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Catalytic Asymmetric Synthesis of All-Carbon Quaternary
Stereocenters

• While the development of
asymmetric oxidation and reduction
has become well developed, the
same can not be said for the
synthesis of all-carbon quaternary
stereocenters.

• Some general methods for
constructing these centers are
Diels-Alder reactions, combinations
of chiral carbon nucleophiles with
carbon electrophiles or chiral
allylmetal electrophiles with carbon
nucleophiles, intramolecular Heck
reactions and cyclopropanations

Proc. Natl. Acad. Sci. U.S.A., 2004, 5363
JACS, 124, 4628
JACS, 125, 6388
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Catalytic Asymmetric Synthesis of All-Carbon Quaternary
Stereocenters continued

Reactions of Chiral Carbon 
Nucleophiles with Carbon Electrophiles

Reactions of Chiral Allylmetal 
Electrophiles with Carbon Nucleophiles

Angew. Chem. Int. Ed.,25, 476
JACS, 125, 11204
Acc. Chem. Res. 36, 234
Org. Lett. 3, 149
JACS 123, 12907
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Catalytic Asymmetric Synthesis of All-Carbon Quaternary
Stereocenters continued

Intramolecular Heck Reactions Cyclopropanation

J. Org. Chem. 60, 4322
JACS, 118, 10766
JACS, 124, 9008
J. Org. Chem. 62, 584
Tet. Asym. 6, 2157
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Earlier Work in this Area in the Fu Group

JACS, 2003, 125, 4050

Bryan_Wakefield @ Wipf Group 5 5/2/2005



Earlier Work in this Area in the Fu Group continued

Angew. Chem. Int. Ed. 2005, 44, 949
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Current Paper: Catalytic Enantioselective Construction of All-
Carbon Quaternary Centers using Acyclic Silyl Ketene Acetals
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Current Paper: Catalytic Cycle and Mechanistic Considerations
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Current Paper: Catalytic Cycle and Mechanistic Considerations
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Current Paper: Catalytic Cycle and Mechanistic Considerations

-The minor isomer of the mixture was determined to be the more reactive isomer 
of the mixture.
-The %ee of the product remained constant with time throughout the reaction.
-These two points have lead to the conclusion that the reaction proceeds through 
an open transition state that uses the aryl and alkyl group for stereodifferentiation.   
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Conclusions

• The Fu group has developed an effective catalyst for the formation of all-carbon
quaternary stereocenters through C-acylation of silyl ketene acetals.

• Furthermore, they have shed light on the mechanism and catalytic cycle of the
reaction.

• Currently, the methodology is limited to silyl ketene acetals bearing an aryl
group.  The scope of this reaction should be expanded to remove the aryl
requirement.
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