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Cooperative NHC/Pd-Catalyzed Enantioselective 

Umpolung Annulations 



Dual catalysis emergence 

Series of new enantioselective transformations by: 

Phase-transfer 
catalyst 

Chiral amine 

Phosphoric acid 
catalyst 
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Dual catalysis emergence 
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NHCs are recognized to be: _ a very powerfull organocatalyst for accessing to  
        umpolung reactivity 
     
    _ a good ligand for transition metal 

Major challenge: cooperative transition metal/NHC organocatalysis 
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Background 

Cooperative NHC/Thiourea/Tertiary amine multicatalysis 
Angew. Chem. Int. Ed., 2013, 52, 12354 

4 

RCC Seminar – Mylène ROUDIER – June 24th, 2016 



Background 

Cooperative NHC/Pd dual catalysis 
Chem. Sci., 2014, 5, 4026 
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This work 
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Benzazepines moiety 
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Benzazepines moiety 

Tolvaptan Zilpaterol Benzanepril 

Key structural motifs in biologically active natural products and pharmaceuticals 
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Optimization 

7 

RCC Seminar – Mylène ROUDIER – June 24th, 2016 



Optimization 
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Optimization 
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Optimization 

Without Pd(PPh3)4 

Without Cs2CO3 
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Scope of the enal (selected examples) 
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Scope of the benzoxazinanone(selected examples) 
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Mechanism 
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Control experiments 

 Cooperative activation mode in the annulation is operative 
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Control experiments 

 Cooperative activation mode in the annulation is operative 

 Benzoxazinone inable to form p-allyl palladium species  
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Conclusion 

 Combination of transition metal/NHC catalysis in cooperative process 
 

 Asymmetric induction by chiral NHC organocatalyst 
 

 General method, high enantioselectivities 
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Thank you for your attention 
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