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The Noyori Asymmetric Hydrogenation : 

Introduction : 

 
This system also had chemoselectivity on C=O bond over the C=C bond. 

 

 

Noyori asymmetric hydrogenation of ketones is a chemical reaction for the enantioselective 

hydrogenation of ketone, aldehydes, and imines. 

BINAP-Ru catalyst is used for the asymmetric hydrogenation of functionalized ketones and BINAP/diamine-

Ru catalyst is used for the asymmetric hydrogenation of simple ketones. 

http://en.wikipedia.org/wiki/Chemoselectivity
http://en.wikipedia.org/wiki/Ketone
http://en.wikipedia.org/wiki/Ketone
http://en.wikipedia.org/wiki/Aldehyde
http://en.wikipedia.org/wiki/Imine


The Noyori Asymmetric Hydrogenation : 

Mechanism : 



Noyori, R.; Tokunaga, M.; Kitamura, M. Bull. Chem. Soc. Jpn. 1995, 68, 36–56. 

The Noyori Asymmetric Hydrogenation : 

Of the two possible diastereomeric 

transition states for complexes with (R)-

BINAP shown below, the one leading to 

the (R) β-hydroxy ester allows the 

approach of the ketone at an unhindered 

quadrant (as represented by the light 

lower left quadrant of the circle). 



RU- B I NAP CATALY Z ED  ASY M M ETR I C  H Y D RO G ENAT I O N  

ENANT I O D ETER M I NI NG  TR ANS I T I O N  S TATES  



The Noyori Asymmetric Hydrogenation : 

Mechanism : 



The Noyori Asymmetric Hydrogenation : 

Mechanism Evidence :  

Noyori, R.; Ikeda, T.; Okhuma, T.; Widhalm, M.; Kitamura, M.; Takaya, H.; Akutagawa, S.; Sayo, N.; Saito, T.; 

Taketomi, T.; Kumobayashi, H. J. Am. Chem. Soc. 1989, 111, 9134–9135. 

 Evidence that the reduction proceeds through the keto form of the β-keto ester. 

 

 However, pathways that involve hydrogenation of the enol form of other β-keto esters cannot be ruled 

out. 

The use of a deuterated substrate provides further evidence that the reduction proceeds through the 

keto tautomer. Enolization is rapid, so the deuterium is lost quickly. However, when the reaction was 

stopped at 1.3% conversion, the hydroxy ester product retained 80% of the deuterium at C-2, and no 

deuterium was incorporated at C-3. 

 

 

Noyori, R.; Takaya, H. Acc. Chem. Res. 1990, 23, 345–350. 



The Noyori Asymmetric Hydrogenation : 

Synthetic applications.  

Heathcock, C. H.; Kath, J. C.; Ruggeri, R. B. J. Org. Chem. 1995, 

60, 1120–1130. 
Taber, D. F.; Silverberg, L. J.; Robinson, E. D. J. Am. Chem. Soc. 

1991, 113, 6639–6645. 
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Synthetic applications.  


