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Summary y 

Nowadays,, society faces a growing need to conduct chemical reactions using less energy, to do them 

withh higher selectivities and less waste, as well as to circumvent the use of organic solvents. Catalysis 

playss an important role in this respect. Chemists can contribute to this quest by looking for new, more 

selectivee catalysts and viable 'atom-economic' reactions. Moreover, these can be carried out in less 

suspectt solvents, which may at the same time contribute to the solution to the generic problem of 

homogeneouss catalysis; the separation of catalyst and products. This thesis focuses on a number of 

thesee interrelated aspects and furnishes new material that helps to further our knowledge in this par-

ticularr field of research. 

Supercriticall  fluids have been put forward as benign solvents, especially supercritical C02 (scC02) is 

increasinglyy used as reaction medium in (homogeneous) catalysis. The relatively low critical point of 

C022 (Tc = 31.1 °C, Pc = 73.8 bar) and its environmentally benign nature are particularly attractive. A 

uniquee and potentially advantageous characteristic of supercritical C02 is that its density, polarity, 

viscosity,, diffusivity, and overall solvent strength can be varied by relatively small changes in pres-

suree and/or temperature. Furthermore, supercritical C02 has no gas-liquid boundary, is completely 

misciblee with permanent gases (e.g., H2), which together with its high diffusivity, creates a potentially 

advantageouss medium for fast chemical transformations involving gaseous reactants. 

Thiss thesis describes the design, the synthesis and application of new lipophilic and fluorophilic 

zerovalentt palladium complexes, which dissolve in supercritical C02 and which can be employed as 

homogeneouss hydrogenation catalysts in supercritical C02. Chapter 1 starts with a general introduc-

tionn into the field of organopalladium chemistry involving nitrogen ligands, which is followed by a 

feww selected examples of palladium-catalyzed reactions. The homogeneous hydrogenation of alkenes 

andd alkynes using palladium complexes is discussed in more detail; notably the influence of various 

nitrogenn ligands on the activity and selectivity in the stereoselective hydrogenation of alkynes to (Z)-

alkeness will be presented. 
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Inn Chapter 2, an introduction is provided concerning the solvent properties and the use of supercritical 

fluids,, in particular supercritical C02, as a reaction medium for homogeneous catalysis. A number of 

transitionn metal-catalyzed reactions conducted in scC02 will be highlighted. Furthermore, the high-

pressuree set-up and the home-built autoclave equipment used in this thesis will be discussed in detail. 

Inn Chapter 3, several viable routes for the synthesis of substituted acenaphthenequinones and anilines 

ass well as the synthesis of the corresponding Ar-bian ligands are described. Introduction of the C02-

philicc groups Rj and R2 (Scheme 1) on the acenaphthene backbone has been achieved by palladium-

catalyzedd cross-coupling of a fluoroalkylzinc halide with mono- and dibromoacenapthene derivatives. 

Subsequentt condensation reactions with substituted anilines (Scheme 1), gave new lipophilic and flu-

orophilicc Ar-bian compounds, a reaction that proceeds well in glacial acetic acid. However, the con-

densationn reaction of the highly fluorophilic acenaphthenequinone containing two polyfluoro alkyl 

chainschains with anilines bearing strong electron donating substituents led to decomposition of the 

reagents;; these compounds should be prepared and isolated under less forcing conditions. 

Usingg the previously obtained lipophylic ligands, a number of apolar zerovalent palladium complexes 

containingg these bidentate nitrogen (Ar-bian, bpy) and phosphorus donor ligands have been prepared. 

Theirr synthesis is detailed in Chapter 4. Most of the new complexes could not be isolated as pure com-

poundss by using the commonly employed [Pd(dibenzylidene-acetone)2] as the precursor. Hence, a 

palladiumm complex with volatile ligands, which are readily substituted should be used as precursor 

andd [Pd(norbornadiene)(maleic anhydride)] was selected for this purpose. Throughout the further 

studies,, this complex Pd(nbd)(ma) has proven to be successful as starting material for a wide range of 

apolarr complexes as well as for the synthesis of zerovalent complexes containing "o-donor only" 

ligands.. The Pd(nbd)(ma) complex generates only the volatile norbornadiene as the by-product and 

thee synthesis and work-up can be carried out rapidly, thus preventing decomposition to palladium 

metal.. In addition, due to the low affinity of the norbornadiene for the palladium center, the back reac-

tionn is not a competing reaction. Pd(nbd)(ma) is stable in a closed vessel at room temperature for 

monthss and can be handled in air. 
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Palladium(Ar-bian)) compounds are known catalysts for the stereoselective .v<?/n/-hydrogenation of 

alkyness to (Z)-alkenes. Chapter 5 concerns experiments aimed at elucidating the mechanism of this 

stereoselectivee cw-hydrogenation reaction. Overall rate equations were obtained for the semi-

hydrogenationn of 4-octyne catalyzed by Pd[(/n,m'-(CF3)2C6H3) bian](ma). Under hydrogen-rich 

conditions,, the reaction rate follows first order dependence in palladium and dihydrogen pressure and 

aa broken order in 4-octyne (the reaction order in the substrate is 0.65). It was shown that the rate law 

changess at high palladium catalyst concentrations and at high substrate concentrations, which is 

ascribedd to the rate-limiting dissolution of dihydrogen gas into the THF solution. In this case, the low 

dihydrogenn availability results in the formation of inactive palladacycles during the reaction (see 

Schemee 2). PHIP NMR revealed the cis pairwise addition of dihydrogen to the substrate. These results 

havee led to the proposal of a viable reaction mechanism for the Pd(Ar-bian)-catalyzed semi-

hydrogenationn of 4-octyne in THF.. 
Schemee 2 

Thee high stereoselectivity observed in the hydrogenation experiments using Pd[(w,m'-(CF3)2C6H3) 

bian](ma)) complex is due to the relatively strong coordination of the alkyne to the palladium center, 

whichh only allows for the presence of small amounts of alkene complexes. Only the latter are respon-

siblee for isomerization into the observed minor amounts of (£)-alkene. Thus the combination of a rel-

ativelyy strong coordination of the alkyne and the subsequent reaction with dihydrogen results in the 

kineticc product, the (Z)-alkene. 

ChapterChapter 6 deals with the stereoselective ,vew/-hydrogenation of alkynes in supercritical C02 (scC02) 

usingg the lipophilic and fluorophilic zerovalent palladium catalysts described in Chapter 4. The solu-

bilityy of the catalysts was studied under reaction conditions. From this study, it was concluded that 

thee presence of trifluoromethyl moieties on the N-aryl of the Ar-bian compounds greatly increases the 

solubilityy of the corresponding catalyst in scC02. The introduction of the alkyl or polyfluoroalkyl 

chainss results in a further enhancement of the solubility but to a markedly smaller extent. 
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Alll  Pd(Ar-bian) catalysts studied here were stable under the reaction conditions in supercritical C02 

(2000 bar, 45 °C), provided that the ratio [H2]/[alkene] remains below 2; higher [H2]/[alkene] ratios 

leadd to catalyst decomposition. Pd[(m,w'-(CF3)2C6H3) bian](ma), which is highly soluble in scC02, 

turnedd out to be superior as a catalyst in the stereoselective hydrogenation of 4-octyne both in terms 

off  catalyst activity and stereoselectivity. The rates obtained in scC02 are at least 4 times higher than 

thee rates obtained in THF under identical conditions. Besides 4-octyne, other alkynes can also be effi-

cientlyy hydrogenated to the (Z)-alkene, provided that the substrate is soluble in scC02. In view of the 

resultss obtained from NMR experiments involving Parahydrogen Induced Polarization observed in 

thee products in scC02, a mechanism similar to that operating in THF seems to apply to the semi-

hydrogenationn in scC02 as well. 

Inn conclusion, new, viable routes to apolar palladium hydrogenation catalysts have been found. Some 

off  these catalysts provide faster rates in the hydrogenation of alkynes to ds-alkenes in supercritical 

C022 than in classic organic solvents. The studies have contributed to our insight into factors that deter-

minee the solubility of molecular inorganic compounds in apolar systems and have enlarged our 

knowledgee concerning the use of environmentally benign solvents for synthetic purposes. 
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