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Allylic Ethers, Alkynesand CarboxylicGroups
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Abstract: cz-Amino-methylstsnnaneswithpendentallylicether,alkyneor carboxylicgroups,can
be converted,on treatmentwithbutyllithium,to 3-vinyl-,3-methylene-or 3-keto-pyrrolidinesby
anioniccyclization.@1997Elsevier Science. Ltd.

Anionic cyclizations are becoming increasinglypopular for the preparation of carbocyclic and
heterocyclicringsystems.1Wehavefoundthatthe stannane1, on trartsmetallationwithbutyllithium,gives
the 3-substituted pyrrolidine products 2 after electrophilic quench.z-d The intermediate tx-amino-
methyllithiumcyclizes onto the inactivated alkeneto give the 3-lithiomethylpyrrolidine,which can be
trappedwithelectrophiles.Wewishedto investigatethepossibilitythat the ct-arnino-methyllithiumwould
cyclizeonto other functionalgroups,therebygivingrise to a widervarietyof 3-substitutedpyrrolidines.
Wereportheresuccessfulcyclizationsontoallylicether,alkyne,carboxylicamideandcarboxylategroups.

Brokahas shownthatanioniccyclizationsontoallylicethersproceedwithgreaterefficiencythanthe
correspondingcyclizationontoan inactivatedalkene.s Forexample,the vinyltetrabydrofuran6 is formed
in considerablyimprovedyield in comparisonwith the methyltetrabydrofuran4. The vinyl groupalso
providesa usefultimctionalgroupforfurthermanipulation.Lautenshasreportedfurtherexamplesof such
methodologytowardsheteroeycles.b
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In order to test the feasibilityof preparingcyclic arrtinesby such anioniccyclizations,we have
investigatedtwo methodsfor the preparationof the substrates9, R=H and Me (Schemes1 and 2). The
shorterof thesetwoapproachesinvolvedthecarbometallationof thealkyne8 r.minga procedurerepottedby
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Srebnikandco-workers.TOnlythe desiredregioisomer9 was formed,as a singlestereoisomer,usingthe
alkyne8, R=H. Carbometallationof the alkyne8, R=Meresultedin low yieldsof the product9, R=Me.
An alternativeapproachto the substrates9, R=H and Me makesuse of standardWittig chemistryfrom
rddehyde10s (Scheme2). Thisapproachalsoallowedthepreparationof the stereoisomericrdkeneZ-13.
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Scheme2

We werepleasedto findthattreatmentof thestannanes9 or 13withtwoequivalentsof n-butyllithium
inTHFor hexane-Et20(10:1)gavethepyrrolidines14,R=Hor Me (Scheme3). Thecyclizationproceeds
ingoodyield,particularlyin hexane-Et20,witheithertheE or theZisomer(Table1). Of significanceis the
fact that the alkenecanbe trisubstituted(R=Me),despitethe fact that alkylsubstituentsat the positionof
build-upof negativechargedisfavouranioniccyclization.j$
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Table 1 Cyclization of the stannanes 9 and 13

Compound Stereoisomer R Yield 14 (%) using Yield 14 (%) using
THF hexane-Et20(10:1)

9 E H 55 81

9 E Me 22 64

13 z H — 79
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The alkynes 8 were prepareden route to the allylicethers9, as outlinedin Scheme 1. Bailey has
shownthat anioniccyclizationsonto alkyl-,aryl-or silyl-substitutedrdkynesto give cyclopentaneswork
well.lo However,treatmentof the alkynes8, R=Hor Me withbutyllithiumdid not give any pyrrolidine
products.We thereforepreparedthe rdkyne8, R=SiMe3in whichan anion-stabilisinggroupwaspresentat
the terminusof the triplebond. Anioniccyclizationusingbutyllithitungavethe E- andZ-3-trimethylsilyl-
methylenepyrrolidines16 as a mixtureof stereoisomers(Scheme4). It is likelythat anioniccyclization
occursto giveinitiallyonlythe.E-vinyllithium15,whichcanisomeriseto theZ-isomer.
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Finally,we have investigatedthe possibilitythat the cx-amino-organolithiumwould cyclize onto a

carbonyl group. Anionic cyclizations of organolithiumsonto carboxylic amide groups have been
documented.11We thereforepreparedthe carboxylicamide18by additionof benzylaminetoNJV-diethyl
acrylamide, followed by alkylation of the resulting secondary amine 17 with O-methanesulfonyl-
tributylstannylmethanol(Scheme5). Transmetallationwas very sluggishin the less polar hexane-Et20
mixes. SatisfactoryresultswereobtainedusingTHFas the solvent,withwarmingfrom-78 ‘C to -60 “C,
givingrise to A%enzyl-3-keto-pyrrolidine19.
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Briefstudiesusinga carboxylicethylestergroupas theelectrophileresultedin preferentialatkwkby n-
butyllithiumonto the carbonylgroup, rather than tin-lithiumexchange. Attempts,however, to effect
cyclizationusinga carboxylategroupas the electrophileweresuccessful(Scheme6).12Treatmentof the
salt 20 with two equivalentsof butyllithiumin THF resulted in the formationof the pyrrolidine 19.
Therefore, the carboxylic amide or carboxylategroups are both suitable electrophiles, disfavoring
intermolecular,butallowingintramolecularadditionwithanorganolithiumspecies.

Furtherstudieson theanioniccyclizationof cs-amino-orgartolithiumspeciesontovariouselectrophiles

andthe applicationof thismethodologyto thepreparationof targetcyclicaminesis in progressandwillbe
reportedin duecourse.
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