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1.  Introduction 

Homogeneous catalytic reactions, those transforming unsaturated hydrocarbons with 

carbon monoxide and hydrogen toward aldehydes in the presence of transition metal 

complexes as catalysts, have been known for more than 70 years. In this way, the formal 

addition of formaldehyde to carbon-carbon double bond resulted in aldehydes. The 

hydroformylation is of high industrial importance, since it provides intermediates for plastic 

industry. The aldol-type condenzation of n-butanal, formed in the hydroformylation of 

propene, and a consequent hydrogenation yields in C8 alkohols (mainly 2-ethyl-hexanol, 

’isooctylalkohol’). The latter compounds are the alkohol components of phthalic esters known 

as plasticisers. Cobalt-carbonyl complexes as catalytic precursors were used in the beginning, 

then rhodium-complexes gained more attentation due to their high regioselectivity under mild 

reaction conditions.  

The investigation of the catalytic features of platinum-phosphine-tin(II)chloride systems 

have gained more attentation since the late seventies. Although their catalytic activity falls 

behind the activity of the rhodium-based ones, their application in asymmetric 

hydroformylations, especially with styrene and other vinilaromatics as substrates, resulted in 

high optical yields.  

The novel methodologies towards the synthesis of optically active compounds are in the 

forefront of modern chemistry not only because of their fundamental interest, but also of their 

high practical impotance. The synthesis of enantiomerically pure chiral compounds is of 

special importance in medicine and pharmacology. The absolute configuration of a given 

compound is closely related to its biological activity. In order to control the asymmetric 

synthesis, the deep knowledge of the structure of catalysts, as well as that of the elementary 

steps of homogeneous catalytic reactions, are necessary. 

The insertion reaction is one of the general elementary key-reactions of the 

homogeneous catalytic reactions [1]. On one hand, the insertion of small molecules (alkenes, 

isonitriles, carbon monoxide) into metal-carbon bond was already investigated. For example, 

the transition metal-acyl complexes, obtained by the insertion of carbon monoxide into metal-

alkyl/aryl bonds, are intermediates of utmost importance in hydroformylation. Platinum-acyl 

complexes possessing chiral diphosphines are key intermediates in enantioselective 

hydroformylations [2,3]. 



 On the other hand, insertion of carbene-type compounds into metal-carbon bond might 

also take place. A carbene :CR1R2 (R1=H, R2=COOEt), formed ’in situ’ from ethyl 

diazoacetate, inserts into platinum-methyl or platinum-halide bond and a novel stereogenic 

centre is formed in the α-position of the alkyl chain. Diastereoselective insertion takes place 

in the presence of an optically active ligand situated in the coordination sphere of the 

transition metal [4-6].  
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Figure 1. The formation of an asymmetric centre via the insertion of a carbene 

 

 Sporadic information is available on the possible influence of the chiral ligand on the 

formation of a stereogenic centre in the target molecule. It is supposed that the 

stereochemistry of the alkene insertion is influenced by the conformation of the platinum-

chelate ring. However, even less are known on the effect of the platinum-chelate ring 

conformations with various diphosphines on the formation of stereogenic centre(s) [7]. 

 The high importance of the insertion reactions described above encouraged us to carry 

out research in this field in order to shed some light into the fine mechanistic details. 

Obviously, the structural characterization of the starting complexes and products, as well as 

their investigations related reactivity were also planned.  
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2.  Aims of the planned research 

• Synthesis of basic platinum-alkyl, platinum-aryl and platinum-halogeno-alkyl/aryl 

complexes. 

• The investigation of the above complexes by simple reactions, as well as their solution 

and solid structural characterization by 1H, 13C,  31P NMR and x-ray crystallography.  

• The investigation of the insertion reactions of a carbene, formed in situ from ethyl 

diazoacetate, into platinum-halide and platinum-carbon bond. 

• The investigation of the insertion of carbon monoxide into platinum-aryl bond by HP 

NMR. 

• The application of organoplatinum compounds as novel tin(II)halide-free catalytic 

systems in hydroformylation reaction. 

 

3.  Methods 

Synthetic laboratory methods: standard inert Schlenk-techniques, high-pressure autoclave 
techniques. 

Analytical methods: 1H, 13C and 31P NMR, IR, GC-MS, x-ray crystallography.  

 

4.  Results 

The major achievements of my PhD research are as follows. 

1. Pt(PP)(alkyl/aryl)2 and Pt(PP)(X)(alkyl/aryl) complexes were synthesised and 

characterised by various analytical methods both in solution and solid state.  
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Figure 2.  The ligand-exchange reaction of platinum-dimethyl-COD-complex and the 

diphosphine ligands used  
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Figure 3. The synthesis of Pt(PP)(X)(alkyl/aryl) complexes 

 

2. Novel Pt{(S,S)-BDPP(I)(R) (R= Me, Ph, 2-Tioph, Bn) complexes were synthesised in 

ligand-exchange reactions.  
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Figure 4. The synthesis of Pt{(S,S)-BDPP(I)(R) (R= Me, Ph, 2-Tioph) complexes 

 

3. Pt{(S,S)-BDPP}(I)(Me), Pt{(S,S)-BDPP}I2 and Pt{(S,S)-BDPP}(I)(Ph) complexes 

were investigated by x-ray crystallography. It was found that the Pt-BDPP chelate ring 

could form different conformations. Four conformations such as twist-boat, skew, 

chair and envelope were determined for the above three complexes. The bond angles 

around the central platinum depend on the chelate conformations.  

 



   a) b)  

Figure 5. The ORTEP diagram of the Pt{(2S,4S)-BDPP}(Ph)I complex  (a) the squre-

planar arrangement of the ligands around platinum can be seen on the top-view., (b) the 

chair conformation can be seen from the side-view 

 

5. The insertion of a carbene, formed in situ from ethyl diazoacetate, was investigated. It 

was found that no reaction takes place by using Pt(PP)(alkyl/aryl)2 complexes. In case of 

Pt(PP)X(aryl) complexes a chemoselective insertion into Pt-C bond occurred. A simple 

insertion of the carbene was observed only, i.e. monoinserted complexes with one 

stereogenic centre in the side-chain were obtained exclusively. Furthermore, the insertion 

reactions are more pronounced in the presence of highly polarizable iodo ligands. 
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Figure 6.  The insertion of carbene into platinum-aryl and platinum-halide bonds by 

using Pt(P-P)(X)(R) complexes ( R = Ph, 2-Tioph).  

 
5. The diastereoselectivity of the carben insertion was investigated by using ((S,S)-BDPP) 

as optically active diphosphine. Upon its influence, higher diastereoselectivities were 

obtained with chloro than with iodo ligand. 

6. Platinum-acyl complexes were formed by the insertion of carbon monoxide into the 

platinum-aryl bond. It has to be noted that no insertion into the Pt-X bond takes place. 



The yield of the insertion is thoroughly influenced by the type of the aryl and halide 

ligands. The phenyl and iodo derivatives proved to be the most active ones in insertion 

reaction. It was determined by HP NMR that the extent of the insertion can be 

increased by higher carbon monoxide pressure. 

7. Upon reacting Pt{(S,S)-BDPP}(R)2 type complexes with Lewis acids such as B(C6F5)3, 

BPh3 and BF3, the formation of a vacant coordination site and in parallel, that of the 

corresponding borate anion was observed. In the presence of carbon monoxide or PPh3 , 

the formation of a complex cation [Pt{(S,S)-BDPP}R(L)]+ was detected by NMR (L= 

PPh3, CO). 
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Figure 7. The formation of [Pt(BDPP)(PPh3)(alkyl/aryl)]
+
 complexes 

 

7. Enantioselective hydroformylation of styrene was carried out by using the above catalytic 

systems containing boron additives. The activity and enantioselectivity of the system 

formed ’in situ’ from Pt{(S,S)-BDPP}(R)2, B(C6F5)3, or BF3 was analysed. The 

enantioselectivity of the reaction depended strongly on the structure of the catalyst 

precursor, and especially on the type of the aryl ligand. 
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