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Summary: The functionalized (fZuoroary1)borate salts 
Ph3CiB(C84TBS)4- and Ph3C+B(C84TIPS)4- (TBS = 
tBuMe2Si; TIPS = iPr3Si) are prepared in  three steps 
from 1,4-HCg&. Reaction with zirconocene dimethyls 
yields crystalline, thermally stable, soluble L2ZrCH3+B- 
(C$&iR&- and LfzZrH+B(C84SiR&- salts (L = q5- 
C a 5 ;  $-1,Z-MezCSH3; L' = rf-MesCS, which function as 
highly active ethylene polymerization catalysts. 

Recent observations suggest that many of the proper- 
ties of highly active cationic metallocene olefin polym- 
erization are closely connected with the 
nature of the cation-anion tight ion pairing (I).3~4 

L 
\ +/R 
/ =x- I M. 
L 

L = cyclopentadienyl ligand 

Despite numerous efforts to "engineer" the cationic 
portion of such catalysts, far less attention has been 
devoted to the charge-compensating anion (X-1. Of the 
existing anions, B(C&'dr--derived base-free catalysts 
exhibit some of the highest reported catalytic activi- 
ties3a,4h,5 but have proven difficult to  characterize in the 
pure state.6 In our hands, they exhibit poor thermal 
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stability (as judged by exceedingly complex, time- 
dependent 25 "C NMR spectra) and poor crystallizability 
(insoluble, hard to  purify oils are frequently ~btained) .~ 
We report here on the interesting properties of "pro- 
tected'' fluoroarylborates designed to address some of 
these issues and to  enforce greater cation-anion sepa- 
rations as a potential means to modulate cation reactiv- 
ity.839 
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over a period of 16 h, and the resulting suspension was filtered. The 
product was recrystallized from EtzO/pentane and collected as large 
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for 6 h at  25 "C, and the orange product was collected by filtration. 
The crude product was then dissolved in CHzC12 and filtered to remove 
LiCl, followed by pentane addition to precipitate the orange solid. Yield 
of 3a: 86%. 'H NMR (CCl2D2): 6 0.31 (s, 24H), 0.88 (s, 36H), 7.64 (d, 
J = 6 . 9 H z , 6 H ) , 7 . 8 5 ( t , J = 6 . 9 H z , 6 H ) , 8 . 2 5 ( ' ~ t " , J = 6 . 9 H ~ , 3 H ) . ' ~ F  

149.6 (Jc-F = 262 Hz), 211.3 Anal. Calcd for C ~ ~ H ~ ~ B F I B S ~ ~ :  C, 61.55; 
H, 5.78. Found: C, 61.83; H, 5.61. The same procedures were used 
in the syntheses of l b ,  2b, and Sb. l b :  'H NMR (CC12D2) d 0.98 (d, 
J = 7.5 Hz, 72H), 1.50 ("p", J = 7.5 Hz, 12H), 7.10 (m, 1H); I9F NMR 

7.1 Hz, 12H), 1.08 (d, J = 7.5 Hz, 72H), 1.52 ("p", J = 7.5 Hz, 12H), 

NMR (CD2C12): b -133.0 (b), -144.5 (b). I3C NMR (CClZDz): b -3.8, 
17.8, 26.4, 108.4, 131.0, 140.2, 143.0, 144.0, 147.4 (Jc-F = 262 Hz), 

(CDCl3) h -128.2 (b), -132.4 (b). 2b: 'H NMR (CDC13) 6 0.80 (t, J = 

3.05 (q, J = 7.1 Hz, 8H); '9F NMR (CDC13) b -131.3 (b), -132.1 (b). 
3b: 'H NMR (CDC13) h 1.09 (d, J = 7.5 Hz, 72H), 1.51 ("p", J = 7.5 
Hz, 12H), 7.60 (d, J = 6.9 Hz, 6H), 7.85 (t,  J = 6.9 Hz, 6H), 8.25 ("t", 
J = 6.9 Hz, 6.9 3H); '9F NMR (CDC13) 6 -131.3 (b), -132.1 (b); I3C 
NMR (CDCl3J h 12.8, 18.8, 108.6, 130.6, 139.2,142.4, 144.0,146.8 (Jc-F 
= 261 Hz), 148.9 (Jc-F = 259 Hz), 211.3. Anal. Calcd for C7gHwBF16- 
Si4: C, 64.30; H, 6.76. Found: C, 64.57; H, 6.89. 
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by quenching with a trialkylsilyl triflate (Scheme 1) 
yields silyl-substituted tetrafluoroarenes.'l Subsequent 
"BuLi metalation, reaction with BCl3, and cation me- 
tathesis affords the corresponding tetraarylboratesl' as 
crystalline trityl salta (B(C84TBS)4-, 3a; B(C84TIPS)4-, 
3b). Zirconocenium salts 4 are then cleanly and rapidly 
obtained using these methide abstraction reagents5a and 
the corresponding zirconocene dimethyls (eq l).l2 The 

L,ZrMe, + 3 to 1 u e n e 

L,ZrMe+B(C,F,SiR,),- i- Ph3CMe (1) 
4a-d 

4a, Cp,ZrMe+B(C,F,TBS),-; 

4b, Cp,ZrMe+B(C6F,TIPS),-; 

4c, ( 1,2-Me2Cp),ZrMe+B(C6F,TBS),-; 
4d, (1 ,2-Me,Cp),ZrMefB(C6F4TIPS),- 

only exception is (Me&&ZrMez, for which the abstrac- 
tion process is sluggish (presumably for steric reasons). 
However, the corresponding hydride4g cations are readily 
obtained under Hz (eq 2)." Complex classes 4 and 5 are 
crystalline solids and have been characterized by stan- 

(12) [(CsH5)3C]+[B(CsF4TBS)4]- (390 mg, 0.30 mmol) and CpzZrMez 
(82 mg, 0.32 mmol) were stirred in toluene for 8 h. Then, pentane 
was added to precipitate the product, which was collected after 
filtration and washed with pentane. Yield of 4a: 310 mg, 75%. 4a: 
'H NMR (C6Ds) 6 0.23 (5, 24H), 0.56 (8, 3H), 0.85 (s, 36H), 5.75 (s, 
10H); I9F NMR (CsDs): 6 -128.2 (b), -130.6 (b); I3C NMR (CsD4Clz) b 
-4.4, 17.2, 25.8, 49.6, 111.6, 114.8, 119.8, 147.0, 149.8. Anal. Calcd 
for C59H73BFSi4Zr: C, 54.49; H, 5.66. Found: C, 54.30; H, 5.35. The 
same procedures were used to synthesize 4b-d. Similar procedures 
were used to synthesize 5a,b, except that the reactions were carried 
out under 1 atm of Hz. 4b: IH NMR (CsDs) b 0.54 (s, 3H), 1.01 (d, J 
= 7.5 Hz, 72H), 1.43 ("p", J = 7.5 Hz, 12H), 5.75 (s, 10H); I9F NMR 

114.8, 120, 146.6, 150. Anal. Calcd for C71H97BF16S14Zr: C, 58.06; H, 
6.66. Found: C, 58.32; H, 6.79. 4c: IH NMR (CsDs) 6 0.21 (s, 24H), 
0.34 (s, 3H), 0.83 (s, 36H), 1.37 (s, 6H), 1.61 (s, 6H), 5.00 (b, 2H), 5.69 
(b, 2H), 5.97 (t, 2H); 13C NMR (CsDs) 6 -3.9, 12.5, 17.7, 26.4, 45.9, 
108.1,110.1, 111.8,119.8, 133.5, 147.7,XO.g. Anal. CalcdforC63H81- 
BFleSi4Zr: C, 55.78; H, 6.02. Found: C, 55.56; H, 6.01. 4d: 'H NMR 
(toluene-&): 6 0.37 (s, 3H), 1.08 (d, J = 7.5 Hz, 72H), 1.43 (s, 6H), 
1.51 ("t", J = 7.5 Hz, 12H), 1.73 (s, 6H), 5.08 (b, 4H), 5.75 (b, 4H), 6.01 
(t,  J = 1.0 Hz, 2H); I3C NMR (toluene-&) b 12.0, 12.8, 19.2,47.0, 109.1, 
110.1, 113.8, 121.4, 149.8, 152.7. Anal. Calcd for C7&I105BF1&4Zr: 
C, 59.07; H, 6.95. Found: C, 59.34; H, 6.98. 5a: 'H NMR (C&) 0 
0.25 (9, 24H), 0.87 (2, 36H), 1.63 (s, 30H), 7.90 (b, 1H); 13C NMR (CsDs) 
6 -3.9, 11.2, 17.7, 26.5, 110.1, 122.5, 147.7, 151.0. Anal. Calcd for 
C68H91BF16Si4Zr: C, 57.24; H, 6.43. Found: C, 56.87; H, 6.46. Sb: 

12H), 1.72 (s, 30H), 7.96 (b, 1H); 13C NMR (toluene-&) 0 12.0, 12.5, 
18.8, 109.8, 111.9, 148.2, 150.6. Anal. Calcd for CsoH115BFlsSi~Zr: C, 
60.46; H, 7.33. Found: C, 60.56; H, 6.98. 

(&De) d -130.1 (b), -131.4 (b); I3C NMR ( C ~ D I C ~ ~ )  6.12.0, 19.2, 111.6, 

'H NMR (C&) b 1.12 (d, J = 7.5 Hz, 72H), 1.50 ("p", J = 7.5 Hz, 

(Me,C5),ZrH+B(C6F,SiR3),- (2) 
5a,b 

Sa, (Me,C,),ZrH+B(C,F,TBS),-; 
Sb, (Me,C,),ZrH+B(C,F,TIPS),- 

dard spectroscopic and analytical techniques.ll The 
methyl derivatives exhibit low-field Zr-13CH3 NMR 
resonances characteristic of zirconocene methyl cations+* 
In contrast to the aforementioned B(CsF5)4- analogues, 
4 and 5 exhibit high thermal stability, as evidenced by 
negligible IH NMR spectroscopic changes over the 
course of several hours a t  100 "C in toluene-& and half- 
lives on the order of 1 h at 130 "C in toluene-&. 

In regard to tight ion pair structure in solution, 
variable-temperature lH NMR studies of 4c,d in toluene- 
ds reveal diastereotopic Cp-Me group permutation 
indicative of rapid reorganizatiodsymmetrization of the 
evidently dissymmetric ground-state ion pairing (eq 3). 

Derived AG* values of 15.1(8) (4c) and 15.8(5) kcal/mol 
(4d) (60 "C) are significantly lower than in (1,2-Mez- 
Cp)zZrMe+MeB(CsF5)3- (AG* = 18.3(2) kcal/mol a t  80 
0C),4a indicating substantially "looser" ion pairing in the 
case of the functionalized borates. At -90 "C in toluene- 
de, the 19F NMR spectrum of 4a reveals 12 signals (not 
all of equal intensity), indicating a low-symmetry in- 
stantaneous cation-anion structure. Significant dis- 
placements of the aryl 19F resonances from the 6 -130 
ppm region of 3, with signals at 6 -167.6 and -162.0, 
suggest weak Zr+* aF(ary1) interactions as identified 
crystallographically in (1,2-MezCp)zZrH+MeB(C6F& 
(II).4a!g As the temperature is raised, spectral line 

F 

broadening and coalescence ultimately give rise to two 
aryl 19F signals by 25 "C. Although all members of the 
4, 5 series are crystalline, severe disordering and 
twinning have to date frustrated attempts at high- 
quality diffraction analyses. 

Ethylene polymerization experiments and polymer 
characterization were carried out using previously 
described  procedure^.^^^^ Polymerization activity assays 
are carried out under rigorously anhydroudanaerobic 
high-vacuum-line conditions,4axc are designed to mini- 
mize mass transport effects (rapid mixing, short reaction 
times),13 and aim for constant polymer yields to allow 
catalyst activity comparisons. All polymeric products 
exhibit the characteristic lW13C NMR spectroscopic 

(13) Jeske, G.; Lauke, H.; Maucrmann, H.; Swepston, P. N.; Schu- 
mann, H.; Marks, T. J. J. Am. Chem. SOC. 1985, 107,8091-8103. 



Communications Organometallics, Vol. 14, No. 7, 1995 3137 

Table 1. Ethylene Polymerization Characteristics of Metallocene Cations Having Various Anionsa 
activity 

entry metallocene [cat.] reacn polymer ( x lo6 g PE/ M W '  MTIC 

no. cation anion (mM) time (s) yieldb (g) mol of Z r a t m h )  ( x  lo5) ( x  lo5) 

1 CpzZrMe+d MeB(C6Fd3- 0.32 40 1.6 4.5(4) 1.24 0.61 
2 (1,2-MezCp)zZrMe+ MeB(C6F&- 0.14 66 1.7 6.8(6) 5.21 3.67 
3 (Me&&ZrMe+ MeB(CsFd3- 0.14 62 0.9 3.8(5) 2.55 1.26 
4 CpzZrMe+ B(C6F4TBS)4- 0.14 62 1.4 5.7(6) 8.78 5.12 
5 CpZZrMe+ B(C6F4TIPS)4- 0.14 60 1.5 6.2(6) 5.65 4.29 
6 (1,2-MezCp)zZrMe+ B ( C G F ~ T B S ) ~ -  0.14 10 1.9 50(20) 8.29 5.29 
7 (1,2-Me~Cp)zZrMe+ B(CsF4TIPS)d- 0.14 10 1.6 42(20) 6.02 3.03 
8 (Me&&ZrH+ B(CsF4TBS)4- 0.14 20 0.9 1U2) 21.6 10.8 
9 (Me&&ZrH+ B(C6F4TIPS)4- 0.14 20 0.8 10(2) 12.8 4.5 

10 CpzZrMe+e B(Cd'd4- 0.20 60 2.1 6.4(6) 9.87 7.13 
11 (1,2-MezCp)zZrMe+ B(C6F5)4- 0.20 22 3.2 28(6) 7.03 4.38 
12 (Me&&ZrMe+ e B(C6Fd4- 0.20 20 1.1 10(2) 5.32 3.20 

Data of ref 4c. e Catalyst 
generated by in situ reaction of the corresponding zirconocene dimethyl with Ph3CfB(C6F5)4- in  toluene for 5 min. Longer reaction times 
gave lower catalytic activities. For example, the activity of the B(CsFd4- catalyst in entry 11 declines by 90% on standing in toluene 
solution for 3 h a t  25 "C. 

a Procedure of ref 4c; toluene solvent (100 mL). Average yield of 2 3  runs. By GPC relative to polystyrene. 

signatures of highly linear polyethylene. l4 Molecular 
weight characteristics (Table 1) are unexceptional for 
single-site metallocene catalysts operating under these 
c~nditions.l-~ With regard to catalyst characteristics, 
the polymerization activity and polymer characteriza- 
tion data reveal several noteworthy trends (Table 1). 
In comparison to CH3B(CsF&--derived zirconocene 
catalysts, the corresponding B(CsF4TBS)4-- and B(CsF4- 
TIPS)4--derived catalysts exhibit significantly higher 
polymerization activity and yield polyethylenes of sig- 
nificantly higher molecular weight. Particularly strik- 
ing are the results for the (1,2-MezCp)2ZrCH3+ systems, 
in which ethylene polymerization activities rival or 
exceed any values previously measured in this labor- 
a t ~ r y . ~ ~ J ~  The cation and anion structure-reactivity 
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(16) (a) Castonguay, L. A.; Rappe, A. K. J. Am. Chem. SOC. 1992, 
114, 5832-5842. (b) Prosenc, M.-H.; Janiak, C.; Brintzinger, H. H. 
Organometallics 1992,11,4036-4041. (c) Kawamura-Kuribayash, H.; 
Koga, N.; Morokuma, K. J. Am. Chem. SOC. 1992,114,8687-8694. (d) 
Hart, J. R.; Rappe, A. K. J. Am. Chem. SOC. 1993,115,6159-6164. (e) 
Bierwagen, E. P.; Bercaw, J .  E.; Goddard, W. A. J. Am. Chem. SOC. 
1994, 116, 1481-1489. (f) Woo, T. K.; Fan, L.; Ziegler, T. Organome- 
tallics 1994, 13, 2252-2261. 

ecules; Academic: New York, 1982; pp 78-91. 

1994,13, 3755-3757. 

trends in Table 1 likely reflect subtle electronic effects 
and matchinghismatching of steric encumbrances about 
the cation olefin activation zone16 of the tight ion pair. 
The data in Table 1 also reveal that freshly prepared 
B(CsF&--based catalysts have polymerization activities 
roughly similar to those of the B(CsF4TBS14- and 
B(CsF4TIPS)4- analogues; however, standing at room 
temperature significantly erodes the catalytic perfor- 
mance (Table 1, footnoted), in accord with the afore- 
mentioned thermal stability observations. 

The present results indicate that the properties of 
metallocene cation-anion ion pairs can be substantially 
modified by functionalization of the weakly coordinating 
anion. Trialkylsilyl substitution of the (fluoroary1)- 
borate framework can be effectively employed to en- 
hance catalyst stability, polymerization activity, and 
solubility. 
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