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ABSTRACT

Flavonoid glycosides are significant pharmacologically relevant natural products that have not been
studied sufficiently, and whose molecular interactions with cancer-related proteins are scarcely known.
The bioactive flavonoid glycoside known to have antioxidant, anti-inflammatory and anticancer effects
is 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4-oxo-4H-chromen-3-yl 5H1P1C401G, which was not
thoroughly studied in terms of its specific binding mechanisms The article employed molecular docking
to determine important amino acid residues that stabilize the ligand and protein in this study that was
conducted between 5SH1P1C401G and cancer-associated proteins 3ERT, 6J90, and 7RPU. Of the targets
analyzed, 3ERT had the highest binding affinity, which means it could be the most desirable anticancer
target of the compound.

“Moreover, the electronic structure of the compound, its stability, and reactivity were assessed by means
of the density functional theory (DFT) calculations at the B3LYP/6-311++G(d,p) level. Analysis of
frontier molecular orbital, molecular electrostatic potential mapping and global reactivity descriptors
gave a clue on the charge distribution and the reactive site that was involved in strong binding
interactions. Altogether, the joint computational findings indicate that 5H1P1C401G has the best
anticancer potential in 3ERT target, and can be used as a useful scaffold to develop multi-target
anticancer agents.”
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1. INTRODUCTION

Cancer is one of the major causes of death around the globe with the largest share of cancer incidents
and mortality in the world being made up of cancer of the breast, lung, colorectal, pancreatic, and prostate
cancers [1], [2]. These cancers are linked with intricate molecular heterogeneity, distorted signal
transduction routes and, mutations, which foster tumor development, metastasis, and chemotherapy
resistance [3], [4]. Although there has been consistent advancement in cancer diagnosis and targeted
therapy, most of the anticancer drugs currently available are poorly selected, with side effects and most
of them are developing resistance to drugs quite rapidly. Thus, the identification of novel bioactive
molecules with enhanced pharmacological qualities continues to be a significant goal in the
contemporary medicinal and pharmaceutical chemistry [5].

Natural polyphenolic compounds, in particular flavonoid and chromen-4-one derivatives, have
gained much interest because of their broad-based biological properties, such as antioxidant, anti-
inflammatory, antimicrobial, and anticancer properties [6]. The availability of numerous hydroxyl groups
and conjugated aromatic systems of these molecules allows the strong intermolecular interactions with
biological targets, and thus, they are good molecules to use in structure-based drug design. In this respect,
the flavonoid glycoside 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4-oxo-4H-chromen-3-yl  1-
phosphoglucopyranoside (5H1P1C401G) is a polyhydroxylated chromen-4-one molecule with multiple
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hydro These structural features indicate that this compound can serve as a possible lead molecule in the
development of anticancer drugs.

Over the past few years, computational chemistry has been used to become an indispensable part of
forecasting the biological activity of new compounds prior to experimental research. The analysis of
molecular docking gives the data of the interactions between the ligands and proteins, but the density
functional theory (DFT) also gives a comprehensive insight into the electronic structure, stability, and
reactivity of the molecules. The docking and DFT techniques have been popularly combined to study the
theoretical analysis of flavonoid-based compounds and to design new therapeutic agents rationally [7].
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Fig. 1. Optimized molecular structure of 56H1P1C401G

2. MATERIALS AND METHODS

2.1. Identification of the Target Protein

The 3D crystal structures of the biomarkers that are related to cancer were extracted out of the protein
database (PDB) through the use of the PDB IDs of 3ERT, 6J90, 7RPU and 8TSK and were used.

to perform the molecular docking analysis. The docking analysis was done using a version of Auto
dock Tools, 1.5.7 [8]. All the ions, water molecules, co-crystallized ligands and ions were removed before
docking. Thereafter, Kollman charges were added and polar hydrogen atoms were added. The generated
protein structure was preserved in the form of the PDBQT format to be utilized in the future in molecular
docking studies.

2.2. Ligand Retrieval and Optimization

A free chemical database had the molecular structure of 5H1P1C401G, which was utilized in
computational studies. The substance was acquired commercially. Before docking analysis, the ligand
geometry was optimized to yield a minimum-energy conformation. The assignment of Gasteiger charges,
rotatable bond definition, and ligand were saved in PDBQT format by Auto Dock Tools (version 1.5.7)

[9].

2.3. Molecular Docking Protocol

Auto Dock with Lamarckian genetic algorithm was conducted to perform the molecular docking
simulations [10]. The docking grid box was established to cover the active binding sites of the 3ERT,
6J90, 7RPU, and 8TSK with dimensions that were adequate to allow complete ligand flexibility inside
the binding pocket. The default auto-dock parameters were used unless otherwise. Several docking cycles
were carried out to produce a variety of binding arrangements. The top-ranked docked poses were then
selected according to the anticipated binding energy and the most energetically favorable structure was
chosen to be further analyzed in terms of interactions through the usage of molecular visualization
software [11].

2.4. Density Functional Theory Calculations

“Density functional theory (DFT) calculations were used to study the electronic structure and
reactivity properties of 5H1P1C401G. Geometry optimization was done using 6-311++G(d,p) basis set
and B3LYP exchange-correlation functional [12]. All computations were done in the gas phase and no
symmetry constraints were applied. The energies of the frontier molecular orbitals, including the HOMO
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and LUMO were calculated and the HOMO- LUMO gap was evaluated. To have a better insight into the
molecular docking data, global reactivity descriptors have been produced in order to shed light on the

chemical stability and interaction potential of 56H1P1C401G.”

Table 1. Theoretical values of bond lengths and angles for this compound 5H1P1C401G. (A:
angstrom unit, °:degree.)

Bond DFTB3LY Bond DFTB3 Bond Angle | DFTB3LY Bond Angle DFTB3L Bond Angle DFTB3LY Bond Angle DFTB3

Length P/6— Length | LYP/6— A P/6— A YP/6— A P/6— A LYP/6—

A) 311++G A 311++G 311++G 311++G 311++G 311++G
(d.p) (d.p) (d.p) (d.p) (d.p) (d.p)

01-C16 1.438 C16-C18 | 1.52 C16-01-C17 112.9 06-C18-H40 1075 C13-C15-C17 109.3 C30-C26-H45 1222

01-C17 1.402 C16-H37 | 1.099 01-C16-04 108.7 C23-07-C20 1217 C13-C15-H36 | 1093 C26-C30-C29 | 1919

02-C17 1.422 C17-H38 | 1.097 01-C16-C18 | 1056 07-C23-C22 120.4 C16-C14-H35 | 109 HA46-C27-C31 | 1183

02-C19 1.372 C18-H39 | 1.099 01-C16-H37 1094 07-C23-C26 116.8 C14-C16-C18 115.1 C27-C31-C33 1196

03-C13 1.425 C18-H40 | 1.09 01-C17-02 107.6 07-C20-C19 121 C14-C16-H37 | 1094 HA47-C28-C32 | 1196

03-H41 0.964 C19-C21 | 1.462 01-C17-C15 | 1487 07-C20-C24 1115 C17-C15-H36 | 1976 C28-C32-C33 | 1903

04-C14 1.42 C19-C20 | 1.367 01-C17-H38 | 1113 08-C21-C19 1223 C15-C17-H38 | 1911 C28-C32-H49 | 1199

04-H42 0.965 C20-C24 | 1.473 C17-02-C19 119 08-C21-C22 1223 C18-C16-H37 108.6 C30-C29-H48 1202

05-C15 1.424 C21-C22 | 1.448 02-C17-C15 108.1 C21-08-H50 100.3 C16-C18-H39 108.9 C31-C33-C32 1201

05-H43 0.965 C22-C23 | 14 02-C17-H38 | 119 H50-09-C25 107.4 C16-C18-H40 | 1096 C33-C32-H49 | 1198

06-C18 1.418 C22-C25 | 1.427 02-C19-C21 | 1593 09-H50-08 1478 H39-C18-H40 | 14g6

06-H44 0.967 C23-C26 | 1.389 02-C19-C20 | 4485 09-C25-C22 120.6 C21-C19-C20 | 1514

07-C23 1.364 C24-C28 | 1.403 C13-03-H4l | 1577 09-C25-C29 119.4 C19-C21-C22 | 1153

07-C20 1.364 C24-C27 | 1.406 03-C13-C14 | 1474 C30-010-H51 | 1102 C19-C20-C24 | 1575

08-C21 1.246 C25-C29 | 1.388 03-C13-C15 | 4113 010-C30-C26 | 199 7 C20-C24-C28 | 1959

09-H50 0.989 C26-C30 | 1.397 03-C13-H34 | 1495 010-C30-C29 | 1165 C20-C24-C27 | 11gg

09-C25 1.338 C26-H45 | 1.083 C13-03-H42 | 1474 C31-011-H52 | 1498 C21-C22-C23 | 1504

010-C30 1.36 C27-H46 | 1.081 H41-03-H42 111.1 011-C31-C27 119.6 C21-C22-C25 121.6

010-H51 0.963 C27-C31 | 1.385 C14-04-H42 | 10856 011-C31-C33 | 1908 C23-C22-C25 | 11g

011-C31 1.36 C28-H47 | 1.08 04-C14-C13 1104 011-H52-012 1125 C22-C23-C26 122.7

O11-H52 | 0.966 C28-C32 | 1393 | 04-C14-C16 | 1056 C33-012-H53 | 119 C22-C25-C29 | 1901

012-C33 1.371 C29-C30 | 1.397 04-C14-H35 | 147 012-C33-C31 | 1159 C23-C26-C30 | 1977

012-H53 | 0.963 C29-H48 | 1082 | 04-H42-03 | 1155 012-C33-C32 | 1947 C23-C26-H45 | 1501

C13-C14 1.528 C31-C33 | 1.404 C15-05-H43 | 1157 C33-012-H52 | g5 7 C28-C24-C27 | 119

C13-C15 1.527 C32-C33 | 1.389 05-C15-C13 | 1475 H53-012-H52 | 1663 C24-C28-HA7 | 1500

C13-H34 11 C32-H49 | 1.086 05-C15-C17 | 444 C14-C13-C15 | 1114 C24-C28-C32 | 1501

C14-C16 1.531 08-H50 1.719 05-C15-H36 111.2 C14-C13-H34 108.2 C24-C27-H46 120.9

C14-H35 1.099 012-H52 | 2.161 C18-06-H44 112.9 C13-C14-C16 109.2 C24-C27-C31 120.8

C15-C17 1.097 06-C18-C16 | 1587 C13-C14-H35 | 1085 C25-C29-C30 | 1197

C15-H36 | 1.534 06-C18-H39 | 1056 C15-C13-H34 | 1054 C25-C29-H48 | 1901
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3. Results and Discussion

3.1 Molecular Geometric Parameters

“The DFT calculation in the B3LYP/6311++G(d,p) level was used to optimize the molecular
geometry of the compound 5H1P1C401G and the structural parameters (bond lengths and bond angles)
are all found to be in excellent agreement with anticipated values of analogous organic systems [13].”

The C-C bond lengths of the aromatic and conjugated structure are mainly in the range of 1.38-1.40
Awhich demonstrates that the pi-electrons are highly delocalized in the system of the rings. Conversely,
the aliphatic C-C bonds (ex: C13-C14 and C14-C16) are slightly longer at approximately 1.52-1.53 A,
which is characteristic of single bonds. The lengths of the C-O bonds also depend on the chemical
environment of those bonds: the carbonyl group (C=0) is shorter (~1.24 A), which, of coursg, is the
indication of a presence of the double bond, but the C-O single bonds range between 1.33 and 1.44 A.
The OH bond lengths are seen to be at 0.96- 0.98 A characteristic of hydroxyl groups [14].

The molecular conformation is further supported by the bond angles. The bond angles around the
sp2 hybridized carbon atoms are similar to trigonal planar geometry, e.g. 1200, as the aromatic and
carbonyl containing regions (e.g. C-C-C and O-C-C angles). Conversely, the bond angles of the sp3
hybridized centers were found to be close to 1090, a tetrahedral geometry especially in the aliphatic chain
segments. C-O-H and O-C-O angles are changed between 100 and 1200, depending on hydrogen bonding
and steric interactions [15].

It is worth noting that there are slight differences in bond lengths and angles which can be attributed
to intramolecular hydrogen bonding, delocalization of electrons, and substituent effects in the molecule.
All in all, the optimized geometry supports the stable structure of a mixture of planar aromatic region
and non-planar aliphatic segments, which leads to the structural flexibility and reactivity of the molecule
[16].

3.2. FT-IR and FT-Raman Vibrational Analysis of 5SH1P1C401G

The FT-IR spectrum of 5H1P1C401G was measured in 4000-500 cm -1 with a PerkinElmer
spectrophotometer, and FT-Raman spectrum in 3500-500 cm -1 with a Bruker RFS Raman spectrometer.
DFT was used to compute the theoretical vibrational frequencies with the B3LYP/6-311++G(d,p) level
with scaling factor of 0.961 to address anharmonicity and the basis set limitations [17].

Being a nonlinear molecule, 5SH1P1C401G has (3N-6) normal vibrational modes. The PED analysis
was done on VEDA4 program to perform vibrational assignments. Table 2 shows the experimental and
scaled theoretical frequencies and PED contribution giving good agreement with the simulated spectra
(Figure 2).

It is suggested that minor differences in experimental and theoretical values are caused by solid-state
effects, intermolecular interactions, temperature differences, and limitations of the instruments.

Table 2. Experimental and scaled DFT vibrational wavenumbers (cm™), IR and Raman
intensities, and PED assignments of 5SH1P1C401G (B3LYP/6-311++G(d,p))

Vibrati Experimental Frequency (cm™) Infrared intensity Raman intensity PED
onal Frequency (cm- Contributi
Modes h on (%)
FT-IR FT- Unscale | Scaled | Relative | Absolut | Relative | Absolute
RAMA | d e
N
153 | 3350 | 3425 | 554348 36983'5 130.1745 | 406 | 406 | 2345792 | VOH(100)
15213325 | 3380 | 53 33 3621'9 012763 | 1222 | 1224 | 1518514 | VOH (100)
1511 3300 13320 | 551537 36659'4 491346 | 3226 | 323 | 69.7792 | YOH (100)
150 1 3250 13210 | o490 3622'1 572553 | 2676 | 2679 | 94.7829 | VOH (%)
149 | 3200 13082 | 579458 | 0905 | 1082784 | 826 | 827 | 159.9507 | YOH )
148 | 308512935 g4 | B3| 1704508 | 189 | 180 | 1338535 | VOH P
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1471 3055 | 2865 | 577746 36259'8 1033906 | 925 | 926 | 97.3415 | VOHO¥)
146 | 3020 11062 g3169 | 3187 | 4501087 | 0 0 | 147.8054 | YOH )
145 | 2950 11055 gp3308 | SO | 15300 | 9652 | 9663 | 342064 | VOV
144 1 2935 | 1610 | 551567 30960'2 12073 | 9726 | 9737 | 46.0084 | YCH (100)
143 2925 | 1582 32154 | 3090 0.1636 99.62 99.74 | 174.6619 | VCH (99)
142 1 2875 1 1462 | 319093 3025'8 16627 | 96.24 | 9636 | 805645 | VCH (100)
1411 2860 | 1270 | 516 o7 30‘;7'9 126227 | 7478 | 7487 | 1262581 | YCH O9)
140 | 2850 | 1220 | 544543 2920'7 13.8632 | 72.67 | 7276 | 114.3156 | YCH (79
139 1660 | 1172 3032.26 | 2914 | 64.0636 | 22.88 22.9 3.934 | vCH (88)
138 1 1645 | 1115 | 551568 28%8'2 21732 | 9512 | 9523 | 95144 |VCHGB®)
187 | 1630 | 1088 | 55586 28%1'2 56496 | 2723 | 2726 | 7.2183 | YCH(®9)
136 | 1580 | 1058 | 599302 28;6'2 1342 | 9696 | 97.07 | 10879 |YCH (0
135 1 1490 | 1012 | Hog6 98 2820'4 25121 | 9438 | 9449 | 2206508 | YCH (46)
134 | 1465 ) 855 2983.8 28637'4 283986 | 52 | 5206 | 416787 | VCH (40
133 | 1455 1835 168704 | T°21% | 5048158 | 0 0 | 280.6262 Eﬁ%g
132 ) 1445 1778 165351 | °5°0 | 63508 | 8638 | 8648 | 4316001 | V€
131 | 1260 | 765 163667 | °7°% | 108711 | 103 | 103 | 2855346 | '€
130 ) 1210 1702 16349 | 01| 3510027 | 003 | 003 | 338835 | VO TVOC
129 1 1175 ) 615 1623.63 15i°'3 191.4877 | 122 | 122 | 1180892 | VCC U4
128 | 1160 ) 590 1606.99 15‘;4'3 776933 | 1671 | 1673 | 1045773 | VCC (40
1271 1150 ) 545 1545.94 14§5'6 1585750 | 2.6 26 | 27327 |PHCCU)
126 | 1120 ) 520 1523.91 1424'4 23554 | 044 | 044 | 160.0294 Eﬁ%é
125 1 1110 ) 49% 150229 | 14437 | 09358 | 97.87 | 97.98 | 80992 Eﬁ%ﬁ
124 1 1100 ) 470 1490.15 14332'0 176.8721 | 17 171 | 13642 Eggg
123 1 1090 ) 445 148176 | 1429 | 16508 | 9627 | 9638 | 3757 | VOC
122 1080 | 420 144901 | 03 | eg0a71 | 2088 | 209 | 122076 | Y€
121} 1070 ) 395 1440.34 1334'1 128630 | 7436 | 7445 | 6561 Xﬁgéc
120} 1050 ) 370 143352 13717'6 17.9617 | 6613 | 6621 | 81139 | VCC©
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119 | 1015 1345 1427.79 13712'1 38.0308 | 4166 | 4171 | 309899 | PHCO
118 | 1008 | 320 1424.06 1328'5 101224 | 972 | 973 | 3442253 | PHCO
117 1000 1295 14163 13%1'0 31188 | 4877 | 4882 | 6.9273 |PHCO
116 | 860 270 1412.79 1327'6 6.9927 | 8513 | 8523 | 23714 E)Iéggg
15 | 845 1245 1394.54 1310'1 7365 | 844 | 845 | 6582 Egggg
114 | 830 | 220 1383.77 | 1320.8 | 327.8134 | 005 | 005 | 326465 | vCC
113 | 780 1135 1371.37 13%37'8 100002 | 79.27 | 7936 | 2.3201 fgcoocg
N A 1368.18 13124'8 316164 | 4829 | 4834 | 281402 | PHCO
1111 760 | 145 1362.49 13%9'3 108997 | 778 | 779 | 22012 |PHCO
110} 705 | 120 1349.61 12986'9 354419 | 4422 | 4427 | 13257 | PHCO
109 | 690 195 1343.77 12%1'3 25849 | 5515 | 5521 | 52792 | PHCO
108 | 670 170 1336.48 12864'3 2742596 | 018 | 018 | 640146 | PHCO
107 | 650 | <50 1335.35 1233'2 454668 | 351 | 3514 | 7.7351 | PHCO
106 | 620 | — 1317.42 1236'0 300798 | 50.03 | 5009 | 2.8081 | PHCO
105 | 600 | — 1313.45 12632'2 180.8468 | 155 | 156 | 133.6031 | YOC
104 1 580 | — 1287.85 12?57'6 1238311 | 578 | 578 | 219316 | VOC
103 | 560 | — 128369 | 12330 | 447047 | 3565 | 3569 | 11408 |YOC
102 | 540 | — 126413 | 2200 | eross2 | 2452 | 2454 | 23886 | PMOC
101 | <520 | — 125551 | °2°° | 261502 | s476 | 5483 | 19020 |PHOC
00 1 — | = 1242.47 1124'0 995185 | 1011 | 1012 | 55136 | PHOC
%9 - |~ 1240.38 1122'0 1675842 | 211 | 211 | 112588 | PHOC
% - |~ 1232.48 11?4'4 19.0318 | 6452 | 6459 | o0s172 | PHOC
o7 — |~ 122281 11725'1 3125793 | 007 | 007 | 47404 |YOC

% — |~ 121506 | 11970 | 856545 | 1301 | 1393 | 341606 | YO

% — |~ 120396 | 11270 | 356306 | 4402 | 4408 | oases | YO

9% — |~ 110655 | 119° | 142027 | 7096 | 7204 | 12762 |YOC

9 — |~ 1176.73 1130'8 207218 | 5044 | 505 | 24034 |PHOC
92 - |~ 117286 | 571 | 2255447 | 056 | 0s6 | 1002 |PHOC
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a1 i 115752 11;2'3 37187 | 4247 | 4253 | 32728 |PHOC
90 — | = 114351 1038'9 239486 | 5761 | 5768 | 39881 | PHOC
8 1 = |— 112018 | 1°%°1 | 1457003 | 349 | 349 | avezs | VOC

88 - | 1126.72 10882'7 78.3754 16.45 16.47 171977 | YOC

87 - | 1110.27 10‘;6'9 71.5254 19.26 19.29 71472 | VOC

86 - | 1108.71 10‘;5'4 745152 17.98 18 16612 | YOC

85 - | 1099.84 10%6'9 124.6168 5.67 5.68 0757 | V€€

84 - | 1094.27 1021'5 258.5253 0.26 0.26 141231 | V€€

83 — | 1085.52 10‘;3'1 141776 | 7215 | 7223 | 34608 | PCCC
82 - | 1078.08 10‘26'0 166.8777 2.14 2.15 76985 | PCCC
81 — | — 1067.01 | 1025.4 | 34.5469 45.14 45.19 1.2193 | BCCC
80 — | — 1052.65 | 1011.6 | 179.3609 1.61 1.61 57354 | vOC

79 — | — 1040.51 | 999.93 | 89.5956 12.71 12.72 11.4527 | vOC

78 — | — 1022.78 | 982.89 | 29.4713 50.73 50.79 1.3752 | vCC

" — | — 1006.86 | 967.59 | 30.3985 49.66 49.72 55321 | vCC

76 — | — 1000.41 | 961.39 | 17.1896 67.31 67.39 11.5254 | THCCC
75 — | — 987.79 | 949.27 | 111.3778 7.7 7.7 1.7053 | THCCC
74 — | — 951.75 | 914.63 | 1.9006 95.72 95.83 2.5903 | vCC

73 — | — 947.05 | 910.12 | 23.6388 58.02 58.09 23.0461 | THCCC
72 — | — 901.88 | 866.71 | 19.4966 63.83 63.91 4.0415 | 1CCCO
71 — | — 893.85 | 858.99 | 35.5392 44.12 44.17 3.8784 | 1CCCO
70 — | — 858.73 | 825.24 | 0.4204 99.04 99.15 0.1908 | THOCC
69 — | — 855.45 | 822.09 | 4.8562 89.42 89.53 11.2588 | THOCC
68 — | — 834.59 | 802.04 | 106.8803 8.53 8.54 0.5172 | ®OCCC
67 — | — 821.16 | 789.13 | 31.7737 48.11 48.17 4.7404 | ®OCCC
66 — | — 795.85 | 764.81 | 44.213 36.13 36.17 34.1696 | vCC

65 — | — 792.3 761.4 | 32.8178 46.97 47.03 0.4464 | ®OCCC
64 — | — 784.53 | 753.93 | 8.9261 81.42 81.52 1.2762 | ®OCCC
63 — | — 739.35 | 710.52 4.721 89.7 89.81 24034 | ®OCCC
62 — | — 725.04 | 696.76 | 2.5453 94.31 94.42 1.092 | CCCC
61 — | — 709.86 | 682.18 | 8.0146 83.15 83.25 3.2728 | BCCO
60 — | — 691.35 | 664.39 | 2.4637 94.49 94.6 3.9881 | ®OCCC
59 — | — 677.11 | 650.7 2.7561 93.85 93.96 47835 | 1CCOC
58 — | — 662.61 | 636.77 | 17.4717 66.88 66.96 17.1977 | BCCC
57 — | — 639.17 | 614.24 | 3.8201 91.58 91.69 7.1472 | ®OCCC
56 — | — 636.51 | 611.69 | 15.0449 70.72 70.81 1.6612 | BCCC
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55 — | — 616.96 | 592.9 1.8943 95.73 95.85 0.757 | BCCC
54 — | — 612.25 | 588.37 | 6.0184 87.06 87.16 | 14.1231 | PCCC
53 — | — 606.11 | 582.47 | 13.2363 | 73.73 73.82 3.4608 | PCCC
52 — | — 604.66 | 581.08 | 51.0737 | 30.85 30.89 7.6985 | BCCC
51 — | — 596.31 | 573.05 | 18.9486 | 64.64 64.72 1.2193 | pCCC
50 — | — 577.71 | 555.18 | 12.5207 | 74.95 75.04 5.7354 | BCCC
49 — | — 572.77 | 550.43 | 3.1355 93.03 93.15 | 11.4527 | BCCC
48 — | — 567.06 | 544.94 | 14.4212 | 71.74 71.83 1.3752 | BCCC
47 — | — 524.64 | 504.18 | 9.4973 80.36 80.45 5.5321 | POCC
46 — | — 504.97 | 48528 | 4.4375 90.29 90.39 | 11.5254 | BOCC
45 — | — 496.04 | 476.69 | 2.035 95.42 95.54 3.6885 | PCOC
44 — | — 478.55 | 459.89 | 135.0404 | 4.46 4.47 8.4865 | POCC
43 — |~ 466.87 | 448.66 | 335500 | 46.18 | 46.24 | 1.2663 gggg *
42 — | — 456.06 | 438.27 | 18.4636 | 65.37 65.45 2.5207 | THOCC
41 — | — 455.03 | 437.28 | 4.609 89.93 90.04 3.1957 | tHOCC
40 — | — 427.08 | 410.42 | 4.0212 91.16 91.26 3.693 | THOCC
39 — | — 422.95 | 406.45 | 49.6951 | 31.85 31.88 1.9445 | tHOCC
38 — | — 416.54 | 400.29 | 75.363 17.63 17.66 25032 | THOCC
37 — | — 411.12 | 395.09 | 54.5607 | 28.47 28.5 0.8548 | THOCC
36 — | — 402.75 | 387.04 | 32.7272 | 47.07 47.12 11.018 | THOCC
35 — | — 394.88 | 379.48 | 47.0198 | 33.87 33.91 1.3892 | THOCC
34 — | — 391.35 | 376.09 | 59.3183 | 2552 25.55 5.9913 | tHOCC
33 — | — 380.94 | 366.08 | 42.5549 | 37.54 37.58 2.8243 | ®OCCC
32 i 37249 | 357.96 | 04834 | 9889 | 99.01 | 22682 Eggg *
31 — | 351.35 | 337.65 | 245447 | 56.83 | 56.89 | 1.4469 | THOCC
30 — | — 346.15 | 332.65 | 98.6404 | 10.32 10.33 2.1955 | THOCC
29 — | — 334.4 | 321.36 7.693 83.77 83.87 1.5506 | THOCC
28 — | — 328.27 | 315.47 | 5.7526 87.59 87.7 0.686 | THOCC
27 — | — 310.75 | 298.63 | 6.8447 85.42 85.52 0.5816 | BPOCC
26 — | — 302.41 | 290.62 | 3.1901 92.92 93.03 1.1623 | BOCC
25 — | — 290.6 | 279.27 | 10.6229 78.3 78.39 2.3858 | ©CCCC
24 — | — 267.8 | 257.36 | 11.2058 | 77.26 77.35 1.42 poccC
23 — | — 260.26 | 250.11 | 4.7608 89.62 89.72 0.9127 | BOCC
22 — | — 24949 | 239.76 | 7.6839 83.78 83.88 1.1204 | 1CCCO
— — +
21 245 | 23544 | 363374 | 4331 | 4337 | 11792 Egggc
20 — | — 236.47 | 227.25 | 15.8196 | 69.47 69.55 0571 | vCC
19 — | 229.24 | 2203 | 62.7429 | 2358 | 2361 | 17031 |VCC
18 — | — 22731 | 218.44 | 26.698 54.08 54.14 0.8649 | vCC
17 — | — 22226 | 213.59 | 12.3201 75.3 75.39 3.1477 | CCCC
16 — | — 200.35 | 192.54 | 3.1169 93.07 93.18 5.3793 | TCCCC
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15 — | — 196.54 | 188.87 | 3.8135 91.59 91.7 0.9854 | BCCO
14 — | — 172.19 | 165.47 | 1.1395 97.41 97.53 0.953 | BOCO
13 — | — 138.91 | 133.49 | 1.8925 95.74 95.85 0.4757 | ©CCOC
12 — | — 137.93 | 13255 | 0.7871 98.2 98.32 1.0053 | BOCC
11 — | — 117.31 | 112.73 | 0.633 98.55 98.67 0.0817 | TOCCC
10 — | — 111.73 | 107.37 | 1.6381 96.3 96.41 0.2666 | TCOCC
9 — — 103.41 | 99.38 1.2473 97.17 97.28 0.348 | BOCC
8 — — 87.4 83.99 | 0.9526 97.83 97.95 1.176 | pOCC
7 — — 64.47 61.96 0.924 97.89 98.01 2.3538 | POCC
6 — — 58.29 56.02 0.6664 98.48 98.59 1.3684 | BOCC
5 — — 41.44 | 39.82 0.467 98.93 99.05 1.4195 | 1COCC
4 — — 36.3 34.88 1.177 97.33 97.44 3.7115 | ©COCC
3 — — 26.71 25.67 0.4554 98.96 99.07 2.9331 | TCOCC
2 — — 19.42 18.66 0.0515 99.88 100 3.1773 | 1COCC
1 — — 13.44 | 12.92 0.313 99.28 99.4 0.5832 | TOCOC

FT-IR and FT-Raman spectra were used to obtain the vibrational spectral analysis of 5SH1P1C401G,
and the frequencies of the bands were determined by DFT calculations and PED contributions to identify
bands correctly [18]. High-frequency region (3350-3000 cm -1) OH stretching vibrations (vOH) with
mode 153-146 with about 100 percent PED contribution are observed, which confirms the pure nature
of the stretching bands. The experimental bands observed at 3350-3020 cm -1 (FT-IR) and the related
Raman shifts show that there were strong interactions in terms of hydrogen bonding, and are also
confirmed by the fact that scaled and unscaled frequencies differ slightly [19].

The C-H stretching bands (CH) are found at 2950-2850 cm -1 (modes 145-140) with PED values of
79-100, which validates their predominantly stretching nature. These bands are provided with the
presence of aliphatic C-H groups and moderate Raman activity with a high intensity of IR that shows
alterations of the dipole moment during the vibration [21].

“The vibrational modes in the mid-frequency range (1700 -1000 cm -1) can mainly be related to C
-C stretching (vCC), C -O stretching (vOC) and other bending vibrations including BHCO, BHB. The
observation of a powerful Raman-active mode at 1544 cm -1 (mode 128) with the highest intensity
indicates the presence of skeletal C-C stretching vibrations, which confirms the presence of a conjugated
structure. The C-O stretching vibrations are attributed to the existence of oxygen-containing functional
groups, the bands of which are mostly located in the region 1200-1000 cm-1. The PED analysis indicates
a mixed contribution in this region indicating that the stretching and bending vibrations are coupled to
each other [22].”

In-plane and out-of-plane bending vibrations are dominant in the fingerprint region (1000-400 cm -
1), and this region contains B-CCC, BOCC and torsional modes (7). The Raman activity of these modes
is moderate to strong which is an indication of the structural rigidity and stability of the molecular
framework. The low-frequency range below 400 cm -1 is composed primarily of torsional and skeletal
deformation vibrations e.g. TCCCC, THOCC, and tCOCC, which are linked to collective molecular
motions and validate the skeletal flexibility of the molecular structure.

Overall, the calculated vibrational frequencies show good agreement with the experimental FT-IR
and FT-Raman data, validating the computational methodology. The PED analysis provides reliable
mode assignments, indicating minimal mode mixing in the high-frequency region and well-defined
vibrational characteristics throughout the spectrum. The presence of strong hydrogen bonding,
conjugated C-C framework, and oxygen functional groups is clearly evidenced from the spectral
analysis.
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Fig. 2. FT-IR and FT-Raman spectral analysis of 5H1P1C401G.

3.3. HOMO-LUMO Analysis of Frontier Molecular Orbitals

“The most important in interpreting the electronic structure and reactivity of a molecule are frontier
molecular orbitals, especially the highest occupied (HOMO) orbital and the lowest unoccupied (LUMO)
orbital [23]. The difference in energy of these orbitals provides information on stability, chemical
behaviour, and other properties, including hardness, softness, and polarizability [24]. These aspects also
play a major role in learning the nature of charge transfer and potential biological activity [25].”

Table 3. Quantum Chemical Reactivity Parameters and Stability Profile of 5SH1P1C401G in
Different Media

Electronic Descriptor Gas Phase | Methanol Ethanol DMSO
Energy of HOMO (eV) -6.411 -6.274 -6.629 -6.271
Energy of LUMO (eV) -2.396 -2.285 -2.286 -2.284
Vertical lonization Potential (eV) 6.411 6.274 6.629 6.271
Electron Affinity Energy (eV) 2.396 2.285 2.286 2.284
Frontier Orbital Energy Gap (eV) 4.015 3.989 4.343 3.987
Mulliken Electronegativity () 4.404 4.280 4.458 4.278
Electronic Chemical Potential (p) -4.404 -4.280 -4.458 -4.278
Global Hardness (1) 2.008 1.995 2.172 1.994
Global Softness (S) 0.249 0.251 0.230 0.251
Global Electrophilicity Index (o) 4.830 4591 4.575 4.589
Fractional Electron Transfer (AN) 2.194 2.146 2.053 2.146
Electron Donating Capability (o) 7.282 6.980 7.075 6.977
Electron Accepting Capability (o) 2.879 2.701 2.618 2.700

The HOMO and LUMO energies of the compound 5H1P1C401G in the gas phase are determined
as -6.411 eV and -2.396 eV respectively, with an energy gap of 4.015 eV, and this means that the
compound is moderate in stability with a moderate reactivity [26]. The HOMO levels are slightly
enhanced in the polar solvents (methanol, ethanol and DMSO) with the LUMO virtually unchanged at -
2.284 eV, so the energy gap is less (approximately 3.98-3.99 eV). Such a decrease indicates greater
delocalization of electrons and chemical reactivity in solution as presented in Table 3 [27].

The reduced HOMO LUMO gap in solvent media allows electronic excitation and efficient
intramolecular charge transfer that is useful in nonlinear optical behaviour [28]. The gap values that lie
below 5 eV also suggest favourable redox reactions and possible biological interactions [29].

The consideration of solvent effects by the IEFPCM model reveals that the orbital energies differ
slightly, suggesting that the fundamental electronic structure of 5H1P1C401G remains mostly intact as
presented in Fig 3 [30]. The HOMO is primarily concentrated on parts of the molecule that are rich in
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electrons, with the LUMO being concentrated on the parts of the molecule that lack electrons, which is
a confirmation of the effective separation of charge. A similarity in the orbital distribution of all media
indicates that the solvent has a minimal effect on the electron density distribution [31].

The ionization potential is lower in the solution, at approximately 6.27 eV compared to 6.411 eV in
the gas phase, and therefore the electron in the solution is easier to remove, whereas the electron affinity
is slightly lower (~2.284 eV), which is indicative of stabilization of the accepting orbital. Electrophilicity
index is always high and shows a high electron-accepting power [32]. Reduction in chemical hardness
and increase in softness in solvent media are additional supporting factors towards enhanced reactivity
and polarizability [33]. In general, the findings show that 5SH1P1C401G has stable electronic properties
with enhanced reactivity in polar conditions, and it could be a promising candidate in charge transfer and
other applications[34].
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Fig. 3. Variation of HOMO and LUMO energy levels of 5SH1P1C401G in different solvent

media.

3.4 Charge Distribution Analysis Using Molecular Electrostatic Potential (MEP)

The molecular electrostatic potential (MEP) surface of 5SH1P1C401G gives a good display of the
charge distribution and interaction behaviour of the molecule. Negative potentials in the form of regions
are primarily found around the oxygen atom within the hydroxyl and carbonyl groups, which points to
the electron-rich sites. These regions are, however, limited and not extended over the molecular structure,
although the aromatic backbone has mostly neutral to slightly positive potential, which corresponds to
the nonpolar character as a whole [35].

The localization of the negative potential restricts strong interactions with polar environments, even
though the molecule has electronegative oxygen atoms that can form hydrogen bonds. This means that
there should be only moderate solute-solvent interactions. The fact that MEP surfaces in the gas phase,
in methanol and in DMSQO, indicate that the overall charge distribution is largely unchanged indicates
that the solvent medium does not fundamentally change the intrinsic electronic structure.

The MEP surfaces in the gas phase, methanol, and DMSO reveal that the overall charge distribution
remains largely unchanged across different environments, indicating that the intrinsic electronic structure
is preserved. The electrostatic potential in the gas phase ranges from —8.535 x 1072 to +8.535 x 102 a.u.,
whereas in DMSO it extends from —0.103 to +0.103 a.u., showing a slight increase in polarization due
to solvent effects. A similar trend is observed in methanol, reflecting moderate stabilization of charge-
separated regions.
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Fig.4 Molecular electrostatic potential of 5SH3M1P1C40 for different solvents
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Overall, the MEP analysis reveals that 5SH1P1C401G possesses localized polar regions within a
predominantly nonpolar framework, leading to moderate solvent interaction and solvent-independent
electronic distribution.

Table 4. Evaluation of Fock Matrix Stabilization Energies Using Second-Order Perturbation
Theory in 5SH1P1C401G

Donor Orbital Donor orbital Donor Orbital | Acceptor orbital | Second-Order | Energy  [Fock
Orbital type Orbital type Stabilization Gap AE =Matrix
Energy Energy Energy E(2)? E@)-E(@)® [ElementF(
(Ed/e) (Ed/e) Kcal/mol a.u a.u i,j)¢ a.u.
1.98855 c 012-H53 0.39715 ¥ C32-C33 15973.2 0.04 0.748
0.39715 * C32-C33 0.0364 o* C16-H37 4193.25 0.04 0.744
1.97751 c C32-C33 0.04343 o* C17-H38 3759.81 0.07 0.476
1.9715 G C31-C33 0.04343 o* C17-H38 3496.33 0.07 0.429
1.97293 c C28-C32 0.04343 o* C17-H38 2622.78 0.04 0.308
1.98686 c O011-H52 0.04343 o* C17-H38 1706.99 0.05 0.253
1.97657 LP1 012 0.02011 o* C27-C31 1629.89 0.22 0.532
1.99405 G 012-C33 0.39715 * C32-C33 1350.92 0.67 0.949
1.99405 c 012-C33 0.02011 o* C27-C31 1143.69 0.43 0.63
1.97241 G C27-C31 0.04343 o* C17-H38 985.85 0.05 0.197
1.97657 LP1 012 0.39715 * C32-C33 970.86 0.46 0.661
1.99405 c 012-C33 0.04343 o* C17-H38 926.67 0.21 0.402
1.96891 c C24-C28 0.04343 o* C17-H38 779.89 0.03 0.141
1.96449 G C24-C27 0.04343 o* C17-H38 466.1 0.03 0.103
1.98855 c 012-H53 0.0364 o* C16-H37 435.98 0.07 0.158
1.99325 c O011-C31 0.04343 o* C17-H38 375.52 0.26 0.279
0.39715 * C32-C33 0.02953 o* C16-C18 311.26 0.27 0.556
1.98686 G 011-H52 0.01236 o* C27-H46 308.81 3.63 0.946
1.99405 c 012-C33 0.0364 o* C16-H37 265.31 0.71 0.39
1.97657 LP1 012 0.0364 o* C1l6-H37 261.82 0.49 0.322
1.99325 G 011-C31 0.01236 o* C27-H46 237.56 3.84 0.854
1.97751 c C32-C33 0.0364 c* C1l6-H37 216.98 0.57 0.315
0.36447 * 08-C21 0.26731 * C19-C20 194.78 0.01 0.077
0.47075 * C22-C23 0.34972 * C25-C29 181.22 0.02 0.078
0.39715 * C32-C33 0.41912 * C26-C30 166.6 0.2 0.254
0.41912 * C26-C30 0.47075 * C22-C23 165.16 0.02 0.081
1.97782 LP1 011 0.01236 o* C27-H46 157.04 3.53 0.667
1.97766 G C32-H49 0.0364 o* C16-H37 154.22 0.37 0.213
1.9715 c C31-C33 0.0364 c* C1l6-H37 144.72 0.56 0.255
0.35406 * C27-C31 0.40787 * C24-C28 142.83 0.02 0.079
1.97751 G C32-C33 0.02011 o* C27-C31 134.84 0.29 0.177
1.99405 G 012-C33 0.02953 o* C16-C18 112.07 0.94 0.291
1.96843 c C20-C24 0.04343 c* C1l7-H38 102.47 0.01 0.029
1.97657 LP1 012 0.02953 o* C16-C18 102.06 0.72 0.243
1.97751 c C32-C33 0.02953 o* C16-C18 96.51 0.8 0.248
1.97766 c C32-H49 0.02011 c* C27-C31 96.28 0.09 0.082
1.6625 T C27-C31 0.39715 * C32-C33 93.57 0.06 0.068
0.41912 * C26-C30 0.34972 * C25-C29 78.94 0.04 0.08
1.88569 LP2 012 0.39715 * C32-C33 78.77 0.14 0.102
1.9715 c C31-C33 0.02953 o* Cl6-C18 67.43 0.79 0.206
1.66598 b C24-C28 0.39715 * C32-C33 66.3 0.05 0.054
1.9715 c C31-C33 0.02011 o* C27-C31 63.77 0.28 0.12
1.95458 LP1 02 0.02011 c* C27-C31 62.59 0.09 0.068
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1.98686 c O11-H52 0.02011 | o* C27-C31 61.6 0.26 0.114
1.97766 o C32-H49 0.02953 | o* C16-C18 60.88 0.6 0.17
0.39715 n* C32-C33 0.35406 | m* C27-C31 59.14 0.21 0.161
1.97293 c C28-C32 0.0364 o* C16-H37 57.99 0.54 0.158
1.98855 o 012-H53 0.02953 | o* C16-C18 54.69 0.3 0.115
1.98686 o 011-H52 0.0364 o* C16-H37 50.29 0.54 0.148
1.97869 LP1 04 0.01689 | o* C18-H40 0.57 0.99 0.021
0.36447 m* 08-Cc21 0.34972 | m* C25-C29 0.57 0.03 0.006
0.35406 n* Cc27-C31 0.01689 | o* C18-H40 0.57 0.39 0.031
0.41912 n* C26-C30 0.00902 | o* 011-H52 0.56 0.39 0.029
0.39715 m* C32-C33 0.36447 | m* 08-Cc21 0.56 0.21 0.016
1.98725 c 02-C19 0.0668 c* c19-c21 0.54 1.34 0.024
1.98855 o 012-H53 0.03027 | o* 07-C23 0.54 0.58 0.016
1.66598 n C24-C28 0.00835 | o* 05-H43 0.54 0.7 0.019
1.98512 c 09-H50 0.03466 | o* C22-C25 0.53 1.24 0.023
1.97577 c C16-H37 0.03158 | o* 01-C16 0.53 0.79 0.018
1.97002 o C23-C26 0.03027 | o* 07-C23 0.53 1.06 0.021
1.97293 o C28-C32 0.02177 | o* 010-C30 0.53 1.06 0.021
1.95458 LP1 02 0.02154 | o* C29-C30 0.53 3.08 0.036
1.99112 o 05-C15 0.04343 | o* C17-H38 0.52 0.16 0.008
1.97657 LP1 012 0.03818 | o* C13-H34 0.52 1.05 0.021
1.9715 c C31-C33 0.02305 | o* 012-C33 0.51 1.05 0.021
1.95518 LP1 o1 0.01689 | o* C18-H40 0.51 0.95 0.02
0.35406 n* Cc27-C31 0.01236 | o* C27-H46 0.51 2.92 0.081
1.9937 o 09-C25 0.02154 | o* C29-C30 0.5 3.46 0.037
1.98855 c 012-H53 0.02305 | o* 012-C33 0.5 0.57 0.015
1.97751 o C32-C33 0.02305 | o* 012-C33 0.5 1.06 0.021
1.95458 LP1 02 0.01142 | o* 08-C21 0.5 1.07 0.021

Table 5. NBO Hybrid Orbital Composition and Electron Density Distribution of Selected
Lewis Orbitals in 5H1P1C401G

EDA% / | NBO hybrid / orbitals s,p %
EDB%

o (012-C33) / 1.99405 66.96 / 0.8183(sp1.91) O12 34.28, 65.64 24.29, 75.49
33.04 0.5748(sp3.11)C33

o (C20-C24) / 1.96843 50.18 / 0.7084(spl.75) C20/ 36.29, 63.68 30.80, 69.15
49.82 0.7058(sp2.25)C24

o (C32-H49) / 1.97766 60.52 / 0.7779(sp2.48)C32/ 28.72,71.24 99.95, 0.05
39.48 0.6283(sp)H49

o (O11-H52) / 1.98686 74.76 / 0.8647(sp3.65) 011/ 21.48,78.42 99.85, 0.15
25.24 0.5023(sp)C33

LP1 (012)/ 1.97657 (spl.28) 43.92, 56.04

3.5. Natural Bond Orbital Analysis of 5SH1P1C401G

NBO analysis of 5SH1P1C401G shows that there are strong intramolecular interactions of charge
transfer due to the coupling of the orbital of a donor and an acceptor [36]. The most effective stabilization
is recorded in that interaction between the o(OH) donor orbital and the 3 (C-C) acceptor orbital, which
has extremely large second-order stabilization energy as presented in Table 4, and this is the indication
that the hydroxyl groups are easily delocalized into the conjugated structure [37]. This emphasizes the
significant use of oxygen-bearing functional groups in increasing electronic communication in the
molecule.

The presence of hyper conjugative effects that enhance the stability of both the molecules and
electron delocalization is further confirmed by strong n*—oc* and 60— o interactions, especially between
C-C and C-H antibonding orbitals [38].

Unpaired (LP) electrons on oxygen atoms, particularly, LP(O), interact with neighbouring sigma
and pi orbitals significantly, which also adds further stabilization. Such LP-sigma and LP-pi interactions
show that the heteroatoms are part of the charge transfer processes and are in Favor of the ability of the
oxygen sites to donate the electrons as in Table 5 [39].

The value of the energy gap and the high Fock matrix elements of the significant interactions indicate
that there is a strong overlap of the orbital and charge transfer in the molecular structure. In addition, n-

https://gjaets.com © Global Journal of Advanced Engineering Technologies and Sciences
(13]

GJAETS is licensed under a Creative Commons Attribution 4.0 International License.



https://gjaets.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Global Journal of Advanced Engineering Technologies and Sciences
[Thangavelan et al, 13(4): April, 2026] ISSN (Online): 2349-0292

pi interactions in the conjugated system are also validated through long-range delocalization on the
carbon skeleton [40].

Altogether, the NBO findings indicate that the combination of hyperconjugation, lone pair effects,
and n-electron delocalization governs the stability of 5SH1P1C401G causing the increased intramolecular
charge transfer and the well-stabilized electronic structure [41].

3.6. UV-Visible Absorption Analysis
Table 6. Experimental and TD-DFT Analysis of Electronic Excited States of 5SH1P1C401G

Exp.Wa | Band | Solvents | Energy Theo.Wa | Energy Oscillato | Major contribution

velength | Gap (cmh) velength | Gap r
(nm) (eV) (nm) (AE) (eV | Strength
317 3.91 . HOMO->LUMO
gas 27980.99 357.39 0.1549 Singlet-A (92%)

31467.72 | 317.79 0.2448 Singlet-A | H-1->LUMO (92%)

H-6->LUMO (31%),
3237429 | 308.89 0.0004 Singlet-A | H-5->LUMO (52%),
H-4->LUMO (10%)

. HOMO->LUMO
27964.05 357.6 0.3714 Singlet-A (92%)

30486.95 328.01 0.1162 Singlet-A | H-1->LUMO (93%)

358 3.46 Et-OH H-5->LUMO (23%),

33337.31 | 299.96 0.0636 Singlet-A | H-3->LUMO (15%),
H-2->LUMO (53%)

. HOMO->LUMO
27918.88 | 358.18 0.3896 Singlet-A | 9305)

i - -1- 0
358 3.46 DMSO 30449.04 328.42 0.1101 Singlet-A | H-1->LUMO (93%)

H-5->LUMO (18%),
3332522 | 300.07 0.0711 Singlet-A | H-3->LUMO (15%),
H-2->LUMO (59%)

Experimental UV-Vis spectroscopy and TD-DFT computations in the gas phase and in solution
(ethanol and DMSQ) were used to study the electronic absorption behaviour of 5SH1P1C401G [42]. The
gas phase absorption band at 317 nm is the experimental band gap at 3.91 eV and a red shift to 358 nm
is observed in both ethanol and DMSO with a smaller band gap of 3.46 eV, showing that the excited
states are stabilized by the solvents [43].

The results of the calculations are in good agreement with the experimental results (Table 6). The
HOMO LUMO transition (92%), a transition between the HOMO and LUMO, is observed as the most
important transition in the gas phase (357.39 nm), which validates a 92%. Other transitions at 317.79 nm
and 308.89 nm are due to contributions like H -1 0 LUMO and mixed orbital excitations [44].

Similar dominant transitions are also seen in ethanol and DMSO at 357.6 nm and 358.18 nm,
respectively, both mainly contributions of HOMO to LUMO (~92-93%). The enhancement of transition
probability and the enhancement of electronic delocalization are shown by the fact that the oscillator
strength in solvent media is increased [45].

The effect of solvation on the electronic structure is confirmed by the red shift and the enhanced
intensity in solvent environments [46]. Fig. 5 shows the absorption spectra and the associated electronic
transitions and Table 6 presents the excited-state parameters in detail.

Thearetical Eox il oo Ll

vz wleng U fam g wa v ohkength {nmp

Fig. 5. Experimental and theoretical UV-Visible spectral analysis of 5SH1P1C401G.
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3.7. Electron Localization Function (ELF) and Localized Orbital Locator (LOL) Topological
Analysis

According to the ELF maps (Fig. 6a and 6c¢), it is clear that there are strong electron localizations
around the oxygen atoms and OH groups, which represents the existence of lone pairs and localized
electron density. The localization along C-C and C- H bond is moderate, which confirms the existence
of typical covalent bonds and the area around them is indicative of partial electron delocalization.

These observations are also supported by the LOL plots (Fig. 6b and 6d) which reveal clearly defined
bonding regions and lone pair zones. The overall patterns of continuous contours on the carbon skeleton
indicate successful -electron delocalization throughout the molecule.

Overall, the combined ELF and LOL results indicate a balanced distribution of localized and
delocalized electrons, which contributes to the structural stability of 5SH1P1C401G.

(d)

Oé

Fig. 6. (a) & (c) Electron Localization Function (ELF) and (b) & (d) Localized Orbital
Locator (LOL) maps of 5SH1P1C401G.

Table 7. Analysis of the Physicochemical Characteristics of SH1IP1C401G

Physicochemical Value Drug-Likeness & Value
Parameters Pharmacokinetics

Molecular weight (g/mol) 464.38 | Bioavailability score 0.17
Lipophilicity (WLOGP) —0.54 | Gl absorption Low
Water solubility (Log S) —3.04 | BBB permeability No
TPSA (A2 210.51 | P-gp substrate No
Molar refractivity 110.16 | Skin permeation (Log Kp, cm/s) —8.88
Fraction Csp3 0.29
Aromatic heavy atoms 16
Rotatable bonds 4
H-bond acceptors 12
H-bond donors 8

TPSA: Topological Polar Surface Area; BBB: Blood-brain barrier penetration; log kp: skin
permeability.
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3.8 Physicochemical, Drug-Likeness and Pharmacokinetic Parameters of 5SH1P1C401G

According to the data provided in Table 7, 5SH1P1C401G has a rather high molecular weight and
has the hydrophilic nature, which can be proven by the negative value of its lipophilicity. It is a polar
molecule with a big topological polar surface area and many hydrogen bonding sites that make the
compound moderately soluble yet highly polar [47]. These properties make it have poor gastrointestinal
absorption and incapability to penetrate the blood-brain barrier. Additionally, the compound is not a P-
glycoprotein substrate, implying that it has less efflux, whereas its low skin permeation value implies
that it is poorly transported trans dermally [48]. All in all, these findings indicate that the compound is
highly interactive and also limitedly permeable in the biology systems.

Table 8 Molecular docking analysis of 5SH1P1C401G with target proteins
Protei Soure Binding Inhibiti | Inter Electrosta | Total Refer
n Orga Energy on molecul tic energy | internal | en ce
(PDB nism (kcal/mol Constan | ar (kcal/mol) | energy | RMS
ID) ) t (uM) | energy (kcal/m | D (A)
(kcal/mo ol)
1)
3ERT Homosapien -6.34 22.37 -8.73 -0.09 -0.68 38.38
6J90 Homosapien -4.94 238.04 -8.52 -0.24 -5.98 55.27
7RPU Homosapien -4.79 306.4 -8.37 -0.16 -5.51 78.84

Table 9 Molecular docking—derived binding energies and major non-covalent interactions of
ligand 5H1P1C401G with selected antineoplastic target proteins.

Protei B.E energy Interacting residues Type of interaction Distance (A)

n (kcal/mol)

3ERT —6.34 VAL12, LEU13 Hydrogen bonding / 2.0-3.5
ILE10, TYR5 Hydrophobic / n— 3.5-4.8
LYS11, LYS21 Hydrogen bonding / 2.0-3.6
SER9 Hydrophobic / t 3.6-4.8

6J90 —4.94 GLU31 Hydrogen bonding 2.0-2.6
TYR52, TRP38 n—n / m—alkyl 3.7-4.3
LEU35, ALA32 Hydrophobic 3.6-4.6

7RPU —4.79 HIS41 Hydrogen bonding / 2.0-35
LEU27, VAL25 Hydrophobic / n— 3.5-4.8
PHE48 Hydrogen bonding / 2.0-3.6

3.9 Molecular Docking Analysis of 5SH1P1C401G with Selected Protein Targets

The docking behavior of 5SH1P1C401G toward four selected protein targets was comparatively
evaluated on the basis of binding and interaction distances. The docking parameters obtained were
computed and are given in Tables 8 and 9, and the binding orientations given in Figures 7-9. The results
obtained show that the ligand has a positive binding with all the target proteins as the binding energies
are negative [49]. Of the examined systems, 3ERT exhibited the strongest binding affinity (—6.34
kcal/mol), then 6J90 (—4.94 kcal/mol) and 7RPU (—4.79 kcal/mol), which indicates a difference in ligand-
protein interactions because of the active-site structure and the composition of amino acids.

“A detailed interaction analysis (Table 9) reveals that SHIP1C401G forms multiple stabilizing
interactions with key amino acid residues within the binding pockets. These include conventional
hydrogen bonds, n—r stacking, n—alkyl interactions, and hydrophobic contacts. Hydrogen bonding plays
a crucial role in anchoring the ligand within the active site, while hydrophobic and n-based interactions
contribute to the overall stabilization of the docked complexes through van der Waals forces. The
presence of diverse interaction types indicates efficient accommodation of the ligand within the protein
environments. Overall, the docking results confirm that 5SH1P1C401G exhibits stable and energetically
favorable binding across all targets, with 3ERT displaying the most significant interaction profile among
the proteins studied.”
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Acceptor B

Fig.7 3D and 2D Molecular docking of compound 5H1P1C401G with 3ERT protein

Fig.8 3D and 2D Molecular docking of compound 5H1P1C401G with 6J90 protein
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Fig.9 3D and 2D Molecular docking of compound 5H1P1C401G with 7RPU protein

4. Conclusion

The joint molecular docking and density functional theory (DFT) investigations offer a good
understanding on the interaction behaviour of 5SH1P1C401G with the pre-determined cancer-related
protein targets. These proteins are linked to a set of relevant biological pathways in cancer progression,
which enables the assessment of the overall anticancer potential of the compound but not the focus on a
specific disease.

The docking outcomes indicate that there is variation in binding affinity among the proteins under
study. One of them (3ERT) has a relatively higher binding, as its binding energy is lower, implying that
it forms a more stable complex with the protein. This increases the interaction through good
accommodation of the ligand in the active site, which is facilitated by hydrophobic interactions, n—x
interactions and van der Waals forces among the essential amino acid residues.

Conversely, the other proteins have weaker binding relationships, which are indicated by high
binding energies and unfavourable interaction networks. These variations point to the effect of active site
geometry, residue composition, and electronic compatibility on binding efficiency.
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Structurally, the aromatic and heterocyclic structure of 5H1P1C401G allows the 5H1P1C401G to
achieve m-electron interactions and hydrophobic contacts, and reduced hydrogen bonding imparts to the
binding pocket. These characteristics highlight the importance of planarity of molecules and electron
distribution in the context of binding of proteins.

These findings are also supported by the DFT results that indicated high electron delocalization
across the molecular framework that facilitates m-mediated interactions [50]. The calculated HOMO
LUMO energy gap suggests a compromise between stability and reactivity, with non-covalent interaction
being preferred. Besides, the frontier orbital distribution demonstrates possible locations of structural
changes to be made to increase binding affinity and selectivity.
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