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Abstract: Tricyclodecadienone epoxi&s 5_ do not form an e&ate on treatment with Iithirun diisopropyl amide, 

but instead undergo an unusual stereoselective B-hydride transfer leading to alcohols 6. The same type of epoxy 

endo-alcohol was obtained from parent epoxy ketone S_ on reaction with metal hydrides and organolithium 

reagents. These alcohols read@ undergo an intramolecular epoxide migration by a Payne-type rearrangement, 

to give endo-epoxides 2. 

Tricyclo[5.2.1.&6]decadienones 1 am synthetic equivalents of cyclopentadienones and as such serve as synthons 

for cyclopentanoid natural products*. Regio- and stereoselective epoxldation of the enone moiety in 1, using 

hydrogen peroxide in alkaline medlum, conveniently leads to tricyclic a&epoxy cyclopentanones 2. These 

1 2 3 4 

epoxides have successfully been applied for the synthesis of both trans- and cis-4.5~dihydroxy-2-cycle 

pentenones2. In order to extend the use of these tricyclic a$-epoxyketones for the synthesis of cyclopcntanoids, 

we studied their possible angular substitution and their chemical reactivity towards metallic hydrides and 

organolithium reagents. 

In recent papers3, we showed that angular functionalization of trlcyclic ester 3 is conveniently achieved using 

lithiumdiisopropyl amide in THP to form enolate 4. Quenching this enolate with appropriate elecuophiles 

afforded a’alkyltricyclodecadienones and bridged oxapropcllanes, which turned out to be suitable precursors for 

2-alkyl-3-carbocthoxycyclopentadienones and sarkomycius4. 

Treatment of tricyclic epoxide & with lithiumdiisopropyl amide in THP at -78 “C and subsequent quenching 

with methyl iodide, however, did not produce the expected a’-methylated product. Instead, complete reduction 

of the ketone function was observed, atfording a single alcohol in 80% yield. The same alcohol was obtained 

when water was used as quenching agent instead of methyl iodide. In order to secure the structure of this alcohol 

unequivocally, it was acylated with acetic anhydridc in pyridine and the crystalline acetate was subjected to an 

X-ray difti-action analysir?. This analysis showed that the acetate has structure 7p and themfom its pmcumor 

must have structure @g (Scheme I). When patent tricyclic epoxide a was treated with LDA in the same way as 

5a, reduction of the ketone function, producing @ in 60% yield, was again the only reaction observed. No 

products suggesting the formation of enolate & were observed. 
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Scheme I 

Since enone 3 only leads to enolate 4 and does not give any reduction product on treatment with LDA, it is 

suggested that in epoxy ketones 5 such an enolate formation by LDA is apparently strongly disfavored and the 

alternative, viz. a reduction, is prefened. Molecular modelin$ showed that deprotonation of enone 2 is indeed 

sterically more favorable than that of epoxyketones 3. The exe-epoxide function together with the (&nethylene 

bridge severely hinder the approach of LDA needed to abstmct the bridgehead a’-proton in either & or s. In 

addition to these steric considerations, the thermodynamic stability of the produced enolates may also be of 

importance. The formation of enolate 4 is probably considerably more favored than epoxy enolate ?3, which lacks 

the conjugative stabilization present in 4. 

The reduction of ketones by lithium diisopropyl amide has only scarcely been mentioned in the literature. It has 

been reported for aromatic ketones without enolizable a-hydrogens7, for enolizable a-halo- and alkoxy ketones* 

and 3-alkyl substituted norbornan-2-ones’. Mechanistically, the stereoselective formation of en&-alcohols 6 in 

the reaction of epoxyketones 5. with LDA can be rationalized by invoking a stereospecific hydride shift from one 

of the isopropyl groups of LDA to the carbonyl group of S (Fig. 1). This hydride transfer takes place selectively 

Fig. I 

R= H, CO,E1 

at the convey side of 5. The rigid endo-tricyclic skeleton of 5 considerably hampers hydride transfer at its con- 

cave face apparently much more than the eclipsed exe-epoxide function at the convex side. 

This p-hydride transfer process may energetically be more favorable than the competing enolization of 3. 

Therefore, deprotonation was also attempted with N-lithium-2,2,6,6-tetramethylpiperide (LTMP), a similar 

strong base as LDA, but lacking the ability of P-hydride transfer. However, under a variety of conditions again 

no enolization of 6 could be accomplished. As expected, no reduction of the ketone function was observed 
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The reduction of epoxykctones 5. ro epoxy nlcohola 5 was also studied with the hydride reagents NaBH, en 

LiAMel’. In conjunction herewith, the reaction of2 with RLi reagents was also invcvtigatcd in order 70 evaluate 

further the steric and eiectronic implications of the em-cppmide function on the chemistry of the adjacent ketone 

function in 2. 

Epoxykerones 5a and @ reacted smoathly with NaBHa in THF at 0 Y! affording endo-alcohols @and&b, 

respectively, in nearly quantitative yields and with complete stereoselectivity. The epinwic ~~alcohols WE 

not detected. Interestingly, when the reduction of 3 wa,s conducted for a longer period than strictly needed to 

complete the reduction, an isnmwic epoxy alcohol was nlvwly formed. Prolonged reaction times showed this 

conversion to be an equilibrium with n molar ratio of 5:1 with @ as the major component. Approximately the 

wne rndo was observed when epoxy ketone s was tieatcd with LiAIH, in ether RI 0 *C for 24 hrr. Spectral data 

reveal that the newly famed epoxy alcohol has rhe inverted eprxide stmctwl: B (Schemt II). Analogous results 

Scheme ll 

E s 84% a Ft. H(=W s 16?& 
86% Q R= Me 14% 
70% _c R- n-&l 30% 
ewe d R= S.B” 62% 

e R= t&l 85% 
61% f R= PtM 13% 

WCIC- obtained when S& was trented with methyllithium in THF at rwm temperature for one hr. A mixture of 

alcohols @and m @tin h: 1) was obaincd in nearly quandtative yield. The use of more bulky alkyilithium 

compounds led to an increased yield of the invertcxi epoxide 2 (Scheme II). In case of t-burytli~hi~~n~. the 

initially formed epoxy alaho & bad been completely tranafomxd into $$I after one hr of maction only. The. 

addition of phenyllithium tiff&led only a relatively snxdl amount of inverted epoxide sf under identical 

conditions. In a11 cases the eporides cuuld be separated by flash column chromatography on silica 

(n-hcxane/ethyl acetate). 

The, formation of epoxy alcohols 9 can brrcadily explained by invoking an intmnluleculw epoxide opening hy 

Scheme 111 

.K! 11 

the initialiy formed endo-alkoxide anion (Scheme 111). Such an epoxidc migration reaction 0~ Payne’s 
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rearrangementrl. is well known for acyclic epoxy alcohols but has not yet been described for 

a,~-epoxycyclopentanols. The product ratio is controlled by the relative thermodynamic stabilities of the two 

epoxides. Both steric and electronic effects am involved. Due to the apparent inability of the nucleophiles to 

attack fmm the en&-face of the carbonyl function in epoxy ketone & exclusive endo-alcoholates m are formed 

which possess the newly introduced R at the unfavorable eclipsed position with respect to the epoxide ring. An 

increased bulkiness of R will shii the equilibrium towards the inverted epoxy alcoholate u. Molecular 

mechanics (MM2) calculations indeed show alcohols 9 to be sterically more stable than 8. The formation of 

epoxy alcoholate 11 is also electtonically favored (for R+ H) as a secondary alcoholate is generally more stable 

than a tertiary one. 

The formation of inverted epoxy alcohols 9 offers interesting synthetic prospects, because its epoxide function 

may now be readily and stereoselectively opened by appropriate nucleophiles. Thermal cycloreversion then 

leads to functionallxed cyclopentenoids which are of interest for natural product synthesis. An application 

concerning the synthesis of the marine prostanoids clavulones I and II is reported in the accompanying papert2. 
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