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ABSTRACT

Aim: Design, synthesis and cytotoxic evaluation of new series of Isatin-Naiflumic acid derivatives as vascular endothelial growth factor receptor tyrosine kinase
inhibitors.

Materials and Methods: A molecular docking study was performed to assess the binding affinities of the synthesized compounds toward the kinase domains
of the vascular endothelial growth factor receptor 2. The compounds were synthesized through the esterification process of Niflumic acid, followed by treating
the obtained ethyl ester compound with hydrazine monohydrate to form the Niflumic acid hydrazide compound. This compound was further reacted with six
Isatin derivatives utilizing the ketone-amine condensation reaction to form the final six Schiff base compounds.

Results: The synthesized compounds (I-VI) showed optimum binding affinity (S. score) values ranging from -9.1782 to -9.5120 Kcal/mol and precise binding
mode (RMSD) values ranging from 1.0608 to 1.8914 with the active kinase site of the vascular endothelial growth factor receptor 2 (PDB code: 4AG8). At the
same time, the cytotoxicity results showed an optimum inhibitory effect (20.87 uM to 78.48 uM) against the A549 (non-small cell lung cancer) and a safer
effect (175.49 pM to 280.27 uM) against the MRC-5 (normal lung tissue cells). In contrast to the reference drug (Sunitinib).

Conclusions: The new synthesized compounds (I-VI) are potent vascular endothelial growth factor receptor 2 tyrosine kinase inhibitors, inhibiting cell prolif-

eration, angiogenesis and exhibiting promising anticancer agents.

KEY WORDS: VEGFR-2 inhibitors, molecular docking, Niflumic acid, Isatin derivatives

INTRODUCTION

Cancer is a lethal illness that remains a major global
health concern. It is the second most prevalent illness
behind cardiovascular disorders. Consequently, the
creation of powerful and efficacious new antineoplas-
tic agents is a primary objective of modern medicinal
chemistry [1-2]. A large percentage of clinically licensed
anticancer agents have a narrow therapeutic window,
mostly because of significant systemic toxicity coupled
with pronounced insufficient tumor selectivity [3]. Vas-
cular endothelial growth factor receptors are a principal
tumor inducer, as the overexpression of such receptors
in malignancies, especially type Il triggers an impaired
activation of neovascularization signaling pathways
that provide adequate oxygen and nutrient demand
for accelerated development and proliferation of solid
tumors [4-5]. The upregulation of these receptors may
serve as a biomarker for the presence of malignant
tumors [6]. Consequently, suppressing their pathway
would result in efficient anti-angiogenesis and tumor-
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igenic response [7]. Despite the availability of several
VEGFR inhibitors, clinical resistance and limited efficacy
remain major challenges, emphasizing the importance
of exploring new scaffolds capable of selectively inhib-
iting VEGFR-2 tyrosine kinases. Structure-based drug
design approach, driven by both literature evidence and
the unmet medical need for effective VEGFR-2 inhibitors
in cancer therapy. This provided the foundation for
docking-guided synthesis and subsequent biological
evaluation. Vascular endothelial growth factor receptor
2 (VEGFR-2) is a member of the receptor protein tyrosine
kinase (PTK) family that may be categorized into three
components: an extracellular ligand binding domain, a
transmembrane domain, and a cytoplasmic tyrosine ki-
nase domain [8-9]. At the extracellular part, the vascular
endothelial growth factor-A (VEGF-A) binds to VEGFR-2,
prompting the development of a homodimer complex
of VEGFR-2, modifying the conformation of its intracel-
lular domain. The conformational changes occurinduce
auto-phosphorylation of the tyrosine residues, leading
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to downstream signal transmission and subsequently
activating RAS/Raf/MAPK and PI3K/Akt pathways that
enhance endothelial cells’ proliferation, migration and
durability [10]. Inhibitors that compete with adenosine
triphosphate (ATP) upon binding to the tyrosine kinases
and hindering phosphorylation cascade are considered
a crucial chemotherapeutic agent for many types of
cancers that show VEGFR-2 overexpression such as in
breast cancer renal carcinoma, hepatocellular carcino-
ma and non-small lung cancer (NSCLC) [11]. In the case
of NSCLC, studies show that there is overexpression of
VEGFR-2, reaching a value of 54.2% compared to normal
tissues [12]. This study involves the design, molecular
docking, synthesizing, and toxicity evaluation of com-
pounds derived from the linkage of Isatin. Scaffold with
Niflumic acid. Isatin and its derivatives exhibit a wide
range of biological actions. The cytotoxic and antineo-
plastic characteristics have been the most extensively
documented among them. The great Isatin scaffold
resulted in the production of numerous structurally
different derivatives, including analogues derived from
many substitutions on the aryl ring, as well as those ob-
tained through derivatization of the Isatin nitrogen and
Carbon 2 and 3. These chemicals impede cancer cells
multiply and tumor development by interaction with
several intracellular targets, including DNA, telomerase,
tubulin, P. glycoprotein, protein kinases, and phospha-
tases [13]. A series of VEGFR-2 inhibitory activity were
synthesized and assessed for anticancer potential of
Benzofuran-Isatin conjugates against MCF-7, MCF-7/
DOX, DU-145, and MDR DU-145 cancer cell lines by
MTT assay. The presented results suggested that seven
analogues could display better potency with IC, values
of 47.6-96.7 uM against all tested cell lines compared to
the positive control sunitinib. SAR results illustrate the
carbon spacer between isatin and the benzofuran ring,
the isatin motif substituted at C-3 and C-5 positions,
and the incorporation of the para-substituted phenyl
ring at the C-2 position of the benzofuran moiety as
required features for significant VEGFR-2 inhibitory and
anticancer potential [14]. Niflumic acid is a non-cortico-
steroid inflammatory suppressor agent often employed
in the medical management of rheumatoid arthritis it
has lately been recognized as an inhibitor of several
malformation cell types, including cancers of the lungs,
ovarian, renal, and liver [15].

AIM

The present study aims to design, synthesis and cyto-
toxic evaluation of new series of Isatin-Niflumic acid de-
rivatives as vascular endothelial growth factor receptor
tyrosine kinase inhibitors.

MATERIALS AND METHODS

The reagents as well as solvents used during the synthe-
sis processes were at the laboratory level. Solvents were
bought from Central Drug House Ltd., India, and all were
dried before being used, while Niflumic acid and Isatin
derivatives were bought from Macklin Biochemical Co.
Ltd., China. The estimated cost of preparing the proposed
Schiff base derivatives is relatively modest when compared
to many existing tyrosine kinase inhibitors. The synthetic
pathway relies on commercially available starting materials
(Isatin and Niflumic acid), which are easily accessible. The
conjugation reactions involve acylation and condensation
steps that require no costly reagents or specialized equip-
ment, allowing scalability at a reasonable expense. Stuart
(SMP30) Melting Point Instrumentation, also was employed
to ascertain melting points. Employing one sided open
capillary method, the melting points of compounds were
determined at the University of Kufa, Faculty of Pharmacy.
The melting point describes the point in temperature at
which a substance changes from solid to liquid. It's one
of the most efficient methods to check compound pu-
rity. Thin-layer chromatography in ascending mode was
employed to assess how the reaction progressed and
determine the degree of its purity, utilizing 0.2 mm silica
gel 60F,,, aluminum plates and a mobile phase composed
of hexane and acetone in a proportion (7:3) [16]. Following
exposure of silica paper to UV light, a solitary circular spot
emerged, demonstrating a complete reaction and a pure
yield [17], also, at the University of Kufa Shimadzu (Japan)
spectrophotometer, which offers stable Fourier transform
infrared spectroscopy analysis (FTIR), was used to obtain
compounds spectra. Regarding the magnetic resonance
spectra, a Bruker 400 MHz instrument was used to record
the "H-NMR spectra at the College of Science, University of
Basrah. Deuterated solvent (DMSO.d6) was used to avoid
the appearance of misleading or overlapping peaks during
the spectra-measuring process [18]. For esterification pur-
poses, Niflumic acid was dissolved in a suitable amount of
ethanol, and then the mixture was chilled to before adding
an excess amount of thionyl chloride. After that the mix-
ture was reflexed (using a hot plate magnetic stirrer and a
glass condenser that was attached to a round- bottomed
flask for several hours to obtain the desired Niflumic acid
ethyl ester (compound la). Then after, the ester aminolysis
method is used to convert the obtained esterinto amide by
reacting (compound la) with an excess amount of hydrazine
monohydrate 99% in reflux conditions to obtain the desired
Niflumicacid hydrazide (compound Ib). Finally, the conden-
sation reaction is utilized by reacting the amine-containing
compound (compound Ib) with different types of ketones
(Isatin derivatives) under slightly acidic conditions to obtain
the final six acyl hydrazone compounds (Schiff bases). The
overall synthesis procedure is shown in Figure 1 [19-20].
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Fig. 1. Synthesis procedure of intermediates and final compounds
Source: Based on [19-20]

CHEMISTRY

SYNTHESIS OF NIFLUMIC ACID ETHYL ESTER
(COMPOUND IA)

20 ml of dried ethanol was used to dissolve 2g (7.086
mmol) of Niflumic acid employing a 100 ml round-bot-
tomed flask, the liquid was chilled to -15 °C, and an
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excess of thionyl chloride (1 ml, 13.78 mmol) was
gradually added. The mixing process is initiated and
the resulted mixture is allowed to gradually reach room
temperature before refluxing at 78°C for 48 hours using
a hot plate magnetic stirrer. Upon completion of the
reaction, which was confirmed using the TLC identifica-
tion technique, 3 g of sodium bicarbonate dissolved in
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Table 1. Physical and chemical characteristics of the intermediates and final compounds

Molecular weight

Yield Melting

Compound Empirical formula (g/mol) Appearance %] point [°C] Rf value
la C15H13F3N202 310.28 Brown oil 65 e 0.94
Ib C13H11F3N40 296.25 White to off-white crystals 80 144-145 0.36
| C21H14F3N502 42537 Yellow powder 72 295-297 0.60
I C21H13F4N502 443.36 Brown powder 75 311-312 0.50
11l C22H16F3N502 439.40 Orange powder 65 310-311 0.63
v C22H16F3N503 455.40 Dark brown powder 60 289-291 0.56
Y C21H13CIF3N502 459.81 Brown powder 79 311-312 0.52
Vi C22H13F6N502 49337 Light brown powder 77 263-264 0.45

Source: Based on [25]

30 ml of distillate water was incrementally introduced
to the resultant mixture to neutralize the acidity re-
sulting from HCl emission. The extraction technique is
performed three times to ensure complete extraction
of the oily ester layer using 30 ml ethyl acetate each
time. The final organic layer is even more dried using an
adequate amount of anhydrous sodium sulfate (Na,SO,)
and then filtered [21-22].

SYNTHESIS OF NIFLUMIC ACID HYDRAZIDE
(COMPOUND IB)

1.50 ml (8.89 mmol) of Niflumic acid ethyl ester (com-
pound la) is dissolved in 15 ml of absolute ethanol.
Subsequently, 0.6 ml (12.34 mmol) of 99% hydrazine
hydrate is added gradually. The mixture is maintained
at room temperature with gentle stirring for 3 hours
before refluxing for 15 hours at 78°C using a hot plate
magnetic stirrer. Following the confirmation of reaction
completion via TLC observation, the solvent is evapo-
rated under vacuum conditions, yielding a brown hy-
drazide powder. Recrystallization with a combination of
ethanol and n-hexane is conducted to isolate the pure
brown crystals of Niflumic acid hydrazide [23].

SYNTHESIS OF THE FINAL ACYL
HYDRAZONE COMPOUNDS (COMPOUNDS
[-VI)

Niflumic acid hydrazide 0.75g (2.53 mmol) was dissolved
in a solvent combination of absolute ethanol and DMF in a
1:1 ratio. In a separate round-bottomed flask, the identical
solvent combination was employed to individually dissolve
3.79 mmol of each Isatin derivative accompanied by a cata-
lyticamount of glacial acetic acid (1-2 drops) [24]. Each Isatin
derivative was combined separately with the hydrazide-con-
taining solution. The resultant mixtures were subjected to
reflux at 90°C for varying periods (20-48) hours (monitored
by TLC technique) to produce the final acyl hydrazone com-

pounds. After that, the solution was evaporated under a re-
duced pressure technique, and the six resultant compounds
were recrystallized using DCM and n-hexane, washed with
diethyl ether,and allowed to dry.Table (1) shows the physical
and chemical properties, along with the yield percent, of the
obtained intermediates and compounds [25].

SPECTROSCOPIC EXAMINATION
OF INTERMEDIATES AND FINAL
COMPOUNDS

COMPOUND IA

FTIR (cm™): 3363 (N-H) strch of 2.nd amine, 2947, 2875 (CH)
strch of aliph. (CH2, CH3), 1691 (C=0) strch. of conjugate
ester, 1614 (C=N) strch, 1587, 1531, 1446 (aromatic C=C)
strch, 1330 (C-F) strch, 1288 (C-O) strch, 1255 (C-N) strch.

COMPOUND IB

FTIR (cm™): 3415, 3309 (N-H) strch of 1.prim amine, 3041
(aromatic C-H) strch, 1608(C=0) strch of amide, 1587
(C=N) strch, 1525, 1462 (aromatic C=C) strch, (1336 C-F)
strch 1255 (C-N) strch.

COMPOUND |
FTIR (cm™): 3236 (N-H) strch of 2.nd amine, 3041 (aro-
matic C-H) strch, 1695 (C=0) strch of amide, 1656 (C=N)
strch ofimine, 1622, 1591, 1463 (C=C) strch of aromatic,
1327 (C-F) strch, 1249 (C-N) strch.

"H-NMR (400MHz, DMSO.d6, ppm): 13.92 (singlet, TH
of amide N-H), 11.40 (singlet, TH of N-H), 10.48 (singlet,
1H of indole N-H), 8.47-6.93 (multiplet, 11H of H-Ar).

COMPOUND II
FTIR (cm™): 3251 (N-H) strch of 2.nd amine, 3089 (aro-
matic C-H) strch, 1699 (C=0) strch of amide, 1653 (C=N)
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Table 2. Docking outcomes of the reference drug and the synthesized compounds with the VEGF-R2 tyrosine kinase site (PDB code: 4AG8)

S. score

Compound (Kcal/mol) RMSD No. of binding sites Binding amino acids
Sunitinib -8.7276 2.0611 2 Asp 1046, Leu 840

| -9.1782 1.5147 5 Asp 1046, Glu 885, Lys 868, Leu 889, Phe 1047
Il -9.2425 1.1745 4 Asp 1046, Glu 885, Lys 868, Leu 889
I -9.4254 1.0608 4 Asp 1046, Glu 885, Phe 1047, Leu 889
\Y -9.2709 1.8914 4 Asp 1046, Glu 885, Lys 868, Leu 889
\ -9.2731 1.5234 4 Asp 1046, Glu 885, Lys 868, Leu 889
\ -9.5120 1.3227 4 Asp 1046, Glu 885, Lys 868, Leu 889

Source: Own materials

strch vibration of imine, 1608, 1585, 1479 (C=C) strch, COMPOUND VI

1328 (C-F) strch, 1255 (C=N) strch.

'"H-NMR (400MHz, DMSO.d6, ppm): 13.91 (singlet,
TH of amide N-H), 11.42 (singlet, TH of N-H), 10.43
(singlet, TH of indole N-H), 8.47-6.88 (multiplet, 10H
of H-Ar).

COMPOUND I

FTIR (cm™): 3176 (N-H) strch of 2.nd amine, 3059
(aromatic C-H) strch, 2818 (aliph. CH,) strch, 1695
(C=0) strch of amide, 1666 (C=N) strch of imine,
1593, 1533, 1444 (C=C) strch, 1327 (C-F) strch, 1251
(C-N) strch.

"H-NMR (400MHz, DMSO.d6, ppm): 13.93 (singlet, TH
of amide N-H), 11.31 (singlet, TH of N-H), 10.48 (singlet,
1H of indole N-H), 8.48-6.82 (multiplet, 10H of H-Ar),
2.29 (singlet, 3H of CH,).

COMPOUND IV
FTIR (cm™): 3170 (N-H) strch of 2.nd amine, 3055 (ar-
omatic C-H) strch, 2835 (aliph. CH,) strch, 1695 (C=0)
strch of amide, 1666 (C=N) strch of imine, 1597, 1531,
1442 (C=C) strch, 1327 (C-F) strch, 1284 (C-O) strch,
1251 (C-N) strch.
"H-NMR (400MHz, DMSO.d6, ppm): 13.97 (singlet, TH
of amide N-H), 11.19 (singlet, TH of N-H), 10.52
(Singlet, 1H of indole N-H), 8.48-6.81 (multiplet, 10H
of H-Ar), 3.75 (singlet, 3H of CH3).

COMPOUNDYV
FTIR (cm-1): 3238 (N-H) strch of 2.nd amine, 3055 (aro-
matic C-H) strch, 1687 (C=0) strch of amide, 1664 (C=N)
strch, 1612, 1583, 1446 (C=C) strch, 1332 (C-F) strch,
1249 (C-N) strch, 759 (C-Cl) strch.

"H-NMR (400MHz, DMSO.d6, ppm): 13.88 (singlet, TH
of amide N-H), 11.87 (singlet, TH of N-H), 10.43 (singlet,
1H of indole N-H), 8.54-7.12 (multiplet, 10H of H-Ar).
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FTIR (cm-1): 3205 (N-H) strch of 2.nd amine, 3082 (aro-
matic C-H) strch, 1701 (C=0) strch of amide, 1676 (C=N)
strch, 1614, 1583, 1444 (C=C) strch, 1328 (C-F) strch,
1249 (C-N) strch.

"H-NMR (400MHz, DMSO.d6, ppm): 13.79 (singlet, 1H
of amide N-H), 11.82 (singlet, TH of N-H), 10.35 (singlet,
TH of indole N-H), 8.49-7.08 (multiplet, 10H of H-Ar).

DOCKING STUDY

The molecular docking program helps identify the ideal
structural conformation and orientation using a specific
algorithm, followed by a scoring function to predict
binding affinity and assess the interaction mode. The pri-
mary protein structural database is the publicly accessible
Protein Data Bank (PDB) [26]. The docking investigation
comprises two primary parts. The first part deals with
ligand preparation, which involves building the structure
of the necessary derivatives using Chem Draw professional
software version 12.0, followed by atoms protonation,
charges, energy optimization, and structural energy
minimization using the Molecular Operating Environment
(MOE 2015) software [27-28]. The second part deals with
target macromolecule or enzyme preparation, which
requires importing the crystal structure of the VEGFR-2
kinase active site (PDB code: 4AG8) into the MOE software,
subsequently removing water, ligand previously attached
to the co-crystalized structure, active site protonation
[29]. Following the preparation of the requisite active site,
the receptor docking study commences to evaluate the
binding energy values (S. score) and root mean square
deviation (RMSD). Derivatives exhibiting an optimum S.
score and a low RMSD will demonstrate optimal binding
and compatibility with the target receptor site.

CYTOTOXIC STUDY
The National Cell Bank of Iran (Pasteur Institute, Iran)
provided the human lung cancer cell line A549 and
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the normal lung fibroblast cell line MRC-5. Cells had
been grow in RPMI-1640 media (Gibco) with 10% fetal
bovine serum (FBS) and antibiotics, such as 100 U/mL
penicillin and 100 pg/mL streptomycin. Cells were
kept alive in a humidified incubator at 37 °C with 5%
CO,. We used a trypsin-EDTA solution to separate the
cells and then rinsed them with phosphate-buffered
saline (PBS)) [30].

MTT VIABILITY ASSAY

The MTT assay was carried out to assess the capacity
for survival of the cells. A density of 1.4 x 10 cells/well
was used to seed cells in 96-well plates, and the cells
were incubated for 24 hours. MTT solution (0.5 mg/mL)
was introduced and incubated for 4 hours after the test
compounds were treated with a range of concentra-
tions (6.25-100 pg/mL) for an additional 24 hours. The
formazan crystals that were produced were dissolved
in DMSO, and the absorbance was measured at 570 nm
using a microplate reader. The dose-response data was
used to calculate the IC5, values [31].

RESULTS
CHEMISTRY

The esterification of Niflumic acid was accomplished using
ethanol as solvent, with thionyl chloride added under chilled
conditions to generate the acid chloride, which rapidly in-
teracts with ethanol to produce the ethyl ester of Niflumic
acid, which was observed by the disappearance of broad
OH peak of carboxylic acid and appearance of C=0 group
of conjugate esters at 1691 cm™. The synthesized ester was
subsequently reacted with hydrazine monohydrate 99%to
produce the hydrazide. The carbonyl of the ester vanished,
whereas the amide C=0 band appeared at 1608 cm™, with
the primary amine group at 3415, 3309 cm™. The obtained
hydrazide compound then reacted with ketone containing
compound to form the final acyl hydrazone compounds,
whichis observed utilizing FTIRand HNMR by replacement
of primary amine group bands with secondary aminessingle
band near 3200 cm™ and the appearance of sharp imine
group band at the range 1653-1676 cm™ while the 'HNMR
showed three singlet hydrogen peaks of secondary amine
containing compounds above 10.40 ppm.
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DOCKING STUDY

The docking results show enhanced binding energy (S. score)
equal-9.178210-9.5120Kcal/mol and optimum binding mode
(RMSD) values equal 1.0608 to 1.8914 with the target VEGFR-2
kinase domain (PDB code: 4AG8) as a compared with the refer-
encedrug (Sunitinib) which shows S. score value equal -8.7276
Kcal/mol and RMSD value equal 2.0611. The synthesized
six compounds show an additional four to five interactions
with crucial amino acids involved in the gatekeeper region
(Lys 868), the catalytic DFG motif (Glu885, Asp1046) and the
allosteric hydrophobic pocket. As illustrated in Figures )2-8(,
these interactions demonstrate the strong binding affinity
and stability of the synthesized ligands within the VEGFR-2
active site. Table (2) displays the docking outcomes of thefinal
compounds with their first to second poses with the target
VEGFR-2 tyrosine kinase active compared with the reference
ligand (Sunitinib) interactions at the same site.

CYTOTOXIC STUDY
In this study, six novel compounds were synthesized, and
their cytotoxic effects were evaluated using adenocarci-

2426

nomic human alveolar basal epithelial cell (A549) and a
normal diploid fibroblast from human fetal lung tissue
(MRC-5). The MTT cell viability assay was employed to
assess the effect of the synthesized compounds and the
reference drug (Sunitinib) on the two cell lines; each IC50
value was determined using different concertations of
reference and synthesized compounds. The IC50 values
represent the compound concentration at which 50%
of cells become non-viable. The results demonstrated
very promising cytotoxic results for the synthesized com-
pounds and a safer effect on normal cells as compared
with the reference drug (Sunitinib). The IC50 levels of
the produced compounds against the cell lines varied
from 20.87uM to 78.48uM in the A549 cell line and from
175.49 uM 280.27 uM in the MRC-5 cell line. The most
pronounced inhibitory effect was noted with compound
II. Both Figures (9-10) displays the relationship between
concentration and impact by plotting the viability data
of A549 and MRC-5 cells against the respective concen-
trations of the reference and synthesized compounds.
The Statistical Analysis System (SAS) application version
2018 was utilized to identify the impact of various vari-
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Fig. 6. Docking result f compound IV with the VEGFR-2 tyrosine kinase (PDB code: 4AG8)
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ables on research parameters. The T-test was employed
to significantly compare the means in this investigation
as shown in table (3).

DISCUSSION
The docking results indicate that the synthesized
compounds have stronger binding affinities and
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more stable binding conformations than the ref-
erence drug Sunitinib, as reflected by their more
negative S. score values and smaller RMSD values.
The observed interactions with crucial amino acids
in the VEGFR-2 kinase active site, such as those in the
gatekeeper region, the DFG motif, and the allosteric
site, suggest that the designed compounds provide
enhanced inhibition of VEGFR-2 kinase activity. The
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Fig. 9. Cytotoxicity result of the standard and synthesized compound on A549 cell line

Source: Own materials
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Table 3. IC50 values for the tested compounds and standard. The values are represented by the mean + SD of triplicate measurements in A549 and

MRC-5
Compound A549 MRC-5

1C50 +SD P-value IC50 +SD P-value

Sunitinib 70.75 £2.81 Standard 29.18 £1.55 Standard
| 47.06 £2.07 0.0004 ** a 280.27 +26.03 0.0001 **a
Il 20.87 +£1.29 0.0001 ** a 207.97 £17.94 0.0001 **a
M 49.80 +3.16 0.0005 ** a 247.23 £22.41 0.0001 **a
\% 54.60 +2.78 0.0017 **a 175.49 £9.76 0.0001 **a
\Y 78.48 +4.52 0.0381*a 250.39 +13.60 0.0001 ** a
Vi 66.34 £3.70 0.237 NS 196.34 £9.96 0.0001 ** a

Notes: a- Significant difference that the comparison with Sunitinib, NS - Non-significant; * (P<0.05), ** (P<0.01), NS: Non-significant

Source: Own materials

presence of additional interactions compared to Suni-
tinib implies improved specificity and potential bio-
logical activity. The synthetic pathway demonstrates
a successful stepwise conversion from Niflumic acid
to its ester, then to hydrazide, and finally to the acyl
hydrazone derivatives. The use of thionyl chloride
effectively activated the carboxylic acid group, fa-
cilitating ester formation. The disappearance of the
hydroxyl group and the appearance of the aliphatic
ethyl carbones in FTIR confirmed the esterification.
The subsequent formation of hydrazide was evident
from the frequency downshifting of the amide car-
bonyl and appearance of 2.nd amine bands. Finally,
the formation of the acyl hydrazones was supported
by both FTIR and 'THNMR data, particularly the imine
band and the downfield-shifted singlet peaks in the
'HNMR spectrum. These spectral changes confirm
the success of each reaction step and the formation
of the final compounds along with their intermedi-
ates.The cytotoxic data suggest that the synthesized
compounds exhibit promising tumor-selective cyto-
toxicity, showing enhanced inhibition of cancer cell
viability while maintaining reduced toxicity toward
normal cells compared to the reference drug and
previously reported studies. This selective effect may

be attributed to the overexpression of VEGFR-2 in
the A549 cancer cells, increasing compound uptake
or binding. Compound Il high activity is likely due to
its strong electron-withdrawing substituents, which
reduce electron density, and the low steric hindrance
of the fluorine atom, enabling more efficient inter-
action with the kinase binding site. These structural
features may contribute to improved binding affinity
and inhibitory efficacy, supporting its potential as a
lead compound for further development.

CONCLUSIONS

A set of isatin-niflumic acid derivatives (I-VI) have been
successfully synthesized, and their chemical structures were
confirmed using FTIRand THNMR methods. The molecular
docking studies and MTT assays for the assessed drugs re-
vealed a robust correlation between the predicted results
from molecular docking and the biological evaluations,
demonstrating notable selectivity towards the VEGFR-2
kinase active site. In summary, the newly synthesized niflu-
mic acid derivatives serve as potent anticancer medicines
by blocking VEGFR tyrosine kinase, hence restricting cell
development and possesses promise as targets for addi-
tional studies on anticancer treatments.
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