
Materials Today: Proceedings xxx (xxxx) xxx
Contents lists available at ScienceDirect

Materials Today: Proceedings

journal homepage: www.elsevier .com/locate /matpr
Silica supported phosphotungstic acid catalyzed one pot efficient
synthesis of pyrazolopyranopyrimidine derivatives”
https://doi.org/10.1016/j.matpr.2022.11.375
2214-7853/� 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotechnology Perspective for Multidisciplinary Applications - 2022

⇑ Corresponding authors.
E-mail addresses: mantoshswami123@gmail.com (M.B. Swami), jadhav.ah@g-

mail.com, j.arvind@jainuniversity.ac.in (A.H. Jadhav).

Please cite this article as: M.B. Swami, A.R. Karad, S.D. Ganapure et al., Silica supported phosphotungstic acid catalyzed one pot efficient synthesis o
zolopyranopyrimidine derivatives”, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2022.11.375
Mantosh B. Swami a,⇑, Ashok R. Karad b, Shreeram D. Ganapure c, Arvind H. Jadhav d,⇑, Sudhakar G. Patil e
aDepartment of Chemistry, Mahatma Basweshwar College, Latur, India
bDepartment of Chemistry, Mahatma Gandhi Mahavidyalaya Ahmedpur, Dist. Latur, India
cDepartment of Chemistry, Annasaheb Awate Arts, Commerce and Hutatma Babu Genu Science College, Manchar, India
dCentre for Nano and Material Sciences, Jain University, Bangalore, India
eDepartment of Chemistry, Maharashtra Udaygiri College, Udgir, India

a r t i c l e i n f o a b s t r a c t
Article history:
Available online xxxx

Keywords:
Silica supported phosphotungstic acid
Barbituric acid
3-methyl-5-pyrazolone
Pyrazolopyranopyrimidines derivatives
MCR
A simple highly efficient method for synthesis of pyrazolopyranopyrimidine derivative has been devel-
oped. We have prepared heterogeneous silica supported phosphotungstic acid catalyst and characterized
completely by different spectroscopic and analytical techniques. After successful characterization of cat-
alyst, it was employed in the synthesis of pyrazolopyranopyrimidine derivatives from barbituric acid, 3-
methyl-5-pyrazolone and substituted aryl aldehydes under optimized reaction conditions. Results
showed that, silica supported phosphotungstic acid catalyst much more effective and selective catalyst
for the synthesis of pyrazolopyranopyrimidine derivatives under greener conditions. Key advantage of
this method was easy work up, recyclability of catalyst up to five cycles, highly efficient synthesis of ele-
ven derivatives of pyrazolopyranopyrimidines with 96–88 % isolated yield with maximum purity.
� 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.
1. Introduction

Multi-component reactions involve more than two reactants
that combine in the proper way to form a single product that con-
tains the essential part of the reactants [1]. A multicomponent
reaction is a powerful tool in synthetic organic chemistry and drug
design processes, because of its molecular diversity, allowing the
rapid and automated generation of organic compounds [2].
Knovengel reaction is the most important route for the construc-
tion of the CAC bond in modern organic chemistry [1–3]. Knoven-
gel product usually undergoes Michael-type addition reactions [4].
Several multi-component strategies involving Knovengel conden-
sation and Michael addition followed by intramolecular cyclization
have been reported for the synthesis of new fused heterocycles [4–
6]. Heterocyclic compounds containing pyrimidine, pyrazole and
pyran together has found to possess various pharmacological activ-
ities [7]. The pyrimidine nucleus is the core unit of many pharma-
cological agents which exhibits a broad spectrum of biological
properties [7,8]. Furthermore, Pyrazole is another important struc-
tural motif that plays a vital role in many pharmaceutical and agro-
chemical industries [9,10]. The pyran skeleton is the most
important structural unit in bioactive compounds, a number of
natural products, photochromic and luminescence materials
[11,12]. The more prominent effect is observed when two or more
heterocyclic units are present in a single molecule. The pyranopy-
razole moiety signifies a fascinating template in the pharmaceuti-
cal field and shows a wide range of biological activities such as
antidepressant, [13] insecticidal [14], hypotensive [15], and anti-
cancer. [16] In contrast, the pyranopyrimidine scaffold as a key
member of the pyrimidine family has gained considerable atten-
tion due to its wide range of antitumors [17] and prominent
antimicrobial & antitubercular activities. [18] Significant biological
activity of pyranopyrimidine is due to their occurrence in the
structures of various natural products [19]. Fused heterocycle con-
sisting of both Pyranopyrazole & Pyranopyrimidine moieties fasci-
nates probing possible cumulative biological properties. Recently,
considerable attention has been given to design strategies leading
to structurally diverse and complex molecules.

Heteropolyacid plays an important role in the catalytic system
which possesses both Bronsted acidity and redox potentiality
.

f pyra-
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[20–22]. Different HPAs (Heteropoly acids) are used for catalyzing
numerous photochemical, organic [23–26], electrochemical [27],
and petrochemical [28] reactions. Although all the interesting fea-
tures of HPAs such as their non-corrosive and nontoxic nature, are
sensitive to light and electricity, they suffer from some drawbacks
like low surface area and high water solubility and conventional
organic solvents. Recently, heterogeneous catalysis attracted the
researcher’s attention due to its basic characteristic of easy separa-
tion. Supported Heteropolyacid have more important applications
due to it have high specific area with more acidic sites on the sur-
face compared to Heteropolyacid [29]. So, it is necessary to find out
appropriate support to increase specific areas of phosphotungstic
acid. Silica- supported phosphotungstic acid was utilized in differ-
ent reactions like a-pinene polymerization [30], b-pinene polymer-
ization [31] and many others.

The most common method for synthesis of pyrazolopyranopy-
rimidinedione derivatives is condensation reaction between pyra-
zoline, aromatic aldehyde and barbituric acid in presence of
various catalyst such as, Meglumine [32], SBA-Pr-SO3H as a Nano-
porous acid catalyst [33], Nano Fe2O3 supported organocatalyst
[34]. Reported literature suffers from a few limitations such as long
reaction time, low yield, the requirement of excess and toxic
reagent and tedious work-up procedure therefore, there is need
to develop highly efficient catalytic system in the synthesis of
Pyrazolopyranopyrimidinedione.

In continuation of our research work on the development of
constructive methodologies, we reported highly efficient environ-
ment pleasant, silica supported phosphotungustic acid as catalyst
for synthesis of Pyrazolopyranopyrimidines derivatives. In addition
detail, the synthesis and characterization of synthesized catalyst
were obtained and structural confirmation has been done. In addi-
tion, optimization of reaction conditions was studied in detail and
the same has been discussed. Recyclability of catalyst and number
of substituted derivatives were prepared in good to efficient yield.
2. Materials and methods

2.1. Materials

All the chemicals including Phosphotungstic acid (99.0 %), aryl
aldehydes (99.0 %), Pyrazoline (99.0 %) fumed silica & barbituric
acid (99.0 %) were purchased from Sigma Aldrich and used directly
without further purification.

2.2. Catalyst preparation

Fumed silica was treated with 1 M hydrochloric acid. A mixture
of 10.0 g of silica (mesh size 0.2–0.3 lm) & 40 ml of 1 M hydrochlo-
ric acid was added in a 100 ml round-bottomed flask with a stirrer
bar and stirring continued for 5 h at room temperature, the pre-
treated silica was collected by filtration, washed with distilled
water until the pH was more than 6.0; then dry in an oven at
100 �C for 5 h. Then impregnation of phosphotungstic acid was
done. Phosphotungustic acid 1.2 g, pretreated silica 2.0 g, and
20 ml of distilled water were put into a 100 ml flask, the resulting
mixture was refluxed by stirring in an oil bath for 5 h at 100 �C,
then evaporated to dryness at 90 �C, and further dry in an oven
at 100 �C for 5 h.

2.3. Catalyst characterization methods

FT-IR spectra of catalyst were recorded by using a Varian 2000
IR spectrometer by employing the KBr pellet technique. X-ray
diffraction patterns of pure silica and catalyst were obtained by
using a powder XRD patterns were noted on a RigakuMiniflex
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(Rigaku Corporation, Japan) X-ray diffractometer using Ni filtered
Cu Ka radiation (k = 1.5406 Å) with a 20 min�1 scan speed and a
scan range of 5-80� at 30 kV and 15 mA. Energy Dispersive X-ray
spectrometry (EDX) of prepared material gave information for ele-
mental study which was determined using SEM instrument com-
bined with an INCA instrument for energy dispersive X-ray
spectroscopy-scanning electron microscopy (EDX-SEM), with scan-
ning electron electrode at 20 kV.

2.4. General reaction procedure for synthesis of
pyrazolopyranopyrimidines derivative by using Si-PTA catalyst

A mixture of Barbituric acid (1 mmol), aryl aldehyde (1 mmol),
3-methyl-1-phenyl-5-pyrazolone (1 mmol) & 10 wt% Si-PTA cata-
lyst were added in 50 ml RBF containing 5 ml EtOH /H2O and the
mixture were heated under reflux for the appropriate time. The
progress of the reaction was monitored with help of TLC. After
completion of the reaction, the mixture was cooled and the precip-
itate was filtered, dried and dissolved it in hot ethanol in order to
separate the catalyst from product. Finally, pure product was
obtained by recrystallization from hot ethanol.

2.5. Spectral data of representative compounds (4-b to 4-h)

2.5.1. 3-methyl-4-(4-nitrophenyl)-1-phenyl-6,8-dihydropyrazolo
[40,30:5,6]pyrano[2,3-d]pyrimidine-5,7-(1H,4H)-dione(4-b)

M.P: 230–232 �C; IR (KBr, in cm�1): 3284, 3116, 1666,1597,
1566, 1460 and 1274; 1H NMR (DMSO, in d ppm): 10.16 (s,1H),
9.16 (s,1H), 8.07–8.12 (d,2H), 7.61–7.65(d,2H), 7.12–7.37(m, 5H),
4.85 (s,1H), 2.20 (s,3H); 13C NMR (DMSO, in d ppm): 162.00,
153.90, 150.70, 147.70, 142.90, 140.70, 137.16, 133.89, 131.40,
129.20, 128.82, 126.20, 120. 53, 118.21, 104.89, 81.10, 40.31,
30.28, 11.77; MS (m/z): 417 (M+, 100 %),

2.5.2. 4-(4-Hydroxyphenyl)-3-methyl-1-phenyl-6,8-dihydropyrazolo
[40,30:5,6]pyrano[2,3-d] pyrimidine-5,7-(1H,4H)-dione(4-c)

M.P: 254–256 �C; IR (KBr, in cm�1): 3278, 3120, 2989, 1693,
1589, 1249; 1H NMR (DMSO, in d ppm): 11.21 (s, 1H), 9.13 (s,
1H), 7.65–7.75 (d, 2H), 7.50 (d, 2H), 7.35–7.45(t, 1H), 6.90 (d,
2H), 6.62–6.65 (d, 2H), 5.30 (s,1H), 4.75 (s,1H), 1.95 (s,3H), 13C
NMR (DMSO, in d ppm): 163.02, 154.00, 151.71, 148.40, 137.41,
135.30, 130.40, 128.70, 122.36, 118.22, 112.18, 81.20, 32.20,
13.06, MS (m/z): 388 (M+,100 %).

2.5.3. 4-(3,4-Dimethoxyphenyl)-3-methyl-1-phenyl-6,8-
dihydropyrazolo[40,30:5,6] pyrano- [2,3-d] pyrimidine-5,7-(1H,4H)-
dione(4-e)

M.P: 270–272 �C; IR (KBr, in cm�1): 3213, 3080, 1678, 1595,
1274; 1H NMR (DMSO, in d ppm): 10.37 (s,1H), 8.85 (s,1H), 7.80
(d,2H), 7.64 (d,2H), 7.45 (t,1H), 6.95–7.02 (s,1H), 6.78 (d,1H), 6.63
(d,1H), 4.85 (s,1H), 3.89 (s,3H), 3.86 (s,3H), 2.32 (s,3H); 13C NMR
(DMSO, in d ppm): 164.52, 162.80, 161.22, 155.90, 154.15,
150.72, 148.7, 148.32, 132.20, 125.84, 117.30, 115.70, 111.62,
56.30, 56.00, 55.92, 10.53; MS (m/z): 432 (M+,100 %).

2.5.4. 4-(2,4-Dichlorophenyl)-3-methyl-1-phenyl-6,8-
dihydropyrazolo[40,30:5,6]pyrano[2,3-d] pyrimidine-5,7-(1H,4H)-
dione(4-g)

M.P: 234–235 �C; IR (KBr, in cm�1): 3223, 3143, 3076,1739,
1695, 1541, 1390, 804; 1H NMR (DMSO, in d ppm): 9.76–10.0
(s,1H), 8.91 (s,1H), 7.89–7.92 (d,2H), 7.67–7.70 (d,2H), 7.55
(t,1H), 7.12–7.29 (m,3H), 5.03(s,1H), 2.16 (s,3H); 13C NMR (DMSO,
in d ppm): 162.10, 155.92, 150.23, 147.72, 142.90, 139.10, 137.16,
135.32, 132.80, 130.89, 129.60, 127.82, 126.20, 122.53, 118.21,
82.04, 32.15, 12.22; MS (m/z): 440 (M+,100 %).
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2.5.5. 4-(4-Chlorophenyl)-3-methyl-1-phenyl-6,8dihydropyrazolo
[40,30:5,6]pyrano[2,3-d]pyrimidine-5,7-(1H,4H)-dione(4-h)

M.P: 225 �C; IR (KBr, in cm�1): 3215, 3054, 1686, 1623, 1588,
1488, 1369, 836, 870; 1H NMR (DMSO, in d ppm): 10.19 (s, 2H),
7.27 (d, 2H), 7.06 (d, 2H), 7.35–7.45(t,1H), 7.50 (d,2H), 7.65–7.75
(d,2H), 5.41(s, 1H), 2.23 (s, 3H); 13C NMR (DMSO, in d
ppm):160.35, 150.57, 141.58, 134.64, 129.92, 128.59, 128.06,
127.71, 127.27,89.45, 30.16, 9.96; MS (m/z):406 (M+, 100 %),
Fig. 2. XRD analysis of pure Si and prepared Si-PTA catalyst.
3. Results and discussion

3.1. Catalyst characterization

3.1.1. FT-IR analysis of prepared materials
The characteristic bands for keggin structure of HPW (phospho-

tungstic acid) are exhibited at 1080, 985, 890 and 839 cm�1. All the
characteristic bands of keggin structure are observed at the same
wave number in prepared catalyst which indicates the preserva-
tion of the basic kegging structure in the silica-supported phospho-
tungstic acid catalyst. Fig. 1, shows the band at 1080 and 890 cm-

1are more intense in Si-PTA compared to pure silica; it confirms the
presence of the undegraded anion of the catalyst. A strong peak at
close to 3400 indicates the presence of silica impregnated with
phosphotungstic acid (see ).

3.2. XRD analysis of catalysts

The XRD pattern of pure silica and silica-supported phospho-
tungstic acid is shown in Fig. 2. Silica displays a broad band cen-
tered at 2h = �25�. When phosphotungstic acid was impregnated
with silica, the characteristic peaks assigned to PTA are comparable
to those for the Si-PTA, which implies retention of their crystalline
character. As seen in Fig. 2, reduction in the peak of Si-PTA was
exhibited at 25� compared to silica which indicates the surface of
silica was accumulated by particles of phosphotungstic acid in
the impregnation method. Obtained intense peaks indicate that
there is no significant change in the structure of phosphotungstic
acid and silica structures during preparation of catalyst, confirmed
by XRD.

3.3. FE-SEM and Elemental analysis (EDX) of Si-PTA

The surface structures of Si-PTA catalyst were studied using
SEM analysis. In the morphology study of pure Si, no agglomera-
tion of particles occurred, while Si-PTA showed the agglomeration
Fig. 1. FT-IR analysis of pure Si and prepared Si-PTA catalyst.
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of particles, it reveals that uniform distribution of phosphotungstic
acid on silica in prepared material and slight agglomeration
occurred. Moreover, the Elemental analysis was studied by energy
dispersive X-ray spectroscopy. EDS mapping of pure silica showed
the presence and uniform distribution of silicon and oxygen
throughout the structure. Further, the presence of Si, W, P and O
elements in the catalyst was observed by EDX mapping and a uni-
form distribution was also observed (the second image of Fig. 3).
3.4. Catalyst activity

To find out suitable reaction conditions for the synthesis of the
Pyrazolopyranopyrimidines, several experiments were conducted
and develop multicomponent condensation reaction of Barbituric
acid, 3-methyl-5-pyrazolone and Benzaldehyde in presence of Si-
PTA. In order to find the optimum conditions for this reaction, ini-
tially, the effect of solvent, temperature, amount of catalyst, and
reaction time was tested. As per the results summarized in Table 1,
the catalyst effect on reaction rate and yield was investigated, and
find out the reaction cannot proceed without a catalyst in presence
of different solvents at room temperature for up to several hours
(Table 1, entries from 1 to 6). As shown in Table 1, good to efficient
yield was obtained when the reaction was conducted at reflux
temperature in ethanol: water (1:1) solvent system (Table 1, entry
7) in a short reaction time. However, the same reaction continues
for a longer time in ethanol: water (1:1) under reflux temperature
obtains a low yield (Table 1, entries 8–10). One more experiment
was carried out in presence of the catalyst under solvent-free con-
ditions the reaction proceeded with a lower yield of product
(Table 1, entry 13). Obtained results in Table 1 shows that the reac-
tion proceeded highly efficiently with a high yield in a polar sol-
vent and become sluggish and low yield in nonpolar solvent. In
the final, we conclude that reflux temperature in ethanol: water
(1:1) solvent system with 10 wt% of catalyst is highly effective
for this reaction and same has been considered for further study.

Si-PTA is a selective heterogeneous catalyst in the synthesis of
Pyrazolopyranopyrimidines in ethanol: water under reflux condi-
tions. The next examination was a screening of the effect of cat-
alytic amount on the conversion of reactants. The results of
catalytic screening as shown in Table 1 (Entry7-9), it was showed
10 wt% of catalyst is sufficient for complete conversion with max-
imum yield (Entry 7). With the decrease in the amount of catalyst
up to 5 wt%, the yield was also decreased and more time was
required for the completion of the reaction (Entry 9). However,
an increase in the amount of catalyst up to 20 wt% does not affect
the yield as well rate of reaction (Table 1, Entry 8) and hence 10 wt
% of Si-PTA was selected for further investigation to compare the



Fig. 3. FE-SEM and Elemental analysis (EDX) of pure Si and Si-PTA.
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Table 1
Optimization of reaction conditions for the synthesis of Pyrazolopyranopyrimidinesa.

Entry Solvent Cat.(wt%) Temp.(oC) Time(hr) Yield (%)b

1 Toulene 10 Reflux 04 50
2 DCM 10 Reflux 04 58
3 CH3CN 10 Reflux 04 65
4 MeOH 10 Reflux 01 75
5 EtOH 10 Reflux 01 80
6 H2O 10 Reflux 01 78
7 EtOH: H2O 10 Reflux 01 96
8 EtOH: H2O 20 Reflux 01 96
9 EtOH: H2O 05 Reflux 02 80
10 EtOH: H2O – Reflux 04 50
11 EtOH: H2O 10 RT 04 60
12

13
EtOH: H2O
—

10
10

60 �C
RT

24
24

82
45

Reaction conditions:(a) Barbituric acid (1 mmol), aryl aldehyde (1 mmol), 3-methyl-1-phenyl-5-pyrazolone (1 mmol); In
presence of Catalyst; Reaction completion was monitored by TLC.(b) Isolated yield.
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effectiveness of various catalysts in the synthesis of
pyrazolopyranopyrimidines.

As evidently shown in Table 2, the yield obtained using different
reported catalyst were found comparatively low. The comparison
of the catalytic activity of Si-PTA and oleic acid clearly shows, SI-
PTA can catalyze the reaction with a higher yield of desired product
within a short reaction time. OMWCNTs, DABCO, & [BNPs-Caff]
HSO4catalysts exhibit high and comparable catalytic activities
but slightly lower than that of Si-PTA (Table 2, entry 1, 2, 3, 5
respectively) with lots of weaknesses in the reaction.

With results in hand, we were encouraged to examine the scope
and generality of this method using a variety of substituted aryl
aldehydes. Thus various aromatic and heteroaromatic aldehydes
were reacted with 3-methyl-5-pyrazolone and barbituric acid;
the obtained experimental results are tabulated in Table 3 (entries
1–10). As seen in Table 3, it is evident that, most of the reactions
were performed with a good to high yield of pyrazolopyranopyrim-
idines. Aromatic aldehydes bearing electron withdrawing and elec-
tron donating group reacts under optimized conditions, and the
Table 2
Comparisons of various catalysts with Si-PTA in the synthesis of Pyraz

Entry Catalyst

1 OMWCNT’s
2 DABCO
3 [BNPsCaff]HSO4

4 Oleic acid
5 Si-PTA

Reaction conditions: (a) Synthesis of pyrazolopyranopyrimidine from B
optimized reaction condition, (b) catalyst amount 10 wt%.
(c) Solvent: EtOH:H2O (1:1). (d) Reflux temperature, (e) reaction time

5

corresponding products are obtained in good to high yield. In gen-
eral comparison, aromatic aldehyde containing electron withdraw-
ing group as well as heteroaromatic aldehydes reacts to produce a
high yield (Table 3, entry 2, 10, 11), while aromatic aldehydes con-
taining electron donating group react to provide a comparatively
low yield (Table 3, entry 3, 6).

3.5. Proposed reaction mechanism

3.5.1. Plausible SiPTA catalyzed reaction mechanism for synthesis of
pyrazolopyranopyrimidines

We believe that, at first, the catalyst interacts with the oxygen
atom of the carbonyl group of Barbituric acid and forced it to con-
vert into enol form. In the next step, the catalyst protonates oxygen
of the carbonyl group of aromatic aldehyde and makes carbon elec-
trophilic which fascinates nucleophilic attack results in CAC bond
formation followed by dehydration. Further, 3-methyl-5-
pyrazolone (IV-f) undergoes tautomerization to form compound
(IV-e), it is the most prominent candidate for cyclization. Finally
olopyranopyrimidinesa.

Time(min)e Yield (%)f

70 94
45 84
50 85
120 78
60 96 [present work]

arbituric acid, 3-methyl-5- pyrazolone and aryl aldehydes under

is monitored by TLC.(f) Isolated yield.



Table 3
Synthesis substituted Pyrazolopyranopyrimidines derivatives using Si-PTA under optimized reaction conditions.

Entry Aldehyde Product code Time (hr) Yield (%)b

1. Benzaldehyde 4-a 01 96
2. p-nitrobenzaldehyde 4-b 01 96
3. 4-hydroxybenzaldehyde 4-c 01 90
4. 4-hydroxy-3-methoxy benzaldehyde 4-d 01 92
5. 3,4-Dimethoxy benzaldehyde 4-e 01 94
6. 4-Methyl benzaldehyde 4-f 01 88
7. 2,4-Dichlorobenzaldehyde 4-g 01 91
8. 4-Chlorobenzaldehyde 4-h 01 89
9. 2-Hydroxybenzaldehyde 4-i 01 90
10. 3-Bromobenzaldehyde 4-j 01 94
11. 4-Flurobenzaldehyde 4-k 01 92

(a) All reactions were conducted using 1 mmol reactant (1,2&3) and 10 wt% catalyst in EtOH:H2O(1:1) at reflux temperature. (b) Isolated yield.
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nucleophilic addition of compound (IV-e) on compound (IV-d) fol-
lowed by cyclization and then dehydration to gave 3-methyl-4-(p
henyl)-1-phenyl-6,8-dihydropyrazolo [3-6]pyrano[2,3-d]
pyrimidine-5,7(1H,4H)-dione. In this reaction, Si-PTA plays an
important role in cyclization as well as dehydration due to which
we achieved our target with efficiency, after completion of the
reaction catalyst can be removed easily and utilized in many more
reactions. However, further catalyst characterization and in-depth
correlation for the catalyzed mechanism are under study.
3.6. Recyclability test of Si-PTA

The advanced, highly efficient, and recyclable heterogeneous
catalyst for the synthesis of pyrazolopyranopyrimidines deriva-
tives is the ultimate objective of our research. It is essential to
know the stability of heterogeneous catalysts at given reaction
conditions. In order to know the reusability of the catalyst, we sep-
arated the Si-PTA catalyst from reaction mixture by simple filtra-
tion and washed it two to three times using water and ethanol to
remove all types of impurities and reused it for further successive
five cycles. Recyclability test reveals that, no significant loss in the
yield of pyrazolopyranopyrimidines. Moreover, complete conver-
sion of the reactant with a comparable yield of product was main-
tained during the recycling test of Si-PTA. Further study and
comparison of fresh and recycled catalysts is going on and some
other applications are in process.
4. Conclusions

We have prepared a heterogeneous Si-PTA catalyst and charac-
terized it completely by different spectroscopic and analytical
techniques. After the successful characterization of the catalyst, it
was utilized in the synthesis of pyrazolopyranopyrimidines deriva-
tives from barbituric acid, 3-methyl-5-pyrazolone and substituted
aryl aldehydes under optimized reaction conditions. The catalyst
showed 96–88 % isolated yield of product with maximum purity.
Finally, the catalyst was recycled by simple filtration and reused
up to five cycles without loss of catalytic efficiency during the
experimental procedure. Silica-supported phosphotungstic acid
6

exhibits key advantages such as simplicity, recyclability, and
efficiency.
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