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rise IO the isomeric compound 18 We found that treatment of 16 with cesium fluoride in 

drmethoxyethane uttimalely produced structure 17. However, the initialty formed products 

corresponded to a 1:2 mixture of cycbhexadienes 19 and 20. Chromatography of the mixture on 

n Ph 

Ar H 
0 

23 Arr c+cqC,H, 1* 
= 

20 
= 

slrca gel afforded 17 in 90% yield. The structure of 17 was establrshed by comparison with an 

independently synthesized sample prepared by treating the Grignard reagent derived from l- 

bromo-2.3-dimethylbenzene with chloromethyl 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).*s.*s The conversion of 19 to 17 probably occurs vra a 1.5~sigmatropic 

shift of the methyl or methylthiomethyl group to give 20 followed by an aromatization step. The fact 

that cyclohexadienes 19 and 20 can be isolated clearfy demonstrates the mildness of the 

desifylation procedure for sulfonium ylide generation as compared lo the a-deprotonation method. 

We also found that treatment of 16 with fluoride ion in the presence of benzakfehyde gave epoxide 

21 as the major product (78%). This finding is similar to the earlier observations made with 

sulfonrum saft 6. 

We also examined the reaction of the L-furanyl sulfonium saft 22 with cesium fluoride. The 

major product ~sofaled here corresponded to furan 23. This assignment was verified by comparison 

with an independently synthesized sample prepared by treating 2-methyl-3-(bromomethyl)furan 

(24) with thiomethyllllhium. The exo-methylene species 26. presumed to be an intermediate in thus 

reaction. could actually be detected by NMR spectroscopy (NM (CDCl3. 350 MHz) 6 2.16 (s, 3H). 

2.58 (dd. 1H. J-12.9 and 8.5 Hz). 2.74 (dd, lfi, J-12.9 and 8.5 Hz). 3.71 (m, 1H). 4.28 (m. 1H). 4.63 
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Experimental Section 

Melting points were determined on a Thomas-Hoover capillary rnefting point apparatus and are 

uncorrected. Infrared spectra were run on a Pert& Elmer Model 283 infrared spectrometer. Proton 

NMR spectra were obtained on a Varian EM-390 and Nicotet NMC-360 MHz spectrometer. 1X- 

NMR spectra were recorded on an IBM NB 200 SY FT spedrometer. Mlcroanalyses were 

perlormed at Atlantic Microlabs. Atlanta, Ga. Mase spectra were determined with a VG MM7070S 

mass spectrometer at an ionizing vottage of 70 eV. 

Alkylatlon of Trlmethyl[[(phenyl)methyHhlo]mothyl]rllane wlth Methyl Triflate 

Followed by Reaction wfth Cesium Fluorfde. A solution containing 0.96 g of trimethykilyl- 

methyl mercaptan27 in 30 ml of ether at -200C was treated with 6 ml of a 1.45 M solution of 9- 

butyllithium in hexane and the mixture was stirred for 1 h. At the end of this time, 1 .O ml of benryl 

bromide was added and the solution was allowed to stir overnight. poured into water and extracted 

wrth ether. The ether Layer was washed with brine, dried over magnesium sutfate and concentrated 

under reduced pressure to give 1.65 g (96%) of trimethyl[[(phenyl)methyl]thiomethyl]sibne as a 

colorless oil (111.27 bp 1240C (8 mm)); IR (neat) 2960, 1500. 1455. 1245, 850 and 700 cm-t ; NMR 

(CCl4. 90 MHz) 6 0.02 (s. 9H), 1.47 (s, 2H). 3.52 (s, 2H) and 7.1 (s. 5H); 1 X-NMR (CDCl3. 20 

MHz) 6 -1.66, 17.64, 40.22, 126.59, 126.17. 126.78 and 138.30; m/e 210 (M+). 195. 119. 104. 91 

and 73 (base); Anal. Cakd. for Ct tHt8SSi: C, 62.79; H. 8.62; S. 15.24. Found: C. 62.88; H. 8.63; S. 

15.30. 

A solution containing 1 .O g of the above material in 1 ml of anhydrous benzene at OoC was 

treated dropwise with a solution containing 0.54 ml of methyl trifluoromethanesutfonate in 1 ml of 

anhydrous benzene. The reaction was stirred overnight and was then concentrated to give 1.78 g 

(100%) of methyl (phenylmethyl~(tnmethytsltyl)methyl]sulfonium lrifluoromethanesulfonate (6) as a 

white solid; mp 798OoC; IR (KBr) 1505, 1465, 1435. 1260. 1160, 1035 and 860 cm-t; NMR (CDCl3. 

360 MHz) 6 0.24 (s. 9H). 2.63 (A6 quartet. 2H. J113.7 Hz): 2.82 (s. 3H). 4.78 (A8 quartet, 2H. 

J=12.6 Hz) and 7.4-7.5 (m. 5H); 13C-NMR (CDCl3. 20 MHz) 6 -1.44, 24.16. 25.04, 49.37. 127.00. 

129.44, 130.00 and 136.73; Anal. Calcd. for Ct3H2tF303S2S: 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 

fashlon using benzyld2 bromide and was devoid of the signal at 4.78 ppm. 

A suspensron containing 250 mg of dried cesium fluoride in 2 ml of anhydrous dimethoxy- 

ethane was treated with 256 mg of the above satt and the mixture was heated for 14 h at 5OoC At 

the end of this trme 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%) of l-methyl-2-[(methytthio)methyl]benzene (11) as a colorkss oil; IR (neat) 2970. 

2915. 1495. 1465. 1430, 1030. 770, 750 and 735 cm-l ; NMR (CDCl3.90 MHz) 6 1.97 (s. 3H), 2.35 

(s. 3H). 3.63 (s. 2H) and 7.10 (s. 4t-f); r-n/e 152 (M+). 105 (base), 104. 103. 79 and 77; Anal. Calcd. 

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(phenylmethyl)[(trimethyleilyl)- 

melhyl]sulfonlum Trlflate (6) with Ceslum Fluoride In the Presence of Various 

Aldehydes. A stirred suspension containing 400 mg of ftame-dried cesium fluoride in 3 ml of 

anhydrous dimethoxyethane was treated with 1.1 equiv of the appropriate aklehyde and then 500 

mg of the triflate salt. The mixture was heated at 4OoC 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 to trap the sulfonium ylide. 

Benraldehyde: The only product obtained in 80% yield was frans-stilbene oxide (71);28 NMR 

(CDCl3. 90 MHz) 8 3.82 (s. 2H) and 7.31 (s. 10H). 

p-Tolualdehyde: The onty product obtained in 73% yield was frans-2-(4-methylphenyl).3- 

phenyloxirane (7b);a NMR (CDCl3.360 MHz) 6 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). 

lsobutyraldehyde: The major product obtained in an 80% yield was identified as a 4:t mixture of 

Warts and cis 2-( t -methylethyl)-3-phenyloxlrane (7~); NMR (CDCl3. 360 MHz) 8 t .02 (d. 3H, J-6.9 

Hz). 1.09 (d. 3H. J-6.7 Hz). 1.63-1.73 (m. lH), 2.75 (dd, 1H. J-6.9 and 2.1 Hz) (trans isomer). 2.65 
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tayer was dned over magnesium sulfate and concentrated under reduced pressure to give 125 mg 

(64%) of a mixture of two compounds. The major compound (44%) isotated by silica gel chromatog- 

raphy was identified as 1,2dimethyl-3-[(methylthio)methyl]benzene (17) on the basts of its spectral 

data and by comparison with an independently synthesized sample; IA (neat) 3020, 2980. 2920. 

2860. 1470. 1440. 1390, 795 and 745 cm-l; NMR (CDCl3, 360 MHz) 6 2.03 (s. 3H), 2.28 (s. 3f-f). 

2.29 (s. 3H). 3.70 (s, 2H) and 7.0-7.15 (m. 3H); Anal. Cakd. for CtOHt4S: C. 72.23; H. 8.49. Found: 

C. 72.19; H. 8.51. 

An authentic sample of 17 was prepared by treating a solution containing 730 mg of 

chloromethyl methyl sulfide in 50 ml of anhydrous ether at OOC with 50 ml of a 0.15 M solution of 

freshfy prepared (2.3dimethyl)phenyl magnesium bromide in ether. The mixture was allowed to stir 

at room temperature overnight. At the end of this time, the solution was poured into water and the 

organic phase was washed with brine, dried over magnesium sulfate 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-[(melhyHhio)methyl]benzene (17) which 

was identical in all respects to the matenal isolated from the reaclion of 18 with cesium fluoride. 

The minor component (20%) isolated from the cotumn was assigned as 5-methylene-6- 

methyl-6-[(methyfthio)methyl]-1,3cyclohexadiene (19); NMA (CDCl3. 360 MHz) 6 2.03 (s. 3H). 

2.10 (s. 3H). 2.55 (d, 1H. J-12.5 Hz). 2.69 (d. 1H. Jr12.5 Hz), 5.10 (s. 1H). 5.15 (s, 1H). 5.71 (d. 

1 H. J-9.5 Hz) 5.87 (m. 1 H). 5.99 (m. 1 H) and 6.16 (d, 1 H. Jx9.5 Hz). This compound readily 

isomerized to 17 when subjected to srlica gel chromatography. 

When the reaction of 16 wrlh 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:l ratio. The major component was 

idenhfied as 4-methyl-5-methylene-6-((methylthio)methyl]-l.3-cyclohexadiene (20); NMR (CDCl3. 

360 MHz) 6 2.12 (s. 3H). 2.51 (dd. 1H. J-12 9 and 6.3 Hz). 2.67 (dd. 1H. J-12.9 and 8.1 Hz). 32 (m. 

1 H). 4.99 (s, 1 H). 5.23 (s, 1 H). 5.72-5.85 (m. 1 H) and 5.9-6.0 (m. 2H). The minor component was 

identified as cyclohexadiene 19. 

When the reactlon of 16 with cesum tluotie was stirred for 13 h at 45oC In the presence of 

benzaldehyde. the major product (78%) that was isolated after silica gel chromatography was 

identified as fr8ns-1 -(o-methylphenyl)2-phenyloxirane (21) on the basis of its spectral properties; 

IA (neat) 3070, 3040.2990. 1620. 1545. 1495. 1460. 1345, 1290, 1035, 900.870. 760. 725 and 

700 cm-t : NMR (CDCl3, 360 MHz) 6 2.35 (s. 3H), 3.76 (d. 1 H. J-1.9 Hz). 3.99 (d. 1 H. J-1.9 Hz) and 

7.1-7.5 (m, 9H); t3CNMR (CDCl3. 50 MHz) 6 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 CtsHt40: 210.1045. Found: 

210.1044. 

Alkylation of Trlmethyl[[(2-luryl)methylthio]methyl]sllane wllh Methyl Triflate 

Followed by Reaction with Cealum Fluoride. A solution containing 5.0 ml of furfuryl 

mercaptan in 200 ml of anhydrous tetrahydrofuran at -23oC was treated with 45 ml of a 1.24 M 

solution of [1_tUyllithium In hexane. The reaction mixture was stirred for 2.5 h at -200C and was 

then treated wrth 7.35 ml of (iodomethyl~nmethytslane and stirred overnight. The solution was 

poured into waler and extracted with ether. The ethereal layer was washed wrth a 10% sodium 

hydroxide solution, brine, dried over magnesium sulfate and concentrated Under reduced pf@SWW. 

The crude oil was distilled to give 4.8 g (48%) of trimethyl[(2-furyl)methytthio)methyl)silene as a 

cobrless oil (bp 53oC, 1.0 mm); IR (neat) 2955, 1505. 1245.1150.1010.940,850 and 735 cm-t; 

NMR (CCLq, 90 MHz) 6 0.07 (s. 9H), 1.67 (8. 2H), 3.60 (s. 2H). 6.05 (m. 1 H). 6.17 (m. 1H) and 7.22 

(m. 1H); 1X-NMR (CDCl3. 20 mz) h-1.84. 18.11. 32.21, 107.22. 110.09, 141.85 and 151.71; UV 

(95% ethanol) 224 nm (e 10900); Anal. Calcd. for CgHt6CSSi: C. 53.95; H. 8.05: S. 16.00. Found: 

C, 54.16; H. 8.30; S. 15.72. 

A solution containing 1 .O g of the above matertal in 5 ml of anhydrous benzene at Ooc 

was treated dropwise with a solution containing 0.57 ml of methyl ttiftate In 2 ml of anhydrous 

benzene. The reaction was stirred overnight and the resuting sob&n was concentrated t0 @Ve 

a thick oil. Analysis of the oil by NMR spectroscogy showed the presence of methyl [(2- 

furyl)methylJ [(trimethylsilyl)methyl)sutfonium triffuoromethaneeutfonate (22) In 85% yield; NMR 

(cDCl3. 90 MHz) 6 0.24 (s. 9H). 2.47 (s. 2H). 2.78 (s, 3H). 4.77 (s.2H), 6.45 (m. 1H). 6.60 (d. 
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sulfate and concentrated under reduced pressure. Silica gel chromatography of the crude residue 

using a 10% ethyl acetate-hexane mixture as the eiuent gave 2.5 g of 23 which was kfenticsl in all 

respects to the material isolated from the react&n of 22 with cesium fluoride. 
Preparation of T~mothyl[[(i-pro~nyl~hlo]mothy~~lane Followad by Roactlon of it8 
Methyl Trlftrte !Wf with C&urn FluoMe. A solution containing 5.0 g of t~~hy~~lrne~y~ 
mercaptan In 150 ml of anhydrous tetrahydrofuran at -23oC wes treated with 34 ml of a 1.38 M 

solution of a-butylfiihlum in hexane and the mixture was stirred for QO mm. At the end of this time, 

3.6 ml of attyl bromkfe was added and the reaction mixture was allowed to stir overnight. The 

solution was then poured into water and extracted with ether. The ethereal layer was washed with 

brine, dried over mourn sutfate and concentrated under redad pressurn to give 6.1 g (91%) 

of trimethyl[[(l -propenyfrhiojmethyljsilane as a colortess oil (bp 35oC, 3.5 mm); IR (neat) 3080, 

2950,290O. 2870. 1635, 1425, 1400. 1390, 1245. 1225. 1130, SW. 910 and 850 cm-l; NMA 

(CCL4.90 MHz) 6 0.08 (s, 9H). 1.66 (s, 2H), 3.0 (d. 2H, 517.0 Hz), 4.93 (m. 2W) and 5.4-5.9 (m, 1H); 

13GNMR (CDCl3.20 MHz) b -1.93, t6.83.38.62, 116.62 and 134.02; Anal. CM. for C7Ht6SSi: 

C. 52.43; H, 10.06; 5, 20.00. Found: C. 52.62; H. 10.11; S. 19.87. 

A solution containing 1 .O g of the above compound in 3 ml of anhydrous benzene at OoC was 

treated dropwise with a solution containing 0.75 ml of methyl tnfllate in 1 ml of anhydrcus benzene. 

The reaction was stirred overnight and then concentrated under reduced pressure to give 2.0 g 

(99%) of methyl (1 -p~nyl~(t~~thy~i~l~methy~~tfonium t~~uo~~~~~o~te (28) as a 

thidc yelbw oil; IR (neat) 3020,296& 2910. 1430, 1260 (b), 1160. 1030, Q95965.550 and 760 

Cm-l; NMR (CDC13, 360 MHz) 6 0.28 (8, QH). 2.60 (A8 quartet, 2H. J-13.8 Hz). 2.87 (9, 3H). 4.12 

(d. ZH, J-7.1 Hz) and 5.65-5.9 (m, 3H); 13GNMR (CDCl3. 20 MHz) 8 -1.53, 24.03. 24.62. 46.96, 

122.98 and 126.46. 

A suspension containing 300 mg of anhydrous c&urn fluoride in 2 ml of anhydmus 

di~tho~ethane was treated with a solution containing 270 mg of the ebove compound in t ml of 

rfimethoxyethane and the mixture was heated for 24 h at 4OoC. At the end of this time the reactiin 

mixture was poured into water and extracted with methyfene chbride. The methybne chbMe &yet 

was dried over magnesium sulfate and concentrated under neduced pressure to give 55 mg (72%) of 

4-(methylthiof l -butene (29) (lit33 bp 124oC); NMR (CDCl3. 360 MHz) 6 2.02 (6, 3H), 2.26 (m, 2H). 

2.47 (t. 2H, J-7.4 Hz), 495.05 (m, 2H) and 5.6558 (m, 1H). 
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