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Abstract - Enantiomeric isomers of 1-axaspiro[Z.8Iundecenone derivative 

(lo), which are key compounds to synthesize nine-membered ring 

diterpenoids, were synthesized stereoselectively from optically active 

manoterpene, limonene, via anionic oxy-Cope rearrangement reaction. 

A large number of nine-membered ring diterpenoids have been isolated from marine 

natural  resource^,^ same of which showed interesting biological acti~ities.~ 

Stereoselective total synthetic works on several germacrane (ten-membered ring) 

srsquiterpenoids have recently been accomplished in our On these 

syntheses, moaotarpenoids have been used as the starting materials, and Cope 

rearrangement has been applied t o  form ten-membered ring. As the extension of 

these synthetic works, we planned to synthesize nine-membered ring diterpenoids 

such as dictyodial ( 1 1 3  from some monoterpenes utilizing anionic oxy-Cape 

rearrangement as a key reaction. There have been several synthetic reports on 

nine-membered ring compounds including caryophyllane-type sesquiterpen~ids.~ A 

discussion on stereochemistry of thermal oxy-Cope rearrangement of 1.2-divinyl- 

cyclopentanol has also been reported."ut, no report has been appeared on 

anionic oxy-Cope rearrangement,, on which the reaction proceeds under the mildest 

conditions among various Cope rearrngements in general. In this paper, we wish 

to report the stereoselective construction of optically active nine-membered ring 

compounds with an epoxy ring, 1-oxaspiro[2.8Iundecenone derivatives, via anionic 

any-Cope rearrangement reaction of 1,Z-divinylcyclopentanol derivatives. 

Optically active cyclapenteneldehyde derivative ( 2 ) ,  which has been prepared from 



(+I-limonene following literatures," was transformed into triene (318 by Wittig 

reaction (PhzP=CHz; 67  %I. When the triene (3) was treated with m-chloro- 

perbenzoic acid, the endocyclic tetrasubstituted double bond was epuxidized 

regioselectively ( 7 1  % yield) to afford the mixture of diasteraameric epaxides (4 

and 5 1 .  Treatment of the mixture with LiN(i-C3H71Z in ether afforded a mixture 

of corresponding triene alcohols ( 6  and 7 as almost 4:1 ratio), which could be 

separated by silica gel column chromatography, in 67 % yield.g When each alcohol 

was treated under Sharpless epoxidation conditions (t-BuOOH and YO(acaclzl, the 

corresponding epoxy alcohols (8 and 9) were obtained stereospecifically in 90 % 

and 60 % yield, respectively. 

When the epoxy alcohol possessing trans-divinyl group (9) was treated with 

KN(TMS)2 in DME, the anionic oxy-Cope rearrangement reaction proceeded smoothly at 

room temperature, and a sale cyclononenone derivative (10)  was obtained in 54 % 

yield after 4 h. The structure including stereochamistry of the product was 
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determined as 10 by ' H  nmr spectra (COSY, NOESY, and differential NOE). 

Similarly. treatment of the epoxy alcohol possessing cis-divinyl group (81 with 

KN(TMS)2 in DME afforded the enantiomer of 10 as a sole product in 63 X yield 

after 2 h. Treatment of 8 with KH and 18-crown-6 in THF also afforded the 

enantionier of 10. K O  geometrical isomer could be detected.10 Thus, both 

enantinmers of 10 became to be available in fairly good yields from (+)-limonene 

stereospecifically. 

Further spnlhetic work toward natural diterpenoids is in progress. 
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with the product of apoxidation (H~02-NaOH; 57 % yield) and successive Wittig 

reaction (Ph3P=CHZ; 22 X yield) of 2 .  

10. Cope rearrangement of triene alcohol (6 and 7) was also attempted under almost 

t.he same conditions, but various products were obtained and the objective 

compound could be isolated in only a poor yield. 
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