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Rhône-Poulenc/Ruhrchemie process for aqeous biphasic hydroformylation
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Alcohol carbonylation 
in an aqueous biphasic system

Aqueous biphasic carbonylation

O
HO O

O
O

O

HO

FFA

CO / Pd(tppts) / H+

HMF

OH
OH

O
+ CO

Pd / tppts

p-TSA, 100 oC

77 % yield
100 % sel.

OH COOH

CO

Pd(tppts)3 / H+

Ibuprofen

Cl CN
OH

O

Cl
ONa

O

NaCN H2O

H2SO4

CO / aq. NaOH

Pd / tppts

Existing process

New process



Milieux aqueux

“Green Oxidation with Aqueous Hydrogen Peroxide”, Noyori, R.; Aoki, M.; Sato, K.,  
Chem. Commun. 2003, 1977–1986

๏ Synthèses de l’acide adipique
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Oxidation of secondary alcohols 
to ketones

Oxidation of primary alcohols to 
carboxylic acids 
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Oxidation of secondary alcohols 
to ketones

Oxidation of primary alcohols to 
carboxylic acids 
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Solvent- and metal-free oxidation
of aldehydes

Epoxidation of simple olefins
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Relative rates of Diels-Alder reactions performed in water and in organic solvents

Reactants T (oC) Isooctane Methanol Water

20                    1                      13                 740

30                    1                        2                   31

45                    1                     0.43                 28        
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Medium
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“Small-Molecule N-heterocyclic-Carbene-Containing Olefin-Metathesis Catalysts for Use in  
Water”, Jordan, J.-P.; Grubbs, R. H. Angew. Chem. Int. Ed. 2007, 46, 5152–5155

๏ Métathèse croisée dans l’eau

Catalyst Substrate t (h) Product Conversion (%) E/Z

4 (b) 
5 
6 

4 (b) 
5 (c) 
6 (c) 

12 
24 
6 

12 
24 
2

> 95 
82 (+4) 
69 (+12) 
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- 
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(a) Reactions were performed at 45 oC with 5 mol % catalyst and an initial substrate concentration of 0.2 M in D2O. 
(b) Reactions were performed at 45 oC with 5 mol % catalyst and an initial substrate concentration of 0.2 M in D2O or H2O. 
(c) Reactions were performed at 30 oC.
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