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ABSTRACT

The reaction of 1-phenyl-1-benzothiophenium triflates 1 (R ) H, Me, and Ph) with cyclopentadiene successfully proceeded to give the
corresponding cycloadducts, respectively, in good yields. The single-crystal X-ray analysis of 1 (R ) H) showed the endo isomer. Similarly,
1,3-diphenylisobenzofuran reacted with 1 (R ) H) to give the corresponding cycloadduct. These novel [4 + 2] cycloadditions of 1-phenyl-1-
benzothiophenium triflates as the first example clearly indicate the olefinic nature of the thiophene ring arising from the lack of aromaticity.

Hypervalent or polycoordinated main-group compounds have
attracted much current interest because of their unique
structure and chemical properties. Synthesis and reactions
of thiophenes and benzothiophenes have been extensively
investigated,1 but those of 1-thiophenium and 1-benzothio-
phenium salts have received much less attention.2 We have
previously found that 1-phenyl-1-benzothiophenium salts can
be prepared by intramolecular cyclization ofo-(phenylsul-
fanyl)phenyl-substituted ethenes3 and alkynes4 and by direct
S-phenylation of benzothiophenes.5 The most important and

notable property is a high stability of the 1-phenyl-1-
benzothiophenium salts, which enables a wide variety of
investigations and may disclose unknown chemistry of the
1-benzothiophenium ion.

We have found that the 1-phenyl-1-benzothiophenium salts
undergo nucleophilic substitution to lead to ring-opened
alkenes or dephenylation products.6 The crystal structure of
1-phenyl-1-benzothiophenium triflate5 reveals that the ster-
eochemistry around the sulfur atom is tetrahedral and the
short CdC double bond length (1.308 Å) of the thiophene
ring is within the observed range of the CdC double bond
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length (1.30-1.37 Å)7 in arylethene systems. From the
crystal structure, it is suggested that the aromaticity of the
thiophene ring is destroyed and the CdC bond of the
thiophene ring shows an olefinic nature.8 As a consequence,
it is expected that the 1-phenyl-1-benzothiophenium salts can
be regarded as diphenyl(vinyl)sulfonium salts and behave
as dienophiles in the Diels-Alder reaction. To examine this
olefinic nature, we have conducted a Diels-Alder reaction
of 1-phenyl-1-benzothiophenium salts with dienes. Here we
report the first example of the cycloaddition of 1-phenyl-1-
benzothiophenium triflates, clearly indicating the olefinic
nature that has been expected from the crystal structure.

1-Phenyl-1-benzothiophenium triflates (1) were readily
prepared by reaction of the corresponding 1-benzothiophenes
with diphenyliodonium triflate.5 To our delight, the reaction

of 1-phenyl-1-benzothiophenium triflate (1a) with cyclopen-
tadiene in CH2Cl2 successfully proceeded to give the
cycloadduct (2a)9 in 96% yield, as shown in Scheme 1.

Since the NMR spectra and elemental analyses are
consistent with the structure of cycloadduct2a, it is suggested
that only one isomer of the possibleendoandexoadducts
is present. From the single-crystal X-ray analysis of2a,10

the phenyl ring on the sulfur exists above the thiophene ring
and the cyclopentadiene-derived component is below the ring
as depicted in Figure 1. The shape of the component derived

from the cyclopentadiene clearly shows theendoadduct. It
is, therefore, clear that 1-phenyl-1-benzothiophenium triflate
1a acts as the dienophile and the Diels-Alder reaction
proceed selectively in anendomanner.

Although other dienes such as 2,3-dimethyl-1,3-cyclo-
hexadiene and 1,3-diphenylisobenzofuran were examined in
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Scheme 1

Figure 1. Crystal structure of cycloadduct2a.
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the Diels-Alder reaction, only 1,3-diphenylisobenzofuran
reacted with 1-phenyl-1-benzothiophenium triflate1a to give
cycloadduct3a9 in 78% yield (Scheme 1).

Similarly, we examined the Diels-Alder reaction of
substituted 1-phenyl-1-benzothiophenium triflates (1b-e).
Although the reaction of 3-methyl-1-phenyl-1-benzothio-
phenium triflate (1b) with cyclopentadiene in MeCN did not
give cycloadduct2b, the same reaction in a sealed tube at
50 °C for 96 h afforded cycloadduct2b9 in 22% yield
(Scheme 2). On the other hand, the Diels-Alder reaction of

1,3-diphenyl-1-benzothiophenium triflate (1c) with cyclo-
pentadiene proceeded more effectively than that of1b to give
the corresponding cycloadduct (2c)9 in 25% yield. This
reaction was much improved by conducting it in a sealed
tube at 60°C to yield 2c in 80% yield (Scheme 2).

However, no cycloadducts were obtained in the reaction
of 2,3-dimethyl-1-phenyl-1-benzothiophenium and 1,2,3-
triphenyl-1-benzothiophenium triflates (1d and1e). Accord-
ingly, it is suggested that the Diels-Alder reaction of
1-phenyl-1-benzothiophenium salts is strongly influenced by
steric hindrance at the 2 and 3 position.

In summary, we have found a new [4+ 2] cycloaddition
of 1-phenyl-1-benzothiophenium triflates1 with cyclopen-
tadiene and 1,3-diphenylisobenzofuran and experimentally
confirmed the olefinic nature of the thiophene ring arising
from the lack of the aromaticity.

Supporting Information Available: X-ray structural
information on cycloadduct2a. This material is available
free of charge via the Internet at http://pubs.acs.org.

OL990587Q

Scheme 2
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