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STABLE SULPHONIUM PHENACYLIDES 

ISOLATION AND REACTIONS1 

H. NOZAKI, M. TAKAKU and K. KON& 
Department of Industrial Chemistry, Kyoto, Japan 

(Received 24 November 1965; in revisedform 26 January 1966) 

Ah&act-Methylphenylsulphonium phenacylide (II) was isolated as a stable solid upon treatment 
of methylphenacylphenylsulphonium bromide (I) with bases. No evidence supporting the proposed 
intermediacy of benzoylcarbene, which was postulated to be formed by thermal decomposition of II 
and then transformed into 1,2,3-tribenzoylcyclopropane (IV), was obtained, but the reaction of II 
with I or phenacyl bromide did give IV. The ylide II reacted with certain a&unsaturated or a- 
halogenated carbonyl compounds and yielded cyclopropane derivatives (IV, XI-KIII). Treatment 
of the ylide II with phenyl isocyanate or acid anhydrides resulted in C-acylation affording novel 
stabilized ylides (XIV-XVI, Table I), while reaction with acyl halides yielded G-acylated products 
(KVII, XVIII). Attempted resolution of II andpiodo derivative (VIII) failed. 

IN CONTINUATION of the work on carbene chemistry,2 the probable formation of 
benzoylcarbene (III) from the proposed sulphonium ylide (II) was investigated. Both 
were assumed as intermediates in the transformation of methylphenacylphenyl- 
sulphonium bromide (I)s into 1,2,3-tribenzoylcyclopropane (IV) upon treatment with 
hot bases! Re-examination of this reaction at lower temp led to the isolation of the 
ylide II as a crystalline solid. s--‘] The present paper consists of the characterization 
and examination of reactions of the sulphonium ylide II. 

Isolation of compound II 

Treatment of I with triethylamine or sodium ethoxide in ethanol at O-5” gave the 
crystalline sulphonium phenacylide II. No change occurred, however, on treatment 

1 Communicated in part: H. Nozaki, K. KondB and M. Takaku, Tetrahedron Letters 251 (1965). 
b H. Nozaki, R. Noyori and K. Sisido, Tetrahedron B&l125 (1964); * H, Non&i, M. Yamabe and 

R. Noyori, Ibid. 21,1657 (l%S); 0 H. Nozaki, M. Nakano and K. KondB, Ibid. 22,477 (1966). 
* F. Krollpfeiffer, H. Hartmann and F. Schmidt, Liebigs Ann, 563, 15 (1949). 

‘0 F. Krollpfeilfer and H. Hartmann, Chem. Ber. 83,90 (1950); b V. HOI-& and L. Kohout, Chem. & 
Znd. 978 (1964). 

6 Stable phosphorus ylides are well known, see a F. Ramirez and S. Dershowitz, J. Org. Chem. 22,41 
(1957); b 0. Isler, H. Gutmann, M. Montavon, R. Rliegg, G. Ryser and P. Zeller, He/v. Chim. 
Acta 40, 1242 (1957). 

0 For stable oxosulphonium ylides previously recorded, see 0 E. J. Corey and M. Chaykovsky, J. 
Amer. Chem. Sot. 86,164O (1964); b H. Kiinig and H. Metzger, Tetrahedron Letters 3003 (1964). 

’ The sulphonium ylides known prior to our publication (ref. 1) were dimethylsulphonium fluoren- 
ylide and its derivatives. See l C. K. Ingold and J. A. Jessop, J. Chem. Sot. 713 (1930); b E. D. 
Hughes and K. I. Kuriyan, Ibid. 1609 (1935). Thereafter, several research groups have recorded 
stable sulphonium ylides of various kinds: 0 A. Hochrainer and F. Wessely, Tetrahedron Letters 
721 (1965); d E. Winterfeldt. Chem. Zkr. 98, 1581 (1965); * H. Behringer and F. Scheidl, Tetra- 
hedron Letters 1757 (1965); f W. J. Middleton, E. L. Buhle, J. G. McNally, Jr. and M. mger, 
J. Org. Chem. 30.2384 (1%5); 0 J. Dickmann, Ibid. 30,2272 (1965); b A. J. Speziale, C. C. Tung. 
K. W. Ratts and A. Yao, J. Amer. Chem. Sot. 87.3460 (1965). 
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of I with triethylamine in benzene solution even at room temp, but decomposition of 
I to phenacyl bromide and thioanisole was observed at the b.p. of the solution. When 
I was treated with triethylamine in boiling ethanol only IV was produced. 

The structure of this stable ylide II was consistent with analysis, cryoscopic mol. 
wt, mass spectrum* and other spectroscopic data as summarized in Table 1. This was 
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further confirmed chemically by the action of hydrogen bromide in aqueous ethanol, 
which yielded the sulphonium bromide (I). 

Obviously, the ylide II must be represented as a resonance hybride of the formulas 
IIa, IIb and 11~. The formula IIa would possible be of maximum importance in view 
of the recent report of Speziale and Ratts on analogous phosphorus y1ides.O 

Iodine-containing ylide VIII (Table 1) was obtained analogously as a crystalline 
solid. 

Attempted resolution of compounds II and VIII 

Attempted preparation of the sulphonium phenacylides (II and VIII) in optically 
active form has failed.lO Thus, the reaction of VIII with (+)-2-bromo-rrcamphor- 
sulphonic acid” afforded a sulphonium salt IX. After recrystallization, this salt was 

8 Massspectralisotopeabundances: (p + 1)17*1%and(P + 2)7~2%oftheparentpeakatm/e242. 
Fragment peaks were observed at m/e 124 (the base peak assigned to fP mH,I@). 109. 105, 
91,78,77,69,65,51,50,45 and at 39. With exception of the peaks at 10577 and 51, each possibly 
originating from benzoyl cation, the fragmentation pattern was in accord with that of the mass 
spectrum of thioanisole itself. 

@ A. J. Spexiale and K. W. Batts, Abstr. of papers, ACS meeting p. 57s. Atlantic City, New Jersey, 
September 13-17 (1%5). These authors have found the maximum contribution of the betaine 
structure with the geometry of cis hetero atoms as proposed by E. Winterfeldt (ref. 73. 
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Compounds IRO UV max NMR 
Assignment 

No. Formula cm-r (state) rnp (loge) solvent ‘z value wt. (multiplicityP 

II Ph 
1s 

S-C-H 

CH<o 11 
O-C-Ph 

1504-1470 (KBr) 
1540 (0.2h4 PhH) 
1535 (0.2 DMSC) 
1525 (0.2 CHCI,) 

VIII Ph 

‘L-H 1505 (KBr) 

CH:‘e 11 - 

O-\ /-I 0 
QO Ph 

\ / 
XIV Ph C-N 

1630. 1535 (KBr) 

/ 
Ph 

e0 
\ 

Ph C-R 

1590, 1565 (KBr) 

Ph ‘\\C-R 

XVI kC 1590, 1560 (KBr) 
R= Ph 

CH’ ’ s C-Ph 
Q/ 

0 

3lq4.18) EtOHE 
320(4.01) M&N 
32q3.95) CHCI, 
326(4.06) THF 

251(4*35), 
3 15(4*30) EtOH 

241(3.32), 
286(4.25) EtOH 

279(4+6) EtOH 

288(3*87), 6.58 3 S-methyl (8) 
317(3*80) EtOH 3.1-2.0 15 aromatic (m) 

6.84 3 S-methyl (9) 
5.44 1 methinc (s) 

28-2.0 10 aromatic(m) 

6.83 3 S-methyl (s) 
5.37 1 mcthinc (s) 

28-2.2 9 aromatic (m) 

6.75 3 S-methyl (s) 
34-26 15 aromatic(m) 
- I.33 1 imidc (m) 

7.82 3 acetyl (s) 
6.67 3 S-methyl (8) 

28-2-l 10 aromatic(m) 

l Ylide carbonyl stretching frequencies are given. 
* s for singlet and m for multiplet. 
c EtOH for 100% ethanol. 

converted into an optically active sulphonium picratP’ which showed [aID - 1 l*O”,l* 
but the subsequent basic treatment yielded the inactive ylide (VIII). 

I@ Optically active trivalent sulphur compounds have been reported. For sulphonium salts, see 8 M. 
P. Balfe, J. Kenyon and H. Phillips, J. C&m. Sue. 2554 (1930). For sulphoxides, see b K. K. 
Andersen, W. GatBeld, N. E. Papanikolaou. J. W. Foley and R I. Perkins, 1. Amer. Chem. Sot. B6, 
5637 (1964); 0 K. Mislow, M. M. Green, P. Laur, J. T. Melillo, T. Simmons and A. L. Ternay. Jr, 
Ibid. 87, 1958 (l%S). For aulphiliiinca, see ‘ G. Kresxe and B. Wustrow, Chem. Ber. 95, 2652 
(1962); l J. Day and D. J. Cram,J. Amer. Chem. Sot. 87,4398 (1%5). 

I1 A. W. Ingersoll and S. H. Babcock, J. Amer. C&m. Sac. 55,341 (1933). 
I9 The rotation of optically pure ethyhnethylphenacylsulphonium picrate was reportedlOo as [a],,,, 

- 11.2” in acetone. 
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[ c~p*co~l] 
X: Y o = 2,4,6_trinitrophenoxide 

Reactions of compound II leading to cyclopropane derivatives 

Regarding the formation of 1,2,3-tribenzoylcyclopropane (IV) from the sulphon- 
ium bromide (I), the isolated ylide II was found to be stable under conditions which 
were sufficient to effect the transformation of I to IV. The striking thermal stability 
of the ylide II does not support the benzoylcarbene hypothesis4*B in this particular 
case at least. The cyclopropane IV was, however, obtained by the reaction of II with 
I and by treating II with phenacyl bromide. The addition of II to both cis and trans 
isomers of 1 ,Zdibenzoylethylene (VI) proceeded quantitatively in ethanolic solutions 
at room temp and afforded IV in each case. Notably the trans VI reacted faster than 
its cis isomer, as treatment of a mixture of cis and trans VI and the ylide II (one molar 
each) similarly as above afforded a mixture of IV and the unchanged cti VI.14 The 
thermal reaction of diazoacetophenone with VP has been recorded to proceed only 
with the cis isomer, the trans VI here in this case being inactive towards diazoaceto- 
phenone. These facts may again be in contradiction to the carbene hypothesis. The 
series of reactions in the flow-sheet is analogous to that of triphenylphosphonium 
phenacylide with phenacyl bromide furnishing a mixture of VI and IV in 50 and 7% 
yields, respectively. l6 In contrast to the phosphorus ylide reaction, however, no 
1,2-dibenzoylethylene (VI) could be isolated in the present reaction of I and/or II. 

The cyclopropane formation of the ylide II was extended to a-halo and a& 
unsaturated carbonyl compounds. A mixture of II and ethyl bromoacetate (1: 1 
molar ratio) dissolved in chloroform was allowed to react at room temp. The products 
were IV and ethyl 2,3dibenzoylcyclopropanecarboxylate (XI) in 45 and 4% yields, 
respectively. When an equimolar mixture of II and chalcone dissolved in chloroform 

CsH,OCO dcoph Ph d’ ‘OPh PhCO d/CooC’“’ 

“‘COPh *‘* COPh “‘COOC,“, 

XI XII XIII 

was heated under reflux the lower melting, thermodynamically more stable isomer of 
1,2-dibenzoyl-3-phenylcyclopropane (XII)” was obtained in 77% yield. The trans 
conliguration of two benzoyl groups of XI and XII is tentatively assumed. An 
1’ The formation of carbenes by thermal decomposition of intermediary sulphonium ylides has been 

postulated in other kinds of reactions. 0 V. Franzen, H. Schmidt and C. Mertz, Chem. Ber. 94, 
2942 (1961); b A. W. Johnson, V. J. Hruby and J. L. Williams,J. Amer. Chem. SIX. 86,918 (1964); 
0 I. Rothberg and E. R. Thornton, Ibid. 85, 1704 (1963) 86,3296,3302 (1964). 

1’ Analogous selectivity of cis and tranr isomers of 1.2-dibenzoylethylene has been recorded in the 
cases of 1,3-dipolar addition and DieLs-Alder reactions. D R. Huisgen, H. J. Stunn and H. 
Wagenhofer, ZNuturforsch. 17b, 202 (1962); b J. Sauer, D. Lang and H. Wiest. Ibid. 17b, 206 

(1962). 
In H. Stt-zelecka and M. Siemiatycki, C.R. Acad. Sci.. P&s 2!!2,3821 (1961). 
I6 M. Siemiatycki and H. Strzelecka, C.R. Acud. Sci., Paris 250, 3489 (1960). 
1’ E. P. Kohler and W. N. Jones, J. Amer. Chem. Sot. 41, 1249 (1919). 
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equimolar mixture of II and diethyl fumarate or diethyl maleate in hot tetrahydrofuran 
afforded diethyl 3-benzoylcyclopropane-frm-1,2dicarboxylate (XIII).ls The rrans 
configuration of two ester carbonyl groups has been concluded from NMR analysis.ls 

It should be added that irradiation of the ylide II in ethanol with a high pressure 
mercury lamp afforded the cyclopropane IV in 30 % yield along with thioanisole and 
unidentified polymers. Compounds originating from the Wolff rearrangement of 
benzoylcarbene could not be isolated. This is in marked contrast with the reported 
behaviour of oxosulphonium ylides,@ as well as with the photochemical decomposition 
of diazoacetophenone in hydroxylic solvents.” 

Other reactions of compound II 

The ylide II reacted smoothly with phenyl isocyanate2l in tetrahydrofuran at room 
temp and afforded another crystalline sulphonium ylide XIV (Table 1). The NMR 
spectrum indicated the presence of internal hydrogen bonding of the imide proton. 

C-Acylation of the ylide II with acid anhydrides furnished crystalline ylides XV 
and XVI (Table 1) in 95 and 42 % yields, respectively. IR and NMR spectra supported 
the resonance structure as indicated. 

The action of acid chlorides resulted in O-acylation affording XVII in 66% yield 
and XVIII in 78 % yield. The fate of S-methyl group is not clear yet.a2 Attempted 
condensation of the ylide II with benzaldehyde orp-nitrobenzaldehyde failed to afford 
the expected epoxy ketones. 

Ph 
/ 

PhS-CH=C 
\ 

OCOR 
XVII (R = CHI); XVIII (R = Ph) 

EXPERIMENTAL 

All temps are uncorrected. Microanalyses were performed at the Elemental Analyses Centre of 
KyBto University. NMR spectra were obtained on 60 MC machines in CDCl* solutions with TMS 
as an internal reference. Unless otherwise noted, the optical rotations were measured photcelectroni- 
caIly in EtOH with 1 dm cell, the smallest reading being to 0005”. 

Methy@enyLw@wnium phenacyride (II). To a suspension of I (6-5 g, 20 mmoles) in ethanol 
(30 ml) EtaN (4 g, 40 mmoles) was added under vigorous stirring at O-5”. The reaction mixture was 
stirred at the same temp for 2 hr. diluted with water (100 ml)andrepeatedIyextractedwithchloroform. 
The combined extracts were washed with water, dried (MgSO,) and concentrated in VUCUO. Recrystal- 
lization of the yellow crystalline residue from benzene atforded the analytically pure ylide II (3.4 g, 

I* Similar examples of the exclusive formation of thermodynamicahy more stable isomer have been 
recorded in the reaction of vinyl sulphones with dimethyloxosulphoniurn methylide. See W. E. 
Truce and V. V. Radiger, J. Org. C&m. 29, 3277 (1964). 

lo The NMR spectrum of f4dinitrophenylhydnne of XIII in CDCl, indicated the presence of two 
non-equivalent ethoxy groups. An ethoxy group showed a methyl triplet at 7 9.12 and a methylene 
quartet at 7 6.29 (I 6.0 c/s), while another one had a methyl triplet at 7 868 and a methylene 
quartet at T 5.74 (J7.0 c/s). 

to A. Padwa and R. Layton, Tetruhedron Letters 2167 (1%5). 
I1 For the reaction of oxosulphonium ylidcs with phenyl isccyanate, see Ref. 66. 
‘* Analogous difference in the reactivity of acid anhydrides and chlorides towards phosphorus ylides 

has recently been described: P. A. Chopard, R. J. Cl. Searle and F. H. Devitt, J. Org. C/urn. 30, 
1015 (1965). 
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70%) as8neplates, m.p. 113-114”, ymu xar 1504-1470,1365,1195,990,860 and 700 cm-r. (Found: C, 
7469; H, 6.05; MW 254 (cryoscopic in PhH). CIIHI,OS requires: C, 74.34; H, 5.82%; MW 242) 

Similar treatment of I (3.2 g, 10 mmoles) with 1% ethanolic EtONa (10 ml) or with 8 % NaOHaq 
(10 ml) at O-5” afforded II in 63 and 75 % yields, respectively. Reaction of I (8.0 g) with Et,N (5.0 g) 
in EtOH (50 ml) at 20-30”, followed by chromatographic separation on a silica gel column, gave II 
(2.0 g, 33 %) and IV (0.3 g, lo%), m.p. 212”“, while reaction in refluxing EtOH yielded IV (@7 g, 
25 %) as a sole product. 

A solution of II (0.5 g, 2 mmoles) in 8 % NaOHaq (3 ml) was heated under reflux for 10 min and 
then extracted with chloroform. Working up the product afforded unchanged II (046 g, 92% 
recovery). Similar treatment of II (0.5 g) with alkali in the presence of sodium bromide (0.2 g, 
2 mmoles) resulted in 90% recovery. 

To a solution of II (0.7 g. 3 mmoles) in EtOH (10 ml) 47 % HBraq (0.33 ml) was added dropwise 
under stirring and cooling with an ice-bath and the mixture was stirred for 30 min at the same temp. 
The precipitating I (0.8 g, 86%) was collected by filtration. A sample melted at 92” (mixed m.p. 91’) 
and indicated exactly identical IR spectrum with that of an authentic I. 

pI&a-phenylmercaptoacetophenone. A sodium thiophenoxide solution prepared from thio- 
phenol (8.8 g, 80 mmoles) and Na (1.84 g, 80 mg-atoms) in EtOH (100 ml) was treated with a solution 
of piodophenacyl bromide (25 g. 77 mmoles) in MeGH (50 ml), whereupon colourless fine crystals 
of the sulphide (12.7 g, 48%) separated. An analytical sample had m.p. 75-76” (from MeOH). 
(Found: C, 47.27; H, 2.93. ClrHIJOS requires: C. 4746; H, 3*11x.) The mass spectrum indi- 
cated peaks at m/e 354 (parent peak), 231,203, 123, 109, 104.76.44 and 28 (base peak). 

Methy@enyfsu&onfum p-ioa%phenacylkfe (VIII). A mixture of piodo-a-phenylmercaptoaceto- 
phenone (8 g. 22 mmoles) and dimethyl sulphate (2.8 g, 22 mmoles) was heated at 100” under 
exclusion of moisture for 1 hr. The sulphonium methylsulphate (10.6 g) obtained as a semi-solid was 
dissolved in EtOH (50 ml) and treated with Et,N (2.3 g, 22 mmoles) at O-5“. Working up the product 
afforded VIII (5.7 g, 70% based on the sulphide) as pale yellow needles. An analytical sample showed 
m.p. 140-141” (from PhH). (Found: C, 48.94; H, 3.81. CiIHIJOS requires: C, 48.92; H, 3.53 %.) 
The mass spectrum showed peaks at m/e 368 (parent peak), 354,246,231,203,124 (base peak), 109, 
91, 78, 65, 51,45 and 39. 

Attempted resolution of methy@enylsulphonium phenacylide (II). Methylphenylsulphonium 
phenacylide (3.5 g. 14 mmoles) and (+)-lO-camphorsulphonic acid (3.4 g, 14 mmoles) were dissolved 
in chloroform (100 ml) and the solution was allowed to stand overnight at room temp. The evapora- 
tion residue was yellow oil which crystallized gradually on standing. Single recr@allixation from 
benzene afforded methy@enacylphenylsulpltonium (+>lO-cam$orsulphonate (5.5 g, 80’4, m.p. 146- 
147”. (Found: C. 63.30; H, 6.55. CUHuOIS, requires: C, 63.28; H, 6.37x.) Fractional recrystal- 
lizations from EtOH, A&Et. CHCl,, AcMe or various mixtures of these solvents did not change 
appreciably the observed optical rotation, [a]n +20*4” (an -i-0*250”, c = 1.22). 

Treatment of the salt (O-15 g. 0.3 mmole) with sodium picrate (0.07 g, O-3 mmole) in MeGH (5 ml) 
at 0” yielded the methyfphenacylphenylwlphonium picrate (0.12 g, SS’%), which was found to be 
optically inactive (ar, 0.00 in AcMe), m.p. 129-130”. (Found: C, 53.33; H, 3.87. CIIH1,NsO$ 
requires: C, 53.50; H, 3*61x.) 

Attempted resolution of methylphenylsulphonium p-tiphenacylide (VIII). Treatment of VIII 
(2.0 g, 5.4 mmoles) with (+)-lO-camphorsulphonic acid (1.25 g, 5.4 mmoles) similarly as above gave 
analytically pure piodophenacylmethylphenylsulphonium (+)-lO-can#wrsu@onate (2.6 g, 80%). 
m.p. 158-159”. [a]n +16.9” (an+0.200”, c = 1.19). (Found: C, 50.14; H. 4.66. C,BH,JO& 
requires: C, 50.16; H, 4.85 %.) Fractional recrystallization from EtOH did not change the observed 
rotation. Treatment of the product (0.5 g, @83 mmole) with Et,N in EtOH afforded the optically 
inactive VIII (0.25 g, 81x, an 0.00). 

The ylide VIII (4.0 g, 11 mmoles) and 2-bromo-rrcamphor-sulphonic acid (3.4 g, 11 mmoles) 
were dissolved in tetrahydrofuran (200 ml) and the mixture was allowed to stand overnight at room 
temp. The pale yellow evaporation residue was dissolved in AcMe and cautious addition of AcGEt 
to the solution resulted in precipitation of the pure piodophenacybnethy@enyLsufphonium 2-bromo- 
ncomphorsulphonate (IX; 3.95 g, 53x), m.p. 149”, [a]n i46.5” (ax, +0.551”. c = 1.19). (Found: 
C, 43.85; H, 4.07. C&HIsBrIOIS, requires: C, 4419; H, 4.15%) 

o G. Maier, Chem. Ber. 95, 611 (1962). 
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Fractional recrystallization of IX (3.8 g) from AcMe-AcOEt afforded a sample (O-45 g) with 
[aIn +365” (an +@349”, c = 0*95), which was converted to the piodophenacybnethy#knyl- 
suwclphoniumpicrute (X; @20 g, 51x), m.p. 144-145”. [alI) -ll*O” (an -0*050”, c = 0.46 in AcMe). 
(Found: C, 42.18; H, 2.78. C,iH@lIO$ requires: C, 42.21; H, 268%.) Treatment of the active 
picrate X with equimolar KOH in MeOH at 0” afforded the optically inactive ylide VIII (@ 10 g, 81%). 

trans-1,2,3-Tribenzoylcyclopropune (IV). A solution of I (0.16 g, 05 mmole) and II (05 g. 
2 mmoles) in benzene (20 ml) was heated under reflux for 2 hr. The pale yellow evaporation residue 
was washed with pet. ether @.p. 35-40”) and recrystallized from benxene to afford IV (0.10 g. 45 % 
yield based on II) as colourless needles, m.p. 212-213”. 

An ethanolic (20 ml) solution of phenacyl bromide (1.0 g, 5 mmoles) and II (1.2 g, 5 mmoles) was 
stirred at room temp for 2 hr and yielded the cyclopropane IV (O-48 g, 82 % yield based on II). 

A solution of II (@5 g, 2 mmoles) and tranr-dibenxoylethylene (05g, 2 mmoles) in EtOH (20 ml) 
was stirred at room temp for 30 min and yielded IV (0.65 g, 87 %). The ylide II (0.5 g) also 
reacted with cis-dibenxoylethylene (0.5 g)” to afford IV (0.62 g, 83 %). 

Competitive reaction of II and dibenzoylethylenes. A mixture of trots-dibenxoylethylene (0.30 g, 
1.2 mmoles), cisdibenxoylethylene (0.30 g. 1.2 mmoles) and II (0.30 g, 1.2 mmoles) in EtOH (20 ml) 
was stirred for 1.5 hr at 5-10”. The evaporation residue was triturated with chloroform (5 ml). The 
insoluble part was IV (@43 g, 95 %), while the soluble one recovered from the filtrate was almost pure 
cis-dibenxoylethylene (028 g, 93 %). Its purity was ascertained by m.m.p. (134”) and by IR. 

Ethyl 2,3-dibenzoyky&propanecurobxy1ute (XI). A solution of II (6.6 g. 27 mmoles) and ethyl 
bromoacetate (2.3 g, 14 mmoles) in chloroform (50 ml) was stirred for 1.5 hr at room temp. Concen- 
tration of the reaction mixture in uacuo and dilution of the residue with hexane (50 ml) resulted in 
separation of IV (1.4 g, 45yJ. Thioanisole was distilled off from the filtrate and the residue was 
recrystallized from pet. ether (b,p. 35-40”)-hexane (1: 1) to afford an analytically pure sample of XI 
(0.18 g, 4*1x), m.p. 92-93”, vz:‘,“’ 1725,1670, 1195.1020 and 705 cm-‘. (Found: C, 74.78; H, 5.77. 
C,,H,,O, requires: C, 74.52; H, 5.63 %.) 

trans-1,2-Dibenzoyl-3-phenyfcyclopropune (XII). A solution of II (1.0 g, 4.1 mmoles) and chalcone 
(@86 g, 4.1 mmoles) in chloroform (20 ml) was heated under reflux for 6 hr. The evaporation residue 
solidified and this was washed with cold pet. ether (b.p. 3540”) and recrystallized from EtOH to 
afford XII (1.02 g, 77%), m.p. 119-120” (1it.l’ m.p. 116”). 

Diethyl 3-benzoyfcyclopropune-trans-1,2_dicurboxylate (XIII). A solution of the ylide II (1.4 g, 
5.8 mmoles) and diethyl fumarate (1.0 g, 5.8 mmoles) in tetrahydrofuran (30 ml) was heated under 
reflux for 30 hr. IR spectrometry indicated complete disappearance of the ylide carbonyl(l500 cm-*) 
and appearance of a benxoyl carbonyl(l690 cm-‘). The evaporation residue was dissolved in EtOH 
(10 ml) and treated with excess 2.4-dinitrophenylhydraxine. 1o Recrystallization of the product from 
AcOEt afforded 2,4&nitrophenyIhydruzone of XIII (1.9 g, 70%). An analytical sample had m.p. 
185.5-186.5” (from AcOEt). (Found: C, 5590; H, 490. C,,H,,OaN, requires: C, 56.17; H, 
4.71 %.) 

The reaction of the ylide II (1.4 g, 5.8 mmoles) and diethyl maleate (1.0 g, 5.8 mmoles) yielded the 
same 2.4dinitrophenylhydrazone of XIII (1.4 g, 50%). The identity of these two samples was 
ascertained by m.m.p., IR spectra and by TLC. 

Photofysis of the ylide II. A solution of II (1.0 g. 4.1 mmoles) in EtOH (30 ml) was sealed in a 
Pyrex test tube and irradiated with a 200W high pressure Hg lamp for 10 hr. Crystalline precipitates 
were collected and found to be IV (0.14 g, 30 %). Evaporation of the solvent afforded an intractable 
oil (0.36 g). The presence of thioanisole in this oil was shown by TLC on alumina. 

Methy&enylsu&onium benzoyI(N-phenyIcarbamoy&nethylide (XIV). A solution of II (1.0 g, 
4.1 mmoles) in anhydrous tetrahydrofuran (30 ml) was treated with phenyl isocyanate (0.5 g, 
4.1 mmoles) for 2 hr at O-5”. Recrystallization of the evaporation residue from AcOEt gave colourless 
fine needles of XIV (I.43 g, 95%), m.p. 198-199”. (Found: C, 72.92; H, 5.58. CIIHlsNOIS requires: 
C, 73.11; H, 5.30%.) 

iUethyrplreny/su&honium acetylbenzoybnethylide (XV). A solution of II (2-O g, 8,2 mmoles) and 
Act0 (0.84 g, 8.2 mmoles) in anhydrous dioxan (30 ml) was stirred for 2 hr at room temp. The 
evaporation residue was recrystallixed from benzene to afford an analytically pure sample of XV 
(2.3 g, 95%). m.p. 138-139’. (Found: C, 72.09; H, 590. CI,HI,O,S requires: C, 71.82; H, 5.67%) 

I( P. Schulxe. Ber. Dtsch. Chem. Ges. 35, 174 (1902). 
U G. D. Johnson,J. Amer. Chem. Sot. 73,5888 (1951). 
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Methyrphenylsu#onium dibenzoybnethylide (xvr). A solution of II (1.5 g, 6.2 mmoles). benzoic 
anhydride (1.4 g, 6.2 mmoles) and AcOH (O-37 g, 6.2 mmoles) in dioxan (30 ml) was stirred overnight 
at room temp. The reaction mixture was diluted with water (150 ml) and extracted with chloroform. 
Recrystallization of the evaporation residue from benzene-pet ether (b.p. 35-40”) (6: 1) yielded XVI 
(0.9 g, 42 “/o) as colourless tine plates, m.p. 178-179”. (Found: C, 7658 ; H, 5.49. C,,Hi*O,S requires 
C, 76.28; H. 5.24x.) 

Enol acetate of a-phenylmercuproucetophenone (XVII). The ylide II (2.5 g, 11 mmoles) in chloro- 
form (40 ml) was treated with AcCl (O-81 g, 11 mmoles) for 2 hr at room temp. Evaporation of the 
solvent yielded a viscous oil (2.7 g) which crystallized on standing. Recrystallization from hexane 
afforded an analytically pure sample of XVII (I.73 g, 66x), m.p. 65-66”, v:‘&?’ 1765, 1200 and 
104Ocn+. (Found: C, 71.14; H. 5.30. CI~Hr,O,S requires: C, 71.10; H, 5.22x.) The NMR 
spectrum exhibited a methyl singlet (acetyl) at 7 7.68 (3H), a vinylic singlet at T 3.40 (1H) and an 
aromatic multiplet at 7 2.8-2.3 (10H). 

En01 benzoate of a-phenylmercuptoucetophenone (XVIII). The ylide II (3.15 g, 13 mmoles) in 
tetrahydrofuran (40 ml) was treated with benzoyl chloride (1.8 g, 13 mmoles) for 2 hr at room temp. 
The solid residue (4.1 g) obtained by solvent removal was recrystallized from hexane to afford an 
analytically pure sample of XVIII (3.3 g, 78 %), m.p. 94-95’, rz$’ 1735 and 1245 cm-r. (Found: 
C, 75.88; H, 5.01. CIIH1,O,S requires: C, 75.89; H, 4.85 %.) The NMR spectrum in Ccl, exhibited 
a vinylic singlet at 7 3.84 (1H) and an aromatic multiplet at 7 29-2-4 (15H). Hydrolysis of XVIII 
(0.8 g, 3.0 mmoles) with an excess of alcoholic KOH afforded a-phenylmercaptoacetophenone (0.33 g. 
50x), m.p. 51-52”. 
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