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Summary The total syntheses of racennc muscarme and allo-muscanne have been achieved usmg as a key step the 
stereospecific photochenucal rmg expansion of a cyclobutanone 

Muscanne (1) and affo-muscanne (2). components of the red fly aganc mushroom Amamta muscarza, were the 

subjects of intense scrutmy even before their structures were known 2 The action of muscanne on smooth muscle so 

resembles that of acetylchohne that &ct actlon on chohnerglc receptors m the autononnc nervous system has come 

to be called muscanmc More recently, muscanne’s mvolvement with “second messengers” such as mosltol 

phosphohpld metabohtes has been demonstrated 3 The avrulablhty of muscanne stereolsomers and analogues has 

pernutted a fmly detaded mapping of the cholmerglc receptor 4 These important biolo@cal conslderauons have 

generated considerable interest m muscanne among synthetic chemuts,s and indeed orgamc synthesis has been an 

unportant conmbutor to this area 
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We have undertaken the synthesis of the muscarmes usmg the photochenucal generanon of oxacarbenes from 

cycloalkanones 6 Recent studlesT have revealed this reaction as a useful entr& into tetrahydrofuran structures For 

apphcatlons m natural products synthens, stereoselechvlty m the nng expansion 1s a pnmary reqmrement The 

reachon has been postulated to have a radical mechamsm,g which generates concern that stereochermstry nught be 

lost, but concerted mechamsms have also been proposed 9 One example of the nng expansion of an a-choral 

cyclobutanone proceeds urlth retention of configurauon 10 In a related 3-furanone, however, complete loss of 

stereochenustry IS observed 11 The apphcatlon of the photochemlcal nng expansion to the stereoselecuve generation 

of the muscarme skeleton was therefore of interest 

The synthetic plan called for the construcnon of a cyclobutanone with rrans stereochermstry of the u-methyl 

and p-alkoxyl groups. The cycloaddmon of several ketenes with enol ethers has been reported to form 3- 
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alkoxycyclobutanones m good yield I2 Cycloaddmon of sllyl enol ether 313 with methylchloroketene, generated by 

the zmc dechlormation of 2,2-dlchloroproplonyl chlonde,ld gves the chlorocyclobutanone m 80% yield as a 4 1 

rruxture of isomers 16 Although it 1s reported12 that activated zmc must be used in the generatlon of the ketene, we 

found that this 1s unnecessary Reductive removal of the halogen may be accomplished m 82% yield using zmc- 

copper couple m methanol saturated urlth ammonium chlonde Only a trace of p-elm-nnanon product 1s observed 

The cyclobutanones 516 and 616, obtamed as a 3 1 trans CIS rmxture (assigned on the basis of hterature datalzb), are 

easily separated by flash chromatography (5 95 etherihexanes) They are extremely prone to loss of the slloxy group, 

yddmg u-methylcyclobutenone In contrast to the situanon in the dehalogenanon step, conductmg the subsequent 

photochenucal step at shghtly above ambient temperature results m enone only However, ma&anon of 5 at -780 m 

methylene chlonde contnmng 5 eqmv MeOH (condmons pre.vlously developed7b) completely suppresses enone 

formauon and provides m 55% yield a 2 1 rmxture of acetals 7 16 The low temperature reacaon condmons have been 

previously shown to increase ylelds7a by suppressing decarbonylaclon and p-cleavage processes However, m this 

mstance 10% of the cyclopropane (decarbonylatlon product) and 23% of the tram sllyl enol ether (P-cleavage 

product) are. obtamed Notably, there 1s no trace of any isomenc nng expansion product havmg the CIS 

stereochermstry of the methyl and slloxy groups 
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The condensauon of 7 urlth mmethylsllyl cyanide was exammed under a vanety of condmons A potential 

pitfall m the planned Lews acid-catalyzed condensauon 1s formation of acychc alkoxy mmles via a nng-opened 

oxomum ion Consistent with previous reports,15 this nng-opening 1s observed to the extent of 25% when the Lewis 

acid 1s stanmc chlonde Boron mfluonde etherate proved a better choice On a 0 1 mmol scale, the mature of 

mmles 8 and 9 1s formed to the exclusion of nng-opened products and m 90% yield On scale up, these compounds 

are snll obtamed m 80% yield, but 10% of acychc matenal 1s also found It did not prove possible to increase the 

formanon of 8 (muscarme stereochenustry) at the expense of 9 (allo-muscanne stereochenusny) by a change of 

reacnon condltlons The eqmhbnum ratio of 8 9 (rert-BuOK, rerr-BuOH, THF) IS 45 55 Kmehc protonahon (LDA, 

AcOH) leads to a simdar raao of isomers For practical purposes, the mixture 1s of little consequence, smce the 

epimenc mmles are easily separated by flash chromatography (5 95 EtOAc/hexanes) The anomenc IdentIty of the 

mmles 8 and 9 was determmed by 1H NMR16 m accord wnh previous mvesngatlons 5f.17 
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The elaboration of the mmle m either senes to the natural products was accomplished by the same 2-step 

sequence Treatment of 8 wrth borane-methyl sulfide complex18 followed by acid hydrolysis gtves the deprotected 

prtmary arnme m 99% yreld Quatemlzanon of 10 with excess methyl uxhde and 1,2,2,6,6-pentamethylplpendlne 

(PMP)lg followed by ion-exchange to the chloride grves muscanne m 71% yield The compound obtamed is 

identical by both 1H NMR and bioassay with matenal obtamed from Sigma Smularly, allo-muscanne is obtamed tn 

67% overall yield from 9 
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