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Abstract—An environmentally benign protocol for the one-pot, 

three-component synthesis of Triazolo[1,2-a]indazole-1,3,8-trione 
derivatives by condensation of dimedone, urazole and aromatic 
aldehydes catalyzed by HClO4/SiO2 NPS as an ecofriendly catalyst 
with high catalytic activity and reusability at 100ºC under solvent-
free conditions is reported. The reaction proceeds to completion 
within 20-30 min in 77-86% yield. 
 

Keywords—One-pot reaction, Dimedone, Triazoloindazole, 
Urazole. 

I. INTRODUCTION 

ULTICOMPONENT reactions (MCRs) are chemical 
transformations in which three or more reactants forma 

product derived from all of the inputs [1]. Although the term 
MCR is used interchangeably with ‘cascade’, ‘domino’ and 
‘one-pot’ processes, a somewhat specific definition is useful 
for direct comparison. Conducting successive reactions in a 
reaction vessel can be an efficient way to access molecular 
diversity. That said, a series of ‘two-component’ reactions 
requiring a specific order of addition is functionally and 
practically different than many MCRs in which the 
components can be added in any order [2]. Another important 
distinction lies in the definition of a ‘component’ versus a 
‘reagent.’ For maximumutility in the assembly of complex 
products, each component should be present in the final 
product and, to a certain extent, be independently variable 
from the other components [3]. 

In recent years, use of heterogeneous catalysts has received 
considerable interest in various disciplines including organic 
synthesis. They are advantageous over their homogeneous 
counterparts due to the prime advantage that, in most cases, 
the catalyst can be recovered easily and reused. Silica-
supported perchloric acid (HClO4–SiO2) has been used as an 
efficient heterogeneous catalyst for many organic 
transformations because of its low cost, ease of preparation, 
catalyst recycling, and ease of handling [4]–[9]. 

Herein, as a part of our continued interest in catalysis by 
nanoparticles, we report a convenient and facile one pot 
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method for the synthesis Triazolo[1,2-a]indazole-triones 4 via 
Three-Component reaction between Dimedon 1 , 4-
phenylurazole 2 and aromatic aldehydes 3 under solvent-free 
conditions in the present of HClO4/SiO2 NPs (Fig. 1). 
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Fig. 1 Synthesis of Triazolo[1,2-a]indazole-1,3,8-trione derivatives 

II. RESULTS AND DISCUSSION 

Our initial efforts focused on the search for a catalyst for 
the condensation reaction between dimedone, urazoles and 
aromatic aldehydes. For this purpose, the condensation 
reaction between dimedone 1 (1 mmol), 4-phenylurazole 2 (1 
mmol) and 4-chlorobenzaldehyde 3a (1 mmol) as a simple 
model substrate for the synthesis of 6,7-Dihydro-6,6-dimethyl-
2-phenyl-9-(4- chloro-phenyl)-[1,2,4]-triazolo[1,2-a]indazole-
1,3,8(2H,5H,9H)-trione (4a) in the presence of HClO4–SiO2 
NPs under solvent-free conditions was selected as a model 
reaction in the presence of different catalytic systems and the 
results are summarized in (Table I). 

 
TABLE I  

COMPARED PERFORMANCES OF VARIOUS CATALYSTS FOR THE MODEL 

REACTION A 

Entry Catalyst Reaction conditions Time (min) Yieldb (%) 

1 ZnO NPs Solvent-free,100 oC 25 0 

2 MgO NPs Solvent-free,100 oC 25 0 

3 CuO NPs Solvent-free,100 oC 25 0 

4 ZrO2 NPs Solvent-free,100 oC 25 0 

5 HClO4/SiO2 Solvent-free,100 oC 25 62 

6 HClO4/SiO2 NPs Solvent-free,100 oC 25 86 
a Reaction conditions: Dimedon (1 mmol), 4-phenylurazole (1 mmol), 4-

chlorobenzaldehyde (1 mmol); catalyst: HClO4–SiO2 NPs (20 mol%); temp: 
100ºC; solvent free. b Isolated yields. 

 
With the best catalyst in hand, we then studied the influence 

of different amounts of catalyst and temperature on the 
reaction time and yield for the model reaction. (Table II) 

The efficacy of our protocol was well evaluated using a 
wide range of aldehydes. As indicated in Table III, it seemed 
that there was no remarkable electronic effect from the 
substituents on aldehyde moiety, since the aryl aldehydes with 
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both electrondonating and electron-withdrawing groups could 
be applied as efficient candidates for the synthesis of 
corresponding triazolo[1,2- a]indazolone derivatives in good 
yields. Compounds 4i and 4j were new and their structures 
were deduced by elemental and spectral analysis. but 
compounds 4a-h were known and their structures were 
deduced by comparison of melting points and spectral data 
with authentic samples [10]-[12] (Table III). 

 
TABLE II 

OPTIMIZATION AMOUNT OF HCLO4–SIO2 NPS AND REACTION TEMPERATURE 

FOR PREPARATION 6,7-DIHYDRO-6,6-DIMETHYL-2-PHENYL-9-(4- CHLORO-
PHENYL)-[1,2,4]-TRIAZOLO[1,2-A]INDAZOLE-1,3,8(2H,5H,9H)-TRIONE A 

Entry Catalyst (g%) Temp(°C) Time (min) Yieldb (%) 
1 HClO4-SiO2 NPs(0.02) 100 30 62 

2 HClO4-SiO2 NPs(0.03) 100 15 80 

3 HClO4-SiO2 NPs(0.03) 100 25 86 

4 HClO4-SiO2 NPs(0.04) 100 25 83 

5 HClO4-SiO2 NPs(0.03) 120 25 83 

6 HClO4-SiO2 NPs(0.03) 80 25 77 
a Reaction conditions: Dimedon (1 mmol), 4-phenylurazole, (1 mmol), 4-

chlorobenzaldehyde (1 mmol); catalyst: HClO4–SiO2 NPs (20 mol%); temp: 
100ºC; solvent free. b Isolated yields. 

  
TABLE III 

THREE-COMPONENT REACTION OF DIMEDON, 4-PHENYLURAZOLE AND 

AROMATIC ALDEHYDES CATALYZED BY HCLO4-SIO2 NPS UNDER SOLVENT-
FREE CONDITIONSA 

Entry Ar Time(min) Yieldb (%) M.P. (°C) mp[lit] (°C) 

4a 4-Cl-C6H4 25 86 167 (166–168)10 

4b 2-Cl-C6H4 20 79 172 (175–177)10 

4c C6H5 25 78 200 (187–189)11 

4d 4-NO2-C6H4 20 81 180 (126–128)11 

4e 4-MeO-C6H4 30 78 175 (176-180)12 

4f 4-Br-C6H4 25 80 185 (184–186)12 

4g 3-Br-C6H4 30 81 180 (174–176)12 

4h 4-Me-C6H4 30 79 165 (173–175)12 

4i 2-Me-C6H4 25 77 184 (New product) 

4j 2-NO2-C6H4 20 80 168 (New product) 
a Reaction conditions: Dimedon (1 mmol), 4-phenylurazole (1 mmol), 

aromatic aldehydes (1 mmol); catalyst: HClO4–SiO2 NPs (20 mol%); temp: 
100ºC; solvent free. b Isolated yields. 
  

A possible mechanism for the formation of the products is 
shown in Scheme 2. The reaction occurs via initial formation 
of heterodiene 5, by standard Knoevenagel condensation of 
aldehyde 1 and dimedone 2. Subsequent Michael-type 
addition of the urazole 3 to 5 followed by cyclization affords 
the corresponding product 4 (Fig. 2). 

Another advantage of this approach could be related to the 
reusability of the catalyst. We found that the catalyst could be 
separated from the reaction mixture simply by centrifuge and 
washing with ethanol and dried at 100 oC. The reusability of 
HClO4–SiO2 NPs was checked by the reaction of Dimedon 1, 
4-phenylurazole 2 and aromatic aldehydes 3 under optimized 
reaction conditions. The results show that the catalyst can be 
used effectively three times with slight decreasing in catalytic 
activity, 86%, 80% and 77% (Table IV). Therefore, the 
recyclability of the catalyst makes the process economically 
and potentially viable for commercial applications.  
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Fig. 2 Suitable mechanism for the formation of triazole[1,2-
a]indazole triones 

 
TABLE IV 

RECYCLABILITY OF THE CATALYST A 

No of cyclesa Run1 Run2 Run3 

Yieldb (%) 86 80 77 

Time (min) 25 25 25 
a Reaction conditions: Dimedon (1 mmol), 4-phenylurazole (1 mmol), 

aromatic aldehydes (1 mmol); catalyst: HClO4–SiO2 NPs (20 mol%); temp: 
100ºC; solvent free. b Isolated yields. 

III. EXPERIMENTAL 

A. General 

Melting points were determined with an Electrothermal 
9100 apparatus. Elemental analyses were performed using a 
Heraeus CHN-O-Rapid analyzer. Mass spectra were recorded 
on a FINNIGAN-MAT 8430 mass spectrometer operating at 
an ionization potential of 70 eV. IR spectra were recorded on a 
Shimadzu IR-470 spectrometer. 1H and 13C NMR spectra were 
recorded on Bruker DRX-500 Avance spectrometer at solution 
in CDCl3 using TMS as internal standard. The chemicals used 
in this work were purchased from Fluka (Buchs, Switzerland) 
and were used without further purification. The stable silicagel 
nanoparticles is easily prepared [13] and used for preparation 
of catalyst (HClO4–SiO2 NPs). 

B.  Synthesis of Perchloric acid Supported on Silicagel 
Nanoparticles Nanoparticles 

The reagent was prepared by combining 70% aqueous 
HClO4 (1.8 g, 12.5 mmol) with nano silicagel (23.7 g) in 
diethyl ether (70 mL). It was stirred for 3h at room 
temperature. The mixture was concentrated and the residu 
dried under vacuum at 100°C for 72h to afford HClO4– SiO2 
NPs (0.5 mmol g−1) as a free flowing powder. The 
dimensions of nanoparticles were observed with SEM (Fig. 3). 
The sizes of particles are between 20 and 30 nm. 
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131.9, 139.2, 149.1, 151.1, 151.3, 191.9 (ppm). Anal. Calcd 
for C23H20BrN3O3: C, 59.24; H, 4.32; N, 9.01. Found: C, 
59.31; H, 4.28; N, 8. 94 

IV. CONCLUSION 

In conclusion, we have demonstrated that HClO4-SiO2 

nanoparticles can be used as green and reusable and 
heterogeneous catalyst for efficient synthesis of 
triazoloindazoles under solvent-free conditions. Simple 
reaction, one-pot, and work-up procedures make it a useful 
protocol for the synthesis of these classes of compounds. 
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