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Traditional C(sp3)-H functionalization
Limitations:
 Polar directing group required
 install/remove directing group
 functionalization at nearby
 High temperature

Alternative approach: C=C as a traceless directing group for remote C(sp3)-H functionalization? 

Selected reviews of remote functionalization:

Alternative Strategy for Formal Remote C(sp3)-H functionalization

3Marek, I. Nat Chem. 2016, 8, 209. Martin, R. & Marek, I. ACS Cent. Sci. 2018, 4, 153.
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Highlights
 avoid organometallic reagents
 diverse functionalization
 regio- & enantioselective
 regioconvergent/regiodivergent
 mild conditions

Traditional C(sp3)-H functionalization

Alternative approach: C=C as a traceless directing group for remote C(sp3)-H functionalization? 

6Zhu, S. Acc. Chem. Res. 2022, 55, 3519.



NiH-Catalyzed Regiodivergent Remote Hydroarylation of Olefins

Switchable regioselectivity: ligand controlled

J. Am. Chem. Soc. 2017, 139, 1061. 7



Remote Hydroarylation: Proposed Catalytic Cycle
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DFT

Thermodynamics: ligand effect in chain-walking process

Chem. 2021, 7, 3173.

Conclusion: L could increase the chain-walking reactivity
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Remote Hydroarylation of Alkenes: nPrBr/Mn as Hydride Source

Migratory reductive cross-coupling of alkyl bromides with aryl bromides

J. Am. Chem. Soc. 2017, 139, 13929.
Martin‘s work

Martin, R. et al. Nature 2017, 139, 13929.
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Remote Hydroarylation of Alkenes: nPrBr/Mn as Hydride Source

Migratory reductive cross-coupling of alkyl bromides with aryl bromides

Alternative approach: provides hydride source in the present of Mn0

J. Am. Chem. Soc. 2017, 139, 13929.
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正丙基溴提供额外的NiH物种
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Diverse remote hydroarylation
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1.1、烯烃末端的C(sp3 )-H烷基化

Angew. Chem. Int. Ed. 2018, 57, 4058. 14
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1.2、卤代烷或烯烃与羧酸的迁移还原酰化反应

ACS Catal. 2019, 9, 3253−3259

NaI的作用是使烷基溴原位生成活性更强的烷基碘化物 母体联吡啶配体取代L1只导致3A产物生成
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1.3、烯烃与烯基溴、炔基溴的还原交叉偶联

Nat. Commun. 2021, 12, 3792.

Angew. Chem. Int. Ed. 2021, 60, 4060–4064
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1.4、烯烃与硝基芳烃的远端sp3 C-H胺化反应

Chem 2018, 4, 1645 19
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标准条件下从羟胺定量得到最终产物
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1.5、烯烃的sp3C–H迁移胺化反应
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1.6、烯烃和炔与硫醇的选择性迁移氢硫醇化反
应

Nat. Commun. 2019, 10, 1752.

(a)硫基在一系列潜在的活性

官能团(如酰胺、酸、醇和胺)

存在下具有高的化学选择性

(b)在多个位点之间具有优异

的区域选择性，包括苄基位

置、醚的α位置或烯烃链的末

端位置;

(c)原料硫醇作为硫代试剂，

这样的工艺避免了制备亲电

性硫代试剂。
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GC分析也观察到该标准反应中有H2生成 25



少量的NiD参与链行走过程，并且少量的NiD应该来自氘代THF-d8 26
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Asymmetric remote 
hydroarylation
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2.1、烯烃与α-溴代酰胺的末端不对称烷基化

Angew. Chem. Int. Ed. 2019, 58, 1754–1758 29
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2.2、α，β-不饱和酰胺的不对称烷基化

ACS Catal. 2021, 11, 8766−8773 31



NiH插入是对映体决定步骤

酰胺导向基团起到重要作用
32



2.3、N-酰基烯胺的不对称芳基

Nat. Commun. 2021, 12, 638. 33



2.4、烯酰胺或烯氨基甲酸酯与外消旋α-溴酰胺的加氢烷基化

Angew. Chem. Int. Ed. 2023, 62, e202311094

Hu. X. Et al. Nat. Catal.. 2022, 5, 1180.
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当使用反应性较低的反式烯胺时，对反

应性和区域选择性都有负面影响，导致

α-溴酰胺的还原性脱溴。
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2.5、乙烯基芳烃的不对称C(sp3 )-H芳基化

Angew. Chem. Int. Ed. 2020, 59, 21530 –21534 38



2.6、手性苄胺的合成

Angew. Chem. Int. Ed. 2021, 60, 23584.

Previous work: hydroamination of alkenes

Miura & Hirano, Angew. Chem. Int. Ed. 2013, 52, 10830.
Buchwald, S. L. J. Am. Chem. Soc. 2013, 135, 13746. Baran, P. S. Science 2015, 348, 886.
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2.7、含硼烯烃的胺化

Nat. Commun. 2022, 13, 5630. 42



2.8、烯烃与芳基硼的接力迁移芳基化反应

Angew.Chem. Int. Ed. 2020, 59,9186–9191

甲醇作为氢源

43



44



Ligand Relay 
Catalysis
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Ligand Relay Catalysis

Challenge in NiH-catalyzed enantioselective remote hydrofunctionaliztion

Ligand relay catalysis: A solution to simplify the ligand design
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Ligand Relay Catalysis

Challenge in NiH-catalyzed enantioselective remote hydrofunctionaliztion

Ligand relay catalysis: A solution to simplify the ligand design
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3.1、含硼烯烃远端不对称芳基化（双配体协同催化）

Chem 2021, 7, 3171–3188. 48
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该反应可以扩展到烯基硼酸酯本身，仅需单手性氨基醇配体
51
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3.2、配体接力：烯烃远端的C(sp3 )-H不对称芳基化

Nat. Commun. 2022, 13, 2471.

Pablo Mauleón Zhu

多配体与金属的动态交换可用于顺序促进

铜催化的中继反应中的不同步骤
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将链行走配体的负载量降低至0.4摩尔%对整
体性能几乎没有影响(条目5)。

但增加链行走配体负载和减少芳基化配体负
载导致产率和对映选择性的适度降低(条目6)
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增加链行走配体的负载
对于长链烯烃底物有益 E/Z构型的烯烃都兼容体系
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当前的多配体催化也可以应用于烯烃的迁移双官能化

ACS Catal. 2023, 13, 3841−3846
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3.3、配体接力:烯烃或卤代烃的不对称迁移还原酰化

J. Am. Chem. Soc. 2022, 144, 21448−21456 61



3.4、双官能化：乙烯基芳烃的不对称1，2-炔基硼化反应

ACS Catal. 2023, 13, 3841−3846 62
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3.5、配体接力：含烯环胺或无环胺的不对称芳基化
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不仅限于含烯烃的无环胺，也适用于许多商业

上可用的N -氨基甲酸酯保护的杂环烯烃底物
67



1,4 Ni-H迁移
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4.1、芳基-乙烯基1,4-镍迁移/还原偶联

ACS Catal. 2023, 13, 3841−3846

使用镍迁移来实现远端C(sp2) 

H键的功能化的报道较少

烯基镍中间体空间要求较低
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烷基溴、炔基溴、芳基氯等都是合适的偶联伙伴

71



反应中间体与反应介质之间不存在H - D交换 原位生成的NiII中间体引发1,4-Ni/H迁移
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4.2、1,4-NiH迁移：芳基溴化物与炔烃和烷基溴化物的同位/邻位双官能化

J. Am. Chem. Soc. 2021, 143, 20064−20070 73



Thanks for watching！


