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Organometallic Catalysis: Few Activation Concepts Many Powerful Reactions

!

!-bond insertion

! Relatively few activation modes have resulted in literally thousands of new chemical reactions
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Relatively Few Catalysis Activation Concepts Many Powerful Reactions
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using long-established activation modes

Design of an entirely new catalyst activation mode is extremely challenging

So
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! Two new modes of catalyst activation using organocatalysts
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+
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So

OrganoSOMO

! A new mode of organocatalytic activation

catalysis

Relatively Few Catalysis Activation Concepts Many Powerful Reactions

! A new mode of organocatalytic activation

Photoredox

+
–e

organocatalysis



Holy Grails in Asymmetric Catalysis: Asymmetric !-Carbonyl Alyklation
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Inherent Problems for Enamine Catalysis and Asymmetric Catalytic Alkylation

H
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Potential Issues for Enantioselective Alkylation using Enamine Catalysis!
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Intramolecular aldehyde alkylation can be accomplished (List and coworkers)!



Designing a New Organocatalytic Catalysis Concept: SOMO Catalysis

Trying to force a reaction to work within the confines

of a known catalysis concept or activation mode

 (square peg, round hole)
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Designing a New Organocatalytic Catalysis Concept: SOMO Catalysis
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SOMO Catalysis:  Potential Utility of New Catalysis Platform
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SOMO catalysis concept
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Designing a New Organocatalytic Catalysis Concept: SOMO Catalysis

  Oxidant should selectively reract with transient enamine to generate radical iminium cation

  Why will there be selective oxidation: oxidation potentials

N
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O
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butanal pyrrolidine 1-(but-1-enyl)pyrrolidine

IP = 9.84 eV IP = 8.8 eV IP = 7.24 eV
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  Could this be a third general platform of induction for the imidazolidinone catalyst family

Re–face

SOMO nucleophiles

N

N
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O Me

organocatalyst

+

  Iminium geometry control

!-carbon radical geometry control

substrate

  Requirements for enantioselectivity:

SOMO catalysis concept
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R
N
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R+ N

R

R

•HCl

substrate catalyst SOMO–activation

O

oxidant

–1 e–

Ph

oxidant

CAN+

activated to
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!  OrganoSOMO Aldehyde Alkylation

Enantioselective OrganoSOMO Catalysis: Possible Catalytic Cycle
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Copper Oxidant Allows for Efficient Bicyclization

Rendler, S.; MacMillan, D. W. C. J. Am. Chem. Soc. 2010, 132, 5027.
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How can we use Photoredox Catalysis to Enable Aldehyde !-Alkylation

Can we electronically reverse the role of the catalyst!
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Visible MLCT absorption at 452 nm (weak visible light)!

Long-lived excited state (~ 620ns)!

! High quantum yield (~0.05 - H2O/298K)

! Effective excited state oxidant and reductant

Inexpensive ($38/g - Strem 2008)!

N

N
Ru

N

N
N

N

2+

Used extensively as electron transfer catalyst!

Coord. Chem. Rev. 1982, 46, 159.

Ru(bpy)3X2

 Ru(bpy)3: A Versatile and Extensively Utilized Photredox Catalyst
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2+

Ru(bpy)3: Electronic Properties that Enable Photredox Catalysis

Ru-centered
orbitals (t2g)

Ligand-centered

 orbital (!*)

Metal-Based Ground State

Excitation

Excited, Ligand-Based State

Strong Oxidant

Strong Reductant

E = 0.84V

E = –0.86V

Balzani, A. J. V.; Barigelletti, F.; Campagna, S.; Belser, P.; von Zewelsky, A. Coord. Chem. Rev. 1988, 84, 85.

Ru(bpy)3
2+

Photon
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N

2+ *

*
Ru(bpy)3

2+

Ru(bpy)3
3+

Ru(bpy)3
1+

with weak

visible light
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Using a household 15W light bulb with Ru(bpy)! highly reactive one-electron species
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Merging Photoredox and  Enantioselective Organocatalysis: Initial Results
!
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!
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preliminary experiments revealed that the asymmetric tandem catalysis mechanism was possible
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Photoredox and  Organocatalysis: Bromocarbonyl Scope
!

A variety of alkylation substrates can be used that are outside the realm of 2e pathways

2,6-lutidine, DMF, 23 °C

15 W fluorescent light

!-alkylated aldehyde
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Merging Photoredox and  Enantioselective Organocatalysis: Initial Results
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with David Nicewicz, Science, 2008, 3, 77 (published online Thurs, Sept 4th)



Photoredox Organocatalysis:  Potential Utility of New Catalysis Platform
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Merging Photoredox and  Organocatalysis: !-Perfluoroalkylation!

Enantioselective !-perfluoralkylation of formyl could provide new entry to pharmacaphores

S
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Odanacatib (Merck)
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Et

Vinflunine
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• Versatile synthon for medicinal agent synthesis

R

CF3

• No known catalytic routes to !-formyl CF3

• Enhance potency, elevate lipophilicity

and/or improve metabolic stability



Photoredox and  Organocatalysis: Trifluoromethylation
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with Nagib, Scott, JACS, 2009, 131, 10875
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!
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Merging Enantioselective Organocatalysis and Photoredox Catalysis
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!  Visible Light Photocatalysis of [2+2] Enone Cycloadditions
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Putting Science, Catalysis and Organocatalysis in Context

# of Hits for Google Keyword Search: 
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