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Organo-Lewis acids such as methylalumoxane (MAO)1 and
B(C6F5)32 (I ) play pivotal roles as alkide/hydride abstractors/
cocatalysts in generating highly active, cationic olefin polym-
erization catalysts3 (II ; L,L ′ ) anionic ancillary ligands; X- )
weakly coordinating anion). Growing evidence3,4 argues that

catalyst activity, lifetime, high-temperature stability, chain
transfer characteristics, and stereoregulation are significantly
influenced by the nature of X-, and that it would be of great
interest to investigate the properties of sterically/electronically
modified organo-Lewis acid abstractors. We communicate here
the unusual cocatalytic characteristics of the new, sterically
encumbered fluoroarylborane, tris(2,2′,2′′-perfluorobiphenyl)-
borane (PBB,III ).5 Characteristics include substantially dif-
ferent abstractive and ion pair structure/reactivity relationships
vis-à-vis I .
PPB was synthesized as colorless microcrystals in 76% yield

from C6F5Br.6 Reaction with group 4 and Th methyls proceeds
cleanly to yield cationic complexes (eq 1), which were

characterized by standard1H/13C/19F NMR spectroscopic and
analytical techniques.6 The 13C NMR spectra of1 and 6-9

exhibit downfield M+-13CH3 resonances characteristic of
cationic complexes,2,3while 19F spectra exhibit nine resonances
(PBB exhibits seven) indicative of restricted C6F5 rotation.
Evidence that the MePBB- anions areweakly ion-pairedversus
the MeB(C6F5)3- counterparts derives from several lines. First,
MePBB- 1H chemical shifts are essentially invariant to coun-
tercation, unlike the M+‚‚‚H3CB-(C6F5)3 analogues.2c Second,
DNMR studies of ion pair reorganization/symmetrization in6
(eq 2) yield∆Gq (40 °C) ) 16.7(3) kcal/mol versus∆Gq (40
°C) ) 19.3(4) kcal/mol for the MeB(C6F5)3- analogue, sug-
gesting looser ion pairing. Third, the three MePBB- C6F5C6F4

groups are magnetically equivalent in the19F spectra of1, 2,
and 6-9 down to the lowest accessible temperatures (ap-
proximately-90 °C), also indicative of loose ion pairing.
Several other features of PBB abstractive chemistry are

distinctive. Whereas the Cp2′ThMe2 and Cp2Zr(Cl)Me reaction
with B(C6F5)3 yields inseparable mixtures of catalytically
inactive products,2c PBB selectively abstracts a single methyl
group to yield cationic/catalytically active ion pairs (eq 1). For
group 4 metallocene dimethyls, PBB generates cationicdimeric,
µ-Me (1JCH ) 134.3 Hz) complexes (3-5), even with excess
PBB and long reaction times (eq 1). Such cationic species have
been detected previously but could not be isolated in a pure
state.7 The crystal structure of complex4 (Figure 1)8 reveals
unassociated binuclear cation-anion pairs with nearly sym-
metricalµ-CH3 (sp2) bridging and metallocene metrical param-
eters similar to those in other cationic structures.2,3 The
MePBB- framework features substantial twisting of the C6F5-
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C6F4 dihedral angles from coplanarity (102°(av)), approximately
tetrahedral C-B-C valence angles, and B-C distances com-
parable to those in MeB(C6F5)3-.2 The present enhanced
stability of µ-Me bonding likely reflects reduced coordinative
tendencies of bulky MePBB- vs MeB(C6F5)3- and the LL′ZrMe2
precursor (LL′ZrMe2 has a greater affinity for the cation than
does MePBB-). Nevertheless, dissociation of4 can be detected
by NMR at high temperatures (eq 3) with∆H ) 10.2(2) kcal/
mol and∆S) 26.3(4) eu. Furthermore, 2-D DNMR reveals

rapid ZrMeterminal h ZrMebridge exchange above 25°C in 4 as
well rapid exchange with the ZrMe groups of added Cp2′′ZrMe2.
In accord with the weak cation-MePBB- interactions, and in
marked contrast to MeB(C6F5)3- ion pairs,2c,4athe present anion
MeB groups are NMR exchangenonlabile. In regard to ion
pair structural energetics, we find9 that eq 1 for6 is 20.5 kcal/
mol more exothermicfor PBB than for B(C6F5)3 and that
complexes1, 2, and6-9 exhibit no NMR evidence ofµ-Me
complex formation.

Selected polymerization catalytic data comparing PBB and
B(C6F5)3 are given in Table 1, and several features are
noteworthy. First, despiteµ-Me ground state geometries,
complexes3-5 areat least as actiVe asthe B(C6F5)3 analogues
for ethylene polymerization, yielding higher molecular weight
polyethylenes (dimer dissociation and slower initiation may be
connected with increased polydispersities). The effects of
MePBB- ion pair formation on “constrained geometry” catalysts
(CGC)6 and7 are dramatic. While the MeB(C6F5)3- deriva-
tives are essentially inactive (M) Zr) or marginally active (M
) Ti) for polymerization at 25°C (entries 13-16), the MePBB-
analogues are highly active (enhancements ofJ105 and∼60,
respectively). This trend obtains for ethylene/1-hexene co-
polymerization, with both PBB catalysts exhibiting comparable
or higher comonomer incorporation with narrow polydispersities
at higher polymerization rates. For single-ring complexes
(entries 7-12),10 the MePBB- complexes are again more active
for styrene homopolymerization (note the high syndiospecificity
in entry 7) and significantly more active for ethylene/1-hexene
copolymerization to produce copolymers with much narrower
polydispersity.

These results illustrate the substantial and surprising differ-
ences in cationic complex ion pair structure and reactivity that
can be brought about by modifications in fluoroarylborane
cocatalyst architecture. Further exploration of these effects is
in progress.
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Table 1. R-Olefin Polymerization Dataa

entry catalyst
µmol
of cat cond.b monomer(s)c

polym.
yield (g) 10-5activityd 10-3Mw

e Mw/Mn remarks

1 (Cp2ZrMe)2Me+MePBB- (3) 15 100, 40 E 0.80 48.0 559 3.06
2 Cp2ZrMe+MeB(C6F5)3- 15 100, 60 E 1.00 40.0 124 2.03
3 (Cp′′2ZrMe)2Me+MePBB- (4) 15 100, 40 E 1.30 78.0 392 2.72
4 Cp′′2ZrMe+MeB(C6F5)3- 15 100, 60 E 1.50 60.0 321 1.42
5 (Cp′2ZrMe)2Me+MePBB- (5) 15 100, 60 E 1.07 43.0 370 2.28
6 Cp′2ZrMe+MeB(C6F5)3- 15 100, 60 E 0.80 32.0 136 2.54
7 Cp′TiMe+

2MePBB- 50 5, 15 S 0.35 16.1 170 2.56 [rrrr ]>98%
8 Cp′ZrMe+

2MePBB- (8) 50 5, 10 S 1.45 100 27.6 2.63 atactic
9 Cp′HfMe+

2MeB(C6F5)3- 50 5, 15 S 0.69 31.7 24.8 2.98 atactic
10 Cp′HfMe+

2MePBB- (9) 50 5, 15 S 1.16 53.3 22.9 2.78 atactic
11 Cp′TiMe+

2MeB(C6F5)3- 50 25, 5 E/H 0.70 1.70 848 23.7 39.5% Hf

12 Cp′TiMe+
2MePBB- 50 25, 5 E/H 4.51 10.8 151 4.32 43.6% Hf

13 CGC-ZrMe+MeB(C6F5)3- 15 100, 20 E 0
14 CGC-ZrMe+MePBB- (6) 15 100, 4 E 1.56 15.6 7.69 2.78
15 CGC-TiMe+MeB(C6F5)3- 15 100, 10 E 0.21 0.84 1058 9.54
16 CGC-TiMe+MePBB- (7) 15 100, 40 E 0.83 49.8 305 2.56
17 CGC-ZrMe+MeB(C6F5)3- 50 25, 15 E/H 0
18 CGC-ZrMe+MePBB- (6) 50 25, 15 E/H 6.97 5.58 10.0 2.68 33.6% Hf

19 CGC-TiMe+MeB(C6F5)3- 25 25, 10 E/H 0.05 0.12 63.2% Hf

20 CGC-TiMe+MePBB- (7) 25 25, 10 E/H 1.95 4.68 105 1.86 65.3% Hf

a Polymerization procedures designed to minimize mass transfer effects described in ref 2a,c; all polymerizations carried out on high-vacuum
line at 25°C. bConditions given as milliliters of toluene, time (40 and 60 s, all other values in minutes).c Ethylene (E) (1 atm) pressure; 17.4 mmol
of styrene (S); 44.5 mmol of 1-hexene (H).d gram of polymer/[(mole of cationic metallocene) atm h], except in entries 7-10 (polystyrene/[(mole
of catalyst) (mole of monomer) h], (reproducibility between runs≈ 10-15%). eGPC relative to polystyrene standards.f 1-Hexene incorporation in
E/H copolymer.

Figure 1. Molecular structure of the cationic (A) and anionic (B)
portions of {[1,2-(CH3)2-C5H3]2ZrCH3(µ-CH3)CH3Zr[1,2-(CH3)2-
C5H3]2}+[CH3PBB]- (4). Important bond distances (Å) and angles (deg)
are as follows: Zr(1)-C(1) ) 2.439(8), Zr(2)-C(1) ) 2.409(9),
Zr(1)-C(2)) 2.235(8), Zr(2)-C(17)) 2.247(9), Zr(1)-C(1)-Zr(2)
) 170.9(4), B-C(32)) 1.631(9), B-C(33)) 1.672(9), B-C(45))
1.687(10), B-C(57)) 1.686(10).

[Cp2′′ZrMe(µ-Me)ZrMeCp2′′]
+[MePBB]- h

Cp2′′ZrMe2 + Cp2′′ZrMe
+(MePBB)- (3)
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