
Enamine/Iminium catalysis: 
Highlights from the evolution of pyrolidine-

type catalysts 
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Lessons from nature: Aldolases catalyzed aldol reaction 
PART 1: ENAMINE CATALYSIS 



FDP Aldolase vs antibody aldolase 

Barbas et al, Science 1997, 278, 2085 



Antibody catalyzed aldol rxn with broad reaction scope 

Barbas et al, Science 1997, 278, 2085 
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Proline-catalyzed direct asymmetric aldol reactions 

Barbas / List JACS 2000, 122, 2395 



Mechanism of proline-catalyzed aldol 

Barbas / List JACS 2000, 122, 2395 



Mac Millan, Science 2004, 305, 1752 

Two -step synthesis of carbohydrates 
The concept: 



The results: 

Two -step synthesis of carbohydrates 

Mac Millan, Science 2004, 305, 1752 



Two -step synthesis of carbohydrates 

Scope: 

Mac Millan, Science 2004, 305, 1752 



PART 2 : IMINIUM CATALYSIS 

The concept: 
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Diels Alder: Stereochemical Control with MacMillan’s cat.  

Mac Millan et al, JACS 2000, 122, 4243 



The first organocatalytic Diels-Alder 

Mac Millan et al, JACS 2000, 122, 4243 



Nitrone cycloaddition: The concept 

Mac Millan et al, JACS 2000, 122, 9874 



The first organocatalytic nitrone cycloaddition 

Mac Millan et al, JACS 2000, 122, 9874 



     “Second generation” Mac Millan catalyst:  
More efficient stereocontrol of iminium geometry  

Mac Millan et al, ACIE,  2004, 43, 6722 



Aldehyde-aldehyde aldol reaction 

Mac Millan et al, ACIE,  2004, 43, 6722 



Organocatalytic hydride reduction 

Mac Millan et al, JACS 2005, 127, 32 



Cyclopropanation :Identification of a new “proline-type” catalyst 

Mac Millan et al, JACS XXX, XXX 



Scope of Organocatalytic yilide-cyclopropanation 
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Synthesis of Jorgensen’s catalyst from phenylalanine 

(cis/trans=2/1) 

J.Org.Chem. 2002, 67, 8331 



Enantioselective addition of 2-nitropropane to chalcone 

J.Org.Chem. 2002, 67, 8331 



J.Org.Chem. 2002, 67, 8331 

Imnium Structure 


