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Abstract: Treatment of 2-methylene-1,3-dithiane 1-oxide with
arylboronic acid under rhodium catalysis in aqueous dioxane at
25 °C provided the corresponding adduct, which is a useful 2-aryl-
alkanal equivalent.
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Ketene dithioacetal is useful as a ketene equivalent in
organic synthesis.1 In the course of our studies on the use
of ketene dithioacetal as substrates for metal-catalyzed
organic reactions,2 we examined rhodium-catalyzed
addition reactions to ketene dithioacetals. However, no
reaction took place after several attempts. We turned our
attention to the use of activated ketene dithioacetals. We
now report that 2-methylene-1,3-dithiane 1-oxide (1a) un-
dergoes rhodium-catalyzed addition of arylboronic acids.3

Similar rhodium-catalyzed 1,4-additions to a,b-unsaturat-
ed carbonyl compounds are extensively studied.4 On the
other hand, the reactions of heteroatom-substituted elec-
tron-deficient alkenes are still unexplored.5

Treatment of 1a with phenylboronic acid (2a, 1.2 equiv)
in the presence of [Rh(OH)(cod)]2 (5 mol%) in aqueous
dioxane at 25 °C for 3 hours provided the corresponding
adduct 3a in 97% yield (Table 1, entry 1).6 The reaction
was completely stereoselective,7 and none of the trans-
isomer of 3a was detected.8

A variety of arylboronic acids participated in the reaction.
Electron-donating as well as electron-withdrawing sub-
stituents had little influence on the efficiency of the reac-
tions (entries 2–5). Arylboronic acids having a substituent
at the ortho position added to 1a under the rhodium catal-
ysis to yield the corresponding adducts in excellent yields
(entries 6 and 7). Alkenylboronic acid 2h was less reac-
tive, and an excess of 1,5-cyclooctadiene and a larger
amount of the rhodium complex were necessary to
achieve satisfactory yield (Scheme 1).

Acyclic ketene dithioacetal monoxide 4 was the less reac-
tive Michael acceptor to furnish 59 in only 41% yield and
to recover 40% of 4 even at an elevated temperature and

with an excess of 2a (Scheme 2). In contrast to the reac-
tion of 1a, the reaction of 4 provided a mixture of stereo-
isomers.

Table 1 Rhodium-Catalyzed Addition of Arylboronic Acids 2 to 2-
Methylene-1,3-dithiane 1-Oxide (1a)a

Entry R 2 3 Yield (%)

1 H 2a 3a 97

2 p-MeO 2b 3b 89

3 p-Me 2c 3c 89

4 p-CF3 2d 3d 100

5 p-MeOOC 2e 3e 90

6 o-MeO 2f 3f 96

7 o-BocNHb 2g 3g 96c

a Reaction conditions are described in ref. 6.
b Boc = t-BuOC(=O).
c 2 equiv of 2g.
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The phenylation reaction of 1b required a longer reaction
time and two equivalents of phenylboronic acid, yet af-
fording an excellent yield of the corresponding product 6a
(Scheme 3). The reaction of 1c with a large excess of
phenylboronic acid proceeded to completion within 24
hours with the aid of 10 mol% of [Rh(OH)(cod)]2. In this
case, a small amount of a stereoisomer was detected, the
configuration of which has not been assigned yet.10 Un-
fortunately, gem-diphenyl-substituted 1d resisted the
reaction.

Scheme 3

The products 3 and 6 are 2-arylalkanal equivalents. We
examined the utility of the products (Scheme 4). All the
attempts to convert 3a into phenylacetaldehyde resulted in
the formation of complex mixtures or no conversion. In-
stead, treatment of 3a with ethylene glycol in the presence
of sulfuric acid in hot toluene afforded 2-benzyl-1,3-diox-
olane (7) in 84% yield.11 Deprotonation of 3a with lithium
diisopropylamide followed by addition of iodomethane
provided a benzyl methyl ketone equivalent 8 in good
yield.12 Interestingly, under conditions similar to those in
the transformation of 3a to 7, the attempted acetalization
of 8 unexpectedly produced benzyl methyl ketone (9) in
high yield.

Scheme 4

Treatment of 3g with trifluoroacetic anhydride in nitro-
methane provided N-Boc-protected indole 10 in excellent
yield (Scheme 5). The trifluoroacetylation of the
sulfoxide oxygen followed by the cleavage of the carbon–
sulfur bond13 would yield the cationic intermediate 12. In-
tramolecular attack of the Boc-protected amino group led
to the formation of the dihydroindole 13 with concomitant
liberation of trifluoroacetate. Elimination of dithiacyclo-
pentane yielded 10.

Scheme 5

In summary, we have found rhodium-catalyzed addition
of arylboronic acids to ketene equivalents 1. The products
are 2-arylalkanal equivalents, which can be subjected to a
variety of organic transformations.
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layer was dried over anhyd Na2SO4 and concentrated in 
vacuo. Purification by chromatography on a silica gel 
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mg, 0.29 mmol, 97%).
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P. C. B.; Wilkes, R. D.; Namwindwa, E. S.; Witty, M. J. 
Tetrahedron 1996, 52, 2125.
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(10) We are tempted to assume the stereochemistry of 6b based 
on the plausible reaction mechanism shown here 
(Scheme 6). Attempts to prepare X-ray-quality crystals of 
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(13) Page, P. C. B.; Shuttleworth, S. J.; McKenzie, M. J.; 

Schilling, M. B.; Tapolczay, D. J. Synthesis 1995, 73.
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