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A-t- Sulphur-yhda ulth urbalkoxy substltucnt on the yhde carbon have been prcpucd and 
tdcntificd. They are clustficd Into monoatcr type (IV. X). /?-kcto ester type (V. XII). malonarrudc 
cs~er type (VI. XIII), rnalomc dater ~ypc (XIV. XV) and Iwtonc type (VIII). The structure of each 
class of compounds IS dacuual on the basis of IR and NMR spectra and large contnbutlon of the 
bctamc formula (A) IS concluded. Rcxtwns of lcv stable monoutcr ~ypc yhda IVa and X with 
rranr-l.2d1bcnzoylcthyknc resulted In fotmatlon of a cycloprornc XVla and a cychc sulphoxldc 
XVII. rcspativcly. 

PREVIOUS publications have been concerned wrth sulphonium ylides substituted wrth a 

benroyl group at the ylidc carbon. 1 Sulphur-ylides I* and II,’ both stabilized by 

carbalkoxy group(s). arc known, but interest m the structure and reactivity of this 

kind of compounds as compared with those of phosphorus-ylidcs’ have motivated 

the present research. which comprises prcparatton and characterization of I5 novel 

ylides as well as examinatron of reactions. 
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Prepurorion O/@PS. Trcatmeot of sulphonium fluoroborates llla and IlIb with 

triethylamine yielded sulphonium carbcthoxymethylides 1Va and IVb. These oily 

ylides were stable below 0” but slowly decomposed at room temp into a mixture of 
diethyl maleate. fumarate and the respective sulphide. 

Acylation of the ylides with erther acid chlorides or aohydrides gave the corrcspond- 

ing C-acylated products Va-Vd each as a stable solid. No O-acylated product was 

obtained upon treatment with acid chlorides .8 Carbamoylation with phcnyl isocyanate 

yielded another type of crystalline stable ylides Via and Vlb. 

** H. No&i. K. Kondo and M. Takaku. Ttrrak&an Lerfrr~ 2JI (IWS); * H. Nomki, M. T&&U 

and K. Kondo. Tt~rahedron 22.2145 (1966); See ako’ A. W. Johnson and R. T. Amcl, Ttf&&o~ 

&rrrrs 819 (1966); ‘ B. M. Trost. /. Amrr. Chrm. &x. 88, 1587 (1966). 
a A. Hochnmcr and 1,. Wuscly. Tr~rahdron Ltrrrrs 721 (l%5). 
- A. 1. Spaiak. C. C. Tung. K. W. Rotts and A. Yao. 1. Amrr. Ckm. Sot. 87.3460 (1965); * K. 

W. Ratts and A. N. Yao. J. 0~. Chrm. 31. Il8S (1966). 
ti 0. Islcr. H. Gutmrnn. M. Monwon. ROcgg. G. Ryscr and P. Zclkr. He/r. CMm. Acra 4, 1242 

(19S7); Sa also * A. J. Spaalc and K. W. Rats. 1. Anur. Ckm. Sot. 87, S603 (196s). 
’ Acylatlon of sulphonium l cylmcthyhdc with acid chloride results In cclusivc foratlon of @ 

rcylrtcd products. sa Rd. I. For srrmlar bchaviour of phosphorus-ylidc. see P. A. chovd 
R. 1. G. Sarlc and F. H. Dcvltt. J. 0~. Chrm. 30,lOlS (IWS). 
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A lactone sulphonium fluoroborate VII uas obtained from a-bromo-y-butyrol- 

actonc and diphcnyl sulphide. Treatment with tricthylamine yielded a lactose type 

sulphonium ylide VIII as a solid. This represents the first example of isolating a 

crystalline sulphur-ylide stabihzed by a single carbalkoxy group. 

5, 
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Acylation of dimethyloxosulsulphonium methylide IX has been described.’ 

Reaction with ethyl chloroformate has now been found to yield a metastable ylidc X 

CO 
\ 

C4Et 
89 

2Mc,S4, + CICOOEt - MW 

h ‘COOEt 

Xlla: R-Pb 
Xllb; R - Me 

Et0 0 

XIII XIV 

l E. 1. Corey md M. Chaykonky. J. Amrr. Chrm. Sot. 86.1640 (1964). 
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of another monocstcr type. Attempted purification of X failed, but treatment of its 
tetrahydrofuran solution with acid chlorides or acid anhydrides afforded C-acylated 
ylides Xlla and XlIb in low yields. The action of phenyl isocyanatc yielded carhamoy- 
latcd ylideXIII.’ while further reaction with ethyl chloroformate produced a malonic 
dicstcr type ylidc XIV. 

Sulphonium yhde XV of another malonic diester type was obtained by the action 
of ethyl chloroformate on dimcthylsulphonium methylid@ in dimethyl sulphoxidc 
solution. No monocstcr type sulphonium ylidc, which corresponds to the ylide X has 
been isolated. 
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Yields and properties of these I5 novel sulphur-ylidcs are presented in Table I. 
Structural problems. Based on the IR and NMR data listed in Table I several 

points of structural interest arc discussed. The monocstcr type yhdcs (IVa. IVb. X) 
showed the “ylidc-carbonyl” absorptions’ shifted to a lower wave number rcgioo 
(ea. 10&llOcm-l) as compared with that of the respective sulpbooium salts (llla, 
lllb, VII).’ As pointed out previously. * this is ascribed to the contribution of the 
bclainc formula (A) io the resonance stabilization of the carbalkoxymcthylidcs. 
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A shift of the same magnitude was observed with the lactonc type ylidc VIII. 
This supports the suggestion that the open chain ylidcs IVa. IVb and X also have the 
tit configuration of the hctcro atoms around the c----C bond as indicated io the formula 
A. The mcthinc signal of the ylidc IVa at T 6.53 immediately disappears upon addition 
of dcutcrium oxide, thus indicating facile exchange with dcutcrium as showo below. 

Ylidcs of &kcto ester type (V and XII) show two peaks at 168&1660 cm-l and at 
1580-I 550 cm-l, respectively. As the carbonyl absorption of cnols of /?-kcto esters 

* For similu cubunoylxtion lo oxaulpho~um yllde~. nce l H. KOnig u~d H. Meup. Ckm. hr. 
98. 3733 (1965); * C. Khscr. B. M. frost. 1. Beson Ed 1. Wanstock. 1. 0~. Ckm. 30. 3972 
(1965). 

’ E. 1. Corey rnd M. ChxykovJky. 1. Amrr. C&m. Sot. n. 13S3 (196s). 
* Cxrbonyl xbwrphon (Nu~ol) of the uh IIL urd Illb was obsavad xt I740 cm’ * xnd the one of 

VII xt 1770cm-I. 
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T~su 1. Nowr ~ULII~O~J~ AND OX~~L.?HONI~JY c~mtw.xo~~n.tws= 

Analyses (‘.I 
Y itki* IR Icm $1 uv CT: Found C&k. 

Yfidc M.p. (‘/,I KBr CHCI, ml& (log r) Formula C H C H 
-- __--------~------~---~ 

011 

011 

117” 

unstable 

9s 
47 
30 
70 

uunw~rrt type ylrdrs 

l6w 279 f 3 sot CwHJ3.S 
1630’ 261(3,?8) C,,H,,W 

1670 163s 294 (3 69) C,,H,,O,S 
1625’ . - 

703 61 70.6 S-9 
61.3’ 7.2’ 62.8 6-7 
708 S3 7t I S2 

-- 

IV8 
1Vb 
VIII 
X 

V1 lS2-lS3’ S8 

Vb 96 97’ 44 

VC 91 -92” 46 

Vd 60-61” 41 

Xlla 134 135’ 2 

XIlb Oli I5 

Via’ 141-142* 80 

Vlb 13S-136” 24 

XIII‘ 123-1’4’ _ 66 

XIV 
xv 

ill-112’ 
135-137’ 

27 
24 

P*hao t.rrct ?,pc ylulrr 

1675 1670 268 (4 03 CdWW 
lS6S lSS6 275 f4-021 
1660 1655 23s (4-331 C,,H,,O,S 
IS80 IS78 
f6SS 164s $74 (4-09) C,,H,,OsS 
1560 tsss 

1660 166s 223 (r-291 C&,&U 
ISRS IS75 247 (4.13) 
1660 1640 274 (3 82) Cf,lf,,O,S 
IS70 1570 

166Y 247 (408) C*l~,,OS 
1590 

jCf&Mmldc rsrw f)‘jw ,Mrt 

1640 ICUS 227 (4 4s) C,,H,,NO,S 
IS31 IS38 264 (4.44, 
164s 1640 26s (4 48) C,,l t ,,NO.S 
1540 IS40 
1630 1655 230(4.25) C,sH,tNO,S 
IS30 IS40 260 (4-431 

Uddc dmrtr r,p _lh&~ 

1710 163s 225 (4.49) C,H,,O,S 
l6SS 1670 232t4.18) C.&W 
1625 161s 

737 S4 734 54 

689 5.9 68 8 S-8 

68.9 S 8 68 8 S-8 

61 6 66 61.9 64 

118-O 6.2 58-2 60 

46.3 7.1 466 (18 

708 5.6 706 s-4 

6S.3 S-8 6S6 S8 

ss4 6.3 SS.1 6-l 

458 70 4S.8 6 8 
49 3 7.4 49-1 7.3 

l Eminent @I& in NMR ut as foliocn (I value. wt., multiplicity and wignfnent). the multi- 
pliaty being shown in abbreviated form. thus s for tingler. m for multtpkt urd t for tripkt. 
1Va 653. fH, s, mcthine VW 7.36.2H. t, &rnethylmc in the lactone ring 
Vb 7.H). 3H. 1, ratyl Me 5.17. 2H. I. v-mcth)lcne in the lutonc rtng (f 
Vlr -@IQ. IH. m. untde N-H 8.0 c/s) 
Vlb -090. 1H. m, amtde N-H 6.67, 3Y s, Xl11 -034, lH, m, am&c N-H; 6.31.6H. J, 
S-methyl !&methyl 

XIV 6 28,6H, ‘I, S-nwthyi 
XV 7.12,6H. s, S-methyl 

l Ytcfds of monoutcr type ylrdu UC bawd on thcrr corrapondmg sulphonium salts, those of 
olhn: ~ulphwuum ylida on their parent ylidu IV and that of orosulphoruum yhda on mctutabk IX. 

* Measured on lsquid fiitm. 
l Th- duwisfactory dau arc rttributcd to partial decomposition at room temp. 
l Mawred in THF sOluti0n. 

f The cr-psc~pic mol wt. found tn PhH was 366 Wk. 391). 
* The cryoscopic mol. wt. found m PhH was 26) ftik. 283). 
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have been observed at ca. 1650 cm- ‘,“’ the higher wave number absorption is ascribed 

to the ester carbonyl, which is presumably outside the bctaine ylide resonance. The 

“ylidccarbonyl” absorption at 1580-l 550 cm-’ should, therefore, originate from the 

kcto group which stabrlizes the ylide system by a large contribution of the betaine 

structure as shown in the formulae. 
Ylrdcs of malonamide ester type (VI and XIII) all exhibit the NMR signal of a 

hydrogen-bonded N-H proton. The chemical shift of this proton remams unchanged 

upon dilution and the yhdes were found to be monomeric in hcnzene by mol. wt 
determination. The ester carbonyl was observed at 164s 1630 cm-‘. vi:.. in a slightly 

lower wave number region as compared wrth that of the /I-keto ester type ylides 

V34 or Xl1a.b. The shift should be ascrrbcd IO the hydrogen bond as indrcated in 
the formulae given above. The carbamoyl group, IO which the “ylidc-carbonyl” band 

at 1530 cm-r is ascribed, apparently acts as the ylidc-stabrlizing suhstnuent. 

Finally, the stable oxosulphoruum yhdes of malonic diestcr type (XIV) show 

carbonyl absorption in a higher wave number region (1710cm-r) in the sohd state, 

which in thus case, might imply 3 large contrrbution of the ylenc sfructurc. The 
spectrum of XIV in solution as ucll as that of XV both in the solid state and in solution 

is devord of the anomalous blue shift and shows the presence of 3 regular “ylidc- 

carbonyl”. 
Reaction of .rliJes 1% irh z.fi-wwarurared carhon~vl compoundr. Attempted condcnsa- 

Iron of these carhalkoxymcthylldes with bcnzaldchydell dud not proceed under the 
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I* L. J. Bellamy. Tlk I/rrared Sprcrra of Corlplrx Molrtnl~~ p. 184. W~ky. New York (19S8). 
11 lntcnctwn of unrrabk tulphur-ylide wtth carbony compounds forms cpoxlda in good yield. 

l E. 1. Corey and W. 0ppolzrr.I. Amrr. Ckm. SM. 86.1899(1964); * A. W. Johnson. V. 1. Hruby 
and 1. L. Wilhams. Md. 86,918 (1964). 
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conditions examined. The Michael condensation of ylide IVa with rrm- and c&1,2- 
dibcnzoylethyleae, respectively. gave the same cycloptopane derivative XVla” and the 
reaction of IVa with chalconc yielded another cyclopropane derivative XVlb in low 
yield. The stereochemistry of XVIb is not known yet. The reaction of dtmethyloxo- 
sulphonium carbcthoxymethylide X with wowI .2dibcnzoylethylene yleldcd a cyclic 
sulphoxide XVII. instead of the cyclopropanc derivative XVIa. This structure was 
tentatively assigned on the basis of elemental analyses, IR spectrum and an analogous 
reaction of oxosulphonium mcthyhde. I* No reaction was observed between X and 
chalcone. Other sulphur-yhdcs stabilized by two carbonyl groups artached lo the 
ylide carbon failed lo react with the a&unsaturated compounds. 

EXPERIMENTAL 

All tcrnp ISC unconatad. Microuulyla were performed at the Elemental Arulym Ccntre of 
KY&O Uruvcr~ty. NMR spates: 60 MC machmn In CDCl, sol with TMS u an internal refcrena. 
PhpicA propcrua. analyses and ytclds of novel Syhda u in Tabk I were not rcpted. 

SYlpknwm salrs. According IO ttu reponcd mahod.” (carbrhox,v~rhyl~ny&~~~~ 

j?noroborotr (Illr) md dipknyl(Zsxorrrr~ydro_3-/ur~I)Julpho mum ~rcorobororr (VI I) were obtained 
from dlphcnyl sulphldc and ethyl bromorautc or r-brom*y-butyrolactone. rapactlvely. The 
l nalyt~ally pure samples wcrc rccrystalllzcd 3 times from EtOH. Slmtlar trutrnent of ethyl phmyl- 
mcrcrptoaatatc wwlth silver Auorobontc tn excess Mel and reputed racrystalllntlons of the ruultmg 
syrup from EtOH below - IO” afTordc4 pure (corkfhoxvmrrhvf)mrfh~lphm,bulplron~um~uoroborafr 

(Illb). Yields. m p. and analyses of these salts arc g& in Tible 2. . 

TADU 2. No\.t~ SUL?tlOMfM ~LLOROY)MTU 

Anal)= ( :‘.I 
Sulphomum YICIJ Found Glc. 
fluoroboratc to/J M.p. Formula C H C H - ----- -- -- 

111a 67 IIJ’ C,,H,,BF,O,S - -- J3 5 4.7 53 4 4.7 
lllb 60 011’ C,,H,.BF,O& 44.1 52 44.3 5.1 
VII 28 Iso’ C,,H,,BF,O& 53 6 4.4 53 7 4.2 

Dfphrn~lsulphonrum cur&fhoxywrhMe (IVa). Trlcthylanunc (0 81 g) in EtOH (SO ml) was 
gradually added to a suspcnwon of finely pulvcrlrcd Illa (I.46 g) in EtOH (250 ml) un&r rttning 
and cooling at O^. After rddttional sttmng for I hr at the IUM temp. the reactton mIxturc was 
dllutcd u-lth H,O (700 ml) and atncted with chf. Evaporation of the solvent rn IXICYO afTordal a 
viscous 011 (I 09 g), whtch sol16ficd at - 2s’. Raryrull~oon of the product from ether-W 
at 80’ g~\c an rnalytlally pure aampk of IVa. whKh wu strbk for a reek at - lo’ but daompo& 
gndually at room tcmp to gtvc a syrup. The dccompoutlon occurred raptdly In the evaporation 
chamber of GI.C apparatus at 200” to afford dlphcnyl sulphldc and an cqulmolu mixture of dtcthyl 
fumaratc and malutc. 

hfrthylphrn)-Iulphonrum car&rhox,vmerhy/ufc IVb. S~miiar treatment of lllb (@SS g) with Et,N 
and puntiutlon of the product at - 80’ ylcldcd pure IVb (018 gl u a havy vuc~us 011. whtch wu 
also ttrbk at - IO’ and decomposed at room tcrnp. 

Dlphm?lsulphonlum 2oxofrrrahvdro/uron-3-y/,d~ (VIII). The crude SyNp (047 @ obtained by I 
rnnllar treatment of VII (O.J8 g) wtth Et,N was chrornatognphcd (rib gclGlite (3:1) column. 
chf) Rccryrtalluatlon of the ruowcd sy~p (@32 6, from &f-Et,0 at - W ~WC ~~llmo VIII 
(0-I 3 g). 

SulphonIum ocylcurbrrhox~mrrhy/~&~ 0’). Aoztyl chlorldc. Ac.0 or BzCl (5 mrnoks each) in 
THF (IO0 ml) wu added to a sol of crude IV (S mmola) durolvcd tn THF (I00 ml) under rtlning 
at room temp. The reaction mixture wu conccntntcd to ca. 20 ml under rui. press. diluted with 
H,O and cxtrracd wtth chf. Evrporatlon of the solvent afTordcd a pak yellow oil. which crystallvcd 
slowly on treatment with hcunc at - IO’. Racrystall~nt~on of the products from huane-baumc 
gore analycrcally pure umpla. yields. tn.p. and other data arc given III Tabk I. 

I’ A. G. Hortrrunn. /. Anur. Chrm. Sue. n.4972 (IWJ). 
I’ V. Franzen. H Schmidt and C. Mcrtz. Chum &r 94. 2942 (IWI). 
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SJpAonium cor&rlrox~CN-~n~/curbon~t)mrr~~/~ (VI). A solution of IV (3 mmoks) tn THF 
(100 ml) was treated wv,th phcnyl ~socyanate (0 3S g) at room temp. Evaporation of the solvcnf and 
rcuystalluatton of the raultmg solid from LtOH aflbrdcd VI u plates. 

S~abk oxoJvlphonrvm ,vlrdr~. When ethyl chloroformate (2.4 g) was added lo A sol of IX (44 
mmola)~ In THF. scparatton of XI oaur& mstanta~usly. This was removed by filtntlon under 
udwlon of motsture. the filtrate YU conccntratcd tn IPCW and the residual Itqtud (X) wu dlruztly 
submitted IO IR l nalysu. Complete removal of the solvent falled to alTord X: IR spectrum of the 
dccomposmon Product in&ted the pm of dtmcthyl sulphoxtdc and umdcntttkd esters. 

Treatment of a soluuon of X (3s mmola M on IX) In THF with Ac,O. &Cl or phcnyl ID 

cyanatc (35 mmoks) at room temp. followed by stmllar work-up of the -ton product a.s In the 
case of sulphoruum yltda. aJTorJcd the corrcspondmg stable oxosulphoruum yhdcs. Compounds 
Xlla and XIII were purthnl by rarystolllzatlon from AcOLt. wh~lc Xllb was puntied by column 
chromatography (bwc ah_~m~N. bcmnt). 

A mlaturc of IX (30 mmola) and ethyl chloroformate (2 2 gI In THF (20 ml) was stirred orcmtght 
at room temp. The reaction mixture wu treated with HI0 and extracted with chf. Cvaporstlon of 
the solvent atTordcd crystalltne XIV (0 64 g), whrh was rcsrystall~ud from EtOH. 

D~mrrh~/sulplron~umd~corhrrhox~mrrh~l~dr (XV). Ethyl chloroformate (2 7 g) rn THF (20 ml) wu 
added JI 0 to a sol of drmethylsulphonlum mcthyhdcl prepared from thccorrcspondu~g sulphontum 
iodide (7 7 g) and NaH (0 9 g) In DMSGTIIF (I : I) and the rc1ctlon muturc wa< stlrrcd overnight 
at rwm temp. Usual work-up of the ructlon product )Icldcd XV (I I g), whKh was purified by 
reputed resrystallizations from hcunc. 

Eth,-/ 2.3~ilw~~~/~~c/u~~o~~u~&.x~/ur~(XVla). Thcylldc IVa (0 38 k, wa truted with CIS- or 
tram-l.2dlbenzoykthylcne (033 g) in THI- (100 ml) at room temp for I S hr and the ructlon 
mlxturc hutcd under rctlux for 20mm. Lvrpontlon of the solvent and trutmcnt of the raldual 
sohd with hot pet. ether (b.p. 3540’) ytcldcd crude products fret from the unchanged ethylene. 
Further purrfmtlon of pet. ether soluble fraction wu pcrfonncd by dry column chromatography 
(alumma. pet ether (b.p. 3S+O+hcuntchf (3: S:?)). Ltractlon of the mlddle parts of the column 
cnth hot chf. followed by r~stalllzatlon from pet. ether (b.p. 40-w). y~clded pure XVlr (20 mg. 
ST:) as necdla. m p. 9S-96’ (111.” m p. 93’). 

Dh~l2-hcnroyl-3-phrn~~lryrloproponrrcubor)lo~~ (XVlb). The yltde IVa (0 7 g) was trutcd with 
&&one (0.54 gI m THF (100 ml) at room tcmp for S hr and then at rdlux temp for S hr. Elutlon 
chromatography (SIIIU gel. benzene) of the rcutton product (I.3 gj gave XVlb (015 g. 20”,) u an 
011. v::. 1740 and 16E10cm-I. (Found: C. 77 7; H. 6 3. C,,H,,O, reqtura: C. 77.5; H. 6 2”;.) 

The oily product was comerted to 11s 2.4dmltrophcnylhydrnc, m.p. Z.&223’(d). (Found: 
C. 63.5; H. 4.7. C,H,,N,O, requires: C. 63 3; H. 4-7?;.) 

?-Carhrrlrox~3-bmroy/-S-h~~droxy-S-phny//hioru I-ox:& (XVII). To a sol of X prepared from 
dunrthyloxosulphontum mcthylldc (21 mmoks) and ethyl chlorofomutc (1,2g, in THF (80ml). 
I~UM-l.?d~brvoyleth)knc (2 5 g) In THF (20 ml) was add4 at room temp. The ructlon mtxture 
was stlrrcd at the same tcmp for I hr and then huted under rcflux for 3 hr. Scparatlon of the more 
aolublc XVII from the less soluble. unchanged ethylene wueffcctcd by two fractlonal rccrystalllutlons 
from EtOH. The soluble fraction wu further wuhcd with a small volume of aatone and then rccrys- 
talltrcdfromEtOH-chftoafTordrnalytiallypurcXVll(l~1 g.27~),m.p.206?08”(d~.r~~‘,O’33I~OH). 

\ 
174XCOOEt). 168S(PhCO) rnd lOZO(,GO) cm-‘. (Found: C. 65 S; H. S 9. C,,H,,O,S requires: 

C. 653; H. S.7.4.) Due to the low solublltty of XVII in CDCl, the NMR spectrum did not scwc 
to give any useful structural mfornaation. The mus spectrum gave no rppratrbk pk at rvon 
higher than m/r 160. 
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