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This research focuses on synthesising an anticancer drug titled (E)-5-bromo-3-((3-chloro-4-fluorophenyl)imino)indolin-2-one (5BFI10)
and validating its analytical values through theoretical and experimental evaluation using techniques such as FT-IR, FT-Raman, 'H and
13C NMR. Moreover, the anticancer activity of 5BFIO molecule was evaluated using molecular docking against cancer proteins (4B55,
5KYG and 6UGR) and 60 human cancer cell lines of NCI-60 under in silico and in vitro analyses, respectively. In the formation of docked
complexes, low binding affinities -5.78 for 5BFI0-4B55, -6.72 for 5BFIO-5KYG and -8.86 for 5BFIO-6UGR) were noted in kcal/mol,
respectively. Moreover, 5BFIO showed the best activity (49.59% Gl) against the MCF7 breast cancer cell line. Density functional theory
(DFT) was effectively employed to analyse the molecule’s stability under optimal conditions for comparative studies that incorporate
both observational and computational data from gas phases. The outcomes of this study present a comprehensive analysis of gas-phase
properties, including nonlinear optical (NLO) behaviour, molecular electrostatic potential (MEP), electron localization function (ELF),
localized orbital locator (LOL) and reduced density gradient (RDG) descriptors. The pharmacological evaluation demonstrated significant
anticancer activity and it could be derivatized into a more potent drug-like molecule using chemical reactions.

Keywords: Spectroscopic studies, Electronic charge transfer, Non-covalent interactions, Molecular docking, Cancer cell lines.

INTRODUCTION

The imine functions of the Schiff bases have conveyed an
interesting role in medicinal chemistry owing to interactions
among the targeted amino acid residues of the proteins. Func-
tionalized imine-containing compounds have been widely used
in the treatment of various carcinomas, with several drug-like
molecules receiving approval from the FDA [1,2]. On the con-
trary, oxindole containing compounds were also used in the
treatment of cancer. Therefore, we synthesized a function-
alized novel hybrid oxindole-imine-containing compound as
an anticancer agent. The UV-Vis, FT-IR and (*H and **C)
NMR tools were utilized for the characterization of the synth-
esized material hybrid oxindole-imine-derivative compound.
Furthermore, these spectra were validated through density
functional theory (DFT) calculations to confirm the proposed

molecular framework. Moreover, the characteristic energy of
the synthesized molecule [(E)-5-bromo-3-((3-chloro-4-fluoro-
phenyl)imino)indolin-2-one (5BFI0)] in its HOMO-LUMO
form was also calculated. The stability of the compound was
examined utilizing (NBO) analysis. Furthermore, the topolo-
gical studies on electron localization function (ELF), local-
ized orbital locator (LOL) and reduced density gradient (RDG)
descriptors were also conducted.

Molecular docking methodology was utilized to elucidate
the specific interactions between ligands and protein struct-
ures. After the in silico analysis, the proposed anticancer drug
molecule was successfully evaluated by the NCI against 60
human cancer cell lines under in vitro investigation [3-6].
Drug-likeness, ADMET properties, binding energies from
molecular docking, and anticancer activity suggest that this
molecule holds significant potential for the treatment of
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various malignancies. This can be achieved by making more
effective changes to its structure through chemical processes.

EXPERIMENTAL

Synthesis process: The synthesis of oxindole-imine-
containing compound 5BFIO molecule was achieved by the
nucleophilic elimination reaction, whereby 5-bromodioxin-
dole (1) was treated with the active arylamination in the
presence of oxalic acid as sole catalyst. The formation of the
imine (>C=N) functional group at room temperature within
21 min was significantly facilitated by the catalyst. Subse-
quently, the crude product as yellow precipitate was obtained
and purified by column chromatography using ethyl acetate
and n-hexane (Scheme-I).

o NH,
Br. Oxalic acid,
catalyst
o + MeOH, r.t., N
N o 2min g, /
1

¥ {0}

2 N

Scheme-I: Synthesis route of 5BFIO compound

Characterization: The IR and Raman spectra were
examined using Agilent Cary 630 and Bruker RFS at range
of 4000-450 and 4000-100 cm, respectively. The Bruker
AVIII 400 MHz spectrophotometer was used to acquire 3C
and *H NMR readings in DMSO-dg solvent.

Computational details: The optimized structure was
calculated utilising Gaussian 09W [7] & Gauss view 6 [8] by
the method of B3LYP and 6-311++G(d,p) basis set [9]. In the
vibrational investigation, the (PED) of the molecule were stan-
dardized through VEDA [10], with a factor of scaling of 0.961
[11]. The bond length (BL) and bond angle (BA) were calcul-
ated by employing the CHEMCRAFT tool [12] and the frame-
work has been optimized. NBO method was used to assess
the interaction of orbitals [13-15]. Electron excitement and
topological investigations were conducted using the Multiwfn
[16] programme. An investigation was carried out on the pro-
perties of medications and their lipophilicity utilizing the
SwissADME [17]. The research on molecular docking was
performed using Patch Dock Tools [18].

RESULTS AND DISCUSSION

Geometry optimization: The 5BFIO molecule was evalu-
ated through computational methods, as shown in Fig. 1 and
the calculated values are summarized in Table-1. The titled
molecule consists of 50 bond angles and 30 bond lengths.

TABLE-1
OPTIMIZED GEOMETRICAL PARAMETERS OF 5BFIO MOLECULE

Bond length (A) B3LYP/6-311++G(d,p) Bond length (°)
N1-C9 1.462 N1-C9-C4
C2-C3 1.517 N1-C9-C8

C2-010 1.208 C9-N1-H21
C3-C4 1.42 C3-C2-010
C3-N11 1.358 C2-C3-C4
C4-C5 1.42 C2-C3-N11
C4-C9 1.42 C4-C3-N11
C5-C6 1.42 C3-C4-C5
C5-H22 11 C3-C4-C9
C5-H27 1.002 C3-N11-C12
C6-C7 1.421 C5-C4-C9
C6-Br20 1.881 C4-C5-C6
C7-C8 1.42 C4-C5-H22
C7-H23 11 C4-C5-H27
C8-C9 1.42 C4-C9-C8
C8-H24 11 C6-C5-H22
N11-C12 1.358 C6-C5-H27
C12-C13 1.42 C5-C6-C7
C12-C17 1.42 C5-C6-Br20
C13-C14 1.42 H22-C5-H27
C13-H25 1.1 C5-H22-C17
C14-C15 1.42 C5-H27-C17
C14-Cl19 1.719 C7-C6-Br20
C15-C16 1.42 C6-C7-C8
C15-F18 1.32 C6-C7-H23
C16-C17 1.42
C16-H26 11
C17-H22 0.838
C17-H27 11
N1-H21 1.05

B3LYP/6-311++G(d,p) | Bondlength ()  B3LYP/6-311++G(d,p)
111 C8-C7-H23 120
129 C7-C8-C9 120

127.3 C7-C8-H24 120
129.4 C9-C8-H24 120
111 N11-C12-C13 120
120 N11-C12-C17 120
120 C13-C12-C17 120
129 C12-C13-C14 120
111 C12-C13-H25 120
115 C12-C17-C16 120
120 C12-C17-H22 135.8
120 C12-C17-H27 120
120 C14-C13-H25 120
83.8 C13-C14-C15 120
120 C13-C14-CI19 120
120 C15-C15-Cl19 120
1385 C14-C15-C16 120
120 C14-C15-F18 120
120 C16-C15-F18 120
50.5 C15-C16-C17 120
128.4 C15-C16-H26 120
1125 C17-C16-H26 120
120 C16-C17-H22 82.8
120 C16-C17-H27 120
120 H22-C17-H27 53.3
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Fig. 1. Optimized structure of 5BFIO compound

The bond length at C6-Br20 = 1.881 is larger due to its homo-
nuclear nature. The greatest length of bonds between carbon
atoms in the C14-C19 range was determined to be 1.719A.
BL among the C2-C3 atoms was measured to be 1.517 A,
which was given the next highest priority. Such bonds might
hold higher values, on the other hand, C17-H22 exhibits a
lesser BL of 0.838 A. The bond angle of C4-C5-H27 was the
lowest at 83.8°, whereas that of C6-C5-H27 was the highest
at 138.5°.

Vibrational analysis: Various functional groups present
in the titled molecule were identified using vibrational spectro-
scopy [19]. A scaling value of 0.961 was employed. The exami-
nation of the molecule given involves 27 atoms and encom-
passes 75 regular vibrational modes. Fig. 2 shows the experi-
mental FT-IR and FT Raman spectra. Table-2 presents the com-
puted vibrational frequencies and their corresponding (PED).

C-C vibration: In the 1650-1200 cm™ range, vibrations
associated with the C—C stretching are clearly evident [20].
The computational frequencies were detected at 1583, 1654,
1550, 1245 and 1226 cm™?, respectively. The experimental IR
were observed at 1587 and 1284 cm~ and FT Raman were
detected at 1589 and 1264 cm™, respectively.

C-H vibration: Typically, the C—H symmetric vibrations
occur between 3300 and 3000 cm™ [21]. Inthe FTIR spectrum,
a strong peak was observed at 3073 cm-1, while the theoretic-
cal C—H vibrational modes with 99-100% PED contributions
appeared at 3103, 3084, 3080, 3077, 3064 and 3059 cm. All
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the estimated wavenumbers for 5BFIO molecule fell within
the predicted range.

N-H vibration: The anticipated vibrational peaks for the
N-H stretching mode are expected to appear within the range
of 3500 to 3300 cm™* [22]. For compound 5BFI10, the theore-
tical value for this vibrational frequency is predicted to be at
3498 cm*, with a contribution from the potential energy dis-
tribution (PED) calculated to be 100%.

C-N vibrations: Identifying the C-N stretching frequency
in the side chains is challenging due to overlap with other
vibrations. Kahovec & Kohlrausch [23] reported the C=N
band’s stretching vibration in salicylic aldoxime at 1617 cm™.
The title compound exhibits a computed C=N stretching vibr-
ation at 1653 cm*, while experimental values were observed
at 1621 cm™ in the IR spectrum and 1606 cm™ in the Raman
spectrum.

O-C vibrations: The CO typically vibrates at a primary
frequency between 1850 and 1550 cm™ [24]. In experimental
IR analyses, the 5BFIO vibrations were observed at 1751 cm™.
Theoretical calculations predict the C=0 stretching vibration
at 1755 cm, corresponding to 83% of the potential energy
distribution (PED).

MEP analysis: Fig. 3 illustrates an arrangement of the
MEP in the gas phase. Within MEP surfaces, the colour red
and yellow signify regions with an abundance of electrons,
which promote electrophilic attacks. Green represents neutral
sites, while blue signifies areas with a deficiency of electrons
that are favourable for nucleophilic attacks [25,26]. On trans-
itioning from a gaseous state Moreover, it includes a coloured
zone from -6.869 to 6.869 e2 (gas).

NBO analysis: Table-3 summarizes the calculation of
stabilized interaction at donor-acceptor levels. Maximum stab-
ilized energies between LP1-N1 to n* C2-010 with equili-
brium energy 50.37 Kcal/mol, which is followed by LP1-N1
to 7*C8-C9 with 39.07 Kcal/mol. For LP2-010 to 6*N1-C2
is 28.19 kcal/mol, whereas cC17-H27 to 6*C17-H27 has a
stabilized energy of 27.06 kcal/mol. At n*C14-C15 to n*C16-
C17, nC4-C5 to n*C8-C9 and LP2-010 to 6*C2-C3 stabilized
energy to be 22.12, 22.77and 22.97 kcal/mol.

FMO analysis: In present investigation, the ring of phenyl
is the LUMO area, with a corresponding energy of -0.245 eV,
while the HOMO over 5-bromoindolin-2-one has an energy
of -0.116 eV. The computed gap in energies in the gas phase
is 3.504 eV. Fig. 4 shows the HOMO-LUMO plot and Table-4
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Fig. 2. Experimental (a) FT-IR and (b) FT-Raman spectrum of 5BFIO molecule



Vol. 37, No. 10 (2025) Synthesis, Computational and Anticancer Studies of Hybrid Indolin-2-one Derivative 2369

TABLE-2
VIBRATIONAL ASSIGNMENT OF 5BFIO MOLECULE
Sl renel Theoretical frequency . IR . Ra_mgn
Mode frequency Intensity activity dPED assignment (%)
IR Raman | Unscaled Scaled? IR IAP RR RA®
75 3640 3498 77 16 16  vNH (100)
74 3229 3103 2 0 37 8 vCH (100)
73 3209 3084 1 0 63 5 vCH (99)
72 3205 3080 1 0 165 12 vCH (99)
71 3073 3202 3077 0 0 121 9 vCH (99)
70 3188 3064 2 0 38 8 vCH (99)
69 3183 3059 7 1 132 10  vCH (100)
68 1751 1826 1755 476 100 71 5) vOC (83)
67 1606 1621 1725 1653 92 19 | 1375 100 VvNC (79)
66 1587 1589 1647 1583 152 32 244 18  vCC (54)
65 1628 1564 30 6 535 39 vCC(51)
64 1613..36 1550 0 0 22 2 vCC (50)
63 1512 1605 1543 17 4 13 1 vCC (47) + BCCC (23)
62 1463 1450 1515 1456 197 41 44 3 BHCC (48)
61 1443 1490 1432 170 36 46 8 BHCC (59)
60 1462 1405 84 18 10 1 vCC (52) + BHNC (11)
59 1382 1395 1420 1365 5 1 7 0 vCC (38) BHCC (15)
58 1325 1403 1349 34 7 93 7 vvCC (12) + vNC (14) + BHNC (29) + BHCC (20)
57 1264 1309 1258 37 8 42 8 vCC (40) + BHCC (16)
56 1306 1255 59 12 17 1 vCC (34) + BHCC (13)
55 1248 1264 1296 1245 1 0 31 2 vCC (51)
54 1280 1230 11 2 54 4 vNC (16) + vCC (15) + vBHCC (38)
53 1276 1226 88 18 63 5 vCC (12)
52 1209 1260 1211 49 10 9 1 vNC (22) + BHNC (28) + BHCC (14)
51 1229 1181 46 10 31 2 vNC (14) + vFC (10) + BHCC (38)
50 1153 1196 1150 143 30 29 2 BHCC (27) + vNC (19)
49 1172 1164 1118 30 6 287 21 vNC (19) + vCC (11)
48 1148 1104 14 3 4 0 BHCC (61) + vCC (15)
47 1054 1132 1088 49 10 16 1 vCC (29) + BHCC (11) + BCCC (14)
46 1081 1039 14 3 15 1 vCC (48) + BHCC (32)
45 1010 1066 1025 21 4 14 1 BCCC (50)
44 966 1003 964 2 0 22 2 BCCN (21)
43 959 922 0 0 0 0 THCCC (41) + THCCN (27) + tCCCC (14)
42 955 918 1 0 4 0 THCCC (72) + tCCCC (15)
41 886 925 889 33 7 9 1 BCCC (17) + vCIC (1) + vNC (11)
40 915 879 3 1 1 0 THCCC (72)
39 894 860 20 4 4 0 BCCC (10) + tHCCC (37)
38 831 891 856 8 2 25 2 BCCC (15) + tHCCC (30)
37 834 802 31 7 10 1 THCCC (73)
36 792 827 794 35 7 1 0 THCCC (34) + tHCCN (54)
35 803 772 14 3 12 1 TCCCN (13) + ®ONCC (35) + @NCCC (13)
34 802 771 28 6 51 4 BCCC (20) + BEC (14)
33 745 753 724 27 6 14 1 BCCC (17)
32 733 704 3 1 1 0 tCCCC (48) + TCNCC (12) + ®ONCC (16)
31 717 689 9 2 3 0 tCCCC (10)
30 675 706 679 9 2 8 1 tCCCC (26)
29 693 666 3 1 13 1 vBrC (10) + BCCC (15) + BOCN (10) + BCNC (13)
28 617 648 622 5 1 3 0 BNCC (15) + BOCN (17)
27 627 603 14 3 9 1 oCICC (14) + oNCCC (18)
26 575 615 591 13 3 26 2 BNCC (10) + TCCNC (20) + ®ONCC (15)
25 567 545 11 2 g 0 oNCCC (18)
24 539 518 8 2 5 0 BNCC (13) + BFCC (10)
23 534 513 21 4 6 0 vCC (10) + vBrC (11) + BCNC (19) + vNC (14)
22 512 492 72 15 12 1 tHNCC (23) + BFCC (17)
21 501 481 8 2 2 0  vCIC (10) + BFCC (14) + BCCC (10)
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THNCC (24) + tCCCC (13)

THNCC (28) + tCCCC (15) + oNCCC (11)

1CCCC (20)

vCIC (14) + 1CCCC (22)

1CCCC (60) + tCNCC (12) + TONCC (16)

®FCCC (10)

®FCCC (10) + BBrC (11)

1CCCC (16) + @BrCCC (36) + oNCCC (19)

BNCC (15) + BFCC (17)

VvBIC (45)

BCICC (30)

BCICC (23) + BBrCC (14)

BCNC (12) + BCICC (13) + tCCCC (19) + oCICCC (19)
1CCCC (26) + 0CICCC (24)

TCCCN (10) + tCCCC (50)

BCCC (14) + BCCN (12) + BBrCC (28) + tCCCC (12)
BNCC (12) + tCNCC (14) + tCCCC (11) + tCCNC (13)
BCNC (21) + tCNCC (16) + tCCCC (12) + oNCCC (20)
1CCCN (17) + 1CCNC (18)

1 1CNCC (55) + BCNC (17)

OO0 O0OO0OPFrRPOOFRPROORFRPRRPRPPFPLPOOORL,NDO

aScaling factor: 0.961 for B3LYP/6-311++G(d,p). PRelative IR absorption normality intensities with highest peak absorption equal to 100.
°Relative Raman intensities normalized to 100. %-stretching, p-Bending, T-Torsion w- out of plane.

lists the computed parameters. The outcomes are below 5 eV,
aligning with the characteristics of bioactive materials. This
indicates that 5BFIO has greater stability in the gaseous phase.
Furthermore, its softness, combined with non-toxicity, suggests
broad versatility, making it a promising candidate for appli-
cations ranging from pharmaceuticals to industrial processes.

NLO activity: For applications in photonics and materials
science, the combination of DFT and NLO analysis is a potent
tool for comprehending and forecasting the optical behaviour
of materials [27]. The a, § and u values of 5BFIO are shown
in Table-5. The obtained dipole moment (u) in the gas phase
was 2.16954 D, with a computed value of 3.33 x 10-% esu and

-6.869X10 the first hyperpolarizability (B) was calculated as 1.1608
Fig. 3. MEP plot of 5BFIO in gas phase x 103 esu. Higher B values for 5BP1O enhance its NLO
TABLE-3
SECOND-ORDER FOCK MATRIX (NBO) ANALYSIS
Donor (i) ED/e Acceptor (j) ED/e E®@ (kJ/mol)? E()-E(i) (a.u.)® F(i,j) (a.u.)°
LP1-N1 1.67406 n*C2-010 0.11431 50.37 0.29 0.111
LP1-N1 1.67406 n*C8-C9 0.18225 39.07 0.29 0.096
LP2-010 1.84267 6*N1-C2 0.04229 28.19 0.67 0.125
oC17-H27 1.97952 o*C17-H27 0.00591 27.06 4.7 0.319
LP2-010 1.84267 c*C2-C3 0.05119 22.97 0.61 0.107
nC4-C5 1.65856 n*C8-C9 0.18225 22.77 0.28 0.072
n*C14-C15 0.4428 n*C16-C17 0.17297 22.12 0.32 0.119
nC16-C17 1.69677 n*C12-C13 0.19137 20 0.28 0.069
nC16-C17 1.69677 n*C14-C15 0.22634 19.84 0.27 0.067
LP3-F18 1.9245 n*C14-C15 0.22634 19.09 0.42 0.088
nC4-C5 1.65856 n*C3-N11 0.07715 17.39 0.29 0.067
nC4-C5 1.65856 n*C6-C7 0.18996 17.19 0.27 0.062
LP1-N11 1.85091 c*C3-C4 0.02481 15.12 0.79 0.1
LP3-CI19 1.92328 n*C14-C15 0.22634 13.28 0.32 0.064
LP1-N11 1.85091 n*C12-C13 0.19137 12.13 0.36 0.063
oC17-H27 1.97952 n*C16-C17 0.17297 10.95 0.84 0.094
nC3-N11 1.89898 n*C2-010 0.11431 9.44 0.36 0.054
6C2-C3 1.96481 6*N11-C12 0.01443 5.61 1.07 0.069
6C2-C3 1.96481 6*C4-C5 0.01273 4.41 1.18 0.065
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Fig. 4. HOMO-LUMO plot of 5BFIO

TABLE-4
CALCULATED BAND GAP AND
GLOBAL DESCRIPTORS VALUES OF 5BFIO

Parameters Values
HOMO (eV) -0.116
LUMO (eV) -0.245
lonization potential 0.116
Electron affinity 0.245
Energy gap(eV) 3.504
Electronegativity 0.181
Chemical potential -0.181
Chemical hardness -0.064
Chemical softness -7.765
Electrophilicity index -0.253
electronic charge -2.804
electron donating capability (w-) -0.171
electron accepting capability (w+) -0.351

TABLE-5
CALCULATED DIPOLE MOMENT (D), POLARIZABILITY ()
AND FIRST ORDER HYPERPOLARIZABILITY (B)
OF THE TITTLE COMPOUND (5BFIO)

Parameters Values
1 (D) 2.170
o (a.u) 224.941
a (e.s.u.) 3.333x10%
A (a.u.) 507.007
Aa (e.s.u.) 7.5138 x 102
Btot (a.u.) 1343.594
Btot (e.s.u.) 1.1608 x 10-2°

activity. 5BFIO may be considered a highly efficacious mole-
cule for nonlinear optical (NLO) applications.

Topological aspects: The properties of weak contacts and
intermolecular interactions can be described using the non-
covalent interaction index (NCI), which relies on the reduced
density gradient atoms. RDG is a dimensionless parameter
used as a reference tool to quantify and visualise the intense
interactions of the molecule [28,29]. Electron localization fun-
ction and localized orbital locator rely on the kinetic energy
density. The multi-wave function programme is utilized for

determining the topological parameters [30]. The ELF para-
meter is associated with the density of electron pairs, while
the LOL parameter is linked to the localized electron cloud.
Fig. 5 displays the graphical representations of the ELF and
LOL in gas. The range of the electron localization function
(ELF) spans from 0 to 1. A value more than 0.5 indicates the
presence of bonding or anti-bonding electrons that are locali-
zed, whereas a value less than 0.5 indicates the removal of
electrons. ELF investigations provide a description of the
chemical structure, reactivity and bonding [31]. The comp-
ound’s ELF values are determined by the colour gradient in
the 2D graphical data. The red colour represents a greater ELF
value, whereas the blue colour represents a lower ELF value.
The electron localization function provides precise data on
the localized depletion of electrons between the valence and
inner shells. The blue circles indicate the presence of deloc-
alization region carbon atoms blue (C3-C4-C5-C12).

Fig. 6 displays the RDG isosurface diagram and scatt-
ering profile of the substance in gaseous. On the x-axis of the
diagram, A2 < 0 denotes bonding interactions, while A2 > 0
signifies non-bonding interactions. In the scattering graph,
the left side indicates H-bonding (strong attraction), the right
side represents steric repulsion (strong repulsion) and the
middle section depicts weak van der Waals forces [32]. The
RDG isosurface map vividly illustrates the steric effect, depi-
cted by electron density depletion at the center of ring, attri-
buted to electrostatic repulsion, indicated by the red colour.
In the isosurface diagram, van der Waals forces are depicted
by a disk-shaped image with green-brown colouring.

NMR analysis: Utilizing the GIAO procedure [33], the
potential chemical shifts of 5BFIO were determined. Fig. 7
presents the experimental spectra equivalent to the *3C and
'H NMR of 5BFIO, respectively. Table-6 highlights the varia-
tions in chemical shifts, particularly for C8 and C17, measu-
red at 113.75 and 116.41 ppm, respectively. Signals observed
at 121.02 ppm are attributed to C6 and C11 (indolin ring),
influenced by the presence of electronegative atoms. Compu-
tational and experimental data both indicate a chemical shift of
151.01 and 151.17 ppm for the C9 atom. Proton H27 exhibits
a reduced change at 6.6 and 6.3 ppm. Signals from H atoms
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Fig. 6. NCI and RDG scatter plot of 5BFIO molecule

(H23, H22, H24 and H25) within the phenyl ring are identi-
fied at 7.35, 7.34, 7.15 and 7.27 ppm, respectively, closely mat-
ching the experimental values of 7.6, 7.3, 6.24 and 7.8 ppm.
The agreement between most signals and experimental find-
ings underscores the reliability of the computational approach.

Fukui function: The reactivity pattern of 5BFIO mole-
cule was characterized by the Fukui function, which alternates
between electrophilic and nucleophilic attacks at specific sites
[34]. The Fukui function at a constant potential reveals the
charge distribution in relation to the number of electrons [35].
By analyzing this function, we can predict the presence of
nucleophilic and electrophilic regions within a compound.
Specifically, a positive (+) Fukui factor indicates nucleo-

philic sites, a negative (-) factor indicates electrophilic regions
and a zero (0) factor suggests areas susceptible to radial assault
[36]. According to Table-7, oxygen emerges as a particularly
potent electrophile. Due to the electronegativity of nitrogen,
carbon becomes electron-deficient and more susceptible to
nucleophilic attacks. Therefore, N1, C4, C6, C8, C9, C13,
C15, C16, C17, F18, CI19, Br20, H25, H26 and H27 act as
nucleophiles, while C2, C3, C5, C7, 010, N11, C12, C14,
H21, H22, H23 and H24 serve as electrophiles.

Charge transfer analysis: Investigating holes together
with electrons can reveal an abundance of information on their
excited electron behaviour [37]. Almost all transitions occur
with the expected energies and excited states. This shows that
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the levels of energy occupied by charges, in addition to the
level of energy necessary to move between them, have a signi-
ficant impact on their behaviour [38,39]. Table-8 show excit-
ation energy (E), D index, Ar index, t index for different excited
states. From Fig. 8 the blue shows the position of holes,
whereas green denotes the position of electrons. In the 1st
excited state, C and O atoms are encircled by holes, but in the
2nd and 3rd excited states, electrons encircle the ring struct-

ures. Furthermore, r is larger for a similar function, indicating

that the 3rd excitation stage coincides with significant charge
excitement.

12.0 -12.0

Drug likeness parameters: The Lipinski rule can fore-
cast the biological function of a molecule that has significant
drug qualities and is a promising candidate for a drug [5,40].
This investigation calculates the total scoring values of adrug’s
similarity. Table-9 presents the drug-like properties of the 5BFIO
compound showing no violations of drug-likeness criteria.
Lipophilicity is an essential property that influences drug simila-
rities. So, it is apparent that 5BFIO represents the attributes
necessary for a compound to work as a drug. The results clearly
indicate that 5SBFIO compound possesses the necessary properties

for therapeutic efficacy, confirming its bioactive potential.
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TABLE-6
THEORETICAL AND EXPERIMENTAL 3C AND H
ISOTOPIC CHEMICAL SHIFTS FOR 5BFIO MOLECULE

Chemical shifts (ppm)

Atoms -
Computed Experimental
23-H 7.35 7.6
22-H 7.34 7.3
25-H 7.27 7.8
24-H 7.15 6.54
27-H 6.6 6.3
8-C 113.75 113.43
17-C 116.41 116.91
16-C 121.02 121.79
6-C 138.57 138.69
9-C 151.01 151.7

Molecular docking: Patch dock is an online website for
ligand-protein interaction [41,42]. The target proteins’ struct-
ures were downloaded using the RCSB webpage [43]. Proteins
were selected to investigate the anticancer capabilities of
5BFIO compound. Fig. 9 illustrates the interaction of 5BFIO
ligand with each target protein, while Table-10 summarizes its
binding properties. The BE for the target proteins 4B55,
5KYG and 6UGR are -5.78, -8.86 and -6.72, respectively. In
contrast to other proteins, 4B55 has the most BE, whereas the
6UGR has the least BE (Table-10). The docking of these
proteins to the 5BFIO demonstrates their biological role.

In vitro analysis: The National Cancer Institute (NCI,
USA) conducted an in vitro evaluation of the synthesized

TABLE-8
EXCITATION ENERGY (E), D INDEX, Ar INDEX, t INDEX
FOR DIFFERENT EXCITED STATES FOR 5BFIO MOLECULE

First Second  Third

Parameters excited excited excited
state state state
Excitation energy E (eV) 2.709 2.969 3.546
Charge transfer length D index (A) ~ 2.743 1.912 1.379
Ar index (A) 1.402 1.292 2.362
t index (A) 0.925 0.145 0.526
TABLE-9
DRUG-LIKENESS PARAMETERS OF 5BFIO MOLECULE
Falls within
Descriptor Value optimum range
(Yes/No)
Hydrogen bond donors (HBD) 1 Yes
Hydrogen bond acceptors (HBA) 3 Yes
LogP 2.54 Yes
Number of atoms 20 Yes
Number of rotatable bonds 1 Yes
Molecular weight 353.6 Yes
Molar refractivity 83.13 Yes

5BFIO compound against 60 human carcinoma cell lines. The
Developmental Therapeutics Program (DTP) assigned the code
NSC: D-833718/1 to assess its cytotoxic effects. This code
may be used to obtain information on 5BFIO from the NCI
file, resulting in a one-dose average chart of the chemical’s

TABLE-7
FUKUI FUNCTION AND DUAL DESCRIPTOR FOR 5BFIO MOLECULE

Mulliken atomic charges

Fukui functions Dual descriptor

Atom 0.1(N) N+1 (-12) N-1(L2) fr fr 70 Af(r)
N [0.186 0.2 20,145 0,015 20,041 20028 0.026
2C 0.139 0.143 0.086 0.004 0.054 0.029 -0.05
3c 0.826 -0.894 -0.789 -0.067 -0.038 -0.052 0,03
ac 1.992 2.006 2.017 0.014 -0.025 -0.005 0.04
5C 1218 -1.199 1273 0.02 0.054 0.037 0,035
6C 0.094 -0.093 0.303 -0.187 -0.209 -0.198 0.022
7C 0.029 0.003 0.012 -0.026 0.017 -0.005 -0.042
8C -0.847 -0.826 -0.851 0.021 0.004 0.013 0.016
oC 0.029 0.045 0.037 0.016 -0.008 0.004 0.024
100 10.305 -0.419 0214 0115 -0.001 -0.103 0,024
1IN 0.304 0.184 0.378 012 -0.074 -0.007 -0.046
12C 11 11 -1.104 0 0.005 0.002 -0.005
13C 0.241 0.229 0.282 0,012 -0.042 -0.027 0.03
14C 0.864 0.919 0.794 0.054 0.07 0.062 0,016
15C 1,081 -1.144 -1.016 -0.063 -0.065 -0.064 0.001
16C 0.105 0.08 0.132 -0.025 -0.027 -0.026 0.002
17C 0.101 0.085 0.131 -0.016 -0.03 -0.023 0.015
18F -0.153 -0.182 -0.007 -0.03 -0.055 -0.042 0.026
19¢l 0.421 0.335 0.545 -0.086 -0.124 -0.105 0.038
20Br 10,149 -0.251 -0.014 0,102 -0.135 -0.119 0.033
21H 0.343 0.296 0.383 0,047 -0.04 -0.043 -0.007
22H 0.180 0.148 0.175 0,032 0.005 -0.013 0,037
23H 0.233 0.181 0.275 0,052 -0.043 -0.047 -0.009
24H 0.159 0.106 0.206 -0.053 -0.047 -0.05 -0.007
25H 0.222 0.192 0.258 -0.03 -0.036 -0.033 0.006
26H 0.221 0.185 0.266 -0.037 -0.045 -0.041 0.008
27H 0.187 0.172 0.223 -0.015 -0.036 -0.026 0.02
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TABLE-10
INTERACTION ENERGY ANALYSIS OF

5BFIO MOLECULE WITH TARGETED PROTEIN

S Interaction Bond
Targc_et ACE Inhibition of 5BFI0 distance
protein  (-kcal/mol) constant residue A)
META:209 2.6
META:133 3.3
4B55 -5.78 88.31 TRPA:97 3.6
META:222 3.8
GLYA:132 4.5
GOLA:301 3.3
ALAA:78 2.2
PHEA:77 21
5KYG -8.86 45.88 ASPA:248 3.6
ARGA:249 35
ARGA:244 4.0
THRA:247 5.2
PHEA:80 4.9
PHEA:2 4.6
6UGR -6.72 22.98 LYSA85 33
LEUA:88 5.4

5KYG 4B55
Fig. 9. Protein-Ligand interactions (2D and 3D) of 4B55, 5KYG and 6UGR with 5BFIO molecule

percentage growth inhibition (% GI = 100 — Growth %). Fig. 10
depictone-dose mean graph for showing % GI against the 60
human cancer cell lines. According to DTP investigations,
the 5BFIO did not inhibit 29 cancerous cells, although it did
exhibit % Gl over 31 cell types. Only CCRF-CEM cancer cells
were inhibited in the leukemia panel by a synthesized hybrid
oxindole-imine-containing compound that showed 8.68% GI.
Similarly, EKVX, NCI-H226, NCI-H322M and NCI-H522
cancerous lines of cells were suppressed by 5BFIO and pres-
ented 8.04, 0.93, 8.72 and 6.92% GI under the non-small cell
lung cancer panel, respectively. Under the sub-panel of colon
cancer, five cancerous lines of cells (HCT116 and 15, KM12,
HT29 and SW620) were inhibited (showed 7.41, 25.32, 11.01,
9.90 and 11.81%) Gl, respectively. Five cancerous lines of
cells (SF295 and SF-539, SNB-19 and 75 and U251) related
to CNS were repressed and observed to be 16.96, 9.84, 11.32,
8.71 and 13.95% Gl, respectively. Similarly, four tumour types
of cells were reduced in the carcinoma subpanel, with % Gl
values of 11.09 (LOX IMVI), 2.20 (MALME-3M), 21.02 (MDA
-MB-435) and 41.23 (UACC-62). Moreover, the chemical sup-
pressed three ovarian carcinoma cells, resulting in 13.68
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Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent
Leukemia

CCRF-CEM 91.32
RPMI-8226 109.16
Non-Small Cell Lung Cancer
A549/ATCC 120.51
EKVX 91.96
HOP-62 100.37
HOP-92 140.05
NCI-H226 99.07
NCI-H23 102.05
NCI-H322M 91.28
NCI-H460 104.99
NCI-H522 93.08
Colon Cancer
COLO 205 106.68
HCC-2998 108.33
HCT-116 98.59
HCT-15 74.68
HT29 90.10
KM12 88.99
SW-620 88.19
CNS Cancer
SF-268 100.72
SF-295 83.04
SF-539 90.16
SNB-19 88.68
SNB-75 99.29
U251 86.05
Melanoma
LOX IMVI 88.81 pem
MALME-3M 97.80
M14 101.09 g
MDA-MB-435 78.98
SK-MEL-2 108.19 ==
SK-MEL-28 108.45 ==
UACC-257 118.50 =
UACC-62 58.77 oo
Ovarian Cancer
GROV1 86.32
OVCAR-3 82.34
OVCAR-4 119.30
OVCAR-5 102.46
OVCAR-8 98.83
NCI/ADR-RES 100.50
SK-OV-3 119.03
Renal Cancer
786-0 101.73 i
A498 126.39 ==
ACHN 78.66 S
CAKI-1 78.89 ==
RXF 393 164.70
SN12C 85.51 =
TK-10 116.90 -
UO-31 64.64 ——
Prostate Cancer
PC-3 91.34
DU-145 123.80
Breast Cancer
MCF7 50.41
MDA-MB-231/ATCC 83.76
HS 578T 94.85
T-47D 82.49
MDA-MB-468 113.96
Mean 97.68
Delta 47.27
Range 114.29 ﬁ
150 100 50 0 -50 -100 -150

Fig. 10. One-dose mean graph for showing % Gl against the sixty-human cancer cell lines

(IGROV1), 18.66 (OVCAR-3) and 1.17 (OVCAR-8) % G,
respectively. The next panel is renal cancer; fewer than four
sub-panels (ACHN, CAKI-1, SN12C and UO-31) showed
21.34,21.11, 14.49 and 35.36% Gl, respectively. In the genital
(prostate) tumour subpanel only the PC-3 cancer cell line was
found to be 8.66% resistant to growth inhibition. The last sub-
panel is coming under breast cancer. By the report, four canc-
erous presented 49.59 (MCF7), 16.24 (MDA-MB-231/ ATCC),

5.15 (HS 578T) and 17.51 (T-47D) % Gl at 105 M, respec-
tively. In conclusion, the proposed synthesized compound
showed the best activity (49.59% Gl) against the MCF7 breast
cancer cell line. This compound could be derivatized to make
a more potent anti-breast cancer drug.
Conclusion

The theoretical validation of the imine-containing hybrid
5BFIO was investigated and the theoretical analysis, which



Vol. 37, No. 10 (2025)

Synthesis, Computational and Anticancer Studies of Hybrid Indolin-2-one Derivative 2377

included FT-Raman, FT-IR, *H and 3C NMR, confirmed their
analytical values. With the help of PED, all the functional
groups were found after a thorough analysis. The MEP map
of 5BFIO was used to find more reacting sites, electrophilic
areas and nucleophilic areas. To investigate electronic varia-
tions, the highest band gap energy was observed in the gas
phase, consistent with the band gap obtained from FMO
analysis. The HOMO-LUMO analysis in the gas phase was
used to evaluate the chemical reactivity and stability of 5BFIO.
The FMO study provided essential theoretical support, confir-
ming the molecule’s biological activity and non-toxic nature.
Moreover, the theoretical and experimental chemical shifts for
carbon and hydrogen atoms were estimated and compared.
Electron density analysis was conducted to identify the electro-
negative regions within the 5BFIO structure. As a result, the
structure of 5BFIO was tested for its antitumor efficacy over
sixty lines of malignant human cells. Anticancer activity of
5BFIO against 4B55, 5KYG and 6UGR proteins was demons-
trated by employing molecular linking as an initial investi-
gation, which revealed that the interaction with the ligand has
considerable binding affinity of -5.78, -8.86 and -6.72 kcal/
mol, respectively. Drug-likeness, binding energies of docked
complexes and anticancer activity suggested that it could be
used for in vivo analysis to assess their cytotoxicity.
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