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Summary: (Alkoxycarbonyl)ketene dithioacetals are clean-
ly reduced by SmI; to provide a new and efficient method
for the stereoselective generation of the corresponding
novel highly functionalized vinylsamarium species which
react with a proton, allyl bromide, and aldehydes to give
the corresponding reduction products, allylation products,
and B-thiobutenolides, respectively.

Ketene dithioacetals exhibit diversereactivities (normal
and umpolung type) owing to the stabilizing influence of
a sulfur atom toward neighboring cations or anions and,
therefore, are widely used as synthetic intermediates.! The
reactivities of functionalized ketene dithioacetals having
electron-withdrawing groups at the o and o’ positions,
such as the 1,4-addition of nucleophiles to enone systems
followed by the elimination of a methylthio group (a formal
substitution reaction of a methylthio group by a nucleo-
phile), have been well-studied.2 These compounds serve
as vinyl cation equivalents (eq 1 in Scheme I). Although

Scheme I. Reactivity of Functionalized Ketene
Dithioacetals
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this characteristic is useful for the synthesis of hetero-
cycles,? it is enforced only by electron-withdrawing func-
tionalities. We report herein a new method for the
stereoselective generation of functionalized vinyl anions*
in which a ketene dithioacetal moiety shows reverse
reactivity to the hitherto known reactivity of ketene di-
thioacetals (eq 2). Itsapplication to the efficient synthesis

of a variety of 8-thiobutenolides by the reaction with
carbonyl compounds is demonstrated.
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Table I. SmI;-Promoted Reductive C-S Bond Cleavage
Reaction*

entry ketene dithioacetal 1 vinyl sulfide 2 % yield®
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¢ Reaction conditions: asubstrate (1 mmol) was added to asolution
of Sml;in THF (50 mL) and HMPA (2.5 mL) at ambient temperature.
After the mixture was stirred for 15 min saturated aqueous ammonium
chloride was added. ¢ Isolated yield by column chromatography. Only
(E) isomer can be detected by the NMR analysis, otherwise noted.
¢ The E:Z ratio was 94:6 by the NMR analysis.

Afterseveral attempts, we found that (ethoxycarbonyl)-
ketenedithioacetals 1 are effectively and stereoselectively
reduced to vinylsulfides 2 having an alkoxycarbonyl group
by a SmI;/THF-HMPA system® followed by hydrolysis
with saturated aqueous ammonium chloride (eq 3). As
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can be seen in Table I, ketene dithioacetals bearing
aliphatic, allylic, and aromatic substituents are cleanly
transformed to the corresponding vinyl sulfides in excellent
yields. It is worth noting that the vinyl sulfides obtained
are only the (E)-isomers.® Even in the sterically crowded
isopropyl-substituted case, the (E)-isomer is predominant
(E/Z =94/6,entry 3). This may be a new type of selectivity
inreactions mediated by samarium(II) and may arise from
chelation between the ester group and the samarium atom.
Assuch, the reductive C-S bond cleavage reaction proceeds
in a highly selective manner, although the reaction
mechanism is as yet unclear.

Our interest turned next to whether these vinyl sulfides
are formed by the protonolysis of the corresponding
vinylsamarium species or not. In the case of reductions
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at sp?-carbon atoms induced by Smly, aryl halides are
known to be reduced only to their radicals, which then
abstract a hydrogen atom from the solvent.>’ Therefore,
any other electrophiles cannot be so introduced. The
generation of a vinyl anion species by reduction reactions
using SmI; has remained unexplored,® while acyl® and
imino!® anion species have been recently described. Ex-
periments aimed at the introduction of an allyl group are
carried out by the addition of allyl bromide as a carbon
electrophile after the reaction of 1a with SmI, under similar
conditions to the above. At reflux temperature for 1 day,
the corresponding allylated product 5 was obtained in 66 %
yield (eq 4). Along with the formation of a deuterated 2a
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(98 %) after quenching of the intermediate with deuterium
oxide, this result strongly suggests that vinylsamarium
species are effectively generated in this system.

An application of this highly selective and efficient
reduction reaction can be made using aldehydes as the
electrophile (eq 5). Withaselection of ketene dithioacetals
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and aldehydes, the one-pot synthesis of butenolides with
a variety of substituents (3) can be achieved (Table II).1!

Tosummarize, (alkoxycarbonyl)ketene dithioacetals are
cleanly reduced by Sml; via a new and efficient method
for the stereoselective generation of the corresponding
highly functionalized vinylsamarium species, otherwise
inaccessible, which can react with a proton, allyl bromide,
and aldehydes. Furthermore, an efficient synthesis of
B-thiobutenolides by the reaction of these vinylsamarium
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Table II. One-Pot Synthesis of Butenolides by
SmI,-Promoted Reductive C-8 Bond Cleavage Reaction®

entry ketene dithioacetal 1 aldehyde butenolide3 % yield?
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s Reaction conditions: asubstrate (1 mmol) was added to asolution
of Smlyin THF (50 mL) and HMPA (2.5 mL) at ambient temperature.
After the mixture was stirred for 15 min, an aldehyde (0.5 mmol) was
added, and the resulting mixture was stirred for 1 day at the same
temperature. ¢ Isolated yield based on the aldehyde.

species with carbonyl compounds is described. Using this
reductive cleavage of a carbon (sp?)—sulfur bond by SmI,,
a formal substitution reaction of a methylthio group by
an electrophile occurs, and this represents the reverse of
the ;elactivity expected of a functionalized ketene dithio-
acetal.
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