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A Convenient Annulation Process Involving a Tandem 
Alkglation-Michael Addition Sequence 

Didier DesmaLlle’ and Jean-Marc Louvet 
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Absbmt: Maionic esters. ~kem-ester and other methyiene-active conqwunds react with tke 7-io&-2-heptenoic acid 
methyl ester 2 in presence of CesiVm carbonate to give six-membered ring products 5. through a tandem akykation- 
Michaetaddition Raction. 

In connection with our efforts directed to the total synthesis of the Homoeryttina alkaloids, we recently 

reported a new spiroannulation reaction of 2-tetralone derivatives 1 by methyl (E)-7-iodo-2-heptenoate 2, to 

provide keto-esters 3, through a “one pot” tandem alkylation-Michael addition sequence.l As a further 

investigation of this useful quaternary carbon center formation, we now wish to report the extension of this 

reaction into a general synthetic method for the conversion of acidic methylene compounds 4 to six-member& 

derivatives 5. 
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Based on our original findings, cesium carbonate was found to he the most convenient base to induced the 

cyclization. Thus, treatment of methyl malonate (2 eq.) with methyl (E)-7-iodo-2-heptenoate 22 (1 eq.) in 

presence of c&urn carbonate3 (3 eq., DMF, 24PC, 12 h) affotded triester tS4 in 80 8 yield. The results obtained 
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with other nucleophiles are summarized in Table 1. tcrt-Butyl acemacetate, ethyl cyanoacetate and nimmethane 

gave similarly adducts 75.86 and 9 respectively in good yields, as a mixture of diammmers. 

The use of cesium carbonate (3 eq.. DMF, WC!, 12 h) with the less acidic phenylacetone 10 led only to 

mono-alkylation product 11; however changing Cs2CO3 for sodium hydride (3 eq,, W, 20% 12 h) gave 

diketone 12, arising f&m a S~ZMichael addition sequence, followed by a Cl&en-type ring closure.7 
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The behavior of 1,3diketones was also investigated. Acetylacetone led only to mono-alkylation product 

W; however in contrast to the phenylacetone case, we were unable to induce cyclization of the latter compound. 

Likewise, 1,3cyclohexamdione gave a mono-alkylation product, but the process was further thwarted by a 

competitive O-alkylation mction giving rise to keto-esm 14. 
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Condensation of 2-tetrakm la with iodcmmr 2, in presence of C&03, gave good yield of spire-adduct 

3a, however 6,7-dimethoxy-temloe lb afforded keto-ester 3b with a marking mluced yield (48 %). In c&r 

to improve the chemical yield we thought to use of smuger base, namely cesium tembutoxide.8 The choice of 

this base was dimted considering that the stereochemical issue of the present spimannulatiou is closely linked to 

the-templateefFect oftheccshlmcoLmtcrion. 

ZTetmlone la 

lb rBuOCs / zBuOH-THF 3b Ml 

Table 1 
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Thus tmatmcnt of lb with the atiodo-@-uns ester 2 in presmce of fBuOCs in zBuOH-THF gave 

spiro-tIddUCt3baSthConly~in8o%yiCld, Howcvexitshouldbepoinadoutthat theobtentionof 

thisyieldrequiredtheuseofa~-~urcessoflb,asaprotoaMHmm 
We have previously shown that in such an anmlation, the $42 allrylation occurs firs& followed by the 

intramolecular Michael addition (pathway l).l The same chronology of events as mxmtly been mported for the 

~~~0fneuaalhetao-nuclaophikssucbasthiounaorbenzylaminewith~~oftype2~ 

I 

UC@ 1 16 1 &Y ( 0 1 c ) 

ati@ 13 only 0 1 

CP O”moMe @Q 0 13 only 0 C 
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p”cte CH2=Y 
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YY 9 cs@a 0 
SN2b 0 C 

a)ThcMichml8ddkionwasnotobscned inthiscasc.b)pm&ct13waaobbkd.c)thiswark. 

Table 2 



Suchan~afrcactivi*lisnoawonthy,sincte~cnolattsorLithiumdiallrylamidesnactaccordingtoa 

completely different sccnario.~~~l Indeed with the mare basic nuckophilcs. the Michael addition occurs in Etst 

place, followed by intramolecular halide displacement by the transient enolate 17 (pathway 2). This process 

usually known as Michael Initiated &ing gosure (MIRC) has received considerable applications for the 

stereoseleedve elabomtion of five- and six-membered sing anqxmds. 

Because nucleophiles could afford both type of products, it is of some importaxe to End a simple way to 

pmdict the outcome of the reaction of a given nucleophile with lu-iodtxz$-unsaturated esters 2. 

It appeared that a mere look at the pKa of the nucleophile allows to find which process will take place (table 

2). Thus, nucleophiles with a pRa of 16 and lower give SN~ alkylation or tandem S&Z-Michael addition 

(depending either one or two acidic hydrogens are available), whereas more basic nucleophiles aft&d MIRC 

products.l* Cyclopcntadiene anion with a pKa of 16 is located on the borderline between the two groups, and 

affordsamixnueofproductsarisingofthetwo~l3 

Further efforts are underway to expand the scope of this reaction to functionnalized miodo-~&tnsaturated 

esters and to other ring sizes. The possibility to prepare optically active adducts is also currently under 

investigation.14 
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