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Abstract 

The reaction of Cp’,MMe, (M = Ti, Zr, or Hf) with either [CPh,l+ or [PhNHEtr]+ salts of 
non-coordinating anions gives new cationic [Cp’,MMe]+ catalysts. The ethene polymerisation activity 
increases in the order M = Ti & Hf < Zr; the activity of the Zr and Hf complexes is comparable with 
that of Cp,MCI, /methylaluminoxane systems (Cp’ = C,H,SiMe,). 

The role of cationic 14-electron complexes of Group 14 metals of the type 
[Cp,M-RI+ as th e active species in the homogenous polymerisation of olefins is 
now well established by a number of model [l], theoretical [2] and catalytic [3,4] 
studies. We have recently shown that “base-free” alkyl cations of titanium and 
zirconium can be generated under mild conditions by protolysis of Cp’,MMe, with 
[PhNHMe,]BPh, in weakly coordinating solvents such as dichloromethane and 
that multiple alkene insertion and polymer chain growth occur on exposure to 
ethene [4]. These complexes possess moderate polymerisation activity for ethene 
and propene at atmospheric pressure. In addition to catalyst deactivation by trace 
impurities, the activity of such systems is limited by the presence of a number of 
potential ligands, such as the solvent, the amine, and particularly the BPh,- anion 
[3h,5], which compete effectively with the olefinic substrate for a vacant coordina- 
tion site on the metal centre. The catalytic activity is therefore a function of the 
equilibrium established, e.g. between species A-D, and shows pronounced solvent 
and anion dependence [3i,6]: 
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We have attempted to evaluate the influence of species such as B and C. Anion 
coordination (cf. C) can be virtually eliminated by using fluorinated anions such as 
[B{C,H,(CF,),}J- [6,8] and in particular Turner’s [B(C,F,),l- [7,9*1. The influ- 
ence of the amine (structure B) can be demonstrated by using two methods of 
generating the cationic metal alkyl complexes, one involving reaction with triph- 
enylcarbenium salts (eq. l), and the other protolysis of metal dialkyls with anilin- 
ium salts (eq. 2): 

Cp;MMe, + [CPh,]+[BR,]- - [Cp;MMe]+[BR,]- + Ph,CMe (1) 

(I) (za, R = C,H,(CF,),; (3) 
2b, R = C,F,) 

Cp;MMe, + [PhNHEt,]+ [BR,]- - 

(I) (2c, R = C,F,) 

[Cp;MMe(PhNEt,)] ‘[BR,]- + CH, (2) 

(4) 
The triphenylcarbenium salts 2a and 2b were obtained by metathesis of [CPhJBF, 
with Na[B{C,H,(CF,),)J [81 and Li[B(C,F,),] [lo], respectively ill*]. The genera- 
tion of metal alkyl cations 3 according to eq. 1 was verified by ‘H NMR 
spectroscopy by treating Ind,TiMe, with 2a in CD&l, at. -45°C. The formation 
of [Ind,TiMe]+ [4] is accompanied by that of Ph,CMe. At -60°C in the presence 
of an excess of Ind,TiMe, an unstable dinuclear intermediate is observed, as 
indicated by two singlets at 6 = - 0.56 and - 1.59 in a ratio 2 : 1: 

CPh{ 
2 Ind,TiMe, - [Ind,Ti(Me)(p-Me)Ti(Me)Ind,] + 3 [ Ind ,TiMe] + 

The ethylene polymerisation activity [12*] of a series of complexes 
[(C,H,SiMe,),MMe]+ in dichloromethane and toluene under comparable condi- 
tions decreases in the order M = Ti -X Hf < Zr (Table 1). In agreement with 
earlier results, titanium catalysts are moderately active in dichloromethane at or 
below 0°C [4,6]. The influence of the counterion, even of [B(C,FJ,]-, is small in 
dichloromethane where solvent coordination is thought to be important (run 2), 
and there is no substantial improvement if toluene is used as the reaction medium. 
The molecular weight of polymers from titanium catalysts is relatively low. By 
contrast, the activity of zirconium alkyl cations is substantially higher (runs 4-61, 
and although the Cp ligands were not specially chosen to maximise catalytic 
activity, a productivity corresponding to up to about 2.8 tons PE per mol Zr 
complex per hour was observed. This activity significantly exceeds that reported 
recently for catalysts based on metallacarborane anions [3k], and is comparable 
with that of conventional Cp,ZrCl,/methylaluminoxane catalysts under 1.7 atm of 
ethene [13]. 

The activities of systems generated according to eqs. 1 and 2 in the presence 
and absence of amine were very similar, and suggest that at the low catalyst 
concentrations employed (1.1 - 1.5 x low4 M) complexes of type 4 are essentially 

* Reference number with asterisk indicates a note in the list of references. 
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dissociated and diethylaniline coordination (cf. structure B) is not a limiting factor 
for the catalytic activity. 

The activity of hafnium cations is somewhat less than that of zirconium 
catalysts. There is a marked activity increase with temperature, with a correspond- 
ing decrease in polymer molecular weight. This temperature dependence mirrors 
that of Cp,MCl,/MAO catalysts [13]. In all cases the polymers produced have a 
narrow molecular weight distribution typical for chemically homogeneous catalytic 
sites. 

Related cationic zirconium alkyls with stereorigid chelating Cp ligands are 
active for the iso- and syndio-specific polymerisation of propene [14]. While this 
work was in progress, the use of 2b to generate highly active isospecific polymerisa- 
tion catalysts was reported [15]. 
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