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AbdmcP . The b&cl& etherhctons S wns prepen& hvm 7 in 6 steps indudhg R&XI qclkation and 

II Pummemr raarmngement. After 5 was convehd to 12 and 13 urh%r Koch amdttions, &etgent 

formal total syntiea of lrvanadolide and isoawmckMa mww ~cxomplkhed in ibur a&%lkmal steps. 

Avenaciolide (1)’ and isoavenaciolide (2)* are secondary metabolites isolated from the 

fermentation broth of Aspergik? and Penicillum species, which exhibit diverse and potent biological 
activity. In particular, avenacidide inhibits fungal spore germination, displays antibacterial action,la 

and inhibits glutamate transport in rat liver mitochondria.3 
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In the course of the study on tetrahydrofuran synthesis (see preceding paper), the syn 2,3- 

disubstituted tetrahydrofuran 6 was obtained and converted to the bicycto(3.3.0)etherilactone 5 for the 

elucidation of its stereochemistry (Schema I) .’ Not only do these compounds include the C(3a) and 
C(6a) stereogenlc centers of avenacidide and IsoavenacloWe, but 5 has the necessary bicycllc ring 

skeleton. These structural features prompted a synthesis of the two natural metabolites from 5 as a 

common intermediate.5 

5841 



5842 

As shown retrosynthetically in Scheme I, Mormethylene analogs 3 and 4 have repeatedly 

served as Intermediates in the total syntheses of avenaciolide and isoavenadollde, respectfvely. and 

these were also selected as the target molecules of our synthesis. The blslactones 3 and 4 could be 
made diverge&My fmmthe blcydiointermefffa~ 5 by the introductfon of the octyl side chain at the C(4) 

center and oxidation of the C(2) rne@ylene. As seen in the preceeding report, the preparation of 5 

requires 4-6 steps from the commercially available alcohol 7, depending on a choice among three 

different reaction sequences involving radical cyclization. 
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The preparation of the divergent intermediates 12 and 13 for the synthesis of avenaciolide and 

isoavenaciolide is described in Scheme II. The phase transfer Oalkylation of 3-butyn-l-01 produced 

the alkyne 8 in excellent yield, which was subsequently converted to vinyl sulfide S under mild radical 

conditlonss After bis(phenylsuifenylation), the resulting radical cyclizatlon precursor 10 was treated 

with two equivalents of triphenylstannane at 25 “C to provide the syn dlastereomer 8 as the slightly 

favored product. The minor anti isomer could be recycled to the desired isomer by the kinetic 

protonation of the derived ester enoiate. 7 Treatment of sulfide 8 with slightly less man one equivalent 

of m-chloroperoxybenzoic acid at 0 “C afforded sulfoxide 11 in 93% yield as an inconsequential 

mixture at sulfur, with less than 5% recovery of starting material. Subsequent implementation of the 

Pummerer rearrangement/intramoIecuIar trappings made possible the elucidation of the 
stereochemistry of the tetrahydrofurans resulted from the radical cycliration4 When sulfoxide 11 was 
treated with excess trifluoroacetlc anhydride in dry CH2Cl2, the bicyclic products 5-5 and B-a9 were 

generated in a ratio of 5:l. These separable diastereomers were converted to oleflns 12 and 13 

under Keck’s C-glycosylation conditions10 using allyltributylstannane and a catalytic amount of 

tributyltin trlfIuoromethanesulfonate,l 1 with similar diastereoselectivities. 
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Scheme III 
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The formal total syntheses of avenaciolide and isoavenacfolide were realized by preparing the 

known intermediates 312 and 413 as delineated in Scheme III. Utilizing an ozonolysis-Wittig 
homologation sequence, chain elongation was accomplished on 12 and 13 to furnish (2) oleffns 14 

and 16 via the extremely unstable aldehydes. Catalytic hydrogenation proceeded smoothly, giving 

rise to 15 and 17. which were subjected to oxidation 14 to provide the 3-normethyleneavenaciofide 3 

and the 3-normethyleneisoavenaciolide 4. respectively. The bislactones 312 and 413 were 

spectroscopically identical to those reported previously in the literature. 

In conclusion. the current sequence provides a short (overall 9 or 11 steps), divergent route to 

racemic avenaciolide and isoavenaciolide, wherein a new synthesis of’ the bicyclic bislactone 

skeleton, featuring radical cyclfzatlon and a Pummerer rearrangement, is demonstrated. 
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