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Summary: Diels-Alder reactions of the acrylate of (S)-ethyl lactate with cyclopentadiene proceed 
with diastereoface-selectivity of up to 85:15 (non-catalyzed) and 93:7 (TiC14-promoted). Depend- 
ing on the Lewis acid, products of inverse configuration are obtained. In conjunction with facile 

product analysis by LC, effective means for suppression of polymerization of the diene, and virtu- 

ally epimerization-free ester hydrolysis these findings constitute a method for large scale prac- 
tical applications of the asymmetric Diels-Alder reaction. 

High levels of stereoselection have been achieved in a variety of asymmetric Diels-Alder reac- 
tionsl. However, efficacious reagents of which both enantiomers are inexpensive and readily avail- 
able have so far been elusive. We wish to report findings which demonstrate that simple deriva- 
tives of lactic acid and presumably other hydroxy acids can fil1 this void. Furthermore, we have 
found that a novel type of acrylate enantioface-discrimination is operative with these reagents. 

This work developed from earlier studies* which included, as model reactions, AlCl,-promoted 
additions of anthracene to 3-methoxycarbonyl-acrylates of la-c and 2c. Stereoselection of up to 
> 99:l was achieved. As expected on the basis of previous investiganons of acrylatesia, no sig- 
nificant diastereoselection was obtained in non-catalyzed reactions of the acrylates of la and 
lb. However, acrylates of lc and 2c were found to be exceptional in that they gave diastereoselec- 
Eon of up to 80:203. ThisXuggesGd 2a that the carbamoyl group exerts an electronic (as distinct 
from steric) face-differentiating effect on the acrylate moiety. 

1 - 

Pursuing the lead given by the results mentioned above, acrylates of lactic acid esters (3) were 
selected as dienophiles with acrylate-face-differentiating groups, CH, and COOR, of approximately 
equivalent steric bulk but distinctly differing electronic type. Furthermore, we hoped that 
acrylates 3 would show interesting effects in Lewis acid catalyzed reactions. In contrast to 
"classicalK acrylates 5 (example: menthyl acrylate), compounds with apolar groups L and one donor 
center (the acrylate oxygen), acrylates 3 provide two donor centers and are thus adapted to for- 
mation of chelate complexes with Lewis acids. 

In order to test these ideas reactions of the acrylate of (S)-ethyl lactate (6)5 and other simple 
lactates with cyclopentadiene were investigated (Scheme 2). As first pleasant-surprise it was 
found that the four diastereoisomeric reaction products 7a-d are remarkably easily separable by 
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Fiq. 1. Analytical HPLC separations 
of raw mixtures from reactions of 6 
with cyclopentadiene. 

A Non-catalyzed (n-hexane) (table 1) 
B AlEtCl,-promoted (table 2, e. If) 
C TiCls-promoted (table 2, e. 4a) 

Column: 20x0.46 cm, 5~ silica Hypersil@, 
eluent: petroleum ether (l.b.)-t-butyl- 
methyl-ether 99:1, flow: 3 ml min-', de- 
tection: UV at 220 nm, ratio of extinc- 
tion coefficients at 220 nm: 

1-1:1,~~:~ 
II 
0 5 10 15 0 5 10 15 0 5 10 15 

E7a:E7b:E7C:E7d = 1.50:1.06:0.95:0.75. mln 
_--- 

Table 1. Non-catalyzed asymmetric Diels-Alder additions of 1 
acrylate 6 to cyclopentadiene; conditions: 0" C, 186 h, 
c(cyclope<tadiene) = 1.0 M, c(6) = 0.05 M, c(hydroquinone) - 
= 0.005 M. A 

Graphical reoresentation: '5 

A r = 7a:7b B r = 7c:7d, C r = (7c+7d):(-c) --' -- -- 

product ratio of 

solvent ET 7a:7b 7c:7d _- -- (7c+7d):(G-_) -- 

n-hexane 30.9 85:15 80:20 1.68 

CCl 32.5 82:18 77~23 1.78 

toluene 33.9 80:20 73~27 1.94 
CH,Cl, 41.1 68:32 58:42 3.22 0 I , \_J 

30 35 40 
ET 

45 

Table 2. Lewis acid promoted Diels-Alder reactions of acrylate 6 with cyclopentadiene; 
concentrations: as given in Table 1. 

entry Lewis acid 
equiv. of 
Lewis acid 

solvent 
ratio of endo-exo ratio of 
7d:7c -- (7c+7d):@+7&) -- 

la TiCl 1.1 -45 CH,Cl, 85:15 16:l 
Ib SnCll, 1.1 -45 CH,Cl, 84:16 18:l 
lc ZrCl+ 1.1 -45 CH,Cl, 48:52 17:1 
Id BF,.Et,O 1.1 -45 CH,Cl, 34:66 12:l 
le AlCl, 1.1 -45 CH,Cl, 36:64 13:l 
If AlEtCl, 1.1 -63.5 CH,Cl, 33:67 16:l 

2: TiCl,, 1.1 -75 CH,Cl, 9O:lO 21:l 
TiCl,, -63.5 CH,Cl, 9O:lO 22:l 

2c=la TiCll, 1.1 -45 CH,Cl, 85:15 16:l 
2d TiCl 1:1 0 CH,Cl, 78:22 7:l 

3a TiCll, 0.3 -63.5 CH,Cl, 91: 9 31:l 
3b TiClr, OO::5 -63.5 CH,Cl, 92: 8 28:l 
3c TiCl,+ -63.5 CH,Cl, 93: 7 32:l 
3d=2b TiCl+ 1.1 -63.5 CH,Cl, 9O:lO 22:l 

4a TiCl 0.75 -63.5 CH,Cl,/n-hexane 93: 7 39:l 
4b TiCll, 0.75 -45 CH,Cl,/n-hexane 92: 8 29:l 
4c TiCll, 0.75 -24 CH,Cl,/n-hexane 9O:lO 17:l 
4d TiCl% 0.75 0 CH,Cl,/n-hexane 87~13 12:l 

La] ratio of 4.5:5.5 (v/v), c(6_) = 0.046 M. 
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of Table 2)16. Thus, replacing n-hexane by petroleum ether (1.b.) and otherwise using conditions 
as stated by entry 4a of Table 2, preparative experiments showed complete consumption of 6 (6 h) 
with only 1.25 eq of cyclopentadiene. On a 10 g scale, pure 7d was obtained in 88 or ca. 50 % 
yield after product purification by MPLC or flash chromatogrãphy, respectively. 

Finally, saponification of adducts 7a-d without epimerization was found to be possible with LiOH 
in THF/water at room temperaturet7.' This finding enabled the preparation of optically pure (+)- 
(lR,2R)-5-norbornene-2-carboxylic acid according to Scheme 3. Avoiding chromatography, this method 
combines the procedures described above with a purification protocol based on iodolactonization/ 
elimination developed by Sauer and Kredelg (enantiomeric purity of 8: 99'1 %9C). 

Scheme 3 
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The work reported here opens a possibility to obtain many important Oiels-Alder adducts enantio- 
merically pure or highly enriched at a very low price. We are currently exploring scope and mech- 
anistic aspects in conjunction with obvious structural variations of the chira1 auxiliary. 
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meric purities (exo/endo content) of these acids was found to be 299 % according to HPLC analy- 
sis of their methyl esters (reaction with diazomethane, HPLC conditions as given in Fig. 1). 
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