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C-H activation: formation of a C-M bond with rupture of a C-H bond

C-H functionalization: overall process (H replaced with a functional group) 

I - Introduction

I - 1. Definitions, Principle and Challenges
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• Definitions

• Principle: Functionalization of unactivated C-H bonds

• Challenges: Find suitable catalysts and selectively functionalize one single C-H bond 

in a complex structure



II - Catalytic Platforms: three types of Palladium-Catalyzed C-H activation

II - 1. Pd(0)/Pd(II): Ohno, Baudouin, Gevorgyan, Buchwald, Fagnou, Echavarren,

Itami, Cramer… 
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II – Catalytic Platforms: three types of Palladium-Catalyzed C-H activation

II - 1. Pd(0)/Pd(II):

6



II - 2. Pd(II)/Pd(IV): Canty, Tremont, Crabtree, Stock, Dyker, Carretero, Sanford, 

Daugulis…

II - Catalytic Platforms: three types of Palladium-Catalyzed C-H activation

II - 1. Pd(0)/Pd(II): Ohno, Baudouin, Gevorgyan, Buchwald, Fagnou, Echavarren,

Itami, Cramer… 
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II - 2. Pd(II)/Pd(IV): Canty, Tremont, Crabtree, Stock, Dyker, Carretero, Sanford, 

Daugulis…

II - Catalytic Platforms: three types of Palladium-Catalyzed C-H activation

II - 1. Pd(0)/Pd(II): Ohno, Baudouin, Gevorgyan, Buchwald, Fagnou, Echavarren,

Itami, Cramer… 
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II – Catalytic Platforms: three types of Palladium-Catalyzed C-H activation

II - 2. Pd(II)/Pd(IV):
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II - 3. Pd(II)/Pd(0): 

II - 2. Pd(II)/Pd(IV): Canty, Tremont, Crabtree, Stock, Dyker, Carretero, Sanford, 

Daugulis…

II - Catalytic Platforms: three types of Palladium-Catalyzed C-H activation

II - 1. Pd(0)/Pd(II): Ohno, Baudouin, Gevorgyan, Buchwald, Fagnou, Echavarren,

Itami, Cramer… 
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II – Catalytic Platforms: three types of Palladium-Catalyzed C-H activation

II - 3. Pd(II)/Pd(0):
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II – Catalytic Platforms: three types of Palladium-Catalyzed C-H activation

II - 3. Pd(II)/Pd(0):
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• Strongly coordinating directing groups

G. Li, L. Wan, G.Zhang, D. Leow, J. Spangler, J.-Q. Yu, 

J. Am. Chem. Soc.  2015, 137, 4391

III - Reactivity and Scope: weak coordination as a powerful tool

III - 1. Coordinating directing groups:
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• Weakly coordinating directing groups

G. Li, L. Wan, G.Zhang, D. Leow, J. Spangler, J.-Q. Yu, 

J. Am. Chem. Soc.  2015, 137, 4391

III - Reactivity and Scope: weak coordination as a powerful tool

III - 1. Coordinating directing groups:
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• Advantages of C-H functionnalization promoted by weak coordination

Hydroxyl-directing group: Y. Lu, D.-H. Wang, K. M. Engle, J.-Q. Yu, J. Am. Chem. Soc. 2010, 132, 5916

X. Wang, Y. Lu, H.-X. Dai, J.-Q. Yu, J. Am. Chem. Soc. 2010, 132, 12203

Y. Lu, D. Leow, X. Wang, K.M. Engle, J.-Q. Yu, Chem.Sci. 2011, 2, 967

Ether-directing group : G. Li, D. Leow, L. Wan, J.-Q. Yu, Angew. Chem. Int. Ed. 2013, 52, 1245

C-H Functionnalisation directed by Distal Weakly Coordinating Functional Groups: G. Li, L. Wan, G.

Zhang, D. Leow, J. Spangler, J.-Q. Yu, J. Am. Chem. Soc. 2015, 137, 4391

III - Reactivity and Scope: weak coordination as a powerful tool

III - 1. Coordinating directing groups:
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• Weaker is better

III - Reactivity and Scope: weak coordination as a powerful tool

III - 1. Coordinating directing groups:
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Weak coordinating substrate allows: 

the use of an external ligand as competitive coordination (influence TS)

regioselectivity, enantioselectivity, site selectivity (cf part IV and V)

accelerate the reaction (scheme b) 

G. Li, L. Wan, G.Zhang, D. Leow, J. Spangler, J.-Q. Yu, J. Am. Chem. Soc.  2015, 137, 4391

III - Reactivity and Scope: weak coordination as a powerful tool

III - 2. Ligand acceleration
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IV – Enantioselective methodologies

IV - 1. Early stages: diastereoselectivity using chiral DG
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•Structure-based stereomodel

IV – Enantioselective methodologies

IV - 2. Chiral Ligand
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IV – Enantioselective methodologies

IV - 2. Chiral Ligand

For Pd(0)/Phosphine catalysis and other approaches see works from: Kundig, Kagan, Cramer…
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IV – Enantioselective methodologies

IV - 2. Chiral Ligand

For Pd(0)/Phosphine catalysis and other approaches see works from: Kündig, Kagan, Cramer… 21



IV – Enantioselective methodologies

IV - 2. Chiral Ligand

• Mechanism
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IV – Enantioselective methodologies

IV - 2. Chiral Ligand

• Key Mechanistic Features: C-H activation step
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IV – Enantioselective methodologies

IV - 2. Chiral Ligand
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IV – Enantioselective methodologies

IV - 2. Chiral Ligand

Other examples: B. N. Laforteza, K. S. L. Chan, J.-Q. Yu, Angew. Chem. Int. Ed. 2015, 54, 11143
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IV – Enantioselective methodologies

IV - 2. Chiral Ligand
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• Pd(II)/Pd(IV) catalysis

K. S. L. Chan, H.-Y. Fu, J.-Q. Yu, J. Am. Chem. Soc. 2015, 137, 2042.



IV – Enantioselective methodologies

IV - 2. Chiral Ligand
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• Kinetic Resolution

K.-J. Xiao, L. Chu, J.-Q. Yu, Angew. Chem. Int. Ed. 2016, Early view.



IV – Enantioselective methodologies

IV - 2. Chiral Ligand
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• Kinetic Resolution

K.-J. Xiao, L. Chu, J.-Q. Yu, Angew. Chem. Int. Ed. 2016, Early view.



V – Site selective methodologies

V - 1.  Ortho regioselectivity
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V – Site selective methodologies

V - 1.  Ortho regioselectivity
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V – Site selective methodologies

V - 1.  Ortho regioselectivity
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V – Site selective methodologies

V - 1.  Ortho regioselectivity

32



V – Site selective methodologies

V - 1.  Ortho regioselectivity
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V - Site selective methodologies

V - 2. Meta regioselectivity

34
D. Leow, G. Li, T.-S. Mei, J.-Q. Yu, Nature 2012, 486, 518.

• Substrate control: U-shaped Template

Y. Deng, J.-Q. Yu, Angew. Chem. Int. Ed. 2015, 54, 888



V - Site selective methodologies

V - 2. Meta regioselectivity

35D. Leow, G. Li, T.-S. Mei, J.-Q. Yu, Nature 2012, 486, 518.

• Substrate control: U-shaped Template



V - Site selective methodologies

V - 2. Meta regioselectivity
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• Substrate control: U-shaped Template



V - Site selective methodologies

V - 2. Meta regioselectivity

R. Tang, G. Li, J.-Q. Yu, Nature 2014, 507, 215
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• Substrate control: U-shaped Template



V - Site selective methodologies

V - 2. Meta regioselectivity
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• Substrate control: U-shaped Template



V - Site selective methodologies

V - 2. Meta regioselectivity

• Ligand control
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V - Site selective methodologies

V - 2. Meta regioselectivity
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V - Site selective methodologies

V - 3. Para regioselectivity
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V - Site selective methodologies

V - 4. Competitive site selectivity
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• Heterocycle

Y.-J. Liu, H. Xu, W.-J Kong, M. Shang, H.-X. Dai, J.-Q. Yu, Nature, 2014, 515, 389



V - Site selective methodologies

V - 4. Competitive site selectivity
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Y.-J. Liu, H. Xu, W.-J Kong, M. Shang, H.-X. Dai, J.-Q. Yu, Nature, 2014, 515, 389

• Heterocycle



V - Site selective methodologies

V - 4. Competitive site selectivity
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• C(Sp3)

F.-L. Zhang, K. Hong, T.-J. Li, H. Park , Jin-Quan Yu, Science 2016, 351, 252



VI - Application

VI – 1. Total Synthesis
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• Lithospermic acid

• 1st racemic synthesis by: Jacobson group, (J.Org. Chem, 1979, 44, 4013)

• 1st total synthesis of (+) lithospemic acid: by the Ellman and Bergman group, (J. Am. Chem. Soc. 2005, 127, 3496)   

in 10 steps with 5.9% overall yield

12 steps with 11% overall yield

D.-H. Wang, J.-Q. Yu, J. Am. Chem. Soc. 2011, 33, 5767.



VI - Application

VI – Cascade C-H

46W. Yang, S. Ye, D. Fanning, T. Coon, Y. Schmidt, P. Krenitsky, D. Stamos, J.-Q. Yu, Angew. Chem. Int. Ed. 2015, 54, 2501



VI - Application

VI – Cascade C-H

47Y. Deng, W. Gong, J. He, J.-Q. Yu, Angew. Chem. Int. Ed. 2014, 53, 6692



Thank you for your kind attention


