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The present work describes the eco-friendly preparation of magnetic nanoparticles FezO4 (MNPs) using
Water Extract of Lemon Fruit Shell Ash (WELFSA) as a greener agro-waste solvent medium and further
functionalized with 3-aminopropyltriethoxysilane and -SO3H. The prepared heterogeneous Lewis acid was
explored for one-pot synthesis of pyrano[2, 3-d]pyrimidine derivatives using aromatic aldehyde, ethyl
cyanoacetate, and barbituric or thiobarbituric acid, accelerated by microwave irradiation in ethanol as a co-
solvent. The reaction is optimized by various methods such as magnetic stirring, ultrasound, mechanochemical,
and microwave irradiation, but the microwave irradiation method gives excellent product isolation with a
faster rate and a high yield of 82 —92% with high purity. The advantages of the present approach are
chemical-free, no hazardous solvents, and considered as an eco-friendly protocol for the synthesis of pyrano[2,
3-d]pyrimidine derivatives. The final product isolated is recrystallized in ethanol and characterized by FT-IR,
'H-, 13C-NMR, and LC-MS spectrometry. Further, some of the selected pyrano[2, 3-d]pyrimidine derivatives
(4a, 4d, 4f, 4m, 4o, and 4r) are subjected to anti-microbial activity studies. The tested derivatives show
anti-microbial activity comparable to the activities of reference antimicrobials.
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1. Introduction

Heterocyclic compounds have been identified as a predom-
inant stream in organic chemistry [1]. Heterocycles are
ubiquitous in nearly all branches of chemistry, and they are
being successfully applied in biology, pharmacology [2],
optics [3], material sciences [4], and numerous other fields
of interest [S]. The heterocyclic family consists of various
natural drugs like papaverine, theobromine, quinine, eme-
tine, theophylline, atropine, procaine, codeine, reserpine,
and morphine [6, 7]. Heterocycles have also been prepared
to form stable metal complexes with different metal ions,
which have indeed gained great biological significance [8].
Over the past decades, a sustainable and promising appli-
cation has been expanded in numerous heterocycles owing
to their broad spectrum of significance, for example, in the
field of medicinal chemistry, drug discovery, and natural
product synthesis, as well as the preparation of a diverse
range of advanced materials [9]. Among various heterocy-

cles, pyrano-pyrimidine heterocycles show an interesting
range of biological functions. It is a six-membered unsat-
urated N-atom heterocycle consisting of pyran fused with
pyrimidine rings, with an oxo-functionality at the eighth po-
sition and imide functionality at the first and third positions
[10]. The work at hand discusses facile and efficient synthe-
sis of these essential pyrano-pyrimidines, and assesses these
compounds to find if any anti-bacterial/anti-fungal activity.
Pyrano pyrimidines are aromatic heterocyclic compounds
obtained by the uniting of 2N-atoms present on positions
13t & 3™ of the 6-membered ring of benzene and pyridine
[11]. In the past century, pyrimidine-containing heterocy-
cles have been widely investigated due to their biologically
active properties [12]. These pyrimidine-based scaffolds
displayed exemplary antibacterial, antitumor, anticonvul-
sant, cardiotonic, anti-inflammatory, anticancer, antiplas-
modial, antihypertensive, antibronchitic, antifungal, and
analgesic activities [13]. Due to its wide range of biological
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activities, researchers have explored numerous synthetic
routes for this heterocyclic motif [14]. Numerous synthetic
routes for the synthesis of pyrano[2, 3-d]pyrimidine deriva-
tives by the condensation reaction of benzaldehyde (1),
ethyl cyanoacetate (2), and barbituric acid or thiobarbituric
acid (3) in the presence of catalysts such as iron ore pellet
[15], nano-sawdust-OSO3sH [16], Mn/ZrO, [17], cellulose-
based nanocomposite [18], Fe304 @Si0, @(CH;)3-Urea-
SO3H/HCI [19], ZnFe;O4 nanoparticles [20], nickel iron
oxide NPs [21], Fe304@MOF (Fe) NC [22], LDH@(3-
chloropropyl)trimethoxysilane @N1, N4-bis(4,6-diamino-
1,3,5-triazin-2-yl) benzene-1,4-disulfonamide@Cu [23],
trimetallic multi-walled carbon nanotubes [24] have been re-
ported. Herein we have demonstrated the one-pot synthesis
of three-component reaction of pyrano[2, 3-d]pyrimidine
derivatives based upon the model reaction of benzaldehyde
(1), ethyl cyanoacetate (2), and barbituric acid or thiobar-
bituric acid (3) to give the title product. The reaction is
catalyzed by Fe3O4 @3-aminopropyltriethoxysilane-SO3;H
(Fez04@APTES-SO3H)and ethanol solvent under custom-
made Microwave Irradiation (MWI). In this aspect, there
are environmental-related challenges about the replacement
with an aqueous phase instead of hazardous organic sol-
vents for the green chemistry protocol, and chemists in
recent years are focusing on it. We report herein the use of
functionalized iron oxide as an efficient reusable catalyst
for the synthesis of pyrano[2, 3-d]pyrimidine derivatives
in a simple and recyclable route, and isolated high yield
product.

2. Experimental

All chemicals were purchased from sd-fine and Avra. 'H-
and 3C-NMR spectra were measured on a spectrometer at
400 MHz and 100 MHz, respectively, in DMSO-dg. Fourier
transform infrared (FT-IR) spectra were obtained using a
Shimadzu 435-U-04 FT spectrophotometer from KBr pel-
lets. Melting points were recorded on open capillary tubes
and are uncorrected.

2.1 Preparation of extracts of lemon peel water

The lemon peel was obtained from a local fruit market,
Belagavi, India. The outer shell was removed and washed
with tap water in order to remove physical impurities on
the surface. The obtained dry material was sun-dried and
heated on a Bunsen burner to change the lemon peel into
ash. Weighed 10 g of the resulting ash and dispersed in
100 mL double-distilled (dd) water and stirred for 1 h at
room temperature. The precipitate was filtered, and the light
brown-colour filtrate was named Water Extract of Lemon
Fruit Shell Ash (WELFSA), and was directly used for the
preparation of MNPs [25].

2.2 Preparation of FezO4 using WELFSA

To 3 g of FeSO4-7H,0 in 50 mL of double-distilled water
and 3 g of FeCl3-6H, 0 dissolved in a 100 mL beaker, 10 mL
of WELFSA was added to it. The suspension was heated
to 85 °C for approximately 45 min while stirring, and then
allowed to cool to room temperature, and 2N NaOH solution
was added drop-wise until a black precipitate appeared. The
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black precipitate was pulled out using a strong magnet and
washed 2 — 3 times with dd water and ethanol after the
end of the reaction. The residue obtained was dried and
calcinated to 400 °C for about 4 h in a muffle furnace, and
stored in a desiccator in an air-tight container for further
use.

2.3 Synthesis of Fe3;04@APTES

The prepared Fe;O4 MNPs (2.0 g) were dispersed in
H,O/EtOH (1:1) solution, taken in a 250 mL RB flask,
followed by sonication for 45 min. Then, 3-aminopropyl
triethoxysilane (2.5 mL) was added to this, and then me-
chanically agitated under a nitrogen atmosphere at 45 °C
for 5 h, and then held externally by a strong magnet. To this,
dd water was added (3 times) and sonicated, finally washed
with water, followed by rectified spirit, and then decanted.
The resulting product was dried at room temperature under
vacuum, and stored in an air-tight container.

2.4 Preparation of Fe;04@APTES-SO;H

The above prepared Fe;O4@APTES (500 mg) was dis-
persed in dry dichloromethane (DCM), 3 mL, in an ul-
trasonic bath for 30 min, to which dropwise addition of
chlorosulfonic acid (0.6 mL) was done over the period of
30 min at rt. During the reaction, the evolved HCI gas was
taken out through the reaction vessel and bubbled into an
external container filled with 2N NaOH solution. After stir-
ring an additional 50 min at rt, the functionalized MNPs
were magnetically separated and washed four times with
dry DCM to remove excess acid before being dried in a hot
air oven at 60 °C and stored in a desiccator till use.

2.5 Synthesis of S5-amino-6-hydroxy pyrano[2, 3-
d]pyrimidine

Reactants aromatic aldehyde (1) (1 mmol), ethyl cyanoac-
etate (2) (1 mmol), barbituric or thiobarbituric acid (3) (1
mmol), 2 mL of ethanol and 10 mg of Fe304@APTES-
SO3H catalyst were placed in RB flask and irradiated with
MW (300 W) equipped with magnetic stirring facility and
reflux condenser. The thin layer chromatography (TLC)
was used to monitor reaction and after completion of the
reaction, hot EtOH was added (5 mL) followed by the sep-
aration of used catalysts using external magnet, decanting
the reaction mixture, and concentrated to reduce solvent,
cooled in ice water to give product isolation, which was
chromatographically pure and excellent yield.

2.6 Solid acid titration

The acid functionalized sulfonic acid group
(Fez04@APTES-SO3H) was titrated by the com-
mon acid-base titration method. Briefly, 30 mg of the
acid catalyst was taken in 50 mL of (0.01 M) NaOH in
a conical flask (100 mL) kept at rt for about 3 h. Then
the catalyst was filtered by magnetic rotator and washed
with dd water (5 mL) for two times. After that, the filtrate
was titrated to neutrality using a 0.01 M HCI solution
using phenolphthalein indicator. The total acid group on
Fe;04@APTES MNPs, and in turn the number of Silica
functionalized sulphonic acid (APTES-SO3H), was found
to be 0.45 mmol/g.
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2.7 Some selected spectral data of synthesized deriva-
tives

2.7.1 Ethyl-7-amino-2, 4-dioxo-5-phenyl-2, 3, 4,
5-tetrahydro-1H-pyrano[2, 3-d]pyrimidine-6-
carboxylate (4a)

White powder; Yield: 96%; m.p.: 209 °C; FT-IR (cm’l):
3206.3, 3134.3 (NH,), 2954.4 (CH), 1702.2 (C=0), 1497.6
(C=C); "H-NMR § (ppm): 2.04 —2.10 (t, CH3, 3H), 2.24 —
2.49 (q, CH», 2H), 4.50 (s, CH, 1H), 7.07 — 7.22 (m, 8H,
Ar-H), 7.55 (s, 1H, Ar-H); 3C NMR & (ppm): 14.68, 26.94,
29.12, 32.35, 33.73, 39.58, 40.63, 59.45, 78.32, 116.04,
126.27, 128.16, 146.83, 159.62, 162.60, 168.46, 196.27ppm.
LCMS: m/z (Cald.) C;6H;5N30s = 329.1158 [M]*; m/z
(Obs.) = 329.10.

2.7.2 7-Amino-5-(4-methoxyphenyl)-2, 4-dioxo-1, 3,
4, 5-tetrahydro-2H-pyrano[2, 3-d]pyrimidine-6-
carboxylate (4b)

White powder; Yield: 94%; m.p.: 293 °C; FT-IR (cm™):
3913.92, 3193.93(NH,), 3028.09(CH), 1713.95 (C=0),
1651.23 (C=C); '"H-NMR &(ppm): & 1.31 — 1.34 (t, CH3,
3H), 2.50 — 2.55 (q, CHa, 2H), 4.64 (s, CH, 1H), 7.20 —
7.58 (m, 8H, Ar-H); 3C NMR &(ppm): 14.61,28.27, 31.72,
39.80, 40.84, 47.03, 61.90, 92.52, 112.16, 115.41, 118.78,
127.50, 134.26, 134.26, 148.70, 154.19 ppm. LCMS: m/z
(Cald.) Cji¢H4CIN3O5 = 363.06 [M]*; m/z (Obs.) =
363.75.

2.7.3 Ethyl-7-amino-5-(furan-2-yl)-4-oxo-2-thioxo-2, 3,
4, 5-tetrahydro-1H-pyrano[2, 3-d]pyrimidine-6-
carboxylate (4c)

Brown powder; Yield: 96%; m.p.: 234 °C; FT-IR
(cm™1): 3431.26, (NH»), 3089.45(CH), 1738.78(C=0),
1699.21(C=0), 1470.43 (C=S); '"H-NMR § (ppm): 2.06 —
2.10 (t, CHs, 3H), 2.20 — 2.36 (q, CH», 2H), 3.92 —3.94
(m, CH, 1H), 7.36 — 8.20 (m, 8H, Ar-H); 3C NMR §
(ppm): 14.83, 26.77, 27.24, 29.15, 32.35, 40.62, 75.46,
104.98, 113.27, 141.30, 168.31, 196.09 ppm; LCMS: m/z
(Cald.) C16H14BI‘N305 = 407.07 [M]Jr; m/z (ObS.) =

HO OH
FeCl;.6H,0
PR QELFSD Ho @
FeSO,.TH,0 OH
4 2 .\H_‘OH HO
HO OH

HO;5 HN HN
/
HO,S

0¥t CAPTES, EXOB>

N,, RT 8 hr
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408.21 [MTH]T.

2.7.4 Ethyl-7-amino-5-(4-methoxyphenyl)-4-oxo-
2-thioxo-2, 3, 4, S5-tetrahydro-1H-pyrano[2,
3-d]pyrimidine-6-carboxylate (4d)

Light yellow powder; Yield: 97%; m.p.: 224 °C; FT-IR

(cm™): 3682.51, 3218.14(NH), 3064.97,3017.80(CH),

1824.74(C=0), 1581.45, 1477.65(C=C), 1361.24,

1245.96(C=S); 'H-NMR &(ppm): 2.47 (s, 3H, CH3), 3.34

(s, 3H, OCH3), 3.89 (s, 2H, CHy), 4.27 (s, 1H), 7.03 (m,

2H, ArH), 7.81 (2H, m, ArH), 8.41 (s, br, 2H, NH,), 9.83

(1H, s, NH), 12.27 (1H, s, NH); '>*C NMR § (ppm): 14.5,

36.8,56.2,63.9, 114.5, 116.1, 125.9, 131.5, 133.8, 138.2,

156.5, 160.8, 162.4, 164.5, 168.4, 178.9 ppm LCMS: m/z

(Calcd). C17H17N305S =374.1270 [M]+; m/z (ObS.) =

374.116.

3. Results and discussion

Herein, we aimed to implement a green protocol to synthe-
size pyrano[2, 3-d]pyrimidine in a fast, simple, efficient,
and recyclable manner.

3.1 Preparation & characterization of Fe;04@APTES-
SO;3H catalyst

The required core-shell MNPs were prepared using
WELFSA and detailed preparation, and further step coat-
ing using APTES, followed by SOs;H functionalization
(Scheme 1). Raman spectrum collected for final surface syn-
thesized Fe304@APTES-SO3H catalyst analysis showed
absorption band at 223 cm ™! corresponding to the presence
of Si-N/Si-O in the core of the catalyst and prominent band
at 654 cm~! owing to the presence of or Fe-O in the catalyst.
Moreover, the Fe core and its surface modification generate
a layer of APTES, and the band at 1113 cm~! confirms
the occurrence of the Si-O bond. The band at 1462 cm™!
suggests the existence of the surface-SO3H functionality
(Fig. 1).

The X-ray diffraction (XRD) pattern also supported the
surface modification. The prominent peak at the 20 value
15.69° was due to the sulphur. A characteristic peak ob-

Scheme 1. Preparation of Fe304@APTES-SO3H catalyst.
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Figure 1. Raman spectrum of Fe304 @ APTES-SO3H.

served at 20 value 20.11° for the indexed presence of silica.
Two other observed peaks at 20, 35.72°, 39.91°, 45.74°,
52.73°, 58.09°, 62.98° indicate the presence of Fe3O4. The
diffractogram of prepared material indicates that the nature
is crystalline and Fe3O4 data are well compatible with 26
values of respective Miller indices cubic iron oxide phase
with structure of inverse spinel ferrite of magnetite (JCPDS
file n0.19-0629) [26]. Therefore, the XRD diffractogram of
core-shell formation of the catalyst and surface fabrication
of Fe304@APTES-SO3H gets confirmed (Fig. 2). Further,
they are vacuum dried.

Further material was investigated for surface morphology by
Field Emission Scanning Electron Microscopy (FE-SEM).
It can be observed that the catalyst has retained its crys-
tallinity after surface functionalization (Fig. 3a), with a size
of 500 nm. In the SEM image, small grooves caused by
-SO3H functionality are very well visible (Fig. 3b). Finally,
the elemental mapping (Fig. 3c) shows the presence and
confirmation of elements Fe, O, N, Si & S in the catalyst
(Fig. 4). At the same time, Energy Dispersive Spectroscopy
(EDS) profile peaks at 0.2, 0.3, 0.35, 0.5, 1.7, 2.4, and 6.4

keV confirmed the elements S, N, O, Fe, Si, and Fe, respec-
tively (Fig. 4).

Investigated the catalytic activity of the synthesized cata-
lyst, for the three-component MCRs of aromatic aldehyde
(2 mmol) (1), ethylcyanoacetete (2 mmol) (2), and bar-
bituric acid (2 mmol) (3) in the presence of the catalyst
Fe304@APTES-SO3H (10 mg) under MWI for 3 — 4 min
irradiation at 300 W as model reaction for pyrano[2, 3-
d]pyrimidine derivative synthesis. The progress of the re-
action was observed by TLC. The reaction mixture was
diluted with hot ethanol, and the catalyst was separated
using a strong external magnet. The ethanol fraction was
collected and concentrated to minimum amount, and recrys-
tallized at cold temperature to isolate pure product.
Catalyst integrity

The structural integrity of the FesO4 @ APTES-SO3H cata-
lyst was finally assessed by TEM and XRD. In this purpose,
3-Aminopropyl triethoxysilane was conducted in ethanol
for 45 min under H, with 10 mol % of Fe;O4@APTES-
SO3H NPs. The powder, partially aggregated at the bottom
of the autoclave, was recovered after reaction by centrifu-

Intensity

Fe,0.@AFPTS@50,H

40 50 60 0 80

2 Theta

Figure 2. XRD profile of Fe304@APTES-SO3H.
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Figure 3. FE-SEM of fabricated catalysts (a & b), and elemental mapping (c-h).

gation and dried under a flux of N,. Electronic microscopy
confirmed that the morphology of the NPs has not changed

and there seems to be no degradation of the surface (Fig. 5).

cps/ev

k
R | T R U
2 4 3]

EE

8 10 12

Figure 4. EDS profile of Fe;04 @ APTES-SO3H.

3.2 Optimization of reaction

We have proposed here in solid-supported synthesis of fused
pyrano[2, 3-d]pyrimidine derivatives (Scheme 2) triggered
by heterogeneous catalysts (Fe3O4 @ APTES-SO3H) for the
reaction of benzaldehyde (1), ethyl cyanoacetate (2), and
barbituric acid or thiobarbituric acid (3) in 1 mmol scale
reaction for optimizing amount of catalysis required.

A series of reactions containing different quantities of cata-
lysts 0, 2, 4, 6, 8, 10, and 12 mg under MWI 300 W energy
were performed and results are tabulated in (Table 1). The
catalyst used was from 2 to 10 mg and a gradual increasing
of product yield was observed (entries 2 — 6, Table 1). But
in case of 12 mg catalyst isolated product yield showed no
changes as of 10 mg. The reaction was also conducted in
the absence of the catalyst; but surprised to see no product
isolation (entry 1). The optimization reaction showed that
for 1 mmol of the reaction, we needed a catalyst of 10 mg,
300 W power for 5 min irradiation (entry 6, Table 1). Fur-
ther increasing the amount of the catalysts, no change was
observed in the isolation of the product, or decrease in the
reaction time.

Further to optimize different microwave energy suitable

2252-0236[https://doi.org/10.57647/j.ijc.2025.1503.37]
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Figure S. Structural integrity of the catalyst (a) TEM image and (b) X—Ray Diffractogram of Fe304 @ APTES-SO3H NPs.

for the reaction, reaction starting from 100, 180, 300, 450
and 600 W were evaluated (entries 4 — 8, Table 2). This
optimization study showed us that 300 W is the perfect
irradiation power for this reaction, granting a good separa-
tion of the product in only 5 min irradiation time. In order
to obtain improved method for the synthesis of pyrano[2,
3-d]pyrimidine, model reaction in optimized reaction con-
dition was performed by other methods such as grindstone
method, ultrasonic irradiation, rt stirring and MWI (en-
tries 1 — 3, Table 2). These experiments proved that under
mechano-chemical method using the pestle-mortar isolated
only 30% of the product after 60 min of grinding on/off
reaction. The ultrasonic irradiation for 60 min gave only
60% products. However, reaction at 25 °C by stirring gave

only 40% isolation yield, even after stirring 2 h (Table 2).
Overall this optimization reaction suggested 10 mg of cat-
alyst, 300 W MWI for 5 min is required to achieve better
yield.

Additionally, the substrate scope of the existing method
for various Electron Donating Group (EDG) and Electron
Withdrawing Group (EWG) that were on the aryl aldehyde
produced pyrano[2, 3-d]pyrimidine. The results for the iso-
lated products are given in Table 3. Isolated product yield
varied interestingly less for both EDG and EWG in the aro-
matic aldehyde substitution, i.e., no significant difference in
isolation of the product yield noted. This study highlights
that virtually no substitution effect during product forma-
tion was noticed when utilizing these optimized catalysts

(COOEt R
CN
CHO 0)
2 Fe;0,@APTES-SO;H
R N we CN
> 0 | 4
1 MWI 0% N~ ~0” 'NH,
0) 0) H
HN. NH. 4 (a-1)
X
3 X=0,S
Scheme 2. General synthesis of pyrano[2, 3-d]pyrimidine derivative.
Table 1. Catalyst optimization.
Entry Catalyst (mg) Time (min) Yield (%)
1 0 12 -
2 2 5 38
3 4 5 49
4 6 5 71
5 8 5 80
6 10 5 92
7 12 5 92

2252-0236[https://doi.org/10.57647/j.ijc.2025.1503.37]


https://doi.org/10.57647/j.ijc.2025.1503.37

Shekhanavar et al. IJC15 (2025) -152537  7/15

Table 2. Optimization of the method & MW power.

Entry Methods MW power (W)  Time (min)  Yield (%)
1 Mechanochemical grinding - 60 30
2 Ultrasonication - 60 60
3 Room temperature stirring - 120 40
4 MWI 100 5 32
5 MWI 180 5 41
6 MWI 300 5 92
7 MWI 450 5 90
8 MWI 600 5 90

Table 3. Pyrano[2, 3-d]pyrimidines: reactant and product structure with physical properties.

. . . m.p. (°C)
Entry  Aldehyde Barbituric acid Product Yield (%) Obs /Lit.
e
0 0 L)
il ,?L - 208/
1 [l,-"“q:rj, "H NH HN Hi” | COOE 92
A Py I New
e - - N JH-
g 0l :.,:. '-k\}[:l 0 h 07 "NH,
la = 4a
0
i 0
H 282/
2 NH 89
Cl1 New
N0
1b 2
O
H 235/
3 91
New
t 0
lc
O 224/
4 - 86
H New
H.CO O
1d
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Continued of Table 3.
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Entry  Aldehyde

Barbituric acid Product Yield (%)

m.p. (°C)
Obs./Lit.

O
o
5
F

le

O

84

A

-

i
i

i

89

83

88

COOEt %

NH;

225/

222 —224
[16]

295/

293 -29
[17]

259/

257 —-1258
[18]

260/

262 —264
[19]

297/

295 —-297
[20]
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Continued of Table 3.

Entry  Aldehyde Barbituric acid Product Yield (%) Igl'i'. /(Llf)
0
g O 280/
10 NE 22 282~ 284
ks, 21]
Cl O N D
1 H
NO,
- | T
o
- 0 o ~F 293/
T __COOE
1 . NH H\IJI T SR 295 297
al 07N "Jel‘lj Gg}«ﬁ 07 NH, [22]
1k H 4k
a
. 285/
H -
= HiC. ,©)L NH 87 284 — 285
3 ke [23]
CH; 07N
11 H
OH
O
H . 172/
13 NH 90
NH 172174
HO ke [24]
OCH; 0" N0
Im H
OH
] O 168/
HO 0 _.FJQ;-\ 0 [25]
In H
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Continued of Table 3.

. . . m.p. (°C)
Entry  Aldehyde Barbituric acid Product Yield (%) 5
Y /Lit.
15 86
O 233234
O
0O H & -
lo H
220/
16 82
0 O 218219
©)L H [27]
ST N JJ%“\D
Ip H
CH, 211/
17 88
O 0 209210
- A
lq E
204/
18 89
0 O 203224
H;CO . ‘f”k*[j
1r H

and reaction conditions.

3.3 Discussion of present approach vs literature meth-
ods

We also compared the current green method with selected
literature reported methods for pyrano[2, 3-d]pyrimidine
synthesis (Table 4). Reported reaction and catalyst in (Ta-
ble 4 entries 1 — 13), some of these methods utilize costly
catalysts and extreme conditions, organic solvents that are
hazardous to the environment (Table 4 entries no.2, 4, 5, 6,

9, 11, and 12), long time, and low yield. The present pro-
tocol reaction developed an eco-friendly approach, simple
and efficient for the synthesis of pyrano[2, 3-c]pyrazoles
scaffolds.

3.4 Possible mechanism of pyrano[2, 3-d]pyrimidine
derivatives

The mechanism for the synthesis of pyrano[2, 3-
d]pyrimidine derivative from aryl aldehyde (1), ethyl
cyanoacetate (2), and barbituric or thiobarbituric acid (3a)

2252-0236[https://doi.org/10.57647/j.ijc.2025.1503.37]
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Table 4. Comparison of the present method and the reported.

1JC15 (2025) -152537

Entry Catalyst Condition Time Yield (%) [Ref.]
(min)
1 MNP@AVOPc rt/Solvent free 15 94 [30]
2 Fe304 @MSN-FA 80 °C/H,;0 180 — 190 70 [31]
3 MNPs@Cu Solvent free 8 95 [32]
4 Fe304@ SPION Ball Milling/rt 240 — 260 73 [33]
5 ¥-Fe, O3 @DEG Reflux/ EtOH  120—180 69 [34]
6 Fe304@Si0, @SBA-15 Solvent free 300 —360 77 [35]
7 SPION@Si0O, H,O 30 91 [36]
8 Fe;04@Ala Hexane, DCM, 60 94 [36]
9 Fe;04@IONRs Solvent free 300 —480 60 [37]
10 AuFe;04@GSH Solvent free 15-30 85 [38]
11 NiFe, Oy EtOH 60— 80 58 [39]
12 Fe304@8Si0, @0A EtOH 120 80 [40]
13 Fe;0,@APTES@SOzH MW/EtOH 5 92
using Fe304@APTES@SO3H catalyst is illustrated in  uct (4).

(Scheme 3). The first step is Knoevenagel condensation in
which the aromatic aldehyde (1) reacts with ethyl cyanoac-
etate (2) in the presence of catalysts forming ethyl 2-cyano-
3-arylacrylate (2a), which in turn gives the intermediate (3b)
by reacting with barbituric or thiobarbituric acid (3), give
intermediate (3c) due to its tautomerization, and cyclized
forming intermediate (3d) due to nucleophilic attack of the
-OH group with -CN moiety. Finally undergoes a 1,3-proton
transfer and gives the target pyrano[2, 3-d]pyrimidine prod-

HO, -0

3.5 Reusability of the catalysts

The reusability of the catalyst in the synthesis of pyrano[2, 3-
d]pyrimidine derivative using a model reaction was studied.
The isolated product yields for the cycles 1 to 5 were 92%,
90%, 85%, 80%, and 75%, respectively, and a total product
isolation loss of 13% was detected over the 5 runs recycled
reactions (Fig. 6). As shown by these recycling studies, the
catalyst could be easily separated from an external magnet.

OWO

CN HN_ NH-=——> HN._NH
il i
CHO talvst Z "COOEt X X 0 R
COOFt LMY 3a 3 HN
R + < el ] > A COOEt
Knoevengal XN
CN & 0 C
condensation H 3 I’\IIl
1 2 2a
Tautomerization catalyst
converts

R
(0]
HN COOEt
A |

X" N0 NH,
H

X=0,
4

0 R
HN
<A COOFt ~a—
NN
H NH
S

3d 3¢

Scheme 3. Possible mechanisms for the formation of pyrano [2, 3-d]pyrimidine.
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Figure 6. Reusability of the catalysts.

Also, it only needed small quantity for the reaction and can
be reused for 4 cycles, producing little waste.

Turnover frequency (TOF) and turnover number (TON)
values for the catalysts and recycled for up to 5 run were
calculated. Both the numbers decrease in each cycle due
to loss of the active site or poisoning. The TOF and TON
values were summarized in Table 5.

3.6 Evaluation of the biological activities

To test the antimicrobial activities of a few selected
pyrano[2, 3-d]pyrimidine derivatives (4a, 4d, 40, and 4r)
employing the standard disk-diffusion method of the Clin-
ical and Laboratory Standards Institute [41]. The in vitro
antimicrobial inhibition assay was performed by employing
the agar media disc method at 37 °C. The data presented
showed that all of the compounds possess biological activity
against the labels Candida albicans and Aspergillus niger
fungi. Bacterial and fungal activity was tested against the
compounds, with the best performance seen for 4a, 4d, and
4r. Among them, the derivatives of 40 exhibited strong in-
hibitory effects on Pseduomonas aeruginosa-italicize, while
4f and 4m showed the most significant activity against Can-
dida. Derivatives 4a and 4r displayed the highest activity
against A.niger The presence of heterocycles containing
oxygen, nitrogen and sulphur heteroatom are responsible
for this high antimicrobial activity. Table 6 shows the de-
tailed antibacterial and antifungal activities of the tested
compounds.

4. Conclusion

This work has explored the preparation method of iron
oxide-SO3H that influenced the Lewis acid catalyst ap-

proach by bio-throwing and reported method. Moreover, we
demonstrated the usage of the synthesized catalysts for the
synthesis of pyrano[2, 3-d]pyrimidine derivatives through
one-pot three-component MCRs of aryl aldehyde, ethyl
cyanoacetate, and barbituric acid in one step, catalysed by
Fe;04@APTES-SO3H, a novel heterogeneous catalyst.
The novelty in this method is agro-waste based solvent
medium used in core shell iron oxide preparation and then
its surface functionalization with silica and sulphonic acid
moiety. Various techniques are applied to characterize
the prepared catalysts. The method developed is rapid,
simple to isolate the product, cheap, recyclable, and a
green protocol for the synthesis of valuable heterocyclic
compounds. The FT-IR, '"H-NMR, '3C-NMR, and LC-MS
methods were used to characterize all the synthesized
compounds. A disc diffusion method was performed to
evaluate the additional antimicrobial activities of selected
pyrano[2, 3-d]pyrimidines (4a, 4d, and 4f), and these
derivatives exhibited moderate activities compared to
standard drugs as a reference.
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Table 5. Calculation of TON & TOF of the catalysts recycle.

RUN1 RUN2 RUN3 RUN3 RUN4 RUNS
TON  136.1 134.6 130.1 128.3 125.4 124.8
TOF 9.1 8.8 8.4 6.5 5.6 49
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Organisms Compounds | 75 uL/mL | 50 uL/mL | 25 uL/mL | 10 uL/mL | 5 uL/mL
4a 21 mm 18 mm 12 mm R R
4d 19 mm 15 mm 12 mm R R
B. subtilis 4f 13 mm R R R R
4m 14 mm R R R R
40 11 mm 12 mm R R R
4r 13 mm 10 mm R R R
Ciprofloxacin - - - 30 mm 35 mm
& 4a 13 mm R R R R
g 4d 11 mm 10 mm R R R
= . 4f 11 mm R R R R
5 | E. coli
b1 4m 11 mm R R R R
.:‘: 40 21 mm 10 mm R R R
2 ar 13 mm R R R R
Ciprofloxacin - - - - 25 mm
4a 13 mm R R R R
4d 16 mm 10 mm R R R
P. aeruginosa 4f 14 mm 10 mm R R R
4m 13 mm 10 mm R R R
40 19 mm 13 mm R R R
4r 11 mm R R R R
Ciprofloxacin - - 45 mm - -
4a 12 mm 10 mm R R R
4d 20 mm 15 mm R R R
C. albicans 4f 18 mm 15 mm 13 mm R R
4m 28 mm 25 mm 13 mm R R
2 4o 25 mm 20 mm R R R
% 4r 10 mm R R R R
c—; Fluconazole - - 30 mm - -
:’5" 4a 18 mm 15 mm 10 mm R R
g 4d 13 mm 12 mm R R R
< ' af 15 mm 10 mm R R R
A. niger
4m 12 mm R R R R
40 10 mm R R R R
4r 15 mm 10 mm R R R
Fluconazole - - 23 mm - -
A
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