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Recently we have found that lanthanide trifluoromethaneau~fonatea (kunhanide triilatea) are quite effective 

in the aIdol-type reactions of ailyl enolatea with aldehydes or acetala in both aqueousts~ and organic solvents. lb) 
While the reactions smoothly proceed under extremely mild conditions to afford the corresponding adducts in 

high yields, the catalysts can be easily recovered after the reactions are completed and can be reused. These 

unique characteristic features prompted us to investigate fUrther possibilities as catalysts in other Lewis acid- 

mediated important synthetic reactions. In this paper, WC would like to describe that lanthanide tritlatea also 

work well in the Michael reaction of silyl enolatea with a&unsaturated ketones and some Diels-Alder reactions. 

Michael reaction of ailyl enol ethers or ketene ailyl acetals with a,g-unsaturated catbonyl compounds is 

among the moat important carbon-carbon bond forming processes in organic ayntheais. Afier the first iepotts 

using a atoichiometric amount of Lewis acid,*) several efficient catalysts have been developed,3) however, they 

could not recovered after the reactions welt completed. 

We found that hmthanide tritlates acted quite well as reusable catalysts in the Michael reaction of ailyl , 

enolates with a&unsaturated ketones. Several examples are listed in Table 1. In every case, the reactions 

smoothly proceed in the presence of a catalytic amount of lanthanide tritlate under extremely mild conditions to 

give the corresponding 1 ,5-dicarbonyl compounds in good yields after acid work up. Silyl enolates derived 

from ketones, thioeaters, and eaters are applicable, and no 1,2-addition ptoducta are obtained. Every lanthanide 

tdflate screened (Ln(OT03: Ln-La, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Ef, Tm, Yb, Lu) works well, and can be 

reused. It is notewotthy to refer that the yields of 1st run are almost comparable to those of 2nd run (Table 1). 

The reaction smoothly proceeded even in the presence of 1 mol% of the catalyst. Furthermore, the product can 

be isolated as a syntheticaRy valuable silyl en01 ether when the crude adduct is worked up without acid. To our 

knowledge, the present reaction is a first example of the lanthanide-catalyzed Michael reaction of enolate 

components with a$-unsaturated carbonyl compounds. 
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a)Damhcdbyl3cNMR.~~ 

b) 94% yield when 1 mol% of Yb(OTf)s wan used. 

89% y/e/d 
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A typical exp&menM procedure is described for the rcactlon of the ketene silyl acctd derived from methyl 

isobutyrate 1 with chakone; to a suspension of Yb(OTf)3 (0.04 mmol, 10 md%p) in dichlotom&ane (1.5 ml) 

was added a mixture of 1 (0.6 mmol) and chalcone (0.4 mmol) ln dlch1oromethane (1 ml) at t.t. The mixtum 

was stirred for 12 h at this tcmperaturc and then water was added and the product was extracted with 

dichloromcthane. Trcatmcnt of the crude product with THFz 1N IICl(2O:l) for 0.5 h at 0 “C and puriftcation by 

silica gel cohunn chromatogmphy gave the cormqxmding 1,5-dicarbottyl compmmd (92%). Yb(OT03 could be 

almost quantitatively mcovered from the aqueous layer and could bc rcuscd5) (2nd use; 93%). When the crude 

pmduct was directly purified, the cotwponding silyl end ether cculd be obtalncd in 89% yield. 

Next, we examined the function of lanthanldc triilates as catalysts ln the Diels-Alder reaction. Although 

many Diels-Alder mactlons have been auried out in higher reaction tempemtures without necessity of catalysts, 

heat scnsitlvc compounds in complex and multlstcp synthesis can not be employed. While Lewis acid catalysts 

make the ma&ions possible tq proceed at room tcmpemture with satisfaaory yields, they am ofkn accompanied 

by dlene polymerlxation and excess amounts of the catalyst arc otten needed to catalyze carbonyl containing 

dknophlks.6) 

We found that the lanthanide triflate is also an efIlcient catalyst in the Did.+Alder reaction of carbonyl 

contalning dicnophilat with cydopentadiene.~) Some examples am shown b&w, and in every cam the reactions 

smoothly proceeded to glve the cormsponding adducts in high yields. It should be noted that a catalytic amount 

of Yb(OTf)a is enough to promote the reactions and that the catalyst can bc easily mcovetud and mused. 

HO 
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0 \ I 

0 I 

9) 
Yb(OTf)a ( 20 mol% 1 

~a0.C CHO 

1st Nn 86% (exo/mdo-lanw) 

2nd run 87+ (exohndo-lV8Q) 

Yb(OTf)a ( 10 mol% ) 

cwso- 

let run 09% (axo/endo-&/lOO) 
2nd run WI (ex&ndo-O/100) 

Lanthanide Catalyzed Diels-Alder Reaction . 
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In summary, lanthanidc trillatcs haye found to be e&ient reusable catalystsin not only aldol but also 

Micbsel and Diels-Alder reactions. These lanthanide catalysts are expected to have potential abilities as mild 

Lewis acid catalysts to solve even environmental problems in industrial processe s, and further progress 

according to this line ls now under lnvcs@tlons in our labomtoty. 
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