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Strategies for Inert C−C bond Cleavages—C-C Bond Activation 

◆ the accessibility of the transition metal center to C–C

bonds is generally difficult due to its 'hidden' nature

◆ relatively high stability of the C–C bond (90 kcal/mol)
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Strategies for Inert C−C bond Cleavages—C-C Bond Activation

➢ β-carbon elimination

(Competitive β-H elimination)

➢ direct oxidative addition of C–C bonds

(Requires a directing group)

Sarpong, R. et al. J. Am. Chem. Soc. 2018, 140, 9810.

Suggs, J. W. et al. J. Chem. Soc., Chem. Commun., 1985, 92.
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Strategies for Inert C−C Bond Cleavages—Radical Fragmentations

Zuo, Z. et al. Chem. Rev. 2022, 122, 2429–2486.2025/12/31 5



Strategies for Inert C−C Bond Cleavages—Radical Fragmentations

Advantages of Radical Fragmentations

1. Thermodynamically favored 2. Excellent selectivity between C-C and C-H bonds
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Traditional Method for the Generation of Alkoxy Radicals

Classic Precursors for Alkoxy Radical Generation

Direct Oxidization of Alcohols into Alkoxy Radicals

Pb(OAc)4 / I2 system HgO / I2 system

AgNO3 / Na2S2O8 system PhI(OAc)2 / I2 system

Poor functional group compatibility!2025/12/31 8
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J. Am. Chem. Soc. 2010, 132, 13226–13228.

Angew. Chem. Int. Ed. 2011, 50, 12008–120011.

Postdoctoral work on photocatalysis:

Science 2014, 345, 437– 440.

J. Am. Chem. Soc. 2014, 136, 5257–5260.

J. Am. Chem. Soc. 2014, 136, 10886–10889.

J. Am. Chem. Soc. 2016, 138, 1832–1835.
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Guo, Jing-Jing; Hu, Anhua; Zuo, Zhiwei et al. Angew. Chem. Int. Ed. 2016, 55, 15319–15322.

Kochi, J. K. et al. J. Am. Chem. Soc. 1968, 90, 6688−6698.

Trahanovsky, W. S. et al. J. Am. Chem. Soc. 1969, 91, 5068–5072.
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Guo, Jing-Jing;† Hu, Anhua;† Zuo, Zhiwei et al. Angew. Chem. Int. Ed. 2016, 55, 15319–15322.2025/12/31 11



Alkoxy Radicals from visible-light-induced photoredox catalysis

Angew. Chem. Int. Ed. 2016, 55, 15319–15322. Chem. Rev. 2022, 122, 2429−2486.
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Angew. Chem. Int. Ed. 2016, 55, 15319–15322.2025/12/31 13



Alkoxy Radicals from visible-light-induced photoredox catalysis

MacMillan, D. W. C. et al. Chem. Rev. 2013, 113, 5322−5363.

kq: the quenching rate constant

τ0: the excited-state lifetime in the absence of quencher
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Schelter, E. J. et al. J. Am. Chem. Soc. 2016, 138, 16266−16273.

X-ray structure of [CeCl6]
3-
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Schelter, E. J. et al. J. Am. Chem. Soc. 2016, 138, 16266−16273.

Absorption (solid lines)

and emission (dashed

lines) spectra for an

acetonitrile solution of

[CeIIICl6]
3-

Absorption (black solid

lines) and emission

(black dashed lines)

spectra for an

acetonitrile solution of

[CeIIIBr6]
3−
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Schelter, E. J. et al. J. Am. Chem. Soc. 2016, 138, 16266−16273.

Experimental electronic absorption spectra of [NEt4]2[CeIVCl6] in MeCN (black

solid line) and DFT predicted absorption spectra of [CeIVCl6]
2− in the gas phase

(red dashed lines).

transitions are assigned to LMCT transitions (Ligand to Metal Charge

Transfer) from ligand to CeIV 4f-orbitals: the transition at 478 nm originates

from ligand t1g set of orbitals; the transition at 344 nm originates from ligand

t2g set; the transition at 295 nm originates from eg and a1g sets.
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Hu, Anhua;† Guo, Jing-Jing;† Zuo, Zhiwei et al. J. Am. Chem. Soc. 2018, 140, 1612−1616.2025/12/31 18



Alkoxy Radicals from visible-light-induced photoredox catalysis

Hu, Anhua;† Guo, Jing-Jing;† Zuo, Zhiwei et al. J. Am. Chem. Soc. 2018, 140, 1612−1616.

A. UV−vis spectral changes a solution of

CeIV(OC5H11)Cln complex in CH3CN under

blue light (0−20 min).

B. IR experiments with a solution of (n-

Bu4N)2CeCl6 and 2-methyl-1-phenyl-2-

propanol in the dark (0−15 min) and with blue-

light irradiation (15−25 min).

C. Reaction profiles for the δ-C−H amination of

1-pentanol catalyzed by (n-Bu4N)2CeCl6 and

CeCl3.
2025/12/31 19



Alkoxy Radicals from visible-light-induced photoredox catalysis

Hu, Anhua;† Guo, Jing-Jing;† Zuo, Zhiwei et al. J. Am. Chem. Soc. 2018, 140, 1612−1616.

General reaction conditions:

DBAD (0.4 mmol), alcohol

substrate (1.2 mmol), CeCl3 (0.004

mmol), TBACl (0.02 mmol),

CH3CN (4 mL), 90 W blue LEDs.
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Hu, Anhua; Zuo, Zhiwei et al. J. Am. Chem. Soc. 2018, 140, 13580−13585.

aYields were determined by GC analysis of the crude reaction

mixtures. bReaction was run with CeCl3·7H2O. cReaction was run in

the absence of (n-Bu)4PCl. dReactions were run in the absence of

CeCl3.
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Hu, Anhua; Zuo, Zhiwei et al. J. Am. Chem. Soc. 2018, 140, 13580−13585.

Stern-Volmer quenching studies of DPA 

by alkene

Stern-Volmer quenching studies of 

DPA by Ce(III)Cln(OC5H9) 

2025/12/31 22



Alkoxy Radicals from visible-light-induced photoredox catalysis

Hu, Anhua; Zuo, Zhiwei et al. J. Am. Chem. Soc. 2018, 140, 13580−13585.

General reaction conditions: alcohol substrate (0.2 mmol), alkene substrate (0.3 mmol), CeCl3 (0.008 mmol), DPA (0.004 mmol),

tetrabutylphosphonium chloride (0.016 mmol), benzonitrile (0.5 mL), 90W blue LEDs.
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Hu, Anhua; Zuo, Zhiwei et al. J. Am. Chem. Soc. 2018, 140, 13580−13585.2025/12/31 24



Alkoxy Radicals from visible-light-induced photoredox catalysis

Hu, Anhua;† Guo, Jing-Jing;† Zuo, Zhiwei Science 2018, 361, 668–672. 2025/12/31 25



Alkoxy Radicals from visible-light-induced photoredox catalysis

Zuo, Z. et al. J. Am. Chem. Soc. 2019, 141, 10556−10564.2025/12/31 26



Alkoxy Radicals from visible-light-induced photoredox catalysis

Zuo, Z. et al. J. Am. Chem. Soc. 2019, 141, 10556−10564.

UV−vis absorption

spectra of in situ formed

[CeIIIBrn], [CeIIIORCln],

and [CeIIIORBrn].

ROH

cyclohexanemethanol.

Stern-Volmer quenching 

studies of [CeIII], DPA by 

alkene
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Zuo, Z. et al. J. Am. Chem. Soc. 2019, 141, 10556−10564.2025/12/31 28
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Alkoxy Radicals from visible-light-induced photoredox catalysis
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Alkoxy Radicals from visible-light-induced photoredox catalysis
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Zuo, Z. et al. Chem 2020, 6, 266−279.2025/12/31 32



Alkoxy Radicals from visible-light-induced photoredox catalysis
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Zuo, Z. et al. Chem 2020, 6, 266−279.2025/12/31 35



Alkoxy Radicals from visible-light-induced photoredox catalysis

Zuo, Z. et al. Angew. Chem. Int. Ed. 2021, 60, 5370 – 5376.2025/12/31 36
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Alkoxy Radicals from visible-light-induced photoredox catalysis

Zuo, Z. et al. Science 2023, 382, 458–464.2025/12/31 39



Alkoxy Radicals from visible-light-induced photoredox catalysis

Zuo, Z. et al. Science 2023, 382, 458–464.2025/12/31 40



Alkoxy Radicals via other methods

Lin, S. et al. J. Am. Chem. Soc. 2024, 146, 19696−19703.2025/12/31 41
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Alkoxy Radicals via other methods

42
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C-C Bond Cleavage via Hidden Alkoxy Radical

Acc. Chem. Res. 2025, 58, 1547−1561.2025/12/31 44
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C-C Bond Cleavage via Hidden Alkoxy Radical

Science 2025, 387, 1083–1090.
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C-C Bond Cleavage via Hidden Alkoxy Radical

Science 2025, 387, 1083–1090.
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