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Ru-(phosphino-oxazoline) complexes are effective, industrially viable hydrogenation catalysts for the 
enantioselective hydrogenation of aryl ketones

The enantioselective reduction of aryl ketones is an important transformation both from an academic/synthetic 
as well as an industrial point of view [1]. Besides biocatalytic and hydride reduction methods, two different 
effective hydrogenation methods have been developed:

i) transfer hydrogenation, where the reducing agent is a hydrogen donor such as formic acid or isopropopanol [2]
ii) the catalytic addition of H2 to the ArCO double bond [1a]. 

Oxazoline-based ligands have attracted a lot of attention in the past 15 years especially due to their ease to 
prepare in enantio-pure form, coordination properties towards a large variety of metals and the generally 
high enantioselectivities they are associated to for various asymmetric catalytic reactions. Indeed level of 
enantioselectivities above 95 % have been obtained using oxazoline based ligands in various catalytic reactions 
such as: Hydrosilylation, Diels-Alder, allylic alkylation, cyclopropanation, hydrogenation of olefi ns, transfer 
hydrogenation of ketones. For the later Helmchen, Uemura and Samakia [3] have reported in the late 90’s several 
Ru-phosphinooxazoline catalysts which transfer hydrogenate aryl ketones with % ee > 95 % using iPrOH as a 
proton source. The limitation of this method is that the concentration of the ketone must be low (0.04 to 1 M 
[ketone]), the S/C maximum 400, and the ee is subject to erosion at long reaction times. Although attractive for 
its simplicity and the high enantioselectivity of the catalyst, this method is not suited for industrial purposes.
Solvias circumvented these drawbacks and developed a hydrogenation process which hydrogenate aryl ketones 
with [ketone] = 3 M to neat, S/C = 10’000 to 50’000 and without erosion of the ee upon longer reaction time.

To the best of our knowledge this is:

1.  The fi rst system which is amenable to both transfer hydrogenation and      
 hydrogenation with high ee and activity.

2.   The fi rst Ru/ligand catalyst which can hydrogenate aryl ketones with high ee and   
 activity without a N-H containing ligand.

3.  The fi rst industrial catalytic process with an oxazoline based ligand.
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* RuCl2(PPh3) PPh2-Fc-oxa iPr, s/c = 20‘000, sm loading > 10 %   
   weight, p(H2), 20 bar, 25 °C
   Toluene, NaOHaq: Ru = 100
Δ  s/c = 20’000

RuCl2(PPh3)3 + PR‘2-Fc-oxa R‘‘ s/c: 50‘000,  p(H2) 20-40 bar,  25 °C, Toluene, NaOHaq: Ru = 100, 3 M-NeatCatalyst
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