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Total Synthesis of (f)-Epicubenol 
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Abstract: The sesquiterpenoid microbial metabolite Wepicubenol (1) has been synthesized in 8 

steps from a readily available diene aklehyde v) using an inasmolecular Diels-Alder reaction. 

Some 20 years ago Gerber reported the isolation of a cadinene-type sesquiarpent alcohol, (+)-epic&en01 

(l), from Srreptomyces sp. LL-B7, sp. LL-BSa, and sp. LL-100-l @ren).t It was shown by NMR, IF& GC, 

and polarimetric comparison to he the enantiomer of (-)-epic&en01 previously isolated from cubeb oil% and a 

variety of other plant sources.~~ Biosynthetic studies3 with cell-free extracts have established that 1 is derived 

from farnesyl diphosphate and have provided evidence for a mechanism of formation involving a germacm&enyl 

cation intermediate and the operation of a 13-hydride shift. In this communication we wish to report the first 

total synthesis of 1. 

1 

The bicyclic ketone 2, which had heen earlier synthesized as an intermediate in the total synthesis of (*)- 

tormyol by Taber et ai.p was initially selected as the starting material for the synthesis of 1 because it possesses 
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the correct dative stereochemistry of the isopmpyl group snd the ,ring junction hydrogen H-S. In pqaration 

for the introduction of the hydmxyl gmup at C-10.2 was converted intu the trimethylsilylenol cthem 3a and 3b 

in a ratio of 4555 (LHMDS, 10% excess ketone, -78Y!, 15 min, rt, 16 h, 1.5 equiv TMSQ, 0.85 equiv Et3N, 

4.5 ml THP, rt, 10 min). All attempts to improve the ratio of 3a:3b by forming the enolate under 

thermodynamic conditions failed. The enol ethers 3a and 3b were separated by repeated chromatography in 

75% overall yield.5 Reaction of 3a with m-CPBA (1.0 equiv. CH2C12. rt, 1 h)6 followed by treatment of the 

resulting crude product with aqueous 1N HCI in acetonitrile afforded the a-hydroxyketone 4 with the expected 

cis-fused~ ring in 70% yield. Wittig olefinations of 4 with triphenylphosphonium methyl bromide (4.2 equiv) in 

NaH (4.0 equiv) and DMSO (rt, 5 h) resulted in the formation of the a-hydroxyalkene 5 in 78% yield The 

exocyclic double bond was then reduced9 in preference over the internal trisubstituted double bond with a 

mixhue of NaBH4 (3.0 equiv) and CoCl2.6H20 (1.0 equiv) in ethanol (IT, 14 h). The reduction resulted in the 

formation of 1 and its diastcreomer syncpicubenol(6), in a I : 1 ratio with a combined yield of 75% for the two 

isomers which were separated by repeated Sio;? flash column chromatography and individusliy characterized. 

The relative stenochemisay of 1 was verified by X-ray crystallographic studies on a trio1 obtained by tmatment 

of 1 with 0~04.3 The synthetic sample of (It)-epicubenol was identical in spectroscopic properties and 

cbmmatograpbic behavior with an authentic sample of 1 obtained from myeelial extracts of Srrcptomyces sp. 

LL-B7. 

3b 
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while explaring ways to improve the pmportion of3a, weposmlated that an intramokeular Dick-Alder 

react&n between the alkynone and a diene mokties in 9 ,would result in the formation of bicyclic enone 10, 

which could be converted into a silyknol ether via a l&hydride reduction. The silyknol ether could then be 

further cl&crated into epicubenol. In fact the diene aldehyde 7. which had been synthesized as an intermdiate 

in the synthesis of 2 by Taber et ul.p was convertal into the allryne alcohol 8 by a Grignanl reaction with ethynl 

magnesium bromide (2 equiv, THF, t-t, 1 h) in 90% yield. Dess-Martin periodinane oxidation10 of 8 resulted in 

the formation of the alkynone 9 which slowly underwent an intramol~ular Dick-Alder reaction to 10. The 

mixtureof9and10was~inasealadtubeat1U)oCinbenzenefar2htocompk~thecyclizationwithan 

overall yield of 73% OV(T both steps. The l&hydride reductiontl was subsequently catrkd out by heating 10 

with Wilkinson’s catalyst (0.4 equiv) and triethyMlane (1.05 equiv. 93 OC, 5 mitt). resulting in the formation of 

the triethylsilyl en01 ether 11 in 66% yield. 12 Hydroxyktion of 11 with m-CUBA (1.0 equiv, C!H$lz. rt, 1 h) 

resulted in the formation of 4 and the a-silyloxyketone 12 which could be readily converted into 4 by tmatment 

with HF-pY/pym (0.25 ml).13 The overall yield for the conversion of 11 to 4 was 65%. The tr- 

hydroxyketone produced by hydroxylation of 11 was identical to that produced in the original synthesis of 1. 

Based on this more dimct route, (f)-1 can themfore be readily prepamd in 8 steps from the dkne aldehyde 7. 

OH 0 

A A 
11 12 R=SiEt3 

m-pYPYfl.HF 

4 R=H 
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