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Summary: The uncatalyzed Diels-Alder addition of cyclopentadiene to the acry- 

lic ester derivatives 1 proceeds with high diastereo- and enantioface selecti- 

tivity. 

Diastereoface-selective Lewis acid catalyzed Diels-Alder, addition to chiral 

acrylic acid derivatives are under intensive investigations by several groups'. 

In connection with our studies on stereocontrolled additions of (RI-2,3-isopro- 

pylidene glyceraldehyde derivatives2 we reacted cyclopentadiene with the acry- 

lic esters 4 and 5 
2b under purely thermal conditions. Mixtures of z/a and z/s, 

respectively, were obtained in high yields, and readily separated by gravity 
3 column chromatography (silicagel, hexane/ether 6:l) . Basic hydrolysis of 2 

with concomitant epimerization at C-2 furnished the crystalline acid 'll, whose -- 
configuration was determined by X-ray analysis 4 (Fig. 1). 12 is also available -- 
by saponification of 2, so that the structures of 2 and 2 are certain. In 1 and 

& the relative configurations of C-2/3 with respect to the 8-(R)-centre have not 

been determined yet. However, the exo-exo- and endo-exo-arrangements of the 

sidechains clearly follow from the 
1 
H-'H-coupling constants J, 2 and J3,4' 

which throughout all adducts (2,5,3, --- and 5) show a value of 3.6-4.0 Hz for exo- 

H and 1.7-1.8 Hz for endo-H. 

Two stereoproblems are involved in the addition step: 1) diastereoface selecti- 

vity with respect to the attack at C-3 in l/4. 2) enantioface selectivity with -- 
respect to the cyclopentadiene moiety (endo-exo-selectivity). 

1) The diastereoface problem is regularly interpreted in terms of the Felkin- 

Anh transition states z/i, in which the double bond is attacked along a trajec- 
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Figure 1: Crystal Structure of A2 

(m.p. 66-67OC) 
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jectory anti to the neighbouring oxygen atom (antiperiplanar effect of electre 
5 

negative substituents) . This argument would leave 2 as the reactive confonna- 

tion in the formation of the major products 2 and 2, a conclusion which appears 

unlikely in view of the severe steric congestion between the diene, C-5 and 

the ester group. We therefore prefer a partically eclipsed conformation like 2 

which avoids unfavorable interactions and offers an open face to the attacking 

diene. Obviously the steric factors override the antiperiplanar effect. 

2) The endo-directing effects of the ester group and the dioxolane ring are 

significant and cooperate in the case of 1, whereas they roughly balance each 

other off in the case of f. 

For an uncatalyzed Diels-Alder addition the overall stereoselection is unusual- 

ly high. Under the plausible assumption that z/z and z/P merely differ with 

respect to the exo/endo-position of the substituents it may be concluded that i.nl/s 

the u16-diastereoface selection is quantitative and independent of the C-l-C-2- 

fragment, which in turn has a clear influence on the endo-exo-ratio ranging 

from 60:40 (2:_6) to 92:8 (_2b:_3b). These results are in contradiction to those -- -- -_ 
7 reported by Horton and Machinani , who found complete lk6-diastereoface selec- 

tivity in the addition of cyclopentadiene to the acrylic ester derivatives 

IQ/II. The reason for this discrepancy must be due to the presence of the two -- -- 
additional (S)-centres in the stereocontrolling appendage, which outweigh the 

effect of the 4-(R)-centre. 

The synthetic utility of _2_a,b lies in the fact that these compounds are readi- -- - 
ly available in gram quantities and, after elaboration of the appendages and/or 

oxidative cleavage of the 5,6-double bond may be converted into a variety of 

mono- and bicyclic cyclopentanoids. Via 2 the 2,3-trans-series is accessible 

as well. Applications of these concepts to natural product syntheses (e.g. san- 

talene and prostaglandins 1 are under intensive investigation in our laboratory. 
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