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Summary : Adducts of alkyl(phenylthio)ketenes to cyclopentadiene are cleaved with KOH-t-B&K 
with retention of configuration at three centers. This observation broadens the synthetic po- 
tential of the method of vicinal alkylation of olefins. This method has been used for the vi- 
cinal addition of 

[m nl 
tic units to cyclopentadiene. 

We have reported the regio-and stereoselective addition of one-carbon units to cyclopen- 

tadiene based upon [ 2 + 2 cycloadditions of dichloroketenel, 2-carbonyl-1,3-dithiane2 or ] 

dithiolane3 followed by ring cleavage. This sequence has been recently extended to the vici- 

nal addition of C I: 1 + Cl1 units to less reactive olefins and dienes 
3 . In this communication, 

we present preliminary results on vicinal additions of C [m + 'n1 units to cyclopentadiene which 

occur with unusual stereochemical control and further enhance the power of the method to con- 

struct carbon frameworks. 

The a-(phenylthio)cyclobutanones la-d were readily prepared by adding ( IOhrs) 0.5 molar 

solutions of triethylamine (1 equiv.) in dry ether to 0.5 molar solutions of the acid chlorides 

2a-d in dry ether containing 5 equivalents of cyclopentadiene. Filtration of the crude pro- 

ducts on florisil gave la-d in excellent yields4 (Scheme I). All cycloadducts were produced 

in a single diastereoisomeric form which was shown by a detailed 
1 
H alld13C NMR analysis to 

be the isomer with R in the endo configuration. In the case of &, this assignment was con- 

firmed by an X-ray crystallographic analysis? This is the expected stereochemical consequence 

of a skew approach of the two reactants with the larger substituent of the ketene oriented 

away from the 5-membered ring?. In line with this explanation, (phenylthio)ketene and cyclo- 

pentadiene gave exclusively the adduct le with the phenylthio group in the endo configuration. - 

In contrast with ol,a-trimethytenedithiocyclobutanones 2,S ,la_c did not react with 2 M 

NaOH at 20" or sodium methoxide in refluxing methanol. However the cleavage of the 4-membered 

ring was readily effected by stirring ethereal solutions of la-c for 30 minutes in the pre- 
2 

sence of a mixture of t-B&K (4 equiv.) and KOH (2 equiv.) . The reaction occured with a re- 

markable stereoselectivity : the cis configuration of the two carbon chains was maintained ; 

moreover there was ah-o a total stereochemical control at the carbon atom bearing the phenol- 

thio group. The 'H and 
13 c NMR spectra of the crude products showed indeed the presence of 

only one diastereoisomer. 
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The structure and stereochemistry of 2 were firmly established by an X-ray diffraction analy- 
6 

sis, It showed that the opening of the 4-membered ring had occured with retention of configu- 

ration, the proton being transferred from the side of the C-C bond which was cleaved. This 

stereochemical result suggests concerted C-C bond cleavage and protonation (SE2 process} 

rather than formation of a free carbanion. Stereohomogeneousp,+ CnJadducts 2 and 2 to 

cyclopentadiene were also obtained from lb and lc under the same conditions. -- 

The sulfoxide ka was cleaved much more readily (0.5% NaOH) than la. Reduction with PBr3 - - 

gave a I:1 mixture of epimeric acids 3a and 3a'. - - A control experiment proved that the sulfoxide 

derived from 3a did not epimerize under similar conditions. - Thus the stereoselectivity of the 

ring opening reaction is lost when the sulfide group is converted into a sulfoxide, a better 

anion stabilizing group. This is probably the result of a change from a SE2 to a SE1 mechanism 

with the formation of a carbanion which can be protonated on both sides. 

The replacement of the heteroatom nucleophiles by carbon nucleophiles should allow for the 

formation of 
[ 
Cn + Cm] adducts to cyclopentadiene. Addition of la-c to solutions of methylmagne- 

sium iodide in boiling ether generated a mixture of isomeric alcohols 5a-c. Treatment of these 

alcohols with sodium methoxide in refluxing methanol Lead only to tars and unchanged starting 

material. A better anion stabilising group than PhS was clearly necessary for the ring opening 

step. Oxidation of la with 1 molar solution of m.chloroperbenzoic acid in IZH:~C~~ at 0" gave - 

the diastereoisomeric sulfoxides 6a in 95% yield. Treatment of 6a with 1% NaOH solution in - - 

CH3OH-H20 I:1 smoothly effected the cleavage of the ring and epimerization at the carbon atom 
10 

c1 to the ketone 7a . units to cyclopentadienc was formed by - A trans-adduct & of [C2 + CS] 

applying the same sequence to lb. - 

I 
z- 

CH-(CH2),-COO 2Li* 

2. NlOH 

3. HCl. H20 

0 

Scheme 2 shows a further application of the methodology : addition of 8LLto a solution of 

the dianion derived from the monomethylester of pimelic acid in ~H~-H~~ at-78- and warming up 

to -50" gave a crude mixture which was heated at 50" for I6 hrs in 4% aqueous potassium hydro- 

xide, Acidification with 10% HCL, extraction with CHC13 and recrystallisation from cyclohexane 

gave the pure keto-acid 2 (overall yield : 52%). 

We believe that these examples vividly demonstrate the synthetic power of the proposed 

sequence and, in particular its high regio- and stereoselectivities. Studies are continuing 

to ensure the generality of the method for a wider range of structural types. We are also 

attempting to effect the asymmetric alkylation of olefins according to the same methodology. 
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