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2-Chloro-2-cyclopropylideneacetate 1 and spiropentane an-
alog 2 cycloadd pyrroline N-oxide 3 to give spiro[cyclopro-
pane-1,5A-isoxazolidine]s 4 and 5 in good yields; due to the
presence of a chlorine substituent on the carbon a to the
spirocyclopropane ring, which facilitates a cyclopropyl to
cyclobutyl ring enlargement, these compounds undergo a
cascade rearrangement to yield indolizinone derivatives 8
and 9 cleanly (70–73% yield), offering a new method for the
synthesis of the indolizine skeleton.

The strain energy incorporated in a cyclopropane ring is an
extremely useful handle for molecular transformations in
organic synthesis.1 The selectivity of such a transformation and
the operational conditions strongly depend on the molecular
surroundings of the cyclopropane ring in a given skeleton.

It has already been demonstrated that isoxazolidines or
isoxazolines with a spirocyclopropane ring at the 5-position are
capable of undergoing a selective rearrangement affording
2-substituted tetrahydro- or dihydro-4-pyridones, respectively.2
This process has been applied to the synthesis of natural and
non-natural heterocyclic compounds and it has proved partic-
ularly useful for the synthesis of heterocycles with nitrogen at
the bridgehead.3 We now report a new selective thermal cascade
ring enlargement process of 4-chloro substituted spiro[cyclo-
propane-1,5A-isoxazolidine]s, obtained by nitrone cycloaddition
to methyl 2-chloro-2-cyclopropylideneacetate 14,5 and to
methyl (Z)-2-chloro-2-spiropentanylideneacetate 26 which fur-
ther expands the synthetic utility of this class of compounds.

Compounds 1 and 2 smoothly react with pyrroline N-oxide 3
at room temperature to give cycloadducts 4 and 5, respectively,
as single regioisomers (Scheme 1).

The regioselectivity of these cycloadditions is in accord with
the one previously observed for electron-acceptor substituted
methylenecyclopropanes.3b,7 Compounds 4 and 5 are obtained
as single diastereoisomers, the configuration of which has
tentatively been assigned on the basis of the known preference
of the methoxycarbonyl group to be placed endo with respect to
the nitrone in the cycloaddition process.7,8

When the isoxazolidines 4 and 5 were submitted to the usual
conditions for thermal rearrangement (toluene, 110 °C),2 a
complex mixture of products was obtained. However, by
replacing toluene with the more polar DMSO a clean reaction
occurred at 100 °C to give the hexahydroindolizin-5-ones 89

and 9 in 70 and 73% yield, respectively (Scheme 1). These
compounds were present only in minute amounts in the heated
toluene solution. Spectroscopic data were consistent with the
proposed structures 8 and 9. The regioselective formation of
compound 9, the structure of which was assigned on the basis of
the long-range coupling (5J = 1.8 Hz) between the two groups
of allylic protons observed in the 1H NMR spectrum, is quite
remarkable. This unexpected result was finally confirmed by an
X-ray crystal structure analysis of compound 8 (Fig. 1).§

The fact that a polar solvent is essential for the success of this
rearrangement suggests that it occurs via a highly polar
transition structure. The polar solvent would certainly favour
the cyclopropyl to cyclobutyl ring enlargement leading from 4/5
to 6/7.10 This might occur as an intramolecular SN2 displace-
ment or via tight ion-pair intermediates. The further ring-
enlargement could be initiated by abstraction of the bridgehead
proton in 6/7, followed by N–O bond cleavage and reclosure to
the indolizidin-5-ones 8/9.

Scheme 1 Reagents and conditions: i, CH2Cl2, room temp., 5 d; ii, Al2O3,
CH2Cl2, room temp.; iii, DMSO, 100 °C, 3 h; iv, DMSO, 100 °C

Fig. 1 Structure of 8-methoxycarbonyl-5-oxo-2,3,6,7-tetrahydro-
1H-indolizine 8 in the crystal.
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The intermediacy of the cyclobutyl derivatives 6/7 is
probable, since these compounds could actually be isolated after
stirring the isoxazolidines 4 and 5 in CH2Cl2 in the presence of
Al2O3 at room temperature. Isoxazolidine 5 rearranged com-
pletely to 7 in 4 h, whereas 4 under the same conditions
remained as a 6 : 1 mixture of 6 and 4 after 3 days.

The structural assignment of 6 and 7 was based on the
presence of chlorine as proved by the mass spectrum, and the
observation of diagnostic signals for the cyclobutane ring in the
13C NMR spectrum (dC 102.1, 72.9, 27.7 and 25.8 in 6; 107.5,
70.5, 28.5 and 25.5 in 7). The cis relationship of the
methoxycarbonyl group and the chlorine in 6/7 was tentatively
assigned on the assumption that the displacement of chloride in
4 and 5 occurs via an SN2 process, which fixes the relative
configuration of the bridgehead proton and the CO2Me group in
any potential intermediate en route to 6/7. The chloride then can
enter only from the convex face of the molecule. When heated
to 100 °C in DMSO, compounds 6 and 7 gave the same
indolizidinones 8 and 9 as obtained directly from 4 and 5.

In conclusion, a new domino rearrangement of spiro[cy-
clopropane-1,5A-isoxazolidine]s has been discovered. This
process is made possible by the presence of a chlorine
substituent on the carbon a to the spirocyclopropane ring, which
facilitates a cyclopropyl to cyclobutyl ring enlargement medi-
ated by a polar solvent. At higher temperature a further ring
enlargement ensues with elimination of hydrogen chloride to
produce hexahydroindolizidin-5-ones.

The generalization of this new process and its synthetic
application are now being studied in our laboratories.
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4 T. Liese, G. Splettstösser and A. de Meijere, Angew. Chem. Int. Ed.
Engl., 1982, 21, 790; T. Liese, S. Teichmann and A. de Meijere,
Synthesis, 1988, 25; T. Liese, F. Seyed-Mahdavi and A. de Meijere,
Org. Synth., 1990, 69, 148.

5 For reviews illustrating the synthetic applications of compound 1, see:
A. de Meijere, in New Aspects of Organic Chemistry II, ed. Y. Ohshiro,
Proceedings of the Fifth International Kyoto Conference on New
Aspects of Organic Chemistry - IKCOC 5, Kyoto Nov. 11–15, 1991,
Kodansha, Tokyo, 1992, pp. 181–213; A. de Meijere and L. Wessjo-
hann, Synlett, 1990, 20.

6 L. Wessjohann, K. Giller, B. Zuck, L. Skattebøl and A. de Meijere,
J. Org. Chem., 1993, 58, 6442.

7 A. Brandi, F. M. Cordero, F. De Sarlo, R. Gandolfi, A. Rastelli and
M. Bagatti, Tetrahedron, 1992, 48, 3323.

8 J. J. Tufariello, in 1,3-Dipolar Cycloaddition Chemistry, ed. A. Padwa,
Wiley, New York, 1984, vol. 2, pp. 83–168.
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