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Summary: Eu(hfc)3 catalyzes the title reaction with substantial asymmetric induction. 

Traces of soluble lanthanide complexes such as Eu(fod)3 ’ catalyze the cyclocondensation 

of activated dienes with aldehydes. The process 
2a 

conforms to what has been described as the 

pericyclic model 2b (i e 2c . . suprafaciality in the diene component with high endo selectivity). 

The major advantage of lanthanide catalysis lies in the survival of otherwise labile systems of 

the type ,2, which bear exploitable functionality. It was also noted that Eu(hfc)3 3 provides 

asymmetric induction in the cycloaddition reaction. In this Letter, we report on a systematic 

investigation of this exciting new finding. 

We first encountered the Eu(hfc)3 induced enantiomeric enrichment in the reaction of 

parent diene & with benzaldehyde (CDC13,rt) using 1 mole % of the catalyst. Cleavage of ,& 

with trifluoroacetic acid afforded 3. The sense and extent of this induction was ascertained 'L 

via optical 
4a,b 

and nmr 
5 measurements on $which was obtained from 2 by previously described 

protocols ((i) 03/MeOH, (ii) H202;0H-, (iii) CH2N2/Et20). L b In all of the cases described in 

this work the 6R pyrone enantiomer was enriched. 
7 

Some possibilities for improving upon the rather modest enantiomeric enrichment (18% e.e.) 

in the case of diene & were pursued. It seemed likely that increasing the size of the alkoxy 

substituent at Cl of the diene might increase the extent of induction. Dienes ,& and ,$ were 

obtained by enol silylation (Et3N-TMSOTf) B of the corresponding alkoxyenones. These enones 

are readily prepared by acid catalyzed (TsOH, ROH/$H) exchange with the commercially available 

trans-1-methoxy-1-buten-3-one. --___ The effect of the Cl alkoxy variation is seen from the data in 

figure 1. 

3451 



3452 

!a_ R’=Me 

,b R’=‘Pr 

,c R’=+B, u 

figure 1 

The effects of methyl substitution at C2, and of dimethyl substitution at C2 and C4, were 

probed with dienes u-g 
9 

under conditions identical to those used for h-c. 

In the I-methoxy series, the 2-methyl substituent appears to be of little consequence 

(compare & and ,$$R,, but a significant effect arises with a 4-methyl group (compare ,&. $,Q, and 

M). However, with R' = 
t Bu, the effects of additional substitution are attenuated (compare ,&, 

TFA c 

R 

5 R=H 

J R=Me 

19 R=H; RI-Me 
0 e. Me? (?I-! 

_e R= H; R’=+Bu 

f R=Me; R’=Me 

p R=Me; R’=‘Bu 
figure 2 
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The extent of induction in the reaction of the more oxygenated dienes G and li 

with benzaldehyde was also investigated. As before, the dienes were obtained by enol 

silylation (TMSOTf-Et3N) of the corresponding 1,2-dioxygenated 1-buten-3-one compounds. 10 

The conditions for the cycloaddition were the same as used with ,&,-&. The adducts, upon 

treatment with trifluoracetic acid, afforded dihydropyrones 2 and a. " These were con- 

verted to hydroxyester $ using the same oxidation protocol as described above. The data 

(fig. 3) indicate that the 2-acetoxy function exerts little effect on the extent of induc- 

tion with the l-tOBu dienes (compare & and a). The difference between j& 

interesting, though the generality of this effect remains to be determined. 

O’Bu 

and u is 

0CHO ) 

Eu(hfc$ 
CDC$ 
r-t 

TFA, 

9 R=Ac 

10 R=H 

I!! R = AC 

i R = MesSi 

With two of the dienes, we attempted to increase induction by modification of the ex- 

perimental conditions. It was found that considerable improvement could be realized by 

conducting the reaction in the absence of solvent at reduced temperatures (see fig. 4). We 

figure 3 

also note there is essentially no change in e.e. by increasing the proportion of Eu(hfc)3 to 

10 mole %, though the reaction rate is sharply increased. Thus, while the causes of the 

induction are not presently understood, they seem to be rooted in the catalytic process 

rather than in a more general medium effect. 
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figure 4 

Experiments designed to enlarge upon and exploit these findings are in progress. 
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