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The side effects associated with currently available chemotherapeutics for breast cancer treatments, intended present study to perform
synthesis, characterization and molecular docking of novel benzopyrone analogues (NBPAs) against VEGFR2 (PDB: 6GQO) and EGFR
(PDB: 3W32). The study involved the synthesis of some novel benzopyran analogues (NBPAs) by first treating 4-aminoacetophenone
with a hydrazide derivative 5 of substituted benzopyrone (1), followed by treatment with different aromatic aldehydes to offer NBPAs
(6a-e). NBPAs were characterized using ATR-IR, NMR (*H & '3C) and mass spectrometric analysis. The NBPAs were also subjected to
molecular docking studies (using AutoDock 4.2) against VEGFR2 and EGFR. The results of the synthesis experiment and characterization
study revealed successful synthesis of NBPAs and their structural elucidation. The docking study results also revealed NBPAs exhibit
good binding affinity with 6GQO and 3W32. NBPAs exhibits good binding affinity against the targeted proteins 6GQO and 3W32.
Present study concludes that synthesized novel NBPAs to exhibit high anticancer potential; however additional pre-clinical investigations

are essential to support their clinical importance.
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INTRODUCTION

Current era witnessed incredible biological and chemical
properties of coumarins [1,2]. The coumarins are known to
comprise fused oxygenated heterocyclic ring called 1-benzo-
pyran-2(2H)-one [3,4]. Benzopyrans were first time synthesized
in midst of 19" century with the breakthrough of Perkin’s
reaction between salicylaldehyde and acetic anhydride [5].
Studies states that benzopyrans attributed to their basic nature
undergoes non-covalent interactions with various receptors in
living organisms and exerts several therapeutic actions [4-7].
According to multiple investigations, breast cancer is the
primary cause of death among women [8]. It was estimated
about 0.29 million new breast cancer cases by year 2023 and
it will further exceed 3 million cases by year 2040, accom-
panied by around 1 million deaths [9]. While the majority of
breast cancer cases are diagnosed at an early stage, 20-30%
of patients experience distant recurrence, where cancer cells
migrate to other body regions [10]. Breast cancer is commonly
linked with risk factors, including genetics, aging, reproduce-
tive factors, lifestyle and hormonal imbalances [11]. Although

chemotherapy and hormonal therapy are generally used to treat
breast cancer, the significant adverse effects and the develop-
ment of resistance cause the treatments to become ineffective,
posing a major challenge for healthcare professionals [12].
This highlights the vitalness of identifying more selective and
effective agents for breast cancer treatment.

Benzopyran scaffold holds great significance for medi-
cinal chemists from the therapeutic perspective, as it exhibits
significant anticancer properties by targeting and inhibiting
various critical signalling pathways and enzymatic systems
[13]. Some investigations have also shown that introducing
an imino group into an organic moiety can improve its anti-
cancer activity [14]. A previous study demonstrated that
introducing a single imino group into the benzopyran moiety
enhanced its cytotoxic effects against breast cancer cells
(MCF-7) and revealed safety toward normal HEK-293 cells
[15]. However, the study by Manogaran et al. [15] was limited
to examining only single imino group and lacked supportive
molecular docking data to evaluate binding affinity to EGFR
and VEGFR?2 receptors. These limitations prompted the current
investigation to explore the impact of incorporating two
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imino groups into the benzopyran structure. The objective was
to synthesise, characterise new benzopyran analogues (NBPAs,
6a-e) and molecular docking studies to analyse their inter-
actions with EGFR and VEGFR2 receptors. This study aims
to determine whether dual imino substitution enhances anti-
cancer efficacy and receptor binding and compares its findings
with the results of Manogaran et al. [15].

EXPERIMENTAL

The chemicals required for the synthesis of novel benzo-
pyran analogues (NBPA) were acquired by Sigma-Aldrich,
Friendemann-Schmidt, Merck-KGaA, HmbG-Chemicals
and Qrec Chemicals. The synthesized NBPAs (6a-e) were
characterized with (*H & *3C) NMR spectroscopy recorded
on a Bruker spectrometer operating at 400 MHz. The IR spectra
were captured on a ATR-IR spectrometric (ranging from
4000-400 cm™) and mass spectrometric data was generated
from a Direct Infusion lon Trap Mass analyzer. The synthe-
sized NBPAs purity was analyzed by the SMP11 Analogue
device. The reactions were observed through TLC analysis),
utilizing solvent mixture of CH3;OH:CHClI; (3:2) [16].

Synthesis of N-(1-(4-aminophenyl)ethylidene)-2-(2-oxo-
2H-chromen-4-yloxy)acetohydrazide (5): The synthesis of
NBPA 5 was done using established method with minor adjust-
ments [16,17]. Briefly, the substituted hydrazide 3 (0.0001 M)
was synthesized by hydrazination of chromen-4-yloxy ester
(2) obtained from 4-hydroxy coumarin (1) and then refluxed
with 4-aminoacetophenone (0.0001 M) in absolute ethanol
for 8 h at 78 °C. Crude product was subjected to recrystall-
ization using methanol, to yield pure NBPA 5 (Scheme-I).
Brownish-yellow crystals, yield: 80%, m.p.: 60 °C, R¢: 0.31;
FT-IR (ATR, cm™): 3389 & 3329 (N-H primary), 3223 (N-H
secondary), 3083 (=C—H), 2948 (C-H), 1648 (O=C), 1587
(C=N); 'H NMR (DMSO-dg, & ppm): 1.03 (s, 3H, CH3), 3.57
(s,2H, OCHy), 5.09 (s, 1H, C-H of pyran), 5.91 (NH), 6.53-
7.66 (m, 8H, Ar-H), 9.99 (s, 'H, NH-N); 3C NMR (DMSO-
de,  ppm): 26 (CH3), 65 (O-CHy), 72 (=C-H), 103, 105, 113,
115, 117, 119, 121, 123, 125, 127, 129, 131, 136, 137, 139,
144, 151, 154 (Ar-C), 155 (N=C),162 (N=C of hydrazone),
164 (O=C of pyran), 166 (=C of pyran), 191 (O=C—-NH); mass
(m/z): 351 (M~ signal).

Synthesis of N-(1-(4-(substituted benzylideneamino)-
phenyl)ethylidene)-2-(2-oxo-2H-chromen-4-yloxy)aceto-
hydrazide (6a-e): The synthesis of novel NBPAs 6a-e was
done using established method with minor adjustments [18].
Briefly, NBPA 5 (0.0001 M) was refluxed with 4-chloro-
benzaldehyde (0.0001 M) in absolute ethanol for 6 h at 78 °C.
Crude product was subjected to recrystallization using methanol,
to yield pure compound 6a. The similar protocol was followed
to synthesize the remaining compounds 6b-e (Scheme-1).

N-(1-(4-(2-Chlorobenzylideneamino)phenyl)ethylidene)-
2-(2-oxo0-2H-chromen-4-yloxy)acetohydrazide (6a): Yellow
crystals, yield: 78%, m.p.: 136.2 °C, Rs: 0.52; FT-IR (ATR,
cm): 3213 (N-H), 3044 (=C-H), 2928 (C-H), 1648 (O=C),
1595 (C=N); *H NMR (DMSO-dg, 8 ppm): 1.04 (s, 3H, CHs3),
3.58(s,2H, OCHy), 5.57 (s, 1H, C—H of pyran), 6.54-7.78 (m,
12H, Ar-H), 9.33 (s, 1H, N=CH) and 10.33 (s, 1H, NH-N);
13C NMR (DMSO-dg, & ppm): 26 (CHg), 65 (O-CH), 72

(=C-H), 103, 105, 113, 115, 117, 119, 121, 123, 125, 127,
129, 131, 136, 137, 139, 144, 151, 154 (Ar-C), 155 (N=C),
162 (N-N=C of hydrazone), 164 (O=C of pyran), 166 (=C of
pyran), 191 (NH-C=0); Mass (m/z): 473 (M* signal) and 475
(M+2 signal).
N-(1-(4-(4-Hydroxybenzylideneamino)phenyl)ethyli-
dene)-2-(2-oxo0-2H-chromen-4-yloxy)acetohydrazide (6b):
Reddish-orange crystals, yield: 73%, m.p.: 35.3 °C, Rs: 0.41;
FT-IR (ATR, cm?): 3319 (O-H), 3213 (N-H), 3044 (=C-H),
2923 (C-H), 1648 (0=C), 1588 (C=N); *H NMR (DMSO-ds,
& ppm): 1.04 (s, 3H, CH3), 3.57 (s, 2H, OCHy), 5.60 (s, 1H,
C-H of pyran), 6.47-7.76 (m, 12H, Ar-H), 9.76 (s, 1H, N=CH)
and 10.22 (s, 1H, NH-N); *C NMR (DMSO-dg, 5 ppm): 26
(CHg), 66 (O—CHy), 74 (=C-H), 91, 113, 116, 117, 119, 123,
124, 125, 127, 129, 131, 133, 152 (Ar-C), 154 (N=C), 162
(N=C of hydrazone), 166 (O=C of pyran), 195 (NH-C=0);
mass (m/z): 455 (M* signal).
N-(1-(4-(4-Dimethylamino-benzylideneamino)phenyl)-
ethylidene)-2-(2-oxo-2H-chromen-4-yloxy)acetohydrazide
(6¢): Dark red crystals, yield: 82%, m.p.: 58.1 °C, Ry: 0.36;
FT-IR (ATR, cm™): 3214 (N-H), 3044 (=C-H), 2923 (C-H),
1645 (0=C), 1590 (C=N); *H NMR (DMSO-dg, & ppm): 1.00
(s, 3H, CHa), 2.79 (s, 6H, CH3), 3.57 (s, 2H, OCHy), 5.56 (s,
1H, C-H of pyran), 6.54-7.68 (m, 12H, Ar-H), 9.64 (s, 1H,
N=CH) and 9.99 (s, 1H, NH-N); *C NMR (DMSO-ds, 3 ppm):
26 (CHs), 40 (N(CHs),) 60 (O-CHy), 74 (=C-H), 103, 105,
113,115, 117,119, 121, 123, 125, 127, 129, 131, 136, 137, 139,
144, 151, 154 (Ar-C), 155 (N=C), 162 (N=C of hydrazone),
164 (O=C of pyran), 166 (=C of pyran), 192 (NH-C=0);
Mass (m/z): 482 (M* signal).
N-(1-(4-(4-Chlorobenzylideneamino)phenyl)ethylidene)-
2-(2-ox0-2H-chromen-4-yloxy)acetohydrazide (6d): Light
yellow crystals, yield: 76%, m.p.: 148.4 °C, R¢: 0.58; FT-IR
(ATR, cm™): 3213 (N-H), 3043 (=C-H), 2927 (C-H), 1646
(0=C), 1597 (C=N); *H NMR (DMSO-ds, 5 ppm): 1.04 (s, 3H,
CHs3), 3.59 (s, 2H, OCHy), 5.52 (s, 1H, C-H of pyran), 6.44-
7.93 (m, 12H, Ar-H), 9.58 (s, 1H, N=CH) and 10.18 (s, 1H,
NH-N); **C NMR (DMSO-ds, & ppm): 26 (CHs), 65 (O-CHy),
72 (=C-H), 103, 105, 113, 115, 116, 119, 121, 123, 125, 128,
129, 130, 133, 135, 139, 140, 144, 152 (Ar-C), 154 (N=C),
161 (N=C of hydrazone), 164 (O=C of pyran), 167 (=C of
pyran), 192 (NH-C=0); mass (m/z): 473 (M* signal).
N-(1-(4-(2-Hydroxybenzylideneamino)phenyl)ethyli-
dene)-2-(2-oxo0-2H-chromen-4-yloxy)acetohydrazide (6e):
Dark yellow crystalline, yield: 80%, m.p.: 70.2 °C, Ry: 0.46;
FT-IR (ATR, cmY): 3394 (O-H), 3214 (N-H), 3044 (=C—H),
2927 (C-H), 1648 (0=C), 1588 (C=N); *H NMR (DMSO-ds,
& ppm): 1.21 (s, 3H, CHs), 3.57 (s, 2H, OCHy), 5.59 (s, 1H,
C—H of pyran), 6.54-7.75 (m, 12H, Ar—H), 8.30 (s, 1H, N=CH)
and 10.22 (s, 1H, NH-N); *C NMR (DMSO-dg, 5 ppm): 26
(CH3), 65 (O-CH,), 72 (=C—H), 104, 107, 113, 115, 116, 119,
122, 124, 125, 129, 131, 136, 144, 125, 154 (Ar-C), 155
(N=C), 161 (N=C of hydrazone), 164 (O=C of pyran), 167 (=C
of pyran), 191 (NH-C=0); mass (m/z): 455 (M* signal).
Molecular docking analysis: Modelling software Chem
Office-16, Discovery Studio Visualizer 3.0, Swiss Protein
Data Base Viewer, PyRx and AutoDock 4.2, was used in
present study [19]. Proteins 3D structure such as Human
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Scheme-1: Synthetic route of novel NBPAs (6a-e)
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KDR (VEGFR?2) Kinase domain (6GQO) and EGFR Kinase
domain (3W32) were obtained from protein data bank (PDB)
[20,21].

In present study, the NBPAs (including compound 4a-d
synthesized in previous study of Manogaran et al. [15] were
further assessed for their interaction and binding affinity with
the target proteins VEGFR2 and EGFR (using PyRx and
Autodock 4.2). The chemical structures of all NBPAs were
designed and modelled using Chemdraw 2D software. For
molecular docking analysis, designed structures of NBPAs
were optimized, followed by energy minimization using Chem-
draw 3D and AutoDock software [22-26]. Preparation of rece-
ptors involved different steps such as removing heteroatoms
(water and ions), incorporating polar hydrogen and assigning
charges. Active sites were defined with the bounds of co-crystal
ligands within grid boxes of a relevant dimension. The virtual
screening was conducted using PyRx for visualization, then
docking with Autodock 4.2 [19]. The docked pose of ligands
and their interactions were analysed at the end of molecular
docking analysis. The docked results were analysed by Disco-
very Studio Visualizer.

RESULTS AND DISCUSSION

Based upon established literature method [27] and exten-
ding our earlier work on the synthesis of mono-imino deri-
vatives of 4-hydroxycoumarin (4a-d) [15], the present study
was strategically designed to develop a new class of dimer-
imino derivatives of 4-hydroxycoumarin. The synthetic strategy,
outlined in Scheme-1, enabled the efficient construction of
nitrogen-bridged pharmacologically active scaffolds (NBPAS),
delivering compounds 5 and 6a-e in consistently good yields.
This approach not only demonstrates the synthetic versatility
of the 4-hydroxycoumarin framework but also provides access
to structurally complex dimeric architectures with enhanced
potential for biological activity.

In present study, initally compound 3 was treated with 4-
aminoacetophenone to form monomeric derivative 5, which
was further treated with various aromatic aldehyde to form
dimeric imino derivatives (6a-e) using Schiff reaction. The
synthesis of NBPAs took place under anhydrous conditions
and was purified by recrystallization in hot methanol and
activated charcoal. NBPAs purity was assessed based on their
distinct melting point and single spot TLC pattern. The
structural characterization of the synthesized NBPAs (5 and
6a-e) was supported by IR, NMR and mass spectrometric
analyses. The IR spectra exhibited bands between 1587 and
1597 cm? related to C=N stretching vibration. In *H NMR
spectra, signals in the 8 8.30-9.76 ppm range were attributed
to the N=CH protons, while the *C NMR spectra displayed
peaks around & 161-162 ppm, indicative of the N-N=C carbon
atoms. Molecular ion peaks observed in the mass spectra at m/z
values of 473, 455, 482, 473 and 455 for compounds 6a-¢,
respectively, further confirmed the proposed structures of the
synthesized NBPAs.

Docking studies: The reliability of a molecular docking
protocol is commonly validated by the root mean square
deviation (RMSD) between the crystallographic ligand pose
and the re-docked conformation, with values below 2 A gene-

rally accepted as indicative of methodological accuracy [19].
In present study, re-docking of the native ligands into their
respective binding sites of the crystallographic protein-ligand
complexes yielded RMSD values of 0.255 A and 1.721 A.
Both values fall well within the acceptable threshold, thereby
confirming the robustness and validity of the docking proto-
col employed. The superimposed re-docking poses of the
extracted ligands within the active sites of proteins 6GQO
and 3W32 are illustrated in Fig. 1.

Fig. 1. Re-docking pose of the extracted ligands of 6GQO and 3W32

Virtual screening was done by using PyRx to narrow down
the candidates, followed by AutoDock 4.2 to evaluate the
binding affinity of NBPAs more accurately with the kinase
domain of human KDR (VEGFR2) with PDB ID: 6GQO; and
EGFR kinase domain with PDB ID: 3W32 [19,23,24,26].
The virtual screening of docking results (using PyRx) for all
NBPAs (5 and 6a-e) and the prior synthesized compounds (1,
2, 3 and 4a-d) are presented in Table-1. All compounds
exhibited strong binding affinity (inhibition) by fully occup-
ying the active sites of the target proteins 6GQO and 3W32.
Next, among all the compounds, 6d offering the highest bind-
ing energy was further subjected to molecular docking against
6GQO and 3W32 using AutoDock 4.2. Based on the Auto-
Dock in silico data, the binding energy of 6d with VEGFR2 is
-12.83 kcal/mol and with EGFR is -11.41 kcal/mol (Table-2).

Based on the molecular docking analysis data for stan-
dard drug, axitinib with 6GQO (Fig. 2), it is revealed that 2D
configuration of NBPA 6d engaged in significant interactions
with amino acids present in the human KDR kinase domain.
Conventional hydrogen bonds formed between the ‘O’ atom
of benzopyran ring in the standard drug and the aspartic acid
of protein 6GQO. Moreover, 3D depiction of molecular dock-
ing analysis complex confirms existence of these inter-
actions, offering further insights into the binding mode of
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TABLE-1
BINDING ENERGY OF NBPAS AND PRIOR SYNTHESIZED
COMPOUNDS WITH 6GQO AND 3W32 (USING Pyrx)

Binding affinity (kcal/mol)

Compounds

6GQO 3W32

1 -5.84 -6.30
2 -6.57 -6.71
3 -6.58 -6.90
4a -8.61 -8.63
4b -8.91 -8.49
4c -8.11 -9.06
4d -1.75 -9.61
5 -9.02 -8.64
6a -10.91 -10.84
6b -10.53 -8.62
6c -10.19 -8.97
6d -11.83 -10.87
6e -10.57 -8.88

TABLE-2

BINDING ENERGY OF COMPOUND 6d WITH 6GQO
AND 3W32 (VALIDATION USING AutoDock 4.2)

Binding affinity (kcal/mol)

Compound

6GQO 3W32

6d -12.83 -11.41
Axitinib -12.77 -

Lapatinib — -12.18

axitinib within VEGFR2 Kinase domain’s active site (Fig. 2).
Moreover, conventional H-bonds also found between NO;
group of standard drug and cysteine amino acid of protein.
Conventional H-bonding between the standard drug and protein
residues stabilizes complex and improves its binding affinity
[28]. The 2D diagram shown in Fig. 2 demonstrates exact ori-
entation of the standard drug within the protein’s binding site.

Based on molecular docking analysis results of NBPA
6d with 6GQO (Fig. 3), it is revealed that 2D configuration
of NBPA 6d engage in significant interaction with amino
acids present in the human KDR (VEGFR2) kinase domain.
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Conventional hydrogen bonds are formed between oxygen
atom of benzopyran ring in NBPAs 6d and the amino acids
of protein 6GQO (asparagine and arginine). Conventional
hydrogen bonds also formed between the NH group of benzo-
pyran ring in NBPA 6d. These covalent hydrogen bonds are
strong and stabilize the compound in the binding site. This
covalent bonding is also vital for better orientation and tight
anchoring of a ligand [29]. Moreover, 3D depiction of mole-
cular docking analysis complex confirms existence of these
interactions, offering further insights into the binding mode
of NBPA 6d within VEGFR2 Kinase domain’s active site
(Fig. 3).

Furthermore, the pi-pi stacked interactions were found
between phenylalanine with the aromatic rings of NBPA 6d.
The pi-cation interaction is also found between aromatic ring
of NBPA 6d and lysine amino acid of protein 6GQO. These
interaction further stabilizes the ligand structure via electro-
static interaction [30]. Furthermore, alkyl interaction (hydro-
phobic interaction) were observed between the NBPA 6d and
amino acids of protein 6GQO (valine, leucine, alanine, lysine,
cysteine) which contributes in hydrophobic stabilization by
fitting the NBPA 6d into non-polar binding pocket of protein
6GQO [31,32]. A pi-donor hydrogen bond interaction was
observed between the aromatic ring of NBPA 6d and a
cysteine residue within the active site of protein 6GQO. The
two-dimensional interaction map presented in Fig. 3 clearly
illustrates the precise orientation and binding mode of NBPA
6d within the protein binding pocket. The formation of
stabilizing hydrogen-bond interactions with key amino acid
residues suggests that NBPA 6d may effectively interfere
with the attachment of breast cancer cells to host cells, there-
by contributing to its observed anti-breast cancer activity.

Based on the molecular docking analysis data for
standard drug, lapatinib with 3W32 (Fig. 4), it is shown that
the 2D configuration of the standard drug engaged in signifi-
cant interaction with amino acids present in EGFR kinase
domain. The conventional hydrogen bonds were further
formed between fluorine atom of the benzopyran ring in

Acceptor =
Fig. 2. 2D and 3D conformation poses of dock image of 6GQO with axitinib



220 Manogaran et al.

Asian J. Chem.
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Fig. 3. 2D and 3D conformation poses of dock image of 6GQO with compound 6d
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standard drug and leucine part of protein 3W32. Moreover,
3D depiction of molecular docking analysis complex proves
existence of these interactions, offering further insights into
the binding mode of lapatinib in active site of EGFR Kinase
domain (Fig. 4). In addition, the conventional hydrogen bonds
interactions also were observed between nitro group of the
standard drug and methionine and glycine part of the protein.
Conventional hydrogen bonds were formed between oxygen
atom of benzopyran ring in standard drug and the lysine
amino acid of protein 3W32. The conventional hydrogen

Acceptor .
Fig. 4. 2D and 3D conformation poses of dock image of 3W32 with lapatinib

bonding between standard drug and protein residues stabil-
izes complex and improves its binding affinity [28]. 2D
diagram shown in Fig. 4, demonstrates exact orientation of the
standard drug within the protein's binding site, emphasizing
the particular H-bond interactions between ligand and protein
residues.

According to the molecular docking analysis data for
NBPA 6d with 3W32 (Fig. 5), it revealed that NBPA 6d also
exhibited significant interaction with the amino acids in the
(EGFR) kinase domain as well. Whereas the 3D model of the
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Fig. 5. 2D and 3D conformation poses of dock image of 3W32 with compound 6d

molecular docking analysis complex offers further insights
into binding mode of NBPA 6d in the active site of EGFR
kinase domain (Fig. 5). Conventional hydrogen bond was
formed between NH-group of benzopyran ring in NBPA 6d
and the asparagine amino acid of protein 3W32. These coval-
ent hydrogen bonds are strong and stabilizes the compound
in the binding site. This covalent bonding is also vital for better
orientation and tight anchoring of a ligand [29]. Furthermore,
alkyl and pi-alkyl interactions (hydrophobic interaction) were
observed between the NBPA 6d and amino acids of protein
3W32 (valine, leucine, alanine, lysine, methionine and phenyl-
alanine), which contributes hydrophobic stabilization by fitting
NBPA 6d into non-polar binding pocket of protein 6GQO
[31,32]. The van der Waals interaction was observed between
NBPA 6d and the amino acids of protein 3W32 (cysteine,
arginine, threonine, leucine, asparagine, phenylalanine and
glycine). This interaction is vital for binding free energy [31].
The amide-pi stacked interaction was also observed between
the aromatic ring of NBPA 6d with serine amino acid of
protein 3W32. This interaction provides orientation stability
of NBPAs contributes to aromatic complementarity [33]. The
pi-anion interaction was further observed between asparagine
amino acid of protein 3W32 and NBPA 6d (with aromatic
ring and NH-group). This interaction is considered to be
stronger than van der Waals as provides further stability to
the NBPA 6d [34]. The 3D depiction of molecular docking
analysis confirms existence of these interactions, offering
further insights into the binding mode of NBPA 6d within
EGFR active site (Fig. 5). 2D diagram (Fig. 5) demonstrates
exact orientation of NBPA 6d in protein’s binding site. By
forming H-bonds with essential amino acids in protein, NBPA
6d may obstruct ability of breast cancer cells to attach to host
cells, thus exhibiting anti-breast cancer properties.

Conclusion

This study reports the successful synthesis of novel benzo-
pyrone analogues (NBPAs) from N-(1-(4-aminophenyl)ethyli-
dene)-2-(2-ox0-2H-chromen-4-yloxy)acetohydrazide (5) via

a Schiff base reaction. The structural confirmation of the
synthesized NBPAs was achieved with IR, NMR and mass
spectrometric data. The molecular docking analysis results of
synthesized NBPAs demonstrated potential binding inter-
actions with the kinase domain of human KDR (VEGFR?2)
and EGFR kinase domain. However, the synthesized NBPAs
should be further subjected to pre-clinical testing to further
confirm their effectiveness against breast cancer.
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