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Synthesis of o-Dimethylene Isoxazole via Isoxazole-fused
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Abstract Isoxazole-fused 3-sulfolene 12 has been synthesized from the readily available
starting material 7 in three steps. Heating compound 12 at 160-180 °C generates o-
dimethylene isoxazole 6b which undergoes smooth cycloaddition reactions.

The generation and synthetic applications of o-quinodimethane 1! and indolo-2, 3-quinodimethane
22 have been extensively explored. However, there are only scattered reports on the study of other o-
dimethylene heterocycles, mbstly about the five-membered heterocycles 33, 44, §5, and 6aS. A commonly
adopted approach toward the preparation of these reactive compounds involes the flash vacuum pyrolysis
of benzoyloxymethyl-bearing heterocycles or similar precursors.3-6 The limitations of this approach
include that a specific precursor is required for each target o-dimethylene heterocycle and that the
precursors are sometimes not easily accessible. It is perhaps strategically more versatile to prepare o-
dimethylene heterocycles viathe corresponding heterocycle-fused 3-sulfolenes. For example, o-
dimethylene pyrroles? (3, X = NR), which have not been prepared by other methods, can be easily
generated from pyrrolo-3-sulfolenes. Based on similar strategy, furan-,® thiophene-,3f.9 thiazole-10 and
pyrazole-!1fused 3-sulfolenes have all been demonstrated to be excellent precursors to the corresponding
o-quinodimethanes. We now report that this approach can be applied to the synthesis of the
unsubstituted o-dimethylene isoxazole 6b.
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The readily available ketal-aldehyde 77 was chosen as the starting material for the synthesis
(Scheme I) because it contains a 1, 3-dicarbony! functionality and a latent 3-sulfolene moiety. Compound
7 was hydrolyzed under acidic conditions to the keto-aldehyde 8 which was not isolated but treated
directly with NH2OH-HC1 at room temperature to give 9 (50%) chemoselectively. Because NHoOH
normally reacts with an aldehyde faster than with a ketone,!2 the keto-oxime 10 was not obtained in this
reaction. Cyclization of 9 to the isoxazole 11 was achieved by treatment with polyphosphoric acid under
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nitrogen. Subsequent oxidation with m-CPBA gave the target molecule 12 in 96% yield.!3 Spectral
analyses revealed that the structural isomer 13 was not present.!4

Scheme I

7 8
(i) 20% H2S0g4, room temp, 3 hr. (ii) NHoOH-HCI (1.2 eqg), room temp, 1 hr, 50% from 7
(iii) PPA, 80 °C, N9, 15 min, 43%. (iv) m-chloroperbenzoic acid, CH2Cl2, room temp, 30 min, 96%.
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Heating the isoxazole-fused 3-sulfolene 12 in the presence of a suitable dienophile readily produced
the [4+2] cycloadduct (Scheme II). This is consistent with that loss of SO2!5 from 12 occurred in the first
place to give the o-dimethylene isoxazole 6b which was then intercepted by the dienophiles. When
methyl acrylate, an unsymmetric dienophile, was used in this reaction, a 3 : 2 mixture of isomers of the
cycloadduct 16 was produced showing little regioselectivity. When 12 was heated in the absence of a
dienophile, the complex dimerization ractions of 6b produced in low yield a mixture of two [4+4] dimers
(17 (10%), 18 (3%)] and three [4+2] dimers [19,20, 21 (3% altogether)]. The mode of dimerization of
6b is quite different from those of other known o-dimethylene heterocycles. Only [4+2] dimers were
obtained from dimethylene thiophene (3, X = S)38- and thiazole (4, X = S, R = H).1® Whereas only head-
to-head [4+4] dimers were formed from dimethylene furan (3, X = 0),3b, pyrrole (3, X = NSO,Ph),7 and
oxazole (4, X = O, R = H).4 Furthermore, the dimers of some other o-dimethylene heterocycles, such as
pyrazoleS:11 analogue, were never observed.

The 3-sulfolene ring of compound 12 not only serves as a masked functionality of o-dimethylene, but
also is the 1-carbanion equivalent of the o-quinodimethane.16 Thus, the deprotonation of 12 with lithium
hexamethyldisilazide (LiHMDS) followed by treatment with excess Mel gave the a-methylated product
22 (Scheme III). Although the yield was only moderate (25%), the alkylation reaction is regioselective
that no other methylated isomers were obtained. The structural assignment was confirmed by an
unambiguous synthesis of 22 from 23 (eq 1) following the same reaction sequence shown in Scheme I.
Compound 22 should serve as the precursor for the substituted o-dimethylene isoxazole 24. Indeed the
reaction of compound 22 with dimethy! acetylenedicarboxylate at 180 °C produced a cycloadduct which
was directly aromatized with DDQ to give the benzoisoxazole 25 in nearly quantitative yield. This
example illustrates the broad synthetic applicability of 12 as the equivalent of o-dimethylene isoxazole 6b
because other alkylated derivatives of 6b should also be preparable from 12.
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(i) N-phenylmaleimide, 180 °C, CHCI3, 15 min, 73%. (ii) dimethyl fumarate, 180 *C, CHCl3, 15 min, 89%.
(iii) methyl acrylate, 160 °C, CHCI3, 30 min, 88%. (iv) 180 °C, CHCIl3, 15 min, 16%.

Scheme III
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(i) LIHMDS, HMPA, THF, Mel (5 eq), -78 °C, 25%. (ii) dimethyl acetylenedicarboxylate (1.2 eq),
toluene, 180 °C, 15 min. (iii) DDQ, 140 °C, 2hr, >99% from 22.
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In summary, we have described herein the first success of the synthesis of the unsubstituted o-

dimethylene isoxazole 6b and its cycloaddition reactions. In addition, one can take advantage of the 3-
sulfolene functionality of 12 to prepare the precursors of the alkylated derivatives of 6b such as 22.
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It should also be noted that compound 7, containing a 1, 3-dicarbonyl functionality, should be a useful
intermediate for the preparation of a number of other heterocycle-fused 3-sulfolenes, the precursors for o-

dimethylene heterocycles.
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