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Summary: Simple Q-symmetric chiral crown ether 1 complexed with KOtBu was found to work as an 
efficient chiral catalyst in Michael additions to cause high asymmetric induction. The results with various chiral 
crown ethers as catalysts suggest th’dt diaxial-like conformation of the vicinal methyl groups of l*potassium 
enolate complex is responsible for the chiral induction. 

Catalytic asymmetric reactions to form carbon-carbon bonds have been a challenging problem in organic 

synthesis.1 Cram’s excellent results of asymmetric Michael additions inspired efficacies of chiral crown ethers 

as chiral catalysts.2 Although many chiral crown ethers have been synthesized and their abilities of chiral 

recognition have been investigated,3 only a few of them have been successfully applied in catalytic asymmetric 

synthesis.4 Chiral recognition in complexes at the transition states leading to asymmetric induction is not so well 

understood as that of the ground states, Therefore, development of readily accessible chiral crown ethers as an 

efficient chiral catalyst is desirable not only for practical uses, but also for better understanding of chiral 

recognition in complexes at the transition states. We have found that simple C2-symmetric chiral crown ethers 

1-7 complexed with KOrBu catalyze Michael additions to cause high asymmetric induction (Eq. l), and that 

vicinal diaxial substituents in complexes appear to be responsible for the chiral induction. 

Optically active crown ethers l-95 were prepared from easily accessible optically active dials. The 

Michael additions of phenylacetate derivatives to methyl acrylate were carried out in toluene at -78°C in the 

presence of 5 mol% of crown ether=KOtBu complexes, and the results are summarized in Table 1. 
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Table 1. Asymmetric Michael Additions Catalyzed by Chiral Crown Ethers (Eq. 1)a 
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a) Phenylacetates:acrylate:crown*KOtBu=2:1:0.05. b) Determined by optical rotations and/or by ‘H-NMR 
using (+)-Eu-DPPM as a chiral shift reagent.. c) Carried out at -45°C. d) Not yet determined. e) The value 
decreased to 38% ee after 4 days, indicating some racemization during this reaction. 

The simplest (S,S)-1 prepared from (2S,33)-butanediol exhibited the highest asymmetric induction in 

79% ee for (S)-11 (R=H), and this is the highest value so far reported by using chiral crown ethers as 

catalysts.2$4a,c-d Add’t’ I lonal ether coordirlation sites with increased steric bulkiness in 2-5 caused only a liltle 

change on the degree of chiral induction. It is noteworthy that (S,S,S,S)-6 and (S,S,S,S)-7 bearing two 

(2S,3S)-butanediol units induced the opposite R configuration in somewhat lower enantiomeric excesses than 1 

and 3, respectively. 

Crystal structures of (S,S)-l*KSCN and (S,S,S,S)-6*KSCN indicate that potassium cations are located in 

the center of the crown cavity, and that the vicinal methyl groups are anti to the each other and diaxial-like.6 

Furthermore, both (S,S)-8 with two methyl groups at a remote position and (S&9 with the substituents fixed 

by an acetal unit, in which the substituents are supposed to be equatorial in the complexes, showed almost 

negligible chiral induction. These facts suggest that the vicinal methyl groups in 1 and 6 are d&&-like in the 

crown-potassium enolate complexes similarly as in the crystal structures, and that chirality can be efficiently 

induced in adducts only in such a conformation. Study is now in progress on the mechanism of the asymmetric 

induction by 1 and the reverse induction by 6, as well as the extension of the crown ether catalysts to the other 

asymmetric synthesis. 

References and Notes 

1. B. Bosnich ed., “Asymmetric Catalysis”, Martinus Nijhoff Publishers, Dordrecht, 1986; J. D. Morrison 
ed., “Asymmetric Synthesis”, Vol. 5, Academic Press Inc, London, 1985. 

2. D. J. Cram and G. D. Y. Sogah, J. Chem. Sec., Chem. Cnmmun., 1981,625; D. J. Cram and D. Y. 
Sogah, J. Amer. Chem. Sot., 1985, 107, 8301. 

3. a) J. F. Stoddart, Topics Stereochem., 1987, 17, 207. 
b) S. T. Jolley, J. S. Bradshaw, R. M. Izatt, J. Heterocyclic Chem., 1982,19, 3. 

4. a) M. Alonso-Lopez, M. Martin-Lomas, and S. Penades, Terrahedron Lett., 1986,27, 3551; b) J, F. 
Stoddart, Biochem. SOC. Trans., 1987,15, 1188; c) M. Alonso-Lopez, J. Jimenez-Barbero, M. Martin- 
Lomas, S. Penades, Tetrahedron, 1988,44, 1535; d) M. Takasu, H. Wakabayashi, K. Furuta, H. 
Yamamoto, Tetrahedron Left., 1988,29, 6943; e) E. V. Dehmlow and C. Sauerbier, Liebigs Ann. 
Chem., 1989, 181. 

5. Satisfactory analytical and/or spectroscopic data were obtained for all new compounds. 
6. These crystal structures will be reported elsewhere (we are grateful to Messrs Takatoshi Kawai and 

Tadashi Sato at Tsukuba Res. Lab., Eisai Co., Ltd. for X-ray crystallography). 

(Received in Japan 19 September 1989) 


