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Novel pyrazolopyridine-spiroindolinones were prepared by the three-component reaction of 5-aminopy-
razoles, isatin, and cyclic b-diketones in aqueous media and catalyzed by p-TSA. This protocol provides a
simple one-step procedure with the advantages of easy work-up, mild reaction conditions and environ-
mentally benign.

� 2011 Elsevier Ltd. All rights reserved.
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Compounds with spiro skeletons not only constitute subunits in
numerous alkaloids, but are also templates for drug discovery and
have been used as scaffolds for combinatorial libraries.1 Synthesis
of some spiro-derivatives has been performed by conventional
methods and procedures based on three-component one-pot
approaches.2

Isatin is a privileged lead molecule for designing potential bio-
active agents, and its derivatives have been shown to possess a
broad spectrum of bioactivity, as many of which have been as-
sessed as anti-HIV,3 anti-viral,4 anti-tumor,5 anti-fungal,6 and
anti-convulsants7 agents. These interesting properties have
prompted many efforts toward the synthesis and pharmacological
screening of isatin derivatives.

In our interest in the development of synthetic strategies to
obtain functionalized heterocycles,8 we have concentrated much
of our recent efforts in the preparation of such bioactive nitro-
gen-containing heterocycles, and have already reported simple
and efficient procedures to reach interesting molecules such as
pyrazolo[3,4-b]pyridines with biological properties.9

Recently, we have described the three-component reaction be-
tween 5-(4-R-benzylamino)pyrazoles 1, paraformaldehyde 2, and
cyclic b-diketones 3 by conventional heating or by microwave irra-
diation to obtain pyrazolo[3,4-b]pyridine-5-spirocycloalkane-
dione (Scheme 1).2e

As part of our program on the synthesis of spiro-heterocyclic
compounds and the development of newselective and environ-
ll rights reserved.

).
mentally friendly methodologies for the preparation of these com-
pounds, herein we report a three-component reaction between 5-
amino-3-methyl-1-phenylpyrazole 5a, b-diketones 3 and isatin 6
in aqueous media and catalytic p-TSA, leading to the formation of
several pyrazolopyridine-spiroindolinone derivatives 7a–g
(Scheme 2, Table 1).10
5a
7a-g

Scheme 2.
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Pyrazolopyridine-spiroindolinone derivatives 7a–g

Entry b-Diketone Product Mp (�C) Yield (%) m/z
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In order to evaluate the versatility and regiochemistry of this
procedure we performed the three-component reaction, under
the same reaction conditions,10 between 5-amino-1H-pyrazoles
5b and 5c, b-diketones 3 and isatin 6. The presence of a third nucle-
ophilic center in the 1-NH-aminopyrazoles 5b,c, could lead to the
formation of spiro-pyrazolo[3,4-b]pyridines 8 or spiro-pyrazol-
o[1,5-a]pyrimidines 9 (Scheme 3).
Table 2
Pyrazolopyridine-spiroindolinone derivatives 8a–j

Entry Pyrazole b-Diketone Product Mp �C Yield
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The reaction showed a high regioselectivity. In all cases only a
sole regioisomer 8 was obtained and in good yields (60–96%) (only
one product, pyrazolo[3,4-b]pyridine-spiroindolinones 8a–j)
(Table 2). We consider that the formation of the pyrazolepyridine
isomer 8 is due to the higher nucleophilicity of the C-4 over the
N-1 in the aminopyrazole 5b,c. This orientation has been observed
by us in the reaction of NH-5-aminopyrazoles with dimedone and
other carbonyl compounds.8e,f

The structures of all new compounds were determined on the
basis of their analytical techniques, 1D and 2D NMR, and MS, spec-
troscopic data which agree with the proposed structures.

A possible mechanism for the established three-component
reaction is outlined in Scheme 4. We consider that the b-diketone
iniatilly reacts with isatin to give the condensation product 10,
which undergoes a Michel-type addition of 5-aminopyrazole 5a–c
followed by the cyclocondensation of the intermediate adduct 11
to give the corresponding products 7a–g and 8a–j.

In summary, the described three component synthesis in aque-
ous media is a simple, practical, environmentally friendly and very
regioselective method for the preparation of some novel heterocy-
clic compound containing spiropyrazolopyridine system, with the
advantages of easy work-up and mild reaction conditions. The bio-
logical and fluorescent properties of the new compounds obtained
in this research are under investigation.
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