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Summary
 

The quest for performing chemical reactions with less energy, less waste but at the 

same time with higher selectivities, is keeping a drive on the preoccupations of 

society. Catalysis plays an important role in this respect. Chemists can contribute to 

this quest by looking for new, more selective catalysts and viable ‘atom-economic’ 

reactions. That means an increase of the knowledge and understanding of existing 

(and enabling discovery of new) processes, in order to reach the best compromise 

between energy consumption, cost, environment and performance. 

 

This thesis deals with the synthesis, characterization and in some cases the 

application in catalysis of various cyclic complexes of palladium. Chapter 1 starts 

with an introduction concerning the coordination and organometallic chemistry. Next, 

the field of organopalladium chemistry involving cyclic complexes is discussed in 

more details. The synthesis, the reactivity and in some cases the application as 

catalyst of palladacyclic and cyclopalladated compounds (Scheme 1), are presented. 
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Scheme 1. Palladacyclic Pd(C�C) and cyclopalladated Pd(C�Y) complexes. 

 

In Chapter 2, the formation of palladacyclopentadiene from dissymmetric alkynes 

is described. The complexes were generated by reacting an (unsymmetric) alkyne 

with Pd(dba)2 and these bidentate nitrogen ligands (bipy, tmeda, phen and Ar-bian) in 

the ratio indicated in Scheme 2. 
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Scheme 2. Synthesis of palladacyclopentadiene from dissymmetric alkynes. 
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Dissymmetric alkynes such as methyl phenylpropynoate or methyl (4-

methoxyphenyl)propynoate give completely regioselectively rise to the formation of 

‘head-to-tail’ coupled palladacyclopentadiene products only. Whereas, the reaction 

with methyl (4-nitrophenyl)propynoate leads to the formation of ‘head-to-tail’ coupled 

products as well as ‘tail-to-tail’ coupled products. The regioselectivity of the oxidative 

cyclization of a second molecule of alkyne with the [Pd(NN)(�2-alkyne)] intermediate 

formed reveals the involvement of a subtle interplay between steric and electronic 

factors. In view of the sometimes limited stability of this palladacyclopentadiene, it is 

suggested that its formation is reversible. Conclusive evidence was obtained from the 

observed stability of a mixture of regioisomers and of an exchange reaction together 

with the release of the initial coordinated alkyne. 

 

[Pallada-2,3,4,5-tetrakis(carbomethoxy)-2,4-cyclopentadiene(Ar-bian)] complexes 

are known catalysts for the conversion of dimethyl-2-butynedioate organic halide and 

tetramethyl tin to conjugated (Z,Z)-dienes. Chapter 3 concerns experiments aimed at 

elucidating the general mechanism of this three-components synthesis of dienes. The 

kinetic and mechanistic investigation of the formation of the palladacyclopentadiene 

[Pd(bipy)(CCOOMe)4] from [Pd(bipy)(�2-DMF)] and [Pd(bipy)(�2-dmbd)] suggests the 

formation of an undetected reactive intermediate, which could be described as an 

equilibrium mixture of [Pd(bipy)(DMF)] and [Pd(bipy)(alkyne)] species (Scheme 3). 
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Scheme 3. Undetected reactive intermediate hypothesized in the mechanism 

of formation of palladacyclopentadiene complexes. 

 

The low selectivity observed in the catalytic synthesis of diene is suggested to be due 

to the high reactivity of this zerovalent intermediate, which arises from the reductive 

elimination of the diene product. It is demonstrated that two concomitant catalytic 

cycles occur and that it is possible to direct the catalysis to predominantly obtain the 

diene. These results have led to the proposal of a viable general mechanism for the 

catalytic three-components process. 
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Chapter 4 focuses on the synthesis and characterization of cyclometallic platinum 

and palladium compounds of the type [M(C�N)(LL)]+ with chelating ligands LL such 

as diphosphine or bipyridine (Scheme 4). The use of the cyclopalladated complexes 

as catalyst in copper- and phosphine-free Sonogashira reaction shows that the 

catalyst stability and activity obtained with these ligands are relatively good, but are 

rather similar compared to reported catalysts. A brief presentation of the properties of 

2,2’-biphosphinines and their synthesis is proposed in order to introduce our (hitherto 

unsuccessful) investigation concerning the synthesis of zerovalent palladacycles with 

N�C- ligands of the type [Pd(C�N)Ln)]- that are similar to active species [Pd(C�P)Ln)]-, 

suggested to be the catalytically active species in Mizoroki-Heck reaction. 
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Scheme 4. Cyclometallic platinum and palladium compounds  

of the type [M(C�N)(LL)]+ and 2,2’-biphosphinine ligand. 

 
Finally, in Chapter 5, the partial hydrogenation of various functionalized allenes 

catalyzed by zerovalent palladium catalysts bearing bis(arylimino)acenaphtene and 

alkene ligands is reported. It is shown that these catalysts provide excellent activities 

as well as chemo- and positional selectivities. Hydrogenation of 1,2-dienyl 

phosphonates has been performed successfully with high chemo-, positional and 

stereoselectivity leading to di- or trisubstituted (Z)-1-alkenyl phosphonates (Scheme 

5).

P(OEt)2

R1 H2   [Pd]
+

R1 = Me, nBu, Ph

O
P(OEt)2

R1

O

P(OEt)2

R1

O

R2

R3

R2 = H, nPr, Me
R3 = H, Me, Et

R2
R3

R3

R2 COOMe

H

H

MeOOC

N

N

OMe

OMe

Pd[Pd] =

 
Scheme 5. Hydrogenation of the 1,2-dienyl phosphonates derivatives 

with the [Pd(p-MeO-C6H4-bian)(�2-dmfu)] catalyst. 
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Furthermore, 2,3-dienoates can also be hydrogenated with high chemo- and 

positional selectivities, but with a lower stereoselectivity. This lower stereoselectivity 

is probably due to palladium-catalyzed isomerization of the (Z)-alkene product to its 

(E)-isomer. Importantly, undesired over-reduction is absent in all cases when 

employing the active [Pd0(Ar-bian)(�2-alkene)] catalysts. 

 


