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Phenoxy substituted zirconocenes in ethylene polymerization '
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Abstract

Zirconocene dichloride was reacted with either 2,6-di-rers-butyl- or 2,6-diisopropyl phenol to form bis(n’-cyclopentadienyl) zirco-
nium{IV) monochloride complexes 1 and 2 respectively. A bisphenoxy derivative of Cp,ZrCl,, 3, was formed, when sterically less
demanding 2,6-dimethyl phenol was utilized. The ability of the complexes 1, 2 and 3 in ethylene polymerization with MAQO as cocatalyst
was examined. Polymer analysis indicates that, regardless of which complex was used, only one kind of catalytically active metal center
is formed and polymer properties resemble those obtained with the Cp,ZrCl,/MAO system. The solid state structure of bis(n’-cyclo-
pentadienyl) zirconium(IV) 2,6-di-tert-butyl-phenoxy monochloride (1) is reported. © 1997 Elsevier Science S.A.
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1. Introduction

After the discovery of methylalumoxane (MAO) as
an effective activator for Group 4 metallocene com-
plexes, a lot of work has been directed to these com-
pounds (see reviews in Refs. [1,2]). The cocatalyst
MAQ forms a cationic metal center which is responsible
for catalytic activity. Depending on variations in the
ligand environment, different kinds of polymer mi-
crostructures and polymers with different properties can
be achieved.

In the last years renewed attention has been focused
on complexes bearing metal amine or metal alkoxide
bondings, which could also be used as polymerization
catalysts and have a comparable coordination geometry
to traditional metal ’-Cp complexes [2,3]. When metal
alkoxide coordination complexes are activated with
MAO, they often produce polymers with broad molecu-
lar weight distribution. To better understand such Group
4 metal and alkoxo ligand interactions in the presence
of MAO, we chose zirconocenes with different types of
phenoxy substituents as model compounds and studied
their polymerization behavior when activated with
MAQO. Zirconium aryloxides have been widely investi-
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gated and characterized [4,5]. Synthesis of the com-
plexes 1, 2 and structural analogues for the complex 3
have been presented previously [5,6] (Fig. 1).

2. Experimental

All preparative reactions were carried out under an
atmosphere of dry argon using standard Schlenk tech-
niques. Hydrocarbons and ethers were purified by distil-
lation from LiAIH,. '"H NMR was recorded on a Varian
Gemini 200 MHz spectrometer and MS(EI) and HRMS
on a JEOL JMS-SX102 mass spectrometer.

Complexes 1 and 2 were prepared using modified
literature procedures [6]. Either 2,6-di-tert-butyl phenol
or 2,6-diisopropyl phenol (6 mmol) were dissolved in
20ml of dry tetrahydrofuran (THF). The solution was
cooled to —78°C and 1.6 M n-butyl lithium (3.6 ml,
6 mmol) was added dropwise. After addition was com-
plete, the reaction mixture was allowed to come to
ambient temperature to complete the reaction and fur-
ther cooled down again to —78°C. Cp,ZrCl, (1.7g,
6 mmol) was added to the reaction mixture and slowly
heated up to the boiling point of THF and refluxed for
20h. THF was removed and the white solid powder was
extracted with n-hexane.

1: (1.16 g, 2.5mmol) was isolated after vaporization
of n-hexane with 42% yield. Colorless crystals suitable
for X-ray measurements were formed via slow vaporiza-
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Fig. 1. The schematic structures of zirconocenes with different types of phenoxy substituents used in ethylene polymerization.

tion of n-hexane. 'H NMR (CDCl,): 6= 1.44 (d, 18H,
J =7.3Hz, (tert-butyl)), 6.34 (s, 10H, Cp), 6.73-7.19
(m, 3H). MS (EI, 70eV): 460.1 (M7), 2549 (M* — 2,6-
tert-butyl-phenoxy). HRMS (EI, 70eV): calculated for
C,,H;,0ZrCl 460.1110, found 460.1123.

2: The procedure described above gave a white solid
powder (0.96g, 2.2mmol) with 37% yield. '"H NMR
(CDCl,): 6=1.22 (d, 12H, isopropyl), 3.16 (t, IH,
isopropyl) 6.39 (s, 10H, Cp), 6.87-7.08 (m, 3H). MS
(EL, 70eV): 432.1 (M™), 397.1 (M* — 2,6-diisopropyl-
phenoxy). HRMS (EI, 70eV): calculated for
C,, H,,0ZrC1 432.0797, found 432.0795.

Complex 3 was prepared using a slightly different
procedure from that described above. 2,6-Dimethyl-phe-
nol (0.6 g, 5mmol) was dissolved in 10ml of diethyl
ether. The solution was cooled to —20°C and r-butyl
lithium (3.0ml, 1.6 M, 5.0 mmol) was added. After stir-
ring for 1h at room temperature, 30 ml of toluene was
included and lithiosalt of phenoxide was cooled again to
—20°C. After addition of Cp,ZrCl, (0.7 g, 2.5 mmol),
the reaction mixture was stirred overnight at room
temperature and then filtered through Celite and the
solvent was removed. The yellow oily residue was
dissolved in 20 ml n-hexane and the white solid powder
(0.28 g, 0.6 mmol) was isolated with 24% yield after
crystallization at —20°C.

3: '"H NMR (CDCl,): 8=2.28 (s, 12H, (methyl)),
6.23 (s, 10H, Cp), 6.76-7.08 (m, 6H). MS (EI, 70eV):
462.0 (M*), 341.0 (M* — 2,6-dimethyl-phenoxy).
HRMS (EI, 70eV): calculated for C,,H,;O0,Zr
462.1137, found 462.1150.

Lower pressure polymerizations were performed in
300ml toluene in a 11 glass reactor equipped with a
propeller-like stirrer. The stirring speed was 800rpm,
temperature 30°C (£0.2°C) and ethylene overpressure
2.0bar (+0.05bar). During polymerization the partial
pressure of ethylene was maintained constant with an
electronic pressure controller and ethylene flow was
followed with a calibrated mass flow meter. To stop the
polymerization the reactor was degassed and the prod-
uct quantitatively dropped out with 600ml of acified
methanol, further washed several times with methanol

and dried overnight at 70°C. The Al /Zr ratio used in
polymerizations was 6000:1.

The polymerization experiments at higher pressure
were carried out as follows: a 21 steel autoclave was
filled with 1.71 pentane. The ethylene pressure was
10bar and kept constant during polymerization experi-
ments. The polymerization temperature was 80°C. The
consumption of ethylene was followed by an on-line
mass flow meter. The Al/Zr ratio was 1500:1.

3. Solid state structure

The structure of zirconocene 2,6-di-fert-butyl phe-
noxy monochloride (1) (Fig. 2) in the solid state reveals
that the Zr—O bond length (2.008(2) A) is comparable to
the value found in the zirconocene complex bearing

Fig. 2. View of Cp,ZrCIOC,H,Bu'-2,6 with the atom labels and
displacement ellipsoids drawn at the 30% probability level. Hydrogen
atoms were omitted for clarity.
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Table 1
Structural comparison of bis(cyclopentadienyl)zirconium(IV) arylox-
ides to bis(cyclopentadienyl)zirconium(IV) dichloride

1 Cp,ZrCIOAr [8]  Cp,ZrCl, [7]
Zr-0 (A) 2.008(2) 1.98(2) —
Zr—Cl (A) 24642(11)  2.45(2) 2.445
Zr-Cen*(A) 2227 n.g. 2.198
Z-0-C(°)  144.1(2) 150(1) —

Ar = 2,6-Bu’,-4-MeC(H,.
* Average value, if both are given; n.g., not given.

phenoxo ligands without 2,6-substituents [5]. The Zr-O
distance in these complexes is shorter than its respective
covalent radii, and this has been attributed to the fact
that in this kind of bonding ionic contribution is also
taking place [5]. The centeroids of the cyclopentadienyl
rings are transferred slightly further away from the
metal center than in the case of Cp,ZrCl, [7]. The
Zr—Cl bond length is slightly longer than those found in
Cp, ZrCl, (Table 1).

Crystal data for 1: C,,H;,ClOZr, 426.16gmol ™",
colorless prism, 0.4 X 0.3 X 0.1 mm, monoclinic, space
group P2,/c, a=13278(7), b=10.005(6), c=
16.767(7) A, B=101.40(4)°, V=2183(2)A°, Z=4,
D, = 1.406 gcm ™, F(000) = 960, u=0.637mm™',
Rigaku AFC7S diffractometer, Mo Ka radiation (A =
0.71069 A), w/28 scans, T= —80°C. The structure
was solved by direct methods (SHELXTL-PC vers. 4.1)
and refined by full-matrix least-squares on F? using all
collected reflections (SHELXL-93). i-Scans were used
for absorption correction (range 0.9287-1.000). The
data set was compressed to reflection files with TEXSAN
single crystal structure analysis software. All non-hy-
drogen atoms were allowed to refine anisotropically.
Hydrogen atoms were attached to calculated positions
with thermal parameter 1.3 times that to host atoms.
Final R =0.040, wR(F?)=0.101 for 2997 reflections
with I>2.00(7), R=0.050, wR(F*)=0.107 for all
3547 reflections.

In metallocene complexes where only one chlorine is
replaced by a different kind of phenoxy ligand, which
are d-bonded to zirconium, the phenoxy and chloro
ligands are in cis-position to each other and the metal
center remains coordinatively wunsaturated. Phenoxy
substituted metallocenes 1-3 are relatively volatile and
thus it might be possible to use them as starting materi-
als for heterogenisation of metallocenes on ceramic
supports via chemical vapor deposition methods.

Table 2

Polymerization results of the zirconocene 1 at 80°C and 10bar
Activity *  Zr(pmol) M, M, /M,

Cp,ZrCl, 7500 25 201000 3.0

1 9700 5.0 225000 2.7

* kg PE/(mol Zrh).

4. Polymerizations

Phenoxy substituted zirconocenes 1-3 were used as
catalyst precursors for ethylene polymerization. Accord-
ing to preliminary ethylene polymerization results, the
activity and polymer properties of phenoxide substituted
zirconocenes 2 and 3 do not significantly differ from the
activity of zirconocene dichloride under the same condi-
tions. At 30°C and 2bar ethylene pressure the com-
plexes 2 and 3 produce polyethylene with an activity of
1,910 and 1,740kg PE/(mol Zrh) respectively (the
activity of Cp,ZrCl, under identical conditions was
2,200kg PE/(mol Zrh). Zirconocene 1 instead shows
reduced activity, 400kg PE/(mol Zrh), and we at-
tribute this to steric reasons. When the polymerization
temperature and pressure are increased (80°C, 10bar),
complex 1 shows similar polymerization properties as
Cp,ZrCl,/MAO (Table 2). Molecular weights and
molecular weight distributions do not differ signifi-
cantly from the values obtained for polymer produced
by Cp,ZrCl, /MAO.

The observed polymerization behavior might be ex-
plained by the formation of only one catalytically active
species with MAQO. According to earlier studies on
interactions between MAQO and zirconocene dichloride,
and later on with studies of cationic zirconocenes, it is
obvious that both Cl and phenoxy ligands were removed
and replaced by an alkyl group and a vacant coordina-
tion site.

The slightly higher activity of phenoxy substituted
zirconocene 1 compared to zirconocene dichloride might
be caused by the higher solubility of the complex to the
polymerization medium (pentane). Another possible ex-
planation for such behavior might be the ease of activa-
tion of complex 1, since its Zr—Cl bond is longer and
should undergo methyl transformation faster than the
chloride in the Cp,ZrCl, /MAO systems. Further poly-
merization studies of phenoxy substituted zirconocene
monochlorides are underway.

5. Conclusions

The phenoxy substituted zirconocenes 1-3 along with
MAOQO show comparable polymerization behavior to the
non-substituted Cp,ZrCl,/MAO system, as expected.
This can be regarded as proof that during the poly-
merization process similar kinds of active centers are
formed for all compounds.

6. Supplementary material available

Tables of non-H atomic coordinates, bond lengths
and angles, anisotropic displacement parameters, H-atom
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coordinates and isotropic displacement parameters and
structure factors (15 pages). Ordering information is
given on any current masthead page.
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