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Chiral ligands: design concepts

- Stereogenic centers in the backbone

(not at the P atom)

- Bidentate chelate ligand

- C2 symmetry

- Easy synthesis
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Enantioselective cyclopropanation: transition-state model

H. Fritschi, U. Leutenegger, A. Pfaltz, 

Helv. Chim. Acta 1993, 26, 339.

Isolation of a Cu-carbene intermediate: F. Straub, P. Hofmann, Angew. Chem. Int. Ed. 2001, 40, 1288.

DFT calculations: J. M. Fraile, J. L. García, V. Martínez-Merino, J. A. Mayoral, L. Salvatella, J. Am. Chem. Soc. 2001, 123, 7616
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C2-Symmetric aza-semicorrins and bisoxazoline ligands

A. P., Acc. Chem. Res. 1993, 26, 339.



Applications of C2-Symmetric Bisoxazolines

M

NN

O O

R R

R'R'

Masamune et al. (Tetrahedron Lett. 1990, 31, 6005)

Evans et al. (J. Am. Chem. Soc. 1991, 113, 726)

Pfaltz et al. (Helv. Chim. Acta  1991, 74, 232)

Cyclopropanation Aziridination

Evans et al. (J. Am. Chem. Soc. 1993, 115, 5328)

Diels-Alder reaction

Corey et al. (J. Am. Chem. Soc. 1991, 113, 728)

Evans et al. (J. Am. Chem. Soc.  1993, 115, 6460)

M =

Corey and Wang (Tetrahedron Lett. 1993, 34, 4001)

Pfaltz et al. (Tetrahedron 1992, 48, 2143)

Larock and Zenner (J. Org. Chem. 1995, 60, 482)

Nakamura et al. (J. Am. Chem. Soc. 1995, 117, 1179)

Denmark et al. (J. Am. Chem. Soc. 1994, 116, 8797)

Brookhart et al. (J. Am. Chem. Soc. 1994, 116, 3642)

Musco et al. (Macromol. Rapid Commun. 1995, 16, 9)

Helmchen et al. (Synlett 1991, 257)

Pfaltz et al. (Helv. Chim. Acta  1991, 74, 232)

Pfaltz et al. (Tetrahedron Lett. 1995, 36, 1831)

Andrus et al. (Tetrahedron Lett. 1995, 36, 2945)

Cyanohydrin formation

Pd-catalyzed allylic substitution

Carbometalation

Addition of RLi to imines

Co-polymerization
Hydrosilylation

Transfer hydrogenation

Allylic oxidation of olefins

Dihydroxylation of olefins

Lixin Dai et al. (Acta Chim. Sinica 1991, 49, 1038)
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Pd-catalyzed allylic substitution



Pd-catalyzed allylic substitution: mechanism of enantioselection



Phosphinooxazolines (PHOX ligands)
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X-Ray analysis:

L. Macko & M. Zehnder

(University of Basel)

Asymmetric hydrogenation of olefins lacking coordinating groups



Initial Experiments - Influence of the Counterion



Hydrogenation vs. catalyst deactivation: influence of the anion



Variation of the Catalyst Structure





Furans, Benzofurans, Indoles
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Proposed catalytic cycles







Section of the 2D NOESY spectrum showing 

the exchange cross-peaks (253 K, 500 MHz, 

CD2Cl2).

Stefan Gruber, A. P., Angew. Chem. 

Int. Ed.  2014, 53, 1896.

Rapid enantioface exchange of Ir dihydride alkene complexes



Stefan Gruber

Rapid enantioface exchange of Ir dihydride alkene complexes

(R)-product
minor enantiomer

(S)-product
major enantiomer



Mechanistic Model
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Computational studies:






