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Abstract: Li(sec-Bu)JIH-mediatedreductive cyclization of opticatly pure 8-((S)-p-tolylsultinyI)-
(2E,7Z@ctadienoate 9 and 7-(p-tolylsulfinyl)-2,6-heptadienoate16 affordedtr-ans-2-((mtolylsulfmyl)-
methyl)cyclohexane-1-carboxylateand tmns-2-(@tolylsulfinyl)merhyl)cyclopentane-I-carboxyhte, w
spectively, as a single isomer. O 1997Elsevier ScienceLtd. All rights reserved.

The asymmetricand stereospecificconstructionof fiutctionalizedsix- and five-memberedcarbocycles
continuesto attractthe attentionof organicchemists.Wehavereporteda new strategyfor stereoselectivesyn-
thesis of timctionalizedcyclohexanederivativesthat uses intrsmokcularMichaelreactionof ester enolate2,
whichis derivedby lithiumtri-sec-butylborohydride(L-Selectride@)~duction of bis enoate 1.’ The observed
higher trans selectivityin the reactionof 2-methylderivativelb in comparisonto la has been explainedby
stericrepulsionbetweenthe methylgroupandH-5in the transitionstate5 leadingto 4b. These results led us
to considerthe use of (Z)-vinylsulfoxidezas a Michaelacceptor3’4that would permitnot only trans selective
but also enantioselectiveconstructionof cyclohexanederivativesowingto its ready availabilityin geometri-
cally and opticallypure form in additionto the developingstericrepulsionbetweenthe stericallydemanding
arylstdfinylgroupand H-5in the transitionstate6 leadingto the cis derivatives
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Thecyclizationprecursor8-((S)-p-tolylsulfmyl)-(2E,7Z)-octadienoate9 waspreparedby a five-stepse-
quencestartingwith 5-hexyn-l-ol, which died on the stenmselectiveformationof (Z)-c@unsaturated sul-
foxideby hydrogenationof the triplebondwiththeWilkinsoncatalyst(7 + 8).6
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When9 was treatedwithL-Selectride”(1.1equiv)in THF(O.01M) at -30 “Cfor lh and then 10 W for
2 h, the intramolecularMichaeladditionproceededwith completen-facialdiastereosektivity to afford tmn.r-
cyclohexanecarboxylate10 as a singleisomerin 50% yield, with the absolutestructuredeterminedby X-ray
analysis7.Departingfromthisprotocolled to a decreasein yield. The majorside reactionswere attributable
to an intermolecularreductivedimetiation and the formationof uncycliz.cd1,4-reductioncompounds. The
reactionin THF-HMPA(20:1)was much less stereoselective,affordingboth the tram and cis isomers in a
ratio39: 61 in 3170yield.8

Scheme 3

10 11 (1,2-cis)
THF 50% 100 : o
THF/HMPA (20:1) 31% 39 : 61

On the other hand, the same reactionusing E-derivative13, prepmedin a mannersirnikuto 9 except
thatDIBALwasusedfor the hydrogenationstep (7 + 12),6 showedexpectedlypoor stereoselectivity,pro-
vidingan inseparablemixtureof cyclohexanederivativeswhose ‘H NMR reveakd the presenceof thee cy-
clohexanecarboxylatesexcept 10,and 15 (Scheme4).
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Similarresultswereobtainedwith7-(tolylsulfinyl)-2,6-heptadienoate16,derivedfrom4-pentyn-l-ol in
a fashionsimilarto 9, affordingopticallypurecyclopentanederivative1P in 6(Mo yield. The relativestereo-
chemistrywasdeducedfrom the combinationof ‘H NMR and NOESYexperimentsand the absolutestereo-
chemistryassignedby analogywith 10. Useof THF-HMPAresultedin the decreasein the sekxivity again,
affording17 andits isomerof undeterminedstereochemistryin a ratioof 53:47in 40%yield.
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Scheme 5
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Initially, the observedtrans selectivityin the reactionof 9 was attributedto the nonbondedrepulsion
betweenthe sulfinylgroupandthe H-5 on the basis of the result with la,b. The exclusiveformationof the
tram derivative17 in the reactionof 16,however,cannotbe explainedonly by the interactionbecauseof the
absenceof suchrepulsionin the transitionstateleadingto thecis derivativein the case of 16. Consequently,
the originof the transselectivityis unknownat presentbutcouldbe dueto theeclipsinginteractionof both the
doublebondsin 19leadingto the cis isomerrelativeto the transitionstate 18leadingto the transone.
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Thefacialselectivitycanbe accountedby pmfenmtialattackof theenolatefrom the less hinderedside in
thechelatedstructureinvolvingthe lithiumatom, and the sulfinyland the enolateoxygenatomsas shown in
Scheme6. This is supportedby the results that the selectivitywas significantlylowered upon additionof
HMPAthatcan disruptthechelatedstructureby solvatingthe lithiumcation.

Scheme 6

In summary, we have developeda new strategyfor the asymmetricconstructionof the functionalized
cyclohexaneandcyclopentanederivativesusing intramolecularMichaeladditionof ester enolateto vinyl SUL
foxide. To the best of our knowledge,this is the fit exampleof intramolecularMichaeladditionin which
vinylsulfoxidewithoutany activationby electron-withdrawinggroupscan serve as a Michaelacceptor. We
arecurrentlydefiningthe scopeandlimitationsof thismethodology.
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