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What is Conjugate Addition?  

·ñAddition of a nucleophile  to activated alkenes or alkynes, 
followed by protonation  of the anionic intermediate.ò 

Cordova, A. Catalytic Asymmetric Conjugate Reactions , 
2010 , Wiley -VCH, Weinheim , Germany, 145.  



1,2 vs  1,4  

·Ways to Favor 1,4 Over 1,2:  
ƁSoft nucleophiles  

ƁPolar solvents (HMPA)  

ƁSterics  

ƁDelocalization of carbanion  

ƁHigher temperatures  

·  With catalysts, tuning of structure/ ligands  also affects this  



Why Asymmetric Conjugate 
Addition?  

·Powerful method of forming C -C bonds 
with a new stereocenter  

·Enantiopure  compounds important in 
industry (pharmaceuticals and materials), 
as well as academia  

·Tandem reactions lead to new 
functionality in surprising and useful ways  

 



History  

·First reported in 1883 by Komnenos  

 

 

 

·Michael Reaction  

Komnenos , T., Liebigs  Ann. Chem. , 1883 , 35 , 145.  
Michael, A., J. Prakt . Chem. , 1887 , 3 , 349.  



Development and Advances  

·Field has developed quickly due to need of C -C 
bond formation and stays relevant  

·Asymmetric conjugate addition still relatively 
young field  

·Split into two broad sections:  
ƁTransition metal catalysts (esp. Cu and Rh)  

ƁOrganocatalysts  (commonly a heterocycle )  



First Row Transition Metals  

 



History  
· Kharasch  group discovered trace amounts of Cu salts led to 1,4 

addition  

 

 

 

 

· Lippard  was the first enantioselective  example  

Kharasch , M.S., Tawney , P.O., J. Amer. Chem. 
Soc. , 1941 , 63 , 2308.  
Lippard , S.J., Organometallics , 1990 , 9 , 3178.  



Cu Catalytic Cycle  

Cordova, A. Catalytic Asymmetric Conjugate 
Reactions , 2010 , Wiley -VCH, Weinheim , Germany, 73.  
Nakamura, E., Chem. Rev. , 2012 , 112 , 2339.  

 



Organozinc / Organoaluminum   

Feringa , B.,  Chem. Soc. Rev. , 2009 , 38 , 1039.  
 



More Organozinc  Ligands  

 

Shi, M., Adv. Synth . Catal ., 2005 , 347 , 535.  
Hoveyda , A.H., J. Am. Chem. Soc. , 2006 , 128 , 7182.  

Other NHC Ligands  



Other Cu Reagents  
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Applications: Tandem Reactions  
1,4 -addition -aldol reactions  

 

 

 

    

   Cyclopropanations                    Saturated Isoprenoid  Synth   

Feringa , B., J. Am. Chem. Soc. , 2001 , 123 , 5841.  
Alexakis , A., J. Org. Chem. , 2002 , 4 , 3835.  
Feringa , B., Chem. Commun ., 2005 , 1387.  



Ni Catalytic Cycle  

 

Bagnell , L., Austr . J. Chem. , 1975 , 28 , 817.  


