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4
E. M. Carreira, et al. Science. 2013, 340, 1065–1068; J. Am. Chem. Soc. 2014, 136, 3020-3023;

C. –J. Wang, et al. ACS Catal. 2024, 14, 3812−3844; Angew. Chem. Int. Ed. 2022, 61, e202206517; W. Zhang, et al. Sci. China. Chem. 2023, 66, 2238-2255. 

1. 研究背景及意义——立体发散合成的重要性

• 多步反应构建

• 分离程序复杂

• 耗时，效率低下

• 立体选择性差

1）多重手性的构建

2）协同催化
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The Catalytic Cycle

1. 研究背景及意义——协同催化概念

The pioneering work

E. M. Carreira, et al. Science. 2013, 340, 1065–1068; J. Am. Chem. Soc. 2014, 136, 3020-3023;

C. –J. Wang, et al. ACS Catal. 2024, 14, 3812−3844; Angew. Chem. Int. Ed. 2022, 61, e202206517; W. Zhang, et al. Sci. China. Chem. 2023, 66, 2238-2255. 
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2016

Zhang group

2020

Glorius group
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Carreira group

1.研究背景及意义——协同催化发展

Metal/Organo catalysis

Dual Metal catalysis

Dual Ograno catalysis

2017

Hartwig group

2021

Lee group

2018

Wang group

2020

Zhang group

E. M. Carreira, et al. Science. 2013, 340, 1065-1068; J. F. Hartwig, et al. J. Am. Chem. Soc. 2017, 139, 87-90;

F. Glorius, et al. Nat. Catal. 2020, 3, 48-54; S. Y. Lee, et al.  J. Am. Chem. Soc. 2021, 143, 73-79. 

W. Zhang, et al. J. Am. Chem. Soc. 2016, 138, 11093-11096; J. Am. Chem. Soc. 2018, 140, 2080-2084; J. Am. Chem. Soc. 2020, 142, 8097-8103. 



2. Pd/Cu协同催化

7

Metal/Organo catalysis

Dual Metal catalysis

Ir/Cu or Pd/Cu

K. N. Houk, et al. J. Am. Chem. Soc. 2022, 144, 1971-1985;

C. –J. Wang, et al. ACS Catal. 2024, 14, 3812-3844; Angew. Chem. Int. Ed. 2022, 61, e202206517; W. Zhang, et al. Sci. China. Chem. 2023, 66, 2238-2255. 
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2.1直接氧化加成启动 (烯丙基取代)

P. A. Evans, et al. Synthesis. 2013, 45, 3179-3198; Y. -C. Chen, et al. Angew. Chem. Int. Ed. 2009, 48, 5737-5740;  

W. Zhang, et al. Chem. Soc. Rev. 2015, 44, 7929-7967; J. Am. Chem. Soc. 2020, 142, 8097−8103;

AAA reaction

Unsymmetrical 

1,3-disubstituted

1,2-adjacent
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2.1直接氧化加成启动 (烯丙基取代)

W. Zhang, et al. J. Am. Chem. Soc. 2020, 142, 8097-8103;



11W. Zhang, et al. J. Am. Chem. Soc. 2020, 142, 8097-8103;

The controlled experiments Proposed mechanism

2.1直接氧化加成启动 (烯丙基取代)



12W. Zhang, et al. Org. Biomol. Chem. 2021, 19, 1955-1959; CCS Chem. 2022, 4, 1720-1731; Chem. Eur. J. 2022, 28, e202200273.

The Similar Examples

2.1直接氧化加成启动 (烯丙基取代)



13W. Zhang, et al. CCS Chem. 2022, 4, 1720-1731.

DFT calculations

2.1直接氧化加成启动 (烯丙基取代)



14W. Zhang, et al. Angew. Chem. Int. Ed. 2023, 62, e202313838.

2.1直接氧化加成启动 (烯丙基取代)
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DFT calculations

W. Zhang, et al. Angew. Chem. Int. Ed. 2023, 62, e202313838.

2.1直接氧化加成启动 (烯丙基取代)



16W. Zhang, et al. Angew. Chem. Int. Ed. 2023, 62, e202313838. 

Energy Decomposition Analyses

2.1直接氧化加成启动 (烯丙基取代)



17W. Zhang, et al. CCS Chem. 2024, DOI: 10.31635/ccschem.024.202303749.

2.1直接氧化加成启动 (烯丙基取代)



18W. Zhang, S. Ma, et al. Angew. Chem. Int. Ed. 2023, 62, e202218146. 

2.1直接氧化加成启动 (烯丙基取代)
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The controlled experiments DFT calculations

W. Zhang, S. Ma, et al. Angew. Chem. Int. Ed. 2023, 62, e202218146. 

2.1直接氧化加成启动 (烯丙基取代)
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α-alkynylidene

π-allylpalladium

Bioactive Molecules

W. Zhang, S. Ma, et al. J. Am. Chem. Soc. 2021, 143, 12622-12632.

1,3-nonadjacent

2.1直接氧化加成启动 (烯丙基取代)



21W. Zhang, S. Ma, et al. J. Am. Chem. Soc. 2021, 143, 12622-12632.

The controlled experiments

2.1直接氧化加成启动 (烯丙基取代)



22W. Zhang, S. Ma, et al. J. Am. Chem. Soc. 2021, 143, 12622-12632.

Proposed mechanism

2.1直接氧化加成启动 (烯丙基取代)
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C==C bond relay

strategy

1,5-nonadjacent

W. Zhang, S. Ma, et al. J. Am. Chem. Soc. 2024, 146, 9241-9251.

2.1直接氧化加成启动 (烯丙基取代)
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Proposed mechanism

W. Zhang, S. Ma, et al. J. Am. Chem. Soc. 2024, 146, 9241-9251.

2.1直接氧化加成启动 (烯丙基取代)



25W. Zhang, S. Ma, et al. J. Am. Chem. Soc. 2024, 146, 9241-9251.

DFT calculations

2.1直接氧化加成启动 (烯丙基取代)



26W. Zhang, S. Ma, et al. J. Am. Chem. Soc. 2024, 146, 9241-9251.

DFT calculations

2.1直接氧化加成启动 (烯丙基取代)
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The controlled experiments

W. Zhang, S. Ma, et al. J. Am. Chem. Soc. 2024, 146, 9241-9251.

2.1直接氧化加成启动 (烯丙基取代)
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2.2间接氧化加成（Heck启动）

Direct oxidation addition Through Heck reaction



30W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

2.2间接氧化加成（Heck启动）



31W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

2.2间接氧化加成（Heck启动）



32W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

2.2间接氧化加成（Heck启动）
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The controlled experiments

W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

2.2间接氧化加成（Heck启动）



34W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

The controlled experiments The  Kinetic studies

2.2间接氧化加成（Heck启动）
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DFT calculations

W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

2.2间接氧化加成（Heck启动）



36W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

The controlled experiments The P31-NMR detected

2.2间接氧化加成（Heck启动）



37W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

The P31-NMR detected

2.2间接氧化加成（Heck启动）
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DFT calculations

W. Zhang, S. Ma, et al. Science. 2024, 385, 972-979.

2.2间接氧化加成（Heck启动）



39W. Zhang, S. Ma, et al. Angew. Chem. Int. Ed. 2024, 63, e202407498.

Intramolecular 

Heck

1,5-nonajacent

2.2间接氧化加成（Heck启动）



40W. Zi, et al. Angew. Chem. Int. Ed. 2024, 63, e202402843.

2.2间接氧化加成（Heck启动）



41W. Zi, et al. Angew. Chem. Int. Ed. 2024, 63, e202402843.

Nonlinear Effect DFT calculations

The controlled experiments

2.2间接氧化加成（Heck启动）
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2.3 PdH插入启动

Oxidation addition Through [PdH] insertion



44W. Zi, et al. J. Am. Chem. Soc. 2019, 141, 14554-14559.

2.3 PdH插入启动



45W. Zi, et al. J. Am. Chem. Soc. 2019, 141, 14554-14559.

2.3 PdH插入启动



46W. Zi, et al. Angew. Chem. Int. Ed. 2021, 60, 6545-6552.

2.3 PdH插入启动



47W. Zi, et al. Angew. Chem. Int. Ed. 2021, 60, 6545-6552.

Stereoselective model

2.3 PdH插入启动

Stereoselective model



48W. Zi, et al. Chem. Catal. 2022, 2, 1428-1439.

2.3 PdH插入启动
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α-alkynylidene

π-allylpalladium

1,3-nonadjacent

Z. –T. He, et al. J. Am. Chem. Soc. 2021, 143, 7285-7291.

2.3 PdH插入启动



50

The controlled experiments Proposed mechanism

Z. –T. He, et al. J. Am. Chem. Soc. 2021, 143, 7285-7291.

2.3 PdH插入启动
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Axial-to-Central

Z. –T. He, et al. J. Am. Chem. Soc. 2021, 143, 7285-7291.

2.3 PdH插入启动
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3 总结与展望

总结:



54S. -L. You, et al. Angew. Chem. Int. Ed. 2023, 62, e202216396; Z. –T. He, et al. Angew. Chem. Int. Ed. 2024, 63, e202413428.

展望:  开发更多与Cu催化结合的亲核试剂  实现更加多样手性的发散性合成

3 总结与展望



55J. S. Zhou, et al. Angew. Chem. Int. Ed. 2020, 59, 5341-5345; X. Wu, et al. Chem. Commun. 2019, 55, 3769-3772.

展望:  开发更多的Pd催化模式实现更多样的多重手性化合物

3 总结与展望

Chain-Walking
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请各位老师同学批评指正


