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Upon treatment with a zero-valent palladium catalyst, tetrakis(triphenylphosphine)palladium,
in tetrahydrofuran under mild conditions allylic p-toluenesulfinates underwent a- or y-rearrange-
ments of the sulfonyl group via ionic intermediates to give allylic sulfones. The regiochemistry of the
rearrangements depends on the character of the intermediary allylic cationic carbons generated and
the steric hindrance involved therein.
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Thermal sulfinate-sulfone rearrangements are well known!’ and have been widely used,
usually under solvolytic conditions. Hitherto much attention has been devoted by many
investigators to the mechanistic pathway for the rearrangements,? but no report has appeared
on the stereochemistry of the rearrangements.

Recently we have disclosed the stereochemistry of thermal allylic sulfinate—sulfone
rearrangements, using chiral allylic sulfinates possessing chirality on the sulfur atoms.” We
have also continued our attempts to develop a new method for facile transformation of allylic
sulfinates into sulfones by activation with metal catalysts. Finally, quite recently we have
found palladium-catalyzed allylic sulfinate—sulfone rearrangements: allylic sulfinates were
smoothly converted into allylic sulfones under mild conditions assisted by a zero-valent
palladium catalyst.*

Many studies have been reported on palladium-catalyzed reactions of allylic systems®
such as allylic acetates,® carbonates,’” carbamates,” phosphates,®’ amines,” nitro com-
pounds,'® and sulfones,'!’ but no paper has been published on palladium-catalyzed reactions
of allylic sulfinates. We wish to describe herein the details of the palladium-catalyzed
rearrangements of allylic sulfinates into sulfones.

In general, allylic sulfinates 2a—o were easily prepared in good yields by reacting allylic
alcohols 1a—o with p-toluenesulfinyl chloride in tetrahydrofuran (THF) at 0°C in the
presence of pyridine.

Treatment of allylic sulfinates thus obtained with a zero-valent palladium catalyst
afforded allylic sulfones with various degrees of regioselectivity, depending on the stereo-
chemical properties of the substituents involved in the allylic moieties.

The palladium-catalyzed rearrangement of (E)-2-butenyl p-toluenesulfinate (2a) was
carried out by treating 2a with 0.15 eq of tetrakis(triphenylphosphine)palladium in the
presence of 0.66 eq of triphenylphosphine in THF at 0, 50, or 60 °C to afford allylic sulfones,
as a 20 : 80 mixture of (E)-2-butenyl p-tolyl sulfone (3a) and 1-buten-3-yl p-tolyl sulfone (3c),
in 86, 93, or 949 yield, respectively. Rearrangement of (Z)-2-butenyl p-toluenesulfinate (2b)
under the same conditions at 0 °C, room temperature, or 50 °C gave the corresponding allylic
sulfones in 92, 79, or 659, yields with the same ratio of (E)- and (Z)-2-butenyl p-tolyl sulfone
(3a) and (3b) [3a:3b=2:3, 1:1, or 3:2] to 3c as described above, respectively.. The
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Chart 2

stereochemistry in the olefinic part was partially retained in this case. The degree of retention
of (Z)-configuration was greater in the catalysis at lower reaction temperature. The
stereochemistry of the olefin in the produced 2-butenyl p-tolyl sulfone was determined by
comparison of the nuclear magnetic resonance (NMR) spectra with those. of authentic
samples prepared from (E)- and (Z)-2-butenyl alcohols (1a and 1b) by mesylation of the
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Chart 3

alcohols, followed by substitution of the mesylates 4a, b with sodium p-toluenethiolate and
subsequent oxidation of the produced sulfides 5a, b with sodium metaperiodate. The ratio of
the olefinic isomers was determined by high-performance liquid chromatography (HPLC).

Similarly, palladium-catalyzed rearrangement of 1-buten-3-yl p-toluenesulfinate (2c)
under the same conditions at 0 °C, room temperature, or 50 °C led to the smooth formation of
allylic sulfones 3a (179,) and 3¢ (83%,) in 82, 71, or 859 yield.

Thus, it should be concluded that in the catalysis of a- or y-methylated-allyl p-
toluenesulfinates 2a—c, the more -a-substituted allylic sulfone 3¢ was preferentially formed,
regardless of stereochemistry of the olefin and of the a- or y-position of the methyl substituent,
in a 4:1 ratio of 3¢ to 3a, and in the case of 2b the (Z)-configuration was partially retained
with various degrees of stereoselectivity, depending on the reaction conditions used.

Treatment of (E)-2-hexenyl p-toluenesulfinate (2g) with tetrakis(triphenylphosphine)-
palladium in THF at —78, 0°C, room temperature, or 50 °C gave a 60:40 mixture of (E)-
2-hexenyl p-tolyl sulfone (3j) and 1-hexen-3-yl p-tolyl sulfone (31) in 82, 96, 90, or 78%;
yield, respectively. Palladium catalysis of (Z)-2-hexenyl .p-toluenesulfinate (2h) at 0°C,
room temperature, or 50 °C provided a 40:60 mixture of 3l and 3j, k [3j:3k=7:3, 4:1, or
5:1], with partial retention of the (Z)-configuration, in 86, 69, or 68%, yield, respectively.
The ratios of 3j to 3k were determined by HPLC analysis. Rearrangement of 1-hexen-3-yl
p-toluenesulfinate (2i) under the same conditions at 0°C provided a 60:40 mixture of 3j
and 3l in 989/ yeild.

Similar results were obtained in octenyl sulfinate systems: palladium-catalyzed re-
arrangement of (E)-2-octenyl and 1-octen-3-yl p-toluenesulfinate (2j) and (21) at 0—50°C
produced allylic sulfones as a 70 : 30 mixture of 2-octenyl p-tolyl sulfone (3m) and 1-octen-3-yl
p-tolyl sulfone (30) in 64 and 83—969; yields, respectively. In the rearrangement of (Z)-2-
octenyl p-toluenesulfinate (2k) the predominant product was the more stable (E)-isomer 3m
[3m:3n=4:1 (at 0°C), 5:1 (at room temperature), and 6:1 (at 50 °C)], produced by partial
isomerization of the carbon—carbon double bond via a carbonium ion intermediate assisted by
the palladium catalyst.

Thus, the palladium-catalyzed rearrangement of the a- or y-methyl-substituted allyl
sulfinates produced preferentially the more-a-substituted allylic sulfone (3¢) with high
regioselectivity, while greater steric bulkiness of the substituents in allylic sulfinates resulted in
a preference for less-a-substituted allylic sulfones, presumably because of the steric hindrance
involved.

,y-Dimethylated-allyl sulfinate underwent y-rearrangement with complete regioselec-
tivity, in preference to a-rearrangement in the palladium-catalyzed reaction. Upon treatment
of 3-methyl-2-butenyl p-toluenesulfinate (2d) with tetrakis(triphenylphosphine)palladium in
THF at 0°C, room temperature, or 50 °C, 3-methyl-1-buten-3-yl p-tolyl sulfone (3e) was
prepared as the only isolatable product in a quantitative yield; the a-rearranged sulfone 3d
was not detected.

However, increase of steric bulkiness of the y-substituents in y,p-disubstituted-allyl
sulfinates decreased the ratios of y-rearranged products to a-ones. Palladium catalysis of

NII-Electronic Library Service



1730 Vol. 36 (1988)

-geranyl p-toluenesulfinate (2m) under the same conditions as described earlier at 0 °C, room
temperature, or 50 °C afforded y- and a-rearranged allylic sulfones (94, 91, or 899 yield) in an
80: 20 ratio of 3q to 3p, respectively.

Palladium catalysis of (Z)-4-(tetrahydro-2-pyranyloxy)-2-butenyl p-toluenesulfinate (2n)
gave 3r (86%) [the (E)-configuration was determined by NMR analysis] and 3s (149;) through
preferential a-rearrangement for steric reasons. On the other hand, catalysis of (Z)-7-
methoxycarbonyl-6-oxo-2-heptenyl p-toluenesulfinate (20) by palladium provided the y-

TaBLE I. Palladium-Catalyzed Rearrangements of Allylic Sulfinates into Sulfones

Reaction conditions” . o Ratio of « to y?
2 Reaction temp. (°C) Reaction time (h) Yields of 3 (%) oy
2a 66 10.0 94 20 80
2a 50 -10.0 93 20 80
2a 0 1.0 86 20 80
2b 66 10.0 65 20 80
2b 50 4 10.0 65 20 80
2b r.t. 15.0 79 20 80
2b 0 20.0 92 20 80
2¢c 50 4.5 85 83 17
2c r.t. 18.0 71 83 17
2c 0 24.5 82 83 17
2d 50 7.0 92 0 100
2d r.t. 8.0 69 0 100
2d 0 24.5 75 0 100
2e 50 6.0 80 0 100
2e r.t. 19.0 78 0 100
2e 0 240 83 0 100
2f 50 6.0 88 0 100
2f r.t. 18.0 83 0 100
2f 0 24.0 85 0 100
2g 50 8.0 78 60 40
2g r.t. 13.5 90 60 40
2g 0 16.5 96 60 40
2g -78 6.0 82 60 40
2h 50 10.0 68 60 40
2h r.t. 20.5 69 60 40
2h 0 24.0 86 60 40
2i 50 1.0 85 59 41
2i r.t. 3.5 89 62 38
2i 0 8.0 98 60 40
2§ St 15.5 64 70 30
2k 50 - 100 63 70 30
2k r.t. 17.0 69 70 30
2k 0 23.0 72 70 30
21 50 1.0 83 30 70
21 r.t. 25 91 30 70
21 0 7.0 96 30 70
2m 50 10.0 89 20 80
2m r.t. 17.0 91 . 20 80
2m 0 26.0 94 20 80
2n? r.t. 16.0 90 8 14
20° 0 1.0 . 66 . 0 100

. a) Each reaction was carried out in THF in the presence of 0.15 eq of tetrakis(triphenylphosphine)palladium and 0.66 eq of
triphenylphosphine. 5) The ratios of a«- to y-attack of a sulfonyl group in allylic systems are listed. ¢) Tetrakis-
(triphenylphosphine)palladium (0.10.eq) and triphenylphosphine (0.44 eq) were used. r.t.=room temperature.

NII-Electronic Library Service



No. § 1731

0 ? .
- O
H H ’
,, 0 Tol-$% ”
6 7 8

Chart 4

TasLE 1I. Palladium-Catalyzed Rearrangement of 6

Ratio of 7to 8

Reaction temp. (°C)  Reaction time (h) Yields of 7 and 8 (%) 7.8
50 10.0 99 48 52
r.t. 20.5 88 45 55
0 24.0 97 48 52

a) Each reaction was carried out in THF in the presence of 0.15eq of tetrakis(triphenyl-
phosphine)palladium and 0.66 eq of triphenylphosphine. r.t.=room temperature.

? _ rad
Tol-S- - ° + ?
: 0 : Tol-%
' 0
9 10a 10b
Chart 5
TasLE III. Palladium-Catalyzed Rearrangement of 99
. . Ratio of 10a to 10b
Reaction temp. (°C) Reaction time (h) Yields of 10 a 1013. : 10b0
50 10.0 68 50 50
r.t. 19.0 59 65 35
0 26.0 79 56 44

a) Each reaction was carried out in THF in the presence of 0.15eq of tetrakis(triphenyl-
phosphine)palladium and 0.66 eq of triphenylphosphine. r.t.=room temperature.

rearranged allylic sulfone 3t, in spite of steric hindrance at the y-position of the system,
without any detectable formation of the a-rearranged sulfone.

B-Substitution in crotyl sulfinates promoted formation of y-rearranged allylic sulfones in
the palladium catalysis. Upon treatment of 2-methyl-2-butenyl and 2-ethyl-2-butenyl p-
toluenesulfinate (2e) and (2f) with tetrakis(triphenylphosphine)palladium in THF, y-re-
arranged allylic sulfones, 2-methyl-1-buten-3-yl and 2-ethyl-1-buten-3-yl p-tolyl sulfone (3g)
and (3i), were prepared with high regioselectivity and no.a-rearranged product (3f or 3h) was
detected.

All of the results obtained above are summarized in Table I.

Next, palladium-catalyzed rearrangements of cyclic allylic sulfinates were examined. In
the case of the endo-cyclic allylic sulfinate 6, prepared from commercially available (S)-perillyl
alcohol, both a- and y-rearrangements occurred to afford 7 (45—48%) and 8 (52—55%) in
extremely high total yield, as listed in Table II.
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Palladium-catalyzed rearrangement of the exo-cyclic allylic sulfinate 9, prepared from
commercially available patchenol, provided only the a-rearranged product 10 with a 50—
65 :35—50 ratio of the (E)-olefinic isomer 10a to the (Z)-isomer 10b, and no y-rearrangement
occurred because of the steric hindrance in the cyclic system. The results obtained are listed in
Table III. :

These results can be rationalized in terms of an ionic intermediary mechanism as follows.
Previously we have suggested a cyclic transition state mechanism such as a [2, 3] sigmatropic
rearrangement for thermal chiral allylic sulfinate—sulfone rearrangement on the basis of the
observations of complete preference for y-rearranged allylic sulfones and extremely high
retention of optical activity on the sulfur atoms of chiral sulfinates in the thermolysis.*’ In
contrast to this thermolysis, formation of both a- and y-rearranged allylic sulfones was
observed in the palladium catalysis of allylic sulfinates, as mentioned earlier. Therefore, a
mechanistic pathway via ionic intermediates mediated by the palladium catalyst seems
plausible for this transformation. The dissociated sulfonyl anion reacts with the electron
deficient allylic carbons generated from the allylic sulfinates by the palladium catalyst. The
regiochemistry in the attack of the sulfonyl group depends on the chemical properties of the
carbocations generated and the steric environment in the allylic moieties. In the palladium-
catalyzed rearrangement of the allylic sulfinates 2a, 2b, and 2¢ possessing a methyl substituent
at the a- or y-position of the allyl moiety, the sulfonyl group reacted at the most stable cationic
center C, in 11, yielding the more-substituted allylic sulfone 3c as the main product. The
stereochemistry of the (Z)-olefin in 2b was partially retained owing to incomplete equilibra-
tion between 11a and 11c, depending on the reaction conditions employed in this catalysis.
However, allylic sulfinates 2g—1 having bulkier substituents than a methyl group underwent a
rearrangement of the sufonyl group to sterically less-hindered allylic sites (C, in 11) to furnish
mainly less-substituted allylic sulfones. In the rearrangements of 2h and 2k, the more stable
(E)-allylic sulfones were formed predominantly by isomerization of the carbon—carbon
double bonds during equilibration between 11a and 1lc.

Exceptionally, palladium-catalyzed rearrangement of 20 provided the more-substituted
allylic sulfone 3t, by reaction of the sulfonyl group with a y-cationic carbon presumably
stabilized by coordination of the carbonyl oxygen (12b).

In conclusion, allylic sulfinate-sulfone rearrangements were smoothly accomplished
under extremely mild conditions with the assistance with a zero-valent palladium catalyst.

SO,Tol S0,Tol S0,Tol
1 3 .
A 7S WA
R? P{; o R* R¥ " & > R R! lg{l‘ ._la R*
VAN JAN JAN
L L L L L L
11a 11b 1lc
Chart 6
S0.Tol )
CO.CH S0, Tol
2
Iy i
\ d
L L UL
12a 12b
Chart 7
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Experimental

Melting points were determined on a Yanagimoto melting point apparatus and are uncorrected. Thin-layer or
preparative thick layer plates were made of Merck Silica gel 60PF-254 activated by drying at 140°C for 3.5h. The
column for flash chromatography was made of Merck Silica gel 60. Infrared (IR) spectra were obtained in the
indicated state with a Hitachi 215 spectrometer. NMR spectra were determined in the indicated solvent with a Hitachi
R-24B high-resolution NMR spectrometer. (60 MHz); chemical shifts are given in ppm from tetramethylsilane.
Splitting patterns are designated as s, singlet; brs, broad singlet; d; doublet; t, triplet; q, quartet; m, multiplet. Mass
spectra (MS) were taken on a Hitachi M-52G or JEOL TMS-01 SG-2 spectrometer and a JEOL JMA-DA-5000 JMS-
DX-303 spectrometer. HPLC was conducted with HLC-803A (Toyo Soda) and UV-8 model II (Toyo, Soda),
apparatus, using ODS-80TM (Toyo Soda) (acetonitrile-H,0).

Allylic alcohols 1a, ¢, d, g, h, i, 1, m, (S)-perillyl alcohol, and patchenol are commercially available. Allylic
alcohols 1b,'> e,'> £,'4 j,!3) and k'S were prepared according to the procedures reported.

4 )-4-(Tetrahydro-2-pymnyloxy)—2-hnten-l-bl (In)}——Two drops of phosphorus oxychloride were added by
syringe to a mixture of 2.00g (22.73 mmol) of (Z)-2-butene-1,4-diol and 2.44 ml (27.27 mmol) of dihydropyran in
30ml of THF cooled to 0°C. The reaction mixture was stirred at 0°C for 1.5h and then diluted with ether.

The solution was washed with saturated aqueous NaHCO, and saturated aqueous NaCl, dried over anhydrous
Na,SO,, and concentrated in vacuo. The residual oil was subjected to flash column chromatography over silica gel
(ether—hexane, 2: 1) to give 1.95g (50% yield) of 1n. IR vf!™cm~1: 3400 (OH), 1650 (C=C). NMR (CCl) 6: 1.16—
2.06 (6H, m, (CH,);), 3.30—3.90 (2H, m, O-CH,(CH,),), 3.90—4.21 (2H, m, THPOCH,), 4.21—4.46 (2H, m,
CH,OH), 4.46—4.73 (I1H, m, O-CH-0), 5.23—5.96 (2H, m, CH=CH). MS mfz: 172 (M*). Exact mass
determination: 172.0990 (Calcd for CoH,0;: 172.1099).

Synthesis of (Z)-Methyl 8-Hydroxy-3-0xo0-6-octenoate (10)——A solution of 1.56 g (13.60 mmol) of methanesul-
fonyl chloride was added to a mixture of 1.95 g (11.34 mmol) of 1n and 4.76 ml (34.01 mmol) of triethylamine in 40 ml
of THF cooled to 0°C. The reaction mixture was stirred at 0°C for 3h and then diluted with ether. The ethereal
solution was washed with 109, aqueous HCI, saturated aqueous NaHCO,, and saturated aqueous NaCl, dried over
anhydrous Na,SO,, and concentrated in vacuo. The crude product was subjected to flash column chromatography
over silica gel (ether-hexane, 5: 1) to give 2.44 g (86% yield) of (Z )-4-(tetrahydro-2-pyranyloxy)-2-butenyl methane-
sulfonate. IR viimcm™': 1650 (C = C), 1350, 1170 (sulfonate). NMR (CCl,)6:1.23—1.93 (6H, m, (CH,),), 2.93 (3H, s,
SO;CH;,), 3.35—3.90 (2H, m, OCH,(CH,),), 4.00—4.23 (2H, m, THPOCH,), 4.55—4.65 (1H, m, O-CH-0), 4.75
(2H, d, J=6 Hz, SO;—CH,), 5.49—6.00 (2H, m, CH=CH). ,

A 1.5N hexane solution of butyllithium (13.70 ml, 21.47 mmol) was added to a solution of 3.00 ml (21.47 mmol)
of diisopropylamine in 30 ml of THF at 0°C. After 30 min, a solution of 1.05ml (9.76 mmol) of methyl acetoacetate in
5ml of THF was added dropwise to the above solution at 0 °C. The whole was stirred at 0°C for 1 h, then a solution
of 2.44 g (9.76 mmol) of (Z)-4-(tetrahydro-2-pyranyloxy)-2-butenyl methanesulfonate, obtained above, was added to
the above mixture at 0°C. :

The reaction mixture was stirred at 0°C for 2h and then quenched with 102, aqueous HCI. The mixture was
extracted with ether. The ethereal layers were combined, washed with saturated aqueous NaHCO,; and saturated
aqueous NaCl, dried over anhydrous Na,SO,, and concentrated in vacuo. The residue was subjected to preparative
TLC (ether-hexane, 2 : 1) to give 2.24 g (85% yield) of (Z )-methyl 8-(tetrahydro-2-pyranyloxy)-3-oxo-6-octenoate. IR
viumem™!: 1735 (ester), 1710 (ketone), 1650 (C=C). NMR (CCly) 6: 1.15—1.93 (6H, m, (CH,),), 2.13—2.70 (4H, m,
C=C(CH,),CO0), 3.30 (2H, s, COCH,CO), 3.40—3.90 (2H, m, O-CH,(CH,),), 3.63 (3H, s, CO,CH,), 3.90—4.16
(2H, m, THPOCH,), 4.41—4.65 (1H, m, O-CH-0), 5.26—5.65 (2H, m, CH=CH).

A solution of 2.24 g (8.30 mmol) of (Z)-methyl 8-(tetrahydro-2-pyranyloxy)-3-oxo-6-octenoate, obtained above,
in 25ml of methanol was stirred at room temperature for 2h in the presence of a catalytic amount of p-
toluenesulfonic acid. The solution was concentrated in vacuo and the residue was dissolved in ether. The ether
solution was washed with saturated aqueous NaHCO, and saturated aqueous NaCl, dried over Na,SO,, and
concentrated in vacuo. The residual oil was subjected to preparative TLC (ether-hexane, 2:1) to give 1.28 g (83%
yield) of 1o. IR v{ii™cm ~!: 3400 (OH), 1730 (ester), 1710 (ketone), 1650 (C=C). NMR (CCl,) 6: 2.00—2.80 (4H, m,
C=C(CH,),C0), 3.39 (2H, s, COCH,CO0), 3.56 (3H, s, CO,CH,), 4.13 (2H, d, /=5 Hz, O-CH,), 5.06—5.76 (2H, m,
CH=CH). MS m/z: 186 (M*). Exact mass determination: 186.1061 (Calcd for C,H,,0,: 186.0892).

Synthesis of Allylic Sulfinates 2a—o0——General Procedure: p-Toluenesulfinyl chloride (1.45¢g, 8.33 mmol) in
5ml of THF was added to a solution of an allylic alcohol 1a—o (6.94 mmol) and pyridine (1.12ml, 13.89 mmol) in
10 ml of THF at 0 °C. The reaction mixture was stirred at 0 °C for 4 h and then diluted with ether. The ether solution
was washed with 109, aqueous HCI, saturated aqueous NaHCO,, and saturated aqueous NaCl, then dried over
anhydrous Na,SO,, and concentrated in vacuo. The residue was subjected to preparative TLC (ether-hexane, 1:2) to
give the corresponding allylic sulfinate 2a—o (quantitative yield). The spectral data of 2a, b, g, h, j, and k were
identical with those reported for samples prepared by other methods.>’

1-Buten-3-yl p-Toluenesulfinate (2c): IR vfi™cm~1: 1650 (C =C), 1600 (aromatic), 1145 (sulfinate). NMR (CCl,)
6:1.20, 1.27 (3H, dd, J=7, 7Hz, CHCH,), 2.35 (3H, s, C¢H,CHj), 4.50—6.12 (4H, m, CH-CH =CH,), 6.96—7.63
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(4H, m, CH,). MS m/z: 210 (M *). Exact mass determination: 210.0725 (Calcd for C;,H,,0,S: 210.0713).

3-Methyl-2-butenyl p-Toluenesulfinate (2d): IR viimcm~': 1670 (C=C), 1600 (aromatic). NMR (CCl,) 4: 1.55,
1.66 (6H, s, s, C(CH,),), 2.36 (3H, s, C¢H,CH,), 3.53—4.53 (2H, m, O-CH,), 4.96—5.36 (1H, m, CH=C), 7.03—
7.66 (4H, m, CcH,). MS m/z: 224 (M*). Exact mass determination: 224.0881 (Calcd for C,,H,¢0,S: 224.0871).

(E)-2-Methyl-2-butenyl p-Toluenesulfinate (2e): IR vfi'mcm~!: 1670 (C=C), 1600 (aromatic), 1135 (sulfinate).
NMR (CCl,) 6: 1.46—1.66 (6H, m, CH,C =CCH,), 2.33 (3H, s, CsH,CH,), 3.53—4.33 (2H, m, O-CH,), 5.00—5.46
(1H, m, CH;-CH =C), 6.86—7.45 (4H, m, C,,H‘) MS m/z: 224 (M *). Exact mass determination: 224.0941 (Calcd for
C,,H,40,S: 224.0871).

(E)-2-Ethyl-2-buteny! p-Toluenesulfinate (21' ): IR vfilmem—!: 1650 (C=C), 1600 (aromatic), 1135 (sulfinate).
NMR (CCl,) §:0.91 (3H, t, J=7Hz, CH,CH,), 1.57 (3H, d, J=7Hz, C=CCH,), 2.03 (2H, q, /=7, 7Hz, CH,CH,),
2.40 (3H, s, CgH,CH,), 3.53—4.43 (2H, m, O-CH,), 5.10—5.53 (1H, m, CH,CH=C), 6.99—7.55 (4H, m, C¢H,). MS
m/z: 238 (M*). Exact mass determination: 238.1075 (Calcd for C,3H,50,S: 238.1028).

1-Hexen-3-yl p-Toluenesulfinate (2i): IR vfii®cm~': 1640 (C =C), 1600 (aromatic), 1140 (sulfinate). NMR (CCl,)
8:0.50—1.03 (3H, m, CH,CH,;), 1.06—1. 80 (4H, m, CH,CH,), 2.35 (3H, s, C¢H,CH,), 4.36—4.83 (1H, m, O-CH), -
4.90—6.10 (3H, m, CH=CH,), 7.06—7.60 (4H, m, C¢H,). MS m/z: 238 (M *). Exact mass determination: 238.0846
(Calcd for C,3H,40,S: 238.1027).

1-Octen-3-yl p-Toluenesulfinate (21): IR viimcm~1!: 1640 (C =C), 1600 (aromatic), 1140 (sulfinate). NMR (CCl,)
5: 0.61—1.08 (3H, m, CH,CH;), 1.12—1.82 (8H, m, (CH,),CH,), 2.35 (3H, s, C¢H,CHj,), 4.38—4.85 (1H, m,
0O-CH), 4.92—6.00 (3H, m, CH=CH,), 7.03—7.60 (4H, m, C;H,). MS m/z: 266 (M™). Exact mass determination:
266.1333 (Caled for C,sH,,0,S: 266.1341).

Geranyl p-Toluenesulfinate (2m): IR vf!™cm~!: 1670 (C=C), 1600 (aromatic), 1140 (sulfinate). NMR (CCl,) 5:
1.55 (6H, s, C(CH,),), 1.63 (3H, s, C=CCH,), 1.89—2.12 (4H, m, CH,CH,), 2.40 (3H, s, C¢H,CH,), 3.20—4.49 (2H,
m, O-CH,), 4.76—5.40 (2H, m, CH =CCH,CH,CH), 7.09—7.56 (4H, m, CgH,). MS m/z: 292 (M™*). Exact mass
determination: 292.1492 (Calcd for C,,H,,0,S: 292.1496).

(Z)-4-(Tetrahydro-2-pyranyloxy)-2-butenyl p-Toluenesulfinate (2n): IR viimcm™': 1650 (C=C), 1600 (aro-
matic), 1135 (sulfinate). NMR (CCl,) : 1.25—1.90 (6H, m, (CH,),), 2.40 (3H, s, C6H4CH3), 3.12—4.30 (6H, m, (O-
CH,),), 4.36—4.68 (1H, m, O-CH), 5.35—5.83 (2H, m, CH=CH), 7.10—7.70 (4H, m, CcH,). MS m/z: 310 (M*).
Exact mass determination: 310.1211 (Calcd for C,¢H,,0,S: 310.1239).

(Z)-8-Methoxycarbonyl-6-oxo-2-octenyl p-Toluenesulfinate (20): IR viim cm~': 1750 (ester), 1720 (ketone), 1655
(C=C), 1600 (aromatic), 1135 (sulfinate). NMR (CCl,) é: 2.13—2.76 (4H, m, C=CCH,CH,), 2.38 (3H, s,
C¢H,CH,), 3.40 (2H, s, COCH,CO), 3.66 (3H, s, CO,CH3;), 3.93—4.73 (2H, m, O-CH,), 5.30—5.70 2H, m, CH=
CH), 7.15—7.70 (4H, m, C¢H,). MS m/z: 324 (M*), Exact mass determination: 324.0949 (Calcd for C,¢H;,0;S:

324.1031).
Sulfinylation of (S)-perillyl alcohol and patchenol was carned out in the same way as described above.
(S)-Perillyl p-Toluenesulfinate (6): 85% yield. IR viimcm™': 1645 (C=C), 1600 (aromatic), 1135 (sulfinate).

NMR (CCl,) é: 1.66 (3H, s, C=CCH,), 1.82—2.20 (7H, m, CHZCHZCHCHZ), 2.37 (3H, s, C¢H,CH;), 3.56—4.36
(2H, m, 0-CH,), 4.60 (2H, s, C=CH),), 5.66 (1H, brs, C=CH), 7.05—7.60 (4H, m, C¢H,). MS m/z: 290 (M™). Exact
mass determination: 290.1402 (Calcd for C,,H,,0,S: 290.1340).

Patchenyl p-Toluenesulfinate (9): 97% yield. IR viumcm ™': 1675 (C=C), 1600 (aromatic), 1135 (sulfinate). NMR
(CCl,) 6: 0.76—2.05 (8H, m, CH,CHCH,~CH,CH), 0.95, 1.00 (6H, s, s, C(CH;),), 2.49 3H, s, CH,CHj), 3.70—
4.56 (2H, m, OCH,), 4.76—5.10 (1H, m, C=CH), 7.05—7.60 (4H, m, C¢H,). MS m/z: 304 (M*). Exact mass
determination: 304.1248 (Calcd for C;gH,,0,S: 304.1101).

Palladium-Catalyzed Transformation of Allylic Sulfinates into Sulfones——General Procedure: A dry 25ml two-
necked flask equipped with a septum inlet and a magnetic stirring bar, and containing 41 mg (0.04 mmol) of
tetrakis(triphenylphosphine)palladium, was flushed with nitrogen, and maintained under a positive pressure of
nitrogen. THF (1 ml) was added to the flask. A solution of 41 mg (0.16 mmol) of triphenylphosphine in 1 ml of THF
was added to the mixture, followed by dropwise addition of a solution of an allylic sulfinate 2a—o (0.24 mmol) in 2 ml
of THF, and the reaction mixture was stirred at the temperature and for the time shown in Table 1.

The reaction mixture was diluted with ether, washed with saturated aqueous NaCl, dried over anhydrous
Na,SO,, and concentrated in vacuo. The residue was subjected to preparative TLC (ether-hexane, 1:2) to give the
corresponding allylic sulfone 3. The yields are listed in Table I.

The spectral data of 3c, 1, and o were identical with those reported for samples prepared by other methods.>

(E)-2-Buteny! p-Tolyl Sulfone (3a): IR vfi!mcm™!; 1660 (C=C), 1600 (aromatic), 1300, 1140 (sulfone). NMR
(cCl,) 6: 1.60 (3H, d, J=4Hz, C=C-CHj;), 2.35 (3H, s, CsH,CH,), 3.56 (2H, d, /=6 Hz, O-CH,), 5.10—5.57 (2H,
m, CH=CH), 7.00—7.70 (4H, m, C¢H,). MS mj/z: 210 (M*). Exact mass determination:.210.0749 (Calcd for

- C;;H,0,S: 210.0713).

(Z)-2-Butenyl p-Tolyl Sulfone (3b): IR vfif®cm~!: 1650 (C= C), 1600 (aromatic), 1300, 1140 (sulfone). NMR
(CCl,) 6: 1.43 (3H, d, J=6Hz, C=C-CH,), 2.39 (3H, s, C;H,CH,), 3.69 (2H, d, J=8 Hz, O-CH,), 5.10—5.93 (2H,
m, CH=CH), 7.00—7.79 (4H, m, C¢H,). MS m/z: 210 (M*). Exact mass determination: 210.0730 (Calcd for
C,iH,,0,8: 210.0714).

NII-Electronic Library Service



No. 5 , 1735

3-Methyl-1-buten-3-yl p-Tolyl Sulfone (3e): IR vfilmcm~!: 1640 (C=C), 1590 (aromatic), 1300, 1120 (sulfone).
NMR (CCl,) §: 1.35 (6H, s, C(CH,),), 2.40 (3H, s, CsH,CH,), 4.70—6.23 (3H, m, CH=CH,), 7.03—7.66 (4H, m,
C4H,). MS m/z: 224 (M*). Exact mass determination: 224.0876 (Calcd for C,,H,40,: 224.0871).

2-Methyl-1-buten-3-yl p-Tolyl Sulfone (3g): IR vfi'mcm~!: 1640 (C=C), 1600 (aromatic), 1300, 1140 (sulfone).
NMR (CCl,) : 1.40 (3H, d, J=7Hz, CH,-CH-S), 1.79 (3H, s, CH,-C =C), 2.40 (3H, 5, C;H,CH,), 3.42—3.64 (1H,
m, S-CH), 4.58, 4.86 (2H, brs, C=CH,), 7.08—7.72 (4H, m, C¢H,). MS m/z: 224 (M *). Exact mass determination:
224.0879 (Calcd for C,,H,,0,S: 224.0871). .

2-Ethyl-1-buten-3-yl p-Tolyl Sulfone (3i): IR vfil"cm~': 1620 (C=C), 1600 (aromatic), 1300, 1140 (sulfone).
NMR (CCl,) é: 1.00 (3H, t, J=THz, CH,CH,), 1.45(3H, d, J="7Hz, CHCH,), 2.07 (2H, q, J=7, 10 Hz, CH,CH,),
2.36 (3H, s, C¢H,CH;), 3.56—3.70 (1H, m, S-CH), 4.70—5.19 (2H, m, C =CH,), 7.10—7.90 (4H, m, C¢H,). MS m/z:
238 (M™*). Exact mass determination: 238.1028 (Calcd for C,;H,50,S: 238.1028).

(E)-2-Hexenyl p-Tolyl Sulfone (3j): IR vfimcm™~!: 1660 (C=C), 1595 (aromatic), 1300, 1140 (sulfone). NMR
(CCl,) 4:0.89 (3H, t, J=6 Hz, CH,CHj;), 0.95—1.60 (2H, m, CH,CH,), 1.66—2.13 2H, m, C=C-CH,), 2.36 (3H,s,
C,H,CH,), 3.56 (2H, d, J=6 Hz, O-CH,), 5.06—5.53 (2H, m, CH=CH), 7.03—7.70 (4H, m, C;H,). MS m/z: 238
(M™). Exact mass determination: 238.1070 (Calcd for C,3H,30,S: 238.1028).

(Z)-2-Hexenyl p-Tolyl Sulfone (3k): IR vfmcm~1: 1650 (C=C), 1595 (aromatic), 1300, 1140 (sulfone). NMR
(CCl) 6:0.79 3H, t, J=6 Hz, CH,CHj,), 1.00—1.48 (2H, m, CH,CH,), 1.53—2.13 2H, m, C=C-CH,), 2.50 (3H, s,
C,H,CHy,), 3.80 (2H, d, J=8 Hz, O-CH,), 5.20—5.97 (2H, m, CH =CH), 7.30—8.09 (4H, m, C;H,). MS m/z 238
(M™*). Exact mass determination: 238.1102 (Caled for C,3;H,40,S: 238.1028).

(E)-2-Octeny! p-Tolyl Sulfone (3m): IR vi!mcm™*: 1660 (C =C), 1600 (aromatic), 1300, 1140 (sulfone). NMR
(CCl,) 6:0.85 (3H, t, J=5Hz, CH,CH;), 1.02—1.49 (6H, m, (CH,),CH,), 1.66—2.13 (2H, m, C=C-CH,), 2.39 (3H,
s, C¢H,CH,), 3.59 (2H, d, /=6 Hz, 0-CH,), 5.13—5.50 (2H, m, CH =CH), 7.03—7.73 (4H, m, C4H,). MS m/z: 266
(M™). Exact mass determination: 266.1066 (Calcd for C,sH,,0,S: 266.1340).

(2)-2-Octenyl p-Tolyl Sulfone (3n): IR vfi!mcm~!: 1650 (C=C), 1600 (aromatic), 1300, 1140 (sulfone). NMR
(CCl,) §:0.83 (3H, t, J=5Hz, CH,CH,), 1.03—1.50 (6H, m, (CH,),CH,), 1.58—2.13 (2H, m, C=C-CH,), 2.50 (3H,
s, C¢H,CH,), 3.80 (2H, d, /=8 Hz, 0-CH,), 5.29—5.96 (2H, m, CH =CH), 7.26—8.01 (4H, m, C;H,). MS m/z: 266
(M™). Exact mass determination: 266.1287 (Calcd for C,sH,,0,S: 266.1341).

Geranyl p-Tolyl Sulfone (3p): IR vi!™cm~!: 1665 (C =C), 1600 (aromatic), 1300, 1150 (sulfone). NMR (CCl,) é:
1.38 (3H, s, C=CCH,), 1.53, 1.66 (6H, s, s, C(CH,),), 1.91—2.09 (4H, m, CH,CH,), 2.42 (3H, s, C;H,CH,), 3.56
(2H, d, J=7Hz, S-CH,), 4.85—5.15 2H, m, (CH=C),), 7.06—7.75 (4H, m, C;H,). MS m/z: 292 (M*). Exact mass
determination: 292.1449 (Calcd for C,,H,,0,S: 292.1496).

Linalyl p-Tolyl Sulfone (3q): IR vf'™cm~*: 1640 (C =C), 1600 (aromatic), 1300, 1140 (sulfone). NMR (CCl,) 8:
1.38 (3H, s, S-C-CH,), 1.56, 1.66 (6H, s, s, C(CH,),), 2.40 (3H, s, C4H,CH,), 4.69—6.10 (4H, m, CH,=
CHC(CH,),CH =C0), 7.02—7.62 (4H, m, C¢H,). MS m/z: 292 (M™*). Exact mass determination: 292.1492 (Calcd for
(C17H2,0,8: 292.1496).

(Z)-4-(Tetrahydro-2-pyranyloxy)-2-butenyl p-Tolyl Sulfone (3r): IR vimcm~!: 1650 (C=C), 1590 (aromatic),
1300, 1135 (sulfone). NMR (CCl,) 6: 1.33—1.73 (6H, m, (CH,),), 2.41 (3H, s, CsH,CH3), 3.20—4.03 (6H, m, S-CH,,
(O-CH,),), 4.30—4.56 (1H, m, O-CH), 5.43—5.72 (2H, m, CH=CH), 7.07—7.78 (4H, m, C¢H,). MS m/z: 310
(M*). Exact mass determination: 310.1198 (Calcd for C,H,,0,S: 310.1238).

4-(Tetrahydro-2-pyranyloxy)-1-buten-3-yl p-Tolyl Sulfone (3s): IR viimcm™': 1640 (C=C), 1590 (aromatic),
1300, 1140 (sulfone). NMR (CCl,) §: 1.13—1.80 (6H, m, (CH,),), 2.40 (3H, s, CsH,CH,), 3.13—4.16 (SH, m, O~
CH,, OCH,-CH-S), 4.43—4.56 (1H, m, 0-CH-0), 4. 80—5.93 (3H, m, CH=CH},), 7.03—7.70 (4H, m, C¢H,). MS
mjfz: 310 (M*). Exact mass determination: 310.1307 (Calcd for C,;H,,0,S: 310.1238).

Methyl 3-Oxo-6-p-toluenesulfonyl-7-octenoate (3t): IR vfiimem~!: 1740 (ester), 1720 (ketone), 1640 (C=C),
1600 (aromatic), 1300, 1140 (sulfone). NMR (CCl,) é: 1.73—2.86 (4H, m, C =C(CH,),C0), 2.40 (3H, s, C;H,CH,),
3.40 (2H, s, COCH,CO0), 3.56—3.96 (1H, m, S-CH), 3.68 (3H, s, CO,CH,), 4.83—5.86 (3H, m, CH=CH,), 7.16—
7.86 (4H, m, C4H,). MS m/z: 324 (M*). Exact mass determination: 324.0743 (Calcd for C,sH,,0,S: 324.1031).

Palladium-catalyzed transformations of 6 and 9 into 7, 8, 10a, and 10b were carried out according to the general
procedures described above.

(S)-Perillyl p-Tolyl Sulfone (7): IR v'™cm~!: 1645 (C=C), 1600 (aromatic), 1300, 1150 (sulfone). NMR (CCl,)
4:1.68 (3H, s, C=CCH,), 1.83—2.31 (7H, m, CH,CH,CHCH,), 2.40 (3H, s, C¢H,CHj,), 3.50 (2H, s, S-CH,), 4.60
(2H, s, C=CH,), 5.13—5.46 (1H, m, C=CH), 7.03—7.80 (4H, m, CH,). MS m/z: 290 (M*). Exact mass
determination: 290.1377 (Calcd for C,;H,,0,S: 290.1341).

(55)-1sopropenyl-2-methylenecyclohexyl p-Tolyl Sulfone (8): Colorless needles of mp 104—105 °C (recryst. from
hexane). IR vfimcm=!: 1650 (C=C), 1600 (aromatic), 1300, 1145 (sulfone). NMR (CCl,) é: 1.00—3.07 (7H, m,
CH,CH,CHCH,), 1.72 (3H, s, C=CCH,), 2.35 (3H, s, CsH,CH,), 3.38—3.78 (1H, m, S-CH), 4.23,4.75 (2H, 5, 5, S-
CHC=CH,), 4.62 (2H, s, C=CH,), 6.95—7.75 (4H, m, CsH,). MS m/z: 290 (M*). Exact mass determination:
290.1241 (Calcd for C,,H,,0,S: 290.1340).

(E)-Perillyl p-Tolyl Suifone (10a): IR vi'=cm~!: 1680 (C=C), 1600 (aromatic), 1300, 1140 (sulfone). NMR
(CCl,) 6:0.71—1.90 (8H, m, CH,CHCH,CH,CH), 0.96, 1.02 (6H, 5, s, C(CH;),), 2.23 (3H, s, C;H,CHj), 3.52—4.03
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(2H, d, J=5Hz, SCH,), 4.70—5.20 (1H, m, CH=C), 7.10—7.70 (4H, m, C4H,). MS m/z: 304 (M*). Exact mass
determination: 304.1551 (Calcd for C,H,,0,S: 304.1497).

(Z)-Perillyl p-Tolyl Sulfone (10b): IR vfilmcm™': 1675 (C=C), 1600 (aromatic), 1300, 1150 (sulfone). NMR
(CCl,) 6:0.73—1.83 (8H, m, CH,CHCH,CH,CH), 0.93, 1.00 (6H, s, s, C(CHj),), 2.43 (3H, s, C;H,CH,), 3.55—4.05
(2H, d, J=7Hz, S-CH,), 4.66—4.93 (1H, m, C=CH), 7.06—7.66 (4H, m, C;H,). MS m/z: 304 (M *). Exact mass
determination: 304.1506 (Calcd for C,3H,,0,S: 304.1496).

Synthesis of Authentic (E)- and (Z)-Allylic Sulfones——General Procedures: A solution of 0.50 ml (6.50 mmol)
of methanesulfonyl chloride in 3 ml of THF was added to an ice-cooled mixture of an allylic alcohol 1a, b, g, h, j, or k
(5.42mmol) and 2.27ml (16.25 mmol) of triethylamine in 2 ml of THF. The reaction mixture was stirred at 0°C for
3h and then diluted with ether. The ethereal solution was washed with 10% aqueous HCI, saturated aqueous
NaHCO,, and saturated aqueous NaCl, dried over anhydrous Na,SO,, and concentrated in vacuo to give the
mesylate 4a—f of the corresponding allylic alcohol as a yellowish oil quantitatively.

(E)-2-Butenyl Methanesulfonate (4a): 899 yield. IR vfilmem~!: 1680 (C=C), 1360, 1180 (sulfonate). NMR
(CCl) 6:1.80(3H, d, J=6Hz, C=C-CH,), 3.03 (3H, s, SO,CH,), 4.75 (2H, d, /=6 Hz, 0-CH,), 5.56—6.23 (2H, m,
CH=CH).

(Z)-2-Butenyl Methanesulfonate (4b): 89% yield. IR vfi'mcm~!: 1650 (C=C), 1360, 1170 (sulfonate). NMR
(CCl,)6:1.68(3H,d,J=6Hz,C= C—CH;) 3.00 (3H, s, SO,CH,), 486(2H d, J=6Hz, O-CH,), 5.50—6.23 (2H, m,
CH=CH).

(E)-2-Hexenyl Methanesulfonate (dc): 99% yield. IR vi!mcm~!: 1670 (C=C), 1350, 1170 (sulfonate). NMR
(CCl) 6:0.95 (3H, t, J=6 Hz, CH,CH,), 1.15—1.75 (2H, m, CH,CHj,), 1.89—2.38 (2H, m, C =C-CH,), 3.00 (3H, s,
SO,CH,), 4.73 (2H, d, J=6Hz, O-CH,), 5.45—6.38 2H, m, CH=CH).

(Z)-2-Hexenyl Methanesulfonate (4d): 979 yield. IR vfilmcm~!: 1660 (C=C), 1350, 1170 (sulfonate). NMR
(CCl) 6:0.98 (3H, t, J=6 Hz, CH,CHj), 1.30—1.80 (2H, m, CH,CH,), 1.90—2.45 (2H, m, C=C-CH,), 3.03 (3H, s,
SO,CH,;), 4.85 (2H, d, J=6 Hz, O—-CH,), 5.50—6.23 (2H, m, CH=CH).

(E)-2-Octenyl Methanesulfonate (de): 85% vyield. IR vfilmem=—1: 1675 (C=C), 1360, 1170 (sulfonate). NMR
(CCl) 6:1.00 (3H,t, J=5Hz, CH,CH,), 1.15—1.75(6H, m, (CH2)3CH3) 1.99—2.61 (2H, m, C=C-CH,), 3.03 (3H,
s, SO,CH,;), 4.75 (2H, d, J=6 Hz, O-CH,), 5.48—6.25 (2H, m, CH=CH).

(Z)-2-Octenyl Methanesulfonate (4f): 929 yield. IR vfi!mem™!: 1660 (C=C), 1360, 1180 (sulfonate). NMR
(CCl,) 6:0.95 (3H, t, J=5Hz, CH,CHj), 1.13—1.78 (6H, m, (CH,),CH,), 1.93—2.50 (2H, m, C=C—CH,), 3.03 (3H,
s, SO;CH,;), 4.88 (2H, d, /J=6Hz, O-CH,), 5.53—6.21 (2H, m, CH =CH).

One of the mesylates 4a—f (4.78 mmol), obtained above, in 5ml of absolute ethanol was added to a suspension
of sodium p-toluenethiolate, prepared from p-toluenethiol (1.78 g, 14.35 mmol) and sodium hydride (50% oily washed
with hexane, 688 mg, 14.35mmol) (at 0°C for 1h), in 25 ml of absolute ethanol. The reaction mixture was stirred at
0°C for 16 h, then concentrated in vacuo, and diluted with ether. The solution was washed with 10%, aqueous NaOH
and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in vacuo. The residual oil was subjected
to preparative TLC (ether-hexane, 1:8) to give the corresponding allylic sulfide 5a—{.

(E)-2-Butenyl p-Tolyl Sulfide (5a): 87 yield. IR vf'mcm~!: 1670 (C=C). NMR (CCl,) é: 1.61 (3H, d, J=5Hz,
C=C-CHj,), 2.26 (3H, s, C;H,CH,), 3.42 2H, d, J=6Hz, S-CH,), 5.43—5.76 (2H, m, CH =CH), 7.01—7.53 (4H,
m, CsH,). MS m/z: 178 (M ™). Exact mass determination: 178.0747 (Calcd for C,,H,,S: 178.0817).

(Z)-2-Butenyl p-Tolyl Sulfide (5b): 87% yield. IR vfi'mem~!: 1650 (C=C). NMR (CCl,) é: 1.49 (3H, d, J=5Hz,
C=C-CH,), 2.23 (3H, s, CiH,CH,), 3.46 (2H, d, J=6Hz, S-CH,), 5.10—5.63 (2H, m, CH =CH), 6.73—7.80 (4H,
m, CgH,). MS m/z: 178 (M™). Exact mass determination: 178.0757 (Calcd for C,, H,,S: 178.0816).

(E)-2-Hexenyl p-Tolyl Sulfide (5¢): 989, yield. IR vfimcm™': 1650 (C=C). NMR (CCl,) 6: 0.83 (3H, t, J=6 Hz,
CH,CH,), 1.03—1.60 (2H, m, CH,CH,), 1.73—2.17 (2H, m, C=C—CH,), 2.30 (3H, s, C;H,CH,), 3.43 2H, d, J=
6Hz, S-CH,), 5.41—5.70 (2H, m, CH=CH), 7.00—7.60 (4H, m, C,H,). MS m/z: 206 (M*). Exact mass
determination: 206.1031 (Calcd for C,;H,4S: 206.1129).

(Z)-2-Hexenyl p-Tolyl Sulfide (5d): 78%; yield. IR vfimcm~1: 1660 (C=C). NMR (CCl,) 6: 0.88 (3H, t, J=6 Hz,
CH,CH,), 1.10—1.68 (2H, m, CH,CH,), 1.70—2.16 (2H, m, C=C-CH,), 2.23 (3H, s, CqH,CH,), 3.53 (2H, d, /=
6Hz, S-CH,), 5.40—5.73 (2H, m, CH=CH), 7.03—7.53 (4H, m, C,H,). MS m/z: 206 (M*). Exact mass
determination: 206.0836 (Calcd for C,;H,¢S: 206.1130).

(E)-2-Octenyl p-Tolyl Sulfide (Se): 81%; yield. IR vfmcm~1: 1665 (C=C). NMR (CCl,) 6: 0.83 (3H, t, J=5Hz,
CH,CH,), 1.05—1.48 (6H, m, (CH,),CHj,), 1.62—2.18 2H, m, C=C—CH,), 2.30 (3H, s, C;H,CH,), 3.41 (2H, d, J=
6Hz, S—CH,), 5.40—5.73 (2H, m, CH=CH), 7.01—7.58 (4H, m, C¢H,). MS m/z: 234 (M*). Exact mass
determination: 234.1450 (Calcd for C,H,,S: 234.1443).

(Z)-2-Octenyl p-Tolyl Sulfide (5f): 967; yield. IR viimcm™': 1650 (C=C). NMR (CCl,) 6: 0.90 (3H, t, J=5Hz,
CH,CH,), 1.10—1.55 (6H, m, (CH,),CH,), 1.70—2.20 2H, m, C = C-CH,), 2.45(3H, s, CiH,CH,),3.53(2H,d, J=
6Hz, S-CH,), 5.76—5.79 (2H, m, CH=CH), 7.00—7.66 (4H, m, C¢H,). MS mj/z: 234 (M*). Exact mass
determination: 234.1454 (Calcd for C,sH,,S: 234.1442).

A mixture of one of the allylic sulfides 5a—f (4.72 mmol), NalO, (2.52 g, 11.79 mmol), H,O (3 ml) and methanol
(30ml) was heated under reflux for 18 h. The solution was concentrated in vacuo, diluted with chloroform, and

)
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filtered. The filtrate was concentrated to dryness under reduced pressure and the residue was subjected to preparative
TLC (ether-hexane, 1:2) to give the corresponding allylic sulfone 3a (839 yield), 3b (837 yield), 3j (889, yield), 3k
(91% yield), 3m (80%, yield) or 3n (799, yield). The IR and NMR spectra of these authentic allylic sulfones obtained
above were identical with those of the samples prepared by rearrangement of allylic sulfinates as described earlier.
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