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Introduction

M = Ti, Ru, Co, Rh, Ni-Cr,
Pd and Pt



Asymmetric Pd-Catalyzed Cycloisomerization

First example by Trost

Trost, B. M., Lee, D. C., Rise, F. Tetrahedron Lett. 1989, 30, 651.
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S-(-)-binaphthoic acid  61 % 33% ee, 3: 1 ( 4: 5)



More efficient bidental ligands

Substrate sensitive: R=aryl, alkyl, low ee
E-olefin, R-product; Z-olefin, S-Product
Chiralphos, diop gave poor selectivities (6-15%ee)
Binap, no conversion at 80oC

Ito, Y., Goeke, A., Sawamura, M. Kuwano, R. Angew. Chem. Int. Ed. 1996, 35, 662.



Mikami, K., Terada, M., Hatano, M. Angew. Chem. Int. Ed. 2001, 40, 249

Improvements for Pd-BINAP system



Mikami, K., Terada, M., Hatano, M. Angew. Chem. Int. Ed. 2001, 40, 249



Mikami, K., Terada, M., Hatano, M. Angew. Chem. Int. Ed. 2001, 40, 249

Solvent and Ligand Effects



Rh-Catalyzed Enyne Cycloisomerization

Zhang, X., Cao, P. Angew. Chem. Int. Ed. 2000, 39, 4104.

(>20%cat.)



Zhang, X., Cao, P. Angew. Chem. Int. Ed. 2000, 39, 4104.



Mechanism for Ru-cat Enantioselective Enyne Cycloisomerization



Rh-Catalyzed Enyne to Prepare Lactams

Zhang, X., Lei, A., Waldkirch, J. P., He, M., Angew. Chem. Int. Ed. 2002, 41, 4526.



Zhang, X., Lei, A., Waldkirch, J. P., He, M., Angew. Chem. Int. Ed. 2002, 41, 4526.

R3=H,  no cyclization product and S.M. recovered

Functionalized alkynyl derivatives



Zhang, X., Lei, A., Waldkirch, J. P., He, M., Angew. Chem. Int. Ed. 2002, 41, 4526.

Functionalized vinyl derivatives

Vinyl ether

Vinyl acetate

Vinyl allylic ether



Zhang, X., Lei, A., Waldkirch, J. P., He, M., Angew. Chem. Int. Ed. 2002, 41, 4526.

Other functionalized vinyl derivatives

Enamide

Enamide



Trisubstituted olefin

Bn-substituted substrates failed to yield the 1,4-diene.



Application in Synthesis of (+)-Pilocarpine

Zhang, X., Lei, A., He, M., J. Am. Chem. Soc. 2002, 124, 8198-8199
Horne, D. a., Fugnann, B., Yakushijin, K., Buchi, G., J. Org. Chem. 1993, 58, 62.

Isolated in 1875
Therapeutic agent for glaucoma

92% ee, 20% yield



Further Application: Stereoselective Kinetic Resolution of Enynes

Zhang, X., Lei, A., He, M., J. Am. Chem. Soc. 2003, 125, 11472-3



Me

O

OMe

3a

Me

O

OH

7a
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Control reactions

( R)-substrate matches (S)-BINAP



Enantioselective Cyclization/hydrosilylation of 1,6-Enyne

Widenhoefer, R. A., Liu, C., Chakrapani, H., Org. Lett. 2003, 5, 157

BINAP not effective 
E=CH2OMe, CH2OAc, CH2COEt etc
Silane= HSiMe2Bn, HSiMe2Ph, HSiEt3 etc Yield: 48-81%, ee: 77-92%



Proposed Mechanism

Widenhoefer, R. A., Liu, C., Chakrapani, H., Org. Lett. 2003, 5, 157

Coordination
β-migratory insertion

Coordination
β-migratory insertion

Reductive
elimination



Pd-cat Enantioselective Cyclization of 1, 7-Enynes 

Mikami, K., Hatano, M., J. Am. Chem. Soc. 2003, 125, 4704

The ortho-substituted benzene skeleton is essential.


