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1. 前言

a) www.acs.org/content/dam/acsorg/education/whatischemistry/landmarks/acrylonitrile/sohio-acrylonitrile- process-commemorative-booklet-1996.pdf ;

b) R. K. Grasselli, Catal. Today 1999, 49, 141–153.

http://www.acs.org/content/dam/acsorg/education/whatischemistry/landmarks/acrylonitrile/sohio-acrylonitrile- process-commemorative-booklet-1996.pdf
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1. 前言

a) R. S. Mohan et al. J. Org. Chem. 2005, 70, 2091-2096; 

b) M. Shibasaki et al. J. Am. Chem. Soc. 2006, 128, 1611-1614;

c) M. Shibasaki et al. Angew. Chem. Int. Ed. 2007, 46, 409-413.
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1. 前言

For selected recent examples of low-valent polar Bi-redox catalysis, see: a) J. Cornella et al. J. Am. Chem. Soc. 2019, 141, 4235–4240;

b) J. Cornella et al. J. Am. Chem. Soc. 2020, 142, 19473–19479; c) J. Cornella et al. J. Am. Chem. Soc. 2021, 143, 12487–12493.

For selected recent examples of high-valent polar Bi-redox catalysis, see: a) J. Cornella et al. Science 2020, 367, 313–317; 

b) L. T. Ball et al. Nat. Chem. 2020, 12, 260–269;c) J. Cornella et al. J. Am. Chem. Soc. 2022, 144, 14489–14504; d) L. T. Ball et al. Angew. Chem. Int. Ed. 2022, 61, e202210840.
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1. 前言

a) https://www.nist.gov/pml/atomic-reference-data-electronic-structure-calculations/atomic-reference-data-electronic-7-67 (data from ScRLDA approximation);

b) D. Dai, K. Balasubramanian, J. Chem. Phys. 1990, 93, 1837–1846; 

c) K. Balasubramanian et al. J. Chem. Phys. 1993, 98, 8859–8869.

https://www.nist.gov/pml/atomic-reference-data-electronic-structure-calculations/atomic-reference-data-electronic-7-67
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1. 前言

a) D. H. Hey, D. A. Shingleton, G. H. Williams, J. Chem. Soc. 1963, 5612–5619;

b) G. A. Razuvaev, G. G. Petukhov, V. A. Titov, O. N. Druzhkov, Zh. Org. Khim. 1965, 35, 481–485;

c) A. G. Davies, S. C. W. Hook, J. Chem. Soc. B 1970, 735–737; A. G. Davies, S. C. W. Hook, J. Chem. Soc. C 1971, 1660–1665.
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2.1. 通过铋(III)单电子还原产生铋(II)中心自由基

T. Iwamoto et al. Angew. Chem. Int. Ed. 2014, 53, 11172–11176.
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2.1. 通过铋(III)单电子还原产生铋(II)中心自由基

T. Iwamoto et al. Angew. Chem. Int. Ed. 2014, 53, 11172–11176.
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2.1. 通过铋(III)单电子还原产生铋(II)中心自由基

a) M. P. Coles et al. Angew. Chem. Int. Ed. 2015, 54, 10630–10633;

b) S. Schultz et al. Nat. Commun. 2018, 9, 87;

c) A. Schultz et al. Dalton Trans. 2018, 47, 4433–4436.
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2.1. 通过铋(III)单电子还原产生铋(II)中心自由基

Z. R. Turner, Inorg. Chem. 2019, 58, 14212–14227.
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2.1. 通过铋(III)单电子还原产生铋(II)中心自由基

J. Abbenseth et al. Angew. Chem. Int. Ed. 2025, e202515545.
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2.1. 通过铋(III)单电子还原产生铋(II)中心自由基

J. Abbenseth et al. Angew. Chem. Int. Ed. 2025, e202515545.
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2.2. 通过铋(I)单电子氧化产生铋(II)中心自由基

a) J. D. Corbett, J. Am. Chem. Soc. 1958, 80, 4757–4760; J. D. Corbett, J. Phys. Chem. 1958, 62, 1149–1150;

b) X. Wang, P. F. Souter, L. Andrews, J. Phys. Chem. A 2003, 107, 4244–4249;

c) L. Dostál et al. Angew. Chem. Int. Ed. 2010, 49, 5468–5471.
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2.2. 通过铋(I)单电子氧化产生铋(II)中心自由基

a) L. Dostál et al. Angew. Chem. Int. Ed. 2010, 49, 5468–5471.

b) J. Cornella et al. J. Am. Chem. Soc. 2021, 143, 12487–12493; J. Cornella et al. Angew. Chem. Int. Ed. 2023, 62, e202313578.
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2.2. 通过铋(I)单电子氧化产生铋(II)中心自由基

J. Cornella et al. J. Am. Chem. Soc. 2023, 145, 5618–5623.



19

2.3. 通过铋(III)-杂原子键均裂产生铋(II)中心自由基

a) R. J. Errington, N. C. Norman et al. Inorg. Chem. 1991, 30, 4680–4682; J. Lorberth et al. J. Organomet. Chem. 1995, 485, 149–152;

b) T. A. Hanna et al. Inorg, Chem. 2002, 41, 3590–3592; T. A. Hanna et al. Inorg. Chem. 2009, 48, 11002–11016.
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2.3. 通过铋(III)-杂原子键均裂产生铋(II)中心自由基

A. Schultz et al. Dalton Trans. 2016, 45, 6053–6059.
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2.3. 通过铋(III)-杂原子键均裂产生铋(II)中心自由基

W. J. Evans et al. J. Am. Chem. Soc. 2011, 133, 5244–5247.
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2.3. 通过铋(III)-杂原子键均裂产生铋(II)中心自由基

J. Cornella et al. J. Am. Chem. Soc. 2022, 144, 16535–16544.
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2.4. 三线态铋宾的合成与性质

a) C. Lichtenberg et al. Chem. Sci. 2020, 11, 7562–7568;

b) N. Tokitoh et al. Science 1997, 277, 78–80; P. P. Power et al. J. Am. Chem. Soc. 1999, 121, 3357–3367.
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2.4. 三线态铋宾的合成与性质

F. Neese, J. Cornella et al. Science 2023, 380, 1043– 1048.
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3.1. 铋催化的自由基型聚合反应

S. Yamago et al. Angew. Chem. Int. Ed. 2007, 46, 1304–1306.
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3.1. 铋催化的自由基型聚合反应

a) S. Yamago et al. Angew. Chem. Int. Ed. 2007, 46, 1304–1306;

b) S. Z. Zard et al. Tetrahedron 1989, 45, 2615–2626; E. Kayahara, S. Yamago, J. Am. Chem. Soc. 2009, 131, 2508– 2513;

c) C. Lichtenberg, Angew. Chem. Int. Ed. 2012, 51, 13011–13015.
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3.2. 铋催化的自由基型环化反应

J. Ramler, I. Krummenacher, C. Lichtenberg, Angew. Chem. Int. Ed. 2019, 58, 12924–12929.
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3.2. 铋催化的自由基型环化反应

J. Ramler, I. Krummenacher, C. Lichtenberg, Angew. Chem. Int. Ed. 2019, 58, 12924–12929.
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3.2. 铋催化的自由基型环化反应

S. Ni, D. Spinnato, J. Cornella, J. Am. Chem. Soc. 2024, 146, 22140−22144.
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S. Ni, D. Spinnato, J. Cornella, J. Am. Chem. Soc. 2024, 146, 22140−22144.
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3.3. 铋催化的自由基型偶联反应

J. Cornella et al. Nat. Chem. 2023, 15, 1138-1145.
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J. Cornella et al. Nat. Chem. 2023, 15, 1138-1145.
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J. Cornella et al. Nat. Chem. 2023, 15, 1138-1145.
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J. Cornella et al. Angew. Chem. Int. Ed. 2025, 64, e202418367.
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J. Cornella et al. Angew. Chem. Int. Ed. 2025, 64, e202418367.
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3.3. 铋催化的自由基型偶联反应

J. Cornella et al. Nat. Catal. 2025, https://doi.org/10.1038/s41929-025-01438-y.

https://doi.org/10.1038/s41929-025-01438-y
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3.3. 铋催化的自由基型偶联反应

J. Cornella et al. Nat. Catal. 2025, https://doi.org/10.1038/s41929-025-01438-y.

https://doi.org/10.1038/s41929-025-01438-y
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3.3. 铋催化的自由基型偶联反应

J. Cornella et al. Nat. Catal. 2025, https://doi.org/10.1038/s41929-025-01438-y.

https://doi.org/10.1038/s41929-025-01438-y
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4. 总结与展望

For a detailed summary of bismuth in radical chemistry & catalysis, see: M. Mato, J. Cornella, Angew. Chem. Int. Ed. 2024, 63, e202315046.



学术汇报

Thanks for your kind attention!
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