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Abstract

Background: Dihydropyrano[3,2-cJchromenes are oxygen-containing heterocycles with
reported anticancer potential, yet green and efficient synthetic methods remain limited.
Conventional catalysts often involve harsh conditions or low reusability. This study aimed to
develop a sustainable, high-yield synthesis of chromenes via a novel acid-based nanocatalyst
(GO/3-aminopyridine), and to evaluate the cytotoxicity of selected derivatives against cancer and
normal cells.

Materials and Methods: In this in vitro experimental study, we performed a one-pot, three-
component reaction of 4-hydroxycoumarin, malononitrile or ethyl cyanoacetate, and aromatic
aldehydes in the presence of 3-aminopyridine-functionalized graphene oxide (GO/3-APy) under
mild conditions (EtOH/H-0, 50 °C). The structure of the catalyst and products were confirmed via
FT-IR,NMR, XRD, FE-SEM, and EDS. MTT assay was used to determine ICso values for selected
compounds against Ovcar3, T47D, CA46, and HFF cell lines. Doxorubicin served as a positive
control. Statistical analyses were done by SPSS (Version 22.0). ANOVA test was performed to
identify significant differences in ICso values across all tested compounds and doxorubicin. P-value
< 0.05 was considered significant.

Results: Compound 4b exhibited potent cytotoxicity against Ovcar3 (ICso = 14.67 + 1.15
pg/mL), T47D (26.85 £ 2.10 pg/mL), and CA46 (27.17 + 1.55 pg/mL) cells, significantly
surpassing doxorubicin against CA46 (46.07 + 2.80 pg/mL; p < 0.05). Compound 4d showed
comparable activity (ICso = 17.99 + 1.42, 29.50 £ 1.85, and 56.62 * 2.90 pg/mL, respectively) with
high selectivity for cancer cells over normal HFF (ICso = 239.25 + 5.50 pg/mL; selectivity index
~13). Compounds 4e, 4g, and 4h demonstrated moderate cytotoxicity (ICso = 33.50-141.52
pg/mL), while doxorubicin displayed non-selective toxicity toward normal cells (ICso = 50.45 +
2.90 pg/mL vs. 239.25 pg/mL for 4d).

Conclusion: The results of our research showed that dihydropyrano[3,2-cJchromene derivatives
showed anticancer effects that depended on the type of substitution present on the ring in their
structure.
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Introduction

The chromene nucleus represents a key
structural motif in numerous biologically active
compounds. Among its derivatives,
dihydropyrano[3,2-c]chromenes have received
considerable attention due to their wide range of
therapeutic properties, such as antioxidant,
anticoagulant,  antitumor,  antifungal, and
antibacterial activities (1-6). Specifically, these
compounds have demonstrated anticancer effects
through mechanisms including enzyme inhibition,
induction of apoptosis, and selective cytotoxicity
toward resistant cancer cells (7).

Numerous catalytic strategies have been
employed for the synthesis of dihydropyrano[3,2-
c]chromenes, using various catalysts such as
HeP2W 15062 18H20, hexamethylenetetramine,
CuO nanoparticles, thiourea dioxide, sodium
bromide, dimethylaminopyridine-functionalized
ionic liquids, graphene oxide—based nanocatalysts,
nano-Si0., MgO,  o-benzenedisulfonimide,
mefenamic acid, and other organic—inorganic
hybrid  systems  (8-21). Despite these
developments, many reported methods still suffer
from key limitations, including the use of toxic
reagents, elevated temperatures, long reaction
times, low vyields, and difficulty in catalyst
recovery or reuse.

As a result, continued development of more
efficient, eco-friendly, and reusable catalytic
systems remains a priority, especially in the
context of green chemistry. Heterogeneous
catalysts are of particular interest due to their ease
of  separation, reusability, and reduced
environmental impact. Among various supports,
graphene oxide (GO) is one of the most promising
due to its high surface area, excellent thermal and
chemical stability, and abundance of functional
groups such as hydroxyl, epoxy, carbonyl, and
carboxyl moieties, which allow for tunable
catalytic activity (22, 23). GO can also be readily
functionalized with nitrogen-containing organic
molecules to further enhance its performance.

3-Aminopyridine, a basic  heterocyclic
compound, can be covalently anchored onto the
GO surface to produce a bifunctional nanocatalyst
with both acid and base properties. The carboxylic
acid groups of GO provide acidity, while the basic
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nitrogen centers of 3-aminopyridine facilitate
deprotonation and nucleophilic activation (24, 25).
This dual acid-base functionality is especially
advantageous in multi-component reactions such
as the synthesis of dihydropyrano[3,2-
c]chromenes, which require both electrophilic and
nucleophilic activation. The acidic sites promote
activation of aldehyde carbonyl groups, while the
basic sites assist in malononitrile deprotonation,
thus enabling Knoevenagel condensation and
Michael addition to proceed efficiently under mild
conditions.

The covalent bonding of 3-aminopyridine on
GO increases the interlayer spacing, enhances
accessibility to catalytic sites, and prevents
leaching, as evidenced by XRD and other
characterization  techniques. The  resulting
nanocatalyst demonstrates high efficiency at 50 °C
in ethanol/water media, achieving high yields in
short times under green conditions and enabling
facile separation and reuse.

This study focuses on the design and application
of GO/3-aminopyridine as a dual-functionality
nanocatalyst for the green synthesis of
dihydropyrano[3,2-c]chromenes. The synthesized
compounds were further evaluated for their in vitro
cytotoxicity against several cancer cell lines
(OVCARS3, T47D, CA46) and a normal fibroblast
line (HFF) to identify potent and selective
anticancer candidates.

Material and Methods

All reagents were purchased from Merck and
Aldrich and used without further purification.
Products were characterized by IR, 1H-NMR, and
13C-NMR spectra. IR spectra were recorded on a
Bruker Equinox 55 spectrometer. 1H-NMR, and
13C-NMR spectra were obtained using Bruker
Avance 400 and 100 MHz spectrometers (DRX),
respectively. Melting points were recorded using a
Buchi B-540 B.V.CHI device. FE-SEM (MIRA3
TESCAN XMU) was used to assess and compare
the surfaces of the composite and GO. SAMX
MIRA Il was employed for EDS analysis.
Composite crystallographic characterization was
performed with X’Pert PRO MPD P
decomposition, using Ni-filtered Cu-Ka radiation
in the diffraction angle range of 5-80°.
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Synthesis of nano-GO/3-aminopyridine

The GO/3-aminopyridine nanocatalyst was
synthesized in two steps under mild conditions
(Figure 1). In the first step, graphene oxide was
produced following the Hummers method as
described in the referenced publications, which
involves oxidizing graphite with a mixture of
concentrated sulphuric acid, sodium nitrate, and
potassium  permanganate (26). Then, 3-
aminopyridine was stabilized on graphene oxide
sheets in ethanol solvent at reflux temperature.
General method for the synthesis of
dihydropyrano[3,2-c]chromenes

For the synthesis of dihydropyrano[3,2-
c]chromenes, malononitrile, 4-hydroxycoumarin,
and various aldehydes were reacted in the presence
of nano-3-aminopyridine/GO at 50 °C using
EtOH/H20 as the solvent, producing
dihydropyranochromene products (a-h) (Figure
1). The progress of the reaction was monitored by
thin layer chromatography. Crystallization in
ethanol was used to purify the resulting products.

Spectroscopic data for dihydropyrano[3,2-
c]chromenes

2-Amino-4-(phenyl)-3-carbonitrile-4,5-
dihydro-pyrano[2,3-c]chromene-5-one (a)

Yield: 90%, White solid, m.p. 255-257°C .

FT-1IR: vmax (ATR, neat) = 3324 (NH stretch),
3305 (NH stretch), 3186 (NH stretch), 2207 (CN
stretch), 1708 (CO stretch), 1619, 1587, 1437,
1380, 1269 cm-1

1H NMR (500 MHz, DMSO-d6): 6 = 4.42 (s,
1H), 7.19-7.24 (m, 5H), 7.27-7.47 (m, 4H), 7.67 (t,
J=8.0 Hz, 1H), 8.87 (d, J=8.0 Hz, 1H).

13C NMR (125 MHz, DMSO-d6) & (ppm):
57.60, 104.00, 112.96, 116.50, 119.26, 122.36,
124.73, 124.80, 127.14, 127.65, 128.50, 133.00,
143.06, 152.10, 153.42, 157.96, 159.66.

2-Amino-4-(4-bromophenyl)-3-carbonitrile-
4,5-dihydro-pyrano[2,3-c]chromene-5-one (b)

Yield: 92%, White solid, m.p. 274-275 °C.

FT-IR: vmax (ATR, neat) = 3369 (NH stretch),
3323 (NH stretch), 3201 (NH stretch), 2202 (CN
stretch), 1703 (CO stretch), 1669, 1606, 1381,
1305, 1261 cm-1

1H NMR (500 MHz, DMSO-d6): 6 = 4.46 (s,
1H), 7.25 (d, J=5.0 Hz, 2H), 7.41-7.55 (m, 6H),
7.75 (t, J=8 Hz, 1H), 7.65-7.93 (t, J=8.0 Hz, 1H).
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2-Amino-4-(2-bromophenyl)-3-carbonitrile-
4,5-dihydro-pyrano[2,3-c]chromene-5-one (c)
Yield: 90%, White solid, m.p. 247-249°C.
FT-IR: vmax (ATR, neat) = 3403 (NH stretch),
3318 (NH stretch), 3196 (NH stretch), 2202 (CN
stretch), 1701 (CO stretch), 1670, 1529, 1381,
1346, 1262 cm-1
1H NMR (400 MHz, DMSO-d6): 6 =4.42 (s,
1H), 7.45 (d, J=8.0 Hz, 1H), 7.50 (t, J=8.0 Hz, 1H),
7.56 (S, 2H), 7.63 (t, J=8.0 Hz, 1H), 7.72 (t, J=8.0
Hz, 1H), 7.81 (d, J=8.0 Hz, 1H), 7.91 (d, J=8.0 Hz,
1H), 8.13 (m, 2 H).
2-Amino-4-(4-methoxyphenyl)-3-carbonitrile-
4,5-dihydro-pyrano[2,3-c]chromene-5-one (d)
Yield: 82%, White solid, m.p. 246-248 °C
FT-IR: vmax (ATR, neat) = 3368 (NH stretch),
3179 (NH stretch), 2202 (CN stretch), 1703 (CO
stretch),1672, 1640, 1612, 1376, 1171, 1112 cm-1
1H NMR (500 MHz, DMSO-d6): 8 = 3.35 (S,
3H), 4.41 (s, 1H), 6.75 (dd, J=8.0 Hz, 1H), 6.85-
6.90 (m, 3H), 7.35 (s, 2H), 7.45-7.53 (m, 2H), 7.70
(t, 1H), 7.89 (dd, J=8 Hz, J=4 Hz 1H).
13C NMR (125 MHz, DMSO-d6) 6 (ppm):
55.49,58.11, 66.34, 78.97, 101.95, 104.11, 106.59,
112.22, 113.05, 116.66, 119.34, 119.67, 124.69,
135.84, 14793, 14850, 152.11, 153.18,
157.92,159.60.
2-Amino-4-(4-fluorophenyl)-3-carbonitrile-
4,5-dihydro-pyrano[2,3-c]chromene-5-one (e)
Yield: 94%, White solid, m.p. 260-262°C .
FT-1R: vmax (ATR, neat) = 3374 (NH stretch),
3292 (NH stretch), 3190 (NH stretch), 2194 (CN
stretch), 1713 (CO stretch), 1674, 1639, 1505,
1376, 1059 cm-1
1H NMR (500 MHz, DMSO-d6): 5 = 4.32 (S,
J=8.0Hz, 1H), 7.19 (t, J=8.0 Hz, 2H), 7.37 (m, 2H),
7.50-7.60 (m, 4H), 7.75-7.82 (t, J=8.0 Hz, 1H),
7.96 (d, J=8.0 Hz, 1H).
2-Amino-4-(2-fluorophenyl)-3-carbonitrile-
4,5-dihydro-pyrano[2,3-c]chromene-5-one (f)
Yield: 89%, White solid, m.p. 250-252°C .
FT-1R: vmax (ATR, neat) = 3358 (NH stretch),
3190 (NH stretch), 2202 (CN stretch), 1713 (CO
stretch), 1670, 1603, 1494, 1454, 1390, 1312,
1279, 1179 cm-1
1H NMR (500 MHz, DMSO-d6): 8 = 5.25 (S,
1H), 7.44-7.54 (m, 6H), 7.65 (t, J=8.0 Hz, 1H), 7.72
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(t, J=8.0 Hz, 1H), 7.90 (d, J=8.0 Hz, 2H).

2-Amino-4-(3-pyridil)-3-carbonitrile-4,5-
dihydro-pyrano[2,3-c]chromene-5-one (g)

Yield: 87%, White solid, m.p. 251-253°C.

FT-IR: vmax (ATR, neat) = 3376 (NH stretch),
3292 (NH stretch), 3190 (NH stretch), 2194 (CN
stretch), 1713 (CO stretch), 1674, 1639, 1460,
1377, 1213 cm-1.

1H NMR (400 MHz, DMSO-d6): 6 = 4.56 (s,
1H), 7.35 (t, J=7.2 Hz, 1H), 7.46-7.53 (m, 4H),
7.71-7.75 (m, 2H), 7.90 (d, J=6.8 Hz, 1H), 8.46 (d,
J=4.0 Hz, 1H), 8.55 (s, 1H).

13C NMR (125 MHz, DMSO-d6) & (ppm):
34.65, 56.96, 102.92, 112.96, 116.57, 119.03,
122.54, 123.79, 124.66, 133.02, 135.45, 138.75,
143.23, 149.03, 152.21, 153.79, 158.02, 159.56.

2-Amino-4-(4-pyridil)-3-carboethoxy-4,5-
dihydro-pyrano[2,3-c]chromene-5-one (h)

Yield: 89%, White solid, m.p. 260-262 °C.

FT-1R: vmax (ATR, neat) = 3358 (NH stretch),
3232 (NH stretch), 1715 (CO stretch), 1688, 1658,
1549, 1373, 1278, 1198 cm-1

1H NMR (400 MHz, DMSO-d6): 6 =1.10 (t,
J=7.2 Hz, 3H), 4.00 (q, J=6.8 Hz, 2H), 4.74 (s, 1H),
7.42 (d, J=6.2 Hz, 2H), 7.48 (d, J=8.2 Hz, 1H),
7.51 (t, J=8.0 Hz, 1H), 7.72 (t, J=8.0 Hz, 1H), 7.76
(d, J=8.0 Hz, 1H), 8.00 (br s, 2H), 8.51 (d, J=6.2
Hz, 2H).

13C NMR (125 MHz, DMSO-d6) & (ppm):
14.11,35.34,59.17,62.13, 104.89, 112.98, 116.58,
122.62, 123.9, 124.15, 130.78, 133.02, 145.18,
147.66, 152.2, 155.59, 158.57, 159.86, 167.14.

Anal. Calcd for C19H16N205: C, 64.77; H,
4.54; N, 7.95; O, 22.72. Found: C, 64.50; H, 4.42;
N, 7.86; O, 22.80.

Catalyst recycling and hot-filtration
Catalyst recycling protocol

The reusability of GO/3-aminopyridine (0.03 g)
was evaluated in the model three-component
synthesis of 4a (4-hydroxycoumarin 1.0 mmol,
benzaldehyde 1.0 mmol, malononitrile 1.0 mmol)
in EtOH/H20 (1:1, 5 mL) at 50 °C. After the
reaction was complete, the solid catalyst was
separated from the reaction mixture, washed with
ethanol (3 x 10 mL), dried at 60 °C, then weighed
and reused under the same conditions. Isolated
yields, reaction time, and mass of the recovered
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catalyst were recorded for five consecutive cycles.

Hot-filtration (leaching) test

The model reaction was allowed to reach
approximately 50% conversion (~6 min), after
which the hot mixture was quickly filtered to
remove the solid catalyst. The resulting filtrate was
stirred at 50 °C for a further 12 min; no significant
progress was observed (Aconversion < 2%),
indicating minimal leaching of active species.
Assessment of cytotoxicity
Cell culture

Breast cancer (T47d), Human Burkitt's
Lymphoma (CA46), Ovarian cancer (OVCAR3),
and human foreskin fibroblast (HFF) cell lines
were obtained from the Pasteur Institute of Iran.
The cells were cultured in DMEM (Dulbecco's
Modified Eagle Medium) supplemented with 10%
FBS (fetal bovine serum) and 1% penicillin-
streptomycin in an incubator under standard
conditions (5% CO2, 37 °C, and 95% humidity).
After three passages, subsequent procedures and
determination of the number of viable cells were
performed.

MTT assay

To measure the toxic effects of
dihydropyrano[3,2-c]chromenes, the MTT [3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide] assay was used. MTT
powder is a water-soluble thiazolyltetrazolium
bromide salt that is converted into an insoluble
formazan compound upon reduction. In this assay,
viable cells exposed to the MTT solution produce
a purple precipitate. After dissolving this
precipitate in a suitable solvent, the optical density
of the samples is measured. The absorbance of this
compound, after dissolution in DMSO, can be
measured at 570-590 nm.

The procedure is as follows: after passaging and
counting the cells using a haemocytometer, 1 x
104 cells were added to each well of a 96-well
plate and incubated for 24 hours with serum-
containing culture medium in a CO2 incubator to
allow the cells to adhere to the bottom of the wells.
The wells were then washed with PBS buffer and
treated with 100 microlitres of fresh medium along
with 20 microlitres of the test compounds at
concentrations of 12.5, 25, 50, 75, and 100 pg/ml.
Each treatment was performed in triplicate. The
plates were then incubated in a CO2 environment
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for 24, 48, and 72 hours at 37°C. After these
incubation periods, the supernatant from each well
was removed, the wells were washed with buffer,
and the cells were washed with 100 microlitres of
fresh medium without serum. Then, 10 microlitres
of MTT solution (2.5 mg/mL in phosphate-
buffered saline) was added to each well and
incubated for 2 hours. After this period, the
supernatant from the wells was removed and 150—
200 pl of DMSO (dimethyl sulfoxide) was added
to each well for cell lysis. The optical density (OD)
of each well was then measured at a wavelength
between 570 and 590 nm using an ELISA reader,
and cell viability was calculated using the
following formula (27):

Viability percent = OD Control / OD Test x 100

A concentration of the compounds that reduced
cell viability by half was considered the IC50 (half
maximal inhibitory concentration). Control groups
included those treated with 0.1% DMSO (negative
control) and 10 uM doxorubicin (positive control).
Statistical analysis

This study constitutes an in vitro experimental
investigation. The ICso values for all tested
compounds were determined via the MTT assay.
Each experiment was performed in technical
triplicate and repeated across three independent
biological replicates (n = 3). Thus, each reported
ICso value represents the mean + standard
deviation (SD) derived from nine individual
measurements (3 replicates x 3 independent
experiments). Prior to conducting parametric
statistical analyses, the normality of data
distribution for all ICso datasets was rigorously
verified using the Shapiro-Wilk test (significance
level o = 0.05). All groups exhibited a normal
distribution (p > 0.05), thereby validating the
application of parametric statistical methods. The
selection of three independent biological replicates
(n = 3) adheres to internationally recognized
standards for in vitro cytotoxicity testing and
ensures adequate statistical power (>80%) to
detect clinically meaningful differences. For each
cell line (Ovcar3, T47D, CA46, and HFF), one-
way analysis of variance (ANOVA) was
performed to identify significant differences in
ICso values across all tested compounds and
doxorubicin (positive control). All statistical
analyses were executed using IBM SPSS Statistics
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for Windows, Version 22.0 (IBM Corp., Armonk,
NY, USA). A p-value < 0.05 was considered
statistically significant.

Results

Initially, we synthesized the nanocatalyst
through a two-step process illustrated in Figure 1.

In the next stage, to determine the optimal
reaction conditions for the synthesis of chromenes,
a model reaction involving benzaldehyde, 4-
hydroxycoumarin, and  malononitrile  was
conducted under various temperature, catalytic,
and solvent conditions, and the best conditions
were selected (Figure 2 and Table I). According to
Table I, row 9, the optimal conditions for this
reaction are the use of water and ethanol (1:1) as
the solvent at a temperature of 50 °C, with 0.03
grams of the desired catalyst.

After optimizing the reaction conditions using
the model reaction, the scope and generality of this
method were explored. A diverse library of
dihydropyrano[3,2-c]chromenes was synthesized
via the three-component reaction of 4-
hydroxycoumarin, various aromatic aldehydes, and
malononitrile or ethyl cyanoacetate as shown in
Figure 3. The results, including reaction times and
isolated yields, are summarized in Table Il.

XRD patterns of the GO/3-aminopyridine
composite are shown in Figure 3. Functionalized
graphene oxide exhibits a characteristic peak in the
region of 20 = 10°. The interlayer distance was
calculated using the Bragg equation: nA = 2d sin 0.
The distance between the functionalized graphene
oxide layers is 0.884 nm, which is greater than that
of GO, where the interlayer distance is 0.85 nm
(25). This increase in distance is attributed to the
presence of organic compounds between the
graphene oxide layers, which in turn caused the
shift of the XRD peak (Figure 4).

The FT-IR spectra of graphene oxide (GO), 3-
aminopyridine, and the nano-GO/3-aminopyridine
composite are presented in Figure 5. Comparison
of the spectra of GO and GO/3-aminopyridine
shows changes in the absorption bands of GO
before and after functionalisation. In the FT-IR
spectrum of GO, a peak at 3398 cm—1
corresponds to the stretching vibrations of the OH
groups present on the GO sheets and the
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carboxylic acid groups within the GO structure.
Peaks at 1719 cm—1 and 1618 cm—1 are
associated with the stretching vibrations of the
C=0 and C=C groups, while the peak around
1041 cm—1 is attributed to C—O vibrations (25).

The spectrum of 3-aminopyridine also exhibits
notable peaks. The peaks at 3373 cm—1 and 3316
cm—1 are due to NH2 stretching vibrations. The
stretching vibration of the NH group is indicated
by the absorption at 3342 cm—1, while the peak at
3199 cm—1.

The FT-IR spectrum of the functionalized GO
shows significant alterations. The appearance and
disappearance of various peaks indicate the
attachment of the organic molecule to the surface
of GO.

EDS (Energy-dispersive X-ray spectroscopy)
can be used to identify the elements present in a
sample.

The EDS analysis of the composite shown in
Figure 6 indicates that the catalyst structure
contains nitrogen (N) in addition to oxygen (O)
and carbon (C), confirming the incorporation of 3-
aminopyridine into the composite. According to
this analysis, the percentages of C, N, and O in the
catalyst were determined to be 52.53%, 12.05%,
and 35.42%, respectively.

SEM analysis is used to examine the
morphology of the synthesized composite. The
morphology of GO/3-aminopyridine is shown in

Figure 7 (a—). The images illustrate changes in
surface morphology at three magnifications: 5 um,
1 pm, and 100 nm. In all three images, changes in
the composite surface are clearly visible. In Figure
a, the layered nature of the composite is evident. In
image b, the layers display fine grains on their
surface, which are more apparent in image c. This
structural change indicates the formation of a
composite and a modification of the graphene
oxide surface.

Under optimized conditions,
GO/3-aminopyridine was reused for five
consecutive runs in the model synthesis of 4a, with
only aslight decrease in performance (Table 111 and
Figure 8). The isolated yields remained high, from
90% (cycle 1) to 87% (cycle 5), while the reaction
time increased slightly. The recovered catalyst
mass decreased only marginally over five cycles,
indicating good mechanical stability and practical
reusability under mild EtOH/H20 conditions. A
hot-filtration test carried out at approximately 50%
conversion showed no further progress in the
filtrate over 12 minutes (Aconversion < 2%),
supporting a truly heterogeneous process with
negligible leaching.

The effects of selected synthesized compounds
on ovarian (Ovcar3), breast (T47D), and
lymphoma (CA46) cancer cell lines, as well as a
normal cell line (HFF), were investigated (Table IV
and Figure 9).

Table I. Optimization of the reaction conditions

Entry Catalyst g Temperature Solvent Time Yield
“C min %
1 - - 50 EtOH 60 40
2 GO 0.04 50 EtOH 60 45
3 GO/3-aminopyridine  0.04 50 EtOH 12 93
4 GO/3-aminopyridine  0.04 50 EtOH 12 93
/H20(1:1)
5 GO/3-aminopyridine  0.04 50 H20 30 85
6 GO/3-aminopyridine  0.04 50 Solvent-free 60 75
7 GO/3-aminopyridine  0.04 r.t EtOH 34 80
/H20(1:1)
8 GO/3-aminopyridine  0.04 reflux EtOH / H20 12 93
(1:1)
9 GO/3- 0.03 50 EtOH / H20 12 93
aminopyridine (1:1)
10 GO/3-aminopyridine  0.02 50 EtOH / H20 38 80
(1:1)
11 GO/3-aminopyridine  0.01 50 EtOH / H20 60 50
(2:2)

GO: Graphen oxide  EtOH: Ethanol
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Table Il. Synthesis of various dihydropyrano[3,2-c]chromenes under optimized conditions
Entry RCHO Z Yield % Time (min) M.P. (°C)

4a CoHs- CN ) 12 - 255-257014
4b 4-(Br)-CsHa- CN 92 10 274275031
4c 2-(Br)-CeHa- CN 90 13 247-249111
4d 4-(OCHzg)-CHa- CN 82 15 246-248031
4e 4-(F)-CsHa- CN 94 11 260-262111]

4f 2-(F)-CoHa- CN 89 16 250-252011
4g 3- CsHaN CN 87 20 251-25331
4h 4- CsHaN CO2C2Hs 89 15 260-262

M. P. : Melting point,  GO: Graphen oxide

Table I11. Recycling performance of GO/3- aminopyridine in the model synthesis of 4a under optimized
conditions (EtOH/H20 1:1, 50 °C, 0.03 g catalyst).

Cycle  Time(min) Isolated yield (%)
1 12 90
2 15 90
3 20 87
4 20 88
5 20 87

Table IV. In vitro cytotoxicity (IC50, pug/mL) of selected dihydropyrano[3,2-c]chromenes against cancer and
normal cell lines.

4b 14.67 + 1.15 26.85 +2.10 27.17+1.55 58.55 + 3.20
4d 1799 +1.42 29.50 £1.85 56.62 +2.90 239.25 £ 5.50
4e 37.05+2.20 33.50 £ 2.05 49.41 £1.95 202.40 + 4.80
49 69.65 +3.10 29.80 +1.50 141.52 +4.20 178.90 +5.10
4h 36.48 £ 2.05 37.89 £2.30 35.50 £2.15 122.95 +3.75
Doxorubicin 1553 +1.25 34.28 £2.45 46.07 +£2.80 50.45 +2.90

Data are expressed as Mean + Standard Deviation (SD) from three independent experiments (n=3).

Graphite
Graphene oxide Catalyst

Figure 1. Synthesis of nano-GO/3-aminopyridine
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Discussion

The catalytic efficiency of the nano-GO/3-
aminopyridine composite in the synthesis of
dihydropyrano[3,2-c]chromenes underscores the
significance of heterogeneous dual acid-base
systems in modern organic chemistry. The
catalytic efficiency of the synthesized GO/3-
aminopyridine composite can be better
understood in comparison to previously reported
systems. For instance, Si-Mg-FA as a catalyst
required 60 minutes under reflux conditions in
EtOH/H-O to yield the desired chromene product
(28). Similarly, Hes[P2W1s0e2]-18H20  also
achieved product formation in 60 minutes under
refluxing EtOH/H-O (8). Nano ZnO required 120
minutes at 90 °C (29), while the SDS catalyst
took 180 minutes in pure water under reflux to
afford the products (30). A more recent approach
using nano-SiO: functionalized with DBN
achieved the desired chromenes in 15 minutes
under reflux in EtOH/H-0O (31), which although
faster, still relied on harsher thermal conditions.
Another reported method using ammonium
trifluoroacetate (CFsCOONH4) required up to
180 minutes under similar reflux conditions in
EtOH/H20 medium (32).

By contrast, the GO/3-aminopyridine
nanocatalyst in the present study enabled the
synthesis of  dihydropyrano[3,2-c]chromene
derivatives in just 12 minutes at 50 °C using a
green EtOH/H20 solvent system. This notable
reduction in reaction time-without the need for
reflux-and the ability to operate at a significantly
lower temperature highlight the superior
performance of the developed catalyst.
Furthermore, the reaction achieved a high yield
(up to 93%) under these optimized mild
conditions, illustrating a more efficient and
sustainable strategy compared to traditional
methods.

This enhancement in catalytic performance
can be attributed to the synergistic acid-base
functionality of the GO/3-aminopyridine
composite, the increased accessibility of active
sites due to the expanded interlayer distance, and
the material's robust chemical structure, all of
which contribute to faster kinetics and higher
conversions under environmentally benign
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conditions.

The superior performance is due to the unique
structural architecture of the catalyst. The high
surface area of graphene oxide, decorated with
acidic carboxylic groups and basic 3-
aminopyridine moieties, creates a Synergistic
environment that facilitates the multi-component
reaction. The acidic sites activate the carbonyl
oxygen of the aldehyde, making it more susceptible
to nucleophilic attack, while the basic sites
simultaneously deprotonate the malononitrile. This
cooperative activation lowers the energy barrier for
the Knoevenagel condensation and subsequent
Michael addition, allowing the reaction to proceed
efficiently under mild, environmentally friendly
conditions (EtOH/H20, 50 °C). The successful
recycling of the catalyst for several cycles with
minimal loss of activity further demonstrates its
stability and the strength of the covalent
functionalization between the 3-aminopyridine and
the GO support.

The biological findings of this study provide
clear qualitative insight into the structure-activity
relationship (SAR) of the synthesized chromenes.
The results indicate that anticancer potency is not a
generic property of the scaffold but depends
strongly on the electronic and lipophilic nature of
the substituents on the phenyl ring. A significant
finding is the enhanced activity of compound 4b,
which contains a bromine atom at the para position.
From a medicinal chemistry perspective,
introducing a halogen atom such as bromine
increases the molecule's lipophilicity, a critical
factor for effective passive transport across
hydrophobic cancer cell membranes. This
observation is in strong agreement with previous
research indicating that halogenated benzopyrans
often exhibit superior pharmacological profiles due
to improved cellular uptake (3, 4, 33).

Furthermore, the selectivity observed between
cancerous and normal cell lines (HFF) is among the
most promising implications of this study. While
the reference drug doxorubicin shows high
potency, its relatively low selectivity index
indicates a risk of significant off-target toxicity. In
contrast, the synthesized dihydropyranol[3,2-
c]chromenes, particularly the methoxy-substituted
derivative 4d, demonstrated a remarkable safety
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margin. The electron-donating methoxy group
may modulate the interaction of the chromene
core  with specific intracellular targets
overexpressed in cancer cells, such as those
involved in apoptosis or cell cycle regulation,
while remaining relatively inert in normal
fibroblasts (34-37). Conversely, heterocyclic
substitution in compounds 4g and 4h resulted in
avaried response across cell lines, suggesting that
replacing the phenyl ring with a pyridyl moiety
alters the molecular geometry and electronic
density, which may influence binding affinity
towards potential biological receptors.

The overall results indicate that these
functionalized chromenes exert cytotoxic effects
in a cell-line-dependent manner, likely through
the induction of programmed cell death or
inhibition of enzymes essential for tumour
progression (7). Achieving high anticancer
activity while maintaining low toxicity towards
healthy cells positions these compounds as viable
candidates for further drug optimization. This
study bridges the gap between green catalytic
synthesis and drug discovery, providing a robust
method to generate biologically active
heterocycles that meet the dual requirements of
synthetic efficiency and therapeutic selectivity
(38). Thus, the integration of a GO-based nano-
catalytic system not only enables a sustainable
synthetic pathway but also produces chromene
derivatives with significant potential for targeted
cancer therapy, particularly those bearing
halogenated aryl groups, which demonstrated the
most promising balance of potency and safety.

Conclusion

In general, by using GO/3-aminopyridine as
an effective and strong catalyst in this work,
we synthesized various chromene derivatives.
Due to the presence of nitrogen groups on the
surface of graphene oxide and carboxylic acid
groups in the structure of graphene oxide, this
catalyst exhibited strong acid-base properties.
FT-IR, FESEM, EDX and XRD analyses were
used to confirm the structure of the catalyst. In
this research, chromene derivatives were
synthesised using this nanocatalyst with high
efficiency under balanced and suitable
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conditions in line with green chemistry
principles. In addition, GO/3-aminopyridine
retained high catalytic performance over at least
six consecutive cycles (90% — 87% yield) with
negligible leaching and preserved structural
features, further supporting the green and
reusable nature of the protocol. Considering the
use of a green and reusable catalytic system and
the acceptable inhibitory effect of these
derivatives against cancer cells, this method can
be considered a suitable candidate for the
synthesis of pharmaceutical compounds.
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