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Outline

Direct α-Allylation of Aldehydes
• Using ACDC
• Using SOMO Activation

Indirect α-Allylation of Ketones
• Enolates
• Phase Transfer Catalysts



Basis for Direct α-Allylation of Aldehydes

Ibrahem, I.; Cordova, A. Angew. Chem. Int. Ed. 2006, 45, 1952.

Direct catalytic intermolecular α-alkylation of aldehydes by combination 
of transition metal and organocatalysis



Ibrahem, I.; Cordova, A. Angew. Chem. Int. Ed. 2006, 45, 1952.

Basis for Direct α-Allylation of Aldehydes



ACDC in Transition Metal Catalysis

Mukherjee, S.; List, B. J. Am. Chem. Soc. 2007, 129, 11336.



Mechanism for the Reaction

Dual catalytic roles of TRIP
1 Proton source
2 Counterion



Substrate Scope



Organocatalysis Using SOMO Activation

SOMO: a singly occupied molecular orbital

Beeson, T. D.; Mastracchio, A.; Hong, J-B.; Ashton, K.; MacMillan, W. C. Science, 2007, 316, 582-585.



SOMO Activation
Key elements to support the proposal

The transient enamine component to be sufficiently more 
susceptible to oxidation than the accompanying reaction partners.



SOMO Activation
Key elements to support the proposal

Three π electron system away from the bulky t-Bu group
Radical-centered carbon selectively populates an E configuration to minimize
nonbonding interactions with the ring

N
H

N
O Me

Me

Me
Me

Ph

CF3COOH

20 mol% catalyst



Enantioselective Aldehyde α-Allylation
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Enantioselective Aldehyde α-Allylation
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Evidence for SOMO
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Enantioselective Allylation of ketones

Problems:
Enolate equilibrium can lead to loss of regioselectivity (A and E)

R = H, the chiral product is subjected to racemization

Neutral condition
Low concentration of enolate

Trost, B. M.; Xu, J. J. Am. Chem. Soc. 2005, 127, 2846.



Enantioselective Pd-Catalyzed Allylation



Substrate Scope



Substrate Scope



Enantioselective Allylation of Acyclic α,α-
Disubstituted Tributyltin Enolates

Doyle, A. G.; Jacobsen, E. N. Angew. Chem. Int. Ed. 2007, 46, 3701-3705



How could they come up with the idea?

Tin enolates are known to undergo tautomerization between their O-stannyl
and C-stannyl forms in solution
The mixture of acyclic tin enolates might undergo reaction selectively through 
one geometric isomer
Dynamic control



Catalyst Screening





Allylation Using Phase Transfer Catalysts



One Example
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Ooi, T.; Takeuchi, M.; Kato, D.; Uematsu, Y.; Tamaya, E.; Sakai, D.; Maruoka, K. J. Am. Chem. Soc. 2005, 127, 5073.
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Ar = 3,5-bis(3,5-di-tert-Butylphenyl)phenyl



Conclusions
• There are more than one way to 

get to the destination. 

• How you get there really matters.

One shortcut
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