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Possibilities of an α- Radical
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“SOMO” Activation
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Why is SOMO activation special?

• New activation mode for asymmetric 
catalysiscatalysis

• Once it was believed that radical reactions 
could not be performed with reasonable 
levels of enantiocontrol

• Operationally simple• Operationally simple

Renauld, P.; Sibi, M. P., Radicals in Organic Synthesis, Wiley, Weinheim, 2001



Formation of SOMO by Oxidation

Aldrich



Preparation of Catalyst
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Why Different Catalysts? 

HN

N
Bn

O

Me

Me
Me

N

R

X

H

O
H

O

Y
X

X
Y N

R
91-99% ee

HN

N
Bn

O

Me

Me
Me

N

R

H

O

Y

H

O

Y

N
R

56% ee

Austin, J. F.;  MacMillan, D. W. C.,  J. Am. Chem. Soc., 2002, 124, 1172 

R

85-92% ee

HN

N
Bn

O

Me

N

R

H

O

Y

t-Bu H

O

Y

N
R



Why Different Catalysts?

Austin, J. F.;  MacMillan, D. W. C.,  J. Am. Chem. Soc., 2002, 124, 1172



Requirements for SOMO Activation

1) Catalyst should undergo efficient and reversible enamine 
formation
2) High levels of control of enamine geometry 
3) Selective discrimination of olefin pi face
4) Enamine must undergo selective oxidation in presence of amine 
catalyst, aldehyde, iminium ioncatalyst, aldehyde, iminium ion

Lelais, G.; MacMillan, D. W. C., Aldrichimica ACTA, 2006, 39, 79
Beeson, T. D.; Mastracchio, A.; Hong, J. B.; Ashton, A.; MacMillan, D. W. C., Science, 2007, 316, 582



least A 1,3 strain
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Stereoselective Addition
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Early Radical Cation from Enamine

Narasaka, K.; Okauchi, T.; Tanaka, K.; Murakami, M., Chemistry Letters, 1992, 2099



α- Oxyamination of Aldehydes
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Catalyst Screening
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Catalyst Screening

FeCl3 (%) NaNO2 (%) Catalyst Solvent Yield (%) ee (%)

100 0 A THF 4 nd

100 0 A DMF 74 72100 0 A DMF 74 72

30 30 A DMF 82 75

10 30 A DMF 83 72

10 30 B DMF 75 5

10 30 C DMF 64 46

10 30 D DMF 26 0

10 30 E DMF 33 17
Sibi, M. P.; Hasegawa, M., J. Am. Chem. Soc, 2007, 129, 4124



Aldehyde Scope
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Alternate Organocatalytic Method
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α- Allylation of Aldehydes 

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



Aldehyde Scope
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Allyl Silane Scope
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Other Bond-Forming Events
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Radical Clock

Beeson, T. D.; Mastracchio, A.; Hong, J. B.; Ashton, A.; MacMillan, D. W. C., Science, 2007, 316, 582
Le Tadic-Diabatti, M. H.; Newcomb, M., J. Chem. Soc. Perkin Trans., 1996, 2, 1467



Alternate Organocatalytic Method
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α- Enolation

Jang, H. Y., Hong, J. B.; MacMillan, D. W. C., J. Am. Chem. Soc., 2007, 129, 7004



Scope of Aldehyde
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Scope of Enolsilane

Jang, H. Y., Hong, J. B.; MacMillan, D. W. C., J. Am. Chem. Soc., 2007, 129, 7004



Inter vs. Intramolecular 
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Alternate Organocatalytic Way
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α- Vinylation
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Aldehyde Scope

Kim, H.; MacMillan, D. W. C., J. Am. Chem. Soc., 2008, 130, 398



Vinyl Trifluoroborate Scope

Kim, H.; MacMillan, D. W. C., J. Am. Chem. Soc., 2008, 130, 398



Different Oxy-Cope Retron
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Alternate Organocatalytic Method

Poulsen, T. B.; Bernardi, L.; Bell, M.; Jorgensen, K. A. Angew. Chem. Int. Ed. 2006, 45, 6551



Sibi and MacMillan

• Different oxidant (FeIII Vs. CeIV)
• Sibi’s at room temp, no added base• Sibi’s at room temp, no added base
• Macmillan wider substrate scope
• Sibi reacted with persistent radicals, 

MacMillan used double oxidation
• Different catalysts • Different catalysts 



Possible Side Products Which 
Nonetheless Did Not Occur



Conclusion 

Mild way to make an α-radical to aldehydes (ketones 
coming soon?) 

α- vinylations, enolations, allylations and oxyamination 
proceed in good yield and ee

Special thanks to Adam


