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-Rcactiun of dipknylsulphonium phawylide (Vll) with acc?yl chlorkk gives 0-acetylatcd 
suiphonium chloride (IX), and the reaction with tosyl chloride yields B O-tasylnted sulphonium salt (Xl). 
Thsae new salts arc stable and CM he isolated without clcavsge of the pbcnyl-sulphur bond. Heating at 
160“ results in a nov~angem~t of VII into (Z~a-pheooxy-Bphenyl~i~~e (XV). ll~e related 
fcnctions of iodonium ylidcs have been inv4gafal. 

RECENT investigations on such sulphur ylides as methylphenylsulphonium (Ia, 
R=Ph)l or diiethylsulphonium phenacylides (Ib, R =IvIe)l-’ have shown that the 
reactions are often triggered by the S-methyl group, which is easily heterolytically 
eliminated or deprotonated. For instance, acetylation of I with carboxylic anhydrides 
proceeds at the ylidecarbon to afford diketo-ylides II, whereas treatment with acyl 
chlorides results in 0-acylation under elimination of the S-methyl group to give enol- 
esters IL5 The reaction of I with sulphonyl chlorides having a-hydrogen produces a 
keto-sulphone ylide IV, possibly via sulphene intermediates, whereas treatment of I 
with tosyl chloride gives enol tosylates (V) by removal of the S-methyl grou~.~ 
Isomerization of I to VI is effected by heating in such protic solvents as water or 
ethanol and this is explained by assuming a less stable phenacylsulphonium 
me$hylide.7 In view of the reactivity of the S-methyl group of these ylides, the reactions 
of an ylide having no S-methyl group was investigated. The present paper is concerned 
with diphenylsulphonium phenacylide (VI0 and in particular, attention has been 
focused on the chemical behaviour of VII as compared with that of I. 
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FIG. I Reactions of diicthyl- or mcthylpbmylsulphonium phcatwylide (I). 

* The dii&e~~cc of methyl- and phcnylsulphonium ylii io the reaction with Grigaard rugrmts has 
ball tqKutod.8 
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FIG. 2 Reactions of diphcnylsulphonium phamcylidc (VII). 

The ylide VII was prepared by base-treatment of dipbenylpbenacylsulpbonium 
tetralhroroborate (VIIQ9 As expected, the reaction of VII with a&y1 chloride at room 
temp gave an 0-acetylated sulphonium chloride IX as a hygroscopic oil in which the 
phenyl-sulphur bond remained intact. NMR spectrum of an quimolar mixture of VII 
and acetic anhydride (Fig. 3) indicated that ca. 3 : 1 quilibrium with 0-acetylated 
sulphonium acetate was established in O-2 M CDCl, solution at room temperature. 
Heating of the components in boiling THF gave a C-acetylated ylide X. 
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FIG. 3 NMR spectrum of VII and acetic anhydride (1 :I). 

Treatment of VII with tosyl chloride and then with silver perchlorate yielded 
crystalline 0-tosylated sulphonium perchlorate XI. In contrast, reaction of VII with 
methanesulphonyl chloride in the presence of triethylamine affmded a C- 
sulphonylated ylide XII in a 68% yield. The isolation of the salts IX and XI is 
characteristic of the ylide VII. 

The ylide VII was found to remain unchanged upon melting at 146148O. The 
absence of a S-methyl group naturally excludes the possibility of such a rearrangement 
as I+VI. Refiuxing of VII in EtOH for 2 days gave diphenyl sulphide and ethyl 
benzoate besides starting material and some unidentifted products. A possible scheme 
for these products is as follows. A sulphonium salt XIII from VII and EtOH is 
primarily formed and then decomposed to ethyl benzoate and diphenylsulphonium 
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mcrhylide (XIV), which is further stabilized by elimination 
diphenyl sulphide. 
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A solution of VII in benzene was unchanged at relluxing temp for 24 hr at 
atmospheric press but gave a rearranged product XV by heating in a sealed glass tube 
at MO0 for 24 hr. Oxidation of XV with H,O,aq gave a sulphone XVI. The tentatively 
assumed @-configuration of XV is based on the following points. (a) It is presumed 
that a phenyl group migrates via the intermediate XVII. (b) Treatment of XV with 
HClKCl, did not give the isomer&d product. As Oki ef uJ.‘O reported that XVIIIa 
(X =H) is thermodynamically more stable than XVIIIb (AH -2.2 kcal/mol), there- 
fore XV should be the more stable isomer. (c) Oki ef al. also reported that the 
methine proton of XVIIIa shows a peak at 8 6.47-660 and that of XVIIIb at 6 6.20- 
6.30, respectively. The methine proton of XV appeared at b 6.54. 
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Although this rearrangement is the first example observed with sulphur ylides, 
analogous reactions of phosphorus ylides” and iodonium ylides I2 have been reported. 
Neilands et ai. recorded the rearrangement of XIX to XX upon heating without 
establishing the mechanism. In order to examine this rearrangement in detail, we 
prepared a novel ylide XXI from piodosotoluene diacetate and dimedone, Heating of 
a solution of XXI in pyridine for 30 min under reflux gave an ether XXII and not 
XXVI. Both IR and NMR spectra of XXII are characteristic of the 1,4disubstituted 
benzene ring. Furthermore, treatment of XXII with HBraq afforded p-cresol. These 
results show that the benzene carbon attached to oxygen in XXII is the same one 
attached to,iodine in XXI. That is, the rearrangement must proceed via a S-membered 
intermediate XXIII, which is analogous to XVII, rather than a (i-membered inter- 
mediate such as XXIV and XXV. 
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mmok). PhCOCH$r (5.4 g, 27 mmolcs) aad AgBF,(5.3 g. 27 mmolcs) in CH$l,(lOO ml) was stirred 
for 2 days at room temp. After 8ltratkm, the extract was concentrated to afford solids. which mxe 
recrysUizd from a small amount of CHFI, to yield VIII (6. I g, 58%). m.p. lS8-160° (lit’ 161-162O), 
IR (Nujol): 1685, 1100-1000 @road) cm-‘. (Found: C, 61.4; H. 4-S. Calc. for CJ-I,,BF,OS: C. 
61.2; H, 4.4%). 

prc”porryion 9/ dfphenyhlphon&m phenacykfe (VII). To a stirral suspension of VIII (3.9 g. IO 
mmolee) in THF (30 ml) cooled with ice-water bath was added NaH (0.5 g, SO% diipcraion in mineral 
oil, IO mmola) in one portion. The rcaaion mixture was stirred until the evolution of H, stopped (~a. 2 
hr). The mixture was filtered to remove NaBF, and the BItrate was evaporated to give a red oil, which was 
solidiial upon addition of ether. The solids WCTC rccrysUizcd from PhH to afford VII (2.6 g. 86%). 
m.p. 146148O (lit.’ l42-143O). IR (KBr): 1580, IS10 (very strong), 1448,1384,86S,7SO aod 714 cm-‘, 
NMR: 6 (CDCI,) 4.72 (IH, r), 7.2-8.0 (ISH, m). (Found: C, 78.7; H, 5.2. WC. far CJi,,OS: C, 
78.9; H, 5.3%). 

Reocrion d VII with McCOCl. To a soln of VII (3G g 10 mmolcs) ELI THF (SO ml) was added dropwise 
a soln of McCOCI (08 g, IO mmolcs) in THF (IO ml) over 10 min at room temp. The mixture was stirred 
for 2hr at the same tcmp and an oil was qurated. Most of the solvent was removed by hUtion 
and tbc residual solvent was evaporated to afford a hygroscopic oil of IX (3.6~ 9Sy), IR (neat): 1780, 
16OS.l4SO, 1160. IOSO, 760 and 690 cm-‘. which was unable to be pure form to allow a rigorous structure 
proof. 

Ret&on qflX with AgOAc. A mixture of IX (1-O g, 2.6 mmolcs) in THF at room temp was treatal 
with AgOAc (0.43 g. 2.6 mmolu). After 8ltration. the filtrate WIU mccntratcd to afford VII (0.63 g. 
80%) llod A@ (0. IS g* swbr 

React&m $VU w&h Ac+D. A aoln of VII (1-S g. S mmolcs) and AC&) (0.5 g, S mmoles) ia THP (30 
ml) was rfhxed for I2 hr. AfW evaporation of the solvent, the residue soiidiitd upoo 8ddition of ether. 
These solids anre rexystallixd from PhH-hexane to rftord X (0.8 8.46%). m.p. ISCISSo. IR (KBr): 
1588. 1568, 1320, 788. 745, 713 and 686 cm-l, NMR: d (CDCIJ 2.23 (3H. s), 7.1-7.7 (ISH, m). 
(Found: C. 76.5; H, 5.5. C,#I,&lS requires: C. 76.3; H, 5.2%). 

Readon q/VII wlrlr to.@ &or&. A soln of VII (I.5 g. 5 mmolcs) and TsCl(O.95 g, S mmoles) in 
MeNO, (30 ml) was stirred at coom tcmp for ca. 3 hr. aod thaw A&IO, (I -0 g. S mmolc-s) was added to 
the mixture followed by stirriog for 1 day at the same temp. After filtration, the solvent was removal at 
reduced press. and a residual oil solid&d upon addition of EtOH to give Xl (2.2 g. 79%). m.p. l74-17S” 
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(from EtOH-CHClh IR (KBr): lao0, 1375. 1172 and 1120-1060 (broad) cm-‘, NMR: d (CDCI,) 
2.35 (3H. s), 7-O-8* I (2oH. m). (Found: C, SS-0; H. 4.2. C##O$$ requires: C, 58-0; H, 4.2%). 

Rerrctbn QWII with ~yfd~rfdc.TOamiaureofV~(i.5g.5~l~)and~~(2.0 

g, 20 mmolcs) in THF (40 ml) at -60” unda N, a soln of MeSO+ (1.2 g, IO mmoles) iu THP (10 ml) 
was~~om30min.ARatherelaionmiaurewasstirredfar2brottbesuneranp.itw~ 
abwod to wum slowly to room temp with continuous stirring. Tbc resulting crystals wffe filtcxed off. 
washed with a small amount of water and extracted to dbrd XII (l-3 g, 68%), m.p. 208-209.So. LR 
(KBr): 1572, 1317. 1282, 1136 aad 1122 cm-‘, NMR: b (CDCI,) 2.95 (3H, s). 7-2-7.8 (ISH, m). 
(Found: C. 66-l; H, 5-O. C,,H,p,$ requires: C, 66-0; H. 4.8%). 

7krmolysls BfVII k ExOH. A soln of VU (2-S g, 8.2 mmolcs) in EtOH (100 ml) was rdluxcd for 48 
hr. After evaporation of the solvent, the residual oil was chromatographcd on a column of Florizil with 
bcslocne as an eluant to give Ph,8 (I.0 g, 66%) and PhCOOEt (O-4 g, 33%). 

7bmolys& crfVU in PhH. A solo of VII (0.5 g. l-6 mmolcs) in PhH (30 ml) was heated in a selled 
glass tube at MO0 for 24 hr. After the solvent was rrsnovcd. the residue was puritid on a column 
chromatog~aph (silicagel, hexane) to yield XV as an oil (O-3 1 g, 62%). This oil solidi8ai on standmg at 
room tcmp for 1 day, m.p. 78-79O. 1R (KBr): 1590, 1488. 1203, 1016, 736 and 682 cm-‘. NMR: 6 
(Ccl,) 6.54( IH, s), 6.8-7.6( UN. m). (Found: C, 79.1; H, S-3. C#,pS rquks: C. 78.9; H. 53%). 

(hrfdnrion o/XV. A soln of XV (O-3 g, I-0 mmolc) and HP,aq (30%. 3 ml) in AcOH (5 ml) was 
atimd at room tanp for 1 day. The reaction mixture was dilutal with water. ncutralir.ed with NaHCO,aq 
and extracted with CHCl, After drying. the solvent was removed to afford crystals of XVI (O-3 I g, 92%). 
m.p. 135-135-S” (from PhH-hcxane), IR (KBr): 1613.1595, 1488.1292,1134.1080,740 and 682 cm-‘, 
NMR: d(CDC1,) 6~65 (1H. s). 6-9-8.1 (ISH. m). (Found:C. 71~6;H.4-9. Cd,,O$ requircs:C, 71.4; 
H, 4.8%). 

Prqwufku~ oIXXI. A soln of pMcC,H,lO (O-7 g, 3 mmoles) and diedone (0.42 g, 3 mmolcs) in 
Ac,O (10 ml) was allowed to stand for 10 hr at mom temp. The reaction mixture was made basic @H co. 
10) with 20% NaOHaq and extracted with CHCI, Afk the solvent was cwporakd, the rekdual oil 
sokliicd upon addition of ether. These solids were recryatallizcd from PhH to yield XXJ (0.78 g. 73%). 
m.p. 129-130°, IF-H 259 run (log s 4.30). JR (Nujol): 1530 cm“. (Found: C. 50.3; H, 4.7. C,,H,,IO, 
requires: C, 50.6; H, 4.9%). 

7km10~sIs of XXI &I Hke. A soln of XXI ( 10 g, 28 mmolcs) in pyridine (50 ml) was rdluxed for 
30 min. The reaction mixture was neutralized with dii HCI and extracted with CHCI, After the solvent 
was removed, the raGdue was solidiied upon addition of Iuxane to yield XXU (3-3 g. 33%). m.p.158- 
MO0 (from E.tOH), IX (Nujol): 1660. 1582, 1505 and 1238 cm-‘, NMR: d (CDCI,) 1.03 (6H. s). 2.29 
(ZH, s). 2.36 (3H. s), 2.47 (W. s), 6.94 (W, d, I9 Hz). 7.21 (W, d, I9 Hz). (Found: C, 50.7: H. 4.8. 
C ,,H,,lO, requires: C, 50.6; H, 4.9%). 

7beatmmt c$XXU wttt~ HBr. A mixture of XXIJ (0.6 g. 1.7 mmolcs) and 48% HBr (O-5 g) in Hz0 
(10 ml) was rdiuxal for 2 hr. The reaction mixture was mark basic with NaOH aq and extracted with 
ether. The aqueous layer was mark acidii with HClaq and extracted with ether. Concentration of the 
combiintd et&r sohl gave peesol (0.04 g, 22%). 
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