
6 !Pergamon ElsevierScienceLtd
Allrightsreserved. i

PII: SO040-4039(97)01806.6 0040-4039/97$17.00+ 0.00

o : t

RobertJ. Capon,*RussellA,Barrow,ColinSkeneand SimoneRochfort

Chemi,s@y,Universityof Mehrmre, Parkville F7c/oria3052, At@ralia

Abstract: The bionrimeticsynthesisof novel lipids 1,2, 8 and 10 obtainedfrom the southern
Australianmarinebrownalga,Notheiumarruia bas beenachiev~ and featuresthe acidmediated
conversionof methyleneinterruptedbisepoxidesto tetrahydrofurana.0 1997Elsevier ScienceLtd.

Werecentlyreportedthe acidmediatedconversionof methyleneinterruptedbisepoxidesto

substitutedtetrahydrofurans,a transformationthat is highyieldinganddemonstratesbothregiospecificity

and stereospceificity.1Thoseinvestigationswerepromptedby studies~~intothe chemistryof the marine

brownalg+ NotheM whichfeaturesan arrayof noveloxylipids(>30). In this reportwedescribea

highlyconvergentbiomimeticsynthesisthatproceedsvia the triene 1 andbisepoxide2 to the

dihydroxytetrahydrofurans8 and 10,all of whichareco-metabolizesin N unonwla.

The disubstitutedtetrahydrofkart8 has beenthe focuso total synthesessince first

beingreportedzin 1980fromthe southernAustralianmarinebrownalga Althoughascribed

no particularbiologicalproperties,8 has proveda usefulvehiclewithwhichto demonstratenewsynthetic

methodologiestargetingchiral2,5-substitutedtetrahydrofurans. methodologiesareof considerablevalue

giventhe kwgenumberof bioactivemoleculesthat incorporatethe tetrahydrofuranfimctiomdity(macrolides,

pheromones,polyetherantibiotics,annonacemsacetogeninsetc...).Thefirst total synthesisof racemic8

wasachievedin 14stepsby Williamse d whoemployedthe MM oxidationof 1,3-dioxokmeprecursors

andsubsequentchelationcontrolledGngnardcoupling.Althoughtheyieldsformanystepswerehigk an

advancedprecursorwasrequireciandseveralreactionsrequiredchromatographicresolutionof stereoisomeric

products.’Thiseffortwas followedi 1985by the ~10 step (-17~o) enantioselectivesynthesisof Takanoel

whichproceededfromdietbylL-tartroteandculminatedin a Grignardcouplingto establishthe “alkene”

endof thecarbonskeleton.It shouldbe notedthatthis synthesisalsoemployedchromatographic

fractionationto resolvekeystereoisomericintermediatese A second synthesiswasachieved

in 1990by Gurjaret al, whoconverteda protecteddeoxysugarin 5 stepsto the samealdehydeintermediate
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as securedby Takanoet al, 8 fora formal7 stepsynthesis(-20%).9 SinceGurjaremployedthe samefinal

couplingas Takano,this synthesisalso featureda chromatographicresolutionat the final step. Themost

recentasymmetricsynthesisof 8 wasby Chikashita d in 1993,whoemployeda 10step(-s’?io)

cyclodehyiirationroutestartingfrom(S}glycidol.‘(1As withthosedescribedabove,this synthesisrequired

chromatographicresolutionof stereoisomericproducts.Our interestin 8 andits co-metabolizeswas

promptedbothby the needto solvethe completestereostructuresof newepoxylipids,and by the i

anthelminticpropertiesof thesecompoundsandourdesireto securestructurearudoguesfor SAR

investigations.Inpursuitof theseobjectiveswechoseto explorea highlyconvergentbiomimeticapproachto

the synthesisof substitutedtetrahydrofumns.
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CommerciallyavailableIinoleicacidwasreadilyconvertedto the correspondingaldehydebeforebeing

extendedvia a Wittigcouplingto the triene 1, identicalin all respectsto thatobtainednaturallytlom N.

Treatmentof 1 withm-CPBAyieldeda l: 1.4mixtureof.yvnand bisepoxides(2+3)(84°/0)

that werereadilyseparatedby MPLC(sili% 20%EtOAc/hexane).As describedearlier’the ‘HNMR

multiplicityfor the bisepoxymethylene8-H2resonanceis diagnosticof the v diastereomers,such

that the relativestereochemistryforthe bisepoxideobtainedfromN.unomulus’lJcannowbe

confirmedfor the firsttime.Furthermore,giventhe establishedstereospecificsyntheticrelationshipbetween

bisepoxidesandtetrahydrofurans,]andthe knownabsolutestereochemistryof the co-metabolize8,2the

absolutestereochemistryof naturallyoccuming2 is mostlikely6S,7R,9S,1OR.

Treatmentof themixtureofsyn and bisepoxides(2+3)withglacialaceticacidat 100°Covernight

returnedan approximatelyequalmixtureof tetrahydrofhranacetates(4-7)(98’%)thatcouldbe resolvedby

preparativereversephaseHPLC(CIS,30%H2(YMeOH)into 1:1mixturesof the isomers(4+5)(41%)

and isomers(6+7)(36Yo).Independenttreatmentof thesemixtureswithmethanolicammoniumhydroxide

returnedthe tram (8+9)(980/o)and (10+11) (97°/0)diols.NormalphaseHPLC(silica,200/0

EtOAc/hexane)successfullyresolvedthe diols8 and9, andthecis diols 10 and 11. All compounds

weresubjectedto detailedspectroscopicanalysis,andtheirassignedstructureswerein full accordwiththis

data. Most significantly,the syntheticsampleof 8 provedto be identical(,m, IR, MS,TLC)withan

authenticnaturalsample.Likewise,a syntheticsampleof 10 provedto be identical(NMR,IR, MS,TLC)to

an authenticnaturalSample.G

Theoveralltransformationfrom1 to tetrahydrofurandiols is a twopot processthat is highyielding

andemployssimpleproceduresandsafereagents.Thisbiomimeticsynthesisnot onlyyieldsthe natural

products1,2,8 and 10,but providesreadyaccessto a hostof otheranaloguesthroughselectivechemical

manipulationof the tetrahydrothmnacetates(4-7).Forexample,oxidationhductioncycleshaveyieldedoxo

analoguesplusall possiblestereoisomencdiols,whiletreatmentof the mesylateof 6 withaqueousKOH

returneda rare 1,4-dioxabicyclo[2.2.I]heptaneringsystemthat featuresinmetabolizesisolatedfroma Pacific

sea-hare12and a Mediterraneansponge.t~Applicationof asymmetricsyntheticmethodologyto the

preparationof enantiornericallypurebisepoxideswouldseethisbiomimeticprocedureyieldenantiomerically

pure tetrabydrofurans.
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