-H10 116.499
N6-C16 1.4860 C1-N6-C5 120.7857
C11-012 1.2115 C1-N6-C16 119.4931
C11-N13 1.3604 C5-N6-C16 119.6634
N13-H14 1.0082 C2-C11-012 118.4319
N13-H15 1.0118 C2-C11-N13 116.6391
C16-H17 1.0877 012-C11-N13 124.8768
C16-H18 1.0905 C11-N13-H14 122.0403
C16-H19 1.0876 C11-N13-H15 116.4398
Bond angle (°) N6-C16-H17 109.1241
C2-C1-N6 120.9925 N6-C16-H18 109.1976
C2-C1-H8 122.9056 N6-C16-H19 109.0373
N6-C1-H8 116.0706 H17-C16-H18 110.0475
C1-C2-C3 118.602 H17-C16-H19 109.3931
H18-C16-H19 110.0194

Fig. 1. Optimized structure of 1-methylnicotinamide (1-NMA) with atom
numbering, blue coloured is nitrogen, brown coloured are carbon
and red coloured is oxygen

angle of three atoms. The presence of nitrogen atom in the
ring, makes the bond angles slightly distorted from the perfect
hexagonal structure.

Vibrational spectral analysis: The simulation of IR and
Raman spectrum of 1-MNA was done by using B3LYP-6-
311++ G(d,p) basis set with scaling factor 0.961 (as reported
for the similar compounds) [18]. There are no imaginary
frequencies present in the calculated vibrational analysis
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indicating that the optimized geometry is present at the lowest [14] facilitate to calculate the partial energy distribution (PED)
site on the potential energy surface. and with the help of PED fundamental vibrational modes were

1-Methylnicotinamide (MNA) has 19 atoms and 51 modes characterized. Almost all fundamental modes of vibrations
of vibrations and symmetry possess Cs and C, point group. IR possess significant percentage of PED under C,; symmetry.
and Raman activity found for vibrations. The VEDA program Table-2 contains the calculated IR and Raman frequencies.

TABLE-2
CALCULATED VIBRATIONAL FREQUENCIES (cm™') ASSIGNMENTS OF
1-METHYLNICOTINAMIDE (1-NMA) BASED ON B3LYP/6-311++G(d,p) BASIS SET

Theoretical wave number (cm™)

Mode No. — — I Teaman® Assignments (PED)*"

51 3686 3543 18 25 Yas NH(98)
50 3564 3426 31 84 ¥, NH(98)
49 3227 3102 2 83 YCH(61)
48 3217 3094 2 8 YCH(29)
47 3216 3093 2 50 YCH(49)
46 3204 3080 2 24 YCH(46)
45 3175 3052 0 20 YCH(96)
44 3156 3034 0 30 YCH(94)
43 3071 2952 0 100 YCH(96)
42 1783 1714 100 21 YOC(77)
41 1661 1597 8 13 YCC(46) + BHCC(15)
40 1631 1568 30 4 BHCH(81)
39 1620 1557 3 7 BHCC(13)
38 1531 1472 30 1 YCC(14) + BHCC(26) + BHCH(10)
37 1505 1447 6 1 BHCC(15) + BHCH(35) + THCNC(12)
36 1489 1432 5 5 BHCH (58) + THCNC(24)
35 1474 1417 1 3 YCC(14) + BHCH(25)
34 1451 1395 1 3 BHCH(68)
33 1372 1318 63 12 YNC(19) + yCC(20) + BONC(14)
32 1355 1302 0 0 BHCC(29)
31 1335 1283 0 1 YCC(34) + YNC(30) + THCNC(10)
30 1225 1178 8 1 YNC(29) + BHCC(29)
29 1210 1163 5 5 YNC(15) + BHCC(19) + BCCN(16)
28 1162 1117 1 0 BHCC(18) + THCNC(13)
27 1146 1102 2 0 BHCH(14) + THCNC(38)
26 1144 1100 2 1 YCC(14) + BHCC(13) + THCNC(17)
25 1095 1053 0 5 YOC(10) + YNC(12)t+ BHNC(48)
24 1085 1043 2 0 YNC(13) + THCNC(28)
23 1046 1006 1 27 YCC(25) + BCCC(20) + BCCNC(13) + BCNC(11)
22 1031 991 0 0 BCCC(38) + TCCNC(12)
21 979 941 0 0 TCCNC(54)
20 933 896 2 0 THCCC(22)

19 895 860 2 0 WNC(28) + yCC(15) + BCCN(12)

18 839 806 6 0 THCCC(51)

17 755 726 12 0 TONCC(65)

16 734 706 0 7 YNC(19) + BCCN(28)

15 683 657 5 0 THCCC(26) + TCCNC(36)

14 637 612 8 1 BONC(48)

13 593 570 18 0 THNCC(50)

12 550 529 2 1 YNC(11) + BCCC(12) + BCNC(27)

11 523 503 3 3 YNC(13) + BCNC(28)
10 446 429 9 0 BCNC(10) + THNCC(17) + TCCNC(11) + TCCCN(16)
9 420 404 21 0 THNCC(28) + TCCNC(27)

8 391 376 12 0 BCNC(13) + THNCC(22) + tCCNC(17)
7 370 356 1 1 BCNC(33)

6 352 337 2 1 YCC(30) + BONC(19) + BCNC(14)

5 202 194 1 0 TCCNC(10) + TCNCC(26) + TCCCN(46)
4 141 136 2 1 T7CCCC(38)

3 116 112 1 0 -

2 51 49 3 1 TCNCC(49)

1 50 48 0 0 THCNC(79)

y-stretching, B-bending, T-torsion; *Scaling factor: 0.961 for BALYP/6-311++G(d,p); “Relative absorption intensities normalized with highest peak
absorption equal to 100; “Relative Raman intensities normalized to 100.
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Figs. 2 and 3 shows the simulated Raman and IR spectra of
I-methyl-nicotinamide (1-NMA).
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Fig. 2. Calculated Raman spectra of 1-methylnicotinamide (1-NMA) using

DFT/6-311++G(d,p)
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Fig. 3. Calculated computational infrared spectra of 1-methylnicotinamide
(1-NMA) using DFT/6-311++G(d,p)

N-H and C-O vibrations in amide group: The N-H stret-
ching vibrations for all heterocyclic compounds normally falls
in the region 3500-3000 cm™ [19]. Since MNA has one NH,
in amide group therefore, it is expected by NH, group to show
one symmetric and one asymmetric mode of N-H vibration
and it is also expected that the asymmetric stretching of NH
(mode no. 51) will have higher magnitude than the symmetric
stretching (mode no. 52) [15] these modes seem from 3543 to
3436 cm™ [20,21]. The PED of N-H mode is 98% with strong
peaks. The C-O stretching frequency is 1714 cm™ with 77%
PED shows most intense peak in IR spectrum. This stretching
frequency of C-O is little higher side because of pyridine ring.

C-H vibrations: The characteristic region of C-H ring
stretching vibrations is in the range of 3100-2950 cm™. There-
fore, it is confirmed by the presence of strong Raman intensity
of C-H stretching vibration. Different substituents do not much
influence the bands [22]. The title compound has four C-H
bonds in pyridine ring and three C-H bonds in methyl group.
The predicted four C-H stretching vibrations correspond to
mode from 43 to 49 (Table-2) shows stretching modes of C1-
H, C3-H, C4-H, C5-H and three C16-H bonds. The computed

C-H stretching vibrations frequencies are 3102, 3094, 3093,
3080 and 3052 cm™.

C-C vibrations: Generally, the carbon vibrations of hetero-
cyclic aromatic compounds found between 1400 and 1650 cm™
[23]. The actual positions do not determine by the substituents
and the form [24]. The expected (C=C) ring stretching vibrations
found in the region 1300-1000 cm™ [25]. The calculated C-C
stretching vibrations were 1597, 1472, 1417, 1318, 1283, 1100
and 1006 cm™ and C-N stretching vibrations were 1318, 1178,
1163, 1043 and 860 cm™'. The observed PED analysis showed
that the vibrations of given molecule is mixed modes given in
Table-2. All the C-C, C=C and C-N bands are within the expected
range.

Because of the presence of one N atom present in the ring
small variation found in C=C stretching. The bending modes
of C-C-C, C-C-N and C-N-O are assigned to the bands at 1006,
991, 806, 706, 529, 503, 429,404 and 612 cm™’. These modes
also shows mix modes in PED.

C-N vibrations: The assignment of C-N stretching band
is a difficult task in the side chain due to mixing. C-N stretching
frequency determined by Pinchas ef al. [26] at 1368 cm™ in
benzamide. The C=N showed peek at around 1500 cm™, If C-N
band appears close to 1300 cm™ then it suggest that C-N bonds
are present [23]. Theoretically scaled values were found at
1318, 1283, 1178, 1163, 1053, 1043, 860 and 706 cm™. The
PED of these vibrations are present in Table-2.

Molecular electrostatic potential (MEP) surface: The
molecular electrostatic potential surface indicates 3D charge
distributions of molecules. If we can predict the charge distri-
bution in the molecule, then it will be very useful to determine
molecular interactions and the character of the bond. It is really
important because electrostatic potential shows colour grading
corresponds to many characteristic properties of the molecule
like shape, size, positive negative and neutral charge. Therefore
this idea is important to analyze different physicochemical
properties of a molecule [27]. The colours distribution in Fig.
4 shows the different electrostatic potential at the surface of
the given molecule.

T
-4.337e-2 4.337e-2

Fig. 4. Molecular electrostatic potential (MEP) of 1-methylnicotinamide
(1-NMA)

The increasing order of electrostatic potential has been
given as: red < orange < yellow < green < blue. The range of
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the map is from -4.337e-2 a.u (deepest red) to 4.337e-2 a.u.
(deepest blue). The strongest repulsion that is electrophilic
attack is indicated by red colour while strongest attraction that
is nucleophilic attack shows by blue colour.

The lone pair of electronegative atoms normally present
with negative V(r) value. Fig. 4 shows presence of negative
electrostatic potential on the ring nitrogen atom while hydrogen
atoms associated with nitrogen showing positive electrostatic
potential in the amide group. Hydrogens of methyl group is
also showing positive electrostatic potential. The white colour
indicates the neutral region present in between both the ends,
red and blue [28]. The charge regions in the molecule will be
important to know intermolecular interactions and MEP diagram
also shows the behaviour to approaching protons.

Electron localization function (ELF): Electron locali-
zation function provides better understanding of localization
of electrons as electron pairs present in the Lewis structures.
ELF is the measure of excess kinetic energy density of Pauli
repulsion. The ELF value near to 1 indicates the strong probabi-
lity of finding paired or single electron and this value also
shows maximum Pauling repulsion and 0 ELF value indicates
minimum repulsion region. Therefore well localized electrons
possess strongest Pauli repulsion which would present in
chemical bonds, as lone pair electrons, efc. Thus ELF analysis
is an important parameter to give information about molecular
structure, chemical bonding and reactivity [29]. The ELF values
may be shown by using 2D and 3D graphs with the help of
colour coding and shaded contours shown in Fig. 5. Red colour
indicates ELF values near to 1 while decreasing values given
from yellow to green (about 0.7) and the least value near to 0
indicated by blue colour. The space near the hydrogen shows
maximum Pauli repulsion and indicated with red colour region.
While minimum Pauli repulsion indicate shown around the C
and N indicated by blue areas. The diagram with shaded surface
and with projection effect of electron locali-zation function
(ELF) of NMA is also present in graph separately. The covalent
bond regions of C-C and C-N have high LOL value, indicating
high degree delocalization. The lowest degree of delocalization
indicated by the blue regions in the molecule.

Non-linear optical (NLO) property analysis: The NLO
properties of 1-methylnicotinamide (1-NMA) molecule in the
gas phase at DFT/B3LYP,6-311++G(d,p) level was studied
with the help of its polarizability, hyperpolarizability and dipole
moment. Due to high sensitive of hyperpolarizabilities towards
the B3LYP at 6-311++G (d,p) basis set applied [30-32]. The
highest value of calculated dipole moment was in the X direction
i.e. -6.43 D and dipole moments in the Y and Z directions were
-2.57 and -2.00 D, respectively given in Table-3. Hence, there
was strong interaction between the atoms, indicated by the high
value of dipole moment (7.21 D) [33].

The reference value for NLO properties for molecular
systems is taken of the urea molecule for comparison [34]. The
total value of first order hyperpolarisability of given molecule
calculated was 2.05 x 10 esu, which is higher than the urea
(0.3728 x 10" esu). This high value indicates considerable
NLO properties. Thus this molecule may be used as a reference
molecule for NLO analysis.

Natural bond orbital (NBO) and natural hybrid orbital
(NHO) analysis: NBO analysis is one of the most important

1.000
[0.900
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r0.700
:0.600

r0.500
r0.400

0.300
0.200
0.100

0
9.18 1224 1530 1836 2142
Length unit: Bohr

0 306 6.12

Fig. 5. Electron localization function (shaded surface map with projection
effect and colour filled) of hydrogen bonding region in 1-methyl-
nicotinamide (NMA)

TABLE-3
THE VALUES OF CALCULATED DIPOLE MOMENT
u(D), POLARIZABILITY (o), FIRST ORDER
HYPERPOLARIZABILITY (B,,) COMPONENTS OF
1-METHYLNICOTINAMIDE (1-NMA)

Parameters LEID (> Parameters EEID gl
3114++G(d,p) 3114++G(d,p)
™ -6.4319 B -47.4608
By -2.5753 B -37.9506
L, -1.9934 B -8.0489
u(D) 7.2094 Byyy -1.5116
o, -33.3646 [ -13.8263
o -6.0399 By -5.9336
o,y -37.9674 Boyy -8.2280
o, -6.4702 B 0.4377
o, -0.1056 Byz -7.1410
o, -14.4183 B, 1.4183
0, (e.5.1) -4.23 x 10* B (€.5.1) 2.05% 10

study in the theoretical approach because it provides idea about
the covalency effect, intra and intermolecular charge transfer
(ICT), conjugation and hyperconjugation, etc. within the mole-
cular system [35,36]. In order to evaluate the stabilizing energies
of all the possible interaction between donor and acceptor
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orbital, second order perturbation theory was used [37,38].
By using off diagonal elements of Fockmatrix in the NBO basis,
the delocalization effect (or donor acceptor charge transfer)
was estimated. For each donor (i) and acceptor (j), the stabili-
zation energy (E2) associated with the delocalization of i—j
is determined by:

(Fij)*

0o %
€& &

E® =-n

where Fijis the Fock matrix element between i and j NBO
orbitals, €; and €:* are the energies of bonding and antibonding
NBO, respectively and nc the population of the donor s-orbital
[39].

The donor-acceptor interactions in the form of perturbation
energy given in Table-4. The ©(C5-N6)—m(C1-C2) and ©w*(C3-
C4) has 11.24 and 7.38 kJ/mol, n(C1-C2)— n*(C1-C2),
#(C3-C4), t#(C5-N6), n*(C11-012) and n*(C11-N13) has
1.78, 19.72, 15.34, 10.67 and 0.67 kJ/mol and m(C3-C4)

TABLE-4

SECOND ORDER PERTURBATION THEORY OF THE FOCK MATRIX NBO ANALYSIS OF I-METHYLNICOTINAMIDE (1-NMA)
Donor Type ED/e Acceptor Type ED/e (kcljl(/%r)lol) E?;f;l) F@,) (a.u.)

C1-C2 c 1.97690 CI-N6 o 0.02755 1.72 1.19 0.040

CI1-H8 o 0.01299 1.43 1.15 0.036

C2-C3 o 0.01938 3.27 1.30 0.058

C2-Cl11 o* 0.08122 1.09 1.15 0.032

C3-H7 o 0.01294 1.97 1.21 0.044

N6-C16 o 0.01623 3.74 1.02 0.055

C11-012 o 0.02950 1.02 1.36 0.033

C1-C2 b 1.62790 Cl-C2 * 0.26459 1.78 0.29 0.021

C3-C4 Tt 0.23275 19.72 0.31 0.072

C5-N6 ¥ 0.51197 15.34 0.22 0.054

C11-012 Tt 0.26093 10.67 0.37 0.058

C11-N13 ¥ 0.06603 0.67 0.77 0.022

C1-N6 o 1.98472 Cl1-C2 o* 0.02065 1.81 1.43 0.045

C2-Cl11 o* 0.08122 1.85 1.27 0.044

C5-N6 o* 0.02680 2.56 1.32 0.052

C5-H10 o* 0.01147 1.34 1.28 0.037

N6-C16 o* 0.01623 1.10 1.15 0.032

CI1-H8 1.97961 Cl1-C2 o* 0.02065 1.35 1.12 0.035

C2-C3 o* 0.01938 3.98 1.11 0.059

C5-N6 o* 0.02680 5.45 1.01 0.066

C2-C3 o 1.97444 Cl1-C2 o* 0.02065 3.18 1.27 0.057

CI1-H8 o 0.01299 2.69 1.12 0.049

C2-Cl11 o* 0.08122 1.47 1.12 0.037

C3-C4 o 0.01332 2.01 1.28 0.045

C3-H7 o 0.01294 0.82 1.18 0.028

C4-H9 o 0.01144 2.29 1.16 0.046

C11-N13 o 0.06603 1.36 1.20 0.037

C2-Cl11 c 1.97194 Cl-C2 ok 0.02065 1.78 1.19 0.041

CI-N6 o 0.02755 3.09 1.08 0.052

C2-C3 o 0.01938 1.59 1.19 0.039

C3-C4 o 0.01332 243 1.20 0.048

C11-012 o* 0.02950 0.82 1.25 0.029

N13-H15 o* 0.00715 2.33 1.09 0.045

C3-C4 o 1.98052 C2-C3 o* 0.01938 2.26 1.27 0.048

C2-Cl11 o* 0.08122 2.66 1.13 0.050

C3-H7 o* 0.01294 0.82 1.19 0.028

C4-C5 o* 0.01361 2.14 1.28 0.047

C4-H9 o* 0.01144 1.08 1.17 0.032

C5-H10 o* 0.01147 2.36 1.13 0.046

C3-C4 oL 1.55173 Cl1-C2 ¥ 0.02065 16.99 0.27 0.064

C5-N6 Uk 0.02680 46.60 0.20 0.088

C3-H7 o 1.97743 Cl1-C2 o* 0.02065 4.49 1.08 0.062

C2-C3 o* 0.01938 0.76 1.07 0.025

C3-C4 o* 0.01332 0.64 1.09 0.024

C4-C5 o* 0.01361 3.53 1.07 0.055

C4 -H9 o* 0.01144 0.61 0.97 0.022
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C4-C5 1.98048 C3-C4
C3-H7
C4-H9
C5-N6

C5-H10
N6-C16
C2-C3
C3-C4
C4-C5
C5-N6
CI1-N6
CI-H8
C4-C5
C4-H9
N6-C16
Cl-C2
C3-C4
CI1-N6
C3-C4
C4-C5
C4-H9
Cl-C2
CI1-N6
CI-H8
C4-C5
C5-N6
C5-H10
Cl-C2
C2-Cl11

C11-N13

N13-H14
Cl-C2

C11-012

N13-H14
C2-C3

C11-012

C11-012

C11-012

C2-Cl11

C11-012
C5-N6
C5-N6
CI1-N6
C5-N6
C5-N6
CI1-N6

C2-Cl11

C11-N13

C2-Cl11

C11-N13

C11-012

C11-012

C4-H9 1.97687

C5-N6 1.98550

C5-N6 T 1.80998

C5-H10 1.98093

C6-C16 1.98632

C11-012 1.99364

C11-012 1.97712

CI11-N13 1.99343

N13-H14 1.98536
N13-H15 1.98822
C16-H17 1.98872

C16-H18 1.98200

C16-H19
012

1.98875

LP(1) 1.97878

012 LP(2) 1.84841

N13 LP(1) 1.73972

0.01332 222 1.31 0.048
0.01294 222 1.20 0.046
0.01144 0.77 1.19 0.027
0.02680 1.53 1.19 0.038
0.01147 1.14 1.15 0.032
0.01623 3.96 1.02 0.057
0.01938 3.42 1.08 0.054
0.01332 0.83 1.09 0.027
0.01361 0.66 1.08 0.024
0.02680 4.83 0.98 0.061
0.02755 2.63 1.32 0.053
0.01299 1.41 1.28 0.038
0.01361 1.35 1.43 0.039
0.01144 1.14 1.32 0.035
0.01623 1.13 1.15 0.032
0.26459 19.38 0.39 0.079
0.23275 7.38 0.40 0.049
0.02755 5.58 1.00 0.067
0.01332 3.15 1.13 0.053
0.01361 1.04 1.11 0.030
0.01144 0.55 1.01 0.021
0.02065 2.15 1.31 0.048
0.02755 1.32 1.20 0.036
0.01299 0.51 1.16 0.022
0.01361 2.04 1.31 0.046
0.02680 1.30 1.20 0.035
0.01147 0.53 1.17 0.022
0.40857 1.40 1.55 0.042
0.02341 1.30 1.40 0.039
0.06603 1.50 1.48 0.043
0.00905 0.76 1.44 0.030
0.26459 4.08 0.38 0.038
0.26093 0.77 0.46 0.018
0.00905 0.90 0.82 0.024
0.06603 1.24 1.37 0.037
0.02950 1.41 1.43 0.040
0.26093 3.58 1.26 0.060
0.02950 2.04 0.73 0.037
0.08122 4.28 1.03 0.060
0.02950 0.59 1.24 0.024
0.02680 3.16 0.98 0.050
0.51197 0.62 0.47 0.018
0.02755 0.67 0.97 0.023
0.51197 0.75 0.97 0.024
0.02680 2.39 0.46 0.034
0.02755 3.26 0.97 0.050
0.08122 1.85 1.05 0.040
0.06603 1.90 1.14 0.042
0.08122 22.11 0.62 0.106
0.06603 24.29 0.70 0.119
0.02950 3.02 0.86 0.049
0.26093 42.34 0.33 0.106

—n*(C1-C2) and m*(C5-N6) has 17.00 and 46.60 kJ/mol,
which provide stabilization to the structure of studied molecule.
Hyper conjugation between the s- and the p-electrons of C-C
and C-N to the anti C-C and C-N bonds in the ring contributes
in the stabilization of the ring, indicated in Table-5. The most
stabilization energies are due to the three pairs of orbitals, namely
(C5-N6), (C1-C2) and (C3-C4). The maximum occupancies

of (C11-012) and (C11-N13) are 1.99364 and 1.99343, respec-
tively. It confirms that t-character of hybrid orbitals are contro-
lling these orbitals. For the acceptation of the Lewis structure
of molecule the occupancies must be greater than 1.90, thus
given occupancies are greater than this value therefore Lewis
structure of 1-NMA is accepted. The interaction energy of reso-
nance of title molecule were calculated by electron donating
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TABLE-5
HYBRID, POLARIZATION COEFFICIENT AND ATOMIC ORBITAL CONTRIBUTION IN
SELECTED NATURAL BOND ORBITALS OF 1-METHYLNICOTINAMIDE (1-NMA)

. Polarization . Polarization
Bqnd Lafyfertel 2 Atomic orbital (%) coefficient Lafyfomel 2 Atomic orbital (%) coefficient
orbital (hy) (cy) (hg) @)

o Cl1-C2 sp'? $(39.59%)p(60.37%)(0.04%) 0.7066 sp'%? $(34.28%)p(65.67%)d(0.05%) 0.7076
nt C1-C2 sp! $(0.01%)p(99.93%)d (0.06%) 0.7255 sp! 5(0.01%)p (99.95%)d(0.04%) 0.7255
o C1-N6 sp*® 5(28.99%)p(70.89%)d (0.12%) 0.6025 sp"8e $(34.90%)p (65.05%)d(0.04%) 0.7981
c C2-C3 sp'¥ $(34.57%)p(65.39%)d(0.04%) 0.7165 sp'¥ $(34.60%)p (65.36%)d(0.05%) 0.6976
c C2-Cl1 sp* s(31.14%)p(68.83%)d (0.04%) 0.7336 sp* $(33.32%)p (66.63%)d(0.05%) 0.6796
o C3-C4 sp'¥ $(35.22%)p(64.73%)d(0.05%) 0.7048 sp"”? 8(35.78%)p(64.18%)d(0.04%) 0.7094
1 C3-C4 sp! $(0.00%)p (99.91%)d(0.09%) 0.6709 sp! $(0.00%)p (99.93%)d(0.07%) 0.7415
o C4-C5 spt* $(33.97%)p(65.98%)d(0.06%) 0.7023 sph* 5(39.41%)p(60.55%)d(0.04%) 0.7119
o C5-N6 sp* $(28.83%)p(71.05%)d (0.12%) 0.6006 sp'8 5(34.98%)p(64.98%)d(0.04%) 0.7996
o C5-N6 sp! $(0.00%)p (99.83%)d(0.17%) 0.5428 sp'® $(0.01%)p (99.97%)d(0.02%) 0.8399
o N6-C16 sp*? $(30.08%)p(69.90%)d(0.02%) 0.8137 sp>4 $(22.30%)p(77.54%)d(0.16%) 0.5813
o Cl11-012 sp*? $(31.85%)p(67.98%)d(0.17%) 0.5979 sp 12 $(38.07%)p(61.81%)d(0.13%) 0.8016
n C11-012 sp! $(1.69%)p(97.88%)d (0.43%) 0.5648 sp! $(2.09%)p(97.78%)d(0.13%) 0.8252
6 C11-N13 sp™ $(32.85%)p2.04(67.05%)d(0.10%) 0.6274 sp'6? 0.7787

LP(1)012 sp°
LP(2)012 sp!
LP(1)N13 s

5(59.90%)p0.67(40.09%)d(0.02%)
$(0.01%)p (99.91%)d (0.08%)
5(3.86%)p(96.12%)d(0.02%)

3(38.13%)p1.62(61.81%)d(0.06%)

from LP(1)N13—-7n*(C11-012) and 6*(C11-012) which have
42.34 and 3.02 kJ/mol and LP(2) O12—n*(C2-C11) and
w#(C11-N13), which have stabilization energies 22.11 and
24.29 kJ/mol.

The information for the formation of complex is associated
with the changes in NBO bond polarization and hybridization
and the percentage changes of the studied compound 1-methyl-
nicotinamide (1-NMA) given in Table-5. The ¢ (C1-C2) bond
is built with sp"** hybrid of carbon (possess 39.59% s, 60.37%
p and 0.04% d-atomic orbitals) and sp'** hybrid of carbon
(34.28% s, 65.67% of p and 0.05% d-atomic orbitals). Thus
NBO 1 showed bond of C1-C2 formed by overlapping of sp'*
hybrid of C1 and sp'®* hybrid of C2. Higher is the electro-
negativity then larger will be its polarization coefficient, Cg
(0.7076) for the C2 hybrid. This may be written as:

occ = 0.7066(sp"*2)e; + 0.7076(sp" e

The polar (0) and azimuthal (¢) angles of the vector for
describing its p-component. The carbon NHO of the cC1-C2
and 6C3-C4 bonds (NBO 1) are bent away C-C centers by 2.6
and 1.1 similarly 6C1-N6 and 6C5-N6 bonds are bent by 1.8
and 1.4, respectively. The prediction of change in direction of
geometry is due to geometrical optimization and presented in
Table-6.

Population analysis: The calculation of many properties
like electronic structure, molecular polarizability, dipole moment
and molecular reactivity depends upon atomic charges and the
chemical shifts of atoms in NMR also depends on it. Mulliken
population analysis (MPA) method with B3LYP functional was
employed to calculate charges distribution on each the atoms
of title molecule, tabulated in Table-7 and it’s graph presented
in Fig. 6. It is not a usual substituted pyridine ring because
containing methyl group on ring nitrogen with positive charge.
In the ring C1 and C4 are negative, while C2, C3, C5 and N6
are positive. There are five carbon atoms and one nitrogen atom
in the ring, where amide group is attached at C2. C2 is more

TABLE-6
NATURAL HYBRID ORBITAL DIRECTIONALITY AND
BOND BENDING (DEVIATIONS FROM LINE OF NUCLEAR
CENTERS) OF 1-METHYLNICOTINAMIDE (1-NMA)

. Deviation angle (°) Line of centers
Bond orbital > 2
Hybrid A Hybrid B | Polar (8)  Azimuthal ()

c Cl-C2 2.6 2.6 94.3 43.7
n C1-C2 88.5 91.8 94.3 43.7
o C1-N6 1.8 - 90.5 164.8
c C2-Cl11 3.7 - 85.5 347.4
o C3-C4 1.1 - 91.6 165.6
n C3-C4 90.4 90.2 91.6 165.6
o C4-N5 1.6 2.5 85.7 226.1
o C5-N6 14 - 84.5 285.7
1 C5-N6 90.0 90.7 84.5 285.7
o C11-012 19.1 17.6 63.7 47.8
n C11-012 80.3 79.1 63.7 47.8
o C11-N13 2.3 1.5 110.0 287.8
n* C1-C2 88.5 91.8 94.3 43.7
vt C3-C4 90.4 90.2 91.6 165.6
¥ C5-N6 90.0 90.7 84.5 285.7
vt C11-012 80.3 79.1 63.7 47.8

positive than C3, C5 and nitrogen. Similarly, C1 is more negative
than C4 in MPA. In routine, hydrogen atoms possess equal
positive charges.

NBO charges used to calculate Fukui function values and
tabulated in Table-7. Adding an electron in the molecule, in
some spots shows by negative values of the Fukui function
and vice-versa. Positive value of Af(r) represent that atom is
having nucleophilic attack and by negative value, having electro-
philic attack. These values are given in Table-7. The reactivity
order on the basis of calculated values of Fukui function for
the electrophilic attack was C16 >N13 > C3 > C1 > C5 > C4.
While for the nucleophilic attack the order is O12 > C2 > N6
> C11. On comparing all kind of attack like electrophilic,
nucleophilic and radical attack it has been noted that electro-
philic attack is greater than other two.
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TABLE-7
MULLIKEN CHARGE DISTRIBUTION, FUKUI FUNCTION AND LOCAL SOFTNESS CORRESPONDING
TO (1,1), (2,2) AND (0,2) CHARGE AND MULTIPLICITY OF 1-METHYLNICOTINAMIDE (1-NMA)

At Mulliken atomic charges Fukui Functions Local softness
om
N@H#1,1) N-1(+2,2) N+1(0,2) fr* Af(r) fr sr* frt Suli st fr°
Cl -0.302598  -0.562979 -0.655093 -0.3525 0.260381  -0.61288  -0.04606 | -0.08156 0.06025 -0.01066
C2 0.633412 0.706031 0.609315 -0.0241 -0.07262  0.048522  -0.04836 | -0.00558 -0.0168 -0.01119
C3 0.336340 0.066119 -0.063150 -0.39949  0.270221  -0.66971 -0.06463 | -0.09244  0.062527  -0.01496
Cc4 -0.003449  -0.210004 -0.295046 -0.2916 0.206555  -0.49815  -0.04252 | -0.06747  0.047795  -0.00984
C5 0.140456 -0.061777 -0.208918 -0.34937  0.202233  -0.55161 -0.07357 | -0.08084  0.046795  -0.01702
N6 0.206435 0.206474 0.233063 0.026628  -3.9E-05  0.026667  0.013295 | 0.006162 -9E-06 0.003076
Cl1 -0.344461  -0.342281 -0.339258 0.005203  -0.00218  0.007383  0.001512 | 0.001204 -0.0005 0.00035
012 -0.251409 0.156995 -0.312022 -0.06061 -0.4084 0.347791  -0.23451 -0.01403 -0.0945 -0.05426
N13 0.239926 -0.249323 -0.370678 -0.6106 0.489249  -1.09985  -0.06068 | -0.14129  0.113209  -0.01404
C16 0.345348 -0.280882 -0.291790 -0.63714 0.62623 -1.26337  -0.00545 | -0.14743  0.144905 -0.00126
0.6
0.4+ Methanol
2 0.24
o
g g
S, 3
C2 C3 C4 C5 N6 N13 C16 2
< DMSO
-0.2 4 Atoms
0.4
Fig. 6. The charges on the atoms of 1-methylnicotinamide (1-NMA)
calculated by Mulliken population analysis (MPA) method Gas phase
Fukui function is very useful to determine local softness
T T T T T T

which use to predict ligand-protein interactions, biological
studies, proteins folding, efc. [40,41].

Frontier molecular orbital and UV-Vis spectral analysis:
The UV-visible spectra of the titled molecule in different solvent
and gas phase was computed by DFT/PCM/B3LYP/6-311++G
(d,p) approach. Fig. 7 shows plot of UV spectrum of 1-MNA,
was computed in gas, methanol and DMSO solvent phases.
Table-8 contained computed absorption wavelengths (energies)
and other parameters. The calculated absorption wavelengths
in gas phase are 356, 311 and 305 nm, whereas 290, 267 and
260 nm in DMSO solvent and similar absorption wavelengths
are seen in methanol solvent. TD-DFT method utilized to cal-
culate the electronic transitions. The slight variation in the
absorption wavelength values in the gas phase and in solvent
is due to the interaction between the positively charged 1-NMA
molecule and polar solvents like DMSO and methanol. The
values of wavelengths in gas phase and solvent phase clearly
indicates that there is a influence of solvent on the optical activity
of the molecule.

Molecular chemical stability is determined the energy by
gap between HOMO and LUMO [42]. The energy gap between
the HOMO — LUMO, HOMO-1 — LUMO+1, HOMO-2 —
LUMO+2 and HOMO-3 — LUMO+3 were found 4.308, 5.468,
8.755 and 9.739 eV respectively, shown in Fig. 8. The energy
gap also determines the electron transfer within the molecule,

T
200 250 300 350 400 450 500 550 600
Wavelength (hm)
Fig. 7. UV-vis spectra of 1-methylnicotinamide (1-NMA), (theoretical- Gas
phase, DMSO and methanol)

TABLE-8
COMPARISON OF THE ELECTRONIC PROPERTIES OF
1-METHYLNICOTINAMIDE (1-NMA) IN GAS PHASE AND
SOLVENT PHASE BY TD-DFT/B3LYP/6-311++G(d,p) METHOD

Band Energy  Oscillatory

A () gap (eV) (cm™) strength Assignments
Gas phase

356 3.4827 28089.7 0.0009 H->L(97%)

311 3.9832 32126.5 0.0038 H-1-L + 1(78%)

305 4.0634 32773.3 0.0081 H-L + 1(66%)
DMSO

290 4.2814 34531.6 0.0007 H-L (92%)

267 4.6386 37408.6 0.0092 H-1-1L(73%)

260 4.7654 38435.3 0.0092 H-L + 1(56%)
MeOH

290 4.2740 34472 0.0006 H-L (92%)

267 4.6335 37371.5 0.0083 H-1- L(74%)

260 4.7609 38399 0.0084 H-L + 1(56%)

lower the energy gap higher in the electron conductivity and
vice-versa [40].
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LUMO+1
E=-6.285eV

E =-6.993 eV
E, = 4.308 eV

HOMO
E=-11.301 eV

HOMO-1
E=-11.753 eV

E, = 5.468 eV

LUMO+3 >
E =-3.659 eV

LUMO+2
E=-4.120eV

E,=9.739 eV
E,=8.755eV

HOMO-2

E=-12.875eV E=-13.398 eV

Fig. 8. Atomic orbitals HOMO, HOMO-1, HOMO-2, HOMO-3 and LUMO, LUMO+1, LUMO+2, LUMO+3 compositions of the frontier

molecular orbital of 1-methylnicotinamide (1-NMA)

The chemical stability is also determined by the chemical
hardness. The chemical hardness of the studied compound 1-
NMA comes out to be 2.154, given in Table-9, higher the value
of chemical hardness, the higher will be chemical stability of
the compound. Similarly, calculated electronegativity was found
9.147. By using B3LYP method the electrophilicity index was
19.421. The moderate values were corresponding to a good
agreement of energy transformation between the HOMO and
LUMO [43].

TABLE-9

CALCULATED ENERGY VALUES OF

1-METHYLNICOTINAMIDE (1-NMA)
BY B3LYP/6-311++G(d,p) METHOD

Parameter Values
Eiomo(€V) -11.301
ELmo(eV) -6.993
Ionization potential 11.301
Electron affinity 6.993
Energy gap (eV) 4.308
Electronegativity 9.147
Chemical potential -9.147
Chemical hardness 2.154
Chemical softness 0.464
Electrophilicity index 19.421

Electrophilicity, hardness and chemical potential para-
meters are also predicted by DFT method, which was used in
the prediction of many biological properties and for identifi-
cation of reactive sites [44]. The conceptual density functional
theory is also used to study bioactivities is the electrophilicity
index [45], Electrophilicity index correlates with the toxico-

logical behaviour [46,47]. 1-NMA has an extremely low chemical
softness 0. 0.464 indicating non-toxic behaviour of the studied
molecule.

Thermodynamical properties: The thermodynamic prop-
erties of 1-NMA was also computed at different temperature
using ORCA software, on the basis of vibrational analysis at
B3LYP/6-311++G(d.p) level and the results had been detailed
in Table-10. Enthalpy (H), Free energy (G), entropy (S) and
these thermodynamic parameters of [-NMA were calculated
theoretically at different temperatures from 100 K to 500 K
by using vibrational analysis. Since the vibrational intensities
of the molecule increases with increase in temperature, there-
fore, rise in the temperature increases translational and rotational
energies which in intern increase the thermodynamic quantities
like enthalpy and entropy. This is well explained by the equipar-
tition theorem [46,47]. The Gibb’s free energy decreases with
increasing temperature because it shows opposite property with
H and S. To find the correlation between thermodynamic
functions and temperatures, linear and quadratic formulas are

TABLE-10
TEMPERATURE DEPENDENCE OF
PROPERTIES OF 1-METHYLNICOTINAMIDE
(1-NMA) AT B3LYP/6-311++G(d,p)

G, x 10

T(K) A ) S* (/molK)  H°, (kJ/mol)
100 415.57 274.87 443.06
200 385.91 324.39 450.79
300 117.21 369.30 462.43
400 78.24 412.90 478.13
500 54.00 455.32 497.66
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used as a correlation equation. For thermodynamic properties
of the corresponding fitting factors (R?) were observed 1,
0.9454 and 1, respectively. The fitting equations are given as
with correlation graph (Fig. 9).

500 +
450

. ./

'/
/ —a— Gibbs free energy
—a— Entropy

Enthalpy

400 4
350 =

300
250 4
200

150 4

Thermodynamical functions

1004 \1
50 .- h\"-‘\-.
O I T I T I I T I
100 200 300 400 500

Temperature (K)

Fig. 9. Graphs representing dependence of entropy, Gibbs free enthalpy
and enthalpy on temperature of 1-methylnicotinamide (1-NMA)

S =-0.0001T + 0.5159T + 224.7780
G =0.0017T*> - 2.0618T + 639.7140
H = 0.0002T* + 0.0180T + 439.2820

Molecular docking: The target protein for docking was
predicted using swiss ADME-Target prediction site. The docking
has been done carefully by employing popular softwares like
Chimera 1.14 [47] and Autodock vina [48]. The title molecule
I-NMA is docked with 408Z protein belongs to hydrolase
domain. The best obtained binding energy found was -5.2 kcal/
mol (Fig. 10) and all related values are present in Table-11. The
bioactive nature of 1-MNA indicated by low value of binding
energy. The hydrogen bond distance between bonded ligand
and residue are found 1.922, 2.425, 2.374, 2.263 and 1.946 A
suggested the strong attachments of ligand with the taken

Fig. 10. Ligand 1-methylnicotinamide (1-NMA) embedded in the active site
of 408Z protein

protein. The number of residue present in protein 408Z was 3
and the Ki value comes out to be 153.61.

Drug-likeness: For the fruitful growth in drug discovery
and development, ligands structural properties are important
factors. Druglikness is used to interpret the balance between
the molecular properties of the compound that influences its
pharmacodynamics and pharmacokinetics and ultimately opti-
mizes ADME. Different rules are involved for calculation like
as Lipinski’s rule, MDDR-like rule, Veber rule, Ghose filter,
BBB rule, CMC-50 rule and QED [49]. 1-NMA has antithrom-
botic, anti-inflammatory, gastroprotective and vasoprotective
properties.

The important ADME parameters such as hydrogen bond
donors (HBD), hydrogen bond acceptors (HBA), molar refrac-
tivity (MR), Topological polar surface area (TPSA), Blood-
brain barrier enetration (BBB), log kp and bioavailability score
for the known derivatives of 1-NMA was calculated and given
in Table-12. The HBD and HBA should have values under 10,
the calculated values for all tabulated compounds here are less
than 3. The highest value of TPSA should be 140 A% The
calculated values lies b 38 to 63 for all given molecules. In the
same way, molar refractivity (MR value) must be somewhere
in between 40 and 130 [50,51], the calculated MR value is <
40 which also for its derivatives.

TABLE-11
HYDROGEN BONDING AND MOLECULAR DOCKING WITH
CENTROMERE ASSOCIATED PROTEIN INHIBITOR PROTEIN TARGETS

Inhibition constant

Binding energy

Protein (PDB ID) Number of residues @R (it Bond distance (A) i) Reference RMSD (A)
1.922, 2.425,2.374,
40872 3 153.61 2,263, 1.946 -5.20 8.63
TABLE-12
ADME PROPERTIES OF 1-METHYLNICOTINAMIDE (1-NMA) AND RELATED COMPOUNDS
. . .. Bioavail-
Derivatives HBD HBA MR oA ot BBB — CYPIA2 logKp  Lipinski = = .,
A absorption permeant inhibitor  (cm/s)  violations score
1-Methylnicotinamide 1 1 <40 48.02 High No No -10.25 0 0.55
4-Aminopyridine 1 1 <40 38.91 High Yes No -6.65 0 0.55
4-Aminopyridine-2-carbonitrile 1 2 <40 62.70 High No No -6.87 0 0.55
4-Aminonicotinaldehyde 1 2 <40 55.98 High No No -6.92 0 0.55
2-Amino-4-fluoropyridine 1 2 <40 38.91 High Yes No -6.56 0 0.55

HBD = Hydrogen bond donor, HBA = Hydrogen bond acceptor, MR = Molar refractivity, TPSA = Topological polar surface area, GI =
Gastrointestinal, BBB = Blood-brain barrier penetration, log kp = skin permeability.
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GI absorption value is high as mentioned in Table-12,
while BBB permeant is available for 4-aminopyridine and 2-
amino-4-fluoropyridine only, skin permeability (log Kp) is
between -6.56 to -10.25 and bioavailability score of [-NMA
and its derivative are same value of 0.55. By above said values
for 1-NMA confirms its great importance and drug likeness.

Conclusion

A thorough vibrational study of 1-methylnicotinamide
(MNA) using B3LYP/6-311G++(d,p) method was carried out
in this work. The calculated geometrical parameters were utilized
as a base to investigate other properties. The theoretical simul-
ations of IR and Raman spectra were also executed. There is a
slight difference in values of absorption wavelength in gas
and solvent phases, suggesting that there is an imperceptible
effect on the optical activity of the molecule in the presence
of solvent. The binding energies of the molecule were estimated
by AIM analysis, the high energy of hydrogen bond indicating
that they are actual covalent bonds. For studied molecule, the
maximum stability of 42.34 KJ/mol is achieved by calculating
resonance related interaction energy based on LP(1)N13—n*
(C11-012) electron donating transition. The studied molecule
can be represented as a new NLO organic moiety because of
its higher estimated hyperpolarizability value compared to the
urea which is taken as a reference NLO compound. From the
HOMO-LUMO calculations, energy gap was found to be 4.308
eV, which suggests that the molecule is stable and also bioactive
in nature. MEP visual depiction is used to identify reactive areas
of the molecule and it is found that around N6, N13 and C16
atoms, the electrophilic character is maximum. The current
investigation provides important information used as a starting
point for the design of various bioactive amide containing mole-
cules as a step prior to their synthesis and structural characteri-
zation. Molecular docking was also performed on the 408Z
protein linked with the centromere showed a binding energy
of -5.2 kcal/mol, thus providing its application in the medicinal
field.
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