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Dithioacetal as a 1,1-zwitterion synthon. Synthesis of
functionalized alkenes by the coupling of benzylic dithioacetals
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Abstract—Reaction of a dithioacetal sequentially with BuLi and alkyl bromide having an electron withdrawing substituent at the a-
position followed by treatment with neutral alumina gives the corresponding olefination product in moderate to good yields.
� 2004 Elsevier Ltd. All rights reserved.
Direct coupling of a 1,1-zwitterion synthon with an-
other kind of 1,1-zwitterion synthon appears to be an
attractive route for the synthesis of carbon–carbon dou-
ble bond. It is well documented that the dithioacetal
functionality can serve as a dication synthon.1 In the
presence of a catalytic amount of NiCl2(PPh3)2, benzylic
or allylic dithioacetals react with Grignard reagents to
give the corresponding olefination products (Eq. 1).1

The reaction can also proceed with aliphatic substrates
when trialkylphosphine ligands are employed.2 The
major limitation of this olefination reaction is the use
of Grignard reagents. Substrates containing functional
groups such as carbonyl, cyano groups, terminal alky-
nes, etc., cannot be employed under the reaction
conditions.
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We have recently shown that propargylic dithioacetal 1
behaves like an allene-1,3-zwitterion equivalent. Treat-
$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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ment of 1 with BuLi followed by alkyl halides gives regio-
selectively the corresponding alkylated alkynes 3 via
an allenyl lithium or propargyllithium intermediate
2.3,4 The remaining carbon–sulfur bond in 3 can be re-
placed by a nucleophile (e.g., a Grignard reagent) in
the presence of a nickel catalyst (Eq. 2) to give 4.3 a-Bro-
moacetate and related compounds are known to serve as
1,1-zwitterion equivalent in, for example, Darzens reac-
tion to form epoxide with a carbonyl compound.5 It is
envisaged that the thioether moiety in 3 may serve as a
leaving group such that functionalized olefins can be ob-
tained when such functionalized alkyl halides is used in
the reaction shown in Eq. 2. As part of our continuing
interests in the synthetic applications of propargylic
dithioacetals,3,4 we report herewith the first examples
of olefination of benzylic and propargylic dithiaocetals
having a range of functional groups.

In the beginning of this study, a THF solution of benzo-
phenone dithioacetal 5 was treated with 1.1 equiv of
BuLi at �78 �C for 1 h. To this mixture was added a
THF solution of 1 equiv of phanacyl bromide at
�78 �C and the mixture was gradually warmed to rt
and stirred for an additional 10 h. Neutral Al2O3 was
added and the slurry was stirred for 0.5 h at rt.6 After
filtration and usual workup, the corresponding olefin-
ation product 6a was obtained in 75% yield.7 In a similar
manner, the nitro-substituted olefin 6b was isolated in
54% yield.
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The reactions with fluorenone derivative 7 behaved simil-
arly. Thus, treatment of 7 with BuLi followed by phan-
acyl bromide or by a-bromoacetonitrile afforded the
corresponding olefination product 8a or 8b in 73% or
64% yield, respectively.
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To our surprise, when a-bromonitromethane was used
as the electrophile, no olefination product was detected.
Instead, the corresponding dimeric product 9 was iso-
lated in 73% yield. The structure of 9 was unambigu-
ously proved by spectroscopic methods and X-ray
diffraction.8 It is well documented that fluorene deriva-
tive can readily undergo radical dimerization to form
bifluorenyls9 and the nitroalkanes under strong basic
conditions are known to facilitate electron transfer
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processes.10 Accordingly the fluorenyl anion thus gener-
ated may undergo rapid electron transfer to give the cor-
responding sulfur-substituted fluorenyl radical, which
may dimerize leading to 9.
When propargylic dithioacetal 10 was allowed to react
with BuLi followed by treatment with ethyl a-bromoace-
tate, the corresponding enyne 11 was obtained in 71%
yield. It is noteworthy that an ester group is stable under
the reaction conditions. Accordingly, reaction of 12
under the same conditions afforded an E and Z (1:1) mix-
ture of stereoisomeric 13 in 63% yield. Presumably, the
replacement of the phenyl group in 10 by a butyl group
in 12 may result in non-selective elimination giving a
mixture of stereoisomers 13.

In summary, we have described the coupling of benzylic
dithioacetals with methyl bromide having electron with-
drawing substituent at the a-position leading to the cor-
responding olefins in moderate yields. The reaction can
be considered as a direct combination of two different
zwitterion equivalents for the preparation of functional-
ized olefins. This reaction can thus compliment with our
previous works on nickel-catalyzed olefination of the
dithioacetals with Grignard reagents.1 As can be seen
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from the examples, a range of Grignard active func-
tional groups can be introduced under the reaction con-
ditions. Further investigation on the use propargylic
dithioacetals in organic synthesis is in progress in our
laboratory.
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