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Cross-Dehydrogenative Coupling (CDC) 

• Forms C-C bonds from C-H 
bonds.
• Removes need for 

prefunctionalization.
• Limits number of steps in 

synthesis.
• Allows for late-stage 

functionalization 
• Green Chemistry
• Produces H2 as unharmful by-

product.

2Huang, C. Y.; Kang, H.; Li, J.; Li, C. J. J. Org. Chem. 2019, 84 (20), 12705–12721.
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C-H Activation Strategies
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5. in situ C-H functionalization
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C-H Activation Strategies
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6. metal-catalyzed C-H activation
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Metal-Catalyzed CDC Select Scope
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Gong, H.; Zeng, H.; Zhou, F.; Li, C. J. Angew. Chemie - Int. Ed. 2015, 54 (19), 5718–5721.
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Challenges and Selectivity

Challenge: How can we be selective with C-H Activation?
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• Alcohol, ketones, and carboxylic acids, while more easily removable, 
are less coordinating than N, P, and S containing functional groups. 

Using directing groups! 



Directed Aryl C-H Activation
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Carboxylic Acid Directing Groups
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CDC Literature Example
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Why use Electrochemistry?

• Metal oxides are unwanted waste produced in traditional CDC 
reactions.
• Limited regioselectivity when relying on electronics or steric factors 

alone.
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Solution: Use electric current as an inexpensive and waste free oxidant!



Combining CDC and Electrochemistry
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Combining CDC and Electrochemistry

13

H

CO2H
Me

Me
CO2H

Me
HO2C

7 mol % cat., electrolyte

1.0 mA electrolysis
solvent, 20 h, 80 ℃

Zeng, Z.; Goebel, J. F.; Liu, X.; Gooßen, L. J. ACS Cata. 2021, 19 (32).



Combining CDC and Electrochemistry

14

H

CO2H
Me

Me
CO2H

Me
HO2C

7 mol % cat., electrolyte

1.0 mA electrolysis
solvent, 20 h, 80 ℃

Zeng, Z.; Goebel, J. F.; Liu, X.; Gooßen, L. J. ACS Cata. 2021, 19 (32).



Combining CDC and Electrochemistry

15

H

CO2H
Me

Me
CO2H

Me
HO2C

7 mol % cat., electrolyte

1.0 mA electrolysis
solvent, 20 h, 80 ℃

Zeng, Z.; Goebel, J. F.; Liu, X.; Gooßen, L. J. ACS Cata. 2021, 19 (32).



Notable Reaction Conditions
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No. Catalyst Solvent Electrode Conv. (%)

8 RhIIICl3•3H2O DMF Pt(+)||Pt(-) >95

No. Variation from No. 8 Conv. (%)

26 Ag2CO3 (rather than current) >95

27 MnO2 (rather than current) >95



Homocoupling Scope
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• Tolerates EWGs and 
EDGs.
• Tolerates ortho, meta, 

and para position 
substituents.

Zeng, Z.; Goebel, J. F.; Liu, X.; Gooßen, L. J. ACS Cata. 2021, 19 (32).



• Experiences success 
with heterocoupling as 
well.
• Aryl rings are not 

required for CDC.
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Expanded CDC Scope

Zeng, Z.; Goebel, J. F.; Liu, X.; Gooßen, L. J. ACS Cata. 2021, 19 (32).



Electrochemical Catalyst Cycle
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General Electrochemical Setup
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