
a ,b-Unsaturated sulfoxides bearing an electron-withdraw-
ing group (EWG) on the olefinic carbon have been utilized 
as efficient dienophiles in Diels–Alder reactions.1) Ester,2)

ketone,3) sulfone,4) sulfoxide,5) phosphonate,6) and nitro7)

groups have been incorporated into the a- and/or b-position
of alkenyl sulfoxides to activate the dienophilicity. In con-
trast to such activated alkenyl sulfoxides bearing an EWG,
simple vinyl sulfoxides show poor reactivity towards conju-
gated dienes.8) For example, the [412] cycloaddition reaction
between p-tolyl vinyl sulfoxide and cyclopentadiene could
only reach completion when carried out at high tempera-
ture.9) To activate simple vinyl sulfoxides, Kagan et al. em-
ployed Meerwein reagent or trimethylsilyl triflate (TMSOTf)
as an additive to generate the corresponding sulfonium
salts.10) As a different activation method for simple vinyl sul-
foxides, we report here that the reactivity of vinyl sulfoxides
can be enhanced by the participation of an neighboring epox-
ide group with the aid of acid.11) 2-Epoxyphenyl vinyl sul-
foxides 1a and 1b were used as substrates, and their [412]
cycloaddition with cyclopentadiene was investigated.

The diastereomeric vinyl sulfoxides 1a and 1b were pre-
pared from chlorosulfide 2 (Chart 1). Oxidation of 2 with
Oxone® followed by bromohydrination gave 4a and 4b,
which were converted to epoxides 1a and 1b, respectively, by
treatment with K2CO3. The stereostructure of 1a was estab-
lished by an X-ray analysis. The relative configuration at the
sulfur atom and the C(2)-position of 1a was (R*S, R*C (2)) as
shown in Fig 1. Thus, the stereostructure of 1b was deduced
as (R*S, S*C (2)).

We examined the Diels–Alder reaction of 1a with cy-

clopentadiene under various conditions (Table 1). When this
reaction was carried out at room temperature without any ad-
ditive, only starting sulfoxide 1a was recovered in 98% yield
(run 1). Both p-toluenesulfonic acid and BF3·Et2O could ac-
tivate 1a as a dienophile to afford endo-adducts 5 and 6, and
exo-adducts 7 and 8 in moderate yields (runs 2 and 3). The
optimum yield was obtained when Yb(OTf)3 was employed
in CH3CN (run 4).12) Lower yields were observed when
CH2Cl2 or toluene was used as the solvent (runs 5 and 6).
The use of 0.3 eq of Yb(OTf)3 required a longer reaction
time to give 5—8 in 55% yield with 10% recovery of 1a (run
7). Sc(OTf)3 also proved to be an excellent additive for this
reaction (run 8). On the other hand, the activating ability of
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Chart 1

Fig. 1. ORTEP Drawing of 1a



La(OTf)3 was not notable (run 10). Interestingly, zinc halides
gave no cycloadduct 5, which was the major product under
the reaction conditions shown in runs 2—10, in spite of the
fact that the other cycloadducts 6—8 were produced in low

yields (runs 11—13).
The stereostructures of the endo-adducts 5 and 6 were un-

ambiguously determined based on X-ray analyses (Fig. 2). It
was found that the relative configurations regarding the sul-
fur atom, the C(2), and the C(20) positions were (R*S, R*C (2),
R*C (20)) for 5 and (R*S, R*C (2), S*C (20)) for 6, respectively. Based
on the 1H-NMR analysis, the coupling constants between
H(10) and H(20) in both endo-cycloadducts 5 and 6 was
3.5—4.0 Hz. On the other hand, each coupling constant
(JH(10)—H(20)) for the adducts 7 and 8 was ca. 1.5 Hz. These re-
sults were indicative of the exo-stereochemistry for the prod-
ucts 7 and 8.9)

The epoxy sulfoxide 1b was also activated by Yb(OTf)3.
The reaction of 1b with cyclopentadiene using Yb(OTf)3 (1.0
eq) afforded the endo-adducts 9 and 10, and the exo-adducts
11 and 12,13) which were not identical with 5—8 (Chart 2).
The yields of 9, 10, 11, and 12 were 54%, 21%, 10%, and
6%, respectively.

In order to check the effect of the neighboring epoxide
function on the activation of the vinyl sulfoxide, we exam-
ined the reaction of isopropenylphenyl vinyl sulfoxide (13).
Yb(OTf)3 (1.0 eq) did not enhance the dienophilicity of 13 in
the Diels–Alder reaction with cyclopentadiene, and resulted
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Table 1. The Diels–Alder Reaction of Vinyl Sulfoxide 1a with Cyclopentadienea)

Run Acid (eq) Solvent Time
Yield (%)b)

endo Total yieldc)

Recovered 1a (%)
5 : 6 : 7: 8 exo (%)

1 — — CH2Cl2 24 h 0 : 0 : 0 : 0 — 0 98
2 p-TSA (1.1) CH2C2 3 h 34 : 20 : 13 : 6 2.8 73
3d) BF3·Et2O (2.0) CHCl3 3 h 35 : 14 : 14 : 6 2.5 69
4 Yb(OTf)3 (1.0) CH3CN 5 h 60 : 17 : 11 : 8 4.1 96
5 Yb(OTf)3 (1.0) CH2Cl2 5 h 35 : 15 : 13 : 5 2.8 68
6 Yb(OTf)3 (1.0) Toluene 22 h 36 : 14 : 8 : 5 3.8 63
7 Yb(OTf)3 (0.3) CH3CN 60 h 28 : 17 : 7 : 3 4.5 55 10
8 Sc(OTf)3 (1.0) CH3CN 10 min 59 : 12 : 10 : 7 4.2 88
9 Sc(OTf)3 (0.3) CH3CN 8 h 35 : 14 : 9 : 6 3.3 64 5

10 La(OTf)3 (1.0) CH3CN 32 h 33 : 16 : 9 : 5 3.5 63 6
11 ZnI2 (1.1) CH2Cl2 1 h ,0 : 17 : 10 : 2 1.4 29
12 ZnBr2 (1.1) CH2Cl2 3 h ,0 : 14 : 11 : 2 1.1 27
13 ZnCl2 (1.1) CH2Cl2 22 h 0 : 11 : 7 : 3 1.1 21

a) 50 eq of cyclopentadiene was used. Each reaction was quenched by water. b) Product ratio was determined by 1H-NMR integration. c) Isolated yield. d) 5 eq of cy-
clopentadiene was used.

Fig. 2. ORTEP Drawings of endo-Major Adduct 5 (Top) and endo-Minor
Adduct 6 (Bottom)

Chart 2



in only a quantitative recovery of the starting sulfoxide 13
(Chart 3).

We propose that a five-membered ring sulfonium interme-
diate 14, which may be caused by the interaction between
Yb(OTf)3 and the epoxide oxygen, is the reactive species in
this reaction. The cycloaddition of 14 with cyclopentadiene
and successive hydrolysis of the resulting sulfonium ion 15
during the work-up stage would produce the epoxy-opened
cycloadducts (Chart 4).

In conclusion, we demonstrated that an epoxide group lo-
cated at a neighboring position could activate simple vinyl
sulfoxides as dienophiles in the presence of a protonic or
Lewis acid. This method is expected to be applicable to
asymmetric reactions of chiral sulfinyl compounds.

Experimental
Melting points were measured with a Yanagimoto micro melting point

hot-plate apparatus and are uncorrected. IR spectra were recorded on a
JASCO A-102 or FTIR-350 spectrometer. NMR spectra were taken with a
Varian VXR-500 or VXR-200 instrument with chemical shifts reported as d
ppm and couplings expressed in Hertz. Fast atom bombardment-mass spec-
tra (FAB-MS) were obtained with VG-70SE mass spectrometer. Elemental
analyses were carried out on a Yanaco MT-5 CHN analyzer. Column chro-
matography was performed using silica gel (Wako-gel C-200 or Merck No.
9385). Yb(OTf)3 and Sc(OTf)3 were dried for 2 d at 200 °C under vacuum
pressure before use.

1-(2-Chloroethylthio)-2-isopropenylbenzene (2) A solution of 2-(2-
mercaptophenyl)-2-propanol (1.00 g, 5.94 mmol) in MeOH (2.7 ml) was
treated with an aqueous NaOH (0.245 g, 6.11 mmol) solution (2.7 ml) at
room temperature. After 5 min, ethylene chlorohydrin (13.8 ml, 205 mmol)
was added to the mixture. After stirring for 80 min at room temperature, the
reaction mixture was poured into saturated NaHCO3 aqueous solution and
extracted with AcOEt. The organic layer was washed with brine, dried over
MgSO4, and evaporated to leave a white solid. Recrystallization from ether
gave pure 2-[2-(2-hydroxyethylthio)]phenyl-2-propanol (1.10 g, 87.6%) as
colorless prisms, mp 109—110.5 °C. IR (KBr) cm21: 3310. 1H-NMR
(200 MHz, DMSO-d6) d : 1.59 (6H, s), 3.02 (2H, t, J57.0 Hz), 3.71 (2H, t,
J57.0 Hz), 7.12 (1H, td, J57.0, 1.8 Hz), 7.19 (1H, td, J57.0, 1.8 Hz), 7.40
(1H, dd, J57.0, 1.8 Hz), 7.58 (1H, dd, J57.0, 1.8 Hz). Anal. Calcd for
C11H16O2S: C, 62.23; H, 7.60. Found: C, 62.27; H, 7.45.

To a solution of 2-[2-(2-hydroxyethylthio)]phenyl-2-propanol (201 mg,
0.946 mmol) in dry pyridine (184 m l) was added dropwise SOCl2 (145 m l,
1.99 mmol) at room temperature. The reaction mixture was stirred for
10 min, poured into water, and extracted with ether. The organic layer was
washed with brine, dried over MgSO4, and evaporated to give a crude oil
which was purified by silica gel column chromatography. Elution with
hexane afforded pure 2 (139 mg, 68.9%) as a pale yellow oil. IR (CHCl3)
cm21: 900. 1H-NMR (200 MHz, CDCl3) d : 2.11 (3H, t, J51.2 Hz), 3.16—
3.24 (2H, m), 3.55—3.63 (2H, m), 4.91 (1H, sextet, J50.9 Hz), 5.23 (1H,
quintet, J51.6 Hz), 7.11—7.41 (4H, m). Anal. Calcd for C11H13ClS: C,
62.10; H, 6.16. Found: C, 61.78; H, 6.15.

1-(2-Chloroethylsulfinyl)-2-isopropenylbenzene (3) To a solution of 2
(139 mg, 0.652 mmol) in tetrahydrofuran (THF) (1 ml), MeOH (0.5 ml), and
H2O (1 ml) was added Oxone® (265 mg, 0.430 mmol) at 0 °C. The mixture
was stirred for 10 min at 0 °C, and then filtered. The filtrate was poured into
water and extracted with ether. The ether layer was washed with brine, dried
over MgSO4, and evaporated. The resulting crude oil was purified by silica
gel chromatography with AcOEt–hexane (1 : 2) to give 3 (97.8 mg, 65.6%).
An analytical sample was obtained by recrystallization from hexane to leave
pale yellow prisms, mp 44—45 °C. IR (CHCl3) cm21: 1020—1080. 1H-
NMR (500 MHz, CDCl3) d : 2.13 (3H, dd, J50.8, 1.8 Hz), 3.02 (1H, ddd,
J513.5, 7.5, 4.5 Hz), 3.26 (1H, ddd, J513.5, 8.5, 8.0 Hz), 3.68 (1H, ddd,
J511.5, 8.5, 4.5 Hz), 3.97 (1H, ddd, J511.5, 8.0, 7.5 Hz), 5.02 (1H, br s),
5.33 (1H, quintet, J51.5 Hz), 7.25 (1H, dd, J58.0, 1.5 Hz), 7.47 (1H, td,
J57.5, 1.5 Hz), 7.52 (1H, td, J57.5, 1.5 Hz), 7.98 (1H, dd, J58.0, 1.5 Hz).
Anal. Calcd for C11H13ClOS: C, 57.76; H, 5.73. Found: C, 57.52; H, 5.71.

1-Bromo-2-[2-(2-chroloethylsulfinyl)]phenyl-2-propanol (4a and 4b)
To a mixture of 3 (15.01 g, 65.6 mmol), H2O (59 ml), and CH3CN (280 ml)
was added portionwise N-bromosuccinimide (NBS) (12.85 g, 72.2 mmol) at
room temperature. After stirring for 10 min, the mixture was poured into
10% Na2S2O3 aqueous solution and extracted with CH2Cl2. The combined
organic layer was washed with saturated NaHCO3 aqueous solution and
brine, and dried over MgSO4. Evaporation of the solvent gave a crude oil
which was purified by silica gel chromatography with AcOEt–hexane (1 : 2).
4a (11.42 g, 53%) was obtained as a colorless oil from the less polar frac-
tion, and 4b (9.12 g) as a white solid from the polar fraction. 4b was recrys-
tallized from ether to leave colorless prisms (8.50 g, 40%). 4a: IR (CHCl3)
cm21: 1010, 3200—3300. 1H-NMR (500 MHz, CDCl3) d : 1.78 (3H, s), 3.04
(1H, ddd, J512.5, 7.0, 4.0 Hz), 3.56 (1H, br s, exchangeable with D2O), 3.61
(1H, d, J511.0 Hz), 3.68 (1H, dt, J512.5, 8.5 Hz), 3.79 (1H, ddd, J512.5,
8.5, 4.0 Hz), 3.89 (1H, d, J511.0 Hz), 4.01 (1H, ddd, J512.5, 8.5, 7.0 Hz),
7.30 (1H, dd, J58.0, 1.5 Hz), 7.49 (1H, td, J58.0, 1.5 Hz), 7.56 (1H, td,
J58.0, 1.5 Hz), 8.22 (1H, dd, J58.0, 1.5 Hz). FAB-MS (positive ion mode)
m/z: 325 (35Cl, 79Br), 327 (35Cl, 81Br and 37Cl, 79Br), 329 (37Cl, 81Br)
[(M11)1]. 4b: mp 124—125 °C. IR (KBr) cm21: 1000, 3160. 1H-NMR
(500 MHz, CDCl3) d : 1.76 (3H, s), 3.11 (1H, ddd, J512.0, 7.0, 4.5 Hz), 3.58
(1H, s, exchangeable with D2O), 3.65 (1H, dt, J512.0, 10.5 Hz), 3.78 (1H,
ddd, J511.5, 10.5, 4.5 Hz), 3.86 (2H, s), 4.02 (1H, ddd, J511.5, 10.5,
7.0 Hz), 7.20 (1H, dd, J58.0, 1.5 Hz), 7.48 (1H, td, J58.0, 1.5 Hz), 7.53
(1H, td, J58.0, 1.5 Hz), 8.20 (1H, dd, J58.0, 1.5 Hz). FAB-MS (positive ion
mode) m/z: 325 (35Cl, 79Br), 327 (35Cl, 81Br and 37Cl, 79Br), 329 (37Cl, 81Br)
[(M11)1]. Anal. Calcd for C11H14BrClO2S: C, 40.57; H, 4.33. Found: C,
40.66; H, 4.26.

1-[2-(1,2-Epoxypropyl)]-2-(vinylsulfinyl)benzene (1a and 1b) To a so-
lution of 4a (475 mg, 1.46 mmol) in MeOH (15 ml) was added portionwise
K2CO3 (806 mg, 5.83 mmol) at room temperature. The mixture was stirred
for 1 h at room temperature, and then the undisolved solid was filtered off.
Approximately 10 ml of MeOH was evaporated off under reduced pressure.
The concentrated mixture was poured into water (10 ml), and extracted with
ether four times. The organic layers were combined, washed with brine,
dried over MgSO4. After the solvent was evaporated off, the resulting crude
mixture was purified by silica gel chromatography with ether–hexane (2 : 1).
Recrystallization from hexane afforded 1a (219 mg, 72%) as colorless
prisms, mp 63 °C. IR (CHCl3) cm21: 950, 1000—1080, 2980. 1H-NMR
(500 MHz, CD3CN) d : 1.73 (3H, s), 2.89, 3.03 (each 1H, ABq, J55.0 Hz),
5.84 (1H, d, J59.5 Hz), 6.06 (1H, d, J516.0 Hz), 6.94 (1H, dd, J516.0,
9.5 Hz), 7.48—7.56 (3H, m), 7.82—7.85 (1H, m). 13C-NMR (125 MHz,
CD3CN) d : 23.9, 56.7, 59.1, 119.7, 124.4, 128.8, 129.9, 131.7, 139.9, 142.9,
145.1. Anal. Calcd for C11H12O2S: C, 63.44; H, 5.81. Found: C, 63.33; H,
5.73.

In a way similar to the above procedure, 1b (4.29 g, 79%) was obtained as
a pale yellow oil from 4b (8.50 g, 26.1 mmol). IR (CHCl3) cm21: 950,
1000—1080, 2980. 1H-NMR (200 MHz, CDCl3) d : 1.73 (3H, s), 2.88, 2.98
(each 1H, ABq, J55.1 Hz), 5.82 (1H, d, J59.7 Hz), 6.21 (1H, d, J5
16.5 Hz), 6.85 (1H, dd, J516.5, 9.7 Hz), 7.36—7.52 (3H, m), 7.84—7.89
(1H, m). 13C-NMR (50 MHz, CDCl3) d : 24.1, 52.9, 58.3, 118.1, 123.8,
127.1, 129.1, 130.6, 138.4, 142.4, 142.7. HRMS (FAB) Calcd for C11H13O2S
(M1H)1: 209.0636. Found: 209.0624.

Typical Procedure for Diels–Alder Reaction of 1a (Table 1, Run 4)
Yb(OTf)3 (299.0 mg, 0.482 mmol) was added to a mixture of 1a (100.3 mg,
0.482 mmol), freshly distilated cyclopentadiene (2.0 ml), and CH3CN (4 ml).
The reaction mixture was stirred for 5 h at room temperature, and then fil-
tered to remove undissolved Yb(OTf)3. The filtrate was poured into water,
extracted with CH2Cl2, washed with brine, and dried over MgSO4. The sol-
vent was removed under reduced pressure to give an oil. The crude oil was
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subjected to silica gel chromatography with AcOEt–hexane (2 : 1) to remove
cyclopentadiene dimer, and with AcOEt to give a mixture of four diastere-
omers 5—8 (135.0 mg, 96%) as a colorless oil. The diastereomer ratio was
determined by 1H-NMR integration of their olefinic and 29-protons. Analyti-
cal samples were obtained by further purification with silica gel chromatog-
raphy and recrystallization. endo-Adducts 5 and 6, and exo-major-adduct 7
could be isolated in pure form. However, all attempts to isolate the exo-
minor-adduct 8 were unsuccessful. 5 (endo-Major): colorless prisms, mp
117—118 °C (AcOEt–hexane). IR (KBr) cm21: 980—1000, 3200—3500.
1H-NMR (500 MHz, CD3OD) d : 1.34 (1H, d, J58.5 Hz), 1.47 (1H, ddd, J5
12.5, 4.5, 3.0 Hz), 1.52 (1H, d, J58.5 Hz), 1.59 (3H, s), 1.72 (1H, ddd,
J512.5, 9.5, 3.5 Hz), 2.88 (1H, br s), 3.25 (1H, br s), 3.60, 3.66 (each 1H,
ABq, J511.0 Hz), 3.69 (1H, ddd, J59.0, 4.5, 3.5 Hz), 6.26 (2H, m), 7.45
(1H, td, J57.5, 1.5 Hz), 7.48 (1H, dd, J57.5, 1.5 Hz), 7.52 (1H, td, J57.5,
1.5 Hz), 8.12 (1H, dd, J57.5, 1.5 Hz). 13C-NMR (125 MHz, CD3OD) d :
26.8, 29.8, 43.8, 45.8, 50.1, 69.6, 72.0, 77.4, 127.2, 128.3, 129.2, 131.8,
133.6, 139.0, 143.7, 146.1. FAB-MS (positive ion mode) m/z: 293 (M11)1.
Anal. Calcd for C16H20O3S: C, 65.73; H, 6.89. Found: C, 65.45; H, 6.84. 6
(endo-Minor): colorless needles, mp 158—160 °C (MeOH–ether). IR (KBr)
cm21: 1010, 3300—3500. 1H-NMR (500 MHz, CD3OD) d : 1.30 (1H, d, J5
8.5 Hz), 1.42 (1H, d, J58.5 Hz), 1.53 (1H, ddd, J512.5, 9.0, 4.0 Hz), 1.65
(3H, s), 1.76 (1H, ddd, J512.5, 4.5, 3.0), 2.92 (1H, br s), 3.61, 3.70 (each
1H, ABq, J511.0 Hz), 3.80 (1H, ddd, J59.0, 4.5, 4.0 Hz), 6.10 (1H, dd,
J55.5, 3.0 Hz), 6.23 (1H, dd, J55.5, 3.0 Hz), 7.36 (1H, dd, J57.0, 2.5 Hz),
7.40—7.42 (2H, m), 7.86 (1H, dd, J56.5, 2.5 Hz). 13C-NMR (125 MHz,
CD3OD) d : 23.0, 26.3, 43.6, 47.4, 50.9, 66.3, 71.4, 77.9, 125.3, 128.4,
128.6, 131.1, 131.6, 139.4, 144.2, 145.8. FAB-MS (positive ion mode) m/z:
293 (M11)1. Anal. Calcd for C16H20O3S: C, 65.73; H, 6.89. Found: C,
65.60; H, 6.61. 7 (exo-Major): colorless prisms, mp 197—197.5 °C (ether).
IR (KBr) cm21: 990, 3100—3500. 1H-NMR (500 MHz, CD3OD) d : 0.90
(1H, ddd, J512.5, 8.5, 2.0 Hz), 1.34 (1H, d, J58.0 Hz), 1.59 (3H, s), 1.80
(1H, d, J58.0 Hz), 2.14 (1H, dt, J512.5, 4.0 Hz), 2.89 (1H, br s), 3.14 (1H,
ddd, J58.5, 4.0, 1.5 Hz), 3.17 (1H, br s), 3.61, 3.69 (each 1H, ABq, J5
11.0 Hz), 6.13 (1H, dd, J55.5, 3.0 Hz), 6.20 (1H, dd, J55.5, 3.0 Hz), 7.34—
7.37 (1H, m), 7.42—7.46 (2H, m), 7.97—7.99 (1H, m). 13C-NMR
(125 MHz, CD3OD) d : 23.8, 26.5, 42.4, 46.2, 65.3, 71.7, 78.0, 125.5, 128.4,
128.6, 131.2, 137.1, 140.8, 144.6, 144.8. FAB-MS (positive ion mode) m/z:
293 (M11)1. Anal. Calcd for C16H20O3S: C, 65.73; H, 6.89. Found: C,
65.61; H, 6.89.

Selected signals of 8 (exo-minor) in 1H-NMR spectrum (500 MHz,
CD3OD) d : 2.97 (1H, ddd, J58.5, 5.0, 1.5 Hz), 5.98 (1H, dd, J55.5, 3.5 Hz),
8.12 (1H, d, J57.5 Hz). Anal. for the mixture of 6 and 8 (ca. 2 : 1). Calcd for
C16H20O3S: C, 65.73; H, 6.89. Found: C, 65.76; H, 6.81.

Diels–Alder Reaction of 1b In a way similar to the above procedure, a
mixture of four diastereomers 9—12 (127.7 mg, 91%) was obtained from 1b
(99.5 mg, 0.478 mmol), cyclopentadiene (2.0 ml), Yb(OTf)3 (296.5 mg,
0.478 mmol), and CH3CN (4 ml). The ratio of the four diastereomers was de-
termined by 1H-NMR integration of their olefinic and 29-protons. Analytical
samples of 9 and 11 were obtained by purification with silica gel chromatog-
raphy (AcOEt) and recrystallization. However, all attempts to isolate 10 and
12 were unsuccessful. 9 (endo-Major): colorless prisms, mp 136.5—137 °C
(AcOEt–hexane). IR (KBr) cm21: 990, 3300—3500. 1H-NMR (500 MHz,
CD3OD) d : 1.34 (1H, d, J58.5 Hz), 1.38 (1H, ddd, J513.0, 4.5, 2.5 Hz),
1.50 (1H, d, J58.5 Hz), 1.53 (3H, s), 1.79 (1H, ddd, J513.0, 9.0, 4.5 Hz),
2.87 (1H, br s), 3.18 (1H, br s), 3.71, 3.79 (each 1H, ABq, J511.5 Hz), 3.83
(1H, ddd, J59.0, 4.5, 3.5 Hz), 6.25 (2H, m), 7.46—7.51 (3H, m), 8.10 (1H,
dd, J56.0, 2.0 Hz). FAB-MS (positive ion mode) m/z: 293 (M11)1. Anal.
Calcd for C16H20O3S: C, 65.73; H, 6.89. Found: C, 65.72; H, 6.79. 11 (exo-
Major): colorless plates, mp 183—185.5 °C (ether). IR (KBr) cm21: 1000,
3200—3500. 1H-NMR (500 MHz, CD3OD) d : 0.86 (1H, dd, J512.0,
9.5 Hz), 1.33 (1H, d, J58.5 Hz), 1.54 (3H, s), 1.83 (1H, d, J58.5 Hz), 2.07
(1H, dt, J512.0, 4.0 Hz), 2.86 (1H, br s), 3.17 (1H, br s), 3.68, 3.78 (each
1H, ABq, J511.5 Hz), 6.15 (1H, dd, J55.5, 3.0 Hz), 6.18 (1H, dd, J55.5,
3.0 Hz), 7.30—7.36 (1H, m), 7.41—7.45 (2H, m), 7.96—8.00 (1H, m). The
solvent signals (3.30 ppm) overlapped with the one of proton a to the
sulfinyl group. When measured in dimethyl sulfoxide-d6 (DMSO-d6), its sig-
nals appeared at 3.21 ppm with a coupling patern of dd (J58.0, 4.5 Hz).
FAB-MS (positive ion mode) m/z: 293 (M11)1. Anal. Calcd for C16H20O3S:
C, 65.73; H, 6.89. Found: C, 65.70; H, 6.93.

Selected signal of 10 (endo-minor) in 1H-NMR spectrum (200 MHz,
CD3OD) d : 3.99 (1H, ddd, J58.6, 4.4, 3.6 Hz), 6.10 (1H, dd, J55.6, 2.8 Hz),
7.86 (1H, m). Selected signals of 12 (exo-minor) in 1H-NMR spectrum
(200 MHz, CD3OD) d : 3.18 (1H, ddd, J58.6, 5.0, 1.6 Hz), 5.96 (1H, dd, J5
5.6, 3.2 Hz), 8.13 (1H, m). Anal. for the mixture of 10 and 12 (ca. 3 : 1).

Calcd for C16H20O3S: C, 65.73; H, 6.89. Found: C, 65.85; H, 6.83.
1-Isopropenyl-2-(vinylsulfinyl)benzene (13) To a solution of 3 (9.52 g,

41.7 mmol) in THF (260 ml) was added a solution of tert-BuOK (10.00 g,
87.5 mmol) in THF (400 ml) at 278 °C. After stirring for 10 min at 278 °C,
the mixture was poured into saturated NH4Cl aqueous solution and extracted
with Et2O. The organic layer was washed with brine, dried over MgSO4, and
evaporated to give a brown oil. Purification by silica gel chromatography
with ether–hexane (1 : 2) afforded pure 13 (6.27 g, 78.3%) as a yellow oil. IR
(CHCl3) cm21: 910, 1020—1080. 1H-NMR (500 MHz, CDCl3) d : 2.13 (3H,
dd, J51.5, 1.0 Hz), 5.00 (1H, dd, J52.0, 1.0 Hz), 5.33 (1H, m), 5.83 (1H, d,
J59.5 Hz), 6.13 (1H, d, J516.5 Hz), 6.65 (1H, dd, J516.5, 9.5 Hz), 7.23
(1H, dd, J57.5, 1.5 Hz), 7.42 (1H, td, J57.5, 1.5 Hz), 7.47 (1H, td, J57.5,
1.5 Hz), 7.86 (1H, dd, J57.5, 1.5 Hz). HRMS (FAB) Calcd for C11H13OS
(M1H)1: 193.0687. Found: 193.0692.

X-Ray Analysis for 1a, 5, and 6 Diffraction data for 1a, 5, and 6 were
measured on a Rigaku AFC 5R diffractometer with MoKa radiation using
w–2q scans. The structures were solved by direct methods and anisotropi-
cally refined for non-hydrogen atoms and isotropically for hydrogen atoms
by a full-matrix least-squares technique. 1a: C11H12O2S, Mr5208.27, mono-
clinic, space group C2/c, Z58, a520.775 (12), b57.970 (2), c514.254 (9)
Å, b5115.83 (4)°, V52125 (4) Å3, Dx51.302 g cm23, m (MoKa)5
0.263 mm21. The final R50.053, Rw50.054 for 1684 reflections [I0.2s (I0),
2q#60.0°] and 176 parameters. 5: C16H20O3S, Mr5292.39, monoclinic,
space group P21/n, Z54, a59.393 (3), b59.731 (3), c516.310 (5) Å,
b595.25 (2)°, V51485 (1) Å3, Dx51.308 g cm23, m (MoKa)50.212 mm21.
The final R50.069, Rw50.056 for 2113 reflections [I0.1s (I0), 2q#52.0°]
and 262 parameters. 6: C16H20O3S, Mr5292.39, monoclinic, space group
C2/c, Z58, a518.206 (7), b58.276 (5), c520.168 (7) Å, b596.92 (3)°,
V53017 (4) Å3, Dx51.288 g cm23, m (MoKa)50.209 mm21. The final
R50.065, Rw50.060 for 2507 reflections [I0.1.5s (I0), 2q#58.0°] and 261
parameters.

Atomic coordinates, bond lengths and angles of these compounds have
been deposited at the Cambridge Crystallographic Data Centre.
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