SOMOQO Activation

Colin Hughes
September 10 2008



Outline

Brief introduction to the concept

Overview of the different catalysts

Requirements for SOMO to operate successfully
Early example

a- oxyamination + alternate organocatalytic method
a- allylation + alternate organocatalytic method
a- enolation + alternate organocatalytic method
a- vinylation + alternate organocatalytic method
Compare methods

Side reactions

Conclusion



Possibilities of an a- Radical
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Why Is SOMO activation special?

 New activation mode for asymmetric
catalysis

e Once It was believed that radical reactions
could not be performed with reasonable
levels of enantiocontrol

e Operationally simple

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



Formation of SOMO by Oxidation
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Preparation of Catalyst
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Why Different Catalysts?
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Why Different Catalysts?
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Requirements for SOMO Activation

7 *H,0 @\Q 26 Q\Q _ e @\O
N @\O HJ'\ — HJ\ HJ\-

R R R

electrons in pi system 2 4 3

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 ion
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Stereoselective Addition
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Early Radical Cation from Enamine
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a- Oxyamination of Aldehydes
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Catalyst Screening
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Aldehyde Scope

o 1) Catalyst (20%), FeCI3(1O% Q
4
H Mo N Mo 2) NaBH, HN—ﬁ
Q Catalyst
2 eq.
OH
_TEMP
0 o TEMP . 0
HJ\/Ph rt: 74%, 32%ee H/~Y HJ\/\ rt: 49%, 80%ee ] i
Ph -10°C: 58%, 90 %ee
o j:/O/TEMP . o
HKB“ t: 80%, 71%ee N . o TEMP
-10°C: 68%, 82 %ee Bn H rt: 74%, 0%ee H
o-TEMP
OH
QY o TEMP
H O rt: 65% 84%ee ij rt: 86%, 0%ee
-10°C: 66%, 90 %ee

Sibi, M. P.; Hasegawa, M., J. Am. Chem. Soc, 2007, 129, 4124



Alternate Organocatalytic Method
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a- Allylation of Aldehydes
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Aldehyde Scope

o)
0 2 eq. CAN O
Bn .Me
. J R _~_SiMes %N - CF,CHOOH _NaHCOs H)K:/R
AN ‘Bu DME NF
0O O
A e P e
4 z
N o) o)
81%, 91% ee HMMe HMMe
o) o) o) > O
HW — HW 72%, 87% ee
N
~ 0 NBoc 0 NBoc
75%, 92% ee —_—
H H :
0 O N
MOBZ HMOBZ
H 7 : 70%, 93% ee

7
\/

72%, 95% ee

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



Allyl Silane Scope

0
0 2 eq. CAN O
Bn _Me
A hexy N sive \%k NYGr cHoon _NaHeos I hexy
> HN DME :
R ‘Bu Y

R

0 @)
| HJV hexyl SiMe H)K;/ el
SIM63 : S 5 -
Ph \’/ EtO ®) f

Ph Et0” YO
88%, 91% ee 77%, 88% ee

0O @)
YSiM% H)K._/ hexyl Y:SiMeg) H)K/ hexyl
Me \y/ Ph ~

Me \f/Ph

87%, 90% ee 81%, 90% ee

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



Other Bond-Forming Events
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Radical Clock
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Alternate Organocatalytic Method

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



a- Enolation
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Scope of Aldehyde
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Scope of Enolsilane
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Inter vs. Intramolecular
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Alternate Organocatalytic Way
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a- Vinylation
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Aldehyde Scope
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Vinyl Trifluoroborate Scope
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Different Oxy-Cope Retron
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Alternate Organocatalytic Method

O

O
Ph  catalyst, K,CO
CO,t-Bu /\[( Yot PaMs, \CO,t-Bu
Cl O __ _COPh

— _ I P
\? @) {ﬂ—f
CO,t-Bu |
k' %( Ph catalyst
C O)

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



Sibi and MacMillan

Different oxidant (Fe''"Vs. Ce'V)
Sibi's at room temp, no added base
Macmillan wider substrate scope

Sibi reacted with persistent radicals,
MacMillan used double oxidation

Different catalysts



Possible Side Products Which
Nonetheless Did Not Occur
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Conclusion
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Mild way to make an a-radical to aldehydes (ketones
coming soon?)

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

Special thanks to Adam



