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Afmtroct: N-Aeyl-7-azabicyclo[2.2.l]heptan-2-onederivativeswere prepared from N-seyl pyrroles
via a [4 + 2] cycloaddftionrenetion with stlenes. ‘fhisrepresents a new synrheticapproachfor the
synthesisofepibatidhresod retatedanafogs. @ 1997Elsevier Science Ltd.

In 1992Daly et al isolatedthe alkaloidepibatidine(1) from the akinof the Ecuadorianpoisondart
frog, Epipedabates tricolor.1 Epibatidine is the only known alkaloid containing the 7-aza-
bicyclo[2.2.l]heptanestructureto whichis attached,in an exe orientation,a 5-(2-chloropyridyl)substituent.
Epibatidinehas been foundto be 200-400timesmorepotentthan morphineas an analgesicand appearsto
operate via a non-opioidmechanismsince its effects are not blocked by the opiate receptor antagonist
naloxone.l It has also been shown that epibatidineis an extremelypotent agonist of the nicotinic aeetyl
cholinereceptor.z It has beenfoundthatboth(+)-and (-)-epibatidineare equallypotentanalgesics,but this
desirableactivityis accompaniedby high toxicity. Thishas generatedinterestin the preparationof analogs
whichmaybe selectivenicotinicreceptoranalgesicswithEduced toxicity.

Due to its potent biological activity, uncommonstructural features and its scarcity in nature,

epibatidine(1) has attractedconsiderableattentionfromsyntheticlaboratoriesaroundthe world.34 Many
differentsyntheticstrategieshavebeen developedfor the preparationof this novelalkaloid,basedprimarily
on differentmethodsfor the preparationof the 7-azabicyclo[2.2.l]heptane ring systems-s In a numberof
syntheses of epibatidine (l), IV-acyl-7-azabicyclo[2.2.l]heptan-2-ones (2) have been employedas key
synthetic intermediates.6-11In addition,iV-acyl-7-azabicyclo[2.2.l]heptan-2-oneshave been envisagedas
potentialbuildingblocksfor the preparationof epibatidineanalogs. He~in we wish to reportanew strategy
for the synthesisof iV-acyl-7-azabicyclo[2.2.l]heptan-2-oneswhichutilizesa [4 + 2] cycloadditionreaction
ofiV-acylpyrroleswithallenes.
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Baaed on a previous report which demonstrated that allenic esters readily undergo a [4 + 2]
cycloadditionreaction with IV-acylpyrroles,lz this approachwas investigatedas a potential route for the
synthesisof 1 and relatedanalogs. As illustratedin Scheme1, the Wacyl pyrroles4 (1.8 qivalents) were
heatedwiththe allenicesters313neat for 14-16 h to furnishthe Diels-Alder adducts5 and 6 in consistently
goodyields (65 -75%). Only two of the possiblefour isomerswere obtainedwherethe exe-isomer6 was
present in slight excess (5:6, 2:3).. Although the two isomers could not be easily separated and
independentlycharacterizedat this poinL the structure and relative stereochemistryof each isomer was
assignedby NMR and X-ray crystallographicanalysisof advancedintermediates. Moreover,the relative
stemochemicalassignmentsof 5 and 6 wereconsistentwith structureselegantlyestablishedby Agostafrom
the conespondingreactionof lhcyl pyrmleswithallenicacids.~A
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The mixtmeof cycloadditionadducts5 and 6 wereregioselectivelyhydrogenatedover 5% prdladium
on carbonto give the alkylidenes7 and8 in quantitativeyield (98%,Scheme1).The stereoisomers7 and 8
werereadilyseparatedby chromatographyandcarriedon independently.The structureof each stereoisomer
was establishedby NMR and the structureof 7Cwas unequivocallyconfirmedby X-ray crystallographic
analysisof the correspondingWdeacylatedhydrochloridesalt.ls

The endo isomer7Cwas then subjectedto ozonolysis(Scheme2). This providedthe required7-(t-
butoxycsrbonyl)-3-methoxycarbonyl-7-azabicyclo[2.2.l]heptan-2-one(9) in as mixtureof isomers(70%,a$,
1.4:1). The ~-keto ester 9 has recently been converted into epibatidine (1) by simple transformations

performedin these laboratories.lo Hydrolysis,decarboxylationand re-acylationof 9 furnishedthe 7-(t-

butoxycarbonyl)-7-azabicyclo[2.2.l]heptan-2-one(2a) whichhas beenused as a key intermediatein several
synthesesof epibatidine(1).6,8-11
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It was quite surprisingthat all of the exe-isomers8a-d were not reactive toward ozonolysis. In
addition,alternativemethodsof oxidation(0s04, Na104 or KMn04) were also not effective. Moreover,
attemptsto epimerizeisomers8a and8Cinto7a and7c, respectively,wereunsuccessful.

As an alternativeto the ester sequence,the N-acylpyrroleswere reactedwith l-(benzenestdfonyl)-
1,2-propadiene(10)16to give thecycloadduct11 as the sole productin 45%yield (Scheme3). Subsequent
hydrogenationof 11 over5% palladiumon carbon proceededregioseleetivelyto reduce the 5,6-carbon-
carbon double bond and furnished12 in 90% yield. Ozonolysisof 12 gave the p-ketosulfone13 in 78%
yield (exo:endo,2.5:1). The benzenesulfonylgroupwas then reductivelycleavedusingAl(Hg)17to give 2a

in 60% yield. This approachwith the allenicsulfone10 provedto be moreefficientand high yieldingthan
theestersequenceandprovided2a in 19%overallyield(foursteps).

Scheme 3
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In summary,the [4 + 2] cycloadditionreactionbetweenN-acylpyrrolesandelectrondeficientallenes
is an excellent method to prepare 7-azabicyclo[2.2.l]heptenes. These compoundscan then be readily

convertedinto N-acyl7-azabicyclo[2.2.l]heptan-2-oneswhichhave been shownto be usefulprecursorsfor
thesynthesisof epibatidineand moreimportantlyshouldproveto be usefulfor the preparationof epibatidine
analogs.
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