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The dimethyl(methylthio)sulfonium tetrafluoroborate induced cyclization of various bis(methylsulfanyl) carbonyl compounds is described. The
reaction proceeds by methylthiolation of the thioacetal group to give a thionium ion which undergoes subsequent cyclization with the neighboring
carbonyl group. This is followed by an elimination reaction to furnish the furan ring.

Substituted furans have often been employed as sources ointerest in this area stems from the facility with which
latent functionality for the synthesis of natural products. 2-amino- and 2-thioalkyl-substituted furans undergo Diels
Thio-substituted furans are particularly attractive intermedi- Alder cycloaddition chemistry and the potential use of the
ates that have found widespread usage in organic synthesistesulting oxabicyclic adducts for alkaloid synthe’Sifn this
They undergo a variety of reactions including addition/ Letter we describe a highly efficient synthesis of 2-alkylthio-

elimination? nickel-catalyzed Grignard couplirigMichael substituted furans which is based on an aldol condensation
of a carbonyl compound with bis(methylsulfanyl)acetalde-
hyde @) followed by acetylation with AgO (Scheme 1).

addition? ortho-metalatior?,acid hydrolysis to butenolidés,
and [4+ 2]-cycloaddition chemistry.Although a number
of synthetic procedures are available for their formatién,

most of the existing methods often require harsh condition
and are frequently based on the use of a preexisting fura

ring. Examples include the addition/elimination of thibls,
sulfanylation of ortho-metalated aniofsmetalation of
disulfides® and alkylation of furan thiolate’s. Our own
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Methylsulfenylation of one of the thiomethyl groups of the
resulting acetat8 with dimethyl(methylthio)sulfonium tetra-
fluoroborate (DMTSFY¥ induces a Pummerer cyclization to



give dihydrofurard. This is followed by elimination of acetic
acid to furnish the desired furahin excellent yield.

The above method was discovered in the course of an
attempted synthesis of several 2-thiomethyl-5-alkoxy or
5-dialkylamino cyclic furans such ds7 or 24 (vide infra).

In planning an approach to these compounds, we relied on0O

earlier studies in our laboratory which showed that the acid-
catalyzed reaction g§-oxo ketene thioacetaBand9 gave
furans12and13in 70% and 83% yields, respectively. This
reaction most probably proceeds by a protonation/cyclization/
elimination sequence as outlined in Scheme 2.
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However, when this reaction sequence was applied to
thioketene acetdl5, prepared by dehydration of the aldol
condensation produd#, none of the desired furaty could
be detected. Instead, the only product isolated (80%) cor-
responded to the rearranged thio-conjugated lactb®ie
Subijection of a sample dff6 to the acidic conditions gave
thioketene acetdl5 (20%) in addition to recovered starting
material (80%). This same equilibrium mixture (i.25:16
= 1:4) was observed in the acid-catalyzed reactiol®f
(Scheme 3).
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The interconversion of5and16is believed to occur via
the transient episulfonium ioh9 (Scheme 4). The critical

1560

step leading to the formation df involves an initial 1,3-
hydrogen shift of15 to give 18 which is followed by
conjugate addition of the neighboring thiomethyl group onto
the activatedr-bond. Once formed, episulfonium id® can
undergo a subsequent ring opening in the opposite direction
to produce thionium iorl6 by deprotonation and double
bond isomerization. A related set of reactions also takes place
when 16 is subjected to the acidic conditions, eventually
giving thioketene acetdl5 as the minor product (20%) from
the equilibrating mixture.

The series of steps shown in Scheme 4, although credible
in retrospect, was totally unexpected. Our inability to prepare
furan17 from the acid-catalyzed reaction of thioketene acetal
15led us to consider some alternate ways to synthesize this
compound It was known from earlier work in the literature
that treatment of thioketals with DMTSF causes the carbon
sulfur bond to become labile upon methylthiolatidnThe
initially formed alkylthiosulfonium ion easily dissociates to
produce a thionium ion and methyl sulfide. We reasoned
that by converting the hydroxyl group present in lactdde
into the corresponding acetate, it should be possible to
promote cyclization of the lactone carbonyl group onto the
resulting thionium ion formed from the DMTSF-induced
reaction. Once the dihydrofuran ring has been forged,
elimination of acetic acid should proceed readily to furnish
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In conclusion, we have described a mild method for the

Scheme 5 preparation of differentially substituted 2-thiomethyl furans
SMe from readily available starting materials. This method should
R 0 Ohe SMe R Ci Y be useful for the preparation of a wide assortment of thio-
°N DMTSF “N substituted furans containing acid sensitive functional groups.
h Sve h We are presently exploring the synthetic use of these furans
in [4 + 2]-cycloaddition chemistry and will report our
23, A - 1BuCO n =2 25, R 1BUCO n 25 (18%) findings at a later date.

Acknowledgment. We gratefully acknowledge the Na-
the 2-thio-5-alkoxy-substituted furaki. Indeed, this two-  tional Institutes of Health (GM 60003-01) for their generous
step protocol worked extremely well and led to the formation support of this work.
of 17in 77% overall yield.

The facility of this reaction sequence prompted us to
investigate its use with several cyclic lactams. We found that
this protocol could be successfully utilized withsubstituted
lactams22 and 23, giving rise to the corresponding cyclic
aminofuran®24 and25in 98% and 78% vyields, respectively
(Scheme 5). OL990865L
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