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首次实现氮杂环丙烷

骨架的不对称构建
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π-interaction coordination
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Entries 1-3 通过对照文献旋光度确定绝对构型；Entry 6 通过单晶确定绝对构型，表格中其他产物均为未知产物，未明确给出绝对构型，仅测定旋光
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底物苯环和配体骨架

存在相互作用

底物苯环靠近配体

受到位阻影响

底物苯环远离配体
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Xu, J. et al. Chirality 2006, 18, 575−580.
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Xu (2006)



2.1 Metal−Nitrenes from Iminoiodinanes

Xu, J. et al. Chirality 2006, 18, 575−580.
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2.1 Metal−Nitrenes from Iminoiodinanes

Gelman (2021)

Gelman, D. et al. J. Organomet. Chem. 2021, 941, 121804−121811.
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C3对称性进一步

降低底物与催化剂空间自由度
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更具挑战性的苯乙烯底物

活性高、通过底物配位、

手性配体修饰控制立体选择性
查尔酮类底物
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2.2 Metal−Nitrenes from Amides Derivatives

Luisi, R. et al. Chem. Rev. 2014, 16, 7881−7929. Wang, S.-G. et al. ChemCatChem 2024, 16, e202400791.
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底物类型相对单一、亚胺类前体不稳定
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2.2 Metal−Nitrenes from Amides Derivatives

3Rh
2

3Rh2N

3RhN:StyrSi
3RhN:StyrRe

Dauban, P. et al. J. Am. Chem. Soc. 2022, 144, 17156−17164.

Dauban (2022)
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2.2 Metal−Nitrenes from Amides Derivatives

Phipps, R. J. et al. J. Am. Chem. Soc. 2023, 145, 7516−7527.

Phipps (2023)
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离子对作用构造出

更加牢固的手性空腔
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20烯丙位胺化副产物

首次实现Ag催化体系下的不对称氮杂环丙烷化反应



2.2 Metal−Nitrenes from Amides Derivatives

Schomaker, J. M. et al. Chem. Commun. 2024, 60, 224−227. 21



Content

1 Background

2.1 Metal−Nitrenes from Iminoiodinanes

2.2 Metal−Nitrenes from Amides Derivatives

2.3 Metal−Nitrenes from Hydroxylamine Derivatives

2.4 Metal−Nitrenes from Azides

3 Summary and outlook

2 Enantioselective Azirdination By Addition of Metal−Nitrenes to Olefins   

22



2.3 Metal−Nitrenes from Hydroxylamine Derivatives

Lebel (2010)

Lebel (2012)

Lebel (2011)

Lebel, H. et al. Pure Appl. Chem. 2010, 82, 1827−1833.  Lebel, H. et al. Tetrahedron 2012, 68, 3396−3409. Lebel, H. et al. Org. Lett. 2011, 13, 5460−5463. 23

首次实现Rh催化体系下

的不对称氮杂环丙烷化反应



2.3 Metal−Nitrenes from Hydroxylamine Derivatives

Lebel, H. et al. Tetrahedron 2012, 68, 3396−3409. Lebel, H. et al. Org. Lett. 2011, 13, 5460−5463. 24

立体选择性由氮宾前体决定

立体选择性由手性配体决定Cu催化体系

Rh催化体系

手性Rh催化剂具有手性口袋，

其在和氮宾前体配位后结构相互靠近，

压缩手性口袋的立体空间，

进而影响后续烯烃插入方向
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Wang, S. et al. Angew. Chem. Int. Ed. 2024, 63, e202400502.

Wang (2024)

26



Content

1 Background

2.1 Metal−Nitrenes from Iminoiodinanes

2.2 Metal−Nitrenes from Amides Derivatives

2.3 Metal−Nitrenes from Hydroxylamine Derivatives

2.4 Metal−Nitrenes from Azides

3 Summary and outlook

2 Enantioselective Azirdination By Addition of Metal−Nitrenes to Olefins   

27



2.4 Metal−Nitrenes from Azides
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2.4 Metal−Nitrenes from Azides

Katsuki (2012)
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Peter Zhang (2008)

Peter Zhang (2009)
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2.4 Metal−Nitrenes from Azides

Peter Zhang (2013)
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2.4 Metal−Nitrenes from Azides

Peter Zhang (2017)

Zhang, X. P. et al. J. Am. Chem. Soc. 2017, 139, 9164−9167.
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2.4 Metal−Nitrenes from Azides
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对映选择性决定步骤

非对映选择性
受位阻影响

Zhang, X. P. et al. J. Am. Chem. Soc. 2017, 139, 9164−9167.



2.4 Metal−Nitrenes from Azides

Peter Zhang (2021)

Zhang, X. P. et al. Chem 2021, 7, 1120−1134.
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利用EPR、HMRS

验证α-Co(III)氨基
自由基

K2CO3: 除水、抑制Co(III)路易斯酸性



2.4 Metal−Nitrenes from Azides

Peter Zhang (2024)

Zhang, X. P. et al. Chem 2024, 10, 283−298.
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捕获到
六元环中间体
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非活化烯烃分子间不对称氮杂环丙烷化研究较少，

现有工作集中在Rh催化体系，体系复杂，

手性催化剂制备难度大

发展丰产金属Fe、Cu体系

合成活性匹配的配体骨架

非活化烯烃分子间不对称氮杂环丙烷化反应



3 Summary and outlook
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氮宾前体均连有吸电子基，

只能够直接构建具有吸电子N-保护基的

氮杂环丙烷

后续具有NH的氮宾前体

直接实现氮杂环丙烷的不对称构建

无保护基团的氮杂环丙烷不对称构建

联烯的选择性氮宾插入



Thank you for your attention !
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