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GENERATION OF SULFUR YLIDES BY THE DESILYLATION
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Abstract: The [2,3]-sigmatropic rearrangement of sulfur ylides derived via the desilylation ot
several a-trimethylsilylbenzyl sulfonium saits has been studied. The initially tormed ylide was
tound to rapidly equilibrate with the thermodynamically more stable ylide. In the absence of
trapping reagents, a Sommelet-Hauser type rearrangement occurs.

Since Witlig's pioneering studies on phosphonium ylides,! ylides have attracted consider-
able attention.2 Stable ylides of phosphorous, nitrogen, sulfur and other heteroatoms have been
prepared and used in synthetic chemistry. Generation of these ylides is achieved either via a-
deprotonation of the corresponding onium salts3.4 or electrophilic carbene attack on the cor-
responding heteroatom compounds.5> More recently, the desilylation of a-trimethylsilyl onium satts
by fluoride ion has been used as a convenient method for preparing sulfur and nitrogen ylides 615
The chemistry of sultur ylides has been the subject of extensive investigation, largely because of
the synthetic challenge of making stable molecules of this kind and because of the interesting
rearrangements which they otten undergo.16 Relatively little work has been done, however, using
the trimethylsilyl tunctionality as a leaving group in the generation of ylides for (2,3]-sigmatropic
rearrangements.'7-19 In searching for new ways 1o utilize sultur ylides in organic synthesis, we
investigated the fluonde-induced desilylation reaction of several benzyl a-trimethylsilylsulfonium
salts.20 We report here the results of these studies

Results and Discussion

In 1979, Vedejs and Martinez reported that the fluoride induced desilylation of sulfonium salt
1 afforded 81% of the 2,3-sigmatropic shift product derived from the kinetic ylide 2 even though a
more stabilized ester ylide 3 could have been produced by proton transfer.6 Thus, we were
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somewhat surprised 10 find that treatmant of sulfonium sal 8 with fluoride ion in the presence of an
aldehyde produced only the disubstituted trans-epoxide 7. No signs of the mono-substituted
epoxide 8 could be found in the crude reaction mixture. Evidently, the initially formed sullur ylide 9
rapidly rearranged to the more stable ylide 10 which reacted with the aldehyde to give the
observed epoxide. This result contrasts with Vedejs' earlier observations wherein the predominant
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product is that oblained from the thermodynamically less stable vlide.§ Attempts to trap yiide 10
with ketones or imines failed. The only material isolated in high yisld corrasponded to the 2,3~
sigmatropic rearranged product 11. These results are understandable if one assumes that the

initially formed ylide 9 undergoes a proton shift to give 10 at a faster rate than addition to the
aldehyde carbony! group.
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This postulate was tested by a desilylation study of the dideuterated benzylsulfonium salt
§-dp. Treatment of 8-dp with caslum fluorids gave 11 with significant deuterium scrambling (>50%)
onto the benzylic positions. Furthsrmors, In the presence of an aromatic aldehyde, the reaction of
8-dy with fluoride ion gave rise to an epoxide which had lost (~50%) a significant amount of the
deuterium label. These results are perfactly consistent with an extremely facile proton transfer

which occurs within the vlide and which is compstitive with both the 2,3-sigmatropic rearrangement
and spoxids formation.
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The fact that o-methyithiomsthyitoluene (11) is isolated in the absence of a trapping agent is
of considerable mechanistic interast. One possibility (path A) to account for this observation is that

the thermodynamically more stable sulfur ylide 10 is in partial equilibrium with the less stable ylide
9. In the absence of aldshyde, the small amount of 8 present in equilibrium rearranges via a 2,3
sigmatropic shift thereby driving the reaction to completion.2? In fact, we have found that treatment
of trimsthylsily! substituted sulfonium salt 12 with cesium fluoride produced 11 in 78% yield thereby
providing suppont for this postulate.

A more mechanistically intriguing possibility is that benzyl ylide 10 rearranges via a radical-
pair mechanism (Path B). It is well known that the 2,3-sigmatropic rearrangemant of ylides can be
accompanied by a second pathway of higher activation snergy, shown to be a radical dissociation=
recombination route, whose importance depends on the structural environment and tempera-
ture?2-24 In order to distinguish between these two possibilities we studisd the reaction of
silylsulfonium salt 18 with fluoride fon. According to Path A (proton shift-[2,3]-rearrangemeant), the
product formed should correspond to structure 17. Mechanism B, on the other hand, would give
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rise 10 the isomeric compound 18. Wae found that treatment of 18 with cesium fluoride in
dimethoxyethane ultimately produced structure 17. However, the initially formed products
corresponded 1o a 1:2 mixture of cyclohexadienes 19 and 20. Chromatography of the mixture on
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silica gel afforded 17 in 90% yielkd. The structure of 17 was established by comparison with an
independently synthesized sample prepared by treating the Grignard reagent derived from 1-
bromo-2.3-dimethylbenzene with chioromethyl methyl sulfide. The formation of 19 and 20 from 16
can be attributed to a 2,3-sigmatropic rearrangement of the initially formed sulfur ylide onto both

ortho positions (Path A).25.26 The conversion of 19 10 17 probably occurs via a 1,5-sigmatropic
shift of the methy! or methylthiomethy! group 1o give 20 followed by an aromatization step. The fact
that cyclohexadienes 19 and 20 can be isolated clearly demonstrates the mildness of the
desilylation procedure for sulfonium ylide generation as compared to the a-deprotonation method.
We also found that treatment of 16 with fluoride ion in the presence of benzalkdehyde gave epoxide
21 as the major product (78%). This finding is similar to the earlier observations made with
sulfonium salt 8.

We also examined the reaction of the 2-furanyl sulfonium salt 22 with cesium fluoride. The
major product isolated here corresponded 10 furan 23. This assignment was verified by comparison
with an independently synthesized sample prepared by treating 2-methyl-3-(bromomethyl}furan
(24) with thiomethyllithium. The exo-methylene species 28, presumed 1o be an intermediate in this
reaction, could actually be detected by NMR spectroscopy (NMR (CDCl3, 360 MHz) § 2.16 (s, 3H).
2.58 (dd. 1H, J=12.9 and 8.5 Hz), 2.74 (dd, 1H, J=12.9 and 8.5 Hz), 3.71 (m, 1H), 4.28 (m, 1H), 4.63
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{m, 1H}, .30 {m, 1H) and 8.50 (m, 1H). This material readily rearmangad to furan 23 upon standing
at room temperature. Intersetingly, the reaction of 22 with cesium fluoride in the pressnce of a 2.0
mols excess of benzaldehyds afforded & 2:1 mixure of furan 23 and epoxide 7d. Under the same
axperimental conditions, the 2,3-slgmatroplc rearrangement of the closely related sulfonium salt 8
could be completely supprassed in the pressncs of benzsidehyds. Although proton transfer from
ylida 25 to 27 still oocurs rapldly, the isolation of 23 as the major product indicates that the 2,3~
sigmatropic shift is procesding at a faster rate than bimolecular trapping. Replacement of & phenyl
group with the lass aromatic turan ring enhances the rearrangement rate. In fact, treatment of the
much simpler allyl sulfonium salt 28 with cesium fluordde in the presence of a 10 mole excess of
benzaldehyde only afforded 4-(methylthio}-1-butens (28). Ne tracs of epoxide 30 was detected in
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the crude reaction mixture. In this case, the 2,3-sigmatropic shift Is extremely fadile since the
process does not involve any loss of aromaticlty.

In conclusion, sulfur ylidea can be readily preparad from the desilylation of (irimethylsilyl-
mathyljsulfonium salts. The Initially formed viide rapidly squilibrates with the thermodynamically
more stable yiide. In the absence of trapping magents, a Sommelet-Hauser type reamangsment
ooours,
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Experimental Section

Melting points were determined on a Thomas-Hoover capillary melting point apparatus and are
uncorrected. Infrared spectra were run on a Perkin Eimer Mode! 283 infrared spectrometer. Proton
NMR specira were obtained on a Varian EM-390 and Nicolet NMC-360 MHz spectrometer. 13C-
NMR spectra were recorded on an IBM NB 200 SY FT spectrometer. Microanalyses were
performed at Atlantic Microlabs, Atlanta, Ga. Mass spectra were determined with a VG MM-7070S
mass spectrometer at an ionizing voltage of 70 eV.

Alkylation of Trimethyl[[(phenyl)methylthlo)methyl]silane with Methyl Triflate
Foliowed by Reaction with Cesium Fluoride. A solution containing 0.96 g of trimethylsilyl-
methyl mercaptan2? in 30 ml of ether at -200C was treated with 6 ml of a 1.45 M solution of p-
butyllithium in hexane and the mixture was stirred for 1 h. At the end of this time, 1.0 m! of benzyl
bromide was added and the solution was allowed to stir overnight, poured into water and extracted
with ether. The ether layer was washed with brine, dried over magnesium sulfate and concentrated
under reduced pressure to give 1.65 g (98%) of trimethyl([(phenyl)methyl]thiomethyl]silane as a
coloriess oil (11,27 bp 1240C (8 mm)); IR (neat) 2960, 1500, 1455, 1245, 850 and 700 cm-1; NMR
(CCla. 90 MHz) 8 0.02 (s, 9H), 1.47 (s, 2H), 3.52 (s, 2H) and 7.1 (s, SH); 13C-NMR (CDCl3, 20
MHz) § -1.86, 17.64, 40.22, 126.59, 128.17, 128.78 and 138.30; m/e 210 (M+), 195, 119, 104, 91
and 73 (base); Anal. Calked. for C11H18SSi: C, 62.79; H, 8.62; S, 15.24. Found: C, 62.88; H, 8.63; S,
16.30.

A solution containing 1.0 g of the above matenal in 1 ml of anhydrous benzene at 00C was
treated dropwise with a solution containing 0.54 ml of methyl trifluoromethanesutfonate in 1 mi of
anhydrous benzene. The reaction was stirred ovemight and was then concentrated 1o give 1.78 g
(100%) of methyl (phenylmethyl}{(trimethyisilyl)methyl)sulfonium trifluoromethanesulfonate (8) as a
white solid; mp 79-800C; IR (KBr) 1505, 1465, 1435, 1260, 1160, 1035 and 860 cm-1; NMR (CDCI3,
360 MHz) 8 0.24 (s, 9H), 2.63 (AB quartet, 2H, J=13.7 Hz); 2.82 (s, 3H), 4.78 (AB quartet, 2H,
J=12.6 Hz) and 7.4-7.5 (m, 5H); 13C-NMR (CDCI3, 20 MHz) § -1.44, 24.16, 25.04, 49.37, 127.00,
129.44, 130.00 and 130.73; Anal. Calcd. for C13H21F30352Si: C, 41.69; H, 5.65; S, 17.12. Found:
C. 41.59; H, 5.66; N, 17.21. The deuterated sulfonium salt 6-d2 was prepared in an analogous
fashion using benzyl-d2 bromide and was devoid of the signal at 4.78 ppm.

A suspaension containing 250 mg of dried cesium fluoride in 2 mi of anhydrous dimethoxy-
ethane was treated with 250 mg of the above salt and the mixture was heated for 14 h at 500C. At
the end of this time the solution was poured into water and extracted with chloroform. The
chloroform layer was dried over magnesium sulfate and concentrated under reduced pressure to
give 76 mg (75%) ot 1-methyl-2-[(methylthio)methyl]benzene (11) as a colorless oil; IR {neat) 2970,
2915, 1495, 1465, 1430, 1030, 770, 750 and 735 cm-1; NMR (CDCI3, 90 MHz) § 1.97 (s. 3H), 2.35
{s. 3H), 3.63 (s, 2H) and 7.10 (s, 4H), m/e 152 (M+), 105 (base), 104, 103, 79 and 77; Anal. Caicd.
for CgH12S: C, 71.02; H, 7.95; S, 21.03. Found: C, 70.96; H, 7.83; S, 20.92.

General Procedure for the Reaction of Methyl(phenyimethyl)[(trimethyisilyl)-
methyljsulfonium Triflate (6) with Cesium Fluoride in the Presence of Various
Aldehydes. A stirred suspension containing 400 mg of flame-dried cesium fluoride in 3 ml of

anhydrous dimethoxyethane was treated with 1.1 equiv of the appropriate akdehyde and then 500
mg of the triflate salt. The mixture was heated at 400C for 12 h, poured into water and extracted
with chloroform. The chloroform layer was dried over magnesium sulfate and concentrated under
reduced pressure. The following aldehydes were used 10 trap the sulfonium ylide.

Benzaldehyde: The only product obtained in 80% yield was trans-stilbene oxide (71);28 NMR
(CDCI3. 90 MHz) 5 3.82 (s, 2H) and 7.31 (s, 10H).

p-Toluaidehyde: The only product obtained in 73% yield was trans-2-(4-methylphenyl)-3-
phenyloxirane (7b};29 NMR (CDCI3, 360 MHz) 8§ 2.34 (s, 3H), 3.81 (d, 1H, J=1.9 Hz), 3.83 (d, 1H,
J=9 Hz) and 7.1-7.4 (m, 9H).

Isobutyraldehyde: The major product obtained in an 80% yield was identified as a 4:1 mixture of
trans and cis 2-(1-methylethyl})-3-phenyloxirane (7¢); NMR (CDCl3, 360 MHz) § 1.02 (d, 3H, J=6.9
Hz), 1.09 (d, 3H, J=6.7 Hz), 1.63-1.73 (m, 1H), 2.75 (dd, 1H, J=6.9 and 2.1 Hz) (trans isomer), 2.85
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{dd, 1H, J=9.2 and 4.2 Hz} {cis isomer}, 3.65 {d, 1H, J=2.1 Hz) (trans isomer), 4.09 (d, 1H, J=4.2 Hz)
{cis isomar} and 7.0-7.3 {m, 5H}.

2-Furaidehyde: The major product obteined In 83% yleki was identified as trans-2-{2-furyl)-3-
phenyloxirans {7d}: NMR (CDCi3, 360 MHz) § 3.89 {d, 1H, J=2.1 Hz), 4.38 (d, 1H, J=2.1 Hz), 6.39
{dd, 1H, J=3.2 and 1.9 Hz), 6.48 {d, 1H, J=3.2 Hz) and 7.2-7.5 {m, 6H).

Cinnamaldehyds: The major product obtainad in 70% yield was identified as trans-2-{trans-2-
phenylsthylene)-3-phenyloxirane {78);30 NMR (CDCla, 360 MHz) § 3,52 (dd, 1H, J=7.6 and 1.8
Hz), 3.88 (d, 1H, Ju1.2 Hux), 6.08 {dd, 1H, J=16.1 and 7.6 Hz), 6.72 {d, 1H, J=16.1 Hz} and 7.1-7.8
(m, 10H}.

Preparation of {Trimsthyl}{methyithio)phenylmethyisiiane Followsd by Reaction of
the Methyl Triflate Sait with Cesium Fiuoride. The above silane was prepared according fo
the procedure of Seabach and Geiss.31 A solution containing 1.0 g of the silane in 3 ml of
anhydrous benzene at 000 was ireated dropwise with 2 solution containing 0.55 mi of methyl
tiflucromethanesulfonate in 1 mi of benzene. The reaction was stired cvernight and was then
concentrated under reduced prassure 1o give 1.75 g (88%) of dimethyl{{phenyirimethyisilyl-
mathylisulfoniumtriflucromethanesulfonate (12) as a viscous yallow oil; IR {neat) 3030, 1435, 1260
{b), 11865, 1030 and 855 em+1; NMR (CDCl3, 360 MHz) & 0,26 (s, 9H), 2.72 (s, 3H), 3.07 {5, 3H)},
4.51 {5, 1H) and 7.25-7.5 (m, 5H); 13C-NMR (CDCla, 20 MHz} 8 -1.78, 24.94, 25.51, 47.29, 128.78,
128.08, 120.68 and 131.02.

A suspension containing 300 mg of dried cesium fiuorde in 3 mi of anhydrous dimethoxy-
athane was treated with 305 mg of the above salt and the mixture was stirred for 18 h at 4500. At
the end of this time, the solution was pouned info water and extracted with methylene chioride. The
methylens chicride laysr was dried over magnesium sulfate and concentrated undsr reduced
prassure. Analysis of the crude rasidue by NMR speciroscopy showsd the prasence of 1-methyl-2-
f{methykhio)methyilbenzens {11) in 88% yiekd, When the reaction of 12 with cesium fluoride was
performed in the presence of benzakishyde, the only isolable product {38%) was identified as frans-
stilbene oxide (7a).

Alkylation of Trimethyl[{(2-methyiphenylimethylthioimethyllsilane with Methyl
Triflate Followed by Reaction with Cesium Fluoride. A solution containing 5.0 g of
trimethylsilyimathy! mercaptan in 150 mi of anhydrous ether at -200C was treated with 34 miofa
1.38 M solution of n-butyllithiuns in hexane and the mixture was stirred for S0 min. At the end of this
time, 5.6 mi of bromo-o-xylane was added and the reaction mbaure was aliowed to stir overnight.
The solution was poured into water and extracted with sther. The ethereal layer was washed with
bring, dried over magnesium sulfate and concentrated under reduced pressure to give 8.968 g (96%)
of trimethyif{{2-methyiphenyi)methylthiolmethylsilane as a coloriess oil {bp 810C, £.08 mm); IR
{neat) 2950, 2910, 2900, 2880, 1495, 1465, 1380, 1245, 845, 765 and 730 cm-1; NMR {CCl4, 8¢
MHz} 50.03 (s, 9H), 1.58 (s, 2H), 2.53 {s, 3H}, 3.58 (s. 2H) and 7.01 (5, 4H); 13C-NMR {CDClg, 20
MHz) § -1.83, 18.00, 18.87, 38,31, 125.47, 126.87, 120.82, 130.35, 135,97 and 136.47; Anal,
Caled, for C1oM20S8i: C, 64.22; H, 8.98; S, 14.29, Found: C, £4.07; H, 8.05, S, 14.18.

A soltion containing 1.0 g of this material in 3 mi of anhydrous banzene at CoC was ireated
dropwise with a sokution containing 0.54 mi of methy! triftiate in 1 mi of anhydrous benzens. The
reaction was stirred overnight and was then concentrated under raduced pressure to give a crude
brown solid. Recrystailization from carbon tetrachloride gave 1.6 g {80%) of methyi J{2-methyl
phenyiimethyijl{trimethyisilylimethylsulfonium trifuoromsethanesulfonate (18) as a white solkd; mp
78-800C; IR (KBr) 2870, 1435, 1265, 1230, 1185, 1035 and 860 ¢m-1; NMR (CDCig, 360 MHz) §
0.25 (s, SH), 2.43 (8, 3H), 2.61 (d, 1H, J=13.7 H2), 2.90 (s, 3H), 291 {g, 1H, J=13.7 Hz), 4.70 (d.
TH, J=12.6 Hz), 4.82 (d, 1H, J=12.8 Hz} and 7.2-7.5 (m, 4H); 13C-NMR {CDCla, 20 Mbz) 3 -1.46,
18.15, 24.65, 2557, 48.13, 125,58, 126.87, 130.30, 131.31, 132.12 and 137.98; Anal. Caled. for
C14H23F2038281: C, 43.28: H, 5.87; S, 18.50. Found: C, 42.38; H, 5.90; S, 18.23.

A suspansion containing 500 mg of dried casium fluoride in 3 mi of dimethoxysthane was
treated with 455 myg of the above salt and the mixture was heated for 12 h at 450C. At the and of
this time the reaction mixture was pourad into water and extracted with chioroform. The organic
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layer was dried over magnesium sultate and concentrated under reduced pressure to give 125 mg
(64%) of a mixture of two compounds. The major compound (44%) isolated by silica gel chromatog-
raphy was identified as 1,2-dimethyl-3-[(methylithio)methyljbenzene (17) on the basis of its spectral
data and by comparison with an independsntly synthesized sample; IR (neat) 3020, 2980, 2920,
2860, 1470, 1440, 1390, 795 and 745 cm-1; NMR (CDCl3, 360 MHz) 8 2.03 (s, 3H), 2.28 (s. 3H).
2.29 (s, 3H), 3.70 (s, 2H) and 7.0-7.15 (m, 3H); Anal. Caicd. for C1oH14S: C, 72.23; H, 8.49. Found:
C.72.19; H, 8.51.

An authentic sample ot 17 was prepared by treating a solution containing 730 mg of
chloromethy| methyl sulfide in 50 ml of anhydrous ether at 00C with 50 ml of a 0.15 M solution of
tfreshly prepared (2,3-dimethyl}pheny! magnesium bromide in ether. The mixture was allowed to stir
at room temperature overmnight. At the end of this time, the solution was poured into water and the
organic phase was washed with bring, dried over magnesium sultate and concentrated under
reduced pressure. Silica gel chromatography of the crude residue using a 5% ethyl acetate-hexane
mixture as the eluent gave 660 mg (54%) of 1,2-dimethyl-3-[(methylthio)methyl]benzene (17} which
was identical in all respects to the matenal isolated from the reaction of 168 with cesium fluoride.

The minor component (20%) isolated from the column was assigned as 5-methylene-6-
methyl-6-[(methy!thio)methyl]-1,3-cyclohexadiene (19); NMR (CDCI3. 360 MHz) § 2.03 (s, 3H),
2.10 (s, 3H), 2.55 (d, 1H, J=12.5 Hz), 2.69 (d. 1H, J=12.5 Hz), 5.10 (s, 1H), 5.15 (s, 1H), 5.71 (d.
1H, J=9.5 Hz) 5.87 (m, 1H), 5.99 (m, 1H) and 6.16 (d, 1H, J=9.5 Hz). This compound readily
isomerized to 17 when subjected to silica gel chromatography.

When the reaction of 16 with cesium fluoride was allowed to stir at 250C for only 45 min, the
crude NMR spectrum showed the presence of two products in a 2:1 ratio. The major component was
identified as 4-methy!l-5-methylene-6-((methyhthio)methyl]-1.3-cyclohexadiene (20); NMR (CDCI3,
360 MH2) 6 2.12 (s, 3H), 2.51 (dd, 1H, J=12.9 and 6.3 Hz), 2.67 (ad, 1H, J=12.9 and 8.1 Hz), 3.2 (m,
1H), 4.99 (s, 1H). 5.23 (s, 1H), 5.72-5.85 (m, 1H) and 5.9-6.0 (m, 2H). The minor component was
identified as cyclohexadiens 19.

When the reaction of 16 with cesium fluoride was stirred for 13 h at 450C in the presence of
benzaldehyde, the major product (78%) that was isolated atter silica gel chromatography was
identified as trans-1-(0-methylphenyi)-2-phenyloxirane (21) on the basis of its spectral propenies;
IR (neat) 3070, 3040, 2990, 1620, 1545, 1495, 1460, 1345, 1290, 1035, 900, 870, 760, 725 and
700 cm-1; NMR (CDCI3, 360 MHz) § 2.35 (s, 3H), 3.76 (d. 1H, J=1.9 Hz), 3.99 (d. 1H, J=1.9 Hz) and
7.1-7.5 (m, 9H). 13C-NMR (CDCI3, 50 MHz) § 18.73, 60.79, 61.74, 124.01, 125.41, 126.09, 127.66,
128.18, 128.50, 129.73, 135.51, 135.80 and 137.29; HRMS Calcd. for C1sH40: 210.1045. Found:
210.1044.

Alkylation of Trimethyl[[(2-luryl)methyithio]methyl]silane with Methyl Triflate
Followed by Reaction with Cesium Fluoride. A solution containing 5.0 ml of furfuryl
mercaptan in 200 mi of anhydrous tetrahydrofuran at -230C was treated with 45 miof a 1.24 M
solution of g-butyllithium in hexane. The reaction mixture was stirred for 2.5 h at -200C and was
then treated with 7.35 mi of (iodomethyltnmethylsilane and stirred overnight. The solution was
poured into water and extracted with ether. The ethereal layer was washed with a 10% sodium
hydroxide solution, brine, dried over magnesium sulfate and concentrated under reduced pressure.
The crude oil was distilled to give 4.8 g (48%) of timethy}|(2-turylymethylthio)methyljsilane as a
colorless oil (bp 530C, 1.0 mm); IR (neat) 2955, 1505, 1245, 1150, 1010, 940, 850 and 735 cm-1;
NMR (CClg, 90 MHz) § 0.07 (s, 9H), 1.67 (s, 2H), 3.60 (s, 2H), 6.05 (m, 1H), 6.17 (m, 1H) and 7.22
(m, 1H); 13C-NMR (CDCI3, 20 MHz) § -1.84, 18.11, 32.21, 107.22, 110.09, 141.85 and 151.71, UV
(95% ethanol) 224 nm (e 10900); Anal. Calod. for CgH160SSi: C, 53.95; H, 8.05; S, 16.00. Found:
C,54.16; H, 8.30; S, 15.72.

A solution containing 1.0 g of the above materal in 5 ml of anhydrous benzene at 00C
was treated dropwise with a solution containing 0.57 mi of methyl trifiate in 2 mi of anhydrous
benzene. The reaction was stirred overnight and the resulting solution was concentrated to give
a thick oil. Analysis of the oil by NMR spectroscopy showed the presence of methyl ((2-
turyl)methyl) [(trimethylisilyl}methyljsutfonium trifluoromethanesutfonate (22) in 85% yield; NMR
{CDCI3, 90 MHz) § 0.24 (s, 9H), 2.47 (s, 2H), 2.78 (s, 3H), 4.77 (8, 2H), 6.45 (m, 1H), 8.60 (d.
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1H, J=4.0 Hz) and 7.50 {m, 1H). This material was dissolved in 5.0 il of anhydrous dimathoxy-
gthane and was stored at -100C,

A suspension contalning 300 mg of flame-dried cesium fluoride in 3 mi of anhydrous
dimethoxyethane was treated with 1 mi of a 0.44 M solution of the above salt in dimethoxyethane
and the mixturs was stirred for 12 h at 400C. At the end of this time, the solution was poured into
water and extractad with chioroform. The chloroform layer was dried over magnesium sulfate and
concentrated under reduced pressure. The crude residus was subjected to silica ge! column
chromatography using chloroform as the sluent to give 31 mg {50%) of an oil which was identified as
2-mathyl-3-(methylthio)methylfuran {23) on the basis of its spactral propertias and by an
independent synthesis; IR (CHCI3) 2880, 2815, 1625, 1520, 1440, 1425, 1215, 1185, 1135, 1080,
950, 910 and 900 cm-1; NMR (CDClg, 380 MHz) § 2.00 (s, 3H), 2.25 (s, 3H), 2.45 (s, 2H), 6.28 {d,
1H, J=1.8 Hz) and 7.22 {d, 1H, J=1.8 Hz).

When the reaction of 22 with cesium fluoride was allowed to stir for only 2 h at 400C and
worked up in the usual fashion, the crude material showed the presence of 2-methylene-3-
thiomethyl-4,5-dihydrofuran (28). The structure of this materdal was assigned on the basis of its
spactral properiies; NMR (CDCI3, 360 MHz) 8 2.16 (s, 3H), 2.58 (dd, 1H, J=12.8 and 8.5 Hz), 2.74
{dd, 1H, J=12.9 and 8.5 Hz), 3.71 {m, 1H), 4.28 (m, 1H), 4.63 {m, 1H)}, 5.30 (m, 1H) and 6.50 {m, 1H).
This material readily isomerized to 23 upon standing. Whan the reaction of 22 with cesium fluorids
was carried out In the presence of a 2 mole excess of benzaldehyds, the crude reaction mixture
containgd a 2:1 mixture (62%) of 2-methyl-3-(methylthio)methyliuran {23} and trans-2-{2-furyl}-1-
phenyloxirane (7d).

Indspendent Synthesis of 2-Msthyl-3-(methylthio)methylfuran {23). A solution
containing 150 mi of pyridine and 70.2 g of ethy! acetoacetate was treated dropwise with 100 g of a
45% aqueous chioroacetaldehyde solution over a period of 15 min. The mixture was allowsd 1o stir
for 4 h during which time the temperature rose to 500C and then slowly subsided. After stirring
overnight, the reaction mixture was poured into water and exiracted with ether. The ether layer
was treated with a 10% agueous hydrochloric acid solution to wash out the remaining pyridine,
dried over magnesium sulfate and concentrated under reduced pressure. Distillation gave 68 g
{88%) of 2-methyl-3-carbosthoxyfurand2 as a colorless oil {bp 72-750C, (7.0 mm)}; IR {neat) 2980,
1720, 1605, 1430, 1415, 1300, 1235, 1150, 1180, 1130, 995, 945 and 740 cm-1; NMR (CDClg,
360 MHz) 6 1.35 (8, 3H, J=7.1 Hz), 2.56 (s, 3H), 4.29 (q. 2H, J=7.1 Hz), 6.64 (d, 1H, J=1.9 Hz) and
7.22 {d, 1H, J=1.9 Hz}.

A suspension containing 11.5 g of {ithium aluminum hydride in 500 mi of anhydrous ether was
treated dropwise with a solution containing 67.5 g of the above compound in 500 mi of ether aver a
period of 2.5 h. After the addition was complete, the mixture was heated at reflux for an additional 2
h, cooled 1o 00C and treated with 11.5 mi of water and 11.5 mi of a 15% sodium hydroxide solution.
The thick slurry was slowly treated with 20 ml of water until a fine grey precipitate had formed. The
suspension was filtered and the fillrate was dried over magneasium sulfate and concentrated under
reduced pressure 1o giva 45 g (91%) of 3-hydroxymethyl-2-methylfuran as a colorless oil; IR {neat)

3320 (b}, 2920, 2880, 1515, 1210, 1140, 1045, 1000 and 835 cm-1; NMHA (CDCI3, 360 MHz) 8 1.78
{bs, 1H)}, 2.28 (s, 3H), 4.45 (d, 2H, J=4.8 Hz}, 6.35 (d, 1H, J=1.7 Hz} and 7.25 (d, 1H, J=1.7 Hz).

A solution containing 10 g of the above furan In 100 ml of anhydrous ether at 0oC was
treated with a solution containing 3.1 mi of phosphorous tribromide in 10 mi of ether. The ether
solution was washed with two 50 mi portions of a 50% sodium hydroxide solution and dried over
magnesium sulfate. The stock solution of 3-bromomethyl-2-methylfuran (24) prepared in this
manner was used without further purification.

A solution containing 5.3 mi of methy! disulfide in 50 mi of anhydrous ether at 00C was
treated with 45 ml of & 1.2 M solution of methyl lithium in ether and stirred for 1 h. At the end of this
time the solution was treated with 8.5 mi of hexamethyiphosphoramide, cooled to -780C and
cannulated into the freshly prepared solution of the above bromide at -780C. The reaction mixture
was stirred for 4 h at -780C and was allowed to slowly warm (o room tempearature. The reaction
mixture was poured into water and the organic phase was washed with brins, dried over magesium
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sultate and concentrated under reduced pressure. Silica gel chromatography of the crude reskiue
using a 10% sethyl acetate-hexane mixture as the eluent gave 2.5 g of 23 which was identical in all
respects to the matenal isolated from the reaction of 22 with cesium fluoride.

Preparation of Trimethyl{[(1-propenyl)thiolmethyllsilane Followed by Reaction of its
Methy! Triflate Salt with Cesium Fluoride. A solution containing 5.0 g of trimethyisilylmethyl
mercaptan in 150 mi of anhydrous tetrahydrofuran at -230C was treated with 34 miof a 1.38 M
solution of p-butyllithium in hexane and the mixture was stirred for 90 min. At the end of thig time,
3.6 mi of aflyl bromide was added and the reaction mixture was allowed to stir ovemigit. The
solution was then poured into water and extracted with ether. The ethereal layer was washed with
brine, dried aver magnesium sulfate and concentrated under reduced pressure to give 6.1 g (91%)
of trimethyl{[(1-propenyilthiojmethyljsilane as a colorless oil (bp 350C, 3.5 mm); IR (neat) 3080,
2950, 2900, 2870, 1635, 1425, 1400, 1390, 1245, 1225, 1130, 990, 910 and 850 cm-1; NMR
{CCl4, 80 MHz) 8 0.08 (s, SH), 1.56 (s, 2H), 3.0 {d, 2H, J=7.0 Hz), 4.93 (m, 2H) and 5.4-5.9 (m, 1H);
13C-NMR (CDCl3, 20 MHz) § -1.83, 16.83, 38.62, 116.62 and 134.02; Anal. Calcd. for C7H1§SSi:
C. 52.43; H, 10.06; S, 20.00. Found: C, 52.62; H, 10.11; S, 19.87.

A solution containing 1.0 g of the above compound in 3 mi of anhydrous benzene at 00C was
traated dropwise with a solution containing 0.75 ml of methyl trifllate in 1 mi of anhydrous benzens.
The reaction was stirred overnight and then concentrated under reduced pressure to give 2.0 g
{99%) of methy! (1-propenyl){{trimethyisilylimethylflsulfonium trfiuoromethanesuitonate (28} as a
thick yellow oil; IR (neat) 3020, 2960, 2910, 1430, 1280 (b), 1160, 1030, 9385, 965, 850 and 760
cm-1; NMR (CDCl3, 360 MHz} § 0.28 (s, 8H). 2.60 (AB quartet, 2H, J=13.8 H2), 2.87 (s, 3H), 4.12
(0. 2H, J=7.1 Hz) and 5.65-5.9 (m, 3H); 13C-NMR (CDCI3, 20 MHz) § -1.53, 24.03, 24.62, 46.96,
122.98 and 128.46.

A suspension containing 300 mg of anhydrous cesium fluoride in 2 mi of anhydrous
dimethoxyethane was treated with a solution containing 270 mg of the above compound in 1 m! of
dimethoxyethane and the mixture was heated tor 24 h at 400C. At the end of this time the reéaction
mixture was poured into water and extracted with methylene chioride. The methylene chioride layer
was dried over magnesium sultate and concentrated under reduced pressure to give 55 mg (72%) of
4-(methyhthio}-1-butense (29) (Iit33 bp 1240C); NMR (CDCI3, 360 MHz) § 2.02 (s, 3H), 2.26 (m, 2H),
2.47 (1. 2H, J=7.4 Hz), 4.9-5.05 (m, 2H) and 5.65-5.8 (m, 1H).
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