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Catalysts C1-750 and C1-850 (‘Gusev technology’) have been exclusively licenced to Johnson Matthey by GreenCentreCanada. 
Some transformations have been the subject of patents and patent applications. It is the User’s responsibility to ensure freedom  
of operation for any commercial, industrial application, and no warranty is given in this respect. 	



Homogeneous ester hydrogenation has evolved  
into an efficient and cost-effective transformation.  
It provides a greener alternative to the use of hydrides 
for the reduction of esters and other carbonyl 
compounds. Highly chemoselective reductions are 
achieved at low catalyst loadings without the 
cryogenic conditions, complex work up and waste 
generation associated with the use of hydrides.  
Homogeneous ester hydrogenation catalysts work 
under reaction conditions milder than those required 
by heterogeneous catalysts.

Catalyst activity occurs under basic conditions, 
preferably using strong bases (alkoxides). Higher 
reaction rates and higher catalyst turn over numbers 
can generally be achieved at higher hydrogen pressure 
(molar substrate to catalyst ratio, S/C, >10,000/1) but 
operating at 5-10 bar is possible at good catalyst 
loadings (e.g. S/C 1,000-5,000/1).

Recommendation  
Ru complex: C1-750 and C1-850.

Solvents  
Neat, MeTHF, THF, PhMe, EtOH  
(and mixtures).

Additives  
Basic additives required (e.g. 1-10% mol 
NaOMe, NaOEt, KOEt, KOtBu). 

Pressure  
5 to 50 bar H2 (loadings of S/C 
1,000-5,000 are achievable at 5 bar; 
loadings of S/C >10,000/1 are achievable 
at higher pressure).

Reaction temperature  
40 – 65 °C for C1-750 and 40 – 100 °C 
for C1-850.

Test conditions  
We recommend initial test reactions 
carried out at 0.4 mol% (S/C 250/1) 
catalyst in MeTHF, 10 mol% KOEt (24% 
wt./wt. in EtOH), 5 to 50 bar H2, 60 °C.

Recommendations are for proof of 
concept on small scale only.

Technology overview



1 	Methyl and ethyl esters, aliphatic  
and aromatic.  
Target catalyst loadings upon optimisation: 
S/C 10,000/1 to 50,000/1. Higher activity is 
generally expected for ethyl esters. Anhydrous 
conditions are preferred; increasing the 
amount of base and/or catalyst loadings can 
overcome activity reduction due to the 
presence of water.

2	Ketones, aliphatic and aromatic.  
Very high activity expected. Target catalyst 
loadings upon optimisation: S/C 100,000/1. 
The highly chemoselective reduction of C=O 
groups is usually achieved without reduction 
of C=C bonds, although terminal alkenes and 
,-unsaturated ketones can be more 
susceptible to C=C bond hydrogenation.

3 	Aldehydes, aliphatic and aromatic.  
Target catalyst loadings upon optimisation: 
S/C 20,000/1 to 100,000/1. Reaction 
conditions can be optimised to minimise 
potential side products due to basic reaction 
conditions. The presence of water in small 
amounts (e.g. 1-5 vol%) can have beneficial 
effects on activity and/or selectivity, 
especially in the hydrogenation of 
,-unsaturated aldehydes.

4	Chiral substrates: esters, aldehydes, 
ketones.  
The stereospecific reduction of chiral 
substrates, although complicated by the 
basic reaction conditions, is achieveable with 
no or minimal degradation of enantiopurity 
by appropriate choice of reaction conditions 
(e.g. EtOH, 10% KOEt, 40 °C, 30 bar H2). 

Target catalyst loadings: S/C 1,000/1 to 
10,000/1.

5 	Other transformations.  
Catalysts C1-750 and C1-850 have been 
demonstrated to efficiently catalyse other 
reactions that are mechanistically related to 
ester hydrogenation. 

•	 Hydrogenation of imines to amines 
(C1-850: 5% NaOEt, THF, S/C 50,000/1) 

•	 Acceptorless dehydrogenative coupling 
(alcohol to ester, alcohol to amide; e.g. 
C1-850: EtOH to AcOEt, 1% NaOEt, EtOH, 
S/C 10,000/1).

•	 Transfer hydrogenation via ester 
metathesis (e.g. C1-750: benzyl formate  
to benzyl alcohol in toluene, EtOH excess,  
5% KOtBu, 80 °C. S/C 100/1).

	 Recommendations are for proof of concept 
on small scale only.
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