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* Energy gap, UV-vis and MEP was performed in solute-solvent
interactions estimated by B3LYP/6-311G(d,p) method.

» The ELF, LOL, RDG, Fukui, drug-likeness on TTCPE was calculated.

» Docking result exhibit good binding affinity against anti-cancer

activity.

Abstract

The inclusion of the majority of heterocycle fragments in the pharmaceutical arena
currently on drug discovery, combined with their inherent adaptability and distinctive
physicochemical features, has established them as true pillars of therapeutic/medicinal
chemistry. Besides from the medications, numerous others are being researched for their
potential anti-carcinogenic behavior. In this current study, a newly synthesized TTCPE
molecular structure from carbinol extract of Aeglemarmelos leaves has been confirmed by
GC-MS results, and structural characteristics are reported. The quantum chemical simulated
calculations were employed using a versatile basis set -B3LYP/6-311++G(d,p) approach. The
optimized structure with the minimum energy confirmation was carried out using Potential
scan energy (PES) analysis and the optimized with atom numbering scheme of TTCPE
discovered strength of the bond parameters and compared with XRD data. Experimental
and theoretical spectral characterizations were accomplished and the vibrational
wavenumbers provide an affordable correlation with the experimental value. The UV-vis
electronic spectra associated with the gas phase and various solvent-liquid phases were
obtained by TD-SCF methods. The high stabilization energy E(2) value is 128.06kcal/mol
executed by the NBO method along with the lone pair of interaction types in the header
composite. The MEP map, HOMO-LUMO- intermolecular charge transfer (ICT) was
completed by gas and different solvents and their corresponding energy parameters were
evaluated. Fukui function describes reactive sites on TTCPE that were investigated. The
topological analysis of LOL, ELF, and RDG was performed. The five principles of Lipinski are
used to perform drug-likeness qualities. Furthermore, a molecular docking technique was
used to compare ligand to several protein inhibitor targets (1H8X, 6R7T, and 6DX5) and the
corresponding parameters were calculated. As a result, the header composite identifies an
alternative anticancer treatment agent.

Graphical abstract

https://www.sciencedirect.com/science/article/pii/S2667022423002244 2/56


https://www.sciencedirect.com/topics/chemistry/electron-localization
https://www.sciencedirect.com/topics/chemistry/kd

9/12/24, 5:05 PM Synthesis, GCMS, spectroscopic, electronic properties, chemical reactivity, RDG, topology and biological assessment of 1-(3,6,6-t...

Pewdered using Gerimder

GCMS resul

Diip with Carbinel a1 4E b

- o

Filiersd Carkinal Ealraci

Download: Download high-res image (256KB)

Download: Download full-size image

< | Previous Next | >

Keywords

GC-MS, FT-IR; UV-visible; Topological properties, drug-likeness; Docking studies

1. Introduction

Globally, the cancer is one of the most affected by pancreatic (12.2%), melanoma (12.5%)
and ovarian (10.7%) reported by world health organization. That cancer activity compound
naturally synthesis from Aeglemarmelos leaves and The literature survey revealed
Aeglemarmelos leaves belongs to Rutaceae family, it's also called Vilvam in Tamil, Beal in
Hindi and Bilva in Sanskrit which is global plat and provide biologically active compounds
such has fibers, carotenoids, phenolics, terpenoids, coumarins, flavonoids, and alkaloids. The

leaf extract useful for cure inflammation, tuberculosis, treating fever, antibacterial, antiviral
and anti-ulcerative colitis [1]. The TTCPE molecules synthesized from Aeglemarmelos leaves,

that molecular formula C;3H;30, and molecular weight 206g. the green synthesized of title
molecule trimethyl and derivatives related to breast, lung, ovarian, melanoma, breast,

pancreatic and colon cancer, respectively [2,3]. neuroprotective potential [4],
pharmacological and ethno-medicinal [5], antibacterial activity and phytochemical
potential [6], The biochemical alterations in the therapy of diabetes are estimated using the

methanol extract of A. marmelos leaves [7], the ethanolic extract of Aeglemarmelos leaves
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was used to test for antioxidant activity using GC-MS, NMR, and HPLC [8], The
nanocomposite synthesised from waste leaf of A.marmelos investigated by XRD, TEM,

FESEM, BET and VSM [9], the leaves extract from different solvent analysis antioxidant
activity through DPPH and CV methods [10], the silver nanoparticles biosynthesis from
aqueous leaf extract examination of anticancer, larvicidal activity [11]. The best of our
knowledge, based on the above research work reported the density functional calculation
(DFT) not yet been carried out. The main objective of the present work report the GC-MS
analysis crude of Aeglemarmelos leaves which result report TTCPE compound for structure
conformation. The optimized structure properties, the simulated FT-IR and UV-vis spectra
performed by B3LYP/6-311++G(d.p) process and correlated with infrared data on TTCPE
molecules. NBO study, MEP surface, Fukui function, PES scan and energy gap reported well
biological activity was interpreted by DFT. Topological parameter, RDG investigation and

Lipinski's rules calculated physical-chemical characteristics showed good features of drug-
likeness were also computed. The docking studies revealed good ligand-protein interaction
on TTCPE molecules against Anti-cancer activity.

2. Green synthesis of the Aeglemarmelos leaves plant

The Aeglemarmelos leaves have collected from kalyanakuppam village, Tiruvallur, Tamil
Nadu, India. The 100% medicinal plant Aeglemarmelos leaves at 3kg were washed with fresh

water, which takes 25 to 30 days to dry at normal temperature. Furthermore, Preserved
portion of 1kg has given into grinder to made fine powder, which power dip with 95.5%
carbinol (2:1 ratio) keep 48h at room temperature to observe components. The Whatman

filter paper used to filtered leaf extract for qualitative analysis, which solvent used soxhlet
process to isolate carbinol and crude. The preparation of carbinol extract of Aeglemarmelos
leaves as given in Scheme 1, respectively [12].
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Scheme 1. Identified TTCPE compound from crude of Aeglemarmelos leaves.

2.1. Experimental techniques details

The crude were investigate the Gas chromatography — mass spectrometry (GC-MS)
technique (QP2010 Plus — Shimadzu) The MS non-polar capillary column, which has a 30m
length, 0.25mm inner diameter, and 0.25m thickness, is coated with polydimethylsiloxane,
continued to inject 250°C temperature and GC-MS spectra exhibit region 25min. The GC-
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MS result recorded multiple bio-compounds, particularly we choose one quantitative
phytochemical compound (TTCPE) based on anti-cancer activity for further studies and 99%

pure TTCPE chemical was bought from the Sigma-Aldrich Company. FT-IR spectrum analysis
used to evaluate the TTCPE sample in the recorded area 4000 - 400cm™. The spectrum was
measured at room temperature using a Perkin Elmer FT-IR spectrophotometer with KBr
pellet method and the spectral solution containing 4.0cm™!. The UV-vis spectrum has been
observed wavelength area from 300 - 100nm with UV-3600 plus Shimadzu Instrument
employs a quartz cell with a 1cm diameter and a slit width of 0.5nm. GC-MS, FT-IR and UV-
vis spectrum results were recorded at the SRM College of Science in Kattankulathur,
Chengalpattu district, Tamil Nadu, India.

3. Computational details

In this study, the computational investigate of TTCPE molecular structure has been obtained
by DFT technique using hybrid functional Becke-3-Lee-Yang-Parr (B3LYP) parallel with 6-
311++G(d.p) program [13,14]. The geometry molecular structure, HOMO-LUMO, PES scan
and MEP illustrated through by GaussView 5.0 and ChemCraft 1.8 tools [15,16]. The
structural conformational through PES scan, optimized geometrical properties, MEP plot
and Fukui function characterization with NPA charges on TTCPE molecules interpreted
B3LYP/6-311++G(d.p) technique. The basic harmonics frequency was scaled by a factor of
0.963 with PED% interpreted using Veda 04 program, which exhibit well correlated with the
experiment spectra. The gas and various solvent of UV-vis spectra have been determined
using TD-SCF process. On the basis of Koopmans equation, the HOMO-LUMO energy gap

and chemical reactivity indices were obtained by using molecular orbital analysis. NBO
analysis of intra-inter molecular interaction between bonding, antibonding and high
stabilization energy values are carried out NBO 3.1 software [17,18]. The topological
parameters of RDG, ELF and LOL have been computed by MULTIWEFN 3.7 bin Win 64
software [19]. The AutoDock 1.5.6 programme has interpreted the molecular docking of

ligand-protein binding energy [20].

4. Results and discussion

4.1. GC-MS examination on carbinol extract of Aeglemarmelos leaves

The GC-MS technique was investigate carbinol cuude of Aeglemarmelos Leave, which
reported various pharmaceutical components are given in Table1 [21]. That bio-compound
identify by based on comparing with related retention time, molecular formula, molecular
weight and database from NIST library [22]. The GC-MS result exhibit totally five
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compounds namely, 3-O-methyl-d-glucose, Behenic acid, 1-(3,6,6-Trimethyl-1,6,7,7a-
tetrahydrocyclopenta[c]pyran-1-yl)ethanone (TTCPE), 2(4H)-Benzofuranone, 5,6,7,7a-
tetrahydro-4,4,7a-trimethyl-, (R)-, 3-Buten-2-one, 4-(4-hydroxy-2,2,6-trimethyl-7-
oxabicyclo[4.1.0]hept-1-yl)- those bio components are conformed based on molecular
formula (C7H1406, C22H440,, C13H130, C11H1602 and C13H,003 molecular weight (261.08,
340.6, 206.28, 180.24 and 224.30g/mol) and retention time (18.26, 21.03, 22.14, 24.98 and
25.87). Several components were reported by the GC-MS; however we selected only one
bio-compound, TTCPE, because it has more closely associated anti-cancer activity. [23] as
shown in Fig.1. We have performed spectrum analysis on TTCPE compound using FT-IR, UV-
vis, and DFT, as well as molecular docking against Anti-cancer activity.

Table 1. Bioactive components synthesis from Aeglemarmelos leaves.

Name of the Compound Molecular Molecular Retention
Formula Weight (g/mol) time
3-0-methyl-D-glucose C7H40¢ 261.08 18.26
Behenic acid CyoHy405 340.6 21.03
1-(3,6,6-Trimethyl-1,6,7,7a- Cy3H130, 206.28 2214

tetrahydrocyclopenta[c]pyran-1-yl)ethanone

2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a- C11H1602 180.24 24.98
trimethyl-, (R)-

3-Buten-2-one, 4-(4-hydroxy-2,2,6-trimethyl-7- Cy13H2003 224.30 25.87
oxabicyclo[4.1.0]hept-1-yl)-
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Fig. 1. GC-MS result on TTCPE compound.

4.2. Geometrical parameters and pes scan analysis

The green syntheses of TTCPE molecules optimized by visualize using GaussView 5.0
software as displayed in Fig.2. Geometry optimized properties of bond distance and bond
angle interpreted B3LYP/6- 311++G (d, p) technique as seen in Table2 [24,25]. These bond
parameters provide useful information on a chemical compound's stability and its
effectiveness of the bonds of molecules that keep its atoms connected. According to
covalent bond (single bond > double bond > triple bond) shared electrons of single bond has

one shared pair, double bond has two shared pair and three bond has triple bond pair. The
number of shared pair of electrons increased attraction of strength, stability and decreased
distance between bonds, therefore low electron pair—longer bond distance+less bond
strength and many electron pair— small bond distance+high bond strength on the
molecular system [26]. In the present investigation on title molecules contain five double
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bonds and 29 single bonds, from C=C bonds exhibit Cg__C7—1.353, C5_Cg—1.344 and C5__
Cg— 1.444A those bond distance values are smallest distance+high strongest bond and
greater than C—C bonds express C9—C13—1.545, C10—C12—1.538 and C19—C11—1.564A
these bond distances indicate highest distance+less strongest bonds (C=C > C—C) on the
TTCPE. Similarly, the C=0 bond express C;_0;5—1.213 and C;__0Og— 1.268 A both are short
distance+highest stability bond and C—O bond reveal C3__0s— 1.436A, which is long
distance+lowest stability bond that C=0 greater than C—O (C=0 > C—O0) on title
compound, respectively. Therefore, the calculated optimized parameter of theoretical values
compared with experimental (XRD) of crystallographic data [27]. The chemical calculation
of bond distance C5__Cg, Cg__Cq9, C10—Cq1, C4—Cq1, C10——Cq2 and C4__Cs5 1.344 appear
values 1.344, 1.521, 1.564, 1.541, 1.538 and 1.517A correlated with XRD bond distance 1.360,
1.492, 1.568, 1.571, 1.507 and 1.497A. determined angle of bond Cy9— Cy3—Hag, C19—C13—
Hso exhibit values 111.314, 111.027° corresponding with experimental bond angle 111.5 and
111.5 ° both shows well correlated with the XRD and theoretical estimates in tetrahydro on
TTCPE compound successively [28,29]. The conformational flexibility of TTCPE structure
have been performed through PES scan surface computed by HF/6-311++G (d, p) program
[30]. The torsion angle of 015 Cy__C3__Hjg in tetrahydro find stability and instability in
the TTCPE molecules based on the local minimum energy occurred in the PES scan plot
report as shown Fig.3 [31,32]. The dihedral angle of title molecules rotate around each step
scan at 10° with 360° degree revealed multiple conformers. Amongst the all conformations,
local minimum energy curve with —0.099 total energy (Hartree) was seen at the 100° scan
coordinator, indicating a more stable conformation. The torsional angle (O15__C;__C3__Hjg)
of the local maximum energy curve, which conformed at -110° scan coordinator with
-0.096 Hartree energy, indicates a less stable conformation on TTCPE molecules.
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Fig. 2. Optimized molecular structure on TTCPE molecules.

Table 2. Low and high stability of bond angle, length on TTCPE compound.

Bond B3LYP /6- Experimental Bond Angle B3LYP /6- Experimental
length (A)  311++G(d.p) Data ®) 311++G(d.p) Data
(Ci—Cy) 1.514 1.51 (C3—C4— 108.889 -
Cs)
(C4—C3) 1.535 1.56 (C3—C4— 117.883 117.95
Ci)
(C4—0¢5)  1.213 1.22 (C3—C4— 106.007 -
Hzo)
(C,—Hyg)  1.095 1.00 (Cs—Cq—  102.890 -
Ci1)
(C,—Hy7) 1090 - (Cs—Cq—  109.719 -
Hao)
(C,Hyg) 1.096 - (Cji—Cs— 111311 1115
Hyo)
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Bond B3LYP /6- Experimental Bond Angle B3LYP /6- Experimental

length (A) 311++G(d.p) Data (®) 311++G(d.p) Data

(C3—Ca) 1.537 1.57 (C4—Cs— 116.692 117.39
Ce)

(C3__0g) 1.436 143 (C4—_Cs_—  110.613 1111
Co)

(C3—Hj9) 1.102 - (Ce—Cs__  132.692 -
Co)

(C4_Cs) 1517 1.50 (Cs—Cs—  119.817 119.54
C7)

(C4—Cn) 1541 1.57 (Cs—Cs—  121.063 1202
Ha1)

(C4—Hzo)  1.099 - (C7—Ce— 119110 119.4
Ha1)

(Cs__Cg) 1444 1.40 (Ce—C7—  123.531 125.19
Osg)

(C5—Co) 1344 1.39 (Ce—Cr— 125591 -
Hia)

(Ce—C7) 1.353 1.39 (Cg—C7— 110.876 111.5
Hia)

(C6—H)  1.084 - (C3_0s—  117.627 -
C7)

(C7_0g) 1268 1.22 (Cs_Co_  112.725 -
Hio)

(C7—Ci) 1495 1.49 (Cs—Co— 125150 -
H22)

(Co—Cio) 1.521 1.51 (Ci1o—Co— 122.100 120.2
H22)

(Co_—_H»)) 1.087 0.95 (Cg—_Cio— 101.272
Cn)
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Bond B3LYP /6- Experimental Bond Angle B3LYP /6- Experimental

length (A) 311++G(d.p) Data ®) 311++G(d.p) Data

(Clo—C11) 1564 - (Cg—Cio— 11230 -
C12)

(Cio—Cq2) 1538 - (Cg_—_Cio— 110.754 109.05
C13)

(Cio—Cy3) 1545 - (C11—Cio— 111.874 -
C12)

(Ci1—Hp3) 1.094 0.98 (C11—Cyo— 111117 -
C13)

(C11—H4) 1098 0.98 (C12—Cio— 109.345 -
C13)

(C12—_Hy5) 1.096 0.98 (C4—_Cq1— 105.145 -
Cio)

(Ci2—_Hzs) 1.095 0.95 (C4—_Cq1— 113.381 -
Ha3)

(Ci2—_Hp7) 1.095 0.95 (C4—Cy1— 109.432 -
Ha4)

(C13—H2g) 1.095 0.98 (Ci10—Ci1— 112.558 111.5
H23)

(C13—_Hp9) 1.094 0.98 (Cio——Cq1— 108.634 -
Ha4)

(C13—_H309) 1.096 0.98 (Hp3__Cq1 107.591 -
—_Ho4)

(C14—Hs31)  1.091 0.98 (C1o—Cip— 111.012 111.5
Hos)

(Ci4—Hs32)  1.095 0.98 (Ci10—Ci2— 111.026 111.5
Has)

(C14—Hs33) 1.095 0.98 (Cio—Cip— 111.149 111.5
Ha7)
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Bond B3LYP /6- Experimental Bond Angle B3LYP /6- Experimental
length (A) 311++G(d.p) Data ®) 311++G(d.p) Data
Bond Angle B3LYP /6- (Hys—Cp  107.515 -

) 311++G(d.p) —Hos)

(C_Ci— 116.668 117.39 (Hy5__Cq2 108.135 -

C3) —Hy7)

(Ca_Ci—  122.799 - (Hz6—Cq2 107.850

O15) —Ha7)

(CG_Ci— 120.512 - (Ci0—_Cy3— 110.805

O15) Hos)

(Ci—Co— 110.979 - (Ci1o—Ci3— 111.314 111.5
Hie) Hao)

(Ci—_C—  109.852 109.5 (Cio——Cy3— 111.027 111.5
Hi7) H3o)

(Ci—_C— 109.630 109.5 (Hys__Cq3 107.607 -
Hisg) __Hag)

(Hie—Co_— 110.029 109.5 (Hys_—Cy3 107.747 -
Hi7) —Hsp)

(Hig—Co— 106.783 - (Hp9—Cy3 108.187 -
His) __Hso)

(Hi7—_Co—  109.509 109.5 (C7_Cis— 110934 -
Hi1sg) Hs1)

(Ci—_CG— 111.502 - (C7_Cy4— 110.768 -

Ca) Hs3)

(Ci_C3__ 106.665 - (C7—_Cis— 110.121 -
0Og) H33)

(Ci—C— 110.667 111.5 (H31—Cia 109.097 109.5
Hig) __Hs»)

(C4—_C3— 110.512 - (H31_Cg 108.817 109.5
0Og) —Hs3)
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Bond B3LYP /6- Experimental Bond Angle B3LYP /6- Experimental
length (A) 311++G(d.p) Data ®) 311++G(d.p) Data
(C4—C3— 109177 111.5 (H32—Ci4  106.998 -

Hig) __Hss)

(Og—C3_— 108.247 109.5

H1o)

RMSD value of bond length - 0.0562A, RMSD value of bond angles - 0.0892°.
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Fig. 3. Potential energy surface curve of TTCPE.

4.3, Vibrational assignments

The vibrational spectroscopy provides individual fundamental vibrations that used to

demonstrating the structure of molecules and is a great method for quick and precise

measurement by organic chemistry. In the present investigation, the harmonic vibrational
modes of TTCPE molecules contain 33 atom and the result of 93 normal modes found
through FT-IR spectrum [33,34]. The calculated vibrational assignments of TTCPE
interpreted at B3LYP level 6-311++G(d.p) basis with PED% performed by using VEDA 04 and

https://www.sciencedirect.com/science/article/pii/S2667022423002244
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the scaled rate of 0.963 compute in the Table3 [35,36]. The observed and experimentally
recorded spectra are well correlated on TTCPE molecules have been shown in Fig.4
successively. Normally, the methyl asymmetric and symmetric groups are found between
3120 - 3060, 3025 - 3015cm™! [37]. Asymmetry CHj3 stretching vibrational appears in the
area 3166 and 3149cm™! with 84% PED in calculated spectra and the FT-IR spectrum of CHs
in TTCPE compound with the greatest intensity emerge in the region between 3168 and
3152 andcm™!. The CH; symmetric stretching oscillations happen at 3044, 3030cm™! with
72% PED was computed theoretically and the CH3 group arise 3035, 3032cm™! in FT-IR
spectra. The CH; v(s) and v(as) stretching is belongs to the bands expressed 3000 -
2900cm™! [38]. The CH, asymmetric stretching vibration absorption showed 3103, 3099 and
3092cm™! in FT-IR spectra and computational spectra of CH, asymmetric stretching seem at
3100, 3099 and 3093 cm™! with 99% PED. The CH, symmetric frequencies exhibit area
3025cm™! with extreme intensity in FT-IR spectra and recorded spectra range 3026¢cm-1

with 84% PED. According to a literature review, the active C=0 oscillation frequency was
reported to be around 1800-1600cm™! [39]. The FT-IR spectra, the C=0 band vibration on
the title compound appeared area at 1828cm-1 and corresponding DFT calculation
interpreted B3LYP/6-311++G(d,p) set at area 1828cm™! with 91% PED. The C—O oscillating
frequency occurred between 1260 and 1000cm™! [40]. In the FT-IR spectra, the C—O
oscillation frequency appeared across 1193, 1089cm™! with a medium intensity and
computed C—O oscillation frequency appears area at 1196, 1084cm-1 with lowest PED%.
The out of plane yOCCC bands occurred in the range at 1032, 612cm™! in the FI-IR spectra
and the calculated spectra of yOCCC frequency region at 1034, 608 with minimum PED
degree. The C—C oscillating frequency occurs 1590 - 1000cm™! [41]. Frequency bands of C
—C oscillations can be seen at 1379, 1283, 1234, 1193, 1109, 1057 and 1015cm™~! with min to
max intensity in spectrum of FT-IR. The simulated spectra of vCC band exhibit area 1375,
1294, 1228, 1188, 1104, 1051 and 1017cm™! with mixed PED 14.5%. The C—H occurred
between 3250 - 2950cm™! [42]. The C—H band vibrations appear at 3206cm™! with
minimum intensity in the infrared spectrum and theoretical prediction of C—H stretching
frequency observed band at 3207cm™! with corresponding PED 99% in the TTCPE
compound. All spectrum data collected from theoretical and experimental frequencies are
contrast and found to be in good agreement.

Table 3. Simulated experimental and theoretical frequencies on TTCPE.

B3LYP/6-311++G (d, p) Experimentalcm™1 Vibrational Assignments+(PED%)
Scaled FT-IR
3207 3206 vCH (99)

https://www.sciencedirect.com/science/article/pii/S2667022423002244 15/56
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B3LYP/6-311++G (d, p)

Experimentalcm™!

Vibrational Assignments+(PED%)

Scaled FT-IR

3186 - vCH (99)

3166 3168 TCH3 (84)

3149 3152 TCH3 (83)

3115 - vCH3 (55)

3110 - vCH3 (46)

3104 - vCH; (74)

3100 3103 vCH? (53)

3099 3099 vCH> (96)

3093 3092 vCH; (75)

3044 3035 vCH3 (97)

3030 3032 vCH3 (48)

3026 3025 vCH; (84)

3008 3012 vCH (98)

1828 1828 v0OC (91)

1716 - vCC (56)+8CCC (15)
1680 - vCC (46)

1521 - SHCH (51)

1516 - SHCH 42)

1506 - SHCH (35)

1500 - SHCH (50)+HCCC (23)
1499 - SHCH (40)

1495 - SHCH (42)

1487 1486 SHCH (53)+HCCC (14)
1482 - SHCH (43)+HCCC (10)
1475 1478 SHCH (45)

https://www.sciencedirect.com/science/article/pii/S2667022423002244
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B3LYP/6-311++G (d, p)

Experimentalcm™!

Vibrational Assignments+(PED%)

Scaled FI-IR

1432 1431 S8HCH (52)

1429 - SHCH (44)

1409 - S8HCH (51)

1405 - 8HCO (31)

1392 - S8HCH (58)+ 6HCO (11)

1375 1379 vCC (16)+ tHCOC (16)+ tHCCC (15)
1365 - SHCO(13)+ 8CCC(13)+ tHCCC (21)
1354 - SHCC (19)+ tHCOC (17)

1336 - SHCC(34)+ 6HCO(15)+ tHCCC (22)
1294 1292 vCC (17)+ 8HCC (13)

1282 1283 S8HCC (27)+vCC(17)

1263 - S8HCC (16)+ tTHCCC (12)

1228 1234 vCC (14)+ SHCC (14)

1196 1193 vOC (18)+ vCC (20)

1188 1187 vCC (12)+80CC (11)+ tHCOC (15)
1171 - SHCC (44)

1153 - THCCC (14)

1104 1109 vCC (13)+ 86CCC(12)

1084 1089 v0C (25)

1069 - 8HCH (27)+ tTHCCC (51)

1051 1057 vCC (19)

1034 1032 tHCCC (27)+yOCCC (14)

1022 - tHCCC (10)

1017 1015 vCC (11)

995 992 vCC (11)
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B3LYP/6-311++G (d, p) Experimentalcm™! Vibrational Assignments+(PED%)
Scaled FI-IR

971 - vCC (17)+ tHCCC (11)
958 - vCC (10)+ tHCCC (12)
936 - vCC (26)

920 921 vCC (33)

878 - vCC (19)+ tHCCC (10)
866 - tHCCC (67)

848 - vCC (16)

813 815 tHCCC (48)

793 - vCC (18)+ 6CCC (27)
722 - vCC (19)+80CC (11)

641 - TOCCC (11)+ tCCCC (15)
627 - vCC (11)+80CC (12)
608 612 THCCC (21)+yOCCC (24)
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Fig. 4. FT-IR simulated spectrum of TTCPE.

4.4. Electronic properties

4.4.1. FMO analysis on TTCPE molecules

Quantum chemical parameters of Ey, E; AE, IP, EA, Electronegativity (), Chemical Potential
(u), Chemical Hardness (n), EDP (o), EAP (&™) eV, Chemical Softness (o), Electrophilicity
Index (w), are performed by Gaussian 09W program using hybrid functional method
DFT/B3LYP/6-311++G(d,p) basis set computed with gas phase and different solvents are
given in Table4. On the basis of Koopmans equation [43] the HOMO, LUMO have been
optimized to visualized using GaussView 05 software illustrate in Fig.5 and the above

properties are describes to given information about stability of chemical structure and
chemical behavior on the title (TTCPE) molecules [44]. In the current investigation, the filled

https://www.sciencedirect.com/science/article/pii/S2667022423002244 19/56
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orbital of nucleophilic consist electron pair to donate, due to more reaction involves while
the empty orbital of electrophilic accept the electron pair which indicate formation of
chemical bonds. Highest-energy filled molecular orbital of nucleophile values -7.640eV in
gas and various solvent -7.640, -7.638, -7.633, -7.597, -7.567eV donate pair of electrons has
occupied in tetrahydrocyclopenta ring, due to less tightly connected electrons while lowest-

energy filled molecular orbital of electrophilic values 2.854eV in gas and different solvent
values 2.854, 2.855, 2.858, 2.878, 2.897 are accept pair of electrons has unoccupied in
ethanone structure, because minimum transition state and fastest reaction [45,46]. The
ionization potential removes the electron from outer most orbital to form positive ion
(cation) proportional to HOMO while electron affinity added the electron from neutral atom
to form nagative ion (anion) promotional to LUMO on the title molecules in different
phases. The electronegativity describes the tendency of atoms difference between IP+EA/2
on the TTCEP molecules express 2.393eV in gas and 2.393, 2.391, 2.387, 2.359, 2.335eV in
solvent, these values are represent attract stability of shared pair on electrons in covalent
bond. If the electronegativity below 0.5 its non-polar covalent, the electronegativity 0.5 to
2.1 it's polar covalent and the electronegativity is above 2.1 it's indicate polar or ionic. The
gas=2.393eV, Water=2.393eV both electronegativity are satisfied in polar or ionic covalent
consists more reactive and stable compared than other solvents. The strong reaction is
inversely correlated with low electrophilicity index energy value of 0.545eV and high
nucleophilicity index energy value of 1.832eV of TTCPE molecules in gas and water phases,

respectively [47]. The electron transition m—m* and the high energy gap difference between
HOMO, LUMO values in gas 10.494eV and in water 10.494eV, which represent low
reactivity and high kinetic stability compared than other solvent on the TTCPE molecules its

related to well biological activity [48].

Table 4. Electronic parameters on TTCPE molecules gas and solvent phases.

Molecular Parameters Gas Water DMSO Ethanol Chloroform Benzene
Enomo (eV) -7.640 -7640 -7.638 -7.633 -7.597 -7.567
Erumo (eV) 2854 2854 2855 2858 2.878 2.897
Ionization Potential (IP) 7.640 7.640 7.638 7.633 7.597 7.567
Electron Affinity (EA) -2.854 -2.854 -2.855 -2.858 -2.878 -2.897
Energy gap (eV) 10494 10494 10.493 10.491 10.476 10.464
Electronegativity (x) 2.393 2.393 2.391 2.387 2.359 2.335
Chemical Potential (u) -2.393 -2393 -2391 -2.387 -2.359 -2.335

https://www.sciencedirect.com/science/article/pii/S2667022423002244 20/56
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Molecular Parameters Gas Water DMSO Ethanol Chloroform Benzene
Chemical Hardness (n) 5247 5247 5246  5.245 5.238 5.232
Chemical Softness (o) 0.095 0.095 0.095 0.095 0.095 0.095
Electrophilicity Index (o) 0545 0545 0.545 0543 0.531 0.521
Nucleophilicity index (N) 1.832 1.832 1.834 1.840 1.882 1.919
Electron Donor Power (&) 2.398 2.398 2.396 2.392 2.365 2.342
Electron Acceptor Power (") 0.005 0.005 0.005 0.005 0.006 0.007
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Fig. 5. HOMO, LUMO illustrate and energy gap of TTECP in gas and solvents.

4.4.2. UV-visible absorption spectra

The UV-vis electronic spectra on TTCPE molecules correlated with simulated spectra in gas
phase and various solvents phase (polar, non-polar) commuted by TD-SCF with IEFPCM
level in the DFT as shown in Fig.6 [49]. The gas, water, DMSO, ethanol, chloroform, benzene
and experimental spectra of maximum wavelength absorption, band gap, oscillation

Strength, large and small contributions are given in the Table5 [50,51]. The calculated band
gap energies and An,ax Values are in gas phase shows 233.68, 191.63nm (5.30, 6.47eV). The
solvent phases exhibit water— 233.68, 191.63nm (5.30, 6.47eV), DMSO— 234.67, 191.71nm
(5.28, 6.46eV), ethanol— 234.07, 191.73nm (5.29, 6.46eV), Chloroform— 235.36, 192.17nm
(5.29, 6.45eV) and Benzene— 236.26, 192.49nm (5.24, 6.44eV) compared with
experimental spectra 235, 189nm (5.27, 6.56eV) on the TTCPE molecules. The overall
corresponding major contribution energy are H->L (58%) and HOMO—L+1 (65%), with
electronic transition m—1* successively. All of the spectral information from theoretical
spectrum has been contrast and good match with experimental spectrum. In theoretically,
the polar solvents have slightly larger band gap energy than non-polar solvents that

illustrates the important biological activity of polar solvent molecules.
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Fig. 6. Experimental and theoretical UV-vis spectra on gas and various solvents.

Table 5. UV-vis excitation energy and oscillator strengths on TTCPE.
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Solvents B3LYP hybrid 6-311++G (d, p) Major Minor
Absorption  Energycm™! Oscillation Band Contributions  Contributions
E % E %
band A max Strength (f) gap nergy (%) nergy (%)
(nm)
Gas 258.45 38692.29 0.0004 479 H-3->L(19%), H-3->L+1 (3%),
H-2->L (44%) H-2->L+1 (6%),
233.68 42794.46 0.7944 530 H->L(27%), H-1->L (8%)
H->L+1 (64%)
191.63 52184.43 0.0596 6.47 H->L(57%), H-1->L (2%),
H->L+1 (23%) H->L+21 (2%)
Water 258.45 38692.29 0.0004 479 H-3->(19%), H-3->L+1 (3%),
H-2->L (44%) H-2->L+1 (6%),
233.68 4279446  0.7944 530 H->L(27%), H-1->L (8%)
H->L+1 (64%)
191.63 52184.43 0.0596 6.47 H->L(57%), H-1->L (2%),
H->L+1 (23%) H->L+21 (2%)
DMSO 258.62 38666.48 0.0004 477 H-3->L(18%), H-3->L+1 (3%),
H-2->L (44%) H-2->L+1 (6%),
234.67 42613.79 0.8152 528 H->L(27%), H-1->L (8%)
H->L+1 (65%)
191.71 52163.46 0.0594 6.46 H->L(58%), H-1->L (2%),
H->L+1 (23%) H->L+21 (2%)
Ethanol 258.93 38620.51 0.0004 478 H-3->L(18%), H-3->L+1 (2%),
H-2->L (45%) H-2->L+1 (6%),
234.07 42721.87 0.8007 529 H->L(27%), H-1->L (8%)
H->L+1 (64%)
191.73 52156.20 0.0599 6.46 H->L(57%), H-1->L (2%),

https://www.sciencedirect.com/science/article/pii/S2667022423002244
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Solvents B3LYP hybrid 6-311++G (d, p) Major Minor
Absorption  Energycm™! Oscillation Band Contributions  Contributions
E % E %
band A max Strength (f) gap nergy (%) nergy (%)
(nm)
Chloroform  261.47 38246.26  0.0004 474  H-3->(13%), H-2->L+1 (6%),
H-2->L (49%) H-1->L (8%)
235.36 4248796 0.8169 529 H->L(27%), H-1->L (2%),
H->L+1 (64%)
192.17 52036.83 0.0616 6.45 H->L(57%), H->L+4 (2%),
H->L+1 (22%) H->L+21 (3%)
Benzene 263.99 37880.89 0.0004 4.69 H-3->L(10%), H-2->L+1 (7%),
H-2->L (52%) H-1->L (8%)
236.26 42326.65 0.8253 5.24 H->L(27%), H-1->L (2%),
H->L+1 (63%)
192.49 51951.33 0.0633 6.44 H->L(57%), H->L+2 (2%),
H->L+1 (22%) H->L+4 (2%),
H->L+21 (3%)
Experimental 235 - - 527 - -
189 - - 6.56 - -

4.4.3. DOS analysis

The density of states (DOS) spectrum describe about charges interact with valance,

conduction band and many energy states have been performed by using GaussSum 3.0

software with EWHM, which is filled orbital and empty orbital in the molecular structure |

52,53]. The filled orbital is depicted as green, negatively charged (HOMO) and bonding

interaction in the tetrahydrocyclopenta (C;H401) has donor attached to the C; atom. The

empty orbital express red colour, positively charged (LUMO) and non-bonding interaction in

the ethanone (C;H30) has receiver attached to the carbon C3 as shows in Fig.7. The energy

gaps seen in the DOS band spectra and HOMO - LUMO are exactly same and well correlated,

respectively.
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Fig. 7. Density of states of CMIO.

4.5. MEP surface analysis

The MEP plot express about size, shape and electronic density, at each atom interaction
with other atom through three dimensional ways on the molecular system. It is highly
helpful for identifying the sites locations of nucleophilic, electrophilic reactivity based on
colour shift and especially the properties of biomolecules, medications and physical,
chemical qualities [[54], [55], [56]]. The MEP plot on TTCPE components was created
optimized structure interpreted by GaussView 5.0 application as shown in Fig.8. The
electrostatic potential plot of gas phase and various solvent phase colour ranges from
-8.043, -8.020, -7.950, -7.865, -7.793, -7.436x 1072 a.u (appear in red code) to 8.043, 8.020,
7.950, 7.865, 7.793, 7.436x 1072 a.u (exist in blue code) that potential rises towards in the
order red, orange, yellow, green, cyan, and blue colour [57]. The local negative electrostatic

potential occupied in oxygen atoms in gas and solvent phases represent as electrophilic
reactive site (Donor) whereas the local positive electrostatic potential around in hydrogen
atoms in gas and solvent phases indicates as nucleophilic reactive site (acceptor) while the
localized zero electrostatic potential express in green surface area. The reactive sites express
gas and water phase nearby same compare with other solvents both are related to well
biological activity on TTCPE molecules successively.
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Fig. 8. MEP and contour surface plot on gas and various solvents.

4.6. Natural bond orbital (NBO)

The NBO analysis has powerful method to describe individual bond interaction, intra-inter
molecular hydrogen bond interaction, charge transfer (donor-acceptor) or delocalization in

electronic system are play important role in TTCPE molecules. The various second-order
perturbative estimates the larger stabilization energy occupied (donor) orbital Lawis NBO
measured in bond pair or lone pair and vacant (acceptor) orbital non-Lawis measured in
anti-bonding or Rydberg are known as zeroth - order natural Lewis structure to the

conjugation correction [58,59]. The large stabilization E(2) values and the more electron
density of donor and acceptor interaction in empty and filled orbital are basis of natural
bond orbital (NBO) using to express Fock matrix in the second-order perturbation theory.

The above mentioned all calculation performed by DFT/B3LYP process at level of 6-
311++G(d,p) basis set as given in Table6, respectively [60]. In the current investigations the
number of donor-acceptor stabilization energy of strongly delocalization at 128.06kcal/mol
has associated with donor (occupied orbital) BD*(2) Cg-C7—BD*(2) C5-Cqg acceptor (virtual
orbital) interactions, which is maximum stabilized energy on TTCPE molecular system and
the hyper conjugative interaction BD (2) C5-Co— BD*(2) Cg-C7, BD (2) C4-C7— BD*(2) C5-Co,
LP (2) Og—BD*(2) C4-C7, LP (2) O45— BD*(1) C;-Cy, LP (2) O15— BD*(1) C;-Cg3, that donor,
acceptor interaction corresponding with minimum stabilization of energy E(2) values 16.56,
24.27,35.01, 20.44, 21.03kcal/mol, respectively. The bonding - antibonding (¢*—0™) produce
large amount of energy, which is carbon-carbon interaction and lone pair - antibonding (LP
(1)— o) exhibit maximum amount of energy Og— Cg-C7 interaction which is related to
towards pharmacy and biomedicine uses on TTCPE Compound [61].

Table 6. NBO Analysis of TTCPE Compound.

Donor Acceptor E(2) kcal/mol E(j)-E(i) a.u. F(i,j) a.u.
BD (1) C5-Cg BD*(1) C5-Cq 7.01 1.41 0.08
BD (1) C5-Cq BD*(1) C5-Cg 739 1.40 0.09
BD (2) C5-Cq BD*(2) C-C7 16.56 0.31 0.06
BD (2) Cs-C5 BD*(2) C5-Cq 24.27 0.34 0.08
BD (1) Cg-Hoy BD*(1) C;-Og 7.51 0.88 0.07
LP (1) Og BD*(1) Ce-Cy 6.69 1.23 0.08
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Donor Acceptor E(2) kcal/mol E(j)-E(i) a.u. F(i,j) a.u.
LP (2) Og BD*(2) C6-C7 35.01 0.37 0.10
LP (2) 015 BD*(1) C;-C2 20.44 0.65 0.10
LP (2) 015 BD*(1) C1-C3 21.03 0.65 0.10
BD*(2) C-C7 BD*(2) C5-Cq 128.06 0.01 0.07

4.7. Drug-Likeness profile

The toxicity studies were done in PKCM database which depicts the ADME Property of the
Compound had strong polarity and was not easily absorbed by the body [62]. The
compound TTCPE satisfies the Lipinski 5 rule's which show molecular mass of 206 DA,
Hydrogen bond donors were depicted of value 0, Hydrogen Bond acceptors of the
compound is 2, the octanol water index shows 2.907 and molar refractivity index 63.217 are
listed in Table7 [63,64]. The ADME property of the compound are highlighted shows
adsorption in skin permeability 2.492 and water soluble shows -3 values exhibit the
absolute minimum that might be regarded as acceptable. The chemical's TPSA is
substantially lower than the value that is deemed dangerous. According to the highlighted

chemical parameters exhibits beneficial pharmacological qualities based on the criteria
shared by pharmaceutical medications.

Table 7. Drug likeness properties of TTCPE.

Properties MW g/mol LogP HBD HBA Water Solubility skin permeability PSA(A2)
Lipinski 5 rule's <500 <5 <5 <10 - - <130
Ci3H1802 206 2907 0 2 -3 2.492 63.21

4.8. Topological parameters investigation on TTCPE

4.8.1. LOL and ELF analysis

The investigation of covalent bond and amount of electron density interpreted by both
methods are localised orbital locator (LOL) and electron localisation function (ELF) on the
title compound [61]. Those are find areas of molecular region where each pair of electrons is
more likely to be found [65]. In the present study colour filed projection map and contour
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map of LOL, ELF obtained by Multiwfn 3.7 software on TTCPE molecules as shown in Fig. 9,
Fig. 10 [66]. Generally, the ELF describes about electron pair of density and that plot
configuration range from 0.5 to 1.0 which contain bonding, non-bonding localised electron
pair and if the value is below > 0.5 which shows delocalised electron region on the title

molecule. Similarly, the LOL describes the majority of localised orbital overlap and that map

surface occurs in the range from 0 to 1.0 that contain where electron localization occurs
over the density of electrons. The highest localisation of bonding and non-bonding electron

pair of ELF, LOL are reported due to the presence of a covalent link and a lone pair of

electrons in the surrounding area of hydrogen atoms. The delocalized of electrons pair of

ELE, LOL are predicted around carbon atoms Cy4, C7, Cg, Cs, Cg, C19, Cq1, C4, C in the

tetrahydrocyclopenta structure due to their smaller values. Comparatively, the ELF gives a

more detailed and perfect description than LOL gives on the TTCPE compound, respectively.
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Fig. 9. LOL (color-filled map with contour-Line Map) on TTCPE.
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Fig. 10. ELF (color-filled map with contour-Line Map) on TTCPE.

4.8.2. RDG analysis

The reduced density gradient investigation of non-covalent interactions, which exhibit
strong attraction, strong repulsion and neutral interaction of the molecular structure
optimized by DFT/ B3LYP/6-311++G (d, p) technique [67]. The plot visualization based on
electron density value in RDG parameter expresses information regarding strong and nature
interaction and described by p(r) indicate in graph as electron density, (A2)p is difference
between attraction and repulsion in RDG map [68]. The RDG graph illustrate about the sign
of (A2)p is greater than 0 its represent as red color range and strong steric effect repulsion,
(A2)p is less than 0 its express as blue with dark green color and strongest attraction and
(A2)p is nearby 0 its consider as green color and vandar walls interactions [[69], [70], [71]].
In the current study, the 2D scatters plot and RDG isosurface performed by Multiwfn 3.7
with VMD programs as shown in Fig.11. From the RDG map red color in
tetrahydrocyclopenta group positively charged (0.02-0.05) strong repulsion, dark green
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color in ethanone group negatively charged (-0.02- -0.05) strong attraction and green color
in trimethyl neutrally charged (-0.01-0.01), which indicate all interactions are equally
present as strong interaction in the title molecules successively.
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Fig. 11. RDG scatter graph with NCI on TTCEP.

4.9. Fukui function

The Fukui function has very fundamental and important element to characterize the

reactivity and site-selectivity of organic molecular structure [20]. The Fukui function is local
reactive variables commuted by using natural population analysis that indicates the way of
electronic density to shift at certain place to gives or receives electrons that are much likely
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come under an electrophilic or nucleophilic reactive [72]. The following statement evaluates
the Fukui functions as f * (i)=P; (N+1) - P; (N)—Nucleophilic attack f = (i)=P; (N) - P;
(N-1)—Electrophilic attack f ° (i)=[P; (N+1) - P; (N-1)] /2—Radical attack

Where p represent atomic charge ith ion location in positive ions (N+1), negative ions (N-1)
and neutral (N) in the chemical substances and the signs of f*, ", f? indicates nucleophilic,
electrophilic and radical attack interpreted hybrid B3LYP/6-311++G (d, p) approach.
Additionally, the dual descriptor A f(r) can identify with an accurate sign in the locations of
nucleophilic and electrophilic acts at certain location. This is described as the difference
between the nucleophilic and electrophilic Fukui function and the dual descriptor were
calculated by the equation of A f(r)=f *(r) - f =(r) [73]. In the current investigation, Fukui
function, local softness and dual descriptor have been commuted based on NPA. The dual
descriptor (Af(r)>0) exhibits nucleophilic sites whereas the dual descriptor (Af(r)<0) shows
electrophilic sites as given in Table8. The highest electropositive in the title molecules C2>
C14> C13> C12> C11> C8> C6> C9> C4> (5 are reported as reactivity order of nucleophilic
attack. Similarly, the lowest electronegativity of TTCPE compound C4> C11> C15> C6> C8>
C2> (9 are indicates reactive order of electrophilic attack while the radical attack reactivity
order C2> C14> C12> C8> C15> C11> C4> C5> (7 successively. The local softness occurs as
maximum electrophilic and nucleophilic reactive depending on local behavior in the TTCPE
show good biological activity.

Table 8. To determine the local softness (S), Fukui Function (fr) and duel descriptor on TTCPE.

Natural Population Charges Fukui functions Local Softness

Atoms 0,1(N) N+#1(-1,2) N-1(1,2) fi+ fi- fi0 fi si+ fi+  si-fi- si0 fi0

1 0.58 0.33 0.28 -024 029 002 -054 -005 0.06 0.0
c2 -0.78 -0.38 -0.39 039 -038 002 078 0.08 -0.08 0.06
(& 0.02 0.01 0.05 -0.00 0.01 0.08 -0.01 -0.07 0.01 0.12
C4 -0.29 -0.13 -0.15 015 -014 004 029 0.03 -0.02 0.07
G5 -0.04 -0.05 0.01 003 -0.05 -0.01 0.09 0.09 -0.01 -0.07
C6 -0.36 -0.19 -0.00 016 -035 -0.09 052 0.04 -0.07 -0.02
C7 0.36 0.23 0.33 -013 0.03 -0.04 -016 -0.04 0.08 -0.06
c8 -0.53 -0.26 -0.15 026 -037 -0.05 0.64 0.03 -0.07 -0.12
c9 -0.21 -0.07 0.21 014 -042 -014 0.57 0.03 -0.08 -0.02
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Natural Population Charges

Fukui functions

Local Softness

Atoms 0,1(N) N+1(-1,2) N-1(1,2) fi+ fi- fio fi si+ fi+ si-fi- si0 fi0
010 -0.07 -0.03 -0.05 003 -0.01 0.08 005 0.06 -0.04 0.20
1 -0.45 -0.22 -0.22 023 -022 004 045 0.04 -0.04 0.08
C12 -0.67 -0.33 -0.33 034 -034 002 069 0.07 -0.07 0.02
C13 -0.67 -0.33 -0.32 034 -035 -0.05 0.70 0.07 -0.07 -0.07
C14 -0.72 -0.35 -0.37 036 -034 007 070 0.07 -0.07 0.02
C15 -0.52 -0.24 -0.24 027 -027 -0.06 0.55 0.05 -0.05 -0.03
C16 0.25 0.1 0.12 -013 012 -0.09 -0.26 -0.02 0.02 -0.02
iz 0.26 0.11 0.14 -0.14 011 -0.01 -0.26 -0.03 0.02 -0.09
C18 0.25 0.1 0.13 -014 012 -0.01 -0.26 -0.02 0.02 -0.02
C19 0.22 0.10 0.12 -012 0.09 -0.01 -0.22 -0.02 0.02 -0.08
C20 0.26 0.12 0.14 -014 011 -0.01 -0.26 -0.02 0.02 -0.06
C21 0.24 0.10 0.13 -014 010 -0.01 -0.24 -0.02 0.02 -0.05
C22 0.23 0.09 0.12 -013 010 -0.01 -0.24 -0.02 0.02 -0.01
C23 0.24 0.11 0.13 -013 010 -0.01 -0.23 -0.02 0.02 -0.06
H24 0.23 0.1 0.12 -012 010 -0.07 -0.22 -0.02 0.02 -0.05
H25 0.23 0.10 0.13 -012 010 -0.01 -0.22 -0.02 0.02 -0.08
H26 0.23 0.10 0.12 -012 010 -0.01 -0.23 -0.02 0.02 -0.01
H27 0.23 0.1 0.12 -012 011 -0.07 -0.23 -0.02 0.02 -0.09
H28 0.23 0.10 0.12 -012 010 -0.01 -0.23 -0.02 0.02 -0.01
H29 0.23 0.11 0.12 -012 011 -0.02 -0.23 -0.02 0.02 -0.05
H30 0.23 0.10 0.13 -012 0.09 -0.01 -0.22 -0.02 0.01 -0.03
H31 0.24 0.11 0.13 -013 011 -0.01 -0.24 -0.02 0.02 -0.06
H32 0.25 011 0.15 -013 0.09 -0.01 -0.23 -0.02 0.02 -0.01
H33 0.25 0.11 0.15 -013 010 -0.01 -0.23 -0.02 0.02 -0.08
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5. Molecular docking on TTCPE compound

The molecular modelling docking approach has been used to predict the behavior of small
molecules interacts with binding site of target protein and also explain the basic biological

mechanisms performed by AutoDock Tool 1.5.6 application [54]. In the current study, the
synthesis of the TTCPE ligand selected the three active receptors. The first 1H8X protein
against pancreatic cancer (Domain-swapped Dimer of a Human Pancreatic Ribonuclease

Variant) which is classified under the enzyme Hydrolase », the second protein 6R7T against
melanoma cancer (Nanobody-complexed human Melanoma-Associated Antigen B1
(MAGEB1) which is classified under the enzyme Immune System » and the third receptor

6DX5 against ovarian cancer (the viral OTU domain protease from Farallon virus) which is
classified under the enzyme Immune System » Hydrolase ». The Molview.org programme
for translating PDB databases was used to prepare the ligands for the TTCPE molecules. The
protein has been downloaded as a PDB file from the RCSB database for molecular docking
execution. The AUTODOCK algorithm was ran on the CYGWIN-I platform. This software will
generate GLG files and DLG files, which can be opened in WordPad and express bonded
residues, bond distance (A), intermolecular interaction (kcal/mol), estimated inhibition

constant (um), binding impact (kcal/mol) and reference RMSD (A) of various active site
protein are listed in Table9 [55,74]. The docking results reported the minimum binding
energy of 1TH8X, 6R7T and 6DX5 receptors exhibit -4.91, -5.46 and —5.83 kcal/mol and the
intermolecular energy were estimate -5.21, -5.75 and -6.13 kcal/mol, respectively. The
bonding distance and binding residues of 1H8X proteins shows LYS 141 in 2.2A, 6R7T
receptor expresses ARG 110 in 2.0A and 6DX5 receptor reveal ASN 167 in 1.8A, LEU 180 in
2.2A amino acids as shown in Fig.12, Fig. 13, Fig. 14. The protein binds with title molecules
by C;__045, C3__0g__Cy in tetrahydrocyclopenta ring plays important role for ligand-
protein interactions. Amongst the all receptor, the maximum negative binding energy
-5.83kcal/mol indicate effective drug of the 6DX5 protein against ovarian cancer which
corresponds to a strong ligand-protein binding on TTCPE compound.

Table 9. The binding affinity of the proteins using AUTODOCK software.

Protein  Bonded Bond Estimated Inter Binding Reference
(PDBID) residues distance Inhibition molecular impact RMSD (A)
(A) Constant (pum) Energy (kcal/mol)
1H8X LYS 141 2.2 251.58 -5.21 -4.91 41.92
(O... HZ1)
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Protein  Bonded Bond Estimated Inter Binding Reference
(PDBID) residues distance Inhibition molecular impact RMSD (A)
(A) Constant (um)  Energy (kcal/mol)
6R7T ARG 110 2.0 100.33 -5.75 -5.46 35.32
(0..HE)
6DX5 ASN 167 1.8 53.36 -6.13 -5.83 48.05
(O..HN) 2.2
LEU 180
(O..HN)
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Download: Download full-size image

Fig. 12. Ligand-Docking complex are seen in the active site on 1H8X.
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Fig. 13. Ligand-Docking complex are seen in the active site on 6R7T.
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Fig. 14. Ligand-Docking complex are seen in the active site on 6DX5.

5.1. Thermodynamics properties on TTCPE

The thermodynamic properties computed by stand-alone Perl-Script (thermol.pl) and the
good accuracy of hybrid function B3LYP/6-311++G (d,p) set used to predict on TTCPE
molecules to talk about their particular reactivity and thermodynamic stability as shown in
Fig.15. In the current work, thermodynamic strength used to describe through various
parameters of entropy, enthalpy and heat capacity displays in Table 10 [75,76]. The result of
S, C, H increases the values while the temperature also increased from 100 to 1000K due to
the fact that molecules' temperatures increases their vibrational intensities amongst the
particles and kinetic stability [77]. This demonstrates the good chemical for further studies
and thermal stability of title molecule.
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Fig. 15. Thermodynamics parameters of TTCPE with temperature.

Table 10. Effect of temperature on TTCPE molecules by entropy, heat capacity and enthalpy.

T(K) S(J/mol.K) C(J/mol.K) H(Kk]J/mol)
100 330.75 109.71 6.76
200 429.83 182.99 21.47
298.15 516.22 255.31 42.94
300 517.80 256.71 43.42
400 601.87 33045 72.82
500 682.83 395.82 109.22
600 760 450.61 151.63
700 832.99 496.17 199.03
800 901.81 534.37 250.62
900 966.67 566.73 305.71
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T(K) S(J/mol.K) C(J/mol.K) H(Kk]J/mol)

1000 1027.84 594.34 363.80

5.2. Conclusion

The TTCEP (C;3H180>) structure was synthesized from Aeglemarmelos leaves has been
determined by the GC-MS data. The FT-IR spectrum was contrast to the calculated
frequencies with PED% well matched. The PES revealed conformational study identified the
strongest conformer and the optimized parameters (single, double bond) stability found
and correlated with the XRD data. The high energy gap 10.494eV in gas and water showed
well kinetic stability as best biological activity on TTCPE. The electronic spectra express gas
and solvent (A2x=233.68, 191.63nm) are well contrast with UV-vis spectra (Apax=235,
189nm). The MEP surface exhibits electrophilic attack in oxygen atoms (repulsion) and

nucleophilic attack in the hydrogen atoms (attraction). NBO computed effective charge
transfer119.54Kcal/mol and the reactive site were predicted by Fukui function using NPA
charges. ADME results demonstrate the medicinal nature and Lipinski Rule of 5 estimated as
drug likeness that suitable to act as an orally active potential drug in humans on TTCPE
compound. LOL, ELF and RDG revealed bonding, non-bonding, interaction performed by
Multiwfn 3.7 software. The docking studies exhibit good inhibitor against cancer activity
receptors (1H8X, 6R7T and 6DX5) and comparatively, the minimum negative energy of the
6DX5 (-5.83kcal/mol) against ovarian cancer showed stable ligand-protein interactions.
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