
VU Research Portal

Iminophosphine Complexes of Palladium and Platinum: Catalysis and
Metallacycloalkanes Synthesis
Mahamo, T.

2013

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Mahamo, T. (2013). Iminophosphine Complexes of Palladium and Platinum: Catalysis and Metallacycloalkanes
Synthesis. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/c26b9d57-6411-4e21-9edb-fb184867ef11


CHAPTER 2: Platinacycloalkanes – Review 

~ 23 ~ 
VU Amsterdam/UCT 

CHAPTER 2 
 

REVIEW OF THE SYNTHESIS AND REACTIVITY OF 
PLATINACYCLOALKANES 

 

This review focuses on three main areas of interest. The first is the different synthetic 

methods used for the preparation of platinacyclic complexes of small to medium ring sizes. 

The merits and drawbacks of each method are presented. The second area deals with the 

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

of these complexes. The final section deals with the subject of ethylene oligomerization 

reactions that involve metallacycloalkanes as key intermediates. This process benefits from 

ligand hemilability as ethylene coordination to the metal centre may require partial ligand 

dissociation. Migratory insertion into the metallacycloalkane ring, on the other hand, could be 

facilitated by stabilization of intermediates brought about by ligand re-coordination. This 

section is not restricted to processes that involve platinacycles. Early transition metal-based 

catalysts that are proposed to employ metallacycloalkanes as key intermediates are covered 

in this section as well. For the purposes of this review, the definition of metallacycloalkanes 

is limited to those complexes in which the metal centre is bonded to two carbon atoms with σ 

M-C bonds in a cyclic system, and therefore excludes complexes formed by chelating 

ligands such as diphosphines and diimines in which the metal centre is bonded to 

heteroatoms. Furthermore, this review only covers complexes in which the metallacyclic ring 

consists of the metal centre and carbon atoms. Therefore complexes in which heteroatoms 

are incorporated into the metallacyclic ring are not discussed. The review will be followed by 

a brief outline of the aims of this research as well the research presented in this thesis.   
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2.1 INTRODUCTION  
 

etallacyclic compounds of the transition metals can be defined as ‘carbocyclic systems 

in which one or more carbon atoms have been substituted by a transition metal’.
1,2 

This class of compounds has become a subject of considerable research interest due to the 

important role they play in catalytic reactions
3
 such as alkene metathesis, isomerization of 

strained carbocyclic rings as well as oligomerization and polymerization of olefins.
4
 These 

compounds have been shown to be key intermediates in various catalytic reactions and their 

subsequent thermolysis or substitution reactions have been used to model catalytic cycles.
5
  

 
The chromium-based catalyst systems developed by Sasol in recent years for the selective 

trimerization and tetramerization of ethylene to 1-hexene and 1-octene, respectively, is a 

prime example of reactions that involve metallacycloalkanes as key intermediates. Their high 

selectivity for α-olefins has led to increased interest in the mechanism of these systems. 

Ethylene labeling experiments have revealed that these reactions, often catalyzed by 

chromium catalysts, proceed via metallacycloalkanes as key intermediates.
5,6

 A similar 

metallacyclic pathway, supported by computational studies, has also been proposed for 

some homogeneous titanium and tantalum catalysts for ethylene oligomerization.
7,8

 

 
Many other transition metal catalyzed processes such as the palladium-catalyzed 

intramolecular Stille reaction, coupling reactions that proceed via C-H activation,
9
 as well as 

dimerization and telomerization reactions of 1,3-butadienes
10

 involve metallacycloalkanes as 

key intermediates. One of the interesting classes of reactions that proceed via palladacyclic 

intermediates is the “Heck-type” reactions, where the final step in the reaction, the syn-β-

hydrogen elimination step is inhibited due to lack of suitable β-hydrogen atoms.
9
 
 

 
2.2 SYTHESIS OF SMALL AND MEDIUM PLATINACYCLES 
 
Several methods have been reported for the preparation of platinacycles. The main synthetic 

routes include transmetallation, cyclometallation, insertion into C-C bonds and the oxidative 

coupling of unsaturated molecules.
2,4a,11

  

 

 

2.2.1 Transmetallation 

 
M = Li or MgX (where X = halide or triflate) 

Scheme 2.1: Preparation of platinacycloalkanes via transmetallation. 

M 
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The use of dilithio and di-Grignard reagents (Scheme 2.1) offers a convenient route to 

metallacycloalkanes for metals throughout the transition series.
4a

 Although in principle this 

procedure can be used for the preparation of metallacycles of any ring size, it is most often 

used in the preparation of metallacyclopentanes.
2,11

 One of the earliest examples of such a 

reaction for platinum complexes was reported in 1958 by Chatt and Shaw, who reported the 

preparation of the platinacyclohexane [Pt(PPh3)2(C5H10)] via the treatment of [cis-

Pt(PPh3)2Cl2] with 1,5-dilithiopentane.
12

 In a series of mechanistic studies on the 

decomposition of platinacycloalkanes in the 1970s, Whitesides
13,14 

and Grubbs
15

 reported the 

synthesis of a series of platinacycloalkanes 2.1 – 2.5.  

 
                       2.1               2.2                2.3                   2.4                   2.5 

L = phosphine ligands 
 

Whitesides prepared the complexes by reaction of (1,5-cyclooctadiene)dichloroplatinum(II) 

with the appropriate di-Grignard reagents followed by the displacement of the labile 

cyclooctadienyl ligand by tertiary phosphine ligands. Grubbs prepared the complexes by 

treatment of cis-bis(triphenylphosphine)dichloroplatinum(II) with one equivalent of the 

appropriate dilithio reagents. Platinacyclopentanes such as 2.2 and 2.3, bearing methyl 

groups on the β-carbons were also prepared using this synthetic method.
14,16

   

 
The use of di-Grignard alkylating reagents in the synthesis of platinacycloalkanes has two 

major drawbacks. Firstly, the direct reaction of cis-bis(triphenylphosphine)dichloroplatinum(II) 

with the di-Grignard reagents is reported to be an unsatisfactory method for the preparation 

of platinacycloalkanes as it yields a mixture of products containing large quantities of 

monoalkylated Pt(II) complexes.
14

 Secondly, for medium and large ring platinacycloalkanes, 

the yields obtained using this route are poor. The platinacycloheptane 2.7 was synthesized in 

3% yield by the reaction of the appropriate di-Grignard with [Pt(COD)Cl2 followed by ligand 

displacement with triphenylphosphine.
13

 The low yields observed could be due to the lower 

thermal stability of medium to large metallacycles compared to their small ring size 

counterparts,
2
 leading to rapid decomposition as well as formation of side products such as 

monoalkylated and oligomeric species. 
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                                                           2.6                                            2.7 
 

Due to the low yields obtained for the preparation of medium and large ring 

platinacycloalkanes via the dilithio and di-Grignard routes, alternative methods for the 

synthesis of these complexes have had to be devised. Moss and co-workers reported a 

synthetic route that involves the treatment of M(COD)Cl2 with two equivalents of 1-alkenyl 

Grignard reagents to form bisalkenyl metal complexes. Displacement of the labile COD 

ligand with phosphine ligands gave bisalkenyl metal complexes stable enough to undergo 

the ring closing metathesis reaction. Ring closing metathesis of the bis-alkenyl complexes 

using Grubbs catalysts yields metallacycloalkenes which can then be hydrogenated with 

molecular hydrogen using Pd/C as the catalyst. This route proved successful for the 

preparation of medium and large ring metallacycles of both platinum
17,18

 and palladium
19

 

(Scheme 2.2). 

 
2.8: M = Pt, Pd; L= PPh3, dppe, dppp  

Scheme 2.2: Preparation of metallacycloalkanes via bis(alkenyl) intermediates. 

 

Using this route, Moss and co-workers prepared platinacycloalkanes ranging in size from 7-

membered to 13-membered rings in moderate to good yields.
17,18,20

 A slight modification of 

this bisalkenyl route provides access to even larger metallacycloalkanes. In this method, 

cross metathesis of the bisalkenyl complexes with dienes such as 1,7-octadiene and 1,5-

hexadiene, followed by hydrogenation, yields platinacycloalkanes with up to 21-membered 

rings.
20

 Preparation of substituted platinacycloalkanes was also achieved by the cross 

metathesis of the bisalkenyl platinum complexes with unsaturated molecules such as 

diphenylacetylene, followed by hydrogenation.
20
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However, because the platinacycloalkanes prepared by the bisalkenyl route are derived from 

complexes with two equal length alkenyl groups, only metallacycloalkanes with odd-

numbered rings can be prepared. To circumvent this, a modified metal bisalkenyl route was 

reported by Moss and co-workers.
21

 In this route, a bis-1-pentenyl platinum complex was 

prepared as previously reported. Careful reaction of this complex with acetyl chloride or a 

dilute solution of HCl in diethyl ether yielded a monopentenyl platinum complex that was then 

reacted with one equivalent of 1-butenyl Grignard, giving a bisalkenyl complex with alkenyl 

chains of different lengths. Ring closing metathesis of this complex yielded 

platinacyclooctenes, which, upon hydrogenation yielded the first reported 

platinacyclooctanes 2.9 and 2.10.
21

     

 

2.9: L = dppp; 2.10: L = dppe 
 

Other platinacycles that have been prepared using the transmetallation reaction include 

some unsaturated platinacycles such as benzo[c]metallacyclopentenes (o-xylene 

complexes), platinacyclopentadienes and dibenzoplatinacyclopentadienes.
11

 Lappert and co-

workers reported the synthesis of several o-xylene complexes of different transition metals 

including the platinacyclic complex 2.11.
22

  

 
                                                                                                         2.11 
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While synthesis of tetraphenyl substituted nickel metallacyclopentadiene using 1,2-dilithio-

1,2,3,4-tetraphenyl-1,3-butadiene has been reported by several researchers,
23

 the use of di-

Grignard and dilithio reagents for the preparation of similar mononuclear platinum complexes 

as well as biphenyl substituted platinum complexes has only met with limited success.
24

 The 

research groups of Vicente
25

 and Brune
26

 prepared these biphenyl platinacyclic complexes 

by employing the use of the stannole reagent 2.12 and this route has allowed the synthesis 

of substituted dibenzoplatinacyclopentadiene 2.13 in yields of up to 60%. 

 
                                             2.12                                 2.13    

L2 = COD, nbd; R = Pr, Bu; R’ = CF3, MeO, 
t
Bu (substitution pattern 3,3’ or 4,4’) 

 

Displacement of the olefin ligands in these complexes with other donor ligands such bipy, 

bipym or PPh3 offered easy access to other derivatives of these complexes.
25,27

 Interestingly, 

the reaction of Pt(THT)2Cl2 with 2,2’-dilithiobiphenyl gave the Pt(IV) metallabicyclic complex 

2.14),
28

 while a similar reaction using PtCl2 with excess 2,2’-dilithiobiphenyl gave the 

bromide-bridged bismetallacyclic complex 2.15.
29

 

 

                      2.14                                                                            2.15                

 
A complex similar to 2.15 was prepared by the reaction of 2,2‘-dilithiobiphenyl with cis-

[PtCl2(SEt2)2] at −10 °C in diethyl ether to give complex 2.16 with bridging sulphur ligands.
30

 

Rillema
31

 and von Zelewsky
32

 also reported the preparation of other suphur-bridged 

binuclear platinacycles using 2,2’-dilithiobiphenyl in their studies of photophysical properties 

of inorganic materials that can potentially behave as energy- or electron-transfer 

photocatalysts. 
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                                                                                    2.16 

Attempts by Grubbs to synthesize nickelacyclopentanes using excess 1,4-dilithiobutane 

resulted in the formation of an ate-type complex of the composition 

Ni(CH2)4(L2)
.
Li2(CH2)4(Et2O)4.

33
 Frohlich and co-workers used this reaction for the synthesis 

of several anionic metallabicyclic complexes of Ni, Pd and Pt
34

 while Puddephatt and co-

workers reported the synthesis of platinabicyclic complexes of the type 2.17 by reacting 

[PtCl2(SEt2)2] with 1,4-dilithiobutane followed by displacement of the bridging SEt2 ligand with 

diphosphine ligands.
35

 

 
2.17 

P^P = Ph2PCH2PPh2 (dppm) 

 
As part of their efforts for the synthesis of large polycyclic aromatic compounds (PAC’s), 

Sharp and co-workers prepared complexes 2.18 and 2.19 by reacting L2PtCl2 (L = PEt3) with 

the appropriate dilithio PAC’s.
36

 The four-membered platinacycle 2.18,
37-40

 may also be 

prepared by Na/Hg reduction of 2.20 or from L2PtCl2 and [Mg(1,8-naphthalendiyl)]4.
37

 Both 

2.18 and 2.19 are thermally robust and withstand heating in toluene solution to more than 

150 °C for hours in a closed system with no observable decomposition. 

 
                                        2.18                                      2.20           
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                                                             2.19 

 
The use of dilithio reagents for the preparation of platinum complexes with PAC’s was 

extended to systems where the aryl rings are linked by a bridging group in the ortho position 

as shown in complex 2.21.
41

 The six-membered platinacycles decompose via reductive 

elimination with C-C bond formation to give the biphenyl organic products. The nature of the 

bridging group (X) was also found to dramatically influence the rate of reductive elimination. 

 
                                                                                          2.21 

L = PEt3; L2 = dppp, 
t
Bu2bpy; X = Me, O, NMe 

 

2.2.2 Cyclometallation  
 
Since the first report of a cyclopalladation reaction by Cope and Siekman,

42
 there has been 

growing interest in the chemistry of cyclometallated compounds of Pd(II) and Pt(II).
43,44

 

These complexes find numerous applications in organic synthesis,
45

 metallomesogens,
46

 as 

well as exhibiting remarkable photophysical properties.
47

 The chemistry of cyclometallated 

complexes has thus become one of the most advanced areas of modern organometallic 

chemistry and several reviews have been written on the subject.
48

 The complexes are 

formed by the intramolecular C-H activation, or cyclometallation reaction as shown in 

Equation 2.1. The development of methods to selectively activate and functionalize 

hydrocarbon C-H bonds is considered one of the ultimate goals in organometallic chemistry. 

Since the initial discovery by Shilov and co-workers of the catalytic functionalization of 

methane by aqueous Pt(II) chloride salts, efforts to develop alternative Pt-based systems for 

the activation and functionalization of C-H bonds have been widely persued.
49
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Equation 2.1: Metallacycloalkane formation via C-H activation. 

 
For most of the compounds prepared by this method, Y is a two electron donor 

heteroatom.
48,50,51

 However, for metal alkyl complexes, where Y is a -CR2- group, this route 

provides access to metallacycloalkanes.
11

 From a mechanistic point of view, the 

cyclometallation reaction can be classified into three categories: (a) oxidative addition, (b) 

electrophilic substitution, and (c) concerted or multicentered pathway as shown in Equation 

2.2.  

 
Equation 2.2: Cyclometallation reaction. 

 

For group 10 transition metals, there is very little experimental evidence reported in the 

literature supporting the concerted pathway.
52

 However, considerable effort has been put into 

studies trying to distinguish between the oxidative addition and electrophilic substitution 

pathways. Although this distinction may appear to be straightforward, for the group 10 M(II) 

systems, both pathways give the same products. The metal hydrides of the type shown in 

pathway d readily undergo reductive elimination and pathway e needs the assistance of a 

base that may enter the coordination sphere of the metal centre. Consequently, the overall 

results of the two mechanisms end up being very similar (Equation 2.3).
11
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Equation 2.3: Base-assisted cyclometallation. 

 

Cyclometallation has provided a synthetic route for the preparation of several platinacycles. 

The thermal rearrangement of platinum dialkyl complexes that lack β-hydrogen atoms leads 

to the formation of platinacycles 2.22 – 2.24 with accompanying hydrocarbons.
53-55

 This route 

mostly produces platinacyclobutanes and platinacyclopentanes, although the formation of 

platinacyclohexanes has been reported.
53

 Whitesides and Young carried out mechanistic 

studies on the formation of the platinacyclobutane 2.24
53

 and the platinacyclopentane 2.23.
54

 

 
      2.22 

 

 
     2.23 

 
     2.24 

 
These kinetic studies revealed that the C-H activation reaction follows first order kinetics and 

the experimental evidence obtained is in agreement with the mechanism depicted in 

Equation 2.4.
11

 Measurement of the rate of thermolysis for the complexes containing 

deuterated alkyl (neopentyl and neophenyl) chains indicated that either oxidative addition at 

the C-H bond or reductive elimination of R-H takes place as the rate determining step. 

Interestingly, the photochemical cyclometallation of the complex [Pt(dppe)(CH2CMe2Ph)]2 
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takes place via a radical pathway involving Pt-C homolysis and H-abstraction by the resulting 

neophyl radical.
56

  

 
Equation 2.4: Mechanism of cycloplatination via C-H activation. 

 

The thermolysis of bis(2,2-dimethyl)-alkyl complexes of platinum with alkyl chains of differing 

lengths seems to proceed via the mechanism outlined in Equation 2.4 and yields mixtures of 

platinacycles of varying ring sizes.
53

 From the experimental evidence obtained from isotopic 

labeling experiments, the following conclusions can be drawn: (1) as expected, ring strain 

increases in the order 5-membered > 6-membered > 4-membered ring, and (2) the strain 

energy difference between platinacyclobutanes and platinacyclopentanes is considerably 

smaller than that between cyclobutanes and cyclopentanes.
11 

 

 

2.2.3 Insertion into C-C Bonds 
 
Carbocyclic compounds can oxidatively add to transition metal centres to form metallacycles. 

The first metallacyclic compound reported is an oligomeric complex which was prepared by 

the treatment of hexachloroplatinic acid with cyclopropane in acetic anhydride to give a 

compound of formula [PtCl2(C3H6)n].
57

 The structure was later shown to be a chloride bridged 

tetramer, with the structure analogous to Pt(IV) alkyls, in which the metal centre had inserted 

into the cyclopropane ring. Subsequent research has shown that this synthetic method is 

useful for a small number of transition metals and many platinacycles have been prepared by 

the reaction of platinum compounds with cyclopropanes. A more general route employs the 

treatment of Zeise’s dimer with the relevant substituted cyclopropane.
4a,11
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                                                             2.25                                 2.26 
 

Both mono- and dialkylated cyclopropane derivatives react with Zeise’s dimer to produce 

substituted polymeric platinacyclobutanes, which can then be reacted with various donor 

ligands to give soluble mononuclear species.
11

 2-substituted metallacycles are usually 

obtained from monoalkylated cyclopropanes. However, a mixture of the 1- isomers such as 

2.25 and and 2- isomers such as 2.26 may form from acylcyclopropanes, due to the so-

called Pudephatt rearrangement.
11,58,59

 The platinum centre acts as an electrophile in the 

process, and therefore electron withdrawing substituents deactivate the cyclopropane 

ring.
11,60

 Pt(0) compounds react with cyclopropane derivatives bearing electron withdrawing 

groups like 1,2,2,2-tetracyanopropane to give divalent platinacyclobutanes.
11

 In these 

reactions, the metal centre inserts into the C-C bond bearing the electron withdrawing 

substituents.
4a

  

 
Hoberg and Stocker recently used this strategy to synthesize platinacyclobutanes 2.27 – 

2.29, bearing biomolecules such as cholesterol, nucleosides and carbohydrates as cis-platin 

prodrugs.
61

 

 
2.27 
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                                       2.28                                                     2.29 

 

Complexes 30 and 31 were prepared by the reaction of substituted cyclopropenes with Pt(0) 

precursors such as [Pt(PPh3)2(C2H4)] and [Pt(PPh3)4].
62,63

 The  driving force in these formal 

insertion reactions seems to be the presence of a partial positive charge on the carbon 

atoms rather than the drive to relieve strain in the small ring.
62

 Platinum (0) complexes react 

in a similar fashion with diphenylcyclopropenone
64

 and cyclobutenedione
65

 derivatives. For 

the reaction of the cyclobutenedione, a stable metal olefin intermediate was isolated and 

characterized.
66

 A similar platinacyclobutene complex was recently prepared by Kakiuchi and 

co-workers by the reaction of [Pt(PPh3)4] with polyalkynes.
67

 

 

Cyclopropabenzene and cyclopropa[b]naphthalene also react with M(0) compounds of the Ni 

group to give M(II) metallacycles. Synthesis of the platinacyclobutane 2.32 from the reaction 

of [Pt(PPh3)2(C2H4)] and cyclopropa[b]naphthalene was reported by Stang.
68

    

 

2.31 

2.30 
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                                                                                           2.32 

 
Although the C-C bond cleavage of carbocyclic rings larger than cyclopropanes and 

cyclopropenes is less common, a number of examples of insertion into C-C bonds of 

cyclobutene derivatives have been reported. The reaction of [Pt(PPh3)4] and 1,2-

benzocyclobutadienequinone, in which the Pt(PPh3)2 unit inserts into the phenyl-carbon bond 

of the cyclic dione to give 1,2-platinacyclopentenediones  was reported by Kemmitt and co-

workers.
69

  

 
                                                                  2.33 

 
They also reported a similar reaction in which substituted cyclobutenediones and 

[Pt(PPh3)2(C2H4)] react to give 1,2-platinacyclopentenediones 2.34 and 2.35.
70

 An interesting 

feature of this reaction is its regioselectivity. The formation of the 1,2-

platinacyclopentenedione is preferred over the formation of other possible products.  

 
                                              2.34: L = AsPh3 

                                                                                    2.35: L = PPh3 

 
Rheingold and co-workers reported the synthesis of the platinacyclohexa-1,2-diene 2.36, 

which they prepared by the reaction of 1,2,3-triphenyl-3-vinylcycloprop-1-ene and 

[Pt(PPh3)2(C2H4)] The X-ray crystal structure of the complex shows that the metallacycle 

contains localized single and double bonds between the carbon atoms, and shows no 

evidence of interaction between the olefinic bonds and the metal centre. The complex is 

formed, presumably, by the initial coordination of the olefinic vinylcyclopropene to the low 
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valent metal centre, followed by the rapid cleavage of the cyclopropene C-C bond, to give 

the platinacyclohexadiene in a net oxidative addition reaction.
71

     

 

 
                                                                                              2.36 
 
Stone and co-workers reported the synthesis of platinacycloheptatrienes 2.37 and 2.38 from 

the reaction of hexakis(trifluoromethyl)benzene.
72

 The complexes are presumed to form via 

the formation of an initial η
2
-complex, which rearranges with C-C bond cleavage to form the 

observed product. The ring opening reaction is highly dependent on the nature of the ligands 

used on the platinum precursor, as the reaction does not proceed when PEt3 is the 

coordinating ligand. 

 
2.37: L = Bu

t
NC;  

2.38: L = PMe3; R = CF3 

 

2.2.4 Cycloaddition of Unsaturated Molecules  
 
One of the most common synthetic methods for the preparation of metallacycles is the 

oxidative coupling (cycloaddition) of unsaturated molecules. Alkenes and alkynes react with 

metal centres to give metallacycloalkanes and metallacycloalkadienes, respectively. This 

method is highly useful as it provides access to relatively complex molecules from simple 

unsaturated organic starting materials.
4a,11

 The cycloaddition reaction is also important in the 

ethylene oligomerization reactions catalyzed by early transition metals such as Cr, Ti and Ta, 

where metallacycloalkanes have been shown to be key intermediates
4,7a,7r,8a

 as well as in the 

palladium catalyzed telomerization of conjugated dienes.
73

  

 
For group 10 metals, the reaction can take place on M(0) and M(II) metal centres to give 

M(II) and M(IV) metallacycles respectively. The oxidative coupling reaction can be classified 

into two categories: (1) homocoupling, where coupling occurs between two identical 
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molecules and (2) heterocoupling, where coupling occurs between two different unsaturated 

molecules (equations f and g). In addition, the unsaturated units themselves can be further 

categorized into two groups: the ‘activated’ and ‘unactivated’ unsaturated molecules.
11

 

Attaching electron donating groups on unsaturated molecules ‘activates’ them towards 

oxidative addition to M(0) metal centres. For instance, ethylene would be considered an 

unactivated unsaturated molecule while methylvinyl ketone is considered to be activated.   

 
 

 
 

A large amount of work has been carried out on alkyne reactions as many transition metals 

mediate the cyclotrimerization of these molecules to give benzene derivatives.
4a

 This 

reaction has been reported for many complexes of d
8
 – d

10
 metals such as Fe, Co, Ni, Pd, 

Ru, Rh, and Ir.
11,74a,74b

 Generally, the insertion of an alkyne into the M-η
2
-acetylene bond 

initially leads to a metallacyclopentane-2,4-diene such as complex 2.39. Insertion of another 

acetylene molecule into this metallacyclopentadiene and subsequent decomposition yields 

the desired benzene derivatives.
74c

 Such reactions for Pt(0)-alkyne compounds are much 

less common, but have been reported in a few cases.
74c,74d-f

 These zero-valent platinum 

complexes are typically isolated with strong σ-donor and π-acceptor ligands such as 

phosphines, imines, amides, isonitriles, etc.
74c

 These ligands can stabilize the electon-rich 

Pt(0) centre. Much less attention has been paid to bidentate, mixed donor ligands such as 

the diisopropylphosphinodimethylamino ligand used in the preparation of complex 2.39. The 

dimethylamino group in this ligand has poor π-acceptor capability, making the M-NR2 bond 

labile.
74g

 As a result, the metal centre in complexes of this ligand should have enhanced 

reactivity toward substrates compared to complexes of better σ-donating ligands like 

phosphines and imines.    
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                                                                                                         2.39 

 
Although the formal cycloaddition of more than two unsaturated molecules is possible, this 

process frequently consists of a true cycloaddition of two unsaturated molecules and a 

subsequent insertion into the resultant platinapentacycle.
10

 Thus, this synthetic method 

yields, almost exclusively, metallacyclopentanes and metallacyclopentadienes.
4a,74c

 

 
The cycloaddition of unactivated unsaturated molecules to platinum is relatively unusual and 

literature reports indicate that reactivity follows the trend: alkenes < dienes < alkyne < 

allenes. The reaction of 1,3-butadienes with Pt(COD)2 gives stable metallacycles. The 

double bonds on the butadiene can react independently to give vinyl substituted 

metallacycles 2.40 or they can both react with the platinum centre to give platinacycles of the 

type 2.41.
75

 Phosphine derivatives of these complexes can be obtained by the substitution of 

the labile cyclooctadienyl ligand with appropriate phosphine ligands. Allenes react with 

platinum to give complexes of the type 2.42.
76

 

 
                          2.40                            2.41                                         2.42 

L = COD, Bu
t
NC 

 

The reaction between Pt(0) and activated alkenes and alkynes to give substituted 

platinacyclopentanes and platinacyclopentenes is facile. Cyclodimerization of methylvinyl 

ketone by Pt(COD)2 gives the stable platinacyclopentanes 2.43 – 2.45.
76
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2.43: L = COD  

2.44: L = PPh3 

  2.45: L = Bu
t
NC 

 
The reaction of a mixture of two different unsaturated molecules can lead to the formation of 

unsymmetrical metallacycles. The drawback of this synthetic method is that formation of a 

mixture of products is highly likely. However, this route is still an effective way of preparing 

substituted metallacycles that would otherwise be inaccessible. The selectivity problem can 

be circumvented by reacting a π-complex that contains one of the unsaturated substrates 

with the second unsaturated substrate.
11,76

  

 
                                                                                                  2.46 

 

2.2.5 Nucleophilic Attack on Coordinated Ligands 
 
Metallacyclobutanes of group 10 transition metals are often presumed to be key 

intermediates in nucleophilic addition reactions involving π-allyl complexes (Scheme 2.3).  

 

Scheme 2.3: Metallacycloalkane formation by nucleophilic attack on a π-allyl complex. 

 

In these reactions the nature of the ligands bonded to the metal complex as well as the 

nucleophile play an important role in both the rate and the regioselectivity of the reaction.
77

 

When attack of a nucleophile on a π-allyl complex occurs on the central carbon atom, the 

result is the formation of metallacyclobutanes such as 2.47. This process is kinetically 
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favoured by sterically hindered and basic nucleophiles as well as by good σ-donor ligands on 

the metal centre.
78

 

 
                                                                                                          2.47 

 
Metallacyclobutenes can be formed by the nucleophilic attack on the central atom of η

3
-

propargyl complexes. However, for platinacycles this process is often complicated by 

subsequent proton transfer reactions that lead to π-oxatrimethylene, π-azatrimethylene or π-

trimethylene complexes. Platinacyclobutenes can, therefore, be obtained if the attacking 

nucleophile lacks exchangeable hydrogens as demonstrated by the preparation of 

complexes 2.48 – 2.50.
79

  

 
2.48: Nu = PPh3; 2.49: = NEt3; 2.50: Nu = Py 

 

2.3 REACTIVITY OF PLATINACYCLOALKANES 
 
2.3.1 Decomposition Reactions 
 
The final step in the mechanism of any synthetically useful catalytic reaction in which 

metallacycles are involved is the decomposition of the metallacycle to give the desired 

organic products. Understanding this process is therefore of great importance in the design 

of new applications of metallacycles.
11,36

 Metallacycloalkanes have two metal–carbon single 

bonds and can therefore be regarded as metal complexes with two alkyl ligands; however, 

their thermal chemistry can be quite different from that of acyclic dialkyl complexes.
1
 Thermal 

decomposition studies have shown that metallacyclobutanes, -pentanes and –hexanes, 

which have quite rigid rings are found to be much more thermally stable than their acyclic 

analogues. However, as ring size increases, the decomposition pathways of 

metallacycloalkanes becomes increasingly similar to those of acyclic metal-alkyl 

complexes.
80
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The thermal chemistry of metallacycloalkanes involves several processes reported for the 

decomposition of dialkyl complexes such as β-hydride elimination, reductive elimination, α-

hydride elimination and carbon–carbon bond cleavage (retro-cycloaddition) (Figure 2.2), as 

well as certain processes which have only been proposed in metallacyclic systems.
11,80

 The 

decomposition process is an aspect of the chemistry of metallacycles which sometimes 

differs considerably from that of metal dialkyl complexes.  

 

Figure 2.1: Decomposition pathways for metallacycloalkanes. 

 
The decomposition pathways of metallacycles are dependent on the nature of the ligand on 

the metal centre as well as reaction conditions. Most decomposition studies are carried out in 

solvent, in which the reaction can easily take place and reported temperatures are usually 

low. Decompositions in the solid state or gas phase are less common due to instrumental 

and other limitations. Decomposition reaction under solvent-less conditions would, however, 

be very interesting since no solvent molecules are present to influence the decomposition 

pathways.
80

  

 
2.3.1.1 β-Hydride Elimination 
 
Formation of oligo-ethylene in catalytic reactions that occur via metallacycloalkanes is largely 

dependent on β-hydride elimination in these complexes. This process requires a transition 

state in which the dihedral angle M-C-C-H is nearly 0°. This transition state is not readily 

attained in 4-, 5-, 6-membered platinacycles, therefore β-elimination is relatively hindered in 

these complexes. As the ring size of the metallacycle increases, this transition state is more 

readily achieved, thereby making these complexes more prone to decomposition via this 

route. In fact, no metallacyclobutane has ever been directly observed to form an allyl hydride 

complex by β-hydride elimination.
1
 However, there is evidence to suggest that β-hydride 

elimination reactions of 5-membered metallacyclic complexes, to give hydridometal alkene 

complexes is possible (Scheme 2.4).
8,81

 Reductive elimination of R-H from these 

hydridometal alkene complexes would then yield α-olefins, the target products in ethylene 

oligomerization reactions.  
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Scheme 2.4: β-Hydride elimination of metallacyclopentanes. 

 

Theoretical studies have been carried out to explore β-hydride elimination in several 

ruthenium and platinum metallacycloalkanes by Huang and co-workers. These studies 

revealed that, while structural arrangements in which the transferring hydrogen is in close 

proximity with the metal centre for facile β-hydride elimination exist for ruthenacycloalkanes, 

these arrangements were less favourable for platinacylces, making the process more difficult 

for 4-, 5- and 6-membered platinacycloalkanes.
82

 In 7-membered and larger 

platinacycloalkanes, β-hydride elimination is expected to be less hindered.
14

 Table 2.1 

summarizes experimental conditions as well as the product distribution for the decomposition 

of selected platinacycloalkanes. The initial step in the formation of the major products is 

generally accepted to be β-hydride elimination followed by reductive elimination from the 

resultant hydrido-metal alkene intermediates.
13,14,82,83a

 

 

Table 2.1: Thermal decomposition products of platinacycloalkanes 

Complex Ligand Solvent Temp (°C) Products (%) 

 

PPh3, dppe DCM 120 
 

(78)             (20) 

 

PPh3, dppe DCM 120 
 

(75) 

 

(17) 

 

PPh3, dppe DCM 120 
 

(83) 

 

(17) 

 

PCy3 Cyclohexane 99 
& isomers 

(60 – 93) 

 

Moss and co-workers carried out decomposition studies on medium ring platinacycloalkanes, 

which revealed that the primary decomposition pathway for these complexes is β-hydride 
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elimination followed by reductive elimination, giving 1-alkenes as major products (Scheme 

2.5).
17,18-20

 The decomposition reactions were carried out under solvent free conditions.  

 

 
Scheme 2.5: Thermal decomposition of platinacyclononanes. 
 
These results suggest that the compounds can be useful models for intermediates in 

ethylene oligomerization reactions to give α-olefins. 

 
2.3.1.2 Reductive Elimination 
 
Carbon–carbon bond formation by reductive elimination from transition metal alkyl 

complexes is an important product forming reaction in organometallic synthesis and 

catalysis
83b

 and is frequently observed in dialkyl complexes. Thus in complexes such as 

PtR2L2 (L = PPh3, R= alkyl), reductive elimination of a C–H bond to form alkanes through the 

intermediacy of hydridoalkylplatinum(II) compounds is the key step in the decomposition 

process.
80

 Thermal decomposition studies of platinum and palladium dialkyl complexes show 

that platinum complexes preferably decompose via reductive elimination of C-H bonds, while 

analogous palladium complexes preferably decompose via C-C reductive elimination.  

 
Like β-hydride elimination, reductive elimination is also thermally less favourable in small and 

medium-sized metallacycles than it is in open chain metal dialkyls as it leads to strained 

organic products such as cyclopropanes and cyclobutanes.
11

 However for platinum 

complexes such as 2.51 and 2.52, where β-hydride elimination is prevented by the absence 

of β-hydrogens, C-C reductive elimination occurs.
84

 The 1,2-dimethylcyclopropane produced 

in this reaction was obtained in 94 – 98% yield.  

 
2.51: L = P(

i
Pr)3,  

2.52: L = PCy3 

 
C-C reductive elimination is extremely facile for platinacyclic complexes that both lack β-

hydrogen atoms and one of the carbon atoms attached to the metal centre is sp
2
 hybridized. 

A rare type of this complex is the platinahexacycle 2.53, which readily decomposed in hot 

C6D6 giving triphenylcyclopentadiene.
71
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                                             2.53 
 

The reductive elimination in M(II) metallacycles of the Ni group metals can be efficiently 

induced by π-acceptor ligands such as maleic anhydride.
33

 The effect of electron acceptor 

ligands may be understood on the basis of the destabilization of the proposed 

pentacoordinated species that results from the interaction of the metallacyclic complex due 

to the partial electron transfer from the metal to the ligand. In line with this reasoning, the 

reductive elimination of Ni and Pd complexes can be induced by oxidizing agents such as 

molecular oxygen. Alkyl halides can also play a similar role, inducing the reductive 

elimination of pallada- and platinaycles although a closer look at the reductive elimination of 

the pallada- and platina-cycles reveals that the species that actually decomposes is a M(IV) 

metallacycle.
11

 

 
Metallacycloalkanes of divalent Ni group metals are known to undergo oxidative addition with 

alkyl halides to form M(IV) metallacycles. These M(IV) metallacycles, therefore, readily 

undergo reductive elimination to give cyclic organic product as well as M(II) complexes as 

the main organometallic products of the reaction as shown in the example in Scheme 2.6.
83b

 

The formation of C5 hydrocarbons can be explained by a ring expansion to give a 

platina(IV)cyclopentane, which then reductively eliminates cyclopentane. 

 
Scheme 2.6: Reductive elimination of platinacyclopentanes and –hexanes. 
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The presence of π-acceptor ligands or ligands with a strong trans effect favours the reductive 

elimination of metallacycloalkanes. Thus the addition of phosphines, arsines, stilbines or 

anionic ligands such as I
-
, SCN

-
 and CN

-
 to solutions of otherwise stable 

platina(IV)cyclobutane complexes can induce their decomposition via reductive 

elimination.
58,61

  

 

2.3.1.3 α-Hydride Elimination 
 
Hydrogen elimination from the carbon directly bonded to the metal centre is much less 

favourable than that from the β carbon. However, Whitesides and co-workers suggested the 

possibility of an olefin extrusion step starting with α-hydride elimination (Scheme 2.7) in the 

decomposition mechanism of the platinacyclopentane, [Pt(PPh3)2(CH2)4].
14

 

Pt Pt

H
Pt

H

Pt

H

H
H

+Pt(0)

 
Scheme 2.7: α-Hydride elimination from platinacycloalkanes. 
 

For platinacycloalkanes, α-hydride elimination is observed more commonly in the 

decomposition of M(IV) complexes. The rearrangement of platinacyclobutanes 2.54 was 

initially studied by Puddephatt and coworkers.
85

 Although the decomposition of the complex 

via β-hydride elimination is possible, deuterium-labeling experiments by Puddephatt as well 

as studies by Fischer and co-workers revealed that the decomposition of 2.54 leads to an 

isotopic distribution which is consistent with an α-elimination process followed by a 1,2-

hydrogen shift.
86,87
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L = 2-methylpyridine, acetonitrile 

(g) 

 

   
(h)                                                      

 

2.3.1.4 C-C-Bond Cleavage (Retro-cycloaddition) 
 
α- or β-C-C bond cleavage can be a facile process in some metallacycles of group 10 

transition metals (Scheme 2.8). β-C-C bond cleavage takes place in metallacyclopentane 

systems that have symmetrical β,β-carbon atoms. Although the organic product distribution 

in decomposition reactions of some Ni complexes is in agreement with this pathway,
88

 this 

2.54 
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distribution has not been reported for Pd and Pt metallacycles. The decomposition of 

nickellacyclopentanes via this pathway gives ethylene as the major product. 

 
Scheme 2.8: Metallacycloalkane decomposition via C-C bond cleavage. 

 

2.3.1.5 Other Decomposition Pathways 
 

Other less common decomposition pathways postulated for the decomposition of 

metallacycloalkanes include intermolecular chain reactions as well as concerted transition 

metal assisted β-hydride transfer (Scheme 2.9).
13,14

 The latter pathway was postulated by 

Whitesides and co-workers in their decomposition studies of platinacycloalkanes. The most 

unsatisfactory aspect of the metal β-hydride elimination mechanism as a rationalization for 

the thermal decomposition of the platinacycles is that it is not clear that the platinum atom 

and a β-hydrogen atom can be brought close enough together for a concerted elimination to 

take place, without introducing energetically unacceptable bond angle distortions.
14

 

 
Scheme 2.9: Metal-assisted β-hydride elimination. 

  
The intermolecular chain reaction was first proposed by Whitesides for the decomposition of 

[Pt(PCy3)2(C4H8)]. In this work, they suggested that the decomposition pathway is an 

intermolecular hydride chain transfer process, and not the simple β-hydride 
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elimination/reductive elimination pathway, due to the high thermal stability of the 

platinacyclopentane ring.
83a

  

2.3.2 Insertion Reactions 

 

The interest in reactions of metallacycloalkanes resides in the scope they offer for 

functionalizing hydrocarbons to give valuable organic products such as aldehydes, acids, 

ethers and thiolates.
80

 The reaction of group 10 metallacycles with small, unsaturated 

molecules may lead to their insertion into the M-C bonds and expansion of the ring. Often, a 

decomposition reaction follows, yielding desirable organic products.
11

 The majority of the 

insertion reactions effected at Ni, Pd and Pt can be regarded as migratory insertion 

reactions, in which the unsaturated molecule first coordinates to the metal centre followed by 

an intramolecular attack of the coordinated molecule on the M-C bond. Square planar Ni(II) 

complexes easily coordinate a fifth ligand and undergo migratory insertion while such a 

process for Pd(II) and Pt(II) complexes has seldom been reported.
11

     

 

2.3.2.1 Insertion of Carbon Monoxide, Isocyanides and Sulfur 
 
The carbonylation of metallacycles allows their transformation to cyclic ketones. In general, 

the insertion of one equivalent of CO is followed by the reductive elimination of a cyclic 

ketone.
11

 Extensive work has been published on the insertion of CO into transition metal-

carbon bonds. Generally all the metals have been shown to undergo CO insertion, except for 

Nb, Ta, Tc, Cu, Ag, and Au.
89

 

 
For complexes of the Ni group metals, the reaction seems to be sensitive to the co-ligands 

on the metal complex.
11

 Only a small number of investigations of CO insertion into Pt-alkyl 

complexes have been undertaken.
89f

 Moss and coworkers carried out carbonylation 

reactions on the platinacyclononane 2.55 and observed that two equivalents of CO inserted 

into the Pt-C bonds and the diacyl complex 2.56 was obtained in reasonable yield. This 

reaction proved to be relatively slow, and this could primarily be due to the strong metal-

carbon bond seen in most 5d transition metal complexes.
20

 A mechanism leading to this 

product may proceed via an intermediate 5-coordinate platinum species.
90

 Reaction of 2.55 

with elemental sulfur (S8) gave the di-inserted complex 2.57, whereas reaction with excess 

sulfur gave the platinacyclosulphide 2.58. Similar products have been observed in the 

reaction of S8 with platinum bisalkyl complexes.
20
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L = dppp 

 

Although the insertion of one equivalent of CO into Pt-C bonds of platinacyclobutanes (k) has 

been reported,
91

 it has also been found that for certain platinacyclobutanes, CO can displace 

a neutral ligand on platinacycles (l).
92

 The high kinetic barrier to insertion in these complexes 

could be due to the restrictions imposed by the metallacycle for the migration of one of the 

CH2 termini to the coordinated CO ligand.
11

 

 

 
 

The insertion of isocyanides into platinacyclopropane 2.63 was studied by Nagashima and 

co-workers.
93

 Since TCNE is a strong electron acceptor, 2.63 is a platinacyclopropane as 

opposed to a π-complex (Scheme 2.10). This complex undergoes a double insertion of CNR 

2.56 

2.55 

2.58 

2.57 

2.59 2.60 

2.61 2.62 
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to give the platinacyclopentane 2.65. Although the platinacyclobutane intermediate 2.64 was 

not isolated, an analogous metallacyclobutane intermediate was isolate in the insertion of 

isocyanides to a η
2
-alkyne-cobalt complex that was reported by Yamazaki and Wakatsuki.

94
 

DFT calculations by Hsiao and Su provide further support for the mechanism of the reaction 

via a platinacyclobutane intermediate.
95

 

 
Scheme 2.10: Equilibrium between a metallacyclopropane and an η

2
-alkene complex. 

 

 

2.3.2.2 Insertion of Alkenes, Alkynes and Allenes 
 
A survey of the literature reveals that the insertion of unsaturated organic molecules into 

platinacycloalkanes is very rare. Although allenes are promising candidates to undergo 

insertion reactions, their reactivity towards group 10 metallacycles has been studied only 

sparsely. Tom Dieck carried out investigations into the catalytic transformations of allenes 

using Pd and Pt metallacycles, and found that platinacyclopentadienes supported by 

diazabutadiene co-ligands react with allenes.
96

 Insertion of alkenes and alkynes into 

platinacycles has not been reported.   

 

 

2.63 

2.64 2.65 
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2.4 METALLACYCLOALKANES IN ETHYLENE OLIGOMERIZATION 
 
Olefins, particularly ethylene, propylene and butenes are the basic building blocks of the 

petrochemical industry. They are readily available, cheap, reactive, and can be easily 

transformed into a range of useful products. The past half century or so has witnessed 

increasing importance of higher linear α-olefins, which today are a source of biodegradable 

detergents, new kinds of polymers, lubricants, and many other industrially useful 

chemicals.
97

  Of the linear α-olefins (LAOs), 1-hexene and 1-octene are the most valuable. 

The conventional method of producing these is by catalytic oligomerization of ethylene, 

which yields a wide spectrum of LAOs that follow a Schulz-Flory type of distribution and 

consequently require tedious product separation processes. From an industrial point of view, 

processes that are selective for the production of higher value LAOs such as 1-hexene and 

1-octene are desirable.
5,6

 As a result, there is ongoing effort both in industry and academic 

communities to develop more efficient catalysts that will produce 1-hexene and 1-octene 

selectively.
8b

 

 

The selective trimerization of ethylene to 1-hexene is a well known technology. Most of the 

catalyst systems for this process are based on chromium,
6
 although catalyst systems based 

on tantalum
8
 and titanium

7
 have been reported. Of these systems, the Cr catalysts show the 

best activity and selectivity.
6c

 The observed selectivity in ethylene trimerization reactions is a 

consequence of the unusual metallacyclic mechanism proposed to be operative (Scheme 

2.11).
6c,6p,6q

  

 
The initial step in the catalytic cycle is the oxidative coupling of two ethylene molecules with 

the active catalytic metal to give a metallacyclopentane intermediate. The geometrical 

constraints of this species limit the interaction needed between the β-hydrogen atoms and 

the metal centre for the complex to decompose via β-hydride elimination of 1-butene. 

Coordination and subsequent migratory insertion of a third ethylene molecule is thus 

facilitated, and the resultant metallacycloheptane is flexible enough for β-hydride transfer to 

occur and reductive elimination of 1-hexene from this intermediate is facile.
5
 

Until recently, a corresponding selective tetramerization reaction of ethylene to give 1-octene 

was thought to be improbable. This is due to the fact that if ethylene tetramerization were to 

proceed via a metallacyclic mechanism similar to that of ethylene trimerization, it would imply 

expansion of a seven-membered to a nine-membered metallcyclic intermediate. It has been 

argued that this is unlikely to occur as the nine-membered ring is the least favoured medium-

sized ring and should thus be disfavoured relative to the seven-membered ring.
7g,8b

 It was 

thought that coordination and migratory insertion of a fourth ethylene molecule to give a 
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metallacyclononane or selective elimination of 1-octene from such an intermediate was 

improbable.
5,6a

 However, a chromium catalyst system capable of ethylene tetramerization 

with selectivities of up to 70% was recently reported by the group at Sasol.
6a

 Considerable 

effort has been made to modify the catalyst system to improve its performance, but so far 

this system is still by far the most active and selective for 1-octene.
6b

  

 
The high selectivity for 1-hexene and 1-octene displayed by these catalysts has been 

explained by the involvement of metallacycloalkanes as key intermediates in the 

oligomerization reactions (Scheme 2.11(a)). The metallacyclic mechanism has been 

favoured over the Cossee-Arlman mechanism (Scheme 2.11(b))
6s

 used to explain the 

product distribution observed for the late transition metal catalysts such as those based on 

nickel and palladium as a Cossee-type mechanism offers no reasonable explanation for the 

high selectivity for the C6 and/or C8 α-olefins. Production of higher linear α-olefins (up to C30) 

has also been proposed to proceed via an extended metallacycloalkane mechanism.
6r

  

 

In support of the metallacyclic mechanism, Jolly and co-workers reported well-defined 

chromacyclopentane and chromacycloheptane complexes, and the latter readily 

decomposes to give 1-hexene.
6c,6p

 In addition, the group at Sasol as well as Bercaw and co-

workers carried out deuterium labeling studies in an effort to conclusively determine the 

reaction mechanism for the production of 1-octene.
5,6c

  A 50:50 mixture of C2H4 and C2D4 

was used. The ratio of C2H4 to C2D4 incorporated into the products can be calculated, 

independent of the mechanism, from the isotopomer distribution. By the use of this value, 

and a first order correction for the natural abundance of deuterium in hydrogen (0.79% D) 

and the imperfect labeling of the deuterated ethylene (0.5% H), theoretical isotopomer 

distributions for 1-octene and 1-hexene produced by both the metallacyclic mechanism and 

the Cossee-Arlman linear chain growth mechanism may be calculated. These studies 

revealed that the correlation of the observed isotopomer distribution with the predicted 

distribution for the metallacyclic mechanism is excellent for both 1-hexene and 1-octene. 

Based on these studies, the formation of 1-hexene and 1-octene via the Cossee-Arlman 

mechanism is excluded.
5
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(a) 

 

 
(b) 

Scheme 2.11: (a) Proposed metallacyclic mechanism of ethylene tri- and tetramerization, (b) 
modified, Cossee-Arlman mechanism for olefin oligomerization and /or polymerization. 
 

A number of researchers have also undertaken computational investigations into the 

changes in selectivity and activity of the trimerization or tetramerization reaction as a function 

of the different ligand systems on the metal centre.
7f,8b

 These studies offer valuable insights 

into the factors that need to be taken into consideration for the design of new catalyst 

systems for selective ethylene trimerization and oligomerization. For instance, Yu and Houk
8b

 

carried out density functional investigations into the selective trimerization of ethylene using 

the tantalum catalyst, [TaCl3R2], that was initially reported by Sen and co-workers.
8a

 These 

studies showed that for this catalyst system, one of the initial and essential processes in the 

catalytic cycle is the formation of the ethene-TaCl3 complex 2.66. The selective generation of 

1-hexene over the production of branched oligomers by this catalyst system is attributed to 

the formation of complex 2.66, whose formation is energetically favored over that of the 
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terminal alkene-TaCl3 complex due to steric factors. Furthermore, the conversion of the 

tantalacycloheptane 2.67 to the η
2
 complex 2.68 occurs as a concerted hydrogen shift 

process related to the well-known β-agostic interaction between the metal centre and β-

hydrogens, in contrast to the two-step β-hydride/reductive elimination process that has been 

proposed for chromium and platinum systems. These studies show that the dimerization of 

ethylene to give 1-butene is disfavored by the lack of this kind of concerted reductive 

elimination process for the tantalacyclopentane whereas bimolecular processes that would 

lead to tetramerization and possible higher oligomerizations cannot compete with the facile 

reductive elimination available to the tantalacycloheptane.
8b

  

 
 

 
Recently, Muller and Rosenthal proposed an alternative mechanism for the selective 

tetramerization of ethylene via dimeric catalytic centres to give 1-octene (Scheme 2.12).
98a

 

The conceivability of the concept of a binuclear centre for selective ethylene oligomerization 

was supported by the synthesis of a complex consisting of two chromium centres bridged by 

a 1,4-butandiyl unit by Theopold and co-workers.
98b

  

 

 
Scheme 2.12: Proposed bimetallic mechanism for ethylene tetramerization.  

 

2.66 2.67 

2.68 
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There are also indications for a binuclear mechanism in the Phillips and Union Carbide 

catalysts systems for ethylene polymerization, in which ethylene inserts between two bridged 

chromium atoms to form one metallacycle. This postulated mechanism is supported by 

kinetic investigations
98c

 as well as density functional theory (DFT) studies.
98d

 Experimental 

support for the postulated bimetallic mechanism is delivered by the thermolysis of defined 

binuclear chromium complexes with one or more metallacycles such as 2.69 reported by 

Kurras and co-workers.
98e

 

 

 
                              2.69 

 
Without further detailed characterization of catalytically active tetramerization species and 

their kinetics, primary proof of this concept is not possible. In the mean time, the 

mononuclear metallacyclic mechanism is still the accepted mechanism for the selective 

production of high value α-olefins such as 1-hexene and 1-octene mediated by Cr, Ta and Ti 

catalysts. 

 

2.5 SUMMARY 
 
Metallacyclic compounds of the transition metals are an important class of compounds due 

to the important role they play in catalytic and stoichiometric reactions. Due to the unstable 

nature of most metallacyclic compounds, platinacycles are an attractive class of compounds 

to study as they are relatively stable compared to other metallacycles. In this review, the 

different methodologies available for the synthesis of platinacyclic complexes have been 

described. The merits and drawbacks of each synthetic method are presented along with 

examples of complexes prepared using each method. Also described is the reactivity of 

platinacycles, with specific focus on the insertion and decomposition reactions as these 

processes are pertinent to the catalytic processes that involve metallacycles as 

intermediates. Finally, a brief look at ethylene oligomerization reactions, specifically 

trimerization and tetramerization reactions has been taken. These processes rely heavily on 

the intermediacy of metallacycloalkanes for their high selectivity for α-olefins. 

 

 



CHAPTER 2: Platinacycloalkanes – Review 

~ 57 ~ 
VU Amsterdam/UCT 

2.6 AIMS AND OBJECTIVES 
 
The overall objective of this project is to prepare and study the reactivity and catalytic activity 

of a series of palladium and platinum complexes based on bidentate iminophosphine ligands. 

 
2.6.1 Specific Aims 
 

 To synthesize a series of bidentate phosphinobenzaldimino ligands (P^N), and their 

corresponding palladium and platinum complexes of the types [Pd(P^N)Cl2], 

[Pd(P^N)(Me)Cl)], [Pt(P^N)Cl2] and [Pt(P^N)(C4H9)Br] (Chapter 3). 

  To test a selection of the palladium complexes for catalytic activity in Suzuki-

Miyaura coupling reaction (Chapter 4). 

 To prepare platinacycloalkane complexes of the type [Pt(P^N)(CH2)n], n = 4 or 6 

(Chapter 5).  

 To study the decomposition reaction of platinacycloalkane complexes and 

investigate the β-hydride elimination/reductive elimination reaction mechanism 

proposed for this decomposition reaction using DFT methods (Chapter 5).    
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