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Description

[0001] The invention relates to a process for the polymerisation of an olefin, in the presence of an indenyl compound
as a catalyst component.
[0002] Such indenyl compounds are for instance known from WO-A-94/11406.
[0003] In said patent publication indenyl compounds are described of formula

wherein:

M is a transition metal from the lanthanides or from group 3, 4, 5 or 6 of the Periodic System of Elements,
Q is an anionic ligand to M,
k is the number of Q-groups and equals the valence of M minus 2, and
R is a bridging group.

[0004] It is now surprisingly discovered that indenyl compounds, wherein R contains at least one sp2-hybridised
carbon atom that is bonded to the indenyl group at the 2-position, are more active and/or give polymers with a higher
molecular weight (Mw) and/or yield a polypropylene with a low amount of misinsertions when used as a catalyst com-
ponent during the polymerisation of olefins.
[0005] The indenyl compound used in the process according to the invention is an indenyl compound according to (1)
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wherein:

M is a transition metal from the lanthanides or from group 3, 4, 5 or 6 of the Periodic System of Elements,
Q is an anionic ligand to M,
k is the number of Q groups, and equals the valence of M minus 2,
R is a bridging group containing at least one sp2-hybridised carbon atom that is bonded to the indenyl group at
the 2-position,
and Z and X are substituents,

optionally in the presence of a cocatalyst, with the exclusion of Ti(deshydronorbiphenacene) dichloride.
[0006] In 'Synthesis, Structure, and Properties of Chiral Titanium and Zirconium Complexes Bearing Biaryl Strapped
Substituted Cyclopentadienyl Ligands', W.W. Ellis c.s., Organometallics 1993, 12, 4391-4401 Ti(deshydronorbiphen-
acene)dichloride is described, but not the polymerisation of olefins with this indenyl compound.
[0007] The various components of the indenyl compound used in the process according to the present invention will
hereafter be discussed in more detail.

a) The transition metal M

[0008] The transition metal M is selected from the lanthanides or from group 3, 4, 5 or 6 of the Periodic System of
Elements.
[0009] The Periodic System of Elements is understood to be the new IUPAC version as printed on the inside cover
of the Handbook of Chemistry and Physics, 70th edition, CRC Press, 1989-1990.
[0010] The transition metal M is preferably chosen from the group Ti, Zr, Hf, V and Sm.
[0011] Most preferably the transition metal M is Ti, Zr or Hf.

b) The anionic ligand Q

[0012] The Q group in the indenyl compound used in the process according to the invention comprises one or more
uni- or polyvalent anionic ligands to the transition metal M. As examples of such ligands, which may be the same or
different, the following can be mentioned:

a hydrogen atom, a halogen atom, an alkyl group, an aryl group, an aralkyl group, an alkoxy group, an aryloxy
group, a group with a heteroatom chosen from group 14, 15 or 16 of the Periodic System of Elements, such as:

- an amine group or amide group,
- a sulfur-containing compound, such as sulphide and sulphite,
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- a phosphorus-containing compound, such as phosphine and phosphite.

[0013] The ligand Q can also be a monoanionic ligand bonded to the transition metal M via a covalent metal-carbon
bond and which is additionally capable to non-covalently interact with M via one or more functional groups. The func-
tional group mentioned above can be one atom, but also a group of atoms connected together. The functional group
is preferably an atom of group 17 of the Periodic Table of the Elements or a group containing one or more elements
from groups 15, 16 or 17 of the Periodic Table of the Elements. Examples of functional groups are F, Cl, Br, dialkylamino
and alkoxy groups.
Q can for instance be a phenyl group in which at least one of the ortho-positions is substituted with a functional group
capable of donating electron density to the transition metal M. Q can also be a methyl group in which one or more of
the alpha-positions is substituted with a functional group capable of donating electron density to the transition metal M.
Examples of methyl groups substituted in one or more of the alpha-positions are benzyl, diphenylmethyl, ethyl, propyl
and butyl substituted with a functional group capable of donating electron density to the transition metal M. Preferably
at least one of the ortho-positions of a benzyl-group is substituted with a functional group capable of donating electron
density to the transition metal M.
[0014] Examples of these Q groups are: 2,6-difluorophenyl, 2,4,6-trifluorophenyl, pentafluorophenyl, 2-alkoxyphenyl,
2,6-dialkoxyphenyl, 2,4,6-tri(trifluoromethyl)phenyl, 2,6-di(trifluoromethyl)phenyl, 2-trifluoromethylphenyl, 2-(di-
alkylamino)benzyl and 2,6-(dialkylamino)phenyl.
The man skilled in the art can determine the suitability of these and other ligands through simple experimenting.
[0015] The number of Q groups in the indenyl compound used in the process according to the invention (index k in
formula (1)) is determined by the valence of the transition metal M and the valence of the Q groups itself. In the indenyl
compound used in the process according to the invention k is equal to the valence of M minus 2 divided by the valence
of Q.
[0016] Preferably, Q is a mono-anionic ligand. Most preferably, Q is Cl or a methyl group.

c) The bridging group R

[0017] R is a bridging group containing at least one sp2-hybridised carbon atom that is bonded to the indenyl group
at the 2-position.
[0018] In general and in this description, the substituent locants of the indenyl ring are numbered in accordance with
the IUPAC Nomenclature of Organic Chemistry, 1979, rule A 21.1. The numbering of the substituents for indene is
given below. This numbering is analogous in the case of an indenyl ligand:

[0019] The R group connects the indenyl group with the cyclopentadienyl group in the indenyl compound used in
the process according to the invention.
Sp2-hybridised carbon atoms are also known as trigonal carbon atoms. The chemistry related to sp2-hybridised carbon
atoms is for instance descibed by S.N. Ege, Organic Chemistry, D.C. Heath and Co., 1984, p. 51-54. Sp2-hybridised
carbon atoms are carbon atoms that are connected to three other atoms. In the indenyl compounds used in the process
according to the invention the sp2-hybridised carbon atom is in any case connected to the indenyl group at the 2-po-
sition.
[0020] The sp2-hybridised carbon atom may be a part of, for instance, an alkylene-containing bridging group R or
of an aryl group forming part of the bridging group R.
[0021] Alkylene-containing bridging groups can be, for instance of the formulas

wherein R' is a hydrogen atom, a halogen atom, an alkyl group, an aryl group, an aralkyl group, an alkoxy group, an
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aryloxy group, a group with a heteroatom chosen from group 14, 15 or 16 of the Periodic System of Elements, such as

- an amine group or amide group,
- a sulfur-containing compound, such as sulphide and sulphite,
- a phosphorus-containing compound, such as phosphine and phosphite, E can be carbon, silica or germanium

atom and s is 1-20.

[0022] Examples of alkylene-containing bridging groups are ethylene, propylene, which can also be subsituted.
[0023] Examples of aryl groups that can form part of a bridging group are phenylene, biphenylene, pyridyl, furyl,
thiophyl and N-substituted pyrroles, such as N-phenylpyrrole or an inorganic compound containing an aromatic group,
for instance a metallocene compound and a ferrocene compound.
[0024] The bridging group R preferably contains at least one aryl group; preferably the aryl group is a phenylene
group. When R is a phenylene group the indenyl compounds are more active catalyst components. More preferably
R is a bisaryl group; preferably a 2,2'-biphenylene. When R is a 2,2'-biphenylene group the indenyl compound, as a
catalyst component, gives rise to better comonomer incorporation, polymers with a higher molecular weight and to a
propylene homopolymer with a higher isotacticity when propylene is polymerised.

d) The substituents X1-X4

[0025] The cyclopentadienyl group may be substituted. The substituents X may each separately be hydrogen or a
hydrocarbon radical with 1-20 carbon atoms (e.g. alkyl, aryl, aryl alkyl). Examples of alkyl groups are methyl, ethyl,
propyl, butyl, hexyl and decyl. Examples of aryl groups are phenyl, mesityl, tolyl and cumenyl, Examples of aryl alkyl
groups are benzyl, pentamethylbenzyl, xylyl, styryl and trityl. Examples of other substituents are halides, such as chlo-
ride, bromide, fluoride and iodide, methoxy, ethoxy and phenoxy. Also, two adjacent hydrocarbon radicals may be
connected with each other in a ring system. In this way an indenyl can be formed by connection of X1 and X2, X2 and
X3, X3 and X4, or fluorenyl can be formed by connection of both X1 and X2 and X3 and X4.
[0026] X may also be a substituent which instead of or in addition to carbon and/or hydrogen may comprise one or
more heteroatoms from group 14, 15 or 16 of the Periodic System of Elements. Examples of such a heteroatom con-
taining substituents are: alkylsulphides (like MeS-, PhS-, n-butyl-S-), amines (like Me2N-, n-butyl-N-), Si or B containing
groups (like Me3Si- or Et2B-) or P-containing groups (like Me2P- or Ph2P-).

e) The substituents Z1-Z6

[0027] The indenyl group may be substituted. The substituents Z may each separately be a substituent as described
under d for X. Two adjacent hydrocarbon radicals may be connected with each other in a ring system. The Z1 and Z2
substituents can together with the X1 and X4 substitents form a second bridge that connects the indenyl group with
the cyclopentadienyl group in the indenyl compound used in the process according to the invention. The second bridge
can be a bridge as described under c, but can also be a bridge having the following structure:

where p = 1-4 and E is an element from group 14 of the Periodic System. R3 can be the same substituent as described
for X under d.
[0028] Preferably, because these indenyl compounds are the most active ones, the indenyl compound has the struc-
ture of formula (2)

(-ER3
2-)p
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wherein:

M is a transition metal from the lanthanides or from group 3, 4, 5 or 6 of the Periodic System of Elements,
Q is an anionic ligand to M,
k is the number of Q groups, and equals the valence of M minus 2,
R is a bridging group containing at least one sp2-hybridised carbon atom that is bonded to one of the indenyl
groups at the 2-position,
and Z and X are substituents as defined herein before.

[0029] Ligand presursors that can be used to prepare the indenyl compound used in the process according to the
invention have a structure according to formula (3)
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wherein:

R is a bridging group containing at least one sp2-hybridised carbon atom that is bonded to the indene group at
the 2-position
and Z and X are substituents as defined here before, with the exclusion of 2,2'-bis(2-1H-indenyl)-6,6'-dimethyl-
1,1'-biphenyl, 2,2'-bis(2-1H-indenyl)-1,1'-biphenyl and 2,2'-bis(2-1H-indenyl)-1,1'-binaphthalene.

[0030] The meaning of the various components is further described hereabove.
[0031] In 'Synthesis, Structure, and Properties of Chiral Titanium and Zirconium Complexes Bearing Biaryl Strapped
Substituted Cyclopentadienyl Ligands', W.W. Ellis c.s., Organometallics 1993, 12, 4391-4401 the ligand precursors
2,2'-bis(2-1H-indenyl)-6,6'-dimethyl-1,1'-biphenyl, 2,2'-bis(2-1H-indenyl)-1,1'-biphenyl and 2,2'-bis(2-1H-indenyl)-1,1'-
binaphthalene are mentioned. In this article the use of indenyl compounds according to the invention for the polymer-
isation of olefins is not described and the advantages of the indenyl compounds according to the invention are not
suggested.
[0032] Preferably the ligand precursors have a structure according to formula (4)

wherein:

R is a bridging group containing at least one sp2-hybridised carbon atom that is bonded to one of the indene groups
at the 2-position
and Z and X are substituents as defined herein before with the exclusion of 2,2'-bis(2-1H-indenyl)-6,6'-dimethyl-
1,1'-biphenyl, 2,2'-bis(2-1H-indenyl)-1,1'-biphenyl and 2,2'-bis(2-1H-indenyl)-1,1'-binaphthalene.

More preferably the bridge R contains at least one phenylene group.
Most preferably the bridge R is a 2,2'-biphenylene with the exclusion of a ligand with the structure 2,2'-bis(2-1H-indenyl)-
1,1'-biphenyl.
[0033] The ligand precursor of formula (4) can be prepared by a cross-coupling reaction of two 2-indenyl precursors
of formula (5) with a bridging precursor R(Y2)2
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wherein:

X1 to X8: are substituents,
Y1 and Y2 are either a leaving group or a metal containing group,
R is a bridging group,

comprising the steps of reacting 2 equivalents of the 2-indenyl precursors with 1 equivalent of the bridging precursor,
Y2 being a leaving group in the case that Y1 is a metal containing group and Y2 being a metal containing group in the
case that Y1 is a leaving group.
The bridging group R and the X substituents are defined as herein before.
[0034] The ligand precursor of formula (3) can be prepared by a cross-coupling reaction of one 2-indenyl precursor
of formula (5) with one cyclopentadienyl precursor of formula (6) with a bridging precursor R(Y2)2:

wherein:

X1 to X8: are substituents,
Y1 and Y2 are either a leaving group or a metal containing group,
R is a bridging group,

comprising the step of reacting 1 equivalent of the 2-indenyl precursor and 1 equivalent of the cyclopentadienyl pre-
cursor with 1 equivalent of the bridging precursor, Y2 being a leaving group in the case that Y1 is a metal containing
group and Y2 being a metal containing group in the case that Y1 is a leaving group.
The bridging group R and the X substituents are defined as herein before.
A cross-coupling reaction is a reaction of an organometallic reagent with an organic compound substituted with a
leaving group.
In such reaction, the carbon-atom containing the organometallic group and the carbon atom containing the leaving
group are coupled through C-C bond formation. Examples of leaving groups (denoted as Y above) are: halogens,
diazonium groups, sulphonates, phosphates, phosphites,sulphides, sulphoxides, sulphones, selenides, carboxylates,
ethers, silicon ethers, germanium ethers.
An organometallic group is a group with formula

Wherein:

-Mm(Q1)n.
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M: is an element of group 1 - 14 of the Periodic Table, except hydrogen and carbon
m: is the valence of M.
Q1: is a substituent of M, for example halogen, hydroxy, alkyl, alkenyl, aryl, alkoxy, alkenoxy, aryloxy, trialkylsilyloxy,
trialkenylsilyloxy, triarylsilyloxy, alkylsulphide, alkenylsulphides, arylsulphides, dialkylamides, dialkenylamides, di-
arylamides, alkylalkenylamides, alkylarylamides, alkenylarylamides. 2 or more substituents Q1 can be connected
to form a ring structure.
n is the number of substituents Q1 on M.

[0035] The organometallic group can be neutral when n = m-1, or anionic, when n = m.
In a preferred embodiment one of the leaving groups Y1 or Y2 is boronic acid. In that case the ligand precursor according
to formula 3 can be prepared by reacting 1 equivalent of an indenyl-2-boronic acid and 1 equivalent of a boronic acid
substituted cyclopentadienyl containing compound with 1 equivalent of R(Y2)2, or by reacting 1 equivalent of an indenyl-
2-Y1 and 1 equivalent of a cyclopentadienyl containing compound substituted with an Y1-group with 1 equivalent of
R-(boronic acid)2, wherein Y1 is a leaving group and R is a bridging group.
[0036] In this process the boronic acid substituted cyclopentadienyl containing compound preferably is an indenyl-
2-boronic acid or the cyclopentadienyl containing compound substituted with an Y-group is an indenyl-2-Y.
The leaving group in this case Y2 can be halogen or a sulphonate.
The leaving group preferably is bromine.
Instead of a boronic acid also derivatives thereof, for example esters, can be used.
The method described in the state of the art, for instance in WO-A-94/11406, for the preparation of the ligand precursors
using a 2-indanone has the disadvantage that the yield of ligand precursor is low. Further disadvantages are that
2-indanones are expensive and that a lot of ligand precursors can not be prepared by using this method.
[0037] To prepare the ligand precursors according to formula (4) in the preferred embodiment, 2 equivalents of an
indenyl-2-boronic acid are reacted with 1 equivalent of R(Y2)2 or 2 equivalents of indenyl-2-Y1 are reacted with 1
equivalent of R(boronic acid)2.
[0038] The indenyl-2-boronic acid and the boronic acid substituted cyclopentadienyl containing compound are pre-
pared by contacting of an indene substituted with a halogen on the 2-position or an cyclopentadiene containing com-
pound, substituted with a halogen with magnesium to form a Grignard solution which reacts with a trialkoxyborane.
[0039] Examples of trialkoxyboranes are trimethoxyborane, triethoxyborane, tributoxyborane and triisopropoxybo-
rane.
[0040] The indenyl compounds used in the process according to the invention can be prepared via different synthesis
routes, consisting of synthesis steps known as such. They can for example be prepared by converting a ligand precursor
into its dianion. Compounds that are suitable for converting the ligand precursor into the dianion are organometallic
compounds, amines, metal hydrides and alkaline or alkaline earth metals. Organolithium, organomagnesium and or-
ganosodium compounds can for example be used for this purpose, but also sodium or potassium. In particular orga-
nolithium compounds are highly suitable, preferably methyl-lithium or n-butyl-lithium.
[0041] The dianion thus prepared is subsequently converted into the indenyl compound used in the process according
to the invention by trans-metalation with a compound of a transition metal from groups 3, 4, 5 or 6 of the Periodic
System of Elements (M in formula (1)). See for example EP-A-420,436, EP-A-427,697. The process described in NL-A-
91,011,502 is particularly suitable. Examples of transition metal compounds that are suitable for transmetalation are
TiCl4, ZrCl4, HfCl4, Zr(OBu)4 and Zr(OBu)2Cl2. The trans-metalation is preferably carried out as in NL-A-91,011,502,
in a solvent or in a combination of solvents that weakly coordinate to transition metals from the groups 3, 4, 5 or 6 with
at most 1 mole equivalent, relative to the transition metal compound started from, of a Lewis base of which the conju-
gated acid has a pKa greater than -2.5. Examples of suitable solvents/dispersants (pKa of conjugated acid ≤ -2.5) are
ethoxyethane, dimethoxyethane, isopropoxyisopropane, n-propoxy-n-propane, methoxybenzene, methoxymethane,
n-butoxy-n-butane, ethoxy-n-butane and dioxane. Part of the reaction medium may consist of hydrocarbons (hexane
and the like).
[0042] The indenyl compounds are used, optionally in the presence of a cocatalyst, for the polymerisation of one or
more olefins.
[0043] For example, the cocatalyst can be an organometallic compound. The metal of the organometallic compound
can be selected from group 1, 2, 12 or 13 of the Periodic Table of Elements. Suitable metals include, for example and
without limitation, sodium, lithium, zinc, magnesium, and aluminium, with aluminium being preferred. At least one hy-
drocarbon radical is bonded directly to the metal to provide a carbon-metal bond. The hydrocarbon group used in such
compounds preferably contains 1-30, more preferably 1-10 carbon atoms. Examples of suitable compounds include,
without limitation, amyl sodium, butyl lithium, diethyl zinc, butyl magnesium chloride, and dibutyl magnesium. Prefer-
ence is given to organoaluminium compounds, including, for example and without limitation, the following: trialkyl alu-
minium compounds, such as triethyl aluminium and tri-isobutyl aluminium; alkyl aluminium hydrides, such as diisobutyl
aluminium hydride; alkylalkoxy organoaluminium compounds; and halogen-containing organoaluminium compounds,
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such as diethyl aluminium chloride, diisobutyl aluminium chloride, and ethyl aluminium sesquichloride. Preferably, alu-
minoxanes are selected as the organoaluminium compound.
[0044] The aluminoxanes can also be aluminoxanes containing a low amount of trialkylaluminium; preferably 0.5 to
15 mol% trialkylaluminium. In this case the amount of trialkylaluminium is more preferably 1-12 mol% trialkylaluminium.
[0045] In addition or as an alternative to the organometallic compounds as the cocatalyst, the catalyst composition
of the present invention can include a compound which contains or yields in a reaction with the transition metal complex
of the present invention a non-coordinating or poorly coordinating anion. Such compounds have been described for
instance in EP-A-426,637. Such an anion is bonded sufficiently unstably such that it is replaced by an unsaturated
monomer during the copolymerisation. Such compounds are also mentioned in EP-A-277,003 and EP-A-277,004.
Such a compound preferably contains a triaryl borane or a tetraaryl borate or an aluminium or silicon equivalent thereof.
Examples of suitable cocatalyst compounds include, without limitation, the following:

- dimethyl anilinium tetrakis (pentafluorophenyl) borate [C6H5N(CH3)2H]+ [B(C6F5)4]-;
- dimethyl anilinium bis (7,8-dicarbaundecaborate)-cobaltate (III);
- tri(n-butyl)ammonium tetraphenyl borate;
- triphenylcarbenium tetrakis (pentafluorophenyl) borate;
- dimethylanilinium tetraphenyl borate;
- tris(pentafluorophenyl) borane; and
- tetrakis(pentafluorophenyl) borate.

[0046] As described for instance in EP-A-500,944, the reaction product of a halogenated transition metal complex
and an organometallic compound, such as for instance triethyl aluminium (TEA), can also be used.
[0047] The molar ratio of the cocatalyst relative to the transition metal complex, in case an organometallic compound
is selected as the cocatalyst, usually is in a range of from about 1:1 to about 10,000:1, and preferably is in a range of
from about 1:1 to about 2,500:1. If a compound containing or yielding a non-coordinating or poorly coordinating anion
is selected as cocatalyst, the molar ratio usually is in a range of from about 1:100 to about 1,000:1, and preferably is
in a range of from about 1:2 to about 250:1.
[0048] As a person skilled in the art would be aware, the transition metal complex as well as the cocatalyst can be
present in the catalyst composition as a single component or as a mixture of several components. For instance, a
mixture may be desired where there is a need to influence the molecular properties of the polymer, such as molecular
weight and in particular molecular weight distribution.
[0049] The indenyl compound according to (1) can be used by a method known as such as a catalyst component
for the polymerisation of an olefin.
[0050] The invention relates in particular to a process for the polymerisation of (an) α-olefin(s). The α-olefin(s) is/
are preferably chosen from the group comprising ethylene, propylene, butene, pentene, hexene heptene and octene,
while mixtures can also be used. More preferably, ethylene and/or propylene is/are used as α-olefin. The use of such
olefins leads to the formation of crystalline polyethylene homopolymers and copolymers of both low and high density
(HDPE, LDPE, LLDPE, etc.), and polypropylene homopolymers and copolymers (PP and EMPP). The monomers
needed fur such products and the processes to be used are known to the skilled in the art.
[0051] The process according to the invention is also suitable for the preparation of amorphous or rubbery copolymers
based on ethylene and another α-olefin. Propylene is preferably used as the other α-olefin, so that EPM rubber is
formed. It is also possible to use a diene besides ethylene and the other α-olefin, so that a so-called EADM rubber is
formed, in particular EPDM (ethylene propylene diene rubber).
[0052] The catalyst composition used in the process according to the invention can be used supported as well as
non-supported. The supported catalysts are used mainly in gas phase and slurry processes. The carrier used may be
any carrier known as carrier material for catalysts, for instance silica, alumina or MgCl2.
[0053] Preferably, the carrier material is silica.
[0054] Polymerisation of the olefin can be effected in a known manner, in the gas phase as well as in a liquid reaction
medium. In the latter case, both solution and suspension polymerisation are suitable, while the quantity of transition
metal to be used generally is such that its concentration in the dispersion agent amounts to 10-8 - 10-4 mol/l, preferably
10-7 - 10-3 mol/l.
[0055] The process according to the invention will hereafter be elucidated with reference to a polyethylene prepara-
tion known per se, which is representative of the olefin polymerisations meant here. For the preparation of other pol-
ymers on the basis of an olefin the reader is expressly referred to the multitude of publications on this subject.
[0056] The preparation of polyethylene relates to a process for homopolymerisation or copolymerisation of ethylene
with one or more α-olefins having 3-12 carbon atoms and optionally one or more non-conjugated dienes. The α-olefins
that are suitable in particular are propylene, butene, hexene and octene. Suitable dienes are for instance 1,7-octadiene
and 1,9-decadiene. It has been found that the catalyst composition of the present invention is especially suitable for
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solution or suspension polymerisation of ethylene.
[0057] Any liquid that is inert relative to the catalyst system can be used as dispersion agent in the polymerisation.
One or more saturated, straight or branched aliphatic hydrocarbons, such as butanes, pentanes, hexanes, heptanes,
pentamethyl heptane or mineral oil fractions such as light or regular petrol, naphtha, kerosine or gas oil are suitable
for that purpose. Aromatic hydrocarbons, for instance benzene and toluene, can be used, but because of their cost as
well as on account of safety considerations, it will be preferred not to use such solvents for production on a technical
scale. In polymerisation processes on a technical scale, it is preferred therefore to use as solvent the low-priced aliphatic
hydrocarbons or mixtures thereof, as marketed by the petrochemical industry. If an aliphatic hydrocarbon is used as
solvent, the solvent may yet contain minor quantities of aromatic hydrocarbon, for instance toluene. Thus, if for instance
methyl aluminoxane (MAO) is used as cocatalyst, toluene can be used as solvent in order to supply the MAO in dissolved
form to the polymerisation reactor. Drying or purification is desirable if such solvents are used; this can be done without
problems by the average person skilled in the art.
[0058] Such a solution polymerisation is preferably carried out at temperatures between 150°C and 250°C; in general,
a suspension polymerisation takes place at lower temperatures, preferably below 100°C.
[0059] The polymer solution resulting from the polymerisation can be worked up by a method known per se. In general
the catalyst is de-activated at some point during the processing of the polymer. The deactivation is also effected in a
manner known per se, e.g. by means of water or an alcohol. Removal of the catalyst residues can mostly be omitted
because the quantity of catalyst in the polymer, in particular the content of halogen and transition metal is very low
now owing to the use of the catalyst system according to the invention.
[0060] Polymerisation can be effected at atmospheric pressure, but also at an elevated pressure of up to 500 MPa,
continuously or discontinuously. If the polymerisation is carried out under pressure the yield of polymer can be increased
additionally, resulting in an even lower catalyst residue content. Preferably, the polymerisation is performed at pressures
between 0.1 and 25 MPa. Higher pressures, of 100 MPa and upwards, can be applied if the polymerisation is carried
out in so-called high-pressure reactors. In such a high-pressure process the catalyst according to the present invention
can also be used with good results.
[0061] The polymerisation can also be performed in several steps, in series as well as in parallel. If required, the
catalyst composition, temperature, hydrogen concentration, pressure, residence time, etc. may be varied from step to
step. In this way it is also possible to obtain products with a wide molecular weight distribution.
[0062] The invention will now be elucidated by means of the following non-restrictive examples.

Examples

Example I

The synthesis of [ortho-bis(4-phenyl-2-indenyl)-benzene]zirconiumdichloride

I.1 4-phenyl-2-bromo-indan-1-one

[0063] 4-Phenylindan-1-one was synthesised according to methods known in literature. 4-Phenylindan-1-one (20.83
g, 0.10 mol) was dissolved in dry dichloromethane (250 ml). While cooled with an ice-bath, a solution of bromine (16.30
g, 0.102 mol) in dry dichloromethane (200 ml) was added via a dropping funnel with a teflon tap during 1 hour. The
yellow solution was then allowed to warm to room temperature and stirred at room temperature for 1 hour. The mixture
was poured in water, and the organic phase was extracted with saturated sodium hydrogen carbonate and with, sat-
urated brine. The organic phase was dried over sodium sulphate and filtered. The solvent was removed in vacuo to
leave a yellow oil (31.02 g, quantitative) NMR indicates purity > 90%. The product was used as such in the next step.

I.2 4-phenyl-2-bromo-indan-1-ol

[0064] The crude 4-phenyl-2-bromo-indan-1-one (31.02 g, ,0.10 mol) was dissolved in a mixture of tetrahydrofurane
(THF) (100 ml) and methanol (50 ml). While cooled with an ice-bath, sodium borohydride (6.67 g, 0.17 mol) was added
in portions. Gas evolved vigorously, and the temperature rose to reflux. After stirring overnight at ambient temperature,
the mixture was quenched with ice and acidified with hydrochloric acid. Ether and water were added, and after shaking
the organic phase was separated. The aqueous phase was extracted with ether twice, and the combined organic
phases were extracted with saturated brine. The organic phase was dried over sodium sulphate and filtered. The
solvent was removed in vacuo to leave a yellow oil (36.9 g, quantitative). The oil was dissolved in warm toluene (100
ml) and filtered warm. To the clear filtrate was added warm hexane (800 ml), resulting in crystallisation of fluffy micro-
needles. These were filtered, washed with hexane, and dried. Yield 25.08g (87%).
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I.3 4-phenyl-2-bromoindene

[0065] A solution of 4-phenyl-2-bromo-indan-1-ol (13.51 g, 46.7 mmol) in toluene (200 ml) was boiled in a Dean-
Stark apparatus with p-toluene sulphonic acid (4 g) for 30 min, after which period the expected amount of water was
collected. The reaction mixture was cooled and poured onto water. Ether and a dilute sodium hydrogen carbonate
solution in water were added, and the aqueous phase was separated. The organic phase was extracted with dilute
sodium hydrogen carbonate three times. The organic phase was then dried over sodium sulphate and filtered. The
solvent was removed in vacuo to leave a yellow oil. Kugelrohr distillation (0.02 bar, 170-180°C) afforded 7.52 g of
product (59%).

I.4 (4-phenylinden-2-yl)-boronic acid

[0066] Under an atmosphere of dry nitrogen, magnesium turnings (0.86 g, 35 mmol) covered with dry THF (5 ml)
were activated by 1,2-dibromoethane. Consecutively, a solution of 4-phenyl-2-bromoindene (4.80 g, 17.7 mmol) in dry
THF (20 ml) was added slowly. The brown solution was stirred at room temperature for 1 hour.
[0067] Then, the Grignard solution was added to a solution of tri-isopropoxy-borane (4.6 ml, 20 mmol) in dry THF
(10 ml) at -80°C via a syringe. The solution was allowed to rise to room temperature, resulting in precipitation. At room
temperature, it turned to a solution again, brown coloured. After stirring overnight at ambient temperature, the mixture
was quenched with ice and acidified with hydrochloric acid. Ether was added, and after shaking, the organic phase
was separated. The aqueous phase was extracted with ether once more, and the combined organic phases were
extracted with saturated brine. The organic phase was dried over sodium sulphate and filtered. The solvent was re-
moved in vacuo to leave a yellow oil (4.39 g). The oil was dissolved in a small amount of ether, and the product obtained
by precipitation into hexanes (1.40 g, 34%).

I.5 ortho-bis(2-(4-phenylindenyl))-benzene.

[0068] A 25 cc three-necked flask fitted with a reflux condenser and nitrogen inlet, was charged with (4-phenylinden-
2-yl)-boronic acid (1.32 g, 5.6 mmol) and ortho-dibromobenzene (0.64 g, 2.7 mmol). The flask was brought under an
atmosphere of dry nitrogen by purging for approx. 1 hour. Then, dimethoxyethane (16 ml) and water (8 ml) were added,
followed by potassium carbonate (0.85 g). The two phase system of two solutions was deoxygenated by consecutively
evacuation until reflux and letting nitrogen gas in three times. Palladium-tetrakis(triphenylphosphine) (0.15 g, 0.13
mmol, 2.3 mol%) was added, and the yellow mixture was heated to reflux. During this process, the colour gradually
changed within one hour to brown-yellow. Reflux was continued for a period of 2 hours. After cooling, the mixture was
poured into a dilute hydrochloric acid solution (50 ml) and ether (50 ml). After shaking well, the layers were separated.
The organic phase was separated, and extracted consecutively with dilute hydrochloric acid twice and with water once.
The organic phase was dried over sodium sulphate, filtered, and evaporated to dryness. The oily residue was subdued
to column chromatography on silica, using hexane with increasing amounts of ethyl acetate as eluent. The combined
product fractions were treated with active carbon while boiling in hexane. After filtration and evaporation to dryness,
0.59 g of pure product remained (1.2 mmol, 47 %).

I.6 [ortho-bis(4-phenyl-2-indenyl)-benzene]zirconiumdichloride

[0069] To a solution of ortho-bis(4-phenyl-2-indenyl)-benzene (0.56 g, 1.22 mmol) in dry ether (8 ml) was added n-
butyllithium (1.6 M in hexanes, 1.5 ml, 2.4 mmol) at 0°C by ice-bath cooling. The resultant suspension was stirred at
room temperature for 5 hour. Meanwhile, a suspension of zirconium tetrachloride (0.2843 g, 1.22 mmol) in dry ether
(7 ml) was prepared. The suspensions (of dianion in ether and of zirconium tetrachloride in ether) were cooled in an
acetone/dry ice bath, and mixed via a bended connection tube. The temperature was allowed to rise to room temper-
ature. After stirring overnight, part of the ether was evaporated under vacuo and the cold suspension was filtered. The
residue was washed with dry ether/hexane 1:1 v/v mixture (5 ml) two times. The residue was dissolved partly in hot
toluene (20 ml), and the suspension filtered hot under an atmosphere of dry nitrogen. The filtrate was partly evaporated
to ,10 ml. Standing for three days gave fine yellow crystals of one isomer (fraction A, 0.11 g, 15%, purely consisting
of isomer 1). The filtrate was partly evaporated, diluted with dry hexanes to result in complete precipitation. Hexanes
were evaporated, and solution in toulene made again. The hazy solution was filtered, and volume reduced to ,3 ml.
Upon standing a second fraction consisting of fine yellow dots contained 25-30% of an other isomer (fraction B, 0.10
g, 13%, consisting of 70-75% of isomer 1, and 25-30% of isomer 2). The filtrate was diluted with dry hexanes, and
repeated cycles of boiling and cooling resulted in the formation of yellow grains (fraction C, 0.18 g, 24%, consisting of
,40% of isomer 1, and 60% of isomer 2).
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Example II

The synthesis of [ortho-bis(5-phenyl-2-indenyl)-benzene]zirconiumdichloride

II.1. 2-(4-bromobenzyl)malonate

[0070] A one-necked flask of 2 1 was charged with 17.5 g (760 mmol) of sodium and 500 ml of ethanol. The mixture
was stirred overnight. Via a droppingfunnel a solution of 128.1 g (800 mmol) of diethylmalonate in 400 ml of ethanol
was added. A solution of 98.4 g of p-bromobenzylbromide in 100 ml of ethanol was added to the anion of diethylmalonate
in approximately 40 minutes and after completion the mixture was heated for 4 hours to reflux. After evaporation of
the solvent the product was used in the next step without further purification.

II.2. 2-(4-bromobenzyl)malonic acid

[0071] The product obtained in the synthesis of 2-(4-bromobenzyl)malonate was directly used for the synthesis of
2-(4-bromobenzyl)malonic acid. To a one-necked flask, fitted with a reflux condenser, the crude malonate was added
to a solution of 106 g of potassiumhydroxide in 110 ml of water. The reaction mixture was stirred for 18 hours at reflux.
To the reaction mixture was added 3.5 1 of water and approximately 240 ml hydrochloric acid. The water layer was
extracted with diethylether. The diethylether was evaporated after which a partly hydrolysed product was obtained.
The product was hydrolysed again with 110 g potassiumhydroxyde and 200 ml water at reflux for 18 hours. After work-
up as described previously 88.0 g of 2(4-bromobenzyl)malonic acid was obtained. Yield 84%.

II.3. 3-(4-bromobenzyl)propionic acid

[0072] A one-necked flask of 250 ml was charged with 82.8 g (300 mmol) of 2(4-bromobenzyl)malonic acid This was
heated to 165°C for 2 hours. 62.0 g of 3-(4-bromobenzyl)propionic acid (89%) was obtained.

II.4. 3-(4-bromobenzyl)propionic acid chloride.

[0073] To a three-necked flask of 250 ml, fitted with a reflux condenser, 62.0 g (270 mmol) 3-(4-bromobenzyl)propionic
acid was added. A droppingfunnel was charged with 80 ml of thionylchloride. This was added dropwise to the solid
propionic acid. After the addition was complete the reaction mixture was heated to reflux for 1 hour. The thionylchloride
was removed under reduced pressure. Toluene was added and evaporated from the mixture to remove the last parts
of the thionylchloride. The solid product was used directly in the next synthesis

II.5. 6-bromoindan-1-one

[0074] A three-necked flask of 1 l, equipped with a reflux condenser, was charged with 50 g aluminiumtrichloride
dissolved in 500 ml CS2. To the mixture a solution of the crude acidchloride in 100ml of CS2 was added. After the
addition the mixture was allowed to reflux for 3 hours. The content of the flask was poured on ice and hydrochloric acid
was added until pH=1. The water layer was extracted with diethylether. The diethylether was washed once with water
and once with a saturated sodiumchloride solution. The ether layer was dried over sodiumsulphate. The sodiumsulphate
was filtered off and the ether was evaporated. The product was recrystallized from toluene and petroleum ether. 26.6
g of 6-bromoindan-1-one was obtained (47%).

II.6. 6-phenylindan-1-one

[0075] To a three-necked flask of 500 ml, fitted with a condenser, was added 150 ml N-methylpyrrolidon (NMP),
10.45 g (49.5 mmol) 6-bromoindan-1-one and 19.9 g (54.2 mmol) of tributylphenyltin. To this mixture was added 1 .05
g (1.50 mmol) of bis(triphenylphosphine)palladium(II)chloride. The reaction mixture was heated to 85°C for 4h, followed
by stirring for 4 hours at ambient temperature. A solution of 23 g of potassiumfluoride in 50 ml of water was added.
The solids were filtered off and the filtrate was diluted with diethylether, washed once with water and once with saturated
sodiumchloride solution. The ether layer was evaporated under reduced pressure and the solid material was crystallised
from toluene, petroleum ether. A total of 5.29 g of 6-phenylindan-1-one was obtained, yield 51.4 %.

II.7. 6-phenyl-2-bromoindanone

[0076] To a three-necked flask of 250 ml was added 10.35 g (49.7 mmol) of 6-phenylindan-1-one and 70 ml of dry
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dichloromethane. Bromine, 8.4 g (53 mmol), dissolved in 80 ml of dichloromethane was added via a droppingfunnel
over a period of 30 minutes. After the addition was complete the mixture was stirred for 15 hours. To the reaction
mixture water was added. The water layer and dichloromethane layer were separated. The organic layer was washed
once with water. The water layer was extracted once with diethylether. The combined organic layers were washed
once with saturated sodumbicarbonate solution. The solvent from the organic layers was evaporated under reduced
pressure. The remaining solid material was the bromonated compound. Yield 12.84 g (90% ).

II.8. 6-phenyl-2-bromoindanol

[0077] To a three-necked flask of 250 ml, fitted with a condenser, was added 3.55 g (12.4 mmol) of 6-phenyl-2-bromo-
1-indanone, 100 ml of tetrahydrofuran (THF) and 100 ml of absolute ethanol. A dark red solution was formed and 0.40
g (10 mmol) of sodiumboronhydride was added in small portions. The mixture was stirred for 15 hours at room tem-
perature. The mixture was poured onto ice and a 5% hydrochloric acid solution was added. The water layer was
extracted 3 times with ether and the combined ether layer washed 2 times with a saturated NaCl solution. The ether
was evaporated under reduced pressure yielding 2.57 g (8.89 mmol) of 6-phenyl-2-bromoindanol (72%).

II.9. 5-phenyl-2-bromoindene

[0078] To a one-necked flask of 500 ml, fitted with an dropping funnel and on top of the funnel a condenser, was
added 10.19 g (35.2 mmol) of 6-phenyl-2-bromoindanol, 0.671 g (0.10 mol%) p-toluenesulfonic acid and 350 ml of
toluene. After 7 hours of refluxing the mixture was diluted with ether and extracted with water and water/NaHCO3. The
organic layer was dried over Na2SO4. The Na2SO4 was filtered off and the filtrate was evaporated under reduced
pressure. The solid material was dissolved in hot n-pentane and recrystallized giving 7.56 g (27.9 mmol) of 5-phenyl-
2-bromoindene. Yield 79%.

II.10 (5-phenylinden-2-yl)-boronic acid

[0079] Under an atmosphere of dry nitrogen, magnesium turnings (0.61 g, 25 mmol) covered with dry THF (5 ml)
were activated by 1,2-dibromoethane. Consecutively, a solution of 5-phenyl-2-bromoindene (3.40 g, 12.5 mmol) in dry
THF (20 ml) was added slowly. The brown solution was stirred at room temperature for 3 hours. Then, the Grignard
solution was added to a solution of tri-isopropoxy-borane (6 ml, 25 mmol) in dry THF (20 ml) at -80°C via a syringe.
The solution was allowed to rise to room temperature. After stirring overnight at ambient temperature, the mixture was
quenched with ice and acidified with hydrochloric acid. Ether was added, and after shaking, the organic phase was
separated. The aqueous phase was extracted with ether once more, and the combined organic phases were extracted
with saturated brine. The organic phase was dried over sodium sulphate and filtered. The solvent was removed in
vacuo to leave a yellow oil (2.93 g). The oil was dissolved in a small amount of ether, and the product obtained by
precipitation into hexanes. Yield 1.23 g (42%).

II.11 ortho-bis(5-phenyl-2-indenyl))-benzene

[0080] A 25 cc three-necked flask fitted with a reflux condenser and nitrogen inlet, was charged with (4-phenylinden-
2-yl)-boronic acid (1.12 g, 4.74 mmol) and ortho-dibromobenzene (0.53 g, 2.26 mmol). The flask was brought under
an atmosphere of dry nitrogen by purging for approx. 1 hour. Then, dimethoxyethane (16 ml) and water (8 ml) were
added, followed by potassium carbonate (0.76 g). The two phase system of two solutions was deoxygenated by con-
secutively evacuation until reflux and letting nitrogen gas in three times. Palladium-tetrakis(triphenylphosphine) (0.06
g, 0.05 mmol, 2 mol%) was added, and the yellow mixture was heated to reflux. The colour gradually changed within
one hour to brown-yellow. Reflux was continued overnight. After cooling, the mixture was poured into a dilute hydro-
chloric acid solution (50 ml) and ether (50 ml). After shaking well, the layers were separated. The organic phase was
separated, and extracted consecutively twice with dilute hydrochloric acid and twice with water. The organic phase
was dried over sodium sulphate, filtered, and evaporated to dryness (1.31 g). The oily residue was subdued to column
chromatography on silica, using hexane with increasing amounts of ethyl acetate as eluent. The fractions containing
the product were collected. The combined product fractions amounted 0.87 g of pure product (1.9 mmol, 84 %).

II.12 [ortho-bis(5-phenyl-2-indenyl)-benzene]zirconiumdichloride

[0081] To a solution of ortho-bis(5-phenyl-2-indenyl)-benzene (0.85 g, 1.85 mmol) in dry ether (10 ml) was added n-
butyllithium (1.6 M in hexanes, 2.3 ml, 3.7 mmol) at 0°C by ice-bath cooling. The resultant dark-red solution was stirred
at room temperature for 5 hour.
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[0082] Meanwhile, a suspension of zirconium tetrachloride (0.431 g, 1.85 mmol) in dry ether (10 ml) was prepared.
[0083] The solution of dianion in ether and the suspension of zirconium tetrachloride in ether were cooled in an
acetone/dry ice bath, and mixed via a bended connection tube. The temperature was allowed to rise to room temper-
ature, resulting in a orange-red suspension. After stirring overnight, a lemon-yellow suspension was obtained. The
suspension was filtered and the solids were washed with dry ether/hexane 1:1 v/v mixture (5 ml) two times. The re-
maining solid was dissolved partly in hot toluene (20 ml), and the suspension filtered hot under an atmosphere of dry
nitrogen. After standing overnight, the hazy filtrate was boiled with norit, and filtered hot. The clear yellow solution was
evaporated partly, and prolonged standing in the refrigerator gave 0.14 g of yellow powder (12%), containing a 1:1
mixture of both 2 isomers as indicated by NMR.

Example III

The synthesis of [ortho-bis(2-indenyl)benzene]zirconiumdichloride and [ortho-bis(2-indenyl)benzene]
hafniumdichloride

III.1 2-bromoindene

[0084] To 1009 g of 2-bromo-1-indanol (4.74 mol) was added 800ml of toluene and 25g of Amberlist® 15 (acid ion
exchanging resin). The mixture was warmed to reflux for 2 hours followed by 4 hours of azeotropical removal of water.
The Amberlist was filtered off and the toluene was evaporated from the filtrate. The residue was distilled under reduced
pressure yielding 400 g (43%) of a light yellow oil which solidified upon standing.

III.2 (2-indenyl) boronic acid

[0085] Magnesium turnings (9.72 mol, 0.40 mol) covered with dry THF (50 ml) were activated with 1,2-dibromoethane.
Then, a solution of 2-bromoindene (39.01 g, 0.20 mol) in dry THF (200 ml) was added slowly during 45 min under
cooling with an ice-bath to maintain the temperature below 20°C. The mixture was stirred at room temperature for 2h
after complete addition.
[0086] Via a syringe, the Grignard solution was decanted from the excess magnesium turnings and added slowly to
a solution of tri(isopropoxy)borane (92 ml, 0.40 mol) in dry THF (250 ml) at -30 to -50°C. The temperature was allowed
to rise to room temperature, and stirring was continued overnight. The mixture was quenched with water, then dilute
hydrochloric acid (25 ml concentrated (37%) in 250 ml water) was added. The mixture was stirred for 30 min, then
transferred into a separatory funnel. The organic phase was separated, and the aqueous phase extracted with ether
three times. The combined organic phases were extracted three times with a small amount of saturated brine. The
organic phase was dried over sodium sulphate, filtered, and evaporated to dryness. The residue was dissolved in
boiling ether (200 ml), then hexanes were added (400 ml). Quick filtration of the hazy solution removed some impurities.
The clear filtrate was evaporated slowly and partly on the rotary evaporator to afford white powder. After filtering,
washing and drying, the total yield of product amounted 18.54 g, 58%).

III.3 ortho-bis(2-indenyl)benzene

[0087] A 1000 ml three-necked flask fitted with a reflux condenser and nitrogen inlet, was charged with indenyl-
2-boronic acid (14.80 g, 93 mmol) and ortho-dibromobenzene (10.39 g, 44.05 mmol). The flask was brought under an
atmosphere of dry nitrogen by purging for approx. 1 hour. Then, dimethoxyethane (100 ml) and water (50 ml) were
added, followed by potassium carbonate (13.92 g, 101 mmol). The two phase system of two solutions was deoxygen-
ated by consecutively evacuation until reflux and letting nitrogen gas in three times. Palladium-tetrakis(triphenylphos-
phine) (0.62 g, 0.54 mmol, 1.2 %) was added, and the yellow mixture was heated to reflux. The colour gradually changed
within one hour to brown-yellow. Reflux was continued for a period of 16 hour. After cooling, the mixture was poured
into a dilute hydrochloric acid solution (500 ml) and ether (500 ml). After shaking well, the layers were separated. The
organic phase was separated, and extracted consecutively with dilute hydrochloric acid twice and with water twice.
The organic phase was dried over sodium sulphate, filtered, and evaporated to dryness. The residue was dissolved
in a boiling mixture of ethyl acetate (100 ml) and hexanes (500 ml). The brown solution was treated with active carbon,
and filtered to give an orange solution. After evaporation to dryness, the orange solid was crystallised from ethanol
(96%, 1L) treated with active carbon again giving a yield of 11.56 g (85.6%) of product.

III.4 ortho-bromo-(2-indenyl)benzene

[0088] A 2000 ml three-necked flask fitted with a reflux condenser and nitrogen inlet, was charged with indenyl-
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2-boronic acid (32.0 g, 0.20 mol) and ortho-dibromobenzene (96.0 g, 0.41 mol). The flask was brought under an at-
mosphere of dry nitrogen by purging for approx. 1 hour. Then, dimethoxyethane (600 ml) and water (300 ml) were
added, followed by potassium carbonate (31.60 g, mmol). The two phase system of two solutions was deoxygenated
by consecutively evacuation until reflux and letting nitrogen gas in three times. Palladium-tetrakis(triphenylphosphine)
(1.20 g, 2 mmol, 0.5 mol%) was added, and the yellow mixture was heated to reflux. The colour gradually changed
within one hour to brown-yellow. Reflux was continued for a period of 16 hour. After cooling, the mixture was poured
into a dilute hydrochloric acid solution (1000 ml) and ether (500 ml). After shaking well, the layers were separated. The
organic phase was separated, and extracted consecutively with dilute hydrochloric acid twice and with water twice.
The organic phase was dried over sodium sulphate, filtered, and evaporated to dryness. The residue was dissolved
in boiling ethanol (500 ml) diluted with some acetone. Cooling gave 3.90 g of a white powder being the ortho-bis
(2-indenyl)benzene (12.7 mmol, 12.7%). The filtrate was evaporated to dryness, and subdued to distillation in vacuo
(0.46 mbar), distilling 28.85 g (0.106 mol, 53%) of pure product.

III.5 [ortho-bis(2-indenyl)benzene]zirconiumdichloride

[0089] A 1000 ml three-necked flask was charged with ortho-bis(2-indenyl)benzene (7.70 g, 25 mmol) and brought
under an atmosphere of dry nitrogen by evacuation/letting nitrogen in. Dry and oxygen free ether (100 ml) was added.
The resultant suspension was cooled to 0°C by ice-bath, and a solution of n-butyllithium (1.6 M in hexanes, 31.1 ml,
50 mmol) was added. The resultant suspension was stirred at room temperature for 4 hour.
[0090] Meanwhile, a suspension of zirconium tetrachloride (5.83 g, 25 mmol) in dry ether (50 ml) was prepared:
cooled ether (-20°C) was added to the zirconium tetrachloride contained in 100 ml Schlenk flank under nitrogen at-
mosphere via a bended connection tube. Then, the temperature was allowed to rise to room temperature, and stirring
was continued for 30 min. The suspensions (of dianion in ether and of zirconium tetrachloride in ether) were cooled in
an acetone/dry ice bath, and mixed via a bended connection tube. The temperature was allowed to rise to room tem-
perature. After stirring overnight, the suspension was filtered (under nitrogen atmosphere), and the solids washed with
dry ether twice. The solid was dissolved partly in hot toluene, and the suspension filtered hot under an atmosphere of
dry nitrogen. The clear yellow filtrates were cooled slowly to ambient temperature, giving yellow crystals of pure product
(6.35 g, 13.7 mmol, 54.4%).

III.6 [ortho-bis(2-indenyl)benzene]hafniumdichloride

[0091] To a suspension of ortho-bis(2-indenyl)benzene (0.77 g, 2.5 mmol) in dry ether (10 ml) was added n-butyl-
lithium (1.6 M in hexanes, 3.1 ml, 5 mmol) at 0°C by ice-bath cooling. Initially, all dissolved, then a powder precipitated.
The resultant suspension was stirred at room temperature for 4 hour. Meanwhile, a suspension of hafnium tetrachloride
(0.800 g, 2.5 mmol) in dry ether (10 ml) was prepared: cooled ether (-20°C) was added to the hafnium tetrachloride
contained in 100 ml Schlenk flank under nitrogen atmosphere via a bended connection tube. Then, the temperature
was allowed to rise to room temperature, and stirring was continued for 30 min.
[0092] The suspensions (of dianion in ether and of hafnium tetrachloride in ether) were cooled in an acetone/dry ice
bath, and mixed via a bended connection tube. The temperature was allowed to rise to room temperature. After stirring
overnight, the suspension was filtered (under nitrogen atmosphere), and the solids washed with dry ether (5 ml) three
times. The solid was dissolved partly in hot toluene (100 ml), and the suspension filtered hot under an atmosphere of
dry nitrogen. The clear yellow filtrate was cooled slowly to ambient temperature, giving yellow crystals of pure product
(0.79 g, 57%). Another 12% yield was obtained by cooling of the filtrate to -20°C.

Example IV

The synthesis of [ortho-bis(1-methyl-2-indenyl)-benzene]zirconiumdichloride

IV.1 ortho-bis(1-methyl-2-indenyl))-benzene

[0093] 1.75 g. of the product from reaction III.3 was suspended in 40 ml ether (5.72 mmol). At -70 °C, 2 equivalents
of butyllithium was added (7.1 ml). the white suspension was stirred at room temperature for 4 hours. Then the sus-
pension was cooled again and methyliodide was added (1.62 g). The mixture was stirred for 8 hours. The solvent was
evaporated. The product was dissolved in ethanol and gave yellow crystals (0.83 g, 43%) at -20 °C.

IV.2 [ortho-bis(1-methyl-2-indenyl)-benzene]zirconiumdichloride

[0094] 0.85 g. (2.54 mmol) of the product from IV.1 was dissolved in 30 ml ether. at -70 °C 3.1 ml butyllithium was
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added. The reaction mixture was stirred at room temperature for 3 hours. At -70 °C 0.60 g. (2.54 mmol) zirconium
tetrachloride was added. The suspension was stirred 8 hours whereafter the solvent was evaporated. The product was
washed with 40 ml toluene and filtered off. The yellow residue was dried under evaporation.

Example V

The synthesis of [2,2'-(1,2-phenyldiyl)-1,1'-dimethylsilyl-bis(indene)]zirconiumdichloride

V.1. 1,2-phenylene-bis(2-indenyl)1,1'-dimethylsilyl

[0095] To a solution of ortho-bis(2-indenyl)benzene (0.92 g, 3.0 mmol) in dry diethyl ether (15 ml) was added n-
butyllithium in hexanes (3.8 ml, 1.6 M in hexanes, 6.0 mmol) under cooling with ice-bath. The temperature was allowed
to rise to room temperature, and stirring was continued for 2 hour. More ether (25 ml) was added, and the suspension
was cooled to -78°C. A solution of freshly distilled dimethyldichlorosilane (0.39 g, 3.0 mmol) in dry ether (5 ml) was
added slowly via a syringe. The temperature was allowed to rise to room temperature, and the mixture stirred for 3
days. To the mixture was added water (60 ml), then 30 ml ethanol. The sticky powder was filtered off, and washed with
ethanol to give a nice fluffy powder of pure product (0.67 g, 1.8 mmol, 62%).

V.2. [2,2'-(1,2-phenyldiyl)-1,1'-dimethylsilyl-bis(indene)]zirconiumdichloride

[0096] To a suspension of 1,2-phenylene-bis(2-indenyl)1,1'-dimethylsilyl (0.65 g, 1.80 mmol) in dry ether (11 ml) was
added n-butyllithium (1.6 M in hexanes, 2.3 ml, 3.6 mmol) at 0°C by ice-bath cooling. The suspension was stirred at
room temperature for 5 hour.
[0097] Meanwhile, a suspension of zirconium tetrachloride (0.419 g, 1.8 mmol) in dry ether (7 ml) was prepared.
[0098] The suspensions (of dianion in ether and of zirconium tetrachloride in ether) were cooled in an acetone/dry
ice bath, and mixed via a bended connection tube. The temperature was allowed to rise to room temperature. After
stirring overnight, part of the ether was evaporated and the cold suspension was filtered. The residue was washed with
dry ether (5 ml) three times. The residue was dissolved partly in hot toluene (20 ml), and the suspension filtered hot
under an atmosphere of dry nitrogen. The slightly hazy yellow filtrate was filtered again, then the filtrate was partly
evaporated, and the solution diluted with dry hexane to result in the precipitation of pure product (0.50 g, 0.96 mmol,
53%).

Example VI

The synthesis of [2,2'-(1,2-phenyldiyl)-1,1'-diphenylsilyl-bis(indene)]zirconiumdichloride

VI.1. 2,2'-(1,2-phenyldiyl)-1,1'-diphenylsilyl-bis(indene)

[0099] To a solution of ortho-bis(2-indenyl)benzene (0.92 g, 3.0 mmol) in dry ether (15 ml) was added n-butyllithium
in hexanes (3.8 ml, 1.6 M in hexanes, 6.0 mmol) under cooling with ice-bath. The temperature was allowed to rise to
room temperature, and stirring was continued for 2 hour. More ether (20 ml) was added, and the suspension was
cooled to -78°C. A solution of diphenyl-dichlorosilane (0.76 g, 3.0 mmol) in dry ether (5 ml) was added slowly via a
syringe. The temperature was allowed to rise to room temperature, and the mixture stirred for 6 days. To the mixture
was quickly added water (30 ml), then ethanol (50 ml). The powder was filtered off, and washed with ethanol to give
a fluffy powder of pure product (0.50 g, 1.1 mmol, 36%).

VI.2. [2,2'-(1,2-phenyldiyl)-1,1'-diphenylsilyl-bis(indene)]zirconiumdichloride

[0100] To a suspension of 1,2-phenyldiyl-1,1'-dimethylsilyl-2,2'-indene (0.39 g, 0.80 mmol) in dry ether (5 ml) was
added n-butyllithium (1.6 M in hexanes, 1.0 ml, 1.6 mmol) at 0°C by ice-bath cooling. The resultant solution was stirred
at room temperature for 5 hour.
[0101] Meanwhile, a suspension of zirconium tetrachloride (0.1866 g, 0.8 mmol) in dry ether (5 ml) was prepared.
[0102] The solution of dianion in ether and the suspension of zirconium tetrachloride in ether were cooled in an
acetone/dry ice bath, and mixed via a bended connection tube. The temperature was allowed to rise to room temper-
ature. After stirring overnight, part of the ether was evaporated in vacuo and the cold suspension was filtered. The
residue was washed with dry ether (5 ml) three times. The residue was dissolved partly in hot toluene (10 ml), and the
suspension filtered hot under an atmosphere of dry nitrogen. The slightly hazy yellow filtrate was filtered again, then
the filtrate was partly evaporated. Yellow fine crystals separated (0.03 g, 6%).



EP 1 059 299 B1

5

10

15

20

25

30

35

40

45

50

55

18

Example VII

The synthesis of [2,2'-(1,2-phenyldiyl)-1,1'-(1,2-ethanediyl)-bis(indene)]zirconiumdichloride

VII.1. 2,2'-(1,2-phenyldiyl)-1,1'-(1,2-ethanediyl)-bis(indene)

[0103] To a solution of ortho-bis(2-indenyl)benzene (0.92 g, 3.0 mmol) in dry ether (15 ml) was added n-butyllithium
in hexanes (3.8 ml, 1.6 M in hexanes, 6.0 mmol) under cooling with ice-bath. The temperature was allowed to rise to
room temperature, and stirring was continued for 2 hour. More ether (20 ml) was added, and the suspension was
cooled to -78°C. A solution of 1,2-dibromoethane (0.56 g, 3.0 mmol) in dry ether (5 ml) was added slowly via a syringe.
The temperature was allowed to rise to room temperature, and the mixture stirred for 6 days. To the mixture was quickly
added water (30 ml), then ethanol (50 ml). The powder was filtered off, and washed with ethanol to give a fluffy powder
of almost pure product (fraction A, 0.22 g). The filtrate was evaporated to dryness, dissolved in hot acetone and filtered
hot. The clear filtrate was diluted with water, and partly evaporated, resulting in the precipitation of a fine powder
(fraction B, 0.71 g).
[0104] To obtain pure product, fraction A was crystallised from ethanol/acetone to give pure product (0.07 g, 7%).
The evaporated mother liquor hereof, combined with fraction B, was dissolved in boiling hexane/ethyl acetate 4:1 v/v,
treated with active carbon, and filtered hot to remove most of the starting material. Crystallisation from ethanol/acetone
afforded another crop of product (0.20 g, 20%).

VII.2. [2,2'-(1,2-phenyldiyl)-1,1'-(1,2-ethanediyl)-bis(indene)]zirconiumdichloride

[0105] To a suspension of 2,2'-(1,2-phenyldiyl)-1,1'-(1,2-ethanediylbis(indene) (0.27 g, 0.81 mmol) in dry ether (5
ml) was added n-butyllithium (1.6 M in hexanes, 1.0 ml, 1.6 mmol) at 0°C by ice-bath cooling. The resultant suspension
was stirred at room temperature for 5 hour.
Meanwhile, a suspension of zirconium tetrachloride (0.1887 g, 0.81 mmol) in dry ether (5 ml) was prepared. The solution
of dianion in ether and the suspension of zirconium tetrachloride in ether were cooled in an acetone/dry ice bath, and
mixed via a bended connection tube. The temperature was allowed to rise to room temperature. After stirring overnight,
part of the ether was evaporated under vacuo and the cold suspension was filtered. The residue was washed with dry
ether (5 ml) three times. The residue was dissolved partly in hot toluene (40 ml), and the suspension filtered hot under
an atmosphere of dry nitrogen. The clear filtrate separated crystals upon standing (0.147 g, 37%).

Example VIII

The synthesis of [2,2'-bis(2-indenyl)biphenyl]zirconiumdichloride and [2,2'-bis(2-indenyl)biphenyl]hafniumdichloride

VIII.1. 2,2'-dilithio-biphenyl bis trimethyl ethylene tiamine (TMEDA) adduct

[0106] A 2000 ml three-necked flask, fitted with a reflux condenser and nitrogen inlet, was charged with butyllithium
in hexanes (1 L, 1.6 mol). While cooling with an ice-bath, TMEDA (241 ml, 0.67 mol) was added slowly. During this
process, a thick suspension formed that dissolved again at the end when all was added. Then, biphenyl (103 g, 0.67
mol) was added in portions. The mixture was slowly heated to 55°C, and that temperature was maintained for 2.5 hour.
Cooling of the hazy and red-brown solution overnight at -20°C gave yellow crystals in a hazy and red-brown solution.
The mother liquor was decanted via a bended connection tube, and the residue washed with cold hexane twice. After
drying, 131.57 g (0.33 mol, 49%) is obtained.

VIII.2. 2,2'- biphenyl boronic acid

[0107] A suspension of 2,2'-dilithio-biphenyl-bis TMEDA adduct (131.57 g, 0.33 mol) in dry ether (1000 ml) was
cooled to -78°C by a dry ice / acetone bath. Trimethoxyborane (225 ml, 1.98 mol) was added slowly via a syringe during
30 min. Initially, all yellow suspension quickly dissolved giving an orange-brown solution within the first 50 ml added;
then, the reaction mixture turned into a white suspension, and finally, a clear solution was obtained. The reaction
mixture was allowed to warm to room temperature, and stirred overnight. The mixture was quenched with water (300
ml), and stirred for 4 hour. Then, a dilute solution of hydrochloric acid (100 ml of 37% solution in 400 ml of water) was
added, and the mixture was stirred for 1 hour. The mixture was diluted with saturated brine, and the organic phase
was separated. The aqueous phase was extracted with ether twice. The combined organic phases were extracted with
saturated brine, dried over sodium sulphate, filtered, and evaporated to dryness, leaving 89.4 g of a yellow solid. The
solid was dissolved in ether (100 ml), and hexane was added. Boiling and cooling gave a fine white powder (37.68 g,
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0.1545 mol, 53%).

VIII.3. 2,2'-bis(2-indenyl)-biphenyl

[0108] A 500 ml three-necked flask fitted with a reflux condenser and nitrogen inlet, was charged with 2,2'-biphenyl-
boronic acid (12.2 g, 0677 mmol), and 2-bromoindene (24.38 g, 125 mmol) and potassium carbonate (15.8 g, 0.114
mol). The flask was brought under an atmosphere of dry nitrogen by purging for approx. 1 hour. Then, dimethoxyethane
(125 ml) and water (63 ml) were added. The two phase system of two solutions was deoxygenated by consecutively
evacuation until reflux and letting nitrogen gas in three times. Palladium-tetrakis(triphenylphosphine) (2.9 g, 2.5 mmol,
5 mol%) was added, and the yellow mixture was heated to reflux. Reflux was continued for a period of 16 hour. After
cooling, the mixture was diluted with water and acetone, then the white powder filtered (fraction A, 4.76 g, 12.5 mmol,
18.5%). From the mother liquor another crop of brown powder(fraction B, 4.38 g, 11.5 mmol, 13.1%) could be obtained
by dilution with water and partial evaporation of solvent. By crystallization from acetone with some dichloromethane,
pure product was obtained.
Total yield of pure product: 5.98 g (15.6 mmol, 23.1%).

VIII.4. [2,2'-bis(2-indenyl) biphenyl]zirconiumdichloride

[0109] A 100 ml Schlenk flank charged with a stirring bar and 2,2'-bis(2-indenyl)biphenyl (3.84 g, 10.0 mmol) was
brought under an atmosphere of dry. Dry ether (40 ml) was added. The resulting suspension was cooled to 0°C by ice-
bath, and a solution of n-butyllithium (1.6 M in hexanes, 12.5 ml, 20.0 mmol) was added. The mixture was allowed to
warm to room temperature. slowly. The crystals slowly dissolved, while a fine suspension formed. Stirring at room
temperature was continued for 4 hour.
[0110] Meanwhile, a suspension of zirconium tetrachloride (2.34 g, 10 mmol) in dry ether (40 ml) was prepared. The
suspensions (of dianion in ether and of zirconium tetrachloride in ether) were cooled in an acetone/dry ice bath, and
mixed via a bended connection tube. The temperature was allowed to rise to room temperature. After stirring for two
days, the suspension was filtered (under nitrogen atmosphere), and the residue washed with dry ether three times (the
last washing was colourless). The residue was dissolved partly in boiling toluene (260 ml), and the suspension filtered
hot under an atmosphere of dry nitrogen The clear yellow filtrate was cooled slowly to ambient temperature, giving
yellow crystals of pure product (3.30 g, 6.08 mmol, 60.6%). The filtrate was used to extract the residue once more
(boiling), and cooling to -20°C afforded another crop (0.65 g, 1.2 mmol, 12%).

VIII.5. [2,2'-bis(2-indenyl)biphenyl]hafniumdichloride

[0111] To a suspension of 2,2'-bis(2-indenyl)biphenyl (1.01 g; 2.64 mmol) in diethylether (50 ml) was added a solution
of n-butyllithium in hexanes (1.60 M; 3.30 ml; 5.50 mmol) at room temperature. The resulting red-brown solution was
stirred during 4 hours and, after it was cooled to-70°C, a pre-cooled (-70°C) slurry of HfCl4 (0.85 g; 2.65 mmol) in
diethylether (10 ml) was added at once. The temperature was allowed to rise to room temperature and the mixture
was stirred for 16 hours. The resulting off-white slurry was filtered and the remaining solid was washed with diethylether
twice. The residual solid was extracted with boiling toluene (3 times with 20 ml) and the filtrate was cooled down to
room temperature overnight. The yellow crystals were filtered off , washed with toluene and dried (1.18 g; 71%)

VIII.6. Supported [2,2'-bis(2-indenyl)biphenyl]zirconiumdichloride

[0112] Silica (Grace Davison 2101) was heated at 200°C under a stream of nitrogen for 6 hours. To 7.3 g of this
silica was added 70 ml of toluene. The slurry was stirred and 49.4 ml of a 10 wt-% of methylalumoxane (diluted from
a 30 wt% solution in toluene obtained from Albemarle) was added slowly. The resulting slurry was stirred for 16 hours
at room temperature (20 °C), after which the solvent was removed by evaporation at 30°C.
[0113] To a slurry of 2.1 g of the obtained solid in 30 ml of toluene was added a solution of 24 mg of [2,2'-bis(2-indenyl)
biphenyl]- zirconiumdichloride in 20 ml of toluene, and the resulting slurry was stirred overnight. The slurry was then
decanted and dried by evaporation at 35°C.
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Example IX

The synthesis of ZrCl2-1-(9-fluorenyl)-2-(2-indenyl)-benzene-complex

IX.1. 1-(9-hydroxyfluorenyl)-2-bromobenzene.

[0114] A solution of MgBr2 in diethylether was prepared from 69.88 g (372 mmol) 1,2-dibromoethane and 9.04 g
(372 mmol) Mg in 500 ml diethylether. This solution was added to a solution of 74.0 g (186 mmol), 2,2-dilithio-1,1-bi-
phenyl-TMEDA adduct in 500 ml diethylether. The solution was stirred for 1 hour. A white suspension of 2,2-diMgBr-
1,1-biphenyl was formed. To this solution was added 39.99 g (186 mmol) methyl 2-bromobenzoate and was stirred for
8 hour. To the solution was added 500 ml 5 % HCl. The waterphase was washed for three times with diethylether. The
organic phase was washed once with water and dried with NaSO4. Diethylether was evaporated. Cristallisation from
ligroin gave 50.0 g (147 mmol, 79%) purified product.

IX.2. 1-(9-fluorenyl)-2-bromobenzene.

[0115] To 20.0 g (59 mmol) 1-(9-hydroxyfluorenyl)-2-bromobenze in a three-necked bottle (1000 ml) was added
14.76 g (369 mmol) CH3CN, 39.1 g (362 mmol) (CH3)3SiCl and 54,31 g (362 mmol) NaI. After 18 h stirring at RT 50
ml ethanol was added to the mixture. A solution of 200 ml 10 % NaHCO3 in water was added, after neutralisation a
solution of 200 ml 10 % sodiumthiosulphate in water is added. The solution was extracted with diethylether. The wa-
terlayer was washed three times with diethylether. The organic phase was washed once with water. Diethylether was
evaporated. The product was purified over silica (ligroin). The product was collected in two fractions, 4,84 g (14.5
mmol) pure product and 8 g of a mixture of product and biphenyl.

IX.3. 1-(9-fluorenyl)-2-(2-indenyl)-benzene.

[0116] From the mixture of biphenyl and product was taken 5.22 g This was dissolved in 60 ml dimethoxyethane and
30 ml water in a threenecked bottle (250 ml). To this solution was added 2.50 g (15.6 mmol) 2-indenylboronic-acid,
2.30 g (16.4 mmol) K2CO3 and 0.63 g (0.55 mmol) Pd(Ph)3P. The mixture was stirred overnight. 10 ml of 10 % HCl
was added. The crude product was extracted with dichloroethane and the solvent was evaporated. Cristallisation from
ethanol gave 2.59 g (7.28 mmol, 89%) pure product.

IX.4. ZrCl2-1-(9-fluorenyl)-2-(2-indenyl)-benzene-complex

[0117] To a solution of 1.05 g (3.0 mmol) 1-(9-fluorenyl)-2-(2-indenyl)-benzene in 12 ml diethylether was added 3.8
ml (1.6 mol/l) n-butyllithium in hexanes. After stirring for 4 hours the solution was added to a mixture of 0.699 g (3.0
mmol) ZrCl4 in 12 ml diethylether at -78 °C. The mixture was stirred for 18 hour. The solvent was evaporated and the
product was washed 3 times with cold ligroin. To the crude product was added active carbon and 40 ml toluene. The
mixture was filtrated hot. The remaining solids were washed once more with 40 ml hot toluene. The two fractions
crystallize at -20 C. The product was filtrated an dried, 0.30 g (0.58 mmol, 19%) pure product were obtained.

Polymerisation Examples

Examples X-XIX and Experiment A

[0118] 400 ml of pentamethyl heptane (abbreviation: PMH), ethylene and, eventually, 25 ml 1-octene were supplied
to a 1.3-litre reactor, with heating to polymerisation temperature (Tp); the pressure was 2 MPa. Next, 0.78 ml (1,6 M
solution in toluene) of methylaluminoxane (Witco) and the catalyst solution or slurry (0.125 ml of a 0.001 m solution in
toluene) were premixed at room temperature for 1 minute and then supplied to the reactor. The catalyst supply vessel
was rinsed out with 100 ml of pentamethylheptane (PMH). The pressure in the reactor was kept constant by supplying
ethene. By cooling the reactor the temperature deviation from the setting was limited to a maximum of 5°C. After 10
minutes the polymerisation was stopped and the polymer was worked up by draining the solution and boiling it down
under vacuum at 50°C. The results are given in Table I.
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Comparative Experiment A

The synthesis of [1,2-bis(2-indenyl)ethane]zirconium dichloride

A.1. 1,2-bis(2-hydroxy-2-indenyl)ethane

[0119] To 3.6 g of magnesium turnings (0.15 mol) was added 20 ml of THF. The magnesium was activated with 0.5
ml of 1,2-dibromoethane. After 15 minutes at room temperature the solvent was removed from the magnesium and 20
ml of THF was added. A solution of 6.0 g of α,α,-dichloro-o-xylene (34 mmol) in 325 ml of THF were added dropwise
over a period of 4 hours. The mixture was stirred for 16 hours at room temperature. A solution of 2.45 g of dimethyl
succinate (17 mmol) in 50ml of THF was added during 4 hours. After the addition was complete stirring was continued
for 1 hour. To the reaction mixture was added 25 ml of water dropwise followed by 100 ml of 10% hydrochloric acid.
The THF was evaporated and the residue was extracted with dichloromethane 3 times. The combined organic layers
were dried over magnesium sulphate. The magnesium sulphate was filtered off and the filtrate was evaporated to
dryness. The product was purified by column chromatography. (eluent: petroleum ether/THF, 3/1, v/v). Yield 2.1g (42%)
of a white powder.

A.2. 1,2-bis(2-indenyl)ethane

[0120] 2.0g of the diol (6.8 mmol) was dissolved in 50ml of THF. This solution was added to a mixture of 0.88g
sodiumhydride (37 mmol) and 3.1g methyl iodide (22 mmol) in 30ml of THF over a period of 15 minutes. To reaction
mixture was stirred for 16 hours at room temperature. While cooling with a water/ice bath 20ml of water was added
carefully. THF was evaporated and the residu was extracted twice with 50ml of dichloromethane. The combined organic
layers were dried over sodiumsulphate. The sodiumsulphate was filtered off and the filtrate was evaporated to dryness
to yield 2.0g of an off white powder. The crude product was suspended in 30ml of diethylether and while cooling with
ice 19.0ml of n-butyllithium (1.6 M in hexane, 30 mmol) was added dropwise over a period of 15 minutes. The mixture
was stirred for 16 hours at room temperature. 25ml water was added. This resulted in three phases, two liquid layers
and a solid. The water layer and the solid were separated from the organic layer. The solid was filtrated from the water
layer and washed twice with 10ml of ethanol and twice with 10ml of petroleum ether. After drying 1,24g of the product
was obtained.
The organic layer and the layers from the washings of the solid were combined, dried over sodium sulphate and filtrated.
The filtrate was evaporated to dryness and the solid residu was washed twice with 10 ml of petroleum ether. This
afforded another 0.27g of product. Total yield 1.51g (86%).

A.3. [1,2-bis(2-indenyl)ethane]zirconium dichloride

[0121] 1,5 g of 1,2-bis(2-indenyl)ethane (5.8 mmol) was dissolved in 20ml of THF. The solution was cooled to -30°C
and 7.3 ml of butyllithium (1.6M in hexane, 11.7mmol) was added dropwise. The temperature was allowed to rise to
room temperature and stirring was continued for 4 hours. In a separate Schlenk flank 1.43g of zirconiumtetrachloride
was dissolved in 30ml of THF at -60°C. The temperature was raised to room temperature and than cooled again to
-60°C. The suspension of the di anion was cooled to -60°C and combined with the zirconium tetrachloride. The reaction
mixture was stirred overnight at room temperature. THF was evaporated and the residu was extracted with dichlo-
romethane. The undissolved solids were filtered off and the filtrate was freed from solvent. The residu was washed
twice with petroleum ether (25 ml) and dried in vacuo. Yield 1.4g of a yellow powder (58%).
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Example XX

[0122] In a 2.0 l. steel autoclave, 4.10-4 mol tributylaluminium as scavenger was introduced with 1000 ml. pentam-
ethylheptane (PMH). Ethylene was then added to the reactor to obtain a pressure of 2 MPa. 48 mg of supported catalyst
according to example VIII.6 was brought in a syringe and slurried with 10 ml petroleumether. This slurry was transferred
into the injection vessel that was connected to the autoclave. When the autoclave was brought to the polymerisation
temperature (90 °C), the catalyst slurry was injected into the reactor and the polymerisation starts under constant
ethylene pressure.
After 30 minutes of polymerisation, the ethylene was vented off and the polymer was collected and dried in a vacuum
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oven at 70 °C.
110 g. polymer was obtained with a good morphology.

Examples XXI-XXXIII

[0123] 300 ml of dried heptane or pentamethylheptane and half of the prescribed amount of methylaluminoxane
(MAO) (6 ml of a 10 wt.% solution in toluene (Witco)) were supplied to a 2-litre stainless steel autoclave, while heating
to polymerisation temperature. The reaction content was continuously flushed with dried nitrogen and the pressure
was 0.24 MPa. Consequently, the metallocene catalyst (5 µmol) and the second half of the MAO amount were premixed
for at least 1 minute at room temperature as a solution or slurry in 75 ml toluene and then supplied to the reactor. The
catalyst supply vessel was rinsed out with 225 ml of heptane. The pressure in the reactor was dropped to 0.1 MPa and
propylene was supplied to the reactor until a constant pressure of 0.6 MPa was obtained. A constant stirring speed of
1000 rpm was maintained during the polymerisation. By cooling the reactor, the temperature deviation from the setting
was limited to a maximum of 2 °C. After 30 minutes, the polymerisation was stopped, the propene was vented and the
obtained polymer was worked up by drying the solution under air and eventually under vacuum at 60 °C. The results
are given in Table II.
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Claims

1. Process for the polymerization of an olefin in the presence of an indenyl compound of formula (1) as a catalyst

wherein:

M is a transition metal from the lanthanides or from group 3, 4, 5 or 6 of the Periodic System of Elements,
Q is an anionic ligand to M,
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k is the number of Q groups and is equal to the valence of M minus 2,
R is a bridging group
and Z and X are substituents,

optionally in the presence of a cocatalyst,
characterized in that R contains at least one sp2-hybridised carbon atom that is bonded to the indenyl group at
the 2-position, and
wherein the indenyl compound Ti(deshydronorbiphenacene) dichloride is excluded.

2. Process according to claim 1, characterized in that the indenyl compound has formula (2)

wherein:

M is a transition metal from the lanthanides or from group 3, 4, 5 or 6 of the Periodic System of Elements,
Q is an anionic ligand to M,
k is the number of Q groups and is equal to the valence of M minus 2,
R is a bridging group containing at least one Sp2. hybridised carbon atom that is bonded to one of the indenyl
groups at the 2- position
and Z and X are substituents.

3. Process according to claim 1 or 2, characterized in that R contains at least one aryl group.

4. Process according to any one of claims 1-3, characterized in that R contains at least one phenylene group.

5. Process according to any one of claims 1-3, characterized in that R contains a bisaryl group.

6. Process according to any one of claims 1-5, characterized in that R is a 2,2'-biphenylene.

7. Process according to any one of claims 1-6, characterized in that M is Ti, Zr or Hf.

8. Process according to any one of claims 1-7, characterized in that Q is Cl or a methyl group.

9. Process according to any one of claims 1-8, characterized in that the olefin is an α-olefin.
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10. Process according to claim 9, characterized in that the α-olefin is chosen from the group comprising ethylene,
propylene, butene, pentene, hexene, heptene, octene or mixtures thereof.

11. Process according to any one of claims 1-10, characterized in that a polymer is prepared on the basis of ethylene
and/or propylene.

12. Process according to claim 11, characterized in that a rubbery polymer is prepared on the basis of ethylene,
propylene and, optionally, a diene.

Patentansprüche

1. Verfahren zur Polymerisation eines Olefins in Gegenwart einer Indenylverbindung der Formel (1) als Katalysator

worin:

M ein Übergangsmetall von den Lanthanoiden oder von Gruppe 3, 4, 5 oder 6 des Periodensystems der
Elemente darstellt,
Q einen Acidoligand zu M darstellt,
k für die Anzahl an Q-Gruppen steht und gleich der Wertigkeit von M minus 2 ist,
R eine Brückengruppe darstellt
und Z und X Substituenten darstellen,

gegebenenfalls in Gegenwart eines Co-Katalysators, dadurch gekennzeichnet, dass R mindestens ein sp2-hy-
bridisiertes Kohlenstoff-atom enthält, das an die Indenylgruppe an der 2-Position gebunden ist, und wobei die
Indenylverbindung Ti(deshydronorbiphenacen)dichlorid ausgeschlossen wird.

2. Verfahren gemäß Anspruch 1, dadurch gekennzeichnet, dass die Indenylverbindung die Formel (2)
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hat, worin:

M ein Übergangsmetall von den Lanthanoiden oder von Gruppe 3, 4, 5 oder 6 des Periodensystems der
Elemente darstellt,
Q einen Acidoligand zu M darstellt,
k für die Anzahl an Q-Gruppen steht und gleich der Wertigkeit von M minus 2 ist,
R eine Brückengruppe darstellt, welche mindestens ein sp2-hybridisiertes Kohlenstoffatom enthält, das an
eine der Indenylgruppen an der 2-Position gebunden ist,
und Z und X Substituenten darstellen.

3. Verfahren gemäß Anspruch 1 oder 2, dadurch gekennzeichnet, dass R mindestens eine Arylgruppe enthält.

4. Verfahren gemäß einem der Ansprüche 1-3, dadurch gekennzeichnet, dass R mindestens eine Phenylengruppe
enthält.

5. Verfahren gemäß einem der Ansprüche 1-3, dadurch gekennzeichnet, dass R eine Bisarylgruppe enthält.

6. Verfahren gemäß einem der Ansprüche 1-5, dadurch gekennzeichnet, dass R ein 2,2'-Biphenylen darstellt.

7. Verfahren gemäß einem der Ansprüche 1-6, dadurch gekennzeichnet, dass M für Ti, Zr oder Hf steht.

8. Verfahren gemäß einem der Ansprüche 1-7, dadurch gekennzeichnet, dass Q für Cl oder eine Methylgruppe
steht.

9. Verfahren gemäß einem der Ansprüche 1-8, dadurch gekennzeichnet, dass das Olefin ein α-Olefin ist.

10. Verfahren gemäß Anspruch 9, dadurch gekennzeichnet, dass das α-Olefin ausgewählt wird aus der Gruppe
umfassend Ethylen, Propylen, Buten, Penten, Hexen, Hepten, Octen oder Gemischen daraus.

11. Verfahren gemäß einem der Ansprüche 1-10, dadurch gekennzeichnet, dass ein Polymer auf der Basis von
Ethylen und/oder Propylen hergestellt wird.

12. Verfahren gemäß Anspruch 11, dadurch gekennzeichnet, dass ein gummiartiges Polymer auf der Basis von
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Ethylen, Propylen und gegebenenfalls einem Dien hergestellt wird.

Revendications

1. Processus pour la polymérisation d'une oléfine en présence d'un composé indényle de formule (1) comme cata-
lyseur

dans laquelle :

M est un métal de transition des lanthanides ou du groupe 3, 4, 5 ou 6 du système périodique des éléments,
Q est un ligand anionique à M,
k est le nombre de groupes Q et est égal à la valence de M moins 2,
R est un groupe de pontage,
et Z et X sont des substituants,

éventuellement en présence d'un cocatalyseur,
caractérisée en ce que R contient au moins un atome de carbone à hybridation sp2 qui est lié au groupe

indényle en position 2, et
dans laquelle le composé indényle dichlorure de Ti(déshydronorbisphénacène) est exclu.

2. Processus selon la revendication 1, caractérisé en ce que le composé indényle a la formule (2)
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dans laquelle :

M est un métal de transition des lanthanides ou du groupe 3, 4, 5 ou 6 du système périodique des éléments,
Q est un ligand anionique à M,
k est le nombre de groupes Q et est égal à la valence de M moins 2,
R est un groupe de pontage contenant au moins un atome de carbone à hybridation sp2 qui est lié à un des
groupes indényle en position 2,
et Z et X sont des substituants.

3. Processus selon la revendication 1 ou 2, caractérisé en ce que R contient au moins un groupe aryle.

4. Processus selon l'une quelconque des revendications 1 à 3, caractérisé en ce que R contient au moins un groupe
phénylène.

5. Processus selon l'une quelconque des revendications 1 à 3, caractérisé en ce que R contient un groupe bisaryle.

6. Processus selon l'une quelconque des revendications 1 à 5, caractérisé en ce que R est un 2,2'-biphénylène.

7. Processus selon l'une quelconque des revendications 1 à 6, caractérisé en ce que M est Ti, Zr ou Hf.

8. Processus selon l'une quelconque des revendications 1 à 7, caractérisé en ce que Q est Cl ou un groupe méthyle.

9. Processus selon l'une quelconque des revendications 1 à 8, caractérisé en ce que l'oléfine est une α-oléfine.

10. Processus selon la revendication 9, caractérisé en ce que l'α-oléfine est choisie dans le groupe comprenant
l'éthylène, le propylène, le butène, le pentène, l'hexène, l'heptène, l'octène ou leurs mélanges.

11. Processus selon l'une quelconque des revendications 1 à 10, caractérisé en ce qu'un polymère est préparé sur
la base de l'éthylène et/ou du propylène.

12. Processus selon la revendication 11, caractérisé en ce qu'un polymère caoutchouteux est préparé sur la base
de l'éthylène, du propylène et, éventuellement, d'un diène.


	bibliography
	description
	claims

