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Abstract: In this study, computational methods were employed to investigate the structural, vibrational, chemical
shift, topological, thermodynamical, and biological properties of 2-[1-(2,4-dichlorobenzyl)-1H-indazol-3-yl]propan-2-
ol (DCBIP), along with solvent effects on its electronic spectra, frontier molecular orbitals (FMO), and molecular
electrostatic potential (MEP) surfaces. Molecular geometry analysis identified seven bond types and nine bond
angles. Vibrational analysis confirmed 108 fundamental modes associated with OH, CO, CH, CC, CN, NN, CCI, CH,,
and CHj; functional groups. Chemical shift analysis validated the structural integrity of DCBIP, with deshielding effects
observed for key carbons and protons due to electronegative interactions, hydrogen bonding, and inductive effects
from chlorine substituents. The consistent FMO energy gap (4.9797-4.9879 eV) across solvents suggests minimal
solvent influence, with greater stability in polar environments. Natural bond orbital (NBO) analysis identified the
strongest stabilization from the lone pair (LP) of N4 donating to the antibonding 0*(Cs-Cs) orbital (40.25 kJ/mol),
enhancing delocalization in the indazole ring. Mulliken analysis revealed Os as the most electronegative site and Co
as the most electropositive, while MEP maps confirmed nucleophilic regions over Oz and electrophilic sites over
aromatic hydrogens. The specific heat capacity of DCBIP (77.31 cal mol™1K™) reflects its moderate thermal energy
absorption, influenced by vibrational contributions from its complex structure. Topological analyses highlighted
electron localization at hydrogen atoms (Hs2, Hs7), delocalization in six-membered rings, and the presence of van der
Waals interactions and steric effects in DCBIP. Molecular docking studies of DCBIP with 1IEOU and 5FDC
demonstrated strong binding affinities of -6.89 kcal/mol and -7.45 kcal/mol, respectively, suggesting its potential as
an anticonvulsant agent.

Keywords: DFT, Solvent Effect, NBO, Chemical Shifts, MEP, Molecular Docking

1. Introduction antiarrhythmic, antifungal, and antiviral properties [6-14].

Notably, between 2016 and 2020, the Food and Drug

Indazoles are nitrogen-containing heterocyclic
structures, also referred to as benzpyrazole and
isoindazole. Structurally, indazole consists of a benzene
fused with a pyrazole moiety, with the chemical formula
of C7HeNz2. It is naturally extracted from Nigella plants
and exists in tautomeric forms as 1H -indazole and 2H-
isoindazole tautomeric forms [1, 2]. In recent decades,
nitrogen-containing heterocyclic compounds,
particularly derivatives of indazoles, have gained
significant attention in drug discovery and medicinal
chemistry due to their diverse biological activities [3-5].
Indazole derivatives are widely utlized in the
pharmaceutical industry for their  anticancer,

Administration (FDA) has approved more than 23
indazole-based drugs for cancer treatment [15]. For
instance, pazopanib, an indazole derivative, acts as an
antagonist against the tyrosine kinase enzyme involved
in renal cell carcinoma [16]. Similarly, axitinib and
entrectinib inhibit tyrosine kinase and tropomyosin
receptor kinases, respectively [17, 18]. Among indazole
derivatives, 2-[1-(2-4-dichlorobenzyl)-1H-indazol-3-
yllpropan-2-ol (DCBIP) is a nitrogen-containing
heteroaromatic compound with a molecular mass of
335.2 g/mol and the chemical formula of C17H16CI2N20.
Structurally, DCBIP comprises a chlorinated benzyl
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moiety fused with an indazole core, encompassing two
hydrogen bond acceptors and one hydrogen bond
donor.

Over the past few decades, Density Functional
Theory (DFT) has emerged as a cost-effective and
reliable approach for exploring the structural,
physicochemical, and spectroscopic properties of both
synthetic and naturally derived compounds compared to
other quantum chemical methods [19]. Theoretical
investigations on the tautomerism of indazole in solvent
(aqueous) and gas phases using DFT and ab initio
methods have been previously reported [20].
Additionally, the structural and spectroscopic properties
of indazole derivatives, such as 1H-indazole-3-
carbaldehyde, have been analyzed using DFT
techniques  [21]. Furthermore, an  extensive
spectroscopic analysis of pazopanib has been
performed [22]. Beyond structural studies, indazole
derivatives have also demonstrated promising biological
activities. For instance, the in-vivo anticonvulsant activity
of 7-nitroindazole has been shown to be dose-
dependent in a maximal electroshock-induced seizure
model. In addition, the anticonvulsant potential of
various indazole derivatives has been previously
reported [23, 24].

Despite the extensive research on indazole
derivatives, a comprehensive literature review indicates
that no prior studies have investigated the theoretical
and spectroscopic properties of DCBIP. In view of these
facts, the present study aims to provide a
comprehensive theoretical investigation of the molecular
structure of DCBIP, including an analysis of its structural
and spectroscopic properties, solvent effects in both
polar and non-polar environments, and biological
characteristics to gain deeper insights into its molecular
behavior.

2. Computational Methods

All computational calculations were carried out
using the DFT/B3LYP/6-31G(d,p) method, as included in
the Gaussian 09W program package [25-32]. The
electronic properties and chemical shifts of carbon and
hydrogen were simulated using the Time Dependent-
Density Functional Theory (TD-DFT) [33-35] and
Gauge-Including Atomic Orbital (GIAO) approach [36-
40] both employing the same basis set, respectively. The
results were visualized using GaussView 6 [41] and
Chemcraft program (version 1.6) [42]. The SwissADME
tool, a free online predictor developed by the Swiss
Institute of Bioinformatics [43], was utilized to evaluate
Absorption, Distribution, Metabolism, and Excretion
(ADME) properties of DCBIP, with the Simplified
Molecular-Input Line-Entry System (SMILES)
representation. Molecular docking simulations were
performed using AutoDock (version 1.5.7) [44] to assess
the interaction between DCBIP and its target
macromolecule. The resulting ligand-protein complexes

were analyzed in 2D and 3D using LigPlot+ [45] and
PyMOL [46], respectively. Topological analysis of
DCBIP was conducted using Multiwfn (version 3.8) and
the Atomistica. online web application [47-49].

3. Results and Discussion
3.1. Structural parameters

The optimized structure of DCBIP, along with
the numbering of atoms, is illustrated in Fig. 1, and the
corresponding bond parameters are summarized in
Table 1. Since the crystal structure of DCBIP has not yet
been experimentally determined, this study employs the
structurally related lonidamine pyridine-4-carboxamide
for experimental comparison [50]. The simulated
molecular geometry of DCBIP consists of seventeen C-
C, fifteen C-H, three C-N, two C-CI, one C-O, N-N and
O-H bond lengths. Additionally, the structure includes
twenty C-C-C, twenty-two C-C-H, two N-C-H, seven H-
C-H, five N-C-C, four C-CI-Cl, three N-N-C, three O-C-
C, and one of each C-O-H and C-N-C bond angles. In
DCBIP, the C-C bond lengths were predicted to range
from 1.386 to 1.517 A, while experimentally observed
values fall within 1.375 to 1.512 A. Notably, the bond
lengths of Cs-C11 and Ce-C12 were slightly elongated as
compared with other carbon atoms, due to the influence
of electronegative oxygen (Os). The C-N and C-H bond
lengths were simulated between 1.321-1.451 and 1.083-
1.097 A, whereas experimental values were reported
between 1.332-1.461 A and 0.949-0.990 A, respectively.
Furthermore, the N-N bond length was theoretically
predicted at 1.364 A and observed at 1.347 A.

The bond angles involving carbon atoms (C-C-
C) were calculated to range between 117.0° and 123.6°,
while experimentally observed values varied from
116.73° to 129.60°. Notably, the bond angles of Cs-C7-
Cs and C10-C15-C1s Were simulated at 128.1° and 123.6°,
which exceed the standard 120° by 8.1° and 3.6°,
respectively, due to the electronic effects of chlorine and
nitrogen atoms. The Cs-Os-Hsza and Cgo-Ns-Cio bond
angles were theoretically predicted at 106.5° and 128.6°,
whereas the experimentally determined Co-Ns-C10 angle
was found to be 128.80°. Furthermore, the bond angles
for N-C-H, N-N-C, and N-C-C were simulated to be
within  106.3°-108.4°, 107.0°-119.4°, and 106.2°-—
131.4°, while corresponding observed values ranged
from 109.05°-109.10°, 106.0°-118.8°, and 106.0°—
131.18°, respectively. Additionally, the C-C-H, O-C-C,
and H-C-H bond angles were calculated within 109.8°—
121.7°, 106.6°-109.4°, and 107.7°-108.6°, with
experimental values reported between 109.05°-121.67°
for C-C-H. The simulated bond parameters show a
strong correlation with literature-reported values,
yielding linear correlation coefficients (R2) of 0.99661 for
bond lengths and 0.98054 for bond angles. The
correlation graph illustrating bond distances and bond
angles is presented in Figure. S1 (Supplementary
Material).
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Figuer 1. Optimized molecular structure of DCBIP

Table 1. Geometrical parameters (bond lengths and bond angles) of DCBIP

Bond lengths (A) Theo. * Exp. Bond lengths (A) Theo. * EXp.
Cli-Cis 1.767 1.734 Ci1-Haz 1.093 -
Cl2-C22 1.756 1.743 Ci2-Has 1.097 -
03-Cs 1.429 - Ci2-Hag 1.093 -
O3-Hss 0.967 - Ci2-Hso 1.094 -
N4-Ns 1.364 1.347 Ci13-Cis 1.386 1.375
N4-Co 1.370 1.374 Ci3-Hs1 1.085 0.949
Na-Cio 1.451 1.461 C14-C17 1.386 1.376
Ns-C7 1.321 1.332 Cisa-Hs2 1.085 0.950
Ce-C7 1.517 1.479 Ci15-Cis 1.400 1.390
Ce-Cn1 1.541 - Ci5-Cao 1.403 1.396
Ce-Ca2 1.541 - Ci6-Ca7 1.414 1.413
C7-Cs 1.439 1.424 Ci6-Has 1.086 0.950
Cs-Co 1.418 1.407 Ci7-Hss 1.086 0.950
Cs-C13 1.409 1.409 Cis-Ca20 1.396 1.387
Co-Cus 1.405 1.404 Ci19-C21 1.391 1.384
C10-C1s 1.521 1.512 Cio-Hss 1.086 0.949
Cio-Hazs 1.090 0.990 C20-C22 1.391 1.380
Cio-Ha4 1.093 0.989 Ca20-Haz 1.083 0.950
Ci1-Hazs 1.097 - C21-C22 1.395 1.385
Ci1-Hazse 1.093 - C21-Has 1.084 0.949
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Bond angles (°) Theo. * EXp. Bond angles (°) Theo. * EXp.
Cl1-C18-C1s 121.10 120.78 Cs-Ci3-Han 121.10 121.00
Cl1-Ci18-C20 116.80 116.70 Co-C14-Ca7 117.00 116.73
Cl2-C22-C20 119.10 117.83 Co-Ci14-Ha2 121.70 121.59
Cl2-C22-C21 119.70 120.35 Ci5-C1o-Has 110.80 109.05
Ce-O3-Haa 106.50 - Ci15-Ci10-Ha24 109.80 109.06
03-Ces-C7 106.60 - C10-C15-Cis 123.60 122.59
03-C6-Cn1 109.10 - C10-C15-Cao 119.20 120.26
03-Ce-Ca2 109.40 - H23-Ci0-H24 107.70 107.82
Ns-Ns-Co 111.70 112.1 H2s-C11-Haze 107.70 -
Ns-Ns-Cio 119.40 118.8 Hzs-C11-Haz 108.50 -
N4-N5-C7 107.00 106.00 Hz6-C11-Hz7 108.50 -
Co-Ns-Cio 128.60 128.80 H2s-C12-Hzg 108.60 -
N4-Co-Cs 106.20 106.20 H2s-C12-Hao 107.80 -
N4-Co-Ci4 131.40 131.18 H29-C12-Hao 108.50 -
N4-Ci10-Cis 113.60 112.62 C16-Ci3-Ha1 120.10 121.03
N4-Cio0-Hzs 108.40 109.10 C13-C16-Ca7 121.10 121.74
N4-Ci0-H24 106.30 109.05 Ci3-Ci6-Has 119.70 119.15
Ns-C7-Cs 121.30 118.70 C17-Cisa-Hs2 121.30 121.67
Ns5-C7-Cs 110.60 111.45 C14-C17-Cis 121.60 121.52
C7-Ce-C11 110.30 - C14-Ca7-Hss 119.30 119.20
C7-Ce-Ca2 110.10 - Ci1s-C15-Cao 117.20 117.13
Cs-C7-Cs 128.10 129.60 Ci15-C18-C20 122.20 122.50
C11-C6-Ca12 111.20 - C15-C19-C21 122.00 121.94
Ce-C11-Hazs 109.90 - Ci15-C1o-Hss 118.20 119.06
Cs-C11-Hzs 112.30 - C17-C16-Hss 119.20 119.10
Ce-Ca1-Ha7 109.80 - C16-C17-Hss 119.20 119.27
Cs-C12-Has 110.10 - C18-C20-C22 118.60 118.07
Ce-Ca2-Hao 109.70 - Cis-C20-Haz 120.50 120.98
Ce-C12-Hso 112.10 - C21-C1o-Hss 119.80 118.98
C7-Cs-Co 104.40 104.11 Ci19-C21-C22 120.90 118.53
C7-Cs-Ci3 136.60 136.36 Ci19-C21-Hss 120.90 120.69
Co-Cs-C13 119.00 119.49 C22-C20-Hs7 120.90 120.94
Cs-Co-Cu4 122.50 122.51 C20-C22-C21 121.10 121.80
Cs-C13-Cis 118.80 117.96 C22-C21-Hss 120.30 120.77

* Taken from Ref [50]

3.2. Vibrational properties

The DCBIP molecule consists of 38 atoms,
exhibiting 108 fundamental vibrational modes, as
determined by the 3N-6 rule, with C; point group
symmetry. The calculated infrared (IR) and Raman
spectra are illustrated in Figure. 2, with vibrational
assignments listed in Table 2. To enhance accuracy, the

simulated wavenumbers were corrected using a scaling
factor of 0.96.

The O-H stretching vibration is observed at
3655 cm™, with a moderate IR intensity of 8.65 and a
strong Raman activity of 161.71, indicating significant
polarizability changes. The in-plane bending vibrations
appear in the 1236 —1124 cm™ region, overlapping with
CH and CH; bending modes.
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Figure 2. Simulated IR and Raman spectra of DCBIP

The out-of-plane bending vibrations typically
occur in the lower wavenumber region 622 - 518 cm™,
These assignments are further supported by previous
reports [51]. The CH stretching vibrations occur in the
3108-3058 cm™ range, with a prominent Raman activity
of 288.54 at 3084 cm™, 98.80 at 3098 cm™, and 85.91
at 3108 cm™. The in-plane CH bending vibrations are
observed between 1599-1001 cm™, with 1576 cm™
displaying an IR intensity of 39.45 and 1499 cm™
showing a Raman activity of 61.60. The out-of-plane CH
bending vibrations occur in the 985-732 cm™ range,
with 732 and 818 cm™ exhibiting the most prominent IR
intensity of 37.42 and 22.97, respectively. These
assignments align with findings from previous studies
[52-54].

The asymmetric stretching vibrations of the
methyl group appear around 3015, 2993 cm™, 2988
cm™1, with the highest IR intensity of 58.32 at 2993 cm™
and a peak Raman activity of 122.86, indicating strong
polarizability changes. The symmetric stretching modes
occur at 2922 cm™, and 2916 cm™, with 2922 cm™
exhibiting a high IR intensity of 47.53 and a significant
Raman activity of 286.37, reflecting structural sensitivity.
Asymmetric bending vibrations are observed in the
1470-1435 cm™ range, with a notable IR intensity of
80.29 at 1454 cm™. The symmetric bending modes,
occurring between 1383-1367 cm™, show moderate IR
and Raman responses. The literature provides
additional evidence supporting these assignments [55].
For the methylene group, asymmetric stretching
vibrations are observed at 3023 cm™ and 3017 cm™ with

IR intensity of 21.60 and a Raman activity of 53.03. The
symmetric stretching mode at 2964 cm™ exhibits a
moderate IR intensity of 11.79 but a strong Raman
activity of 132.32, indicating significant vibrational
contributions. Bending vibrations, including asymmetric
and symmetric bending occurs below 1558 cm™, with a
notable IR intensity and the highest Raman activity. The
literature confirms the reliability of these vibrational
assignments [56, 57].

The C-C stretching vibrations are observed in
the 1599-1394 cm™ range with the most intense IR peak
appears at 1576 cm™t with an IR intensity of 39.45 and a
Raman activity of 55.86, indicating significant dipole
moment and polarizability changes that aligns with an
earlier report [58]. The C-N stretching vibrations
appeared at 1353 and 1338 cm™ (34.84 IR intensity),
which are further supported by previous reports in the
literature [59]. The prominent C—Cl stretching vibrations
are observed at 1089, 1078, 1017, 765, and 718 cm™.
Among these, 1078 cm™ exhibits the highest IR intensity
of 67.52, while 1089 cm™ and 1017 cm™ show
significant IR intensities of 45.69 and 43.40,
respectively. Raman activity is notable at 1078 cm™ with
a value of 14.09. The vibrational characteristics
identified here align with previous findings [60]. In
addition, the N-N and C-O stretching’s were calculated
at 1271 and 1089 cm have good correlation with
literature findings [61, 62].
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Table 2. Simulated vibrational assignments of DCBIP

Theoretical wavenumber (cm™)
Modes Vibrational assignments
Unscaled | Scaled IR Intensity | Raman activity
1 3807 3655 8.65 161.71 v OH
2 3238 3108 0.29 85.91 v CH
3 3227 3098 1.35 96.80 v CH
4 3212 3084 14.45 288.54 v CH
5 3205 3077 23.20 28.81 v CH
6 3200 3072 1.31 76.01 v CH
7 3194 3066 11.04 104.11 v CH
8 3185 3058 0.19 59.377 v CH
9 3149 3023 2.03 30.33 0 as CH2
10 3143 3017 21.60 53.03 0 as CH2
11 3141 3015 9.67 31.47 U as CHs
12 3118 2993 58.32 122.86 0 as CHs
13 3112 2988 6.81 11.99 0 as CHs
14 3088 2964 11.79 132.32 0sCH2
15 3044 2922 47.53 286.37 0sCHs
16 3038 2916 13.39 20.61 0s CHs
17 1666 1599 16.65 3.55 B CH,v CC
18 1642 1576 39.45 55.86 B CH,v CC
19 1623 1558 0.40 26.29 B CH, v CC, 1CH:2
20 1610 1546 23.31 7.91 B CH, v CC, 1CH:
21 1561 1499 14.42 61.60 B CH
22 1531 1470 14.61 7.05 0 as CHs, 3 CH
23 1518 1457 9.66 1.34 B CH, d asCHs
24 1515 1454 80.29 1.87 X CHz, B CH, 8 as CHs
25 1510 1450 1.69 21.24 0 as CHs
26 1497 1437 0.52 1.50 0 as CHs
27 1495 1435 0.01 25.87 0 as CHs
28 1488 1428 21.92 20.08 X CH2
29 1469 1410 29.84 17.05 X CH2, B CH
30 1441 1383 15.00 33.37 B CH, TCH2, 8sCHs, 0 CC
31 1427 1370 3.31 6.84 0 sCHs
32 1424 1367 15.05 5.03 B CH, w CH2, 6 sCHs
33 1416 1359 0.84 25.81 B CH, 1 CH2
34 1409 1353 8.40 1.90 v CN
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35 1394 1338 34.84 6.29 w CHz, BCH, 0 CN, v CC
36 1392 1336 10.68 6.36 B CH, w CH>
37 1350 1296 38.59 10.43 B CH

38 1343 1289 4487 10.55 B CH, T CH>

39 1324 1271 19.41 7.31 o NN, B CH, 7 CHz
40 1299 1247 14.36 5.76 B CH, T CH>

41 1287 1236 34.24 6.34 B CH, B OH, T CH
42 1220 1171 7.10 5.95 B CH, B OH

43 1218 1169 35.39 6.47 B CH

44 1209 1161 13.12 20.10 B OH, T CHz, B CH
45 1194 1146 23.61 6.95 B OH

46 1186 1139 7.55 1.44 B CH, T CH>

a7 1171 1124 3.86 3.52 B CH, B OH

48 1168 1121 28.30 10.94 B CH

49 1134 1089 45.69 6.59 B CH, T CHz, v CCI, v CO
50 1123 1078 67.52 14.09 B CH, v CCI

51 1105 1061 4537 3.68 B CH, T CH>

52 1059 1017 43.40 1.89 B CH, v CCI

53 1043 1001 9.79 18.22 B CH

54 1026 985 0.06 454 y CH

55 1016 975 14.12 0.98 y CH,p CHz

56 993 953 3.76 2.53 y CH

57 983 944 5.79 7.03 y CH

58 982 943 0.03 0.47 y CH

59 955 917 10.32 1.58 p CHzy CH

60 944 906 0.66 0.52 y CH

61 922 885 0.04 4.96 y CH

62 877 842 11.86 1.41 y CH

63 867 832 2755 431 y CH, : CH2

64 863 828 0.36 2.81 y CH

65 852 818 22.97 5.32 y CH

66 843 809 55.14 8.94 y CH, w CHz
67 797 765 40.65 0.85 w CHz, y CH, v CCI
68 789 757 1.91 1.55 y CH

69 786 755 8.07 24.15 y CH, 1 CH>

70 762 732 37.42 2.30 y CH

71 748 718 26.96 3.93 w CHz, v CCI
72 700 672 4.16 5.27 w CHz
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73 693 665 2.66 0.70 w CHz

74 663 636 8.32 1.97 w CHz

75 648 622 8.35 9.57 y OH, w CH>
76 607 583 6.02 3.19 y OH, p CH>
77 587 564 6.25 3.63 y OH, 5 NN
78 574 551 3.91 2.70 y OH, w CH>
79 559 537 5.88 1.87 y OH, p CH
80 540 518 0.80 3.01 y OH, p CH>
81 494 474 3.50 0.59 w CHz, y CCl
82 472 453 13.764 0.98 TCHz

83 447 429 411 1.59 p CH2y CH, 5 CC
84 444 426 0.63 0.66 y CH

85 426 409 15.14 3.44 y CH, w CHz
86 399 383 1.54 2.39 p CHz, y CCI
87 396 380 3.49 2.83 p CHz

88 388 372 2.22 2.93 p CH>

89 345 331 0.92 1.85 p CHz, 5 CC
90 322 309 2.64 2.13 3 as CHs

91 306 294 0.74 0.59 3 as CHs, p CHz
92 280 269 98.30 472 y OH

93 275 264 1.91 1.40 p CH>

94 264 253 3.66 0.69 3 as CHs

95 255 245 1.75 0.55 5 as CHs, p CHa, y CCI
96 245 235 0.66 0.57 3 as CHs

97 228 219 0.37 0.93 3 as CH2

98 208 200 0.81 1.93 3 as CHs

99 175 168 0.59 1.67 8 as CHs
100 173 166 0.03 1.64 8 as CHs, y CCI
101 151 145 0.49 2.42 8 as CHs
102 128 123 1.54 1.12 y OH, p CH2,8 as CHs
103 107 103 1.00 4.93 y OH, 8 as CHs
104 88 84 0.75 1.23 W CHz, 8 as CHs
105 48 46 0.94 1.28 y OH, & as CHs
106 28 27 0.35 3.58 5 Ring

107 23 22 0.62 5.50 5 Ring

108 14 13 0.19 4.62 5 Ring

Us - symmetric stretching; uas - asymmetric stretching; © - bending / deformation; B — in-plane bending; y —
out-of-plane bending; x - scissoring; w - wagging; T - twist; p — rocking, Scaling factor 0.96 for all vibrations.
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3.3. Chemical shifts

The proton and carbon chemical shifts for
DCBIP were simulated and presented in Table 3, and a
comparison was made with ChemDraw predictions [63].
The Cs carbon, central to the propanol side chain,
exhibits a chemical shift of 62.843 ppm, indicating
deshielding due to its attachment to the electronegative
hydroxyl oxygen (Os) and connectivity to two methyl
groups (Cu1, Ci2). The hydroxyl proton exhibits
significant shielding, indicating the presence of strong
hydrogen bonding or intramolecular interactions with
nearby functional groups. The C7 carbon (135.284 ppm),
part of the indazole system, bridges Cs in the fused
system and Ces in the side chain. The adjacent Cs
(109.341 ppm) and Co (125.582 ppm) belong to the
fused indazole ring, where Co is directly bonded to
nitrogen (N4), leading to stronger deshielding compared
to Cs. The Ci0o methylene carbon, which bridges the
dichlorobenzyl ring and the indazole system, resonates
at 39.286 ppm, reflecting partial deshielding due to its
proximity to electronegative nitrogen (N4) and chlorine
atoms. The associated methylene protons Hzs and Hzas,
with shifts at 5.649 ppm and 5.428 ppm, exhibit
moderate deshielding due to interactions with adjacent
aromatic and heteroaromatic systems. The methyl
carbons (Ciz and Ci2) in the propan-2-ol side chain
appear at 23.308 ppm and 23.339 ppm, indicating a
relatively electron-rich environment. However, their
corresponding protons (Hzs, Hzs, Hz27 and Has, Hze, Hao)
display chemical shifts ranging from 1.356 to 2.205 ppm.

The indazole system exhibits aromatic proton shifts
indicative of moderate deshielding effects. Haz1, Hs2, Has,
and Hss resonate between 7.276 and 7.826 ppm,
reflecting the influence of the fused heterocyclic
environment. Meanwhile, the corresponding carbons
(Cis, Cus4, Cis, and Ca7) display chemical shifts ranging
from 95.027 to 111.514 ppm, consistent with the
expected electronic effects of the indazole ring system.
The dichlorobenzyl ring carbons (Cis, Cis, C19, C20, Co1,
and Cz2) exhibit chemical shifts between 113.221 and
128.933 ppm, strongly influenced by the inductive
effects of chlorine substituents. Notably, Cis (127.383
ppm) and C22 (128.933 ppm), which are directly bonded
to chlorine atoms, show higher chemical shifts,
confirming the strong electron-withdrawing effects of
chlorine. The corresponding aromatic protons (Hss, Hs7,
Hss) within this system display chemical shifts ranging
from 7.159 to 8.265 ppm, with Hss (8.265 ppm) showing
the most downfield shift. These assignments align with
previous reports [64] and ChemDraw predictions,
reinforcing the structural integrity of the molecule and the
reliability of chemical shift calculations.

3.4. Electronic characteristics

The electronic spectra of DCBIP in polar
(acetone, methanol, and water) and non-polar
(chloroform, cyclohexane, and toluene) solvents were
simulated, as shown in Figure. 3. Additionally, the
calculated wavelengths, excitation energies, and
oscillator strengths are presented in Table 4.

Table 3. Simulated chemical shift values of DCBIP

Carbons | Chemical shifts (ppm) | Protons | Chemical shifts (ppm)
DFT ChemDraw DFT ChemDraw

Ce 62.843 76.3 Has 5.649 | 5.48

C7 135.284 | 149.6 Haa 5.428 | 5.48

Cs 109.341 | 1225 Has 1.356 | 1.30

Co 125.582 | 142.2 Haze 2205 | 1.30

Cio 39.286 55.8 Ha7 1.710 1.30

Cu 23.308 31.7 Hazs 1.367 | 1.30

Ci2 23.339 31.7 Hao 1.759 | 1.30

Cis 106.524 | 120.3 Hso 2.163 1.30

Cua 95.027 109.9 Hs1 7.826 | 7.92

Cis 121.666 | 136.2 Haz 7.623 | 8.32

Cis 105.924 | 120.7 Has 7.276 | 7.48

Ci7 111.514 | 126.4 Haa 0.258 3.65

Cis 127.383 | 135.7 Has 7.451 | 7.62

Cao 117.573 | 131.8 Hae 8.265 | 7.11

C20 114.473 | 130.3 Hs7 7.288 | 7.68

Ca 113.221 | 126.8 Has 7.159 | 7.25

Ca2 128.933 | 132.7 - - -
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Figure 3. Theoretical electronic spectra of DCBIP in polar and nonpolar solvents

The frontier molecular orbitals (FMO) plots and
density of states (DOS) spectra of DCBIP are depicted
in Figs. 4 and 5, respectively, with the corresponding
data provided in Table 5. In polar solvents, the most
prominent absorption bands occur within the range of
281.10-281.27 nm, primarily arising from the HOMO —
LUMO transition, which contributes 84-86% to the
overall absorption. The corresponding excitation
energies span from 4.4079 eV in acetone to 4.4106 eV
in water, indicating a minimal variation in energy
between solvents. The oscillator strengths, ranging from
0.1024 to 0.1041, suggest that this transition is highly
allowed, with a significant probability of excitation. In
non-polar solvents, a noticeable red shift is observed,
with the absorption maxima shifting to the range of
281.93-282.63 nm. This shift is also attributed to the
HOMO — LUMO transition (85-86% contribution),
results from reduced solute-solvent interactions in non-
polar environments, leading to a slight stabilization of the
excited state. The oscillator strengths in this case are
slightly lower (ranging from 0.0847 to 0.0993), which
implies a marginally weaker transition probability
compared to polar solvents. The excitation energies in
non-polar solvents range from 4.3868 eV in cyclohexane
to 4.3977 eV in chloroform, suggesting a slight
stabilization of the excited state due to the non-polar
environment.

In addition to the primary absorption band, a
secondary band is observed in polar solvents at 275.03—
27519 nm, attributed to the HOMO — LUMO+1

transition (supporting a lower energy gap due to solvent
effects.), with excitation energies ranging from 4.5053
eV in acetone to 4.5080 eV in water. The oscillator
strengths (0.0567-0.0585) indicate a moderately
allowed transition, A similar HOMO — LUMO+1
transition is also detected in non-polar solvents,
occurring at slightly higher wavelengths (275.77-276.24
nm) with a similar contribution (86—87%). The oscillator
strengths (0.0662 - 0.0759) indicate a moderately
allowed transition, though with a reduced transition
probability compared to the primary HOMO — LUMO
transition. The excitation energies in non-polar solvents
vary from 4.4882 eV (cyclohexane/toluene) to 4.4959 eV
(chloroform).

A weaker absorption band is observed at
268.40-268.65 nm in polar solvents, corresponding to
the HOMO — LUMO+2 transition, which contributes
97%. The oscillator strengths (~0.0040-0.0042),
indicate that this transition is weakly allowed, with
excitation energies ranging from 4.6150 eV to 4.6193
eV. Despite its dominant contribution, is less efficient
due to the low oscillator strength. In non-polar solvents,
the HOMO — LUMO+2 ftransition appears at slightly
higher wavelengths (269.58-270.65 nm), with a similar
dominant contribution of 96-97%. The oscillator
strengths remain low (~0.0050-0.0070), further
confirming the weakly allowed nature of this transition,
with excitation energies ranging from 4.5810 eV to
4.5991 eV, slightly lower than in polar solvents, but still
within a comparable energy range.
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Table 4. Calculated wavelengths (A), excitation energies (E), oscillator strength (f) of DCBIP

Solvents A(nm) [E(eV) | f Major contributions | Minor contributions
Polar
281.10 | 0.1041 | 4.4106 | H —L (84%) H —L+1 (12%)
275.03 | 0.0567 | 4.5080 | H —L+1 (85%) H —L (10%)
Water 268.40 | 0.0040 | 4.6193 | H —L+2 (97%) -
281.16 | 0.1024 | 4.4098 | H —L (86%) H —L+1 (12%)
275.09 | 0.0576 | 45071 | H —»L+1 (85%) H —L (10%)
Methanol 268.52 | 0.0041 | 4.6173 | H —L+2 (97%) -
281.27 | 0.1035 | 4.4079 | H —L (84%) H —L+1 (12%)
275.19 | 0.0585 | 4.5053 | H —»L+1 (84%) H —L (10%)
Acetone 268.65 | 0.0042 | 4.6150 | H —»L+2 (97%) -
Non-polar
281.93 | 0.0993 | 4.3977 | H —L (85%) H—L+1 (11%)
275.77 | 0.0662 | 4.4959 | H —L+1 (86%) H —L (9%)
Chloroform 269.58 | 0.0050 | 4.5991 | H —L+2 (97%) -
282.63 | 0.0847 | 4.3868 | H —L (86%) H—L+1 (11%)
276.24 | 0.0759 | 4.4882 | H —»L+1 (86%) H —L (8%)
Cyclohexane | 270.65 | 0.0070 | 4.5810 | H —L+2 (96%) -
282.54 | 0.0919 | 4.3882 | H —L (86%) H —>L+1 (10%)
276.24 | 0.0741 | 4.4882 | H —L+1 (87%) H —L (8%)
Toluene 270.44 | 0.0064 | 4.5845 | H —L+2 (97%) -
Table 5. The FMO energies and energy gaps of DCBIP
Parameters Formula | Acetone | Chloroform | Cyclohexane | Methanol | Toluene | Water
Enowmo (eV) - -5.9021 | -5.8640 -5.8286 -5.9075 -5.8368 | -5.9130
ELumo (eV) - -0.9143 | -0.8789 -0.8489 -0.9197 -0.8544 | -0.9251
Energy gap (eV) - 4.9878 4.9851 4.9797 4.9878 4.9824 4.9879
lonization Potential (1) -Enomo 5.9021 5.8640 5.8286 5.9075 5.8368 5.9130
(eV)
Electron affinity (A) -ELumo 0.9143 0.8789 0.8489 0.9197 0.8544 | 0.9251
(eV)
Electronegativity (x) (1+A)/2 3.4082 3.3714 3.3387 3.4136 3.3456 3.4190
(eV)
Chemical Potential () | -x -3.4082 | -3.3714 -3.3387 -3.4136 -3.3456 | -3.4190
(eV)
Chemical hardness (n) | (I-A)/2 2.4939 2.4925 2.4898 2.4939 2.4912 2.4939
(eV)
Chemical softness (s) 1/2n 0.2004 0.2005 0.2008 0.2004 0.2007 0.2004
(evH)
Global Electrophilicity M3/2n 2.3288 2.2801 2.2385 2.3362 2.2465 2.3436
(w) (eV)
Maximum electron =(u/n) 1.3666 1.3526 1.3409 1.3687 1.3429 1.3709
charge (ANmax)
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Figure 4. FMO plots and DOS spectra of DCBIP in the non-polar solvents

The FMO energy gap of DCBIP remains nearly
consistent across solvents, ranging from 4.9797 eV in
cyclohexane to 4.9879 eV in water, indicating minimal
solvent influence on electronic excitation and stability.
Since a higher energy gap correlates with greater
stability, DCBIP is most stable in water (4.9879 eV) and
methanol (4.9878 eV), while it is least stable in
cyclohexane (4.9797 eV). Further supporting this,
DCBIP is more stable in polar solvents due to its higher
ionization potential, which is highest in water (5.9130 eV)
and methanol (5.9075 eV), and lowest in cyclohexane
(5.8286 eV). The greater HOMO stabilization in polar
media reduces electron loss, lowering oxidation
susceptibility. Similarly, the electron affinity follows a
similar trend, with higher values in polar solvents (0.9251

eV in water) and methanol (0.9197 eV), while lower
values in non-polar solvents (0.8489 eV in cyclohexane),
enhancing its electron-accepting ability and stability in
these environments. The increased electronegativity
and chemical potential in polar solvents indicate stronger
electron-withdrawing  behavior, favoring charge
stabilization. The electrophilicity index follows the same
trend, with the highest value in water (2.3436 eV),
indicating that DCBIP is better stabilized in polar
solvents due to enhanced charge accommodation.
Additionally, the maximum electron charge transfer is
highest in polar solvents (1.3709 in water), supporting
enhanced charge accommodation and molecular
stability.
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Figure 5. FMO plots and DOS spectra of DCBIP in the polar solvents

3.5 Natural Bonding Orbital (NBO) prediction

NBO analysis examined the stabilizing and
destabilizing interactions within molecule by evaluating
the interactions between filled and unoccupied orbitals
[65]. As shown in Table 6, the lone pair (LP) of nitrogen
(N4) donating to the antibonding orbital (0*) of the Cs-Co
bond in the indazole ring provides the strongest
stabilization, with a stabilization energy of 40.25 kJ/mol,
suggesting that the nitrogen lone pair plays a crucial role
in reinforcing the molecule's electronic stability. The
second most significant stabilization interaction is the
LP(1) — o*(Ns-C7) transition, contributing 29.34 kJ/mol,

which further enhances the indazole ring's stability by
strengthening electron delocalization within the
molecule. Additionally, Tr-Tm* interactions play a crucial
role in stabilizing DCBIP, particularly in Cs-Co — Ns-C7
(27.71 kd/mol), Ci5-C10 — C20-C22 (20.32 kJI/mol), and
C19-C21—C20-C22 (21.01 kJ/mol). These interactions
facilitate effective 1-electron delocalization across the
conjugated system, further stabilizing the electronic
structure. Apart from these major stabilizing effects, LP
— o™ transitions from chlorine atoms (Cliand Cl2) to Cis-
Cis and C20-C22 were also observed, though with
relatively lower stabilization energies (11.74-12.42
kJd/mol).
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Table 6. Selected NBO values of DCBIP

Donor (i) | Type | Acceptor (j) | Type | Type of transition E(2)? E()-E®)° | F(i,j)°
(kd/mol) (a.u) (a.u)

Ci15-C1o m C20-C22 L m- 20.32 0.28 0.069
Cs-Co m Ns-C7 m* m-m* 27.71 0.26 0.078
Cs-Co i C13-Cis L m- T 19.68 0.028 0.068
C19-C21 i C20-C22 L m- 1 21.01 0.27 0.069
Na LP(1) Cs-Co o* LP(1)- o* 40.25 0.29 | 0.098

Na LP(1) Ns-C7 o* LP(1)- o* 29.34 0.28 0.082
Clz LP(2) C20-C22 o~ LP(1)- o™ 12.42 0.33 0.062
Ch LP(1) Ci15-Cs o* LP(1)- o* 11.74 0.34 [ 0.061

ag(2) — Mean energy of hyper-conjugative interactions (stabilization energy).

bE(j)-E(i) — Energy difference between donor (i) and acceptor (j) natural bonding orbitals.

°F(i,j) — Fock matrix element between i and j natural bonding orbital

3.6. Mulliken charge distribution

Mulliken atomic charge analysis provides insight
into the electron distribution within molecule [66],
revealing charge polarization and electronic behavior at
the atomic level as shown in Table S1 (Supplementary
Material), the most electronegative atom is oxygen (O3),
with a charge of -0.54232, indicating its strong electron-
withdrawing nature due to the hydroxyl (-OH) group. This
suggests a potential site for hydrogen bonding and
interaction with electrophilic species. The nitrogen atoms
N4 (-0.40505) and Ns (-0.34159) exhibit significant
negative charges, signifying their ability to participate in
electron delocalization within the pyrazole ring. Co
(0.367637) carries the highest positive charge,
emphasizing its role in electronic distribution, particularly
in stabilizing interactions within the fused pyrazole-
benzene system. The dichlorobenzyl ring carbons, Cis
and Cz2, show negative charges, with Cis (-0.14893)
being more negative than C22 (-0.09334), indicating
slight electronic asymmetry due to the attachment of Clz
(-0.01328) and Clz (-0.00929). The chlorine atoms have
relatively low negative charges, suggesting limited
electron-withdrawing effects compared to other
electronegative atoms in the molecule. Carbons Cs
(0.227317) and C7 (0.270334), which are part of the
propan-2-ol and pyrazole rings, exhibit positive charges,
reinforcing their role in stabilizing interactions and
facilitating electron delocalization. The hydrogen atoms
(H23—Hss) carry positive charges, with Hss (0.298967),
attached to Os, being the most positively charged. These
results are visualized in Figure. 6 for better clarity and
deeper understanding.

3.7. Molecular Electrostatic Potential
surface

(MEP)

MEP serves as a valuable tool for identifying
electrophilic and nucleophilic reactive regions using
surface-colored maps in quantum chemical calculations
[67]. The MEP surface map of DCBIP in polar and non-
polar solvents, along with electrostatic potential ranges,
is presented in Figures. S2 and S3 (Supplementary
material). The electrostatic potential range for DCBIP
varies between negative and positive values as follows:
-7.844 x 1072 to 7.844 x 1072 e.s.u. (acetone), -7.540 x
1072to 7.540 x 1072 e.s.u. (chloroform), -7.207 x 1072 to
7.207 x 1072 e.s.u. (cyclohexane), -7.885 x 1072to 7.885
x 1072 e.s.u. (methanol), -7.279 x 1072 to 7.279 x 1072
e.s.u. (toluene), and -7.929 x 1072to 7.929 x 1072 e.s.u.
(water). The molecular structure of DCBIP is influenced
by solvent polarity, the electrostatic potential range in
polar solvents (acetone, methanol, and water) is higher
than in non-polar solvents (toluene, chloroform, and
cyclohexane). In the MEP map of DCBIP, red regions
over the electronegative oxygen confirm nucleophilic
reactive sites, while blue regions over hydrogen atoms
at the periphery of aromatic structures indicate electron-
deficient areas, marking them as preferred sites for
electrophilic attack.

3.8. Thermodynamic properties

From Table 7, the self-consistent field (SCF)
energy of -1762.57 Hartree indicates molecular stability,
with lower energy reflecting greater stability. The total
thermal energy is 198.48 kcal/mol, while the vibrational
energy and zero-point vibrational energy (ZPVE) are
197.01 kcal/mol and 186.22 kcal/mol, respectively.
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Figure 6. Mulliken charges distributions of DCBIP
Table 7. Calculated thermodynamical parameters of DCBIP
Parameters Values
SCF energy (Hartree) -1762.57
Total thermal energy (kcal mol?) 198.48
Vibrational energy (kcal mol?) 197.01
Zero-point vibrational energy (kcal mol?) 186.222
Specific heat capacity Cv (cal mol-1K-1) 77.31
Entropy, S (cal moltK?t) 151.197
Dipole moment p (Debye)
Mx -2.3621
My 0.0705
Uz 0.7082
Mtotal 2.4670
Rotational constants (GHz)
X 0.36285
Y 0.13627
Z 0.11601
The specific heat capacity (77.31 cal mol™tK™)  distribution, with their significant differences indicating
of DCBIP reflects its moderate thermal energy an asymmetric top molecule with distinct moments of

absorption, influenced by vibrational contributions from
its complex structure. The dipole moment (u) of DCBIP
is 2.4670 Debye, indicating moderate charge separation.
The individual components (ux = -2.3621, py = 0.0705,
pz = 0.7082) suggest that the dipole is predominantly
oriented along the x-axis, with smaller contributions from
the y- and z-axes. This polarity arises from the electron-
withdrawing dichlorobenzyl and hydroxyl groups, which
create charge separation in the molecule. The rotational
constants of DCBIP reveal its molecular shape and mass

inertia along the three principal axes.

3.9. Topological aspects
3.9.1. ELF and LOL

In  computational chemistry, understanding
electron distribution and bonding characteristics is
essential for exploring molecular interactions and
chemical reactivity in complex structures.
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Figure 7(a). ELF diagram with numbering, (b) contour map, and (c) ELF diagram with projection scheme of DCBIP

Topological approaches, such as the Electron
Localization Function (ELF) and Localized Orbital
Locator (LOL), provide unique insights into electron
localization and bonding characteristics within crystal
structures.

The contour maps, color-coded visualizations,
and projections of ELF and LOL for DCBIP are
presented in Figures. 7 and 8, respectively. The
simulated ELF map reveals red regions over the
hydrogen atoms Haz in the indazole moiety and Hsz in the
dichlorobenzyl moiety, positioned between two chlorine
atoms (Cli and Clz). This indicates increased electron
localization, suggesting the presence of lone pair
electron density in these regions. Additionally, the
carbon atoms (Cs, Ci4, C20, Cz21, and Cz2) in six-
membered rings, enclosed with blue regions, mark the

transition from localized to delocalized electronic
domains. Similarly, The LOL map further distinguishes
these regions, with red regions around the hydrogen
atoms (Hs2 and Has7) indicating electron localization,
while blue regions around the carbon atoms (Cs, Caia,
C20, C21, and C22) in six-membered rings represent

delocalized electronic domains within the crystal
structure of DCBIP.
3.9.2 RDG and NCI

Molecular interactions within the crystal

structure were investigated using Reduced Density
Gradient (RDG) and Non-Covalent Interaction (NCI)
analyses to elucidate the nature and strength of non-
covalent interactions [68].
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Figure 8.(a) LOL diagram with numbering, (b) contour map, and (c) LOL diagram with projection scheme of DCBIP

The RDG scatter plot and NCI map for DCBIP,
as shown in Figure. 9, display red, blue, and green
spikes, which indicate steric repulsion, hydrogen
bonding, and van der Waals interactions, respectively.
Notably, the presence of prominent green and red spikes
in the RDG scatter plot highlights the van der Waals
interactions and steric repulsions, which contribute to the
overall non-covalent interactions in  DCBIP.
Furthermore, the NCI iso-surface map reveals red
regions embedded within the dichlorobenzyl and
indazole rings, while a green region appears between
the propan-2-ol side chain and the outer region side of
the indazole ring.

3.10. Drug-likeness

In recent decades, simulation tools have
become crucial in predicting Absorption, Distribution,
Metabolism, and Excretion (ADME) properties, which
are vital for developing new drugs [69]. The ADME
properties of DCBIP were predicted using computational
tools and compared against standard drug-like criteria.
The molecular weight (335.23 g/mol) falls well within the
acceptable range for oral bioavailability. With two
hydrogen bond donors, two hydrogen bond acceptors,
and a Log P value of 4.51, DCBIP aligns with Lipinski’s
Rule of Five, suggesting favorable absorption and
permeability.
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Figure 9. RDG scattered graph (left) and NCI iso-surface diagram (right) of DCBIP.

Compared to highly polar drugs, its topological
polar surface area (TPSA) of 38.05 Az indicates
moderate polarity, balancing solubility and membrane
permeability. The compound’s bioavailability score of
0.55 is consistent with orally active drugs, reinforcing its
drug-like potential. Furthermore, DCBIP exhibits high
gastrointestinal (Gl) absorption and significant blood-
brain barrier (BBB) permeability, suggests potential for
central nervous system (CNS) activity. The boiled egg
diagram (Fig. 10) provides a visual representation of its
absorption and penetration capabilities, while Table S2
(Supplementary material) summarizes the predicted
physicochemical parameters.

3.11. Anticonvulsant activity

Molecular docking is a fundamental method in
drug discovery and computational research, enabling
the prediction macromolecules and ligands affinities. It
facilitates the efficient screening and optimization of
potential drug candidates [70, 71]. In this study, the
structures of the target proteins 1IEOU and 5FDC were
retrieved from the RCSB Protein Data Bank with
resolutions of 2.10 A and 1.50 A, respectively. Using the
PyMOL program, water molecules and bound ligands
were removed to prepare the target proteins for docking,
and the refined structures were saved in PDB format.
The molecular structure of DCBIP was retrieved from
PubChem and optimized before being converted to PDB
format for docking.
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Figure 10. Boiled egg model of DCBIP

Table 8. Molecular docking studies of DCBIP against 1IEOU and 5DFC proteins

. Binding energy No. of hydrogen . . Bond Hydrophobic
Proteins (kcal/ mol) bonding Amino acids length (A) interaction
Leucine 47
Leucine 44
Leucinel88 2.74
) Lysine 45
1EOU -6.89 4 Asparginel89 3.14
Proline 46
Serinel87 2.69
Serine 258
Tyrosine 376
Valine 135
Glutamic acid | 5 ., Leucine 204
5DFC -7.45 2 205 2' 3 Isoleucine 22
. 7
Proline 202 Phenylalanine28
Proline21

AutoDock tool was employed to assess the
binding interactions between DCBIP and the target
proteins, generating nine possible conformers. The
conformer with the lowest docking energy was selected
as the most favorable binding mode.

The ligand and protein interaction plots were
presented in Figs. 11 and 12, while Table 8 summarizes
the key docking parameters. Docking results revealed
binding affinities of -6.89 kcal/mol (1EOU) and -7.45
kcal/mol (5FDC), with four and two hydrogen bonds,
respectively. These findings highlight the strong

interaction potential of DCBIP, suggesting its suitability
as a potential anticonvulsant agent.

4. Conclusion

Computational methods were employed to
explore the structural, spectroscopic, electronic, and
biological properties of the DCBIP. Vibrational,
electronic, and chemical shifts analyses identified key
spectral features.
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Figure 12. The 3D PyMol and 2D LigPlot* view of DCBIP against 5FDC
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In polar solvents, the strongest absorption
bands (281.10-281.27 nm) exhibit high oscillator
strengths (0.1024-0.1041), indicating strong transition
probability. In non-polar solvents, a red shift (281.93—
282.63 nm) occurs due to reduced solute-solvent
interactions, stabilizing the excited state, while slightly
lower oscillator strengths (0.0847-0.0993) suggest a
weaker transition probability. The FMO energy gap of
DCBIP varies slightly across solvents, indicating minimal
solvent influence, with the highest stability in water
(4.9879 eV) and methanol (4.9878 eV) and lowest in
cyclohexane (4.9797 eV). Electrophilic and nucleophilic
sites in DCBIP are identified through Mulliken charge
analysis and MEP mapping, while NBO analysis
provides insights into electron delocalization and
bonding interactions. ELF and LOL highlight bonding in
DCBIP, while RDG and NCI map non-covalent
interactions essential for stability. A dipole moment of
2.4670 Debye, primarily along the x-axis (ux = -2.3621),
characterizes DCBIP, with dichlorobenzyl and hydroxyl
groups contributing to its polarity and reactivity. ADME
analysis confirms the drug-likeness of DCBIP, while
molecular  docking demonstrates its strong
anticonvulsant potential with binding affinities of -6.89
kcal/mol for 1EOU and -7.45 kcal/mol for 5FDC. These
findings provide valuable insights into its therapeutic
potential, further supporting in-vitro and in-vivo studies
for the development of novel anticonvulsant drugs.
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