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A Rationally Designed ChiralAuxiliary for HydroxyalkylRadicals
Leads to Exceptionalp-Stereocontrol

PhilipGarner*andJamesT. Anderson

DepartmentofChemistry
CaseWesternReserveUniversity

Cleveland,Ohio44106-7078

Abslract: Substitutionof a t-butylgroup at C-6 of the THPring results in a chiralau.xiliaqvthat exerts exceptional
stereocontrolin radical addition reactions. For example,radical2Caddsto 2-nitropropeneat -78 “Cto give, afler
reductivehydrolysis, the protected aldol 4C with a diastereoselectivityof 35/1. Good selectivity (ds = 8/1) is even
observedwhenthe reactionis conductedat ambienttemperature. @ 1997Msevier ScienceLtd.

The developmentof new methodsfor asymmetricsynthesisusing radical reactionscontinuesto be an
active area of research.l We now wish to reportan extraordinarilyeffectiveand practicalchiral auxiliaryfor
hydroxyalkylradicalssuchas 2 (equation1). In ouroriginalcommunicationon this subject,2we reportedgood
p-seleetivitiesfor the radicrdMichaelreactionat -78 “Cwithboth3,4,6-tri-O-benzyl-2-deoxy-U-glucosyl(Glu,

series“a”)andtetrahydropyranyl(THP,series“b”)auxiliaries(Figure1& Table 1,entries 1& 3). Ab Mb TS
modeling studies provided us with a workinghypothesisto explain the sense (and degree) of asymmetric
induction. Accordingto this model, auxiliarysubstituentsat C-6 (THP numbering)restrict the numberof
rdkeneorientationsavailablefor re-attack,resultingin the observedsi-selectivity.However,whenwe turnedto
the momreactive2-nitropropenetrap forour radicrdaldolstudies,3the p-selectivitieswerefoundto be modest
at best - evenat lowreactiontemperatures(entries2 & 4). Wereasonedthat thisdrop-offin p-selectivitywasa

consequenceof an earlierTS, with commitmentto bondformationoccuringbeyondthe effect of the Glu and
THPC-6 substituents(seeFigure1).
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Figure 1. PostulatedeffectofC-6 substitutiononthetransitionstatesfor r~approachof
radicaltrapswithdifferingreactivities.(Notethatapproachfromthe $Afacewouldbe less
hinderedineithercase.)

This hypothesissuggestedthat the incorporationof a t-butylgroupat C-6 of the THP auxiliary would
hinderre-approachfor eventhe reactive2-nitropropenetrap, leadingto enhancedp-selectivity. Althoughone

mightexpectthebenzyloxymethylsubstituentof thesugar-derivedauxiliaryto be largeenoughto hinderthe re-

approachof any trap, this is truefor onlyoneof the threeavailablestaggeredrotamersaboutthe exocyclicC-C
bond. No such ambiguityexists with the t-butylsubstituent,whichnecessarilyplaces a methylgroupin the
pathof the incomingtrap irrespectiveof exocyclicC-C bondrotation. Anefficientasymmetricsynthesisof the
t-butyl substitutedIactol 9, which serves as an effective auxiliaryprecursor,is shown in Scheme 1.4 The
syntheticsequence,which is based on the work of Crimmins,5begins with the chiral epoxyalcohol5. This
compound,in turn, wasobtainedin >98%ee by Sharplessasymmetricepoxidationof the correspondingallylic
rdcohol.6Regioselectiveopeningof the epoxidewithRed-Alaffordedthe 1,3-diol6,7 whichwas sequentially
tosylated (1° alcohol) then acetylated (2” rdcohol)to give compound7. After Finkelsteiniodination,ring
closurewas effectedby enolatedisplacementof the tosylateto give the i3-lactone8. DIBALreductionof this

compoundthen produced the desired Iactol 9 as a mixtureof anomersin 44% overall yield from 7. This
mixture of anomers9 reactedcleanlywith an excessof ethyl lactate in the presenceof PPTS to give the a-

anomer 10 in good yield. The lactate ester could then be processed (saponificationlBarton ester
formation8/photolysis)andthe resultingchiralradicrd2Ctrappedwitheithermethylacrylateor 2-nitropropene
to give3Cor 4C(ea. 50~o overallyieldin eachcase)afterreductivedesulfurizationor hydrolysis.

As the resultsin Table 1 indicate,use of the t-butylsubstitutedauxiliaryleadsto a dramaticenhancement
of p-selectivity during addition of the lactate derivedradical to 2-nitropropene. Significantly,the ratio of

diastereomericprotectedaldols4Cwas 35/1at -78 “C (entry6), whichcorrespondsto a diastereomericexcess
(de)of 94%. This representsa seven-foldincreasein p-selectivityoverthat observedwith the glucosederived
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auxiliaryat the samereactiontemperature. In fact, considerablestereodifferentiationis still observedat higher
reactionstemperatureswith this auxiliary(entries7 and8). Evenwhenthe additionwasperformedat ambient
temperatures,the diastereoselectivitywas higherthan that observedwith the glucose-derivedauxiliaryat -78
‘C! The radic~ Michael reactionalso benefits from the use of this new auxiliary, with a p-sdectivityOfg/1

being obtainedfor additionto methyl acrylateat RT (enw 5). The configurationof the major productwas
correlatedwith (S)-4-methylbutyrolactone(as describedin reference2),4confiiing that the absolutesenseof
stereocontrolwith this auxiliaryconformswith our TS model. These resultsopen the door for the practical
developmentof ourradicalmethodologyandits applicationto asymmetricsynthesis. Furtherrefinementof this
promisingchiralauxiliarysystemis currentlybeingpursuedandwillbe reportedon in duecourse.
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Table 1 Comparative Radical Trapping Experiments
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aDeterminedbyNMRintegrationoncrudereactionmixturesofproducts3 (methylacrylate
trap)and4 (2-nitropropenetrap).bFromreference2.
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