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背景介绍
L

L

L M L
Fundamental component in transition metal catalysis

Å Modulate the steric and electronic properties of the ligand

Tailor reactivity and selectivity patterns of the catalyst

Å Ligand architecture design and structure - activity relationship (SAR)

Catalyst must effectively
promote all steps of a 
catalytic reaction !

Oxidative 
Addition

Trans-
metal

Reductive 
Elimination

Steps that LM failed to 
undergo

…

step stepSteps that LM undergoes 
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背景介绍

Catalyst must effectively
promote all steps of a 
catalytic reaction !

Oxidative 
Addition

Trans-
metal

Reductive 
Elimination

Steps that LM failed to 
undergo

…

step stepSteps that LM undergoes 

Electronic 
&

Steric 
properties

L

Fundamental
Component 

Reactivity 
&

Selectivity

Ligand Design
&

structure -
activity 

relationship (SAR)

In  TM Catalysis 
Modulate

Catalyst

TM = Transition Metal
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背景介绍

[ML#]
Complex mono- ligand 

system[1]

Hard to design

[1] Q. Gu, X. Hong, X. Liu, et al. Nat. Chem. 2022, 14, 949.

[2] a) D. R. Pyea, N. P. Mankad, et al. Chem. Sci. 2017, 8, 1705; b) R. A. Shenvi, et al.  J. Am. Chem. Soc. 2018, 140, 12056; 

c) W. Zhang, et al.Angew. Chem. Int. Ed.2022, 61, e202210086.

[3] a)B. L. Feringa, et al. Angew. Chem. Int. Ed. 2010, 49, 2486; b)M. T. Reetz, et al. Angew. Chem. Int. Ed. 2008, 47, 2556.

[MAL1+MBL2]
Co- catalyst system[2]

[ML1L2]
Mixed- ligand system [3]

[ML1+ML2]
Ligand- relay system

Well    
established

Limited combinations Homo or Hetero
Coordination space

Dynamic

Each performs its 
own functions and 

then relay



7

背景介绍

[ML1+ML2]

Multiple kinetically labile ligands (especially multi - dentate ligands) with different 
properties reversibly coordinate to the single metal center and mediate their individual 
steps of the catalytic cycle. 

Definition [1] :

Ligand exchange 
to relay the M !Oxidative 

Addition

Trans-
metal

…

Trans- metal
Steps that L1M
undergoes

step

Reductive 
Eliminatio

n

…

step Steps that L2M
undergoes

Each performs its 
own functions and 

then relay
Steps that L1M failed to 
undergo

step

[1] a) M. C. White, et al.Angew. Chem. Int. Ed. 2011, 50, 6824; b) S. Zhu, et al. Chem2021, 7, 3171.
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利用配体接力实现偶联反应

Previous work:

M. C. White, et al. J. Am. Chem. Soc. 2004, 126, 1346.

First Ligand Relay 
Catalysis

White

B: possible reactive intermediate
L2: contributing to C- H cleavage

M. C. White, et al. J. Am. Chem. Soc. 2005, 127, 6970.
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利用配体接力实现偶联反应 White

B: reactive intermediate ！
L2: contributing to C- H cleavage

BQ: more than oxidant!

First Ligand Relay 
Catalysis

M. C. White, et al. J. Am. Chem. Soc. 2005, 127, 6970.

*S. D. Robinson, B. L. Shaw,  J. Organmet. Chem. 1965, 3, 367. 
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利用配体接力实现偶联反应

Å Oxidant

Å -́acidic ligand for selective

reductive elimination

C- H cleavage 

Functionalizatio
n

Ox. of 
[Pd]

WhiteFirst Ligand Relay 
Catalysis

M. C. White, et al. J. Am. Chem. Soc. 2005, 127, 6970.
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利用配体接力实现偶联反应

13C NMR、HRMS proved the existence of intermediate C

Macro- lactonization White

Similar process!

M. C. White, et al. J. Am. Chem. Soc. 2006, 128, 9032.
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利用配体接力实现偶联反应

Å Alkylation: BQhas propensity for irreversible
conjugate addition reactions with Nu 

Alkylation of terminal (un)activated Ŭ-

olefin

M. C. White*, et al. J. Am. Chem. Soc.2008, 130, 14090.

Previous work:

White

DMSO: tuning the 
reactivity and regio -
selectivity

L1 promote C- H cleavage

M. C. White, et al. Angew. Chem. Int. Ed. 2011, 50, 6824.
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利用配体接力实现偶联反应

NiH-Catalyzed Asymmetric Functionalization of Remote 

Olefins/ Alkyl Halides via chain-walking:

e.e., enantiomeric excess; r.r., regioisomeric ratio.

ZhuAsymmetric cross- coupling via chain-
walking
——Formation of Aryl - boronates

S. Zhu, et al. Chem2021, 7, 3171.
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利用配体接力实现偶联反应

3 mol% L1 8 mol% L*1 3 mol% L1+8 mol% L*1

1a 0% 95% 21%

1a’ 26% 2% 27%

1a’’ 68% 3% 51%

1a- H 6% 0% 1%

Å Chain-walking precedescross-coupling

Å Chain-walking proceeds w/ dissociation of NiH

Å Chain-walking proceeds w/o ArBr

Å In chain-walking, L1 is more efficient than L *1

ZhuAsymmetric cross- coupling via chain-
walking
——Formation of Aryl - boronates

S. Zhu, et al. Chem2021, 7, 3171.
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利用配体接力实现偶联反应 ZhuAsymmetric cross- coupling via chain-
walking
——Formation of Aryl - boronates

Exclude radical 
process

S. Zhu, et al. Chem2021, 7, 3171.
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利用配体接力实现偶联反应 Asymmetric cross- coupling via chain-
walking
——Formation of Aryl - boronates

Zhu

S. Zhu, et al. Chem2021, 7, 3171.
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利用配体接力实现偶联反应

S. Zhu, et al. Nat. Commun. 2022, 13, 2471.

PMP = p-MeO-C6H4 DMPU = ; DMMS = (MeO)2MeSiH; 

Asymmetric cross- coupling via chain- walking
——Formation of 1,1- diarylalkane / 1,3-
arylboronate

Zhu
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利用配体接力实现偶联反应

S. Zhu, et al. J. Am. Chem. Soc. 2022, 144, 47, 21448.

Asymmetric cross- coupling via chain- walking
——Formation of Ŭ-aryl ketone

Zhu
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利用配体接力实现偶联反应 Asymmetric cross- coupling via chain- walking
——Formation of Ŭ-aryl ketone

Zhu

S. Zhu, et al. J. Am. Chem. Soc. 2022, 144, 47, 21448.
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利用配体接力实现光催化反应

a) G. C. Fu, J. C. Peters,et al. Science2012, 338, 647; 

b) J. C. Peters,G. C. Fu, et al. Science2016, 351, 681; 

c) O. Reiser, et al. Science2019, 364, aav9713; 

d) X.-Y. Liu, et al. Acc. Chem. Res. 2020, 53, 170; 

e)M.-Y. Ngai, et al. Angew. Chem. Int. Ed. 2022, 61, e202113841.

Relay!

Cu
29      3d 104s1

63.546

Abundant & cheap 
(US$ 0.636 mol - 1)

Flexible
coordination

Multi - valent 
(0, I, II, 

III)

Photocatalyst
(excited states)

Coupling 
catalyst 

(ground 
states)
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利用配体接力实现光催化反应

G. C.Fu, et al. Nature2021, 596, 250.

Photoinduced copper- catalyzed synthesis
——Asymmetric Amidation

Fu



24

利用配体接力实现光催化反应

[1] J. Weaver, et al. Process Res. Dev. 2016, 20, 1156.

b) Stern-Volmer Study (C quenched by E2)

a) Reductive potential (vs Fc+/Fc)

Photoinduced copper- catalyzed synthesis
——Asymmetric Amidation

Fu

mechanism for photocatalysis

C: photo- catalyst

L7[Cu]: Photo catalyst?

E2 (mM)

G. C.Fu, et al. Nature2021, 596, 250.
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利用配体接力实现光催化反应

c) Radical experiments

Photoinduced copper- catalyzed synthesis
——Asymmetric Amidation

Fu

Proposed mechanism for radical process

G. C.Fu, et al. Nature2021, 596, 250.
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利用配体接力实现光催化反应

d) Viability of SET: Redox potentials of CuI/CuII

e) EPR spectrum

Sample from catalytic reaction , 4 h

L*5Cu(OPh) 2

L*5Cu(OPh)Br

A.

B.

C.

D.

ÅA & B similar peaks：rapid ligand exchange after oxidation

ÅESI-MS confirmed the presence of  CuII in B, L *5Cu(OPh)2

ÅD shows roughly 1:1mixtureof thespeciesin B&C

ÅB, C & D were compared with simulated results

Photoinduced copper- catalyzed synthesis
——Asymmetric Amidation

Fu

Possible!

Transformation between [Cu] species:

Either or both of two pathways may be operative!

X = Br, OPh

G. C.Fu, et al. Nature2021, 596, 250.
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利用配体接力实现光催化反应

Possible catalytic cycle

Photoinduced copper- catalyzed synthesis
——Asymmetric Amidation

Fu

G. C.Fu, et al. Nature2021, 596, 250.
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利用配体接力实现光催化反应

P. Mauleón, R. G. Arrayás, et al. J. Am. Chem. Soc. 2022, 144, 13006.

Photoinduced copper- catalyzed synthesis
——Anti - hydroboration of Alkynes

Mauleón & Arrayás

*E/ Z >98/2
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利用配体接力实现光催化反应

ÅAlkyne firstly transfer to Z-2a, then isomerizedto E-2a.

ÅHydroboration & photoisomerizationare independent processes.

Z E

L8

Isomerization

L9

Hydroboration

Photoinduced copper- catalyzed synthesis
——Anti - hydroboration of Alkynes

Mauleón & Arrayás

P. Mauleón, R. G. Arrayás, et al. J. Am. Chem. Soc. 2022, 144, 13006.
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利用配体接力实现光催化反应

More specific mechanism 
is under further 
studying…

Relay!

Photoinduced copper- catalyzed synthesis
——Anti - hydroboration of Alkynes

Mauleón & Arrayás

P. Mauleón, R. G. Arrayás, et al. J. Am. Chem. Soc. 2022, 144, 13006.
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利用配体接力实现光催化反应

M.-Y. Ngai,et al. Angew. Chem. Int. Ed. 2022, 61, e202113841.

NgaiPhotoinduced copper- catalyzed synthesis
——Heterocycles



32

利用配体接力实现光催化反应 NgaiPhotoinduced copper- catalyzed synthesis
——Heterocycles

[ CuI ( L8) 2]
+ and [ CuI ( L10) 2]

+ are potential catalysts

M.-Y. Ngai,et al. Angew. Chem. Int. Ed. 2022, 61, e202113841.
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利用配体接力实现光催化反应 NgaiPhotoinduced copper- catalyzed synthesis
——Heterocycles

M.-Y. Ngai,et al. Angew. Chem. Int. Ed. 2022, 61, e202113841.



Contents

配体接力催化反应

01

02

03

背景介绍

总结与展望

Å 偶联反应

Å 光催化反应

Å 多组分反应



35

利用配体接力实现多组分反应

Multicomponent Reactions (MCR)

J. A. Ellman, et al. Nat. Catal. 2018, 1, 673.

One ligand for one 
process

then Ligand Relay !
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利用配体接力实现多组分反应

T. J.Colacot, et al. Org. Lett. 2018, 20, 2301.

ColacotSynthesis of Amino- Aniline
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利用配体接力实现多组分反应 ColacotSynthesis of Amino- Aniline

T. J.Colacot, et al. Org. Lett. 2018, 20, 2301.
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利用配体接力实现多组分反应

P. Mauleón, R. G. Arrayás, et al. Chem 2021, 7, 2212.

Carbo- Boration of Alkyne Mauleón & Arrayás
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利用配体接力实现多组分反应

TBAB: Bu4NBr, used to counter the excess I-, which is detrimental for Borylcupration.

Carbo- Boration of Alkyne Mauleón & Arrayás

P. Mauleón, R. G. Arrayás, et al. Chem 2021, 7, 2212.
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利用配体接力实现多组分反应 Carbo- Boration of Alkyne Mauleón & Arrayás

P. Mauleón, R. G. Arrayás, et al. Chem 2021, 7, 2212.



41

利用配体接力实现多组分反应 Carbo- Boration of Alkyne Mauleón & Arrayás

Certified the existence of catalysts with 
different ligand combinations

P. Mauleón, R. G. Arrayás, et al. Chem 2021, 7, 2212.
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利用配体接力实现多组分反应 Carbo- Boration of Alkyne Mauleón & Arrayás

P. Mauleón, R. G. Arrayás, et al. Chem 2021, 7, 2212.
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利用配体接力实现多组分反应

Z. Lu, et al. Nat. Commun. 2022, 13, 650.

Sequential Hydro- silylation & Hydro- azidation Lu
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利用配体接力实现多组分反应 LuSequential Hydro- silylation & Hydro- azidation

DOhave a radical
process!

Å 468 nm peak belongs to L9- [Co] with NaBHEt 3.

Å 468 nm peak raised up 30 mins after adding 

L9 to L8- [Co] with NaBHEt 3 ：

Green, black to red：ligand exchange took 
place with the help of activator. 

L8

L8·CoBr 2

L8·CoBr 2+NaBHEt3+L9

for 30 min

L9·CoBr 2+NaBHEt3 for 

5 min

L9

L8·CoBr 2+NaBHEt3+L9

for 5 min

L8·CoBr 2+NaBHEt3

Z. Lu, et al. Nat. Commun. 2022, 13, 650.
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利用配体接力实现多组分反应 LuSequential Hydro- silylation & Hydro- azidation

Z. Lu, et al. Nat. Commun. 2022, 13, 650.
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Å Ligand exchange to relay the M

Å Each performs its own functions

Å Achieve efficient transformation 

that MLsystem hard to: 

Oxidative 
Addition

Trans- metal

Steps that L1M
undergoes

step

Reductive 
Eliminatio

n

…

step Steps that L2M
undergoes

…

总结与展望
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总结与展望

Å Multi Chiral Center Construction

Multicomponent Reaction: Stereo- divergent Synthesis



49

总结与展望

Å Valence- induced Ligand Relay

Different valence has different 
properties

Metal Valence Hard Acidity

According to The HSAB (Hard- Soft - Acid- Base) Principle [1] :

CuI to   CuII
Tendency

to

Soft Borderline Soft Hard 

[1] R. G. Pearson, J. Am. Chem. Soc. 1963, 85(22), 3533.

Design of M, L1 and L2 partners ！
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总结与展望

Å Discovery of New Reactions

Some Fundamental Reactions can be promoted by Ligand Relay to realize
innovative transformation
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总结与展望

Å Further Mechanism Studies

Especially in systems with 
monodentate ligand(s)



52

Thank you!


