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Abstract: TiCl+-catalyzed Diels-Alder additions of the acrylate of commercial D-pantolactone to 
cyclopentadiene, isoprene and butadiene proceed with very high diastereofacial selectivity. Prac- 
tical and mechanistic aspects of these reactions are discussed. 

Metal coordination is known to be important for a variety of useful asymmetric syntheses. Che- 

late formation, in particular, can amplify inherently weak diastereoface-discrimination to theex- 

tent that high levels of stereoselection may be achieved with very simple chiral auxiliaries. Fol- 

lowing this general guideline, we have uncovered that acrylic esters of lactates are very effec- 

tive dienophiles in Lewis acid promoted Diels-Alder reactions*. In an effort to clarify puzzling 

effects of Lewis acids associated with these reagents we have recently succeeded in growing sin- 

gle crystals of a I:1 acrylate-TiCl,, complex3. The structure of this complex has provided a basis 

for rationalization of our observations and, moreover, has given an essential hint for identify- 

ing the title compound to be a most useful chiral auxiliary. 

The facts which have induced the work presented here are comprised in Scheme 1 which is repre- 

sentative of a number of similar reactions. The reaction of acrylate 1 with cyclopentadiene pre- 

ferentially yields endo adduct 22 with TiCl,, as catalyst. This result can be understood by assum- 

ing that a single species of structure 4, corresponding to the crystal structure of the l-TiCll, 

complex, reacts and that i is attacked at the less shielded face (2Si) of its enoate group. How- 

ever, this simple rationale does not explain the response of diastereoselectivity to variations 

of reaction conditions (Fig. 1). In particular, steep decrease of diastereoselectivity is found 

with more than ca. 1 equivalent of TiC14. This indicates that besides i other reactive species 

are present. According to the modified Walborsky model 4, likely such species are the non-chelate 
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complexes B and B'. This proposal is supported by the fact (Scheme 1) that Lewis acids disposed 

to four-coordination, EtAlCl, and BF,, induce preferential addition to the acrylate PRe-face as 

is to be expected for i and By 

From the scheme outlined above an interesting conclusion can be drawn: stabilization of com- 

plexes of type 4 relative to those of types B/B' should raise the level of diastereoselectivity -- 
and decrease dependence of diastereoselectivityon reaction conditions. The essential hint to re- 

alize this expectation came from the crystal structure of i2 in that this displays a torsion an- 

gle of only 20" for the lactate backbone 0-(CO)-C-CH,. Consequently, a cyclic structure g (cf. 

Scheme 2) should possess a coordination geometry similar to that of 4; but the entropy balance 

with respect to competing monodentate complexes should be more favourable for $ than for 4. These 

considerations prompted the selection of the readily available D-pantolactone as reagent. With 

regard to configurational relationships D-pantolactone is equivalent to (R)-lactates which are 

produced but are not yet available from suppliers of fine organic chemicals. 

Scheme 2 
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Results obtained with D-pantolactone [(R)-31 as chiral auxiliary are summarized on the opposite 

page. The requisite acrylate 4 was prepared5 in 88 % yield from (R)-2 and propenoyl chloride. In 

order to compare this new dienophile with acrylate 1 and acrylates of other chiral auxiliaries 

the TiC14 promoted reaction of 4 with cyclopentadiene was studied in detail. The products of this 

reaction (z$,b and corresponding exo isomers) can be easily separated by liquid chromatography; 

therefore, determination of diastereoselectivity was carried out by HPL?. The following general 

features are apparent from this study: 1. Depending on reaction conditions, endo-exo selectivity 

in the range 45:l to 2O:l was found which is typical for acrylates. 2. For the endo isomers z$,b 

a very high level of diastereoselection is achieved (maximum: 5a:5b = 97.5:2.5). 3. The ratio of == == 
&:5b is almost invariant to variations of temperature (Fig. 18) and total concentration (Fig.lC). 

4. In contrast to most other chiral dienophiles7 , 4 yields a high level of stereoselection even 

with 0.1 equiv. of the Lewis acid. This indicates that 2 forms an unusually stable chelate com- 

plex and, furthermore, that exchange of the catalyst between products 5 and starting material 4 

is fast. In summary, all these observations are fully consistent with our expectation that, to- 

wards TiClb, 4 would be a better chelate ligand than 1. 

In order to demonstrate applications of the new reagent, preparations of enantiomerically pure 

(-)(lS,ZS)-5-norbornene-Z-carboxylic acid (5) (cf. experimental procedure8), (-)(S)-S-cyclohex- 

enecarboxylic acid (IQ) and (-)(S)-4-methyl-3-cyclohexenecarboxylic acid (9) are described on -- 
the opposite page. These compounds are useful starting materials for natural product syntheses7. 
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With respect to practicality, the following observations are significant: 1. Preparatively 

convenient reaction conditions may be employed (temperature: near 0 "C, concentration: ca. 0.3M, 

ca. 0.1 equiv. of Lewis acid). 2. With TiCl,, as catalyst no polymerization is observed. 3. All 

Diels-Alder adducts of enoates of D-pantolactone obtained so far are crystalline, and preferred 

diastereoisomers were obtained pure by recrystallization. 4. Saponification of :a,, l$ and 82 can 

be carried out with LiOH in THF/water (cf. experimental procedure8). According to careful HPLC 

analyses, neither epimerization nor racemization, 
IO 

respectively, occurs during this process . 

5. Auxiliary cleavage gives D-pantoic acid as water-soluble by-product which can be removed by 
11 

extraction. From the aqueous phase, D-pantolactone can be recovered . 

In view of the results presented above, there can be no doubt that D-pantolactone is the most 

efficient chiral auxiliary yet probed in asymmetric Diels-Alder reactions with acrylic esters. 

Other asymmetric syntheses with complexes of types A and 5, in particular @addition reactions, 

are currently explored. 
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