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Abstract: Efficient routes have been developed for the synthesis of benzothieno-3-sulfolene 15,
benzofurano-3-sulfolene 16, and N-tosylindolo-3-suifolene 18. These compounds are ideal precursors for

the corresponding heteroaromatic o-quinodimethanes. © 1997 Elsevier Science Ltd.

The chemistry of heteroaromatic o-quinodimethanes 1 (HAQD’s) has drawn increasing interests from
organic chemists in the past few years.! One of the general strategies toward the generation of these reactive
species is using heteroaromatic-fused 3-sulfolenes 22 as their precursors. There are several advantages of this
methodology. For example, the extrusion of SO, is usually performed at moderately high temperatures under
totally neutral conditions so that the corresponding HAQD’s generated in situ can be trapped in good yield.
About a dozen heteroaromatic-fused 3-sulfolenes have been demonstrated to be good precursors for
HAQD’s.13 The HAQD’s of benzothiophene4, indole’ and benzofuran® were generated by 1,4-elimination
and flash vacuum pyrolysis strategies. However, benzofurano-3-sulfolene and benzothieno-3-sulfolene are still
unknown so far. Although N-acetylindolo-3-sulfolene is known,’ it was only an SO, trapping product of the
indolo-o-quinodimethane. Therefore, we wished to prepare the fused 3-sulfolene of these heteroaromatics
efficiently and study the generation of the corresponding HAQD’s from them.
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Our strategy involved the preparation of dihydro heterocycles at first of which the subsequent
aromatization could lead to the target molecules. It was reported that 4-bromo-2-sulfolene 38 undergoes direct
substitution reaction with thiophenoxide in good yield. Therefore, we treated 3 with o-bromothiophenoxide 4 in
MeOH and obtained the desired substitution product 5 in 91 % yield (scheme I). Radical cyclization of 5
initiated by Bu;SnH and AIBN in refluxing benzene proceeded smoothly to afford 6 in 61 % yield. By a similar

strategy, compound 7° was reacted with o-iodoaniline 8 to give product 9 in 61% yield. Since the reaction
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involved double dehydrobromination and subsequent conjugate addition,? a large excess (8 eq) of 8 was used to
assure good yield. Cyclization of 9 to 10 could be achieved by radical process in 80% yield.

It is known that the reaction of either 3 or 7 with a phenoxide yields only the unstable thiophene 1,1-
dioxide via elimination reactions.® Therefore, a different route was used for the preparation the dihydrofuran
system 14. Treatment of o-anisidine 11 with nitrous acid!? followed by the addition of 3-sulfolene 12 and a
catalytic amount of Pd(OAc), produced the coupling product 13 (72%). Demethylation of 13 and subsequent

base-induced cyclization gave the desired product 14 in 76% overall yield.
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Aromatization of heterocycles can be accomplished in many ways. However, not all of these methods are
useful for the preparation of aromatic-fused 3-sulfolenes because these target molecules may lose SO, if the
conditions involve high temperatures.2 Therefore, indirect aromatization was considered. When 6 was treated
with NBS in the presence of AIBN in refluxing benzene for 1h, benzothieno-3-sulfolene 15 was obtained in
97% yield without any intermediate being detected (eql). The reaction time was kept short to avoid possible
SO, extrusion. Similar condition was found effective for compound 14 as well where benzofurano-3-sulfolene

16 was produced in 74% yield.
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However, the reaction of 10 with NBS/AIBN did not give the desired aromatized product. The nitrogen
atom on 10 might have acted as an activating group for eletrophilic aromatic substitution so that radical
bromination was retarded. To solve this problem, 10 was first tosylated (TsCl, Et;N) to 17. The partially
deactivated molecule was then treated with NBS/AIBN and the aromatization proceeded without any difficulty
to give 18 in 72% yield (scheme II).

Scheme I
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In order to demonstrate that compounds 15, 16, and 18 are indeed precursors for the corresponding o-
quinodimethanes, we treated these compounds with N-phenylmaleimide, a good dienophile, at 150°C. In ali
cases, the Diels-Alder cycloadducts 19, 20 and 21 were produced in good yields (79%, 86%, and 80%,
respectively). These results clearly evidenced the HAQD’s 22, 23 and 24 to be involved as the transient
intermediates under the reaction conditions.
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In summary, we have developed very efficient routes for the preparation of benzothieno-3-sulfolene 15,
benzofurano-3-sulfolene 16, and N-tosylindolo-3-sufolene 18. These compounds are all good precursors for the
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corresponding heteroaromatic o-quinodimethanes 22-24. Further synthetic applications of these reactive species
are under study.
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