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Abstract

This article describes the preparation and identification of SiO,@Glu/Si(OEt),(CH,);N = Mo[Mos0,5] as a new bifunc-
tional acid-base catalyst (both acidic and basic Lewis sites). Aminopropyltriethoxysilane was first reacted with hexam-
olybdate anions and then treated with glucose to prepare Glu/Si(OEt),(CH,);N = Mo[Mo;sOy;]. Nano-silica was then
modified by the prepared glucose/molybdate complex to obtain SiO,@Glu/Si(OEt),(CH,);N = Mo[MosOy;]. The devel-
oped catalyst was characterized by FT-IR, EDX, XRD, FE-SEM and TGA analyzes. Its catalytic efficiency was investigated
for the preparation of pyrano|[2,3-d]pyrimidine derivatives by the reaction between various aldehydes, malononitrile and
barbituric acid. The desired products were prepared in the presence of 0.004 g of the prepared catalyst in high to excellent

yields.
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1. Introduction

Catalysis includes the variants of homogeneous, het-
erogeneous, and biological catalysis. Homogeneous cata-
lysts offer many distinct advantages over their heteroge-
neous counterparts. For example, due to the high solubility
of homogeneous catalysts, all catalytic sites are accessible.
In addition, they often exhibit high chemoselectivity, regi-
oselectivity, and/or enantioselectivity in organic transfor-
mations.! Despite these advantages, most homogeneous
catalysts have not been used commercially because they
have one major disadvantage compared to heterogeneous
catalysts: They are difficult to separate from the reaction
mixture and solvent. The usual separation method requires
high temperatures, while most homogeneous catalysts are
thermally sensitive and usually decompose below 150 °C.?
Attempts have been made to solve the problem by immobi-
lizing the catalysts on various supports such as carbon, sil-
ica, metal oxide, polymers, and nanocomposites.! Over the
past century, the development of recoverable supported
catalysts with high efficiency has been the subject of much
research. Immobilized catalysts have significant advantages
such as ease of handling, low solubility, possibility of recov-
ery, and low toxicity.>® In heterogeneous supported cataly-

sis, the catalytic ability of materials usually depends on
their microscopic structure, which directly affects the ac-
tivity, selectivity, and thermal or chemical stability of the
catalyst.” Nanomaterials are widely used as solid support
materials for the preparation of many heterogeneous cata-
lytic systems to solve various economic and environmental
problems.!® Nano-silica is widely used due to its unique
properties, such as controllable particle size and non-toxic-
ity. Nano-SiO, has a high surface-to-volume ratio and a
porous structure that enables high chemical reactivity.!! In
addition, nano-silica has been used in various fields such as
biomedicine, fillers, catalysis, and drug delivery systems.
The size and uniformity of nano-silica particles have the
greatest influence on their quality; therefore, SiO, nanopar-
ticles with narrow and monodisperse size distribution are
increasingly in demand.!*'* Compared with the well-
known methods for preparing nano-SiO,, the Stober meth-
od is considered to be the most effective method for pre-
paring monodisperse silica spheres. This method provides
a flexible chemical route to fabricate materials that are
highly pure, chemically reactive, and well dispersed.'®

The great attention given to nanoparticles is due to
their exceptional properties: easy availability, chemical in-
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ertness, high surface-to-volume ratio, high activity and
selectivity, thermal stability, and low toxicity. Moreover,
nanoscale systems significantly increase the contact be-
tween reactants and catalyst. They open new perspectives
for mild catalysis of important reactions with lower envi-
ronmental impact. Nanoparticles differ from their solid
counterparts and exhibit special properties. Due to the
above advantages, they have been developed as suitable re-
placements for conventional heterogeneous catalysts.!®

Recently, inorganic-organic hybrid materials have
been widely used as catalysts for organic reactions because
they are well suited for various processes of environmen-
tally friendly chemical transformations.!” Several interest-
ing new materials with novel properties are currently
emerging in this rapidly growing field. They combine the
typical advantages of organic components, such as flexibil-
ity, low density, toughness, and malleability, with the ad-
vantages of typical inorganic materials, such as hardness,
chemical resistance, strength, and optical properties.'® The
properties of these materials are not just the sum of the
individual contributions of the two phases, but the role of
the internal interfaces could also be important. Organ-
ic-inorganic graft materials have emerged as surrogate ma-
terials for the development of unique products and have
become a new area of academic research.

When the idea of a monomolecular bifunctional cat-
alyst for helpful catalysis was first introduced in 2003, both
homogeneous and heterogeneous catalysts with molecular
design and their use in organic reactions became the focus
of interest.!® In this context, polyoxometalates (POM:s) are
an important class of nanoscale polynuclear clusters with
significant physical and chemical properties based on
transition metals in their highest oxidation states and oxy-
gen bridges.?’ Polyoxometalate clusters, known for their
enormous size and interesting properties for medicine and
nonlinear optics, are a prominent class of linkers for the
preparation of interpenetrating networks. The direct ap-
plication of POM clusters as linkers promises an attractive
route to the development of new entangled network struc-
tures. The main properties of polyoxometallates and the
variation in their structures give them great potential for
applications in various fields of chemical processing.?! De-
spite the above advantages, the solubility and non-recover-
ability of POMs in various media limit their applications
in some processes. Immobilization of these clusters on sol-
id supports such as silica and magnetic nanoparticles
could be an important way to overcome this problem.
Hexamolybdates are a group of POMs used in various in-
organic and organic reactions due to their thermal stability
and radiation resistance. Lindqvist hexamolybdate cluster,
[MogO14]%, as a unique class of metal oxide clusters, is an
ideal building block for the construction of organic-inor-
ganic hybrid assemblies.?>*

Carbon-based materials have attracted much atten-
tion from researchers because they are environmentally
friendly, cheap, and nontoxic. Numerous studies have

been conducted on these materials as catalyst supports,
such as carbon nanotubes, carbon-polymer composites,
mesoporous carbons, graphitized carbons, graphitized ni-
tride carbons, carbides, and carbon aero-gels. In this con-
text, cellulose has been used as a catalyst support due to its
uniform shape, stability in aqueous solution, good me-
chanical strength, high specific surface area, biocompati-
bility and biodegradability. The development of cellu-
lose-based composites with metal oxides such as silicon
dioxide, titanium dioxide, zinc oxide, and iron oxides is of
great interest for various high-technology applications.?426
Due to its polyhydroxy structure, glucose has been used as
the main green monosaccharide catalyst and showed ex-
cellent catalytic activity in chemical reactions such as ep-
oxidation and enantioselective Michael addition. It has
also played the role of a green medium for carrying out
reactions. Recently, Fe;O, nanoparticles coated with glu-
cose were prepared and used as a heterogeneous catalyst
for the synthesis of pyrazole derivatives.?”

Nowadays, several chemists have paid great atten-
tion to the development of new approaches to the produc-
tion of nitrogen-containing heterocycles, which play an
important role in our lives. They are components of many
natural products, fine chemicals, and biologically active
drugs that are of great importance in improving the quality
of life.?® Pyrano[2,3-d]pyrimidine derivatives represent a
“privileged” structural motif that is widely used in natural-
ly occurring compounds with a variety of important bio-
logical properties. Recently, a number of synthetic pyra-
no(2,3-d]pyrimidines have been investigated for their
potent anticancer, antibacterial, antifungal, and antirheu-
matic properties.?’ They also exhibit anti-inflammatory,*
anti-HIV,*! cytotoxic, antimicrobial,® antimalarial, and
antihyperglycemic properties.’* It is worth noting that
many drug molecules bearing the pyrano-pyrimidine
moiety are used in the treatment of various diseases such
as bronchitis, as hepatoprotective agents, and as cardioton-
ic agents.*?

With increasing public concern about environmen-
tal degradation and future resources, it is critical for chem-
ists to develop new approaches that are less hazardous to
human health and the environment. Therefore, in con-
junction with our previous research on new heterogeneous
catalysts,*>*!  we decided to introduce SiO,@Glu/
Si(OEt),(CH,);N = Mo[MosO,g] nanocatalysts, whose
catalytic activity was investigated in the one-pot synthesis
of pyrano[2,3-d]pyrimidines.

2. Results and Discussion

The desired catalyst was synthesized in a simple
manner as shown in Scheme 1. To prepare SiO,@Glu/
Si(OEt),(CH,);NH, grafted [MogO;0]>~ composite (3),
3-aminopropyltriethoxysilane was reacted with tetrabu-
tylammonium hexamolybdate followed by glucose to give
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Scheme 1. Schematic representation of the synthesis of SiO,@Glu/Si(OEt),(CH,);N = Mo[MosOyg] (3).

Glu/Si(OEt),(CH,)3N = Mo[Mo505] (2). SiO, nanoparti-
cles were also synthesized by the Stober method.” Finally,
the OH groups on the silica surface can be grafted with
Glu/Si(OEt),(CH,);N = Mo[Mos0;g] to obtain the de-
sired nanocatalyst 3. The chemical and structural proper-
ties of the catalyst were investigated by FI-IR, EDX, XRD,
FE-SEM and TGA analyzes.

The identification and determination of the organic
functional groups were performed by FT-IR spectroscopy.
Figure 1 shows the infrared spectra of glucose, SiO,, Si0,@
Glu/Si(OEt),(CH,)sN = Mo[MosO,4] and [n-BuyN],
[MogO1o]. In Figure 1a, the peaks at 3662 and 3385 cm™! are
assigned to the OH groups. Also, the peaks at 2939 and
1458 cm™! are related to the stretching of CH and the sym-
metric bending stretching of CH,, respectively. The bands
at 1160 cm™! (antisymmetric C-O-C stretching), 1116 cm™,
and 1052 cm™! (skeletal vibrations with C-O stretching)
can be assigned.!® Figure 1b shows the bands at 1080, 948,
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Figure 1. FT-IR Spectra of a) glucose, b) SiO,, ¢) SiO,@Glu/
Si(OEt),(CH,)3N = Mo[Mo50,g] and d) [n-BuyN],[MogO,].

and 797 cm! that are due to Si-O stretching, Si-OH
stretching, and symmetric Si-O-Si stretching, respective-
ly.!> In Figure 1c, the absorption peaks at 2934 and 2840
cm™! correspond to the C-H vibrations of the alkyl
chains.®> Moreover, the bands at 953, 804, and 798 cm™!
are attributed to N = Mo, Mo-O, and Mo-O-Mo, respec-
tively, confirming the presence of [MogO;4]2 ions in the
structure of the synthesized nanocatalyst.??

The XRD patterns of SiO,@Glu/Si(OEt),(CH,);N =
Mo[Mo50,g] and SiO, are shown in Figure 2, which was
used to study the crystallographic features of the prepared
catalyst. It can be seen that the reflection peaks are in the
20 range of 0-70°. In Figure 2a, the broad peak in the 20
20°-32° range is consistent with an amorphous silica
phase.’® The presence of sharp peaks proves the special
status of the nanocatalyst structure. In Figure 2b, the XRD
pattern shows that the amorphous structure of SiO, parti-
cles was preserved. The confirming peak indicating the
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Figure 2. The XRD pattern of a) SiO, and b) SiO,@Glu/
Si(OEt),(CH,)3N = Mo[Mos0yg] nanocatalyst.
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Figure 3. EDS analysis of SiO,@Glu/Si(OEt),(CH,);N = Mo[MosO1s].

presence of the molybdate group appeared in the range of
20 = 20°-30°, which can be attributed to the amorphous
molybdate on the composite.>>3*

Energy-dispersive X-ray spectroscopy (EDS) was se-
lected to provide the necessary information on elemental
structure of the catalyst. According to the Fig. 3, the EDS
pattern clearly indicated the existence expected the ele-
mental composition of C, N, O, Si, and Mo in the nanocat-
alyst structure.

The surface morphology and particle size distribu-
tion of the prepared nanocatalyst were observed using FE-
SEM, and the corresponding image is shown in Figure 4.
The results show that the particles are uniformly and regu-
larly spherical with an average diameter of 22-42 nm.

The results of the thermal stability of nanocatalyst 3
by thermogravimetric analysis (TG) from 0 to 900 °C are
shown in Figure 5. The results show that the first weight
loss at a temperature of 120 °C (about 12%) is related to the
removal of H,0 and other organic solvents left behind in
the extraction process. The second weight loss at 220-320
°C (about 5%) is due to the removal of organic compo-
nents located on the surface of the catalyst. The largest
weight loss in a temperature range of 500-550 °C (about

Figure 4. FE-SEM analysis of SiO,@Glu/Si(OEt),(CH,);N =
Mo[Mo;5O4g].

12.5%) is related to the removal of propylamine groups at-
tached to the catalyst framework.??

After characterization to study the catalytic activity
and efficiency of the newly developed catalyst, it was used
as a catalyst for the synthesis of pyrano[2,3-d]pyrimidines
7 via the three-component reaction of arylaldehydes 4,

TG(%) DTG(mg/min) DTA(MW) TG(mg)
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100 4 L 10.5
0.5 4
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Figure 5. TG analysis of Si0,@Glu/Si(OEt),(CH,);N = Mo[Mo;0g].
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Scheme 1. Preparation of pyrano[2,3-d]pyrimidines 7 in the pres-
ence of Si0,@Glu/Si(OEt),(CH,);N = Mo[Mo;0,5] nanocatalyst.

malononitrile 5, and barbituric acid 6 under solvent-free
conditions (Scheme 2).

To find the optimum reaction conditions, a
three-component reaction between benzaldehyde, malono-
nitrile, and 1,3-dimethylbarbituric acid was selected as a
model reaction, and the effect of various parameters such as
temperature, catalyst loading, and solvent was evaluated.
The reaction did not proceed well in the absence of the cat-
alyst after a long reaction time. The model reaction was car-
ried out at 25, 60, 80 and 100 °C in the presence of 0.002 g
catalyst 3. The study showed that the reaction was affected
by temperature, and the best result was observed at 80 °C.
Next, the effect of the amount of catalyst was studied. It
was found that the yield increased when the amount of

Table 1. Screening of various parameters in the synthesis of 7a cata-
Ivzed bv nanocatalyst 3.2

0 Ph
(0] 0. (0]
F'h)J\H Dow NG on—RElstS Mo 1 .
NN,
HaC ™y CHg oj\r}.l 0" “NH,
o CH,
Ta
Catalyst

Entry loa?li?lgys(g) Solvent  Temp.(°C)  Yieldb (%)
1 0.002 - 25 20
2 0.002 - 60 45
3 0.002 - 80 60
4 0.002 - 100 50
5 0.004 - 80 90
6 0.006 - 80 85
7 0.008 - 80 80
8 0.004 MeOH Reflux 60
9 0.004 EtOH Reflux 70
10 0.004 CH3CN Reflux 75
11 0.004 Toluene Reflux 65

2 Reaction conditions: benzaldehyde (1 mmol), malononitrile
(1 mmol), 1,3-dimethylbarbituric acid (1 mmol), time: 20
min. ® Isolated yields.

catalyst was increased from 0.002 g to 0.004 g, and higher
amount of catalyst did not have a good effect on the reac-
tion process. Moreover, the model reaction was carried out
with 0.004 g Si0,@Glu/Si(OEt),(CH,);N = Mo[MosO 4]

Table 2. Preparation of various pyrano|[2,3-d]-pyrimidines by nanocatalyst 3.

O Ar
j\ o o} __ calalyst3(0.004g) R\N)YICN
Ar” TH R’N\(f)l/N\R NC™ "'CN Sow:gtgee O%\RN 0" “NH,
Ta-t N
Entry R Aldehyde Tim (min) Yield? (%) Mp (Lit) (°C)

7a H C6H5CHO 30 90 212-214 (212-213)®
7b H 2,4-Cl C6H3CHO 15 93 242-244 (242-243)*%
7¢c H 3-NO2 C6H4CHO 20 95 260-262 (262-263)4
7d H 4-NO2 C6H4CHO 20 93 237-239 (237-238)%
7e H 3-Br C6H4CHO 25 95 280-282 (279-280)4
7f H 4-Br C6H4CHO 20 90 228-230 (227-229)%
78 H 4-OCH3 C6H4CHO 25 95 280-282 (281-282)%
7h H 4-Cl1 C6H4 CHO 15 90 238-240 (239-240)%
7i CH3 C6H5CHO 20 95 228-230 (228-229)*
7j CH3 2-Cl C6H4 CHO 15 89 248-250 (250-251)%
7k CH3 4-OCH3 C6H4CHO 30 95 224-225 (225-227)%
71 CH3 4-Cl1 C6H4CHO 10 95 238-240 (239-241)*
7m CH3 3-NO2 C6H4CHO 20 93 212-214 (212-213)%
7n CH3 4-NO2 C6H4CHO 20 95 230-232 (231-232)%
70 CH3 3-Br C6H4CHO 15 93 218-220 (218-219)*
7p CH3 4-CH3 C6H4CHO 20 90 230-232 (229-230)%
7q CH3 2,4-Cl2 C6H3CHO 10 95 211-213 (211-212)%
7r CH3 1-Naphthaldehyde 40 93 360 (360-361)**
7s CH3 Biphenyl-4-carboxaldehyde 30 95 275-277°
7t CH3 Terephthalaldehyde 20 95 240-242°

2Tsolated yields. ® Novel product.

Pourkazemi et al.: Glucose-Decorated Silica-Molybdate Complex:



Acta Chim. Slov. 2022, 69, 30-38

in some solvents such as methanol, ethanol, acetonitrile
and toluene. As can be seen, considerable acceleration is
observed especially for reactions carried out under sol-
vent-free conditions. According to these results, the use of
SiO,@Glu/Si(OEt),(CH,)3;N = Mo[MosOg] (0.004 g) as
catalyst under solvent-free conditions at 80 °C would be
the best choice (Table 1).

After optimization of the reaction conditions, the re-
action of various aromatic aldehydes, malononitrile and
barbituric acid derivatives was studied in the presence of
nanocatalyst 3 under optimal conditions, which showed
the successful formation of the corresponding pyra-
no(2,3-d]-pyrimidines (Table 2). Both aldehydes with
electron-donating groups and aldehydes with electron-at-
tracting groups were prepared in good to excellent yields.

The proposed mechanism for the formation of pyra-
no[2,3-d]pyrimidines 7 is shown in Scheme 3. According
to the proposed mechanism, adduct 8 is first obtained by
the condensation of aromatic aldehydes and malononitrile
in the presence of the catalyst. Then, Michael addition of
barbituric acid to this intermediate 9 is formed. The intra-
molecular cyclization of 9 gives the adduct 10, which rear-
ranges to give the pyrano(2,3-d]pyrimidinones 7.

The main advantages of the presented protocol over
existing methods become clear when our results are com-
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sansee
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(O"" .- Knoevenagel N
“H<.H condensation

| " S

Ar/k H

W
N:C CsN -H,0 y : :H
N
8

HsC.

H5C

pared with those of some recent methods reported in arti-
cles (see Table 3).

To study the leaching of [MogO19]*~ from SiO,@Glu/
Si(OEt),(CH,)3N = Mo[Mos0,3], we performed an in situ
filtration technique. When the model reaction reached
50%, warm EtOAc (5 ml) was added, and catalyst isolation
was performed by simple filtration. After removal of the
solvent, the process was continued with the catalyst-free
residue under the previously optimized conditions. As ex-
pected, the reaction stopped, confirming that no leaching
of the supported catalytic centers occurred under the opti-
mized conditions. The reusability of SiO,@Glu/Si(OEt),
(CH,)3N = Mo[Mo50,4] was also investigated in the mod-
el reaction. After completion of the reaction, EtOAc (5
mL) was added to the mixture, the catalyst was filtered,
washed with EtOH (10 mL) and deionized water (10 mL),
and then dried at 100 °C. The recovered catalyst was used
ten times in the model reaction, and the yield was negligi-
ble (Figure 6). These experiments indicate high stability
and durability of this nanocatalyst under the applied con-
ditions. To test the stability of the catalyst structure, the
recycled nanocatalyst was examined using FT-IR spectra.
The FT-IR spectra of the freshly prepared catalyst and the
recycled catalyst are shown in Figure 7 and confirm the
chemical stability of catalyst 3.
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Scheme 3. The proposed mechanism for the synthesis of pyrano[2,3-d]pyrimidinones catalyzed by nanocatalyst 3.

Table 3. Comparison of results for the synthesis of 7I with other catalysts.

Entry Catalyst Catalyst loading Condition Time (min) Yield* (%)*
1 Catalyst 3 0.004 g solvent-free, 80 °C 10 95b
2 Et;N 20 mol % EtOH, 50 °C 25 87%8
3 Urea 10 mol % EtOH:H,0, r.t. 840 86%°
4 Zn [(L) proline], 17 mol % EtOH, Reflux 50 90%
5 81 zzoggsﬁ?ﬁ@é(}:?{ﬁl; 00lg solvent-free, 60 °C 30 9744
=903
6 Nano-basic silica 25 mol % solvent-free 54 8946

2Tsolated yields. ® This study.
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Figure 6. Reuse of SiO,@Glu/Si(OEt),(CH,);N = Mo[Mo;0,;] na-
nocatalyst.
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Figure 7. FT-IR spectra for comparison of fresh catalyst and recov-
ered catalyst.

3. Experimental

All chemical materials were purchased from Merck
and Aldrich. The reaction progress and purity of the com-
pounds were monitored by TLC on silica gel SIL G/UV254
plates. Melting points were checked using a KSBIN elec-
trothermal device and are correct. The IR spectra of all
synthesized compounds were recorded in the KBr matrix
using a spectrometer model JASCO FT-IR /680 plus. 'H
NMR spectra were recorded in DMSO-d; as solvent using
a Bruker Avance Ultra Shield 400 MHz spectrometer, and
13C NMR spectra were registered at 100 MHz. A scanning
electron microscope (FE-SEM) was used to measure the
size of the particles and the shape of the catalyst. X-ray
diffraction (XRD) patterns were recorded with a Philips X
Pert Pro X diffractometer using Ni filtered Cu-Ka radia-
tion. Energy dispersion spectroscopy (EDS) was recorded
using a TESCAN Vega instrument.

Preparation of the Glu/Si(OEt),(CH,);N = Mo[Mo;0,3]
First, the tetrabutylammonium hexamolybdate
([n-Bu4N]2 [Mo6019]) was prepared according to the

described procedure.?’ The tetrabutylammonium hexam-
olybdate (0.4 g) and DMSO (20 ml) were placed in a
round bottom flask (50 ml) and dispersed for 20 minutes.
Then 3-aminopropyltriethoxysilane (2.5 ml) was added
dropwise to the mixture and stirred under reflux condi-
tions for 24 hours under argon atmosphere. Dissolved
glucose (0.26 g) in dry DMSO (5 mL) and H,SO, (98%,
0.33 mL) were then added. The mixture was stirred at
room temperature for 5 hours. Finally, the obtained prod-
uct (compound 2) was washed with ethanol, distilled and
dried at 80 °C.

Protocol for the synthesis of nano-SiO,

Tetraethyl orthosilicate (TEOS) (6.2 ml) was added
to ethanol (100 ml) and ammonium hydroxide (6.5 ml),
and the mixture was stirred at room temperature for 15
hours. The mixture was then filtered by centrifugation
(4000 rpm, 30 min), and the resulting white powder was
washed three times with ethanol and dried for 12 h at
60 °C.1°

Preparation of the SiO,@Glu/Si(OEt),(CH,);N =
Mo[Mo50,4]

To immobilize Glu/Si(OEt),(CH,);N = Mo[Mo50,5]
on the surface of SiO,, the prepared SiO, nanoparticles
(1.0 g) were dispersed in dry toluene (30 mL) by ultrason-
ication for 20 min. Compound 2 (0.5 g) was then added
and the mixture was refluxed under argon atmosphere for
24 hours. Then the prepared SiO,@Glu/Si(OEt),(CH,);N
= Mo[Mos0,g] was filtered and washed several times with
ethanol and then with water. Finally, the brown powder
was dried in vacuo at 80 °C for 24 hours.

General procedure for the synthesis of pyrano[2,3-d]-py-
rimidines derivatives 7

$i0,@Glu/Si(OEt),(CH,);N = Mo[Mos0,5] (0.004
g) was added to the mixture of arylaldehyde (1 mmol),
malononitrile (1 mmol), and barbituric acid (1 mmol) at
80 °C under solvent-free conditions. The progress of the
reaction was monitored by TLC. After completion of the
reaction, ethyl acetate was added and the catalyst was
separated by filtration. For further purification of the
product, the obtained powder was recrystallized from
EtOH.

Spectral data
7-Amino-5-(2,4-dichlorophenyl)-1,3-dimethyl-2,4-di-
o0xo0-1,3,4,5-tetrahydro-2H-pyrano[2,3-d]pyrimidine-6-car-
bonitrile (7q). White solid; mp: 211-213 °C; IR (KBr)
(Vmas €cm™!) 3394, 3313, 3212, 3081, 2962, 2194, 1708,
1689, 1643, 1494, 1384, 1230, 1184, 1099, 1049, 844, 582,
755. 'H NMR (400 MHz, DMSO-dg) 6 3.09 (s, 3H), 3.39 (s,
3H), 4.88 (s, 1H), 6.93-7.55 (m, 5H) ppm. 1*C NMR (100
MHz, DMSO-ds;) § 28.09, 29.63, 33.70, 57.19, 88.07,
118.86, 128.12, 129.01, 132.11, 132.44, 133.67, 140.85,
150.44, 151.05, 158.22, 160.78 ppm.
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5-([1,1>-Biphenyl]-4-yl)-7-amino-1,3-dimethyl-2,4-dioxo-
1,3,4,5-tetrahydro-2H-pyrano|2,3-d]pyrimidine-6-carboni-
trile (7s). White solid; mp: 275-277 °C; IR (KBr) (Viyao
cmt) 3432, 3300, 3177, 3074, 2984, 2190, 1736, 1684,
1634, 1486, 1386, 1227, 1186, 1040, 1007, 850, 744, 751,
698, 571, 550. 'H NMR (400 MHz, DMSO-d;) 6 2.11 (s,
3H), 2.54 (s, 3H), 4.40 (s, 1H), 6.93-7.67 (m, 11H) ppm.
13C NMR (100 MHz, DMSO-dg) § 28.17, 29.62, 36.70,
58.99, 81.25,119.56, 127.39, 127.56, 127.56, 127.78, 128.02,
128.44, 129.37, 129.40, 129.59, 129.67, 138.72, 139.29,
140.47, 150.48, 158.20, 161.00, 161.27 ppm.

7-Amino-5-(4-formylphenyl)-1,3-dimethyl-2,4-dioxo-
1,3,4,5-tetrahydro-2H-pyrano|2,3-d]pyrimidine-6-carboni-
trile (7t). White solid; mp: 240-242 °C; IR (KBr) (Viao
cm1) 3380, 3316, 3192, 3074, 2984, 2195, 1708, 1685,
1638, 1487, 1386, 1226, 1185, 1040, 1115, 847, 751, 698,
571. 'H NMR (400 MHz, DMSO-d,) 6 3.116 (s, 3H), 3.386
(s, 3H), 4.403 (s, 1H), 7.341-7.672 (m,6H), 9.146, (s, 1H)
ppm. 3C NMR (100 MHz, DMSO-dg) & 28.25, 29.63,
36.70, 58.99, 81.25, 128.03, 128.44, 129.37, 129.67, 130.79,
131.81, 140.47, 150.49, 158.20, 161.01, 161.28 ppm.

4. Conclusions

In this work, we have presented for the first time
SiO,@Glu/Si(OEt),(CH,);N = Mo[MosOg] as a green
and recyclable SiO,-based nanocatalyst. The efficiency of
this catalyst was evaluated in the synthesis of pyrano|[2,3-d]
pyrimidinone derivatives. This new catalytic system
showed the advantages of environmentally friendly char-
acter, easy separation, non-toxicity, mild reaction condi-
tions, short reaction times and good reusability.
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