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General Metal-Catalyzed Cross-Coupling Mechanism 



Problems of Unactivated Alkyl Electrophiles: Pd


•  Unactivated alkyl halides (even CH3I) react slowly with Pd0 
complexes. 


     Note: The reaction of CH3I and phosphane-Ni0 complex is about 
107 times faster and follows complex pathway in which radical 
species may be involved.


•  β-H-Elimination competes with the usually slower 
transmetallation.


     Note: β-H-Elimination requires vacant coordination sight and 
and the feasibility of arranging M-C-C-H atoms in the same 
plane.


•  Reductive elimination from σ-alkyl-π-allyl–PdII and di-π-allyl–PdII 

is usually slow. 

     Note: In many cases elimination can be accelerated by the 

addition of π-acceptors, stabilizing the low-valent state of the 
metal.




Formation of Alkylmetal Complexes 
•  Substitution (“metathesis”):


     ox. state

     change = 0

•  Olefin insertion into metal-ligand bond:


     ox. state

     change = 0

•  Radical oxidative addition:


     ox. state

     change = +1

•  Carbocation (or its precursor) oxidative addition:


     ox. state

     change = +2
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Decomposition of Alkylmetal Complexes


T.-Y. Luh et. al., Chem. Rev. 2000, 100, 3187 - 3204




Outline: Reactions 


1.  Early examples


2.  Copper-catalyzed reactions


3.  Nickel-catalyzed reactions


4.  Palladium-catalyzed reactions


5.  Other catalysts




Early Examples Including Copper: Cuprates and 
Kochi Coupling


R2CuLi + R' LG R R'

R MgX + R' LG

R, R' - mostly 1°; LG = RCOO, X, OTs, etc.

Li2CuCl4
R R'

~10%

R, R' - mostly 1°; LG = X



Suzuki Coupling: Some Alkyliodides
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Coupling Stoichiometric in Copper
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Nickel-Catalyzed Coupling  
of Zinc Derivatives
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Nickel-Catalyzed Coupling: 2o Organozinc Derivatives
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Nickel-Catalyzed Coupling: 2o Halides
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Nickel-Catalyzed Coupling: Grignard Reagents, Revised
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Suzuki Coupling: Alkyl Bromides
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Suzuki Coupling: Alkyl Chlorides
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Manganese-Catalyzed Coupling
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Cobalt-Phosphine-
Catalyzed


Cross-coupling


Reaction 
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Conclusion:


Impossible…




Conclusion:


Impossible…


… Is Nothing! 

Thatʼs it, pretty much. 


