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PREFACE 
 

Properties of metal complexes are a direct result of the interactions between the metal centre 

and its supporting ligands. As a result, ligand design plays an important role in synthetic, 

organometallic and coordination chemistry. Hybrid ligand systems made of significantly 

different chemical functionalities such as hard and soft donor components are finding 

increasing use in organometallic chemistry and catalysis. Over the past few decades, 

interest in metal complexes of hybrid ligands, particularly those bearing phosphorus and 

nitrogen donor atoms, and their role in catalysis has been steadily growing. The different 

features associated with each donor atom lend unique properties to their metal complexes. 

Unlike homo-donor chelate ligands, hetero-donor ligands have a distinct trans effect which 

can play a role in controlling the activity and/or selectivity of their metal complexes. This 

electronic asymmetry can therefore be used to optimize a ligand for a particular reaction by 

appropriate choice of the nature of the donor atoms. For instance, binding the phosphorus 

atom directly to a more electronegative atom such as oxygen or nitrogen will reduce its 

electron donating capability while also enhancing its π-acceptor capacity, thereby increasing 

the electrophilicity of the metal centre. In contrast, the presence of an imino rather than 

amino group will result in a nitrogen donor atom of greater σ-donating capability, reducing 

the electrophilicity of the metal centre. Moreover, steric bulk around the metal centre can be 

conveniently regulated through the simple variation of the substituents on the imine and 

phosphine groups. 

 
The use of complexes based on homo-donor nitrogen and phosphorus ligands such as 

diimines and diphosphines in organometallic synthesis and catalysis has been widely 

reported in the scientific literature. In this thesis, we explore the use of hybrid 

iminophosphine ligands for the preparation of palladium and platinacyclic complexes. The 

palladium complexes were subsequently used as pre-catalysts for the Suzuki-Miyaura 

coupling reaction. The platinacyclic complexes were designed to be used as model 

intermediates in ethylene oligomerization reactions that proceed via metallacycloalkanes. To 

this end, a systematic decomposition study to ascertain the thermal behaviour of this class of 

compounds was carried out. In addition, density functional theory (DFT) calculations were 

carried out in order to determine structures of intermediate and transition state species in the 

thermal decomposition process.    

 
Chapter 1 is a brief review of a specific subset of bidentate, hybrid P^N ligands, namely the 

iminophosphine ligands. The diverse structural motifs found in this ligand class are 
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highlighted. In addition, because these ligands are usually used as supporting ligands in 

coordination chemistry and catalysis, the broad range of synthetic and catalytic reactions in 

which the ligands and their complexes are applied is also presented. The main aim of this 

exercise is to give a brief overview of the structural diversity found in this class of ligands as 

well as the diversity in their application in organic synthesis and homogeneous catalysis.  

 
Chapter 2 is a comprehensive review that focuses on three main areas of interest: 1) The 

various synthetic methods used for the preparation of platinacyclic complexes of small to 

medium ring sizes. The merits and drawbacks of each method are presented. 2) The 

reactivity of platinacycloalkanes, with specific focus on decomposition and insertion reactions 

of these complexes. 3) The subject of ethylene oligomerization reactions that involve 

metallacycloalkanes as key intermediates. This section is not restricted to processes that 

involve platinacycles. Early transition metal-based catalysts that have either been proposed 

or shown to employ metallacycloalkanes as key intermediates are also covered in this 

section. 

  
Chapter 3 describes the synthesis and characterization of a series of N-functionalized 2-

diphenylphosphinobenzaldimino ligands bearing pendant groups on the imine moiety. The 

ligands were subsequently used to synthesize a range of palladium complexes of the types 

[Pd(P^N)Cl2] and [Pd(P^N)(Me)Cl)]. We reported the activity and selectivity of a selection of 

these palladium complexes as pre-catalysts in ethylene oligomerization reactions (M. M. 

Mogorosi, T. Mahamo, J. R. Moss, S. F. Mapolie, J. C. Slootweg, K. Lammertsma, G. S. 

Smith, “Neutral palladium(II) complexes with P,N Schiff-base ligands: Synthesis, 

characterization and catalytic oligomerization of ethylene”, J. Organomet.Chem., 2011, 696, 

3585). Platinum complexes of the type [Pt(P^N)Cl2] were synthesized by the ligand 

displacement reaction between [Pt(COD)Cl2] and the corresponding ligands. Reaction of 

[Pt(P^N)Cl2] complexes with the di-Grignard reagent, BrMg(CH2)4MgBr, in an attempt to 

synthesize platinacycloalkane complexes, interestingly, resulted in the formation of 

bromobutyl complexes [Pt(P^N)(C4H9)Br] instead. 

 
In Chapter 4, evaluation of a selection of the palladium complexes described in Chapter 3 

as pre-catalysts in the Suzuki-Miyaura coupling reaction is presented. We reported this work 

in T. Mahamo, M. M. Mogorosi, J. R. Moss, S. F. Mapolie, J. C. Slootweg, K. Lammertsma, 

G. S. Smith, “Neutral palladium(II) complexes with P,N Schiff-base ligands: Synthesis, 

characterization and application as Suzuki-Miyaura coupling catalysts”, J. Organomet. 

Chem., 2012, 703, 34. These complexes were found to be highly active and tolerant of a 

wide range of reaction conditions and functional groups on substrates. Low catalyst loadings 
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were required, while high conversions and short reaction times were maintained. It is also 

demonstrated that having a substituent bearing a donor atom on the imine moiety of the 

ligand enhances catalytic activity. 

 
In Chapter 5 we present the synthesis of platinacyclopentane and platinacycloheptane 

complexes bearing iminophosphine ligands, and their thermal decomposition studies. This 

work follows on from my MSc work, which dealt with the synthesis, characterization and 

decomposition studies of palladacycloalkanes and their precursors (T. Mahamo, F. Zheng, A. 

Sivaramakrishna, J. R. Moss, G. Smith, “New synthesis and thermal studies of 

palladacycloalkanes and their precursors”, J. Organomet. Chem., 2008, 693, 103.) In this 

work, platinum complexes bearing carbocyclic rings (C4 and C6) and iminophosphine ligands 

were prepared with the intention to study their thermal behaviour, and to use them as model 

intermediates in ethylene oligomerization reactions that proceed via metallacyclic 

intermediates. These thermal studies show that the platinacyclopentane complexes are 

markedly stable, with the decomposition reaction requiring temperatures higher than 100 °C 

to occur. In addition, we show that reaction temperature and duration have a significant 

influence on the organic product distribution obtained.  

 

These reactions give 1-butene (for the platinacyclopentane complexes) and 1-hexene (for 

the platinacycloheptane complexes) as major products. Longer reaction times and higher 

temperatures, however, favour the formation of internal olefins (isomerisation products) as 

well as alkanes (hydrogenation products). Kinetic data obtained for the decomposition 

reactions shows that the decomposition reaction follows first order kinetics for the initial 30% 

of the decomposition reaction. Thereafter, reaction order deviates from first order behaviour, 

indicating increasing involvement of products in the reaction mechanism. In order to gain 

further insight into the mechanism of this decomposition reaction, DFT studies were carried 

out to investigate the generally accepted intramolecular β-hydride elimination/reductive 

elimination reaction mechanism for the decomposition of metallacycloalkanes. A simplified 

complex was used as a model for platinacyclopentane complexes. Results from these 

calculations show that intramolecular β-hydride elimination from the carbocyclic ring of 

platinacyclopentane complexes is unlikely to occur as this process requires an extremely 

high energy barrier. These calculations further reveal that ligand hemilability is energetically 

disfavoured in the β-elimination reaction while it is favoured in the reductive elimination 

reaction. 


