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Perfluoroaryl boranésand boratesare currently of great

scientific and technological interest as efficient abstractors/
cocatalysts for generating highly active, cationic early transition

metal olefin polymerization catalystsRecent studies suggest

that many of the properties of such catalysts are intimately

connected with the nature of the relatively strong catianion
ion pairing* and that it would be of great interest to investigate
the properties of other main group fluoroarylmetals differing

in size, shape, and latent ligational characteristics. We com-
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municate here the unusual structural and cocatalytic features

of a new, stable (perfluoroaryl)aluminate anion, tris(2,2
nonafluorobiphenyl)fluoroaluminate (PBA®> Noteworthy fea-
tures include very large ion pairing/metallocenium ancillary
ligand structural effects on olefin polymerization activity and
stereoselectivity.

Under a variety of conditions, reaction of (2-nonafluorobi-
phenyl)lithiunf with AICI; leads to a compound having the
composition Li(C;2Fo)3AIF~, which presumably results from
aryl fluoride activation by strongly Lewis acidic, transient “tris-
(perfluorobiphenyl)aluminum” (Scheme 1). lon exchange me-
tathesis with P¥CCI yields the corresponding trityl (perfluo-
robiphenyl)fluoroaluminate, BE*PBA~, which was characterized
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by standard spectroscopic and analytical techniduaeswell
as by single-crystal X-ray diffractiohrevealing unassociated
trityl cations and sterically congested chir&s{symmetric)
(fluoroaryl)aluminate anions (Scheme 1).

Reaction of PECTPBA~ with metallocene dialkyls in toluene
cleanly generates the corresponding cationic complexes (eq 1),

LLMR, + PhjC*PBA- —— LL'MR+PBA- + Ph3CR (n
1a, CpoZrCHPhYPBA”
Cp=n5-CsHs 1b, CpyZrCH3 PBA”

Cp" =n5-1,2-MexCsHs 2, Cp'2ZrCH3 ¥ PBA”
3, [Cp™S:2],ZrCH3 PBA”

4, Cp'2ZrCH3YPBA”

Cp™S; = n3-1,3-(SiMe3)2CsH3
Cp' =n3-CsMes

Me2Si(m3-Me4Cs)(‘BuN) = CGC 5, CGCZICH3*PBA”

Ind = n5-CoHg 6, CGCTiCH3"PBA”

M =Ti, Zr; R = PhCH3, CH3 7, rac-MesSi(Ind),ZrCH3 *PBA”

which were characterized by standdid/**C/*% NMR and
analytical techniqued? Interestingly, the®F—Al NMR dat&’
suggest some degree of M- -F—Al~ interaction, which is
confirmed by the molecular structure ®{see below) and which
qualitatively appears to diminish with increasing ancillary ligand
steric bulkl® The crystal structure of compléx(Scheme 2}
reveals catiofranion pairing via a nearly linear Zr- - -FAl
bridge (0Zr—F—Al = 175.4(4}) with Zr—F and ARF dis-
tances of 2.123(6) and 1.780(6) A, respectively. These can be
compared to terminal and bridging ZF distances of
1.93(1) and 2.11(1) A, respectively, in [GZrF]o(u-F)"B(CeF4-
TBS)~ 2and A-F = 1.682(5) A in PBA. The CGCZrCH*
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Table 1. Ethylene Polymerization Activities with Metallocene2HPBA~ Catalysts and Polymer Properfies

Tp  umol of reaction  polymer activity®(g of polymer/ Tnd AH,

entry catalyst (°C) cat. time (min)  yield (@) (mol catatnrh)) Mut Mw/M,  (°C)  (callg)

1 CpZrMe; (1b) 25 20 20 0 0

2 Cp'2ZrMe; (2) 25 20 30 0.18 1.8 10 5.46x 10° 6.0 139.4 40.5

3 (Cp'™S2),ZrMe; (3) 25 15 2.0 0.54 1.0& 1¢° 1.26x 1¢° 5.6 142.3 29.5

4 CpzZrMe; (4) 25 15 0.67 1.15 6.96 10° 8.97x 10¢ 4.6 138.0 53.9

5 CGCMMe (5, 6) 25 15 10 0 0

6 CGCTiMe (6) 60 30 30 0.20 1.3% 10 2.05x 10° 3.9 139.2 19.5

7 CGCTiMe (6) 110 30 5.0 0.20 8.0& 10 2.05x 1° 3.1 142.5 24.4

a Carried out at 1.0 atm of ethylene in 50 mL of toluene on a high-

b Reproducibility between runs 10—15%.° GPC relative to polystyrene standar@sDSC from the second scan.
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(2) kcal/mol for5) without permutation of diastereotopic Cp
Me groups in6 and6 (AG* > 20.5(4) kcal/mol foi5) or indenyl
fragments in7 (AG* > 20.8(4) kcal/mol).

Perhaps the most interesting aspeciieff chemistry is the
remarkable sensitivity of olefin polymerization characteristics
(Table 1) to ion pairing as inferred from ancillary ligand bulk,
structural data, and'®F—AI.1% Thus, while CpZrCH3;"PBA~
and CGCZrCH'PBA~ exhibit negligible ethylene polymeri-
zation activity at 25C and 1.0 atm, increasing ancillary ligand
bulk effects dramatic, and to our knowledge unprecedehttd,
increases in polymerization activity which roughly parallel
trends ind 1%F—Al. Furthermore, CGCMCkI" polymerization
characteristics are markedly temperature-dependent 6aith-
diated polymerization at 60 and 1@ affording ultrahigh
molecular weight polyethylene. In regard to anion effects on
chiral cation stereoregulation, propylene polymerization (1.0 atm
of C3Hg, 15umol of catalyst, 50 mL of toluene, 6C) mediated

stereochemistry is evident in the NMR spectra as is the strengthbY rac-MezSi(IndpZrMe"B(CeFs)a~ (B(CeFs)a  is known to be

of the Zr- - -FAl interaction. In contrast to the sevefiF
signals observed in BB*PBA™, all of the cationic complexes
exhibit nine, indicative of restricted internakks rotation but
free anion rotation (at 28C) about the M- - -F-Al axes. In
the Cy-symmetric metallocenium cations @fand 2 (enanti-

omersA), anion dissymmetry renders the Cp ligands diaste-
‘@ o | 0" (L@ﬁ
c— >

— —>

W) o o)

S
A

B C

C ) CTO | —]

weakly coordinating”!? yields products of low isotacticity
([mni = 47%, [mr] = 33%, and fr] = 20%)42while under
the same conditions, the strongly ion-paired PBanalogue
produces highly isotactic polypropylenan(iinmrh = 98%)140
The present findings complement and support recent observa-
tions of Eisch and co-workel&sthat weakening of ion pairing
enhances propylene polymerization activity at the expense of
syndioselectivity and of Herfert and Fifikhat syndiospecificity
is sensitive to solvent polarity.

These results considerably expand what is known about the
consequences of strong catieanion interactions for group
4-mediated olefin polymerization. For anions that coordina-

reotopic. Broadening and coalescence of the signals at highertjyely “intrude” into the cation coordination sphere, the effects

temperaturesXG* = 16.4(2) kcal/mol inlb) can be associated
with anion stereomutation. With diastereotopic 1,2,Mep
substitution 2 exhibitsfour Cp Me signals at 28C, indicating
dissymmetry with respect to the Cp centreidr—Cp centroid
plane and that perpendicular (&f). On raising the temperature,
broadening and collapse of this pattern to two Me signals is
observed, witAG* = 16.9(2) kcal/mol. A barrier comparable
to that in1b (suggesting anion racemization) and the lack of
significant additional symmetrizatiodAG* > 19.9(3) kcal/mol

at 87 °C) argues that anion dissociation (eq 2) has a higher
barrier in these systems than in analogous metallocenium
(fluoroaryl)borategd4a.c.12 |Indeed,5—7 each exist as pairs of
unequally populated diastereomeBsgnd C; enantiomers not
shown) which undergo spectroscopic exchary&*(= 15.8-

(13) Fu, P. -F.; Wilson, D. J.; Rudolph, P. R.; Stern, C. L.; Marks, T. J.,
unpublished results.

can be dramatic.
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vacuum line. See Supporting Information for polymerization procedures.



