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Abstracf:TheN-Benzylirninederivedfrom2,3-di-O-benzyl-D-glyceraidehydereactswithDanishefsky’s
diene to afford the correspondinghetero Diels-Alderadductwith a high diaatereoaelectivity.This
compoundcanbe.transformedto enantiomericallypure(2R)40xopipecolicacid
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The piperidine ringis oneof themostabundantmolecularfragmentsinbothnaturalproductsandsynthetic
compoundswithbiologicalactivity.1For thisreason,the developmentof methodsfor the asymmetricsynthesis
of homochirslpipendinebuildingblockshas recentlyreceivedconsiderableattention.zThe asymmetrichetero
Diels-Aldercycloadditionusingiminesas dienophileshas givenaccessto a widevarietyof possibilitiesfor the
synthesisof thepiperidinering.The lowreactivityof commondeactivatediminesis counteractedby theuseof
electron-richbutadienederivativessuch as Brsssard’sdieneand Dsnishefsky’sdieneand/orthe use of Lewis
acids.The diastereoselectivityof this reactionhas been investigatedwith chiral imines derivedfrom chirrd
amines,qchid aminoslcohols,dchirrtlaminosugars,sor chirrdaminoacidderivatives,cas well as withtheuse
of chiral Lewis acids,7 and more recently with the use of chiral dienes.gNevertheless,to the best of our
knowledgeandexcludingtheworkof Akibaet al.?a thatdescribestheuseof thebenzyliminederivedform(S’)-
lactaldehydeas the startingmaterial,andtheworkof MidlandrmdMcLoughlin,9bthat studiesthecycloaddition
reactionof a chiral imine derived from (2R,3S)-2,3-O-cyclohexylidene-2,3-dihy&oxybutyrddehydewith
Brassard’sdiene,therearenoexamplesin theliteratureof heteroDiels-Aldercycloadditionreactionsusingchid
iminesasdienophilesin whichthe chid matrixis thecsrbonylmoiety.

Ourrecentworkhas beendirectedtowardsthe synthesisof highlytimctionalisedaminoacidsfromchid
iminesderivedfromconvenientlyprotectedD-glyceraldehyde,loa usefulstartingmaterialfromthe chirslpool.
Duringthecourseof this resewchwe havestudiedthebehaviourof imine1,preparedfrom2,3-di-O-benzyl-D-
glycerrddehydeandbenzylsminein the presenceof anhydrousmagnesiumsulphate,10btowardsDanishefsky’s
diene.
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Danishefsky’sdiene (1.2 eq) reacts with imine 1 under standardconditions(i.e. in dichloromethane(2
mlhmnol)in thepresenceof 1.1eq of a Lewisacidcatalyst)”togivethecorrespondingheteroDiels-Alderadduct
in lowto acceptableyieldsdependingontheLewisacidandreactiontemperahueused(Scheme1).In mostcases
goodstereoselectivitiesare obtained.Thereactionin thepresenceof MgBr2or Eu(fod)3worksslowly,evenat
roomtemperature,and the imine decomposesin solution. However, Zn12,BF3.Et20 and Et2AlClwere all
foundto be effectivecatrdyststo activatethe imine,and goodlevelsof inductionand acceptableyieldswere
obtainedthat improvedon decreasingthe reaction temperaturefrom room temperatureto -40 “C. A rather
differentsituationwas observedwhen the reactionwas carriedout in the presenceof SnCh or TiCb. Both
catalystspromoteda rapiddecompositionprocess,evenat -78“C,andno adductsweredetectedin eithercase.
Fromthis studywe concludethat the best catalystsystemis ZnC12in dichloromethaneat -40 “C.Underthese
reactionconditionsa 90/10diastereomericmixtureof thedesiredheteroDiels-Alderadducts2, 2’wasobtained
in 65 IZO isolatedyield. We subsequentlystudiedthe influenceof solventpolarity in the hetero DieIs-Alder
reactioncatalysedby Zn12andwe observedthat,withaproticsolvents,an increasein the solventpolarityledto
an improvementin the diastereoselectivityof the cycloadditionreaction.Whenthe reactionwascarriedout in
acetonitrileor nitroethaneat -40“Ca 95/5diastereomericmixtureof thedesiredheteroDiels-Alderadducts2, 2’
wasobtainedin about65 Yoisolatedyield.At this pointit is worthnotingthat the sameresultswereobtained
whena lessthanstoichiometricamounton Zn12(0.2eq)wasusedas catalyst.

Thediastereomericratiosweredetermineddirectlyfromthecrudereactionmixturesby IH-NMR(major:3
6.90 (old),minor 7.02 (old)),and the absolute configurationof the newly formed stereogeniccarbon was
ascertainedto be (R)afterconversionto a compoundof knownconfigurationas detailedbelow.
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Enamidone2 canbe a versatileintermediatefortheconstructionof a widevarietyof enantiomericallypure
compoundscontainingthe piperidinering. The alkenemoietycan act as a Michael acceptor in asymmet~ic
conjugateadditions,thecarbonylgroupcanbe steretxelectivelytransformedintoseveralfunctionalgroupsand
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finally,the 1,2-diolmoietyat C(2)can be convenientlyelaboratedto furnisha widevarietyof substituentsof
knownstereochemistry.To illustratethe syntheticutilityof thiscompoundwe haveperformedthe synthesisof
convenientlyprotected(2R)-4-oxopipecolicacid, an interestingcompoundrecentlyused in the synthesisof
selectiveNMDAantagonists,llin45 % overallyieldfromcompound2 accordinglyto scheme2.

Conversionof compound2 (90 % de)lz intothe correspondingsaturatedcompound3 was conveniently
performed,in 92 % yield, with the use of L-Selectride@througha selectivereductionof the doublebond.
Subsequentdebenzylationof the diol moiety,followedby oxidativecleavage,requiredpriorprotectionof the
carbonyl group. For this reason, ketone 3 was treated with ethylene glycol in the presence of p-
toluenesulphonicacid to afford ketal 4 in 68 % yield as a single diastereoisomeras revealed by NMR
spectroscopy.Compound4 wasdebenzylatedby hydrogenolysisin the presenceof di-tert-butyldicarbonate,
usingpalladiumhydroxideas a catalyst,to affordN-Bocderivative5 in highyield (88 %).Oxidativecleavage
of the 1,2-diolmoietyof compound5 by successivetreatmentwithleadtetraacetatefollowedby Jonesoxidation
of the intermediatealdehyde,gave (2R)-4-oxopipecolicacid 6 in a formconvenientlyprotectedfor peptide
syntheses.lg
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In orderto determinethe absolutestereochemistryof C(2),thiscompoundwas t%rtherelaboratedto give
theknowncompound(R)-4-oxopipecolicacidas its hydrate(scheme3). Acidhydrolysisof 6 witha mixtureof
6N hydrochloricacid-THFunderrefluxconditionsfor 7 days cleanlyaffordedthe aminoacid hydrochloride
monohydrate7. The specific rotation value measuredfor this compound( [a]D25= -4.0 (c = 0.55, HzO))
comparedwiththe knownvrduefor (2S’)-4-oxopipecolicacidhydrochloridemonohydrate14clearlyindicatesan
(I/)-configurationat the stereogenic centre. Elution of the hydrochloridesalt through an ion exchange
chromatographycolumnaffordedthehydrateof (2R)4-oxopipecolicacidinenantiomericallypureform.

In conclusion,a simplemethodwhichallowsthe synthesisof a versatilebuildingblockfor the synthesis
of compoundscontainingthe piperidinering is described,startingfrom a common,commerciallyavailable
precursor- D-mannitol. The syntheticutility of this chemistryhas been illustratedby its applicationto the
synthesisof enantiomericallypure (2R)-N-tert-butoxycarbonyl-4-(1,3-dioxolane-2-yl)-piperidine-2-carboxylic
acid6. Additionalstudieson the syntheticutilityof thischiralbuildingblockarecurrentlyunderwayandwillbe
publishedin duecourse.
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