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Recently several examples of a new class of eremophilane sesquiterpenes have been isolated 

from Petasites japonicus of which bakkenolide-A (1) is a representative member.2'3 As a con- 

sequence ofourinterest in stereoselective [2,3] sigmatropic processes,4 we felt that the struc- 

turally interesting Spiro-B-methylene-y-lactone moiety contained in 1 could be readily constructed 
via such molecular rearrangements. Herein we wish to report the stereoselective synthesis of 
(+)-bakkenolide-A (1) employing a new lactone spiroannelation reaction sequence. 

Starting from the epimeric mixture of olefinic ketones _2$, 9t (ratio ca 2 4-5:1) previously 
synthesized by Piers from 2,3-dimethylcyclohexanone,5 the epimeric diketones 2b and 3b were 
prepared in 93% yield through a modified Lemieux-Johnson oxidation 
procedure.6 The desired liquid dione _2?, conveniently purified at 

(0~04, NaI&, f-B;GH-H20) 
this stage by column chroma- 

tography on silica gel, exhibited the following spectral properties, nmr (CDC13, TMS) 6: 2.13, 

s, 3H; 1.06, s, 3H; 0.91, d, J = 7.0 Hz7 The observed benzene-induced solvent shift, A,(GCDC13- 

6C,H,), of +16 Hz for the C-2 methyl group is consistent with the assigned stereochemistry of 

2b.B Base-catalyzed cyclization (KO-t-Bu;t-BuOH-Et20) of zb, afforded a 65% yield of the non- .._ _ - 
crystalline hydrindenone 4 which was stereospecifically hydrogenated (Pd-C, EtOH) to the a- 
fused hydrindanone 5.7*g 
of fukinone.""' 

identical in all respects to a sample of 5 prepared by the degradation 
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ta, R =CH,; 9, R--O 

The spirolactone annelation sequence of primary interest in this study evolved around 
the [2,3] sigmatropic rearrangement depicted in structures 6 and 7. As a consequence of L _ 
our earlier work on the stereoselectivity of such bond reorganization processes,4 it was felt 
that the rearrangement of 6 would proceed across the less sterically biased convex face of the 

molecule establishing the required C-7 stereochemistry and functionality for elaboration to 

bakkenolide-A (1). 

Y 

& 3 

The transformation of the hydrindanone 5 to suitable real examples of 6 (X = S, Y = SMe)i2 

is illustrated in Scheme II. Treatment of 2 with isopropenyllithium13 (Et20,00) afforded an 

epimeric mixture of allylic alcohols 8 in 68-708 yield. Transformation of c to the unstable 

allylic bromide 9, (as a mixture of double bond isomers) with PBr3 (Et20,0") followed by inmie- 

diate treatment with the sodium salt of p-toluenesulfonyl-S-methylcarbazate 14 in acetonitrile 
(25') afforded the hydrazone '0 isolated as an oil in 75% yield. It is presumed that both g 

and 10 are produced as a mixture of double bond isomers. 
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Treatment of 10 with one equivalent of sodium hydride in THF followed by heating the 
filtered solution for six hours at reflux afforded the dithioester ll_ as an oil in 60% 

yield after chromatography on silica gel [nmr (CDC13) 6: 0.78, d, J = 6 Hz; 0.9, s; 1.67, s, 

2.55, s; 4.9, 5.18,s. olefinic protonsl. A very careful examination of the product mixture 
failed to reveal the C-7 diastereoisorner of ester 11. It thus appears that the anticipated 
[2,3] sigmatropic rearrangement went with a high degree of stereoselectivity to establish the 

required asymnetric center at the C-7 spirolactone juncture in bakkenolide-A (!).15 It is pre- 
sumed that this rearrangement proceeds via the sulfur-stabilized carbenoid 5(X= S,Y=FSM~).~~*~~ - 
although it is mechanistically plausible for the rearrangement to occur prior to the loss of 
nitrogen. 

Scheme II. W_1*__1-- 

& -Me+e 
I 

H 

losNHN= & \sMe 

Construction of the lactone ring was accomplished by treatment of 11 with HgO (4 equiv) and 
HgC12 (1.5 equiv) fn refluxing aqueous 70% acetone for 3 hours to give the thfoesterE(75%)whfch 
was lactonfzed to (_+)-bakkenolide-A (l_) with selenious acid in refluxing benzene (10 h,rd.17The 
synthetic 1 was identical in all respects to an authentfc sample of bakkenolide-A (1). ’ 
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