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New Ketene Equivalents for the Diels-Alder Reaction. Vinyl Sulphoxide Cycloadditions 
Richard Vaughan Williamst and Xu Lin 
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1 -Phenylsulphinyl-1 -trimethylsilylethene and phenyl vinyl sulphoxide have been shown to be effective ketene 
equivalents for the Diels-Alder reaction. 

It is well known that ketenes do not undergo satisfactory [4 + 
21 cycloadditions, the [2 + 21 mode being observed generaliy.1 
To obtain the highly desirable [4 + 21 products several 

dienophilic equivalents of ketene have been developed.2 None 
of these equivalents is ideal. They all tend to suffer from one 
or more of the following disadvantages: low dienophilicity, 
instability of the equivalent, high toxicity, and harsh non- 
specific conditions for elaboration to the desired ketone 

ethene (1) would serve as an excellent ketene equivalent and 
t Present address: Department of Chemistry, University of Idaho, functionality. We felt that l-phenylsulphinyl-l-trimethylsilyl- 
Moscow, ID 83843, U.S.A. 
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also circumvent the major problems associated with other 
such equivalents. An additional anticipated advantage of (1) is 
the potential for considerable asymmetric induction3.6-8 
through the use of a single enantiomer of the chiral sulphox- 
ide. Vinyl sulphoxides are known to function as effective 
dienophiles in the Diels-Alder reaction,3.9.lo although their 
dienophilicity is improved upon substitution with an addi- 
tional electron withdrawing group.8 It was anticipated that the 
adduct (2) would undergo the facile sila-Pummerer rearrange- 
mentl1.l2 to give the thioketal(3) which upon hydrolysis would 
give the desired ketone (4). 

To establish the feasibility of this scheme the readily 
available phenyl vinyl sulphoxide (5)13 in benzene solution 
was heated under reflux with excess cyclopentadiene (2.5 
equiv.) for 20h to give a quantitative yield of the eight 
isomeric sulphoxides (6). $ Previously, we had established 
rigorously the structure of each racemic pair of diastereo- 
isomers of (6) by X-ray analysis and correlated their NMR 
spectra with their structural  feature^.^ Treatment of the 

$ The ratio of the four racemic pairs of diastereoisomers could be 
controlled to some extent by the choice of kinetic or thermodynamic 
conditions and by the use of Lewis acid catalysis. The best yield 
resulted from the conditions described, in which racemic (6) com- 
pound 111 (the third component to elute upon chromatography) 
endo-(2SR,8SR)-bicyclo[2.2.l]hept-5-en-2-y1 phenyl sulphoxide 
dominated ( I ,  8%; 11, 26%; 111, 55%; IV, 11%). 
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Stereochemistry of the racemic pair of (6) compound 111. 

mixture, or an individual racemate, with methyl-lithium at 
-78°C followed by quenching of the anion with excess 
chlorotrimethylsilane (TMSC1) gave the desired ketone (4) 
directly upon aqueous work up (see Scheme 1).§ 

Presumably the intermediate silylsulphoxide (2) underwent 
thermolysis at ambient temperature to the thioketal(3) which 
upon aqueous acidic (HCl resulting from hydrolysis of the 
excess TMSCI) work up hydrolysed to the ketone (4). The 
yield of ketone (4) was improved to 8 0 4 3 5 %  by a modified 
work up of the reaction mixture; acid wash (dilute HCl), to 
ensure complete hydrolysis, followed by dilute aqueous 
sodium hydroxide wash (to remove the resultant benzene- 
thiol). The reported yields, which were not optimised, were 
obtained by interpolation from the yield of the 2,4-dinitro- 
phenylhydrazone derivative. Isolated yields (bulb to bulb 
distillation) were somewhat lower (approximately 50%) 
owing to the high volatility of ketone (4). 

Having demonstrated the effectiveness of this methodology 
we turned our attention to the dienophile (1). We prepared (1) 
in 67% yield11 by the buffered (NaHC03) rn-chloroperbenzoic 
acid oxidation of 1-phenylthio-1-trimethylsilylethene. l4 
Cycloaddition proceeded smoothly under reflux in benzene 
with excess (2.5 equiv.) cyclopentadiene once again to yield 
directly the ketone (4) in 61% yield after the usual work up. 

The current work clearly indicates the potential for 
1-phenysulphinyl-1-trimethylsilylethene (1) and phenyl vinyl 
sulphoxide ( 5 )  to function as ketene equivalents in the 
Diels-Alder reaction. Raphael3 had previously shown that a 
vinyl sulphoxide could behave as a ketene equivalent, 
although in his case the elaboration of the intermediate 
sulphoxide adduct to a ketone required rather severe con- 
ditions and was only achieved in moderate yield. 

We thank the National Institutes of Health (Grant number 
1 R15 GM39973-01) for partial financial support of this 
project. 

Received, 27th July 1989; Coin. 9103187A 

References 
1 S.  Ranganathan, D. Ranganathan, and A. K. Mehrotra, Syn- 

2 For example, see refs. 1, 3-5, and references cited therein. 
3 C. Maignan and R. A. Raphael, Tetrahedron, 1983, 39, 3245. 
4 R.  D .  Little and S.  0. Myong, Tetrahedron Lett., 1980, 21, 3339. 
5 J. L. Boucher and L. Stella, Tetrahedron, 1985,41, 875. 
6 M. A. Brimble and B. R .  Davis, Tetrahedron, 1985, 41,4965. 
7 0. De Lucchi, M. Buso, and G. Modena, Tetrahedron Lett., 1987, 

28, 107. 
8 See, for example, G. H .  Posner, in 'Studies in Organic Chemistry 
28,' 'Perspectives in The Organic Chemistry of Sulfur,' eds. B. 
Zwaneburg and A .  J .  H .  Klunder, Elsevier, Amsterdam, 1987, 
p. 145; G. H .  Posner, in 'The Chemistry of Sulphones and 
Sulphoxides,' eds. S. Patai, Z. Rappoport, and C. J. M. Stirling, 
Wiley, Chichester, 1988, p. 823, and references cited therein. 

9 X. Ji, D .  v. d .  Helm, R.  V. Williams, and W. J. Ebey, Acta 
Crystallogr., Sect. B ,  1989, 45, 93. 

10 L. A. Paquette, R. E. Moerck, B. Harirchian, and P. D. Magnus, 
J. Am. Chem. S O C . ,  1978, 100, 1597. 

11 D. J. Ager and R .  C. Cookson, Tetrahedron Lett. , 1980,21.1677. 
12 A. G. Brook and D. G. Anderson, Can. J. Chem., 1968,46,2115. 
13 L. A. Paquette and R.  V. C. Carr, Org. Synth., 1985, 64, 157. 
14 F. Cooke, R .  Moerck, J. Schwindeman, and P. Magnus, J .  Org. 

thesis, 1977, 289. 

Chem., 1980, 45, 1046. 

D Ketone (4) gave NMR and IR spectra identical to those described in 
the literature5 and a 2.4-dinitrophenylhydrazone of  m.p. 168-170 "C 
(lit.5 170-172 "C). 

1 1  All new compounds gave satisfactory NMR, IR, and mass spectra 
and elemental analyses. 




