
Well-identified Cu(III) Species in Bond Formations
MR  Jan 22nd 2024

Yumeng Liao, 
D2



Well-identified Cu(III) Species in Bond Formations
MR  Jan 22nd 2024

Yumeng Liao, 
D2

Cu(III)-mediated C–N Formation

Cu(III)-mediated C–C Formation

Cu(III)-mediated C–H Activation



Catalytic Cycles of Cu-Catalyzed C–N Coupling Reactions

From Cu (I) cat. From Cu (II) cat.

Cu (III) intermediates are proposed in most reports of Cu-catalyzed C–N coupling

Cu(III)-Mediated C−N Formation Background
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Cu(III)-Mediated C−N Formation Background

Catalytic Cycles of Cu-Catalyzed C–N Coupling Reactions From Cu (I) cat.

Ullmann, F. et al. Ber. Dtsch. Chem. Ges. 1903, 36, 2382.
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Catalytic Cycles of Cu-Catalyzed C–N Coupling Reactions From Cu (II) cat.

Lam P. Y. S. et al. Tetrahedron Lett. 2003, 44, 1691.

Chan-Evans-Lam coupling

Cu(III)-Mediated C−N Formation Background
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Cu(III)-Mediated C−N Formation

Synthesis of [TBA][L–Cu(II)–ArF5] (A)

Zhang S. et al. J. Am. Chem. Soc. 2023, 145, 26810.

Synthesis of L–Cu(III)–ArF5 (B) from A

Isolated Cu(III) intermediate
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Cu(III)-Mediated C−N Formation

Oxidation of [TBA][L–Cu(II)–ArF5] (A)

Zhang S. et al. J. Am. Chem. Soc. 2023, 145, 26810.5



Cu(III)-Mediated C−N Formation

Arylation of Anilines by L–Cu(III)–ArF5 (B) 

Zhang S. et al. J. Am. Chem. Soc. 2023, 145, 26810.6



Cu(III)-Mediated C−N Formation

Zhang S. et al. J. Am. Chem. Soc. 2023, 145, 26810.

Mechanistic Study

Plausible pathways Eyring plot of  LCuIII–ArF5 
with 4-MeO-aniline

Positive value

Positive value

Positive value
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Cu(III)-Mediated C−N Formation

Zhang S. et al. J. Am. Chem. Soc. 2023, 145, 26810.

Side-reactions

Mechanistic Study

coordinative solvent 
caused decomposition

Not hydrolysis

Homocoupling products 
are majority (72% + 20%)

CuI-caused protonation

CuIII-caused 
decomposition
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Cu(III)-Mediated C−C Formation

Nebra N. et al. Angew. Chem. Int. Ed. 2023, e202319412.

Alkyne trifluoromethylation
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Cu(III)-Mediated C−C Formation

Nebra N. et al. Angew. Chem. Int. Ed. 2023, e202319412.

Alkyne trifluoromethylation

Most Feasible Pathway (by DFT)
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Cu(III)-Mediated C−C Formation Arene coupling

Synthesis of organocopper(III) spiro complexes 

Xi Z. et al. J. Am. Chem. Soc. 2017, 139, 13688.11



Cu(III)-Mediated C−C Formation Arene coupling

Synthesis of organocopper(III) spiro complexes 

Xi Z. et al. J. Am. Chem. Soc. 2017, 139, 13688.12



Cu(III)-Mediated C−C Formation Arene coupling

Reductive elimination study of 3a

Xi Z. et al. J. Am. Chem. Soc. 2017, 139, 13688.13



Cu(III)-Mediated C−C Formation

Tsui G. C. et al. Chem. Sci. 2018, 9, 8871.

Arene trifluoromethylation
Type I: from ArX

Viciv D. A. et al. Chem. Sci. 2008, 130, 8600.

Amii  H. et al. Chem. Commun. 2009, 1909.
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Cu(III)-Mediated C−C Formation

Shibata N. et al. Org. Lett. 2015, 17, 1632.

Arene trifluoromethylation
Type II: from ArB(OH)2

Sanford M. et al. J. Am. Chem. Soc. 2012, 134, 9034.

Shen Q. et al. Org. Lett. 2011, 13, 2342.
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Cu(III)-Mediated C−C Formation

Two types of Cu-mediated arene trifluoromethylation

Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.

Arene trifluoromethylation
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Cu(III)-Mediated C−C Formation

Grushin V. V. et al. Angew. Chem. Int. Ed. 2015, 54, 2745.

Arene trifluoromethylation

Synthesis of [(bpy)CuIII(CF3)3] precursor

17



Cu(III)-Mediated C−C Formation Arene trifluoromethylation

Synthesis of [nBu4N][CuIII(Ar)(CF3)3]

Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.18



Cu(III)-Mediated C−C Formation Arene trifluoromethylation

Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.

Study on reductive elimination

t1/2: half time

Entries 2-3: radical inhibitor didn’t significantly decrease the yield
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Cu(III)-Mediated C−C Formation Computational study on reductive elimination

Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.20



Cu(III)-Mediated C−C Formation Plausible pathways

Shen Q. et al. Angew. Chem. Int. Ed. 2019, 58, 8510.

Study on reductive elimination

Ruled Out
Higher barrier in DFT calculation
radical inhibitor didn’t significantly decrease the yield

Ruled Out
Higher barrier in DFT calculation

Ruled Out
No obvious change with various solvents.
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Cu(III)-Mediated C−C Formation Alkane trifluoromethylation

Synthesis of [(alkyl)CuIII(CF3)3]−

Liu W. et al. J. Am. Chem. Soc. 2019, 141, 3153.

Well-identified
(XRD confirmed)
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Cu(III)-Mediated C−C Formation Alkane trifluoromethylation

Reductive elimination of [(alkyl)CuIII(CF3)3]−

Liu W. et al. J. Am. Chem. Soc. 2019, 141, 3153.23



Cu(III)-Mediated C−C Formation Alkane trifluoromethylation

Plausible pathways suggested by DFT calculation

Liu W. et al. J. Am. Chem. Soc. 2019, 141, 3153.

Numbers in bold style are H⧧ values, whereas those in plain style are ΔH values.
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Cu(III)-Mediated C−H Activation

Proposed intermediates in Cu-mediated C–H activation

Sanford M. et al. J. Am. Chem. Soc. 2023, 145, 18253.25



Cu(III)-Mediated C−H Activation

Daugulis O. et al Org. Lett. 2013, 15, 5842.

Applications on functionalization

C–H etherification

C–H sulfenylation

Daugulis O. et al J. Am. Chem. Soc. 2012, 134, 18237.

C–H selenylation

Baidya M. et al. Org. Lett. 2016, 18, 3202.26



Cu(III)-Mediated C−H Activation

Tan Z. et al Chem. Commun. 2015, 51, 6418.

Applications on functionalization

C–H sulfonylation

C–H Alkynylation

You J. et al. Org. Lett. 2014, 16, 2884.27



Cu(III)-Mediated C−H Activation Oxidative coupling via C–H cleavage 
Cu(II)-mediated pathway

Miura M. et al. Org. Lett. 2015, 17, 4034.

Cu(III)-mediated pathway
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Cu(III)-Mediated C−H Activation

Synthesis of [TBA][L–Cu(II)–ArF5] (A)

[TBA][L–Cu(II)–ArF5] (A)

Sanford M. et al. J. Am. Chem. Soc. 2023, 145, 18253.

Perfluorinated strategy
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Cu(III)-Mediated C−H Activation

Conversion of 7 to 6

Sanford M. et al. J. Am. Chem. Soc. 2023, 145, 18253.

Oxidatively induced conversion

Plausible pathway

Assignment of intermediate I to be 8
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D

Cu(III)-Mediated C−H Activation

Sanford M. et al. J. Am. Chem. Soc. 2023, 145, 18253.

KIE experiment for conversion of 8/8-D to 6

Plausible overall mechanism
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Cu(III)-Mediated C−H Activation

Sanford M. et al. J. Am. Chem. Soc. 2023, 145, 18253.

If introduce a nucleophile…
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Summary Well-identified Cu(III) intermediates in bond formations

Frequently proposed, but rarely identified
Chemistry of Cu(III) in organic reactions is intriguing but rarely deeply investigated, mainly being proposed 

in catalytic cycles.

For more info. ……

Recommend review article: 
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> Liu H., Shen Q., Well-defined organometallic Copper(III) complexes: Preparation, characterization and 
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Coord. Chem. Rev. 2021, 442, 213923.

To have crystallographically or spectroscopically confirmed Cu(III) intermediate, and experimentally 

confirmed reactivity, would further establish the role of Cu(III) in organic synthesis.
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