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Ethylene Polymerization Behavior of New Titanium Complexes
Having Two Phenoxy—Pyridine Chelate Ligands
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Two new titanium complexes having two phenoxy—pyri-
dine chelate ligands were synthesized and investigated for their
potential as ethylene polymerization catalysts. On activation
with Ph;C*B(CgFs),/ i-BusAl, one of the complexes, bis[2-(2-
pyridyl)phenolato] titanium complex, exhibited high activity
(227-564 kg-PE/mol-cat-h) and produced high molecular
weight polyethylene (M,; 140000-3230000) at 25-75 °C.

The design and application of group 4 metallocene cata-
lysts have revolutionized not only polyolefin chemistry but also
the polyolefin industry to create a variety of high performance
polyolefins such as linear low-density polyethylene, isotactic
and syndiotactic polypropylene, syndiotactic polystyrene, etc.t
However, since the discovery of the group 4 metallocene cata-
lysts, the metallocene catalysts have been thoroughly investi-
gated by both academic and industrial research groups.
Therefore, in recent years, there has been increasing interest in
the development of new olefin polymerization catalysts using
transition metal complexes with no Cp ligand. In consequence,
quite a few new olefin polymerization catalysts based on both
early and late transition metal complexes have been devel oped.?

In our own efforts, we have recently reported that transi-
tion metal complexes featuring non-symmetric bidentate lig-
and(s) (e.g., phenoxy—imine, pyrrolide-imine, indolide-imine,
and imine—pyridine ligands) possess high catalytic performance
for olefin polymerization including living olefin polymeriza-
tion.2 In this communication, we describe the synthesis and
ethylene polymerization behavior of two titanium complexes
bearing two phenoxy—pyridine chelate ligands. In addition, the
ethylene polymerization behavior was compared with that of
analogous titanium complexes having two phenoxy—imine
chelate ligands (titanium FI Catalysts). The titanium complexes
used in this study are big[2-(2'-pyridyl)phenolato]titanium(lV)-
diamide, complex 1, and bis[4,6-di-tert-butyl-2-(2'-pyridyl)phe-
nolato]titanium(IV)diamide, complex 2. Phenoxy—pyridine
chelate ligands, HL! and HL?, were prapared by the coupling
reaction of the Grignard reagent derived from the desired bro-
moanisole with 2-bromopyridine using Ni(dppe)Cl, (dppe =
Ph,PCH,CH,PPh,) as a catalyst, followed by the demethylation
of the resulting coupling product by pyridinium chloride (HLZ;
68%, HL 2 54%, based on bromoanisole).* The phenoxy—pyri-
dine ligands reacted smoothly with Ti(NMe,), in toluene to
yield the target complexes (1; 71%, 2; 61%)(Scheme 1).5

The new complexes are active procatalysts for the poly-
merization of ethylene (Table 1) and not simply a source of
titanium amide.” Complex 1, when activated with MAO, dis-
played moderate activities (25 °C; 37 kg-PE/mol-cat-h, 75 °C;
110 kg-PE/mol-cat-h) and produced high molecular weight
polyethylenes® (M,, 25 °C; 4167000: 75 °C; 580000).° On the
other hand, upon activation with Ph;C*B~(CgFs),/i-BusAl,
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Reagents and isolated yields: (i) (a) Mg, THF, r.t., 2 h, (b) 2-bromopyridine,
Ni(dppe)Cl,, THF, r.t., 12h; (ii) Pyridinium chloride, 180 °C, 3 h, 68%
(HL"), 54 %(HL?) (based on bromoanisole); (iii) Ti(NMe,),, toluene, r.t.,
3h,71% (1), 61% (2).

Table 1. Ethylene polymerization results using complexes 1-2 /
co-catalysts systems®

Run Complex Co-catalyst Temp. Activity M v

/C /10
1 1 MAO 25 37 416.7
2 1 MAO 75 110 58.0
3 1 PhyC*B(C4Fs),/TIBA 25 227 323.1
4 1 PhyC'B(C¢F5)/TIBA 50 331 65.6
5 1 PhC'B(C4Fs)/TIBA 75 421 20.0
6° 1 PhyC B (C4Fs5)/TIBA 75 564 14.2
A 2T MAO T 25 9 T 3679
8 2 MAO 75 106 113.0
9 2 PhyC'B(C4Fs)/TIBA 25 6 200.0
10 2 PhCBY(CEF5)/TIBA 75 206 19.0

*Conditions; 0.1 MPa pressure, toluene 250 mL, 30 min. Complex; S5 pmol.
Co-catalyst; MAO; 1.25 mmol, Ph;C*'B(C,F,),; 6 pmol, TIBA; 0.25 mmol.
*kg-PE / mol-cat-h. °TIBA; 0.5 mmol.

complex 1 exhibited higher activities (25 °C; 227 kg-PE/mol-
cat-h, 50 °C; 331 kg-PE/mol-cat-h, 75 °C; 421 kg-PE/mol-
cat-h) with somewhat lower, but still high, molecular weight
values (M,, 25 °C; 3231000, 50 °C; 656000, 75 °C; 200000),°
relative to complex 1/ MAO catalyst system. Increasing the
polymerization temperature (entries 2, 4, and 5) gave a corre-
sponding increase in activity. Complex 1 (5 umol) using
Ph;C*B~(CgFs), (6 umol)/i-BusAl (0.25 mmol) afforded a
reproducible activity of 564 kg-PE/mol-cat-h at 75 °C under
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ethylene at atmospheric pressure,° the activity being very high
for titanium complexes having no Cp ligand. With the rationale
that the introduction of bulky alkyl group ortho to the phenoxy
group would provide better steric protection of the titanium
center and result in greater separation between the cationic tita-
nium center and anionic cocatalyst,® complex 2 with tert-butyl
group ortho to the phenoxy group in the ligand was evauated in
the hope of acquiring much higher catalytic activity. As a
result, unexpectedly, complex 2 was found to show lower activ-
ities using MAO or PhyC*B~(CgFs), /i-BusAl as the cocatalyst
compared with complex 1,2 unlike the analogous titanium com-
plexes having two phenoxy—imine chelate ligands whose activi-
ty is enhanced by placing bulky akyl group ortho to the phe-
noxy group.3381112 One possible explanation for the differ-
ence in polymerization behavior between the complexes having
phenoxy—pyridine and those with phenoxy—imine ligands is that
the structures of the active species are different between the
two.1® DFT calculations suggest that complexes 1 and 2 pos-
sess cis-located active sites trans to the anionic phenoxy-oxy-
gens (Figure 1 (A)) whereas, as aready reported, titanium com-
plexes having phenoxy—imine ligands have cis-located active
sites trans to the neutral imine-nitrogens (Figure 1 (B)).%° It is
apparent that, in Figure 1 (A), a substituent ortho to the phe-
noxy group is not effective for steric protection of the titanium
center and for ion separation between the cationic titanium cen-
ter and anionic cocatalyst, explaining the difference in polymer-
ization behavior between the titanium complexes having phe-
noxy—pyridine and those with phenoxy—imine ligands. In addi-
tion, the lower activities exhibited by the titanium complexes
with phenoxy—pyridine ligands relative to those with
phenoxy—imine ligands can be explained when the titanium
complexes with phenoxy—pyridine ligands possess active sites
trans to the anionic phenoxy-oxygens because the neutral
imine-nitrogens trans to the active sites are thought to be
responsible for high activities displayed by the titanium com-
plexes bearing phenoxy—imine ligands.
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Figure 1. Calculated structures of active species generated from
(A) Ti complex 2 and (B) Ti-FI complex

In conclusion, two new titanium complexes having phe-
noxy—pyridine chelate ligands have been introduced. The
results described herein show the importance of the active
species’s structure of complexes, which potentially possess
more than one active species, for catalytic performance. These
results would contribute to further discovery and development
of high performance ol efin polymerization catalysts.
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