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Synthesis of [C6F5N=CH(2-O-C6H3-3-R)]2TiMeX (R: tBu;
X: Br (2), R: tBu; X: Me (3), R: H; X: Me (4)) was achieved by
the reaction of methylated titanium halides with sodium salts of
the phenoxyimine ligands. These complexes can be activated
with equimolar amounts of B(C6F5)3 or Ph3CB(C6F5)4 to form
methyl cationic species, which, upon addition of a small amount
of ethylene monomer allows room temperature observation of
cationic polymeryl species.

Synthesis of alkyl complexes is of great value since such
complexes can be activated in a well-defined manner using an
equimolar amount of perfluoroaryl borane or borate salts without
the need for alkylaluminums. Direct observations of these alkyl
cationic species have contributed to fundamental understanding
of olefin polymerization mechanisms with metallocenes and
related complexes.1

We have reported the unique and versatile olefin polymer-
izations with Group 4 bis(phenoxyimine) complexes (FI Cata-
lysts) activated with MAO or iBu3Al/Ph3CB(C6F5)4,

2 which in-
clude living (syndioselective) polymerizations of ethylene and
propylene by fluorinated Ti-FI complexes,3 e.g., [C6F5N=
CH(2-O-C6H3-3-

tBu)]2TiCl2 (1). However, attempts to synthe-
size alkylated FI complexes have been hampered by various side
reactions, including nucleophilic attacks of alkylating agents on
imine functions, reduction of Ti(IV) to Ti species with lower
oxidation states, intramolecular migration of the alkyl group,4

and ligand transfer to alkylaluminum.5 Alkylation of 1 is even
more difficult because electron-withdrawing perfluorophenyl
groups make the imines more electrophilic. We now report on
the successful synthesis of [C6F5N=CH(2-O-C6H3-3-R)]2-
TiMeX (R: tBu; X: Br (2), R: tBu; X: Me (3), R: H; X: Me
(4)) by taking a new synthetic approach, i.e., synthesis of
Me2�nTiX2þn (n ¼ 1, X ¼ Br (6) or n ¼ 0, X ¼ Cl (7)) fol-
lowed by complexation with sodium salt of phenoxyimine
ligands.

A titanium precursor 6 was prepared in 70% yield according
to modified procedure of the literature.6 The reaction of 6 and
2 equiv. of [C6F5N=CH(2-O-C6H3-3-

tBu)]Na in toluene at
�78 �C afforded complex 2 as reddish brown powder (71%).
1HNMR spectrum of 2 exhibits two sets of ligand signals, indi-
cating collapse of C2 symmetry seen for 1, as well as a H3C-Ti
signal at 1.97 ppm.7 Dimethyltitanium dichloride (7) was gener-
ated in situ by the reaction of 1,2-dimethoxyethane adduct of
TiCl4 (TiCl4.DME) and 2 equiv. of MeLi in diethyl ether at
�30 �C8 and used without isolation in subsequent reactions with
the sodium salts. After removal of inorganic salts by filtration,
complex 3 was precipitated from pentane solution as dark red
crystallite.9 The molecular structure of 3 shown in Figure 1

adopts a distorted octahedral structure having a trans-O, cis-N,
and cis-Me disposition as is commonly observed for FI dichlo-
ride complexes and is consistent with the observed NMR spec-
tra. To the best of our knowledge, this represents the first struc-
turally characterized alkyl complex bearing bis(phenoxyimine)
ligands. Complex 4 was prepared by a similar manner to com-
plex 3 and obtained as orange tan powder.10

Complex 2, upon activation with an equimolar amount of
NaB(C6F5)4, exhibited lower ethylene polymerization activity
than MAO activation under the same conditions (5700
gmmol�1 h�1 for borate; 35,800 gmmol�1 h�1 for MAO3a)
and was practically inactive for propylene polymerization. Com-
plex 3 upon activation with Ph3CB(C6F5)4 displayed compara-
ble activities with MAO for ethylene (23,400 gmmol�1 h�1)
and propylene polymerizations (2.9 kgmol�1 h�1 for MAO;3b

1.3 kgmol�1 h�1 for borate). The 1HNMR spectra of complex
2 activated with NaB(C6F5)4 indicated a set of ligand signals
as a main component (2�), showing a symmetric structure on
an NMR time scale. However, the signals of 2� are significantly
up-field shifted (0.56 ppm forHC=N) relative to MAO activated
species.5 This can be attributed to less cationic nature of 2� pre-
sumably derived from formation of Br-bridged dinuclear mono-
cationic complex, [{C6F5N=CH(2-O-C6H3-3-

tBu)}2TiMe]2-
Brþ.11 On the other hand, activation of 3 with the trityl salt
caused immediate precipitation of a dark red oily product (3�)
indicative of a species with strong ionic character. The reaction
in bromobenzene-d5 resulted in homogeneous solution of 3�,
whose 1HNMR exhibited a set of ligand signals and methyl
groups of Ph3CMe and Me–Ti at 1.88 and 1.78 ppm, respective-
ly, corroborating the formation of [C6F5N=CH(2-O-C6H3-3-
tBu)]TiMeþB(C6F5)4

�. Activation of 3 with B(C6F5)3, which
usually affords more soluble and more stable inner sphere ion
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Figure 1. Molecular structure of a Ti-FI dimethyl complex,
[C6F5N=CH(2-O-C6H3-3-

tBu)]2TiMe2 (3). Selected bond
lengths ( �A) and bond angles (deg): Ti–O(1) 1.869(2); Ti–O(2)
1.872(2); Ti–N(1) 2.345(3); Ti–N(2) 2.371(3); Ti–C(1)
2.111(4); Ti–C(1) 2.102(4); O(1)–Ti–O(2) 160.3(1); N(1)–Ti–
N(2) 93.9(1); C(1)–Ti–C(2) 93.9(2).
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pairs with metallocene dialkyls,1 also resulted in oily precipita-
tion in toluene at 8.1mM [Ti], implying significant cation–anion
separation of this species.12 Sterically much less encumbered
complex 4 with B(C6F5)3 also gave an oily species (4�) in tol-
uene-d8 (13.3mM [Ti]), thus the origin of the ion separation is
not primarily steric. 1HNMR spectra of 4� verify the formation
of a cationic methyl species with some minor species (40) that is
not observed for 3�. The identity of the minor species is un-
known at this moment but could be a Me-bridged dinuclear spe-
cies due to reduced steric bulk of 4�. The 1HNMR shifts of
MeB(C6F5)3

� for 4� as a measure of ionic character13 are ca.
0.8 ppm in both toluene and bromobenzene that is almost identi-
cal to LiMeB(C6F5)3. We attribute this enhanced ion separation
to the formation of sterically more relaxed five-coordinated
trigonal bipyramidal cationic species that can compensate for
the energy gain due to the charge separation.

Upon addition of ethylene (ca. 5 equiv. to [Ti]) to 4� in bro-
mobenzene-d5, peak intensity of species 4

� decreases along with
the appearance of new signals as shown in Figure 2. Particularly
notable are the signals at 2.88 and 1.45 ppm that are assignable
to the diastereotopic �-methylene protons of the propagating
‘‘living’’ species (5�). The minor species (40) is virtually inactive
to ethylene polymerization and there is no double bond forma-
tion indicative of chain transfers. It should be noted that NMR
experiments were conducted at room temperature and that after
9 h, species 5� remained almost unchanged though 4� slightly
decreased in intensity. The same experiment for 3� also exhibits
a living propagating species (4.59 and 3.15 ppm for –CH2Ti),
although it was rather difficult to control the reaction due to
the high activity of this species14 under the conditions currently
applied.

In conclusion, we have shown that monomethyl and dimeth-
yl Ti-FI catalysts with perfluorinated N-aryl groups are accessi-
ble. These complexes can be activated by common boron coca-
talysts without the use of alkylaluminums and thus without re-
duction of the imine and Ti. The species obtained are similar
to MAO derived species in character and prove the extraordinary
robust livingness. The living propagating species can be ob-
served even at room temperature. In order to investigate dynam-
ic solution structure and polymerization mechanism of FI Cata-
lysts, including the proposed ortho-F–�-H interaction,3 and con-
figurational fluxionality,3b,15 more extensive NMR and other
spectroscopic studies are currently underway and will be report-
ed in due course.
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Figure 2. 1HNMR spectra (270MHz: BrC6D5) of [C6F5N=CH(2-O-C6H4)]TiMeþ[MeB(C6F5)3]
� (4�, bottom) and [C6F5N=CH(2-

O-C6H4)]Ti(CH2CH2)nMeþ[MeB(C6F5)3]
� (5�, top). The asterisks indicate protio impurities of NMR solvent and pentane.
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