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In recent years the pursuit of more economical chemical processes has inspired 
researchers to design catalytic systems that combine the high selectivities and mild 
reaction conditions of homogeneous catalysis with the easy separation of catalyst and 
product afforded by heterogeneous catalysis. The concept of biphasic catalysis has been 
developed to address this issue. Biphasic catalytic systems, like the RuhrchemieIRh6ne· 
Poulenc commercial process, I employ a homogeneous catalyst that has been modified in 
order to make it preferentially soluble in a phase separate from the substrate and product. 

The unique properties of perfluorocarlxm fluids have attracted attention as 
possible solvents to be used in biphasic systems? For instance, some mixtures of 
perfluorocarbon and hydrocarbon liquids have been shown to form a homogeneous 
mixture upon heating (Figure 1). Under these conditions a reaction occurs in a 
homogeneous environment. Upon completion, the reaction mixture is cooled and the 
system again becomes biphasic. The products are collected from the hydrocarbon phase 
and the catalyst in the fluorocarbon phase is recycled.3 
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Figure 1. Phase separation of a hand-warmed n-hexane/toluene/peIf1uoro
methylcyclohexane mixture upon cooling from 36.5°C to _25°C.' 

Typically, the transition metal catalyst has two or three highly fluorinated alkyl or 
aryl phosphine ligands coordinated to the metal center. The structure of the ligands 
(Figure 2) should allow the catalyst to be preferentially soluble in the f1uorous phase,' 
and should not alter the structure and thus the activity and selectivity of the catalyst.s 
Spacer groups, usually methylene or aryl groups, are located between the phosphorus 
atom and the fluorocarbon tail of the ligand in order to insulate the phosphorus-metal 
bond and the metal center from the electronegative fluotines. 

Horvath and Rab'\!. published a seminal study involving the use of 
HRh(CO){P[(CH,),(CF,),CF,hh as a hydroformylation catalyst in a f1uorous biphasic 
system.' They demonstrated the hydroformylation of primary alkenes to aldehydes as 
well as the facile separation and recycling of the catalyst. In a later study they extended 
the hydroformylation to smaller alkenes such as ethylene as well as higher alkenes like 1-
octene and 1·decene.1 
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Foster et. al. have studied the effects of different fluorinated triarylphosphite and 
triarylphosphine Jigands on the catalytic activity of related rhodium(I) catalysts.' They 
found significant catalyst and ligand leaching into the organic phase when using. e.g. 
P(OC.H.-p-{CF,),CF,),. They also observed the production of HOC.H.-p-(CF,),CF" 
which they attributed to a side reaction occurring between the product aldehyde and the 
phosphite ligand. 

Richter et. al. have synthesized fluorous versions of Wilkinson's  catalyst, e.g. 
RhCI[P(C.H.-p-SiMe,(CH,),(CF,),cF,),J,. The catalyst is active in the hydrogenation of 
l -alkenes and is comparable in activity to RhCl(PPh) ).9 de Wolf et al. have synthesized 
a different type of fluorous catalyst that is active in the hydrogenation of l-alkenes and 4-
alkynes." Their catalyst, [Rh(cod)(L-L)][BX.J (X = F, Ph), where L-L is a fluorous 
derivative of 1,2-bis(diphenylphosphino)ethane, is one of only a few f1uorous phase
soluble ionic complexes. Chechik and Crooks have demonstrated the feasibility of using 
dendrimer-encapsulated Pd nanoparticles for catalysis in a fluorous biphasic system." 
The encapsulated nanoparticles are made soluble in  a fluorous solvent by reacting the 
amine end group of the dendrimer with the carboxylic end group of a perfluoropolyether. 0- (CF,hCF, 
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Figure 2. Examples of fluorinated phosphine ligands. 

Fluorous biphasic catalysis has been demonstrated for many other catalytic 
reactions. Some examples are hydroboration,12 hydrosilylation,1l and Stille coupling.J� 
However, this list is likely to continue to grow as interest increases in this area. Further 
research must be done in order to optimize current systems and reduce costs in order to 
bring promising systems to commercial practice. 

References 

1.  Kohlpaintner, C. W.; Fischer, R .  W.; Cornils, B. "Aqueous Biphasic Catalysis: 
RuhrchemielRh6ne-Poulenc Oxo Process," Appl. Calal. A: Gen. 2001, 221, 219-
225. 

2. (a) Horvath, I. T. "Fluorous Biphase Chemistry," Acc. Chern. Res. 1998, 31, 641-
650. (b) de Wolf, E.; van Koten, G.; DeeJman, B.-I. "Fluorous Phase Separation 
Techniques in Catalysis," Chem Soc. Rev. 1999, 28, 37-41 .  (c) Hope, E. G.; 
Stuart, A. M. "Fluorous Biphase Catalysis," 1. Fluorine Chern. 1999, 100, 75-83. 

3. Kiplinger, 1. L.; Richmond, T. G.; Osterberg, C. E. "Activation of Carbon
Fluorine Bonds by Metal Complexes," Chern. Rev. 1994; 94, 373-431. 

50 



4. Herrera, V.; de Rege, P. J. F.; Horvath, I. T.; I.e Husebo, T.; Hughes, R. P. 
"Tuning the Fluorous Partition Coefficients of Organometallic Complexes. The 
Synthesis and Characterization of [q'-C,H,CH,CH,(CF,),CF,]Rh(CO)L (L = CO 
or P[CH,CH,(CF,),CF,],) and CI,Ni{P[CH,CH,(CF,),CF,]' h," lnorg, Chern. 
Cornrn. 1998, 1, 197-199. 

5. Guillevic, M.-A.; Rocaboy, C.; Arif, A. M.; Horvath, I. T.; Gladysz, J. A. 
"Organometallic Reactivity Patterns in Fluorocarbons and Implications for 
Catalysis: Synthesis, Structure. Solubility, and Oxidative Additions of a Fluorous 
Analogue of Vaska's Complex, trans-Ir(CO)(CI)[P(CH,CH,(CF,),CF,),J,," 
Organornetallics, 1998, 17, 707-717. 

6. Horvath, I .  T.; Rabai, J .  "Facile Catalyst Separation Without Water: Fluorous 
Biphase Hydroformylation of Ole fins," Science 1994, 266, 72-75. 

7. Horvath, I. T.; Kiss, G.; Cook, R. A.; Bond, J. E.; Stevens, P. A.; Rabai, J.; 
Mozeleski, E. 1. "Molecular Engineering in Homogeneous Catalysis: One-Phase 
Catalysis Coupled with Biphase Catalyst Separation. The Fluorous-Soluble 
HRh(CO){ P[(CH,XCF,),CF,]'h Hydroformylation System," J. Arn. Chern. Soc. 
1998, 120, 3133-3143. 

8. Foster, D. F.; Gudmunsen, D.; Adams, D. 1.;  Stuart, A. M.; Hope, E. G.; Cole
Hamilton, D. J.; Schwarz, G. P.; Pogozelec, P. "Hydroformylation in 
Perfluorinated Solvents; Improved Selectivity, Catalyst Retention and Product 
Separation," Tetrahedron 2002, 58, 3901-3910. 

9. Richter, B.; Spek, A. L.; van Katen, G.; Deeiman, B.-I. "Fluorous Versions of 
Wilkinson's Catalyst. Activity in Fluorous Hydrogenation of l-Alkenes and 
Recycling by Fluorous Biphasic Separation," J. Am. Chern. Soc. 2000, 122, 3945-
3951. 

10. de Wolf, E.; Spek, A. L.; Kuipers, B. W. M.; Phil ipse, A. P.; Meeldijk, J. D.; 
Bomans, P. H. H.; Frederik, P. M.; Deelman, B.-1.; van Koten, G. "Fluorous 
Derivatives of [Rh(COD)(dppe)]BX. (X = F, Ph): Synthesis, Physical Studies 
and Application in Catalytic Hydrogenation of l-Alkenes and 4-Alkynes," 
Tetrahedron 2002, 58, 391 1-3922. 

I I. Chechik, V.; Crooks, R. M. "Dendrimer-Encapsulated Pd Nanoparticles as 
Fluorous Phase-Soluble Catalyst," J. Arn. Chern. Soc. 2000, 122, 1243-1244 . 

. , 
12. Juliette, J. J. J.; Rutherford, D.; Horvath, I. T.; Gladysz, J. A. ''Transition Metal 

Catalysis in Fluorous Media: Practical Application of a New Immobilization 
Principle to Rhodium-Cataylzed Hydroborations of Alkenes and Alkynes," J. Am. 
Chern. Soc. 1999, 12/, 2696-2704. 

51 



13. de Wolf, E.; Speets, E. A.; Deelman, B.-J.; 
Rhodium-Based Hydrosilylation Catalysts; 
Organometallics, 2001, 20, 3683-3690. 

van Koten, G. "Recycling of 
A Fluorous Approach," 

14. Schneider, S.; Bannwarth, W. "Repetitive Application of Perfluoro-Tagged Pd 
Complexes for Stille Couplings in a Fluorous Biphasic System," Angew. Chern. 
Int. Ed. 2000, 39, 4142-4145. 

52 


	2002-2003 fixed 52
	2002-2003 fixed 53
	2002-2003 fixed 54
	2002-2003 fixed 55

