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Abstract

Abametapir is a dimethyl-bipyridine that has antifungal and antiviral activity. Optimised geometry and vibrational wavenumbers

of Abametapir were obtained using the DFT calculations. VEDA was used to determine the vibrational assignments for each normal
mode. TD-DFT technique was used to depict the theoretical UV-visible spectrum. HOMO-LUMO and Donor-Acceptor (NBO) interac-

tions of Abametapir were also assessed. Nucleophilic and electrophilic regions were identified using the MEP map. ELF and LOL

computations were used to determine the electron locations at bonding and antibonding sites. Based on the bioactivity assessment,

Abametapir demonstrates satisfactory drug-like behaviour and satisfy with Lipinski's rule. Furthermore, A significant binding af-

finity between the title compound and the target proteins 1P30 (Adenovirus) and 1M17(Lung cancer) was found using Molecular

Docking analysis.
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Introduction

Abametapir is a dipyridine compound with anti-fungal and
LH,,N,, and its IUPAC

NAME is 5,5’-Dimethyl-2,2-dipyridal [1]. Derivatives of pyridines

are important compounds with numerous biological uses. A sig-

anti-viral activity. Its empirical formula is C

nificant portion of these compounds are shared in therapeutic ap-
plications [2]. One important heterocyclic compound that is used
to treat a variety of human ailments is pyridine. It is found in many
pharmaceutical products [3]. As the substituents on the pyridine
nucleus change, the biological targets shift from viral issues to
microbial diseases. Pyridine derivatives interact with proteins,
enzymes, and DNA to target various biological issues. Pyridine in-
cludes Anti-microbial [4], Anti-fungal [5], Anti-inflammatory [6],
Anti-diabetic [7], Anti-cancer [8,9], Anti-viral [10,11], Anti-oxidant

activities [12].

Adenovirus are DNA virus that typically cause mild infections
involving the upper or lower respiratory tract, ocular, and gastroin-
testinal tract [13]. Adenovirus is generally found in children’s [14].
These disorders typically have minimal symptoms that are curable.
In rare situations, serious disorders such as hepatitis, myocarditis,
and nephritis may occur [15]. Adenovirus may also induce epi-
demic keratoconjunctivitis (EKC) in cases of ocular infection, which
would impair visual acuity [16]. Although adenoviruses have been
identified for years, no FDA-approved medicine exists to treat hu-
man adenovirus infection. Only two antiviral medications, cidofovir
and ribavirin, are currently utilized in the initial stage of adenovirus
treatment. In this study, an attempt is made to theoretically prove

that Abametapir could be used in the treatment of adenovirus.

According to a review of the literature [17-26], no spectroscopic

or molecular docking research have focused on Abametapir. As a
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result, studies were conducted on Abametapir structural proper-
ties and biological roles. A thorough vibrational and electrical ex-
amination against a theoretical foundation is provided by the cur-
rent work. A comprehensive spectroscopic study of Abametapir
has been described using DFT theory. Abametapir reactive sites
were studied with the use of MEP (Molecular Electrostatic Poten-
tial), ELF (Electron Localization Function) and LOL (Localised Or-
bital Locator). Molecular docking was used to ascertain Abameta-

pir Adenovirus activity.

Computational details

DFT and TD-DFT calculations were performed using Gaussian
09W [27] software and GaussView 6 [28]. Furthermore, Chemcraft
1.8 [29] was used for data extraction and visualisation from the
Gaussian calculation output. Abametapir wavenumbers were as-
signed by the use of VEDA 4.0 tool [30] and the PED was calculated
for each mode. Investigation of the Frontier Molecular Orbitals,
Natural Bond Orbital, and Molecular Electrostatic Potential was
done using Gaussian 09W. Multiwfn 3.8 was used for topological
research [31]. Abametapir ’s pharmacological evaluation was car-
ried out with the use of SwissADME [32], AutoDock Tools 1.5.6
[33], and Discovery Studio Visualizer [34].

Outcomes and Discussions
Bond parameters analysis

The term “Bond Parameters” describes how a covalent Bond is
characterized using parameters, such as “Bond Length” and “Bond
Angle”. An angle between two pairs is called the Bond angle. Dis-
tance between two nearby atoms is known as the Bond length.
Bond parameters (Bond length and Bond angle) of the Abam-
etapir are derived and are listed in Table 1. Optimized molecular
structure of Abametapir is shown in Figure 1. Homonuclear atoms
such as C10-C13, C1-C7, C7-C8, C8-C9, C3-C4 have the highest
Bond length of 1.507,1.489,1.399,1.389,1.396A whereas the Het-
eronuclear atoms such as C1-N6, C5-N6, C11-N12, C7-N12 have
Bond length of 1.343,1.330,1.330,1.343A. Bond angle, the maxi-
mum values obtained were 124.5,122.6,121.8 and 121.7° which
corresponds to the atoms C10-C11-N12, C9-C10-C13, C3-C2-H15,
C2-C1-N6. Homonuclear atoms such as C4- C5, C10-C11 have the
same Bond angle 1.4012. The atoms H12- C13- H22, H21-C13-H23,
H24-C14-H25, H24- C14-H26 have the same bond angle 107.82 re-

spectively.
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BOND PARAMETERS B3LYP/6-311++G(d,p)
Bond Length(A?%)
C1-C2 1.399
C1-N6 1.343
C1-C7 1.489
C2-C3 1.389
C2-H15 1.081
C3-C4 1.396
C3-H16 1.086
C4-C5 1.401
C4-C14 1.507
C5-N6 1.330
C5-H17 1.089
C7-C8 1.399
C7-N12 1.343
C8-C9 1.389
C8-H18 1.081
C9-C10 1.396
C9-H19 1.086
C10-C11 1.401
C10-C13 1.507
C11-N12 1.330
C11-H20 1.089
C13-H21 1.092
C13-H22 1.094
C13-H23 1.094
C14-H24 1.092
C14-H25 1.094
C14-H26 1.094
Bond Angle(°)
C2-C1-N6 121.7
C2-C1-C7 121.1
C1-C2-C3 1189
C1-C2-H15 119.2
N6-C1-C7 117.2
C1-N6-C5 118.5
C1-C7-C8 121.1
C1-C7-N12 117.2
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C3-C2-H15 121.8
C2-C3-C4 120.1
C2-C3-H16 120.0
C4-C3-H16 120.0
C3-C4-C5 116.3
C3-C4-C14) 122.6
C5-C4-C14 121.1
C4-C5-N6 124.5 Figure 1: Optimized structure of Abametapir.
C4-C5-H17 119.7
C4-C14-H24 111.2 Vibrational investigation
C4-C14-H25 111.3 A nonlinear molecule with N atoms has a maximum number of
C4-C14-H26 111.3 potential active observable fundamentals equal to (3N-6) minus
N6-C5-H17 115.8 the three translational and three rotational degrees of freedom.
C8-C7-N12 121.7 With 26 atoms, the title molecule has 72 normal modes of vibration
C7-C8-C9 118.9 [35]. FT-IR and FT-RAMAN theoretical spectra are shown in Figure
C7-C8-H18 1192 2 and 3. Spectral allocations of selected modes with PED contribu-
tions are tabulated in Table 2.
C7-N12-C11 118.5
C9-C8-H18 121.8
C8-C9-C10 120.1
C8-C9-H19 120.0
C10-C9-H19 120.0
C€9-C10-C11 116.3 ]
=
€9-C10-C13 122.6 £
C11-C10-C13 121.1 5
=
C10-C11-N12 124.5 (=
C10-C11-H20 119.7
C10-C13-H21 111.2 B3LYP 6-311++G(d.p)
C10-C13-H22 111.3
C10-C13-H23 1113 3500 3000 2500 2000 1500 1000 500
N12-C11-H20 115.8 Wavenumber (em™)
H21-C13-H22 107.8 Figure 2: Theoretical FT-IR Spectrum of Abametapir.
H21-C13-H23 107.8
H22-C13-H23 107.2
C-H vibration
H24-C14-H25 107.8
Because of the aromatic C-H stretching vibration present in
H24-C14-H26 107.8
Abametapir, aromatic compounds frequently have multiple weak
H25-C14-H26 107.2

bonds in the 3100-3000 cm-! range [36]. C-H stretching vibrations
in the current investigation were recorded at 2933-2742cm-* with
PED values of 100,99,97,92,86,78,70%. The wavelength of 2800
and 2742cm-* has pure stretching and it is evident from the PED
values of 100%.

Table 1: Optimized geometrical parameters of abametapir.
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Figure 3: Theoretical FT-RAMAN Spectrum of Abametapir.

64
N-C vibration

N-C stretching is found at 1200-1350 cm-* for aromatic amines.
N-C stretching vibrations are obtained at the wavelength of
1258,1212,1056cm-* with PED values of 39,42 and 20% respec-
tively.

C-C vibration

Stretching vibrations (C=C bond) are expected in the region of
1300-1000 cm™ [37]. The bands which are of different intensities
were observed in the present study. C-C vibrational modes was ob-
tained at the wavelength are 1887, 1589, 1565, 1554, 1258, 1215,
1018, 1013, 790, 696, 535cm™ with PED 64, 21, 36, 43, 11, 34, 33,
10, 11, 22, 43% respectively.

Modes Wavelength cm® b’ e Assignments PED (%)
Unscaled | Scaled® |Relative | Absolute | Relative | Absolute

72 3052 2933 0 0 175 6 STRE CH(86)
71 3051 2932 10 6 0 0 STRE CH(86)
70 3031 2913 0 0 237 8 STRE CH(78)
69 3030 2912 42 26 3 0 STRE CH(86)
68 3027 2909 13 8 241 8 STRE CH(97)
67 3027 2908 60 37 54 2 STRE CH(92)
66 2922 2808 18 11 85 3 STRE CH(70)
65 2922 2808 13 8 118 4 STRE CH(70)
64 2913 2800 27 17 31 1 STRE CH(100)
63 2913 2800 4 2 229 26 STRE CH(99)
62 2853 2742 0 899 30 STRE CH(100)
61 2853 2742 80 49 2 0 STRE CH(100)
60 1859 1787 0 0 2983 100 STRE CC(64)
59 1654 1589 44 27 0 0 STRE CC(21)
58 1628 1565 19 1 STRE CC(36)
57 1623 1559 0 0 620 21 BEND CCC(23)
56 1617 1554 19 12 1 0 STRE CC(43)
55 1522 1463 163 100 0 0
54 1509 1450 0 0 32 1 BEND HCH(44)
53 1504 1445 22 14 0 BEND HCH(57)
52 1502 1444 12 8 0 0 BEND HCH(64)
51 1502 1444 0 0 25 1 BEND HCH(77)
50 1464 1407 0 0 20 0 BEND HCC(28)+ BEND HCN(28)
49 1438 1382 0 0 86 3 BEND HCH(72)
48 1437 1381 0 0 1 0 BEND HCH(71)
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47 1413 1358 19 12 0 0 BEND HCC(44)+ BEND HCN(14)
46 1410 1355 0 0 29 1 BEND HCC(22)
45 1338 1286 0 0 22 1 BEND HCN(40)
44 1309 1258 9 5 0 0 STRE CC(11)+STRE NC(39)
43 1287 1237 0 0 0 0 BEND HCC(22)+BEND HCN(32)
42 1265 1215 0 0 42 1 STRE CC(34)
41 1261 1212 0 0 188 6 STRE NC(42)
40 1259 1210 8 5 0 0 STRE CC(33)
39 1183 1137 9 5 0 0 BEND HCC(55)
38 1172 1126 0 0 10 0 BEND HCC(49)
37 1116 1072 3 2 0 0 TORS HCCC(54)
36 1116 1072 0 0 0 0 TORS HCCC(55)
35 1099 1056 19 12 0 0 STRE NC(20)
34 1080 1037 0 0 5 0 TORS HCCC(48)
33 1069 1027 29 18 0 0 TORS HCCC(50)
32 1064 1022 1 0 0 TORS HCCC(81)
31 1060 1019 4 2 0 0 TORS HCCC(58)
30 1060 1018 11 7 0 0 STRE CC(10)+BEND CCC(11)
29 1054 1013 0 0 11 0 STRE CC(11)
28 982 944 0 1 0 TORS HCNC(76)
27 981 943 0 0 0 0 TORAS HCNC(82)
26 927 891 1 1 1 0 TORS HCCC(79)
25 913 877 57 35 0 0 TORS HCCC(76)
24 864 830 0 0 187 6
23 822 790 2 1 0 0 STRE CC(22)+BEND CCN(38)
22 773 742 0 0 0 TORS CCNC(16)+TORS CNCC(10)+OUT CCNC(14)
21 758 728 9 6 0 0  |TORAS CCNC(32)+TORS CCCN(21)+TORS CNCC(12)+OUT
CCNC(14)
20 724 696 0 0 0 STRE CC(43)+BEND CCC(25)
19 686 659 5 0 0 STRE CC(17)+BEND CCN(18)+BEND CNC(23)+BEND
NCC(17)
18 654 629 0 0 15 1 BEND CCN(14)+BEND CNC(11)+BEND CCC(13)+BEND
NCC(11)
17 557 535 5 3 0 0 STRE CC(24)+BEND CCC(12)
16 553 531 1 1 1 0 TORS CCCN(33)+0UT CCNC(22)
15 500 480 1 1 3 0 BEND CCN(22)+BEND NCC(22)+BEND CCC(22)
14 492 473 3 2 1 0 OUT CCCC(46)
13 447 429 0 0 1 0 TORS CCNC(28)+TORS CNCC(27)
12 425 408 9 6 0 0 TORS CCNC(26)+TORS CCCN(10)+TORS CNCC(26)
11 414 398 0 0 0 0 TORS HCCC(84)
10 407 392 0 0 3 0 BEND CCC(74)
394 379 2 1 0 0 TORS HCCC(21)+OUT CCCC(45)
332 319 0 0 7 0
323 311 0 0 4 0 STRE CC(10)
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6 310 214 0 0 2 0 BEND CCN(11)+BEND NCC(11)+BEND CCC(60)

5 268 257 0 0 0 0 TORS CCCN(23)+0UT CCCC(30)+0UT CCNC(12)

4 157 151 5 3 0 0 BEND CCN(36)+BEND NCC(36)

3 58 56 0 0 0 0 TORS CCNC(15)+TORS NCCC(15)+TORS CNCC(20)+OUT
CCNC(20)

-35 -33 4 3 0 0 TORS NCCC(76)

1 -48 -46 0 1 0 TORS HCCC(14)+TORS CCNC(26)+TORS CNCC(26)+OUT

CCNC(25)

Table 2: Theoretical vibrational frequency of abametapir.

a - scaling factor 0.961 for B3LYP/6-311++G (d, p) basis set.

b - Relative absorption intensities normalized with highest peak absorption equal to 100.

¢ - Relative Raman intensities normalized to 100.

UV absorption spectrum

UV absorption spectrum of Abametapir was Theoretically cal-
culated using Time Dependent Density Functional Theory (TD-
DFT) approach, utilizing B3LYP/6-311++G(d,p) as the basis set
and the spectrum is shown in Figure 4. The formula E= hc/ A was
utilized to compute the band gap energy, where A represents the
cut-off wavelength and h stands for Planck’s Constant and c for
light velocity respectively [38,39]. Table 3 presented the UV-Visible
spectral data. Theoretical wavelengths obtained for Abametapir
was 310,294,292 nm with band gap energy 3.99,4.20,4.23eV re-
spectively. Maximum band gap 4.23eV was obtained for the wave-
length 292nm.
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Figure 4: Theoretical UV-Visible Absorption Spectrum of

Abametapir
Wavelength (nm) | Band gap(eV) | Energy Oscillatory Strength Symmetry| Assignments (Major and Minor contribution)
310 3.99 32251 0.7447 Singlet-A HOMO->LUMO (97%)
HOMO->L+1 (92%)
294 4.20 33951 0.0002 Singlet-A
H-3->LUMO (6%)
292 4.23 34182 0.0067 Singlet-A H-1->LUMO (97%)

Table 3: Theoretically calculated electronic properties of abametapir using td-dft method.

Homo-lumo analysis

Molecular interactions with other Species are ascertained using
the highest occupied molecular orbital (HOMO) and lowest unoc-
cupied molecular Orbital (LUMO). Band gap energy or the energy
difference between HOMO and LUMO is crucial in deciding the
molecule’s activity and chemical stability [40]. Gaussian Software
was used to calculate the orbital energy gap and HOMO-LUMO
energies at B3LYP/6-311++G(d,p). Title compound in relation to

ionization potential (IP), electron affinity (EA), Electronegativ-
ity (x), Chemistry hardness("), Softness(S), Chemical potential(p),
and Electrophilic index (w) are shown in Table 4. The simulated
frontier molecule (FMO) is shown in Figure 5. The band gap energy
(4.7721eV) determined from HOMO and LUMO agrees with the
band gap energy (4.20eV) derived from the UV visible spectrum.
Low softness value (0.2096) indicates that title compound is suit-

able for pharmaceutical applications.

Citation: Johanan Christian Prasana., et al. “Optimized Structure, Spectroscopy Research, Reactive Site Analysis and Pharmaceutical Studies on
Abametapir - a DFT Approach". Acta Scientific Pharmaceutical Sciences 8.7 (2024): 61-71.




Optimized Structure, Spectroscopy Research, Reactive Site Analysis and Pharmaceutical Studies on Abametapir - a DFT Approach

EHOMO = -6.4660

ELUMO = -15671

Figure 5: Atomic orbital HOMO-LUMO Composition of the

Frontier Molecular orbital of Abametapir.

Properties B3LYP/6-311++G(d,p)
HOMO(eV) -6.3392
LUMO(eV) -1.5671
Ionization potential 6.3392
Electron affinity 1.5671
Energy gap(eV) 4.7721
Electronegativity 3.9532
Chemical potential -3.9532
Chemical hardness 2.3861
Chemical softness 0.2096
Electrophilicity index 3.2747

Table 4: Homo lumo calculated energy values of abametapir by
B3LYP/6-311++G(d,p).

Electrophilic and nucleophilic analysis

MEP is a very helpful Descriptor for identifying places for elec-
trophilic and nucleophilic reactions as well as Hydrogen bonding
interactions. Molecular electrostatic potential is correlated with
electron density. Mapping of molecular electrostatic potential is
highly helpful in the examination of the molecular structure with
its physicochemical property correlations [41]. DFT techniques
was used to generate MEP map and it is displayed in Figure 6.
There are two main sites: Nucleophilic sites, where the atoms are
prepared to share electrons, and Electrophilic sites, where the at-
oms have a tendency to attract electrons. Electrophilic reactivity
is associated with the negative regions (red colour) of MEP, while
Nucleophilic reactivity is associated with the positive parts (blue
colour). Neutral places are indicated by the green site on the map.
MEP map of Abametapir shows that the Positive Potential sites
are located around the Hydrogen atom, whereas Negative Poten-
tial sites are found on the Nitrogen atom. These active sites were
discovered to be conclusive proof of biological activity inside the

compound under study:.
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Figure 6: MEP Surface of Abametapir.

Topology analysis

Investigation conducted by ELF and LOL illustrates the likeli-
hood of discovering an electron pair. LOL is a representation of the
localised electron cloud, while ELF deals with electron pair density.
The topological analysis of Abametapir was created and examined
using the MULTIWEN 3.7 software [42]. Strong ELF values are in-
dicated by the red zone, whereas weak ELF values are indicated by
the blue zone. The main objective of studies on electron local fields
(ELFs) is to understand the qualitative behaviour of electrons in a
system. A red zone in LOL implies a higher Pauli repulsion, while a
blue zone suggests a smaller Pauli repulsion [43]. Hydrogen Atoms
H17, H20, H21, H24 of Abametapir shows high ELF and LOL val-
ues. While, carbon atoms C4, C5, C10, C11, C13, C14 of Abametapir
shows low ELF and LOL values Figures 7 and 8 display the LOL and
ELF diagrams.
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Figure 7: ELF Color filled Map of Abametapir.
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Figure 8: LOL Color filled Map of Abametapir.
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Drug likeness

With the Swiss ADME web tool, ADME parameters such as ab-
sorption, distribution, metabolism, and excretion can be assessed.
PubChem [44] is where the canonical format of the title compound
was obtained. By feeding the canonical format of Abametapir to
Swiss ADME, the drug likeness parameters are displayed and the
results are mentioned in Table 5. HBD, HBA, Molecular refractivity,
and rotatable bond values for Abametapir are 0, 2, 1, and 57.40,
which are within the desired range. MlogP value for Abametapir is
1.49, which provides insight into the molecule’s lipophilic nature.
According to the research, Abametapir met the requirements of
Lipinski’s rule of five, indicating that it is an active pharmaceutical

compound [45].

Descriptors Optimal range ti‘t,li:ehclgfn(;)fotll:s d
Hydrogen Bond Donor (HBD) <5 0
Hydrogen Bond Acceptor <10 2
(HBA)
Molar Refractivity 40-130 57.40
MlogP <5 1.49
Number of rotatable bonds <10 1
Molecular weight g/mol <500g/mol 184.24g/mol

Table 5: Drug likeness parameters of abametapir.

Ramachandran plot

The first person to determine the allowed values for phi and
psi was G.N. Ramachandran. Ramachandran plot, which is a two-
dimensional graphic, can be used to visualize these allowed values.
Plotted on the X and Y axis between phi and psi [46,47]. Figure 9
displays Ramachandran map of protein 1P30(Adenovirus). Figure
shows that 12% of residues are in the prohibited area and 86% of
residues are in the most preferred area. Since the majority of the
residues are located in the allowed region, Protein 1P30 is a stable

protein.

Molecular docking analysis

A molecular modelling method called docking which is used to
forecast how a protein will interact with smaller molecules. Molec-
ular docking is a significant method in structural Molecular biol-
ogy and computer-assisted drug design. The ligand and water mol-
ecules present in the target proteins were removed by using the

AutoDock tools’ visual interface [48]. Docking parameters are not-
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Ramachandran Flot
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Figure 9: Ramachandran plot of 1P30 protein (Adenovirus).

ed in Table 6. In Figure 10, docking conformation is displayed. The
calculated binding affinity of Abametapir for protein 1P30, which is
associated with Adenovirus is -7.0 kcal/mol. Whereas, the common
medication Cidofovir has a binding affinity value of -6.6kcal/mol.
When comparing the binding affinity values of Abametapir and Ci-
dofovir, Abametapir is significantly more effective against Adenovi-
rus than Cidofovir, which is the standard medicine. Abametapir was
also docked with lung cancer protein (1M17) and showed a better
binding affinity of -7.5 kcal/mol than the standard drug Erlotinib
[49], which has a binding affinity of -7.11 kcal/mol. According to
this study, Abametapir may be used as a useful drug to treat Adeno-
virus infections as well as Lung cancer. However, animal and human

trials should be carried out before making it a drug.

il

-

e o

Q)] )

Figure 10: (a) Docking conformation of the ligand (Abametapir)
with (a) 1P30 protein (Adenovirus) and (b) 1M17 protein (Lung

cancer).
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Protein |Compound name| Number of Hydrogen bonds |Bonded residue | Bond distance (A) | Binding energy(Kcal\mol)
1P30 .
(Adenovirus) Abametapir 1 GLY-829 2.4 -7.0
GLN-821 2.6
LEU-819 2.3
Cidofovir
4 VAL-828 2.7 -6.6
(Standard drug)
LEU-831 2.3
IM17 Abametapir 1 GLN-958 2.1 -7.5
(Lung cancer)

Table 6: Molecular docking parameters of abametapir.

Conclusion

Bond parameters offers insight into the stability of Abameta-
pir and strength of the chemical bonds. Vibrational spectroscopy
is a non-destructive identification method that measures the vi-
brational energy of Abametapir along with potential energy dis-
tribution values. UV absorption spectrum was Theoretically calcu-
lated using Time Dependent Density Functional Theory (TD-DFT)
approach. The band gap energy (4.77eV) determined from HOMO
and LUMO agrees with band gap energy (4.20eV) calculated from
UV analysis. The title compound’s MEP map shows that the Posi-
tive Potential sites are located around the Hydrogen atoms, where-
as Negative Potential sites are found on the Nitrogen atoms. Local
Orbital Locator (LOL) and Electron Localization Function (ELF)
were created and investigated, the blue region represents low ELF
values, whereas the red region represents high ELF values. SWISS
ADME software used to obtain drug similarity parameters and it is
noted that Abametapir satisfy all five rules. Ramachandran Plot is
plotted for the protein 1P30 (Adenovirus) and it shows that 86%
of residues are in the most favoured region. In Molecular docking
the calculated Binding energy for the title compound is -7.0Kcal/
mol which significantly exhibits better action against adenovirus
than the Standard drug Cidofovir. Additionally, molecular docking
analysis was carried out for lung cancer protein, which also shows
very good binding affinity compared to the commercial drug (Erlo-
tinib). From the above analysis, it can be predicted that Abameta-

pir exhibits anti-viral and anti-cancer activity.
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