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ARTICLE INFO ABSTRACT

Keywords: The multifunctional organic molecule 6-(3, 3-dimethyl-oxiran-2-ylidene)-5, 5-dimethyl-hex-3-en-2-one has the

FT-IR capacity for a wide range of chemical reactivity and potential medical applications, also including antimicrobial

UV-Vis activity, antitumor effects and reactivity in drug design. This study focuses on its synthesis, characterization and

Sl}zicular Docking biological assessment in order to assess its medicinal potential. The compound was synthesized utilizing an

And DMO-hexenone improved reaction sequence and confirmed structurally by GC-MS, UV-Visible and FTIR spectroscopy. Density
Functional Theory (DFT) methods with the Becke 3-parameter, Lee-Yang-parr (B3LYP) method, 6-311 + +G (d,
p) basis set was used to investigate the electronic structure including HOMO-LUMO analysis, vibrational modes
and molecular characteristics. Mulliken atomic charge analysis identifies the distribution of electron density
among the atoms. NBO analysis revealing stabilized interactions, while Molecular Electrostatic Potential (MEP)
mapping identified reactive regions. The Electron Localization Function (ELF) and Localized Orbital Locator
(LOL) analyses reveals details on electron distribution. Reduced Density Gradient (RDG) analysis provided in-
sights into bonding and non-bonding interactions. AutoDock simulations demonstrated the compound’s potential
as an anticancer inhibitor. This is the first integrated computational and experimental analysis of DMO-
hexenone, showing its electronic structure, spectroscopic characteristics and anticancer potential.

1. Introduction

Cancer, a category of disorders defined by unregulated cell devel-
opment, has emerged as a major national health concern. India now
ranks third in cancer incidence, with a projected increase from 1.49
million in 2023-2.2 million in 2025. The condition emerges as the
growth of malignant cells from human lung tissues, which eventually
form tumors that might be cancerous (malignant) or noncancerous
(benign) [1]. Oxirane based compounds are commonly known as ep-
oxides, which are organic compounds containing three-membered cyclic
ether structure with an oxygen compounds bonded to two adjacent
carbon atoms. The ring strain in the oxirane structure results from 60°
bond angles, which are substantially less than the optimum tetrahedral
angle of 109.5 ° making the ring extremely reactive and susceptible to
nucleophilic assault. It provides a highly reactive site, which influences
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molecular reactivity and stability, as well as the compound’s electrical
characteristics and possible uses in chemical synthesis and biological
activity [2]. The chemical formula for the green synthesis of
DMO-hexenone is C12H1802, and it has the following structures:
oxirane (epoxide), enone (a, p-unsaturated carbonyl molecule), and
alkene substitution (C—=C bond), and a methyl group. The compound is
notable for its structural complexity. DMO-hexenone’s «, f-unsaturated
ketone structure has an electrophilic core that allows for Michael
addition reaction with nucleophilic groups like biological molecules like
thiols and amines [3]. The addition of methoxy group, particularly at the
5- position, increases the bioactivity of DMO-hexenone, since such
substitution are frequently associated with improved therapeutic effec-
tiveness and bio availability. Preliminary studies have suggested that
hexenone derivatives like DMO-hexenone have significant
anti-inflammatory and antioxidant activities, making them promising
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Scheme 1. Preparation of DMO-hexenone Compound from Carbinol Extract of Hybanthus Enneaspermus.

candidates for the treatment of diseases where inflammation and
oxidative stress play key roles, such as cancer, cardiovascular conditions
and neurodegenerative diseases [4]. According to evaluations of the
literature, the Hybanthus enneaspermus plant may help with a number of
ailments, such as inflammation, asthma, epilepsy, blood problems,
coughing up blood, unpleasant diarrhoea, vomiting, burning sensations,
daydreaming, urethral discharges, breast tone, and urinary infections
[5]. Hybanthus enneaspermus is a plant that has traditionally been used in
medicine but has yet to be recognized scientifically. We conduct this
experiment to provide scientific evidence for its traditional use. Exam-
ining the Hybanthus enneaspermus ethanol leaf extract to find any
possible adverse effects and bioactive ingredients. Rathanapurush in
Sanskrit, Pursharathna in Hindi, and Orithazhthamarai in Tamil are its

names [6]. The family Violaceae comprises the perennial herb Hyban-
thus enneaspermus (L) F. Muell. Ayurveda and Siddha, along with tradi-
tional treatments use Hybanthus enneaspermus aphrodisiac and
anti-infertility characteristics to heal ailments [7]. Antiarthritic activ-
ity, CNS action, antiulcer, and antisecretory. It has been employed in
several research avenues, including in vitro, in vivo, and clinical trials
for hypolipidemic and antibacterial properties [8,9]. No reports of
theoretical (DFT), spectroscopic, or molecular docking studies of
recently synthesized materials came up in a review of the literature. We
obtained a plant extract from Hybanthus enneaspermus and assessed its
potential for cancer-related activities to conduct this investigation. The
structural conformation and stability of molecules were examined using
the GC-MS method. To describe the newly synthesized chemical, FT-IR
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Fig. 1. GC—MS result of DMO-hexenone.

and UV-visible spectroscopy and 1H, and 13C NMR spectral techniques
were used [10]. The optimized structural geometry and harmonic fre-
quencies of the DMO-hexenone component were investigated using
DFT/B3LYP simulations using the 6-311 + +G (d, p) basis set. An
analysis of the DMO-hexenone molecules’ HOMO-LUMO energy gap is
carried out. NBO 3.1 tool was used to analyze the title compound’s
intermolecular interactions, hydrogen bonds, and charge delocalization.
The electronic transition is computed using TD-DFT and compared to the
measured UV-visible absorption spectra of the title chemical. One of the
biggest challenge in medication for cancer is understanding the in-
teractions between medicines and receptors. The mechanism of the
drug-receptor complex was investigated utilizing molecular docking and
in vitro cytotoxicity experiments [11]. The newly developed compound
was docked against the MET4 and TRP47 receptors to assess its carci-
nogenic potential.

2. Green synthesis of the hybanthus enneaspermus plant

The Hybanthus enneaspermus plant was obtained in 3 kg from tha-
laiyari thangal village in Tiruvallur, Tamil Nadu, India. After three
weeks of drying at room temperature, 1 kg of the dried plants were
crushed using an electric grinder. The powder was dipped in carbinol
95.5 % at a 2:1 ratio and stored at room temperature for 48 h with oc-
casional shaking after which the soxhlet process was used to separate

crude, as stated in Schemel.

3. Experimental techniques

The bioactive compound extraction from Hybanthus enneaspermus.
The village of Thalaiyari Thangal in Tamil Nadu, India’s Tiruvallur
district, provided three kilograms of the medicinal herb Hybanthus
Enneaspermus. The three kilograms of plants were allowed to dry at
ambient temperature for three weeks before being processed using an
electric grinder into a one-kilogram powder. The powder was shook
repeatedly during the extraction process using 95.5 % carbinol for 72 h
at room temperature. The crude and carbinol were separated using the
Soxhlet method. The carbinol crude from Hybanthus enneaspermus was
assessed by SRM University in Kattankulathur, Chengalpattu district,
Tamil Nadu, India, using GC-MS (QP2010 Plus-Shimadzu). Numerous
peaks on the GC-MS analysis graph indicate the discovery of multiple
distinct chemicals. Sigma Aldrich provided the 99 % pure chemical
DMO-hexenone, which we used as the only extraction component for
our investigation. A Perkin Elmer FT-IR spectrophotometer was used to
record the DMO-hexenone compound’s FT-IR spectra in the
4000-400 cm™ region using the KBr pellet technique. Using a Perkin
Elmer Lambda 950 UV-Visible spectrophotometer, the absorption
spectra of the MIP compound were also measured in the 200-300 nm
region.
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Fig. 2. Optimized Structure of DMO-hexenone.
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Fig. 3. Bond angle with optimized structure of DMO-hexenone.

4. Computational details

This paper used the Gaussian 09 W computer package to calculate
the molecular sFtructure for 6DOYHO. The hybrid functional Becke-Lee,
Parr, and Yang DFT/B3LYP technique is used to interpret the geometry
parameters of bond length and bond angle at the 6-311 + 4+G (d, p)
level [12,13]. GaussView 5.0 was used to view the vibrational wave
numbers of the FT-IR spectra and their associated PED%. To ensure
accuracy vibrational modes were checked via PED analysis, which
confirmed the agreement between computed frequencies and experi-
mental data. Veda 04 software was used for analysis. Additionally,
molecular electrostatic potential (MEP) and HOMO-LUMO (Highest
unoccupied Molecular Orbital-Lowest Unoccupied Molecular Orbital)
plots were generated through these computational tools. [14]. The
UV-Visible absorption spectra were simulated using time-dependent
DFT (TD-DFT) at the hybrid B3LYP/6-311 + +G (d, p) level of theory.
The B3LYP/6-311 + +G (d, p) basis set were chosen for, providing an
appropriate balance between experimental and computational precision
compared to any other basis sets [15]. The Natural Bond Orbital study is
explained by second-order perturbation theory and includes charge
transfer between donors and acceptors, intramolecular hydrogen
bonding interactions, and hyperconjugate interactions [16]. In addition
to Mulliken population analysis and the computation of NMR electronic
properties, energy gap, electrophilicity index, and nucleophilicity index,
the MEP surface was used to detect reactive sites [17]. Molecular

docking investigation were carried out using AutoDock 1.5.6 software
which assessed the binding energies of the ligand and protein com-
plexes. In these docking simulations, a grid box was created around the
protein’s active site, with dimension sufficient to accommodate the
ligand. The binding pocket was discovered using previously published
research on protein-ligand interactions. To confirm the docking results,
re-docking was done, and the root-mean square deviation and docked
position was determined. Control ligands with known binding charac-
teristics were employed as references to check the docking accuracy
[18].

5. GC-MS analysis

Gas chromatography-mass spectrometry is a potent method for
analyzing and effectively separating multicomponent mixtures with low
concentrations. The GC-MS offers a wide range of applications,
including pollution investigations, forensics, and purified bio molecules
(fatty acids and lipids). The analysis was performed using Gas
Chromatography-Mass Spectrometry (GC-MS) of the carbinol crude of
Hybanthus nneaspermus identifies five primary peaks by comparing
retention duration, concentration, peak area (%), peak height (%), and
mass spectral fragmentation patterns with those of recognized com-
pounds in the NIST database, bioactive compounds were found [19].
Title compound (6-(3, 3-dimethyl-oxiran-2-ylidene)-5, 5-dimethyl-hex-3--
en-2-one) Fig. 1. GC-MS was used to identify it in the carbinol extract of



R. Mohamed Hisam et al.

Next Materials 8 (2025) 100831

. " 4
. p. - £ —

1.540

¥ e

Fig. 4. Bond length with optimized structure of DMO-hexenone.

Table 1

Geometrical Parameter of DMO-hexenone.
Bond length (A) B3LYP/6-311 + +G(d,p) Experimental Bond Angle (o) B3LYP/6-311 + +G (d, p) Experimental
C1-Cy 1.51 1.54 C4-C3-Cig 121.76 121.7
C;-His 1.09 1.00 C3-C4-Cs 128.32 -
Ci-Hie 1.09 0.93 C3-C4-Cio 116.48 -
Ci-Hyy 1.09 1.00 Cs-Cs4-Hyo 115.18 116
Cy-C3 1.48 1.47 C4-Cs5-Co 106.12 -
Cp-07 1.22 1.30 C4-Cs5-Cg 107.9295 -
C3-Cy 1.34 1.30 C4-Cs-Co 112.6371 -
C3-Cig 1.08 - Ce-Cs-Cg 111.8438 -
C4-Cs 1.51 1.5-1 Ce-Cs-Co 108.9078 -
C4-Cio 1.09 - Cg-C5-Co 109.402 -
Cs-Co 1.52 1.40 Cs5-Co-C11 126.3088 123.7
Cs-Cg 1.54 1.50 Cs-Cg-Hao 116.439 -
Cs5-Co 1.54 1.50 C11-Ce-Hao 117.2331 117.8
Co-C11 1.32 1.30 Cs-Cg-Hyp 110.5165 108.9
Ce-Hoo 1.08 0.90 Cs-Cg-Hao 110.3031 109.5
Cg-Hz1 1.09 0.90 Cs5-Cg-Has 111.5084 116
Cg-Hyo 1.09 1.00 Hjy;-Cg-Hyo 108.2821 109.5
Cg-Hps 1.09 1.10 Hj1-Cg-Hos 108.3354 109.5
Co-Hp4 1.09 - Hys-Cg-Hag 107.787 107.7
Co-Hos 1.09 - Cs-Co-Hay 111.1508 -
Co-Cas 1.09 - Cs-Co-Has 111.4623 -
010-C11 1.36 1.39 Cs5-Co-Hag 110.0232 109.5
010-C12 1.49 1.49 Ha4-Co-Hos 108.1721 -
C11-Cra 1.44 1.45 Ha4-Co-Hag 108.2779 109
C12-Ci3 1.51 1.50 Hy5-Co-Hog 107.6272 -
C12-C14 1.51 1.48 C6-C11-O10 137.0823 -
Ci3-Hyy 1.09 - C6-C11-Ciz 158.4812 -
Ciz-Hag 1.09 1.00 010-C12-C13 113.741 -
Cy3-Hoo 1.09 0.99 010-C12-C14 113.7142 -
Ci14-Hgo 1.09 0.90 C11-C12-C13 120.5426 121
Cia-Ha 1.09 - C11-C12-Cig 120.3097 119
Ci14-Hso 1.09 - C13-C12-Cy4 116.6912 118
Bond Angle (o) B3LYP/6 311 + +G(d,p) Experimental C12-Ci13-Hoy 110.2275 -
Cy-Ci-His 110.37 108.5 C12-Cy3-Hag 110.8917 -
Cp-C1-Hig 110.38 109.5 C12-C13-Cog 110.3087 -
Cp-Cy-Hy7 109.85 109.5 Hy7-Cy3-Hog 108.6699 -
His5-Cr-Hig 106.83 107.9 Hay-Cy3-Hag 107.8677 107.7
H;5-C;-Hy7 109.66 109.5 Hyg-C13-Hao 108.7992 109.5
H;6-C1-Hi7 109.67 109.4 C12-C14-Hgo 110.2755 -
C1-C-C3 116.18 118.0 C12-C14-Hsz 110.3095 109.5
C;-C2-07 121.36 120.0 C12-C14-Hso 110.9071 -
C3-C2-07 122.44 121.0 H3p-C14-H31 107.8146 107.8
Cp-C3-Cy 120.84 120.8 H3p-Ci4-Hsa 108.6211 108.9
Cy-C3-Hyg 117.39 120.0 Ha1-Cra-Hao 108.8343 107.7

Hybanthus enneaspermus research showed that the carbinol crude of the
plant contains several bioactive components. The title compound is
considered based on its uniqueness in anti-cancer activity and literature
review. The NIST library discovered and identified the chemical com-
pound DMO-hexenone [20]. GC-MS analysis confirmed the structure of
the title molecule, which has a chemical formula of C;2H;802, retention

time of 44.022 min, and molecular weight of 194.13 g/mol.



R. Mohamed Hisam et al.

Table 2
Mulliken atomic charges of DMO-hexenone.

Atom Charges (a.u) Atom Charges (a.u)
C —0.39384 Hy7 0.133626
Cy 0.408306 Hpg 0.078575
Cs —0.14763 Hio 0.117332
(o —0.00318 Hao 0.097646
Cs —0.02695 Hy 0.105693
Ce —0.21946 Haa 0.109934
07 —0.46513 Has 0.106263
Cg —0.31812 Has 0.102299
Co —0.30928 Has 0.104907
010 —0.48751 Hae 0.10705
Cny 0.383024 Ha; 0.117765
Ci2 0.17741 Has 0.128239
Ci3 —0.32511 Hao 0.12085
Ciq —0.32712 Hso 0.117951
His 0.126426 Hay 0.120806
Hie 0.12531 Haa 0.133918

6. Result & discussion
6.1. Molecular geometry

The molecule’s improved molecular shape is displayed in Fig. 2
coupled with the chemical structure and DMO-hexenone numbering.
Using the 6-311 + +G(d, p) basis set and the Gaussian 09 programmed
by the DFT/B3LYP method, geometrical parameters such as bond length
and bond angle are determined. Figs. 3 and 4 displays the structurally
optimized parameters corresponding to the experimentally observed
XRD data [21]. The two co groups in the optimized molecular geometry
used in this work—C2-07, C1-C2-07, C3-C2-07, C6-C11-010,
010-C12-C13, and 010-C12-C14—define the presence of carbonyl
groups in the linear structures that contain carbons. The combination of

Next Materials 8 (2025) 100831

the CC, CH, and CO of bond angle and bond length obtained in this title
molecule also describes the correlation of the CCC, HCH, CCO, and CCH
with maximum and minimum values that match the experimental XRD
values [22]. The CC bond found has a maximum value of C5-C8, a
minimum value of C6-C11, and an experimental value of 1.30 A for
C6-C9, and 1.54 A for C5-C9. In the CH bond, C1-H15, C1-H16, C1-H17,
C8-H21, C8-H22, C8-H23, C9-H24, C9-H25, C13-H27, C13-H2S,
C13-H29, C14-H31, C14-H32 has 1.09 A with experimental values 1 A,
0.93 A, 0.90 A similar to the obtained values shown in Table 1 and its
minimum value of CH bond is C6-H20 contain 1.08 A related to the
experimental values 0.90 A which is well matched [23]. In C2-07,
010-C11, 010-C12 has 1.22 A, 1.36 A, 1.49 A which is corresponding
to the experimental values are 1.30 [D\, 1.39 A, 1.49 A. For this title
compound the bond angle were observer in various combination of
carbon, hydrogen, oxygen atoms which is exhibit angle are listed below.
In the CCC bond it attains the maximum value at C5-C6-C11 has the
126.3 match with XRD values 123.7 ° and its minimum value for
C1-C2-C3, C13-C12-C14 is 116.18 “ and its match with experimental
values 118°. For CCH, the maximum value is observed at the 117.4 " in
C2-C3-H18 and its experimental value is 120°which is well match to the
computed value and its minimum value 109.5 ° in C2-C1-H17 also
correlated to XRD value is 109.5° [24]. For the CCO the maximum and
minimum values of the C1-C2-07, C3-C2-07 are 121.36", 122.44°which
is corelated to the experimental value 120, 121. In CCH bond angle
represent the maximum value as 117.3"for C2-C3-H18, minimum value
as 109.8 “ for C2-C1-H17 correlated to the 120 5109.5 ° XRD values are
well matched to the computed values [25]. For the HCH, the value 110°
of H16-C1-H17 which is maximum value among these represent the
matched XRD value 109°and the minimum value 106.8 of H15-C1-H16
well agreement with the experimental value 107.9".
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Fig. 5. Experimental and theoretical (B3LYP/6-311 ++G (d, p) of FT-IR for DMO-hexenone.



R. Mohamed Hisam et al.

Table 3
Vibrational wavenumbers of DMO-hexenone for B3LYP/6-311 + + G (d.p).
B3LYP/6-311 + +G(d.p) FT-IR (cm™ 1) Vibrational Assignment &PED %
3183 3182 vCH(99)
3168 3168 vCH(99)
3166 3165 vCH(91)
3158 3156 vCH(99)
3042 - uCH (98)
3150 - vCH(86)
3149 - vCH(86)
3125 - vCH(97)
3123 - vCH(94)
3121 - VCH(94)
3116 - vCH(89)
3115 - vCH(86)
3111 - VCH(98)
3100 - vCH(100)
3051 - vCH(91)
3048 - vCH(86)
3040 - vCH(92)
1788 1762 v0C(79)
1682 1680 vCC(68)
1526 1530 SHCH(65) + THCCC (12)
1514 - SHCH(57)
1513 - SHCH(55)
1509 - SHCH(71)
1502 - SHCH(85)
1499 1498 SHCH(71)
1494 1495 SHCH(88)
1489 - SHCH(85)
1488 1488 SHCH(83)
1478 1477 SHCH(83)
1431 - SHCH(60)
1430 - S8HCC(39)
1421 - SHCC(58)
1409 - SHCC(47)
1395 - S8HCC(46)
1392 - S8HCC(27)
1345 - SHCC(64)
1321 - S8HCC(41)
1392 - SHCC(11)
1321 - SHCC(12)
1259 1250 THCCC (10)
1245 - vCC(48)
1237 - uCC (10) + THCCC (14)
1204 1204 vOC (10)
1193 - SHCC (25)
1077 1077 v0C (24)
1052 - S8HCC (29) + THCCC (11)
1146 - S8HCC(29)
1040 - SHCC(24)
1032 1032 THCCC(54)
1017 - SHCC(41)
993 993 S8HCC(25)
970 969 vCC(18)
954 954 SHCC(18)+ vCC(12)
953 - S8HCC(30)+ vCC(21)
921 - vCC(34)
867 - THCCC(19)
841 850 THCCO(26)+ THCCC(16)
792 792 vCC(57)
705 - vCC(22)+ SHCC(21)
685 688 vOC(17)+ vCC(11)
629 - vCC(18)
595 599 S8HCC(30)
577 579 8CCO(34)
571 - S8HCC(30)
495 493 THCCO(23)
485 475 SHCC(41),TtHCCO(11)
431 429 THCCO(37)
408 400 8CCC(42)

6.2. The mulliken atomic charges

Quantifying the distribution of electronic density among atoms in a
molecule is commonly accomplished by the calculation of atomic
charge. The first and most basic technique is the Mulliken atomic charge.

Next Materials 8 (2025) 100831

It takes into account both the shared electron density in molecular or-
bitals and the electron density attributed to the atom’s own orbitals. For
non-magnetic systems, Mulliken population analysis leads to Hirshfeld
charges, Hirshfeld bonds, and Mulliken expenses [26]. One can ascertain
the effective valence charge by contrasting the formal ionic charge with
the Mulliken charge on the anion species. A chemical bond’s strength
and whether it is covalent or ionic can be determined by its effective
valence charge and it is based on the B3LYP-D/6-311 + +G (d, p) the-
ory, a computed effective valences of the atoms listed in Table 2 in-
dicates that among the investigated in gas phases, chemical bonding is
demonstrated between the atoms with considerable covalency [27]. The
overlap population, which is near zero, suggests that there is little
contact across the two atoms’ electrical populations, as well as bond
with the smallest Mulliken population may be disregarded when
determining the hardness of a material. It has been discovered that there
is a correlation between low overlap population and high ionicity.
Conversely, a high number denotes a high degree of covalency in the
chemical interaction. This modifies the vibrational spectrum, which
impacts several other attributes of the system, including the dipole
moments, electronic structures, polarizability of molecules, atoms’ bond
lengths, acidity-basicity characteristics, etc. [28]. The donor atoms that
function as a nucleophilic charge in DMO-hexenone are C;, C4, Cs, Cg,
07, Cg, Co, O10, C13, and Cy4. Although the atoms Cy, C;3, and C;5 possess
electrostatic charges. On their acceptor electrons. The significant posi-
tive charge of 0.408 a. u of Cy, the positive carbon connected to function
as a CO group, indicates the acidic character of this carbon. Thus, in this
case, nucleophilic attack is preferable. Additionally, the
co-atom-attached C6 exhibits —0.219 a.u negative charges. O; and O
oxygen atoms have respective negative charges of 0.47 a.u and 0.49 a.u.
Hydrogen has the greatest concentration of positive charges between
H;js and Hsp. With intermolecular bonding, Hsy has the highest positive
charge of any hydrogen at 0.134 a.u [29]. It also has a maximum
negative charge (-0.47 a. u) at the O location when attacked by elec-
trophiles and the positive atom Hj, site when attacked by nucleophiles.
There may be an electrophilic assault at C4 (-0.003) a.u, Cs (-0.026) a. u,
and C3 (-0.143) a.u because to the high electron density at those
locations.

6.3. Vibrational assignment

The most significant vibrations, such as CH, CC, OC, CCO, HCCC,
HCC, HCH, and HCCO, are displayed in DMO-hexenone’s FT-IR spectra
Fig. 5. Table 3 tabulates FT-IR wave numbers, both computational and
experimental. The IR absorption intensities of DMO-hexenone, as shown
in the table, are consistent with the PED results. Gauss View and VEDA
software are powerful tools used to analyse and assign vibrational modes
in molecular systems, interpret vibrational spectra, apply frequency
scaling, and help validate computational methods against experimental
data. The vibrational calculations are performed using the gas phase
DFT-B3LYP functional with 6-311 + +G (d, p) basis sets [30]. Vibra-
tional frequencies were computed and used to ascertain the normal
modes’ vibrational assignments. Furthermore, the examination of the
vibrational assignments of the DMO-hexenone is conducted by a review
of prior research studies’ literature. For the linear vibrational assign-
ment, the molecule DMO-hexenone contains32 atoms having C1 point
group symmetry and 91 normal modes of vibration. There were 34
torsional bending vibrations, 40 bending vibrations, and 34 stretching
vibrations. Normal mode vibrational investigations are used to compare
experimental and theoretical wave numbers. For compounds like CH,
HCH, HCCC, HCC, CC, OC, CCO, CCC, HCCO, and CCC, vibrational as-
signments involve recognizing the distinctive vibrations connected to
each bond and the overall structure.

6.3.1. CH vibration
It is typically possible to tell whether a structure has one or more
aromatic rings based on the C-H bond. The CH bond stretching vibration
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Table 4
Theoretical energy parameters of DMO-hexenone molecules.

Electronic properties  Values (eV) Electronic properties Values (eV)

Enomo (eV) 6.11 Chemical hardness —2.45
Erumo (V) 1.21 Chemical softness —0.408
Enomo—Erumo (eV) 4.89 Electrophilicity Index —5.46
Ionization potential —6.11 Nucleophilicity Index —0.18
Electron affinity -1.21 Electron donor power —4.87
Electronegativity —3.66 Electron acceptor power -1.21
Chemical potential 3.66 ANpax (eV) -1.49

is usually reported in the C-H stretching region of 2800-3300 cm™ . The
region between 3100 and 3300 cm™'It stands out for the prompt iden-
tification of C-H stretching vibration, is where the hetero aromatic
structure shows the existence of in the gas phase C-H stretching vibra-
tion [31]. There are three types of vibrations produced by the
substituted molecule like stretching, in-plane, and out-of-plane bending.
The substituent’s type has no discernible effect on the bands in this area.
The calculated C-H stretching vibrations at 3183 cm_l, 3168 cm_l,
3166 cm™!, and 3158 cm™! match the experimental values of
3182 cm !, 3168 cm ™, 3165 cm ! and 3156 cm ™, with PED values of
99 %, 99 %, 91 % and 99 % respectively. This agreement validates the
dependability of the theoretical model utilized
DFT/B3LYP/6-311 + +G (d, p).

6.3.2. CH, vibration

The CH2 vibration mode in the Methylene Group (H-C-H) is typically
observed between 1400 and 1500 cm™ [32]. The predicted frequencies
of 1526cm-1, 1499cm-1, 1494cm-1, 1488cm-1 and 1478cm-1 are
consistent with experimental values 1530cm-1, 1498cm-1, 1495cm-1,
1488cm-1 and high PED values support these assignments.

6.3.3. HCCC, HCC vibration

The bending modes of the C-H bond in HCCC torsion and HCC
bending are often found in the 600-900 cm™ range [33]. The calculated
HCCC values of 1526 cm™, 1259 cm™, and 841 cm™ are correlated
with the experimental values of 1530 cm™ , 1250 cm™ , and 850 cm™ to
get the PED values of 65 %, 10 %, and 16 %. The observed wave
numbers for HCC are 993 cm™, 954 cm™, 595 cm™, and 485 cm™ .
These correspond to the experimental wave numbers of 993 cm™,
599 ecm™, 475 cm™, and the PED values of 25 %, 18 %, 30 %, and
41 %.

6.3.4. CC, CCC vibration

An o-bond, C-C stretching vibration is commonly recorded in the
800-1200 cm™ range. Stretching in n-bond, C=C stretching vibration
often expresses itself between 1500 and 1700 cm™ . Particularly in
linear or cyclic structures, the CCC (carbon-carbon-carbon) group’s
vibrational modes involve a variety of stretching and bending vibrations
connected to the carbon-carbon bonds. Because of the ring strain and
angle bending, the torsional bending mode is particularly important in
cyclic compounds [34]. Among the 68 %, 18 %, and 12 % PED Values,
the CC stretching vibrational achieves 1682 cm™, 970 cm™, and
954 cm™ with experimental values of 1680, 969, and 954. The
computed value of 408 cm™ in CCC Bending vibration is associated with
the 400 cm™ with 42 % PED values.

6.3.5. OC, CCO, HCCO vibration

The stretching vibration of the carbon-oxygen single bond (C-O)
usually occurs within the lower frequency range of 1000-1300 cm™ .
Outside the plane Bending modes are caused by the CCC bond angle
moving out of the plane that the other two carbons form when one
carbon travels out of it. These modes usually have frequencies in the
400-700 cm ™! range [35]. Bending Modes of H-C-C and C-C=O the
vibrations caused by bending linked to the H-C-C and C-C—=O bonds
usually transpire at reduced frequencies, generally falling between 600
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and 1200 cm™ . Since HCCO is a radical species, its vibrational spectrum
may deviate slightly from that of stable molecules because of the un-
paired electron and unique electrical structure, which may induce fre-
quency shifts. Infrared spectroscopy and computational approaches are
typically used to study these modes. In the case of OC stretching vi-
bration, the experimental values from FT-IR spectra correspond to
1204 cm™, 1077 cm™ , and 685 cm™ , along with PED values of 10 %,
24 %, and 17 %. For CCO bending vibrational 577 cm™ , 34 % of PED
values are labelled with experimental value 579 cm™ .The band is
located in the torsional vibration zone of the HCCO at 841 cm™?,
485 cm™, 495 cm™ , 431 cm™ , and 850 cm™ . The PED values of 26 %,
11 %, 23 %, and 37 % are in relation to the experimental values of
475 cm™, 493 cm™ , and 429 cm™ .

6.3.6. Carbonyl (C=0) vibration

The carbonyl stretching frequency have been assigned region from
1700 to 1800 cm™! found from literature review of carbonyl based
compounds [36]. In our study, the experimental FT-IR spectrum of C=0
oscillation shows area at 1762 cm™! as a strong band (maximum in-
tensity) and the computational estimated C=O vibration allocated peak
at 1788 cm™! with 78 % PED contribution. Both the experimental and
theoretical frequency of band C—=O0 have been correlated in a good
agreement successfully.

6.4. The reactivity and chemical stability of DMO-hexenone compounds

The chemical stability and reactivity of DMO-hexenone molecules
were investigated using the Frontier Molecular Orbital theory, which is
fundamental to chemical reactions. The FMO characteristics of the
DMO-hexenone molecule were determined utilizing a 6-311 + +G (d,
p) basis set and DFT/B3LYP [37]. The energy gap, HOMO, LUMO, and a
molecule’s chemical stability and reactivity are all covered by the FMO
theory. DMO-hexenone molecules have a HOMO-LUMO energy gap.
Whereas LUMO denotes obtaining the electron inside the molecule,
HOMO denotes donating the electron [38]. The EHOMO-ELUMO gap
indicates the energy difference between the HOMO and LUMO orbitals.
This gap provides information into molecules stability and reactivity. A
narrower gap often indicates more chemical reactivity. High stability is
shown by title compound’s HOMO value of 6.11 eV, LUMO value of
1.29 eV, and maximal electronic transition energy gap of 4.89 eV.
Softness (-0.408 eV-1) is associated with the molecular orbital’s greater
stability state, whereas hardness (-2.45 eV) is associated with the mo-
lecular orbital’s lower state. The title compound has a chemical elec-
tronegativity value of —3.66 eV, indicating high reactivity and
inhibitory effectiveness [39]. Electron affinity and ionization potential
are represented by the HOMO and LUMO. Electrophilicity has a donor of
—5.46 eV and nucleophilicity has an acceptor of —0.18 eV, With an
additional electronic charge of —1.49 eV, DMO-hexenone molecules
exhibit an improved level of reactivity. Table 4 provides a thorough
overview of the theoretical energy parameters, and Fig. 6 shows the
HOMO-LUMO energy gap, which gives a visual depiction of the stability
and electronic transitions of the molecule.

Theoretical Energy Parameters Calculation of DMO-hexenone

Enomo = 6.11eV 1

Erumo = 1.21eV 2
Ionization Potential

Ionization Potential (IP) = — Egomo
Substituting Eq. 1

Ionization Potential (IP) = -6.11eV 3)
Electronic Affinity

Electronic Affinity (EA) = -Erumo



R. Mohamed Hisam et al.

Next Materials 8 (2025) 100831

" 2t

EHOMO =6.11 (eV)

AE = 4.89 (eV)

ELumo - 1.21 (eV)

Fig. 6. HOMO-LUMO energy gap of DMO-hexenone molecules.

Substituting Eq. 2
Electronic Affinity (EA) = - 1.21eV
Substituting Egs. 3 and 4
Enxumo — ELumo = 4.89 eV

Electronegativity

_IP+EP
)

Electronegativity(y)

_ (~E HOMO — E LUMO)
2

_[(~611) + (~1.21)]
2

Electronegativity (y) = -3.66eV
Electronegativity (y) = — Chemical Potential (i)
Chemical Potential (p) = 3.66eV

Chemical Hardness

Chemical hardness(n) = 1P ;EP

_ (~E HOMO + E LUMO)
2
Substituting Eqs. 3 and 4

_ —611+1.21
- 2

Chemical hardness (n) = -2.45eV

Chemical Softness

1
Chemical Softness(c) = P

Substituting Eq. 10
=-0.408eV !

Electrophilicity index

Electrophilicity Index(#) = *—

(3.66)°

(—2.45)

4

(5)

©

)

®

9

(10)

(11

(12)

(13)

1339

(—2.45)

Electrophilicity Index (®) = -5.46 Ev

Nucleophilicity N index
Nucleophilicity N index = é

Substituting Eq. 14
1

(—5.46)

Nucleophilicity N index = -0.18eV*
Electron Acceptor Power

IP 4 3EA)?
Electron Acceptor Power(w/+) = P + SEA)

Substituting Eqgs. 3 and 4.

[(6.11 + 3(1.21))°

T 16(6.11 —1.21)

94586
T 7824

Electron Acceptor Power (@) =-1.21eV
Electron Donor Power

3IP + EA)®
Electron Donor Power(wy —) = ﬁ
Substituting Eqgs. 3 and 4.

_ [3(-6.11) + (-1.21)]
16(—4.89)

~ 381.81
T 7824

Electron Donor Power (0") = -4.87eV

Additional Electronic Charge

Additional Electronic ChargeAN,, = %

_ 3.66
T 245

" 16(IP — EA)

14)

(15)

(16)

a7

18

19)

(20)
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Fig. 7. MEP map surface on DMO-hexenone molecules.

Table 5

Natural bond orbital analysis DMO-hexenone.
Donor NBO Acceptor NBO E(2)" Kcal/ EG)-E@W"a.  F(,j) a.
@) (0] mol u u
(1) C, - O (n*) C3 - C4 6.83 0.40 0.047
LP (2) 019 (%) C12—Ci4 7.43 0.70 0.067
(0) Co — Hag (6%) C11 - Cy2 7.62 0.87 0.073
(6) C14 — Hao (6*) Cy3 - Hoy 9.61 0.97 0.087
(0) Cy13— Hyy (06*) C14 — Hgo 10.12 0.96 0.088
(6) O10 - Cy2 (6%) Ce - C11 14.71 1.40 0.128
LP (2) O, (6*) C, - C3 16.25 0.88 0.108
LP (2) O7 (6*) C; - Cy 22.39 0.65 0.109
LP (2) O10 (06*) Co — C11 25.72 0.36 0.087
(m) C3-Cy4 (n*) C3 - Oy 33.54 0.31 0.092

? E (2) means energy of hyper conjugative interaction (stabilization energy).
Y Energy difference between donor and acceptor i and j NBO orbitals.
¢ F (i, j) is the fork matrix element between i and j NBO orbitals.

Additional Electronic Charge ANpax = —1.49eV (21)

6.5. Molecular electronic potential

Molecular electrostatic potential determines the magnitude of
nearby charges at a certain location, such as electrons and nuclei [40].
To predict electrophilic and nucleophilic attack sites on the
DMO-hexenone molecule B3LYP/6-311 + +G (d, p), an optimized ge-
ometry, was used to calculate MEP. The electrophilic regions (positive
potential) indicates that these places are electron deficient and will
attract nucleophiles (electron rich species). Nucleophilic zones (negative
potential) are places that are electron rich and susceptible to assault by
electrophiles (electron-deficient species). These reactive spots where
chemical interactions, such as nucleophilic or electrophilic assaults
would occur, resulting in reaction such as substitution, bonding, or
proton transfer, all of which are required for the molecule’s reactivity
and biological activity [41].Colours show different electrostatic poten-
tial values at the surface. Potential increases from red to orange to yel-
low to green to blue. In combination, these maps have colour codes
ranging from —1.591e-2 a.u. (deepest red) to 1.591e-2 a.u. (deepest
blue). Fig. 7 illustrates that the positive (white) and negative (red)
portions of MEP correspond to electrophilic and nucleophilic reactivity,
respectively [42]. The MEP successfully discovered reactivity sites for
both intra- and intermolecular interactions. In gases and solvents, oxy-
gen in contrast to hydrogen atoms, which have a positive electrostatic
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potential and a nucleophilic reactive site (acceptor), atoms have a
negative electrostatic potential, indicating an electrophilic reactive site
(donor). Green surface area indicates a localized zero electrostatic po-
tential. As with other solvents, the reactive sites of DMO-hexenone
molecules exhibit both gas and water phases, which are related with
biological activity [43]. The reactive portions of the molecule can be
recognized by electron and proton interactions, indicating biological
activity.

6.6. Natural bonding orbital (NBO) analysis

The Inherent Connection a wave function’s orbital analysis is the first
prerequisite for establishing communication between designated elec-
tronic structure systems. This method effectively analyses and identifies
the Energy and Bonds associated with just one pair of electrons that is
crucial for physiochemical processes [44]. This technique promoted
hyper conjugative effects, hydrogen bonds between donor and acceptor
molecules, and electronic interactions. The interaction energy between
donor and acceptor electrons and the stability of these orbital connec-
tions can both be assessed using the energy gap between interacting
orbitals. It is feasible to determine the most stable connection by
computing the second-order stabilization energy E2.

F(i.j)
& — &

E® = AE; = q

Here, qi is the occupancy of the €i orbital, F(i, j) is the off-diagonal
component of the Fock matrix, and ¢i and ¢j stand for the diagonal el-
ements of orbital energies. The size of E (2) is directly proportional to the
strength of the interaction between the donor and acceptor electrons. A
greater interaction between the two is indicated by a higher value of (2).
Table 5 presents computed DMO-hexenone findings [45]. The bonding
pairs (donor) were projected to have a higher stabilizing energy E (2)
value while the DMO-hexenone molecule is interacting intramolecularly
by hyper conjugation. Atoms in (z) C2-C7 to (n*) C3-C4 anti bonding
orbitals have a stabilization energy of 0.40 kJ/mol, whereas those in ()
C3-C4 to (m*) Cp-C; have a stabilization value of 0.31 kj/mol. The
interaction between (6) Cg-Hag and 6* (C11-C12) has a stabilizing energy
of 0.87 kJ/mol. Likewise, the stabilization energy of the interaction
between 6 (019-C12) and 6* (C-C11) is 1.40 kJ/mol. An energy transfer
of 0.70 kJ/mol is obtained from the lone pair (LP) (2) of Opp to o*
(C12-C14). Similarly, a stabilization energy of 0.88 kJ/mol is obtained
via electron donation from the lone pair (2) of Oy to 6* (C2-C3). The
interaction that stabilize the system the most are LP (2) Op¢ to o*
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Table 6
Electronic excitations of 3MBD — TMC obtained by TD-DFT/B3LYP/6-311 + +G (d, p) methods.
Solvent state Absorption band A max (nm) Energy cm-1 Oscillation Strength (f) Band gap eV Major Contributions Energy (%)
Gas 386.29 25887.17 0.0 0.5426 H—1->LUMO (97 %)
359.08 27848.71 0.0003 1.6471 HOMO->LUMO (98 %)
278.04 35965.87 0.0375 3.0063 HOMO->L+ 1 (96 %)
2500 A F 0.035
r 0.030
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Fig. 8. UV Spectrum of DMO-Hexenone.
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Fig. 9. DOS Spectrum of DMO-Hexenone.

11



R. Mohamed Hisam et al.

Next Materials 8 (2025) 100831

s 88 = %2 28 8 ==3
~r -— o~ ~ B N 1 N 2 N
2 == ] 32 = S S 8§
(I L | [
o
o
=
)
T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 PPM
=1 =1 - =3 o~ e N ™ O O DN OW = — DD
= = = B 8 S8533 S35 33
a1 - - L Ry e i A iy BRUKER
N\ ) SN A (N
o
| ~—
- )\
]
|
, ‘ ‘ )
'
L
, h ! JI
N I\ v o L . ,,,.\,,_jv o W — -
\ : : : : : : ‘ ‘ :
13 12 11 10 ° 8 7 6 5 a 3 2 1 o  ppm)
L ) R 1o )y )L e
= E gE| EREIEE
S ] = =S b o e

Fig. 10. 'H and '>C NMR spectrum of DMO-Hexenone.

Table 7
of 'H and '3C NMR Analysis.

Atom  Theoretical Chemical Shiftin ppm  Experimental chemical shiftin ppm  Atom  Theoretical Chemical Shiftin ppm  Experimental chemical shift in ppm
Cs 14.8109 14.93 Hag 5.5094 2.943
Cg 23.8079 22.39 Hae 5.6328 3.365
Cy 31.5064 31.14 Hoy 5.9863 3.909
Cy 41.1987 43.29 Hie 6.2829 3.923
Cisq 67.8763 60.39 Hy, 6.3535 3.961
Ci2 73.0859 75.78 Hoo 6.5249 6.886
Ce 79.1388 80.48 Hig 7.2322 6.897
Ci3 82.4275 85.14 Hag 7.3595 6.913
Cs 109.8191 107.61 Hos 7.4269 7.222
Cy 162.7753 167.00 Hy; 7.6787 7.236
Ci1 176.1426 171.90 Hz» 8.0798 8.320
Cy 183.1847 184.07 Ha; 8.7025 8.580
Hao 3.6342 2.838 Hig 12.0189 10.47
His 3.9474 2.852 Hyy 13.0758 12.00
Has 4.1215 2.916 Hao 14.5575 13.016

(C6-C11) (25.72 keal/mol), LP (2) Oy to 6* (C1-C3) (22.39 kcal/mol) and
1 (C3-C4) to n* (Cz-O7) (33.54 kcal/mol). These interactions indicate
high electron donation from lone pairs on oxygen atoms to anti-bonding
orbitals which greatly contribute to system stability [46].

6.7. UV -visible analysis

The chemical’s visible and ultraviolet spectrum with the DMO-
hexenone was experimentally recorded using several solvents,
including gas, and is measured in the 200-300 nm region. Table 6 and
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Fig. 8 show the results. With B3LYP/6-311 + +G (d, p) and TD-DFT
approach, DFT was used to analyze the molecule’s UV-visible (UV-
Vis) spectrum. Three significant excited states were found by the
computational findings; these states were distinguished by distinct
oscillator strengths, excitation energy, absorption bands, and important
electronic transitions [47]. Fig. 9 determines the group contributions to
the molecular orbitals to create the density of the state (DOS) using the
Gauss-Sum 2.2 Program. Comparable transitions with equal contribu-
tions are seen in the gas phase at three states: 386.29 nm, 359.08 nm,
and 278.04 nm. These wavelengths are associated with specific
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Fig. 11. ELF and LOL of the DMO-hexenone molecule.
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Fig. 12. Reduced density gradient (RDG) analysis and Non -covalent interaction (NCI) scatter diagram of DMO-hexenone.
Table 8
Active site, hydrogen bond and docking with anti-cancer receptor targets.
Protein (PDB Bonded No. of hydrogen Bond distance Estimated Inhibition Constant Binding energy (kcal/ Reference RMSD
1D) residues bond A (pm) mol) A
1DAF MET 4 (O...HN) 2 2.1 65.13 -5.71 64.74
TRP 47 1.8
(0...2HD2)

molecular orbital transitions that involve both n—7* and n—n* transi-
tions [48]. With a 97 % contribution at the S1 state absorption wave-
length, at Amax = 386.29 nm, the maximum absorption wavelength is
correlated with the change from HOMO-1 to LUMO, confirming an
n—7* transition. This transition includes the excitation of a non-bonding
electron (n) from the HOMO-1 orbital to the anti-bonding LUMO (n*),
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possibly from lone pairs on electronegative atoms, resulting in a low
energy transition. Whereas the second (S2) and third (S3) excited state
at Amax is 359.08 nm and 278.04 nm respectively. In the S2 transition
corresponds to the excitation of an electron from the bonding = orbital
(HOMO) to the anti-bonding n* orbital (LUMO) with a contribution of
98 %. The S3 state shows a transition that involves excitation of an
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Fig. 13. The ribbon form represents the protein (1DAF) and ligand docking complex at the active site MET 4 and TRP 47 amino acids.

electron from the HOMO to the higher anti-bonding =n* orbital
(LUMO+1) having a 96 % contribution. The type of transition at both S2
and S3 state at Amax is t—n* transition [49]. A chemical system’s dis-
tribution of occupied orbitals and energy levels can be inferred from the
density of states (DOS) spectrum. The virtual orbital (LUMO) in the title
compound is red, which indicates a positive charge, and the occupied
orbital (HOMO), which is green, indicates a negative charge in the donor
molecule. While the compound’s homo had a wide range of electrons to
reach the stable state, the stable state was formed via nucleophilicity.

6.8. 'H and 13C NMR analysis

One of the most crucial methods for characterizing the structural
conformation of organic molecules is NMR spectroscopy. Since 1H and
13 C NMR are popular and useful methods for revealing more details
about the molecule under investigation, we employed them. The foun-
dation set 6-311 + +G (d, p) was utilized to calculate theoretical 1H and
13 C chemical shifts [50]. One of the most popular methods for figuring
out isotropic nuclear magnetic shielding tensors is the GIAO approach to
predict the chemical environments of individual atoms [51,52].
Important structural characteristics based on these theoretical shifts are
provided by the 1H and 13 C NMR spectra graphs, Fig. 10, which indi-
cate the distribution of chemical shifts for the protons and carbons in
DMO-hexenone. A range of carbon locations impacted by different
functional groups may be seen in the 13 C NMR chemical shifts, ranging
from 14.81 ppm for C5 to 183.18 ppm for C4. Lower shift carbons, like
C4, are in more electron-rich (shielded) places, whereas higher shift
carbons, like C1, experience enhanced de-shielding, often because of
nearby electron-withdrawing groups. This wide range demonstrates the
influence of electrical factors, such as proximity to groups that
contribute or remove of electrons. The accompanying graphs for the 1H
and 13 C NMR spectra, which display peaks that correspond to the
calculated chemical shift values in Table 7, clearly confirm these find-
ings. The Carbon (C4) peak at 183.18 ppm represents methylene, it is
joined to the remainder of the molecule by a double bond between
carbons. The C1 methylene group is at 41.19 / 43.29 ppm, while the CO
functional group is at C2, which is at 162.77 / 167 ppm. The measured
theoretical chemical shift of 1H falls between 3.6342 and 14.557 ppm.
The compound DMO-hexenone 1H and 13 C NMR spectra are displayed
in Fig. 10. The CH2, CH3 group is in charge of the larger chemical shift
as it has a stronger electronegative atom connected. The double bonds
C=—C and C=0 in DMO-hexenone are represented by the largest ppm
values in the peaks and their corresponding values of the C-H chemical
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shift in DMO-hexenone —H20 with 3.6 / 2.9 ppm, H15 with 3.9 / 2.9
ppm, H16 with 6.3 / 6.8 ppm, and H17 with 6.326 / 6.89 ppm. The
specific atom that corresponds to the chemical shifts are Cg, Cs, Cg, C1,
Cg, C4 carbon shifts and H]s, ng, Hz(), H22, H23, H21, H27, H3(), H31, H32
were correlated. Their presence is confirmed by the calculated chemical
shift and experimental NMR values of the methylene and methyl, CO
groups, respectively with corresponding experimental values matched
to the theoretical values of the title compound DMO-hexenone.

6.9. Analysis of LOL and ELF

The function of electron localization (ELF) is a quantum chemistry
technique that identifies regions with high electron density, showing
where electrons are most localized in a molecule. It facilitates the
identification of lone pairs and bonding interactions. The Localized
Orbital Locator (LOL) adds to this by examining the spatial contributions
of individual orbitals to electron density, indicating where particular
orbitals influence electron distribution. ELF and LOL work together to
offer information about the bonding characteristics and electrical
structure of molecular systems. Using the Multiwfn application, we
obtain ELF and LOL. They both share comparable chemical compositions
because they reflect kinetic energy concentrations [53]. Fig. 11 displays
the localized orbital locator and electron localized function contour and
colour-shaded maps. The colour markers range from blue to red, signi-
fying the 0.0-1.0 scale ranges for LOL and ELF images. LOL has a range
scale, as does ELF, with the bonding and nonbonding localized elec-
tronic regions ranging from 0.5 to 1.0. The electronic region below 0.5 is
considered delocalized. Furthermore, According to the LOL maps,
electronic localization fuelled by electron density greater than 0.5 yields
the highest values. The red area indicates the covalent region’s high LOL
value, whereas the blue circular region encircling the nuclei represents
the electron depletion zone between the outer and inner shells [54]. The
title compound’s ELF values are characterized using two-dimensional
graphical data with color grading. The lower end of the ELF spectrum
is shown by blue, while high ELF levels are indicated by red. Single
electrons in the title compound are shown in red, indicating the highest
Pauli repulsion near hydrogen. Zones of electron depletion are high-
lighted by the blue spots, which are located close to nitrogen and
chlorine and contain electrons with similar spins. ELF and LOL analyses
provide important information on reactivity, molecular bonding, and
chemical structure; their use in the quantitative evaluation of aroma-
ticity is especially highlighted [55].
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Total number of residues 224

Fig. 14. Ramachandran plot for 1taf.

6.10. Analysis of RDG

The Gradient of Reduced Density (RDG) is a method used in
computational chemistry to investigate fluctuations in electron density
within molecules. RDG identifies regions of interest, such as bonding or
non-bonding interactions, by evaluating how electron density varies,
revealing information about molecule structure and function. The low
density gradient identifies weak interactions. The bottom and upper
electron regions evaluate the system’s low density and high density
gradient, as well as weak and strong interactions [56]. Bonded in-
teractions (A2 > 0) and non-bonded interactions (A2 < 0) are distin-
guished by the sign of A2, the second eigenvalue of the electron density
Hessian matrix. These spikes fall into three categories: (i) a large
negative value of (\2) p; (ii) a large positive value of (A2) p, which in-
dicates weak interactions like van der Waals forces or strong steric
repulsion; and (iii) values near zero, which indicate non-bonding in-
teractions [57]. RDG parameter’s electron density value, p(r), represents
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electron density in the graph, while (A2) p depicts the RDG map’s
contrast between attraction and repulsion. According to the RDG graph,
the red color range and strong steric effect repulsion are shown when
(A2) pis larger than 0, which can be a key factor in the molecule’s overall
stability. This zone shows where atoms are too near for efficient bonding
or contact due to high repulsive forces. when (A2)p is less than O, it in-
dicates that the areas in the molecule have attractive interactions and
the green color and van der Waals interactions are considered when
(A2)p is near 0 [58]. In locations with (A2) p > 0, we see p values ranging
from 0.05 to 0.10 e/ A%, or even higher. These are locations with a
strong electron density gradient, which indicates repulsive interactions.
In (A2) p < 0, electron density is lower than in repulsive areas, and (A2) p
is negative. Here, we see values of p = 0.03-0.05 e/ A , indicating weak
but persistent attractive contacts such as Van der Waals forces between
nearby atoms. The present analysis used Multiwfn 3.7 and VMD pro-
grams to create a 2D scatter plot and RDG isosurface, as illustrated in
Fig. 12.
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6.11. Analysis of molecular docking

The process of designing drugs based on structure is called molecular
docking which simulates receptor-ligand interactions and predicts
binding modes and affinities. This could enhance therapeutic target
prediction and provide insight into molecular mechanisms for drug
design [59]. AutoDock method 1.5.6 software generates a
three-dimensional docking structure for investigation [60]. In the cur-
rent study, the effectiveness of the DMO-hexenone ligand against renal
cell cancer (c-Met inhibitor) was evaluated by synthesizing it and
examining its interaction with the transferase active receptor protein
1DAF. Using the Molview.org tool, which made it easier to convert PDB
database entries, the ligand—which was identified as 6-(3, 3-dimethy-
l-oxiran-2-ylidene)-5, 5-dimethyl-hex-3-en-2-one—was created. The
RCSB database provided the protein structure needed for docking
analysis as a PDB file [61,62]. The DMO-hexenone showed the
ligand-protein interaction with the negative binding energy of
—5.71 kcal/mol. On comparing a reference drug or known inhibitor
establish a standard for comparison. In Robert Roskoski Jr (2024) study
[63], Crizotinib, a well-known c-Met inhibitor, has greater binding en-
ergies ranging from —7.0 to —8.0 kcal/mol. Including crizotinib as a
reference in future research would help us to better understand the ef-
ficacy of DMO-hexenone (-5.71 kcal/mol) against renal cell carcinoma.
The binding residues are listed in Table 8 of 1DAF, including MET 4 (O...
HN) and TRP 47 (O...2HD2). The inhibition constant is predicted to be
65.13 pm, while the reference RMSD value is 64.74 A [64]. The hy-
drophobic core of a protein includes MET 4 residues. MET residues
favour binding locations over a protein’s surface. This could be as a
result of MET’s strong polarizability and ability to generate hydrogen
bonds. Only as a hydrogen bond acceptor can MET sulfur function.
Tyrosine residues and TRP are particularly important for securing
membrane proteins to the cell membrane. TRP shields delicate hydrogen
bonds from moisture. In MET 4 and TRP 47, the amino acid residue
number indicates where that specific amino acid is located in the linear
chain [65,66]. In a molecule, the average distance between the nuclei of
two bound atoms is called the bond distance (or bond length). This
characteristic of a link between two fixed-type atoms can be transferred.
As illustrated in Fig. 13, the title compounds exhibit a good inhibitor of
the 1DAF receptor with two hydrogen bond distance values of 2.1 and
1.8 A against COLON cancer, and the aforementioned values imply a
good docking score. The binding energy of DMO-hexenone (-5.71) is
modest when compared to other known anticancer drugs such as Cri-
zotinib (-7.0 kcal/mol or lower). Although lower, this number never-
theless indicates a substantial contact with the receptor implying,
possible biological activity. Studies such as Tehmina Akram, Muham-
mad Athar Abbasi., et al. (2019) [67] have successfully used MD simu-
lations and MM-GBSA computations to validate docking results. By
applying these approaches to the DMO-hexenone complex with 1daf,
one may learn about the ligand’s stability inside the binding pocket and
acquire more precise binding free energy estimations, which may differ
from initial docking scores owing to solvent and entropic effects. The
Ramachandran plot can be used to assess the stability of protein mole-
cules. Furthermore, it provides information that can be utilized to
identify, predict, or confirm protein structures. Protein dihedral angles
are illustrated on a two-dimensional plane in various spots where stable
conformations are known to exist along the protein’s backbone [68,69].
The Ramachandran plots for protein 1daf are presented in Fig. 14. This
demonstrates that the protein contains 177 residues in allowed loca-
tions, which is more than 90 %. Furthermore, the protein contains a
large number of residues. Additionally, the protein lacks residues in
forbidden areas. There were 224 residues in 1TAF. This may differ
depending on the number of residues in each molecule.

7. Conclusion

The compound, DMO-hexenone (C;2H;802), was confirmed by GC-
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MS analysis. The optimized molecular geometry of DMO-hexenone,
calculated using the DFT/B3LYP technique with the 6-311 + +G (d,
p) basis set, closely matched experimental XRD data. Key bonds, such as
C2-07 and Cg-C11-0O19, revealed the existence of carbonyl groups, with
CC, CH, and CO bond lengths and angles agreeing well with experi-
mental values. The estimated bond angles for CCC, CCH, CCO, and HCH
combinations matched XRD data, demonstrating the computational
model’s correctness. The Mulliken population analysis found that key
nucleophilic donor atoms such as Cj, C4, Cs, Cs, O7, and Op¢ have
negative charges, whereas electropositive atoms such as Cy, Hs, and H3p
are susceptible to electrophilic and nucleophilic assaults, respectively.
The measured FT-IR spectra and the predicted vibrational assignment
with PED% were found to be well matched. DMO-hexenone is chemi-
cally stable, with a HOMO-LUMO energy gap of 4.89 eV, suggesting high
reactivity potential. UV-Vis spectra showed that the strongest absorption
at Amax = 386.29 nm (97 % contribution) was a transition from HOMO-
1 to LUMO, indicating an n—=n* transition. The second and third states
(S2 and S3) at 359.08 nm and 278.04 nm were attributed to m—n*
transitions, with 98 % and 96 %, respectively. The 13 C NMR shifts
varied from 14.81 ppm for C5 to 183.18 ppm for C4, demonstrating the
effect of electron-withdrawing and donating groups on shielding. The
1H NMR shifts ranged from 3.6342 to 14.557 ppm, with distinct peaks
corresponding to the CHy, CH3, C=0, and C—=C groups. ELF and LOL
investigations demonstrate that electrons are highly localized in cova-
lent areas (LOL > 0.5), as well as depletion. Docking studies showed that
DMO-hexenone established hydrogen bonds with MET 4 and TRP 47
with bond lengths of 2.0 A, 2.1 A and 1.8 A respectively. Both proteins
exhibit anticancer activity against colon cancer by binding to DMO-
hexenone —5.71 kcal/mol, which is a favourable binding energy.
Future study might include experimental cytotoxicity testing to evaluate
DMO-hexenone’s anticancer properties as well as molecular dynamics
simulations to analyse the stability of its protein interactions.
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