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Pyrano[3,2-c]chromene derivatives, as an important category of heterocyclic compounds, have received much attention due to their
various biological activities. Different synthetic methods using various catalysts have been reported for the synthesis of these compounds.
Here, a green, magnetically separable catalyst functionalized with nitrogen-containing groups was used for the synthesis of a series of
pyrano[3,2-c]chromene derivatives. The target compounds were synthesized by employing the catalytic activity of the previously
synthesized composite under environmentally friendly and mild conditions. The reaction proceeded efficiently in a water/ethanol mixture
within a short time and resulted in high product yields. A multicomponent reaction was used to synthesize pyrano[3,2-clchromene
derivatives from malononitrile, 4-hydroxycoumarin and various aldehydes. The purity of the final compounds was checked by melting
point determination and comparison with literature values. Since pyrano[3,2-c]chromene derivatives are proposed as potential inhibitors
of DNA topoisomerases, especially TOPII, in the second part of this study, a computational study was performed targeting the DNA-
TOPII complex. The results revealed that some of the synthesized compounds are known to inhibit topoisomerases, supporting their role

as promising anticancer agents.
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INTRODUCTION

To date, a wide range of substances, including organic
compounds, proteins, enzymes and certain naturally occurring
materials, have been successfully employed as organocatal-
ysts. The exploration of organocatalysts, small organic mole-
cules capable of enhancing reaction efficiency has emerged as
a rapidly growing field of interest among researchers [1,2].
One of the main motivations for the development of novel
organocatalyst systems lies in their potential to align organic
synthesis with the principles of green chemistry, particularly
due to their metal-free nature [3]. In contrast to metal-based
catalysts, organocatalysts are typically non-toxic, cost-effec-
tive and exhibit excellent stability under ambient conditions,
including exposure to air and moisture [4]. Moreover, their
accessibility and, in some cases, low cost make them highly
practical for sustainable applications. An additional advantage
is their reusability without requiring extensive post-reaction
purification, which further enhances their environmental com-
patibility [5-11].

Small organic molecules such as pyridine, proline and
morpholine serve as representative examples of organocatal-
ysts [12]. Among these, 2-morpholinoethanamine a morpho-
line derivative exhibits notable nucleophilic activity at its
nitrogen center. This compound has proven to be an effective
organocatalyst, demonstrating significant catalytic performance
across a variety of organic transformations, particularly in
acylation reactions [11,13]. On the other hand, multicompo-
nent reactions are highly attractive since they proceed in a
single step, require minimal time and expense and eliminate
the need to isolate or purify intermediate species [14,15].

Pyrano[3,2-c]chromene derivatives represent a class of
compounds with diverse and significant biological activities
such as anticancer [16], antiviral and antimicrobial [17], anti-
inflammatory, anti-HIV and antidiabetic [18] and antiangio-
genesis activities [19]. Owing to their pharmacological relev-
ance, considerable research efforts have been dedicated to the
development of efficient synthetic methods for their prepara-
tion. A novel organocatalyst, Fes0.@SiO,@(CH.)s@4-(2-
aminoethyl)morpholine, was synthesized in previous work,
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demonstrating sufficient basic strength. The catalytic potency
of this new compound was evaluated for the synthesis of poly-
hydroquinoline derivatives [20]. Based the catalyst’s success
in promoting polyhydroquinoline synthesis, the present study
aims to assess its effectiveness in the synthesis of pyrano[3,2-c]-
chromene derivatives. The catalyst offers several advantages,
including strong basicity, magnetic properties, recyclability,
and efficacy in organic reactions.

Although direct studies on pyrano[3,2-c]chromene deri-
vatives as topoisomerase inhibitors are limited, structurally
related heterocyclic compounds, such as quinoline and pyrano-
quinoline derivatives, have demonstrated potent topoisomerase
inhibition and anticancer activity [21-24]. Besides, some
chromene derivatives have been reported as active cytotoxic
agents, affecting cell cycle progression, induced apoptosis in
human cancer cell lines and inhibition of the topoisomerase
enzyme [25]. Topoisomerase enzymes are crucial enzymes
involved in DNA replication, chromosomal segregation,
transcription and recombination. They exist in two classes:
Topoisomerase | (TOPI) and topoisomerase Il (TOPII).
Camptothecin, topotecan and irinotecan target TOPI, while
TOPII inhibitors like the anthracycline-based drug doxoru-
bicin cause cytotoxic DNA double-strand breaks. Although
these topo-active drugs are awfully effective and utilized to
treat a wide variety of cancers, they face the common
difficulty of resistance development in tumor cells, deman-
ding novel approaches [26]. Given the structural similarity
and the known biological activities of related scaffolds, it is
reasonable to propose that pyrano[3,2-c]Jchromene derivatives
could target topoisomerase enzymes, particularly TOPII, as
part of their mechanism of action. This hypothesis is supp-
orted by molecular docking and biological evaluation studies
of analogous compounds showing effective binding and
inhibition of topoisomerases [27,28]. Thus, in the second part
of this work, based on current literature and related comp-
ound classes, the molecular docking studies were applied
against DNA topoisomerases inhibitors. Although the current
study is limited to computational analysis, the potential anti-
cancer activity of synthesized pyrano[3,2-c]chromene deri-
vatives is strongly supported by experimental evidence from
structurally analogous compounds. For instance, EI-Agrody
et al. [18] demonstrated significant in vitro cytotoxic effects
for similar pyrano[3,2-c]chromene derivatives against various
cancer cell lines using the MTT assay. Furthermore, Cholayil
Palapetta et al. [27] synthesized closely related dihydropyrano-
[3,2-c]chromene derivatives and confirmed their promising
anticancer activity in vitro alongside favourable molecular
docking results against cancer-related targets [27]. The exis-
ting literature provides a solid foundation for the hypothesis
that the title compounds should undergo further experimental
biological evaluation.

EXPERIMENTAL

All the starting materials, solvents and reagents were pro-
cured from Merck and Sigma-Aldrich, USA. Fe;0.@SiO.@
(CHz)s@4-(2-aminoethyl)morpholine was synthesized in
several steps according to the procedures reported in previous
studies [20].

Preparation of FesO4 nanoparticles: In the first step, red
mud was treated with 0.2 M HCI at room temperature for 2 h
to remove calcium. The pretreated red mud was then leached
with 3 M HCI at 95 °C for 2 h to eliminate silicon. Ammonia
(25% solution) and 3 M NaOH were added to the resulting
chloride solution to adjust the pH t0 9.5+ 0.5 and 13.5 £ 0.5,
respectively, facilitating the separation of aluminum from the
iron hydroxide gel (Fe(OH)3). The Fe(OH)s precipitate was
subsequently dissolved in 3 M HCI to prepare the chloride
solution and the Fe?*/Fe3* molar ratio was adjusted to 2:3 by
adding a calculated amount of FeSO4. A black FesO4 precipi-
tate was formed by adding 25% ammonia and adjusting the
pH to 11 under vigorous stirring at 85 °C, followed by aging
for 20 min at the same temperature. The nanoparticles were
washed repeatedly with deionized water and ethanol until
neutral pH was achieved, dried at 105 °C for 8 h and finally
calcined at 350 °C for 2 h to obtain Fe3O4 magnetic nano-
particles [29].

Preparation of FesO4s@SiOz2: In this step, core-shell
Fes0.@Si0, was synthesized following the procedures reported
in previous studies. FesOa (1.0 g) was dispersed in 20 mL of
ethanol/water under ultrasonication. Tetraethyl orthosilicate
(TEOS, 3 mL) and aqueous ammonia (3 mL) were added and
the mixture was refluxed under N, atmosphere at 60 °C for
12 h. The product was separated magnetically, washed with
hot ethanol and dried at 50 °C for 6 h [30].

Preparation of FesO4s@SiO2(CH-)s—Cl nanoparticles:
Fe;0,@SiO; (0.50 g) was dispersed in 40 mL ethanol for 30
min, after which (3-chloropropyl)trimethoxysilane (1 mL) was
added dropwise. The mixture was refluxed under nitrogen for
6 h. The resulting Fe3s04@SiO2(CH)s—Cl nanoparticles were
magnetically separated, washed with ethanol and dried at 70
°C for 6 h.

Preparation of nanocatalyst Fes0s@SiO2(CHz)s@4-
(2-aminoethyl)morpholine: Fe;0.@SiO2(CHs)s-Cl  was
synthesized according to the method we previously reported
[20]. Then, Fes04@SiO,(CHs)s—ClI (0.5 g) was ultrasonically
dispersed in 100 mL of water. Next, 0.5 g of 4-(2-aminoethyl)-
morpholine was introduced into the suspension and the mix-
ture was refluxed with constant stirring for 12 h. The resul-
ting glutamic acid-functionalized magnetic nanoparticles were
then separated from the reaction medium with an external
magnet, thoroughly rinsed with hot ethanol and finally dried
and stored at ambient temperature [20].

General procedure for the synthesis of pyrano[3,2-c]-
chromene derivatives: A mixture comprising malononitrile
(1) (0.066 g, 1 mmol), 4-hydroxycoumarin (2) (0.162 g, 1 mmol)
and aryl aldehydes (3) (1 mmol), was stirred in a 50 mL
round-bottom flask containing an EtOH/H,0 (1:1, v/v) along
with 0.04 g of catalyst. The progress of the reaction was moni-
tored by TLC. Upon completion, the catalyst was separated
from the reaction mixture via an external magnet. As the mix-
ture cooled to room temperature, the desired products 4a-j
precipitated out and was subsequently purified through recrys-
tallization using ethanol (Scheme-1).

Molecular docking: To investigate the binding inter-
actions and modes between the synthesized derivatives and
DNA-TOPII, molecular docking simulations were carried out.
Initially, the complexes were prepared by assigning Gasteiger
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Scheme-1: Synthesis of pyrano[3,2-c]chromene derivatives

charges and merging nonpolar hydrogen atoms using Auto-
Dock Tools (ADT) version 4.0. The prepared structures were
then saved in the PDBQT file format for docking. The three-
dimensional crystal structure of DNA-TOPII (PDB ID: 5gwk)
was retrieved from the Protein Data Bank (www.rcsh.org).
Prior to docking, the protein structure was cleaned by remo-
ving water molecules and ions and subsequently converted
into the PDBQT format. For each ligand-DNA-TOPII complex,
50 independent docking runs were executed. The conforma-
tion exhibiting the lowest binding free energy from the most
populated cluster was selected and saved in PDBQT format.
A grid box with dimensions of 126 x 90 x 106 points and a
center at (x = 28.70, y = -38.695, z = -60.24) was defined
using the default parameters. In the self-docking validation
experiment, the root-mean-square deviation (RMSD) was
calculated to be 0.95 A. This result confirms the validity of the
docking protocol, as the RMSD value is below the accepted
threshold of 2.0 A. Finally, docking outcomes were thoroughly
analyzed using AutoDock Tools (ADT) 4.0 to elucidate the
key intermolecular interactions and binding affinities.

RESULTS AND DISCUSSION

4-(2-Aminoethyl)-morpholine molecule was immobilized
onto the surface of Fe;04@SiO@Si(CHs)s—Cl in ethanol under
reflux conditions, following a previously reported procedure.
The resulting composite demonstrated notable basicity, attri-
buted to the presence of amine functional groups. The struc-
tural characteristics of the composite were further verified
through FT-IR, SEM, XRD and VSM analyses.

Catalyst identification: The FT-IR spectrum of Fe;0.@
SiO,@(CHa)s@4-(2-aminoethyl)morpholine is illustrated in
Fig. 1. The spectral changes verify the successful incorpora-
tion of 2-morpholinoethanamine onto Fe;0:@SiO,@(CH3)s—
Cl surface. The absorption band at 3413 cm™* corresponds to
NH and OH stretching vibrations. The distinct CH, peaks at
2923 cm further confirm the presence of 2-morpholino-
ethanamine. Furthermore, the characteristic bands at 1093
and 584 cm indicate the existence of Fes0,@SiO».

The X-ray diffraction (XRD) patterns of the synthesized
nanocomposite are illustrated in Fig. 2, where the diffraction
intensity is plotted against the 20 angle. The characteristic
diffraction peaks observed at 26 values of 30.79°, 36.8°, 44.5°,
54.8°, 58.2° and 63.44° are in good agreement with the
standard diffraction data of magnetite (FesO4) [31], thereby
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Fig. 1. FT-IR spectrum of Fe;0,@SiO,@(CH,);@4-(2-aminoethyl)-
morpholine
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Fig. 2. XRD spectrum of Fe;0,@SiO,@(CH,);@4-(2-aminoethyl)-
morpholine

confirming the successful synthesis of the magnetic phase.
Importantly, these reflections are clearly retained in the XRD
pattern of Fe3O.@SiO.@(CH2);@4-(2-aminoethyl)morpholine
nanocomposite, indicating that the crystalline structure of FesOa
remains stable after surface functionalization.

The morphology and structural characteristics of the
synthesized nanocomposite are shown in Fig. 3. Panels a-b
display the FE-SEM images, which reveal that the particles
exhibit a well-defined spherical shape with high uniformity.
The micrographs clearly demonstrate that the nanoparticles
are homogeneously distributed without significant aggrega-
tion. Furthermore, as depicted in panel b, the average particle
size is in the range of 20-30 nm, confirming the nanoscale
dimension and uniform arrangement of the particles within
the composite matrix.

Fig. 4 shows the VSM results, indicating the magnetic
strength of the composite. The magnetic strength ranges from
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Fig. 3. FE-SEM image of Fes04@SiO2@(CH2)3@4-(2-aminoethyl)-morpholine

30

- N
o o
1 1

Magnetization (emu/g)
o
1

-104

-20 1

-10000 -
-8000 -
-6000
-4000 ]

2000 ]
2000
4000
6000 1
8000 ]
10000 -

Applied field (Oe)

Fig. 4. VSM spectrrum of Fe;0,@SiO,@(CH,);@4-(2-aminoethyl)-
morpholine

-20 to 20 emu g%, confirming its good magnetic qualities. The
curve demonstrates that Fe;04@SiO»@(CH,);@4-(2-amino-
ethyl)morpholine is intrinsically magnetic, with sufficient
magnetic susceptibility for facile separation from reaction
media using an external magnet. This convenient separation
and recovery method underscores the potential of composite
in catalytic applications.

Optimization of the reaction conditions: Following
preparation of the catalyst, it was applied in the synthesis of
pyrano[3,2-c]chromene derivatives. To establish the optimal
conditions for this transformation, a series of experiments were
conducted using a model reaction between malononitrile (1),
4-hydroxycoumarin (2) and 4-nitrobenzaldehyde (3i) to
obtain 4i. Initially, the reaction was examined under catalyst-

free conditions, followed by trials using FesO4, 4-(2-amino-
ethyl)morpholine and Fe;04@SiO.@(CH:);@4-(2-amino-
ethyl)morpholine (0.04 g) as catalysts. The comparative
results, obtained from three independent experiments, clearly
demonstrated the superior efficiency of morpholine-function-
alized magnetic nanocatalyst, highlighting its potential as a
robust heterogeneous catalyst for this transformation. The
comparison of reaction yields across these setups clearly
demonstrated the superior performance of the morpholine-
based magnetic nanocatalyst, confirming its potential as an
efficient heterogeneous catalyst for this transformation (Table-1,
entries 1-4). Subsequently, the role of solvent as a critical factor
influencing reaction efficiency and environmental safety was
investigated. A variety of solvents, including ethanol, water,
solvent-free condition and mixture of water and ethanol were
tested. Among these, mixture of water and ethanol (1:1)
emerged as the most effective medium. The best outcome,
with yields reported as mean + SD (Table-1, entries 4-7). The
effect of temperature on the reaction outcome was also
evaluated by conducting the reaction at room temperature, 60
°C and under reflux. The optimal temperature was deter-
mined to be 60 °C, providing a balance between reaction rate
and product yield (Table-1, entries 7-9). Finally, to optimize
catalyst loading, several trials were performed with different
amounts of nanocatalyst (Table-1, entries 9-12). It was concl-
uded that 0.03 g of Fe304@SiO.@(CH2);@4-(2-aminoethyl)-
morpholine offered the most favourable results. The results
indicated that 0.03 g of nanocatalyst offered the most favour-
able performance (mean yield: 98% = 2 SD). Therefore, the
optimal conditions for this reaction were identified as using
0.03 g of catalyst in 1:1 EtOH/H,0 system at 60 °C (Table-1,
entry 10).

Catalytic activity: Following optimization of the model
reaction and identification of the most favourable reaction
conditions, a series of target pyrano[3,2-c]chromene deriva-
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TABLE-1

OPTIMIZATION OF THE REACTION CONDITIONS FOR SYNTHESIS OF 4i

i

0
OH
H
NC/\CN + X +
1
o 0 O,N
3
2

Conditions
—

NH,

(0} (0) NO,
4i

Entry Catalyst s Temp. (°C) Solvent Time (min) Yield® (%)
1 - - 60 EtOH 60 40+5
2 FesO4 0.04 60 EtOH 45 65+ 6
3 Mor 0.04 60 EtOH 30 83+4
4 Fe304@Si02@(CH2):@4-(2-Aminoethyl)-morpholine 0.04 60 EtOH 12 93+2
5 Fe304@Si02@(CH2):@4-(2-Aminoethyl)-morpholine 0.04 60 EtOH/H20 (1:1) 20 93+4
6 Fe304@Si02@(CH:2):@4-(2-Aminoethyl)-morpholine 0.04 60 Solvent-free 15 93+2
7 Fe304@Si02@(CH2):@4-(2-Aminoethyl)-morpholine 0.04 60 H20 30 80+5
8 Fe304@Si02@(CH2):@4-(2-Aminoethyl)-morpholine 0.04 r.t. EtOH/H20 (1:1) 30 85+2
9 Fe304@Si02@(CH2):@4-(2-Aminoethyl)-morpholine 0.04 Reflux EtOH/H20 (1:1) 12 95+5
10 Fe304@Si02@(CH2):@4-(2-Aminoethyl)-morpholine 0.03 60 EtOH/H20 (1:1) 12 98 +2
11 Fe304@Si02@(CH2):@4-(2-Aminoethyl)-morpholine 0.02 60 EtOH/H20 (1:1) 18 8317
12 Fe304@Si02@(CH2):@4-(2-Aminoethyl)-morpholine 0.01 60 EtOH/H20 (1:1) 30 65+ 3

a0ptimized reaction conditions: 4-Nitrobenzaldehyde (1 mmol), malononitrile (1 mmol) and 4-Hydroxycoumarin (1 mmol), *Isolated yields based

on the average of three independent experiments; values represent mean + standard deviation based on three independent experi ments.

tives were successfully synthesized. A summary of the syn-
thesized compounds and their corresponding yields is shown
in Table-2. The enhanced reactivity of aldehydes bearing
electron-withdrawing substituents can be attributed to incre-
ased electrophilicity of the carbonyl carbon, which facilitates
more efficient interaction with the catalytic species and pro-
motes higher product yields.

TABLE-2
SYNTHESIS OF PYRANO[3,2-c|CHROMENES
UNDER OPTIMIZED CONDITIONSP

Entry Time  Yield m.p. (°C)
(min)  (%)° Found Reported
4a 20 95 150-151 147-150 [Ref. 32]
4b 18 95 267-270 267-270 [Ref. 33]
4c 12 95 269-271 273-275 [Ref. 33]
4d 12 95 297-298 294-296 [Ref. 34]
de 14 98 255-259 258-260 [Ref. 34]
4f 18 93 270-272 271-273 [Ref. 32]
4q 14 98 187-189 189-192 [Ref. 32]
4h 16 98 250-254 252-254 [Ref. 34]
4j 12 98 244-247 247-249 [Ref. 32]
4j 12 95 251-255 250-252 [Ref. 32]

Mechanism: A proposed mechanism for synthesis of
pyrano[3,2-c]chromenes derivatives in the presence of Fe;0.@
SiO,@(CHa)3@4-(2-aminoethyl)morpholine is shown in Fig.
5. Based on the research carried out to date on the synthesis
of chromene derivatives in the presence of basic catalysts, the
following reaction mechanism is suggested [33,35,36].

The reaction is initiated by the deprotonation of malono-
nitrile, whose a-hydrogens exhibit strong acidity and are
readily abstracted by morpholine, producing a stabilized

carbanion through the electron-withdrawing influence of the
two cyano substituents. This carbanion subsequently engages
in a Knoevenagel condensation with the aldehyde, affording
an a,B-unsaturated nitrile intermediate. The latter then under-
goes a Michael addition with 4-hydroxycoumarin, which is
followed by intramolecular cyclization and dehydration to
furnish the pyrano[3,2-c]chromene framework. The process
concludes with a tautomerization or structural rearrangement
that stabilizes the final product. Overall, this multicomponent
sequence provides a pyrano[3,2-cJchromene core, wherein the
nature of the aldehyde commands the aromatic substitution
pattern.

Recyclability of the catalyst: The model reaction was
performed to investigate the recyclability of Fes04@SiO@-
(CH);@4-(2-aminoethyl)-morpholine. After completion, the
catalyst was separated by simple filtration, thoroughly washed
with hot ethanol and dried at room temperature prior to reuse
in subsequent cycles. Remarkably, the catalyst retained its
catalytic efficiency over six consecutive runs without any signi-
ficant loss of activity (Fig. 6). In addition, FT-IR analyses of
the synthesized composite before and after the reaction were
conducted to verify the structural stability of the catalyst. As
shown in Fig. 7, the identical spectra obtained in both cases
confirm that the structural framework of the catalyst remained
unchanged after the reaction process.

Molecular docking: Molecular docking simulations
were performed to predict the binding modes and affinities of
the synthesized pyrano[3,2-c]chromene derivatives against the
DNA-topoisomerase lla (DNA-TOPIlla) complex (PDB ID:
5GWK), a well-established anticancer target. The reliability
of the docking protocol was first validated by a self-docking
experiment. The crystallographic ligand (EVVP) was re-docked
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Fig. 5. The proposed mechanism for the reaction in the presence of Fes04@SiO2@(CH:)3@4-(2-aminoethyl)morpholine
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into its original binding site. The resulting root-mean-square
deviation (RMSD) between the docked pose and the original
conformation was 0.95 A, which is below the accepted thre-
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Fig. 7. FT-IR spectra of Fe;0,@SiO,@(CH,);@4-(2-aminoethyl)-

morpholine before (blue) and after (red) recycling

shold of 2.0 A, confirming the accuracy and validity of the
docking parameters.

The binding free energies (AG) for the synthesized com-
pounds ranged from -7.3 to -9.2 kcal/mol. To contextualize
the potential inhibitory strength of these novel compounds,
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their performance was benchmarked against doxorubicin, a
potent classic TOPII inhibitor clinically used in cancer chemo-
therapy. Docking analysis revealed that doxorubicin yielded
a significantly favourable binding energy of -10.2 kcal/mol
with the DNA-TOPIlo complex, forming characteristic hydrogen
bonds and stacking interactions within the active site, as illus-
trated in Fig. 8.

CYs
A997

. THR
THR THR LEU 2
4 A:996
A:930 A:993 SER A:995
A:934

Fig. 8. Two-dimensional and three-dimensional binding interactions of the
standard inhibitor, doxorubicin, within the active site of the DNA-
Topo lla complex (PDB: 5GWK)

Among the synthesized derivatives, compound 4e exhi-
bited the strongest theoretical binding affinity, with a calcu-
lated energy of -9.2 kcal/mol. Analysis of its binding mode,
depicted in Fig. 9, showed that compound 4e fits snugly into

VAL
A:928
ILE
A:909
£S5 &
. C:2 DG
F:18
DC
LEU Pr
A:995
DC
THR F:19

A:996

the active site. Key interactions included hydrogen bonds
between its carbonyl and oxygen atoms with DNA bases
DG2 and DT20 and its amino group with amino acid residues
Thr920 and Val928. Additional stability was provided by a
n—m stacking interaction with Leu995. This interaction profile
suggests that compound 4e has a high potential to intercalate
and disrupt the DNA-TOPIla interface, thereby inhibiting
the enzyme's function.

In contrast, compound 4f, with the lowest binding energy
(-7.3 kcal/mol) in the series, demonstrated a weaker and less
favourable interaction profile. As shown in Fig. 10, its binding
was primarily stabilized by only a single hydrogen bond with
Glu839 and a n—r interaction with Arg673, lacking signifi-
cant contact with the DNA bases, which is crucial for effect-
ive TOPII inhibition.

While the binding energy of the most promising
compound, 4e (-9.2 kcal/mol), is slightly less favourable than
that of doxorubicin (-10.2 kcal/mol), it still indicates a strong
and specific binding affinity. Furthermore, the ability of com-
pound 4e to interact with both DNA bases and key amino
acid residues mirrors the mechanism of known TOPII inhi-
bitors. This computational evidence, supported by studies on
structurally related chromene derivatives exhibiting potent
topoisomerase Il inhibition and anticancer activity [33,35],
strongly suggests that pyrano[3,2-c]chromene derivatives,
particularly compound 4e, are promising candidates for
further development as potential anticancer agents targeting
TOPII. The docking results suggesting inhibition of DNA-
topoisomerase Ila align with the reported mechanism of action
for related chromene derivatives. EI-Mawgoud et al. [25]
identified chromene-based compounds as multi-target inhibi-
tors, including potent topoisomerase Il inhibition, which was

Fig. 9. Binding interactions of the most potent synthesized compound, 4e (AG = -9.2 kcal/mol), within the DNA-Topo Ia binding site. Key
hydrogen bonds (green dashed lines) with Thr920, Val928, DG2 and DT20, along with a n—n stacking interaction with Leu995, are
shown
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Fig. 10. Binding mode of the least potent compound, 4f (AG = -7.3 kcal/mol); (a) 2D schematic showing a hydrogen bond with Glu839 and

a n— stacking with Arg673; (b) 3D view of the docking pose

correlated with their anticancer efficacy. This consistency
between our computational predictions and the experimental
findings for analogous scaffolds provides a compelling rati-
onale for considering pyrano[3,2-c]chromene derivatives as
prospective topoisomerase Il inhibitors with anticancer potential.

Conclusion

In this study, a nano-heterogeneous organocatalyst incor-
porating a small organic molecule with strong catalytic activity
was employed. Utilizing this synthesized catalyst, a series of
pyrano[3,2-c]chromene derivatives were successfully prepared
under mild conditions, achieving high yields within relatively
short reaction times. Different pyrano[3,2-c]chromene analo-
gues holding electron donating and withdrawing groups at
ortho- or para-positions were effectively synthesized. The
novelty of this work lies in the design of a bifunctional, morp-
holine-grafted magnetic nanocatalyst that combines strong
catalytic activity with excellent recyclability due to its silica-
protected magnetic core. The key advantages of the presented
protocol include its green credentials (using a water/ethanol
solvent mixture), operational simplicity (facilitated by magnetic
separation) and high efficiency across a diverse range of
substrates. Subsequently, molecular docking studies were
carried out on the synthesized compounds against the DNA-
topoisomerase lloo (DNA-TOPIlla) complex, given the
enzyme’s crucial role in cancer cell proliferation. The results
identified compound 4e as a promising inhibitor, revealing its
effective binding within the active site through significant
interactions with key amino acid residues (Thr920, Val928)
and DNA bases (DG2, DT20). While experimental validation
remains a necessary next step, the theoretical potential of these
compounds is strongly supported by compelling evidence from
structurally analogous compounds in the literature. Acknow-
ledging the limitations of this study, the primary constraint is
the lack of in vitro or in vivo biological data to experimentally
corroborate the docking predictions at this stage. Therefore,

the future perspectives will be directed toward conducting such
essential biological assays, including MTT assays for cyto-
toxicity and topoisomerase Il enzyme inhibition studies, to
validate the potential of these compounds as anticancer
agents. Further exploration of the catalyst’s applicability to
other multicomponent reactions is also planned.
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