
Process for the preparation of unsymmetric bis(imino)
compounds Description The present invention relates to
a process for the preparation of unsymmetric
bis(imino) compounds. The use of metallocene catalysts
in the polymerization of unsaturated compounds shows a
great influence on the preparation of polyolefins,
since it opens up access to novel polyolefinic
materials or to materials having improved properties.
There is therefore great interest in the development
of novel families of catalysts for the polymerization
of unsaturated compounds in order to achieve an even
better control over the properties of polyolefins or
further novel products . In particular, the use of
transition metal catalysts with late transition metals
is of interest because of their property of tolerating
heteroatom functionalities. Transition metal catalysts
of late transition metals which are suitable for the
polymerization of unsaturated compounds are known from
the prior art. 1 ,2-Diiminenickel and 2,6- bis (imino)
pyridyliron complexes have proved to be particularly
suitable here. Unsymmetric 2 ,6-bis (imino) pyridyl
compounds which carry two different imino groups are
conventionally prepared via a first condensation of
the corresponding diketo compounds with a primary
amine. The intermediate product obtained is then
reacted with a second primary amine which differs from
the first. In the first step, in addition to the
monoimine, the symmetric diimine product is also
formed, so that the yield of the 



intermediate product is usually very low. The yield of
monoimine intermediate product drops in particular
ifprimary amines having electron-withdrawing groups or
groups which cause little steric hindrance are used.
WO 98/27124 discloses the synthesis of unsymmetric
2,6- bis (imino) pyridyl compounds from the
corresponding diketo compounds and anilines in toluene
with the addition of catalytic amounts of
toluenesulfonic acid, via monoimine intermediate
products. Monoimine intermediate products having
electron-withdrawing substituents are not disclosed.
The preparation of unsymmetric 2 , 6-bis (imino)
pyridyl compounds with anilines which carry an
electron-withdrawing substituent in the ortho position
gives only low yields of unsymmetric product in the
second synthesis step. The object of the present
invention is to provide an improved process for the
synthesis of unsymmetric bis (imino) compounds with
which primary amines having electron-withdrawing
substituents or substituents which cause little steric
hindrance can also be converted into the corresponding
monoimine compounds with better yields. These are
particularly suitable starting materials for the
synthesis of unsymmetric diimine compounds, and lead
to higher yields of unsymmetric product. The
unsymmetric diimine compounds having
electron-withdrawing substituents show particularly
high activities in the polymerization of alpha-olef
ins . A process has accordingly been found for the
preparation of monoimine compounds of the formula
Iwherein the variables have the following meaning:
R*-R2 independently of one another denote hydrogen,
Ci- C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 



6-20 C atoms in the aryl radical, or five-, sixor
seven-membered heterocyclyl, which comprises at least
one atom from the group consisting of N , P , O or S ,
wherein the organic radicals R1-R2 can also be
substituted by halogens, NR1:L 2, OR11 or SiR12 3
and/or the two radicals R1-R2 can also be bonded with
R3-R5 to form a five-, six- or sevenmembered ring,
R3-R10 independently of one another denote hydrogen,
Ci- C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical, NR 1 2, OR11, halogen, CN,
SiR12 3 or five-, six- or sevenmembered heterocyclyl,
which comprises at least one atom from the group
consisting of N , P , O or S , wherein the organic
radicals R3-R10 can also be substituted by halogens,
NR 1 2, OR11 or SiR12 3 and/or in each case two
radicals R3-R5 can be bonded with one another or in
each case two radicals R6-R10 can also be bonded with
one another to form a five-, six- or seven-membered
ring, and/or in each case two radicals R3-R5 are
bonded with one another or in each case two radicals
R6-R10 are bonded with one another to form a five-,
six- or seven-membered 



heterocyclyl, which comprises at least one atom from
the group consisting of N , P , O or S , R11
independently of one another denote hydrogen, Ci-
C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical or SiR123 wherein the
organic radicals R11 can also besubstituted by
halogens and in each case two radicals R11 can also be
bonded to form a five- or six-membered ring and R12
independently of one another denote hydrogen, Ci-
C22~alkyl, C2-C22-alk:enyl, C6-C22-aryl or arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical and in each case two
radicals R12 can also be bonded to form a five- or
six-membered ring, E,1-E independently of one another
denote carbon, nitrogen or phosphorus, in particular
carbon, and u independently of one another are 0 for E
-E3 as nitrogen or phosphorus and 1 for E1 -E3 as
carbon, wherein a dicarbonyl compound of the formula
II is reacted in an aliphatic, non-aromatic solvent
with an aniline of the formula III wherein the
variables have the above meaningSpecific monoimine
compounds which give unsymmetric bis(imino) compounds
by reaction with further aniline, iron complexes
obtainable therefrom and the use thereof for the
polymerization of olefins have furthermore been found.
In this context, the three atoms E1 to E3 can be
identical or different. E1 to E3 are nitrogen,
phosphorus or carbon, in particular nitrogen or
carbon, and particularly preferably carbon. 



The substituents R1-R2 of the monoimine compound of
the formula I and of the dicarbonyl compound of the
formula II can be varied within wide ranges. Possible
C-organic substituents R1 -R2 are, for example, the
following: Ci- C22~alkyl, wherein the alkyl can be
linear or branched, such as e.g. methyl, ethyl,
n-propyl, iso-propyl, nbutyl, iso-butyl, tert-butyl,
n-pentyl, n-hexyl, nheptyl, n-octyl, n-nonyl, n-decyl
or n-dodecyl, 5- to 7-membered cycloalkyl, which in
its turn can carry a Ci-Cio-alkyl group and/or C
-Cio-aryl group as a substituent, such as e.g.
cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane or
cyclododecane, C2-C22-alkenyl, wherein the alkenyl can
be linear, cyclic or branched and the double bond can
be internal or terminal, such as e.g. vinyl, 1-allyl,
2-allyl, 3-allyl, butenyl, pentenyl, hexenyl,
cyclopentenyl, cyclohexenyl, cyclooctenyl or
cyclooctadienyl, C6-C22- yI, wherein the aryl radical
can be substituted by further alkyl groups, such as
e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-,
pmethylphenyl, 2,3-, 2,4-, 2,5- or 2,6-dimethylphenyl
or 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-
trimethylphenyl, or arylalkyl, wherein the arylalkyl
can be substituted by further alkyl groups, such as
e.g. benzyl, o-, m-, p-methylbenzyl or 1- or 2-
ethylphenyl, wherein two radicals R -R2 can if
appropriate also be bonded with R3-R5 to form a
five-,six- or seven-membered ring, which can also be a
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , O or S . The organic
radicals R R2 can also be substituted by halogens,
such as e.g. fluorine, chlorine or bromine, by amino
NR1 



2, such as, for example, dimethylamino, N-pyrrolidinyl
or picolinyl, by alkoxy or aryloxy OR11 , such as
methoxy, ethoxy or isopropoxy, or Si-organic
substituents SiR12 3, such as e.g. trimethylsilyl,
triethylsilyl, butyldimethylsilyl, tributylsilyl,
tritert-butylsilyl, triallylsilyl, triphenylsilyl or
dimethylphenylsilyl . Possible substituents R11 are
the same C-organic radicals as listed above in more
detail for R1-R2, if appropriate it also being
possible for two R1 1 to be bonded to form a 5- or
6-membered ring and/or to be substituted by halogen.
As Si-organic substituents SiR12 3, the same C-organic
radicals as listed above in more detail for R1-R2 are
possible for R12 , if appropriate it also being
possible for two R12 to be bonded to form a 5- or
6-membered ring. Preferably, R1 and R2 are identical .
Preferred radicals R1-R2 are hydrogen, methyl, ethyl,
npropyl, iso-propyl, n-butyl, iso-butyl, tert-butyl,
npentyl, n-hexyl, n-heptyl, n-octyl, benzyl or phenyl,
and in particular methyl. The substituents R3 R10 of
the monoimine compound of the formula I , of the
dicarbonyl compound of the formula II and of the
aniline of the formula III can also be varied within
wide ranges. Possible C-organic substituents R3-R10
are, for example, the following: Ci- C22-alkyl,
wherein the alkyl can be linear or branched, such as
e.g. methyl, ethyl, n-propyl, iso-propyl, nbutyl,
iso-butyl, tert-butyl, n-pentyl, n-hexyl, nheptyl, 



n-octyl, n-nonyl, n-decyl or n-dodecyl, 5- to
7-membered cycloalkyl, which in its turn can carry a
Ci-Cio-alkyl group and/or C6-Ci0-aryl group as
asubstituent, such as e.g. cyclopropane, cyclobutane,
cyclopentane, cyclohexane, cycloheptane, cyclooctane,
cyclononane or cyclododecane, C2-C22-alkenyl, wherein
the alkenyl can be linear, cyclic or branched and the
double bond can be internal or terminal, such as e.g.
vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pentenyl,
hexenyl, cyclopentenyl, cyclohexenyl, cyclooctenyl or
cyclooctadienyl, C6-C22~aryl, wherein the aryl radical
can be substituted by further alkyl groups, such as
e.g. phenyl, naphthyl, biphenyl, anthranyl, o-, m-,
pmethylphenyl, 2,3-, 2,4-, 2,5- or 2 ,6-dimethylphenyl
or 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6- or 3,4,5-
trimethylphenyl, or arylalkyl, wherein the arylalkyl
can be substituted by further alkyl groups, such as
e.g. benzyl, o-, m-, p-methylbenzyl or 1- or 2-
ethylphenyl, wherein if appropriate also in each case
two radicals R3-R5 can be bonded with one another or
in each case two radicals R6-R10 can be bonded with
one another to form a five-, six- or seven-membered
ring and/or to form a five-, six- or seven-membered
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , O or S , and/or
wherein the organic radicals R3-R10 can also be
substituted by halogens, such as e.g. fluorine,
chlorine or bromine, amino NR 2, such as, for example,
dimethylamino, Npyrrolidinyl or picolinyl, alkoxy or
aryloxy OR11, such as methoxy, ethoxy or isopropoxy,
or SiR 1 . R3-R10 can furthermore be amino NR1:L 2 ,
such as, for example, dimethylamino, N-pyrrolidinyl or
picolinyl, alkoxy or 



aryloxy OR11 , such as methoxy, ethoxy or isopropoxy,
or halogens, such as e.g. fluorine, chlorine, bromine
or iodine. Possible substituents R11 are the same
Corganic radicals as listed above in more detail for
R1- R2, if appropriate it also being possible for two
R11 to be bonded to form a 5- or 6-membered ring
and/or to be substituted by halogen. As Si-organic
substituents SiR12 3, the same C-organic radicals as
listed above in more detail for R R2 are possible for
R12 , ifappropriate it also being possible for two R12
to be bonded to form a 5- or 6-membered ring, such as
e.g. trimethylsilyl, triethylsilyl,
butyldimethylsilyl, tributylsilyl, tritert-butylsilyl,
triallylsilyl, triphenylsilyl or dimethylphenylsilyl .
Preferred radicals R3-R5 are hydrogen, methyl,
trifluoromethyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl,
noctyl, benzyl, phenyl, fluorine, chlorine and
bromine, and in particular hydrogen. Preferred
radicals R6-R7 are methyl, trifluoromethyl, ethyl,
n-propyl, iso-propyl, n-butyl, iso-butyl, tertbutyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, benzyl, phenyl,
chlorine, bromine, iodine or methoxy. Particularly
preferably, R6 is chlorine, bromine or iodine and R7
is a Ci-C2o-alkyl, wherein R7 is preferably bonded
with the aryl ring via a primary or secondary,
preferably primary carbon atom. Preferred radicals R8
and R10 are hydrogen, methyl, ethyl, n-propyl,
fluorine, chlorine and bromine, and in particular
hydrogen. Preferably, R8 and R10 are identical. 



Preferred radicals R9 are hydrogen, methyl,
trifluoromethyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl,
noctyl, benzyl, phenyl, fluorine, chlorine and
bromine, and in particular hydrogen, methyl, fluorine,
chlorine or bromine, very particularly preferably
chlorine. In the present application, a primary carbon
atom is understood as meaning a carbon atom having the
following substitution pattern -CH 2-R, wherein R
denotes a linear, branched or cyclic alkyl, preferably
Ci-Cig-alkyl, or hydrogen.In the present application,
a secondary carbon atom is understood as meaning a
carbon atom having the following substitution pattern
-CH-R 2, wherein R denotes a linear, branched or
cyclic alkyl, preferably Ci-Cig-alkyl. Preferred
anilines of the formula III are 2-chloro-6-
methylaniline, 2-bromo-6-methylaniline, 2,6-
dichloroaniline, 2,4-dichloro-6-methylaniline or 2,6-
dibromoaniline. Preferably, R6 or R7 is a halogen, in
particular chlorine or bromine. The molar ratio
between the dicarbonyl compound and the aniline of the
formula III employed is in general 1:5 to 1:0.8,
preferably 1:2 to 1:0.9, and particularly preferably
1:1 to 1:1.2. The sequence of addition of the
individual components is not critical here. Thus, for
example, the dicarbonyl compound can be initially
introduced into the reaction vessel and the aniline of
the formula III can be added thereto. A catalytic
amount of an acid catalyst, such as, for example,
Ci-Cio-carboxylic acids, such as formic acid or acetic
acid, sulfonic acids, such as, for example, 



para-toluenesulf onic acid, and furthermore HCl, HBr,
H I or H2SO , is preferably added to the reaction. The
molar ratio of dicarbonyl compound to acid catalyst is
preferably in the range of from 1:0.00001 to 1:0.01,
preferably from 1:0.0001 to 1:0.001. Reagents for
absorption of the water formed during the reaction,
such as, for example, a molecular sieve, phosphorus
pentoxide or Si(OR) , wherein R is a Ci-CiO-alkyl ,
can furthermore be added. The sequence of addition of
the acid catalyst and/or of the reagent for absorption
of water is not critical, and the addition is
preferably made to the mixture of dicarbonyl compound
and aniline.Solvents which are conventionally used are
aliphatic, non-aromatic hydrocarbons, such as, for
example, pentane, such as n-pentane, hexane, such as
n-hexane and iso-hexane, heptane, such as n-heptane,
octane, such as n-octane, and mixtures thereof.
Heptane is preferably used. It has proved
advantageous, in particular in the preparation of
diimine compounds having halogencontaining
substituents on the aniline, to carry out the
synthesis under an inert gas atmosphere, such as
nitrogen or argon. The reaction is in general carried
out at 18 to 150C, preferably at 30 to 110 0C , and
particularly preferably at 50 to 90C. The reaction
time is conventionally between 30 minutes and 15 days,
preferably between 5 hours and 5 days, particularly
preferably between 8 hours and 3 days. Working up is
carried out in the conventional manner, e.g. by
filtering off the product before or after 



removal of the solvent in vacuo. Purification of the
product obtained can then be carried out by the
conventional routes, such as, for example, by means of
chromatography or recrystallization . An advantage of
the reaction in aliphatic, non-aromatic solvents is
the purity of the product obtained directly after
filtration, which renders further working up
unnecessary . The process according to the invention
is particularly suitable for anilines of the formula
II having at least one halogen atom in the ortho
position. Such anilines result in only low yields of
monoimine compound in toluene or alcohol .Monoimine
compounds of the formula Ia have furthermore been
found wherein the variables have the following
meaning: A is chlorine, bromine, iodine, CF3 or OR11 R
-R2 independently of one another denote hydrogen, Ci-
C22~a-lkyl, C2-C22~alkenyl, C -C22~aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical, or five-, sixor
seven-membered heterocyclyl, which comprises at least
one atom from the group consisting of N , P , 0 or S ,
wherein the organic radicals R1 -R2 can also be
substituted by halogens, NR 1 , OR11 or SiR 12 3
and/or the two radicals R1 -R2 can also be bonded with
R3-R5 to form a five-, six- or sevenmembered ring,
R3-R10 independently of one another denote hydrogen,
Ci- C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 



6-20 C atoms in the aryl radical, NRU 2, OR11 ,
halogen, SiR 12 3 or five-, six- or seven-membered
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , O or S , wherein the
organic radicals R3-R10 can be substituted by
halogens, NR 2, ORR11 oorr SiR 12and/or in each case
two radicals R3-R5 can be bonded with one another or
in each case two radicals R7-R10 can also be bonded
with one another to form a five-, six- or
seven-membered ring, and/or in each case two radicals
R3-R5 are bonded with one another or in each case two
radicals R7-R10 are bonded with one another to form a
five-, six- or seven-membered heterocyclyl, which
comprises at least one atom from the group consisting
of N , P , O or S , R11 independently of one another
denote hydrogen, Ci- C22~alkyl, C2~C22~alkenyl, C
-C22-aryl, arylalkyl having 1 to 10 C atoms in the
alkyl radical and 6-20 C atoms in the aryl radical or
SiR12 3, wherein the organic radicals R11 can also be
substituted by halogens and in each case two radicals
R11 can also be bonded to form a five- or six-membered
ring, R12 independently of one another denote
hydrogen, Ci- C22-alkyl, C2-C22-alkenyl, C6-C22-aryl
or arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical and in
each case two radicals R12 can also be bonded to form
a 



five- or six-membered ring, E1-E3 independently of one
another denote carbon, nitrogen or phosphorus, in
particular carbon, and u independently of one another
are 0 for E -E3 as nitrogen or phosphorus and 1 for E1
-E3 as carbon. The definition of the variables R R12
and E -E3 and preferred embodiments thereof is the
same as described above for the monoimine compounds of
the formula I .A is preferably chlorine or bromine, in
particular chlorine . R7 is preferably a Ci-C20-alkyl
. Particularly preferably, R7 is bonded with the aryl
ring via a primary or secondary, preferably primary
carbon atom. The monoimine compounds of the formula Ia
obtained in this way can be reacted with further
aniline of the formula III to give unsymmetric
bis(imino) compounds of the formula IV. Unsymmetric
bis (imino) compounds of the formula IV have
furthermore been found wherein the variables have the
following meaning: A is chlorine, bromine, iodine, CF3
or OR11 R R2 independently of one another denote
hydrogen, Ci- C22-alkyl, C2-C22-alkenyl, C6-C22-aryl,
arylalkyl having 1 to 10 C atoms in the alkyl radical
and6-20 C atoms in the aryl radical, or five-, sixor
seven-membered heterocyclyl, which comprises at least
one atom from the group consisting of N , P , 0 or S ,
wherein the organic radicals R1-R2 can also be
substituted by halogens, NR1:l 2, OR11 or SiR12 3
and/or the two radicals R -R2 can also be bonded with
R3-R5 to form a five-, six- or sevenmembered 



ring, R3-R10 , R13-R17 independently of one another
denote hydrogen, Ci-C22-alkyl, C2-C22-alkenyl,
C6-C22-aryl, arylalkyl having 1 to 10 C atoms in the
alkyl radical and 6-20 C atoms in the aryl radical,
NRU 2 , OR11, halogen, SiR12 3 or five-, six- or
seven-membered heterocyclyl, which comprises at least
one atom from the group consisting of N , P , 0 or S ,
wherein the organic radicals R3-R10 and R i3_R i7 can
a _ s o e substituted by halogens, NR1 2, OR11 or
SiR12 3 and/or in each case two radicals R3- R5 can be
bonded with one another and/or in each case two
radicals R7-R10 can also be bonded with one another to
form a five-, six- or sevenmembered ring and/or in
each case two radicals R13-R17 can also be bonded with
one another to form a five-, six- or seven-membered
ring, and/or in each case two radicals R3-R5 are
bonded with one another and/or in each case two
radicals R7-R10 are bonded with one another to form a
five-, sixor seven-membered heterocyclyl and/or in
each case two radicals R13-R17 are bonded with one
another to form a five-, six- or seven-membered
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , 0 or S , 



R11 independently of one another denote hydrogen, C -
C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical or SiR1wherein the organic
radicals R11 can also be substituted by halogens and
in each case two radicals R11 can also be bonded to
form a five- or six-membe.red ring, R12 independently
of one another denote hydrogen, Ci- C22-alkyl,
C2-C22-alkenyl, C6-C22-aryl or arylalkyl having 1 to
10 C atoms in the alkyl radical and 6-20 C atoms in
the aryl radical and in each case two radicals R12 can
also be bonded to form a five- or six-membered ring,
E1-E3 independently of one another denote carbon,
nitrogen or phosphorus, in particular carbon, and u
independently of one another are 0 for E1 -E3 as
nitrogen or phosphorus and 1 for E -E3 as carbon. The
definition of the variables R -R12 and E E3 and
preferred embodiments thereof is the same as described
above for the monoimine compounds of the formula I .
The definition of the variables R13-R17 is the same as
described above for the radicals R3-R10 of the
monoimine compounds of the formula I . According to
the invention, unsymmetric bis(imino) compounds are
understood as meaning those compounds which comprise
at least two imino groups, the aryl radicals of which
are not substituted in an identical manner. This
relates to the substituents or the substitution
pattern of the substituents, under the theoretical
assumption that the aryl radicals can rotate freely. 



R7 is preferably a Ci-C2o-alkyl Particularly
preferably, R7 is bonded with the aryl ring via a
primary or secondary, preferably primary carbon
atom.Preferred radicals R13-R14 are hydrogen, methyl,
trif luoromethyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl, n-pentyl, n-hexyl,
n-heptyl, noctyl, benzyl, phenyl, fluorine, chlorine
and bromine. Particularly preferably, the radicals
R13-R14 are a Ci- C2o-alkyl, which is preferably
bonded with the aryl ring via a primary or secondary,
preferably primary carbon atom. Preferred radicals R15
and R17 are hydrogen, methyl, ethyl, n-propyl,
fluorine, chlorine and bromine, and in particular
hydrogen. Preferably, R8 and R10 are identical .
Preferred radicals R16 are hydrogen, methyl, trif
luoromethyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl,
noctyl, benzyl, phenyl, fluorine, chlorine and
bromine, and in particular hydrogen, methyl, fluorine,
chlorine or bromine, very particularly preferably
methyl. A is preferably chlorine or bromine, in
particular chlorine . The preparation of the
unsymmetric bis (imino) compounds of the formula IV
from the monoimine compounds of the formula Ia and
further aniline of the formula III can be carried out
under the same conditions as have been described in
more detail in the process according to the invention
for the preparation of the monoimine compounds of the
formula I . The unsymmetric bis (imino) compounds of
the formula IV can be converted into iron complexes of
the formula V . 



These are suitable as catalysts for the polymerization
of olefins.Unsymmetric iron complexes of the formula V
have therefore furthermore been found: wherein the
variables have the following meaning: A is chlorine,
bromine, iodine, CF or OR11, R1 -R2 independently of
one another denote hydrogen, C - C22-alkyl,
C2-C22-alkenyl, C6-C22-aryl, arylalkyl having 1 to 10
C atoms in the alkyl radical and 6-20 C atoms in the
aryl radical, or five-, sixor seven-membered
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , O or S , wherein the
organic radicals R -R2 can also be substituted by
halogens, NRn 2, OR11 or SiR12 3 and/or the two
radicals R -R2 can also be bonded with R3-R5 to form a
five-, six- or sevenmembered ring, RJ-R,10U, R>113 -
R17 independently of one another denote hydrogen, Ci-C
2-^IkVl, C2-C22-alkenyl , C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical, NRn 2, OR11 , halogen,
SiR12 3 or five-, six- or seven-membered heterocyclyl,
which comprises at least one atom from the group
consisting of N , P , O or S , wherein the organic
radicals R -R10 andR i3_R i7 



can a s o J substituted by halogens, NR11 2, OR11 or
SiR12 3 and/or in each case two radicals R3- R5 can be
bonded with one another and/or in each case two
radicals R7-R10 can also be bonded with one another to
form a five-, six- or sevenmembered ring and/or in
each case two radicals R13-R17 can be bonded with one
another to form a five-, six- or seven-membered ring,
and/or in each case two radicals R3-R5 are bonded with
one another and/or in each case two radicals R7-R10
are bonded with one another to form a five-, sixor
seven-membered heterocyclyl and/or in each case two
radicals R13-R17 are bonded with one another to form a
five-, six- or seven-membered heterocyclyl, which
comprises at least one atom from the group consisting
of N , P , O or S , R11 independently of one another
denote hydrogen, Ci- C22-alkyl, C2-C22~alkenyl, C
-C22~ yl arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical or SiR1 ,
wherein the organic radicals R11 can also be
substituted by halogens and in each case two radicals
R11 can also be bonded to form a five- or six-membered
ring, R12 independently of one another denote
hydrogen, Ci- C 2-alkyl, C2-C22-alkenyl, C -C22-aryl
or arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6-20 C atoms in the aryl radical and in
each case two radicals R12 can also be bonded to form
a 



five- or six-membered ring, E1-E3 independently of one
another denote carbon, nitrogen or phosphorus, in
particular carbon, and u independently of one another
are 0 for E1-E3 as nitrogen or phosphorus and 1 for E1
-E3 as carbon,X independently of one another denote
fluorine, chlorine, bromine, iodine, hydrogen,
Ci-Cio-alkyl, C2-C1o-alkenyl, C6-C2o-aryl, arylalkyl
having 1-10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical, NR18 2, OR18 , SR18 ,
SO3R18 , OC(O)R 18, CN, SCN, b-diketonate, CO, BF4 ,
PF6 or bulky non-coordinating anions and the radicals
X are if appropriate bonded with one another, R18
independently of one another denote hydrogen, Ci-
C2o~alkyl, C2-C2o-alkenyl, C6-C2o-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical or SiR19 3, wherein the
organic radicals R18 can also be substituted by
halogens or nitrogen- and oxygencontaining groups and
in each case two radicals R18 can also be bonded to
form a five- or sixmembered ring, R19 independently of
one another denote hydrogen, Ci- C2o alkyl,
C2-C2o-alkenyl, C6-C2o~aryl or arylalkyl having 1 to
10 C atoms in the alkyl radical and 6-20 C atoms in
the aryl radical, wherein the organic radicals R19 can
also be substituted by halogens or nitrogen- and
oxygen-containing groups and in each case two radicals
R19 can also be bonded to form a five- or six-membered
ring, 



s is 1 , 2 , 3 or 4 , in particular 2 or 3 , D is a
neutral donor and t is 0 to 4 , in particular 0 , 1 or
2 . The definition of the variables R -R12 and E E3
and preferred embodiments thereof is the same as
described above for the monoimine compounds of the
formula I . Thedefinition of the variables R13-R17 is
the same as described above for the radicals R3-R10 of
the monoiraine compounds of the formula I . The
preferred embodiments of the variables R13-R17 is the
same as described above for the radicals R13-R17 of
the unsymmetric bis(imino) compounds of the formula
IV. A is preferably chlorine or bromine, in particular
chlorine. According to the invention, unsymmetric iron
complexes are understood as meaning those compounds
which comprise the unsymmetric bis(imino) compounds
according to the invention having at least two imino
groups, the aryl radicals of which are not substituted
in an identical manner. This relates to the
substituents or the substitution pattern of the
substituents, under the theoretical assumption that
the aryl radicals can rotate freely. The ligands X
result e.g. from the choice of the corresponding iron
starting compounds which are used for the synthesis of
the iron complexes, but can also additionally be
varied subsequently. Possible ligands Xc are, in
particular, the halogens, such as fluorine, chlorine,
bromine or iodine, and among these in particular
chlorine and bromine. Alkyl radicals, such as methyl,
ethyl, propyl, butyl, vinyl, allyl, phenyl or benzyl,
are also ligands X which can be used. 



Further ligands X which may be mentioned only by way
of example and in no way conclusively are
trifluoroacetate, BF4 , PF6 and weakly or
noncoordinating anions (see e.g. S . Strauss in Chem.
Rev. 1993, 93, 927-942), such as B(C 6Fs) 4 - Amides,
alcoholates, sulfonates, carboxylates and b-
diketonates, in particular R18-CO-C (R 18 )-CO-R 18 ,
are also particularly suitable ligands X . Some of
these substituted ligands X are particularly
preferably used,since they are obtainable from cheap
and easily accessible starting substances. A
particularly preferred embodiment thus exists if X
represents dimethylamide, methanolate, ethanolate,
isopropanolate, phenolate, naphtholate, triflate,
p-toluene sulfonate, acetate or acetyl acetonate . By
varying the radicals R18 e.g. physical properties,
such as solubility, can be finely adjusted. Possible
Corganic substituents R18 are, for example, the
following: Ci-C2o~alkyl, wherein the alkyl can be
linear or branched, such as e.g. methyl, ethyl,
n-propyl, isopropyl, n-butyl, iso-butyl, tert-butyl,
n-pentyl, nhexyl, n-heptyl, n-octyl, n-nonyl, n-decyl
or ndodecyl, 5- to 7-membered cycloalkyl, which in its
turn can carry a C -Cio-aryl group as a substituent,
such as e.g. cyclopropane, cyclobutane, cyclopentane,
cyclohexane, cycloheptane, cyclooctane, cyclononane or
cyclododecane, C2-C2o~alkenyl, wherein the alkenyl can
be linear, cyclic or branched and the double bond can
be internal or terminal, such as e.g. vinyl, 1-allyl,
2-allyl, 3-allyl, butenyl, pentenyl, hexenyl,
cyclopentenyl, cyclohexenyl, cyclooctenyl or
cyclooctadienyl, C6-C2o~aryl, wherein the aryl radical



can be substituted by further alkyl groups and/or N-
or O-containing radicals, such as e.g. phenyl,
naphthyl, biphenyl, 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- or 3
,4,5-trimethylphenyl, 2- methoxyphenyl or 2-N,
N-dimethylaminophenyl, or arylalkyl, wherein the
arylalkyl can be substituted by further alkyl groups,
such as e.g. benzyl, o-, m-, pmethylbenzyl or 1- or
2-ethylphenyl, wherein if appropriate also two R18 can
be bonded to form a 5- or 6-membered ring and the
organic radicals R18 can also be substituted by
halogens, such as e.g. fluorine, chlorine or bromine.
A s Si-organic substituents SiR193 , 1 R the same
radicals as listed above in more detail for Rare
possible for R19, if appropriate it also being
possible for two R19 to be bonded to form a 5- or 6-
membered ring, such as e.g. trimethylsilyl,
triethylsilyl, butyldimethylsilyl, tributylsilyl,
triallylsilyl, triphenylsilyl or dimethylphenylsilyl .
Ci-Cio-alkyl, such as methyl, ethyl, n-propyl,
n-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl and
n-octyl, as well as vinyl, allyl, benzyl and phenyl
are preferably used as radicals R18 . The number s of
ligands X depends on the oxidation level of the iron.
The number s therefore cannot be stated in general
terms . The oxidation level of the iron in
catalytically active complexes is usually known to the
person skilled in the art. However, complexes in which
the oxidation level does not correspond to that of the
active catalyst can also be employed. Such complexes
can then be reduced or oxidized accordingly by
suitable activators. Iron complexes in the oxidation 



level +3 or +2 are preferably used. D is a neutral
donor, in particular a neutral Lewis base or Lewis
acid, such as, for example, amines, alcohols, ethers,
ketones, aldehydes, esters, sulfides or phosphines,
which can be bonded with the iron center or can still
be contained in the complex as residual solvent from
the preparation of the iron complexes. The number t of
the ligands D can be a number between 0 and 4 and
often depends on the solvent in which the iron complex
is prepared and on how long the resulting complexes
are dried, and therefore also may denote a number
which is not an integer, such as 0.5 or 1.5. In
particular, t is 0 , 1 to 2 . Particularly preferred
unsymmetric bisimine compounds of the formula IV are
2- [1- (2 ,6-dimethylphenylimino) - ethyl] -6- [1-
(2-chloro-4, 6-dimethylphenylimino) ethyl] pyridine,
2-[l-(2,4,6- trimethylphenylimino) ethyl] -6- [1-
(2-chloro-4, 6- dimethylphenylimino) ethyl] pyridine,
2- [1- (2, 6-dimethylphenylimino) ethyl] -6- [1- (2,
4-dichloro-6- methylphenylimino) ethyl] pyridine, 2-
[1- (2,4,6- trimethylphenylimino) ethyl] -6- [1- (2,
4-dichloro-6- methylphenylimino) ethyl] pyridine, 2-
[1- (2 ,6- dimethylphenylimino) ethyl] -6- [1-
(2-chloro-6- methylphenylimino) ethyl] pyridine,
2-[l-(2,4,6- trimethylphenylimino) ethyl] -6- [1-
(2-chloro-6- methylphenylimino) ethyl] pyridine, 2-
[1- (2, 6- diisopropylphenylimino) ethyl] -6- [1-
(2-chloro-6-methylphenylimino) ethyl] pyridine, 2- [1-
(2, 6- dimethylphenylimino) ethyl] -6- [1- (2-bromo-4
,6-dime thy 1- phenylimino) ethyl] pyridine, 2- [1-
(2,4, 6- trimethylphenylimino) ethyl] -6- [1-
(2-bromo-4 ,6-dimethyl 



phenylimino) ethyl] pyridine, 2- [1- (2 ,6-
dimethylphenylimino) ethyl] -6- [1-
(2-bromo-6-methylphenylimino) ethyl] pyridine,
2-[l-(2,4,6- trimethylphenylimino) ethyl] -6- [1-
(2-bromo-6-methylphenylimino) ethyl] pyridine and
2-[l-(2,6- diisopropylphenylimino) ethyl] -6- [1-
(2-bromo-6- methylphenylimino) ethyl] pyridine . The
preparation of the iron complexes is described, for
example, in J . Am. Chem. Soc. 120, p . 4049 et seq.
(1998), J . Chem. Soc, Chem. Commun . 1998, 849 and WO
98/27124. Preferred iron complexes of the formula V
are 2- [1- (2, 6-dimethylphenylimino) ethyl] -6- [1-
(2- chloro-4 ,6-dimethylphenylimino) ethyl]
pyridineiron dichloride, 2- [1- (2, 4 ,
6-trimethylphenylimino) ethyl] -6- [1- (2-chloro-4
,6-dimethylphenylimino) ethyl] pyridineiron
dichloride, 2- [1- (2, 6-dimethylphenylimino) ethyl]
-6- [1- (2, 4-dichloro-6-methylphenylimino) ethyl]
pyridineiron dichloride, 2- [1- (2
,4,6-trimethylphenylimino) ethyl] -6- [1- (2,
4-dichloro-6-methylphenylimino) ethyl] pyridineiron
dichloride, 2- [1- (2, 6-dimethylphenylimino) ethyl]
-6- [1- (2-chloro-6-methylphenylimino) ethyl]
pyridineirondichloride, 2- [1- (2, 4
,6-trimethylphenylimino) ethyl] -6- [1-
(2-chloro-6-methylphenylimino) ethyl] pyridineiron
dichloride, 2- [1- (2, 6-diisopropylphenylimino)
ethyl] -6- [1- (2-chloro-6-methylphenylimino) ethyl]
pyridineiron dichloride, 2- [1- (2
,6-dimethylphenylimino) ethyl] -6- [1- (2-bromo-4
,6-dimethylphenylimino) ethyl] pyridineiron
dichloride, 2- [1- (2, 4 ,6-trimethylphenylimino)
ethyl] -S- [1- (2-bromo-4 ,6-dimethylphenylimino)
ethyl] pyridineiron dichloride, 2- [1- (2,
6-dimethylphenylimino) ethyl] -6- [1-
(2-bromo-6-methylphenylimino) ethyl] pyridineiron
dichloride, 2-[l-(2,4, 6-trimethylphenylimino) ethyl]
-6- 



[1- (2-bromo-6-methylphenylimino) ethyl] pyridineiron
dichloride and 2- [1- (2 ,6-diisopropylphenylimino)
ethyl] - 6- [1- (2-bromo-6-methylphenylimino) ethyl]
pyridineiron dichloride or the particular dibromides
or tribromides. With the processes according to the
invention, in particular, anilines having
electron-withdrawing substituents can also be
converted into the corresponding monoimine compounds
in good yields. Furthermore, the working .up of the
monoimine compounds obtained is considerably simpler,
and filtering off of the precipitate formed, which
usually comprises exclusively the monoimine compound,
is often sufficient. The monoimine compounds Ia are
thermodynamically very stable and can be reacted with
further aniline to give the unsymmetric bisimine
compounds IV. If monoimine compounds which are not
substituted by electronwithdrawing radicals in the
ortho position are used as starting substances, a
further reaction with further aniline usually leads to
mixtures of various symmetric and unsymmetric bisimine
compounds. The unsymmetric iron complexes V show very
high polymerization activities. They furthermore show
narrowmolar mass distributions and molecular weights
in a range which is favorable for many uses. The iron
complexes V according to the invention can be used by
themselves or with further components as a catalyst
system for the olefin polymerization. Catalyst systems
for olefin polymerization comprising at least one iron
complex of the formula V , optionally an organic or
inorganic support, optionally one or more activators,
optionally one or more metal compounds of 



group 1 , 2 or 13 of the periodic table and optionally
further catalysts suitable for olefin polymerization
have therefore furthermore been found. The iron
complex V in itself in some cases has only a low
polymerization activity, and can then be brought into
contact with one or more activators in order to be
able to display a good polymerization activity. The
catalyst system therefore furthermore optionally
comprises one or more activating compounds, preferably
one or two activating compounds. The activator or the
activators can in each case be employed in any desired
amounts, based on the iron complex V , and they are
preferably employed in an excess or in stoichiometric
amounts. The amount of activating compound (s) to be
used depends on the nature of the activator. The molar
ratio of iron complex V to activating compound is
conventionally in the range of from 1:0.1 to 1:10,000,
preferably from 1:1 to 1:2000. Suitable activators are
e.g. compounds of the type of an aluminoxane, a strong
neutral Lewis acid, an ionic compound having a Lewis
acid cation or an ionic compound having a Brnsted acid
as a cation. The compounds described in WO 00/31090,
for example, can be employed as aluminoxanes .
Open-chain or cyclicaluminoxane compounds of the
general formulae (X) or (XI) are particularly suitable
wherein R1D-R4D independently of one another denote a
Ci-C6-alkyl group, preferably a methyl, ethyl, butyl
or isobutyl group, and I represents an integer from 1
to 40, preferably 4 to 25. Methylaluminoxane is
particularly suitable 



aluminoxane compound. The preparation of these
oligomeric aluminoxane compounds is conventionally
carried out by controlled reaction of a solution of
trialkylaluminum, in particular trimethylaluminum,
with water. As a rule, the oligomeric aluminoxane
compounds obtained in this reaction are in the form of
mixtures of both linear and cyclic chain molecules of
different length, so that I is to be regarded as a
mean value. The aluminoxane compounds can also be in
the form of a mixture with other metal-alkyls,
conventionally with aluminumalkyls. Aluminoxane
formulations which are suitable as activators are
commercially obtainable. Instead of the aluminoxane
compounds of the general formulae (X) or (XI),
modified aluminoxanes in which the hydrocarbon
radicals are in some cases replaced by hydrogen atoms
or alkoxy, aryloxy, siloxy or amideradicals can
furthermore also be employed as the activator . It has
proved advantageous to use the iron complex V and the
aluminoxane compounds in amounts such that the atomic
ratio between aluminum from the aluminoxane compounds,
including aluminum-alkyl still contained therein, and
the iron from the iron complex V is conventionally in
the range of from 1:1 to 2000:1, preferably from 10:1
to 500:1, and in particular in the range of from 20:1
to 400:1. A further type of suitable activators are
the so-called hydroxyaluminoxanes . These can be
prepared, for example, by addition of from 0.5 to 1.2
equivalents of water, preferably 0.8 to 1.2
equivalents of water per equivalent of aluminum to an
alkylaluminum compound, in 



particular triisobutylaluminum, at low temperatures,
conventionally below O0C . Such compounds and their
use in olefin polymerization are described, for
example, in WO 00/24787. The atomic ratio between
aluminum from the hydroxyaluminoxane compound and the
iron from the iron complex V is conventionally in the
range of from 1:1 to 100:1, preferably from 10:1 to
50:1, and in particular in the range of from 20:1 to
40:1. Preferred strong, neutral Lewis acids are
compounds of the general formula (XII) M2DX1DX2DX3D
(XII) in which M2D denotes an element of group 13 of
the periodic table of the elements, in particular B ,
Al or Ga, preferably B ,X1D, X2D and X3D represent
hydrogen, Ci-Cio-alkyl, C6-Ci5- aryl, alkylaryl,
arylalkyl, haloalkyl or haloaryl having in each case 1
to 10 C atoms in the alkyl radical and 6 to 20 C atoms
in the aryl radical, or fluorine, chlorine, bromine or
iodine, in particular haloaryls, preferably pentaf
luorophenyl . Further examples of strong, neutral
Lewis acids are mentioned in WO 00/31090. Boranes and
boroxines, such as e.g. trialkylborane, triarylborane
or trimethylboroxine, are suitable in particular as
activators. Boranes which carry at least two perf
luorinated aryl radicals are particularly preferably
employed. Compounds of the general formula (XII) in
which X1D, X2D and X3D are identical, for example
triphenylborane, tris (4-f luorophenyl) borane, 



tris (3, 5-dif luorophenyl) borane, tris (4-f
luoromethylphenyl) borane, tris (pentaf luorophenyl)
borane, tris (tolyl) borane, tris (3,
5-dimethylphenyl) borane, tris (3, 5-dif luorophenyl)
borane or tris(3,4,5- trif luorophenyl) borane, are
particularly preferred. Tris (pentaf luorophenyl)
borane is preferably used. Suitable activators are
preferably prepared from the reaction of aluminum or
boron compounds of the formula (XII) with water,
alcohols, phenol derivatives, thiophenol derivatives
or aniline derivatives, the halogenated, and
especially the perf luorinated alcohols and phenols
being of importance in particular. Examples of
particularly suitable compounds are pentaf
luorophenol, 1 ,1-bis- (pentaf luorophenyl) methanol
or 4-hydroxy-2,2' ,3,3' ,4 ' ,5 , 5 ' ,6 , 6 '-nonaf
luorobiphenyl . Examples of the combination of
compounds of the formula (XII) with Broenstedt acids
are, in particular, trime thylaluminum/pentaf
luorophenol,trimethylaluminum/1-bis (pentaf
luorophenyl) methanol, trimethylaluminum/4-hydroxy-2,
2 ' ,3 ,3 ' ,4',5 ,5 ' ,6 , 6 '- nonaf luorobiphenyl,
triethylaluminum/pentaf luorophenol or
triisobutylaluminum/pentaf luorophenol or
triethylaluminium/4, 4 '-dihydroxy-2 ,2 ',3,3', 5 ,5',
6,6'- octaf luorobiphenyl hydrate. In further suitable
aluminum and boron compounds of the formula (XII) ,
R1D is an OH group, such as, for example, in boron
acids and boric acids, boric acids having perf
luorinated aryl radicals, such as, for example,
(CeF5)2BOH, being mentioned in particular. Strong
neutral Lewis acids which are suitable as activators
are also the reaction products from the reaction of a
boron acid with two equivalents of an 



aluminum-trialkyl or the reaction products from the
reaction of an aluminum-trialkyl with two equivalents
of an acid fluorinated, in particular perf luorinated
carbon compound, such as pentaf luorophenol or bis-
(pentaf luorophenyl) boric acid. Suitable ionic
compounds having Lewis acid cations are salt-like
compounds of the cation of the general formula (XIII)
[((M30 + )Q1Q2 . . .Q z]d+ (XIII) in which M3D denotes
an element of group 1 to 16 of the periodic table of
the elements, Q1 to Qz represent singly negatively
charged radicals, such as C1-C28-alkyl, C6-C15- aryl,
alkylaryl, arylalkyl, haloalkyl or haloaryl having in
each case 6 to 20 C atoms in the aryl and 1 to 28 C
atoms inthe alkyl radical, C3-C10-cycloalkyl, which
can if appropriate be substituted by Ci-Cio-alkyl
groups, halogen, Ci-C2 - alkoxy, C -Cis-aryloxy or
silyl or mercaptyl groups, a represents integers from
1 to 6 and z represents integers from 0 to 5 and d
corresponds to the difference a - z , but wherein d is
greater than or equal to 1 . Carbonium cations,
oxonium cations and sulfonium cations as well as
cationic transition metal complexes are particularly
suitable. The triphenylmethyl cation, the silver
cation and the 1 , 1 '-dimethylf errocenyl cation are
to be mentioned in particular. They preferably have
non-coordinating counterions, in 



particular boron compounds such as are also mentioned
in WO 91/09882, preferably tetrakis
(pentafluorophenyl) borate . Salts with
non-coordinating anions can also be prepared by
bringing together a boron or aluminum compound, e.g.
an aluminum-alkyl, with a second compound which can
link two or more boron or aluminum atoms by reaction,
e.g. water, and a third compound which forms an
ionizing ionic compound with the boron compound or
aluminum compound, e.g. triphenylchloromethane, or
optionally a base, preferably an organic
nitrogencontaining base, such as, for example, an
amine, an aniline derivative or a nitrogen
heterocyclyl . A fourth compound, which likewise
reacts with the boron compound or aluminum compound,
e.g. pentaf luorophenol, can additionally be
added.Ionic compounds having Brnsted acids as cations
preferably likewise have non-coordinating counterions.
Protonated amine or aniline derivatives are preferred
in particular as the Bronsted acid. Preferred cations
are N ,N-dimethylanilinium, N
,N-dimethylcyclohexylammonium and N
,N-dimethylbenzylammonium as well as derivatives of
the two mentioned last. Compounds having anionic boron
heterocyclyls, such as are described in WO 9736937,
are also suitable as activators, in particular
dimethylanilinium boratabenzenes or trityl
boratabenzenes Preferred ionic activators comprise
borates which carry at least two perf luorinated aryl
radicals. Particularly preferred compounds are N
,N-dimethylanilinium tetrakis- (pentaf luorophenyl)
borate, and especially N ,N-dimethylcyclohexylammonium
tetrakis (pentaf luorophenyl) borate, 



N ,N-dimethylbenzylammonium tetrakis (pentaf
luorophenyl) - borate or trityl tetrakispentaf
luorophenylborate . It is also possible for two or
more borate anions to be bonded with one another, as
in the dianion [(C 6F5)2BCeF4- B (CeF5) ]2 or the
borate anion can be bonded via a bridge with a
suitable functional group on the support surface .
Further suitable activators are listed in WO 00/31090.
The amount of strong, neutral Lewis acids, ionic
compounds having Lewis acid cations or ionic compounds
having Bronsted acids as cations is preferably 0.1 to
20 equivalents, preferably 1 to 10 equivalents, and
particularly preferably 1 to 2 equivalents, based on
the iron complex V . Suitable activators are also
boron-aluminum compounds, such as di [bis (pentaf
luorophenylboroxy) ]methylalane .Corresponding
boron-aluminum compounds are disclosed, for example,
in WO 99/06414. Mixtures of all the abovementioned
activating compounds can also be employed. Preferred
mixtures comprise aluminoxanes, in particular
methylaluminoxane, and an ionic compound, in
particular one which comprises the tetrakis
(pentafluorophenyl) borate anion, and/or a strong
neutral Lewis acid, in particular tris (pentaf
luorophenyl) borane or a boroxine . Preferably, the
iron complex V and also the activator (s) are employed
in a solvent, aromatic hydrocarbons having 6 to 20 C
atoms, in particular xylenes, toluene, pentane,
hexane, heptane or mixtures of these, being preferred.
There is furthermore the possibility of employing an
activator which can simultaneously be used as the 



support. Such systems are obtained, for example, from
an inorganic oxide treated with zirconium alkoxide,
and subsequent chlorination, e.g. with carbon
tetrachloride. The preparation of such systems is
described, for example, in WO 01/41920. In particular,
the combinations of the preferred embodiments of the
activators with the preferred embodiments of the iron
complexes V are preferred. An aluminoxane is
preferably employed as the activator for the iron
complexes V . The combination of salt-like compounds
of the cation of the general formula (XIII), in
particular N ,N-dimethylanilinium tetrakis-
(pentafluorophenyl) borate, N
,N-dimethylcyclohexylammonium tetrakis
(pentafluorophenyl) borate, N ,Ndimethylbenzylammonium
tetrakis (pentafluorophenyl) - borate or trityl
tetrakispentaf luorophenylborate, as the activator for
the iron complex V , in particular incombination with
an aluminoxane is furthermore preferred. So that the
iron complex V can be employed in the polymerization
process in the gas phase or in suspension, it is often
of advantage for the complexes to be employed in the
form of a solid, i.e. for them to be applied to a
solid support. The supported complexes furthermore
have a high productivity. The iron complexes V can
therefore optionally also be immobilized on an organic
or inorganic support and used in the polymerization in
the supported form. As a result, for example, reactor
deposits can be avoided and the polymer morphology can
be controlled. Support materials which are preferably
used are silica gel, magnesium chloride, aluminum
oxide, mesoporous 



materials, aluminosilicates, hydrotalcites and organic
polymers, such as polyethylene, polypropylene,
polystyrene, polytetraf luoroethylene or polymers
functionalized with polar groups, such as, for
example, copolymers of ethene and acrylate, acrolein
or vinyl acetate . A catalyst system comprising at
least one iron complex V , at least one activator and
at least one support component is particularly
preferred. Preferably, for the preparation of the
catalyst systems according to the invention, the iron
complex V and/or the activator are fixed on the
support by physisorption or also by a chemical
reaction, which means covalent bonding of the
components with reactive groups of the support
surface. In principle, any desired sequence is
possible for bringing together the support component,
the iron complex V and the activator. After the
individual process steps, the various intermediate
stages can bewashed with suitable inert solvents, such
as e.g. aliphatic or aromatic hydrocarbons. The iron
complex V and the activator can be fixed independently
of one another, e.g. successively or simultaneously.
Thus, the support component can be brought into
contact first with the activator or activators or also
first with the iron complex V . Preactivation of the
iron complex V with one or more activators before
thorough mixing with the support is also possible. In
one possible embodiment, the iron complex V can also
be prepared in the presence of the support material. A
further type of immobilization is also
prepolymerization of the catalyst system with or 



without prior application to a support. The
immobilization is as a rule carried out in an inert
solvent, which can be filtered off or evaporated after
the immobilization. After the individual process
steps, the solid catalyst system can be washed with
suitable inert solvents, such as e.g. aliphatic or
aromatic hydrocarbons, and dried. However, it is also
possible to use the still moist, supported catalyst
system. In a preferred form of the preparation of the
supported catalyst system, at least one iron complex V
is brought into contact with at least one activator
and the mixture is then mixed with the dehydrated or
inertized support material. Preferably, the resulting
supported catalyst system is dried, in order to ensure
that all or most of the solvent is removed from the
pores of the support material. The supported catalyst
is preferably obtained as a free-flowing powder.
Examples of the industrial realization of the above
process are described in WO 96/00243, WO 98/40419 or
WO 00/05277. A further preferred embodiment is first
to produce the activator on the support component or
to apply it tothis and subsequently to bring this
supported compound into contact with the iron complex
V . Finely divided supports, which can be any desired
organic or inorganic solid, are preferably employed as
the support component. In particular, the support
component can be a porous support, such as talc, a
laminar silicate, such as montmorillonite or mica, an
inorganic oxide or a finely divided polymer powder
(e.g. polyolefin or polymer functionalized with polar
groups ). The support materials used preferably have a
specific 



surface area in the range of from 10 to 1000 m2/g, a
pore volume in the range of from 0.1 to 5 ml/g and an
average particle size of from 1 to 500 mm . Supports
having a specific surface area in the range of from 50
to 700 m2/g, a pore volume in the range between 0.4
and 3.5 ml/g and an average particle size in the range
of from 5 to 350 mm are preferred. Supports having a
specific surface area in the range of from 200 to 550
m2/g, a pore volume in the range between 0.5 to 3.0
ml/g and an average particle size of from 10 to 150 mm
are particularly preferred. The iron complex V is
preferably applied in an amount such that the
concentration of iron from the iron complex V in the
finished catalyst system is 1 to 200 mmol, preferably
5 to 100 mmol, and particularly preferably 10 to 70
mmol per g of finished catalyst system. The inorganic
support can be subjected to a heat treatment, e.g. to
remove adsorbed water. Such a drying treatment is as a
rule carried out at temperatures in the range of from
50 to 1000C, preferably from 100 to 600C, drying at
100 to 200 0C preferably being carried out in vacuo
and/or under an inert gas blanket (e.g.nitrogen) , or
the inorganic support can be calcined at temperatures
of from 200 to 1000C in order to establish, if
appropriate, the desired structure of the solid and/or
the desired OH concentration on the surface. The
support can also be treated chemically, it being
possible to employ conventional drying agents, such as
metal-alkyls, preferably aluminum-alkyls,
chlorosilanes or SiCl 4, but also methylalumoxane .
Corresponding treatment methods are described, for 



example, in WO 00/31090. The inorganic support
material can also be modified chemically. For example,
treatment of silica gel with NH SiFe or other
fluorinating agents leads to fluorination of the
silica gel surface, or treatment of silica gels with
silanes which compirse nitrogen-, fluorine- or
sulfur-containing groups leads to correspondingly
modified silica gel surfaces. Organic support
materials, such as finely divided polyolefin powders
(e.g. polyethylene, polypropylene or polystyrene) can
also be used and should preferably likewise be freed
from adhering moisture, solvent residues or other
impurities by appropriate purification and drying
operations before use. It is also possible to employ
functionalized polymer supports, e.g. based on
polystyrene, polyethylene, polypropylene or
polybutylene, via the functional groups of which, for
example ammonium or hydroxyl groups, at least one of
the catalyst components can be fixed. Polymer blends
can also be used. Suitable inorganic oxides as the
support component are to be found in groups 2 , 3 , 4
, 5 , 13, 14, 15 and 16 of the periodic table of the
elements. Examples of oxides which are preferred as
the support include silicon dioxide, aluminum oxide
and mixed oxides of the elements calcium, aluminum,
silicon, magnesium ortitanium, as well as
corresponding oxide mixtures. Other inorganic oxides,
which can be employed by themselves or in combination
with the preferred oxidic supports mentioned last, are
e.g. MgO, CaO, AlPO 4, ZrO2, TiO , B2O3 or mixtures
thereof. Further preferred inorganic support materials
are 



inorganic halide, such as MgCl 2, or carbonates, such
as e.g. Na2CO3, K2CO3, CaCO3 or MgCO 3, sulfates, such
as Na2SO , Al2 (SO4 3 or BaSO 4, and nitrates, such as
e.g. KNO3, Mg(NO 3 2 or Al(NO 3 3. Silica gels are
preferably used as solid support materials for
catalysts for the olefin polymerization, since
particles which are suitable in size and structure as
a support for the olefin polymerization can be
prepared from this material. In this context,
spray-dried silica gels, which are spherical
agglomerate of smaller granular particles, the
socalled primary particles, have proved to be
particularly appropriate. The silica gels can be dried
and/or calcined here before their use. Hydrotalcites
and calcined hydrotalcites are likewise preferred
supports. In mineralogy, a natural mineral having the
ideal formula Mg6Al2 (OH) 16CO3 4 H2O the structure of
which is derived from that of brucite Mg(OH) 2 is
called hydrotalcite . Brucite crystallizes in a
layered structure with the metal ions in octahedral
voids between two layers of densely packed hydroxyl
ions, only every second layer of the octahedral voids
being occupied. In hydrotalcite, some magnesium ions
are replaced by aluminum ions, as a result of which
the layer package acquires a positive charge. This is
compensated by the anions in theintermediate layers
together with water of crystallization. Corresponding
layered structures are found not only in
magnesium-aluminum hydroxides, but generally in mixed
metal hydroxides built up in the form of layers, of
the 



general formula M(II) 2 2+M(III) 2 3+ (OH) 4x+4 A2/n n
z H2O in which M(II) is a divalent metal, such as Mg,
Zn, Cu, Ni, Co, Mn, Ca and/or Fe, and M(III) is a
trivalent metal, such as Al, Fe, Co, Mn, La, Ce and/or
Cr, x represents numbers from 0.5 to 10 in steps of
0.5, A represents an interstitial anion and n
represents the charge of the interstitial anion, which
can be from 1 to 8 , conventionally from 1 to 4 , and
z is an integer from 1 to 6 , in particular from 2 to
4 . Possible interstitial anions are organic anions,
such as alcoholate anions, alkyl ether sulfates, aryl
ether sulfates or glycol ether sulfates, inorganic
anions, such as, in particular, carbonate,
bicarbonate, nitrate, chloride, sulfate or B(OH) 4 ,
or polyoxometal anions, such as Mo7O 6 or V i0O S6 -
However, there can also be a mixture of several such
anions. All mixed metal hydroxides built up in such a
manner in the form of layers should accordingly be
understood as hydrotalcites in the context of the
present invention. The so-called calcined
hydrotalcites can be prepared from hydrotalcites by
calcining, i.e. heating, as a result of which, inter
alia, the desired content of hydroxyl groups can be
established. The structure of the crystal construction
furthermore also changes. The preparation of the
calcined hydrotalcites employed according to the
invention is conventionally carried out at
temperatures above 180 0C . Calcining for a periodof
time of from 3 to 24 hours at temperatures of from 



250 0C to 1000 0C and in particular from 400 0C to 700
0C is preferred. It is possible to simultaneously pass
over air or an inert gas or to apply a vacuum. On
heating, the natural or synthetic hydrotalcites
initially release water, i.e. drying takes place. On
further heating, the actual calcining, the metal
hydroxides are converted into the metal oxides by
hydroxyl groups and interstitial anions being split
off, it also being possible for the calcined
hydrotalcites still to comprise OH groups or
interstitial anions, such as carbonate. The loss on
ignition is a measure of this. This is the weight loss
which a sample suffers when heated in two steps, first
for 30 min at 200C in a drying cabinet and then for 1
hour at 950 0C in a muffle oven. The calcined
hydrotalcites employed as a component are thus mixed
oxides of the di- and trivalent metals M(II) and
M(III), wherein the molar ratio of M(II) to M(III) is
as a rule in the range of from 0.5 to 10, preferably
from 0.75 to 8 , and in particular from 1 to 4 .
Conventional amounts of impurities, for example of Si,
Fe, Na, Ca or Ti, and also chlorides and sulfates, can
furthermore also be present. Preferred calcined
hydrotalcites are mixed oxides in which M(II) is
magnesium and M(III) is aluminum. Corresponding
aluminum-magnesium mixed oxides are obtainable from
Condea Chemie GmbH (now Sasol Chemie), Hamburg under
the trade name Puralox Mg. Calcined hydrotalcites in
which the structural conversion is virtually or
completely concluded are furthermore preferred. A
calcining, i.e. a conversion 



of the structure, can be detected, for example, from
Xray dif fractograms .The hydrotalcites, calcined
hydrotalcites or silica gels employed are as a rule
employed as finely divided powders having an average
particle diameter D50 of from 5 to 200 mm , preferably
from 10 to 150 mm , particularly preferably from 15 to
100 mm , and in particular from 20 to 70 mm , and
conventionally have pore volumes of from 0.1 to 10
cm3/g, preferably from 0.2 to 5 cm3/g, and specific
surface areas of from 30 to 1000 m2/g, preferably from
50 to 800 Va2 q 1 and in particular from 100 to 600
m2/g. In this context, the iron complex V is
preferably applied in an amount such that the
concentration of the iron from the iron complex V in
the finished catalyst system is 1 to 100 mmol,
preferably 5 to 80 mmol, and particularly preferably
10 to 60 mmol per g of finished catalyst system. The
catalyst system can also additionally comprise as a
further component one or more metal compounds of group
1 , 2 or 13 of the periodic table, in particular metal
compounds of the general formula (XX) MG (R 1G )r G(R
2G )SG (R 3G )tG (XX) in which MG denotes Li, Na, K ,
Be, Mg, Ca, Sr, Ba, boron, aluminum, gallium, indium,
thallium or zinc, in particular Li, Na, K , Mg, boron,
aluminum or Zn, R1G denotes hydrogen or Ci-Cio-alkyl,
C6-Ci5-aryl, alkylaryl or arylalkyl having in each
case 1 to 10 C atoms in the alkyl radical and 6 to 20
C atoms in the aryl radical, R2G and R3G denote
hydrogen, halogen, Ci-CiO-alkyl, C6-Ci5- 



aryl, alkylaryl, arylalkyl or alkoxy havingin each
case 1 to 20 C atoms in the alkyl radical and 6 to 20
C atoms in the aryl radical, or alkoxy with
Ci-CiO-alkyl or C6-C15- aryl, r denotes an integer
from 1 to and sG and tG denote integers from 0 to 2 ,
wherein the sum rG+sG+tG corresponds to the valency of
MG, wherein the metal compounds of the formula (XX)
conventionally are not identical to the activator.
Mixtures of various metal compounds of the formula
(XX) can also be employed. Preferred metal compounds
of the general formula (XX) are those in which MG
denotes lithium, magnesium, boron or aluminum and R1G
represents C - C2o-alkyl . Particularly preferred
metal compounds of the formula (XX) are methyllithium,
ethyllithium, n-butyllithium, methylmagnesium
chloride, methylmagnesium bromide, ethylmagnesium
chloride, ethylmagnesium bromide, butylmagnesium
chloride, dimethylmagnesium, diethylmagnesium,
dibutylmagnesium, n-butyl-noctylmagnesium,
n-butyl-n-heptylmagnesium, in particular
n-butyl-n-octylmagnesium, tri-n-hexylaluminum,
triisobutylaluminum, tri-n-butylaluminum,
triethylaluminum, dimethylaluminum chloride,
dimethylaluminum fluoride, methylaluminum dichloride,
methylaluminum sesquichloride, diethylaluminum
chloride and trimethylaluminum and mixtures thereof.
The partialhydrolysis products of aluminum-alkyls with
alcohols can also be employed. 



If a metal compound (XX) is employed, the catalyst
system preferably comprises this in an amount such
that the molar ratio of MG from formula (XX) to iron
from the iron complex V is from 3000:1 to 0.1:1,
preferably from 800:1 to 0.2:1, and particularly
preferably from 100:1 to 1:1. As a rule, the metal
compound of the general formula (XX) is employed as a
constituent of a catalyst system for the
polymerization or copolymerization of olefins. In this
context, the metal compound (XX) can be used, for
example, for the preparation of a catalyst solid
comprising the support and/or added during or shortly
before the polymerization. In this context, the metal
compounds (XX) used can be identical or different. It
is also possible, especially if the catalyst solid
comprises no activating component, for the catalyst
system to comprise one or more activators, in addition
to the catalyst solid, which are identical to or
different from compounds (XX) possibly contained in
the catalyst solid. The metal compound (XX) can
likewise be reacted with the iron complex V and
optionally the activator and support in any desired
sequence. For example, the iron complex V can be
brought into contact with the activator or activators
and/or the support either before or after being
brought into contact with the olefins to be
polymerized. Preactivation with one or more activators
before thorough mixing with the olefin and further
addition of the same or other activators and/or the
support after this mixture has been brought into
contact with the olefin is also possible. A 



preactivation is as a rule carried out at temperatures
of between 10-100C, preferably between 20-80 0C .In
another preferred embodiment, a catalyst solid is
prepared from an iron complex V , an activator and a
support, as described above, and this is brought into
contact with the metal compound (XX) during, at the
start of or shortly before the polymerization.
Preferably, the metal compound (XX) is first brought
into contact with the a-olefin to be polymerized and
the catalyst solid of an iron complex V , an activator
and a support is then added as described above. In a
further preferred embodiment, the support is first
brought into contact with the metal compound (XX) and
thereafter the procedure with the iron complex V and
possibly further activator is as above. The catalyst
system can optionally comprise further catalysts which
are suitable for olefin polymerization. Possible
catalysts here are, in particular, conventional
Ziegler-Natta catalysts based on titanium,
conventional Phillips catalysts based on chromium
compounds, in particular chromium oxides,
metallocenes, nickel and palladium bisimine systems
(for the preparation thereof see WO-A-98/03559) and
cobalt pyridinebisimine compounds (for the preparation
thereof see WO-A-98/27124) . So-called Ziegler
catalyst components (as described e.g. in Falbe, J.;
Regitz, M . (ed.); Rompp Chemie Lexikon [Rompp
Chemical Dictionary]; 9th ed.; Thieme; 1992; New York;
vol. 6 , p . 5128 - 5129) and/or metallocene catalyst
components are preferred. Metallocene catalyst
components are particularly preferred. The Ziegler
catalyst component is preferably a compound 



of a metal of group IVa (e.g. titanium, zirconium or
hafnium), Va (e.g. vanadium or niobium) or Via (e.g.
chromium or molybdenum) of the periodic table of
theelements. Halides, oxides, oxyhalides, hydroxides
or alkoxides are preferred. Examples of Ziegler
catalyst components which are given by way of example
but are not limiting are: titanium tetrachloride,
zirconium tetrachloride, hafnium tetrachloride,
titanium trichloride, vanadium trichloride, vanadium
oxychloride, chromium trichloride or chromium oxide.
In the present application, metallocene catalyst
components are understood as meaning cyclopentadienyl
complexes which comprise one, two or three
cyclopentadienyl ligands . In the present application,
cyclopentadienyl ligand is understood as meaning any
system which comprises a cyclic 5-membered ring system
having 6 p electrons, such as, for example, indenyl or
fluorenyl systems. Metallocene complexes of metals of
group III and the lanthanoid group (e.g. lanthanum or
yttrium) as well as metals of group IV (e.g. titanium,
zirconium or hafnium), V (e.g. vanadium or niobium) or
V I of the periodic table of the elements (e.g.
chromium or molybdenum) are preferred, and
cyclopentadienyl complexes of titanium, zirconium or
hafnium are particularly preferred. The
cyclopentadienyl complexes can be e.g. bridged or
non-bridged dicyclopentadienyl complexes, such as are
described e.g. in EP 129 368, EP 561 479, EP 545 304
and EP 576 970, or monocyclopentadienyl complexes,
such as bridged amidocyclopentadienyl complexes which
are described e.g. in EP 416 815. The molar ratio of
iron complex V to olefin 



polymerization catalyst is conventionally in the range
of from 1:100 to 100:1, preferably from 1:10 to 10:1,
and particularly preferably from 1:5 to 5:1. It is
furthermore possible first to prepolymerize the
catalyst system with a-olefins, preferably linear C2-
C10-l-alkenes, and in particular with ethylene
orpropylene, and then to use the resulting
prepolymerized catalyst solid in the actual
polymerization. The weight ratio of catalyst solid
employed in the prepolymerization to monomer to be
polymerized in is conventionally in the range of from
1:0.1 to 1:1000, preferably 1 :1 to 1:200. A small
amount of an olefin, preferably an a-olefin, for
example vinylcyclohexane, styrene or
phenyldimethylvinylsilane, as a modifying component,
an antistatic or a suitable inert compound, such as a
wax or oil, can furthermore be added as an additive
during or after the preparation of the catalyst
system. In this context, the molar ratio of additives
to iron complex V is conventionally in the range of
from 1:1000 to 1000:1, preferably from 1:5 to 20:1.
The catalyst composition according to the invention or
the catalyst system is suitable for the preparation of
the polyethylene according to the invention, which has
advantageous use and processing properties. For the
preparation of the polyethylene according to the
invention, ethylene is polymerized with a-olefins
having 3 to 12 C atoms as described above. In the
process according to the invention for the
polymerization, ethylene is polymerized with a-olefins
having 3 to 12 C atoms. Preferred a-olefins are linear
or branched C2-Ci2-l-alkenes, in particular linear C2-



Cio-1-alkenes, such as ethene, propene, 1-butene, 1-
pentene, 1-hexene, 1-heptene, 1-octene or 1-decene, or
branched C2-Cio-l-alkenes, such as 4-methyl-l-pentene
. in particular linear C6-Ci0-l-alkenes, are
particularly preferred. Mixtures of various a- olefins
can also be polymerized. Preferably, at least one
a-olefin chosen from the group consisting of ethene,
propene, 1-butene, 1-pentene, 1-hexene, 1-heptene,
1-octene and 1-decene is polymerized. Monomer mixtures
with at least 50 mol% of ethene are preferably used.
The process according to the invention for the
polymerization of ethylene with a-olefins can be
carried out with all the industrially known
polymerization processes at temperatures in the range
of from -60 to 350 0C , preferably from 0 to 200C, and
particularly preferably from 25 to 150C, and under
pressures of from 0.5 to 4000 bar, preferably 1 to 100
bar, and particularly preferably from 3 to 40 bar. The
polymerization can be carried out in a known manner in
bulk, in suspension, in the gas phase or in a
supercritical medium in the conventional reactors used
for the polymerization of olefins. It can be carried
out discontinuously or, preferably, continuously in
one or more stages. High pressure polymerization
processes in tube reactors or autoclaves, solution
processes, suspension processes, stirred gas phase
processes or gas phase fluidized bed processes are
possible. The polymerizations are conventionally
carried out at temperatures in the range of from -60
to 350C, preferably in the range of from 20 to 300C
and under pressures of from 0.5 to 4000 bar. The mean
dwell times 



are conventionally from 0.5 to 5 hours, preferably
from 0.5 to 3 hours. The advantageous pressure and
temperature ranges for carrying out the
polymerizations conventionally depend on the
polymerization method. In the high pressure
polymerization processes, which are conventionally
carried out at pressures of between 1000 and 4000 bar,
in particular between 2000 and 3500 bar, as a rule
high polymerization temperatures are also established.
Advantageous temperature ranges for these high
pressure polymerization processes are between 200 and
320 0C , in particular between 220 and 290 0C . In low
pressure polymerization processes, as a rule
atemperature which is at least a few degrees below the
softening temperature of the polymer is established.
In particular, temperatures of between 50 and 180C,
preferably between 70 and 120C are established in
these polymerization processes. In the suspension
polymerizations, the polymerization is conventionally
carried out in a suspending agent, preferably in an
inert hydrocarbon, such as, for example, isobutane, or
mixtures of hydrocarbons, or in the monomers
themselves. The polymerization temperatures are in
general in the range of from -20 to 115C, and the
pressure is in general in the range of from 1 to 100
bar. The solids content of the suspension is in
general in the range of from 10 to 80%. The process
can be carried out either discontinuously, e.g. in
stirred autoclaves, or continuously, e.g. in tube
reactors, preferably in loop reactors. In particular,
the polymerization can be carried out by the
Phillips-PF process, as described in US-A 3 242 150
and US-A 3 248 179. The gas phase polymerization is in



general carried out in the range of from 30 to 125C at
pressures of from 1 to 50 bar. Of the polymerization
processes mentioned, gas phase polymerization, in
particular in gas phase fluidized bed reactors,
solution polymerization, and suspension
polymerization, in particular in loop and stirred tank
reactors, are particularly preferred. The gas phase
polymerization can also be carried out in the
so-called condensed or supercondensed procedure, in
which some of the circulating gas is cooled to below
the dew point and is recycled into the reactor as a
two-phase mixture. A so-called multizone reactor in
which two polymerization zones are linked to one
another and the polymer is passed in alternation
several times through these two zones, it also being
possible for the two zones to have different
polymerization conditions, can furthermore be
employed. Such a reactor is described,for example, in
WO 97/04015. The different or also identical
polymerization processes can also optionally be
connected to one another in series and in this way
form a polymerization cascade, such as, for example,
in the Hostalen(r) process. A parallel reactor program
of two or more identical or different processes is
also possible. Molar mass regulators, for example
hydrogen, or conventional additives, such as
antistatics, can furthermore also be co-used in the
polymerizations. Preferably, in order to obtain the
high contents of vinyl groups, the polymerization is
carried out in the absence of hydrogen. The
polymerization is preferably carried out in an
individual reactor, in particular in a gas phase
reactor . 



The unsymmetric complexes according to the invention
are very active in the polymerization of ethylene.
Their activity is higher than that of the
corresponding symmetric complexes. They are
furthermore distinguished by narrow molar mass
distributions. A further advantage is that the process
is also very particularly suitable for the preparation
of commercial amounts. Amounts of 2-200 kg of the
bisimine compound can be prepared without problems.
Furthermore, the bisimine product is formed in high
purities, so that further working up steps are no
longer necessary. The following experiment examples
serve to further illustrate the invention, without it
thereby being intended to limit the scope of the
invention.Examples Example 1 Preparation of 1- {6- [1-
(2-chloro-4 ,6- dimethylphenylimino) ethyl]
pyridin-2-yl }ethanone in heptane 20 g of 2 ,
6-diacetylpyridine (0.123 mol), 19.08 g of 2- chloro-4
,6-dimethylaniline (0.123 mol) and 0.5 g of
ptoluenesulf onic acid were heated under reflux on a
water separator in 500 ml of heptane for 75 min. The
insoluble solid was filtered off. The solvent was
distilled off from the filtrate down to 150 ml, and
the remaining filtrate was cooled to room temperature,
while stirring. 25.3 g of a yellow solid precipitated
out. This was filtered off and recrystallized from 60
ml of hot isopropanol. A total of 12.9 g (0.043 mol)
of l-{6-[l-(2- chloro-4, 6-dimethylphenylimino) ethyl]
- pyridin-2-yl }ethanone were obtained in a yield of
35%. The GC/MS showed a purity of the product of
greater 



than 99%. Comparison Example V l Preparation of 1- {6-
[1- (2-chloro-4 ,6- dimethylphenylimino) ethyl]
pyridin-2-yl }ethanone in toluene 10 g of 2 ,
6-diacetylpyridine (0.0613 mol), 9.54 g of 2-
chloro-4, 6-dimethylaniline (0.0613 mol) and 0.6 g of
ptoluenesulfonic acid were heated under reflux on a
water separator in 400 ml of toluene for 90 min. The
solvent was distilled off completely and the
residuewas recrystallized from 50 m l of isopropanol.
5.66 g (0.019 mol) of l-{6-[l-(2-chloro-4,
6-dimethylphenylimino) ethyl] pyridin-2-yl }ethanone
were obtained in a yield of 31%. The GC/MS showed a
purity of the product of greater than 96%. Comparison
Example V2 Preparation of 1- {6- [1- (2-chloro-4 ,6-
dimethylphenylimino) ethyl] pyridin-2-yl }ethanone in
methanol 10 g of 2 ,6-diacetylpyridine (0.0613 mol),
9.54 g of 2- chloro-4, 6-dimethylaniline (0.0613 mol)
and 0.6 g of ptoluenesulf onic acid were heated under
reflux on a water separator in 400 ml of methanol for
90 min. The solvent was distilled off completely and
the residue was recrystallized twice from 50 m l of
isopropanol. 0.92 g (0.0031 mol) of 1- {6- [1-
(2-chloro-4 ,6-dimethylphenylimino) ethyl]
pyridin-2-yl }ethanone was obtained in a yield of 5%.
The GC/MS showed a purity of the product of 72%.
Example 2 Preparation of 1- {6- [1- (2
,6-diethylphenylimino) - 



ethyl] pyridin-2-yl }ethanone 10.35 g of 2 ,
6-diacetylpyridine (0.0634 mol), 7.10 g of 2
,6-diethylaniline (0.0476 mol) and 2 ml of formic acid
were stirred in 300 ml of heptane at room temperature
for 71 h . The insoluble solid was filtered off(11.10
g ) and dissolved in 150 ml of toluene and the
solution was extracted with 10 ml of a saturated
Na2CO3 solution. The toluene phase was dried over
Na2SO4 and filtered and the solvent was distilled off
in vacuo. 5.58 g (0.0198 mol) of the product were
obtained in a purity of 99% (GC/MS) in a yield of 40%.
The mother liquor of the reaction solution was freed
completely from the solvent and the residue was
recrystallized from hot heptane. 2.00 g (0.0068 mol)
of the product were additionally obtained in a purity
of 100% (GC/MS) . The total yield was 54%. Example 3
Preparation of 2- [1- (2-chloro-4 ,6-
dimethylphenylimino) ethyl] -6- [1- (2,
6-diethylphenylimino) ethyl] pyridine 18.80 g of 1-
{6- [1- (2-chloro-4 ,b-dimethylphenylimino) -
ethyl]pyridin-2-yl}ethanone (0.0625 mol), 15.13 g of 2
, 6-dimethylaniline (0.125 mol) and 20.0 g of Sicapent
were heated under reflux under argon in 300 ml of
tetrahydrofuran for 17 h . A further portion of
Sicapent (10.0 g ) was added and the mixture was
heated under argon for a further 4 h and then cooled
to room temperature. It was filtered and the residue
on the filter was washed with 50 ml of
tetrahydrofuran. The solvent was distilled off
completely from the combined filtrates and the residue
was stirred with 50 ml of methanol. The precipitate
formed was filtered off, 



washed twice with methanol, stirred with 100 ml of hot
methanol and then filtered. 16.92 g (0.0419 mol) of
2-[1- (2-chloro-4, 6-dimethylphenylimino) ethyl] -6-
[1- (2, 6- dimethylphenylimino) ethyl] pyridine were
obtained in a yield of 67%. 1H-NMR (300 MHz) in CDCl 3
: d = 2.07 (s, 6H), 2.09 (s, 6H), 2.26 (s, 3H), 2.32
(s, 6H), 6.97 (m, 2H), 7.07-7.15 (3H), 7.93 (t, IH),
8.50 (m, 2H) 13C-NMR: d = 16.78, 17.25, 18.28, 18.57,
20.90, 122.49, 122.58, 122.78, 122.91, 123.11, 123.34,
125.70, 127.81, 128.21, 128.57, 129.82, 133.90,
137.24, 144.57, 149.03, 155.14, 155.43, 167.49, 169.88
Example 4 Preparation of 2- [1- (2-chloro-4 ,6 -
dimethylphenylimino) ethyl] -6- [1- (2,
6-diethylphenylimino) ethyl] pyridine 1.00 g of l-{ 6-
[1- (2-chloro-4, 6-dimethylphenylimino) -
ethyl]pyridin-2-yl}ethanone (3.3 mol), 0.99 g of 2,6-
diethylaniline (6.6 mmol) and 1.0 g of Sicapent were
heated under reflux under argon in 50 m l of
tetrahydrof uran for 2 h . A further portion of
Sicapent (0.5 g ) was added and the mixture was heated
under reflux under argon for a further 1.5 h . A
further portion of Sicapent (0.5 g ) and 0.50 g of
2,6- diethylaniline (3.3 mmol) were added and the
mixture was heated under reflux under argon for a
further 15 h and then cooled to room temperature. The
reaction mixture was filtered and the residue on the
filter was washed with 10 m l of tetrahydrof uran .
The filtrate was topped up to 125 m l with tetrahydrof
uran, 4 g ofSicapent were added and the mixture was
heated again under reflux under argon for 2.5 h and
then cooled to 



room temperature. It was filtered and the residue on
the filter was washed with 10 ml of tetrahydrofuran .
The solvent was then distilled off completely and the
residue was stirred with 10 ml of methanol. The
precipitate formed was filtered off and washed twice
with methanol. After drying in vacuo, 0.36 g (0.8
mmol) of 2- [1- (2-chloro-4, 6-dimethylphenylimino)
ethyl] -6- [1- (2, 6-diethylphenylimino) ethyl]
pyridine was obtained in a yield of 25%. Example 5
Preparation of 2- [1- (2-chloro-4 ,6-
dimethylphenylimino) ethyl] -6- [1- (2,
6-diisopropylphenylimino) ethyl] pyridine 18.80 g of
l-{ 6- [1- (2-chloro-4, 6-dimethylphenylimino) -
ethyl]pyridin-2-yl}ethanone (0.0625 mol), 22.16 g of 2
, 6-diisopropylaniline (0.125 mol) and 20.0 g of
Sicapent were heated under reflux under argon in 300
ml of tetrahydrofuran for 17 h . A further portion of
Sicapent (10.0 g ) was added and the mixture was
heated under argon for a further 4 h and then cooled
to room temperature. It was filtered and the residue
on the filter was washed with 50 ml of
tetrahydrofuran. The solvent was distilled off
completely from the combined filtrates and the residue
was stirred with 50 ml of methanol. The precipitate
formed was filtered off, washed twice with methanol,
stirred with 100 ml of hot methanol and then filtered.
17.84 g (0.0388 mol) of 2- [1- (2-chloro-4,
6-dimethylphenylimino) ethyl] -6- [1- (2,
6-diisopropylphenylimi.no) ethyl] pyridine were
obtained in a yield of 62%. Example 6 Preparation of
2- [1- (2-chloro-4 ,6 - 



dimethylphenylimino) ethyl] -6- [1- (2,
6-dimethylphenylimino) ethyl] pyridine iron (II)
chloride 850 mg (2.104 mmol) of 2- [1- (2-chloro-4 ,6-
dimethylphenylimino) ethyl] -6- [1- (2
,6-dimethylphenylimino) ethyl] pyridine were suspended
in 20 ml of nbutanol, and a solution of 267 mg of iron
(II) chloride (2.104 mmol) in 40 ml of n-butanol was
added at room temperature, while stirring. The
suspension was heated at 80C for 2 h and then stirred
at room temperature for 14 h . The butanol was
distilled off under a high vacuum and the residue
obtained in this way was washed three times with
diethyl ether. The solid obtained in this way was
dried under a high vacuum for 8 h . 1.005 g of 2- [1-
(2-chloro-4, 6-dimethylphenylimino) ethyl] -6- [1- (2
,6-dimethylphenylimino) ethyl] pyridine iron (II )
chloride were obtained in a yield of 90%.
Decomposition point: 220CExample 7 Preparation of 2-
[1- (2-chloro-4 ,6-dimethylphenylimino) ethyl] -6- [1-
(2, 6-diethylphenylimino) - ethyl] pyridineiron (II)
chloride 0.36 g of 2- [1- (2-chloro-4
,6-dimethylphenylimino) - ethyl] -6- [1- (2,
6-diethylphenylimino) ethyl] pyridine (0.8 mmol) was
dissolved in 10 ml of tetrahydrof uran, and 0.15 g of
FeCl2*4H2O (0.8 mmol) was added at room temperature,
while stirring. A precipitate formed, and was isolated
by filtration after 1 h . It was washed twice with
tetrahydrof uran and the 2- [1- (2-chloro-4 ,6-
dimethylphenylimino) ethyl] -6- [1- (2,
6-diethylphenyl imino) ethyl] pyridineiron (II )
chloride was freed from solvent residues under reduced
pressure. 0.30 g (0.5 mmol) was obtained in a yield of
63%. 



Example 8 Preparation of 2- [1- (2-chloro-4
,6-dimethylphenyl imino) ethyl] -6- [1- (2,
6-diisopropylphenylimino) - ethyljpyridineiron (II)
chloride 0.32 g of 2- [1- (2-chloro-4,
6-dimethylphenylimino) ethyl] -6- [1- (2,
6-diisopropylphenylimino) ethyl] pyridine(0.70 mmol)
was dissolved in 10 ml of tetrahydrofuran, and 0.14 g
of FeCl 2M H2O (0.68 mmol) was added at room
temperature, while stirring. A precipitate formed, and
was isolated by filtration after 1 h and washed twice
with tetrahydrofuran. The product 2- [1- (2-chloro-4
,6- dimethylphenylimino) ethyl] -6- [1- (2,
6-diisopropylphenylimino) ethyl] pyridineiron (II)
chloride obtained in this way was freed from solvent
residues under reduced pressure. 0.38 g (0.65 mmol)
was obtained in a yield of 95%. Comparison Example V3
2,6-Bis[l-(2, 6-dimethylphenylimino) ethyl] pyridine
iron (II) chloride was prepared in accordance with
Lutz et al., CR. Chimie 5 (2002), p . 43-48.
Comparison Example V 4 2 ,6-Bis[l- (2-chloro-4,
6-dimethylphenylimino) ethyl] - pyridineiron (II)
chloride was prepared in accordance with Lutz et al.,
CR. Chimie 5 (2002), p . 43-48. Comparison Example V52
, b-Bis [1- (2, 6-diisopropylphenylimino) ethyl]
pyridineiron( II) chloride was prepared in accordance
with WO9912981, Ex. 1 .Polymerization The
polymerization experiments were carried out in a 5 1-1
four-necked flask provided with a contact thermometer,
Teflon blade stirrer, gas inlet tube, condenser and
heating mantle. 250 m l of toluene were initially
introduced into this flask and the 



corresponding amounts of the complex were added at 40C
10 under argon (see Table 1 ) . The solution was then
heated at 75C for 10 min. Thereafter, it was cooled
again to 40 0C and the amount of 30% strength
methylalumoxane solution (MAO) in toluene from
Crompton stated in Table 1 was added. Thereafter, 20
to 40 1/h of ethylene were 15 passed through this
solution. To end the polymerization, the ethylene feed
was stopped and argon was passed through the solution.
A mixture of 15 ml of concentrated hydrochloric acid
and 20 50 m l of methanol was then added and, after
stirring for 15 min, a further 250 m l of methanol
were added, the polymer formed precipitating out
completely. The polymer was filtered off over a glass
filter frit, washed three times with methanol and
dried at 70C in 25 vacuo. The polymerization and
product data are summarized in Table 1 . Table 1 30The
determination of the molar mass distributions and the
means Mn, Mw, and Mw/Mn derived therefrom was carried
out by means of high temperature gel permeation
chromatography in accordance with DIN 55672 on a
WATERS 150 C with the following columns connected in
series: 3x SHODEX AT 806 MS, Ix SHODEX UT 807 and Ix
SHODEX ATG under the following conditions: solvent:
1,2,4- trichlorobenzene (stabilized with 0.025 wt .%
of 2,6-ditert- butyl-4-methylphenol) , flow rate: 1
ml/min, 500 ml injection volume, temperature: 135C,
calibration with PE standards . The evaluation was
carried out with WINGPC. The Staudinger index (h
)[dl/g] was determined with an automated Ubbelohde
viscometer (Lauda PVS 1 ) with 



decalin as the solvent at 130C (ISO1628 at 13O0C ,
0.001 g/ml of decalin) . The unsymmetric complex
according to the invention from Ex. 6 shows higher
activities and molar masses than the two corresponding
symmetric complexes from V3 and V 4 . At the same
time, the molar mass distribution is narrower .
Example 10 21.1 mmol of the complex from Example 7 ,
2-[l-(2- chloro-4 ,6-dimethylphenylimino) ethyl]
-6-[l-(2,6- diethylphenylimino) ethyl] pyridineiron
(II ) chloride, was used for ethylene polymerization
as described above, with a molar ratio of Fe from the
complex to Al from the MAO of 1:500. The
polymerization was interrupted after 20 min. The
activity of the complex was 2786 g of PE/ (mmol of
complex h ) . The polyethylene obtained had a
viscosity h of 0.807 dl/g.Example 11 12.1 mmol of the
complex from Example 8 , 2-[l-(2- chloro-4,
6-dimethylphenylimino) ethyl] -6- [1- (2, 6-
diisopropylphenylimino) ethyl] pyridine iron (II)
chloride, was used for ethylene polymerization as
described above, with a molar ratio of Fe from the
complex to Al from the MAO of 1:500. The
polymerization was interrupted after 10 min. The
activity of the complex was 6843 g of PE/ (mmol of
complex h ) . Comparison Example 8 14.1 mmol of the
complex from Comparison Example V5, 2 ,6-bis [1- (2,
6-diisopropylphenylimino) ethyl] pyridineiron( II)
chloride, was used for ethylene polymerization as
described above, with a molar ratio of Fe from the
complex to Al from the MAO of 1:500. The
polymerization 



was interrupted after 20 min. The activity of the
complex was 976 g of PE/ (mmol of complex h ) .Patent
claims 1 . A process for the preparation of monoimine
compounds of the formula I wherein the variables have
the following meaning: R -R2 independently of one
another denote hydrogen, Ci-C22-alkyl, C2-C22-alkenyl,
C6-C22-aryl, arylalkyl having 1 to 10 C atoms in the
alkyl radical and 6-20 C atoms in the aryl radical, or
five-, six- or seven-membered heterocyclyl, which
comprises at least one atom from the group consisting
of N , P , O or S , wherein the organic radicals R -R2
can also be substituted by halogens, NRn 2, OR11 or
SiR1 and/or the two radicals R -R2 can also be bonded
with R3-R5 to form a five-, six- or seven-membered
ring, R3-R10 independently of one another denote
hydrogen, Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl,
arylalkyl having 1 to 10 C atoms in the alkyl radical
and 6-20 C atoms in the aryl radical, NRU 2, OR11 ,
halogen, SiR 3 or five-, six- or seven-membered
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , O or S , wherein the
organic radicals R3- R10 can also be substituted by
halogens, CN,N R 2 , O R 11 o r SiR 12 3 and/or in
each case two radicals R3-R 5 can b e bonded with one
another o r in each case two radicals R 6-R 10 can
also b e bonded with one another to form a five-, sixo



r seven-membered ring, and/or in each case two
radicals R3-R5 are bonded with one another o r in each
case two radicals R 6-R 10 are bonded with one another
to form a five-, six- o r seven-membered heterocyclyl,
which comprises at least one atom from the group
consisting o f N , P , 0 o r S , R 11 independently o
f one another denote hydrogen, Ci-C 22-alkyl,
C2-C22-alkenyl, C 6-C22-aryl, arylalkyl having 1 to 10
C atoms in the alkyl radical and 6-20 C atoms in the
aryl radical o r SiR 12 3 , wherein the organic
radicals R 11 can also b e substituted b y halogens
and in each case two radicals R 11 can also b e bonded
to form a five- o r six-membered ring and R 12
independently o f one another denote hydrogen, Ci-C
22-alkyl, C 2-C22-alkenyl, C 6-C22-aryl o r arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical and in each case two
radicals R 12 can also b e bonded t o form a five- o r
six-membered ring, E 1 -E 3 independently o f one
another denote carbon, nitrogen o r phosphorus, in
particular carbon, and u independently o f one another
are 0 for E -E 3 a s nniittrrooggeen o r phosphorus
and 1 for E 3 -E 3 a s carbon, which comprises
reacting a dicarbonyl compound o f the formula I
Iwherein the variables have the following meaning: F
-R2 independently of one another denote hydrogen, 



Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical, or five-, six- or
seven-membered heterocyclyl, which comprises at least
one atom from the group consisting of N , P , O or S ,
wherein the organic radicals R*-R2 can also be
substituted by halogens, NR 2, OR11 or SiR12 3 and/or
the two radicals R -R2 can also be bonded with R3-R5
to form a five-, six- or seven-membered ring, R3-R5
independently of one another denote hydrogen,
Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical, NRn 2, OR11, halogen, SiR12
3 or five-, six- or seven-membered heterocyclyl, which
comprises at least one atom from the group consisting
of N , P , O or S , wherein the organic radicals R3-
R5 can also be substituted by halogens, NRU 2, ORl l
or SiR11 2 and/or in each case two radicals R3-R5 can
also be bonded with one another to form a five-, six-
or seven-membered ring, and/or in each case two
radicals R3-R5 are bonded with one another to form a
five-, sixor seven-membered heterocyclyl, which
comprises at least one atom from the group 



consisting of N , P , O or S ,R11 independently of one
another denote hydrogen, Ci-C22-alkyl, C2-C22-alkenyl,
C6-C22-aryl, arylalkyl having 1 to 10 C atoms in the
alkyl radical and 6-20 C atoms in the aryl radical or
SiR12 3, wherein the organic radicals R11 can also be
substituted by halogens and in each case two radicals
R11 can also be bonded to form a five- or six-membered
ring and R12 independently of one another denote
hydrogen, Ci~C22-alkyl, C2-C22-alkenyl, C6-C22-aryl or
arylalkyl having 1 to 10 C atoms in the alkyl radical
and 6-20 C atoms in the aryl radical and in each case
two radicals R12 can also be bonded to form a five- or
six-membered ring, E -E3 independently of one another
denote carbon, nitrogen or phosphorus, in particular
carbon, and u independently of one another are 0 for
E1 -E3 as nitrogen or phosphorus and 1 for E -E3 as
carbon, in an aliphatic, non-aromatic solvent with an
aniline of the formula III R6-R10 independently of one
another denote hydrogen, Ci-C22-alkyl, C2-C22-alkenyl
/ C6-C22-aryl, arylalkyl having 1 to 10 C atoms in the
alkyl radical and 6-20 C atoms in the aryl radical,NRn
2, OR11, halogen, SiR12 3 or five-, six- or
seven-membered heterocyclyl, which comprises at least
one atom from the group consisting of 



N , P , O or S , wherein the organic radicals R6- R10
can also be substituted by halogens, CN, NRn 2, OR11
or SiR12 3 and/or in each case two radicals R6-R10 can
also be bonded with one another to form a five-, six-
or sevenmembered ring, and/or in each case two
radicals R6-R10 are bonded with one another to form a
five-, six- or seven-membered heterocyclyl, which
comprises at least one atom from the group consisting
of N , P , O or S , R11 independently of one another
denote hydrogen, Ci-C22-alkyl, C2-C22-alkenyl,
C6-C22-aryl, arylalkyl having 1 to 10 C atoms in the
alkyl radical and 6-20 C atoms in the aryl radical or
SiR 12 3, wherein the organic radicals R11 can also be
substituted by halogens and in each case two radicals
R11 can also be bonded to form a five- or six-membered
ring and R12 independently of one another denote
hydrogen, Ci-C22-alkyl, C2-C22-alkenyl, C6 C22-aryl or
arylalkyl having 1 to 10 C atoms in the alkyl radical
and 6-20 C atoms in the aryl radical and in each case
two radicals R12 can also be bonded to form a five- or
six-membered ring. 2 . The process according to claim
1 , wherein in the monoimine compounds of the formula
and in the aniline of the formula III, R6 is chlorine,
bromine 



or iodine and R7 is a Ci-C2o-alkyl . 3 . A monoimine
compound of the formula Ia,wherein the variables have
the following meaning: A is chlorine, bromine, iodine,
CF3 or OR11 R -R2 independently of one another denote
hydrogen, Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl,
arylalkyl having 1 to 10 C atoms in the alkyl radical
and 6-20 C atoms in the aryl radical, or five-, six-
or seven-membered heterocyclyl, which comprises at
least one atom from the group consisting of N , P , O
or S , wherein the organic radicals R -R2 can also be
substituted by halogens, NR 2, OR or SiR12 3 and/or
the two radicals R -R2 can also be bonded with R3-R5
to form a five-, six- or seven-membered ring, R3-R10
independently of one another denote hydrogen,
Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical, NR11 2, OR11, halogen,
SiR12 3 or five-, six- or seven-membered heterocyclyl,
which comprises at least one atom from the group
consisting of N , P , O or S , wherein the organic
radicals R3- R10 can also be substituted by halogens,
NR1 , OR11 or SiR 3 and/or in each case two radicals
R3-R5 can be bonded with one another or in each case
two radicals R7- R10 can also be bondedwith one
another to form a five-, six- o r seven-membered ring,
and/or in each case two radicals R 3-R 5 are bonded
with one another o r 



in each case two radicals R 7-R 10 are bonded with one
another to form a five-, six- o r seven-membered
heterocyclyl, which comprises a t least one atom from
the group consisting o f N , P , 0 o r S , R 11
independently o f one another denote hydrogen, Ci-C
22-alkyl, C2-C22-alkenyl, C 6-C 22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical o r SiR 12 3, wherein the
organic radicals R 11 can also b e substituted b y
halogens and in each case two radicals R 11 can also b
e bonded to form a five- o r six-membered ring, R 12
independently o f one another denote hydrogen, Ci-C
22-alkyl, C2-C 22-alkenyl, C 6-C 22-aryl o r arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical and in each case two
radicals R 12 can also b e bonded to form a five- o r
six-membered ring, E -E3 independently o f one another
denote carbon, nitrogen o r phosphorus, in particular
carbon, and u independently o f one another are 0 for
E -E 3 a s nniittrrooggeen o r phosphorus and 1 for E
1 -E3 a s carbon . 4 . A n unsymmetric bis(imino)
compound o f the formula IV,wherein the variables have
the following meaning: A is chlorine, bromine, iodine,
CF3 or OR11, R R2 independently of one another denote
hydrogen, Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, 



arylalkyl having 1 to 10 C atoms in the alkyl radical
and 6-20 C atoms in the aryl radical, or five-, six-
or seven-membered heterocyclyl, which comprises at
least one atom from the group consisting of N , P , O
or S , wherein the organic radicals R1- 2 can also be
substituted by halogens, NR 1 2, OR11 or SiR 12 3
and/or the two radicals R -R2 can also be bonded with
R3-R5 to form a five-, six- or seven-membered ring,
R3-R10 , R13-R17 independently of one another denote
hydrogen, Ci-C22-alkyl, C2-C22-alkenyl, C6-C22- aryl,
arylalkyl having 1 to 10 C atoms in the alkyl radical
and 6-20 C atoms in the aryl radical, NR 2, OR11,
halogen, SiR12 or five-, six- or seven-membered
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , O or S , wherein the
organic radicals R-R >10 and R13-R17 can also be
substituted by halogens, NR1 , OR11 or SiR12 and/or in
each case two radicals R3-R5 can be bonded with one
another and/or in each casetwo radicals R7-R10 can
also be bonded with one another to form a five-, six-
or sevenmembered ring and/or in each case two radicals
R i3_R i7 can a j s o J o w ith one another to form a
five-, six- or seven-membered ring, and/or in each
case two radicals R3-R5 are 



bonded with one another and/or in each case two
radicals R7-R10 are bonded with one another to form a
five-, six- or seven-membered heterocyclyl and/or in
each case two radicals R13-R17 are bonded with one
another to form a five-, six- or seven-membered
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , 0 or S , R11
independently of one another denote hydrogen,
Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical or SiR12 3, wherein the
organic radicals R11 can also be substituted by
halogens and in each case two radicals R11 can also be
bonded to form a five- or six-membered ring, R12
independently of one another denote hydrogen,
Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl or arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical and in each case two
radicals R12 can also be bonded to form a five- or
six-membered ring, E1-E3 independently of one another
denote carbon, nitrogen or phosphorus, in particular
carbon, and u independently of one another are 0 for E
-E3 as nitrogen or phosphorus and 1 for E1-E3 as
carbon .5 . An unsymmetric iron complex of the formula
V , wherein the variables have the following meaning:
A is chlorine, bromine, iodine, CF3 or OR11, 



R -R2 independently of one another denote hydrogen,
Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical, or five-, six- or
seven-membered heterocyclyl, which comprises at least
one atom from the group consisting of N , P , O or S ,
wherein the organic radicals R -R2 can also be
substituted by halogens, NR1:L 2, OR11 or SiR12 3
and/or the two radicals R -R2 can also be bonded with
R3-R5 to form a five-, six- or seven-membered ring,
R3-R10 R i3_R i7 independently of one another denote
hydrogen, Ci-C22-alkyl, C2-C22-alkenyl, C6-C22- aryl,
arylalkyl having 1 to 10 C atoms in the alkyl radical
and 6-20 C atoms in the aryl radical, NRn 2, OR11 ,
halogen, SiR12 3 or five-, six- or seven-membered
heterocyclyl, which comprises at least one atom from
the group consisting of N , P , O or S , wherein
theorganic radicals R3-R10 and R13-R17 can also be
substituted by halogens, NR 2, OR11 or SiR1 and/or in
each case two radicals R3-R5 can be bonded with one
another and/or in each case two radicals R7-R10 can
also be bonded with one another to form a five-, six-
or sevenmembered 



ring and/or in each case two radicals R13-R17 can also
be bonded with one another to form a five-, six- or
seven-membered ring, and/or in each case two radicals
R3-R5 are bonded with one another and/or in each case
two radicals R7-R10 are bonded with one another to
form a five-, six- or seven-membered heterocyclyl
and/or in each case two radicals R13-R17 are bonded
with one another to form a five-, six- or
seven-membered heterocyclyl, which comprises at least
one atom from the group consisting of N , P , O or S ,
R11 independently of one another denote hydrogen,
Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical or SiR12 3, wherein the
organic radicals R11 can also be substituted by
halogens and in each case two radicals R11 can also be
bonded to form a five- or six-membered ring, R12
independently of one another denote hydrogen,
Ci-C22-alkyl, C2-C22-alkenyl, C6-C22-aryl or arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical and in each case two
radicals R12 can also be bonded to form a five- or
six-membered ring, E E3 independently of one another
denote carbon, nitrogen or phosphorus, in particular
carbon, andu independently of one another are 0 for
E1-E3 as nitrogen or phosphorus and 1 for E1-E3 as 



carbon, X independently of one another denote
fluorine, chlorine, bromine, iodine, hydrogen, Ci-Ci0-
alkyl, C2-Ci0-alkenyl, C6-C20-aryl, arylalkyl having
1-10 C atoms in the alkyl radical and 6-20 C atoms in
the aryl radical, NR18 2, OR18 , SR18 , SO3R18 ,
OC(O)R 18 , CN, SCN, b-diketonate, CO, BF4 , PF6 or
bulky non-coordinating anions and the radicals X are
if appropriate bonded with one another, R18
independently of one another denote hydrogen,
Ci-C20-alkyl, C2-C20-alkenyl, C6-C20-aryl, arylalkyl
having 1 to 10 C atoms in the alkyl radical and 6-20 C
atoms in the aryl radical or SiR 19 3, wherein the
organic radicals R18 can also be substituted by
halogens or nitrogenand oxygen-containing groups and
in each case two radicals R18 can also be bonded to
form a five- or six-membered ring, R19 independently
of one another denote hydrogen, Ci-C2o-alkyl,
C2-C20-alkenyl, C6-C2o~aryl or arylalkyl having 1 to
10 C atoms in the alkyl radical and 6-20 C atoms in
the aryl radical, wherein the organic radicals R19 can
also be substituted by halogens or nitrogen- and
oxygen-containing groups and in each case two radicals
R19 can also be bonded to form a fiveor six-membered
ring, s is 1 , 2 , 3 or 4 , in particular 2 or 3 , 



D is a neutral donor andt is 0 to 4 , in particular 0
, 1 or 2 . 6 . A catalyst system for olefin
polymerization comprising at least one iron complex of
the formula V according to claim 5 , optionally an
organic or inorganic support, optionally one or more
activators, optionally further catalysts suitable for
olefin polymerization and optionally one or more metal
compounds of group 1 , 2 or 13 of the periodic table.
7 . A prepolymerized catalyst system comprising a
catalyst system according to claim 6 and, polymerized
into this, one or more linear C2-C 10-Ialkenes in a
weight ratio of from 1:0.1 to 1:1000, based on the
catalyst system. 8 . The use of a catalyst system
according to claims 6 or 7 for the polymerization or
copolymerization of olefins . 9 . A process for the
preparation of polyolefins by polymerization or
copolymerization of olefins in the presence of a
catalyst system according to claims 6 or 7 . 






