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Summary  : We descrtbe an unusual [2+2+2] MIMIRC reaction between a hthtum dienolate 6 and 

methyl acrylate. The more classical double Mtchael addttton cycl,sation provides an efficient 

entry towards key intermedmte 5 for  2-tsocyanopupukeanane 1 synthesis. 

We are presently investigating the palladium catalyzed cyclisation 1 of 4 into tricyclic ketone 3 which would 

lead, by catalytic hydrogenation of the C=C double bond, to Corey's precursor 2 2 of 2-isocyanopupukeanane 1, 

a sesquiterpene produced by a marine sponge as a defenswe substance 3. This scheme requires an efficient 

synthesis of key intermediate 5. As the classxcal approaches using Diels-Alder cycloaddition failed 4, we tamed 

our attention to the use of double Michael addition of dienolate 6 to methyl acrylate known to provide an efficient 

entry into the bicyclo [2.2.2] octane skeleton with the desired endo stereochemistry 5. We decnbe here an unusual 

outcome of this well known reaction, which gives raise to a [2+2+2] Mlchael-Mlchael Ring Closure (MIMIRC) 

process 6 instead of the expected cyclisation into 5, showing that an intermolecular Michael reaction is prefered to 

an intramolecular one when an excess of the Michael acceptor is used. 
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When dienolate 6 7 is treated at - 78 °C with 1.2 equ. of methyl acrylate and quenched after one hour by 

trimethylchlorosilane, a mixture of 5 (30%), 7 (13%) and silyldienolether derived from starting material 6 (57%) 

is obtained. Compound 5 has been assigned a bicyclic structure by 1H and 13C NMR spectroscopy 8 

Nevertheless, stereochemical assignment is difficult to secure in such systems although endo stereochemistry is 

generally observed for double Michael adducts 5. The treatment of viscous liquid 5 by 2 equ. of isopropyllithium 

in THF yields crystalline ketoalcohol 8 which has an endo stereochemistry as clearly demonstrated by X-ray 

diffraction analysis 9 
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The IH NMR spectrum of rrunor compound 7 shows the presence of one ethylemc proton (5.41 ppm), one 

methyl ester group (3.63 ppm) and two deshmlded protons (2 95 and 2.68 ppm). Its 13C NMR spectrum 

exhlbzts among t5 peaks, 2 s~gnals at 175 46 and 173.38 ppm assigned to C=O and two vmylic carbons at 

131.52 and 124 4l  ppm. Although, these observatmns suggest that the chenolate 6 has reacted with 2 molecules 

of methyl acrylate, it was not possible to determine th~s structure using NMR data 10 On the other hand, 

compound 7 could be obtained selecuvely from 6 by the raDd addition of an 2.5 equ. of methyl acrylate followed 

by an 18 hours reactmn t~me at room temperature Product 7 thus obtained can be crystalhzed m ether: ~ts 

structure determined by X-ray crystallography l l reveals that ~t results probably from a [2+2+2] MIMIRC 

reaction between dienolate 6 and two molecules of methyl acrylate. 
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The [2+2+2] MIMIRC, a well known process for enolate anions, is most likely to occur in the present case 

with dienolate anion 6, and is to our knowledge the first example of this type. From the chemical point of view 

[2+2+2] MIMIRC reactions generally are thermodynamically driven and yield decalime derivatives such as Ill  
with the trans ring junction 6. In the present case III  can further cyclise to form a sterically bridged ~i lactonic 

derivative V. The decalinic intermediate IV with the cis ring junction is -at first glance- less stable but its further 

cyclisation gives product 7 which is much less hindered than V. As HI, IV and V can interconvert via II, and as 

the steric hinderance is much more important in III  and V as it is in IV and 7, it is the formation of the latter 

product which is observed. 
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Our results clearly show that [2+2+2] MIMIRC reactions can occur with dienolate anions. Furthermore the 

outcome of the reaction towards either exclusively the endo bicyclic product 5, or the tricyclic derivative 7 can be 

controlled by the stoicinometry of the acrylate and dienolate anion 6. The yield of the compound 5 can be 

increased to 63% without formation of 7 by a slow addition (1 h) of methyl acrylate (1.2 equ.) to 6 performed 

with a syringe pump. Further work is being done to complete the synthesis of 2-isocyanopupukeanane and to 

investigate the formation of the tricyclic compound 7 which could be a useful intermediate for eudesmane 

sesquiterpenes. 
We thank Dr. Marcel Pierrot for valuable assistance in the structural determination by X-ray 

crystallography. 
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