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Summatry: AUyLLc a&oho& 2 and i have been ptepa,ted and ac&Lvated 

towand ~ohmation 06 a&yL cations, giving 3-me.thy&webicycbo[3.2.l]oc.t- 

6-w& 2 and 2, ~~pectiveR9, in the phtience 06 cyc~opentadiene; w.Lth 

6WLafl, not only the p~~oduot6 06 conventionat e&c.t~~aphLGc dub&L.t&ion 

!! and !I ahe dammed, blLt a&o 3-mtihyikne-b-oxabicycto[3.2.1]oct-6- 

enti 12 and le. 

The msthylenecyclohexane moiety occurs widely in terpenes and terpenoid natural products, 

e.g. vitamin D and derivatives. Thanks to the Wittig reaction and its variants, the synthesis 

of methylenecyclohexanes via olefination of cyclohexancne precursors is generally not 

difficult, except when steric hindrance and enolization of the carbonyl group interfere. Tko 

pertinent examples are the zizaene class of sesguiterpenes, where the methylene group is 

flankedby a tertiary anda quaternary carbon‘ and isobarbatene, where the methylene group is 

flanked by two guatemaq centres3. 

As a more direct approach to these bridged methylenecyclohexanes we considered a cyclo- 

addition of a 2-silylmathylallyl cation to cyclopentadiene. Because of the stabilizing effect 

of silicon cm a B-sited carbocationl it seen-ed feasible that the two new u-bonds and exo- - 

methylene group might all be formed in one step (Schema 1). 
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scha 1. Generation, Capture, and Collapse of Crowded 2-Silylmathylallyl Cation. 
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Hover, from previous experience with the bianimatic preparation of monoterpenoids we knew 

that highly alkylated ally1 cation intermediates such as & suffered ready loss of a proton at 

0 to 25"C, even in acidic media.5 If the rate of elimination remained fast under all 

conditions, intermolecular capture of &with cyclopentadiene weld, of course, be difficult. 

As 2-silylmethylallyl cation precursors ws chose 2 and 2, which are not only ally1 alcohols, 

but also functionalized allylsilanes. Using the Homer-mns variant6 of the Wittig reaction 

we obtained the silylated acrylic ester derivatives 1 and 2 in a single-flask procedure. 

Methylation with an excess of Ethyllithium in ether at -20°C furnished 2 and 2 in high 

yield. 7,8 

(CF$0120/EtNPr; 
c 

CH,CI,. -7Ota-30'C 
R=H : 5 
R=Me: fi 

Scheme 2. Preparation and Trifluoroacetylation of 2-Silylmsthylallyl Alcohols. 

Cycloadditions. Previously, allylic alcohols structurally related to 2 and 4, but without 

silyl group, have been found to react with cyclopentadiene in a m-phase system consisting 

of aqueous sulfonic acid/pentane.' Experiments with 2 and! undertheseconditionsledto 

slow formation of dicyclopentadiene and decanposition of the acid-sensitive alcohols 2 and 2. 

As a milder and more selective method of activation we tried trifluoroacetylation. gb The 

alcohol was dropped into a mixture of trifluoroacetic anhydride/ethyldiisqxopylamine Prepared 

at -7O'C, the resulting mixture was stirred and allowed to reach -30°C, beccxning hcmogeneous. 

The trifluoroacetates 2 and 5 (characteristic IR carbonyl band at 1780 cm-') were separated 

from the salt of the amine and trifluoroacetic acid by dilution with pre-cooled pentane and 

filtration through a short column of basic aluminium oxide, cooled to -60 to -40°C. Since 2 

and especially 6 were very unstable, decomposing even in dilute solution at O°C with 

formation of a deep-violet coloration, they were used without delay or stored at -78'C. 

Reaction of $ and cyclopentadiene in solvent acetonitrile in the presence of ethyldiiso- 

propylamine and zinc chloride at O°C gave diene 18 as major product (ca. 55%) and only a minor 
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Schemz 3. products from the Generation of 2-Silyln&hylallyl Cations in the 

Presence of Cyclopentadiene and man 

ammnt of 2 (ratio !p : 2 = i : il. In the absence of ethyldiisopropylamine, but otherwise 

+ 

8 = 

identical conditions, the proportion of products changed ccpnpletely, diene JP being the minor 

product and the desired 2 the mjor (ca. 60%) product (ratio ip : 2 = J : $). Generally, best 

results wxe obtained in solvent acetonitrile at O'C and belaw withmt added base and using 

ca. 1.3-1.5 equiv. of cyclopentadiene. lhe products wsre isolated by extraction with pentane 

and Kugelmhr distillation. Although trifluoroacetatx 2 ionizes less readily than $, 

cycloadditions with 2 me easier to perform, 2 (ca. 45%) b&ng accoqanied by little diene 8. 

A special test of the driving force of the 2-silyln&hylallyl cation cyclcaddition was the 

reaction with furan, because hitherto all allylic cations expect oxyallyl species had been 

found to react with furan to give the product of conventional electrophilic substitution. 
10 

In the present instance regioselective electrophilic substitution occurred (cf. 11 and U), 

but it did not occur exclusively, adducts $' and 1$12 being formd as wzll. Thus, 2-silyl- 

mthylallyl alcohols such as 1, 4_ and their trifluoroacetic esters are cycloaddition reagents 

of both practical and theoretical interest. 
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