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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 notable property is a high stability of the 1-phenyl-1-
attracted much current interest because of their uniquebenzothiophenium salts, which enables a wide variety of
structure and chemical properties. Synthesis and reactiongnvestigations and may disclose unknown chemistry of the
of thiophenes and benzothiophenes have been extensivelyl-benzothiophenium ion.

investigated, but those of 1-thiophenium and 1-benzothio-
phenium salts have received much less atterftidfe have

We have found that the 1-phenyl-1-benzothiophenium salts
undergo nucleophilic substitution to lead to ring-opened

previously found that 1-phenyl-1-benzothiophenium salts can alkenes or dephenylation produétghe crystal structure of

be prepared by intramolecular cyclization @{phenylsul-
fanyl)phenyl-substituted etherfemnd alkyne$and by direct
S-phenylation of benzothiophengghe most important and
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1-phenyl-1-benzothiophenium trifl&teeveals that the ster-
eochemistry around the sulfur atom is tetrahedral and the
short C=C double bond length (1.308 A) of the thiophene
ring is within the observed range of the<C double bond
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length (1.30-1.37 A) in arylethene systems. From the || NG

crystal structure, it is suggested that the aromaticity of the
thiophene ring is destroyed and the=C bond of the
thiophene ring shows an olefinic natifrds 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 DietsAlder 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 triflat€. To our delight, the reaction

Phootf  1a:R'=R?=H
R! 1b: R'=H, R®=Me

S
Q_Z// 1c:R'=H, RZ= Ph
R2

1d: R'=R?= Me

1e:R'=R?=Ph
of 1-phenyl-1-benzothiophenium triflatég) with cyclopen-
tadiene in CHCI, successfully proceeded to give the
cycloadduct (2&)in 96% vyield, as shown in Scheme 1.

Figure 1. Crystal structure of cycloadduga.

from the cyclopentadiene clearly shows #redoadduct. It
is, therefore, clear that 1-phenyl-1-benzothiophenium triflate
la acts as the dienophile and the Dieklder reaction

Scheme 1
Ph - proceed selectively in aandomanner.
@ L b O Although other dienes such as 2,3-dimethyl-1,3-cyclo-
Q—jﬁ hexadiene and 1,3-diphenylisobenzofuran were examined in
—
CHxCly, reflux “,
2 H © (9) 2a: mp 147.+147.2°C; *H NMR (300 MHz, CDC}) 6 = 1.87 (s,
S 96% 2a 2H: CHy), 3.53 (s, 1H.; CH), 3.96 (s, 1H; CH), 5.85.12 (m, 2H; 2CH),
1, OTf 5.75-5.78 (m, 1H; CH), 6.426.45 (m, 1H; CH), 7.457.67 (m, 9H; ArH);
S _H 13C NMR (75 MHz, CDC}) 6 = 46.6, 47.9, 50.2, 56.6, 72.8, 127.0, 127.1,
J — Ph 129.0, 130.5, 130.9, 131.1, 131.2, 133.79, 133.84, 134.4, 138.7, P47.8.
mp 133-134°C; 'H NMR (300 MHz, CDC}) 6 = 1.92 (s, 3H; CH),
H > 1.96 (d,J = 10.2 Hz, 1H; CH), 2.04 (dJ = 10.2 Hz, 1H; CH), 3.17 (s,
1a o) 1H; CH), 4.13 (s, 1H; CH), 4.48 (d,= 3.9 Hz, 1H; ArH), 5.73—5.75 (m,
= 1H; CH), 6.39—6.42 (m, 1H; CH), 7.517.76 (m, 9H; ArH);13C NMR
Ph (75 MHz, CDCh) 6 = 28.3, 47.5, 48.7, 54.2, 63.7, 78.4, 125.9, 127.5, 128.5,
= 128.9, 130.7, 130.9, 131.2, 132.7, 134.2, 134.3, 140.4, 182:6mp 84~

CH.Cly, reflux
78%

Since the NMR spectra and elemental analyses are

consistent with the structure of cycloadd@et it is suggested
that only one isomer of the possibdemdoandexoadducts
is present. From the single-crystal X-ray analysis2af'®

the phenyl ring on the sulfur exists above the thiophene ring

87 °C; 'H NMR (300 MHz, CDC}) 6 = 1.81 (d,J = 9.6 Hz, 1H; CH),
1.98 (d,J = 9.6 Hz, 1H; CH), 4.04 (s, 1H; CH), 4.33 (s, 1H; CH), 5.01 (d,
J = 4.2 Hz, 1H; ArH), 5.82-5.84 (m, 1H; CH), 6.676.70 (m, 1H; CH),
7.20—7.32 (m, 5H; ArH), 7.41 (d] = 7.8 Hz, 1H; ArH), 7.58—7.72 (m,
8H; ArH); °C NMR (75 MHz, CDC}) 6 = 47.8, 49.2, 52.8, 72.6, 79.6,
125.2,127.0, 127.6, 128.0, 128.2, 128.4, 129.5, 130.1, 130.9, 131.1, 134.2,
134.4, 135.7, 139.5, 141.4, 1528: mp 165—-166°C; 'H NMR (300
MHz, CDCL) 6 = 5.18 (d,J = 8.3 Hz, 1H; CH), 6.18 (dJ = 8.3 Hz, 1H;
CH), 6.60 (dJ = 7.2 Hz, 1H; ArH), 7.01 (tJ = 7.2 Hz, 1H; ArH), 7.28—
7.99 (m, 21H; ArH);3C NMR (75 MHz, CDCh) 6 = 59.8, 74.1, 90.0,
93.6, 122.0, 122.6, 125.9, 126.7,127.9, 128.7, 128.9, 129.10, 129.12, 129.3,
129.466, 129.474, 129.7, 130.3, 130.7, 131.6, 131.8, 133.2, 134.1, 134.2,
134.9, 141.0, 143.8, 144.9.
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as depicted in Figure 1. The shape of the component derive
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final cycle of full-matrix least-squares refinement was based on 2720

converged with unweighted and weighted agreement factors=010.062
andRy = 0.096.
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the Diels—Alder reaction, only 1,3-diphenylisobenzofuran
reacted with 1-phenyl-1-benzothiophenium trifldteto give
cycloadduct3a® in 78% yield (Scheme 1).

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

Scheme 2
Ph OTf OTf
m @ MeCN, A j 7 ?
1b: R = Me 2b: R = Me (22%)
1c:R=Ph 2¢: R=Ph (80%)
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1,3-diphenyl-1-benzothiophenium triflatdq) with cyclo-
pentadiene proceeded more effectively than thatdb give
the corresponding cycloadduc2q)® 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 triflate$d and1€). Accord-
ingly, it is suggested that the Dielf\lder 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 triflatdswith 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 cycloadduc®a. This material is available
free of charge via the Internet at http:/pubs.acs.org.
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