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The catalytic species for olefin polymerization’ derived 

from group 4 metallocene precursor is the 14-electron 3d0 
cation.2-4 It can be obtained from a dimethylmetallocene 
by the abstraction of a methide ligand?bs Two appealing 
cocatalysts are triphenylcarbenium tetrakis(pentafluo- 
ropheny1)borate (116 and tris(pentafluoropheny1)borane 
(2).7*8 We have compared them and found the former to 
be superior for propylene polymerization by virtue of their 
difference in ion-pair interactions. 

The precursors of this study are ruc-ethylenebis(1-q6- 
indeny1)zirconium dimethyl (3, Et[Ind]zZr(CHs)z) and 
dichloride (4, Et[IndlzZrClz). Literature procedures were 
adopted for the synthesis of l , & s g  2,’~~ 3,Q1° and 4&l0 in 
high yields and purities. All the operations were performed 
under argon using standard Schlenk techniques. Polym- 
erization of propylene”J1 and isolation and character- 
ization of the polypropylene followed our published 
methods.’& 

The two cocatalysts were employed first to activate 3 
directly. 

3/1: 3 + 1 - Et[Ind12Zr+(CHs) + B-(C6FS), + 
5 

(C~H,)SC(CH~) (1) 

3/2 3 + 2 - [Et[Indl~r~(CHs)~(CH3)B~(C6F~)sl (2) 

Propylene polymerization by 3/1 at 0 “C has only modest 
catalytic activity (A) and isospecificityl2 (Table I, run 1). 
The concentration of catalytic species (IC*] ) was only 2.2 % 
of [Zr] as determined by quenching polymerizations with 
tritiated methanol followed by radioaeeay.13 The catalyst 
3/2 (run 2), however, is even much inferior to 3/1. It has 
only 1/37 of the A and produced lower molecular weight 
(MW) polypropylene with ca. half the yield of highly 
stereoregular polypropylene insoluble in refluxing n-hep- 
tane (IY). The lower A $ not due to the inefficiency of 
eq 2 because [C*l was found to be 4.4% of [Zrl in this 
case. The main drawback in both processed is that most 
of 3 (>90%) was wasted to scavenge im~uritie8.l~ 

We have found that a far more effective way ts generate 
catalysts similar to 5 or 6, Le., the ethyl derivatives, is by 
reacting 4 with the respective cocatalyst in the presence 
of a judicious amount of triethylaluminum (TEA) just 
sufficient to scavenge all the impurities and to alkylate 
4-16 The polymerization by 4/l/TEA (runs 3-5) has very 
high Ale and IY t7 both of which increase with the lowering 
of Tp’ The catalyst 4/2/TEA produces polypropylene with 
lower IY than the former and has A which decreases 
monotonically with the lowering of Tp (runs 6-8). Radio- 
labeling determination showed that [C*l = 94% of [Zrl 
for the 4/1/TEA case, whereas it is 77% of [Zrl for the 
4/2/TEA system. The rate constants of propagation18Jg 
are given in the last column of Table I. 

According to eqs 1 and 2, the intermediates 5 and 6 have 
the same cation but dissimilar counterions. We have found 
that this difference is largely responsible for the observed 
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Table I. Compuilon of 1 and 2 as Cocatalysts for 
Propylene Polymerizations 

1 3  
2 3  
3 4  
4 4  
5 4  
6 4  
7 4  
8 4  
9 3  
loh 3 
11 3 
12i 3 
13 3 
14i 3 

300 
460 
10 
10 
6 

25 
25 
25 
608 
608 
820 
820 
650 
550 

1 0 1.86 89.2 6.1 
2 0 0.06 49.2 5.6 
1 1.0 20 82 36.6 2.6 
1 1.25 0 64 89.0 6.3 
1 2.0 -20 210 94.4 11.2 
2 1.5 20 6.1 0 2.6 
2 2.0 0 3.6 48.9 5.6 
2 2.25 -20 0.7 91.2 9.7 
2 0 0.03 
2 0 0.88 
2 0 0.05 
2 0 0.54 
1 0 1.84 
1 0 1.65 

a 3 = Et[W&(CHs)z, 4 a Et[IndlWlz. * 1 = (csHs)Sc+(~6)4~ 

the catalyst. A = activity in g of polypropylene/(mol of &mol of 
[C&].h). e N = w t  9% of polypropylene insoluble in refluxing 
n-heptane and is a measure of ieoepecificity of the catalyst. f &, by 
intrinsic vhosity: Chiaag, R. J. Polym. Sci. lSS6,28,236.~ kp ia the 
average value for the rata constant of propagation” in M-1s-1. * 1.02 
mM of LiB(C&j)d was added. i o-Dichlorobenzene waa the solvent 
M a d  of toluene. 

discrepencies in A. For example, the catalyst 3/2 (run 9), 
which produces the [CHsB(CsFs)al- counterion, has A = 
3 X 104 g of P/(mol of Zr-mol of [CsH6l*h). When the 
noncoordinating [B(CsF6)41- ion (vide infru) was added 
in an amount twice that of the former ion (run lo), the A 
was raised by 30-fold. When TEA is present, there is an 
exchange of the propagation polymer chain on Zr with an 
ethyl group of TEA. This exchange occurs at a much faster 
rate in the case of 5 than in 6; the rate constant values are 
1.15 X lo-zand 2.53 X 1V s-l, respectively. This difference 
can be explained by the better accessibility of TEA to the 
z1-polymer bond when the counterion is [B(C$~)4]-rather 
than [CHsB(CsFs)sl-. 

The X-ray molecular structure of [1,2-(CH&- 
CsHs]zZr+(C’Hs)*C’’HsB-(CsFs)3” showed the Zr-C’ and 
Zr-C” distances to be 2.253 and 2.549A, respectively. This 
result indicates a weak bonding interaction between the 
metal and the methyl group of the counterion. Since this 
interaction is partially ionic in nature, it should be 
significantly weakened in a polar medium. We have tested 
this effect by substituting o-dichlorobenzene (e = 9.93) for 
toluene (e = 2.38) as the medium for polymerization 
catalyzed by 3/2. The A was 10 times higher in o-dichlo- 
robenzene (run 12) than in toluene (run 11). In contra- 
distinction, the polymerization activities catalyzed by 3/ 1 
in both solvents (runs 13 and 14) are nearly the same, 
which is consistent with the common held viewSh that 
[B(C$s)& is an inert noncoordinating counterion. 

It is interesting but contraintuitive that 6 is less 
stereoselective than 5 especially at 20 OC, at which Tp no 
refluxing heptane-insoluble polypropylene was produced 
by 6 (run 6). This may be rationalized by the assumption 
that ion-pair dissociation-reassociation causes oscillation 
between catalytic structures differing in stereochemical 
control of pFpylene insertion, resulting in low net 
stereoselectivity.zo*21 The higher kp for 5 is not accom- 
panied by higher MW than 6 probably because the former 
is likely to be more facile toward &hydrogen chain 
termination by virtue of the absence of a coordinating 
counterion. Catalysis by compound 3 with (C6Hs)sCB- 
(C6H5)4, (CsHs)sCBF4, or B(C&)s as cocatalyst produced 
little or no polypropylene, due to known side 
In conclusion, the catalytic activity and stereoselectivity 

B-, 2 (W6)fi~. The amount Of C O d d y t  the Bame 88 that Of 
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of alkyl zirconocenium species are strongly influenced by 
the nature of the counterion. 
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