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Summary y 

AA growing need for chemical reactions which are carried out with high selectivity and 

highh 'atom economy', while using less energy, is emerging world-wide. Catalysis is one 

off  the enabling activities at the hart of the endeavours aimed at realizing several if not 

alll  of these targets. Especially the wish of making optimum use of the available 

resources,, by safeguarding that all of the reactants in a chemical reaction end up in the 

productt of that reaction ('atom economy'), is a goal to strive for. In this respect, (partial) 

hydrogenationn of unsaturated molecules constitutes an interesting example and an 

achievablee target, which may at the same time provide access to molecules with high 

addedd value. Furthermore, it is desirable to carry out reactions between multiple 

reactantss within one manipulation, without the need for separate reaction steps. In this 

respect,, three-component reactions are very interesting and deserve more attention. 

Inn this thesis, the synthesis and identification of a number of new palladium compounds 

thatt can effect such reactions has been described. The reactivity of a variety of such 

compounds,, by using these as homogeneous (pre-)catalysts, is also described. The main 

partt of this work (Chapters 2 - 4) concerns the use of palladium(0)-complexes as 

catalystss in the selective semi-hydrogenation of alkynes. A small part (Chapter 5) deals 

withh the use of palladium(II)-complexes as catalysts in the three component reaction of 

aromaticc iodides, amines and allenes to form allylamines. 

Thee homogeneous palladium-catalysed semi-hydrogenation of alkynes has not been 

describedd so far and three component reactions have not been well developed yet. These 

methodss and the products arising from them are valuable to the modern chemist, since 

theyy enlarge the spectrum of achievable reactions and provide chemical building blocks 

byy a straightforward approach. 
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Inn Chapter 1, a general introduction into organometallic chemistry in general and 

organopalladiumm chemistry in particular is given. Furthermore, the research concerning 

transitionn metal catalysed hydrogenation of alkynes is discussed in detail, with special 

emphasiss on the selective hydrogenation of (internal) alkynes to ((Z)-)alkenes. The 

variouss postulated mechanisms for these reactions are discussed and the scope of various 

catalystss and the results of catalytic hydrogenation by using these systems are compared. 

Thee last part of Chapter 1 deals with the palladium-catalysed addition of nucleophiles to 

alleness and with known palladium-catalysed three component reactions. 

Inn Chapter 2 the synthesis and structure of novel, low-valent palladium complexes with 

rigidd bidentate nitrogen ligands, stabilized with an additional alkene molecule; 

[Pd(Ar-Bian)(dmfu)]]  (1; Figure 1) has been described. Next, their reactivity in the 

catalyticc selective semi-hydrogenation of internal alkynes has been discussed (Scheme 

1) ) 

KK = K ^ / \ 
catalystt R R' 

alkynee (Z)-alkene 

Schemel:: Selective hydrogenation of internal alkynes to (Z)-alkenes 

Thesee palladium catalysts exhibit a very good selectivity in the formation of the 

(Z)-alkene;; the effectiveness of which has been probed in dependence of the 

stereo-electronicc properties of the R-group attached to jV-aryl moiety of the bidentate 

ligand.. The selectivity of the hydrogenation appears to increase when increasing the 

electrondonatingg properties of this R-group (from H to OMe). The complex 

Pd(/?-An-bian)(dmfu)) (1) is the most selective pre-catalyst. 
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Figuree 1 Pd(p-An-Bian)(dmfu)] (1) 

Thiss catalyst is useful for the selective conversion of a wide variety of alkynes into 

(2)-alkenes,, including alkynes which contain other reducible groups such as carbonyl 

moietiess or nitro groups, since these functionalities are not reduced by these catalysts 

underr the mild conditions employed. 

Chapterr 3 deals with the kinetics of the selective semi-hydrogenation of alkynes using 

[Pd(p-An-Bian)(dmfu)]]  (2). For the semi-hydrogenation of 1-phenyl-1-propiolic acid 

usingg 2 as the catalyst precursor, the obtained kinetic data show that the order in 

dihydrogen,, in substrate as well as in the catalyst are all (close to) unity. The kinetics 

havee been used as one of the input parameters for a discussion of the mechanism of the 

semi-hydrogenation.. As a further probe into elucidation of the mechanism, the 

ParaHydrogenn Induced Polarization (PHIP) NMR technique has been exploited. These 

experimentss clearly favour a mechanism in which dihydrogen is added pairwise to the 

alkynee to form the (Z)-alkene. This led to the proposal of the following mechanism 

(Schemee 2). The high selectivity towards the (Z)-alkene can be explained by the initial 

pairwisee addition of dihydrogen, leading to the Pd-(Z)-alkene complex and the 

consequentt fast replacement of the (Z)-alkene by the much stronger coordinating alkyne. 

Thee formation of (£)-alkene and alkane as minor side products can be explained by 

isomerizationn and further hydrogenation, respectively, of the initial Pd-(Z)-alkene 

complex. . 
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Schemee 2: proposed mechanism fot the semi-hydrogenation of alkynes. 

InIn Chapter 4 our further investigations into the selective semi-hydrogenation of internal 

alkynes,, utilizing other types of ligands than the afore mentioned rigid bidentate 

(Ar-Bian)) ligands, are presented. The types of ligands that have been evaluated for this 

reactionn comprise other bidentate as well as tridentate nitrogen ligands, but also (mixed) 

P-NN ligands and bidentate phosphine ligands have been used. These have all been 

incorporatedd in zerovalent palladium complexes of the type [Pd(L)(dmfu)]. Examples of 

thee ligands L in these complexes are shown in Figure 2 

Figuree 2: Ligands used in hydrogenation. 

Thee synthesis of the ligands and the complexes and their characterisation have been 

detailed.. It is shown that the palladium complexes containing the pyridine-imine and 
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phosphine-iminee ligands shown in Figure 2 were very selective in the 

semi-hydrogenationn of 1 -phenyl-1 -propyne. Using these as catalysts resulted in a high 

selectivity,, comparable to that of the [Pd(p-An-Bian)(dmfu)] complex. However, these 

complexess appeared to be less stable than the complexes containing the rigid bidentate 

Ar-biann ligands. The P-N ligands also provided a good selectivity, together with a good 

ratee of hydrogenation, but the bidentate phosphorus ligands lack reactivity and are not 

veryy useful in this reaction. 

Inn Chapter 5 the three-component reaction of aryl iodides with amines and allenes 

catalyzedd by palladium(II) complexes is discussed. This reaction constitutes a very 

straightforwardd 'one pot' synthesis yielding specifically functionalised allylic amines 

(Schemee 3). 

Arr A r 
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Schemee 3: products of three component reaction. 

Variouss ligand systems were utilized in this reaction, including bidentate nitrogen and 

phosphoruss ligands, as well as mixed P-N ligands. The catalysts containing phosphorus 

ligands,, especially bidentate phopsphorus ligands with wide bite angles, turned out to be 

thee more reactive ones. 

Concluding,, a variety of new palladium(0)-complexes has been synthesized. These 

compoundss are able to selectively hydrogenate internal alkynes to the corresponding 

(Z)-alkenes.. The best of these systems give excellent selectivity over a wide range of 

substratess without reducing other functional groups. 

Furthermore,, the three component reaction of aryl iodides with allenes and amines has 

beenn investigated and a new route to a large group of functional molecules has been 

devised. . 
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