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Abstract—The scope and limitations of dipolar cycloaddition reactions between nitrile oxides/nitrones and prop-1-ene-1,3-sultone
have been investigated. A remarkably high degree of regioselectivity and stereoselectivity was observed. The homochiral sultam
8e was synthesized in a four-step reaction sequence starting from the substituted isoxazoline 4e obtained from the cycloaddition.
The absolute stereochemistry of this material was assigned by an X-ray crystallographic investigation of the intermediate 7e.
© 2002 Elsevier Science Ltd. All rights reserved.

1,3-Dipolar cycloaddition reactions are among the most
important synthetic manipulations allowing the con-
struction of five-membered ring carbocycles and hetero-
cycles.1 Nitrile oxides and nitrones have been shown to
be effective 1,3-dipoles and they undergo smooth reac-
tions with substituted olefins.2 The 1,3-dipolar reaction
of alkenes with nitrile oxides and nitrones give substi-
tuted isoxazolines and isoxazolidines, respectively. Both
classes of heterocycle are versatile intermediates for the
syntheses of natural products and biologically active
compounds.3

To extend the scope of the 1,3-dipolar cycloaddition
reactions, the development of new dipolarophiles has
attracted the attention of many scientific investigators.4

In this connection, �,�-unsaturated sultones exemplified
by prop-1-ene-1,3-sultone were developed as effective
dienophiles in Diels–Alder reactions.5 Subsequent
transformations of the �-sultone moiety of the cycload-
ducts allowed the preparation of chiral non-racemic
sultams, which were developed as chiral auxiliaries in
promoting asymmetric synthesis.6 To explore fully the
synthetic utility of propene sultone in cycloaddition
reactions, its reactions as a dipolarophile with nitrile
oxides and nitrones have been investigated.

In this paper, we present highly regioselective and
stereoselective 1,3-dipolar cycloaddition reactions of
propene sultone 3 with nitrile oxides 1 and nitrones 2.
To set the stage for our investigation, the requisite
1,3-dipoles were prepared according to literature routes.
Nitrile oxides 1a–f were prepared efficiently from either
the corresponding hydroximoyl chlorides or primary
nitro compounds via base induced dehydrochlorination
and the Mukaiyama reaction, respectively.7,8

The labile nitrile oxides generated in situ were allowed
to react with propene sultone 3 in toluene at room
temperature. Monitored by TLC, nitrile oxides 1a and
1b possessing a sterically undemanding alkyl sub-
stituent underwent a smooth reaction with the dipolar-
ophile giving the corresponding cycloadducts 4a and 4b
in high isolated yields (Table 1, entries 1 and 2).
Equally good yields of adducts were formed between
1c–f and 3 after a longer period of reaction time.
Increased bulkiness of the alkyl or aryl substituents
present in the 1,3-dipoles retarded the rate of the
cycloaddition reaction. In all cases, only one regioiso-
meric substituted isoxazoline 4 was obtained, indicating
high regioselectivity of the transformation.

The 1H NMR spectra of the adducts are consistent with
the structural assignments shown in Scheme 1, which
are compatible with the direction of bond polarization
of both reactants. The cis relationship of the two rings
in all adducts is supported by the coupling constant of
8.8–9.6 Hz observable between H1 and H2. The rela-
tively downfield shift observed for H1 and H4 of 4
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Table 1. Results of the 1,3-dipolar cycloaddition of prop-1-ene-1,3-sultone, nitrile oxides and nitrones

Entry Dipole R1 R2 Temp. (°C) Time (h) Product Yield (%)a

CH3 – 221a 101 4a 81
1b2 C2H5 – 22 10 4b 83

(CH3)2CH – 22 24 4c 743 1c
(CH3)3C – 221d 244 4d 60

1e5 C6H5 – 22 24 4e 81
CH3OC6H4 – 226 241f 4f 78
– C2H5 1202a 247 5a 75

2b8 – (CH3)3C 120 24 5b 62
9 2c – C6H5 120 24 5c 86

– 782d10 120 24 5d

2e – 7211 120 24 5f

a Isolated yield after flash column chromatographic purification.

favored the regiochemical assignment shown against
the alternative structure. An unambiguous structural
assignment of the products exemplified by 4e was estab-
lished by the X-ray crystallographic analysis as shown
in Figure 1.

To exploit further the synthetic utility of our ‘house-
reagent’, 3 was allowed to react in refluxing toluene
with nitrones 2a–e which are accessible from benzyl
hydroxylamine and the corresponding aldehyde
(Scheme 1).9 Good to excellent yields of the substituted
isoxazolidines 5 were obtained after purification by
flash column chromatography (Table 1, entries 7–11).
In principle, four isomeric products can be formed
between nitrones and an unsymmetrical dipolarophile.
Thus, it was gratifying to observe that the excellent
stereoselectivity and regioselectivity of the 1,3-dipolar
cycloaddition led to the formation of only one product.
A coupling constant of 2.8 Hz observed between H2

and H3 of 5b is compatible with the H cis assignment
for H1, H2 and R2. Again, the structural assignment
was confirmed by X-ray crystallographic analysis as
exemplified by 5c (Fig. 2).

To demonstrate the synthetic utility of the 1,3-dipolar
cycloadducts 4, their transformations into multifunc-
tional racemic and chiral nonracemic materials were
explored (Scheme 2). For instance, under neutral condi-
tions, the �-hydroxyketone 6f was obtained from Raney
nickel reduction of 4f.10 Adopting the synthetic proto-
col previously established in our laboratory for trans-
forming racemic �-sultones to optically pure �-sultams,
using (S)-(−)-�-phenylethylamine as the chiral resolving
agent, a 1:1 diastereomeric mixture of 7e and 7e� was
prepared in a two-step sequence from 4e.6a Careful
column chromatography resulted in a clear separation
of these two diastereomers. The absolute configuration
of the chiral centers in one of the diastereomers, 7e, was
confirmed by X-ray analysis (Fig. 3). Debenzylation of

7e in refluxing formic acid followed by alkali treatment
afforded the chiral sultam 8e in an overall yield of 68%
from 7e. Evidently, the isoxazoline moiety survived
intact under the mild debenzylation conditions. Accord-

Scheme 1. Formation of isoxazolines and isoxazolidines from
1,3-dipolar cycloaddition.

Figure 1. Crystal structure of 4e.
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Figure 2. Crystal structure of 5c.

Figure 3. Crystal structure of 7e.
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Scheme 2. Further transformations of cycloadducts: (i) Raney
Ni, H2, 1 atm; (ii) (S)-(−)-�-methylbenzylamine, THF, reflux,
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ing to our synthetic protocol, in principle, a variety of
multifunctional chiral sultams can be assembled. Their
uses as chiral auxiliaries and chiral catalysts in asym-
metric synthesis are under investigation.
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