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ARTICLE INFO ABSTRACT

Keywords: Natural traditional medicine extensively uses certain terpenes and gives plants their flavor,
Molecular geometry aroma, and color. Treatments for bacterial infections, malaria, and cardiovascular disorders, anti-
uv

inflammatory, promote circulation, and heal wounds. 3,7-Dimethyl-1,6-octadien-3-ol (Linalool) is
a naturally occurring monoterpene alcohol with no cycle and is a colorless liquid. Spectral
analysis such as UV absorption spectra, NMR for structure determination, and IR and Raman for

NMR
Vibrational assignment
Wave function (ELF

LOL vibrational analysis. The Quantum mechanical approach uses DFT, ELF, and LOL-promolecular
RDG) electron density, non-relaxed, and atomic density analysis. The biomolecular studies such as
ADMP molecular dynamics using protein-ligand complex with HIV-1 organism (energy minimization).
Molecular docking ADMET for the usage of linalool in different metabolism studies and Molecular docking for
ADMET binding affinity, its reactive site estimation, and macromolecules that come into contact with
Molecular dynamics and GMX_ MMPBSA protein receptors and conclude ligand binding affinity with protein.

1. Introduction

Most naturally occurring compounds are found in plants, the largest and most diverse group is called Terpenes. Natural traditional
medicine made extensive use of certain terpenes. They give plants their flavor, aroma, and color. Treatments for bacterial infections,
malaria, and cardiovascular disorders, anti-inflammatory, promote circulation, and heal wounds. Terpene shields a variety of living
things from abiotic and biotic stressors, including microorganisms, animals, and plants. Nowadays, terpene is used in great quantities
in modern medicine for a variety of therapeutic medications. 3,7-Dimethyl-1,6-octadien-3-ol (Linalool) is a naturally occurring
monoterpene alcohol with no cycle and colorless liquid. The plant metabolite linalool serves as a volatile oil component, an antibiotic,
a fragrance, and a plant metabolite. More than 200 different plant species, including numerous flowering and spice plants, contain
linalool. It is the defining perfume of several well-known cosmetic lines and aromas, and it is frequently found in goods that are
intended to help people feel calmer. It is present in a variety of fruits, flowers like roses, and spice plants, including ylang-ylang, laurel,
tangerine, spearmint, and lemon. In a model of depression, anxiety, and reduced neurogenesis brought on by prolonged corticosterone
treatment, rats treated with linalool-rich lavender essential oil showed favorable effects on depressive-type behaviors, enhanced
neurogenesis, and dendritic complexity [1]. The knowledge of linalool’s antidepressant action mechanisms is highlighted as a new
antidepressant phytoremediation [2]. The anti-inflammatory, anti-hyperalgesic, and antinociceptive effects of linalool in different
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animal models have been established [3-5]. With both in vitro and in vivo outcomes, a strong body of data has been built to support the
diverse biological features of linalool, with the proof of CNS effects offering the most promising possibility for treating diseases [6]. A
significant reduction in the mean xenograft tumor volume and weight was exhibited without an alteration in alanine aminotransferase
and aspartate aminotransferase levels in mouse xenografts when mice were fed with 100-200 pg/kg linalool [7]. To emphasize the
benefits of a recent line of research on linalool in nanotechnology-based drug delivery systems, which may enable the regular use of
linalool as API in the pharmaceutic, cosmetic, and perfumery industries shortly [8]. In this study, spectral analysis like UV absorption
spectra to understand the absorption bands, providing information about the variation of bands from the spectra, NMR for structure
determination at the atomic level, IR, and Raman for vibrational analysis. With the help of the fundamental laws of quantum physics,
versatile tool density functional theory provides a quantitative explanation of material properties is undertaken as the quantum
mechanical approach for this compound for understanding the structure through potential energy surface scan for energy description
and shape analysis on contrast. IRC enables minimum, maximum, and total energy during the interaction. ADMP for understanding
electronic and nuclear kinetic energy. The wave function for the quantitative analysis of molecular surface with minima, maxima of
orbital and surface analysis on reactive sites, ELF and LOL-promolecular electron density, non-relaxed and atomic density analysis. The
biomolecular studies such as molecular dynamics using protein-ligand complex with HIV-1 organism (energy minimization). The
production of molecular dynamics using equilibrium 1 and 2 with energy minimization of protein ligand complex. Progression of
hydrogen bond studied during energy minimization through molecular dynamics. ADMET for the usage of linalool in different
metabolism studies. Molecular docking for binding affinity and its reactive site estimation. The beneficial in locating bioactive sub-
stances that can be utilized to create potent medicines. The results of the above-mentioned approaches will be utilized in prediction in
vivo and in vitro studies.

2. Applied method

The calculations were performed by the DFT (B3LYP/6-31G (d, p)) method (The validity of B3LYP/6-31 G (d, p) density functional
theory in investigating geometry optimization and determining geometrical parameters has been demonstrated) [9,10] on 11th Gen
Intel(R) Core (TM) i5-1135G7 @ 2.40 GHz, 2419 MHz, 4 Core(s), 8 Logical Processor(s)z personal computer using Gaussian 09 W
program package [11]. Harmonic vibrational frequencies were calculated, the frequencies were scaled and the structure was opti-
mized. Selected single-point energy analyses using the PES scan are conducted, and internal coordinates using Gauss view 5.0 8 [12].
Multiwfn, wavefunction analysis, a very comprehensive function method is applied [13]. Molecular dynamics using GROMACS 2022.5
[14] of protein and ligand interaction. ADMET - the internal processes that describe drug movement are calculated [15]. Molecular
Docking studies were carried out using the AutoDock suite and the generated configuration from AutoDock by using Vina [16,17] as a
docking engine, the output is taken from the executed file (Through the ligand-based virtual screening approach, and the protein will
be selected by the ligand for docking). Molecular Dynamics program dart in ubuntu 20.040 version Linux terminal with Linux
command program tool (GUI) Gromacs-2022.5 and analyzed protein-ligand interaction using protein Human immunodeficiency
virus-1 with 3,7-Dimethyl-1,6-octadien-3-ol [18].

3. Results and discussion
3.1. Molecular geometry

The compound 3,7-Dimethyl-1,6-octadien-3-ol contains C19H180 (29 atoms). From Fig. 1 the combination of carbon-hydrogen
shows the bond length range from 1.084 A-1.1 A. The combination of carbon-carbon shows the bond length in the range of 1.331
A —1.554 A. Due to a negative correlation, the bond energy decreases as the bond length increases. This inverse relation was found

between the bond length carbon-carbon to the maximum of 1.554 A (Cs-C4) when compared with carbon-hydrogen bonding. This is
due to (sp>-s orbital) high electron density overlaps of the C-H bond and (sp>-sp> orbital) low electron density overlap of the C-C bond.

Fig. 1. Atom numbering scheme of 3,7-Dimethyl-1,6-octadien-3-ol.
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The bond length of Og-Hj3 is 0.969 A, due to oxygen being more highly electronegative than hydrogen atoms. Moreover, oxygen-
hydrogen usually gives its bond length in the range of 9.57 x 107 !! m and the double bond length between carbon-oxygen is
found about 1.2 A, and in others, the bonds is 1.43 A and in our present study the bond length of C3-Og is 1.428 A, this may be due to
stretching of bond length by the Og-Has. A strong hydrogen bond between Og (donor) and H;3 (acceptor) was formed with a bond
distance of 2.291 A on shortening of the bond distance (Og—Hs3) to 0.969 A shown in Table 1. Magali Benoit and Dominik Marx studied
the shape of proton in hydrogen bonds based on bond length, where it showed the spherical shape of the proton which is characterized
by proton density distribution of the proton coordinates’ quantum uncertainty outcome with stretching along the hydrogen bond axis
[19].

3.2. Absorption spectra

The interaction of ultraviolet and visible radiation with matter results in electronic transitions, which are the promotion of elec-
trons from their ground state to a high-energy state. The time-dependent density functional theory manifests as a powerful and
effective computational tool for the study of ground and excited state properties. Fig. 2 shows the three absorption spectra approxi-
mately at 204 nm, 195 nm, and 188 nm for 3,7-Dimethyl-1,6-octadien-3-ol. The Excitation energy (AE), Absorption wavelength (1),
and Oscillatory strength (f) are given in Table 2. Electronic transitions in organic molecules in the vast majority of cases involve
transitions of sigma (o) electrons, n-electrons, and n-electrons [20]. The absorption at 204 nm and 195 nm shows n—n* bonding orbital
to anti-bonding, out of which 204.10 nm shows an intense peak with a longer wavelength (Bathochromic effect). The wavelength at
188 nm shows the n—c* non-bonding orbital to anti-bonding orbital and affirms the presence of the alcohol group with higher energy
or shorter wavelength comparatively with other wavelengths. The hydrogen bonding’s significant impact on transitions n—c* is
confirmed through this by moving towards a shorter wavelength.

3.3. NMR analysis

The Gauge-Independent Atomic Orbital (GIAO) carbon chemical shift calculations for 3,7-Dimethyl-1,6-octadien-3-ol are made,
which is a superior approach to exhibit a faster convergence for many aspects at the present state of the subject. The calculation was
made by using RB3LYP/6-31G (d, p) NMR = GIAO. The calculated values for 13C NMR are shown in Table 3. The chemical shifts were
measured for the solvents DMSO and Chloroform respectively. The accuracy ensures accurate interpretation of spectroscopic pa-
rameters when you consider that the range of 13C NMR chemical shift for comparable organic compounds typically is > 100 ppm [21].
In this study, 13C the NMR chemical shift of all carbon atoms falls in the range less than 100 ppm. The factors that control the chemical
shift may be due to the geometry of the carbon atom and the electronegativity of other atoms around the carbon atom. The bond angle
for the carbon atoms Cy-C3-C4, C3-C3-Og, Cy—C3—Cq1, C4—C3-09, C3-C4—Hjs, C3—C4—H;ys5, C3—C4—Hyg, O9—C3—C11, C3-O9-Has3,

Table 1

Optimized parameter of 3,7-Dimethyl-1,6-octadien-3-ol.
Parameters Bond Length A) Parameters Bond Angle (°) Parameters Bond Angle (°)
C-C, 1.331 Cp-C1-Hyp 121.3 H;,-Cs-Hig 105.6
Ci-Hiz 1.086 Co-C1-His 120.9 C7—Ce—Hig 116.9
Ci-Hi3 1.084 C;—Co-C3 125.3 Ce—C7—Cg 120.7
Ca—Cs 1.515 C1—Co-Hiyg 120.1 Ce—C7—Ci0 124.9
Cy-Hyg 1.09 Hyp-Ci-His 117.8 Cg-Cr—Cio 114.4
C3-Cy4 1.554 C3—Cy-Hisg 114.6 Cy—Cg-Hao 111.2
C3-Og 1.428 Cy—C3-Cy4 108 Cy—Cg—Hay; 110.8
C3-Ci; 1.543 Cy-C5-Oq 107.4 C,—Cg-Hyo 112
C4—Cs 1.546 Co-C3-Cq 108.8 C7—C10-Haz4 110.3
C4—His 1.097 C4—C3-Og 110.6 C7—Cq0-Has 110.7
C,~Hig 1.096 C4~C3-C13 112.2 C,~Cio-Hag 113.5
Cs5—Ceq 1.508 C3-C4—Cs 116.8 H0—Cg—Ha; 106.4
Cs-Hi7 1.094 C3—C4—His 108.6 Hyo—Cg—Hyo 108.2
Cs-Hig 1.1 C3-C4-Hig 106.9 Ha;-Cg—Ha, 108.1
Ce—C7 1.346 09-C3-C11 109.7 H24—Ci0-Has 106.3
Ce—Hig 1.091 C3—-0g-Ha3 107.2 H24-Ci0-Hae 107.7
C,Cg 1.511 C3-C11-Hy; 111.2 Has-Cro-Hae 108.1
C7—Cyo 1.509 C3-Cy1-Hag 109.3 Hy7-C11-Hag 108
Cg—Hao 1.098 C3-Cq11-Hyg 111.6 H27—Ci1-Hao 108
Cg—Ho 1.098 Cs—Cs-His 108.2 Hys-C11-Hoo 108.5
Cg-Hy» 1.093 Cs—C4-Hig 109.3
O9-Has 0.969 C4—Cs5—Cg 114.4
Oo-His 2.291 C4~Cs-Hy7 110.2
Cro-Hog 1.098 C4~Cs-Hig 106.8
Ci0-Has 1.097 H;5-C4—Hje 106.6
Ci10-Haze 1.091 Ce—Cs—Hi7 111.4
Ci1-Hyz 1.095 Co—Cs-Hig 108
Cy1-Hog 1.093 Cs-Ce-Cy 128.9
C11-Hyg 1.096 Cs5—Ce—Hig 114.1
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Fig. 2. UV spectra of 3,7-Dimethyl-1,6-octadien-3-ol.

Table 2
Excitation energy (AE), Absorption wavelength (1), and Oscillatory strength (f) for 3,7-Dimethyl-1,6-octadien-3-ol calculated at TD-DFT (B3LYP/6-
31G (d, p)) method.

S.No. States Electronic transition AE (eV) A (nm) f

1. HOMO (41) -> (44) LUMO n-T* 6.0746 204.10 0.1232
HOMO (42) -> (44) LUMO
HOMO (43) -> (44) LUMO

2. HOMO (41) -> (45) LUMO n—n* 6.3319 195.81 0.0263
HOMO (42) -> (44) LUMO
HOMO (42) -> (45) LUMO
HOMO (43) -> (45) LUMO

3. HOMO (41) -> (44) LUMO n—c* 6.5652 188.85 0.0413
HOMO (42) -> (44) LUMO
HOMO (43) -> (45) LUMO

Table 3

Theoretical 13C isotropic chemical shifts (ppm) for 3,7-Dimethyl-1,6-octadien-3-ol.
S.No. Atoms RB3LYP/6-31G (d, p) DiMethylSulfoxide RB3LYP/6-31G (d, p) Chloroform
1. C; 65.416 81.782
2. Cy 24.589 48.869
3. C3 8.652 22.892
4. Cy 37.262 49.009
5. Cs 49.350 60.188
6. Ce 39.105 58.260
7. Cy 44.790 65.689
8. Cg 53.405 63.797
9. Cio 55.697 65.783
10. Ci1 50.574 60.658

C3—C11-Hag, Cs—C4-Hjs, Cs—C4-Hys, C5—C4-Hi6, C4—Cs-Hy7, C4—Cs-Hig, H15-C4-Hi6, Ce—Cs-Hi, H17-Cs-Hig, C7-Cg-H21C7—C10-Hog,
C7—-C10-Has, Hao—Cg—Ha, Hao—Cg—Ha, H24-C10-Has, Ha4—C10-Has, Ha5-C10-Hae, H27-C11-Has, Ha7—C11-Hag, H2g—C11-Hag, forms the
sp® hybridization with 1s orbital and 3p orbital to form new similar orbitals showing the tetrahedral arrangement with a bond angle
ranging from 105° to 110° which are quite common in nature, shows NMR peaks (shown in Fig. 3) typically below 80 ppm. From the
table, the theoretical 13C isotropic chemical shifts (ppm) for 3,7-Dimethyl-1,6-octadien-3-ol using DMSO and Chloroform as a solvent
shows the exact positioning of the carbon atom type. The lowering of the ppm value for Cs is found in both the solvents and also
confirms the hydrogen bonding with H-O ....H impression.

3.4. Vibrational spectral analysis

Figs. 4 and 5 show the experimental and theoretical FT-IR and FT-Raman spectra of the title compound. The 29-atom 3,7-Dimethyl-
1,6-octadien-3-ol molecule contains 81 normal modes. Out of which, a few important vibrational wavenumbers alone were discussed
in the present study. This molecule is a member of the C; symmetry family. To fit the estimated wavenumbers with those of the
measured ones, scaling factors are applied. Together with the Reduced masses, Force constants, and computed wavenumbers, the
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Fig. 3. NMR spectra of 3,7-Dimethyl-1,6-octadien-3-ol using (a) DMSO (b) Chloroform.
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Fig. 5. FT-Raman spectra of 3,7-Dimethyl-1,6-octadien-3-ol (a) Experimental (b) B3LYP/6-31G (d,p).

experimental FT-IR and FT-Raman wavenumbers [22] are reported in Table 4. From this, we can understand that a

bond’s strength can

be determined by the force constant. With increasing bond strength and lowering decreased mass of the bound atoms, the value of the

stretching frequency of a bond rises.
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Table 4

Vibrational assignment for 3,7-Dimethyl-1,6-octadien-3-ol.
FTIR? FT Raman” Scaled Frequency IR Intensity Raman Activity Reduced Masses Force Constants Vibrational Assignment
- 3619 3604 150.31 222.69 1.07 8.84 OH bond
3322 - 3131 9.04 61.00 1.12 6.97 OH bond
2971 - 2977 27.69 27.39 1.09 6.18 CH stretching
2883 - 2895 23.29 108.95 1.07 5.73 CH symmetric stretching
- 1672 1668 4.68 58.27 6.24 11.09 CC stretching
- 1431 1434 2.55 9.86 1.08 1.42 CH, symmetrical bending
1417 - 1424 3.99 11.22 1.08 1.40 CH3 symmetrical bending
1379 - 1380 1.12 28.42 1.25 1.52 CHj3 asymmetric bending
1328 - 1343 9.41 5.43 1.42 1.63 CH3 symmetric bending
- 1314 1307 1.69 6.58 1.28 1.39 CH3 asymmetric bending
1277 - 1280 4.93 14.32 1.31 1.38 OH in-plane bending
- 1185 1207 16.08 12.03 1.64 1.53 COH stretching
1085 - 1094 13.16 9.24 1.96 1.50 CO stretching
1044 - 1060 6.32 5.74 1.62 1.16 CO stretching
879 - 890 1.91 6.85 1.95 0.99 CH bending
2 [22].

3.4.1. O-H and C-O vibration

Non-hydrogen-bonded OH ions also exhibit a somewhat broad wavenumber range, ranging from 3670 to 3500 cm’. Strong
hydrogen bridges can have wavenumber shifts of up to 3100 cm-1 due to the involvement of OH ions that display much higher
wavenumber shifts [23]. In the present study, the OH vibrational mode is found at 3619 cm™! in FT-Raman spectra and this is
confirmed by the theoretical analysis at 3604 cm™*. Normally, the broad band of OH alcohol is found between wavenumber between
3200 and 2700 cm ™! of intramolecular bonding. The same was found at 3322 cm ™! in FT-IR spectra and 3131 cm ™! by B3LYP/6-31G
(d, p) method. The vibrational assignment for the wavenumber at 1185 cm ™! in FT-Raman spectra and 1207 cm ™~ in gas phase is due to
the hydrogen bond generation in the tertiary alcohol has caused it to have a very wide OH tension band with carbon stretching. The
added value for these vibrations is provided by the FT-IR peak at 1277 cm ™!, which is analyzed as OH in-plane bending. A strong CO
stretching is usually found between 1085 and 1050cm-1 and a strong band is found in this present study at 1085 cm™}, 1044 cm ™! at
FT-IR and this was supported by the gas phase value at 1094 cm ™! and 1060 cm™_.

3.4.2. C-H vibration

The CH stretching of alkane with medium peak falls in the region from 3000 to 2840 cm ™, this can be seen from Table 4, where
2971 ecm™!, a weak peak at 2883 cm ™! in FT-IR and in the gas phase of around 2977 cm *and 2895 cm ™. A strong trisubstituted CH
bending mode occurs at 880 + 20 cm™". In this study, the same bending mode occurs at 879 cm ™' at FT-IR and 890 cm ™! in the gas
phase.

3.4.3. C-C vibration

The trisubstituted [24] 3,7-Dimethyl-1,6-octadien-3-ol shows CC weak stretching between 1675 and 1665 cm-1, the same vibration
is observed in our study at 1672 cm ! at FT-Raman spectra and 1668 cm ™' in the gas phase. As a result, the carbon atom’s frequency of
vibration decreases, demonstrating an increase in reduced mass.

3.4.4. CH; and CHs vibration

In the IR and Raman spectra, the scissoring mode [25] of the CH, group generates a unique band in 1465 cm™!. This band often
crosses over with CHs anti-symmetrical bends at 1470-1430 cm ™. This encourages the findings in both experimental values at 1431
cm™! in FT-Raman spectra and 1434 cm ™! by the B3LYP/6-31G (d, p) method. The rocking, wagging, and twisting appear [25] in the
region of 1422-719 cm ™ .. These vibrations result in weak IR and medium Raman bands for alkanes when they interact with nearby
CH, groups. From the table, FT-IR wavenumbers such as 1417 em™Y, 1379 em ™Y, 1328 ecm ™, and the wavenumber 1314 cm ™! at
FT-Raman confirms that the vibrations are CHs in bending mode which the theoretical data 1424 cm_l, 1380 cm_l, 1343 cm_l, and
1307 cm™! supports.

3.5. Potential energy surface

By allowing representations and modifications to molecules or systems of molecules’ shape and geometry to be linked to the
electronic energy of the system, the potential energy surface makes it possible to apply Schrodinger’s equation to molecules. The
potential energy surface (PES), which displays the relationship between a molecule or system of molecules’ energy and geometry or
coordinates, is one of the essential concepts in computational chemistry. As a result, finding and describing potential energy surfaces
has a wide range of applications in computational chemistry. The basic set keywords of 3,7-Dimethyl-1,6-octadien-3-ol (Linalool) in
the Gaussian 09 W program were RB3LYP/6-31GSingular-point energy assessments are conducted over a rectangular grid with specific
angles as part of a rigid PES scan. The PES 3D displays saddle points of energy as dots, with red being the highest level and blue
denoting the lowest level. The 3D diagram of a PES scan performed for the dihedral angles C1, C2, C3, 09, and 09, C3, C5, and C6 at the
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B3LYP/3-21G level for the title molecule angles was varied in steps of 20°, 40°, and 360°. The total potential energy values described as
minimum, maximum, and end saddle points were mentioned as a, b, and ¢ with an arrow marked and highlighted in red color [26].
Total energy eV figures are as follows: Step 1 (a), Energy = —12707eV, Step 2 (b), Energy = —12706.80eV, and Step 3 (c). Energy =
—706.90eV. The observed values shown in the 3D scan Fig. 6 (i), such as those in the a, b, and c stated figures, and the 2D Fig. 6 (ii)
arrow mark symbol points each individually indicate the total energy. Gaussian Scan computations across two variables are plotted
using Gauss View to create three-dimensional surfaces.

3.5.1. Intrinsic reaction coordinate (IRC)

Quantum chemical analysis and the prediction of chemical reaction mechanisms are two common applications of the IRC approach.
The IRC gives a unique connection from a given transition structure to the local minima of the reactant and product sides [27]. This
allows for easy understanding of complicated multistep mechanisms as a set of simple elementary reaction steps. A specific option is
the intrinsic reaction coordinate (IRC), which is the minimal energy reaction pathway between a reaction’s transition state and its
reactants and products in mass-weighted cartesian coordinates. According to highlight (“a”) in Fig. 7, the IRC minima value one is
0.72931eV and the total energy is —12555.8eV. IRC’s second minima are equal to —0.79907eV, with total energy equal to —12555.8eV
highlighted “(b)” in Fig. 7. We noticed that the first and second minima values changed in this, but the overall energy remained
unchanged, as shown in Fig. 7.

3.6. ADMP

ADMP (Atom-Centered Density Matrix Propagation) approach, where the one-electron density matrix expanded in an atom-
centered Gaussian basis set is propagated as electronic variables along with the classical nuclear degrees of freedom via an
extended Lagrangian procedure [28]. The ADMP method has appealing characteristics like the ability to accurately treat all electrons
or use pseudopotentials to simulate research systems, the ability to use large time steps by using small values for tonsorial fictitious
mass, the use of a wide range of accurate and effective exchange-correlation functionals, and hybrid density and kinetic energy
functionals. In the simulated dissociation trajectories’ analysis in the DEA dissociation process, bonds are broken within femtoseconds
of the simulation time scale, and the dissociation trajectory differs depending on the size of the three basis sets. The method is carried
out by using the B3LYP functional of density functional theory and the 6-31 + G (d, p) basis sets with the geometry of 3,7-Dimethyl-1,
6-octadien-3-ol. Input data maximum number of steps 50, random number generator seeds 398465, time each step = 0.10000 fs,
fictitious electronic mass = 0.10000 amu, MW individual basis function is true, initial nuclear kinetic energy is 0.10000 eV, initial
electron kinetic energy = 0.00 eV, Multitime step — NDtrC = 1, Multitime step - NDtrP is no thermostat chosen to control nuclear
temperature. A total simulation of 5000 steps is run for each trajectory. Time in femto second of electronic kinetic energy and kcal/mol
of nuclear kinetic energy the minimum nuclear kinetic energy is 1.37745eV of time in trajectory (femtosecond) is 5 further details
shown in Fig. 8 maximum nuclear kinetic energy is 2.72116eV of time in trajectory is 0 shown Fig. 8. All of the dissociations cannot be
given in a finite number of trajectories in our ADMP calculations since no restriction is applied to the dissociation trajectory calcu-
lations. The regular ADMP equations are seen to arise in the special case of the # — 0 limit of the current formalism. Semiclassical
approximations are also discussed, and rigorous error estimates are provided to define the accuracy of the current formalism [29].
Low-energy electrons can connect to biological systems in resonance, but they can also cause dissociation, including processes known
as dissociation electron attachment (DEA), which fragments biological systems into neutral molecules. This approach to addressing
chemically reactive systems might be precise and effective.

3.7. Wave function

Electronic qualities that are sufficient for predicting bioactivity can be determined using wavefunction-dependent features such as
QAM-surface, LOL, ELF, PED, and RDG studies. The computation of wave function overlaps for various wave function expansions,

SCAN 3D SCAN 2D

-12706. T T T T

-12706.85

-127069

-12706.95

Total Energy eV

-12707 -

-12707.05

s0

o0 o0
09.€3,C5.C6° 2 , ~a0 C1.C2.C3.09 12707,
‘a Sean Coordinate (Steps)

(i) 3D Scan (i) 2D Scan

Fig. 6. Potential energy surface (scan).



C.U. maheswari

IRC

Total Energy

! I
-12555.7 |-

-12555.75—

12555.8 —

Total Energy eV

-12555.85 —

-12555.9 -

I
0.50 0.00 0.50
Intrinsic Reaction Coordinate

Fig. 7. IRC total energy.

Nuclear Kinectic Energy
(ADMP)

Nuclear Kinect

53 3
Time in Trajectory (femtosec)

Fig. 8. Nuclear kinetic energy and time in trajectory.

Min

Heliyon 10 (2024) e26274

molecular orbitals, basis sets, and molecular geometries is done concurrently using a flexible formalism. The key conclusions are stated
in a series of lemmas, corollaries, and theorems that are satisfied by the zeros of the real and imaginary sections of the wave functions
on the real line. The wave function y may be positive, negative, or imaginary. This [y]? is known as probability density and determines
the probability of finding an electron at a point within the atom. We run the wave function program output and parameters defined by
three atoms of the Hy4, Og, and H;5 atoms [30]. Wave function used to analyze quantitative analysis of molecular surfaces [see Fig. 9]
and show atom labels, reference point, and the contour line corresponding to vdW surface (rho = 0.001) shown in Figs. 10 and 11
compared and confirmed molecular structure and highlighted reference bonds in block color fonts this graph of 3,7-Dimethyl-1,6-octa-

dien-3-ol (Linalool).
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Fig. 9. Minima and maxima position.
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1. Showing atom labels and reference point
2. showing the contour line corresponding to vdW surface (rho=0.001)
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Fig. 10. Electron localization function (ELF).
1. Showing atom labels and reference point
2. showing the contour line corresponding to vdW surface (rho=0.001)
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Fig. 11. Localized orbital locator (LOL).

3.7.1. Quantitative analysis of molecular surface (minima and maxima)

A strong technique for predicting reactive sites, molecular characteristics, and intermolecular weak interactions, quantitative
analysis of molecular surfaces has many other useful uses as well. Maxima and minima are the main discoveries in a set of lemmas,
corollaries, and theorems that are satisfied by the zeros of the real and predictive sections of the wave functions on the real line. The
interlacing of these zeros is specifically shown to guarantee that the pertinent probability densities (x) are never null [30] and show a
variety of maxima and minima. Details on the minima and maximum of the blue and red color dots, as well as their observed maxima
and minima, are shown in Fig. 9, together with their orbital and surface parameters in Table 5. Additionally, the x-axis Bohr ranges are
—12.0, —8.0, —4.0, 0,12,8,4, while the y-axis Bohr ranges are 9.0,6.0,3.0,0.0,3.0,6.0,9.0. Details on other parameters and the orbital
minima and maxima positions of the 3,7-Dimethyl-1,6-octadien-3-ol molecules are also provided in Fig. 9, a quantitative evaluation of
the molecular surface. Surface characteristics include enclosed volume, average value, standard, total, positive, negative, polar, and
non-polar surface area. Individual photon strikes on the screen are represented as dots in the wave function. At the regions where the
interference pattern would ultimately be the strongest, a high dot density is anticipated. Stated otherwise, the square of the total
electric field at a given position on the screen represents the likelihood (per unit area) that a single photon would strike that region.

3.7.2. Electron Localization Function (ELF) and localized orbital locator (LOL)
Contour maps and ELF, LOL were used to explain the 3,7-Dimethyl-1,6-octadien-3-ol molecule’s chemical implications. Multiwfn
program executes the ELF and LOL. To identify the locations of bond pairs, lone pairs, and the size of the bonding title molecule, ELF
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Table 5

Minima and Maxima of orbital and surface parameters.

Geometry Structure (Orbital Info)

Number of surface minima: 13 (blue color)

No. Atom Charge Bohr No. a.u. eV Kcal/mol X/Y/Z coordinate(A)

X Y Z X Y Z
1 C 6.00 —5.0648 —3.8084 0.5788 1 8.1355 221.3779 5105.1013 —4.8386 —3.5122 0.4221
2 C 6.00 —3.2519 —3.7304 -1.1627 2 9.6939 263.7836 6082.9999 —2.4760 —3.7956 —2.2723
3 C 6.00 —1.0255 —1.9312 —1.1517 3 9.9266 270.1155 6229.0167 —2.4504 1.0479 —3.0404
4 C 6.00 1.4284 —-3.5219 —0.8856 4 9.9115 269.7050 6219.5505 —0.8208 —0.9419 —4.3308
5 C 6.00 3.9581 —2.0651 —0.9756 5 11.0323 300.2051 6922.9010 0.9229 —3.8281 1.1275
6 C 6.00 4.3436 —0.2445 1.1834 6 10.5122 286.0507 6596.4918 1.1799 —3.9810 —1.9342
7 C 6.00 5.0220 2.2053 1.1068 7 8.9954 244.7762 5644.6783 2.3360 4.1595 2.7723
8 C 6.00 5.3897 3.6906 3.5171 8 9.4174 256.2594 5909.4868 2.4835 4.3277 —1.2748
9 (0] 8.00 —1.3263 —0.2891 0.9676 9 11.0045 299.4479 6905.4391 2.7402 -1.2118 2.9343
10 C 6.00 5.5267 3.6868 -1.2776 10 9.1198 248.1624 5722.7659 3.1865 1.8625 4.1949
11 C 6.00 —1.0638 —0.3724 —3.6149 11 10.0651 273.8860 6315.9671 4.0873 —2.8471 —0.6311
12 H 1.00 —6.6105 —5.1519 0.4475 12 8.5228 231.9164 5348.1253 4.9451 3.1365 2.7676
13 H 1.00 —5.0484 —2.5239 2.1750 13 8.8539 240.9271 5555.9154 5.1454 3.1646 —1.2650
14 H 1.00 —3.2949 —5.0309 —2.7593 Number of surface Maxima: 9 (Red color)
15 H 1.00 1.4534 —4.9550 —2.3838 No. a.u. eV Kcal/mol X/Y/Z coordinate(A)
16 H 1.00 1.2894 4.5455 —0.9104 X Y z
17 H 1.00 4.1736 —1.1228 —2.8028 1 13.3478 363.2114 8375.8619 —2.3983 0.5299 0.2014
18 H 1.00 5.4727 3.4868 —0.8965 2 11.9239 324.4658 7482.3668 —0.2511 —2.7340 —2.7983
19 H 1.00 4.0751 —1.0817 3.0490 3 14.2830 388.6613 8962.7510 0.1464 -1.2011 1.9644
20 H 1.00 4.1532 5.3554 3.5681 4 14.4176 392.3235 9047.2034 0.3831 1.8788 —0.3185
21 H 1.00 7.3338 4.4022 3.6563 5 12.6098 343.1291 7912.7530 1.4269 —1.4915 —2.9094
22 H 1.00 5.0030 2.5497 5.1952 6 12.3247 335.3730 7733.8914 2.1029 —2.4493 1.6452
23 H 1.00 0.2085 0.6995 1.1097 7 12.3281 335.4660 7736.0361 2.2960 —2.4632 1.5129
24 H 1.00 7.4958 4.3387 —1.3170 8 10.5055 285.8695 6592.3140 3.2810 3.9360 0.5813
25 H 1.00 4.3476 5.3914 —1.3453 9 12.6176 343.3420 7917.6619 4.2730 -0.1153 —0.5891
26 H 1.00 5.1900 2.6078 —3.0023
27 H 1.00 0.4751 1.0096 —3.6495
28 H 1.00 —2.8500 0.6561 —3.7460
29 H 1.00 —0.8760 —1.5803 —5.2860

LIDMSaYDWL [1°D

¥£2922 (+202Z) 01 Uof1joH
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and LOL tools are helpful. The electron density charge distribution is revealed by the ELF and LOL color maps [31]. Figs. 10 and 11
show the two-dimensional color shade maps of the LOL and ELF, respectively. In the ELF map, between 0.0 and 1.0 the color red
denotes the highest limit of the ELF scale (1.0), while the color yellow to green denotes the middle ELF scale (0.5), the color blue
denotes the lower limit of the ELF scale, and the color black denotes the starting point. Completely delocalized electron locations are
shown in the color map by a smaller value of ELF (0.5), whilst non-bonding and bonding localized electron regions are shown by a
larger value of ELF (ELF = 1.0). LOL values only go up to a maximum of 0.800. In Fig. 11 the hydrogen atom is surrounded by high ELF
areas, indicating a strong localization of both bonding and non-bonding electrons. The blue area surrounding the oxygen and carbon
atoms indicates the presence of a delocalization of covalent regions between the carbon and carbon atoms and hydrogen atoms, which
is symbolized by a red color with a high LOL value, which may be seen in Fig. 11. The ELF end of the plane at x = —6.70492, y =
—8.27663, and z = 7.69911Bohr, and the ELF origin electron plane at x = 2.71739, y = 6.73219, and z = —3.72664Bohr. The
one-vector electron localization x = —0.07632, y = —0.03810, z = 0.02279Bohr, and normal value is 0.08829Bohr, and the two-vector
electron localization x = — 0.02897, y = —0.03732, z = — 0.03463Bohr and normal value is 0.05858Bohr are observed. The Minimum
electron value is 9.001367E-30 and the maximum electron value is 0.9999973. The input index of three atoms is Ha4, Og, and, H; 5 yet
the minimum and maximum electron values merely differ in that the minimum electron value. LOL Origin value, end plane value, one
vector, and second vector value same as ELF but minimum energy and maximum energy values are different. The minimum LOL energy
value is 7.499794E-09 and the maximum LOL electron value is 0.971334. Strong attraction H-bond, halogen-bond blue to green, van
der Waals interaction show color green, strong repulsion steric effect in ring or atoms yellow to red color. The blue color border line
showing in ELF and LOL of the wave function is the contour border line corresponding to the vdW surface (rho = 0.001) shown in
Figs. 10 and 11.

3.7.3. Reduced density gradient (RDG)

Non-covalent interactions (NCI) are a visualization index that is based on the density and its derivatives. These derivatives make it
possible to recognize non-covalent interactions. It is predicated on the peaks that show up at low densities in the reduced density
gradient (RDG). Because the density gradient is annihilated at these critical places between molecules, there is a significant change in
the RDG at these locations. The development of steep peaks at low density is the primary distinction between the monomer and dimer
situations when we plot the RDG as a function of density throughout a molecule [32]. A scalar field of the electron density is the
reduced density gradient (s), which is defined as

PR\
267 ()"

Strong, alluring encounters are indicated by blue. RDG can reconstruct the entire electronic pairing distribution; core, lone pairs,
and interatomic bonding regions appear as minima of RDG. Red denotes substantial non-bonded overlap. This RDG output of 29 atom
molecules with 28 bonds, a minimum range of 0.0309, and an observed grid size of 115 x 68 x 68 showed a total of 531760 (voxels)
grid points per side. Bonded (A2 < 0) and non-bonded (A2 > 0) materials can be identified by their A sign. The RDG analysis findings
plotted by the Multiwfn 3.8 package and (https://www.ks.uiuc.edu/Development/Download/download.cgi?PackageName=VMD).

VMD (1.9.4) programs are displayed in Fig. 12 to help clarify the nature of the intermolecular interaction of 3,7-Dimethyl-1,6-octa-
dien-3-ol. There are numerous spikes are observed in the scatterplot showing in the range from —0.05 to +0.05 a.u. To examine the
weak, strong, and strong repulsion interactions of the molecule under study, a reduced density gradient (RDG) was also shown.
Positive values of sign (A2) p (right side of Fig. 13) suggest strong repulsive interactions (steric effect), whereas negative values of sign
(A2) p (left side of Fig. 13) imply attractive interactions with the other molecule. The van der Waals interactions and steric effects are
used to portray strong hydrogen bonds in the intermolecular interactions of 3,7-Dimethyl-1,6-octadien-3-ol molecules with reduced
density gradient (RDG) in a colorful graphic. The RDG isosurface for 3,7-Dimethyl-1,6-octadien-3-ol reveals a significant van der Waals
contact. The system that produces the steric effect is reflected in the red color, which represents the intensity of the molecular
structure; blue indicates stronger attraction. To reflect the interaction between van der Waals, this reaction was exhibited in a green
color [32-34].

Fig. 12. Non-covalent interactions structure view.
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Fig. 13. Reduced Density Gradient Gnu-plot scatter graph (RDG).
3.8. Molecular dynamics of protein-ligand complex

MD simulations are uniquely suited for examining the structures of membrane-associated protein-ligand complexes with atomistic
detail [35]. Using molecular dynamics (MD) simulations, the mechanism and dynamic stability of the interaction between linaloe oil
and HIV-1 were determined [36]. Molecular Dynamics tool Gromacs 2022.5 version used and analyzed protein Human immunode-
ficiency virus-1 organism and Viral Protein of RCSB ID 1QR9 and Resolution: 1.60 A (https://www.rcsb.org/structure/1QR9) with
ligand Dimethyl-1,6-octadien-3-ol drug. Gromacs 2022.5 version Program run steps are shown in Fig. 14 [37]. (Gromacs) Production
of Molecular Dynamics of Configuration of Gromacs nsteps = 500000; * 5000000 = 10000 ps (10 ns), constraint algorithm = lincs,
holonomic constraints, protein in water, ligand and hydrogen bond pairs within 0.35 nm”. The energy minimization of the system was
carried out using the steepest descent algorithm with maximum steps of 50,000 both for the predicted protein structure and the
template protein structure, where the consideration of tolerance was 1000 kJ mol ~! nm ~!. After system minimization, it was
equilibrated at both canonical ensemble (NVT) and isothermal-isobaric ensemble (NPT) for 100 ps. After molecular dynamics were
generated [38], we analyzed protein, residues, and water and split them into groups. Completion of molecular dynamics production
RMSF, RMSD, Gyrate, hydrogen bond, and protein with ligand interaction graphs were generated in XMgrace (Grace Home
(weizmann.ac.il)) Fig. 14. The Particle Mesh Ewald (PME) summation was used for long-range electrostatic interactions with a
PME order. The Linear Constraint Solver (LINCS) algorithm was applied to constrain the bonds containing hydrogen atoms, and the
settle algorithm was used to constrain the geometry of water molecules. The application of the V-rescale weak coupling method

4.Gromacs run ubuntu 5.Topology Generate & Edit 6. Define cube Box and
with command generate Protein.gro add ligand.gro add solvation with
protein .gro format and save complex.gro ions
A

— =)

MD Run Steps of Gromacs-2022.5 (linux)

3.Separate Protein & _
save pdb format

* 7. Gromacs run Energy
minimization (EM)

——————> 8. Gromacs run Equilibrium
(1) of NVT

2.Separate Ligand &
save Mol2 format

]

1.Dock file.pdb 9. Gromacs run Equilibrium

AN (2) of NPT
? i N\
4 N Y
0.START 12.END 11. Use XM-Grace Graph 10. Run Molecular
and open output. Simulation[MD)

Fig. 14. Molecular dynamics of HIV protein & ligand Gromacs (Linux) steps.
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regulated the temperature at 300 K, whereas continuous maintenance of pressure at 1 atom (1.01325 bar) was modulated by the
method. The LINCS algorithm and a 2 fs (fs) integration step were used for the 100 ns MD run production with no restraints [39].

3.8.1. Potential energy of the solvated system

The GROMACS Energies (potential) has the headings “Time (ps)" and " (kJ/mol)" on the x and y axes, respectively [37]. The initial
potential energy is 0.000000 ps and —297856.062500 kJ/mol (-5e+6), the ending potential energy is 416.000000ps and
—446057.406250 kJ/mol, and the mean potential energy is 176.000000ps and —435233.437500 kJ/mol, as illustrated shown in
xm-grace graph Fig. 15(a) and the energy minimization step has an impact on this. Only when the potential energy function closely
resembles the forces that “real” atoms feel will simulation results be realistic.

3.8.2. Radius of gyration

The extent of the major protease’s gyration, both overall and around the axes. Gyrational radius is shown on the Y axis in ang-
stroms, while simulation duration is shown on the X axis in picoseconds. A popular metric for assessing how compact protein molecules
are in Rg. Lower values of Rg correspond to a more folded or compact structure, while higher values indicate more stretched or flexible
conformations during simulation [37]. Gyrate plot details are provided in Fig. 15(b) with the starting value of 0.0ps, Rg being 1.59430
nm, RgsX being 1.52351 nm, RgsY being 1.51681 nm, and RgsZ being 0.679563 nm, and the end of the gyration being 10000ps time Rg
being 1.59430 nm, RgsX being 1.48519 nm, RgsY being 1.50633 nm, and RgsZ being 0.676048 nm. The simulated protein structure’s
gyration radius as well as gyration radii about the x, y, and z axes as a function of time were calculated using the ‘gmx gyrate’ function.
The equilibrium conformation of the entire system was described using the parameter Rg (Fig. 15(b)).

3.8.3. Root means square deviation (RMSD)

The difference between a protein’s backbones from its initial structural conformation to its final position is measured using the
RMSD formula. The variations generated during the simulation of the protein can be used to gauge its stability concerning its
conformation. The plot shows all the atoms in the residues of the binding site [37]. While the X-axis displays simulation duration in
nanoseconds, the Y-axis displays the RMSD of binding site residues. The RMSD is 0.5043727 nm, the minimum time is 0.0000000 ns,
and the maximum duration is 10.0000000 ns with an RMSD of 1.4205656 nm. Details are provided in Fig. 15(c) including the
meantime value of 5.0000000ns and the mean nm value of 1.0388827 nm. RMSD indicates positional variations over time between
complete structures.

3.8.4. Root mean square fluctuation (RMSF)

The difference between the backbones of a protein from its initial structural conformation to its final position is measured using the
root mean square deviation (RMSF). The variations generated during the simulation of the protein can be used to gauge its stability
concerning its conformation. A residue’s flexibility, or how much it moves or changes during a simulation, is calculated using the RMSF
formula [37]. The RMSF starting plot range is given in Fig. 15(d) as x-axis label atom 1, y-axis label nm is 0.4398 nm, and the final
value of the plot is x-axis atoms = 1088 and y-axis = 0.2741 nm. When plotted against the number of residues, RMSF per residue can
reveal which amino acids in a protein structurally contribute the most to molecular motion.

3.8.5. Hydrogen bond and interaction analysis of protein with ligand

The progression of all hydrogen bonds between the primary protease. The geometry alone is used by the gmx H-bond module to
determine the hydrogen bonding. More specifically, two cutoffs serve as the foundation for the H-bond interactions between two
groups: the angle formed by the three atoms in a hydrogen bond, Dn, and H- the separation between the two heavy interacting atoms
(Ac-Dn) [39]. Following a molecular simulation, the command “gmx hbond -s em.tpr -f md_0_10_center.xtc -n index. ndx -num hbond.
xvg” was run in Gromacs Linux. The ligand (3,7-Dimethyl-1,6-octadien-3-ol) and protein (1QR9) were picked from group 1 and group
13, respectively. The hydrogen bond graph in Fig. 15(e) was output plotted using a graph by the XM grace tool. The GROMACS
hydrogen bond x-axis has the label “Time (ps)" and the y-axis has the label “Number.” The hydrogen bond time x-axis starts at 0.0ps
and the atom number y-axis is 0-61 and 363 nm (Pairs within 0.35 nm) and ends at 10000ps and the atom number y-axis is 62-61 and
355 nm (Pairs within 0.85 nm), respectively. The Interaction between protein and ligand command “gmx energy -f ie. edr -o inter-
action_energy.xvg” in the Gromacs GUI program used to study the interaction between protein and ligand was employed, and the
output was seen in the XMgrace support analysis output plot given in Fig. 15(f). "Time (ps)" is written on the x-axis, and " (kJ/mol)" is
written on the y-axis [39]. The x-axis’s initial value range is 0.00ps, while the y-axis’s value is —44.193138 kJ/mol. The x-axis’s final
interaction value range is 10000ps, while the y-axis’s value is —25.016916 kJ/mol. This gives the non-bonded interaction between the
protein and the ligand. From the interaction, it is observed that the Coulombic and Lennard-Jones (short-range energy) is —50.427860
kJ/mol. The kinetic energy = 7.28521e+04 kJ/mol, pressure (bar) = —1.47126e+02 kJ/mol, RMSD = 2.78852e-06 kJ/mol, Total
energy = —3.08718e+05 kJ/mol of LJ-SR: Protein-LIG interaction. In the discipline of biophysics, molecular dynamics (MD) simu-
lation is a potent computer technique used to examine the atomic-level behavior of biological molecules. It offers insightful infor-
mation about the dynamics and interactions of proteins and their ligands, illuminating important biological processes such as
enzymatic reactions, protein folding, and protein-ligand binding. These methods work well for evaluating the structural characteristics
of protein complexes with ligands. When used with docking, MD simulation approaches offer a strong complementary relationship
[39].
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Fig. 15. Molecular dynamics of HIV protein & ligand.
3.9. ADMET

Drug-likeness, which includes characteristics related to toxicity, excretion, metabolism, distribution, and absorption, is important
in the early stages of drug discovery. However, in vitro potency is still the main emphasis of current lead optimization efforts, which
may result in “molecular obesity” (poor ADMET characteristics). Thus, improving ADMET’s characteristics would be a better addition
to drug research [40]. Chemical absorption, distribution, metabolism, excretion, and toxicity (ADMET), play key roles in drug dis-
covery and development. A high-quality drug candidate should not only have sufficient efficacy against the therapeutic target but also
show appropriate ADMET properties at a therapeutic dose. A lot of in silico models are hence developed for the prediction of chemical
ADMET properties. However, it is still not easy to evaluate the drug-likeness of compounds in terms of so many ADMET properties.
ADMET details described from the AdmetSAR webserver of 3,7-Dimethyl-1,6-octadien-3-ol drug and provides the latest and most
comprehensive manually curated data for diverse chemicals associated with known Absorption, Distribution, Metabolism, Excretion,
and Toxicity (ADMET) properties. This ADMET helps to play key roles in the discovery/development of drugs, pesticides, food ad-
ditives, consumer products, and industrial chemicals. We mention the ADMET property of 3,7-Dimethyl-1,6-octadien-3-ol drug details
in Table 6. This information is especially useful when conducting environmental and human hazard assessments. The most critical
rate-limiting step in the chemical safety assessment workflow is the availability of high-quality data from the ADMET [41] web server
(AdmetSAR 2.0). First, the SMILES of the constituents were obtained using PubChem, an online chemical database. These SMILES were
then used to predict the various parameters of the compounds using ADMETL ab 2.0, which gave results about the constituent’s
physicochemical properties, medicinal chemistry, absorption, distribution, metabolism, excretion, and toxicity parameters. Then the
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Table 6
ADMET properties of 3,7-Dimethyl-1,6-octadien-3-ol.

Absorption, Distribution, Metabolism, Excretion and Toxicity

ADMET Predicted profiles - Classification

Model Result Absorption Probability
Blood-Brain Barrier BBB+ 0.9699
Human Intentional absorption HIA+ 0.9741
Caco-2 Permeability 0.7201
P-glycoprotein Substrate Substrate 0.5000
P-glycoprotein Inhibitor Non- Inhibitor 0.6469
Non- Inhibitor 0.8311
Renal organic Cation Transporter Non- Inhibitor 0.9006
Distribution
Subcellular Localization Lysosome 0.3689
Metabolism
CYP450 2C9 Substrate Non-Substrate 0.8607
CYP450 2C6 Substrate Non-Substrate 0.8556
CYP450 3A4 Substrate Substrate 0.5648
CYP450 1A2 Inhibitor Non- Inhibitor 0.7566
CYP450 2C9 Inhibitor Non- Inhibitor 0.8385
CYP450 2D6 Inhibitor Non- Inhibitor 0.9355
CYP450 2C19 Inhibitor Non- Inhibitor 0.8080
CYP450 3A4 Inhibitor Non- Inhibitor 0.8309
CYP Inhibitory Promiscuity Low CYP Inhibitory Promiscuity 0.8199
Excretion Toxicity
Human ether -a-go-go-related Gene weak Inhibitor 0.9163
Inhibition Non- Inhibitor 0.8963
AMES toxicity Non-AMES toxic 0.9132
Carcinogens Non - Carcinogens 0.5721
Fish toxicity High FHMT 0.7883
Tetrahymena pyriformis toxicity Low TPT 0.6206
Honey Bee Toxicity High HBT 0.8395
Biodegradation Ready Biodegradable 0.7291
Acute Oral Toxicity I 0.8335
Carcinogenicity Non - required 0.6315

molecules were screened in PASS Online, an online activity predictor, which indicated that 5 of the constituents were mainly anti-
eczemic in their activity, with the remaining constituents showing mainly carminative activity and also some antineoplastic activity
[42]. By importing the SMILES to the ADMET Lab application, ADMET properties will be predicted. The ADMET property table (value
is the predicted label) includes endpoint, value, and probability, respectively. For example, for toxicity endpoints, the value “+” means
Positive/Toxic while “-” means Negative/Nontoxic [43-45].

3.9.1. Molecular docking

A method called “molecular docking” uses the atomic-level binding mechanisms of small or large molecules that come into contact
with protein receptors and conclude ligand binding affinity with protein [46]. Molecular Docking studies were carried out using the
AutoDock suite and on the protein Human immunodeficiency virus-1 organism (Viral -Protein) with ligand Dimethyl-1,
6-octadien-3-ol. The common protein ID No: 1QR9 of the RCSB web server [47]. Discovery visualizer software [48] is used to
analyze binding affinity, and interactions and predict conventional hydrogen bond interaction, Alkyl hydrophobic and mixed PI-Alkyl
hydrophobic interactions bond, and the function of amino acid groups. We conclude the protein Chain: A acids interact with the
Dimethyl-1,6-octadien-3-ol ligand. Protein chain A amino acids interacted with the VAL:25, LEU:21, ILE:48, ILE:55, and TYR:51amino
groups performed as Hydrophobic Alkyl and Pi-Alkyl and GLN:18, amino acid groups interacting with the oxygen of ligand as
hydrogen bond and unfavorable bump, van der waals of protein groups [49] GLN:22, GLU:47, THR:52, present in docking and the
complete details are shown in Fig. 16(a) and (b). The hydrogen bond surface donor color is shown in violet and the acceptor color is
shown as green Fig. 16(c) SAS surface blue color range of 25.0,22.5,20 and 17.5, and green color range of 15.0,12.5,10.0 are shown.
These two solid surfaces shown white color is neutral Fig. 16(d) and Surface wire mesh volume 8.155,44 area 234,084 probe radius 1.4
and position of surface is x = 1,64761, y = 23,635, z = —53,5419 and the corresponding transparency level is 0.75. After docking
protein group list 1) Backbone = 343, Sidechain = 350, Hydrophobic = 20, neutral = 17, Hydrophilic = 31, acidic = 7, basic = 8,
Buried = 1, Exposed = 60, ligand = 1, Interface atoms chain:A = 1090, interface ligand = 29, inter pocket atoms = 12, interacting
receptor atoms = 6.Docking best Binding affinity —5.0, UFF value 118.54 kcal/mol, docking rmsd lower value and upper value
described in Table 7 and [50].

3.9.2. GMX_MMPBSA -protein with ligand interaction

A new tool, gmx MMPBSA, was used to determine end-state free energy using GROMACS molecular dynamics trajectories.
Different configurations were tried against different benchmarks to identify the best possible accuracy [51]. The outcome of Molecular
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Fig. 16. Docking interaction and all surfaces.

Table 7
Docking best affinity of protein 1QR9 and Dimethyl-1,6-octadien-3-ol.
Ligand UFF (kcal/ Exhaustiveness = 8 Best ligand pose
mol) Grid center: x = —30.00, y = 5.31, z = —13.67 kcal/mol
Protein: 1QR9 1 2 3 4 5 6 7 8
Dimethyl-1,6- 118.54 Binding Affinity -5.0 —4.5 —4.5 —4.4 —4.4 —4.3 —-4.3 —4.1 -5.0
octadien-3-ol kcal/mol
RMSD/Upper Bound 0 211 2.4 4.54 14.6 16.06 10.81 12.37 -
<y
RMSD/Lower Bound 0 1.54 1.6 2.74 13.2 14.42 7.37 10.39 -
&

dynamics was used in Linux command program with Python, Amber Tool 2023 with Gromacs 2022.5 GUI-version, and gmx MMPBSA
on 3,7-Dimethyl-1,6-octadien-3-ol, and 1QR9 protein GMX_MMPBSA dat. file for MMPBSA. Three membrane-bound and six soluble
protein systems make up the benchmark in this work. The user has the option to do binding free energy calculations with several
solvation models (PB, GB, or 3D-RISM) in addition to stability calculations, computational alanine scanning, entropy corrections, and
binding free energy decomposition using gmx MMPBSA. One may accurately and swiftly predict the free energy of ligand binding
using the gmx MMPBSA/PB(GB)SA. It has been shown that this method, especially when dealing with large systems, strikes a
compromise between computing efficiency and precision [52]. Molecular Mechanics/Generalized Born Surface Area (MM/GBSA) and
Molecular Mechanics/Poisson-Boltzmann Surface Area (MM/PBSA) are arguably very popular methods for binding free energy pre-
diction, being less computationally demanding than alchemical free energy methods and more accurate than most scoring functions of
molecular docking. Gromacs trajectory and topology data were thus used along with the gmx MMPBSA program to compute free
energy. After creating an index file, the output was saved in the CSV (.csv) and DAT (.dat) formats. Using the gmx MMPBSA ana
module, the data listed in Tables 8-10 were examined. There are additional details regarding the receptor, ligand, and delta energy
[53], these are shown in Fig. 17a, Fig. 17(b), and Fig. 17(c). Utilizing a Poisson-Boltzmann (PB) model, which is based on solving the
Poisson-Boltzmann equation, MMPBSA is also a continuum solvation model [53]. From the (regression tests-2020) finalized result, the
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Table 8
GMX_MMPBSA analyzed Parameters (Receptor).

GENERALIZED BORN

Receptor Average SD (Prop.) SD SEM (prop.) SEM

Energy Component (kcal/mol)

BOND 9428005.48 2605938.29 2605938.29 1302969.14 1302969.14

ANGLE 1123.48 271.14 271.14 135.57 135.57

DIHED 309.37 5.77 5.77 2.89 2.89

UB 702895.53 455781.45 455781.45 227890.73 227890.73

IMP 229.90 334.40 334.40 167.20 167.20

CMAP —95.82 0.79 0.79 0.40 0.40

VDWAALS —382.01 9.62 9.62 4.81 4.81

EEL —4061.47 61.61 61.61 30.81 30.81

1-4 VDW 164.78 3.23 3.23 1.61 1.61

1-4 EEL 2353.58 41.78 41.78 20.89 20.89

EPB —1269.63 56.63 56.63 28.31 28.31

ENPOLAR 31.78 0.69 0.69 0.34 0.34

EDISPER 0.00 0.00 0.00 0.00 0.00

GGAS 10130539.34 2645496.41 2852811.31 1322748.21 1426405.66

GSOLV —1237.85 56.63 55.98 28.32 27.99

TOTAL 10129301.49 2645496.41 2852770.99 1322748.21 1426385.49
Table 9

GMX_MMPBSA analyzed Parameters (Ligand).

GENERALIZED BORN

Ligand Average SD (Prop.) SD SEM (prop.) SEM

Energy Component (kcal/mol)

BOND 3.48 1.47 1.47 0.74 0.74
ANGLE 15.67 1.61 1.61 0.81 0.81
DIHED —2.95 1.31 1.31 0.66 0.66
UB 0.00 0.00 0.00 0.00 0.00
IMP 0.03 0.03 0.03 0.01 0.01
CMAP 0.00 0.00 0.00 0.00 0.00
VDWAALS —0.13 0.36 0.36 0.18 0.18
EEL 5.30 1.22 1.22 0.61 0.61
1-4 VDW 4.70 0.57 0.57 0.29 0.29
1-4 EEL —6.10 2.34 2.34 1.17 1.17
EPB —7.65 0.52 0.52 0.26 0.26
ENPOLAR 1.98 0.02 0.02 0.01 0.01
EDISPER 0.00 0.00 0.00 0.00 0.00
GGAS 19.99 3.73 3.03 1.86 1.86
GSOLV —5.67 0.52 0.51 0.51 0.26
TOTAL 14.32 3.77 3.00 1.88 1.50

confirmation of a non-broken bond is estimated along with the free energy.
4. Conclusion

Due to a negative correlation, the bond energy decreases as the bond length increases. This is due to the high electron density
overlaps of the C-H bond and the low electron density overlap of the C-C bond. The hydrogen bonding’s significant impact on
transitions n—c* is confirmed through Absorption spectra. The lowering of the ppm value for Cs is found in both the solvents and also
confirms the hydrogen bonding with H-O ....H impression. With increasing bond strength and lowering decreased mass of the bound
atoms, the value of the stretching frequency of a bond rises. The hydrogen atom is surrounded by high ELF areas, indicating a strong
localization of both bonding and non-bonding electrons. The reduced density gradient reflects the interaction between van der Waals
and is exhibited in colors and also portrays strong hydrogen bonds due to intermolecular interactions of 3,7-Dimethyl-1,6-octadien-3-
ol molecules. The radius of gyration gives the equilibrium confirmation of the entire system. The accuracy of the amino acid in protein
reveals the molecular motion by the root mean square fluctuation. The average energy (short range) clearly states the protein-ligand
interaction through hydrogen bond formation. From ADMET, ligands disclose the behavioral activity that can give access to function
with protein interaction. The scoring function through the algorithm generates different poses and gives 50% of its binding during
docking. From the regression tests through Molecular Dynamics confirmed the free energy of the protein-ligand interaction.
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Table 10
GMX_MMPBSA analyzed Parameters -Delta (Complex - Receptor - Ligand).

GENERALIZED BORN: ((Delta (Complex - Receptor - Ligand))

Delta Average SD (Prop.) SD SEM (prop.) SEM

Energy Component (kcal/mol)

ABOND 0.00 1.22 0.00 0.61 0.00
AANGLE —0.00 0.96 0.00 0.48 0.00
ADIHED —0.00 0.98 0.00 0.49 0.00
AUB 0.00 0.00 0.00 0.00 0.00
AIMP —0.00 0.02 0.00 0.01 0.00
ACMAP 0.00 0.00 0.00 0.00 0.00
AVDWAALS —14.04 1.01 2.07 0.51 1.03
AEEL -1.28 0.84 0.22 0.42 0.11
Al-4 VDW 0.00 0.27 0.00 0.14 0.00
Al-4 EEL —0.00 0.85 0.00 0.42 0.00
AEPB 5.12 0.20 0.92 0.10 0.46
AENPOLAR -1.90 0.03 0.14 0.01 0.07
AEDISPER 0.00 0.00 0.00 0.00 0.00
AGGAS —15.32 1.31 1.97 0.66 0.98
AGSOLV 3.22 0.20 0.85 0.10 0.43
ATOTAL —12.10 1.33 1.42 0.66 0.71

AGbind, solv = AGbind, vacuum + AGsolv, complex, complex, complex— (AGsolv, ligand + AGsolv, receptor).
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Fig. 17a. Gmx_mmpbsa energy of Receptor.
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Fig. 17b. Gmx_mmpbsa energy of Ligand.
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Energetic Components
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Fig. 17c. Gmx_mmpbsa energy of Delta.
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