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Abstract: Fumaric acid bis ((S)-proline benzyl ester) amide reacts with cyclopentadiene in thermal and Lewis 

acid catalyzed Diels-Alder reactions to give the cycloadducts with high yields and diastereomeric ratios up to 

1oo:l. 

The asymmetric Die&Alder cycloaddition represents one of the most powerful tools available from modern 

synthetic methodology.‘) In this process exceptionally high stereoselectivities may be obtained if the 

dienophiles used contain not only one but two chiral auxiliaries with synergistic stereodirecting influences. 

This prediction by Tolbert and Ali2) has been addressed and exploited3) and the most impressive results were 

obtained by Helmchen et al. by applying O-ethyl lactate as stereodifferentiating moiety.3a) In the course of 

investigations directed towards the use of the easily accessible amino acid esters as chiral auxiliaries in 

asymmetric synthese&) we introduced (S)-proline benzyl ester as efficient auxiliary group for asymmetric 

Diels-Alder reactions.@ For instance, it reacts with cyclopentadiene at O’C and in the presence of 1 equiv. 

TiQ to give the cycloadducts 2 and 3 in a ratio of 96.5:3.X Considering the above-mentioned prediction by 

Tolbert and Ali, we investigated whether the proline ester might also display cooperative properties and, thus, 

allow for a f&rther enhancement of the stereoselectivity in analogous Diels-Alder reactions. 

N-Acryloyl-Q-proline benzyl ester reacts with cyclopentadiene in the absence of a Lewis acid to give the 

bicyclo[2.2.l]heptenes 2 and 3 in a ratio of 19:81 (ca 1:4). However, if the fumaric acid bis-amide 4 is 

employed under the same conditions as the dienophile, the observed diastereomeric ratio is 93.5:6.5 (ca. 16:l; 

ratios of diastereomers were determined by I-IPLC-analysis of the crude reaction mixtures; diode array 

detection). These values are in good agreement with Tolbert and Ali’s theory and indicate that the two chiral 

auxiliaries in the fumaric acid derivative 4 are capable of cooperating in these cycloadditions. The 

predominating (X,X)-isomer 5 can easily be obtained in enantiomerically pure form by a single 
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