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Contemporary definition

 “Photoredox catalysis is a branch of catalysis that harnesses the energy of visible light 
to accelerate a chemical reaction via a single-electron transfer.” 

- Wikipedia

“In a general sense, this approach relies on the ability of metal complexes and organic 
dyes to engage in single-electron transfer processes with organic substrates upon 
photoexcitation with visible light.” 

-MacMillan

Early reports: late 1950’s
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Applications in CO2 reduction, radical polymerization initiation…

Early applications in organic chemistry: 

How does it work?
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Publications in the field: exponential increase since 2008

Citation report from Web Of ScienceTM,
 Basic search by topic with “photoredox”, 23rd November 2016 
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Photoredox catalysis: general process

“Transition metal mediated photoredox catalysis”, S. Crossley, Shenvi Lab Group Meeting, 14/09/2015
J. W. Tucker, C. R. J. Stephenson, J. Org. Chem., 2012, 77, 1617-1622

C. K. Prier, D. A. Rankic, D. W. C. MacMillan, Chem. Rev., 2013, 113, 5322
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Photoredox catalysis: what about the catalyst?
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TM Photoredox catalysis: metals and ligands

“Behind the scenes with Transition Metal Photocatalysts”, E. R. Welin, MacMillan Group Meetings, 12/02/2015

Mostly Ru2+ and Ir3+

Electronic configuration

Ru2+: [Kr]3f144d6                                      Ir3+: [Xe]4f145d6
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TM Photoredox catalysis: intrinsic properties of metal

“Behind the scenes with Transition Metal Photocatalysts”, E. R. Welin, MacMillan Group Meetings, 12/02/2015
“Chemistry: Principles, Patterns, and Applications”, Chapter 23, B. A. Averill, P. Eldredge,
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TM Photoredox catalysis: metals and ligands
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TM Photoredox catalysis: metals and ligands
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TM Photoredox catalysis: usual ligand type
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Heteroleptic complexes: Spin-Orbit coupling disrupted, MLCT less efficient 
SO (Ir) > SO (Ru)  è compensation 

 
Ru complexes mostly homoleptic and LL ligands 
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TM Photoredox catalysis: heteroleptic VS homoleptic

“Behind the scenes with Transition Metal Photocatalysts”, E. R. Welin, MacMillan Group Meetings, 12/02/2015
A. B. Tamayo et al., J. Am. Chem. Soc., 2003, 125, 7377-7387 

M. S. Lowry et al., Chem. Mater., 2005, 17, 5712-5719 

Heteroleptic: spatial modification of HOMO/LUMO 
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Photoredox catalysis: active species
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Photoredox catalysis: Thermodynamics and kinetics
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Functional group interconversion 
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Reduction of hydrazides and hydrazines
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C-C Bond Formation 



Reductive radical cyclization
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Atom Transfer Radical Addition

J. W. Tucker, J. D. Nguyen, J. M. R. Narayanam, S. W. Krabbe, C. R. J. Stephenson, Chem. Commun, 2010, 46, 4985-4987 

R X R' R''

Ru(bpy)3Cl2 (1.0 mol%)
10 mol% LiBr

DMSO, visible light R'

R R''

X

Ru(bpy)32+

*Ru(bpy)32+ Ru(bpy)33+

R X R X

R'R

R'

R'R
LiX

R X

R'R

R'R

X

X

Radical-polar crossover

Radical propagation

NHBoc NHBoc
Br

EtO2C

EtO2C

BrEtO2C
FF

CO2Et CO2Et

I
F3C

99%

88%

90%



Atom Transfer Radical Addition

J. W. Tucker, J. D. Nguyen, J. M. R. Narayanam, S. W. Krabbe, C. R. J. Stephenson, Chem. Commun, 2010, 46, 4985-4987 

R X R' R''

Ru(bpy)3Cl2 (1.0 mol%)
10 mol% LiBr

DMSO, visible light R'

R R''

X

Ru(bpy)32+

*Ru(bpy)32+ Ru(bpy)33+

R X R X

R'R

R'

R'R
LiX

R X

R'R

R'R

X

X

Radical-polar crossover

Radical propagation

NHBoc NHBoc
Br

EtO2C

EtO2C

BrEtO2C
FF

CO2Et CO2Et

I
F3C

99%

88%

90%



Atom Transfer Radical Addition

J. W. Tucker, J. D. Nguyen, J. M. R. Narayanam, S. W. Krabbe, C. R. J. Stephenson, Chem. Commun, 2010, 46, 4985-4987 

R X R' R''

Ru(bpy)3Cl2 (1.0 mol%)
10 mol% LiBr

DMSO, visible light R'

R R''

X

Ru(bpy)32+

*Ru(bpy)32+ Ru(bpy)33+

R X R X

R'R

R'

R'R
LiX

R X

R'R

R'R

X

X

Radical-polar crossover

Radical propagation

NHBoc NHBoc
Br

EtO2C

EtO2C

BrEtO2C
FF

CO2Et CO2Et

I
F3C

99%

88%

90%



α-Amino C-H arylation
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Trifluoromethylation of Arenes via Direct C-H functionalization
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Conclusions

Extremely versitile 
 CC, CN, CO, CP, CB bond formation, FGI… 
 [2+2], [4+2] cycloadditions, oxidative & reductive couplings… 

 
Mild conditions 

 Room temperature 
 Stable/commercial reagents 

 
Combination with other types of catalysis 

 Organocatalysis, TM catalysis, HAT 
 
Rational design 

 Catalyst  
 Reaction 

 
Types of catalysts 

 Cu, Fe, W, … 
 Metal-free: organic dyes 
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