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Summary: Azepin-4-omnes (4) and (1l0) are synthesized by Flash Vacuum Thermoly-
sis of the isoxazolines (3) and of the isoxazolidine (9) obtained by 1,3-
dipolar cycloadditions to methylenecyclobutane.

We have reported recently on the synthesis and the thermal rearrangement
of 4,5-dihydroisoxazole~5-spirocyclopropanes! as an useful synthetic route to
5,6~-dihydro-4-pyridones. In addition, a,R-unsaturated enaminoketones were
obtained as by-products. This novel rearrangement is made possible by a
combination of the easy opening of an isoxazole ring? with the strain of a
cyclopropane ring® that delivers the cyclopropyloxy systems undergoing ring
closure on the nitrogen atom.

As a cyclobutyloxy system could, in principle, work in the same way, be-
cause of the considerable strain of a cyclobutane ring,4 the attractive view
of a facile synthesis of azepinones has prompted us to test this possibility.

The 1,3-dipolar cycloaddition of benzonitrile oxide (la) with methylene-

cyclobutane (2) has been reported to give quantitatively 3-phenyl-4,5-dihy-
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droisoxazole-5-spirocyclobutane (3a),® which, however, was not submitted to
thermolysis. We synthesized, then, the isoxazoline 3a in accord to the re-
ported procedure® (scheme 1) in order to ascertain if these products undergo
a thermal rearrangement analogous to that observed on the lower homologues.

Any attempt to obtain the rearrangement in the same experimental condi-
tions used for 4,5-dihydroisoxazole-5-spirocyclopropanes (heating at 200°C in
solution or FVT at 400°C) failed: the starting material was always recovered
unchanged. The direct heating of neat 3a in a sealed tube afforded a complex
reaction mixture with predominance of deep decomposition products. However,
when FVT is carried out in more severe conditions (700°C, 0.1 mmHg) a much
cleaner mixture is obtained (scheme 2), in which the starting material has
disappeared and the expected 2-phenyl-1,5,8,7-tetrahydro(4H)azepin-4-one (4a)
is the major product (37% yield by flash column chromatography, CHz2Clz-MeOH
10:1).8:7 Besides the azepinone an isomer is isoclated in 28% vyield, identi-
fied as 1-benzoyl-2-methylenetetrahydropyrrole (5a) on the basis of its
spectroscopic data.®:? The mechanism of the rearrangement leading to com-
pounds 5 is far yet to be elucidated. Compounds of type 6 or 7, which could
be expected by analogy with the thermolysis of the homologue spirocyclopro-
pane,! are not detected. The same result is obtained in the FVT of 3-methyl-
4,5-dihydroisoxazole-5-spirocyclobutane (3b), obtained by cycloaddition of
methylene cyclobutane (2) and acetonitrile oxide (lb), generated in situ from
nitroethane by Mukaiyama’s method.®:® FVT, in the same conditions, affords 2-
methyl~1,5,6,7-tetrahydro(4H)azepin-4-one (4b) and l-acetyl-2-methylenetetra-
hydropyrrole (5b) in 30% and 17% yield respectively.®:7:°

Since the above reaction sequence has been successfully extended, in the
case of methylene cyclopropane, to some nitrone cycloadducts,!® we tested the
analogous rearrangement in isoxazolidine derivatives.

The cycloaddition of 5,5-dimethylpyrroline N-oxide to methylenecyclobu-
tane (scheme 3) is accomplished by heating a mixture of the nitrone 8 and 1.5
equivalents of methylenecyclobutane (2) in a sealed tube at 100°C over four
days.11 The sole 5-spirocyclobutane regioisomer 9 is isolated by distilla-
tion (50°, 0.1 mmHg), in very good yield (80%).% The remarkable regiose-
lectivity observed is in contrast with the lower selectivity exhibited by the
same nitrone 8 with methylenecyclopropane, where a 65:35 ratio was obtained
for 5 and 4-spirocyclopropyl regioisomers.!? This different behaviour will be

the object of a theoretical FMO approach. The cycloadduct 8 1is unaffected by
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heating at 200°C in a toluene 0.2 M solution and is only slightly converted
into 10 and 11 by FVT at 400°C. FVT at 600°C leads to a clean reaction
mixture (GC-MS analysis), from which 3,3-dimethyloctahydro-iH-pyrrolo(l,2-
alazepin—-8-one (10) and 5,5-dimethyl-2(2’-oxo)pentylidenetetrahydropyrrole
(11) are obtained in 25% and 30% yield respectively by flash column chroma-
tography (scheme 4). Despite the low selectivity of the rearrangement that
gives the open-chain enaminone 11 as the major product, the reaction affords
the wvaluable pyrrolo-azepine derivative 10 in a straightforward process and
fair non optimized yield.

The wider applicability of this novel rearrangement of the cyclobutyloxy

system will be object of further studies in our group.
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