
POLYMERIZATION CATALYST COMPRISING AN AMIDINE LIGAND
The invention relates to a process for the preparation
of a polymer comprising at least one aliphatic or
aromatic hydrocarbyl C2-20 olefin in the presence of
an ionic catalyst comprising an organometallic
compound, an activator and optionally a scavenger. The
invention further relates to a new catalyst, a method
for the preparation of this catalyst and polymers
prepared with the process of the invention. A process
for the preparation of a polymer comprising at least
one aliphatic or aromatic hydrocarbyl C2-20 olefin in
the presence of a catalyst, an activator, and
optionally a scavenger is known from US 6,1 14,481. US
6,1 14,481 discloses a process for the
copolymerization of ethylene and at least one
additional alpha olefin having from 3 to 8 carbon
atoms characterized in that said process employs a
catalyst system for olefin polymerization comprising:
an organometallic complex of a group 4 metal; and an
activator. A disadvantage of this known process is the
relatively low activity of the catalyst. The aim of
the current invention is to provide a process forthe
preparation of a polymer with a catalyst having a
higher activity than the catalyst in the known
process. This aim is achieved in that the
organometallic compound is a compound according to
formula 1: where: M is a metal of group 3 - 13 or the
lanthanide series, and p is the valency of the metal
M; A represents a neutral or anionic spectator ligand
whose valency v is 0,1 or 2 and q is an integer
denoting the number of spectator ligands A; Z is an
optional bridging moiety, and n is the integer number
of parallel bridging moieties Z; Y is an
amidine-containing spectator ligand represented by
formula 2:(formula 2), wherein the amidine-containing
ligand is covalently bonded to the metal M via the
imine nitrogen atom, and SUb1 is a substituent
comprising a group 14 atom through which Subi is
bonded to the imine carbon atom. Sub2 is a substituent
comprising a heteroatom of group 15-16, through which
Sub2 is bonded to the imine carbon atom; r is an
integer > 0; L is an optional neutral Lewis basic
ligand, and j is an integer denoting the number of
neutral ligands L; and X is an anionic ligand. In the
process of the invention the activity of the catalyst
is significantly higher than in the known process. An
additional advantage is that the catalyst used in the
process of the invention can be manufactured at lower
costs than the catalyst used in the known process. 



Processes for the preparation of a polymer of at least
one aliphatic or aromatic hydrocarbyl C2-2oolefin are
fairly well known in the art. These processes are
generally conducted by contacting at least one
olefinic monomer with a catalyst and optionally a
scavenger in the gas phase or in the presence of an
inert hydrocarbon solvent. Suitable solvents are a
C5.12 hydrocarbon which may be substituted by a C1-4
alkyl group, such as pentane, hexane, heptane, octane,
isomers and mixtures thereof, cyclohexane,
methylcyclohexane, pentamethyl heptane and
hydrogenated naphtha. The process of the invention may
be conducted at temperatures from about 20 C to about
250 C, depending on the product being made. An
olefinic monomer is understood to be a molecule
containing at least one polymerizable double bond.
Suitable olefinic monomers are C2-2O olefins.
Preferred monomers include ethylene and C3-12 alpha
olefins which are unsubstituted or substituted by up
to two C1-6 alkyl radicals, C8-12 vinyl aromatic
monomers which are unsubstituted or substituted by up
to two substituents selected from the group consisting
of C1-4 alkyl radicals, and C4.12 straight chained or
cyclic hydrocarbyl radicals which are unsubstituted or
substituted by a C1-4 alkyl radical. Illustrative
non-limiting examples of such a-olefins are propylene,
1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-
nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene,
1-tetradecene, 1-pentadecene, 1-hexadecene,
1-heptadecene, 1-octadecene, 1-nonadecene, 1-
eicosene, 3-methyl-1-butene, 3-methyl-1-pentene,
3-ethyl-1 -pentene, 4-methyl-1- pentene,
4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4
,4-dimethyl-1 -pentene, 4-ethyl-1- hexene,
3-ethyl-1-hexene, 9-methyl-1-decene,
11-methyl-1-dodecene and 12-ethyl-1- tetradecene.
These a-olefins may be used in combination. The
monomer may also be a polyene comprising at least two
double bonds. The double bonds may be conjugated or
non-conjugated in chains, ring systems or combinations
thereof, and they may be endocyclic and/or exocyclic
and may have different amounts and types of
substituents. This means that the polyene may comprise
at least one aliphatic, alicyclic or aromatic group,
or combinations thereof. Suitable polyenes include
aliphatic polyenes and alicyclic polyenes. More
specifically, aliphatic polyenes can be mentioned,
such as 1,4-hexadiene, 3- methyl-1 ,4-hexadiene,
4-methyl-1 ,4-hexadiene, 5-methyl-1 ,4-hexadiene,
4-ethyl-1,4- hexadiene, 1,5-hexadiene, 3-methyl-1
,5-hexadiene, 3,3-dimethyl-1,4-hexadiene, 5- methyl-1
,4-heptadiene, 5-ethyl-1,4-heptadiene, 5-methyl-1
,5-heptadiene, 6-methyl-1,5- heptadiene, 5-ethyl-1
,5-heptadiene, 1,6-heptadiene, 1,6-octadiene,
4-methyl-1 ,4- octadiene, 5-methyl-1 ,4-octadiene,
4-ethyl-1 ,4-octadiene, 5-ethyl-1 ,4-octadiene, 5-
methyl-1,5-octadiene, 6-methyl-1,5-octadiene,
5-ethyl-1 ,5-octadiene, 6-ethyl-1,5- octadiene,
1,6-octadiene, 6-methyl-1,6-octadiene,
7-methyl-1,6-octadiene, 6-ethyl-1,6- octadiene,
6-propyl-1 ,6-octadiene, 6-butyl-1 ,6-octadiene,
1,7-octadiene, 4-methyl-1,4- nonadiene,
5-methyl-1,4-nonadiene, 4-ethyl-1 ,4-nonadiene,
5-ethyl-1 ,4-nonadiene, 5- 



methyl-1 ,5-nonadiene, 6-methyl-1 ,5-nonadiene,
5-ethyl-1,5-nonadiene, 6-ethyl-1 ,5- nonadiene,
6-methyl-1,6-nonadiene, 7-methyl-1,6-nonadiene,
6-ethyl-1,6-nonadiene, 7- ethyl-1 ,6-nonadiene,
7-methyl-1 ,7-nonadiene, 8-methyl-1 ,7-nonadiene,
7-ethyl-1 J - nonadiene, 1,8-nonadiene,
5-methyl-1,4-decadiene, 5-ethyl-1 ,4-decadiene,
5-methyl- 1,5-decadiene, 6-methyl-1,5-decadiene,
5-ethyl-1 ,5-decadiene, 6-ethyl-1,5-decadiene,
6-methyl-1 ,6-decadiene, 6-ethyl-1,6-decadiene,
7-methyl-1 ,6-decadiene, 7-ethyl-1 ,6- decadiene,
7-methyl-1,7-decadiene, 8-methyl-1,7-decadiene,
7-ethyl-1,7-decadiene, 8- ethyl-1 ,7-decadiene,
8-methyl-1 ,8-decadiene, 9-methyl-1 ,8-decadiene,
8-ethyl-1 ,8- decadiene, 1,9-decadiene,
1,5,9-decatriene, 6-methyl-1 ,6-undecadiene,
9-methyl-1 ,8- undecadiene and 1,13-tetradecadiene,
1,3-butadiene, isoprene. Alicyclic polyenes may
consist of at least one cyclic fragment. Examples of
these alicyclic polyenes are vinylcyclohexene,
vinylnorbornene, ethylidene norbomene,
dicyclopentadiene, cyclooctadiene, 2,5-norbornadiene,
1,4- divinylcyclohexane, 1,3-divinylcyclohexane,
1,3-divinylcyclopentane, 1,5-divinylcyclooctane,
i-allyl-4-vinylcyclohexane, 1,4-diallylcyclohexane,
1-allyl-5- vinylcycloocatane, 1 -diallylcyclooctane,
i-allyl-4-isopropenylcyclohexane, 1-
isopropenyl-4-vinylcyclohexane and
i-isopropenyl-S-vinylcyclopentane, and 1,4-
cyclohexadiene. Preferred polyenes are polyenes having
at least one endocyclic double bond and optionally at
least one exocyclic double bond, such as
5-methylene-2- norbomene and
5-ethylidene-2-norbornene, 5-vinylnorbomene, and
2,5-norbornadiene, dicyclopentadiene, vinylcyclohexene
and the like. Examples of aromatic polyenes are
divinylbenzene (including its isomers),
trivinylbenzene (including its isomers) and
vinylisopropenylbenzene (including its isomers). All
of the above-mentioned monomers may be further
substituted with at least one group comprising a
heteroatom of group 13-17, or combinations thereof.
Homopolymers, copolymers and terpolymers of the
above-mentioned olefinic monomers and blends thereof
can be prepared with the process of the present
invention. The ionic catalyst used in the process of
the invention comprises an organometallic compound and
an activator. The metal (M) in the organometallic
compound of formula 1 represents an atom of group 3 -
13 or the lanthanide series. Preferably, the metal is
chosen from group 3, 4 , 5, 6 or 7, or the lanthanide
series, more preferably from group 4-7. Even more
preferably, the metal is chosen from Group 4. Most
preferably, the metal is Ti. In the organometallic
compound used in the process of the invention, A is a
neutral or anionic spectator ligand, and q is an
integer denoting the number of spectator ligands A.
The valency v of A is 0, 1, or 2 . Examples of
monoanions are carbanions, silylanions, germylanions,
amides, phosphides, imines, and chalconides. Examples
of dianionic ligands are biphenoxides,
cyclooctatetraenides, boroles and the like. 



The spectator ligand A is preferably an imine ligand,
a chalconide, or a cyclopentadienyl-containing ligand.
An imine ligand is defined as a group containing a
double bonded nitrogen atom. Examples of imine ligands
are ketimine, guanidine, phosphinimine,
iminoimidazolidine, (hetero)aryloxyimines,
pyrroleimines, indoleimines, imidazoleimines or
(hetero)aryloxides, (substituted)
pyridin-2-yl-methoxy, (substituted)
quinolin-2-ylmethoxy, 8-hydroxyquinoline,
8-aminoquinoline, 8-phosphinoquinoline,
8-thioquinoline, 8-hydroxyquinaldine,
8-aminoquinaldine, 8-phosphinoquinaldine,
8-thioquinaldine and 7-azaindole or indazole and the
like.A cyclopentadienyl-containing ligand comprises at
least one cyclopentadienyl (Cp) ring. This ring may be
substituted with at least one R group. When the Cp
ring is substituted with at least two R' groups, these
R' groups may form at least one ring system. As
result, the Cp-containing ligand may be an indenyl or
fluorenyl group. The R' groups may each independently
be hydrogen or a hydrocarbon radical with 1-20 carbon
atoms (e.g alkyl, aryl, biaryl, aralkyl, alkaryl and
the like) or a heteroatom comprising a moiety from
group 13-17. Examples of such hydrocarbon radicals are
methyl, ethyl, n-propyl, i-propyl, butyl (including
isomers), hexyl (including isomers), decyl (including
isomers), phenyl, biphenyl (including isomers) and the
like. Examples of heteroatom-containing moieties of
group 13-17 are borane radicals, silyl radicals,
germyl radicals, stannyl radicals, amide radicals,
phosphide radicals, oxide radicals, sulphide radicals,
halide radicals, halide substituted hydrocarbyl
radicals and the like. Also, two adjacent hydrocarbon
radicals may be connected with each other resulting in
a ring system. Such a group may also contain one or
more R1groups as substituents. R' may also be a
substituent which instead of or in addition to carbon
and/or hydrogen may comprise one or more heteroatoms
of groups 13-17. Suitable ligands A are (substituted)
cyclopentadienyl groups, (substituted) indenyl groups,
(substituted) fluorenyl groups, (substituted)
tetrahydroindenyl groups, (substituted)
tetrahydrofluorenyl groups, (substituted)
octahydrofluorenyl groups, (substituted) benzoindenyl
groups, (substituted) heterocyclopentadienyl groups,
(substituted) heteroindenyl groups, (substituted)
heterofluorenyl groups, or their isomers. A
heterocyclopentadienyl group (hereinafter referred to
as 'hetero ligand') is understood to be a group that
has been derived from a cyclopentadienyl group, but in
which at least one of the C atoms in the 5-ring of the
cyclopentadienyl has been replaced by a hetero atom,
which heteroatom may be chosen from group 14, 15 or
16. If there is more than one heteroatom present in
the 5- ring of the hetero ligand, these heteroatoms
may be the same or different. More preferably, the
heteroatom is chosen from group 15, while yet more
preferably the heteroatom is phosphorus. If ligand A
is a neutral ligand, this ligand may be as defined
under L. 



In the organometallic compound used in the process of
the invention Z is an optional bridging moiety, and n
is the integer number of parallel bridging moieties Z.
In case of n = 0, there is no bridge between A and Y.
The optional bridging group Z may contain sp3, sp2 or
sp hybridized atoms of group 13 to 16 or
combinationsthereof. The bridging group Z may consist
of linear, cyclic fragments, spiro ring systems, or
combinations thereof. Examples of a carbon containing
Z group may be a hydrocarbon group with 1-20 carbon
atoms, e.g. alkylidene, arylidene, biarylene, aryl
alkylidene, etc. Examples of such groups are
methylene, ethylene, propylene, butylene, phenylene,
naphthylene, biphenylene, binaphthylene. Examples of
silicon-containing groups are dimethylsilyl,
diethylsilyl, dipropylsilyl, including its isomers,
(substituted) diphenylsilyl, dimethoxysilyl,
diethoxysilyl, dipropoxysilyl, and diphenoxysilyl. In
the organometallic compound used in the process of the
invention Y is an amidine-containing spectator ligand,
and r is an integer with r > 0. An amidinecontaining
spectator ligand is a ligand that is represented by
formula 2. The amidinecontaining ligand is covalently
bonded to the metal via the imine nitrogen atom. This
means that the imine nitrogen atom of the imine does
not have any substituents but the imine carbon atom.
SUb1 comprises a group 14 atom through which SUb1 is
bonded to the imine carbon atom. Sub2 comprises a
heteroatom of group 15-16, through which Sub2 is
bonded to the imine carbon atom. Preferably this atom
is selected from the group of nitrogen, phosphorus,
oxygen or sulfur. SUb1 preferably represents a
hydrocarbyl radical, optionally substituted with
heteroatoms of group 13 - 17, or a silyl radical,
optionally substituted with group 13-17 atoms. Sub2
preferably is an amide, imide, phosphide,
phospinimide, oxide, sulphide radical, optionally
substituted with hydrocarbyl radicals or silyl
radicals as described for SUb1. SUb1 or Sub2 may be
bonded to the bridging moiety Z or may be part of a
ring system, which ring system may be bonded to the
bridging moiety Z. In the organometallic compound used
in the process of the invention L is optionally a
neutral Lewis basic ligand, and j is an integer
denoting the number of neutral ligands L. The ligand L
may be present in the organometallic compound for
reasons of stability. If the ligand L is present, L is
an ether, a thioether, a tertiary amine, a tertiary
phosphane, an imine, or a bi-, or oligodentate,
comprising an ether, a thioether, a tertiary amine, or
a tertiary phosphane functional group, or combinations
thereof. Suitable ethers are tetrahydrofuran and
diethylether. Suitable thioethers are thiophene,
diethylsulfide, and dimethylsulfide. Suitable tertiary
amines are trialkylamines, pyridine, bipyridine,
TMEDA, and (-)-sparteine). Suitable tertiary
phosphanes are triphenylphoshine, trialkylphosphanes.
Suitable of imines are ketimines, guanidines,
iminoimidazolidines, phosphinimines, amidines and the
like. Suitable bidentate ligands are diimines, alkyl
or aryldiphoshanes, dimethoxyethane. Suitable
oligodentate ligands are triimines (such as
tris(pyrazolyl)alkanes), cyclicmultidentate ligands
comprising heteroatoms of group 13-17, including crown
ethers optionally having heteroatoms of group 13-17,
azo-crown ethers optionally having 



heteroatoms of group 13-17, phospha-crown ethers
optionally having heteroatoms of group 13-17, crown
ethers having combinations of heteroatoms of group
15-16 optionally having heteroatoms of group 13-17 and
crown ethers containing heteroatoms of group 14-17 or
combinations thereof. In the catalyst used in the
process of the invention, X is an anionic ligand. Each
anionic ligand, X, bonded to M, may be independently
selected from the group consisting of hydride, halide,
alkyl, silyl, germyl, aryl, amide, aryloxy, alkoxy,
phosphide, sulfide, acyl, pseudo halides such as
cyanide, azide, and acetylacetonate, or a combination
thereof. Preferably, X is a hydride or a moiety
selected from the group consisting of monoanionic
spectator ligands, halide, alkyl, aryl, silyl, germyl,
aryloxy, alkoxy, amide, siloxy and combinations
thereof (e.g. alkaryl, aralkyl, silyl substituted
alkyl, silyl substituted aryl, aryloxyalkyl,
aryloxyaryl, alkoxyalkyl, alkoxyaryl, amidoalkyl,
amidoaryl, siloxyalkyl, siloxyaryl, amidosiloxyalkyl,
haloalkyl, haloaryl, etc.) having up to 20
non-hydrogen atoms. Preferred anionic ligands X
include halides and hydrocarbyl anions. A preferred
halide is chloride. In one embodiment of the invention
hydrocarbyl groups are anionically charged hydrocarbyl
groups. In addition to the usual definition of a
hydrocarbyl group, in this application a hydrocarbyl
group also comprises a hydride group. The hydrocarbyl
groups optionally contain heteroatoms of group 13-17.
Preferred hydrocarbyl groups include hydride, alkyl-,
aryl-, aralkyl-, alkaryl-, substituted vinyl- and
substituted allylgroups. More preferred hydrocarbyl
groups include hydride, alkyl-, aryl-, aralkyl- and
alkaryl groups. Most preferred hydrocarbyl groups
include alkyl-, aryl-, aralkyl- and alkaryl groups.
Examples of such most preferred hydrocarbyl groups are
methyl, benzyl, methyltrimethylsilyl, phenyl,
methoxyphenyl, dimethoxyphenyl,
N,N-dimethylaminophenyl, bis
(N,N-dimethylamino)phenyl, fluorophenyl,
difluorophenyl, trifluorophenyl, tetrafluoropheny,
perfluorophenyl, trialkylsilylphenyl,
bis(trialkylsilyl)phenyl, tris(trialkylsilyl)phenyl
and the like. The number of ligands (X and L) depends
on the valency of the metal and the stability of the
organometallic compound. The organometallic compound
may be monomeric, oligomeric or a cluster. The number
of anionic ligands equals the valency of the metal
used. The number of neutral ligands on the
organometallic reagent may range from 0 to the amount
that satisfies the 18-electron rule, as known in the
art.An additional advantage of the process of the
invention is that extremely high molecular weight
polyolefins can be prepared. This is particularly
advantageous in a process for the preparation of
ultrahigh molecular weight polyethylene with a weight
average molecular weight of more than 400,000 g/mol
(UHMWPE) and for an ethylene/ a-olefin polyene
copolymer or an ethylene/ a-olefin /non-conjugated
polyene terpolymer. In the process of the invention
the catalyst comprises an activator. Activators for
single-site catalysts are fairly well known in the
art. These activators often 



comprise a group 13 atom, such as boron or aluminium.
Examples of these activators are described in Chem.
Rev., 2000, 700, 1391 by E. Y-X. Chen and T.J. Marks.
A preferred activator is a borate, a borane or an
alkylaluminoxane (e.g.methylaluminoxane (MAO)). In the
process of the invention the catalyst optionally
comprises a scavenger. A scavenger is a compound that
reacts with impurities present in the process of the
invention, which are poisonous to the catalyst. A
scavenger in an embodiment of the invention can be a
hydrocarbyl of a metal or metalloid of group 1-13 or
its reaction products with at least one sterically
hindered compound containing a group 15 or 16 atom.
Preferably, the group 15 or 16 atom of the sterically
hindered compound bears a proton. Examples of these
sterically hindered compounds are tertbutanol,
/so-propanol, triphenylcarbinol,
2,6-di-terf-butylphenol,
4-methyl-2,6-di-tertbutylphenol,
4-ethyl-2,6-di-te/t-butylphenol,
2,6-di-te/t-butylanilin,
4-methyl-2,6-di-terfbutylanilin,
4-ethyl-2,6-di-tert-butylanilin, HMDS
(hexamethyldisilazane), diisopropylamine,
di-tert-butylamine, diphenylamine and the like. Some
non-limiting examples of scavengers are butyllithium
including its isomers, dihydrocarbylmagnesium,
trihydrocarbylaluminium, such as trimethylaluminium,
triethylaluminium, tripropylaluminium (including its
isomers), tributylaluminium (including its isomers)
tripentylaluminium (including its isomers), trihexyl
aluminium (including its isomers), triheptyl aluminium
(including its isomers), trioctyl aluminium (including
its isomers), hydrocarbylaluminoxanes and
hydrocarbylzinc and the like, and their reaction
products with a sterically hindered compound or an
acid, such as HF, HCI, HBr, HI. The invention further
relates to a catalyst for the preparation of a
polyolefin. Catalysts for the preparation of
polyolefins are known from US 6,1 14,481. In US 6,1
14,481 a catalyst system is disclosed that comprises
an organometallic complex containing a ketimine
ligand. The disadvantage of this catalystis its low
activity in olefin polymerization. An example of a
catalyst comprising a special ketimine is the
iminoimidazolidine comprising catalyst described in
WO-A-02070560. However, although the activity of this
catalyst is improved compared to the ketimine
catalyst, the preparation of iminoimidazolidine
catalyst comprises more reaction steps using highly
toxic cyanogen bromide, which may liberate the highly
toxic hydrocyanic acid. One of the aims aim of the
invention is to provide a low-cost catalyst that is
highly active in olefin polymerization and avoids the
use of highly toxic starting materials or
intermediates. This aim is achieved with the
organometallic compound according to claim 4.
Amidinate-containing organometallic compounds of Ti
are described by Zambelli et. al. in Macromolecules,
2003, 5451-5458. The difference between an amidine
containing ligand, covalently bonded to the metal ion
and an amidinate (both 



groups comprising a first and a second nitrogen atom,
which in case of the amidine may also be another group
15 or 16 atom) is, that the imine nitrogen atom (the
first nitrogen atom) of the amidine is unambiguously
covalently bonded to the metal ion, while the second
nitrogen atom has no interaction with the metal ion.
The interaction of the two nitrogen atoms of the
amidinate ligand is illustrated in scheme 1 below.
Scheme 1 clearly indicates that both nitrogen atoms
have a bounding interaction with the metal ion (the
latter is not shown in the scheme), which is
comparable to the h3Pd-allyl bond as known in the art.
2 3 Scheme 1 Another diference is that the imine
nitrogen of amidine is formally negatively charged,
while the imine nitrogen of the amidinate in the
resonance structure is formally neutrally charged. In
the third resonance structure of scheme 1 both
nitrogen atoms are negatively charged. A third
difference is that the imine nitrogen of the amidine
cannot have a substituent, while both nitrogen atoms
of the amidinate have substituents. The invention also
relates to a supported catalyst which comprises a
organometallic compound of formula 1, a supporting
material and optionally ascavenger and/or an
activator. A supporting material is defined as an
inorganic or organic compound that does not dissolve
in the inert hydrocarbon solvent in which the process
of the invention is carried out. Suitable inorganic
supports include silica, magnesium halides, such as
MgF2, MgCI2, MgBr2, MgI2, zeolites, and alumina.
Suitable organic supports include polymers. Some
non-limiting examples of polymeric supports are
polyolefins such as polystryrene, polypropylene and
polyethylene, polycondensates such as polyamides and
polyesters and combinations thereof. The invention
also relates to a process for the production of the
organometallic compound of formula 1. In this process
a organometallic reagent of formula 3 is contacted
with an amidine-containing ligand precursor according
to formula 2, with MLXp (formula 3), wherein M is a
metal from group 3, 4, 5, 6 or 7, or a metal from the
lanthanide series, and p is the valency of the metal
M, L is a neutral Lewis based ligand bonded to M, and
j represents an integer denoting the number of neutral
ligands L, and X is an anionic ligand bonded to M. An
amidine-containing ligand precursor can be a metal
salt of an amidine, an amidine, orthe HB adduct of an
amidine. If a metal salt of an amidine according to
formula 4 is used, the process as described above can
be carried out as such, with G N 



SUb1 J L Sub2 (formula 4), wherein SUb1 and Sub2 are
groups as described above, and G is a group comprising
a metal of group 1, 2, or 13 or a group comprising Si,
Ge, Sn or Pb. If G represents a group with a metal of
group 1, group G may further contain Lewis basic
ligands as defined for L. If group G contains a metal
of group 2, the group G contains a second anionic
ligand. This anionic ligand may be another negatively
charged amidine ligand or an anionic ligand as defined
for X. If the group G contains an atom of group 13,
this atom can further be substituted with two groups
which each can be either an amidinecontaining ligand
or an anionic group as defined for X, or combinations
thereof. If group G comprises an atom chosen from the
series of Si, Ge, Sn or Pb, this atom can be
substituted with three hydrocarbyl groups, optionally
containing at least one hetero atom of group 13 - 17.
If the process is carried out with an amidine
according to formula 5, or its HB adduct, N SUb1 Sub2
(formula 5) wherein Subi and Sub2 are groups as
described above, the process is carried out in the
presence of at least 1 equivalent of a base with
respect to the organometallic reagent. If the process
is carried out with the HB adduct of an
amidinecontaining ligand according to formula 5, the
process has to be carried out in the presence of at
least two equivalents of a base. The advantage of the
HB adduct of the amidine-containing ligand is that its
stability towards hydrolysis is significantly higher
than for the metal salt of formula 4 or the amidine of
formula 5. Methods for the preparation of amidine
ligands and the metal salt thereof are well known in
the art. Some non-limiting examples of B are halides,
such as fluoride, chloride, bromide, or iodide,
sulfate, hydrogen sulfate, phosphate, hydrogen
phosphate, dihydrogen phosphate, carbonate, hydrogen
carbonate, aromatic or aliphatic carboxylates,
cyanide, tetrafluoroborate, (substituted)
tetraphenylborates, fluorinated tetraarylborates,
alkyl or aryl sulfonates. If the method for the
preparation of the catalyst is carried out in the
presence of a base, suitable bases include amines,
phosphanes, carboxylates (for example potassium
acetate), fluorides, hydroxides, cyanides, amides and
carbonates of Li, Na, K, Rb, Cs, ammonium and the
group 2 metals Mg, Ca and Ba, the alkali metal (Li,
Na, K, Rb, Cs) phosphates and the phosphate esters
(eg. C6 H5 OP(O)(ONa) 2 and related aryl and alkyl
compounds) and their alkoxides and phenoxides,
thallium hydroxide, alkylammonium hydroxides and
fluorides. Some of these bases may be used in
conjunction with a phase transfer reagent, such as 



tetraalkylammonium salts or crown ethers. Stronger
bases may also be applied, for example carbanions such
as hydrocarbanions and hydrides of group 1, group 2,
group12 or group 13 elements. The alkalimetals of
group 1 may also be applied as a base. If the
spectator ligand is a diacidic spectator ligand, at
least two equivalents of a base are required.
Preferred bases include amines, organolithium
compounds, or organomagnesium compounds, alkali
metals, group 1 hydrides or group 2 hydrides. More
preferred bases are mono-, di-, or trialkylamines or
aromatic amines, organolithium compounds,
organomagnesium compounds, sodium hydride or calcium
hydride. In this application, aromatic amines are
understood to be compounds having a nitrogen atom in
an aromatic ring system or mono-, di-,
ortriarylamines. Even more preferred bases are
triethylamine, pyridine, tripropylamine,
tributylamine, 1,4-diaza-bicyclo[2.2.2]octane,
pyrrolidine or piperidine organolithium compounds, or
organomagnesium compounds. Examples of organomagnesium
compounds are methylmagnesium halides, phenylmagnesium
halides, benzylmagnesium halides, biphenylmagnesium
halides, naphthylmagnesium halides, tolylmagnesium
halides, xylylmagnesium halides, mesitylmagnesium
halides, dimethylresorcinolmagnesium halides,
N,N-dimethylanilinemagnesium halides,
dimethylmagnesium, diphenylmagnesium,
dibenzylmagnesium, bis(biphenyl)magnesium,
dinaphtylmagnesium, ditolylmagnesium,
dixylylmagnesium, dimesitylmagnesium,
bis(dimethylresorcinol)magnesium and
bis(N,Ndimethylaniline) magnesium. Examples of
organolithium compounds are methyllithium,
phenyllithium, benzyllithium, biphenyllithium,
naphthyllithium, lithio-dimethylresorcinol and
lithio-N,N-dimethylaniline. In a most preferred
embodiment of the process of the invention the neutral
ligand L can be the base. In this case, depending on
the number of neutral ligands and the number of
required equivalents of a base, there is no need, or a
reduced need, for an added base. Examples of L serving
as a base are mono-, bi- or multidentate amines,
momo-, bi-, or multidentate phoshanes, aza or
phospha-crown ethers, or combinations thereof. In
order to obtain an organometallic compound that can be
activated by advanced activators, such as boron
comprising activators (boranes, borates), the anionic
ligand X in the organometallic compound has to be a
hydrocarbyl group. The process for the preparation of
the organometallic compound is therefore optionally
carried out in the presence of a hydrocarbylating
agent. In this application, hydrocarbylating agents
are understood to be nucleophilic groups comprising a
metalcarbon bond, a metalloid-carbon bond or a metal
or metalloid hydride bond. Thenumber of equivalents
required for a process for the preparation of a
hydrocarbylated organometallic compound is at least
the number of the anionic ligands X that has to be
replaced by a hydrocarbylating agent. Suitable
hydrocarbylating agents are tri- or tetrahydrocarbyl
boron, tri- or tetrahydrocarbyl aluminium, tri- or
tetrahydrocarbyl 



gallium, tri- or tetrahydrocarbyl indium and di- or
tetrahydrocarbyl tin, or the reaction products of
these hydrocarbylating agents with sterically hindered
alcohols, thiols, amines or phosphanes. Preferably the
hydrocarbylating agent comprises a metal or a
metalloid chosen from group 1, 2, 11, 12, 13 or 14.
Examples of hydrides from metals or metalloids of
group 1, 2, 11, 12, 13, 14 are lithium hydride, sodium
hydride, potassium hydride, calcium hydride, magnesium
hydride, copper hydride, zinc hydride, cadmium
hydride, borane, aluminum hydride, gallium hydride,
silicon hydride, germanium hydride and tin hydride.
More preferably the hydrocarbylating agent comprises
Li, Mg, Zn, or Al. Examples of Li-contatning
hydrocarbylating agents are methyllithium,
phenyllithium, benzyllithium, biphenyllithium,
naphtyllithium, lithio-dimethyiresorcinol, and
lithio-N,N-dimethylaniline. Examples of
magnesium-containing hydrocarbylating agents are
methylmagnesium halide, phenylmagnesium halide,
benzylmagnesium halide, biphenylmagnesium halide,
naphtylmagnesium halide, tolylmagnesium halide,
xylylmagnesium halide, mesitylmagnesium halide,
dimethylresorcinolmagnesium halide,
N,N-dimethylanilinemagnesium halide,
dimethylmagnesium, diphenylmagnesium,
dibenzylmagnesium, (biphenylene)magnesium,
dinaphtylmagnesium, ditolylmagnesium,
dixylylmagnesium, dimesitylmagnesium,
bis(dimethylresorcinol)magnesium and
bis(N,N-dimethylaniline)magnesium. Examples of
aluminium-containing hydrocarbylating agents are
diisobutylaluminium hydride, C1-C2O trihydrocarbyl
aluminium, and hydrocarbyl aluminoxanes. The process
for the preparation of the organometallic compound
according to the invention is preferably carried out
in a solvent. Suitable solvents are solvents that do
not react with the organometallic reagent or the
organometallic compound formed in the process of the
invention. Examples of suitable solvents are aromatic
and aliphatic hydrocarbons, halogenated hydrocarbons,
amides of the aliphatic carboxylic acids and primary
or secondary amines, DMSO, nitromethane, acetone,
acetonitrile, benzonitrile, ethers, polyethers, cyclic
ethers, lower aromatic andaliphatic ethers, esters,
pyridine, alkylpyridines, cyclic and primary or
secondary amines, and mixtures thereof. Preferred
solvents include aromatic or aliphatic hydrocarbons or
mixtures thereof. The process for the preparation of
the catalyst according to the invention is carried out
by contacting an amidine-containing ligand with an
organometallic reagent of formula 3. The desired
organometallic compound is often formed
instantaneously. Excess of a base may be applied
without negative effects on the reaction product.
During the reaction, a salt is formed. The reaction
mixture as 



obtained by contacting an amidine-containing ligand
with an organometallic reagent according to formula 3
can be used as a catalyst in a polyolefin
polymerization without an additional filtration step
if the salt formed during the reaction is compatible
with the polymerisation process. If a salt free
organometallic compound is required, the salt can be
removed by filtration. Depending on the solubility of
the organometallic compound, the mixture may be heated
and then filtered. An advantage of the present
invention is that the filtrate may be used as such
without further purification in a following process,
such as a hydrocarbylation step or a polymerization
process. If desired, the organometallic compound may
be isolated by distillation of the solvent, by
precipitation or by crystallization from a suitable
solvent. Preferably, the process of the invention is
carried out in the presence of a boron-containing or
aluminium-containing co-catalyst in the presence of a
catalyst according to the invention, which is formed
in situ in the polymerization equipment. The invention
further relates to polymers obtainable with the
catalyst of the invention. Figures Figure 1 shows the
X-ray structure of Me5CpTiMe2(NC(Ph)(C5Hi 0N). Figure
2 shows the X-ray structure of CpTiCI2(NC(Ph)(1Pr2N).
Figure 3 shows the X-ray structure
CpTiCI2(NC(2,6-F2Ph)(iPr2N). Figure 4a shows the X-ray
structure of CpTiCI2(NC(2,6-CI2Ph)('Pr2N) in a first
projection. Figure 4b shows the X-ray structure of
CpTiCI2(NC(2,6-CI2Ph)(1Pr2N) in a second projection.
The invention is further illustrated by the following
examples. Test methods. Size Exclusion Chromatography
(SEC) coupled to Refractive Index (Rl) and
Differential Viscometry (DV) detection.
(SEC-DV)Equipment: PL220 (Polymer Laboratories) SEC
with PL220 DRI concentration detector and Viscotek
220R viscometry detector. Detectors are operated in
parallel configuration . Erma solvent degasser
ERC-3522 Data processing: Viscotek data processing
software, TriSEC 2.7 or higher version Columns: Toyo
Soda (TSK) GMHHR- H(S) HT mixed bed (4x) Calibration:
Universal calibration with linear polyethylene (PE)
standard (molecular weight 0.4-4000 kg/mol)
Temperature: 145 0C Flow: 1.0 ml/min Injection volume:
0.300 ml Solvent/eluent: Distilled
1,2,4-trichlorobenzene with about 1 g/l of lonol 



stabilizer Sample preparation: Dissolving for 4 hours
at approx. 150 0C Filtration through 1.2 micron Ag
filter Sample concentration approx. 1.0 mg/ml
SEC-MALLS was measured with a PL-GPC210 with Wyatt
DAWN EOS; 2 PL 2Ou mixed A columns; Software : Wyatt
Astra 4.90; Eluent: 1,2,4-trichlorobenzene at 160 0C
Intrinsic Viscosity (IV) was measured at 135 0C in
decahydronaphtalen as solvent. NMR (1H, 300 MHz, 13C
75.7 MHz, and 19F at 282 MHz) spectra were measures on
a Bruker Avance 300 spectrometer. Fourier
transformation infrared spectroscopy (FT-IR), was used
to determine the composition of the copolymers
according to the method that is known in the art. The
FT-IR measurement gives the composition of the various
monomers in weight per cents relative to the total
composition. The Mooney viscosity (ML(1 +4) 125 0C)
and Mooney Stress Relaxation (MSR) were measured
according to ISO 289 on a Monsanto Mooney MV2000E.
Part I . Synthesis of ligands and compounds General.
All experiments were carried out under nitrogen using
Schlenk linetechniques. Diethylether an n-hexane were
dried by distillation from sodium potassium alloy
using benzophenone ketyl as indicator. Toluene was
dried by distillation from sodium using benzophenone
ketyl as indicator. All other reagents were used as
received without further purification. Synthesis of
compound for the comparative Experiments Comparative
Compound I-A (Me5CpTiCI2(NC(^eAf-Bu2)) and Comparative
Compound I-B (Me5CpTiMe 2(NC^eZf-Bu 2)) were prepared
as described in US 6 114481 . Comparative Compound Il
(Me2SiC5Me4(N-f-Bu)TiMe"2) was purchased from Boulder.
Comparative Compound III (CpTiCl 2((Mer2N)3P=N)) was
prepared as described in Example Xl
ofWO-A-2005/014664. Comparative compound IV
(1,3-bis(2,6-diisopropylphenyl)- iminoimidazoline
cyclopentadienyl titanium dimethyl) was prepared as
described in Example IV of WO 2005/014663 Synthesis of
MbsCpTiCI?(NC(Ph)(C sHinN) (Compound 1). A solution of
benzylmagnesium chloride (21.1 mL, 1.0 M, 21.1. mmol)
in diethylether was slowly added to a solution of
piperidine ( 1 .79 g, 2 1.1 mmol) in diethylether (40
mL) . After the addition, the reaction mixture was
refluxed for 1.5 hours and allowed to cool to room
temperature subsequently. Next, benzonitrile (2.17 g,
21.1 



mmol) was added to the white suspension resulting in a
yellow suspension, which was stirred for 16 hours. The
mixture was cooled to - 700C and a solution of
Me5CpTiCI3 (6.10 g , 21.1 mmol) in toluene (40 mL) was
added. The solvents were removed in vacuo and the
residue was extracted with toluene (40 mL) twice. The
solvent was removed in vacuo and the yellow/orange
residue was rinsed three times with n-hexane (20 mL)
resulting in a pure yellow powder (8.20 g, 88%). This
powder was characterized by 1H NMR (300 MHz) (CDCI3) d
(ppm): 7.5 (m, 2H), 7.3 (m, 3H), 3.5 (bs, 4H), 1.9 (s,
15H), 1.6 (bs, 6H) and by 13C-NMR (75.5 MHz) (CDCI3) d
(ppm) 163.9 134.6,129.5,128.4, 128.2, 48.0 (bs), 46.0
(bs), 26.1 (bs), 24.1, 12.9. Synthesis of Me CpTiMe
?(NC(Ph)(C Hi N) (Compound 2) A solution of MeMgBr in
diethylether (9.7 mL, 3.0 M, 29.1 mmol) was added to a
suspension of Me5CpTiCI2(NC(Ph)(C 5H10N) (6.40 g, 14.4
mmol) in diethylether at - 700C. After the addition,
the mixture was allowed to warm to roomtemperature and
stirred for 16 hours. The ether was removed in vacuo
and the resulting yellow solid was extracted with
n-hexane twice (20 mL). Single crystals of pure
product (3.65 g, 63%) were obtained by cooling the
filtrate to - 200C. These crystals were characterized
by 1H NMR (300 MHz) (CDCI3) d (ppm): 7.5 (m, 2H), 7.4
(m, 3H), 3.6 (m, 4H) 1.8 (s, 15H), 1.7 (m, 6H), 0.1
(s, 6H) and by 13C-NMR (75.5 MHz) (CDCI3) d (ppm):
159.8, 138.4, 128.3, 127.9. 127.5, 119.4, 59.9, 47.4
(bs), 44.3, 26.9, 26.3, 24.9, 12.0, 11.5. The X-ray
structure is shown in Fig. 1. Synthesis of ^dTiCI
(NC(Ph)(C sH nN) toluene adduct (Compound 3).
Benzylmagnesiumchloride (4.0 mL, 1.0M, 4.0 mmol) was
added to a solution of piperidine (0.34 g, 4.0 mmol)
in diethylether (40 mL) The mixture was heated to
reflux for 1 h. Next, benzonitrile (0.42g, 4.1 mmol)
was added at room temperature. After stirring for 16
h, toluene (20 mL) and lndTiCI3 (1.08 g, 4.0 mmol)
were added at - 780C and the mixture was allowed to
warm to room temperature. After 16 h, the solvents
were removed under reduced pressure and the product
was extracted with toluene (2 X 20 mL). n-Hexane (40
mL) was added and the product was crystallised at -
200C, resulting in 1.21 g (59%) crystals. These
crystals were characterized by 1H NMR (300 MHz)
(CDCI3) d (ppm): 7.0-7.5 (m, 14H), 3.7 (m, 2H), . 3.2
(bs, 2H), 2.3, (s, 3H),1.6 (m, 6H). Synthesis of the
ligand 2-(2
6-dimethyl-phenyl)-2,3-dihvdro-isoindol-1-ylideneamine
hydrobromide 2,6-dimethylaniline (6.2g, 5 1 mmol) was
added to a solution of 2- cyanobenzylbromide (10.0 g,
5 1 mmol) in toluene (250 ml). The solution was heated
to reflux for 18 hours. The formed solid was filtered
off and washed with toluene (2X25 ml). After drying
11.5 g of the desired compound was obtained as a white
solid. The filtrate was heated to reflux for 20 hours.
Another 1.5 g of pure product was obtained leading to
a total yield of 13.0 g (80%). The product was
characterized by 1H NMR (300 MHz) (CDCI3) d (ppm):
11.1 (bs,1 H), 9.1 (d, 1H), 7.7 (m, 3H), 7.6 (t, 1H),
7.3 (dd, 1H), 7.2 (dd, 2H), 4.9 (s, 2H), 2.1 (s, 6H)
and by 13C NMR (75MHz) (CDCI3) d 



(ppm): 162.9, 141.8, 136.3, 134.7, 131.5, 131.4,
130.4, 129.7, 127.6, 127.5 123.7, 57.8, 18.0.
Synthesis of CpTiCb C fiHisN ) (Compound 4). CpTiCI3
(1.1 g, 5.0 mmol) and
2-(2,6-dimethyl-phenyl)-2,3-dihydroisoindol-
1-ylideneamine hydrobromide (1.6g, 5.0 mmol) were
suspended in toluene (50ml). Triethylamine ( 1 .5 ml_)
was added and the reaction mixture was stirred at room
temperature for 18 hours. The solids were filtered off
and the solvent was removed in vacuo from the
filtrate. The solid was extracted once with toluene
(80 ml). The extract was added to the first fraction
of product and the solvent was removed in vacuo
leaving 0.82g (39%) of a dark red powder. These
crystals were characterized by 1H NMR (300 MHz)
(CDCI3) d (ppm): 7.9 (d, 1H), 7.6 (t, 1H), 7.5 (t,
2H), 7.2 (t, 1H), 7.1 (d, 2H), 6.2 (s, 5H), 4.7 (s,
2H), 2.3 (s, 6H) and by13C NMR (75MHz) (CDCI3) d
(ppm): 139.2, 134.7, 133.4, 131 .5, 130.2, 127.2,
126.9, 126.6, 123.8, 120.7, 117.1, 113.9, 52.4, 16.1 .
Synthesis of CpMe TiCI (Ci RHi N ) (Compound 11)
Me5CpTiCI3 ( 1 .1g, 3.8 mmol) and
2-(2,6-dimethyl-phenyl)-2,3-
dihydro-isoindol-1-ylideneamine hydrobromide (1.1 g,
3.5 mmol) were suspended in toluene (40 ml_) .
Triethylamine (2.0 ml) was added and the reaction
mixture was stirred at room temperature for 18 hours.
The reaction mixture was heated and filtered. From the
filtrate, a small amount of solvent (1OmL) was
evaporated and the remaining solution was stored at
-2O0C. The liquid was decanted from the obtained
crystals. The crystals were dried yielding 0.23g
(14%). These crystals were characterized by1H NMR (300
MHz) (CDCI3) d (ppm): 7.8 (d, 1H), 7.5 (m, 3H), 7.1
(m, 3H), 4.7 (s, 2H), 2.3 (s, 6H), 1.9 (s, 15H) and by
13C NMR 75MHz (CDCI3) d (ppm): 160.7, 140.9, 137.3,
136.3, 134.9, 131.8, 129.1 , 129.0, 128.9, 128.2,
125.6, 123.1, 54.2, 19.0, 13.3. Synthesis of the
ligand N.N-diisopropylbenzamidine. A solution of
MeMgBr in ether (50.0 ml_, 3.0 M, 0.15 mol)was added
to a solution of diisopropylamine (16.17 g, 0.16 mol)
in toluene (250 ml_) at 5O0C. The mixture was stirred
for 1.5 h and a white precipitate formed. Next, the
mixture was cooled to O0C and benzonitrile (15.4 g,
0.15 mol) was added. The mixture was allowed to warm
to room temperature and stirred for 16 h subsequently.
The conversion, determined by GC, appeared to be 90%.
The mixture was quenched with water (100 mL). The
organic phase was separated from the aqueous phase and
the latter was extracted with diethylether (50 mL)
twice. The combined organic phases were dried over
Na2SO4, filtered and the solvents were removed under
reduced pressure. The crude product was distilled at
145 0C at reduced pressure (0.52 mbar) resulting in
15.3 g (50%) of pure product. The ligand was
characterized by 1H NMR (300 MHz) (CDCI3) d (ppm): 7.2
(m, 5H), 5.7 (bs, 1H), 3.5 (p, 2H), 1.2 (d, 12H)and by
13C-NMR (75.5 MHz) (CDCI3) d (ppm) 168.4, 141.8,
128.8, 128.5, 126.2, 48.6, 21.2.Synthesis of CpTiCI
(NC(Ph)CPr N) (Compound 5 ) . Toluene (50 mL) was
added to a mixture of CpTiCI3 (1.03 g, 4.7 mmol) and
N,N-diisopropylbenzamidine (0.95 g, 4.7 mmol). Et3N
(2.5 mL, 1.83 g , 18.1 mmol) was added to the
resulting bright orange suspension and the mixture was



stirred for 64 h. 1H-NMR showed 100 % conversion to
the desired complex, without any detectable amounts of
by-products. The mixture was filtered and the product
was crystallised from this solution at - 200C,
resulting in 0.98 g (53%) single crystals. These
crystals were characterized by 1H NMR (300 MHz)
(CDCI3) d (ppm): 7.4 (m, 3H), 7.2 (m, 2H), 6.1 (s,
5H), 3.6 (bd, 2H), 1.6 (bs, 6H), 1.1 (bs, 6H) and by
13C-NMR (75.5 MHz) (CDCI3) d (ppm) 166.9, 138.4,
129.8, 129.4, 126.1 , 116.0, 53.4 (bs), 49.2 (bs),
20.7 (bs). The X-ray structure is given in Figure 2.
Synthesis of Me CpTiCI (NC(Ph)('Pr N) (Compound 6).
Et3N (2.5 mL, 1.83g, 18.1 mmol) was added to a
suspension of Me5CpTiCI 3 ( 1 .45 g, 5.0 mmol) and
N,N-diisopropylbenzamidine ( 1.00 g, 4.9 mmol) in
toluene (50 mL). The mixture was stirred for 16 h.
1H-NMR showed 100 % conversion to the desired complex,
without any detectable amounts of by-products. The
mixture was filtered, the residue rinsed with n-hexane
and the product was crystallised from this solution at
- 200C, giving 1.20 g (54%) crystals. The product was
characterized by 1H NMR (300 MHz)(CDCI 3) d (ppm): 7.3
(m, 5H), 3.7 (bs, 2H), 1.8 (s, 15H), 1.5 (bs, 6H), 1.1
(bs, 6H) and by 13C-NMR (75.5 MHz) (CDCI3) d (ppm)
165.5, 138.1, 129.0, 128.7, 127.2, 52.5 (bs), 48.3
(bs), 21.1 (bs), 12.9. Synthesis of the ligand
N,N-diisopropyl-2.6-difluoro-benzamidine. A solution
of EtMgBr in ether (8.0 mL, 3.0 M, 24 mmol) was added
to a solution of diisopropylamine (2.50 g, 24.8 mmol)
in toluene (60 mL) at 50C. The mixture was stirred for
1 h and a white precipitate formed. Next, the mixture
was cooled to 00C and 2,6-dilfuorobenzonitrile (3.34
g, 24 mmol) was added. The mixture was allowed to warm
to room temperature and stirred for 16 h subsequently.
The conversion, determined by GC, appeared to be 98%.
The mixture was quenched with an aqueus NH4CI solution
(1%, 100 mL). The organic phase was separated from the
aqueous phase and the latter was extracted with
diethylether (200 mL) twice. The combined organic
phases were dried over Na2SO4, filtered and the
solvents were removed under reduced pressure giving
5.40 g (91%) of pure product. The ligand was
characterized by 1H NMR (300 MHz) (CDCI3) d (ppm): 7.2
(m, 1H), 6.8 (m, 2H), 5.5 (bs, 1H), 3.7 (bs, 1H), 3.4
(bs, 1H), 1.5 (bs, 6H), 1.0 (bs, 6H), by 13C NMR 75MHz
(CDCI3) d(ppm): 158.9 (dd, J = 248Hz J = 8Hz), 155.7,
130.1 , 130.0, 129.8, 112.1, 112.0, 111.9, 111.852.0
(bs), 46.2 (bs), 2 1.3, 20.5 and by 19F (282 MHz)
(CDCI3) d (ppm) - 114 . Synthesis of CpTiCl9(NC(2,6-F
Ph)('Pr,N) (Compound 7). Et3N (2.00 mL, 1.44 g, 14.3
mmol) was added to a mixture of CpTiCI 3 (1.00 g, 4.56
mmol) and N,N-diisopropyl-2,6-difluorobenzamidine
(1.09 g, 4.56 mmol) in toluene (60 mL). A precipitate
was formed immediately and the yellow-orange mixture
was stirred for 64 h subsequently. The mixture was
filtered at 800C and the product was crystallised from
this solution at 4C, resulting in 1.40 g (73%) single
crystals. The product was characterized by 1H NMR (300
MHz) (CDCI3) d (ppm): 7.4 (m, 1H), 7.0 (m, 2H), 6.26
(s, 5H), 3.6 (m, 2H), 1.6 (d, 6H), 1.1 (d, 6H), by
13C-NMR 



(75.5 MHz) (CDCI3) d (ppm) 158.2 (dd, J=250 Hz and J=8
Hz), 155.1, 131.3 (t, J=9 Hz), 116.4, 115.2 (t, J= 23
Hz), 112.4 (m), 54.1, 49.4, 20.8 and by19F (282 MHz)
(CDCI3) d (ppm) - 114. The X-ray structure is depicted
in Figure 3 . Synthesis of TMSCpTiCUNC(2,6-F,Ph)('Pr N
(Compound 8). TMSCpTiCI 3 was prepared as described in
J.C.S., Dalton Trans., 1980, 1156. Et3N (2.0 mL, 1.44
g, 14.3 mmol) was added to a mixture of TMSCpTiCI 3 (
1.21 g, 4.17 mmol) and
N,N-diisopropyl-2,6-difluorobenzamidine (1.00 g , 4.17
mmol) in toluene (60 mL) A precipitate was formed
immediately and the red mixture was stirred for 64 h
subsequently. The mixture was filtered and the
solvents were removed under reduced pressure. The
product was precipitated from n-hexane at 4C,
resulting in 1.08 g (52%) of an orange powder. The
product was characterized by 1H NMR (300 MHz) (CDCI3)
d (ppm): 7.3 (m, 1H), 6.9 (m, 2H), 6.3 (m, 2H), 6.1
(m, 2H), 3.5 (m, 2H) 1.6 (d, 6H), 1.1 (d, 6H) 0.1 (s,
9H), by 13C-NMR (75.5 MHz) (CDCI3) d (ppm) 158.4 (dd,
J=250 Hz and J=8 Hz), 154.7, 131.3 (t, J=10 Hz),
130.5, 123.8, 117.8, 115.5, 112.5 (m), 54.2, 49.5,
21.0, 0.0 and by 19F (282 MHz) (CDCI3) d (ppm) - 114.
Synthesis of Me CpTiCUNC(2.6-F,Pri)('Pr N) (Compound
10). Me5CpTiCI3 (7.24g, 25 mmol) and
N,N-diisopropyl-2,6- difluorobenzamidine (6.05g, 25.2
mmol) were dissolved in toluene (150 mL). Next,
triethylamine (4.0 mL, 2.9 g, 29 mmol) was added and
the reaction mixture was stirredfor 18 hours. The
reaction mixture was filtered and the residue was
rinsed once with toluene (60 ml_). The solvent of the
combined organic phases was removed in vacuo. The
residue was triturated with hexane (60 mL) once
resulting in 12.18 g (99%) orange powder. These
crystals were characterized by 1H NMR (300 MHz)
(CDCI3) d (ppm): 7.2 (pent, 1H), 6.9 (dd, 2H), 3,8
(bs, 1H) 3,6 (sept, 1H), 2.0 (s, 15H), 1.5 (d, 6H),
1.1 (d, 6H) and by 13C-NMR (75.5 MHz) (CDCI3) d (ppm)
157.1 (dd, J=250 Hz and J=8 Hz), 152.3, 129.3 (t, J=10
Hz), 126.4,1 13.6 (t, J = 23 Hz), 110.8 (m), 51.4
(bs), 47.3, 19.5, 19.3, 12.0. Synthesis of Me CpTiMe
?(NC(2,6-F,Ph)('Pr ;,N) (Compound 10M). A solution of
methylmagnesiumbromide (16.5 mL, 3.0M solution in
diethylether, 49.5 mmol) was added to a solution of
Me5CpTiCI2(NC(2, 6-F2Ph)(1Pr2N) (12.18g, 24.7mmol) in
toluene (100 mL) at -78C. The reaction mixture was
stirred at room temperature for 18 hours. The reaction
mixture was filtered and the solvent from the filtrate
was removed in vacuo. The residue was triturated with
hexane (10OmL) resulting in 10.9 g of pure product as
a yellow powder (97%). These crystals were
characterized by 1H NMR (300 MHz) (CDCI3) d (ppm): 7.8
(d pent, 1H), 7.0 (dd, 2H) 4.0 (bs, 1H) 3,8 (sept,
1H), 1.9 (s, 15H) 1.8 (d, 6H), 1.3 (d, 6H), 0.0 (s,
6H) and by 13CNMR (75.5 MHz) (CDCI3) d (ppm): 157.3
(dd, J=248 Hz and J=8 Hz) 146.5, 127.1 (t, J=IO Hz),
118.7, 117.2 (t, J = 25 Hz), 110.3 (m), 50.5, 47.1,
45.9, 20.1, 19.4, 10.3. 



Synthesis of the ligand
C-anthracen-9-yl-C-piperidin-i-yl-methyleneamine
(piperidinoanthramidine) A solution of MeMgBr in ether
(3.3 mL, 3.0 M, 9.9 mmol) was added to a solution of
piperidine (1.1 1 g, 13.1 mmol) in toluene (50 mL) at
500C. The mixture was stirred for 1 h and a white
precipitate formed. Next, the mixture was cooled to
00C and 9-cyanoantracene (2.00 g, 9.9 mmol) was added.
The mixture was allowed to warm to room temperature
and the mixture was stirred for 16 h subsequently. The
conversion, determined by GC, appeared to be 98%. The
mixture was quenched with an aqueous NH4CI solution
(1%, 150 mL). The organic phase was separated from the
aqueous phase and the latter was extracted with CH2CI2
(250 mL) twice. The combined organic phases were dried
over Na2SO4, filtered and the solvents were removed
under reduced pressure resulting in a sticky residue.
Pure product 1.76 g (62%) was obtained by rinsing the
residue with ligroin. The ligand was characterized by
1H NMR (300 MHz) (CDCI3) d (ppm): 8.4 (s, 1H), 7.9 (m,
4H), 7.4 (m, 4H), 5.8 (bs, 1H), 4.0 (bt, 2H), 2.7 (bt,
2H), 1.8 (bm, 2H), 1.5 (p, 2H), 1.2 (bm, 2H) and by
13C-NMR (75.5 MHz) (CDCI3) d(ppm): 163.3, 130.7,
129.4, 126.6, 125.8, 125.3, 124.6, 123.8, 123.5, 46.5,
41.8, 25.0, 23.8, 22.8. Synthesis of
CpTiCI?(NC(anthracene)(C H1nN) (Compound 9 . Et3N
(2.00 ml_, 1.44 g , 14.3 mmol) was added to a mixture
of CpTiCI 3 (0.62 g, 2.8 mmol) and
piperidinoanthramidine (0.82 g, 2.8 mmol) in toluene
(50 ml.) and the mixture was stirred for 16 h
subsequently. The mixture was filtered at 800C and the
solvent was removed under reduced pressure. The
product was crystallised from hot toluene, resulting
in 0.83 g (63%) small yellow-orange crystals. The
product was characterized by 1H NMR (300 MHz) (CDCI3)
d (ppm): 8.5 (s, 1H), 8.0 (d, 4H), 7.7 (t, 2H) 1 7.6
(t, 2H), 7.4 (t, 2H), 5.9 (s, 5H), 4.2 (m, 2H), 2.9
(m, 2H), 1.9 (m, 2H), 1.6 (m, 2H), 1.3 (m, 2H) and by
13C-NMR (75.5 MHz) (CDCI3) d (ppm) 162.8, 131.5,
129.3, 128.9, 127.9, 126.4,125.1, 116.1 , 49.4, 47.6,
27.4, 26.9, 24.5. Synthesis of the ligand
N,N-diisopropyl-2,6-dichloro-benzamidine. A solution
of MeMgBr in ether (10 ml_, 3.0 M, 30 mmol) was added
to a solution of diisopropylamine (3.38 g, 33.5 mmol)
in toluene (50 ml.) at 500C. The mixture was stirred
for 1 h and a white precipitate formed. Next, the
mixture was cooled to 00C and 2,6-dichlorobenzonitrile
(5.0 g, 29 mmol) was added. The mixture was allowed to
warm to room temperature and the mixture was stirred
for 16 h subsequently. The conversion, determined by
GC, appeared to be 100%. The mixture was quenched with
an aqueous NH4CI solution (1%, 150 ml_) . The organic
phase was separated from the aqueous phase and the
latter was extracted with CH2CI2 (250 ml_) twice. The
combined organic phases were dried over Na2SO4,
filtered and the solvents were removed under reduced
pressure resulting in a sticky residue. Pure product
2.50 g (31%) was obtained by rinsing the residue with
ligroin. A second portion of pure ligand (5.20 g
(65%)) was obtained by evaporating the solvent slowly.
Total yield: 7.70 g (97%). The ligand was
characterized by 1H NMR (300 MHz) (CDCI3) d (ppm):7.3
(m, 



2H), 7.1 (m, 1H), 3.6 (p, 1H), 3.2 (p, 1H), 1.6 (d,
6H), 1.1 (d, 6H) and by 13C-NMR (75.5 MHz) (CDCI3) d
(ppm) 160.7, 138.5, 132.7, 129.5, 128.6, 52.7, 46.2,
21.5, 20.2. Synthesis of CpTiCI ?((2,6-CI
Ph)('Pr,N)C=N) (Compound 13). Et3N (2.5 ml_, 1.8 g, 18
mmol) was added to a mixture of CpTiCI3 (0.92 g, 4.2
mmol) and N,N-diisopropyl-2,6-dichlorobenzamidine ( 1
.15 g, 4.2 mmol) in toluene (60 ml_) . The mixture was
stirred for 16 h subsequently. The mixture was
filtered at 1000C and the product was crystallised
from this solution at - 200C, resultingin 1.15 g (61%)
red single crystals. The product was characterized by
1H NMR (300 MHz) (CDCI3) d (ppm): 7.3 (m, 2H), 7.2 (m,
1H), 6.3 (s, 5H) 3.6 (p, 1H), 3.4 (p, 1H), 1.7 (d,
6H), 1.2 (d, 6H) and by 13C-NMR (75.5 MHz) (CDCI3) d
(ppm) 161.4, 135.0, 130.7, 128.9, 116.4, 54.2, 49.4, 2
1.1, 20.7. The X-ray structure is given in the figures
4A and 4B. Figure 4B clearly shows that the nitrogen
atom N2 has no interaction with the Ti atom. Synthesis
of compound Me CpTiCI?((2. 6-CI Ph)(1Pr N)C=N)
(Compound 12). Me5CpTiCI3 (1.0 g, 3.5 mmol) and the
ligand (0.94g, 3.5 mmol) were dissolved in toluene (40
ml_) . Triethylamine (2 ml.) was added and the
reaction mixture was stirred at room temperature for
18 hours. The reaction mixture was heated and filtered
to remove solids. From the filtrate, a small amount of
solvent (1OmL) was evaporated in vacuo. The resulting
solution was stored at -2O0C for crystallization. The
solution was decanted and the crystals were dried in
vacuo. The crystallisation was repeated twice to
obtain 0.33g (18%) of pure product. These crystals
were characterized by 1H NMR (300 MHz) (CDCI3) d
(ppm): 7.2 (d, 1H), 7.1 (dd, 2H), 3,7 (m, 1H) 3,5
(sept, 1H), 2.0 (s, 15H), 1.6 (d, 6H), 1.2 (d, 6H).
Synthesis of the ligand
N-(2,6-dimethyl-phenyl)-N-ethyl-anthracene-9-carboxami
dine. Aacetaldehyde (10 g, 0.23 mol) and molsieves
ware subsequently added to a solution of
2,6-dimethylaniline (25.0 g, 0.21 mol) in degassed
diethylether (250 mL). After 16 hours, the conversion
(by GC) appeared to be 64%. The mixture was filtered
and the solvent was removed in vacuo, resulting in
28.2 g residue. This residue was dissolved in degassed
ether (250 mL) and acetaldehyde (20 g, 0.45 mol) and
molsieves were added. After stirring for 5 h, the
conversion appeared to be 96% (GC). The mixture was
filtered, dried from Na2SO4, filtered. The solvent was
removed in vacuo giving 29.2 g (96%) pure imine, being
a mixture of Z and E isomers. The imine was dissolved
in a mixture of THF (150 mL) and MeOH (150 mL) and
cooled to 0C. To the solution was added NaBH4 (15.2 g,
0.40 mol) portion wise. The reaction was exothermal
and gas formation was clearly observed. After the
addition, the mixture was allowed to warm to room
temperature. The reaction was still exothermal and the
temperature increased to 40C. The mixture was
carefully quenched with water when room temperature
was reached. The organic solvents were removed under
reduced pressure and the residue subsequently
extracted with ether (3 X 150 mL). The combined
organic phases were dried from Na2SO4, filtered and
the ether was removed in vacuo. Pure
N-ethyl-2,6-dimethylaniline (25.7 g, 90%) wasobtained
after short path distillation. 



A solution of MeMgBr (4.5 ml_, 3.0 M in ether, 13.5
mmol) was added to a solution of
N-ethyl-2,6-dimethylaniline (2.04 g, 13.7 mmol) in
toluene (50 ml_) The mixture was heated to 50C
subsequently. After stirring for 1 h, the mixture was
cooled to 00C and 9-cyanoanthracene (2.74 g, 13.7
mmol) was added. The mixture was stirred for 16 h at
room temperature. The colour of the mixture was dark
green. The mixture was quenched with water and the
product was extracted with ether (3 X 100 ml_). The
combined organic phases were dried from Na2SO4,
filtered and the solvent was removed at reduced
pressure. The crude product was further purified by
trituration with ligroin/ether (4:1). The product was
dried resulting in 2.50 g (53%). The product was
characterized by 1H NMR (300 MHz) (CDCI3) d (ppm): 8.5
(s, 1H), 8.4 (d, 2H), 8.1 (d, 2H), 7.6 (p, 4H), 7.3
(s, 3H), 5.7 (vbs, 1H), 3.1 (q, 2H), 2.7 (s, 6H), 0.70
(t, 3H) and by 13C-NMR (75.5 MHz) (CDCI3) d (ppm)
164.1 , 137.6, 131 .8, 129.9, 129.3, 129.1, 128.2,
128.1 , 126.8, 126.7, 126.4, 125.9, 125.7, 46.7, 20.0,
14.6. Synthesis of CpTiCU(anthracyl)(Et(2,6-Me
Ph)N)C=N) (Compound 14). Et3N (2:5 ml_, 1.8 g , 18
mmol) was added to a mixture of CpTiCI3 (0.75 g, 3.4
mmol) and
N-(2,6-dimethyl-phenyl)-N-ethyl-anthracene-9-carboxami
dine ( 1.20 g, 3.4 mmol) in toluene (50 ml_) . The
mixture was stirred for 16 h subsequently. The mixture
was filtered at 100C and the product was crystallised
from this solution at - 200C, resulting in 1.24 g
(68%) crystals. The product was characterized by 1H
NMR (300 MHz) (CDCI3) d (ppm): 8.5 (d, 3H), 8.0 (d,
2H), 7.7 (t, 2H), 7.5 (t, 2H), 7.2 (m, 5H), 6.0 (s,
5H), 3.1 (q, 2H), 2.7 (s, 6H), 0.7 (t, 3H) and by
13C-NMR (75.5 MHz) (CDCI3) d (ppm) 168.0, 136.14,
131.7, 129.9, 129.5, 129.4, 129.0, 128.6, 127.6,
126.2, 125.4, 116.1 , 47.9, 20.4, 13.8. Synthesis of
the liqand N,N-diisopropyl-o-toluamidine. A solution
of MeMgBr in ether (12.9 ml_, 3.0 M, 38.7 mmol) was
added to a solution of diisopropylamine (3.91 g, 38.7
mmol) in toluene (60 mL) at 5O0C. The mixture was
stirred for 1 h and a white precipitate formed. Next,
the mixture was cooled to 00C and tolunitrile (4.53 g,
38.7 mmol) was added. The mixture was allowed to warm
to room temperature and stirred for 16 h subsequently.
The mixture was quenched with water (100 mL). The
organic phase was separated from the aqueous phase and
the latter was extracted with diethylether (150 mL)
twice. The combined organic phases were dried over
Na2SO4, filtered and the solvents were removed
underreduced pressure giving a sticky residue. This
residue was triturated with ligroin giving 4.40 g
(52%) pure product. The ligand was characterized by 1H
NMR (300 MHz) (CDCI3) d (ppm): 7.1 (m, 4H), 5.6 (bs,
1H), 3.5 (bs, 2H)1 2.2 (s, 3H), 1.3 (bd, 12H) and by
13C-NMR (75.5 MHz) (CDCI3) d (ppm): 167.1 , 141.1,
133.9, 130.6, 128.0, 126.2, 21.2 (bs), 19.3. Synthesis
of CpTiCUf(O^oIvI)(1Pr N)C=N) (Compound 21). Et3N (2.7
ml_, 2.0 g, 20 mmol) was added to a mixture of CpTiCI3
(3.61 g, 16.5 mmol) and N,N-diisopropyltoluamidine
(3.59 g, 16.5 mmol) in toluene 



(80 m!_) . The mixture was stirred for 16 h
subsequently. The mixture was filtered at 1000C and
the product was crystallised from this solution at
room temperature, resulting in a first fraction of
1.90 g (29%) crystals after filtration. The solvent of
the filtrate was removed under reduced pressure
resulting in a second fraction of 4.67 g (70%) orange
powder. The 1H NMR and 13C-NMR spectra of both
fractions were identical; 1H NMR (300 MHz) (CDCI3) d
(ppm): 7.3 (m, 3H), 7.1 (m, 1H), 6.0 (s, 5H), 3.5
(sept, 2H), 2.3 (s, 3H), 1.7 (d, 3H), 1.6 (d, 3H), 1.1
(d, 3H), 1.0 (d, 3H) and 13C-NMR (75.5 MHz) (CDCI3) d
(ppm) 166.5, 137.7, 134.3, 131.5, 129.6, 126.6.,
124.9, 115.9, 53.3, 49.2, 20.9, 20.8, 20.6, 19.5.
Synthesis of ligand N.N-dicvclohexylbenzamidine.
Dicyclohexylamine (18.1 g, 0.100 mol) was dissolved in
diethylether (15OmL). The solution was heated to
reflux temperature and a solution of
methylmagnesiumbromide (34mL,3.0M in diethylether,
0.10 mol) was added dropwise over a period of 20
minutes. After the addition, the reaction mixture was
stirred for 4 hours at room temperature. Benzonitrile
(10, 3g, 0.100 mol) was added and the reaction mixture
was stirred for 20 hours at room temperature. A
solution of ammoniumchloride (10wt% in water, 100 mL)
was added. The water and organic layers were separated
and the water layer was extracted twice with
diethylether (150 mL). The combined diethyl layers
were dried over Na2SO4, filtered and the solvent was
evaporated from the filtrate resulting in a yellow wax
(23. 6g). The product was further purified by short
path distillation (kugelrohr, P=0.8mbar, T=150C).
Yield 19,5g (69%). The product was characterized by 1H
NMR (300 MHz) (CDCI3) d (ppm): 7.3 (dd, 3H), 7.2 (dd,
2H), 5.70 (bs, 1H), 3,1 (tt, 2H), 2.0 (bq, 4H), 1.7
(m, 8H), 1.5 (d, 2H), 1.1 (m, 6H) and by 13C NMR
(75MHz) (CDCI3) d (ppm): 169.3, 141.9, 128.7, 128.3,
126.2, 58.6, 31.6, 27.0, 25.8. Synthesis of Me CpTiCI
((Cy NUPh)C=N) (Compound 19VTriethylamine ( 1 .5
ml_,1.1 g , 11 mmol) was added to a solution of
N.N-dicyclohexylbenzamidine (3.26g, 11.5 mmol) and
Me5CpTiCI3 (2.76g, 9.5 mmol) in toluene (70 ml_) . The
reaction mixture was stirred at room temperature for
18 hours. The reaction mixture was filtered and the
filtrate was dried in vacuo. The residue was washed
twice with hexane (50 mL) and the product was dried
under reduced pressure. The product 4.34g (85%) was
obtained as a bright orange powder. The powder was
characterized by 1H NMR (300 MHz) (CDCI3) d (ppm): 7.3
(m, 1H), 7.0 (t, 2H), 3.3 (bt, 2H), 2.6 (bs, 2H), 1.8
(s, 15H), 1.6-0.8 (bm, 18H) and by 13C NMR (75MHz)
(CDCI3) d (ppm): 166.1, 138.1, 129.0, 128.6, 127.2,
127.0, 6 1.6 (b), 58.7 (b), 32.1 (b), 30.1 (b), 26.8
(b), 26.1 (b), 25.4 (b), 25.0 (b), 12.8. Synthesis of
nBuCpTiCI,(( iPr:,N)(2,6-F Ph)C=N) (Compound 15).
H-BuCpTiCI3 was prepared as described in
Macromolecules, 2000, 33, 2796. Triethylamine (0.26g,
2.6 mmol) was added to a solution of n- BuCpTiCI 3
(0.63 g, 2.3 mmol) and
N,N-diisopropyl-2,6-difluorobenzamidine (0.55 g, 2.3
mmol) in toluene (1OmL). The reaction mixture was
stirred for 18 hours at room 



temperature. The reaction mixture was filtered and
rinsed twice with toluene (10 mL). The solvents of the
combined organic phases and the solvent were removed
in vacuo. The residue was flushed with diethyl ether
leaving the product as a yellow-orange powder. Yield
0.94g (85%). These powder was characterized by 1H NMR
(300 MHz) (CDCI3) d (ppm): 7.3 (sept, 1H), 6.9 (dd,
2H), 6.1 (s, 4H), 3.6 (dsept, 2H), 2.4 (t, 2H), 1.6
(d, 6H), 1.4 (sept, 2H), 1.2 (m, 2H), 1.1 (d, 6H), 0.8
(t, 3H), by 13C NMR (75MHz) (CDCI3) d (ppm): 154.1
(dd, J = 240Hz and J = 8Hz) 152.6, 134.6, 128.8 (d, J
= 52.5Hz), 129.0, 114.4, 113.4, 110.4, 110.2, 51.8,
47.1, 30.7, 28.5, 20.7, 8.8, 18.6, 12.1 anf by 19F NMR
(282MHz) (CDCI3) d (ppm): - 1 13.4(s). Synthesis of
CRF CpTiCI ((iPr N)(2,6-F Ph)C=N) (Compound 16).
Pentafluorophenylcyclopentadienyltitaniumtrichloride
was prepared as described in J. Organomet. Chem, 2000,
599, 107.
Pentafluorophenylcyclopentadienyltitaniumtrichloride
(0.79g, 2.0 mmol) and
N,N-diisopropyl-2,6-difluorobenzamidine (0.49 g, 2.0
mmol) were dissolved in toluene (1OmL). Triethylamine
(0.21g, 2.1 mmol) was added and the reaction mixture
was stirred at room temperature for 18 hours. The
reaction mixture was filtered and the filtrate was
stored at -20 for 24 hours resulting in 1.04g (88%).of
bright yellow crystals.The crystals were characterized
by 1H NMR (300 MHz) (CDCI3) d (ppm): 7.3 (pent, 1H),
7.0 (dd, 2H), 6.7 (m, 2H), 6.3 (dd, 2H), 3.7 (m, 1H),
3.6 (sept, 1H) 1.6 (d, 6H), 1.1 (d, 2H), Dy 13C NMR
(75MHz) (CDCI3) d (ppm): 158.2, (dd, J = 248Hz and J =
8Hz), 155.1, 146.7, 143.4, 142.0, 139.9, 138.6, 136.7
(d, J = 5Hz), 131.7 (d, J = 10Hz), 131 .5, 116.0 (d, J
= 17 Hz), 115.9, 112.7 (m), 112.4 (m), 54.3, 49.8,
20.8, 20.7 and by 19F NMR (282MHz) (CDCI3) d (ppm): -
113.6 (s, 2F), -139.1 (dd, 2F), -156.7 (t, 1F), -163.6
(dt, 2F). Synthesis of lndTiCI (('Pr N)(2,6-F Ph)C=N).
(Compound 17). lndenyltitaniumtrichloride (0.65 g, 2.5
mmol) and N,N-diisopropyl-2,6- difluorobenzamidine
(0.60 g, 2.5 mmol) were dissolved in toluene (10 ml_)
. Triethylamine (0.26g, 2.5 mmol) was added and the
reaction mixture was stirred for 18 hours at room
temperature. The reaction mixture was filtered and
rinsed once with toluene (10 ml_) . The obtained
solution was stored at -8O0C for 24 hours. 0.77 g
(65%) of red crystals were obtained. These crystals
were characterized by 1H NMR (300 MHz) (CDCI3) d
(ppm): 7.5 (dd, 2H), 7.3 (pent, 1H), 7.2 (dd, 2H), 7.0
(dd, 2H), 6.5 (t, 2H), 6.3 (d,2H), 3.6 (sept, 2H), 1.6
(d, 6H), 1.2 (d, 2H), and by 19F NMR (282MHz) (CDCI3)
d (ppm): - 1 13.3. Synthesis of
N,N-dicyclohexyl-2,6-difluorobenzamidine.
Dicyclohexylamine (9.06 g, 50.1 mmol) was dissolved in
toluene (125 ml_) . The solution was warmed to 5O0C
and a solution of methylmagnesiumbromide was added
(16.7 ml_, 3.0 M in diethylether, 50.1 mmol) and the
reaction mixture was stirred for 2 hours at 5O0C. The
mixture was cooled to 00C and 2,6-difluorobenzonitrile
(6.80 g, 48.9 mmol). After 45 hours, the reaction
mixture was quenched with a solution 



of ammoniumchloride in water (3.0 g in 80 mL). The
water and organic phases were separated and the water
layer was extracted 3 times with diethylether (40 mL).
The combined organic solutions were dried over sodium
sulphate. The sodium sulphate was filtered off and the
filtrate was evaporated to dryness yielding 14.2 g
(89%) of the product. The product was characterized by
1H NMR (300 MHz) (CDCI3) d (ppm): 7.2 (pent, 1H), 6.8
(dd, 2H), 5.9 (bs, 1H), 3.5-2.3 (bm, 3H), 1.9-0.6 (bm,
19H), by13C NMR (75MHz) (CDCI3) d (ppm): 158.9 (dd, J
= 248Hz, J = 8Hz) 156.4, 130.1 , 130.0, 129.8, 118.8,
118.4, 118.1 , 12.1, 111.7, 61.3 (bs), 56.9 (bs), 32.0
(bs), 30.1 (bs), 26.8 (bs), 25.8 and by 19F NMR
(282MHz) (CDCI3) d (ppm): - 1 14.3 (s). Synthesis of
Me CPTiCI (Cv,N)(2,6-F Ph)C=N) (Compound 18
.Triethylamine (0.25 g, 2.5 mmol) was added to a
solution of N Ndicyclohexyl- 2,6-difluorobenzamidine
(0.79 g, 2.5 mmol) and Me5CpTiCI3 (0.72 g, 2.5 mmol)
in toluene (10 ml_). The reaction mixture was stirred
at room temperature for 18 hours. The reaction mixture
was filtered and the volume of the filtrate was
reduced under reduced pressure until the clear
solution became cloudy. Next hexane (1OmL) was added
and the mixture was stored at -2O0C for 24 hours. The
solvent was decanted from the crystallized product and
the product dried under reduced pressure, giving 1.0 g
(72%) product. This product was characterized by 1H
NMR (300 MHz) (CDCI3) d (ppm): 7.5 (dd, 2H), 7.3 (m,
1H), 7.2 (dd, 2H),7.0 (t, 2H), 6.5 (t, 2H) 6.3 (d,2H),
3.6 (m, 2H), 1.6 (d, 6H), 1.2 (d, 2H), by 13C NMR
(75MHz) (CDCI3) d (ppm): 158.5 (dd, J = 248Hz and J =
8Hz), 153.8, 130.5, 130.3, 130.2, 127.7, 115.3 (d, J =
24Hz), 112.0 (dd, J = 23Hz and J =2Hz), 58.7, 32.0
(bs), 30.4 (bs), 26.7, 26.4 (bs), 25.5, 25.2 (bs) and
by 19F NMR (282MHz) (CDCI3) d (ppm): -108.1 (S). Part
II. Batch EP copolymerisation examples.and comparative
Experiments The batch copolymerizations were carried
out in a 2-liter batch autoclave equipped with a
double intermig and baffles. The reaction temperature
was set on 90 0C and controlled by a Lauda Thermostat.
The feed streams (solvents and monomers) were purified
by contacting with various absorption media to remove
catalyst killing impurities such as water, oxygen and
polar compounds as is known to those skilled in the
art. During polymerisation the ethylene and propylene
monomers were continuously fed to the gas cap of the
reactor. The pressure of the reactor was kept constant
by a back- pressure valve. In an inert atmosphere of
nitrogen, the reactor was filled with 950 ml solvent,
MAO-10T (Crompton 10wt% in toluene),
4-methyl-2,6-di-ferf-butylphenol (BHT). The reactor
was heated to 90 0C, while stirring at 1350 rpm. The
reactor was pressurized to 7 barg and conditioned
under a determined ratio of ethylene and propylene for
15 minutes. Next, the catalyst components were added
to the reactor and the catalyst vessel was rinsed with
50 mL pentamethylheptane (PMH) subsequently. When
tritylium tetrakis(perfluorophenyl)borate (TBF20) was
used; the TBF20 was 



added directly after the catalyst was added. After 10
minutes of polymerisation, the monomer flow was
stopped, and the solution was carefully dumped in a 2
L Erlenmeyer flask, containing a solution of
lrganox-1076 in iso-propanol and dried overnight at
100 0C under reduced pressure. The polymers were
analysed for intrinsic viscosity (IV), for molecular
weight distribution (SEC-DV) and composition (FT-IR).
The experimental conditions and results are given in
tables 1 and 2 for the Examples 1 to 24 and in tables
3 and 4 for the Comparative Experiments U-A through
M-D respectively.Table 1 ONovel
pyrrolidine-3,4-dicarboxamide derivatives The
invention is concerned with novel
pyrrolidine-3,4-dicarboxamide derivatives of the
formula (I) wherein X is N or C-R6; R1 is hydrogen,
lower-alkyl, cydoalkyl, cydoalkyl-lower- alkyl,
fluoro-loweralkyl, hydroxy-lower-alkyl,
CN-lower-alkyl, hydroxy substituted fluorolower-
alkyl, lower-alkinyl, R10C(O)-, R10OC(O)-, N(Rp
,R12)C(O)-, R10OC(O)-lower-alkyl, N(Rp
,R12)C(O)-lower-alkyl, R10-SO2, R10-SO2- lower-alkyl,
N(Rp ,R12)-SO2, N(Rp ,R12)-SO2-lower-alkyl,
aryl-lower-alkyl, heteroaryl, heteroaryl-lower-alkyl,
lower alkoxy-lower alkyl, lower
alkoxycarbonyl-cycloalkyl-lower alkyl or
heterocyclyl-lower alkyl; R2 is hydrogen or
lower-alkyl; R is aryl, aryl-lower-alkyl, heteroaryl
or heteroaryl-lower-alkyl; R4 is hydrogen, lower-alkyl
or hydroxy; R R R7 and R8 independently from each
other are selected from the group consisting of
hydrogen, halogen, lower-alkyl, lower-alkoxy,
fluoro-loweralkyl, fluoro-lower-alkyloxy or CN;R9 is
aryl, heterocyclyl, heteroaryl or heterocyclyl-C(O)-;
R10 is hydrogen, lower-alkyl, cydoalkyl,
cydoalkyl-lower-alkyl, hydroxy-loweralkyl,
fluoro-lower-alkyl, lower-alkyl-SCVlower-alkyl, aryl,
aryl-lower-alkyl, heteroaryl, heteroaryl-lower-alkyl
or heterocydyl; R11 and R12 independently from each
other are selected from the group consisting of
hydrogen, lower-alkyl, hydroxy-lower-alkyl,
fluoro-lower-alkyl, cycloalkyl,
cycloalkyl-lower-alkyl, aryl, aryl-lower-alkyl,
heteroaryl and heteroaryl-lower-alkyl; or R11 and R12
, together with the nitrogen atom to which they are
attached, form a heterocyclic ring selected from the
group consisting of piperidinyl, piperazinyl,
morpholinyl, pyrrolidinyl, pyrrolinyl or azetidinyl,
which heterocyclic ring can optionally be substituted
with lower-alkyl, halogen or hydroxy; and
pharmaceutically acceptable salts thereof. Further,
the invention is concerned with a process for the
manufacture of the above compounds, pharmaceutical
preparations which contain such 



compounds as well as the use of these compounds for
the production of pharmaceutical preparations. The
compounds of formula (I) are active compounds and
inhibit the coagulation factor Xa. These compounds
consequently influence blood coagulation. They
therefore inhibit the formation of thrombi and can be
used for the treatment and/or prevention of thrombotic
disorders, such as amongst others, arterial and venous
thrombosis, deep vein thrombosis, peripheral arterial
occlusive disease (PAOD), unstable angina pectoris,
myocardial infarction, coronary artery disease,
pulmonary embolism, stroke (cerebral thrombosis) due
to atrial fibrillation, inflammation and
arteriosclerosis. They have potentially benefit in the
treatment of acute vessel closure associated with
thrombolytic therapy and restenosis, e.g. after
transluminal coronary angioplasty (PTCA) or bypass
grafting of the coronary or peripheral arteries and in
the maintenance of vascular access patency in long
term hemodialysis patients. F.Xa inhibitors of this
invention may form part of a combination therapy with
an anticoagulant with a different mode of action or
with a platelet aggregation inhibitor or with a
thrombolytic agent. Furthermore, these compounds have
an effect on tumour cells and prevent metastases. They
can therefore also be used as antitumour agents.Other
inhibitors of factor Xa, which are not structurally
related to the compounds of the present invention, had
previously been suggested for the inhibition of the
formation of thrombi and for the treatment of related
diseases (WO 03/045912). However, there is still a
need for novel factor Xa inhibitors which exhibit
improved pharmacological properties, e.g. an improved
selectivity towards coagulation factor Xa. The present
invention provides the novel compounds of formula (I)
which are factor Xa inhibitors The compounds of the
present invention unexpectedly inhibit coagulation
factor Xa and also exhibit improved pharmacological
properties compared to other compounds already known
in the art. Unless otherwise indicated, the following
definitions are set forth to illustrate and define the
meaning and scope of the various terms used to
describe the invention herein. In this specification
the term "lower" is used to mean a group consisting of
one to seven, preferably of one to four carbon
atom(s). The term "halogen" refers to fluorine,
chlorine, bromine and iodine, with fluorine, chlorine
and bromine being preferred. The term "alkyl", alone
or in combination with other groups, refers to a
branched or straight- chain monovalent saturated
aliphatic hydrocarbon radical of one to twenty carbon
atoms, preferably one to sixteen carbon atoms, more
preferably one to ten carbon atoms. Lower-alkyl groups
as described below also are preferred alkyl groups.
The term "lower-alkyl", alone or in combination with
other groups, refers 



to a branched or straight-chain monovalent alkyl
radical of one to seven carbon atoms, preferably one
to four carbon atoms. This term is further exemplified
by such radicals as methyl, ethyl, n-propyl,
isopropyl, n-butyl, i-butyl, t-butyl. Loweralkyl
groups can optionally be substituted, e.g. by hydroxy
or CN. Such substituted lower-alkyl-groups are
referred to as "hydroxy-lower-alkyl" or
"CN-lower-alkyl" respectively. Other possible optional
substituents are e.g. halogen. Unsubstituted
lower-alkyl groups are preferred. The term
"fluoro-lower-alkyl" refers to lower-alkyl groups
which are monoor multiply substituted with fluorine.
Examples of fluoro-lower-alkyl groups are e.g. CFH2,
CF2H, CF3, CF3CH2, CF3(CH2)2, (CF3)2CH and
CF2H-CF2.The term "cycloalkyl" refers to a monovalent
carbocyclic radical of 3 to 10 carbon atoms,
preferably 3 to 6 carbon atoms, such as cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl. The term
"alkoxy" refers to the group R'-O- 5wherein R' is an
alkyl. The term "lower-alkoxy" refers to the group
R'-O-, wherein R' is a lower-alkyl. The term
"thio-alkoxy" refers to the group R'-S-, wherein R' is
an alkyl. The term "thio-lower-alkoxy" refers to the
group R'-S-, wherein R is a lower-alkyl. The term
"fluoro-lower-alkoxy" refers to the group R"-O-,
wherein R" is fluoro-lower-alkyl. Examples of
fluoro-lower-alkoxy groups are e.g. CFH2-O, CF2H-O,
CF3-O, CF3CH2-O, CF3(CH2)2-O, (CF3)2CH-O, and
CF2H-CF2-O. The term "alkenyl", alone or in
combination with other groups, stands for a
straight-chain or branched hydrocarbon residue
comprising an olefmic bond and 2 to 20, preferably 2
to 16 carbon atoms, more preferably 2 to 10 carbon
atoms. Lower-alkenyl groups as described below also
are preferred alkenyl groups. The term "lower-alkenyl"
refers to a straight-chain or branched hydrocarbon
residue comprising an olefmic bond and 2 to 7,
preferably 2 to 4 carbon atoms, such as e.g.
2-propenyl. The term "alkinyl", alone or in
combination with other groups, stands for a
straight-chain or branched hydrocarbon residue
comprising a tripple bond and up to 20, preferably up
to 16 carbon atoms. The term "lower-alkinyl" refers to
a straight-chain or branched hydrocarbon residue
comprising a tripple bond and 2 to 7, preferably 2 to
4 carbon atoms, such as e.g. 2-propinyl. Lower-alkinyl
groups can be substituted, e.g. by hydroxy. The term
"alkylene" refers to a straight chain or branched
divalent saturated aliphatic hydrocarbon group of 1 to
20 carbon atoms, preferably 1 to 16 carbon atoms, more
preferably up to 10 carbon atoms. Lower-alkylene
groups as described below also are preferred alkylene
groups. The term "lower-alkylene" refers to a straight
chain or branched divalent saturated aliphatic
hydrocarbon group of 1 to 7, preferably 1 to 6 or 3 to
6 carbon atoms. Straight chain alkylene or
lower-alkylene groups are preferred. The term "aryl"
relates to the phenyl or naphthyl group, preferably
the 



phenyl group, which can optionally be substituted by 1
to 5 , preferably 1to 3,substituents independently
selected from the group consisting oflower-alkenyl,
lower-alkinyl, dioxo-lower-alkylene (forming e.g. a
benzodioxyl group), halogen, hydroxy, CN, CF3, NH2,
N(H, lower-alkyl), N(lower-alkyl) 2, aminocarbonyl,
carboxy, NO2, lower-alkoxy, thio-lower-alkoxy,
lower-alkylsufonyl, aminosulfonyl,
lower-alkylcarbonyl, lower-alkylcarbonyloxy,
lower-alkoxycarbonyl, lower-alkylcarbonyl- NH,
fluoro-lower-alkyl, fluoro-lower-alkoxy,
lower-alkoxy-carbonyllower- alkoxy,
carboxy-lower-alkoxy, carbamoyl-lower-alkoxy,
hydroxy-loweralkoxy, NH2-lower-alkoxy, N(H,
lower-alkyl) -lower-alkoxy, N(lower-alkyl)
2-loweralkoxy, benzyloxy-lower-alkoxy, mono- or
di-lower alkyl substituted aminosulfonyl and
lower-alkyl which can optionally be substituted with
halogen, hydroxy, NH2, N(H, lower-alkyl) or
N(lower-alkyi) 2, preferably selected from the group
consisting of lower-alkenyl, lower-alkinyl,
dioxo-lower-alkylene (forming e.g. a benzodioxyl
group), halogen, hydroxy, CN, CF , NH2, N(H,
lower-alkyl), N(loweralkyl) 2, aminocarbonyl, carboxy,
NO2, lower-alkoxy, thio-lower-alkoxy,
loweralkylsufonyl, aminosulfonyl, lower-alkylcarbonyl,
lower- alkylcarbonyloxy, loweralkoxycarbonyl,
lower-alkyl-carbonyl-NH, fluoro-lower-alkyl,
fluoro-lower-alkoxy,
lower-alkoxy-carbonyl-lower-alkoxy,
carboxy-lower-alkoxy, carbamoyl-loweralkoxy,
hydroxy-lower-alkoxy, NH2-lower-alkoxy, N(H,
lower-alkyl)-lower-alkoxy, N(lower-alkyl)
2-lower-alkoxy, benzyloxy-lower-alkoxy and,
lower-alkyl which can optionally be substituted with
halogen, hydroxy, NH2, N(H, lower-alkyl) or
N(lower-alkyl) 2.. Preferred substituents are halogen,
lower-alkoxy, fluoro-loweralkoxy, thio-lower-alkoxy,
and amino. The term "heterocyclyl" as used herein
denotes non-aromatic monocyclic heterocycles with 4 or
6 ring members, which comprise 1, 2 or 3 hetero atoms
selected from nitrogen, oxygen and sulfur. A hetero
atom can be - SO- or - SO2-. Examples of suitable
heterocycles are pyrrolidinyl, oxopyrrolidinyl,
isoxazolidinyl, isoxazolinyl, pyrrolinyl,
imidazolidinyl, imidazolinyl, pyrazolidinyl,
pyrazolinyl, piperidinyl, 2-oxo-piperidinyl,
3-oxo-morpholinyl, 2-oxo-piperazinyl,
2-oxooxazolidinyl, 2-oxo-azetidinyl, piperazinyl,
morpholinyl, pyranyl, tetrahydropyranyl,
4,5-dihydro-oxazolyl, 4,5-dihydro-thiazolyl. Preferred
heterocycles are, morpholinyl, 3-oxo-morpholinyl,
2-oxo-piperazinyl and 2-oxopiperidinyl. A heterocyclyl
group may have a substitution pattern as described
earlier in connection with the term "aryl". One or two
ring member carbon atoms of a heterocyclyl group maybe
replaced with a carbonyl group. The term "heteroaryl"
refers to an aromatic 5 to 6 membered monocyclic ring
or 9 to 10 membered bicyclic ring which can comprise
1, 2, 3 or 4, preferably 1, 2 or 3 atoms selected from
nitrogen, oxygen and/or sulphur, such as furyl,
pyridyl,pyridazinyl, oxo-pyridazinyl, pyrimidinyl,
2-oxo-pyridinyl, 2-oxo -pyrimidinyl pyrazinyl,
thienyl, isoxazolyl, oxazolyl, oxadiazolyl,
imidazolyl, pyrrolyl, pyrazolyl, triazolyl,
tetrazolyl, thiazolyl, isothiazolyl,
1,2,3-thiadiazolyl, benzoimidazolyl, indolyl,
indazolyl, Preferred heteroaryl groups are
2-oxo-pyridinyl, 2-oxopyrimidinyl, 



pyridinyl, and indolyl. A heteroaryl group may have a
substitution pattern as described earlier in
connection with the term "aryl". Preferred
substituents are halogen, lower-alkyl, lower-alkoxy or
CN. One or two ring member carbon atoms of a
heteroaryl group maybe replaced with a carbonyl group.
The term "mono-lower alkyl substituted amino" and
"di-lower alkyl substituted amino" refer to -NHR and
-NRR' respectively, wherein R and R' independent from
each other are lower alkyl. Preferred radicals for the
chemical groups whose definitions are given above are
those specifically exemplified in Examples. Compounds
of formula (I) can form pharmaceutically acceptable
acid addition salts. Examples of such pharmaceutically
acceptable salts are salts of compounds of formula (I)
with physiologically compatible mineral acids, such as
hydrochloric acid, sulphuric acid, sulphurous acid or
phosphoric acid; or with organic acids, such as
methanesulphonic acid, p-toluenesulphonic acid, acetic
acid, lactic acid, trifluoroacetic acid, citric acid,
fumaric acid, maleic acid, tartaric acid, succinic
acid or salicylic acid. The term "pharmaceutically
acceptable salts" refers to such salts. Compounds of
formula (I) in which a COOH group is present can
further form salts with bases. Examples of such salts
are alkaline, earth-alkaline and ammonium salts such
as e.g. Na-, K-, Ca- and Trimethylammoniumsalt. The
term "pharmaceutically acceptable salts" also refers
to such salts. Acid addition salts as described above
are preferred. In detail, the present invention
relates to compounds of formula (I)X is N or C-R6 R1
is hydrogen, lower-alkyl, cycloalkyl,
cycloalkyl-lower-alkyl, fluoro-loweralkyl,
hydroxy-lower-alkyl, CN-Iower-alkyl, hydroxy
substituted fluorolower- alkyl, lower- alkinyl,
R10C(O)-, R10OC(O)-, N(R n ,R12)C(O)-,
R10OC(O)-lower-alkyl, N(Rn ,R12)C(O)-lower-alkyl,
R10-SO2, R10-SO2- lower-alkyl, N(R U,R12)-SO2, N(Ru
,R12)-SO2-lower-alkyl, aryl-lower-alkyl, heteroaryl,
heteroaryl-lower-alkyl, lower alkoxy-lower alkyl,
lower alkoxycarbonyl-cycloalkyl-lower alkyl or
heterocyclyl-lower alkyl; R2 is hydrogen or
lower-alkyl; R3 is aryl, aryl-lower-alkyl, heteroaryl
or heteroaryl-lower-alkyl; R4 is hydrogen, lower-alkyl
or hydroxy; R5, R6, R7 and R8 independently from each
other are selected from the group consisting of
hydrogen, halogen, lower-alkyl, lower-alkoxy,
fluoro-loweralkyl, fluoro-lower-alkyloxy or CN; R9 is
aryl, heterocyclyl, heteroaryl or heterocyclyl-C(O)-;
R10 is hydrogen, lower-alkyl, cycloalkyl,
cycloalkyl-lower-alkyl, hydroxy-loweralkyl,
fluoro-lower-alkyl, lower-alkyl-SO2-lower-alkyl, aryl,
aryl-lower-alkyl, heteroaryl, heteroaryl-lower-alkyl
or heterocyclyl; 



R11 and R12 independently from each other are selected
from the group consisting of hydrogen, lower-alkyl,
hydroxy-lower-alkyl, fluoro-lower-alkyl, cycloalkyl,
cycloalkyl-lower-alkyl, aryl, aryl-lower-alkyl,
heteroaryl and heteroaryl-lower-alkyl; or R11 and R12,
together with the nitrogen atom towhich they are
attached, form a heterocyclic ring selected from the
group consisting ofpiperidinyl, piperazinyl,
morpholinyl, pyrrolidinyl, pyrrolinyl or azetidinyl,
which heterocyclic ring can optionally be substituted
with lower-alkyl, halogen or hydroxy; and
pharmaceutically acceptable salts thereof. Preferably
R1 is hydrogen, lower alkyl, cycloalkyl,
cycloalkyl-lower alkyl, fluorolower alkyl,
hydroxy-lower alkyl, CN-lower alkyl, hydroxy
substituted fluorolower alkyl, lower alkinyl,
R10C(O)-, R10OC(O)-, N(Rp ,R12)C(O)-, R10OC(O)-lower
alkyl, N(R n ,R12)C(O)-lower alkyl, R10-SO2,
R10-SO2-lower alkyl, N(Rn ,R12)-SO2 N(R p
,R12)-SO2-lower alkyl, aryl-lower alkyl, heteroaryl or
heteroaryl-lower alkyl; R10 is hydrogen, lower alkyl,
cycloalkyl, cycloalkyl-lower alkyl, hydroxylower
alkyl, fluoro-lower alkyl, lower alkyl-SO2-lower
alkyl, aryl, aryl-lower alkyl, heteroaryl or
heteroaryl-lower alkyl. Compounds of formula (I) are
individually preferred and physiologically acceptable
salts thereof are individually preferred, with the
compounds of formula (I) being particularly preferred.
The compounds of formula (I) have at least two
asymmetric C atoms and can therefore exist as an
enantiomeric mixture, diastereomeric mixture or as
optically pure compounds. Preferred are compounds
which are 3R,4R-pyrrolidine- 3,4-dicarboxylic acid
derivatives. One preferred embodiment of the present
invention therefore relates to compounds of formula
(I) as defined above, characterised by formula
(Ia)wherein R1, R2, R3, R4, R5, R7, R8, R9 andX are as
defined above, and pharmaceutically acceptable salts
thereof. Preferred compounds of formula (I) are those,
wherein R1 is hydrogen, lower-alkyl,
fiuoro-lower-alkyl, hydroxy-lower-alkyl,
CN-lower-alkyl, HC(O)-, lower-alkyl-C(O)-,
lower-alkoxy~C(O)-, lower-alkoxy-C(O)-lower-alkyl,
NH2-C(O)-lower-alkyl, lower-alkyl-NH-C(O)-lower-alkyl,
NH2-SO2, lower-alkyl- SO2, fluoro-lower-alk7l-SO2,
N(lower-alkyl)2-SO2 or pyrrolidino-C(O)-. Compounds as
defined above, wherein R1 is lower-alkyl,
fluoro-lower-alkyl, loweralkyl- SO2,
fluoro-lower-aIkyl-SO2, N(lower-alkyl)2-SO2,
lower-alkoxy-C(O)- or HC(O)-, are more preferred, with
those compounds as defined above, wherein R1 is
2,2-difluoro-ethyl, ethanesulfonyl, methanesulfonyl,
propylsulfonyl, isopropylsulfonyl,
2,2,2-trifiuoro-ethylsulfonyl, isopropyl, N(CH3)2-SO2,
ethoxycarbonyl, or formyl, being particularly
preferred. In another preferred embodiment of the
present invention, R2 is hydrogen. 



Furthermore, compounds as defined above, wherein R3 is
phenyl optionally substituted with 1to 3 substituents
selected from the group consisting of halogen, NH2,
lower-alkoxy and fluoro-lower-alkoxy, or R3 is benzyl
optionally substituted with halogen, or R3 is
pyridinyl optionally substituted with halogen, or R3
is indolyl, are preferred. Particularly preferred are
those compounds, wherein R3 is phenyl substituted with
halogen or R3 is pyridinyl substituted with halogen.
Most preferably, R3 is 4-chloro-phenyl or
5-chloro-pyridin-2-yl. In a further preferred
embodiment of the present invention, R4 is hydrogen.
Another preferred embodiment of the present invention
relates to compounds of formula (I) as defined above,
wherein X is C-R6 and R6 is as defined above.
Preferably, X is C-R6 and R5, R6, R7 and R8
independently from each other areselected from the
group consisting of hydrogen and halogen. More
preferably, X is C-R6, R6 is halogen, R5, R7 and R8
are hydrogen. Most preferably, X is C-R6, R6 is
fluorine, R5, R7 and R8 are hydrogen. The invention
especially embraces compounds of formula (I) as
described above, wherein R9 is aryl, heterocyclyl or
heteroaryl. Those compounds, wherein R9 is heteroaryl,
are preferred. Apreferred heteroaryl group for R9 is
one selected from the group consisting of furyl,
pyridyl, pyridazinyl, oxo-pyridazinyl, pyrimidinyl, 2-
oxo-pyridinyl, 2-oxo-pyrimidinyl pyrazinyl, thienyl,
isoxazolyl, oxazolyl, oxadiazolyl, imidazolyl,
pyrrolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl,
isothiazolyl, 1,2,3-thiadiazolyl, benzoimidazolyl,
indolyl and indazolyl. 2-oxo-2Hpyridin- 1-yl is
particularly preferred. In particular, preferred
compounds are the compounds of formula (I) described
in the examples as individual compounds as well as
pharmaceutically acceptable salts thereof. Preferred
compounds of formula (I) are those selected from the
group consisting of
(3R,4R)-l-(2,2,2-Trifiuoro-ethyl)-pyrrolidine-3,4-dica
rboxylic acid 3-[(4-chlorophenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-(2,2-Difluoro-ethyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-py
tidin-l-yl)-phenyl]-amide},
(3R,4R)-l-Sulfamoyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)- 1-Sulfamoyl-pyrrolidine-3 ,4-dicarboxylic
acid 3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Ethanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro~4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide}, 



(3R,4R)-l-Isopropyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloropyridin- 2-yl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloropyridin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},(3R,4R)-l-Methylcarbamoylmethyl-pyrrolidine-3,
4-dicarboxylic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)- phenylcarbamoyl] -pyrrolidine-
1-carboxylic acid methyl ester,
(3R,4R)-l-(2-Hydroxy-ethyl)-pyrrolidine-3,4-dicarboxyl
ic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
trans-(3RS,4RS)-l-Methanesulfonyl-pyrrolidine-3,4-dica
rboxylic acid 3-[(4- chloro-phenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(3-methoxy-2-oxo-2H-pyridin-l-yl)-phenyl]
- amide},
(3R,4R)-l-Acetyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)-amide] 4-
{[4-(3-methoxy-2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
trans-(3RS,4RS)-l-Cyanomethyl-pyrrolidine-3,4-dicarbox
ylic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
acid 3-[ (4- chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
trans-(3RS,4RS)-l-(3,3,3-Trifluoro-propyl)-pyrrolidine
-3,4-dicarboxylic acid 3- [(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-
amide}, (3R,4R)-l-Formyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)-amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-3- fluoro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-2- fluoro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide},
trans-(3RS,4RS)-{3-(4-Chloro-phenylcarbamoyl)-4-[2-flu
oro-4-(2-oxo-2Hpyridin-
l-yl)-phenylcarbamoyl]-pyrrolidin-l-yl}-acetic acid
ethyl ester,
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3- [(3-fluoro-4- methoxy-phenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl) -phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{ [2-fluoro-4-(2- oxo-2H-pyridin-1-yl) -phenyl]
-amide} 4- [(lH-indol-5-yl)-amide] ,
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(2-amino-4- chloro-phenyl)-amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{ [2-fluoro-4-(2- 



oxo-2H-pyridin- 1-yl)-phenyl] -amide}
4-[(4-methoxy-phenyl)-amide],
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarbox7lic
acid 3-[(4-chlorophenyl) -amide]
4-[(3~fluoro-4-morpholin-4-yl-phenyl)-amide],(3S,4S)-l
-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4- chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oco-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-
ryrrolidine-3,4-dicarbox7lic acid 3-[(3-chloro-4-
methoxy-phenyl)-amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -methyl-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarbox7lic
acid 3-{ [2-fluoro-4-(2- oxo-2H-pyridin-l-yl)-phenyl]
-amide} 4-[(lH-indazol-5-yl)-amide],
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-[(3-fluoro-4-[l,2,4]triazol-l-yl-phenyl)-hydroxy-ami
de], (3R,4R)- 1-Methanesulfonyl-pyrrolidine-3
,4-dicarboxylic acid 3-[(4-chlorophenyl)- amide] 4-{
[3-fluoro-4-(2-methyl-imidazol-l-yl)-phenyl] -amide},
(3R,4R)-Pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)-amide] 4-[(3-
fluoro-2'-methylsulfanyl-biphenyl-4-yl) -amide] ,
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarbox7lic
acid 3-{[2-fluoro-4-(2- oxo-2H-pyridin-l-yl) -phenyl]
-amide} 4- [(4-methoxy-phenyl)-methyl-amide] ,
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-(4-chlorobenzylamide)
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{ [2-fluoro-4-(2- oxo-2H-pyridin-l-yl)-phenyl]
-amide} 4-[(4-trifluoromethoxy-phenyl)-amide],
(3R,4R)-l-(Propane-2-sulfonyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(4-chlorophenyl)- amide]
4-{[2-luoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide},
(3R,4R)-l-(2,2,2-Trifluoro-ethanesulfonyl)-pyrrolidine
-3,4-dicarboxylic acid 3- [(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-
amide},
(3R,4R)-l-Dimethylsulfamoyl-pyrrolidine-3,4-dicarboxyl
ic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-
phenylcarbamoyl]-pyrrolidine-1-carboxylic acid ethyl
ester,
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-
phenylcarbamoyl]-pyrrolidine-l-carboxylic acid propyl
ester, (3R,4R)- 1- (Pyrrolidine-
1-carbonyl)-pyrrolidine-3 ,4-dicarboxylic acid 3-[(4-
chloro -phenyl)-amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-
l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chlorophenyl)- amide] 4-{
[2,6-difluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
,
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarbox7lic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(6-oxo-6H-pyridazin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo- riperidm-l-yl)-phenyl] -amide}, 



(3R,4R)-l-Propanesulfonyl-pyrrolidine-3,4-dicarbox7lic
acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
and
(3R,4R)-l-(2-Fluoro-ethyl)-pyrrolidine-3,4-dicarboxyli
c acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-Pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)-amide] 4-{[2-
fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-luoro-4-(2-o
xo-2H-pyridin-l-yl)-
phenylcarbamoyl]-pyrrolidine-1-carboxylic acid
tert-butyl ester, (3R,4R)-Pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloro-pyridin-2-yl)-amide] 4-{ [2-
fluoro-4-(2-oxo-2H-py tidin-l-yl)-phenyl] -amide},
(3S,4S)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[4-(2,5-dihydro-pyrrole-l-carbonyl)-phenyl]-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[3-(morpholine-4-sulfonyl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid3-[(4-chlorophenyl)- amide] 4-{
[3-(4-methyl-piperazine-l-sulfonyl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide] 4-{
[4-(morpholine-4-carbonyl) -phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[4-(4-methyl-piperazine-l-carbonyl)-phenyl]-amide};
(3R,4R)
-1-Methanesulfbnyl-pyrrolidine-3,4-dicarboxylic acid
3-[ (4-chlorophenyl) -amide]
4-{[4-(thiomorpholine-4-carbonyl) -phenyl] -amide},
(3R,4R)- 1-Methanesulfonyl-pyrrolidine-3
,4-dicarboxylic acid 3- [(4-chlorophenyl)- amide] 4-{
[4-(4-ethyl-piperazine-l-carbonyl)-phenyl] -amide},
(3R,4R)-l-Methanesnlfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-crilorophenyl) -amide]
4-{[4-(4,4-difluoro-piperidine-l-carbonyl)-phenyl]-ami
de}, (3R,4R)-1 -Methanesulfonyl-pyrrolidine-3,
4-dicarboxylic acid 3-[(4-chlorophenyl) -amide] 4-{[4-
(4-fluoro-piperidine-l-carbonyl) -phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide] 4-{ [4-(
1-oxy-pyridin-2-yl)-phenyl] -amide},
(3R,4R)-l-(2,2-Difluoroethyl)-pyrrolidine-3,4-dicarbox
ylic acid 3- [(5-chloropyridin- 2-yl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin- l-yl)-phenyl] -amide},
(3R,4R)-l-Isopropyl-pyrrolidine-3,4-dicarboxylic acid
3-[(5-chloro-pyridin-2-yl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
and pharmaceutically acceptable salts
thereof.Particularly preferred compounds of formula
(I) are those selected from the group consisting of
(3R,4R)-l-(2,2-Difluoro-ethyl)-pyrrolidine-3,4-dicarbo
x7lic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl) -phenyl] -amide}, 



(3R,4R)-l-Ethanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3- [(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fiuoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R) -l-Isopropyl-pyrrolidine-3,4-dicarboxylic acid
3- [(4-chloro-phenyl) - amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloropyridin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide}, (3R,4R)-l-Formyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-(Propane-2-sulfonyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(4-chlorophenyl)- amide] 4-{
[2-fluoro-4-(2-oxo~2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-(2,2,2-Trifluoro-ethanesulfonyl)-pyrrolidine
-3,4-dicarboxylic acid 3- [(4-chloro-phenyl) -amide]
4-{ [2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -
amide},
(3R,4R)-l-Dimethylsulfamoyl-pyrrolidine-3,4-dicarboxyl
ic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl) -phenyl] -amide},
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)- phenylcarbamoyl] -pyrrolidine-
l-carboxylic acid ethyl ester, and
(3R,4R)-l-Propanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-(2,2-Difluoroethyl)-pyrrolidine-3,4-dicarbox
ylic acid 3-[(5-chloropyridin- 2-yl)-amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
acid 3-[(5-chloro-pyridin-2-yl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl) -phenyl] -amide}
and pharmaceutically acceptable salts thereof. It will
be appreciated that the compounds of general formula
(I) in this invention may be derivatised at functional
groups to provide derivatives which are capable of
conversion back to the parent compound in vivo. The
invention further relates to a process for the
manufacture of compounds of formula (I) as defined
above, which process comprises a) reacting a compound
of formula (II)with a compound LG-R1, or b) reacting a
compound of formula (III) with a compound NHR2R3 or c)
reacting a compound of formula (IV) (IV) with a
compound of formula (V)wherein R1, R2, R3, R4, R5, R7,
R8, R9, and X have the significances given above and
LG is a leaving group. The reaction of a compound of
formula (II) with a compound LG-R1 is conveniently
carried out in a solvent such as e.g. dichloromethane,
THF, 



acetonitrile, DMF, DMA, DMSO, NMP etc. with bases like
DIEA, triethylamine, pyridine, N-methylmorpholine,
Na2CO , K2CO , Cs2CO3 etc. Suitable leaving groups are
well known in the art, e.g. halogenides, triflates,
para-nitrophenolates or -mesylates. Suitable reaction
conditions for the reaction of a compound of formula
(III) with a compound NHR2R3 or of a compound of
formula (IV) with a compound of formula (V) are well
known to the person skilled in the art. Such reactions
can be carried out in a solvent such as e.g.
dichloromethane, DMF, acetonitrile, THF, NMP, DMA,
etc. and in the presence of an activating amide
coupling reagent like EDC, DIC, DCC, GDI, TBTU, HBTUf
EEDQ, CIP, HOBt, HATU, PyBOP, PyBrOP, BOP, BOP-Cl,
TFFH, isobutylcarbamoyl chloride, etc. at a suitable
temperature, which can e.g. be chosen in the range of
-100C - 1200C. Moreover, the invention further relates
to another process for the manufacture of compounds of
formula (I) as defined above, which process comprises
d) Reacting a compound of formula (VI) or (VIII)(VIII)
with a compound of formula (VII)or (V), respectively:
(ViI) (V) wherein R1, R2 R3, R4, R5, R7, R8, R9, and X
have the significances given above, LG is a leaving
group and R is lower alkyl, cycloalkyl or
cycloalkyl-lower alkyl. Suitable reaction conditions
for the reaction of a compound of formula (Vl) with a
compound NHR2R3 are well known to the person skilled
in the art. Such reactions can be carried out in a
solvent such as e.g. DMF, acetonitrile, THF, toluene,
heptane, and in the presence of a strong base like
trialkyl alumina, NaH, LiHMDS, KHMDS at a suitable
temperature, which can e.g. be chosen in the range
of-lO C - 120 0C. In all general reaction descriptions
the saponification process can be also avoided.
Reactions from the ester to the corresponding amides
are also possible in each reaction sequence 2c)
throughout 2f).General synthetic processes. 1.
Synthesis of pyrrolidine-3,4-dicarboxylic acid
scaffolds: Enzymatic Saponification ral ral General
Procedure: An N-protected glycine derivative such as
e.g. N-benzyl glycine is condensed with a source for
formaldehyde like paraformaldehyde in a suitable
solvent like benzene, toluene, xylene, DMF, DMA, DMSO
or acetonitrile at elevated temperatures between
60-150 0C to the corresponding azomethine ylide. This
species undergoes cydoaddition reactions with a
suitable ester of fumaric acid like the corresponding
diethyl ester or dimethyl ester in a one-pot procedure
to yield the corresponding 



protected trans racemic mixture of
pyrrolidine-3,4-dicarboxylic acid diesters. The
N-protecting group is changed to the corresponding
Boc- or Z-protecting group via cleavage of the first
N-protecting group via e.g. catalytical hydrogenation.
For this the protected pyrrolidine is dissolved in a
suitable solvent like methanol, ethanol, THF or ethyl
acetate followed by addition of a catalyst like Pd/C
(e.g. 10%) to the mixture. After that a hydrogen
atmosphere is generated to cleave the first
Nprotecting group. The free amine is then again
protected by addition of BoC2O or Z-Cl, respectively.
The last step is the complete saponification of the
diester to the corresponding diacid. The pyrrolidine
diester is dissolved in suitable solvent system like
methanol, ethanol, THF, 1,4-dioxane, water or mixtures
thereof and a base like LiOH, NaOH, KOH, Na2CO3, K2CO3
or Cs2CO is added. Monohydrolysis can be
performedusing enantioselective enzymes or chiral
bases in suitable solvents already described or in
buffered aqueous systems. 2. Modifactions of
pyrrolidine scaffolds: a) Starting from
N-Boc-pyrrolidine-3,4-dicarbo cylic acids,
introduction of R2-NHR V Group General Procedure:
N-protected pyrrolidine-3,4-dicarboxylic acid is
dissolved in a suitable solvent like dichloromethane,
DMF, acetonitrile, THF, NMP, DMA, etc. and activated
with an amide coupling reagent like EDC, DIC, DCC,
CDI, TBTU, HBTU, EEDQ, CIP, HOBt, HATU, PyBOP, PyBrOP,
BOP, BOP-Cl, TFFH, etc. at -100C - 1200C. By adding
one to two equivalents of the amine R -NH-R 3 the
corresponding monoamide is obtained after reaction for
0.5-120 h at -100C to 120 0C. Repetition of this
reaction by using the same coupling reagents as
mentioned above or transformation of the acid into the
corresponding acid chloride or anhydride by means of
oxalyl chloride, thionylchloride, isobutylcarbamoyl
chloride or related reagents, with R4-NH-Y yields the
corresponding diamide. After deprotection under
standard conditions like treatment with acids (e.g.
HCl, trifluoracetic acid, HBr in glacial acetic acid)
or hydrogenation in the case of the Zprotecting group
the unprotected pyrrolidine-l,3-dicarboxamide is
reacted with suitable reagents to introduce R1.
Suitable reagents LG-R1 include alkylhalogenides
(chlorides, bromides, iodides), -trifiates,
-para-nitrophenolates, -mesylates, acidchlorides,
sulfonic acid chlorides, carbamoylchlorides,
sulfamides, sulfamidoylchlorides, aldehydes, ketones
etc. and can be reacted in solvents
likedichloromethane, THF, acetonitrile, DMF, DMA,
DMSO, NMP etc. with bases like DIEA, triethylamine,
pyridine, N-methylmorpholine, Na2CO3, K2CO3, Cs2CO3
etc. b) Starting from
N-Boc-pyrrolidine-3,4-dicarboxylic acids, introduction
of R4-NHY Deprotection General Procedure: Like 2a)
with a different order of the reaction sequence. 



c) Starting from
J?,i?-N-Boc-pyrrolidine-3,4-dicarboxylic
acid-3-ethylester, introduction of R2-NH-R 3
Deprotection General Procedure: Like 2a) with a
different order of the reaction sequence and
saponification at step 2 as described for procedure 1.
d) Starting from ,-N-Boc-pyrrolidine-3,4-dicarboxylic
acid-3-ethylester, introduction of R4-NH-YChiral R4 +
iLv Q O oO Deprotection General Procedure: Like 2c)
with a different order of the reaction sequence. e)
Starting from i,-N-Boc-pyrrolidine-3,4-dicarboxylic
acid-3-ethylester, introduction ofR2-NH-R3 and R1 l ~.
1. Saponification - 2. Amide formation General
Procedure: Like 2c) with a different order of the
reaction sequence. f) Starting from acid-3-ethylester,
introduction of R4-NH-Y and R1LG-R1 General Procedure:
Like 2c) with a different order of the reaction
sequence. Analogous reactions can be performed with
the corresponding S,S enatiomers. Insofar as their
preparation is not described in the examples, the
compounds of formula (I) as well as all intermediate
products can be prepared according to analogous
methods or according to the methods set forth above.
Starting materials are commercially available or known
in the art. Furthermore, the invention relates to
compounds of formula (I) as defined above, when
manufactured by a process as described above. In
another embodiment, the invention relates to the
intermediates, the compounds of formula (II), (III) or
(IV)(III) (IV) wherein R , R , R , R , R , R , R , R
and X have the significances given above. As described
above, the compounds of formula (I) are active
compounds and inhibit the coagulation factor Xa. These
compounds consequently influence both platelet
activation which is induced by this factors and
plasmatic blood coagulation. They therefore inhibit
the formation of thrombi and can be used for the
treatment and/ or prevention of thrombotic disorders,
such as, amongst others, 



arterial and venous thrombosis, deep vein thrombosis,
peripheral arterial occlusive disease (PAOD), unstable
angina pectoris, myocardial infarction, coronary
artery disease, pulmonary embolism, stroke (cerebral
thrombosis) due to atrial fibrillation, inflammation
and arteriosclerosis. The compounds of the present
invention can also be used in the treatment of acute
vessel closure associated with thrombolytic therapy
and restenosis, e.g. after transluminal coronary
angioplasty (PTCA) or bypass grafting of the coronary
or peripheral arteries and in the maintenance of
vascular access patency in long term hemodialysis
patients. F.Xa inhibitors of this invention may form
part of a combination therapy with an anticoagulant
with a different mode of action or with a platelet
aggregation inhibitor or with a thrombolytic agent.
Furthermore, these compounds have an effect on tumour
cells and prevent metastases. They can therefore also
be used as antitumour agents.Prevention and/or
treatment of thrombotic disorders, particularly
arterial or deep vein thrombosis, is the preferred
indication. The invention therefore also relates to
pharmaceutical compositions comprising a compound as
defined above and a pharmaceutically acceptable
carrier and/ or adjuvant. The invention likewise
embraces compounds as described above for use as
therapeutically active substances, especially as
therapeutically active substances for the treatment
and/or prophylaxis of diseases which are associated
with the coagulation factor Xa, particularly as
therapeutically active substances for the treatment
and/or prophylaxis of thrombotic disorders, arterial
thrombosis, venous thrombosis, deep vein thrombosis,
peripheral arterial occlusive disease, unstable angina
pectoris, myocardial infarction, coronary artery
disease, pulmonary embolism, stroke due to atrial
fibrillation, inflammation, arteriosclerosis, acute
vessel closure associated with thrombolytic therapy or
restenosis, and/or tumour In another preferred
embodiment, the invention relates to a method for the
therapeutic and/or prophylactic treatment of diseases
which are associated with the coagulation factor Xa,
particularly for the therapeutic and/or prophylactic
treatment of thrombotic disorders, arterial
thrombosis, venous thrombosis, deep vein thrombosis,
peripheral arterial occlusive disease, unstable angina
pectoris, myocardial infarction, coronary artery
disease, pulmonary embolism, stroke due to atrial
fibrillation, inflammation, arteriosclerosis, acute
vessel closure associated with thrombolytic therapy or
restenosis, and/ or tumour, which method comprises
administering a compound as defined above to a human
being or animal. The invention also embraces the use
of compounds as defined above for the therapeutic
and/or prophylactic treatment of diseases which are
associated with the coagulation factor Xa,
particularly for the therapeutic and/or prophylactic
treatment of thrombotic disorders, arterial
thrombosis, venous thrombosis, deep vein thrombosis,
peripheral arterial occlusive disease, unstable angina
pectoris, 



myocardial infarction, coronary artery disease,
pulmonary embolism, stroke due to atrial fibrillation,
inflammation, arteriosclerosis, acute vessel closure
associated with thrombolytic therapy or restenosis,
and/ or tumour. The invention also relates to the use
of compounds as described above for the preparation of
medicaments for the therapeutic and/or prophylactic
treatment of diseases which are asscociated with the
coagulation factor Xa, particularly for the
therapeutic and/or prophylactic treatment of
thrombotic disorders, arterialthrombosis, venous
thrombosis, deep vein thrombosis, peripheral arterial
occlusive disease, unstable angina pectoris,
myocardial infarction, coronary artery disease,
pulmonary embolism, stroke due to atrial fibrillation,
inflammation, arteriosclerosis, acute vessel closure
associated with thrombolytic therapy or restenosis,
and/ or tumour. Such medicaments comprise a compound
as described above. The inhibition of the coagulation
factor Xa by the compounds of the present invention
can be demonstrated with the aid of a chromogenic
peptide substrate assay as described hereinafter.
Factor Xa activity was measured spectrophotometrically
in microtiter plates in a final volume of 150 ml using
the following conditions: Inhibition of human factor
Xa (Enzyme Research Laboratories) was tested at an
enzyme concentration of 3 nM using the chromogenic
substrate S-2222 (Chromogenix AB, Molndal, Sweden) at
200 nM. The reaction kinetics of the enzyme and the
substrate were linear with both time and the enzyme
concentration. The inhibitors were dissolved in DMSO
and tested at various concentrations up to 100 mM. The
inhibitors were diluted using HNPT buffer consisting
of HEPES 10OmM, NaCl 14OmM, PEG 6000 0.1% and Tween 80
0.02%, pH 7.8. The cleavage of S-2222 by human factor
Xa was followed at 405 nm for 5 minutes at room
temperature. The velocity of the reaction was
determined by the autoreader from the slope of the
linear regression fit to 7 time points ( 1 minute).
The initial velocity for each inhibitor concentration
was determined by the slope of at least 4 time points
in the linear phase by a linear regression fit
(mOD/min 2) . Apparent dissociation constants Ki were
calculated according to Cheng and Prusoff [Cheng, Y. C
; Prusoff, W. H. Relationship between the inhibition
constant (Ki) and the concentration of the inhibitor
that causes 50 percent inhibition (IC50) of an enzyme
reaction. Biochem. Pharmacol. 1973, 22, 3099-3108.]
based on the IC50 and the respective Km, determined
previously (Ki IC50/ (1+S/Km)). The Km for the
substrate used was determined under the conditions of
the test with at least 5 substrate concentrations
ranging from 0.5 to 15 times Km. [Lottenberg R, Hall
JA, Blinder M, Binder EP, Jackson CM., The action of
thrombin on peptide p-nitroanilide substrates.
Substrate selectivity and examination of hydrolysis
under different reaction conditions. Biochim Biophys
Acta. 1983 Feb 15; 742(3):539-57]. according to Eadie
[Eadie G.S. The inhibition of cholinesterase
byphysostigmine and prostigmine. J. Biol. Chem. 1942,
146, 85-93.]. 



The Km for S-2222 amounted to 613 mM.The activity of
the low molecular weight substances can, moreover, be
characterized in the "prothrombin time" (PT) clotting
test. The substances are prepared as a 10 mM solution
in DMSO and thereafter made up to the desired dilution
in the same solvent. Thereafter, 0.25 ml of human
plasma (obtained from whole blood anticoagulated with
1/10 volume of 108 mM Na citrate) was placed in the
instrument-specific sample container. In each case 5
ml of each dilution of the substance-dilution series
was then mixed with the plasma provided. This
plasma/inhibitor mixture was incubated at 370C for 2
minutes. Thereafter, there were pipetted to the
semi-automatic device (ACL, Automated Coagulation
Laboratory (Instrument Laboratory)) 50 ml ofplasma/
inhibitor mixture in the measurement container. The
clotting reaction was initiated by the addition of 0.1
ml of Dade(r) Innovin(r) (recombinant human tissue
factor combined with calcium buffer and synthetic
phospholipids, Dade Behring, Inc., Cat. B4212-50). The
time up to the fibrin cross-linking was determined
photooptically from the ACL. The inhibitor
concentration, which brought about a doubling of the
PT clotting time, was determined by fitting the data
to an exponential regression (XLfit). The compounds of
the present invention can furthermore be characterised
by the Activated Partial Thromboplastin time (aPTT).
This coagulation test can e.g. be run on the ACL 300
Coagulation System (Instrumentation Laboratory)
automatic analyzer. The substances are prepared as a
10 mM solution in DMSO and thereafter made up to the
desired dilution in the same solvent. The test is
performed with the Dade(r) Actin(r) FS Activated PTT
reagent (purified soy phosphatides in 1.0xl0 4M
ellagic acid, stabilizers and preservative, Dade
Behring, Inc., Cat. B4218-100) Thereafter, 0.25 ml
aliquots of human plasma (obtained from whole blood
anticoagulated with 1/10 volume of 108 mM Na citrate)
are spiked with 5 ml of test compound in at least 6
concentrations. 50 ml plasma at 40C containing 1/50
vol. inhibitor in solvent are incubated with 50 ml
Dade(r) Actin(r) FS Activated PTT reagent in water at
37C for 3 min., then 50 ml CaCl2.2H2O 25 mM in water
at 370C are added. The time up to the fibrin
cross-linking was determined photooptically from the
ACL. The inhibitor concentration, which brought about
a doubling of the APTT clotting time, was determined
by fitting the data to an exponential regression
(XLfit). The Ki values of the active compounds of the
present invention preferably amount to about 0.001 to
50 mM, especially about 0.001 to 1 mM. The PT values
preferably amount to about 1 to 100 mM, especially to
about 1 to 10 mM. The aPTT values preferably amount to
about 1 to 100 mM, especially to about 1 to 10 mM.The
compounds of formula I and/or their pharmaceutically
acceptable salts can be used as medicaments, e.g. in
the form of pharmaceutical preparations for enteral,
parenteral or topical administration. They can be
administered, for example, perorally, e.g. in the form
of tablets, coated tablets, dragees, hard and soft 



gelatine capsules, solutions, emulsions or
suspensions, rectally, e.g. in the form of
suppositories, parenterally, e.g. in the form of
injection solutions or suspensions or infusion
solutions, or topically, e.g. in the form of
ointments, creams or oils. Oral administration is
preferred. The production of the pharmaceutical
preparations can be effected in a manner which will be
familiar to any person skilled in the art by bringing
the described compounds of formula I and/or their
pharmaceutically acceptable salts, optionally in
combination with other therapeutically valuable
substances, into a galenical administration form
together with suitable, non-toxic, inert,
therapeutically compatible solid or liquid carrier
materials and, if desired, usual pharmaceutical
adjuvants. Suitable carrier materials are not only
inorganic carrier materials, but also organic carrier
materials. Thus, for example, lactose, corn starch or
derivatives thereof, talc, stearic acid or its salts
can be used as carrier materials for tablets, coated
tablets, dragees and hard gelatine capsules. Suitable
carrier materials for soft gelatine capsules are, for
example, vegetable oils, waxes, fats and semi-solid
and liquid polyols (depending on the nature of the
active ingredient no carriers might, however, be
required in the case of soft gelatine capsules).
Suitable carrier materials for the production of
solutions and syrups are, for example, water, polyols,
sucrose, invert sugar and the like. Suitable carrier
materials for injection solutions are, for example,
water, alcohols, polyols, glycerol and vegetable oils.
Suitable carrier materials for suppositories are, for
example, natural or hardened oils, waxes, fats and
semi-liquid or liquid polyols. Suitable carrier
materials for topical preparations are glycerides,
semi-synthetic and synthetic glycerides, hydrogenated
oils, liquidwaxes, liquid paraffins, liquid fatty
alcohols, sterols, polyethylene glycols and cellulose
derivatives. Usual stabilizers, preservatives, wetting
and emulsifying agents, consistencyimproving agents,
flavour-improving agents, salts for varying the
osmotic pressure, buffer substances, solubilizers,
colorants and masking agents and antioxidants come
into consideration as pharmaceutical adjuvants. The
dosage of the compounds of formula I can vary within
wide limits depending on the disease to be controlled,
the age and the individual condition of the patient
and the mode of administration, and will, of course,
be fitted to the individual requirements in each
particular case. For adult patients a daily dosage of
about 1 to 1000 mg, especially about 1 to 300 mg,
comes into consideration. Depending on severity of the
disease and the precise pharmacokinetic profile the
compound could be administered with one or several
daily dosage units, e.g. in 1 to 3 dosage units. The
pharmaceutical preparations conveniently contain about
1-500 mg, preferably 1-100 mg, of a compound of
formula I . The following Examples serve to illustrate
the present invention in more 



detail. They are, however, not intended to limit its
scope in any manner.Examples Example 1 ra
s-(3RS,4RS)-l-Methanesulfonyl-pyrrolid.ine-3,4-dicarbo
xylic acid 3-[(4- chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
According to the general method 2a) Stepl:
trans-(3RS,4RS)-l-Benzyl-pyrrolidine-3,4-dicarbox g
lic acid diethyl ester I a Fumaric acid diethylester
(21.6 g; 0.126 mol) is dissolved in toluene (900 ml)
and heated at 105 0C. A mixture of N-benzylglycine (25
g; 0.151 mol) and paraformaldehyde (25.36 g; 0.844
mol) is added in 4 g portions to the refluxing
solution. After completion of the addition the mixture
is heated for 18 h at 1050C. The mixture is then
evaporated to dryness and suspended in n-hexane. The
insoluble material is filtered off and the remaining
solution is evaporated to dryness. The crude product
is used for the next step without further
purification. Yield: 32.5 g (70.3 %), ESI-MS: m/z =
306 [M+H]+ Step 2: trans-(3RS,4RS)-Pyrrolidine-l
13,4-tricarboxylic acid tert-butyl ester diethyl ester
I h Under argon-atmosphere compound Ia (32.5 g; 0.106
mol) and di-tert,- butyldicarbonat (24.4 g; 0.112 mol)
are dissolved in ethanol (650 ml). After that
palladium on charcoal (10%; 3.4 g; 0.0034 mol) is
added under argon- atmosphere and the argon-atmosphere
is changed to hydrogen-atmosphere. After 2 h at 25C
the hydrogenation is completed and palladium on
charcoal is filtered off. The filtrate is evaporated
to dryness and the residue is purified with flash
chromatography over silica gel (700 g) using
n-heptane/ ethyl acetate (2:1) as eluent. Yield: 25.4
g (75.7 %), ESI-MS: m/z = 316 [M+H]+ Step 3:
trans-(3RS,4RS)-Pyrrolidine-l,3,4-tricarbo cylic acid
tert-butyl ester I c Compound Ib (1 g, 3.17 mmol) was
dissolved in of THF (8 ml), and 80 mL of water was
added. The reaction mixture was immersed in an
ice-water bath and cooled to 0 C. To this reaction
mixture, 96 ml of 0.25 N NaOH was added in small
portions with stirring until the consumption of the
starting diester was detected by thin-layer
chromatography. The reaction was stirred at the same
temperature for about 30 min to 1 h, and the reaction
mixture was acidified with 1 N HCl at 0 0C, saturated
with NaCl3 extracted with ethyl acetate four times
(each 100 ml), anddried with sodium sulfate. The
organic phase is evaporated to dryness and dried in
vacuo. Yield: 0.68 g (82.7%), ESI-MS: m/z = 258 [M-H]
Step 4:
trans-(3RS,4RS)-4-(4-Chlorophenylcarbamoyl)-pyrrolidin
e-l,3-dicarboxylic acid l-tert~butyl ester I d
Compound Ic (2.25 g; 9 mmol) is suspended in
acetonitrile (30 ml) and N,Ndiisopropyl ethyl amin
(3.03 ml; 17 mmol) is added at 25 0C. After 20 min a
clear solution is obtained and
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride EDCI (2.0 g; 10 mmol) and
1-hydroxybenzotriazole HOBt (1.41 g; 10 mmol) is
added. After stirring for 30 min at 25C
4-chloroaniline (1.11 g; 9 



mmol) is added to the reaction mixture. The mixture is
stirred for 18 h at 250C, evaporated to dryness and
dissolved in ethyl acetate (100 ml). The organic phase
is washed with 0.1 N HCl (2 x 100 ml), water and brine
and dried over Na2SO4. The organic phase is filtered
and the filtrate is evaporated to dryness. Yield: 1.08
g (33.7%), ESI-MS: m/z = 368 [M-H] , Cl-pattern Step
5: l-(4-Amino-3-fluoro-phenyl)-lH-pyridin-2-one I e
4-Bromo-2-fluoroaniline (13.0 g; 68 mmol),
2-hydroxypyridine (9.11 g; 96 mmol),
8-hydroxyquinoline (1.5 g; 10 mmol) are dissolved
under argon in DMSO (40 ml). To this solution K2CO
(10.4 g; 75 mmol) and CuI (1.95 g; 10 mmol) are added
and the resulting suspension is heavily stirred under
argon at 150C for 18 h. The mixture is evaporated to
dryness under reduced pressure and the final residue
is chromatographed over silica gel (400 g) using
dichloromethane/methanol as eluents. The obtained
crude product is recrystallized with diethyl ether to
yield an off-white solid. Yield: 2.80 g (20.0 %),
ESI-MS: m/z = 205 [M+H] + Step 6:
trans-(3RS,4RS)-Pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)- rhenyl]-amide}
hydrochloride If Compound Id (0.8 g; 2 mmol) is
dissolved in thionylchloride (3.93 ml; 54 mmol), after
30 min stirring at 25 0C
l-(4-amino-3-fluoro-phenyl)-lH-pyridin-2-one (compound
Ie, 0.443 g; 2 mmol) is added under cooling. The
mixture is stirred for 18 h at 25 0C, evaporated to
dryness and recrystallized from diethyl ether yielding
compound J/ as light brown solid as hydrochloride.
Yield: 0.872 g (81.8 %), ESIMS: m/z = 455 [M+H] +,
Cl-pattern Step 7:
trans-(3RS,4RS)-l-Methanesulfonyl-pyrrolidine-3,4-dica
rboxylic acid 3-[(4- chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
IgCompound If (80.3 mg; 0.177 mmol) is dissolved in
acetonitrile (3 ml) under addition of N,N-diisopropyl
ethyl amine (45.75 mg; 61.8 ml; 0.354 mmol).
Methanesulfonylchloride (40.6 mg; 0.354 mmol) is added
and the mixture is stirred for 18 h at 25 0C. The
reaction mixture is evaporated to dryness and purified
with preparative HPLC chromatography. Yield: 11.2 mg
(11.9 0Zo), ESI-MS: m/z = 533 [M+H] + Cl-pattern
Example 2
trans-(3RS,4RS)-l-Formyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 2 was prepared as described
for example 1 with the exception of step 7 Step 7:
trans-(3RS,4RS)-l-Formyl-pyrrolidine~3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro~4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
2 . Compound If (80.3 mg; 0.177 mmol) is dissolved in
acetonitrile (3 ml) under addition of N,N-diisopropyl
ethyl amine (22.9 mg; 30.9 ml; 0.177 mmol). 4-
Nitrophenylformiate (29.6 mg; 0.177 mmol) is added and
the mixture is stirred for 18 h at 25 0C. The reaction
mixture is evaporated to dryness and purified with 



preparative HPLC chromatography. Yield: 13.8 mg (16.1
0Zo), ESI-MS: m/z = 483 [M+H] +, Cl-pattern Example 3
trans-(3RS,4RS)-{3-(4-Chloro-
rhenylcarbamoyl)-4-[2-fluoro-4-(2-oxo-2Hpyridin-
l-yl)-phenylcarbamoyl]-pyrrolidin-l-yl}-acetic acid
ethyl ester The compound of example 3 was prepared as
described for example 1 with the exception ofstep 7
Step 7:
trans-(3RS,4RS)-{3-(4-Chloro-phenylcarbamoyl)-4-[2-flu
oro-4-(2-oxo-2Hpyridin~
l-yl)-phenylcarbamoyl]-pyrrolidin-l-yl}-acetic acid
ethyl ester 3 Compound I f (80.3 mg; 0.177 mmol) and
K2CO3 (69.0 mg; 0.5 mmol) are suspended in
acetonitrile (3 ml). After that bromo acetic acid
ethyl ester (32.5 mg; 0.195 mmol) is added and the
mixture is stirred for 18 h at 25 C. The reaction
mixture is evaporated to dryness and purified with
preparative HPLC chromatography. Yield: 18.8 mg (19.6
0Zo), ESI-MS: m/z = 541 [M+H] +, Cl-patternExample 4
trans-(3RS,4RS)-l-Carbamoylmethyl-pyrrolidine-3,4-dica
rboxylic acid 3-[(4- chloro-phenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl]
-amide} The compound of example 4 was prepared as
described for example 1 with the exception of step 7
Step 7: trans-(3RS,4RS)-l-Carbamoylmeth g
l-pyrrolidine-3,4~dicarboxylic acid 3-[(4-
chloro-pheng l) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l -yl)-phenyl]-amide}
4 Compound If (80.3 mg; 0.177 mmol) and K2CO3 (69.0
mg; 0.5 mmol) are suspended in acetonitrile (3 ml).
After that 2-bromo-acetamide (27.0 mg; 0.195 mmol) is
added and the mixture is stirred for 18 h at 25 0C.
The reaction mixture is evaporated to dryness and
purified with preparative HPLC chromatography. Yield:
10.8 mg (11.9 %), ESI-MS: m/z = 512 [MH-H]+,
Cl-pattern Example 5
trans-(3RS,4RS)-l-Cyanomethyl-pyrrolidine-3,4-dicarbox
ylic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 5 was prepared as described
for example 1 with the exception of step 7 Step 7:
trans-(3RS,4RS)-l-Cyanomethyl-pyrrolidine-3,4-dicarbox
ylic acid 3-[(4- chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
5 Compound I f (80.3 mg; 0.177 mmol) and K2CO3 (69.0
mg; 0.5 mmol) are suspended in acetonitrile (3 ml).
After that 2-bromo-acetonitrile (23.4 mg; 0.195 mmol)
is added and the mixture is stirred for 18 h at 25 0C.
The reaction mixture is evaporated to dryness and
purified with preparative HPLC chromatography. Yield:
10.4 mg (11.9 %), ESI-MS: m/z = 494 [M+H]+, Cl-pattern
Example 6
trans-(3RS,4RS)-l-(3,3,3-Trifluoro-propyl)-pyrrolidine
-3,4-dicarboxylic acid 3-
[(4-chloro-phenyl)-amide]-4-{[2-fluoro-4-(2-oxo-2H-pyr
idin-l-yl)-phenyl]- 



amide} The compound of example 6 was prepared as
described for example 1 with the exception of step
7Step 7:
tmns-(3RS,4RS)-l-(3,3,3-Trifluoro-propyl)-pyrrolidine-
3,4-dicarbox g lic acid
3-[(4-chloro-phenyl)-amide]-4-{[2-fluoro-4-(2-oxo-2H-p
yridin-l-yl)-phenyl]-amide} 6 Compound I f (80.3 mg;
0.177 mmol) and K2CO3 (69.0 mg; 0.5 mmol) are
suspended in acetonitrile (3 ml). After that
3-bromo-l,l,l-trifluoropropane (34.5 mg; 0.195 mmol)
and Ag2O (45.2 mg; 0.195 mmol) is added and the
mixture is stirred for 18 h at 80 0C. The reaction
mixture is evaporated to dryness and purified with
preparative HPLC chromatography. Yield: 19.7 mg (20.2
%), ESI-MS: m/z = 551 [M+H]+, Cl-pattern Example 7
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
According to general method 2c) Step 1:
(3R,4R)-Pyrrolidine-l,3,4-tricarboxylic
acid-1-tert-butyl ester-3-ethyl ester 7a The
stereoselective mono saponification of the racemic
mixture of compound Ib to compound 7a and the
correpsonding S,S-enantiomer is described in: R.M.
Rodriguez Sarmiento, B. Wirz, H. Iding, Tetrahedron
Asymmetry, 14, 2003, 1547- 1551. Step 2a:
(3R,4R)-4-(4-Chlorophenylcarbamoyl)-pyrrolidine~l,3-di
carboxylic acid J - tert-butyl ester-3-ethyl ester 7b
Compound 7a (4.91 g; 17.1 mmol) is suspended in
acetonitrile (25 ml) and N,Ndiisopropyl ethyl amin
(3.58 ml; 20.5 mmol) is added at 0 0C. Bis (2-oxo-3-
oxazolidinyl) phosphinic chloride BOP-Cl (5.22 g; 20.5
mmol) is added as a solid and after stirring for 30
min at O0C 4-chloroaniline (2.18 g; 17.1 mmol) is
added to the reaction mixture. The mixture is stirred
for 2 h at 00C, evaporated to dryness and dissolved in
ethyl acetate (ml). The organic phase is washed with
0.1 N HCl (2 x ml), with saturated aquous Na2CO
solution, water and brine and dried over Na2SO The
organic phase is filtered and the filtrate is
evaporated to dryness. The crude product is purified
by silica gel chromatography. Yield: 4.7 g (69.3 %),
ESIMS: m/z = 395 [M-H] ", Cl-pattern Step 2b:
(3R,4R)-4-(4-Chlorophen g
lcarbamoyl)-pyrroliine-l,3-dicarboxylic acid Jtert-
butyl ester 7cThe ester obtained from step 2a (4.07 g;
10.3 mmol) is dissolved in a mixture of THF/water
(1:1; 40 ml). LiOH monohydrate (0.947 g; 22.6 mmol) is
added to the mixture and complete saponification is
obtained after stirring for 18 h at 25C. The mixture
is acidified with IN aq. HCl and diluted with ethyl
acetate (100 ml). The organic phase is washed with
brine (100 ml) and dried over Na2SC> . The organic
phase is filtered and the filtrate is evaporated to
dryness. Yield: 3.28 g (86.7 %), ESIMS: m/z = 367
[M-H] , Cl-pattern 



Step 3: (3R,4R)-Pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)-amide] 4-{[2-
fluoro-4-(2-oxo-2H-pyridin-l- g l) -phenyl]-amide}
hydrochloride 7d Compound 7c (2.2 g; 5.96 mmol) is
dissolved in thionylchloride (10 ml) and stirred at
25C for 30 min. After that
l-(4-amino-3-fluoro-phenyl)-lH-pyridin-2-one (compound
Ie; 1.22 g; 5.96 mmol) is added and the reaction
mixture is stirred for 18 h at ambient temperature.
The mixture is evaporated to dryness and the crude
product is recrystallized from diethylether several
times to yield compound 7d as light brown solid.
Yield: 2.92 g (99.7 %), ESI-MS: m/z = 455 [M+H]+,
Cl-pattern Step 4:
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
7e Compound 7d (300 mg; 0.61 mmol) is dissolved in
acetonitrile (5 ml) under addition of N,N-diisopropyl
ethyl amine (210 ml; 1.22 - mmol).
Methanesulfonylchloride (140 mg; 1.22 mmol) is added
and the mixture is stirred for 18 h at 25 0C. The
reaction mixture is evaporated to dryness and purified
with preparative HPLC. Yield: 170 mg (5.22 %), ESI-MS:
m/z = 533 [M+H] +, Cl-pattern Example 8
(3R,4R)-l-Ethanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl] -amide}
The compound of example 8 was prepared according to
the methods described for example 7. ESI-MS: m/z = 547
[M+H] +, Cl-pattern Example 9
(3R,4R)-l-Propanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
The compound of example 9 was prepared according to
the methods described for example 7. ESI-MS: m/z = 561
[M+H] +, Cl-patternExample 10
(3R,4R)-l-(Propane-2-sulfonyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 10 was prepared according to
the methods described for example 7. ESI-MS: m/z = 561
[M+H]+, Cl-pattern Example 11
[(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]- amide}
The compound of example 11was prepared according to
the methods described for example 7. ESI-MS: m/z = 601
[M+H]+, Cl-pattern Example 12 (3R
4R)-l-Dimethylsulfamoyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide] 4-{[2-fluoro-4-
(2-oxo-2H-pyridin- 1-yl)-phenyl] -amide} The compound
of Example 12 was prepared according to the methods
described for example 7. ESI-MS: m/z = 562 [M+H]+,
Cl-pattern Example 13 



(3R,4R)-l-Acetyl-pyrrolidine-3,4-dicarboxylic acid 3-
[(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of Example 13 was prepared according to
the methods described for example 7. ESI-MS: m/z = 497
[M+H]+, Cl-pattern Example 14
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-
phenylcarbamoyl]-pyrrolidine-1-carboxylic acid methyl
ester The compound of example 14 was prepared
according to the methods described for example 7.
ESI-MS: m/z = 513 [M+H]+, Cl-patternExample 15
(3R,4R)-l-(2-Fluoro-ethyl)-pyrrolidine-3,4-dicarboxyli
c acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 15 was prepared according to
the methods described for example 7 with the exception
of step 4. Step 4: Compound 7d (100 mg; 0.2 mmol) is
dissolved in acetonitrile (2 ml) under addition K2CO
(56 mg; 0.4 mmol). 2-Fluoroethylbromide (59 mg; 0.41
mmol) and Ag2O (47 mg; 0.2 mmol) is added to the
reaction mixture. The mixture is stirred at 80C until
a full conversion to example 23 is observed. The
reaction mixture is evaporated to dryness and purified
with preparative HPLC. Yield: 20 mg (18.9 %), ESI-MS:
m/z = 501 [M+H] +, Cl-pattern Example 16
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-
phenylcarbamoyll-pyrrolidine-l-carboxylic acid ethyl
ester The compound of example 16 was prepared
according to the methods described for example 7.
ESI-MS: m/z = 527 [MH-H] +, Cl-pattern Example 17
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-
phenylcarbamoylj-pyrrolidine-l-carboxylic acid propyl
ester The compound of example 17 was prepared
according to the methods described for example 7.
ESI-MS: m/z = 541 [M+H] +, Cl-pattern Example 18
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-
phenylcarbamoyrj-pyrrolidine-l-carboxylic acid
isopropyl ester The compound of example 18 was
prepared according to the methods described for
example 7. ESI-MS: m/z = 541 [M+H] +,
Cl-patternExample 19
(3R,4R)-l-(Pyrrolidine-l-carbonyl)-pyrrolidine-3,4-dic
arboxylic acid 3-[(4- chloro-phenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl] -amide}
The compound of example 19 was prepared according to
the methods described for example 7. ESI-MS: m/z = 552
[M+H]+, Cl-pattern Example 20 



(3S,4S)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 20 was prepared according to
the methods described for example 7 starting from the
(3S, 4S)-enantiomer. ESI-MS: m/z = 533 [M+H]+,
Clpattern Example 21
(3R,4R)-l-Sulfamoyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
The compound of example 21 was prepared according to
the methods described for example 7with the exception
of step 4. Step 4: Compound 7d (100 mg; 0.2 mmol) is
dissolved in diglyme (1 ml). The mixture is heated at
160 0C and a solution of sulfamide (23 mg; 0.24 mmol)
in diglyme ( 1 ml) is dropped to the reaction mixture
within 5 min. The reaction mixture is heated at 160 0C
until a full conversion to example 21 is observed. The
reaction mixture is evaporated to dryness and purified
with preparative HPLC. Yield: 4 mg (3.7 %), ESI-MS:
m/z = 534 [M+H] +, Cl-pattern Example 22
(3R,4R)-l-Formylpyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
The compound of example 22 was prepared according to
the methods described for example 7 with the exception
of step 4. Step 4:Compound 7d (100 mg; 0.2 mmol) is
dissolved in acetonitrile (2 ml) under addition of
N,N-diisopropyl ethyl amine (30 ml; 0.2 mmol). Formic
acid-4- nitrophenyl ester (34 mg; 0.2 mmol) is added
to the reaction mixture. The mixture is stirred at
ambient temperature until a full conversion to example
22 is observed. The reaction mixture is evaporated to
dryness and purified with preparative HPLC. Yield:
40.4 mg (41.1 %), ESI-MS: m/z = 483 [M+H]+, Cl-pattern
Example 23 (3R.4R)-
1-(2,2,2-Trifluoro-ethyl)-pyrrolidine-3,4-dicarboxylic
acid 3-[ (4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl]
-amide} The compound of example 23 was prepared
according to the methods described for example 7 with
the exception of step 4. Step 4: Compound 7d (80 mg;
0.16 mmol) is dissolved in dichloromethane (2 ml)
under addition of N,N-diisopropyl ethyl amine (60 ml;
0.41 mmol). 2,2,2- Trifluoroethyltriflate (57 mg; 0.24
mmol) is added to the reaction mixture. The mixture is
stirred at ambient temperature until a full conversion
to example 23 is observed. The reaction mixture is
evaporated to dryness and purified with preparative
HPLC. Yield: 10.0 mg (11.4 %), ESI-MS: m/z = 537 [M+H]
+, Clpattern Example 24 



(3R,4R)-l-(2,2-Difluoro-ethyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 24 was prepared according to
the methods described for example 7 with the exception
of step 4. Step 4: Compound 7d (100 mg; 0.2 mmol) is
dissolved in acetonitrile (2 ml) under addition K2CO
(56 mg; 0.4 mmol). 2,2-Difluoroethylbromide (59 mg;
0.41 mmol) and Ag2O (47 mg; 0.2 mmol) is added to the
reaction mixture. The mixture is stirred at 800C until
a full conversion to example 23 is observed. The
reaction mixture is evaporated to dryness and purified
with preparative HPLC. Yield: 20 mg (18.9 %), ESI-MS:
m/z = 519 [M+H] +, Cl-patternExample 25
(3R,4R)-l-(2-Hyd.roxy-ethyl)-pyrrolidine-3,4-dicarboxy
lic acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 25 was prepared according to
the methods described for example 24. ESI-MS: m/z =
500 [M+H] +, Cl-pattern Example 26
chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 26 was prepared according to
the methods described for example 24. ESI-MS: m/z =
526 [M+H]+, Cl-pattern Example 27
(3R,4R)-l-Isopropyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 27 was prepared according to
the methods described for example 24 with the
exception of step 4. Step 4: Compound 7d (100 mg; 0.2
mmol) is dissolved in a mixture of methanol and acetic
acid (9:1; 2 ml). Aceton (24 mg; 0.41 mmol) is added
and the reaction mixture is stirred for 30 min at 25C.
After that NaBH3CN (45 mg; 0.71 mmol) is added to the
mixture. After stirring for 18 h at ambient
temperature the reaction mixture is treated once again
with aceton (24 mg; 0.41 mmol) and NaBH CN (45 mg;
0.71 mmol) and stirred at 80 0C for 18 h. After that
the mixture is evaporated to dryness and purified with
preparative HPLC. Yield: 3 mg (3 %), ESI-MS: m/z = 497
[M+H]+, Cl-pattern Example 28
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-phenyl]-amide}
4-[(lH-indol-5-yl)-amide] According to general method
2d) Step 1: (3R,4R)-PyrroHdine-l,3,4-tricarboxylic
acid-1-tert-butyl ester-3-ethyl ester 7aThe
stereoselective mono saponification of the racemic
mixture of compound Ib to compound 7a and the
correpsonding S,S-enantiomer is described in: R.M.
Rodriguez Sarmiento, B. Wirz, H. Iding, Tetrahedron
Asymmetry, 14, 2003, 1547- 



1551. Step 2:
(3R,4R)-4-[2-Fluoro-4-(2-oxo-2H~pyridin-l-yl)-phenylca
rbamoyl]- pyrrolidine-l,3-dicarboxylic acid
1-tert-butyl ester 3-ethyl ester 28b Compound 7a (1.85
g; 6 mmol) is suspended in acetonitrile (20 ml) and
N,Ndiisopropyl ethyl amin (1.65 ml; 10 mmol) is added
at 25 0C. BOP-Cl (2.46 g; 10 mmol) is added as a solid
and after stirring for 30 min at 25C l-(4-amino-3-
fluoro-phenyl)-lH-pyridin-2-one (1.45 g; 7 mmol) is
added to the reaction mixture. The mixture is stirred
for 4 d at 25C, evaporated to dryness and dissolved in
ethyl acetate (200 ml). The organic phase is washed
with 2 N HCl (50 ml), with 10% aqueous Na2CO solution,
water and brine and dried over Na2Sq 4. The organic
phase is filtered and the filtrate is evaporated to
dryness. The crude product is purified by silica gel
chromatography. Yield: 1.77 g (58.1 %), ESI-MS: m/z =
472 [M-H] Step 3: (3R,4R)-4~[2-Fluoro-4-
(2-oxo-2H-pyridin-l -yl)-phenylcarbamoyl]-
pyrrolidine-3-carboxylic acid ethyl ester
hydrochloride 28c Compound 28b (5.37 g; 11 mmol) is
dissolved in 6 N HCl in isopropanol (42 ml) and the
mixture is stirred for 2 h at 250C. The mixture is
evaporated to dryness and the crude product is
recrystallized from diethylether several times to
yield compound 28c as an off-white solid. Yield: 4.89
g (105.2%), ESI-MS: m/z = 374 [M+H] + Step 4:
(3R,4R)-4-[2-Fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenylca
rbamoyl]-lmethane- suijon g l-pyrrolidine-3-carboxylic
acid ethyl ester 28d Compound 28c (3.1 g; 8 mmol) is
suspended in acetonitrile (20 ml) under addition
ofN,N-diisopropyl ethyl amine (3.24 ml; 19 mmol).
Methanesulfonylchloride (1.3 g; 11 mmol) is added and
the mixture is stirred for 18 h at 25 0C. The reaction
mixture is evaporated to dryness and purified by
silica gel chromatography. Yield: 3.5 g (102.5 %),
ESI-MS: m/z = 450 [M-H] Step 5:
(3R,4R)-4-[2-Fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenylca
rbamoyl]-lmethane- sulfonyl-pyrrolidine-3-carboxylic
acid 28eCompound 28d (3.7 g; 8 mmol) is dissolved in a
mixture of 1,4-dioxane/water (1:1; 30 ml). LiOH
monohydrate (1.03 g; 25 mmol) is added to the mixture
and complete saponification is obtained after stirring
for 24 h at 250C. The mixture is evaporated to dryness
and dissolved in ethyl acetate and the product is
extracted with saturated aqueous Na2CO solution. The
aqueous phase is cooled to 10 0C and acidified with
25% aqueous HCl solution until pH = 1. The product is
extracted several times with ethylacetate (3 x 100
ml). The combined organic phases are washed with brine
and dried over Na2SO . After filtration the organic
phase is evaporated to dryness. Yield: 1.57 g (45.2
%), ESI-MS: m/z = 422 [M-H] - Step 6:
(3R,4R)-l-Methanesulfonyl-p g
rrolidine-3,4-dicarboxylic acid 3-{[2-fluoro-4-
(2-oxo-2H-pyridin-l- g l)-phenyl]-amide}
4-[(lH-indol-5-yl)-amide] 28f 



Compound 28e (100 mg; 0.236 mmol) is suspended in
acetonitrile ( 1 ml) and N5Ndiisopropyl ethyl amin (60
ml; 0.354 mmol) is added at 25 0C. BOP-Cl (90 mg; 0.
354 mmol) is added as a solid and after stirring for
30 min at 25C 5-amino indole (34 mg; 0.286 mmol) is
added to the reaction mixture. The mixture is stirred
for 18 h at 25C, evaporated to dryness and purified by
silica gel chromatography. Yield: 88 mg (69.3 %),
ESI-MS: m/z = 538 [M+H]+ Example 29
(3R,4R)-l-Methanesulfonyl-
ryrrolidine-3,4-dicarboxylic acid 3-{[2-fiuoro-4-(2-
oxo-2H-pyridin-l-yl)-phenyl]-amide}
4-[(4-methoxy-phenyl)-amide] The compound of example
29 was prepared according to the methods described for
example 28. ESI-MS: m/z = 529 [M+H]+ Example 30
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(3-chloro-4- methoxy-phenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 30 was prepared according to
the methods described for example 28. ESI-MS: m/z =
563 [M+H]+, Cl-Pattern Example 31
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(3-fluoro-4- methoxy-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl]
-amide}The compound of example 31 was prepared
according to the methods described for example 28.
ESI-MS: m/z = 547 [M+H]+ Example 32
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-3- fl.uoro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 32 was prepared according to
the methods described for example 28. ESI-MS: m/z =
551 [M+H]+ , Cl-Pattern Example 33
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro~2- fluoro-phenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide} The
compound of example 33 was prepared according to the
methods described for example 28. ESI-MS: m/z = 551
[M+H]+ , Cl-Pattern Example 34
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(2-amino-4- chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 34 was prepared according to
the methods described for example 28. ESI-MS: m/z =
548 [M+H]+ , Cl-Pattern Example 35
(3R>4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- methyl-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 35 was prepared according to
the methods described for example 28. ESI-MS: m/z =
547 [M+H]+ , Cl-Pattern 



Example 36
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-phenyl]-amide}
4-[(lH-indazol-5-yl)-amide] The compound of example 36
was prepared according to the methods described for
example 28. ESI-MS: m/z = 539 [M+H]+Example 37
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloropyridin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 37 was prepared according to
the methods described for example 28 with the
exception of step 6. Step 6: Compound 28e (35 mg;
0.083 mmol) is dissolved under argon in thionylchlorid
(0.03 ml; 0.413 mmol) to generate the corresponding
acidchlorid. The mixture is stirred for 30 min at 25
0C. 2-Amino-chloro pyridine is dissolved in THF and
NaH suspension in oil (55%; 24 mg; 0.58 mmol) is added
under hydrogen evolution. The mixture is stirred for
30 min at 25C. The corresponding acidchloride solution
is added to the reaction mixture of the deprotonated
2-amino-chloro pyridine. The combined suspensions are
stirred for 7 d at 250C. The reaction suspension is
evaporated to dryness and purified by silica gel
chromatography. Yield: 36 mg (81.5 %), ESI-MS: m/z =
534 [MH-H]+ , Cl-Pattern Example 38
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-(4-chlorobenzylamide) 4-{[2-fluoro-4-
(2-oxo-2H-pyridin- 1-yl)-phenyl] -amide} The compound
of example 38 was prepared according to the methods
described for example 28. ESI-MS: m/z = 547 [M+H] + ,
Cl-Pattern Example 39
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(3-methoxy-2-oxo-2H-pyridin-l-yl)-pheny
l]- amide} According to general method 2e) Step 1:
(3R,4R)-Pyrrolidine-l,3,4-tricarboxylic
acid-1-tert-butyl bster-3-ethg l ester 7a The
stereoselective mono saponification of the racemic
mixture of compound Ib to compound 7a and the
correpsonding S,S-enantiomer is described in: R.M.
Rodriguez Sarmiento, B. Wirz, H. Iding, Tetrahedron
Asymmetry, 14, 2003, 1547- 1551.Step 2a:
(3R,4R)-4-(4-Chlor spheng lcarbamog l)-pg
rrolidine-l,3-dicarboxylic acid 1- tert-butyl
ester-3-ethyl ester 39 b Compound 7a (1 g; 3.48 mmol)
is suspended in acetonitrile (7 ml) and N Ndiisopropyl
ethyl amin (1.22 ml; 6.96 mmol) is added at 25 0C.
BOP-Cl (1.772 g; 6.96 mmol) is added as a solid and
after stirring for 30 min at 25C 4-chloroaniline
(0.444 g; 3.48 mmol) is added to the reaction mixture.
The mixture is stirred for 18 h at 25C, evaporated to
dryness and dissolved in ethyl acetate (100 ml). The 



organic phase is washed with with saturated aquous
Na2CO solution (100 ml), 2 N HCl (50 ml), water and
brine and dried over Na2SO . The organic phase is
filtered and the filtrate is evaporated to dryness.
The crude product is purified by silica gel
chromatography. Yield: 0.5 g (36.2 %), ESI-MS: m/z =
395 [M-H] , Cl-pattern Step 3:
(3R,4R)-4-(4-Chloro-phen g
lcarbamoyl)-pyrrolidine-3-carboxylic acid ethyl ester
hydrochloride 39c Compound 39b (1.6 g; 4.03 mmol) is
dissolved in 6N HCl in isopropanol (12.5 ml) and the
reaction mixture is stirred for 2 h at 25C. The
reaction mixture is evaporated to dryness and the
crude product is crystallized twice from diethylether
to yield an off-white solid. Yield: 1.44 g (107.2 %),
ESI-MS: m/z = 297 [M+H] + , Cl- Pattern Step 4:
(3R,4R)-4-(4-Chloro-phenylcarbamoyl)-l-methanesulfonyl
-pyrrolidine-3- carboxylic acid ethyl ester 39d
Compound 39c (1.44 g; 4.32 mmol) is dissolved in
acetonitrile (10 ml) under addition of N,N-diisopropyl
ethyl amine (2200 ml; 12.96 mmol).
Methanesulfonylchloride (990 mg; 8.64 mmol) is added
and the mixture is stirred for 18 h at 25 0C. The
reaction mixture is evaporated to dryness and purified
with silica gel chromatography. Yield: 0.895 g (55.3
%), ESI-MS: m/z = 375 [M+H] +, Clpattern Step 5:
(3R,4R)-4-(4-Chloro-phenylcarbamoyl)-l-methanesulfor
iyl-pyrrolidine-3- carboxylic acid 39e Compound 39d
(0.9 g; 2.4 mmol) is dissolved in a mixture of
1,4-dioxane/water (1:1; 15 ml). LiOH monohydrate
(0.302 g; 7.2 mmol) is added as a solid and the
mixture is stirred for 18 at 25 0C. The mixture is
evaporated to dryness and dissolved in ethyl acetate
and the product is extracted with saturated aqueous
Na2CO solution. The aqueous phase is cooled to 10 0C
and acidified with 25% aqueous HCl solution until pH =
1. The product is extracted several times
withethylacetate (3 x 100 ml). The combined organic
phases are washed with brine and dried over Na2SC>4.
After filtration the organic phase is evaporated to
dryness. Yield: 0.7 g (84.1 %), ESI-MS: m/z = 345
[M-H] , Cl-pattern Step 6:
l-(4-Amino-3-fluoro-phenyl)-3-m
bthoxy-lH-pyridin-2-one 39f Compound 4Of is prepared
as described for compound Ie. ESI-MS: m/z = 345 [MH]-
Step 7: (3R,4R)-l-Methanesulfon g
l-pyrrolidine-3,4-dicarboxg lic acid
3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4~(3-rnethoxy-2-oxo-2H-pyridin-l-yl)-phen
yl] -amide} 39g Compound 39e (80 mg; 0.23 mmol) is
suspended in acetonitrile (1 ml) and N5Ndiisopropyl
ethyl amin (47 ml; 0.277 mmol) is added at 25 0C.
BOP-Cl (70.5 mg; 0.277 mmol) is added as a solid and
after stirring for 30 min at 25C l-(4-amino-3-
fluoro-phenyl)-3-methoxy-lH-pyridin-2-one (53.9 mg;
0.23 mmol) is added to the reaction mixture. The
mixture is stirred for 3 d at 25C, evaporated to
dryness and purified by preparative HPLC. Yield: 1.9
mg (1.5 %), ESI-MS: m/z = 562 [M+H] + Example 40 



(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2,6-difluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-ami
de} The compound of example 40 and
l-(4-Amino-3,5-difluoro-phenyl)-3-methoxylH-
pyridin-2-one were prepared according to the methods
described for example 39. ESI-MS: m/z = 550 [M+H] +
Example 41
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(6-oxo-6H-pyridazin-l-yl)-phenyl]-amide
} The compound of example 4 1 and
2-(4-amino-3-fluoro-phenyl)-2H-pyridazin-3- one were
prepared according to the methods described for
example 39. ESI-MS: m/z = 533 [M+H] + Example 42
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-piperidin-l-yl)-phenyl]-amide}Th
e compound of example 42 and
l-(4-amino-3-fluoro-phenyl)-piperidin-2-one were
prepared according to the methods described for
example 39. ESI-MS: m/z = 536 [M+H] +, Cl-pattern
Example 43
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide] 4-
[(3-fluoro-4-morpholin-4-yl-phenyl)-amide] The
compound of example 43 was prepared according to the
methods described for example 39.
3-fluoro-4-morpholin-4-yl-phenylamine is commercially
available. ESI-MS: m/z = 525 [M+H] +, Cl-pattern
Example 44 (3R,4R)- 1-Methanesulfonyl-pyrrolidine-3
,4-dicarboxylic acid 3-[(4-chlorophenyl)- amide]
4-{[3-fluoro-4-(2-methyl-imidazol-l-yl)-phenyl]
-amide} The compound of example 44 and
3-fluoro-4-(2-methyl-imidazol-l-yl)- phenylamine (CAS
209960-27-0) were prepared according to the methods
described for example 39. ESI-MS: m/z = 519 [M+H] +,
Cl-pattern Example 45
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide] 4-[ (3-fluoro-4-[1
,2,4] triazol- 1-yl-phenyl) -hydroxy- amide] The
compound of example 45 was prepared according to the
methods described for example 39.
N-(3-Fluoro-4-[l,2,4]triazol-l-yl-phenyl)-hydroxylamin
e is prepared according to CAS: 181997-13-7. ESI-MS:
m/z = 523 [M+H] +, Cl-pattern Example 46
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-phenyl]-amide}
4-[(4-methoxy-phenyl)-methyl-amide] The compound of
example 46 was prepared according to the methods
described for example 28. ESI-MS: m/z = 543 [M+H] +
Example 47 



(3R,4R)-1-Methanesulf onyl-pyrrolidine-
3,4-dicarboxylic acid 3-{ [2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-phenyl]-amide}
4-[(4-trifluoromethoxy-phenyl)-amide]The compound of
example 47 was prepared according to the methods
described for example 28. ESI-MS: m/z = 583 [M+H]+
Example 48
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide} The
compound of example 48 was prepared according to the
methods described for example 40. ESI-MS: m/z = 514
[M+H]+ Example 49
(3R,4R)-l-Cyclopropylmethyl-pyrrolidine-3,4-dicarboxyl
ic acid3-[(4-chlorophenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
The compound of example 49 was prepared according to
the methods described for example 24. ESI-MS: m/z =
508 [M+H]+ Example 50
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide] 4-
[(3-fluoro-2'-methylsulfanyl-biphenyl-4-yl)-amide] The
compound of example 50 was prepared according to the
methods described for example 7 using compound CAS
209732-08-1 as amine. ESI-MS: m/z = 562 [M+H] +
Example 51
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[ {T-tertbu
tylsulfamoyl-3-fluoro-biphenyl-4-yl)-amide]
4-[(4-chloro-phenyl)-amide] The compound of example 51
was prepared according to the methods described for
example 7 using CAS 209919-51-7 as amine. ESI-MS: m/z
= 651 [M+H] + Example 52
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[5-(2-methanesulfonyl-phenyl)-pyridin-2-yl]-amide}
The compound of example 52 was prepared according to
the methods described for example 7 using compound CAS
793650-93-8 as amine. ESI-MS: m/z = 577 [M+H] +
Example 53
(3R,4R)-l-Methanesulfonyl-pyrrolidme-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide] 4-{
[2-fluoro-4-(3-methyl-2-oxo-2H-pyridin-l-yl)-phenyl]
-amide} The compound of example 53 was prepared
according to the methods described for example 7.
ESI-MS: m/z = 547 [M+H] +Example 54 acid
3-[(4-chlorophenyl)- amide]
4-[(3-fluoro-2'-methanesulfonyl-biphenyl-4-yl)-amide]
The compound of example 54 was prepared by oxidation
of the compound of example 50. The compound of example
50 (39.53 mg; 0.07 mmol) is dissolved in ethyl acetate
(2 



ml) at 25 0C. To this solution mCPBA (30.34 mg; 2.5
equivalents) is added slowly and the mixture is
stirred at 25 0C for 18 h. Purification with prep.
HPLC. Yield: 8.15 mg (19.6%). ESI-MS: m/z = 594 [M+H]+
Example 55
(3R,4R)-3-(5-Chloro-pyridin-2-ylcarbamoyl)-4-
[2-fluoro-4-(2-oxo-2H-pyridin- 1-
yl)-phenylcarbamoyl]-pyrrolidine-1-carboxylic acid
tert-butyl ester 2-Chloro-5-aminopyridine (3.258 g; 25
mmol) is dissolved in toluene (100 ml) under argon
atmosphere. Within 10 min a solution OfAlMe3 in
toluene (2N, 12.8 ml) is added slowly. The mixture is
stirred for 1 h at 25 0C. Compound 28b (10 g, 2 1
mmol) is added in one portion and the reaction mixture
is heated under reflux for 2h. The obtained yellow
suspension is cooled to 25 0C and diluted with THF (35
ml). For hydrolysis acetic acid (4.8 ml) is added and
the suspension is stirred for 18 h. The obtained
precipitate is filtered off, washed with toluene and
TBME and dried in vacuo. Yield: 8.46 g (72%). ESI-MS:
m/z = 556 [M-I-H] + Example 56
(3R,4R)-l-Ethanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloro-pyridin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 56 was prepared according to
the methods described for example 7 starting from
compound of example 55. ESI-MS: m/z = 547 [M-I-H]
+Example 57
(3R>4R)-l-(2,2-Difluoroethyl)-pyrrolidine-3,4-dicarbox
ylic acid 3-[(5-chloropyridin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 57 is prepared according to
the methods described for example 24 with the
exception of step 3 and step 4: Step 3:
(3R,4R)-pyrrolidine-3,4-dicarboxylic acid
3-[(5-chloropyridin-2-yl)-amide] 4-
{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
(compound 57a) The compound of example 55 (8.4 g; 15
mmol) is suspended in dioxane (50 ml) and 4N HCl in
dioxane is added (50 ml). After stirring at 25 0C for
50 min Boccleavage is completed. The mixture is
diluted with THF and neutralized with aqueous Na2Cq
3-solution. The free base (3R
4R)-pyrrolidine-3,4-dicarboxylic acid
3-[(5-chloropyridin-2-yl)-amide] 4-{
[2-fluoro-4-(2-oxo-2ff-pyridin-l-yl)- phenyl] -amide}
is extracted several times with THF/ dichloromethane
(1:1 vol). The organic phase is washed with saturated
aqueous NaCl-solution, dried over Na2SO and evaporated
to dryness to yield 4.1 g (59.5 %) of compound 57a.
ESI-MS: m/z = 455 [M+H]+ Step 4:
(3R,4R)-l-(2,2~Difluoroethyl)-pyrrolidine-3,4-dicarbox
ylic acid 3-[(5-chloropyridin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l~yl)-phenyl]-amide}
Compound 57a (0.41 g; 0.9 mmol) is dissolved in
dichloromethane (4 ml) and DIEA (0.233 ml) is added.
To this mixture trifiuoro-methanesulfonic acid 2,2-
difluoro-ethyl ester (0.338 mg; 1.6 mmol), dissolved
in 1ml dichloromethane, is 



added in one portion. The mixture is stirred at 25 0C
for 72 h . The organic phase is then washed with
aqueous ammonium acetate and NaCl solution, dried over
Na2SO and evaporated to dryness. The crude product is
purified by flash chromatography over SiO2. Yield:
0.299 g (63.8 %). ESI-MS: m/z = 519 [M+H] + Example 58
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[4-(1,1-dioxo-[1,2]thiazinan-2-yl) -phenyl] -amide}
The compound of example 58 was prepared according to
the methods described for example 7 with the amine CAS
37441-49-9. ESI-MS: m/z = 555 [M+H] +Example 59
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[4-(1,1-dioxo-isothiazolidin-2-yl)-phenyl]-amide} The
compound of example 59 was prepared according to the
methods described for example 7 with the amine CAS
90556-91-5. ESI-MS: m/z = 541 [M+H]+ Example 60
(3R,4R)-l-Methanesuh onyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenylj- amide]
4-{[2-methyl-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 60 was prepared according to
the methods described for example 7 with the amine,
l-(4-amino-3-methyl-phenyl)-lH-pyridin-2-one. ESIMS:
m/z = 529 [M+H] + Example 6 1
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(3-oxo-morpholin-4-yl)-phenyl]-amide}
The compound of example 61 was prepared according to
the methods described for example 7 with CAS
742073-22-9. ESI-MS: m/z = 539 [M+H] + Example 62
(3R,4R)-l-Isopropyl-pyrrok\line-3,4-dicarboxylic acid
3-[(5-chloro-pyridin-2-yl)- amide]
4-{[2-fluoro-4-(2-oxo-2ff-pyridm-l-yl)-phenyl]-amide}
The compound of example 62 was prepared according to
the methods described for example 27. ESI-MS: m/z =
498 [M+H] + Example 63
(3R,4R)-l-(4-Fluoro-benzyl)-pyrrolidine-3,4-dicarboxyl
ic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
The compound of example 63 was prepared according to
the methods described for example 27. ESI-MS: m/z =
563 [M+H] + Example 64 (3R,4R)-
l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic acid
3-[ (4-chlorophenyl) -amide] 4-[ (2-oxo-2ff-
[1,3']bipyridmyl-6'-yl) -amide] The compound of
example 64 was prepared according to the methods
described for example 7 with the amine CAS
536747-63-4. ESI-MS: m/z = 516 [M+H] + Example 65 



(3R,4R)-l-Pyridin-2-yhnethyl-pyrrolidine-3,4-dicarboxy
lic acid 3- [(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}T
he compound of example 65 was prepared according to
the methods described for example 27. ESI-MS: m/z =
546 [M+H]+ Example 66
(3R,4R)-l-Pyridin-3-ylmethyl-pyrrolidine-3,4-dicarboxy
lic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2ff-pyridin-l-yl)-phenyl]-amide}
The compound of example 66 was prepared according to
the methods described for example 27. ESI-MS: m/z =
546 [M+H] + Example 67 (3R,4R)-l-Py
tidin-4-yhnethyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl]
-amide} The compound of example 67 was prepared
according to the methods described for example 27.
ESI-MS: m/z = 546 [M+H]+ Example 68 (3R,4R)-
1-(2-Methoxy-ethyl)-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 68 was prepared according to
the methods described for example 24. ESI-MS: m/z =
513 [M+H] + Example 69
(3R,4R)-l-(2-Fluoro-l-methyl-ethyl)-pyrrolidine-3,4-di
carboxylic acid 3-[(4- chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
The compound of example 69 was prepared according to
the methods described for example 27. ESI-MS: m/z =
515 [M+H]+ Example 70
3-{(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-
(2-oxo-2H-pyridm-lyl)-
phenylcarbamoyl]-pyrrolidin-l-yl}-propionic acid
methyl ester The compound of example 70 was prepared
according to the methods described for example 24.
ESI-MS: m/z = 541 [M+H]+ Example 71
(3R,4R)-l-(3-Fluoro-oxetan-3-yhnethyl)-pyrrolidine-3,4
-dicarboxylic acid 3-[(4- chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}T
he compound of example 71 was prepared according to
the methods described for example 24 using
3-bromomethyl-3-fluoro-oxetane (compound 71 e) as
alkylating agent. ESI-MS: m/z = 543 [M+H] + Synthesis
of3-bromomethyl-3-fluoro-oxetane: a)
3-Benzyloxy-2-methylene-l-propanol 71a:
2-Methylene-propane-l,3-diol (2.2 g; 24.96 mmol)and
dibutyltin oxide (6.85 g; 27.96 mmol) were refluxed in
chloroform/ methanol (100 ml 10:1) for 24 h to obtain
a clear solution. The solvent was removed under
reduced pressure to give the stannoxane derivative as
a white solid. Cesium fluoride (7.25 g; 47.7 mmol) was
added and the mixture was dried under high vacuum. To
this reaction mixture, 



DMF (20 ml) and benzyl bromide (3.27 ml; 27.5 mmol)
were added andthe reaction mixture was stirred for 24
h at 25 0C. After that, the reaction mixture was
heated at 50 0C for 1 h. The mixture is cooled to 25
0C and diluted with ethyl acetate (100 ml) and water
(2 ml). The reaction mixture is stirred vigorously for
30 min and then filtered through a pad of celite to
remove dibutyltin oxide. The filtrate was washed with
water and then with brine, dried over Na2SO and the
solvent was removed under reduced pressure. The crude
product was purified by silica gel column
chromatography eluting with 20 % ethyl acetate/hexane
to yield 2.6 g (60%) compound 71a) as oil. 1H-NMR
(CDCl3): d 7.36 - 7.28 (m, 5H), 5.20 (s, IH), 5.15 (s,
IH), 4.51 (s, 2H), 4.19 (s, 2H), 4.10 (s, 2H). b)
3-Bromo-2-fluoro-2-(benzyloxymethyl)propan-l-ol 71 b :
A solution of 71 a) (3.9 g; 21.91 mmol) and
triethylamine 3HF complex (5.29 g; 5.35 ml; 32.86
mmol) in dichloromethane (100 ml) was treated with NBS
(4.28 g; 24.1 mmol) portion wise at -10 0C and stirred
for 17 h. Subsequently, the mixture was poured into
ice-water (100 ml) and neutralized with 25% aqueous
ammonia. The organic layer was separated, washed with
0.1 N HCl, followed by 5 % aqueous NaHCO 3, dried and
evaporated to dryness. The crude material was purified
by silica gel chromatography (15 % ethyl
acetate/hexane) to give 2.54 g (42%) of 71 b. 1H-NMR
(CDCl3): d 7.37 - 7.30 (m, 5H), 4.58 (s, 2H), 3.89 -
3.63 (m, 6H), GCMS: 276 (M+). c)
3-Fluoro-3-(benzyloxymethyl)oxetane 71 c:A mixture of
71 b (10 g; 36.10 mmol) and potassium carbonate (29.9
g; 216.9 mmol)) in dry acetonitrile (200 ml) is
refluxed for 72 h. After that the reaction mixture is
extracted with ethyl acetate, washed with brine, dried
over Na2SO and purified by silica gel column
chromatography (10% ethyl acetate/hexane) to give 2.12
g (30%) of71 c. 1H-NMR (CDCl3) : d 7.38 - 7.30 (m,
5H), 4.77 (dd, 2H), 4.58 (dd, 2H), 3.81 (s, IH), 3.76
(s, IH), GC-MS: 196 (M+) . d) 3-Fluoro-3-(hydroxy
tnethyl)oxetane 71 d: A solution of 71 c (1.1 g; 5.61
mmol) in EtOH (10 ml) containing Pd/C (200 mg, 10%)
and acetic acid (1 ml) was stirred for 24 h under
hydrogen atmosphere (40 psi). The catalyst was
filtered off and the filtrate was concentrated under
reduced pressure to give compound 71 d (410 mg; 70%).
1H-NMR (CDCl3) : d 4.77 (dd, 2H), 4.57 (dd, 2H), 3.98
(s, IH), 3.93 (s, IH). e)
3-Bromomethyl-3-fluoro-oxetane 71 e: To a stirred
solution of compound 71 d (500 mg; 4.72 mmol) CBr4
(1.95 g; 5.89 mmol) in dichloromethane (7 ml) was
added portion wise triphenylphosphine (1.85 g; 7.07
mmol) at 0 0C. After complete addition, the reaction
mixture was stirred for additional 2 h, diluted with
pentane and washed with 5% aq NaHCO3, brine and dried
over Na2SO .The solvent was removed under atmospheric
pressure 



to give compound 71 e (406 mg, 51%). 1H-NMR (CDCl3) :
d 4.79 (dd, 2H), 4.56 (dd, 2H), 3.78 (s, IH), 3.73 (s,
IH). Example 72
2-{(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-
(2-oxo-2H-pyridin-lyl)-
phenylcarbamoyl]-pyrrolidin-l-yhnethyl}-cyclopropaneca
rboxylic acid ethyl ester The compound of example 72
was prepared according to the methods described for
example 24. ESI-MS: m/z = 581 [M-I-H] + Example 73
(3R,4R)-l-Thiophen-2-ylmethyl-pyrrolidine-3,4-dicarbox
ylic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2ff-pyridin-l-yl)-phenyl]-amide}
The compound of example 73 was prepared according to
the methods described for example 27. ESI-MS: m/z =
551 [M+H] +Example 74
(3R,4R)-l-Thiophen-S-ylmethyl-pyrrolidine-S^-dicarboxy
lic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 74 was prepared according to
the methods described for example 27. ESI-MS: m/z =
551 [M+H] + Example 75
(3R,4R)-l-Cyanomethyl-pyrroKdine-S^-dicarboxylic acid
3-[(4-chloro-phenyl)- amide] 4-{[2-fluoro-4-(2-oxo-2J
-pyridin-l-yl)-phenyl]-arnide} The compound of example
75 was prepared according to the methods described for
example 24. ESI-MS: m/z = 494 [M+H] + Example 76
(3R,4R)-l-Methyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)-methylamide]
4-{[2-fluoro-4-(2-oxo-2J -pyridin-l-yl) -phenyl]
-methyl-amide} The compound of example 76 was prepared
according to the methods described for example 24.
ESI-MS: m/z = 494 [M+H] + Example 77
(3R,4R)-l-(2-Tetrazol-l-yl-acetyl)-pyrrolidine-3,4-dic
arboxylic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide}
The compound of example 77 was prepared according to
the methods described for example 13. ESI-MS: m/z =
565 [M+H] + Example 78 (3R,4R)- 1- (2-
lH-Tetrazol-5-yl-acetyl)-pyrrolidine-3,4-dicarboxylic
acid 3-[ (4- chloro-phenyl) -amide] 4-{[2-fluoro-4-
(2-oxo-2H-pyridin- 1-yl)-phenyl] -amide} The compound
of example 78 was prepared according to the methods
described for example 13. ESI-MS: m/z = 565 [M+H] +
Example 79
(3R,4R)-l-(2,2-Difluoro-ethyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(6-chloropyridazin- 3-yl)-amide]
4-{[2-fiuoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide} 



The compound of example 79 was prepared according to
the methods described for example 57. ESI-MS: m/z =
521 [M+H]+ Example 80
(3R,4R)-l-(2,2-Difluoro-ethyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(5-chloropyrirnidin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-1-yl)-phenyl]-amide}T
he compound of example 80 was prepared according to
the methods described for example 57. ESI-MS: m/z =
521 [M+H]+ Example 81 (3R,4R)-l-(2,2-Difluoro-e
yl)-pyrrolidine-3,4-dicarboxylic acid 3-
[(5-chlorothiophen- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 81 was prepared according to
the methods described for example 57. ESI-MS: m/z =
525 [M+H]+ Example 82
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[4-(3-oxo-rnorpholin-4-yl)-phenyl] -amide} The
compound of example 82 was prepared according to the
methods described for example 7 using as amine CAS
438056-69-0. ESI-MS: m/z = 521 [M+H]+ Example 83
(3R,4R)-3-(5-Chloro-pyridin-2-ylcarbamoyl)-4-[2-fluoro
-4-(2-oxo-2H-pyridin-lyl)-
phenylcarbamoyl]-pyrrolidine-1-carboxylic acid methyl
ester The compound of example 83 was prepared
according to the methods described for example 57 and
14. ESI-MS: m/z = 514 [M+H]+ Example 84
(3R,4R)-l-Trifluoromethyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloropyridin- 2-yl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl]
-amide} The compound of example 84 was prepared
according to the methods described for example 57.
ESI-MS: m/z = 524 [M+H]+ Example 85
(3R,4R)-l-(2,2,2-Trifluoro-ethyl)-pyrrolidine-3,4-dica
rboxylic acid 3-[(5-chloropyridin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide}
The compound of example 85 was prepared according to
the methods described for example 57. ESI-MS: m/z =
538 [M+H]+Example A Film coated tablets containing the
following ingredients can be manufactured in a
conventional manner: Ingredients Per tablet Kernel:
Compound of formula (I) 10.0 mg 200.0 mg
Microcrystalline cellulose 23.5 mg 43.5 mg Lactose
hydrous 60.0 mg 70.0 mg Povidone K30 12.5 mg 15.0 mg
Sodium starch glycolate 12.5 mg 17.0 mg 



Magnesium stearate 1.5 mg 4.5 mg (Kernel Weight) 120.0
mg 350.0 mg Film Coat: Hydroxypropyl methyl cellulose
3.5 mg 7.0 mg Polyethylene glycol 6000 0.8 mg 1.6 mg
Talc 1.3 mg 2.6 mg Iron oxyde (yellow) 0.8 mg 1.6 mg
Titan dioxide 0.8 mg 1.6 mg The active ingredient is
sieved and mixed with microcristalline cellulose and
the mixture is granulated with a solution
ofpolyvinylpyrrolidon in water. The granulate is mixed
with sodium starch glycolate and magesiumstearate and
compressed to yield kernels of 120 or 350 mg
respectively. The kernels are lacquered with an
aqueous solution / suspension of the above mentioned
film coat.Example B Capsules containing the following
ingredients can be manufactured in a conventional
manner: Ingredients Per capsule Compound of formula
(I) 25.0 mg Lactose 150.0 mg Maize starch 20.0 mg Talc
5.0 mg The components are sieved and mixed and filled
into capsules of size 2. Example C Injection solutions
can have the following composition: Compound of
formula (I) 3.0 mg Polyethylene Glycol 400 150.0 mg
Acetic Acid - q.s. ad pH 5.0 Water for injection
solutions ad 1.0 ml The active ingredient is dissolved
in a mixture of Polyethylene Glycol 400 and water for
injection (part). The pH is adjusted to 5.0 by Acetic
Acid. The volume is adjusted to 1.0 ml by addition of
the residual amount of water. The solution is
filtered, filled into vials using an appropriate
overage and sterilized.Example D Soft gelatin capsules
containing the following ingredients can be
manufactured in a conventional manner: Capsule
contents Compound of formula (I) 5.0 mg Yellowwax 8.0
mg Hydrogenated Soya bean oil 8.0 mg Partially
hydrogenated plant oils 34.0 mg Soya bean oil 110.0 mg
Weight of capsule contents 165.0 mg 



Gelatin capsule Gelatin 75.0 mg Glycerol 85 % 32.0 mg
Karion 83 8.0 mg (dry matter) Titan dioxide 0.4 mg
Iron oxide yellow 1.1 mg The active ingredient is
dissolved in a warm melting of the other ingredients
and the mixture is filled into soft gelatin capsules
of appropriate size. The filled soft gelatin capsules
are treated according to the usual procedures.Example
E Sachets containing the following ingredients can be
manufactured in a conventional manner: Compound of
formula (I) 50.0 mg Lactose, fine powder 1015.0 mg
Microcristalline cellulose (AVICELPH 102) 1400.0 mg
Sodium carboxymethyl cellulose 14.0 mg
Polyvinylpyrrolidon K 30 10.0 mg Magnesiumstearate
10.0 mg Flavoring additives 1.0 mg The active
ingredient is mixed with lactose, microcristalline
cellulose and sodium carboxymethyl cellulose and
granulated with a mixture of polyvinylpyrrolidon in
water. The granulate is mixed with magnesiumstearate
and the flavouring additives and filled into
sachets.Claims: 1. Compounds of formula (I) X is N or
C-R6; R1 is hydrogen, C1-7 alkyl, C3-10 cycloalkyl, C
-1 cycloalkyl-C1-7 alkyl, fluoro-C 1-7 alkyl,
hydroxy-C 1-7 alkyl, CN-C1-7 alkyl, hydroxy
substituted fluoro-C 1-7 alkyl, C2-7 alkinyl,
R10C(O)-, R10OC(O)-, N(R n ,R12)C(0X R10OC(O)-C 1-7
alkyl, N(R u ,R12)C(O)-C 1-7 alkyl, R10-SO2,
R10-SO2-C1-7 alkyl, N(RU,R12)- SO2, N(R u
,R12)-SO2-C1-7 alkyl, aryl-C 1-7 alkyl, heteroaryl,
heteroaryl-C 1-7 alkyl, C1-7 alkoxy-C 1-7 alkyl, C1-7
alkoxycarbonyl-Q -iQcycloalkyl-C1-7 alkyl or
heterocyclyl-C 1-7 alkyl ; R2 is hydrogen or C1-7
alkyl; R3 is aryl, aryl-C 1-7 alkyl, heteroaryl or
heteroaryl-C 1-7 alkyl; R4 is hydrogen, C1-7 alkyl or
hydroxy; R5, R6, R7 and R8 independently from each
other are selected from the group consisting of
hydrogen, halogen, C1-7 alkyl, C1-7 alkoxy, fluoro-C
1-7 alkyl, fluoro-C 1-7 alkyloxy or CN; R9 is aryl,
heterocyclyl, heteroaryl or heterocyclyl-C(O)-; R10 is
hydrogen, C1-7 alkyl, C3-I0 cycloalkyl, C3-I0
cycloalkyl-C1-7 alkyl, hydroxy- C1-7 alkyl, fluoro-C
1-7 alkyl, C1-7 aIkyl-SO2-C1-7 alkyl, aryl, aryl-C 1-7
alkyl, 



heteroaryl, heteroaryl-C 1-7 alkyl or heterocyclyl;R11
and R12 independently from each other are selected
from the group consisting of hydrogen, Ci- alkyl,
hydroxy-C 1-7 alkyl, SuOrO-C1- alkyl, C -10 cydoalkyl,
C3-10 cycloalkyl-C1. alkyl, aryl, aryl-C1-7 alkyl,
heteroaryl and heteroaryl-C 1-7 alkyl; or R11 and R12,
together with the nitrogen atom to which they are
attached, form a heterocyclic ring selected from the
group consisting of piperidinyl, piperazinyl,
morpholinyl, pyrrolidinyl, pyrrolinyl or azetidinyl,
which heterocyclic ring can optionally be substituted
with C1-7 alkyl, halogen or hydroxy; and
pharmaceutically acceptable salts thereof; wherein the
term, "aryl" means phenyl or naphthyl group, which can
optionally be substituted by 1 to 5 substituents
independently selected from the group consisting of
C2-7 alkenyl, C2-7 alkinyl, dioxo-Q -7 alkylene,
halogen, hydroxy, CN, CF3, NH2, N(H, C1-7 alkyl), N(C
1-7 alkyl)2, aminocarbonyl, carboxy, NO2, C1-7 alkoxy,
thio-C 1-7 alkoxy, C1-7 alkylsufonyl, aminosulfonyl,
C1-7 alkylcarbonyl, C1-7 alkylcarbonyloxy, C1-7
alkoxycarbonyl, C1-7 alkyl-carbonyl-NH, fluoro-C 1-7
alkyl, fluoro-C 1-7 alkoxy, C1-7 alkoxy-carbonyl-C 1-7
alkoxy, carboxy-C 1-7 alkoxy, carbamoyl- C1-7 alkoxy,
hydroxy-C 1-7 alkoxy, NH2-C1-7 alkoxy, N(H, C1-7
alkyl)-C1-7 alkoxy, N(C1-7 alkyl)2- C1-7 alkoxy,
benzyloxy-C1-7 alkoxy, mono- or di-Q -7 alkyl
substituted amino-sulfonyl and C1-7 alkyl which can
optionally be substituted with halogen, hydroxy, NH2,
N(H, C1-7 alkyl) or N(C 1-7 alkyl)2 ; the term,
"heterocyclyl" means non-aromatic monocyclic
heterocycles with 4 or 6 ring members, which comprise
1, 2 or 3 hetero atoms selected from nitrogen, oxygen,
sulfur, - SO- and - SO -, and a heterocyclyl group may
have a substitution pattern as described in connection
with the term "aryl", and one or two ring member
carbon atoms of a heterocyclyl group may be replaced
with a carbonyl group; the term, "heteroaryl" means an
aromatic 5 to 6 membered monocyclic ring or 9 to 10
membered bicyclic ring which can comprise 1, 2, 3 or 4
atoms selected from nitrogen, oxygen and sulphur, and
a heteroaryl group may have a substitution pattern as
described in connection with the term "aryl", and one
or two ring member carbon atoms of a heteroaryl group
maybe replaced with a carbonyl group;the term "mono-C
1-7 alkyl substituted amino" and "di-C 1-7 alkyl
substituted amino" means -NHR and -NRR' respectively,
wherein R and R' independent from each other are C1-7
alkyl. 2. Compounds according to claim 1, wherein R1
is hydrogen, C1-7 alkyl, C3-I0 cydoalkyl, C3-I0
cycloalkyl-C1. alkyl, fluoro-C 1-7 alkyl, hydroxy-C
1-7 alkyl, CN-C 1-7 alkyl, hydroxy substituted
fluoro-C 1-7 alkyl, C2-7 alkinyl, R10C(O)-, R10OC(O)-,
N(R n ,R12)C(O)-, 



R10OC(O)-C 1-7 alkyl, N(Rn ,R12)C(O)-C 1-7 alkyl,
R10-SO2, R10-SO2-C1-7 alkyl, N(RU,R12)-SO2, N(R u
,R12)-SO2-C1-7 alkyl, aryl-C 1-7 alkyl, heteroaryl or
heteroaryl-C 1-7 alkyl; R10 is hydrogen, C1-7 alkyl,
C3-I0 cycloalkyl, C3-I0 cycloalkyl-C1. alkyl,
hydroxy-C 1-7 alkyl, fluoro-C 1-7 alkyl, C1-7
alkyl-SO2-C1-7 alkyl, aryl, aryl-C1-7 alkyl,
heteroaryl or heteroaryl-C 1-7 alkyl; and the term,
"aryl" means phenyl or naphthyl group, which can
optionally be substituted by 1 to 5 substituents
independently selected from the group consisting of
C2-7 alkenyl, C2-7 alkinyl, dioxo-C 1-7 alkylene,
halogen, hydroxy, CN, CF3, NH2, N(H, C1-7 alkyl), N(C
1-7 alkyl)2, aminocarbonyl, carboxy, NO2, C1-7 alkoxy,
thio-C 1-7 alkoxy, C1-7 alkylsufonyl, aminosulfonyl,
C1-7 alkylcarbonyl, C1-7 alkylcarbonyloxy, C1-7
alkoxycarbonyl, C1-7 alkylcarbonyl- NH, fluoro-C 1-7
alkyl, fluoro-C 1-7 alkoxy, C1-7 alkoxy-carbonyl-C 1-7
alkoxy, carboxy-C 1-7 alkoxy, carbamoyl-C 1-7 alkoxy,
hydroxy-C 1-7 alkoxy, NH2-C1-7 alkoxy, N(H, C1-7
alkyl)-C1-7 alkoxy, N(C 1-7 alkyl)2- C1-7 alkoxy,
benzyloxy-C 1-7 alkoxy and C1-7 alkyl which can
optionally be substituted with halogen, hydroxy, NH2,
N(H, C1-7 alkyl) or N(C 1-7 alkyl)2 ; the term,
"heterocyclyl" means non-aromatic monocyclic
heterocycles with 4 or 6 ring members, which comprise
1, 2 or 3 hetero atoms selected from nitrogen, oxygen
and sulfur, and a heterocyclyl group may have a
substitution pattern as described in connection with
the term "aryl"; the term, "heteroaryl" means an
aromatic 5 to 6 membered monocyclic ring or 9 to 10
membered bicyclic ring which can comprise 1, 2 or 3
atoms selected from nitrogen, oxygen and sulphur, and
a heteroaryl group may have a substitution pattern as
described in connection with the term "aryl". 3.
Compounds according to any one of claims 1 and 2,
characterised by formula (Ia)wherein R1, R2, R3, R4,
R5, R7, R8, R9 and X are as defined in claim 1 or 2,
and pharmaceutically acceptable salts thereof. 4.
Compounds according to any one of claims 1 - 3,
wherein R1 is hydrogen, G1 7 alkyl, SuOrO-G1 7 alkyl,
hydroxy-C 1-7 alkyl, CN-C 1 7 alkyl, HC(O)-, C1-7
alkyl-C(O)-, C1-7 alkoxy-C(O)-, C1-7 alkoxy-C(O)-C 1-7
alkyl, NH2-C(O)-C 1 7 alkyl, C1-7 alkyl-NH-C(O)-C 1-7
alkyl, NH2-SO2, C1-7 alkyl-SO2, ffuoro-C 1-7
alkyl-SO2, N(C 1-7 alkyl)2-SO2 or ryrrolidino-C(O)-.
5. Compounds according to any one of claims 1 - 4,
wherein R1 is C1-7 alkyl, fluoro-C 1-7 alkyl, C1-7
alkyl-SO2, fluoro-C 1-7 alkyl-SO2, N(C 1-7
alkyl)2-SO2, C1. 7 alkox7-C(O)- or HC(O)-. 6.
Compounds according to any one of claims 1 - 5,
wherein R1 is 2,2- difluoro-ethyl, ethanesulfonyl,
methanesulfonyl, propylsulfonyl, isopropylsulfonyl,
2,2,2-trifluoro-ethylsulfonyl, isopropyl, N(CH
3)2-SO2, ethoxy-carbonyl or formyl. 7. Compounds
according to any one of claims 1 - 6, wherein R2 is 



hydrogen. 8. Compounds according to any one of claims
1 - 7, wherein R3 is phenyl optionally substituted
with 1 to 3 substituents selected from the group
consisting of halogen, NH , C1-7 alkoxy and fluoro-C
1-7 alkoxy, or R3 is benzyl optionally substituted
with halogen, or R3 is pyridinyl optionally
substituted with halogen, or R3 is indolyl. 9.
Compounds according to any one of claims 1 - 8,
wherein R3 is phenyl substituted with halogen or R3 is
pyridinyl substituted with halogen.10. Compounds
according to any one of claims 1- 9, wherein R3 is 4-
chloro-phenyl or 5-chloro-pyridin-2-yl. 11. Compounds
according to any one of claims 1- 10, wherein R4 is
hydrogen. 12. Compounds according to any one of claims
1-11, wherein X is CR6 and R6 is as defined in claim
1. 13. Compounds according to any one of claims 1- 12,
wherein X is CR6 and R5, R , R7 and R8 independently
from each other are selected from the group consisting
of hydrogen and halogen. 14. Compounds according to
any one of claims 1 - 13, wherein Xis CR6, R6 is
halogen, R5, R7 and R8 are hydrogen. 15. Compounds
according to any one of claims 1- 14, wherein X is
CR6, R6 is fluorine, R5, R7 and R8 are hydrogen. 16.
Compounds according to any one of claims 1- 15,
wherein R9 is aryl, heterocyclyl or heteroaryl. 17.
Compounds according to any one of claims 1- 16,
wherein R9 is heteroaryl. 18. Compounds according to
any one of claims 1- 17, wherein R9 is selected from
the group consisting offuryl, pyridyl, pyridazinyl,
oxo-pyridazinyl, pyrimidinyl, 2-oxo-pyridinyl,
2-oxo-pyrimidinyl pyrazinyl, thienyl, isoxazolyl,
oxazolyl, oxadiazolyl, imidazolyl, pyrrolyl,
pyrazolyl, triazolyl, tetrazolyl, thiazolyl,
isothiazolyl, 1,2,3-thiadiazolyl, benzoimidazolyl,
indolyl and indazolyl. 19. Compounds according to any
one of claims 1- 18, wherein R9 is 2-
oxo-2H-pyridinl-yl. 20. Compounds according to any one
of claims 1 - 19, selected from the group consisting
of
(3R,4R)-l-(2,2,2-Trifluoro-ethyl)-pyrrolidine-3,4-dica
rboxylic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-(2,2-Difluoro-ethyl)-pyrrolidine-3,4-dicarbo
xylic acid 3- [(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Sulfamoyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},(3R,4R)-l-Sulfamoyl-pyrrolidine-3,4-dicarbox7l
ic acid 3-[(4-chloro-phenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridm-l-yl)-phenyl] -amide},



(3R,4R)-l-Ethanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridm-l-yl)-phenyl] -amide},
(3R,4R)-l-Isopropyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloropyridin- 2-yl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(5-chloropyridin- 2-yl)-amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methylcarbamoylmethyl-pyrrolidine-3,4-dicarb
oxylic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-luoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)-
phenylcarbamoyl]-pyrrolidine-l-carboxylic acid methyl
ester,
(3R,4R)-l-(2-Hydroxy-ethyl)-pyrrolidine-3,4-dicarboxyl
ic acid 3- [(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridm-l-yl)-phenyl]~amide},
trans-(3RS,4RS)-l-Methanesulfonyl-pyrrolidine-3,4-dica
rboxylic acid 3-[(4- chloro-phenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(3-methoxy-2-oxo-2H-pyridin-l-yl)~pheny
l]- amide},
(3R,4R)-l-Ace1yl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)-amide] A-
{[4-(3-methoxy-2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
trans-(3RS,4RS)-l-Cyanomethyl-pyrrolidine-3,4-dicarbox
ylic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin- l-yl)-phenyl] -amide},
trans-(3RS,4RS)-l-Carbamoylmethyl-pyrrolidine-3,4-dica
rboxylic acid 3-[(4- chloro-phenyl)-amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl) -phenyl] -amide},
trans-(3RS,4RS)-l-(3,3,3-Trifluoro-propyl)-pyrrolidme-
3,4-dicarboxylic acid 3- [(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-
amide}, (3R,4R)-l-Formyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)-amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-3- luoro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},(3R,4R)-l-Methanesulfonyl-
pyrrolidine-3,4-dicarboxylic acid 3-[(4 - chloro-2-
fluoro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide},
trans-(3RS,4RS)-{3-(4-Chloro-phenylcarbamoyl)-4-[2-flu
oro-4-(2-oxo-2Hpyridin-
l-yl)-phenylcarbamoyl]-pyrrolidin-l-yl}-acetic acid
ethyl ester,
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(3-fluoro-4- 



methoxy-phenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{ [2-fluoro-4-(2- oxo-2H-pyridin-l-yl)-phenyl]
-amide} 4- [(lH-indol-5-yl)-amide] , (3R,4R)-
1-Methanesulfonyl-pyrrolidine-3 ,4-dicarboxylic acid
3- [(2-amino-4- chloro-phenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{ [2-fluoro-4-(2- oxo-2H-pyridin-1-yl) -phenyl]
-amide} 4- [(4-methoxy-phenyl)-amide] ,
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-
[(3-fluoro-4-morpholin-4-yl-phenyl)-amide] , (3S,4S)-
l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(3-chloro-4- methoxy-phenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin- 1-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -methyl- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{ [2-fluoro-4-(2- oxo-2H-pyridin-l-yl)-phenyl]
-amide} 4- [(lH-indazol-5-yl)-amide] ,
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3- [(4-chlorophenyl) -amide]
4-[(3-fluoro-4-[l,2,4]triazol-l-yl-phenyl)-hydroxy-ami
de],
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[3-fluoro-4-(2-methyl-imidazol-l-yl)-phenyl] -amide},
(3R,4R)-Pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)-amide] 4-[(3-
fluoro-2'-methylsulfanyl-biphenyl-4-yl)-amide],
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{ [2-fluoro-4-(2- oxo-2H-pyridin- 1-yl)-phenyl]
-amide} 4-[(4-methoxy-phenyl)-methyl-amide],
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-(4-chlorobenzylamide)
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-{ [2-luoro-4-(2- oxo-2H-pyridin-1-yl) -phenyl]
-amide} 4-[(4-trifluoromethoxy-phenyl) -amide] ,
(3R,4R)-l-(Propane-2-sulfonyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-(2,2,2-Trifluoro-ethanesulfonyl)-pyrrolidine
-3,4-dicarboxylic acid 3- [(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-
rhenyl]-amide}, (3R
4R)-l-Dimethylsulfamoyl-pyrrolidine-3,4-dicarboxylic
acid 3- [(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)- phenylcarbamoyl] -pyrrolidine-
1-carboxylic acid ethyl ester,
(3R,4R)-3-(4-Chloro-phenylcarbamoyl)-4-[2-fluoro-4-(2-
oxo-2H-pyridin-l-yl)- phenylcarbamoyl]-pyrrolidine-
1-carboxylic acid propyl ester, (3R,4R)- 1-
(Pyrrolidine- 1-carbonyl)-pyrrolidine-3
,4-dicarboxylic acid 3-[(4- 



chloro-phenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide},
(3R,4R)-
l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chlorophenyl)- amide] 4-{
[2,6-difluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(6-oxo-6H-pyridazin-l-yl)-phenyl]-amide
},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-piperidin-l-yl)-phenyl] -amide},
(3R,4R)-l-Propanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide},
and
(3R,4R)-l-(2-Fluoro-ethyl)-pyrrolidine-3,4-dicarboxyli
c acid 3-[(4-chlorophenyl) -amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide}, and pharmaceutically acceptable salts
thereof. 21. Compounds according to any of claims 1 -
20, selected from the group consisting of
(3R,4R)-l-(2,2-Difluoro-ethyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide},
acid 3- [(4-chloro-phenyl)- amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-Methanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-Isopropyl-pyrrolidine-3,4-dicarboxylic acid
3-[(4-chloro-phenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide}, (3R,4R)
-1-Methanesulfonyl-pyrrolidine-3,4~dicarboxylic acid
3- [(5-chloropyridin- 2-yl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide}, (3R,4R)-l-Formyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chloro-phenyl)-amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide},
(3R,4R)-l-(Propane-2-sulfonyl)-pyrrolidine-3,4-dicarbo
xylic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-l-(2,2,2-Trifluoro-ethanesulfonyl)-pyrrolidine
-3,4-dicarboxylic acid 3- [(4-chloro-phenyl) -amide]
4-{ [2-fluoro-4-(2-oxo-2H-pyridin-l-yl)- rhenyl]
-amide},
(3R,4R)-l-Dimethylsulfamoyl-pyrrolidine-3,4-dicarboxyl
ic acid 3-[(4-chlorophenyl) -amide] 4-{
[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl] -amide},
(3R,4R)-3-(4-Chloro-
rhenylcarbamoyl)-4-[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)
- phenylcarbamoyl]-pyrrolidine-1-carboxylic acid ethyl
ester, and
(3R,4R)-l-Propanesulfonyl-pyrrolidine-3,4-dicarboxylic
acid 3-[(4-chlorophenyl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]-amide},
and pharmaceutically acceptable salts thereof. 22.
Compounds according to any one of claims 1-19, which
is
(3R,4R)-l-(2,2-Difluoroethyl)-pyrrolidine-3,4-dicarbox
ylic acid 3-[(5-chloropyridin- 2-yl) -amide]
4-{[2-fLuoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide}. 



23. Compounds according to any one of claims 1-19,
which is
(3R,4R)-l-Isopropyl-pyrrolidine-3,4-dicarboxylic acid
3-[(5-chloro-pyridin-2-yl)- amide]
4-{[2-fluoro-4-(2-oxo-2H-pyridin-l-yl)-phenyl]
-amide}. 24. A process for the manufacture of
compounds of formula (I) as defined in any one of
claims 1 - 23, which process comprises a) reacting a
compound of formula (II) with a compound LG-R1, or b)
reacting a compound of formula (III)with a compound
NHR2tR>3 or c) reacting a compound of formula (IV)
(IV) with a compound of formula (V) wherein R1, R2,
R3, R4, R5, R7, R8, R9, and X have the significances
given in any one of claims 1- 23 and LG is a leaving
group. 25. A process for the manufacture of compounds
of formula (I) as defined in any one of claims 1-23,
which process comprises reacting a compound of formula
(VI) or (VIII)with a compound of formula (VII)or (V),
respectively: R2 (V) wherein R1, R2, R3, R4, R5, R7,
R8, R9, and X have the significances given in any one
of claims 1- 23, LG is a leaving group and R is C1
alkyl, C3-10 cycloalkyl or C3-10 cycloalkyl-C1-7
alkyl. 26. Compounds according to any one of claims 1
- 23, when manufactured by a process according to any
one of claims 24 and 25. Compounds of formula (II),
(III) or (IV)(IV) wherein R1, R2, R3, R4, R5, R7, R8,
R9 and X have the significances given in any one of
claims 1 - 23. 28. Pharmaceutical compositions
comprising a compound according to any one of claims 1
- 23 and a pharmaceutically acceptable carrier and/or
adjuvant. 29. Compounds according to any one of claims
1 - 23 for use as therapeutic active substances. 30.
Compounds according to any one of claims 1 - 23 for
use as therapeutic active substances for the treatment
and/or prophylaxis of diseases which are associated
with the coagulation factor Xa. 31. A method for the
therapeutic and/or prophylactic treatment of diseases
which are associated with the coagulation factor Xa,
particularly for the therapeutic and/or prophylactic
treatment of thrombotic disorders, arterial
thrombosis, venous thrombosis, deep vein thrombosis,
peripheral arterial occlusive disease, unstable angina
pectoris, myocardial infarction, coronary artery
disease, pulmonary embolism, stroke due to atrial
fibrillation, inflammation, arteriosclerosis, acute
vessel closure associated with thrombolytic therapy or



restenosis, and/ or tumour, which method comprises
administering a compound according to any one of
claims 1 - 23 to a human being or animal.32. The use
of compounds according to any one of claims 1 - 23 for
the therapeutic and/or prophylactic treatment of
diseases which are associated with the coagulation
factor Xa. 33. The use of compounds according to any
one of claims 1 - 23 for the therapeutic and/or
prophylactic treatment of thrombotic disorders,
arterial thrombosis, venous thrombosis, deep vein
thrombosis, peripheral arterial occlusive disease,
unstable angina pectoris, myocardial infarction,
coronary artery disease, pulmonary embolism, stroke
due to atrial fibrillation, inflammation,
arteriosclerosis, acute vessel closure associated with
thrombolytic therapy or restenosis, and/or tumour. 34.
The use of compounds according to any one of claims 1
- 23 for the preparation of medicaments for the
therapeutic and/or prophylactic treatment of diseases
which are associated with the coagulation factor Xa.
35. The use of compounds according to any one of
claims 1 - 23 for the preparation of medicaments for
the therapeutic and/or prophylactic treatment of
thrombotic disorders, arterial thrombosis, venous
thrombosis, deep vein thrombosis, peripheral arterial
occlusive disease, unstable angina pectoris,
myocardial infarction, coronary artery disease,
pulmonary embolism, stroke due to atrial fibrillation,
inflammation, arteriosclerosis, acute vessel closure
associated with thrombolytic therapy or restenosis,
and/or tumour. 36. The invention as hereinbefore
defined. 




