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Abstract: An example for a process that can, in principle, be improved by the application 

of a catalyst is the synthesis of poly(2-methyl-propene)s (“polyisobutenes”), which are 

important for numerous industrial applications. Each year several 100,000 t are produced. 

The production of low-molecular weight polyisobutenes by means of cationic initiation by 

an excess of Lewis acids is well established. Typically, these initiators require the usage of 

solvents like chloroform, dichloromethane and ethylene and temperatures far below 0 °C 

(–100 °C in the case of ethylene as solvent). Solvent stabilized transition metal complexes 

with weakly coordinating counter anions overcome these drawbacks and thus are not only 

more efficient, but also more environmentally benign: they can be applied at ambient 

temperature and in non chlorinated solvents at low concentrations.  

Keywords: Solvent ligands, weakly coordinating anions, transition metals, 

polymerization. 

 

 

1. Introduction  

 

Commercially available polyisobutenes (PIBs) have, depending on their molecular weight and 

characteristic properties, various industrial applications. According to this, they can be divided into 

three large groups of high-, medium- and low-molecular weight polyisobutenes. The rubber-like high-

molecular weight polyisobutenes (Mn > 300 kg·mol-1) are used as chewing gum base as well as in non-

crosslinked rubber goods. The medium-molecular weight polyisobutenes with molecular weights 
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between 40 and 120 kg·mol-1, which are highly viscous liquids, are mainly applied as glues and for 

sealants. The colourless, honey-like low-molecular weight polyisobutenes have molecular weights 

between 0.3 and 3 kg·mol-1. This is, with a 750,000 t/a production worldwide, by far the most 

important industrial class of isobutene polymers and is comprised of the so-called conventional low-

molecular weight PIBs that usually contain less than 10 % terminal (exo) C-C double bonds and the 

highly reactive polyisobutenes which contain more than 60 % terminal C=C bonds (see Scheme 1) 

[1,2,3].  

 

Scheme 1. General scheme for the polymerization of isobutene. 

 
 

The additives for lubricants, gasoline and diesel fuel sectors make up the largest end-use market for 

low-molecular weight PIBs (that preferably have a high content of terminal vinyl groups). For example 

almost all dispersant products are based on functionalized PIB polymers, e.g. their succinic anhydrides 

and succinimides and other chemical derivatives. The presence of these dispersants in engine oils (up 

to 10 weight percent) helps to avoid agglomerations, coagulations and precipitations of insoluble 

substances and to reduce friction, as well as corrosion. When used as gasoline and diesel additives, 

they keep the injection system clean. In addition to their use as intermediates for lubricating additives, 

polyisobutene derivatives can also be used as lubricants by themselves or as components of formulated 

lubricant packages. There, they act as thickening/lubricating agents, control deposits as well as exhaust 

system blocking, reduce exhaust smoke and enhance anti-scuffing protection. 

Due to these additives, oil change intervals for passenger cars and trucks are longer and 

accordingly, the need for engine oils diminishes and cars and trucks can operate more fuel-efficiently. 

As the need for the reduction of exhaust gases and fine dust particles increases and as the requirements 

as well as the demand for eco-friendly (polyisobutenes are extraordinarily resistant against chemicals 

and are considered to have no chronic hazard associated with exposure under normal industrial use) 

additives grow very fast, the development of more efficient additives with improved performance, 

gains in importance daily [4-9].  

As highly reactive polyisobutenes and their derivatives in general are considered to be the most 

suitable substances for these applications, their production increases as well as the search for even 

better production methods and higher quality products. Due to the fact that mainly terminal C=C 

double bonds are accessible for functionalizations (normally, these bonds are distributed all over the 

chain), generating polymers with a high unsaturated end group content is an important task for 

scientists working on this field of research. Additionally, much work is being and has to be done to 

produce highly reactive polyisobutenes in a more environmentally benign and cost-efficient way. 
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2. Industrial Production of Highly Reactive PIBs 

 

In 1873, the first triisobutene was synthesized via the reaction of isobutene with “weak” sulphuric 

acid [10]. More than 50 years later, it was observed that heated silicate can initiate the polymerization 

of isobutene, yielding mixtures of low molecular weight polymers [11,12].  

The breakthrough came only a few years later with a process that still runs almost unchanged since 

it was first commercialised in 1938 by IG Farben in Ludwigshafen, Germany [13,14]. So far, 

enterprises all over the world mainly produce polyisobutenes by means of initiation by protonic and 

Lewis acids, such as AlCl3, BCl3 and BF3 and a proton source, e.g. traces of contaminations like water, 

hydrochlorides or hydrofluorides as co-initiator [1,15,16]. Typical solvents are methyl chloride, 

dichloromethane and ethylene. As the reaction is slightly exothermic and the solvents have low boiling 

points (ethylene: bp = –103.7 °C), temperatures of –10 °C or below (–100 °C in the case of ethylene) 

are required to keep the reaction under control and to adjust to the desired molecular masses (in 

accordance with the Arrhenius equation (equation 1), the molecular weight increases with decreasing 

polymerization temperature) [1,3,8,9,16-19]. The energy consumption of this process is accordingly 

immense: 

ln Mn ~ 1/T (1) 

Although it is well known that the chain length of the polymers is inversely proportional to the 

reaction temperature, the majority of all industrially produced low-molecular weight polyisobutenes 

are manufactured by the conventional cationic polymerization, via initiation by an excess of Lewis 

acids like aluminium alkyl chloride or aluminium(III) chloride. Besides considerable energy 

consumption for cooling (–20 °C for the production of highly reactive polyisobutene with AlCl3 as 

initiator), this process leads to large quantities of chlorine containing solid waste, plus thousands of 

tons of chlorine containing wastewater [7]. 

A further drawback of this method is the fact that catalysis with halogen-containing Lewis acids 

results in the addition of halogens to the polymer (this is mainly a problem of highly reactive 

polyisobutenes, with their extremely active terminal double bonds) resulting in the formation of 

halogen-containing by-products which can only be removed with some difficulty, persisting as 

contaminations. These halogenated by-products dissociate upon exposure to air, releasing hydrogen 

halides that lead to corrosion of tanks and devices. Besides this, the exo C=C bond content decreases 

during storage. That is assumed to be due to the released hydrogen halides or acidic contaminations 

which cause isomerization of the terminal double bonds [5]. Additionally, termination of the growing 

chains with methanol often results in OH-terminated polymers and a further loss of unsaturated end 

groups [20]. This can only be avoided completely by renunciation of the common methods.  

 

3. Solvent Stabilized Complexes as New Starting Materials for the Polymerization of Isobutene  

 

It was found in 1999 that mononuclear acetonitrile ligated transition metal complexes of the general 

formula [M(MeCN)4][(BF4)]2 (M = PdII or first row transition metal ions) can compete well with their 

dimeric congeners as initiators for the polymerization of cyclopentadiene [21,22].  
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With the exception of [Pd(MeCN)4][(BF4)]2, none of these complexes is able to polymerise further 

monomers. This undergoes a radical change when BF4
- is replaced by more weakly coordinating 

anions like B(C6F5)4
-, B(C6H3(CF3)2)4

- and (C6F5)3B-C3H3N2-B(C6F5)3
-
 [23]. This recently described 

new class of complexes (see Figure 1) enables polymerization of even isobutene [23-28]. 

 

Figure 1. General structure of acetonitrile stabilized transition metal complexes with 

weakly coordinating anions as used for isobutene polymerization. 

 
 

The great advantage of these complexes is that they can polymerize at room temperature (which 

was not possible, so far), yielding highly reactive polyisobutenes with adjustable molecular weights 

between 0.5 and 1.4 kg·mol-1. Concerning convenient reaction conditions (i.e., use of non-chlorinated 

solvents, room temperature as reaction temperature) associated with an excellent content of exo-

positioned terminal double bonds, the best results are reached with [Cu(MeCN)6][B(C6F5)4]2 and 

[Cu(MeCN)6][B(C6H3(CF3)2)4]2 in toluene as solvent (obtained isobutene conversions: 72 to 92%; exo 

amount of the terminal double bonds: 76 to 85% at a reaction temperature of 30 °C).  

By exchanging the ligands from acetonitrile to benzonitrile, the solubility of the complexes in 

nonpolar, chlorine-free solvents can be enhanced. The complex [Cu(BnCN)6][B(C6F5)4]2, for example, 

reduces the reaction time to 15 min (≈ 76% exo double bonds; 73% conversion in toluene and 30 °C; 

ccomplex = 0.5·10-4 mol/L, cisobutene = 1.78 mol/L) [7]. 

Only a small number of acetonitrile ligated molybdenum(III) complexes (see Figure 2) were 

recently found to be comparably active and soluble in nonpolar solvents [16]. 

However, a process based on the new class of complexes is less energy consuming and the 

production of high amounts of chlorine containing waste can be avoided. A further benefit is that until 

now, no chlorine or hydroxyl (from methanol used for termination) end-groups have ever been 

observed, using these complexes. For this reason, unlike the polymers obtained with the conventional 

initiators, each polyisobutene chain contains modifiable unsaturated (end) groups [20,29]. 
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Figure 2. General structure of acetonitrile stabilized molybdenum(III) complexes with 

weakly coordinating anions that were tested for the polymerization of isobutene. 

 
 

Additional convenience could be provided by immobilization of the most active complexes. Until 

now, however, no really convincing method (i.e., a method conserving or even improving the yields 

obtained in homogeneous phase) of immobilization has been presented in the published literature [30].  

The most important gain of homogeneous transition metal catalysts is the possibility of controlling 

the reactivity and selectivity of a reaction under comparatively mild operating conditions. Their 

handicap is that it is difficult to separate these catalysts from the products to be recycled. Therefore, 

heterogeneous catalysts are in general regarded as being more desirable for use in industrial processes. 

Nevertheless, heterogeneous catalysts (often) have severe drawbacks, such as low selectivity, low 

activity or energy intensive reaction conditions. These drawbacks may be overcome in immobilizing 

homogeneous catalysts. Up to now the problem of immobilization remains largely unresolved, 

although some promising attempts have been published. Further work is certainly necessary to bring 

the catalysts to applicability on larger scale. 

 

4. Conclusions 

 

Nitrile stabilized transition metal complexes bearing weakly coordinating counter anions are more 

efficient and environmentally benign starting materials for the polymerization of isobutylene than the 

cationic initiators currently applied in industry. Since heterogenization of the complexes would 

enhance the separability of the complexes and the polymers (metal-free product) and thus opens the 

possibility of recycling the complexes, additional work has to be done for improving the 

immobilization of the homo-complexes. Attaining this and other goals may help to design further, even 

more (energy-) efficient and environmentally benign complexes for the polymerization of isobutene 

and related industrially relevant reactions. 
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