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MONOCYCLOPENTADIENYL COMPLEXES
OF CHROMIUM, MOLYBDENUM OR
TUNGSTEN

This is a Rule 53(b) Continuation application of appli-
cation Ser. No. 09/373,715, filed on Aug. 13, 1999, now U.S.
Pat. No. 6,437,161B1.

The present invention relates to substituted
monocyclopentadienyl, monoindenyl, monofluorenyl and
heterocyclopentadienyl complexes of chromium, molybde-
num or tungsten in which at least one of the substituents on
the cyclopentadienyl ring carries a donor function which is
bonded rigidly, not exclusively via sp>-hybridized carbon or
silicon atoms, and to a process for the polymerization of
olefins.

Many of the catalysts used for the polymerization of
a-olefins are based on immobilized chromium oxides (see,
for example, Kirk-Othmer, “Encyclopedia of Chemical
Technology”, 1981, Vol.16, p. 402). These generally give
ethylene hompolymers and copolymers of high molecular
weights, but are relatively insensitive to hydrogen and thus
do not allow simple control of the molecular weight. By
contrast, use of bis(cyclopentadienyl)chromium (U.S. Pat.
No. 3,709,853), bis(indenyl)chromium or bis(fluorenyl)
chromium (U.S. Pat. No. 4,015,059) applied to an inorganic,
oxidic support allows simple control of the molecular weight
of polyethylene by addition of hydrogen.

As in Ziegler-Natta systems, there has recently also been
interest in finding chromium catalyst systems having a
uniformly defined active center, so-called single-site cata-
lysts. By targeted variation of the ligand structure, the aim
is to be able to modify in a simple manner the activity and
copolymerization behavior of the catalyst and the properties
of the resultant polymers.

Thus, EP-A-742046 discloses so-called constrained
geometry complexes of the group 6, a special process for
their preparation (via metal tetraamides), and a process for
the preparation of a polyolefin in the presence of such
catalysts. The ligand structure consists of an anionic donor
which is linked to a cyclopentadienyl radical.

K. H. Theopold et al. in Organomet. 1996, 15,
5284-5286, have described an analogous [[(tert-
butylamido)dimethylsilyl]-(tetramethyleyclopentadienyl)]
chromium chloride complex for the polymerization of ole-
fins. This complex selectively polymerizes ethylene. It is not
possible either to incorporate comonomers, for example
hexene, nor to polymerize propene.

This disadvantage can be overcome by using structurally
very similar systems. For example, DE-A1-19710615
describes monocyclopentadienylchromium compounds sub-
stituted by donor ligands which can be used, for example, to
polymerize propene as well. The donor in these compounds
is from the 15th group of the Periodic Table of the Elements
and is neutral. The donor is bonded to the cyclopentadienyl
ring via a (ZR,), fragment, where R is hydrogen, alkyl or
aryl, Z is an atom from the 14th group of the Periodic Table
of the Elements, and n is 1. DE-A1-19630580 states that the
combination of Z=carbon with an amine donor gives good
results.

WO-A-96/13529 describes reduced transition-metal
complexes from Groups 4 to 6 of the Periodic Table of the
Elements with polydentate monoanionic ligands. These
include, inter alia, cyclopentadienyl ligands, preferably con-
taining a donor function bonded via a (CR,),, bridge, where
R is hydrogen or a hydrocarbyl radical having 1 to 20 carbon
atoms, and p is 1 to 4. The preferred transition metal is
titanium.

There are also ligand systems in which the donor group
is linked rigidly to the cyclopentadienyl radical. Such ligand
systems and their metal complexes are reviewed, for
example, by P. Jutzi and U. Siemeling in J. Organomet.
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Chem. (1995), 500, 175-185, Section 3. M. Enders et. al., in
Chem. Ber. (1996), 129, 459—463, describe 8-quinolyl-
substituted cyclopentadienyl ligands and their titanium and
zirconium trichloride complexes.
2-Picolyleyclopentadienyltitanium trichloride in combina-
tion with methylaluminoxane has been used by M. Blais, J.
Chien and M. Rausch in Organomet. (1998), 17 (17)
3775-3783 for the polymerization of olefins.

It is an object of the present invention to find novel
catalyst systems which can easily be modified and are
suitable for the polymerization of a-olefins.

We have found that this object is achieved by substituted
monocyclopentadienyl, monoindenyl, monofluorenyl and
heterocyclopentadienyl complexes of chromium, molybde-
num or tungsten in which at least one of the substituents on
the cyclopentadienyl ring carries a donor function which is
bonded rigidly, not exclusively via sp>-hybridized carbon or
silicon atoms.

We have furthermore found a process for the polymer-
ization or copolymerization of olefins in which olefins are
polymerized in the presence of the following components:
(A) a substituted monocyclopentadienyl, monoindenyl,

monofluorenyl or heterocyclopentadienyl complex as
claimed in claim 1, of the formula I

[Y—M—X,], L,

where:
M is chromium, molybdenum or tungsten
Y is described by the formula II

Rr!

1 R?
/E ~ Ez/
1
Z—Bk—ES\ ®
BN R
R4/

where:

E'-E° are carbon or a maximum of one E! to E’ is
phosphorus or nitrogen,

Z is NR®R®, PR®R®, OR®, SR® or an unsubstituted,
substituted or fused, partially unsaturated heterocyclic
or heteroaromatic ring system,

B is one of the following groups:

R7 RS R9 RIO Rll

—C=Cc—, —Cc=C—L—,

RI2

and in addition, if Z is an unsubstituted, substituted or
fused, partially unsaturated heterocyclic or heteroaro-
matic ring system, may alternatively be

R13

— 2

R14

where
L' and L? are silicon or carbon,
k is 1, and is alternatively O if Z is an unsubstituted,
substituted or fused, partially unsaturated heterocyclic
or heteroaromatic ring system,
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X independently of one another, are fluorine, chlorine,
bromine, iodine, hydrogen, C,-C,,-alkyl, C,—C,,-
alkenyl, C.—C,,-aryl, alkylaryl having 1-10 carbon
atoms in the alkyl radical and 6—20 carbon atoms in the
aryl radical, NR**R*®, OR*?, SR**, SO,R**, OC(0)
R*%, CN, SCN, p-diketonate, CO, BF,”, PF,~, or a
bulky, non-coordinating anion,

R!'-R*® independently of one another, are hydrogen,
C,—C,o-alkyl, C,—C,4-alkenyl, C,—C,q-aryl, alkylaryl
having 1 to 10 carbon atoms in the alkyl radical and
620 carbon atoms in the aryl radical, or SiR'7;, where
the organic radicals R*™~R*® may also be substituted by
halogens, and in each case two geminal or vicinal
radicals R'=R*® may also be linked to form a five- or
six-membered ring,

R'7 independently of one another, are hydrogen, C,—C,,-
alkyl, C,—C,,-alkenyl, C—C,q-aryl, alkylaryl having 1
to 10 carbon atoms in the alkyl radical and 6—20 carbon
atoms in the aryl radical, and in each case two geminal
radicals R'” may also be linked to form a five- or
six-membered ring,

nis 1, 2 or 3, and

mis 1,2 or 3,

(B) if desired, one or more activator compounds, and

(C) if desired, one or more additional conventional olefin-
polymerization catalysts.

We have furthermore found olefin polymers obtainable by
the process according to the invention, and fibers, films and
moldings which comprise the olefin polymers according to
the invention.

In order to make the bonding to the cyclopentadienyl ring
rigid, the most direct link to the donor function contains at
least one sp- or sp>-hybridized carbon atom, preferably at
least one to three sp*-hybridized carbon atoms. The direct
link preferably contains an unsaturated double bond or an
aromatic ring or forms with the donor a partially unsaturated
or aromatic heterocyclic system.

The cyclopentadienyl ring is 5 bonded to the metal center,
preferably chromium, in the complexes according to the
invention and can also be a heterocyclopentadienyl ligand,
i.e. the at least one carbon atom may also be replaced by a
heteroatom from Group 15 or 16. In this case, a Cy ring
carbon atom is preferably replaced by phosphorus. In
particular, the cyclopentadienyl ring is substituted by further
alkyl groups, which can also form a five- or six-membered
ring, for example tetrahydroindenyl, indenyl, benzindenyl or
fluorenyl.

The donor is a neutral functional group containing an
element from the 15th or 16th group of the Periodic Table of
the Elements, for example amine, imine, carboxamide,
carboxylate, ketone (0x0), ether, thioketone, phosphine,
phosphite, phosphine oxide, sulfonyl or sulfonamide, or an
unsubstituted, substituted or fused, partially unsaturated
heterocyclic or heteroaromatic ring system.

Preference is given to substituted monocyclopentadienyl,
monoindenyl, monofluorenyl and heterocyclopentadienyl
complexes of the formula I

[Y—M—X,], L,

where:

M is chromium, molybdenum or tungsten
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Y is described by the formula II

Rr!

1 R?
/E\Ez/
RS 1
7—B; E\ i

E4/E\R3
/
R*

where:

E'-E’® are carbon or a maximum of one E' to E® is
phosphorus or nitrogen,

Z is NR®R®, PR®R®, OR®, SR® or an unsubstituted,
substituted or fused, partially unsaturated heterocyclic
or heteroaromatic ring system,

B is one of the following groups:

R7 RS R9 RIO Rll

—Cc=Cc—, —Cc=C—1L—,

R12

and in addition, if Z is an unsubstituted, substituted or
fused, partially unsaturated heterocyclic or heteroaro-
matic ring system, may alternatively be

R13

— 2

R

where
L and L? are silicon or carbon,

k is 1, and is alternatively O if Z is an unsubstituted,
substituted or fused, partially unsaturated heterocyclic
or heteroaromatic ring system,

X independently of one another, are fluorine, chlorine,
bromine, iodine, hydrogen, C,—C,,-alkyl, C,—C,,-
alkenyl, C—C,,-aryl, alkylaryl having 1-10 carbon
atoms in the alkyl radical and 620 carbon atoms in the
aryl radical, NR*R*¢, OR'5, SR*, SO,R*, OC(0)
R'%, CN, SCN, p-diketonate, CO, BF,~, PF,~, or bulky,
non-coordinating anions,

R'-R*® independently of one another, are hydrogen,
C,—C,o-alkyl, C,—C,4-alkenyl, Co—C,q-aryl, alkylaryl
having 1 to 10 carbon atoms in the alkyl radical and
6-20 carbon atoms in the aryl radical, or SiR*”;, where
the organic radicals R'-R*° may also be substituted by
halogens, and in each case two geminal or vicinal
radicals R'-R*® may also be linked to form a five- or
six-membered ring,

R'7 independently of one another, are hydrogen, C,—C,,-
alkyl, C,—C,5-alkenyl, C—C,q-aryl, alkylaryl having 1
to 10 carbon atoms in the alkyl radical and 6—20 carbon
atoms in the aryl radical, and in each case two geminal
radicals R*” may also be linked to form a five- or
six-membered ring,

nis 1,2 or 3, and

mis 1,2 or 3.

A particularly suitable transition metal M is chromium.

Y is a substituted cyclopentadienyl system, where the

radical —B,—7Z carries a rigidly bonded donor function.
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The cyclopentadienyl ring is bonded to the transition metal
via an 1°-bond. The donor can be bonded coordinatively or
non-coordinatively. The donor is preferably coordinated
intramolecularly to the metal center.

E' to E° are preferably four carbon atoms and one
phosphorus atom or only carbon atoms, and very particu-
larly preferably all of E* to E® are carbon.

Z can, for example, form an amine, ether, thioether or
phosphine together with the bridge B. However, Z can also
be an unsubstituted, substituted or fused, heterocyclic aro-
matic ring system, which, besides carbon ring members,
may also contain heteroatoms from the group consisting of
oxygen, sulfur, nitrogen and phosphorus. Examples of
5-membered heteroaryl ring groups, which, besides carbon
atoms, may also contain one to four nitrogen atoms or one
to three nitrogen atoms and/or one sulfur or oxygen atom as
ring members, are 2-furyl, 2-thienyl, 2-pyrrolyl,
3-isoxazolyl, 5-isoxazolyl, 3-isothiazolyl, 5-isothiazolyl,
1-pyrazolyl, 3-pyrazolyl, 5-pyrazolyl, 2-oxazolyl,
4-oxazolyl, 5-oxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl,
2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 1,2,4-oxadiazol-
3-yl, 1,2,4-oxadiazol-5-yl, 1,3,4-oxadiazol-2-yl or 1,2,4-
triazol-3-yl. Examples of 6-membered heteroaryl groups,
which may contain one to four nitrogen atoms and/or one
phosphorus atom, are 2-pyridinyl, 2-phosphabenzolyl,
3-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl,
1,3,5-triazin-2-yl and 1,2,4-triazin-3-yl, 1,2,4-triazin-5-yl or
1,2,4-triazin-6-yl. The 5- and 6-membered heteroaryl ring
groups here may also be substituted by C,-C,,-alkyl,
C¢—C,o-aryl, alkylaryl having 1 to 10 carbon atoms in the
alkyl radical and 6-10 carbon atoms in the aryl radical,
trialkylsilyl or halogens, such as fluorine, chlorine or
bromine, or may be fused to one or more aromatic or
heteroaromatic ring systems. Examples of benzo-fused
5-membered heteroaryl groups are 2-indolyl, 7-indolyl,
2-cumaronyl, 7-cumaronyl, 2-thionaphthenyl,
7-thionaphthenyl, 3-indazolyl, 7-indazolyl,
2-benzimidazolyl and 7-benzimidazolyl. Examples of
benzo-fused 6-membered heteroaryl groups are 2-quinolyl,
8-quinolyl, 3-cinnolyl, 8-cinnolyl, 1-phthalazyl,
2-quinazolyl, 4-quinazolyl, 8-quinazolyl, 5-quinoxalyl,
4-acridyl, 1-phenanthridyl and 1-phenazyl. The naming and
numbering of the heterocyclic systems has been taken from
L. Fieser and M. Fieser, Lehrbuch der organischen Chemie
[Textbook of Organic Chemistry], 3rd revised edition, Ver-
lag Chemie, Weinheim 1957. In a preferred embodiment, Z
is an unsubstituted, substituted or fused, heteroaromatic ring
system or NR®R®. Preference is given here to simple systems
which are readily accessible and inexpensive and are
selected from the following group:

RI® R RS
RIS R2 R2 R
N A
N/ R2! R2 N/ R?7
2-Pyridyl 8-Quinolyl

A suitable choice of the radicals R'® to R*” allows the
activity of the catalyst and the molecular weight of the
resultant polymer to be influenced. Suitable substituents R*#
to R*” are the same radicals as described for R'-R*® and
halogens, for example fluorine, chlorine or bromine, where,
if desired, it is also possible for two vicinal radicals R*® to
R?7 to be linked to form a 5- or 6-membered ring and also
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to be substituted by halogens, such as fluorine, chlorine or
bromine. Preferred radicals R*® to R*” are hydrogen, methyl,
ethyl, n-propyl, n-butyl, tert-butyl, n-pentyl, n-hexyl,
n-heptyl, n-octyl, vinyl, allyl, benzyl, phenyl, naphthyl,
biphenyl and anthranyl, and fluorine, chlorine and bromine.
Suitable organosilicon substituents are, in particular, tri-
alkylsilyl groups having 1 to 10 carbon atoms in the alkyl
radical, in particular trimethylsilyl groups. Z is very par-
ticularly preferably an unsubstituted or substituted, for
example alkyl-substituted, in particular 8-linked quinolyl,
for example 8-quinolyl, 8-(2-methylquinolyl), 8-(2,3,4-
trimethylquinolyl) or 8-(2,3,4,5,6,7-hexamethylquinolyl).
These are very simple to prepare and simultaneously give
very good activities.

The rigid bridge B between the cyclopentadienyl ring and
the functional group Z is a divalent organic radical consist-
ing of carbon and/or silicon units with a chain length of 1 to
3. The activity of the catalyst can be modified by changing
the link length between the cyclopentadienyl ring and the
heteroatom donor. Since the nature of Z is also affected by
the number of bridging atoms between the cyclopentadienyl
radical and the heteroatom, a variety of combinations of B
with Z can be chosen here to exert an influence. B can be
bonded to Z via L' or CR®. Owing to the ease of preparation,
the combination of B as CH=CH or 1,2-phenylene with Z
as NR®R® and also of B as CH,, C(CH,), or Si(CH,), and
Z as unsubstituted or substituted 8-quinolyl or unsubstituted
or substituted 2-pyridyl is preferred. Systems without a
bridge B, in which k is 0, are also very particularly simple
to prepare. In this case, Z is preferably unsubstituted or
substituted quinolyl, in particular 8-quinolyl.

Various properties of the catalyst system can also be
modified by varying the substituents R'-R*¢. The accessi-
bility of the metal atom M to the olefins to be polymerized
can be modified through the number and type of the
substituents, in particular of R'-R*. Thus, it is possible to
modify the activity and selectivity of the catalyst with
respect to various monomers, in particular sterically hin-
dered monomers. Since the substituents can also affect the
rate of termination reactions of the growing polymer chain,
this is also a way of modifying the molecular weight of the
resultant polymers. The chemical structure of the substitu-
ents R* to R'® can therefore be varied within broad ranges
in order to achieve the desired results and to obtain a
customized catalyst system. Examples of suitable C-organic
substituents R'-R*° are the following: C;—C,,-alkyl, where
the alkyl may be linear or branched, for example methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl and
n-dodecyl, 5- to 7-membered cycloalkyl, which may itself
carry a C,—C,,-aryl group as substituent, for example
cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane and
cyclododecane, C,—C,,-alkenyl, where the alkenyl may be
linear, cyclic or branched and the double bond may be
internal or terminal, for example vinyl, 1-allyl, 2-allyl,
3-allyl, butenyl, pentenyl, hexenyl, cyclopentenyl,
cyclohexenyl, cyclooctenyl and cyclooctadienyl, C,—C,o-
aryl, where the aryl radical may be substituted by further
alkyl groups, for example phenyl, naphthyl, biphenylyl,
anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or 2,6-
dimethylphenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- and
3,4,5-trimethylphenyl, and arylalkyl, where the arylalkyl
may be substituted by further alkyl groups, for example
benzyl, 0-, m- and p-methylbenzyl, 1- and 2-ethylphenyl,
where, if desired, two of R* to R*® may also be linked to
form a 5- or 6-membered ring, and the organic radicals
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R'-R*° may also be substituted by halogens, for example
fluorine, chlorine or bromine. In organosilicon substituents
SiR'7,, suitable radicals for R'” are the same ones as listed
in detail above for R'-R*®, where, if desired, it is also
possible for two R*7 radicals to be linked to form a 5- or
6-membered ring, for example trimethylsilyl, triethylsilyl,
butyldimethylsilyl, tributylsilyl, triallylsilyl, triphenylsilyl
and dimethylphenylsilyl. Preferred radicals R°-R'® are
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl,
vinyl, allyl, benzyl, phenyl, orthodialkyl- and -dichloro-
substituted phenyls, trialkyl- and trichloro-substituted
phenyls, naphthyl, biphenyl and anthranyl. Particularly suit-
able organosilicon substituents are trialkylsilyl groups hav-
ing 1 to 10 carbon atoms in the alkyl radical, in particular
trimethylsilyl groups. Particularly preferred radicals R and
R® are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, allyl, benzyl,
phenyl and trialkylsilyl groups. R! to R* are preferably
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, ben-
zyl and phenyl. In preferred transition-metal complexes,
E'E’E’E*E’ together with R'R®R®R* is a monoalkylcyclo-
pentadienyl radical, for example 3-methylcyclopentadienyl,
3-ethyleyclopentadienyl, 3-isopropyleyclopentadienyl or
3-tert-butylcyclopentadienyl, a dialkylcyclopentadienyl
radical, for example tetrahydroindenyl, 2,4-
dimethylcyclopentadienyl or 3-methyl-5-tert-
butylcyclopentadienyl, a trialkylcyclopentadienyl radical,
for example 2,3,5-trimethylcyclopentadienyl, or a tetraalky-
leyclopentadienyl radical, for example 2,3,4,5-
tetramethylcyclopentadienyl. Furthermore, preference is
also given to compounds in which two vicinal R* to R*
radicals form a fused six-membered ring system, in which
E'E’EE'E® together with R'R?R®R* is unsubstituted or
substituted indenyl, for example indenyl, 2-methylindenyl,
2-ethylindenyl, 2-isopropylindenyl, 3-methylindenyl,
4-phenylindenyl, 2-methyl-4-phenylindenyl or
4-naphthylindenyl, or a benzindenyl system, for example
benzindenyl or 2-methylbenzindenyl. In very particularly
preferred transition-metal complexes, E'E*E*E*E® together
with R'R*RR* is indenyl.

As in the metallocenes, the transition-metal complexes
may be chiral. Thus, on the one hand, the cyclopentadienyl
radical can have one or more centers of chirality, or alter-
natively the cyclopentadienyl system may itself only be
enantiotropic, so that the chirality is only induced by bond-
ing thereof to the transition metal M. This can be effected,
for example, simply through two different substituents (the
donor substituent and, for example, an alkyl radical) on the
cyclopentadienyl ring in order to give R- and S-enantiomers
of the transition-metal complexes (for the formalism of
chirality in cyclopentadienyl compounds, see R Halterman,
Chem. Rev. 92, (1992), 965-994).

The substituents X arise, for example, through the choice
of the corresponding metal starting compounds used for the
synthesis of the metal complexes, but can also be varied
subsequently. Particularly suitable substituents X are the
halogens, such as fluorine, chlorine, bromine and iodine,
especially chlorine. Simple alkyl radicals, such as methyl,
ethyl, propyl, butyl, vinyl, allyl, phenyl and benzyl, also
represent advantageous ligands X. Further ligands X which
may be mentioned, merely by way of example and in no way
to be taken as limiting, are trifluoroacetate, BF,~, PF,~ and
weakly or non-coordinating anions (see, for example, S.
Strauss in Chem. Rev. 1993, 93, 927-942), such as B(C4Fs)
4. The designation of the ligands X as anions does not
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stipulate the type of bonding to the transition metal M. For
example, if X is a non- or weakly coordinating anion, the
interaction between the metal M and the ligand X is of a
rather more electrostatic nature. The various types of bond-
ing are known to the person skilled in the art

Amides, alkoxides, sulfonates, carboxylates and
[p-diketonates are also particularly suitable. By varying the
radicals R*® and R, it is possible, for example, to finely
adjust physical properties, such as solubility. The radicals
R*'® and R*® are preferably C,—C,.-alkyl, such as methyl,
ethyl, n-propyl, n-butyl, tert-butyl, n-pentyl, n-hexyl,
n-heptyl and n-octyl and vinyl, allyl, benzyl and phenyl.
Some of these substituted ligands X are very particularly
preferred, since they are obtainable from inexpensive and
readily accessible starting materials. Thus, a particularly
preferred embodiment is for X to be dimethylamide,
methoxide, ethoxide, isopropoxide, phenoxide,
naphthoxide, triflate, p-toluenesulfonate, acetate or acety-
lacetonate.

The number n of ligands X depends on the oxidation state
of the transition metal M. The number n can thus not be
given in general terms. The oxidation state of the transition
metals M in catalytically active complexes is usually known
to the person skilled in the art. Chromium, molybdenum and
tungsten are very probably in the +3 oxidation state.
However, it is also possible to employ complexes whose
oxidation state does not correspond to that of the active
catalyst. Such complexes can then be correspondingly
reduced or oxidized by suitable activators. Preference is
given to chromium complexes in the +3 oxidation state.

The donor Z can be coordinatively bonded to the transi-
tion metal M. This is possible intermolecularly or intramo-
lecularly. The donor Z is preferably coordinatively bonded
to M intramomlecularly. However, this may change during
the polymerization.

The transition-metal complex of the formula I can be in
the form of a monomeric, dimeric or trimeric compound,
where m is 1, 2 or 3 respectively. It is possible here, for
example, for one or more ligands X to bridge two metal
centers M.

Preferred complexes are, for example, 1-(8-quinolyl)-2-
methyl-4-methylcyclopentadienylchromium(III) dichloride,
1-(8-quinolyl)-3-isopropyl-5-
methylcyclopentadienylchromium(IIT) dichloride, 1-(8-
quinolyl)-3-tert-butyl-5-methylcyclopentadienylchromium
(IIT) dichloride, 1-(8-quinolyl)-2,3,4,5-
tetramethyleyclopentadienylechromium(IIT) dichloride, 1-(8-
quinolyl)tetrahydroindenylchromium(III) dichloride, 1-(8-
quinolyl)indenylchromium(IIT) dichloride, 1-(8-quinolyl)-2-
methylindenylchromium(III) dichloride, 1-(8-quinolyl)-2-
isopropylindenylchromium(IIT) dichloride, 1-(8-quinolyl)-
2-ethylindenylchromium(IIl) dichloride, 1-(8-quinolyl)-2-
tert-butylindenylchromium(IIT) dichloride, 1-(8-quinolyl)
benzindenylchromium(IIT) dichloride, 1-(8-quinolyl)-2-
methylbenzindenylchromium(IIT) dichloride, 1-(8-(2-
methylquinolyl))-2-methyl-4-
methyleyclopentadienylchromium(IIT) dichloride, 1-(8-(2-
methylquinolyl))-2,3,4,5-
tetramethyleyclopentadienylechromium(IIT) dichloride, 1-(8-
(2-methylquinolyl))tetrahydraindenylchromium(I1T)
dichloride, 1-(8-(2-methylcuinolyl))indenylchromium(IIT)
dichloride, 1-(8-(2-methylquinolyl))-2-
methylindenylchromium(III) dichloride, 1-(8-(2-
methylquinolyl))-2-isopropylindenylchromium(IIT)
dichloride, 1-(8-(2-methylquinolyl))-2-ethylindenyl
chromium(IIT) dichloride, 1-(8-(2-methylquinolyl))-2-tert-
butylindenylchromium(IIT) dichloride, 1-(8-(2-






























