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REACTIONS OF P-YLIDES WITH SULPHENES 
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Absmct.- The reactions of stable P-ylidcs with sulphonyl chlorides in the presence of tricthylamine 
have been investigated. P-Ylidcs bearing an z-hydrogen such as carbcthoxymcthyknc- and 
bentoylmethylent-triphenylphosphoranes react with mcthancsulphonyl chloride lo yield a- 
sulphonarcd P-ylidcs (A). On the other hand, if P-ylidcs having no a-hydrogen are used, episulphona 
(B) or their dmmposition compounds. olclins (0, and (alkanesulphonyl)yknc P-ylidcs (the 
sulphcne insertion compounds) (D), are obtained. The ratio of B and D is 4: 1 in the reaction with 
fluorrnylidenctriphenylphosphoranc. but D is usually the principal product in the reaction with a 
series of zcarboalkoxy(or carbophmoxy)cthylidcnctriphenylphosphorane.s. 

ALTHOUGH the successful isolation of sulphenes has not been achieved, their transitory 
existence has been indicated in many reactions in which both sulphonyl halides and 
tertiary amines are involved. For example, in reactions with electron-rich olefins such 
as enamines, ketenc acetals, or ketene aminals, the formation of four-membered ring 
sulphones (thiethane dioxides) could be understood as a result of cycloadditions of 
sulphenes to these olefins .I Moreover, recently two research groups have independently 
obtained strong evidence for intermediate sulphenes in the basecatalysed solvolysis 
of sulphonyl chlorides, namely through the appearance of nearly one and only one 
atom H-D exchange at the z-position to the sulphonyl group during the reaction in 
deuteratcd media.* 

An electrophilic attack of halocarbenes (generated in situ) on P-ylides leading to 
halo4lefios has been described .ti.b.c We now wish to report the results on an analogous 
reaction between sulphonyl chlorides, which would act as sulphcne sources in basic 
media, and stable P-ylides. 

Treatment of stable P-ylides bearing an z-hydrogen such as carbethoxymethylene- 
and benzoylmethylene-triphenylphosphoranes with methanesulphonyl chloride and 
ttiethylaminc afforded a-sulphonyl P-ylides in which the z-hydrogen had been 
replaced by methanesulphonyl group. This sulphonation is similar to a-acylation of 
stable P-ylides with acyl halides .’ A priori, two reasonable reaction paths can explain 
this sulphonation: (I) an clectrophilic addition of sulphenc initially formed to the 

l InsMule for Chemical Racarch. Kyoto Univcrsiry. Takatsuki. Osaka-Fu, Japan. 

’ R. H. Hasck and J. C. Martin. 1. Org. Chm. 26.4775 (1961); G. Opitz. M. Klumann and F. 
Zimmerman, A1~cw. Glum. 74.32 (1962). 

* J. F. King and T. Durst,I. Am. Ckm. Sot. 86.287 (1964); 87.5684 (1965); W. E. Truce, K. W. 
Campbell and J. R. Norcll. ibid. 86,288 (1964). 

’ Y. Ito. M. Okano and R. Ma, a FetrahAon Lxttcrs 7 (1964); b Bull. ht. Chem. Research Kyoto 
Univ. 42,217 (1964); c Fctrahhon 22.2615 (1%). 

’ H. J. BcJrmann and B. Arnason. Chum. Btr. 95.1513 (1962). 
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a-carbon of a P-ylide, followed by proton migration (probably through ao iotra- 
molecular process) (path a), (2) an SNZ-like attack of a P-ylide on the sulphonyl 
chloride, followed by deprotonation (path b). 

(a) 

00 

Ph,PXHR- c M@SD,CI 
l 

lb) 

Under conditions where a considerable excess of triethylamine (3 - 10 fold 
excess) is used, deuterium incorporation in solvolysis (io D,O) of methanesulphooyl 
chloride is somewhat lows (072 atom per molecule), as compared with that of 
phenylmethanesulphooyl and ethanesulphonyl chlorides (@977 and O-93 atoms per 
molecule, respectively). This seems to imply that in the case of methanesulphooyl 
chloride an SN~ process accounts for approximately 25% of the solvolysis. This is 
probably due to the fact that no conjugation or hyperconjugation stabilization is 
expected in the sulpheoe derived from this sulphonyl chloride. 

In the experiment using the benzoylmcthyleoe ylide, it was also found that a 
variation in quantity of excess amine had little effect on the yield of the product. This 
might be related to the considerable basicity of the ylides present in the reaction 
mixture. At any rate, a favourable contribution of path (a) beyond (b) in the present 
reaction would be reasonable in so far as the reaction conditions are kept sufficiently 
basic. Further, support is obtained from the reaction with carbethoxymethyleoe 
P-ylide in the absence of triethylamint forming only traces of the sulphonated product 
along with good recovery of the starting ylide. On this point, however, more con- 
clusive evidence is desirable. 

When P-ylides having no r-hydrogen were treated with sulphonyl chlorides in the 
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’ The known pKb vduca of stable P-ylides king z-hydrogen UC as fO1iOWS: bc~~~ylmcthykne- 

triphcnylphosphomne; 8G; carbctboxymetbykwtriphenylphosphomnc; 4.8 [A. J. Spaiale sod 
K. W. Ratta. 1. Am. Ckm. Sot. 85, 2760 (1%3)]. 
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presence of 10 mole % excess of triethylamine, two products were generally obtained. 
Thus, fluorenylidenetriphenylphosphorane afforded the episulphone (thiirane dioxide) 
I and the sulphonylmethylcne P-ylide 11 in 40 and 10% yields, respectively. On the 
other hand, in the reaction with a series of a-carboaIkoxy(or carbophenoxy)- 
ethylidenetriphenylphosphoranes (III), the principal product was generally the 
corresponding sulphonylmethylene ylides of the type II and, though the direct 
isolation of the expected episulphone had failed, the methacrylate corresponding to 
its decomposition product could be obtained in a low yield on distillation after heating 
the reaction product. The thermal instability of the episulphones has been known as 
their general behaviour; the episulphone I, however, is found to be rather stable, 
that is, it gradually decomposes on heating above its m.p. (IM”) with evolution of SO,. 

The episulphone formation apparently resembles dichloroolefin formation from 
stable P-ylides and dichlorocarbene, which is believed to proceed through a betaine 
intermediate.se Another reaction product, the sulphonylmethylene ylides, corresponds 
to the 1: 1 adducts in which the sulphene insertion into the P-C bond of the starting 
ylides has taken place, similar to the insertion of dimethyl acetylenedicarboxylate into 
stable P-y1ides.O The essential process in these insertion reactions would involve the 
initial formation of an adduct and subsequent rearrangement involving the P-C bond 
cleavage and another P-C bond formation, and the latter step probably proceeds 
through a cyclic (four-membered) transition state as shown below. 

R R 

(R.R'+U) 
--t 

/ .!w, ,/ 

SO,-C - CH, ,C 
\ 

If UhuI ‘* 6) 
- Ph,P-CHSO,CHRR’ 

An internal nucleophilic substitution of the initially formed betaine IV on the 
carbon atom, which is sandwiched in between two diIferent electron-attracting groups, 
would proceed by an SN~ mechanism to yield an episulphone (B), which sometimes 
collapses to an olefin (C). If this is true, in the transition state, R, R’ and SOI groups 
should become coplaner with the carbon atom at which the internal substitution took 
place. If a P-ylide having an ester group is used as substrate, an examination of the 
molecular models indicates that a considerable suppression of free rotation of alkyl or 
aryl group of the ester function exists owing to the interference by any one of the 
phenyl groups on the phosphorus atom (see VI). Such a disadvantage may favour 

‘J. B. He&+&on R. Rse, and J. F. Tanpleton, J. Am. Chum. Sot. 86, 107 (196)); G. W. 
Brown. R. C. G&on ad I. D. R. Stevens. Tefrakfron L&fen 1263 (1964). 
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another intramolecufar attack of the sulphonyf c&anion to the positive phosphorus 
atom leading to a sulphonylmethylene ylide (D) via a betaine V, because of the lack of 
appreciable steric interference of the substituents, R and R’ in IV, to this attack. The 

2 - Afkyi or Aql 
VI 

results obtained by using various P-yiides HI, shown in Table 1, seem to be in accord 
with the above expectation. Yields of D from the ylides having a bulky ester group 
(e.g., IIId and IIIe) were somewhat high as compared with those for other ylides. 
Furthermore, the C:D ratio (in yields) for IIId was 0.07, while for IIIa 0.34.’ A 

3 0 
TABLIZ 1. R~ACIIONS OF P-YL~DES (Ph),P -CRR’ wrrw SULPHENES R’CH--SO,* 

Run Ylide Slilphene Product (yield ‘/;) 
No. R R R’ A B C D B or C:D 

-. _-. -I .- __ -_.. __.-_ .- _--. - 
I H COPh ii 3s ---- 
2 H COPh H 39 
3 H CoOEt H 59 
4 C&i, H 40 10 4 
5 Me COOEt H 19 56 @W 
6 MC COQEt Pfl I5 41 0.37 
7 Me COOCH*Ph H trace 60 
8 Me COOCH,CH,Ph H trace 65 
9 MC COOC;H,,’ H 6 86 0.07 

10 Me COOPh H trace 72 
11 Ph COi’JEt H UlUCaCtCd 

l Ten mote *A cxm (Le., 1.1 quiv) of Et,N were used ualm otherwise indicated. 
b Five quiv of Et,N were used. 
’ C,&: Ruorenylident group. 
’ CeH,r: Cydohexyl group. 

higher B: D ratio for ff uorenylidtne ylidc would be noteworthy, and the pftdominant 
formation of I can be understood by considering that fluorenyl group is rather rigid 
and flat, though it has a broad structure. 

’ Even if a large loss in decomposition of B to C is assumed, the ratio would not txc& over 1 
because yields of D are gamally over 50%. 
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An attempted reaction of sulphene with carbethoxybenxylidenetriphenylphos- 
phorane did not take place (Run No. 11 in Table 1). This lack of reactivity would 
not be due to the electronic effect of the phenyl group, since no significant difference 
in the yield of dichloroolefins from the reaction of ethylidene- (45 %) and benzylidene- 
triphenylphosphorane (38%) with dichlorocarbene has been observed.Sb Therefore, 
it may be attributable to the steric crowding in the transition state. 

The reaction between IIIa and benzylsulphene derived from /3-phenylethane- 
sulphonyl chloride gave frarrJ-~benzylmethacrylate with a trace of the cis-isomer. 
This result evidently shows a selective formation of the rranslpisulphoae, because 
the stercospecific feature in decomposition of an episulphone has recently been 

8 0 
Tm~e 2. a-Sw_wowL P-YLIDES (PhhP-C(R)SO,R’ 

Analysis 

Sulphonyl P-ylidc Found RquiG 

R R’ 5Jl.p. C-It S P C HS--P 
- _ .- .~ -- ._ .__ ~_. -- - 
COPh Me 193.-194” 70.60 5.21 7.25 70.73 5.06 - 6.77 
COOEc Me 17%Ino 6J*J7 5.69 - 7.61 64.78 344 - 7.28 

:: 
C,,H.* 20%210° 76.63 WM 6.56 76.17 4.99 6.35 - 
CH(Mc)COOEt 129-130° 65-7 I 3.95 7.55 6J.44 5.72 7.28 - 

CH,Ph CH(MeJCOOE4 6S68” 69.79 6.20 6.25 : 70.03 6.07 6.03 . 
H CH(Mc)COOCH,Ph -62” 6994 5.10 6.30 - 69.32 5.31 6.37 - 

:: 
CH(Me)CfXXH,CH,Ph I%-155” 7024 5.83 690 69.76 5*66 6.20 - 
CH(MeYXOC,H,,’ 1%IW 68.72 6.34 6.67 - 68.00 6.32 648 

H CH( MeJCOOPh 153” 68.87 S.12 6.74 -. 68.85 5.29 6.56 --’ 

l C,,H,: Fluom~yl group. 
* C,H,,: Cydobexyl group. 
‘Though these vrl~a wd 10 bc ~OWCT than the U~CCWI values (may be due to unavoidabk 

contamination with tbc starting ylidca). they did no01 rise even afbx repeated rccrystalhutions. 

established.* This stereochemical feature may be understood by supposing the base- 
catalysed cis-rranr isomerization of the intermediate episulphone and/or by con- 
sidering a preferred conformation of the betaine IV. 

Finally, some properties of the sulphonylmethylene ylides concerning their 
structural confirmation are given below. Hydrogen chloride added reversibly to a 1: 1 
adduct obtained from sulphene and 111~. Treatment of this adduct with methyl 
bromide, followed by dehydrobromination afforded the methylated product. Further- 
more, the adduct derived from IIIc reacted with pnitrobenzaldehyde to give a vinyl 
sulphone derivative having characteristic IR absorption bands of ester (1732 cm-i), 
conjugated W (1620 cm-i), and SO, (1300 and 1130 cm-l). All these transforma- 
tions confirm that these 1: 1 adducts should have the sulphonylmethykne P-ylide 
structure (see VIIa and VIIb). 

@ 8 1. YcBr t@ 0 
Ph,PXHSO,CH(Me)COOR G Ph,P-X(MC)!W,CH(MC)COOR 

a. 
VIIa(R : Ph) VIII 

a 0 p-NO,C,H,CllO 
Ph,PXHSO,CH(Me)COOR p 

Vllb (R:CH,CH,Ph) 
pNO,C,H,~H-CHSO,CH(Me)COOR 

IX 

Further evidence for the proposed structure was obtained by NMR spectroscopy. 
The NMR spectrum of VlIa in CDCl, shows 4 types of protons in the ratio 20: 1: 1: 3 
* N. Tokura. T. Nagai and S. Matrumura. J. Olg. C&m. 31.349 (1966). 
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with the peaks at T 2.42, 6.31 (J = 7 c/s, quartet), 7.10 and 860 (J = 7 c/s, doublet), 
respectively. Here, a group of closely packed signals at the lowest field can be 
assigned to the aromatic protons. Addition of D,O resulted in disappearance of the 
middle two peaks and in becoming the peak at T 860 due to C--Me (singlet). This 

I 
clearly implies the presence of two methinyl protons, i.e., SO,-CH-COO and 

P-CH-SO,. The NMR spectrum of VIII has characteristic doublet at T 8.19 

(J Pii - 13 c/s) which would be ascribed to P-C-Me. Similar couplings between 
phosphorus atom and Me group are known.e 

EXPERIMENTAL 
All temps were uncorrcctcd. 
Thestarting P-ylida were prepared by the usual method.” Analytical data for new amory- 

ethylhknc ylida (III) are shown below. The m.p. of other ylida were in good agreement with those 
in lit~turu. 

2 in III 
--- .- 
CH,Ph 
CH,CH,Ph 
cydo-C.H,, 

Analysis .--- - _--. __ _ 
Found Requires -- 

Mp. C H C H 
-. .- -_--. 

105-106 79.51 6.13 79.23 594 
13&132’, 79.38 626 7943 6.21 

1335-134.5 ’ 77.69 7.03 77.86 7.02 

Several illustrative examples of the reactions are given below. 
(a) Reaction of ~~y~thylcnctr~ny~~s~r~ with methanes@honyl chloriak. To a 

stirred soln of baraoylmcthyl~triphylphosphorane (13 g. 00342 mole) and Et,N (3.79 g, 00375 
mok) in dry dioxan (250 ml), methane-sulphonyl chloride (3.92 g, 00342 mole) was added dqwise 
a: 15”. After completion of additioh stirring was axttinucd for 5 @ and that the mixture was 
aRowed to stand ovanight. The reaction mixture was cotxentratcd to a one-half of its volum, and 
diluted with a large excess of ice water. The ppt was collected, washed with water, and dried. II was 
reaystaIlized from EtOH to give pure benzoyl(met~ulphonyI~~y~p~ylphen, 
m.p. 193-194”. ykld 35% (5.5 g). The IR spectrum of this compound showed charactaistic bands at 
1545 (CO), 1290 and 112Oan-’ (SO,). 

(b) Reaction ofjluorenylkfenetr@heny@hosphorane with methanenclplton~l chiorti. A mixture of 
fluorcnylidcnctriphcnylphosphoranc (7 g. 0.0164 mole) and Et,N (364 g, 00360 mole) in dry dioxan 
(250 ml) was stirred vigorously at 15” and to this soln mcthancaulphonyl chloride (3.72 g, 00328 mole) 
was addcd slowly. After stirring had been continued for 5 hrs, the mixture was allowed to stand 
overnight. The yellow colour of the starting ylidc faded almost compktely. After the separation of 
Et,NHCl, the filtrate was evaporated in txacw to dryness. The resulting solid was colkctcd by fIltra- 
tion, washed with a amall amount of cold EtOH. arxi treated with hot AcOEt. The solid insoluble 
in AcOEt was dissolved in hot EtOH and the soln made alkaline with NH.,OHaq. The ppt was 
rccrystallizd from EtOH to give II, m.p. 208-210”. in 10% (08 gl yield. The IR spectrum of II 
showed characteristic So, absorptions at 1260 and 1080 cm-i. On the other hand, evaporation of 
rhc solvent from the AcOEt extract afforded crude I. Ruxystallization from AcOEt gave the pure 
cpiaulphonc, m.p. 183+184.5”, in 40% (I*6g) yield. (Found: C. 69.19; H, 4.63; S. 13.31. 
C,,H&O, requires: C, 6940; H, 4.16; S. 13*220/,) This compound had characteristic bands at 
1305 and lllOan-l, probably due to SO, function. The NMR spectrum (in CLZlJ of I showal 
signals at T 2.25 (m, 8H aromatic protons), 1050 (s, 2H methylm protons). 

(c) Reaction of I~r&t~xyethyl~~tr~~ny~~s~r~ with 8_phenykthanesu@onyl chloride. 
/3-Phenykthanesulphonyl chloride (6.13 g, @03 mole) was added dropwise into a stirred mixture of 

* For example. C. E. Griffin and T. D. Mitchell, 1. Og. Chem. 30.2829 (1965). 
i* 0. Isla. H. Gutman. M. Montavan, R. Puezy. G. Reysen. and P. Zellcr. H& Chim. Acto 40.1242 

(1957). 
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a+arI&oxyahylicknctriphenylphosphorane (I@9 g. 003 mole) and Et,N(3-33 g. O-033 mole) in dry 
dioxan (150 ml). The reaction tanp was maintained at 15”. Stirring was coatinucd for an additional 
5 hta, and the reaction mixture was allowed to stand overnight. After tbc ppt of Et,NHCI had ban 
removed, tbc filtrate was concentrated in wcyo. One half of its concentrate was diluted with aq. 
dioxan containing HCl, and then treated with NaOHaq. The crude ppt was filtered and washed witb 
water. This was dissolved in HClaq and treatment witb NaOHaq atforded a 41 l /e yield of pure a- 
(a’carbahoxycthanuulphonyl)-/l+netbyliduktripbenylphosphorane, m.p. 6568”. Anotbcr half 
of the concentrate was dazompolad at 140” for 3 hr under Ns into a viscous liquid having an ester-like 
odour with evolution of SO, gas. This liquid was extracted with Chf-pet. cthcr (1:5)). and distilkd 
in uncut to give a 15 % yield of ethyl rran.r-B_bcnxylm&auylate, b.p. 125’/5 mm. The idcnti6cation 
of this compound and dctcrrnina tion of its purity were carried out by GLC analysis. Authentic 
material (Found: C, 76.39; H, 8.11. C,,H,,O, requirea: C, 7644; H. 790%) was prepared by the 
Wittig reaction of acubcthoxycthylidcnctriphcnylphosphoranc with phenylacctaldcbydc. 

(d) Reacrion of z-( I )ear&xy&xyloxy( I )erhylkienetr+henylphosphorane with tne~ha~~sd~yl 
chloride. According to the same procedure, a soln of a_(I)carbocyclohayloxy_(1)ahylidtnetriphcoyl- 
phosphoranc (8.32 g, 002 mole) and Et,N (3.33 g. 0033 mole) in dioxan was treated with methane- 
sulphonyl chloride (344 g. a03 mok). The ppt was collected, washed with water to remove Et,NHCl. 
Recrystallization from pet. ether-AcOEt gave pure +a&ocydohexyloxy)ahanesulphonyl- 
rncthyl~riphcnylphosphorane, mp. 154-155” in 86% (8.5 k, yield. The filtrate was evaporated in 
WEW by hating in a stream of Ns at 100” for 1 hr. and then distilkd in cacw to give a 6% yidd of 
cydohcxyl methaaylate. The charactaisotion and estimation of yidd were carried out by GLC 
analysis. An authentic sampk was prepared by ester exchange reaction of ethyl mcthacrylatc with 
cyclohcxanol. 

Some physical and chemical properties of the two representative suIphonylmcthyknc P-ylidcs are 
summarizd below. 

IR and NMR spectra. Compound VIIa had cbaracteristk bands at 1730 (ester), 1280 and 1095 
cm-i (Sod. The NMR spectrum (in CDCl,) showed signals at T 2.42 (m. aromatic protons), 6.31 

I I I 
(J - 7 c/s, qu, SO, CH~Pb). 7.10 (s. P-CH) and 860 (J - 7 c/s, d, <Ha.). Their 
relative intensities were 20, l-1. and 3, rcspcctivdy. After addition of D.0. two pairs at T 6.31 and 
7.10 disaplxarcd and the signal at T 860 appeared as a singlet instead of a doublet. 

Reucrhs with HCI or methyl bromirl. When an alcoholic soln of the ylidt VIIa was treated with 
dry HCl gas, the corresponding phosphonium chloride separated in good yield. (Found: C, 63.79; 
II, 5.36; S. 641; Cl. 7.41. ~HIIOISICl requires: C. 64.06; H, 499; S. 6.11; Cl. 6757_) 
Neutralization with NaOH precipitated the original ylidc VIIa. 

An analogous reaction with excess McBr was carried out in a sealad tube. An aq. soln of the 
product was made alkaline with NaOH, and the solid which separated was collected. washed with 
water and dried. Recrystallization from pet. ether-AcGEt gave pure VIII, mp. 150-151”. (Found: 
C. 6923; H. 5.65. CnHslO,PS requires: C, 69.32; H. 5.38 ‘/..) The IR spectrum of VIII was ahnost 
thesarne(1730,1270and 1 IoOcm-‘)as that of VIIa. The NMR spectrum of VIII (in CDCl,) showed 

I 
the peaks at z 2.42 (m. aromatic protons), 6.31 (J 7 c/s. qu. -SO,<H--COOPh). 8.19 (Jptt -. 13 

I 

c 

CH. 
c/s, d. P<-- CH,), and 8.60 J -. 7 c/s. d. C / 

y 1 
. 

COOPh 
7%~ Wifrig reucrion with p-nirrokzukkhyde. Compound VIIb (l-7 g, 0033 mole) and pnitro 

bcnraldcbyde (@5 g. m33 mole) were dissolved in cN(50 ml) and the reaction mixture was allowed 
to stand at room temp for 3 days. The soln was concentrated in wcw, ad a bcnznc soln of the 
residue was suazssi vely washed with 5% HBraq. 5 l /. NaOH 4. NaHSO, 4. and water. Evaporation 
of the solvent gave a liquid which soliditkd on standing. Pure IX. m.p. 92-93”, was obtained in 76:: 
yidd after a recrystallization from EtOH-heptane. (Found: C. 58.88; H. 499; N, 340. 
CirHi,NSO, requires: C. 58.61; H. 4.92; N. 360x.) IX had characteristic bands at 1720 (ester). 
1620 (conj. C=C) 1300 and 1 I30 cm-i (SO,). 
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