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C–C cross-coupling
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The construction of C–C bonds is a constant topic in organic chemistry

Weix, D. J. et al. J. Org. Chem. 2014, 79, 4793.

Jarvo, E. R. et al. Nat. Rev. Chem. 2017, 1, 0065.



Cross-electrophile coupling (XEC)
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XEC advantages:

 Cuts down one step (making nucleophile)

 Safety (avoids pyrophoric e.g. RMgX, or toxic e.g. RSnR’3)

 Easier to handle

 Increased stability/easier storage

 More commercial availability

 Better FG compatibility

Definition of modern XEC:

 No in situ formation of nucleophile

 Reductant acts on catalyst

 No addition into polar π systems (e.g. NHK)

 Will not be discussed in electrochemical methods
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This topic:

 if discussed, termed as:

electrochemical cross-electrophile coupling (eXEC)

Weix, D. J. et al. J. Org. Chem. 2014, 79, 4793.

Jarvo, E. R. et al. Nat. Rev. Chem. 2017, 1, 0065.

MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2016, 138, 8084.



Challenges and strategies in XEC
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XEC strategies

 Electronic differentiation/matching

 Steric differentiation/matching

XEC strategies

 Excess of one electrophile—in statistics

Core: Identify and distinguish two electrophiles

(Distinct reactivity)

Weix, D. J. et al. J. Org. Chem. 2014, 79, 4793.

Jarvo, E. R. et al. Nat. Rev. Chem. 2017, 1, 0065.



A timeline of  the development of organic electrochemistry 

[1600]

The word

“electricity” was

introduced

[1834]

Faraday’s laws

[1848]

Kolbe reaction

[1965]

Baizer process
[2010s]

 C-H activation

 Cross-electrophile coupling

 Flow chemistry

 photoelectrocatalysis

 Asymmetric catalysis

 Nature product synthesis

 Green oxidation
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What electrochemistry can do in cross-electrophile coupling?

C(sp3)–C(sp3) cross-coupling as example in this seminal

Lin, S. et al. Chem. Soc. Rev. 2021, 50, 7941.
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Dehalogenative C(sp3)–C(sp3) cross-coupling

9Perichon, J. et al. J. Org. Chem. 1988, 53, 4720.; Gong, H. et al. Org. Lett. 2011, 

13, 2138.; MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2018, 140, 17433.
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Dehalogenative C(sp3)–C(sp3) cross-coupling

Lin, S. et al. Nature 2022, 604, 292.



11

Dehalogenative C(sp3)–C(sp3) cross-coupling

Lin, S. et al. Nature 2022, 604, 292.



12

Dehalogenative C(sp3)–C(sp3) cross-coupling

Lin, S. et al. Nature 2022, 604, 292.



13

Dehalogenative C(sp3)–C(sp3) cross-coupling

Lin, S. et al. Nature 2022, 604, 292.



14

Dehalogenative C(sp3)–C(sp3) cross-coupling

THF THF/DME

Lin, S. et al. Nature 2022, 604, 292.
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C(sp3)–C(sp3) cross-coupling of unactivated alkyl halides

Qiu, Y. et al. Nat. Catal. 2024, 7, 412.
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Reaction kinetics controls cross-selectivity

Cantillo, D. et al. J. Am. Chem. Soc. 2023, 145, 17023.
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Dehalogenative C(sp3)–C(sp3) cross-coupling

Cantillo, D. et al. J. Am. Chem. Soc. 2023, 145, 17023.
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Early example of Decarboxylative C(sp3)–C(sp3) homocoupling

25
Corey, E. J. et al. J. Am. Chem. Soc. 1959, 81, 1739.



Doubly decarboxylative C(sp3)–C(sp3) cross-coupling

26
Baran, P. S. et al. Nature 2022, 606, 313.



27

Doubly decarboxylative coupling (dDCC)

Baran, P. S. et al. Nature 2022, 606, 313.
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electrochemistry vs. photochemistry

Baran, P. S. et al. Nature 2022, 606, 313.
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A
/B

Doubly decarboxylative C(sp3)–C(sp3) cross-coupling

Baran, P. S. et al. Nature 2022, 606, 313.
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RAE

NiCl2·dme + Ligand

NiCl2·dme + Ligand + RAE

Doubly decarboxylative C(sp3)–C(sp3) cross-coupling

 RAE is reduced by Ni(I)

 Directly cathodic reduction is also possible 

Baran, P. S. et al. Nature 2022, 606, 313.
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2nd generation dDCC: Ag-NPs-promoted dDCC

Baran, P. S. et al. Science 2022, 375, 745.

Baran, P. S. et al. Nature 2023, 623, 745.
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2nd generation dDCC: a example of synthesis of Polyrhacitide A

Baran, P. S. et al. Nature 2023, 623, 745.
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rapid alternating polarity (rAP)

+60 mA

-60 mA

rAP dDCC of unactivated Carboxylic acids

Baran, P. S. et al. Science 2023, 380, 81.
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rAP dDCC of unactivated Carboxylic acids

Baran, P. S. et al. Science 2023, 380, 81.
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Local pH difference lead to CV difference

rAP dDCC of unactivated Carboxylic acids

Baran, P. S. et al. Science 2023, 380, 81.
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Enantioselective dDCC

Baran, P. S. et al. J. Am. Chem. Soc. 2023, 145, 17023.
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Thanks for your listening


