J. Org. Chem. 1990, 55, 4241-4242 4241

Use of 2,3-Dibromo-1-(phenylsulfonyl)-1-propene as a Reagent for the Synthesis of Annulated
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Summary: Treatment of 2,3-dibromo-1-(phenyl-
sulfonyl)-1-propene with various 8-dicarbonyl compounds
in the presence of sodium methoxide affords 2,4-disub-
stituted and 2,3-fused bicyclic furans in high yield. For-
mation of the furan ring involves a sequence of addition—
elimination, deacetylation, and Sy2 displacement reactions.

The development of procedures for efficiently con-
structing annulated furans continues to be of interest to
synthetic chemists,!"® especially since various sesqui- and
diterpenes contain the furan ring as a common structural
unit.*®*  We now report on the use of 2,3-dibromo-1-
(phenylsulfonyl)propene (1) (DBP), which incorporates an
aggregate of reactive electrophilic functional groups in a
readily available, stable molecule.!* In its chemical be-
havior, this reagent acts as a dielectrophile, permitting the
facile formation of substituted furans of synthetic interest.
In this paper we report the initial scope of the methodology
and suggest its application as a means to synthesize a
variety of annulated furans.

We envisioned using DBP in a route to furans by taking
advantage of the ambident nature of ketones. By first
alkylating a ketone enolate at the carbon atom with DBP,
then effecting ring closure on the oxygen atom, furans
could be formed. An example of the use of 1 as a dielec-
trophile is provided in its reaction with dimethyl malonate
using NaH/¢-BuOK in THF. The major product isolated
in 77% yield was a crystalline solid whose structure was
identified as furan 3. A similar transformation occurred
with 2,4-pentanedione (4) or methyl acetoacetate (6),
producing furans 5 and 7 in 80% and 87% yield, respec-
tively.’® Most interestingly, when the reactions of 4 (or
6) and 8 with DBP were carried out in methanol using
sodium methoxide as the base, the 2,4-disubstituted furans
9 (85%) and 10 (82%) were obtained as the exclusive
products. Desulfonylation of 10 with sodium amalgam
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By carrying out the reaction of the §-dicarbonyl com-
pound with 1 for short periods of time, it was possible to
isolate a series of intermediates and thus elucidate the
source of this change in the regiochemical outcome. When
the reaction was performed in THF using sodium hydride
as the base, the resulting enolate anion selectively displaced
the allylic bromide, giving rise to bromovinyl! sulfone 12
(or 13) as an isolable species. This material was readily
converted by reaction with potassium tert-butoxide to
furan 3 (or 5) in high yield. This latter transformation
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proceeds by a 5-exo-trig addition—elimination sequence,
producing 14 as a transient species which rapidly isom-
erizes to the furan. When methanol was used as the sol-
vent, the isomeric 8-bromo sulfone 15 (or 16) is first formed
(30 min) by an addition—elimination reaction of the enolate
onto the activated m-bond of DBP.17 The initially formed
diketo compound is readily deacylated upon further ex-
posure (5 h) to sodium methoxide, giving rise to bromo
sulfone 17 (or 18) in high yield. This compound readily
affords furan 9 (or 10) by intramolecular displacement of
bromide by the resulting enolate anion (i.e. 17 — 19— 9).
This protocol is not limited to the preparation of furans
only. For example, treatment of an equimolar mixture of
2,4-pentanedione and DBP with 1 equiv of methanolic
sodium methoxide followed by an excess of aqueous me-
thylamine results in the clean formation of pyrrole 20 in
high yield.

The methodology is also amenable to the synthesis of
2,3-fused bicyclic furans. Treatment of DBP with 1,3-
cyclohexanedione in the presence of sodium methoxide
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produced dihydrobenzofuranone 23 (R = H) in 85% yield.
Note that in this case, the substitution pattern about the
furan ring is different from that encountered with the
acyclic dicarbonyl compounds. More than likely the initial
step involves O-alkylation to give 21 as a transient spec-
ies.!® Further reaction of this material with base results
in cyclization to 22, which then undergoes a subsequent
aromatization. A similar series of reactions was used to
prepare furan 24,
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When 2-acetylcyclohexanone was used, employing so-
dium methoxide as the base, ring opening of the inter-
mediate adduct 28 to give 30 takes precedence over dea-
cetylation, presumably as a consequence of the stability
of the anion formed. This circumstance can be avoided,
however, by the use of a formyl group in place of the acetyl
group to activate the cyclic ketone. Thus, DBP reacted
with the sodium salt of 2-formylcyclohexanone (26) to give,
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after treatment with potassium tert-butoxide, tetra-
hydrobenzofuran 31 in good yield. We sought to further
demonstrate the utility of this approach as an entry into
the vast number of 3-methyl furanoterpenoids!® by em-
ploying DBP in the total synthesis of (R)-menthofuran
(33).1® The menthofuran precursor 32 was prepared in
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the same fashion as 31, using the commercially available
(R)-3-methylcyclohexanone. Furan 32 was then treated
with sodium amalgam to give (R)-menthofuran in 85%
overall yield.

In conclusion, the DBP approach is a general method
for the synthesis of C-2 and C-3 substituted furans. In
addition to its ease of removal, the pendant sulfone at C-4
offers a convenient and versatile site for further elaboration
(via alkylation® or Julia coupling?!). This strategy toward
furans clearly could be applied to more complex targets.
We are currently investigating the scope and limitations
of this protocol.
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Summary: A total synthesis of mycalamides A (1) and B
(2) was accomplished in an enantiomerically pure form,
establishing unambiguously their absolute configuration.

Mycalamides A (1) and B (2) and onnamide A have
recently been isolated from marine sponges.!? Struc-

turally, they are strikingly similar to pederin (3), the
vesicatory principle of staphylinid beetles Paederus.?
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