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Summary

使用新型配体以较高的收率和对映选择性首次实现了镍催化的
sp3碳氢键活化，具有良好的底物适用范围和反应实用性。
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碳氢键活化反应的发展现状

碳氢键活化反应的重要性

Writing Thought 

镍催化的碳氢键活化及本文的工作



Enantioselective transition metal-catalyzed C-H activation via C-H

metallation represents one of the most convenient and economical routes

to chiral molecules that exist in a large number of natural products and

bioactive compounds such as pharmaceuticals and agrochemicals.
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The First Paragraph

Extensively explored C-H bonds in these reactions are C(sp2)-H or

C(sp)-H bonds of arenes, alkenes, aldehydes, imines, formamides or

alkynes. In contrast, unreactive C(sp3)-H bonds such as primary, se-

condary and tertiary C(sp3)-H bonds are quite resistant to enantioselective

activation by chiral metal complexes, because of steric hindrance around

C(sp3)- H bonds and the lack of π-orbitals to interact with metals.



In the last two decades, relying on well-designed chiral ligands or chiral

anions, precious metals such as Pd, Rh and Ir have been capable of ca-

talyzing a broad range of enantioselective C(sp3)-H bond activation

reactions, providing good yields and high ee. However, same strategies are

in general ineffective to most 3d-transition metals that are very sensitive to

the structure of substrates and ligands. So far, only one successful

example has been reported by Matsunaga, Yoshino and co-workers, who

used achiral CoIII with an amino acid derivative as a chiral anion to facilitate

an enantioselective amidation of primary C(sp3)-H bonds of thioamides.

Given appealing advantages of 3d metals, including high earth abundance,

low cost and low bio-toxicity, the development of 3d metal catalyzed

enantioselective C(sp3)-H bond activation reactions are in high demand.
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Till now, although great progress has been achieved for Ni-catalyzed C-H

bond activation and even enantioselective Ni-catalyzed C(sp2)-H bond

activation, enantioselective Ni-catalyzed aliphatic C(sp3)-H bond activation

still remains an elusive challenge. Herein, we used a new type of H8-bi(2-

naphthylamine)-derived chiral phosphine oxide (H8-BINAPO) to enable an

enantioselective Ni-catalyzed C(sp3)-H activation of formamides for the first

time, providing a series of nitrogen-containing heterocycles in 40–95%

yield and 70–95% ee. The H8-BINAPO-ligated Ni-Al bimetallic catalyst may

play a critical role in enabling the formyl C(sp2)-H bond activation, and

accelerating subsequent aliphatic C(sp3)-H activation by orienting nickel.
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The Last Paragraph

对本文工作的总结

对新配体的应用进行展望

Writing Thought 



In summary, we have developed the first example on enantioselective

Ni-catalyzed aliphatic C(sp3)-H bond activation of formamides, providing a

series of chiral N-containing heterocycles in 40–95% yield and 70–95% ee.

Various dialkyl, diaryl and alkylaryl alkynes, together with primary and

secondary C(sp3)-H bonds were well compatible. The newly-developed

H8-BINAPO ligand could be applied in a wider range of enantioselective

C-H activation reactions in future.
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Representative Examples

⚫ Till now, although great progress has been achieved for Ni-catalyzed

C-H bond activation and even enantioselective Ni-catalyzed C(sp2)-H

bond activation, enantioselective Ni-catalyzed aliphatic C(sp3)-H bond

activation still remains an elusive challenge.

某项工作，甚至更困难一项工作已经取得了巨大进展，但本文的工作依
然是一个重大的挑战（强调本文工作的难度）

⚫ To gain more insights into the mechanism, we conducted deuterium-

labeling experiments to determine kinetic isotope effect of the activation

of two C-H bonds of substrate 1b.

为了更深入的了解反应的机理

⚫ Given appealing advantages of 3d metals, including high earth

abundance, low cost and low bio-toxicity, the development of 3d metal

catalyzed enantioselective C(sp3)-H bond activation reactions are in

high demand.

考虑到......的吸引力
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