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Abstract—Intermolecular additions of highly enantiomerically enriched episulfonium ions onto activated benzene rings are known
to accomplish chiral Friedel–Crafts alkylations. Unactivated benzenes are either unreactive or can give low stereoselectivities.
Intramolecular cyclizations should be faster than intermolecular additions; thus, cyclization reactions should be able to avoid
undesired episulfonium ion racemization. The work reported here tests that hypothesis and demonstrates that cyclizations of
enantiomerically enriched episulfonium ions onto unactivated benzene rings are highly stereoselective. © 2002 Elsevier Science
Ltd. All rights reserved.

There have been numerous applications of racemic
episulfonium ions in organic synthesis.1 In the mid
1990s Toshimitsu and co-workers published a series of
papers on some reactions of highly enantiomerically
enriched episulfonium ions. Those reactions included
reactions with nitriles,2,3 sulfonamides,4,5 silyl enol
ethers6 and substituted benzene rings.7

With the exception of Toshimitsu’s work, the reaction
of highly enantiomerically enriched episulfonium ions
with aromatic compounds has not been studied previ-
ously. Such stereoselective Friedel–Crafts alkylations
could be useful in asymmetric organic synthesis, faith-
fully transferring the chirality of alcohol chirality cen-
ters into new chirality centers next to an aromatic ring.
Many important natural products and synthetic com-
pounds have a chirality center next to an aromatic ring.
Well-developed technology for stereoselective Friedel–
Crafts reactions would provide a new strategy for the
synthesis of such stereocenters.

Toshimitsu’s work on stereoselective Friedel–Crafts
alkylations examined intermolecular reactions of some
simple chiral episulfonium ions with substituted ben-
zenes.7 Benzene or t-butylbenzene did not react,
whereas mesitylene, m-xylene, anisole, phenol and N,N-
dimethylaniline did react. Apparently activation by at
least two electron-donating alkyl groups is necessary

for a successful reaction. Even though mesitylene and
m-xylene did react, the stereoselectivity of their reac-
tions varied with reaction conditions. For example, the
reaction of 1 with m-xylene 4 using BF3·OEt2 in
CH2Cl2 for 20 h at 0°C gave a 74% yield of 5 with 68%
stereospecificity8 (Scheme 1). Lowering the temperature
to −20°C gave a lower 50% yield of 5 with an improved
91% stereospecificity. Lowering the temperature to
−40°C gave a very low 9% yield of 5 with a much
improved 99% stereospecificity. The results indicate
that higher temperatures promote the partial racemiza-
tion of episulfonium ions 2, presumably by reversible
ring opening of the chiral episulfonium ions 2 to gener-

Scheme 1. Toshimitsu’s stereoselective episulfonium ion inter-
molecular electrophilic aromatic substitution reactions.
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ate an achiral carbocation intermediate 3 which can
recyclize to form either enantiomer of 2.

The problems in loss of stereoselectivity and low yields
in the examples described above can be attributed to
the intermolecular nature of the reactions. When unac-
tivated arenes are used, the episulfonium ion will have
more time to remain unreacted, and will thus have
more of an opportunity to racemize. An intramolecular
reaction should not suffer as much from this problem
since the episulfonium ion and the arene will be in close
proximity to react efficiently, thus suppressing racem-
ization. We decided to examine the stereospecificity of
the cyclization of the phenyl episulfonium ion onto
unactivated benzene rings to see if the intramolecularity
of the reaction would make it highly stereoselective.

Racemic samples of hydroxysulfides 8 and 9, and
cyclization products 12 and 13 were needed to calibrate
the chiral HPLC analyses used in these studies.
Racemic hydroxysulfides 8 and 9, and cyclization prod-
ucts 12 and 13 were prepared as shown in Scheme 2.

Following a literature procedure,9 commercially avail-
able 4-phenyl-1-butene 6 was epoxidized with meta-
chloroperoxybenzoic acid. The epoxide was treated
with NaSPh (formed by the reaction of PhSSPh with
NaBH4 in absolute EtOH) for 19 h at room tempera-
ture to produce racemic 8 in 94% isolated yield after
purification by radial chromatography.10 Treatment of
racemic 8 with BF3·Et2O in CH2Cl2 at 0°C followed by
warming to room temperature with stirring for 16 h led
to racemic 12 in 63% isolated yield after purification by
radial chromatography.11

Following a literature procedure,12 5-phenyl-1-pentene
7 was prepared by the condensation of the Grignard
reagent of �-phenylethyl bromide with allyl bromide.
Following a literature procedure,13 7 was epoxidized
with meta-chloroperoxybenzoic acid. The epoxide was
treated with NaSPh in absolute EtOH for 16 h at room
temperature to produce racemic 9 in 97% isolated yield
after purification by radial chromatography.14 Treat-
ment of racemic 9 with BF3·Et2O in CH2Cl2 at 0°C
followed by warming to room temperature with stirring
for 23 h led to racemic 13 in 40% isolated yield after
purification by radial chromatography.15 This reaction
was not optimized, and proceeded in much lower yield
than that of enantiomerically enriched 9 (see below),
but it provided enough pure material to calibrate the
chiral HPLC analyses.

Enantiomerically enriched hydroxysulfide 8 was pre-
pared by Sharpless asymmetric dihydroxylation of 6
using AD-mix-�, monotosylation of the resulting diol,
then reaction of the tosylate with NaSPh (Scheme 3) to
provide enantiomerically enriched 8 in 57% isolated
overall yield, after radial chromatography of 8, for
three steps from 6.10,16 Sharpless asymmetric dihydroxy-
lation of 6 using AD-mix-� has been reported to pro-
ceed in 84% enantiomeric excess (e.e.).17 We did not
determine the e.e. of the diol produced from Sharpless
asymmetric dihydroxylation of 6. Enantiomerically
enriched 8 was found to have 77% e.e. by chiral HPLC
analysis.18 Treatment of enantiomerically enriched 8

Scheme 3. Preparation of enantiomerically enriched hydoxy-
sulfides and their episulfonium ion cyclizations.

Scheme 2. Preparation of racemic standards to calibrate chi-
ral HPLC analyses.
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(77% e.e.) with BF3·Et2O in CH2Cl2 at 0°C followed by
warming to room temperature with stirring for 16 h led
to enantiomerically enriched 12, in 35% isolated yield
after radial chromatography.11 Enantiomerically
enriched 12 was found to have 75% e.e. by chiral HPLC
analysis.18 Thus, this reaction proceeded with 97%
stereospecificity.8 Although this reaction proceeded in
lower yield than the racemic one, the stereospecificity
for the cyclization reaction is high.

Enantiomerically enriched hydroxysulfide 9 was pre-
pared by Sharpless asymmetric dihydroxylation of 7
using AD-mix-�, monotosylation of the resulting diol,
then reaction of the tosylate with NaSPh (Scheme 3) to
provide enantiomerically enriched 9 in 12% isolated
overall yield, after radial chromatography of 9, for
three steps from 7.14 Enantiomerically enriched 9 was
found to have 76% e.e. by chiral HPLC analysis.18

Treatment of enantiomerically enriched 9 (76% e.e.)
with BF3·Et2O in CH2Cl2 at 0°C followed by warming
to room temperature with stirring for 16 h led to
enantiomerically enriched 13 in 98% isolated yield after
radial chromatography.15 Enantiomerically enriched 13
was found to have 76% e.e. by chiral HPLC analysis.18

Thus, this reaction proceeded with �100% stereospe-
cificity.8 This reaction proceeded in high chemical yield
and high stereospecificity.

These results demonstrate that cyclizations of phenyl
episulfonium ions onto unactivated (or lightly acti-
vated) benzene rings can be highly stereoselective (97–
100% stereospecificity).8 Since it is easy to prepare
�-hydroxysulfides from epoxides or vicinal diols, the
results also illustrate how episulfonium ion chemistry
can be used to convert the products of contemporary
asymmetric epoxidation and dihydroxylation reactions
into more complex chiral enantiomerically enriched
products.
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