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Abstract—An efficient synthesis of dispiro-oxindolopyrrolizidine and dispirooxindolothienopyrrole derivatives has been expediently
accomplished via a one-pot, three-component 1,3-dipolar cycloaddition reaction. High regioselectivity was achieved on ultrasoni-
cation in the presence of silica as a catalyst. X-ray diffraction studies of one of the cycloadducts proved the structure and regiochem-
istry of the cycloaddition.
� 2007 Elsevier Ltd. All rights reserved.
In recent years multicomponent reactions1 (MCR’s)
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 and creating diverse
chemical libraries of drug-like molecules for biological
screening.2 1,3-Dipolar cycloaddition reactions are effi-
cient methods for the construction of heterocyclic units
in a highly regio- and stereoselective manner.3 In partic-
ular, the chemistry of azomethine ylides has gained sig-
nificance in recent years as it serves as an expedient
route for the construction of nitrogen-containing five-
membered heterocycles, which constitute the central
skeleton of numerous natural products.4 Amongst vari-
ous aza heterocycles, functionalized pyrrolizidines are a
class of alkaloids with significant biological activity.5

Spiro compounds represent an important class of natu-
rally occurring substances characterized by their pro-
nounced biological properties,6–12 including potent
aldose reductase inhibitions and polio and rhinovirus
3C-proteinase inhibitions. Hence, we have used 1,3-
dipolar cycloaddition reactions for their synthesis. How-
ever, such reactions can be slow due to poor mass trans-
fer and require vigorous reaction conditions, expensive
catalysts and often lead to mixtures of products with
poor regio- and stereoselection. Ultrasonication is an
important technique in organic synthesis and has a pro-
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found impact on the way chemists approach organic and
parallel synthesis. Reductions in reaction times, im-
proved yields and suppression of side products, relative
to traditional thermal heating, are benefits of this tech-
nology.13 Although 1,3-dipolar cycloaddition reactions
carried out on a solid support14 by microwave irradia-
tion have proved to be beneficial in terms of regio-
and stereoselectivity, only a few reports are available
on the use of ultrasonic irradiation in 1,3-dipolar cyclo-
addition reactions.15,16

In continuation of our research in the area of 1,3-dipolar
cycloadditions,17–19 we herein report for the first time,
the use of ultrasonic irradiation in a three-component,
one-pot synthesis of novel dispiro-oxindolopyrrolizi-
dines through reaction of the azomethine ylides gener-
ated from isatin/ninhydrin and LL-proline with various
unusual dipolarophiles.

The multicomponent reaction was carried out by ultra-
sonication of a mixture of 1 equiv of isatin 2 with
1 equiv of LL-proline 3 or (R)-thiazolidine-4-carboxylic
acid 6 in 20 mL of acetonitrile followed by the addition
of 1 equiv of dipolarophile 1a–e and 200 mg of silica
(100–200 mesh). The mixture was stirred until comple-
tion of the reaction as evidenced by TLC (Table 1).

The reaction proceeds through decarboxylative conden-
sation of isatin 2 with LL-proline 4 or (R)-thiazolidine-4-
carboxylic acid 6 to generate an azomethine ylide. The
generated 1,3-dipole subsequently undergoes 1,3-dipolar
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Table 1. Ultrasonic 1,3-dipolar cycloaddition reactions

Product R Method A Method B Method C Method D

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

4a H 8.1 45 3.2 79 2.9 83 3.0 87
4b Cl 8.4 46 3.3 75 3.1 83 3.0 86
4c Me 9.5 43 3.6 78 3.4 81 3.2 87
4d OMe 9.5 42 3.6 79 3.4 84 3.2 87
4e Br 9.3 48 3.0 85 2.7 88 2.8 92
7a H 9.6 37 3.8 78 3.5 82 3.3 86
7b Cl 8.8 47 3.1 77 2.9 84 2.9 88
7c Me 8.9 45 3.2 76 2.8 81 3.0 85
7d OMe 9.0 43 3.3 75 3.0 84 2.3 86
7e Br 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 Cl 8.9 46 3.2 80 2.8 83 2.8 88
11c Me 9.6 43 3.6 77 3.1 80 3.2 85
11d OMe 9.6 35 3.7 80 3.3 85 3.2 87
11e Br 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 Cl 9.0 46 3.6 77 3.1 85 3.0 87
13c Me 8.9 40 3.8 74 3.2 80 3.3 85
13d OMe 9.6 42 3.9 78 3.3 81 3.1 86
13e Br 8.9 47 3.3 82 3.0 86 2.9 88

T (h) = time in hours; Y (%) = yield percent. Method A: methanol/ultrasonication. Method B: methanol–silica/ultrasonication. Method C: aceto-
nitrile/ultrasonication. Method D: acetonitrile–silica/ultrasonication.
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cycloaddition with the dipolarophile 1a–e to afford
novel dispiro-oxindolopyrrolizidines 4a–e and 7a–e,
respectively (Schemes 1 and 2).

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 4a
showed peaks at 1710 and 1716 cm�1 due to the oxin-
dole ring carbonyls whilst the benzoyl carbonyl ap-
peared at 1678 cm�1. In the 1H NMR spectrum of 4a,
proton Ha appeared as a doublet at d 5.34
(J = 8.32 Hz), which clearly showed the regiochemistry
of the cycloaddition reaction. If the other possible regio-
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isomer 5a had been formed, the 1H NMR spectrum
would have shown a singlet for proton Ha instead.
The NH protons of the two oxindoles appeared as two
singlets at d 9.91 and d 10.39. The stereochemistries of
cycloadducts 4a–e were deduced on the basis of 1H
NOESY experiments. Irradiation of proton Ha at d
5.34 did not cause any enhancement of the signal for
the proton Hb, which appeared as a multiplet at d
4.60–4.62.

The signals in the 13C NMR spectrum of 4a at d 67.01
and d 77.22 ppm correspond to the two-spiro carbons.
The oxindole ring carbonyls resonated at d 172.83 and



Figure 1. ORTEP diagram of 4c.
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177.46 ppm, respectively. The benzoyl carbonyl reso-
nated at d 197.18 ppm. Moreover, the presence of a
molecular ion peak at m/z 449.5 (M+) in the mass spec-
trum of 4a confirmed the structure of the cycloadduct.
The regio- and stereochemical outcome of the cycloaddi-
tion reaction was determined unambiguously by single
crystal X-ray analysis of cycloadduct 4c (Fig. 1).20

We have extended this methodology to azomethine
ylides generated from ninhydrin 9 and LL-proline 3 or
(R)-thiazolidine-4-carboxylic acid 6 to prepare dispiro-
pyrrolizidines 11a–e and 13a–e (Schemes 3 and 4). The
IR spectrum of 11a showed peaks at 1687 and
1717 cm�1 due to the benzoyl and oxindole ring carbo-
nyls whereas the indanedione ring carbonyls resonated
at 1730 and 1736 cm�1. In the 1H NMR spectrum of
11a, proton Ha appeared as a singlet at d 5.23, which
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proved the regiochemistry of the cycloaddition reaction.
If the other regioisomer 10a had been formed then Ha

would have appeared as a doublet or a doublet of dou-
blets. The NH proton of the oxindole moiety occurred
as a singlet at d 10.67 whereas the pyrrolizidine
–NCH– proton appeared as a multiplet in the region d
4.36–4.37. The pyrrolizidine –NCH2 protons appeared
as multiplets in the region d 1.56–2.47. The 13C NMR
spectrum of 11a showed signals at d 63.68 and
78.34 ppm corresponding to the two-spiro carbons.
The benzoyl and oxindole ring carbonyls resonated at
d 199.36 and 181.04 ppm whereas the indanedione ring
carbonyls resonated at d 197.55 and 197.60 ppm, respec-
tively. Moreover, the presence of a molecular ion peak
at m/z 462.5 (M+) in the mass spectrum of 11a con-
firmed the structure of the cycloadduct. The regio- and
stereochemical outcome of the cycloaddition reaction
was determined unambiguously by single crystal X-ray
analysis of cycloadduct 11a (Fig. 2).21 Comparable
results were obtained with other derivatives of (E)-
2-oxoindolino-3-ylidene acetophenones.

The structures and regiochemistries of the cycloadducts
were confirmed from spectroscopic data. Ultrasonica-
tion in acetonitrile–silica was found to be an excellent
medium in terms of conversion and reaction time. In
fact, all the cycloadducts were obtained in high yields
(85–92%) (Table 1). Furthermore, no aqueous work
up was needed, the solvent was removed in vacuo and
the reaction mixture was purified by column
chromatography.22

In conclusion, for the first time, ultrasonic irradiation
has been used for the 1,3-dipolar cycloaddition reactions
of azomethine ylides in efficient three-component, one-
pot syntheses of novel dispiro-oxindolopyrrolizidines
and dispirooxindolothienopyrroles. This methodology
offers several advantages including mild reaction condi-
tions and short reaction times. The bioactivity of the



Figure 2. ORTEP diagram of 11a.
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newly synthesized dispiro-oxindolopyrrolizidine and
dispirooxindolothienopyrrole derivatives will be pub-
lished elsewhere.
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