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Introduction: Noncovalent Interactions 

       非共价相互作用：是指分子间或单个的分子内部凭借一种分散变化的电磁

力来维系一定的空间结构的一种作用。与共价键的不同之处在于它不涉及电子
共享。主要分为四种类别：静电相互作用(electrostatic interactions)、范德华力
(Van der Waals interactions)、π共轭效应(π-effects)、以及疏水效应
(Hydrophobic effects)。 

 Introduction: Noncovalent Interactions 

 

 静电相互作用(electrostatic interactions) 

（1）离子相互作用：涉及具有相反符号的电荷的离子或分子的吸引力。 
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Introduction: Noncovalent Interactions 

 Introduction: Noncovalent Interactions 

  静电相互作用(electrostatic interactions) 

（2）氢键：氢键(H-bond)是一种特定类型的相互作用，它涉及部分正的氢原

子与高度负电的、部分负的氧、氮或氟原子之间的偶极-偶极吸引力。只有电
负性强的原子才能形成氢键,且氢键强度与成键原子的电负性呈正相关。通过
实验发现,氟形成的氢键很强,氧形成的氢键较弱,氮形成的氢键更弱。氯的电
负性虽与氮的电负性相等,但生成氢键的能力却极小;这是由于氯 (与氮相比)
的体积较大,使得静电作用力弱于氮。 
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Introduction: Noncovalent Interactions 

 Introduction: Noncovalent Interactions 

  静电相互作用(electrostatic interactions) 

（3）卤键：一种新型的非共价相互作用力，是含卤素的化合物与路易斯碱形
成的非共价键。具体地说，是卤原子连在大电负性原子上，电子向成键方向明
显转移，从而导致成键方向的背面，卤原子电子密度下降，形成局部正电区域
与另一分子的负电密集区域的静电相互吸引。与氢键相比，卤素原子代替部分
带正电的氢作为亲电体。 
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Introduction: Noncovalent Interactions 

 Introduction: Noncovalent Interactions 

  范德华力(Van der Waals interactions) 

    范德华力指分子间作用力即存在于中性分子或原子之间的一种弱碱性的电
性吸引力。某物质的范德华力越大，则它的熔点、沸点就越高。对于组成和结
构相似的物质，范德华力一般随着相对分子质量的增大而增强。 

取向力 色散力 诱导力 
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Introduction: Noncovalent Interactions 

 Introduction: Noncovalent Interactions 

  π共轭效应(π-effects) 

    π-效应可以分为许多类别，包括π-π相互作用、阳离子-π和阴离子-π
相互作用以及极性-π相互作用。通常，π效应与共轭分子（如苯）的π系统
的相互作用有关。 
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Introduction: Noncovalent Interactions 

 Introduction: Noncovalent Interactions 

  疏水效应(Hydrophobic effects) 

    当疏水性的溶质丢进水中，水本来的氢键网络会被破坏以腾出空间给疏水
性的溶质，在疏水性溶质的周围水分子会形成一个类似牢笼的结构。当疏水性
溶质聚集时，这个聚集的整体与水的接触表面比溶质完全均匀分散在溶液中的
接触表面要小，有序化的水分子降到最少，自由的水分子达到更多，同时熵也
增大，这就是疏水效应。 
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Introduction: Noncovalent Interactions 

 Introduction: Noncovalent Interactions 

  Noncovalent interactions in metal complex catalysis 

 Distance dependencies of the representative noncovalent interactions 
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 Early reports 
 Gold-catalyzed asymmetric aldol reaction 

 Ito, Y.; Sawamura, M.; Hayashi, T. J. Am. Chem. Soc. 1986, 108, 6405 

NCIs-Assisted Ferrocenyl Phosphine Ligands 
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 Early reports 
 Palladium-catalyzed allylic alkylation 

Hayashi, T. Tetrahedron Lett. 1986, 27, 191 

NCIs-Assisted Ferrocenyl Phosphine Ligands 
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NCIs-Assisted Ferrocenyl Phosphine Ligands 

 Zhang group’s work 

Zhang, X. et al Acc. Chem. Res. 2020, 53, 1905 



明德、厚学、求实、笃行 The Xiao Group 16 

 Zhaophos 
 Design and synthesis of Zhaophos 

NCIs-Assisted Ferrocenyl Phosphine Ligands 
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 Zhaophos 
 Asymmetric Hydrogenation of Neutral Substrates 

NCIs-Assisted Ferrocenyl Phosphine Ligands 

Zhang, X. et al Org. Lett. 2013, 15, 4014 
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 Wudaphos 
 Design and synthesis of Wudaphos 

NCIs-Assisted Ferrocenyl Phosphine Ligands 
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 Wudaphos 
 Asymmetric hydrogenation via noncovalent ion pair interaction 

NCIs-Assisted Ferrocenyl Phosphine Ligands 

Zhang, X. et al Chem. Sci. 2016, 7, 6669 
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 SPO-Wudaphos 
 Design and synthesis of SPO-Wudaphos 

NCIs-Assisted Ferrocenyl Phosphine Ligands 
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 SPO-Wudaphos 

NCIs-Assisted Ferrocenyl Phosphine Ligands 

 Asymmetric hydrogenation 

 up to >99% Conv. 

          >99% ee 

Zhang, X. et al Angew. Chem. Int. Ed. 2017, 56, 6808 
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 Design and synthesis of FeUrPhos 

NCIs-Assisted Ferrocenyl Phosphine Ligands 

 FeUrPhos 

Zi, W. -W. et al J. Am. Chem. Soc. 2021, 143, 1038 
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 FeUrPhos 

NCIs-Assisted Ferrocenyl Phosphine Ligands 

 Asymmetric (3 + 2) annulation 

Zi, W. -W. et al J. Am. Chem. Soc. 2021, 143, 1038 
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 Design and synthesis of Cinchona-Derived Amino Phosphine 

NCIs-Assisted Cinchona-Derived Ligands 

 Cinchona-Derived Amino Phosphine 

Dixon, D. J. et al J. Am. Chem. Soc. 2011, 133, 1710 

83% yield 
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 Cinchona-Derived Amino Phosphine 
 Asymmetric Aldol Reaction 

Dixon, D. J. et al J. Am. Chem. Soc. 2011, 133, 1710 

NCIs-Assisted Cinchona-Derived Ligands 
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 Cinchona-Derived Amino Phosphine 
 Asymmetric Aldol Reaction 

Dixon, D. J. et al Angew. Chem. Int. Ed. 2015, 54, 1 

 up to 84% yield, 98% ee, 96:4 d.r. 

NCIs-Assisted Cinchona-Derived Ligands 
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 Cinchona-Derived Amino Phosphine 
 Further applications 

NCIs-Assisted Cinchona-Derived Ligands 
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 Cinchona-Derived Amino Phosphine 

Dixon, D. J. et al Chem. Commun. 2016, 52, 10632 

NCIs-Assisted Cinchona-Derived Ligands 
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 Cinchona-Derived Amino Phosphine 

Dixon, D. J. et al Chem. Commun. 2016, 52, 10632 

NCIs-Assisted Cinchona-Derived Ligands 
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 Cinchona-Derived Amino Phosphine 

Dixon, D. J. et al Chem. Commun. 2016, 52, 10632 

NCIs-Assisted Cinchona-Derived Ligands 
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 Cinchona-Derived Amino Phosphine 

Dixon, D. J. et al Chem. Commun. 2016, 52, 10632 

NCIs-Assisted Cinchona-Derived Ligands 
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NCIs-Assisted Cinchona-Derived Ligands 

Zhu, J. et al Angew. Chem. Int. Ed. 2019, 58, 1494 

 Synthesis of Axially Chiral 3-Arylpyrroles 

 Cinchona-Derived Amino Phosphine 
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NCIs-Assisted Cinchona-Derived Ligands 

Zhu, J. et al Angew. Chem. Int. Ed. 2019, 58, 1494 

 Synthesis of Axially Chiral 3-Arylpyrroles 

 Cinchona-Derived Amino Phosphine 
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 Cinchona-Derived Picolinamide 

NCIs-Assisted Cinchona-Derived Ligands 

 Design and synthesis of Cinchona-Derived Picolinamide 

74% yield 

Nakamura, S. et al Angew. Chem. Int. Ed. 2013, 52, 5557 
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 Cinchona-Derived Picolinamide 

NCIs-Assisted Cinchona-Derived Ligands 

Nakamura, S. et al Angew. Chem. Int. Ed. 2013, 52, 5557 

 Asymmetric Aldol Reaction 
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 Cinchona-Derived Picolinamide 

NCIs-Assisted Cinchona-Derived Ligands 

Nakamura, S. et al Angew. Chem. Int. Ed. 2013, 52, 5557 

 Asymmetric Aldol Reaction 
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 Design and synthesis of chiral-at-iridium octahedral complex 

 

NCIs-Assisted chiral-at-iridium octahedral complex 

 Chiral-at-iridium octahedral complex 

Meggers, E. et al J. Am. Chem. Soc. 2013, 135, 10598 
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 Chiral-at-iridium octahedral complex 
 Asymmetric hydrogenation 

NCIs-Assisted chiral-at-iridium octahedral complex 

Meggers, E. et al J. Am. Chem. Soc. 2013, 135, 10598 



明德、厚学、求实、笃行 The Xiao Group 41 

 Chiral-at-iridium octahedral complex 
 Asymmetric hydrogenation 

NCIs-Assisted chiral-at-iridium octahedral complex 

Meggers, E. et al J. Am. Chem. Soc. 2013, 135, 10598 
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 Chiral-at-iridium octahedral complex 
 Asymmetric aza-Henry reactions 

NCIs-Assisted chiral-at-iridium octahedral complex 

Meggers, E. et al Nat. Commun.. 2014, 5, 5431 
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 Chiral-at-iridium octahedral complex 
 Asymmetric photoredox catalysis 

NCIs-Assisted chiral-at-iridium octahedral complex 

Meggers, E. et al Nature 2014, 515, 100 

PS:II 
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 Design and synthesis of chiral-at-iridium octahedral complex 

 

NCIs-Assisted chiral-at-iridium octahedral complex 

 Chiral-at-iridium octahedral complex 

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186 
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 Design and synthesis of chiral-at-iridium octahedral complex 

 

NCIs-Assisted chiral-at-iridium octahedral complex 

 Chiral-at-iridium octahedral complex 

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186 
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 Chiral-at-iridium octahedral complex 
 Asymmetric intramolecular [2 + 2] cycloaddition 

NCIs-Assisted chiral-at-iridium octahedral complex 

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186 
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 Chiral-at-iridium octahedral complex 
 Asymmetric intramolecular [2 + 2] cycloaddition 

NCIs-Assisted chiral-at-iridium octahedral complex 

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186 
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 Chiral-at-iridium octahedral complex 
 Asymmetric intramolecular [2 + 2] cycloaddition 

NCIs-Assisted chiral-at-iridium octahedral complex 

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186 
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 Chiral-at-iridium octahedral complex 
 Asymmetric intramolecular [2 + 2] cycloaddition 

NCIs-Assisted chiral-at-iridium octahedral complex 
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 Chiral-at-iridium octahedral complex 
 Asymmetric intramolecular [2 + 2] cycloaddition 

NCIs-Assisted chiral-at-iridium octahedral complex 

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186 
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 Chiral-at-iridium octahedral complex 
 Asymmetric intramolecular [2 + 2] cycloaddition 

NCIs-Assisted chiral-at-iridium octahedral complex 

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186 
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My Comments 

 

 在过渡金属的配体上引入非共价作用，是一种全新的策略来控制对映
体的选择性。这种策略在设计配体的过程中，越来越成为一种主流的
控制因素。 

 目前在配体上引入的非共价相互作用主要集中于氢键、离子相互作用
。还有一些非共价相互作用值得开发：例如卤键、离子-π相互作用
等。 

 目前主要是在过渡金属催化的配体上引入非共价相互作用，而像Yoon
教授报道的在光催化剂上引入非共价相互作用并不多见，因此将非共
价作用引入光催化领域还有很大的发展空间。 
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Thanks for your attention ! 
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