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Mesoporous Aluminosilicate (AlKIT-5) has been found to be an efficient catalyst for one-pot synthesis of
triazolo[1,2-a]indazole-1,3,8-trione derivatives from dimedone, urazole, and aromatic aldehydes using
acetonitrile as a solvent. This new method is simple, effective, ecofriendly, and consistently has the
advantage of excellent yields (80–96%) and short reaction time (30–60 min). The effect of the catalyst
weight, aluminum content in the catalyst, and the solvents on the synthesis of triazolo[1,2-a]indazole-
1,3,8-trione derivatives has been investigated. It has been found that the catalyst can be recycled for sev-
eral times without much affecting its activity for a variety of organic transformations.

� 2010 Elsevier Ltd. All rights reserved.
1–3
Multicomponent reactions (MCRs) offer significant benefits
such as saving energy, time, money, and raw materials over conven-
tional linear-step syntheses. MCRs are economically and environ-
mentally very advantageous and help to avoid the usage of
expensive, toxic, and hazardous solvents as the multi-step synthesis
involves various steps which produce considerable amount of
wastes due to isolation and separation of the products after each
step. Among the various MCR products, triazolo[1,2-a]indazole-
1,3,8-triones4,5 are very important class of nitrogen-containing het-
erocyclic compounds which exhibit high biological activity and are
critical for enhancing the quality of life.6–10 Heterocycles containing
a urazole (1,2,4-triazolidine-3,5-diones) and its derivatives also ex-
hibit anticonvulsant and fungicidal activities.11–17 As these mole-
cules posses excellent biological activities, much attention has
been given to the synthesis of urazole and its derivatives in the
recent years.18–22 Several reports have been published on the syn-
thesis of heterocycles containing an urazole moiety.18–22 Triazol-
o[1,2-a]indazole-1,3,8-trione derivatives are generally synthesized
by the condensation of dimedone, urazole, and aromatic aldehydes
under acetonitrile using homogeneous catalysts such as p-toluene
sulfonic acid. Although the homogenous catalysts work better in
the above process, they suffer from one or more disadvantages such
ll rights reserved.
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as high cost, the requirement of huge amount of catalyst, regenera-
tion of the catalyst, and the separation of the product from the reac-
tion mixtures. Therefore, the search continues for a better catalyst
for the synthesis of indazole-1,3,8-trione derivatives.

In organic synthesis, the use of heterogeneous catalysts, espe-
cially mesoporous materials,23,24 has received considerable impor-
tance in recent years. Among the various heterogeneous
mesoporous silica catalysts, mesoporous catalysts with 3D struc-
tures are more advantageous for the synthesis of organic molecules
than the catalysts with 1D mesoporous structure because the for-
mer provide more adsorption sites and resistant to pore blocking
and allow easy diffusion of the reactant molecules. Very recently,
we have reported the synthesis of 3D aluminum-supported meso-
porous KIT-5 material (AlKIT-5) which is highly acidic and pos-
sesses 3D mesostructure with Fm3m symmetry and large cage-
type pores.25 AlKIT-5 was applied to various acid-catalyzed reac-
tions. It was found that the catalytic activity of AlKIT-5 is much
superior to the other mesoporous and microporous catalysts.25–31

Although these materials possess interesting textural and catalytic
properties, unfortunately, with the best of our knowledge, there
has been no report available on the synthesis of indazole-1,3,8-tri-
ones using such materials as catalysts till now. Here we report an
efficient, simple one-pot, and three-component method for the
preparation of triazolo[1,2-a]indazole-1,3,8-trione derivatives by
condensation of 5,5-dimethylcyclohexane-1,3-dione (dimedone,
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Scheme 1. Synthesis of triazolo[1,2-a]indazole-1,3,8-trione derivatives using AlKIT-5 as catalyst.

Table 1
Effect of the weight and catalytic activity of the AlKIT-5 catalysts on the synthesis of triazolo[1,2-a]indazole-1,3,8-trione derivatives

S.No Catalyst Wt of the catalyst (mg) Dpads, BJH (nm) Acidity (mmol/g) Yield (%)

1 AlKIT-5(10) 50 6.0 0.50 34
2 AlKIT-5(10) 100 6.0 0.50 72
3 AlKIT-5(10) 150 6.0 0.50 96
4 AlKIT-5(10) 200 6.0 0.50 96
5 AlKIT-5(28) 150 5.6 0.32 89
6 AlKIT-5(44) 150 5.2 0.14 78
7 Montimorillonite K-10 150 — — 80
8 Nafian 150 — — 84
9 Amberlyst-15 150 — — 90

Reaction conditions: substrate: dimedone, urazole, and aromatic aldehyde, reaction time: 30 min, reaction temperature: reflux, solvent: acetonitrile, Dp: pore diameter.
AlKIT-5(10): the number in the parentheses denotes the nSi/nAl ratio of the final product.
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1) urazole (2) and aromatic aldehydes (3) under acetonitrile reflux
conditions using AlKIT-5 as the catalyst.

Initially we studied the catalytic properties of AlKIT-5 using
dimedone (1), urazole (2), and aromatic aldehyde (3a–j)
Table 2
AlKIT-5-catalyzed synthesis of triazolo[1,2-a]indazole-1,3,8-trione derivatives
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(Scheme 1). The effect of the amount of catalyst on the synthesize
of the triazolo[1,2-a]indazole-1,3,8-trione derivatives was studied
and the results are given in Table 1. It was found that the yield
of the final products increases with increasing amount of the
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Table 2 (continued)

S.No Aldehyde Product Time (min) Yield(%)
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Scheme 2. Mechanism for the formation of triazolo, indazole-triones.
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catalyst in the reaction mixture. The yield of the final product in-
creases from 34% to 96% with increasing catalyst weight from 50
to 200 mg. To optimize the synthetic conditions of triazolo[1,2-
a]indazole-1,3,8-trione derivatives, we have chosen the entry 1 gi-
ven in Table 2, and used AlKIT-5 catalyst with different nSi/nAl ra-
tios. It was found that the amount of Al in the framework
significantly alters the yield of the final product. Among the Al-
KIT-5 catalyst with different nSi/nAl ratios, AlKIT-5 with a nSi/nAl ra-
tio of 10 was found to be highly active mainly due to its high
acidity and large surface area. It should be mentioned that AlKIT-
5 with a nSi/nAl ratio of 10 gave the yield of the product 4a almost
96% in 30 min time. The activity of the standard catalysts such as
Nafian, Amberlyst, and Monmorillonite K-10 has been tested and
the results have been compared with that of the AlKIT-5(10). It
has been found that the activity of the AlKIT-5(10) is better as com-
pared to that of those commercially available catalysts.
We have also carried out the synthesis32 of triazolo[1,2-a]inda-
zole-1,3,8-trione derivatives using various aromatic aldehydes
with dimedone and urazole in the presence of 150 mg of AlKIT-5
at reflux temperature for 30–60 min under acetonitrile solvent.
Most of the cases, ca. 80–96% yield of the final products was ob-
tained using the AlKIT-5 catalyst under acetonitrile conditions
(Table 2). The products 4a-j formed by initial formation of hetero-
diene 5 by standard Knoevenagel condensation of dimedone 1 and
aldehyde 3a–j. Subsequent Michael-type addition of urazole 2 to
heterodiene 5 followed by cyclization afforded the corresponding
product 4a–j and water (Scheme 2). The results were good in terms
of yields and product purity in the presence of AlKIT-5 whereas
only less than 25% yield of the final product was obtained when
the reactions were carried out without any catalyst over a long per-
iod of time (5–6 h). All synthesized products (4a–j) were stable and
characterized by using IR, 1H NMR, and mass spectral analysis and
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also by comparison with authentic samples. Aliphatic aldehydes
were also utilized for the synthesis of triazolo[1,2-a]indazole-
1,3,8-trione derivatives. Unfortunately, the catalyst was almost
inactive under the same reaction conditions for the aliphatic
aldehydes.

We also investigated the role of solvents on the synthesis of
triazolo[1,2-a]indazole-1,3,8-trione derivatives using AlKIT-5 cata-
lysts. Among the various solvents such as methylene chloride, THF,
acetonitrile, and methanol used for this transformation, acetoni-
trile and methanol were found to be the best solvents. Recycling
experiments were conducted to find out the stability of the catalyst
after the reaction. The catalyst was easily separated by centrifuga-
tion and reused after activation at 500 �C for 3–4 h in air. The effi-
ciency of the recovered catalyst was verified with the entry 1 given
in Table 2. Using the fresh catalyst, the yield of product (4a) was
96%, while the recovered catalyst in the three subsequent recycli-
zation gave the yields of 94%, 92%, and 91%, respectively. These re-
sults reveal that the catalyst can be recycled several times without
losing much activity. In addition, we have carried out scale-up
experiments with 1 gm of benzaldehyde, (Table 2, entry a) using
AlKIT-5 catalyst and we achieved 95% of the yield which is almost
nearer to the reported yield given in Table 2 (entry a), revealing
that the process can easily be commercialized with our catalyst.

In summary, we have developed a new methodology for the
one-pot, three-component synthesis of triazolo, indazole-trione
derivatives by cyclocondensation reaction of dimedone, urazole,
and aromatic aldehydes in the presence of AlKIT-5 catalyst under
acetonitrile solvent conditions at reflux temperature. The catalyst
was found to be highly active for the synthesis of triazolo[1,2-
a]indazole-1,3,8-trione derivatives which can be prepared from
available inexpensive reagents and can be easily recycled. This
method is quite simple, high yielding, time saving, and ecofriendly
process.
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