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Heteropolyacid–silica mediated [3+2] cycloaddition of
azomethine ylides—a facile multicomponent one-pot synthesis

of novel dispiroheterocycles
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Abstract—An efficient synthesis of dispiroindenoquinoxaline pyrrolizidine derivatives has been expediently accomplished by a
one-pot four component 1,3-dipolar cycloaddition reaction. High regioselectivity was achieved using heteropolyacid
H4[Si(W3O10)3]–silica as a catalyst. X-ray diffraction studies of one of the cycloadducts proved the structure and regiochemistry
of the cycloadduct.
� 2006 Elsevier Ltd. All rights reserved.
In recent years multicomponent reactions1 (MCRs)
leading to interesting heterocyclic scaffolds have
emerged as powerful tools for delivering the molecular
diversity needed in combinatorial approaches for the
synthesis of bioactive compounds thereby creating
diverse chemical libraries of drug-like molecules for
biological screening.2 1,3-Dipolar cycloaddition reactions
are efficient methods for the construction of heterocyclic
units in a highly regio- and stereoselective manner.3 In
particular, the chemistry of azomethine ylides has
gained significance in recent years as it serves as an expe-
dient route for the construction of nitrogen-containing
five-membered heterocycles which constitute the central
skeleton of numerous natural products.4 Among various
aza heterocycles, functionalised pyrrolizidines are a class
of alkaloids with significant biological activity.5

Substituted quinoxaline derivatives are pharmacologi-
cally important compounds. Although rare in Nature,
examples such as leromycin and actinomycin possess a
quinoxaline ring and are known to inhibit the growth
of gram-positive bacteria and are also active against var-
ious transplantable tumors.6 Spiro compounds represent
an important class of naturally occurring substances
characterized by their pronounced biological proper-
ties7–11 such as potent aldose reductase inhibitors, polio
and rhinovirus 3C-proteinase inhibitors. Hence, with
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.10.139

* Corresponding author. Tel.: +91 44 9444 333 883; e-mail:
ragharaghunathan@yahoo.com
renewed interest in such complex fascinating heterocy-
cles, we have used the 1,3-dipolar cycloaddition reaction
for their synthesis. However, such reactions sometimes
lead to mixtures of products with poor regio- and stereo-
selection.12 Although 1,3-dipolar cycloaddition reac-
tions carried out on a solid support13 have proved to
be beneficial in terms of regio- and stereoselectivity, only
a few reports are available on the use of Lewis acids in
1,3-dipolar cycloaddition reactions.14 Thus an acid cat-
alyst that has high catalytic activity, low toxicity, is
moisture and air tolerant and economical is desirable.

Heteropolyacids are remarkable catalysts that are used
under both homogenous and heterogenous conditions.15

In this connection and in continuation of our research in
the area of 1,3-dipolar cycloaddition,16–18 we introduce
the heteropolyacid H4[Si(W3O10)3], as a mild and effi-
cient catalyst for the four-component, one-pot synthesis
of novel dispironol indenoquinoxaline pyrrolizidines
through 1,3-dipolar cycloaddition of an azomethine
ylide generated from 1,2-phenylenediamine, ninhydrin
and proline with various unusual dipolarophiles
(Scheme 1).

The multicomponent reaction was carried out by stirring
a mixture of 1 equiv of ninhydrin 2 and 1 equiv of 1,2-
phenylenediamine 3 for 10 min in 10 mL of acetonitrile
followed by addition of 1 equiv of LL-proline 4. This
mixture was then added to a solution of 1 equiv of
the 2-arylidene-1,3-indanedione 1a–f containing the
heteropolyacid (20 mol %) in 10 ml of acetonitrile. The
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reaction mixture was then refluxed until completion of
the reaction as evidenced by TLC.

The reaction proceeds through condensation of nin-
hydrin 2 and 1,2-phenylenediamine 3 to give an indeno-
quinoxaline-11-one which then generates an azomethine
ylide with LL-proline 4. The 1,3-dipole subsequently
undergoes a cycloaddition reaction with the dipolaro-
phile 2-arylidene-1,3-indanedione 1a–f to afford a series
of novel dispiroindenoquinoxaline pyrrolizidines 5a–f.

The products were characterized on the basis of their
elemental analysis as well as IR, 1H NMR, 13C NMR
and mass spectral analysis. The IR spectrum of 5a
showed peaks at 1730 and 1736 cm�1 due to the indane-
dione ring carbonyls. In the 1H NMR spectrum of 5a,
the benzylic proton Ha appeared as a doublet at d 5.31
(J = 9.38 Hz) which clearly showed the regiochemistry
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of the cycloaddition reaction. If the other regioisomer
6a had formed, then the 1H NMR spectrum would have
shown a singlet for the benzylic proton. The stereochem-
istry of the cycloadducts 5a–f was deduced on the basis
of 1H NOESY. Irradiation of proton Ha at d 5.31 did
not cause any enhancement of the signal for the proton
Hb which appeared as a multiplet at d 5.02–5.08. The
signals in the 13C NMR spectrum of 5a at 76.02 and
77.96 ppm correspond to the two spiro carbons. The
indanedione ring carbonyls resonated at 196.62 and
198.37 ppm, respectively. Moreover, the presence of a
molecular ion peak at m/z 519.6 (M+) in the mass spec-
trum of 5a confirming the structure of the cycloadduct.
The regio- and stereochemical outcome of the cycloaddi-
tion reaction was determined by single crystal X-ray
analysis of the cycloadduct 5a.19 Identical results were
obtained with other derivatives of 2-arylidene-1,3-
indanediones.
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We have extended this methodology to other dipolaro-
philes including (E)-2-arylidene-tetrahydronaphthalene-
1-ones, (E)-3-arylidene-4-chromanones and (E)-2-oxo-
indolino-3-ylidene acetophenones (Schemes 2–4).

The structures and regiochemistries of the cycloadducts
were similar to those obtained from 2-arylidene-1,3-
indanediones and were confirmed from spectroscopic
data. The catalytic activity of the heteropolyacid
H4[Si(W3O10)3] and the yield of the cycloadducts, were
found to vary with the concentration of the catalyst
(Table 1). The optimum amount of catalyst was found
to be 20 mol %. Heteropolyacid–silica (1:1) in aceto-
nitrile was found to be an excellent catalyst in terms of
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conversion and reaction time. In fact, all the cyclo-
adducts were obtained in high yields (85–92%). Further-
more, no aqueous work up was needed after completion
of the reaction. The solvent was removed in vacuo and
the reaction mixture was purified through column
chromatography.20

In conclusion, H4[Si(W3O10)3] was used as an efficient
catalyst in the 1,3-dipolar cycloaddition reaction of
azomethine ylides for the efficient four-component,
one-pot synthesis of a series of novel dispiroindeno-
quinoxaline pyrrolizidines in one-pot. This catalyst
offers several advantages including mild reaction condi-
tions, cleaner reaction profiles, shorter reaction times
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Table 1. H4[Si(W3O10)3] catalyzed cycloaddition reactions

Product R Method A Method B Method C Method D

T (h) Y (%) T (h) Y (%) T (h) Y (%) T (h) Y (%)

5a H 8.1 45 3.2 79 2.9 83 3.0 87
5b p-CI 8.4 46 3.3 75 3.1 83 3.0 86
5c p-Me 9.5 43 3.6 78 3.4 81 3.2 87
5d p-OMe 9.5 42 3.6 79 3.4 84 3.2 87
5e p-NO2 9.3 48 3.0 85 2.7 88 2.8 92
5f p-NMe2 9.6 37 3.8 78 3.5 82 3.3 86
8a H 8.8 47 3.1 77 2.9 84 2.9 88
8b p-CI 8.9 45 3.2 76 2.8 81 3.0 85
8c p-Me 9.0 43 3.3 75 3.0 84 2.3 86
8d p-OMe 9.6 46 3.6 78 3.1 82 3.2 88
11a H 8.7 42 3.0 75 2.7 81 2.8 86
11b p-CI 8.9 46 3.2 80 2.8 83 2.8 88
11c p-Me 9.6 43 3.6 77 3.1 80 3.2 85
11d p-OMe 9.6 35 3.7 80 3.3 85 3.2 87
11e p-NMe2 9.8 30 4.0 76 3.4 80 3.7 85
13a H 8.8 47 3.3 79 3.0 83 2.8 86
13b p-CI 9.0 46 3.6 77 3.1 85 3.0 87
13c p-Me 8.9 40 3.8 74 3.2 80 3.3 85
13d p-OMe 9.6 42 3.9 78 3.3 81 3.1 86
13e p-Br 8.9 47 3.3 82 3.0 86 2.9 88

T (h) = time in hours; Y (%) = yield percent.
Method A: toluene/reflux.
Method B: H4[Si(W3O10)3]/methanol/reflux.
Method C: H4[Si(W3O10)3]/acetonitrile/reflux.
Method D: H4[Si(W3O10)3]–silica/acetonitrile/reflux.
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and better yields with high degrees of regio- and stereo-
selectivities. The bioactivity of the newly synthesized
dispiroindenoquinoxaline pyrrolizidines derivatives will
be published elsewhere.
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