
2,4 (4,6) PYRIMIDINE DERIVATIVES The human genome
encompasses some 2,000 proteins that utilize adenosine
5'- triphosphate (ATP) in one way or another and some
500 of these encode for protein kinases, i.e the
protein-tyrosine and protein-serine/threonine kinases,
that share a catalytic domain conserved in sequence
and structure but which are notably different in how
there catalysis is regulated. Substrate
phosphorylation by these enzymes is nature's
predominant molecular way of organizing cellular
signal transduction and regulating biochemical
processes in general. It is not surprising, therefore,
that abnormal phosphorylation of cellular proteins is
a hallmark of disease and that there is a growing
interest in the use of kinase inhibitors as drugs for
therapeutic intervention in may disease states such as
cancer, diabetes, inflammation and arthritis. In fact
the search for such agents has recently culminated in
the approval of the first kinase inhibitor drugs
Herceptin(r) (Trastuzumab) and Gleevec(tm) (imatinib
mesylate) for medical use. Herceptin(r) (Trastuzumab)
is targeted against Her2/neu, a receptor tyrosine
kinase found to be amplified up to 100-fold in about
30% of patients with invasive breast cancer. In
clinical trials Herceptin(r) (Trastuzumab) proved to
have anti-tumour activity against breast cancer
(Review by L.K. Shawer et al, "Smart Drugs: Tyrosine
kinase inhibitors in cancer therapy", 2002, Cancer
Cell VoLl, 117), and accordingly provided the proof of
principle for therapy targeted to receptor tyrosine
kinases. The second example, Gleevec(tm) (imatinib
mesylate), is targeted against the abelson tyrosine
kinase (BcR-AbI), a constitutively active cytoplasmic
tyrosine kinase present in virtually all patients with
chronic myelogenous leukaemia (CML) and 15% to 30% of
adult patients with acute lymphoblastic leukaemia. In
clinical trials Gleevec(tm) (imatinib mesylate) showed
a spectacular efficacy with minimal side effects that
led to an approval within 3 months of submission. The
speed of passage of this agent through clinical trials
and regulatory review has become a case study in rapid
drug development (Drucker BJ. & Lydon N., "Lessons
learned from the development of an AbI tyrosine kinase
inhibitor for chronic myelogenous leukaemia.", 2000,
J.Clin.Invest. 105, 3). In addition to the above, EGF
receptor tyrosine kinases has been shown to be
implicated in non-malignant proliferative disorders
such as psoriasis (Elder et al, Science, 1989, 243; 8
11). It is therefore expected that inhibitors of EGF
type receptor tyrosine kinases will be useful in the
treatment of non-malignant diseases of
excessivecellular proliferation such as psoriasis,
benign prostatic hypertrophy, atherosclerosis and
restenosis. It is accordingly an object of the present
invention to provide further kinase inhibitors useful
in the manufacture of medicaments, in particular in
the manufacture of medicaments for the treatment of
cell proliferative related disorders. This invention
relates to 2,4 (4,6) pyrimidine derived macrocycles of
formula (I) that have been found to have kinase
inhibitory activity. In particular, the compounds of
the present invention were found to have an
anti-proliferative activity and are accordingly useful
in methods of treatment of the human or animal body,
for example in the manufacture of medicaments for use
in hyper proliferative disorders such as
atherosclerosis, restenosis and cancer. The invention
also relates to processes for the manufacture of said
pyrimidine derivatives, to pharmaceutical compositions
containing them and to their use in the manufacture of
medicaments of use in the production of
anti-proliferative effect . This invention concerns
compounds of formula (I) the N-oxide forms, the
pharmaceutically acceptable addition salts and the
stereochemically isomeric forms thereof, wherein Z1
and Z2 each independently represents NR22 ; in
particular Z1 and Z2 represents NH; in a more
particular embodiment Z1 and Z2 are at positions 2,4
or 4,6 of the pyrimidine ring; Y represents
-C3_9alkyl-; -Cs.galkenyl-; -C3_9alkynyl-;
-C3-7alkyl-CO-NH- optionally substituted with amino,
mono- or di(Ci_4alkyl)amino, aminosulfonyl, mono-or
di(Ci_4alkyl)aminosulfonyl, Ci^alkylsulfide,or
CMalkyloxycarbonylamino-; -C - alkenyl-CO-NH-
optionally substituted with amino, mono- or
di(CMalkyl)amino, aminosulfonyl, mono-or di(Ci
-4alkyl)aminosulfonyl, Ci-4alkylsulfide,
Ci-4alkylsulfoxide, Ci^alkylsulfide or
Ci^alkyloxycarbonylamino- ; -Cs-valkynyl-CO-NH-
optionally substituted with amino, mono- or
di(CMalkyl)amino, aminosulfonyl, mono-or di(Ci
-4alkyl)aminosulfonyl, or C alkyloxycarbonylamino-;
-Ci.5alkyl-oxy-Ci. 5alkyl-;
-Ci.5alkyl-]SIR6-Ci.5alkyl-;
-d-salkyl-NR^CO-Ci.salkyl-^d-ealkyl-CO-NHs
-Ci-ealkyl-NH-CO-; -Ci.salkyl-NH-CS-Het 9-;
-C1-3alkyl-NH-CO-Het 3-; Ci-2alkyl-CO-Het 10-CO-;
-Het4-Ci -3a]kyl-CO-NH-Ci -3alkyl-; -C1-7alkyl-CO-;
-Ci-6alkyl-CO-C 1-6alkyl-; -C^alkyl-NH-CO-l NH-;
-NH-CO-L 2-NH-; -Ci -2alkyl-CO-NH-L 3-CO-; -CO-NH-L
2-CO-; -Cl-2alkyl-CO-NH-L3-CO-NH-C 1-3alkyl-;
-Ci^alkyl-CO-NH-^-CO-NH-s-Ci^alkyl-CO-NR^-Ci-salkyl-CO
-; -Ci -2alkyl-NR n -CH2-CO-NH-Ci -3alkyl-;-NR
12-CO-Ci -3alkyl-NH-; Het5-CO-Ci -2alkyl-; -Ci
-5alkyl-CO-NH-Ci -3alkyl-CO-NH-;
-Ci.salkyl-NR^-CO-Ci.aalkyl-NH-; -Het6-CO-Het 7-;
-Het^NH-C^alkyl-CO-NH- ; -Ci -3alkyl-NH-CO-Het 32-CO-
or Ci.3alkyl-CO-Het 33-CO-NH-; X1 represents a direct
bond, O, -O-Ci -2alkyl-, CO, NR16, -NR 16-Ci -2alkyl-,
-CO-NR 17-, -Het23-, -Het23-Ci-2alkyl-, -0-N=CH- or
-Ci -2alkyl-; X2 represents a direct bond, O, -O-Ci
-2alkyl-, CO, -CO- alkyl-, NR18, -NR I8-Ci -2alkyl-,
-CO-NR 19-, -Het24-, -Het24-Ci-2alkyl-, -0-N=CH- or
-Ci -2alkyl-; R1 represents hydrogen, cyano, halo,
hydroxy, formyl, Ci- alkyl-,
halo-phenyl-carbonylamino-, Het20, Ci- alkoxy-
substituted with halo, Het1 or Ci^alkyloxy-, or R1
represents C^alkyl substituted with one or where
possible two or more substituents selected from
hydroxy, Het 18 or halo; R2 represents hydrogen,
cyano, halo, hydroxy, hydroxycarbonyl-, C
alkyloxycarbonyl-, C1-4alkylcarbonyl-, aminocarbonyl-,
mono-or di(Ci_4alkyl)aminocarbonyl-, C^alkyl-,
C2-6alkynyl-, Cs- cycloalkyloxy-, aminosulfonyl,
mono-or Ci-4alkylsulfide, C alkylsulfoxide, R3
represents hydrogen, cyano, nitro, substituted with
one or more substituents selected from halo,
C^alkyloxy-, amino-, mono-or C alkyl-sulfonyl- or
phenyl;R4 represents hydrogen, cyano, halo, hydroxy,
hydroxycarbonyl-, aminocarbonyl-, mono-or 6alkynyl-, C
CyCloalkyloxy-, aminosulfonyl, mono-or
di(Ci.4alkyl)aminosulfonyl, Q^alkylsulfide, R5
represents hydrogen, cyano, halo, hydroxy, formyl,
halo-phenyl-carbonylamino-, Het2 1, C alkoxy-
substituted with halo, Het2 or Ci^alkyloxy-, or R5
represents Ci_6alkyl substituted with one or where
possible two or more substituents selected from
hydroxy, Het 19 or halo; R6 represents hydrogen,
Ci^alkyl, Het 1 1, Het12-C1-4alkyl-, phenyl-C alkyl-
or phenyl wherein said R6 is optionally substituted
with one or where possible two or more substituents
selected from hydroxy, amino or C1-4alkyloxy-; R7
represents hydrogen, or Ci.4alkyloxyCi -4alkyl-; R10,
R12 and R13 each independently represent hydrogen, or
optionally substituted with hydroxy, amino, mono- or
phenyl, Het26 or C^alkyloxy; R1 1 represents hydrogen,
or represent mono-or di(Ci -4alkyl)amino~C1-4alkyl~
carbonyl- optionally substituted with hydroxy,
pyrimidinyl, mono- or R16 and R18 each independently
represent hydrogen, Het 16, Het 17-Ci_4alkyl-
orphenyl-C alkyl-; R17 and R19 each independently
represent hydrogen, Ci-4alkyl, Het 14, Het
15-Ci--ialkyl- or phenyl-C i^alkyl- ; R22 represents
hydrogen, C^alkyl- optionally substituted with one or
where possible two or three substituents selected from
halo, cyano and phenyl; L1 represents C galkyl
optionally substituted one ore where possible two or
more substituents selected from phenyl, indolyl,
thienyl, pyridinyl, methylsulf de, hydroxy, thiol,
cyano, thiazolyl, hydroxyphenyl, Ci^alkyloxyphenyl-,
aminocarbonyl, hydroxycarbonyl, C3-6cycloalkyl, amino,
mono- or di(C alkyl)-amino-, imidazoyl or guanidino;
in particular L1 represents Ci-salkyl optionally
substituted one ore where possible two or more
substituents selected from phenyl, indolyl, pyridinyl,
methylsulf de, hydroxy, thiol, cyano, thiazolyl,
hydroxyphenyl, aminocarbonyl, hydroxycarbonyl,
C3_6cycloalkyl, amino, mono- or di(Ci alkyl)-amino-,
imidazoyl or guanidino;L2 represents C1-8alkyl
optionally substituted one ore where possible two or
more substituents selected from phenyl, indolyl,
thienyl, pyridinyl, methylsulf de, hydroxy, thiol,
cyano, thiazolyl, polyhaloC alkyl-phenyl-,
Ci^alkyloxy-, hydroxyphenyl, aminocarbonyl,
hydroxycarbonyl, C3.6cycloalkyl, amino, mono- or d C
alky -amine-, imidazoyl or guanidino; in particular L2
represents Ci-8alkyl optionally substituted one ore
where possible two or more substituents selected from
phenyl, indolyl, thienyl, methylsulfide, hydroxy,
thiol, hydroxyphenyl, aminocarbonyl, hydroxycarbonyl,
amino, mono- or d alky -amino-, imidazoyl or
guanidino; L3 represents Ci-8alkyl optionally
substituted one ore where possible two or more
substituents selected from phenyl, indolyl, thienyl,
pyridinyl, methylsulfide-, hydroxy, thiol, cyano,
thiazolyl, hydroxyphenyl-, Ci-4alkyloxyphenyl-,
aminocarbonyl-, hydroxycarbonyl-, C3 6cycloalkyl,
amino, mono- or di(C alkyl)-amino-, imidazoyl or
guanidino; in particular L3 represents Ci^alkyl
optionally substituted one ore where possible two or
more substituents selected from phenyl, indolyl,
thienyl, pyridinyl, methylsulfide-, hydroxy, thiol,
cyano, hydroxyphenyl-, aminocarbonyl-,
hydroxycarbonyl-, C3 6cycloalkyl, amino, mono- or
di(Ci-4alkyl)~amino~, imidazoyl or guanidino; Het 1
represents a heterocycle selected from piperidinyl,
morpholinyl, piperazinyl, furanyl, pyrazolyl,
dioxolanyl, thiazolyl, oxazolyl, imidazolyl,
isoxazolyl, oxadiazolyl, pyridinyl or pyrrolidinyl
wherein said Het1 is optionally substituted with
amino, mono- or di(Ci.4alkyl)amino- or
amino-carbonyl-; Het2 represents a heterocycle
selected from piperidinyl, morpholinyl, piperazinyl,
furanyl, pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het2 is optionally
substituted with amino, C1 4alkyl, hydroxy-C
1-4alkyl-, phenyl, phenyl-C 1-4alkyl-, mono- or
di(Ci-4alkyl)amino~ or amino-carbonyl-; Het3 and Het4
each independently represent a heterocycle selected
from pyrrolidinyl, 2-pyrrolidinonyl, quinolinyl,
isoquinolinyl, decahydroquinolinyl, piperazinyl or
piperidinyl wherein said Het3 and Het4 are optionally
substituted with one or where possible two or more
substituents selected from hydroxy, Het22-carbonyl,
Ci-4alkyl, or polyhydroxy- C alky1-; Het5 and Het6
each independently represent a heterocycle selected
from pyrrolidinyl, 2-pyrrolidinonyl, piperazinyl or
piperidinyl wherein said Het5 and Het6 areoptionally
substituted with one or where possible two or more
substituents selected from hydroxy, Ci.4alkyl,
hydroxy-CMalkyl- or polyhydroxy-C alky1-; Het7 and
Het8 each independently represent a heterocycle
selected from pyrrolidinyl, 2-pyrrolidinonyl,
piperazinyl or piperidinyl wherein said Het7 and Het8
are optionally substituted with one or where possible
two or more substituents selected from hydroxy, Het9
and Het10 each independently represent a heterocycle
selected from pyrrolidinyl, pyrrolyl, azetidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het9 and Het10 are optionally substituted with
one or where possible two or more substituents
selected from hydroxy, d^alkyl, hydroxy-C 1-4alkyl- or
polyhydroxy- Het1 represent a heterocycle selected
from pyrrolidinyl or piperidinyl wherein said Het1 1
is optionally substituted with one or where possible
two or more substituents selected from C alky1,
C3_6cycloalkyl, hydroxy-CMalkyl-, Ci alkyloxyCi-4alkyl
or polyhydroxy-C alkyl-; Het12 represent a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het12 is optionally
substituted with one or where possible two or more
substituents selected from or polyhydroxy-C alky1-;
Het13 represent a heterocycle selected from
pyrrolidinyl or piperidinyl wherein said pyrrolidinyl
or piperidinyl is optionally substituted with one or
where possible two or more substituents selected from
Ci-4alkyloxyCi.4alkyl or Het14 represent a heterocycle
selected from pyrrolidinyl or piperidinyl wherein said
pyrrolidinyl or piperidinyl is optionally substituted
with one or where possible two or more substituents
selected from Ci alkyl, C3 6cycloalkyl, Het15
represents a heterocycle selected from morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het15 is optionally substituted with one or where
possible two or more substituents selected from
C3-6cycloalkyl, hydroxy-C alkyl-, Het16 represent a
heterocycle selected from pyrrolidinyl or piperidinyl
wherein said Het16 is optionally substituted with one
or where possible two or more substituents selected
from or polyhydroxy-CMalkyl-; Het17 represents a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het17 is
optionally substituted with one or where possibletwo
or more substituents selected from C1-4alkyl,
Cs^cycloalkyl, hydroxy-C alkyl-, C alkyloxyC alkyl or
polyhydroxy-C alkyl-; Het 18 and Het 19 each
independently represents a heterocycle selected from
piperidinyl, morpholinyl, piperazinyl, furanyl,
pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het 18 or Het 19 is
optionally substituted with amino, Ci-4alkyl,
hydroxy-Cj-4alkyl-, phenyl, phenyl-C 1-4alkyl-, mono-
or or amino-carbonyl- ; Het20 and Het2 1 each
independently represents a heterocycle selected from
piperidinyl, morpholinyl, piperazinyl, furanyl,
pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het20 or Het2 1 is
optionally substituted with amino, Ci-4alkyl,
hydroxy-C alkyl-, phenyl, mono- or di(C alkyl)amino-
or amino-carbonyl- ; Het22 represents a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het22 is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, C^alkyl,
Ca^cycloalkyl, hydroxy-C 1-4alkyl-, Het23 and Het24
each independently represent a heterocycle selected
from pyrrolidinyl, 2-pyrrolidinonyl, quinolinyl,
isoquinolinyl, decahydroquinolinyl, piperazinyl or
piperidinyl wherein said Het23 or Het24 is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, Het25,
Het22-carbonyl, Het25 and Het26 each independently
represent a heterocycle selected from morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het25 and Het26 are optionally substituted with one or
where possible two or more substituents selected from
Ci alkyloxyC 1-4alkyl or polyhydroxy-C i^alkyl-; Het32
and Het33 each independently represent a heterocycle
selected from morpholinyl, pyrrolidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het32 and Het33 are optionally substituted with
one or where possible two or more substituents
selected from hydroxy, Q^alkyl, hydroxy-Ci-4alkyl- or
polyhydroxy- C1 alkyl-. As used in the foregoing
definitions and hereinafter, - halo is generic to
fluoro, chloro, bromo and iodo;- C,.2alkyl defines
methyl or ethyl; - C ^alkyl defines straight and
branched chain saturated hydrocarbon radicals having
from 1 to 3 carbon atoms such as, for example, methyl,
ethyl, propyl and the like; - CM alkyl defines
straight and branched chain saturated hydrocarbon
radicals having from 1 to 4 carbon atoms such as, for
example, methyl, ethyl, propyl, butyl, 1- methylethyl,
2-methylpropyl, 2,2-dimethylethyl and the like; -
C,.5alkyl defines straight and branched chain
saturated hydrocarbon radicals having from 1 to 5
carbon atoms such as, for example, methyl, ethyl,
propyl, butyl, pentyl, 1- methylbutyl,
2,2-dimethylpropyl, 2,2-dimethylethyl and the like; -
Cj.6alkyl is meant to include d-salkyl and the higher
homologues thereof having 6 carbon atoms such as, for
example hexyl, 1,2-dimethylbutyl, 2-methylpentyl and
the like; - Cj .7alkyl defines straight and branched
chain saturated hydrocarbon radicals having from 1 to
7 carbon atoms and is meant to include Ci-6alkyl and
the higher homologues thereof having 7 carbon atoms
such as, for example 1,2,3-dimethylbutyl, 1,2-
methylpentyl and the like; - Cj.8alkyl defines
straight and branched chain saturated hydrocarbon
radicals having from 1 to 8 carbon atoms and is meant
to include Ci-7alkyl and the higher homologues thereof
having 8 carbon atoms such as, for example
2,3-dimethylhexyl, 2,3,4- trimethylpentyl, and the
like; - C3-9alkyl defines straight and branched chain
saturated hydrocarbon radicals having from 3 to 9
carbon atoms such as propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl and the like; - C2-4alkenyl
defines straight and branched chain hydrocarbon
radicals containing one double bond and having from 2
to 4 carbon atoms such as, for example vinyl, 2-
propenyl, 3-butenyl, 2-butenyl and the like; -
C3-9alkenyl defines straight and branched chain
hydrocarbon radicals containing one double bond and
having from 3 to 9 carbon atoms such as, for example
2-propenyl, 3- butenyl, 2-butenyl, 2-pentenyl,
3-pentenyl, 3-methyl-2-butenyl, 3-hexenyl and the
like; - C2-6alkynyl defines straight and branched
chain hydrocarbon radicals containing one triple bond
and having from 2 to 6 carbon atoms such as, for
example, 2-propynyl, 3- butynyl, 2-butynyl,
2-pentynyl, 3-pentynyl, 3-methyl-2-butynyl, 3-hexynyl
and the like; - C3-6cycloalkyl is generic to
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; -
Ci^alkyloxy defines straight or branched saturated
hydrocarbon radicals such as methoxy, ethoxy,
propyloxy, butyloxy, 1-methylethyloxy,
2-methylpropyloxy and the like;- Ci- alkyloxy is meant
to include and the higher homologues such as methoxy,
ethoxy, propyloxy, butyloxy, 1-methylethyloxy,
2-methylpropyloxy and the like; - as defined
hereinbefore, having two, three or were possible more
hydroxy substituents, such as for example
trifluoromethyl. As used in the foregoing definitions
and hereinafter, the term formyl refers to a radical
of formula -CH(=O). When X1 represent the divalent
radical -0-N=CH-, said radical is attached with the
carbon atom to the R3, R4 bearing cyclic moiety of the
compounds of formula (I) and when X2 represents the
divalent radical -0-N=CH-, said radical is attached
with the carbon atom to the R1, R2 bearing phenyl
moiety of the compounds of formula (I). The
heterocycles as mentioned in the above definitions and
hereinafter, are meant to include all possible
isomeric forms thereof, for instance pyrrolyl also
includes 2Hpyrrolyl; triazolyl includes
1,2,4-triazolyl and 1,3,4-triazolyl; oxadiazolyl
includes 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl and 1,3,4-oxadiazolyl; thiadiazolyl
includes 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5-thiadiazolyl and 1,3,4- thiadiazolyl; pyranyl
includes 2H-pyranyl and 4H-pyranyl. Further, the
heterocycles as mentioned in the above definitions and
hereinafter may be attached to the remainder of the
molecule of formula (I) through any ring carbon or
heteroatom as appropriate. Thus, for example, when the
heterocycle is imidazolyl, it may be a 1-imidazolyl,
2-imidazolyl, 3-imidazolyl, 4-imidazolyl and
5-imidazolyl; when it is thiazolyl, it may be
2-thiazolyl, 4-thiazolyl and 5-thiazolyl; when it is
triazolyl, it may be 1,2,4-triazol-l-yl,
l,2,4-triazol-3-yl, l,2,4-triazol-5-yl, 1,3,4-triazol-
1-yl and l,3,4-triazol-2-yl; when it is
benzothiazolyl, it may be 2-benzothiazolyl, 4-
benzothiazolyl, 5-benzothiazolyl, 6-benzothiazolyl and
7-benzothiazolyl. The pharmaceutically acceptable
addition salts as mentioned hereinabove are meant to
comprise the therapeutically active non-toxic acid
addition salt forms which the compounds of formula (I)
are able to form. The latter can conveniently be
obtained by treating the base form with such
appropriate acid. Appropriate acids comprise, for
example, inorganic acids such as hydrohalic acids,
e.g. hydrochloric or hydrobromic acid; sulfuric;
nitric; phosphoric and the like acids; or organic
acids such as, for example, acetic, propanoic,
hydroxyacetic, trifluoroacetic, lactic, pyruvic,
oxalic, malonic, succinic (i.e. butane-dioic acid),
maleic, fumaric, malic, tartaric,
citric,methanesulfonic, ethanesulfonic,
benzenesulfonic, jc-toluenesulfonic, cyclamic,
salicylic, ^-aminosalicylic, pamoic and the like
acids. The pharmaceutically acceptable addition salts
as mentioned hereinabove are meant to comprise the
therapeutically active non-toxic base addition salt
forms which the compounds of formula (I) are able to
form. Examples of such base addition salt forms are,
for example, the sodium, potassium, calcium salts, and
also the salts with pharmaceutically acceptable amines
such as, for example, ammonia, alkylamines,
benzathine, N-methyl-D-glucamine, hydrabamine, amino
acids, e.g. arginine, lysine. Conversely said salt
forms can be converted by treatment with an
appropriate base or acid into the free acid or base
form. The term addition salt as used hereinabove also
comprises the solvates which the compounds of formula
(I) as well as the salts thereof, are able to form.
Such solvates are for example hydrates, alcoholates
and the like. The term stereochemically isomeric forms
as used hereinbefore defines the possible different
isomeric as well as conformational forms which the
compounds of formula (I) may possess. Unless otherwise
mentioned or indicated, the chemical designation of
compounds denotes the mixture of all possible
stereochemically and conformationally isomeric forms,
said mixtures containing all diastereomers,
enantiomers and/or conformers of the basic molecular
structure. All stereochemically isomeric forms of the
compounds of formula (I) both in pure form or in
admixture with each other are intended to be embraced
within the scope of the present invention. Some of the
compounds of formula (I) may also exist in their
tautomeric forms. Such forms although not explicitly
indicated in the above formula are intended to be
included within the scope of the present invention.
The N-oxide forms of the compounds of formula (I) are
meant to comprise those compounds of formula (I)
wherein one or several nitrogen atoms are oxidized to
the so-called N-oxide. A first group of compounds are
those compounds of formula (I) wherein one or more of
the following restrictions apply; Z1 and Z2 represents
NH;Y represents -C^alkyl-; -C3-9alkenyl-;
-Cs^alkyl-CO-NH- optionally substituted with amino,
mono- or di(CMalkyl)amino or C alkyloxycarbonylamino-;
-Ci.salkyl-oxy-d-salkyls -Ci.salkyl-CO-NHs
-Ci-ealkyl-NH-CO-; -C . alkyl-NH-CS-Het9-;
-C1-3alkyl-NH-CO-Het 3-; C1-2alkyl-CO-Het 10-CO-;
-Het^C^-CO-NH-C^aalkyl-j -CLyalkyl-CO-j
-Ci-ealkyl-CO-d-ealkyl-; -Ci -2alkyl-CO-NH-L 3-CO-;
-CO-NH-L 2-CO-; -Ci -2alkyl-NH-CO-L 1-NH-CO-;
-Ci_2alkyl-NH-CO-L I-NH-CO-C 1-3alkyl-CO-;
-Ci-2alkyl-CO-NR 10-C1-3alkyl-CO-; -Ci -2alkyl-NR1
1-CH2-CO-NH-Ci -3a]kyl-; -NR12-CO-C I-3alkyl-NH-;
Het5-CO-Ci -2alkyl-; -Ci-salkyl-CO-NH-Ci-salkyl-CO-NH-
; -Ci.salkyl-NR^-CO-Ci^alkyl-NH-; -Het6-CO-Het7-;
-Het8-NH-C 1-3alkyl-CO-NH-; Ci-3alkyl-NH-CO-Het 32-CO-
or Ci-3alkyl-CO-Het 33-CO-NH-; X1 represents a direct
bond, O, -O-Ci -2alkyl-, CO, -CO- C1-2alkyl-, NR16 ,
-NR16-Ci-2alkyl-, -CO-NR 17-, -Het23-,
-Het23-C1-2alkyl-, -0-N=CH- or -Ci -2alkyl-; X2
represents a direct bond, O, -O-C 1-2alkyl-, CO, -CO-
Ci-2alkyl~, NR18 , -NR18-Ci -2alkyl-, -CO-NR 19-
-Het24-, -Het24-Ci -2alkyl-, -0-N=CH- or -Ci -2alkyl-;
R1 represents hydrogen, halo, d - alkoxy-, Het20 or R1
represents Ci-6alkoxy- substituted with halo, Het 1 or
d^alkyloxy-; R2 represents hydrogen, halo or hydroxy;
R3 represents hydrogen, nitro or cyano; R4 represents
hydrogen or halo; R5 represents hydrogen, halo,
Ci-6alkoxy-, Het2 1 or R5 represents R6 represents
hydrogen; R7 represents hydrogen, C^alkyl, or Het13-Ci
-4alkyl-; in particular R7 represents hydrogen or
Het13-Ci4alkyl-; R8 and R9 each indepedently
represents hydrogen or optionally substituted with
phenyl, methylsulfide, hydroxy, thiol, amino, mono- or
di(Ci alkyl)-aminoor imidazoyl; R10, R12 and R13 each
independently represent hydrogen or Ci^alkyl
optionally substituted with hydroxy or d^alkyloxy; R1
1 represents hydrogen, or d^alkyl; R16 and R18 each
independently represent hydrogen, , Het 16, Het 17-Ci
alkyl- or phenyl-C alky1-; R17 and R19 each
independently represent hydrogen, d -4alkyl, Het 14,
or phenyl-Ci ^alkyl- ;L1 represents Ci-8alkyl
optionally substituted one ore where possible two or
more substituents selected from phenyl, thienyl,
pyridinyl, methylsulfide, hydroxy, thiol, thiazolyl,
cyano, hydroxyphenyl, polyhaloCMalkyl-phenyl-,
Ci-4alkyloxy-, aminocarbonyl, C3_6cycloalkyl, amino,
mono- or 



di(Ci-4alkyl)-amine-, or imidazoyl; in particular L1
represents Q-salkyl optionally substituted one ore
where possible two or more substituents selected from
phenyl, pyridinyl, methylsulfide, hydroxy, thiol,
thiazolyl, cyano, hydroxyphenyl,
polyhaloUMalkyl-phenyl-, C^alkyloxy-,
CMalkyloxyphenyl-, aminocarbonyl, C3_6cycloalkyl,
amino, mono- or di(Ci-4alkyl)-amine-, or imidazoyl; L2
represents C1-8alkyl optionally substituted one ore
where possible two or more substituents selected from
phenyl, thienyl, pyridinyl, methylsulfide, hydroxy,
thiol, thiazolyl, cyano, hydroxyphenyl, C
-4alkyloxyphenyl-, aminocarbonyl, C3_6cycloalkyl,
amino, mono- or d alky -amine-, or imidazoyl; in
particular L2 represents C - alkyl optionally
substituted one ore where possible two or more
substituents selected from phenyl, thienyl,
methylsulfide, hydroxy, or mono- or di(Ci
-4alkyl)-amino-; L3 represents Ci^alkyl optionally
substituted one ore where possible two or more
substituents selected from phenyl, thienyl, pyridinyl,
methylsulfide, hydroxy, thiol, thiazolyl, cyano,
hydroxyphenyl, aminocarbonyl, C3_6cycloalkyl, amino,
mono- or or imidazoyl; in particular L3 represents
Ci-8alkyl optionally substituted one ore where
possible two or more substituents selected from
phenyl, pyridinyl, methylsulfide-, cyano,
polyhaloCMalkyl-phenyl-, Q^alkyloxy-, aminocarbonyl-,
mono- or di(Ci alkyl)-amino-, C3.6ycolalkyl, thiazolyl
or thienyl; Het 1 and Het2 each independently
represent morpholinyl or pyridinyl, wherein said Het 1
or Het2 are optionally substituted with amino, phenyl,
mono- or di(Ci alkyl)aminoor amino-carbonyl-; in
particular Het1 and Het2 each independently represent
morpholinyl; Het3 and Het4 each independently
represent a heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, quinolinyl, isoquinolinyl,
decahydroquinolinyl, piperazinyl or piperidinyl
wherein said Het3 and Het4 are optionally substituted
with one or where possible two or more hydroxy or
Het22-carbonyl- substituents; Het5 and Het6 each
independently represent a heterocycle selected from
pyrrolidinyl, 2-pyrrolidinonyl, piperazinyl or
piperidinyl wherein said Het5 and Het6 are optionally
substituted with one or where possible two or more
hydroxy substituents;Het7 and Het8 each independently
represent a heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het7 and Het8 are optionally substituted with one
or where possible two or more hydroxy substituents;
Het9 and Het10 each independently represent a
heterocycle selected from pyrrolidinyl, pyrrolyl,
azetidinyl, 2-pyrrolidinonyl, piperazinyl or
piperidinyl wherein said Het9 and Het 10 are
optionally substituted with one or where possible two
or more hydroxy or substituents; Het 1 1 represent a
heterocycle selected from pyrrolidinyl or piperidinyl
wherein said Het 11 is optionally substituted with one
or where possible two or more substituents selected
from C^alkyl, C3.6cycloalkyl, hydroxy-C 1-4alkyl-,
C1-4alkyloxyC alkyl or polyhydroxy-Ci-talkyl-; Het 12
represent a heterocycle selected from morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het12 is optionally substituted with one or where
possible two or more substituents selected from
C3.6cycloalkyl, hydroxy-C alkyl-, or polyhydroxy-C
alky1-; Het 13 represent a heterocycle selected from
pyrrolidinyl or piperidinyl wherein said pyrrolidinyl
or piperidinyl are optionally substituted with one or
where possible two or more substituents selected from
Ci4 alkyl, C3-6cycloalkyl, hydroxy-C alkyl-,
orpolyhydroxy-C alkyl-; Het 14 represent a heterocycle
selected from pyrrolidinyl or piperidinyl wherein said
pyrrolidinyl or piperidinyl are optionally substituted
with one or where possible two or more substituents
selected from C^aUcyl, C3_6cycloalkyl,
hydroxy-Ci_4alkyl-, Het 15 represents a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het 15 is optionally
substituted with one or where possible two or more
substituents selected from Ci^alkyl, C3-6cycloalkyl,
hydroxy-C alkyl-, or polyhydroxy-C 1-4alkyl-; Het 16
represent a heterocycle selected from pyrrolidinyl or
piperidinyl wherein said Het16 is optionally
substituted with one or where possible two or more
substituents selected from C^alkyl, C3.6cycloalkyl,
hydroxy-C1-4alkyl-, C alkyloxyC alkyl or
polyhydroxy-Ci-zialkyl-; Het 17 represents a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het 17 is
optionally substituted with one or where possible two
or more substituents selected from C^alkyl,
C3-6cycloalkyl, hydroxy-C alkyl-, or polyhydroxy-C
alky1-; Het20 and Het2 1 each independently represent
morpholinyl or pyridinyl;Het22 represents piperazinyl
optionally substituted with CM alkyl or hydroxy; Het23
and Het24 each independently represent pyrrolidinyl,
decahydroquinolinyl or piperidinyl wherein said Het23
or Het24 is optionally substituted with one or where
possible two or more substituents selected from
hydroxy, Het22-carbonyl- or C^alkyl; Het32 and Het33
each independently represent a heterocycle selected
from morpholinyl, pyrrolidinyl or piperidinyl. Another
group of compounds according to the present invention
consists of those compounds of formula (I) wherein one
or more of the following restrictions apply; Z1 and Z2
represents NH; Y represents -C3-9alkenyl-,
-C3-7alkyl-CO-NH- optionally substituted with amino,
mono- or or C alkyloxycarbonylamino-, -Ci
-5alkyl-NR6-Ci -5alkyl-, -Q-ealkyl-NH-CO-,
-Ci.salkyl-NH-CS-Het 9 , C1-2alkyl-CO-Het10-CO-,
-Het4-CH2-CO-NH-Ci -3alkyl-, -CLealkyl-CO-d-ealkyl-,
-Ci-2alkyl-NH-CO-CR 8R9-NH-, -Ci-2alkyl-CO-NH-CR20R2
1-CO-, -Ci.2alkyl-CO-NR 10-Ci-3alkyl-CO-,
-NR^-CO-Ci.salkyl-NH-^et^CO-Ci^alkyl-,
-Ci.salkyl-CO-NH-d^alkyl-CO-NH-.
-d^alkyl-NR^-CO-Ci.salkyl-NH-, -CO-NH-CR 14R15-CO-,
-Het6-CO-Het7-, or -Het8-NH-Ci-3alkyl-CO-NH- ; X1
represents a direct bond, O, -O-Ci.2alkyl-, CO, -CO-
C1-2alkyl-, NR16 , -NR16-C1-2alkyl-, -CO-NR17-,
-Het23-, -Het23-Ci -2alkyl-, -0-N=CH- or -C1-2alkyl-;
X2 represents a direct bond, O, -O-C1-2alkyl-, CO,
-CO- Ci-2alkyl-, NR18 , -NR18-Ci-2alkyl-, -CO-NR19 -
-Het24-, -Het24-Ci -2alkyl-, -0-N=CH- or -C1-2alkyl-;
R1 represents hydrogen, halo, Ci- alkoxy-, Het20 or R1
represents - alkoxy- substituted with halo, Het1 or
C^alkyloxy-; R2 represents hydrogen or halo; R3
represents hydrogen, nitro or cyano; R4 represents
hydrogen or halo; R5 represents hydrogen, halo, Ci-
alkoxy-, Het2 1 or R5 represents Ci- alkoxy-
substituted with halo, Het2 or Ci^alkyloxy-; R6
represents hydrogen; R7 represents hydrogen, or
Het13-Ci-4alkyl-; in particular R7 represents hydrogen
or Het13-Ci alkyl-;R8 and R9 each indepedently
represents hydrogen or optionally substituted with
phenyl, methylsulfide, hydroxy, thiol, amino, mono- or
di(C alkyl)-aminoor imidazoyl; R10 , R12 and R13 each
independently represent hydrogen or C alky! optionally
substituted with hydroxy or C^alkyloxy; R1 1
represents hydrogen, or Ci4 alkyl; R14 and R15 each
indepedently represents hydrogen or Ci^alkyl
optionally substituted R16 and R18 each independently
represent hydrogen, C^aUcyl, Ci^alkyl-oxy-carbonyl- ,
Het16, Het17-Ci -4 alkyl- or phenyl-C alkyl-; R17 and
R19 each independently represent hydrogen, C^alkyl,
Het 14, Het15-C alkyl- or phenyl-d -4alkyl-; R20 and
R2 1 each indepedently represents hydrogen or C^alkyl
optionally substituted with mono- or di(Ci
alkyl)-amino-; Het1 and Het2 each independently
represent morpholinyl pyridinyl, wherein said Het1 or
Het2 are optionally substituted with amino, C^alkyl,
hydroxy-Ci-4alkyl-, phenyl, phenyl-C^alkyl-,
C^ancyl-oxy-C^aHcyl- mono- or di(C .4 alkyl)aminoor
amino-carbonyl-; in particular Het1 and Het2 each
independently represent morpholinyl; Het3 and Het4
each independently represent a heterocycle selected
from pyrrolidinyl, 2- pyrrolidinonyl, quinolinyl,
isoquinolinyl, decahydroquinolinyl, piperazinyl or
piperidinyl wherein said Het3 and Het4 are optionally
substituted with one or where possible two or more
hydroxy substituents; Het5 and Het6 each independently
represent a heterocycle selected from pyrrolidinyl, 2-
pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het5 and Het6 are optionally substituted with one
or where possible two or more hydroxy substituents;
Het7 and Het8 each independently represent a
heterocycle selected from pyrrolidinyl, 2-
pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het7 and Het8 are optionally substituted with one
or where possible two or more hydroxy substituents;
Het9 and Het10 each independently represent a
heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het9 and Het10 are optionally substituted with
one or where possible two or more hydroxy
substituents; Het1 1 represent a heterocycle selected
from pyrrolidinyl or piperidinyl wherein said Het1 1
is optionally substituted with one or where possible
two or more substituentsselected from or polyhydroxy-C
alkyl-; Het 12 represent a heterocycle selected from
morpholinyl, pyrrolidinyl, piperazinyl or piperidinyl
wherein said Het 12 is optionally substituted with one
or where possible two or more substituents selected
from C^alkyl, Cs^cycloalkyl, or polyhydroxy-Ci-
4alkyl-; Het 13 represent a heterocycle selected from
pyrrolidinyl or piperidinyl wherein said pyrrolidinyl
or piperidinyl are optionally substituted with one or
where possible two or more substituents selected from
C alky., C3_6cycloalkyl, hydroxy-Ci alkyl-,
Ci-4alkyloxyCi- 4alkyl or Het 14 represent a
heterocycle selected from pyrrolidinyl or piperidinyl
wherein said pyrrolidinyl or piperidinyl are
optionally substituted with one or where possible two
or more substituents selected from C3-6cycloalkyl,
hydroxy-C alkyl-, d^alkyloxyC alkyl or
polyhydroxy-Ci^alkyl-; Het 15 represents a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het 15 is optionally
substituted with one or where possible two or more
substituents selected from Ci^alkyl, Cs^cycloalkyl,
hydroxy-C 1-4alkyl-, Het 16 represent a heterocycle
selected from pyrrolidinyl or piperidinyl wherein said
Het 16 is optionally substituted with one or where
possible two or more substituents selected from or
polyhydroxy-C alkyl-; Het 17 represents a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het 17 is optionally
substituted with one or where possible two or more
substituents selected from C3-6cycloalkyl,
Ci-4alkyloxyCi-4alkyl or Het20 and Het2 1 each
idependently represent morpholinyl or pyridinyl; or
Het23 and Het24 each idependently represent
pyrrolidinyl, decahydroquinolinyl or piperidinyl
wherein said Het23 or Het24 is optionally substituted
with one or where possible two or more substituents
selected from hydroxy or C^aUcyl. A further group of
compounds according to the present invention consists
of those compounds of formula (I) wherein one or more
of the following restrictions apply; Z1 and Z2
represents NH; Y represents -C3-9alkyl-,
-C3.9alkenyl-, -Ci -5alkyl-NR6-Ci.5alkyl-, -Ci
-5alkyl-NR 7-COd. salkyl-, -Ci-ealkyl-CO-NH-,
-Ci.salkyl-NH-CO-Het 3-,
-He^-Ci.salkyl-CO-NH-Ci^alkyl-, -Ci^alkyl-NH-COL'-NH-,
-NH-CO-lL NH-, -Ci -2alkyl-CO-NH-L3-CO-,
-C^alkyl-NH-CO-l LNHCO- Ci-3alkyl-, -Caalkyl-CO-NH-l L
CO-NH-C^alkyl-, -C^alkyl-NR 1 -CH2- CO-NH-Ci -3alkyl-,
Het5-CO-Ci-2alkyl-, -Ci.salkyl-CO-NH-Ci^alkyl-CO-NH-,
-d.salkyl-NR^-CO-d.aalkyl-NH-, -C^alkyl-NH-CO-HeP-CO-,
or -CI-3alkyl-CO-Het33-CO-NH-; X1 represents a direct
bond, O, -O-Ci-2alkyl-, -CO-Ci-2alkyl-, -NR16-Ci
-2alkyl-, -CO-NR17-, Het23-C, -2alkyl- or C1-2alkyl;
X2 represents a direct bond, O, -O-Ci-2alkyl-,
-CO-Ci-2alkyl-, -NR18-Ci -2alkyl-, -CO-NR19-, Het24-Ci
-2alkyl- or Ci-2alkyl; R1 represents hydrogen, halo,
Ci-6alkyloxy- or - alkyloxy- substituted with Het 1 or
C^alkyloxy-; R2 represents hydrogen or halo; R3
represents hydrogen or cyano; R4 represents hydrogen
or halo; R5 represents hydrogen, halo, Ci- alkyloxy-
or Ci^alkyloxy- substituted with Het2 or
Ci-4alkyloxy-; R6 represents hydrogen; R7 represents
hydrogen; R1 1 represents hydrogen or R13 represents
hydrogen; R16 and R18 represent hydrogen, CMalkyl or
Het 17 CM alkyl-; R17 and R19 represent hydrogen; L1
represents C^alkyl optionally substituted with one or
where possible two or more substituents selected from
phenyl, methylsulfide, cyano, , Ci-4alkyloxy,
pyridinyl, mono- or di(Ci-4alkyl)-amino- or
C3-6cycloalkyl; L2 represents optionally substituted
with one or where possible two or more substituents
selected from phenyl, methylsulfide, cyano, ,
pyridinyl, mono- or di(CMalkyl)-amino- or
C3-6cycloalkyl; L3 represents C1-8alkyl optionally
substituted with one or where possible two or more
substituents selected from phenyl, methylsulfide,
cyano, polyhaloCi_4alkyl-phenyl- , pyridinyl, mono- or
di(C alkyl)-amino- or C3-6cycloalkyl; Het 1 represents
morpholinyl, oxazolyl, isoxazolyl, or piperazinyl; in
particular Het1 represents morpholinyl or piperazinyl;
more in particular Het1 represents morpholinyl; Het2
represents morpholinyl, oxazolyl, isoxazolyl, or
piperazinyl; in particular Het2 represents morpholinyl
or piperazinyl; more in particular Het2 represents
morpholinyl;Het3 represents morpholinyl, piperazinyl,
piperidinyl or pyrrolidinyl; in particular Het3
represents piperazinyl, piperidinyl or pyrrolidinyl;
Het4 represents morpholinyl, piperazinyl, piperidinyl
or pyrrolidinyl; in particular Het3 represents
piperazinyl or piperidinyl; Het5 represents
morpholinyl, piperazinyl, piperidinyl or pyrrolidinyl,
in particular Het5 represents piperazinyl or
piperidinyl, more in particular Het5 represents
piperazinyl; Het10 represents piperazinly,
piperidinyl, pyrrolidinyl or azetidinyl; in particular
Het10 represents pyrrolidinyl, piperazinyl or
azetidinyl, more in particular Het10 represents
azetidinyl; Het17 represents morpholinyl, oxazolyl,
isoxazolyl or piperazinyl; in particular Het17
represents morpholinyl or piperazinyl; Het22
represents morpholinyl, oxazolyl, isoxazolyl or
piperazinyl wherein said Het22 is optionally
substituted with C^alkyl; in particular Het22
represents morpholinyl or piperazinyl wherein said
morpholinyl or piperazinyl or optionally substituted
with Ci^alkyl; more in particular Het22 represents
piperazinyl optionally substituted with C aUyl
(methyl); Het23 and Het24 each independently represent
a heterocycle selected from pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het23 or Het24 are
optionally substituted with Het22-carbonyl; Het32 and
Het33 each independently represent a heterocycle
selected from morpholinyl, piperazinyl, piperidinyl or
pyrrolidinyl, in particular Het32 and Het33 are each
independently selected from morpholinyl, piperazinyl
or piperidinyl, more in particular Het32 and Het33 are
each independently selected from morpholinyl or
piperidinyl; A further group of compounds according to
the present invention consists of those compounds of
formula (I) wherein one or more of the following
restrictions apply; Z1 and Z2 represents NH; Y
represents -C3-9alkyl-, -Ci.5alkyl-NR7-CO-Ci.5alkyl-,
-C^alkyl-CO-NH-, -Ci_6alkyl-NH-CO-,
-C1-2alkyl-CO-Het10-CO-,
-Het^Ci-salkyl-CO-NH-Ci-salkyl-, -Ci
-2alkyl-CO-NH-L3-CO-,
-d^alkyl-NH-CO-L'-NH-CO-Ci^alkyl,
-Ci-2alkyl-CO-NH-L3-CO-NH-Ci-3alkyl-, -Ci
-3alkyl-NH-CO-Het32-CO- or-Ci -3alkyl-CO-Het33-CO-NH-;
X1 represents a direct bond, O, -O-C 1-2alkyl-, -CO-Ci
-2alkyl-, -NRl6-Ci -2alkyl-, -CO-NR 17-, Het23-Ci
-2alkyl- or Ci-2alkyl; in particular X1 represents a
direct bond, O, -O-Ci -2alkyl-, -NR16-Ci-2alkyl- or
-Het 23-Ci -2alkyl-; X2 represents a direct bond, O,
-O-C^alkyl-, -CO-C^alkyl-, -NR18-Ci -2alkyl-, -CO-NR
19 -, Het24-Ci -2alkyl- or C1-2alkyl; in particular X2
represents a direct bond, O, -O-Ci-2alkyl-,
-NRI8-Ci-2alkyl- or -Het 24-Ci-2alkyl-; more in
particular X2 represents O, -O-C1-2alkyl-,
-NR18-C1-2alkyl- or -Het 24-Ci -2alkyl-; R1 represents
hydrogen, halo, Ci- alkyloxy- or Ci_6alkyloxy-
substituted with Het 1 or Ci_4alkyloxy-; in particular
R1 represents hydrogen, halo, or d - alkyloxy-
substituted with Het1; R2 represents hydrogen or halo;
in particular R2 represents hydrogen; R3 represents
hydrogen or cyano; in particular R3 represents
hydrogen; R4 represents hydrogen or halo; in
particular R4 represents hydrogen; R5 represents
hydrogen, halo, Ci- alkyloxy- or C^alkyloxy-
substituted with Het2 or R7 represents hydrogen; R16
and R18 represent hydrogen, C^alkyl or Het 17 CM
alkyl-; R17 and R19 represent hydrogen; L1 represents
optionally substituted with one or where possible two
or more substituents selected from phenyl,
methylsulfide, cyano, , Ci-4alkyloxy, pyridinyl, mono-
or di(Ci-4alkyl)-amino- or C - CyCloalkyl; in
particular L1 represents Ci-salkyl optionally
substituted with C3-6ycloalkyl; L3 represents
Ci-salkyl optionally substituted with one or where
possible two or more substituents selected from
phenyl, methylsulfide, cyano, polyhaloQ^alkyl-phenyl-
, pyridinyl, mono- or di(Ci alkyl)-amino- or
C3_6cycloalkyl; Het 1 represents morpholinyl,
oxazolyl, isoxazolyl, or piperazinyl; in particular
Het 1 represents morpholinyl or piperazinyl; more in
particular Het 1 represents morpholinyl; Het2
represents morpholinyl, oxazolyl, isoxazolyl, or
piperazinyl; in particular Het2 represents morpholinyl
or piperazinyl; more in particular Het2 represents
morpholinyl; Het3 represents morpholinyl, piperazinyl,
piperidinyl or pyrrolidinyl; in particular Het3
represents piperazinyl, piperidinyl or pyrrolidinyl;
more in particular Het3 represents piperazinyl or
piperidinyl; Het4 represents morpholinyl, piperazinyl,
piperidinyl or pyrrolidinyl; in particular Het4
represents piperazinyl or piperidinyl;Het5 represents
morpholinyl, piperazinyl, piperidinyl or pyrrolidinyl,
in particular Het5 represents piperazinyl or
piperidinyl, more in particular Het5 represents
piperazinyl; Het 10 represents piperazinly,
piperidinyl, pyrrolidinyl or azetidinyl; in particular
Het 10 represents pyrrolidinyl, piperazinyl or
azetidinyl, more in particular Het 10 represents
azetidinyl; Het 17 represents morpholinyl, oxazolyl,
isoxazolyl or piperazinyl; in particular Het 17
represents morpholinyl or piperazinyl; Het22
represents morpholinyl, oxazolyl, isoxazolyl or
piperazinyl wherein said Het22 is optionally
substituted with CMalkyl; in particular Het22
represents morpholinyl or piperazinyl wherein said
morpholinyl or piperazinyl or optionally substituted
with Ci^alkyl; more in particular Het22 represents
piperazinyl optionally substituted with Ci-4alkyl;
Het23 and Het24 each independently represent a
heterocycle selected from pyrrolidinyl, piperazinyl or
piperidinyl wherein said Het23 or Het24 are optionally
substituted with Het22-carbonyl; in particular Het23
and Het24 each independently represent a heterocycle
selected from piperazinyl or piperidinyl wherein said
Het23 and Het24 are optionally substituted with
Het22-carbonyl; Het 32 and Het33 each independently
represent a heterocycle selected from morpholinyl,
piperazinyl, piperidinyl or pyrrolidinyl, in
particular Het32 and Het33 are each independently
selected from morpholinyl, piperazinyl or piperidinyl,
more in particular Het32 and Het33 are each
independently selected from morphorinyl or
piperidinyl; Another group of compounds are those
compounds of formula (I) wherein one or more of the
following restrictions apply; Z1 and Z2 represents NH;
Y represents -C3_9alkyl-, -C3-9alkenyl-,
-Ci.5alkyl-NR6-C1-5alkyl-, -Ci.5alkyl-NR7-CO-Ci.
5aIkyl-, -Ci.aalkyl-NH-CO-Het 3-, -Ci -2alkyl-NH-COCR
8R9-NH-, -C^alkyl-NR 1'-CHzCO-NH-C^alkyl-, Het5-CO-Ci
-2alkyl-, or -Ci-salkyl-CO-NH-Cualkyl-CO-NH-; X1
represents a direct bond, O, -O-C1-2alkyl-, -CO-Ci
-2alkyl-, -NR16-Ci -2alkyl-, -CO-NR 17- or Ci-2alkyl;
X2 represents a direct bond, O, -O-Ci_2alkyl-, -CO-Ci
-2alkyl-, -NR18-Ci_2alkyl-, -CO-NR 19- or Ci-2alkyl;
R1 represents hydrogen, halo, Ci-6alkyloxy- or
substituted with Het 1 or Ci^alkyloxy-;R2 represents
hydrogen or halo; R3 represents hydrogen or cyano; R4
represents hydrogen or halo; R5 represents hydrogen,
halo, or Ci- alkyloxy- substituted with Het1 or
Ci_4alkyloxy-; R6 represents hydrogen; R7 represents
hydrogen; R8and R9 each independently hydrogen or
Ci^alkyl; R1' represents hydrogen or Ci^alkyl; R16 and
R18 represent hydrogen; R17 and R19 represent
hydrogen; Het1 represents morpholinyl; Het2 represents
morpholinyl; Het3 represents pyrrolidinyl; or Het5
represents piperazinyl Another group of compounds are
those compounds of formula (I) wherein one or more of
the following restrictions apply; Z1 and Z2 represent
NH; in a particular embodiment Z1 and Z2 are at
positions 2,4 or 4,6 of the pyrimidine ring; Y
represents -C3-9alkyl-, -C3-9alkenyl-,
-Ci.5alkyl-NR6-Ci.5alkyl-,
-Ci-5alkyl-NR7-CO-C1-5alkyl-, -d-ealkyl-CO-NH-,
-C^alkyl-NH-CO-, -Ci.2alkyl- CO-Het10-CO-,
-C1-3alkyl-NH-CO-Het3-,
-Het4-Ci.3alkyl-CO-NH-C1-3alkyl-, -C^alkyl-NH-CO-L
1-NH-, -NH-CO-L2-NH-, -Ci-2alkyl-CO-NH-L3-CO-,
-Ci^alkyl-NH-CO-L'-NH-CO-d-salkyl-,
-Ci.2alkyl-CO-NH-L3-CO-NH-Ci-3alkyl-, -C1-2alkyl-NRn
-CH2-CO-NH-Ci -3alkyl-, Het5-CO-C1-2alkyl-,
-Ci.salkyl-CO-NH-Ci.salkyl-CO-NH-,
-Ci.salkyl-NR^-CO-Ci.salkyl-NH-, -Ci
-3alkyl-NH-CO-Het32-CO-, or
-Ci-3alkyl-CO-Het33-CO-NH-; X1 represents a direct
bond, O, -O-Ci-2alkyl-, -CO-Ci _2alkyl-,
-NR16-Ci_2alkyl-, -CO-NR17 -, Het23-Ci -2alkyl- or
Ci-2alkyl; X2 represents a direct bond, O,
-O-Ci-2alkyl-, -CO-C1-2alkyl-, -NR18 -C1-2alkyl-,
-CO-NR 19-, Het24-C1-2alkyl- or Ci-2alkyl; R1 and R5
each independently represent hydrogen, halo, or
Ci^alkyloxysubstituted with Het1 or R2 and R4 each
independently represent hydrogen or halo; R3
represents hydrogen or cyano; R6, R7, R13 , R17 and
R19 represent hydrogen;R1 1 represents hydrogen or R16
and R18 represent hydrogen, C alkyl or Het
17-C1-4alkyl-; L1, L2 and L3 each independently
represents Ci-galkyl optionally substituted with one
or where possible two or more substituents selected
from phenyl, methylsulfide, cyano, pyridinyl, mono- or
di(C alkyl)- amino- or Cs- cycloalkyl; Het 1, Het2,
Het 17 each independently represent morpholinyl,
oxazolyl, isoxazolyl, or piperazinyl; Het3, Het4, Het5
each independently represent morpholinyl, piperazinyl,
piperidinyl or pyrrolidinyl; Het 10 represents
piperazinly, piperidinyl, pyrrolidinyl or azetidinyl;
Het22 represents morpholinyl, oxazolyl, isoxazolyl or
piperazinyl wherein said Het22 is optionally
substituted with C^alkyl; 



Het23 and Het24 each independently represent a
heterocycle selected from pyrrolidinyl, piperazinyl or
piperidinyl wherein said Het23 or Het24 are optionally
substituted with Het22-carbonyl; Het32 and Het33 each
independently represent a heterocycle selected from
morpholinyl, piperazinyl, piperidinyl or pyrrolidinyl.
In a further object, the present invention provides
the 2,4-pyrimidine derivatives of the formula (I) c s
of formula the N-oxide forms, the pharmaceutically
acceptable addition salts and the stereochemically
isomeric forms thereof, wherein Y, Z1, Z2, X1, X2, R1,
R2, R3, R4 and R5 are defined as for the compounds of
formula (I) hereinbefore, including any of the
limitations as provided for the different groups of
compounds of formula (I) as defined hereinbefore.In
particular those compounds of formula (f ) wherein one
or more of the following restrictions apply; Z1 and Z2
represents NH; Y represents -Cs.galkyl-,
-C3-9alkenyl-, -Ci- alkyl-CO-NH-, -C1-3alkyl-NH-CO-Het
3- or -Ci -2alkyl-NR u -CH2-CO-NH-Ci -3alkyl-; in
particular Y represents C3-9alkyl~, -C3-9alkenyl-,
-Ci^alkyl-CO-NH-, -Ci_3alkyl-NH-CO-Het 3- or
-C1-2alkyl-NR n -CH2-CO-NH-Ci -3alkyl- X1 represents a
direct bond, O, -O-C 1-2alkyl-, -NR16-Ci-2alkyl-,
Het23-Ci -2alkyl or -CO-NR 17 -; in particular X1
represents a direct bond, O, -O-Ci-2alkyl-, or -CO-NR
17- X2 represents a direct bond, O, -O-Ci_2alkyl-,
-NR1 - -2alkyl-, Het2 -Ci -2alkyl or -CO-NR 19-; in
particular X2 represents a direct bond, O, -O-Ci
-2alkyl-, or -CO-NR 19-; R1 represents hydrogen, halo,
C1^aIkOXy-, or R1 represents in particular R1
represents hydrogen or halo; R2 represents hydrogen or
halo; R3 represents hydrogen, or cyano; R4 represents
hydrogen or halo; R5 represents hydrogen, halo,
Ci-6alkoxy-, or R5 represents C - alkoxy- substituted
with halo, Het2 or R7 represents hydrogen; R11
represents hydrogen or C^alkyl-; R16 and R18 each
independently represent hydrogen, C alkyl or Het
17-Ci-4alkyl-; R17 represents hydrogen; R19 represents
hydrogen; Het3 represents pyrrolidinyl; Het 17
represents morpholinyl or piperazinyl wherein said Het
17 is optionally substituted Het23 and Het24 each
independently represent a heterocycle selected from
pyrrolidinyl or piperazinyl. A further group of
compounds according to the present invention consists
of those compounds of formula (Ia) wherein one or more
of the following restrictions apply; Z1 and Z2
represents NH;Y represents -C3-9alkyl-, -C3.9alkenyl-,
-Ci -5alkyl-NR 7-CO-Ci -5alkyl-, -Ci-ealkyl-NH-CO-,
-Ci.salkyl-NH-CO-Het 3- or -Ci.2alkyl-NR 1
1-CH2CO-NH-Ci.3alkyl-; X1 represents a direct bond, O,
-NR 16-Ci -2alkyl~ or Ci-2alkyl; X2 represents a
direct bond, O, -NR18-Ci -2alkyl- or C1-2alkyl; R1
represents hydrogen, halo or Ci- alkyloxy-; R2
represents hydrogen or halo; R3 represents hydrogen or
cyano; R4 represents hydrogen or halo; R5 represents
hydrogen, halo or Ci- alkyloxy-; R6 represents
hydrogen; R7 represents hydrogen; R11 represents
hydrogen or R16 and R18 represent hydrogen; and R17
and R19 represent hydrogen; Het3 represents
pyrrolidinyl. In a further object, the present
invention provides the 4,6-pyrimidine derivatives of
the formula (I) compounds, hereinafter refered to as
the compounds of formula the N-oxide forms, the
pharmaceutically acceptable addition salts and the
stereochemical^ isomeric forms thereof, wherein Y, Z1,
Z2, X1, X2, R1, R2, R3, R4 and R5 are defined as for
the compounds of formula (I) hereinbefore, including
any of the limitations as provided for the different
groups of compounds of formula (I) as defined
hereinbefore.In particular those compounds of formula
(Ib) wherein one or more of the following restrictions
apply; Z1 and Z2 represents NH; Y represents
-C3-9alkyl-, -C3-9alkenyl-, -Cs- alkyl-CO-NH-
optionally substituted with amino, mono- or
di(Ci-4alkyl)amino or -d.salkyl-oxy-d-salkyl-,
-Ci-ealkyl-NH-CO-, -Ci.salkyl-NH-CS-Het 9-, -Ci
-3alkyl-NH-CO-Het 3-, Ci.zalkyl-CO-Het^-CO-,
-Het4-CH2-CO-NH-Ci -3alkyl-,
-Ci^alkyl-CO-^Ci-galkyl-CO-Cealkyl-,
-Ci.aalkyl-NH-CO-l NH-, -C1-2alkyl-CO-NH-L 3-CO-,
-CO-NH-l CO-, -Ci-2alkyl-NH-CO-L 1-NH-CO-,
-C1-2alkyl-NH-CO-L 1-NH-CO-C 1-3alkyl-CO-, -Ci
-2alkyl-CO-NR 10-C1.3alkyl-CO-, -Ci -2alkyl-NR 1
1-CH2-CO-NH-Ci -3alkyl-,
-NR^-CO-Ci.salkyl-NH-^et^CO-Ci^alkyl^
-d-salkyl-CO-NH-Ci^alkyl-CO-NH-,
-Ci.salkyl-NR^-CO-Ci.salkyl-NH-, -Het6-CO-Het7-,
-Het8-NH-Ci -3alkyl-CO-NH- , or d
-3alkyl-CO-Het33-CO-NH-; X1 represents a direct bond,
O, -O-Ci -2alkyl-, CO, -CO- d -2alkyl-, NR16 ,
-NR16-C1-2alkyl-, -CO-NR17 -, -Het23-,
-Het23-C1-2alkyl-, -0-N=CH- or -Ci -2alkyl-; in
particular X1 represents a direct bond, O,
-O-Ci-2alkyl-, CO, -CO- C1-2alkyl-, NR16,
-NR16-C1-2alkyl-, -CO-NR 17-, -Het23-,
-Het23-C1-2alkyl-, -0-N=CH- or -C1-2alkyl-; X2
represents a direct bond, O, -O-C^alkyl-, CO, -CO-
CI-2alkyl-, NR18, -NR18-Ci -2alkyl-, -CO-NR19-,
-Het24-, -Het24-Ci-2alkyl-, -0-N=CH- or -Ci -2alkyl-;
in particular X2 represents a direct bond, O,
-O-Ci-2alkyl-, CO, -CO- d _2alkyl-, NR18, -NR18-Ci
-2alkyl-, -CO-NR 19-,-Het24-, -Het24-Ci -2alkyl-,
-O-N=CH- or -Ci -2alkyl-; R1 represents hydrogen,
halo, Ci- alkoxy-, Het20 or R1 represents Ci- alkoxy-
substituted with halo, Het1 or d^alkyloxy-; in
particular R1 represents hydrogen halo or C^alkyloxy-;
R2 represents hydrogen, halo or hydroxy; in particular
R2 represents hydrogen or halo; R3 represents
hydrogen, nitro or cyano; in particular R3 represents
hydrogen or cyano; R4 represents hydrogen or halo; R5
represents hydrogen, halo, Ci- alkoxy-, Het2 1 or R5
represents Ci- alkoxy- substituted with halo, Het2 or
d^alkyloxy-; in particular R5 represents hydrogen,
halo or d _6alkyloxy-; R6 represents hydrogen; R7
represents hydrogen, Ci-4alkyl, or Het^-C alkyl-; in
particular R7 represents hydrogen or Het13-d alkyl-;R8
and R9 each indepedently represents hydrogen or
Ci^alkyl optionally substituted with phenyl,
methylsulfide, hydroxy, thiol, amino, mono- or di(C
alkyl)-aminoor imidazoyl; in particular R7 represents
hydrogen, Ci-4alkyl, or Het^-C^aUcyl-; even more
particular R7 represents hydrogen or Het 13-Ci alkyl-;
R10, R12 and R13 each independently represent hydrogen
or Q^alkyl optionally substituted with hydroxy or
Ci-4alkyloxy; in particular R13 represents hydrogen,
or CM alkyl; R1 1 represents hydrogen, or C alkyl; R16
and R18 each independently represent hydrogen,
Ci^alkyl, R17 and R19 each independently represent
hydrogen, C^alkyl, Het 14, Het 15-Ci alkyl- or
phenyl-Ci ^alkyl- ; L1 represents Q-galkyl optionally
substituted one ore where possible two or more
substituents selected from phenyl, thienyl, pyridinyl,
methylsulfide, hydroxy, thiol, thiazolyl, cyano,
hydroxyphenyl, C1-4alkyloxy-, Ci- 4alkyloxyphenyl-,
aminocarbonyl, C3_6cycloalkyl, amino, mono- or
di(Ci_4alkyl)- amine-, or imidazoyl; in particular L1
represents optionally substituted one ore where
possible two or more substituents selected from
phenyl, pyridinyl, methylsulfide, hydroxy, thiol,
thiazolyl, cyano, hydroxyphenyl, polyhaloC
alkylphenyl-, C1-4alkyloxy-, Ci-4alkyloxyphenyl-,
aminocarbonyl, Cs^cycloalkyl, amino, mono- or
di(Ci4alkyl)-amine-, or imidazoyl; more in particular
L1 represents Ci-salkyl optionally substituted with
phenyl, methylsulfide, hydroxy, thiol, amino, mono- or
di(C1-4alkyl)-amino~ or imidazoyl; L2 represents
Ci-8alkyl optionally substituted one ore where
possible two or more substituents selected from
phenyl, thienyl, pyridinyl, methylsulfide, hydroxy,
thiol, thiazolyl, cyano, hydroxyphenyl,
polyhaloCMalkyl-phenyl-, C^alkyloxy-, C1-
4alkyloxyphenyl-, aminocarbonyl, Cs^cycloalkyl, amino,
mono- or d^Ci^alkyl)- amine-, or imidazoyl; in
particular L represents optionally substituted one ore
where possible two or more substituents selected from
phenyl, thienyl, methylsulfide, hydroxy, or mono- or
di(Ci -4alkyl)-amino-; more in particular L2
represents C^alkyl optionally substituted with L3
represents optionally substituted one ore where
possible two or more substituents selected from
phenyl, thienyl, pyridinyl, methylsulfide, hydroxy,
thiol, thiazolyl, cyano, hydroxyphenyl, C alkyloxy-,
aminocarbonyl, C3_6cycloalkyl, amino, mono- or
di(Ci-4alkyl)-amine-, or imidazoyl; in particular L3
represents Q-salkyl optionallysubstituted one ore
where possible two or more substituents selected from
phenyl, pyridinyl, methylsulfide-, cyano,
polyhaloCi-4alkyl-phenyl-, aminocarbonyl-, mono- or
di(Ci^alkyl)-amino-, C3 6ycolalkyl, thiazolyl or
thienyl; more in particular L3 represents Ci_8alkyl
optionally substituted with Het 1 and Het2 each
independently represent morpholinyl pyridinyl, wherein
said Het1 or Het2 are optionally substituted with
amino, phenyl, or amino-carbonyl-; in particular Het1
and Het2 each independently represent morpholinyl;
Het3 and Het4 each independently represent a
heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, quinolinyl, isoquinolinyl,
decahydroquinolinyl, piperazinyl or piperidinyl
wherein said Het and Het are optionally substituted
with one or where possible two or more hydroxy or
Het22-carbonyl- substituents; in particular Het3 and
Het4 each independently represent a heterocycle
selected from pyrrolidinyl, 2-pyrrolidinonyl,
quinolinyl, isoquinolinyl, decahydroquinolinyl,
piperazinyl or piperidinyl wherein said Het3 and Het4
are optionally substituted with one or where possible
two or more hydroxy substituents; Het5 and Het6 each
independently represent a heterocycle selected from
pyrrolidinyl, 2-pyrrolidinonyl, piperazinyl or
piperidinyl wherein said Het5 and Het6 are optionally
substituted with one or where possible two or more
hydroxy substituents; Het7 and Het8 each independently
represent a heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het7 and Het8 are optionally substituted with one
or where possible two or more hydroxy substituents;
Het9 and Het10 each independently represent a
heterocycle selected from pyrrolidinyl, pyrrolyl,
azetidinyl, 2-pyrrolidinonyl, piperazinyl or
piperidinyl wherein said Het9 and Het10 are optionally
substituted with one or where possible two or more
hydroxy or substituents; Het 1 1 represent a
heterocycle selected from pyrrolidinyl or piperidinyl
wherein said Het1 1 is optionally substituted with one
or where possible two or more substituents selected
from or polyhydroxy-C alkyl-; Het12 represent a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het 12 is
optionally substituted with one or where possibletwo
or more substituents selected from C1-4alkyl, C -
CyClOaIlCyI, hydroxy-Ci- 4alkyl-, C alkyloxyCi^alkyl
or polyhydroxy-C alkyl-; Het 13 represent a
heterocycle selected from pyrrolidinyl or piperidinyl
wherein said pyrrolidinyl or piperidinyl are
optionally substituted with one or where possible two
or more substituents selected from Ci^alkyl, C3-6Cy
cloalkyl, hydroxy-Ci^alkyl-, Q^alkyloxyC alkyl or
polyhydroxy-Ci^alkyl-; Het 14 represent a heterocycle
selected from pyrrolidinyl or piperidinyl wherein said
pyrrolidinyl or piperidinyl are optionally substituted
with one or where possible two or more substituents
selected from C1-4alkyl, C3-6cycloalkyl, hydroxy-C
alkyl-, or polyhydroxy- C alky 1-; Het 15 represents a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het 15 is
optionally substituted with one or where possible two
or more substituents selected from C3. cycloalkyl,
hydroxy-C alkyl-, C alkyloxyCi- 4alkyl or
polyhydroxy-Ci^alkyl-; Het 16 represent a heterocycle
selected from pyrrolidinyl or piperidinyl wherein said
Het 16 is optionally substituted with one or where
possible two or more substituents selected from Het 17
represents a heterocycle selected from morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het 17 is optionally substituted with one or where
possible two or more substituents selected from
C^alkyl, C3-6cycloalkyl, hydroxy-C^alkyl-,
Ci^alkyloxyC alkyl or polyhydroxy- C alky 1-; Het 20
and Het 2 1 each idependently represent morpholinyl or
pyridinyl; Het 22 represents piperazinyl or
piperidinyl optionally substituted with or hydroxy;
Het 23 and Het 24 each idependently represent
pyrrolidinyl, decahydroquinolinyl or piperidinyl
wherein said Het 23 or Het 24 is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, Het22-carbonyl- or
Cmalkyl; in particular Het 23 and Het 24 each
independently represent pyrrolidinyl,
decahydroquinolinyl or pyridinyl wherein said Het 23
or Het 24 is optionally substituted with one or where
possible two or more substituents selected from
hydroxy or Het 32 and Het 33 each independently
represent a heterocycle selected from morpholinyl,
pyrrolidinyl or piperidinyl.A further group of
compounds according to the present invention consists
of those compounds of formula (Ib) wherein one or more
of the following restrictions apply; Z1 and Z2
represents NH; Y represents -C3-9alkenyl-,
-Ci.5alkyl-NR7-CO-Ci.5alkyl-, -C^alkyl-CO-NH-, -C .
alkyl-NH-CO-, -Ci -2alkyl- CO-Het 10-CO-,
-CI-3alkyl-NH-CO-Het 3-, -Het4-Ci -3alkyl-CO-NH-Ci
-3alkyl-, -C1-2alkyl-NH-CO-l L NH-, -NH-CO-L2-NH-,
-Ci-2alkyl-CO-NH-L 3-CO-,
-Ci^alkyl-NH-CO-L'-NH-CO-Ci^alkyl-,
-Ci.2alkyl-CO-NH-L3-CO-NH-C I-3alkyl-,
-Ci^alkyl-NR'^C^-CO-NH-Ci-salkyl^ He^-CO-Ci^alkyl-, -C
alkyl-CO-NH-Ci alkyl-CO-NH-,
-Ci-salkyl-NR^-CO-d.salkyl-NH-, - C1-3alkyl-NH-CO-Het
32-CO-, or -C1-3alkyl-CO-Het33-CO-NH-; in particular Y
represents -C3-9alkyl-, -Ci-galkyl-NH-CO-,
-C^alkyl-NH-CO-l L NH-, Het5-CO-Ci-2alkyl-, or -Ci.
alkyl-CO-NH-Ci. alkyl-CO-NH-; X1 represents a direct
bond, O, -O-C1-2alkyl-, -CO-Ci-2alkyl-,
-NR16-C1-2alkyl-, -CO-NR17 -, Het23-Ci -2alkyl- or
Ci-2alkyl; in particular X1 represents a direct bond,
O, -O-Ci-2alkyl-, -CO-C1-2alkyl-, -NR16-Ci-2alkyl-,
-CO-NR17- or Ci.2alkyl; X2 represents a direct bond,
O, -O-Ci -2alkyl-, -CO-Ci-2alkyl-, -NR18-Ci -2alkyl-,
-CO-NR19-, Het24-Ci -2alkyl- or Ci-2alkyl; in
particular X2 represents a direct bond, O,
-O-C1-2alkyl-, -CO-C^alkyl-, -NR18-C1-2alkyl-,
-CO-NR19- or C1-2alkyl; R1 represents hydrogen, halo,
Ci-6alkyloxy- or Ci^alkyloxy- substituted with Het1 or
Ci-4alkyloxy-; R2 represents hydrogen or halo; R3
represents hydrogen or cyano; R4 represents hydrogen
or halo; R5 represents hydrogen, halo, substituted
with Het2 or R6 represents hydrogen; R7 represents
hydrogen; R1 1 represents hydrogen or R13 represents
hydrogen; R16 and R18 represent hydrogen, C^alkyl or
Het17-Ci_4alkyl-; in particular R16 and R18 represent
hydrogen; R17 and R19 represent hydrogen; L1
represents Q-salkyl optionally substituted with one or
where possible two or more substituents selected from
phenyl, methylsulf de, cyano,
polyhaloCi^alkyl-phenyl-,pyridinyl, mono- or
di(Ci-4alkyl)-amino- or C3-6cycloalkyl; in particular
L1 represents L2 represents Ci-8alkyl optionally
substituted with one or where possible two or more
substituents selected from phenyl, methylsulfide,
cyano, polyhaloC alkyl-phenyl-, Ci^alkyloxy,
pyridinyl, mono- or d C alkyty-amino- or C -
CyClOaUCyI; L3 represents Ci-8alkyl optionally
substituted with one or where possible two or more
substituents selected from phenyl, methylsulfide,
cyano, polyhaloQ^alkyl-phenyl-, C^alkyloxy, pyridinyl,
mono- or di(C 1-4alkyl)-amino- or C3 6cycloalkyl; Het
1 represents morpholinyl, oxazolyl, isoxazolyl, or
piperazinyl; in particular Het 1 represents mof
holinyl or piperazinyl; more in particular Het 1
represents morpholinyl; Het 2 represents morpholinyl,
oxazolyl, isoxazolyl, or piperazinyl; in particular
Het 2 represents mof holinyl or piperazinyl; more in
particular Het 2 represents mof holinyl; Het 3
represents mof holinyl, piperazinyl, piperidinyl or
pyrrolidinyl; in particular Het 3 represents
piperazinyl, piperidinyl or pyrrolidinyl; Het 4
represents mof holinyl, piperazinyl, piperidinyl or
pyrrolidinyl; in particular Het 3 represents
piperazinyl or piperidinyl; Het 5 represents mof
holinyl, piperazinyl, piperidinyl or pyrrolidinyl, in
particular Het 5 represents piperazinyl or
piperidinyl, more in particular Het 5 represents
piperazinyl; Het 10 represents piperazinly,
piperidinyl, pyrrolidinyl or azetidinyl; in particular
Het 10 represents pyrrolidinyl, piperazinyl or
azetidinyl, more in particular Het 10 represents
azetidinyl; Het 17 represents mof holinyl, oxazolyl,
isoxazolyl or piperazinyl; in particular Het 17
represents mof holinyl or piperazinyl; Het 22
represents mof holinyl, oxazolyl, isoxazolyl or
piperazinyl wherein said Het 22 is optionally
substituted with in particular Het 22 represents mof
holinyl or piperazinyl wherein said mof holinyl or
piperazinyl or optionally substituted with Ci^alkyl;
more in particular Het 22 represents piperazinyl
optionally substituted Het 23 and Het 24 each
independently represent a heterocycle selected from
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het 23 or Het 24 are optionally substituted with Het
22-carbonyl; Het 32 and Het 33 each independently
represent a heterocycle selected from mof holinyl,
piperazinyl, piperidinyl or pyrrolidinyl, in
particular Het 32 and Het 33 are each independently
selected from mof holinyl, piperazinyl or piperidinyl,
more inparticular Het32 and Het33 are each
independently selected from morpholinyl or
piperidinyl; A further group of compounds according to
the present invention consists of those compounds of
formula (I) wherein one or more of the following
restrictions apply; Z1 and Z2 represents NH; Y
represents -C3-9alkyl-, -Ci -5alkyl-NR 6-Ci -5alkyl-,
-d-salkyl-NR^CO-C^alkyl-, -Ci-ealkyl-NH-CO-,
-Ci-zalkyl-NH-CO-l LNH-, Het5-CO-C 1-2alkyl-, NH-CO-L
2-NH- or -Ci-salkyl-CO-NH-Csalkyl-CO-NH-; in
particular Y represents -C3-9alkyl-, -C1.5alkyl-NR
6-Ci.5alkyl-, -C1-5alkyl-NR 7~CO-Ci..5alkyl-,
-d-ealkyl-NH-CO-, -C^alkyl-NH-CO-l l NH- or -NH-CO-L
2-NH-; X1 represents O, -O-C 1-2alkyl~, -CO-Ci
-2alkyl- or Het23-C1-2alkyl-; in particular X1
represents O, -O-Ci -2alkyl- or -CO-Ci -2alkyl-; X2
represents O, -O-Ci -2alkyl-, -CO-Ci -2alkyl- or
Het24-C1-2alkyl-; in particular X2 represents O, -O-Ci
-2alkyl- or -CO-Ci-aalkyl-; R1 represents hydrogen,
halo, Ci- alkyloxy- or substituted with Het 1; R2
represents hydrogen or halo; R3 represents hydrogen or
cyano; R4 represents hydrogen or halo; R5 represents
hydrogen, halo, substituted with Het2; R6 represents
hydrogen; R7 represents hydrogen; R1 1 represents
hydrogen or R13 represents hydrogen; L1 represents
Ci-8alkyl optionally substituted with one or where
possible two or more substituents selected from
phenyl, methylsulfide, cyano, , pyridinyl, mono- or
di(Ci4alkyl)-amino- or C3-6cycloalkyl; in particular
L1 represents C^alkyl; L2 represents Ci^alkyl
optionally substituted with one or where possible two
or more substituents selected from phenyl,
methylsulfide, cyano, polyhaloCi- 4alkyl-phenyl- ,
Ci-4alkyloxy, pyridinyl, mono- or d C alky^-amino- or
C3_6cycloalkyl; in particular L2 represents Ci-salkyl;
Het 1 represents morpholinyl, oxazolyl, isoxazolyl, or
piperazinyl; in particular Het 1 represents
morpholinyl or piperazinyl; more in particular Het 1
represents morpholinyl;Het2 represents morpholinyl,
oxazolyl, isoxazolyl, or piperazinyl; in particular
Het2 represents morpholinyl or piperazinyl; more in
particular Het2 represents morpholinyl; Het5
represents morpholinyl, piperazinyl, piperidinyl or
pyrrolidinyl, in particular Het5 represents
piperazinyl or piperidinyl, more in particular Het5
represents piperazinyl; Het22 represents morpholinyl,
oxazolyl, isoxazolyl or piperazinyl wherein said Het22
is optionally substituted with C^alkyl; in particular
Het22 represents morpholinyl or piperazinyl wherein
said morpholinyl or piperazinyl or optionally
substituted with C1-4alkyl; more in particular Het22
represents piperazinyl optionally substituted Het23
and Het24 each independently represent a heterocycle
selected from pyrrolidinyl, piperazinyl or piperidinyl
wherein said Het23 or Het24 are optionally substituted
with Het22-carbonyl; in particular Het23 and Het24
represent pyrrolidinyl. In a further embodiment of the
present invention the compounds of formula (I) are
selected from the group consisting of; 1H,7H-6,2
:12,8-dimetheno- 13,1,3,5,7,16,1
9-benzoxahexaazacyclotricosine- 17,20(1 4H)-dione,
24-chloro- 15,16,18,19,2 1-pentahydro- 11-methoxy- 6,2
:12,8-dimetheno-7H- 13,1,3,5,7,
17,20-benzoxahexaazacyclotetracosine- 18,21- dione,
25-chloro- 1,14,15,16,17,1 9,20,22-octahydro-
11-methoxy- 19-(2- methylpropyl)-, (19S)-
lH,7H-2,6:12,8-dimetheno-13,20,l,3,5,7-benzodioxatetra
azacyclodocosine, 23-
bromo-14,15,16,17,18,19~hexahydro-ll-methoxylH,
7H-6,2: 8,12-dimetheno- 13,20,
1,3,5,7-benzodioxatetraazacyclodocosine, 23- bromo-
14,15,16,17,18,19-hexahydro- 10-methoxylH,
7H-2,6:12,8-dimetheno-14H-13,19,l,3,5,7-
benzodioxatetraazacycloheneicosine, 22-bromo-
15,16,17,1 8-tetrahydro- 11- methoxylHJH- -dimetheno-
Ol -benzodioxapentaazacyclodocosine, 23-chloro- 14,
15,16,17,18,19-hexahydro- 11-methoxy- 6,2:8,
12-dimetheno-7H-13, 1,3,5,7,
^O-benzoxahexaazacyclotetracosine-l 8,21- dione,
25-chloro- 1,1 4,15, 16, 17,1 9,20,22-octahydro-
11-methoxy- 19,1 9- dimethyl- 1H,7H-6,2
:8,12-dimetheno- 13,1,3,5,7,16,1
9-benzoxahexaazacyclotricosine- 17,20( 14H)-dione,
24-chloro- 15,16,18,19,2 1-pentahydro- 18,1
8-dimethyl- 11- [3-(4-morpholinyl)propoxy] -
1H,7H-6,2:8, 12-dimetheno- 13,1,3,5,7,
16,19-benzoxahexaazacyclotricosine- 17,20(14H)-dione,
24-chloro-15,16,18,19,21-pentahydro-l
l-[3-(4-morpholinyl)propoxy] - 14,2 1-dioxa-2,4,8,
17,28-pentaazatetracyclo[20.3 .1.1~3,7~. 1-9,
13~]octacosal(
26),3,5,7(28),9,ll,13(27),22,24-nonaene-6-carbonitrile
, 16-oxo- 14, 19-dioxa-2,4,8,26-tetraazatetracyclo[l
8.3. 1.1-3, 7~. 1-9, 13~]hexacosal( 24),3,5,7(26),9,l
l,13(25),20,22-nonaene-6-carbonitrile 14,2
1-dioxa-2,4,8, 18,28-pentaazatetracyclo[20.3. 1.1-3,
7~. 1-9,1 3~]octacosa- 1(26),3,5,7(28),9,
11,13(27),22,24-nonaen- 19-one
21,17-metheno-15,ll-nitrilo-16H-pyrrolo[2,lr]
[13,1,5,7, 16,19]benzoxapentaazacyclodocosine-
12-carbonitrile, 8-chloro-7-
fluoro-l,2,3,5,10,23,24,25,26,26a-decahydro-20-methoxy
-26-oxo~, (26aS)- 14,22-dioxa-2,4,8,
19,29-pentaazatetracyclo[21 .3. 1.1-3,7-. 1-9,1
3~]nonacosal(
27),3,5,7(29),9,ll,13(28),23,25~nonaen-20-one
12,8-metheno-6,2-nitrilo-7H- 13,1,5,7,
16,19-benzoxapentaazacyclodocosine-3- carbonitrile,
23-chloro- 1,14,15,16,17,18,19,20-octahydro-
11-methoxy- 19- methyl-17-oxolH,
7H-12,8-metheno-6,2-nitrilo-13, 1,5,7,
17,20-benzoxapentaazacyclotricosine-3- carbonitrile,
24-chloro- 14,15,16,17,18,19,20,2 1-octahydro-
11-methoxy-20- 



methyl-18-oxo- Other special group of compounds are: -
those compounds of formula (I) wherein -X1- or -X2
represents -O-; - those compounds of formula (I)
wherein - X1- represents - C1-2alkyl-NR 16-; - those
compounds of formula (I) wherein - X2- represents -Ci
-2alkyl-NR 17-; - those compounds of formula (I)
wherein - X1- represents either of a direct bond, -O-,
-O-C1-2alkyl- or -NR 16-Ci -2alkyl- and wherein - X2-
represents either of -O-, -O-Ci-2alkyl-, -NR17-Ci
-2alkyl or -Het 24-Ci -2alkyl-; - those compounds of
formula (I) wherein - X1- represents -O- or -NR 16-Ci
-2alkyland wherein - X2- represents -NR17-C1-2alkyl or
-Het 24-Ci -2alkyl-; - those compounds of formula (I)
wherein -X1- represents -CO-NR 17-, in particular
CO-NH; - those compounds of formula (I) wherein -X2-
represents -CO-NR 18-, in particular CO-NH; - those
compounds of formula (I) wherein R1 represent fluor
and R2 represents Cl; - those compounds of formula (I)
wherein R2 represents Cl; - those compounds of formula
(I) wherein R2 represents hydrogen; - those compounds
of formula (I) wherein R1 represents chloro or fluoro;
- those compounds of formula (I) wherein R5 represents
hydrogen or C alkyloxy-;- those compounds of formula
(IO wherein R5 represents Ci^alkyloxy-, in particular
methoxy; - those compounds of formula (I) wherein R4
represents hydrogen; - those compounds of formula (I)
wherein Y represents C3-9alkyl and R1 and R2 each
independently represent -O- or CO-NH; - those
compounds of formula (I) wherein Y represents
-Ci-salkyl-NR'-CO-Ci-salkyl, -C^alkyl-NH-CO-L^NH^
-C^alkyl-CO-NH-l L CO-, -C^alkyl-NH-CO-L'-NH-CO-,
-C1-2alkyl-NH-CO-L' -NH-CO-C1-3alkyl-,
-Ci-zalkyl-CO-NH-L^CO-NH-^Ci.zalkyl-CO-NH-L^CO-NH-C-sa
lkyl-, -CO-NH-L2-CO- or -NH-CO-L2-NH-; - those
compounds of formula (I) wherein Y represents -Ci
-5alkyl-NR7-CO-C1-5alkyl, -C1-2alkyl-CO-NH-L3-CO-,
-C1-2alkyl-CO-NH-L3-CO-NH-C1-3alkyl-, -Ci-3alkyl-
CO-Het28-CO-NH-,
-C1.6alkyl-CO-NH-,-Ci_2a]kyl-CO-Het10-CO-,
-Ci-3alkyl-NH-CO-Het 27-CO- or -Het 4-C1-3alkyl-CO-
NH-Ci-3alkyl-; - those compounds of formula (I)
wherein Y represents - C1-5alkyl-NR7-CO-Ci-5alkyl,
-C^alkyl-NH-CO-L'-NH-^Ci^alkyl-CO-NH-l L CO-,
-Ci^alkyl-NH-CO-L 1-NH-CO-,
-Ci^alkyl-NH-CO-L'-NH-CO-Ci-salkyl-,
-C1-2alkyl-CO-NH-L3-CO-NH-,
-Ci.salkyl-CO-NH-L^CO-NH-Ci.salkyl-, -CO-NH-L2-CO-,
-NH-CO-L2-NH-, -Ci-3alkyl- CO-Het28-CO-NH-, -C
alkyl-CO-NH-rC^alkyl-CO-Het^-CO-,
-C^alkyl-NH-CO-Het^-CO- or -Het^d-salkyl-CO-
NH-Ci-salkyl-; In a further embodiment of the present
invention the X2 substituent is at position 3', the R1
substituent represents hydrogen or halo and is at
position 4', the R2 substituent represents halo and is
at position 5', the X1 substituent is at position 3',
the R5 substituent is at position 4' and represents
hydrogen or C^alkyloxy- and the R4 substituent at
position 5' of the structure of formula (I).
Alternatively, the X2 substituent is at position 2',
the R1 substituent represents hydrogen or halo and is
at position 4', the R2 substituent represents halo and
is at position 5', the X1 substituent is at position
3', the R5 substituent is at position 4' and
represents hydrogen or and the R4 substituent at
position 5' of the structure of formula (I). The
compounds of this invention can be prepared by any of
several standard synthetic processes commonly used by
those skilled in the art of organic chemistry and
include both solution phase and solid phase chemistry
techniques. These standard synthetic processes are for
example described in the following refences;
"Heterocyclic Compounds" - Vol.24 (part4) p 261-304
Fused pyrimidines, Wiley - Interscience ;Chem. Pharm.
Bull., VoI41(2) 362-368 (1993); J.Chem.Soc, Perkin
Trans. 1, 2001, 130-137. In brief, in a first step a
2,4 or 4,6-di-I or di-Cl-pyrimidine (II) is aminated
with an appropriate aniline of formula (III) to yield
the anilinopyrimidine of general formula (IV). In a
second step this anilinopyrimidine is further
substituted with a further aniline of general formula
(V) which provides the bis(aniline)pyrimidines of
formula (VI). Deprotection and ring closure provides
the compounds of the present invention. Wherein Yi and
Y2 each independently represent Ci-7alkyl, C3.7alkenyl
or C3 7alkynyl wherein said C3.7alkenyl, C3.7alkynyl
are optionally substituted with one or where possible
two or more substituents selected from amino, mono- or
di(Ci_4alkyl)amino, aminosulfonyl, mono- or di(Ci.
4alkyl)aminosulfonyl, C alkylsulfide, C
alkylsulfoxide, Ci.4alkylsulfonyl and C
alkyloxycarbonylamino; or Yi and Y2 each independently
represent Het', Het'-CO, Het'-C 1-5alkyl, CR8R9-NH,
CR8R9-NH-CO, CR20R2 1-CO, CR20R2 1-CO-NH, CO-C^alkyl,
Ci.3alkyl-NR n -CH2, CH2-CO-NH-C ,.3alkyl or
C,.3alkyl-NH, wherein R8, R9, R1 1, R20 and R2 1 are
as defined for the compounds of formula (I)
hereinbefore and wherein Het ' represents a
heterocycle selected from the group consisting of
pyrrolidinyl, 2-pyrrolidinyl, quinolinyl,
isoquinolinyl, decahydroquinolinyl, piperazinyl or
piperidinyl wherein said Het' is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, Het22-carbonyl,
hydroxy-Ci. 4alkyl or polyhydroxy-Ci_ 4alkyl, wherein
Het 22 is as defined for the compounds of formula (I).
P and P2 each independently represent optionally
protected functional groups, such as for example a
primary or secondary amine, hydroxy, hydroxycarbonyl
or halo (Cl, Br or I), which upon reaction produce
together with the Yi respectively Y2 substituent to
which they are attached, the divalent Y radical as
defined for the compounds of formula (I)
hereinbefore.The aniline derivatives of formula (III)
or (V) are either known structures or obtained using
standard synthetic processes commonly used by those
skilled in the art of organic chemistry, in particular
departing from suitable nitrobenzaldehydes or
nitrophenols. See for example the general synthesis
schemes 6-12 hereinafter. In case of solid phase
chemistry the compounds of the present invention are
generally prepared according to Scheme 1. In a first
step, a formyl functionalized polystyrene such as for
example 2-(3,5- dimethoxy-4-formylphenoxy)ethoxymethyl
polystyrene (1) is aminated with an appropriate
Boc-protected amino aniline of formula (A) by
reductive amination using art known conditions, such
as for example using NaBH4 and
titanium(iv)isopropoxide as reducing agents in CH2C
12/CH3COOH 1% or DMF/ CH3COOH 1% as solvent. This
reaction is typically performed overnight at room
temperature. The thus obtained secondary amine (2) is
subsequently coupled to 2,4 or 4,6-di-I or di-
Cl-pyrimidine by stirring the reagens in an
appropriate solvent such as propanol or 1- butanol at
an elevated temperature (at 60-900C) for about 40
hours in the presence of
N-ethyl-N-(l-methylethyl)-2-propanamine (DIPEA). To
obtain the bis(anilino)pyrimidine scaffold of the
present invention, the intermediate resin (3) is
further reacted with an appropriate aniline ester (B)
using the Pd/BINAP catalyzed amination reaction, i.e.
typically performed in toluene or dioxane as a
solvent, using Pd2(dba)3 or Pd(OAc)2 as precatalyst at
a ratio of BINAP to Pd in the range of 5.0 - 1.0,
optionally in the presence of a weak base such as for
example Cs2CO . This reaction is performed under N2
and shaken for 10-20 h at a temperature ranging from
65 to 1100C.Deprotection provides the intermediates 4
or 4' which after ring closure provides the compounds
of formula I1or are further elongated with
Boc-protected amino acids (C) to yield the compounds
of formula I". Scheme 1 Pd/BINAP ' amination
DeprotectionWherein X3 and X4 each independently
represent a direct bond, Ci-7alkyl, C3.7alkenyl,
polystyrene (1). In case of solution phase chemistry
the compounds of the present invention are generally
prepared according to reaction scheme 2.Scheme 2
Wherein X3 and X4 each independently represent a
direct bond, Ci.7alkyl, C3.7alkenyl, C3.7alkynyl,
Ci.5alkyl-O-Ci. 5alkyl, Q.salkyl-NR^-C^alkyl,
C^alkyl-CO-Het 10, Het23, O-Ci.2alkyl or CR8R9;
wherein Het 10, Het23 R8 and R9 are defined as for the
compounds of formula (I). Wherein Y3 represents
Het6-CO-Het 7, d .6alkyl, Ci.6alkyl-CO-NH-C,. 6alkyl
or CR3 1R32 ; wherein R3 1 and R32 each independently
represent hydrogen or C^alkyl optionally substituted
with phenyl, indolyl, methylsulfide, hydroxyl, thiol,
hydroxyphenyl, Ci. 4alkyloxyphenyl, aminocarbonyl,
hydroxycarbonyl, amino, mono- or di(Ci.4alkyl)amine,
imidazoyl or guandino; and wherein Het6 and Het7 are
defined as for the compounds of formula (I). Wherein
R30 represents hydrogen, CMalkyl, Het 1 1, Het
12-CMalkyl, phenyl-C Malkyl, phenyl or mono- or di C
alky amino-C alkyl-carbonyl wherein said R30 is
optionally substituted with hydroxy, amino, mono- or
di(Ci_4alkyl)amino, pyrimidinyl or C^alkyloxy. Wherein
R33 represents hydrogen, Ci_4alkyl, Het 14 or
Ci_4alkyl substituted with one or where possible two
or more substituents selected from hydroxy, amino,
mono- or di(Ci.4alkyl)amino, phenyl, Het 15 or
Ci_2alkyloxy.In a first substitution reaction a
Boc-protected amino aniline (III) is coupled to 2,4 or
4,6-di-I or di-Cl-pyrimidine (II) by stirring for
example the reagens in an appropriate solvent such as
propanol or 1-butanol at an elevated temperature (at
60-900C) for about 40 hours in the presence of
N-ethyl-N-(l-methylethyl)-2-propanamine (DIPEA),
yielding the anilinopyrimidines of general formula IV.
In a second substitution reaction under comparable
reaction conditions , said intermediate (IV) is
coupled to the aniline ester of general formula (V)
yielding the bis(anilino)pyrimidine of formula (VI).
Deprotection provides the intermediates of formula VII
which after ring closure provides the compounds of
formula I1. Further elongation of the amine in VII
with Boc-protected amino acids under art known
conditions, see for example the synthesis of
intermediate 36 in example AlOc, yields after
deprotection and ring closure the compounds of formula
I11 . Ring closure is typically performed in the
presence of a coupling reagent such as for example
1,3-dicyclohexylcarbodiimide (DCC),
N.Wcarbonyldiimidazole (CDI), POCl3, TiCl4, sulfur
chloride fluoride (SO2ClF) or l-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDCI) in the
presence or absence of 1- hydroxybenzotriazole (HOBt).
As further exemplified in the experimental part of the
description, a particular group of compounds are those
compounds of formula (I) were -X1- and - X2- represent
-C=O-NR 17- and -C=O-NR 19- respectively, hereinafter
referred to as compounds of formula (F) which are
generally prepared using the following synthesis
scheme (scheme 3). As for the general synthesis scheme
(Scheme 2) hereinbefore, in a first substitution
reaction an aniline ester (V) is coupled to the 2,4 or
4,6-di-I or di-Cl-pyrimidine by stirring for example
the reagens in an appropriate solvent such as propanol
or 1-butanol at an elevated temperature (at 60-900C)
for about 40 hours in the presence of N-ethyl-
N~(l-methylethyl)-2-propanamine (DIPEA), yielding the
anilinopyrimidines of general formula VIII. In a
second substitution reaction an amino benzoic acid
(DC) was coupled to the anilinopyrimidine of formula
VIII under art known conditions, such as for example
using hydrochloric acid (6N) in isopropanol as solvent
and stirring for 1 - 3 h at an elevated temperature
ranging from 110-1700C, to yield the
bis(anilino)pyrimidines intermediates of formula X. To
obtain the diamide- linker in the final compounds,
said bis(aniline)pyrimidine is subsequently elongated
by amidation with an appropriate Boc-protected diamine
using standard coupling reagents such as
1,3-dicyclohexylcarbodiimide (DCC),
N.TV-carbonyldiimidazole (CDI), POCl , TiCl4, sulfur
chloride fluoride (SO2ClF) or
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDCI)
in the presence or absence of 1-hydroxybenzotriazole
(HOBt) Deprotection and ring closure by
macrolactamization (see above) yields compounds
according to the invention. Scheme 3 An alternative
synthesis route for the compounds of the present
invention, in particular for the
2,4-bis(aniline)-5-cyano-pyrimidine derivatives of
formula F supra, comprises the use of
4-chloro-2-(methylthio)pyrimidine-5-carbonitrile
instead of 2,4-dichloropyrimidine- 5-carbonitrile as
building block (Scheme 4). This building block allows
for selective introduction of one aniline in the
4-position. The second aniline can then be introduced
after oxidation of the sulfur atom. Because of the
known sensitivity of the nitrile function towards
hydrolysis, a tBu ester, which can be deprotected
under anhydrous conditions, is preferred.Scheme 4 and
R10 are defined as for the compounds of formula (I).
As for the general synthesis scheme (Scheme 2)
hereinbefore, in a first substitution reaction an
aniline ester (V) is coupled to the
4-chloro-2-methylsulfide-pyrimidine-5- carbonitrile
(H') by stirring for example the reagens in an
appropriate solvent such as propanol or 1-butanol at
an elevated temperature (at 60-900C) for about 40
hours in the presence of
N-ethyl-N-(l-methylethyl)-2-propanamine (DIPEA),
yielding the anilinopyrimidines of general formula XI.
The second Boc-protected amino aniline (III) is
introduced at the 2-position after oxidizing the
sulphur atom of XI. This oxidation is typically
performed with m-chloroperbenzoic acid in CH2Cl (DCM)
or CH Cl-CH2Cl (DCE) under art known conditions as
exemplified in the synthesis examples hereinafter.
Deprotection and ring closure by macrolactamization
(see above) yields the compounds according to the
invention.For the synthesis of those compounds of
formula (I) wherein Y represents Het5-CO-Ci-2alkyl or
Het6-CO-Het7 hereinafter referred to as the compounds
of formula I", the following synthesis scheme is
generally applied (Scheme 5). As used herein, -
represents a heterocycle selected from pyrrolidinyl,
2-pyrrolidinoyl, piperazinyl or piperidinyl optionally
substituted with one or where possible two or more
substituents selected from hydroxyl, Chalky!, or X and
X4 represent a direct bond, -O-, -O-Ci- alkyl-,
Ci-2alkyl, He -C1-2alkyl-, Ci-4alkyl-NR16-C1-2alkyl or
C1-2alkyl-Het7-Ci-2a]kyl; Y4 represents Ci-6alkyl-, or
CR8R9; wherein Het7, R1, R2, R3, R4, R5, R8, R9 and
R16 are defined as for the compounds of formula (I)
and wherein represents
2-(3,5-dimethoxy-4~formylphenoxy)ethoxymethyl
polystyrene (1). This reactions scheme only differs
from the general solid phase reaction scheme 1 in that
in the first step, the formyl functionalized
polystyrene such as for example 2-(3,5-
dimethoxy-4-formylphenoxy)ethoxymethyl polystyrene (1)
is aminated with an appropriate Boc-protected aniline
of formula (A) by reductive amination. As for scheme
1, the next steps consist of a first coupling with the
appropriate 2,4 or 4,6-di-I or di-Cl-pyrimidine
followed by a substitution with the appropriate
anailine ester (B) to yield the bis(aniline)pyrimidine
scaffold of the present invention. Deprotection and
optional elongation, provides after ring closure the
compounds of formula (I1" ) and (I11" )
respectively.Scheme 5For those compounds where X1 or
X2 represents -O-, the suitable Boc-protected amino
anilines (IIIa) are generally prepared by alkylation
from the known nitrophenols (XII), with a
Boc-protected aminoalkylhalide followed by hydrogeno
lysis of the nitro group using art known procedures
(Scheme 6). Scheme 6 (XII) (ffla) as used in scheme 6,
R' represents either R1 or R5 as defined for the
compounds of formula(I) hereinbefore and R" represents
either R2 or R4 as defined for the compounds of
formula(I) hereinbefore. For those compounds where X1
or X2 represents NR12 -C1-2alkyl-, the suitable
aniline esters of formula (Vb) are generally prepared
from the known nitro-benzaldehydes (XIII) and an amine
(XIV) by reductive amination under standard conditions
(Scheme 7), for example using NaBH4 and
titanium(iv)isopropoxide as reducing agents in ethanol
as solvent, yielding in a first step the
nitro-benzylamines of formula (XV). Subsequent
hydrogenolysis of the nitro group provides the
intermediates of the present invention. Scheme 7 as
used in scheme 7, R1represents either R1 or R5 as
defined for the compounds of formula(I) hereinbefore
and R" represents either R2 or R4 as defined for the
compounds of formula(I) hereinbefore.Alternatively for
those compounds (I) where X1 or X2 represents -O-, the
suitable substituted anilines of formula (IIIa) are
generally prepared from the commercially available
nitro-phenols (XVI) and the a, co-protected
halogenated alcohols (XVII) under alkaline conditions
in a reaction inert solvent, for example, using
dimethylacetamide (DMA) in the presence OfK2CO3. The
resulting nitro-phenyl derivative (XVIII) is
subsequently reduced according to standard conditions,
for example, using iron/acetic acid, to yield the
substituted anilines of formula (IIIa) (Scheme 8).
Scheme 8 (XVI) (XVII) (XVIII) (Hf) X represents a
halogen such as for example, Cl, Br, and I V
represents a protective group such as for example
methylcarbonyl R1represents either R or R as defined
for the compounds of formula(I) hereinbefore and R"
represents either R or R as defined for the compounds
of formula(I) hereinbefore. For those compounds of
formula (I) where X1 or X2 represents NR16-Ci_2alkyl-
or -NR 18-Ci-2alkyl- respectively, the suitable
substituted anilines of formula (IIIb) are generally
prepared from the commercially available
2-nitro-benzaldehydes (XIII) and the amine substituted
alcohols (XIX) by reductive amination under standard
conditions, for example using NaBH and
titanium(iv)isopropoxide as reducing agents in ethanol
as solvent, yielding in a first step the
nitro-benzylamines of formula (XX). Next the primary
free alcohol is protected using art known procedures,
for example, using an esterification reaction with
acetic anhydride in the presence of pyridine. The thus
obtained intermediate of formula (XXI) is subsequently
reduced according to standard conditions, for example,
using iron/acetic acid to yield the substituted
anilines of formula (IIIb) (Scheme 9).Scheme 9 ol V
represents a protective group such as for example
methylcarbonyl m = 0 or 1 and n = 1 or 2 R1represents
either R1 or R5 as defined for the compounds of
formula(I) hereinbefore and R11 represents either R2
or R4 as defined for the compounds of formula(I)
hereinbefore. For those compounds of formula (I) where
X or X2 represents -0-N=CH-, the suitable substituted
anilines of formula (IIIC) are generally prepared
according to reaction scheme 10. In a first step the
known 2-nitro-benzaldehydes (XIII) are converted into
the corresponding oxime (XXII) using, for example, the
art known condensation reaction with hydroxylamine.
Next said oxime of formula XXII is allowed to react
with an halogenated alkylacetate under alkaline
conditions, for example using K2CO3 in DMSO, followed
by reducing the nitro group, for example, with
iron/acetic acid, to provide the suitable substituted
aniline of formula (III0).Scheme 10 (Xffl) (XXE) O X
represents a halogen such as for example Cl, Br, or I
R1represents either R1 or R as defined for the
compounds of formula(I) hereinbefore and R" represents
either R or R as defined for the compounds of
formula(I) hereinbefore. For those compounds where X1
represents -0-, X2 represents a direct bond and Y
represents Ci- alkyl-NH-CO-, the suitable substituted
anilines of formula (IIId) are generally prepared
according to reaction scheme 11. In a first step the
known 2-nitro-benzoic acids (XXIII) are amidated to
the intermediates of formula (XXIV) under art known
conditions, for example, using a hydroxylated amine of
formula (XIX') that is added dropwise to a mixture of
(XXIII) in CH2Cl2 in the presence of 1,1 'carbonylbis-
IH- imidazole. Next the primary free alcohol is
protected using art known procedures, for example,
using an esterification reaction with acetic anhydride
in the presence of pyridine. The thus obtained
intermediate of formula (XXV) is subsequently reduced
according to standard conditions, for example, using
iron/acetic acid to yield the substituted anilines of
formula (IIId) .Reduction (md) (XXV) V represents a
protective group such as for example methylcarbonyl
For those compounds where X2 represents a direct hond
the suitable substituted anilines of formula (IIIe)
are generally prepared according to reaction scheme
12. In a first step the known 2-nitro-benzaldehydes
(XIII) are alkenated to the intermediates of formula
(XXVII) under art known conditions, for example, using
the Wittig Reaction with the appropriate phosphonium
salt of formula (XXVI). Following esterification of
the free carboxylic acid under standard conditions for
example, using ethanol under acidic conditions, the
intermediate of formula (XXVIII) are reduced to yield
the desired substituted anilines of formula (IIIe).
Scheme 12 Wittig Reaction (XXVII) (HT)More specific
examples for the synthesis of compounds of formula (I)
are provided in the examples hereinafter. Where
necessary or desired, any one or more of the following
further steps in any order may be performed : (i)
removing any remaining protecting group(s); (ii)
converting a compound of formula (I) or a protected
form thereof into a further compound of formula (I) or
a protected form thereof; (iii) converting a compound
of formula (I) or a protected form thereof into a
N-oxide, a salt, a quaternary amine or a solvate of a
compound of formula (I) or a protected form thereof;
(iv) converting a N-oxide, a salt, a quaternary amine
or a solvate of a compound of formula (I) or a
protected form thereof into a compound of formula (I)
or a protected form thereof; (v) converting a N-oxide,
a salt, a quaternary amine or a solvate of a compound
of formula (I) or a protected form thereof into
another N-oxide, a pharmaceutically acceptable
addition salt a quaternary amine or a solvate of a
compound of formula (I) or a protected form thereof;
(vi) where the compound of formula (I) is obtained as
a mixture of (R) and (S) enantiomers resolving the
mixture to obtain the desired enantiomer. Compounds of
formula (I), N-oxides, addition salts, quaternary
amines and stereochemical isomeric forms thereof can
be converted into further compounds according to the
invention using procedures known in the art. It will
be appreciated by those skilled in the art that in the
processes described above the functional groups of
intermediate compounds may need to be blocked by
protecting groups. Functional groups, which are
desirable to protect, include hydroxy, amino and
carboxylic acid. Suitable protecting groups for
hydroxy include trialkylsilyl groups (e.g.
tert-butyldimethylsilyl, tert-butyldiphenylsilyl or
trimethylsilyl), benzyl and tetrahydropyranyl.
Suitable protecting groups for amino include
tert-butyloxycarbonyl or benzyloxycarbonyl. Suitable
protecting groups for carboxylic acid include or
benzyl esters.The protection and deprotection of
functional groups may take place before or after a
reaction step. The use of protecting groups is fully
described in 'Protective Groups in Organic Synthesis'
2nd edition, T W Greene & P G M Wutz, Wiley
Interscience (1991). Additionally, the N-atoms in
compounds of formula (I) can be methylated by artknown
methods using CH -I in a suitable solvent such as, for
example 2-propanone, tetrahydrofuran or
dimethylformarnide. The compounds of formula (I) can
also be converted into each other following artknown
procedures of functional group transformation of which
some examples are mentioned hereinafter. The compounds
of formula (I) may also be converted to the
corresponding N-oxide forms following art-known
procedures for converting a trivalent nitrogen into
its N-oxide form. Said N-oxidation reaction may
generally be carried out by reacting the starting
material of formula (I) with
3-phenyl-2-(phenylsulfonyl)oxaziridine or with an
appropriate organic or inorganic peroxide. Appropriate
inorganic peroxides comprise, for example, hydrogen
peroxide, alkali metal or earth alkaline metal
peroxides, e.g. sodium peroxide, potassium peroxide;
appropriate organic peroxides may comprise peroxy
acids such as, for example, benzenecarboperoxoic acid
or halo substituted benzenecarboperoxoic acid, e.g.
3-chlorobenzenecarboperoxoic acid, peroxoalkanoic
acids, e.g. peroxoacetic acid, alkylhydroperoxides,
e.g. t-butyl hydroperoxide. Suitable solvents are, for
example, water, lower alkanols, e.g. ethanol and the
like, hydro carbons, e.g. toluene, ketones, e.g.
2-butanone, halogenated hydrocarbons, e.g.
dichloromethane, and mixtures of such solvents. Some
of the compounds of formula (I) and some of the
intermediates in the present in vention may contain an
asymmetric carbon atom. Pure stereochemically isomeric
forms of said compounds and said intermediates can be
obtained by the application of art-known procedures.
For example, diastereoisomers can be separated by
physical methods such as selective crystallization or
chromatographic techniques, e.g. counter current
distribution, liquid chromatography and the like
methods. Enantiomers can be obtained from racemic
mixtures by first converting said racemic mixtures
with suitable resolving agents such as, for example,
chiral acids, to mixtures of diastereomeric salts or
compounds; then physically separating said mixtures of
diastereomeric salts or compounds by, for example,
selective crystallization or chromatographic
techniques, e.g. liquid chromatography and the like
methods; and finally converting said
separateddiastereonieric salts or compounds into the
corresponding enantiomers. Pure stereochemical^
isomeric forms may also be obtained from the pure
stereochemically isomeric forms of the appropriate
intermediates and starting materials, provided that
the intervening reactions occur stereospecifcally. An
alternative manner of separating the enantiomeric
forms of the compounds of formula (I) and
intermediates involves liquid chromatography, in
particular liquid chromatography using a chiral
stationary phase. Some of the intermediates and
starting materials as used in the reaction procedures 



mentioned hereinabove are known compounds and may be
commercially available or may be prepared according to
art-known procedures. However, in the synthesis of the
compounds of formula (I), the present invention
further provides; a) the intermediates of formula
(III) the pharmaceutically acceptable addition salts
and the stereochemically isomeric forms thereof,
wherein V represents hydrogen or a protective group
preferably selected from the group consisting of
methylcarbonyl, t-butyl, methyl, ethyl, benzyl or
trialkylsilyl; W represents hydrogen or a protective
group preferably selected from the group consisting of
t-butyloxycarbonyl or benzyloxycarbony; Y represents
-O-Q.salkyl- with the oxygen atom attached to the
phenyl ring, -C^alkyl-CO-NH-, Ci-3alkyl-CO-NH-,
-d.salkyl-NR^-CO-C^alkyl-NH-, -CO-NH-CR 14RI5-CO-, or
-Het6-CO-, Het 8-NH-Ci -3alkyl-CO-NH-; X represents a
direct bond, -O-C i-2alkyl- with the oxygen atom
attached to the phenyl ring, CO, -CO- Ci-2alkyl-,
NR18, -NR 18-Ci -2alkyl-, -CO-NR 19-,-Het 24-, -Het
24-Ci -2alkyl-, -0-N=CH- or -Ci. 2alkyl-; R1
represents hydrogen, cyano, halo, hydroxy, formyl,
Ci-ealkoxy-, Ci- alkyl-, halo-phenyl-carbonylamino-,
Het 20, Ci- alkoxy- substituted with halo, Het 1 or or
R1 represents Ci.6alkyl substituted with one or where
possible two or more substituents selected from
hydroxy, Het 18 or halo;R2 represents hydrogen, cyano,
halo, hydroxy, hydroxycarbonyl-, d^alkyloxycarbonyl-,
Ci^alkylcarbonyl-, aminocarbonyl-, mono-or d C
alky^aminocarbonyl-, C1-4alkyl-, C2-6alkynyl-, C -
Cycloalkyloxy-, aminosulfonyl, mono-or
di(Ci_4alkyl)aminosulfonyl, Ci-4alkylsulf de, C
alkylsulfoxide, or Q-ealkoxy-; R13 each represents
hydrogen, or C1-4alkyl optionally substituted with
hydroxy, amino, mono- or di(Ci -4alkyl)amine, phenyl
or Ci^alkyloxy; R14 and R15 each indepedently
represents hydrogen or Q^alkyl optionally substituted
with phenyl, indolyl, methylsulfide, hydroxy, thiol,
hydroxyphenyl, aminocarbonyl, hydroxycarbonyl, amino,
mono- or di(Ci-4alkyl)-amino-, imidazoyl or guanidino;
R18 and R19 each independently represent hydrogen,
Het6 represents a heterocycle selected from
pyrrolidinyl, 2-pyrrolidinonyl, piperazinyl or
piperidinyl wherein said Het6 is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, Het8 represents a
heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het8 is optionally substituted with one or where
possible two or more substituents selected from
hydroxy, C alky1, hydroxy-C alkyl- or polyhydroxy-C
1-4alkyl-; Het16 represent a heterocycle selected from
pyrrolidinyl or piperidinyl wherein siad Het16 is
optionally substituted with one or where possible two
or more substituents selected from C cycloalkyl, or
polyhydroxy-Ci^alkyl-; Het 17 represents a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het 17 is optionally
substituted with one or where possible two or more
substituents selected from C3_6cycloalkyl, or
polyhydroxy-C alkyl-; Het20 represents a heterocycle
selected from piperidinyl, morpholinyl, piperazinyl,
furanyl, pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het20 is optionally
substituted with amino, C1-4alkyl, phenyl, phenyl-C
alkyl-, C alkyl-oxy-C alkyl-, mono- or di(Ci
alkyl)amino- or amino-carbonyl-; Het22 represents a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het22 is
optionally substituted with one or where possibletwo
or more substituents selected from C^alkyl,
C3_6cycloalkyl, hydroxy- CMalkyl-, or polyhydroxy- C
alky1-; Her24 represents a heterocycle selected from
pyrrolidinyl, 2-pyrrolidinonyl, quinolinyl,
isoquinolinyl, decahydroquinolinyl, piperazinyl or
piperidinyl wherein said Het24 is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, Het25,
Het22-carbonyl, Ci-4alkyl, hydroxy-C^alkyl- or
polyhydroxy-C i^alkyl- ; and Het25 represents a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het25 is
optionally substituted with one or where possible two
or more substituents selected from C3.6cycloalkyl, b)
the intermediates of formula (IV) the pharmaceutically
acceptable addition salts and the stereochemical^
isomeric forms thereof, wherein V represents hydrogen
or a protective group preferably selected from the
group consisting of methylcarbonyl, t-butyl, methyl,
ethyl, benzyl or trialkylsilyl; Y represents
-O-Ci-salkyl- with the oxygen atom attached to the
phenyl ring, -Ci-salkyl-CO-NH-, Ci-3alkyl-CO-NH-,
-Ci-salkyl-NR^-CO-d-salkyl-NH-, -CO-NH-CR 14R15-CO-,
or Het8-NH-C1-3alkyl-CO-NH-; X represents halo , in
particular chloro or X represents Cmalkyl-sulfide or
C^alkylsulfoxide; X represents a direct bond,
-O-Ci-2alkyl- with the oxygen atom attached to the
phenyl ring, CO, -CO- C,-2alkyl-, NR18, -NR18-Ci
-2alkyl-, -CO-NR19-,-Het24-, -Het24-C1-2alkyl-,
-O-N=CH- or -Ci -2alkyl-; R1 represents hydrogen,
cyano, halo, hydroxy, formyl, C1-6alkoxy-,
halo-phenyl-carbonylamino-, Het20, substituted with
halo, Het1 or or R1 represents Ci-6alkyl substituted
with one or where possible two or more substituents
selected from hydroxy, Het 18 or halo;R2 represents
hydrogen, cyano, halo, hydroxy, hydroxycarbonyl-,
C1-4alkylcarbonyl-, aminocarbonyl-, mono-or
di(C1-4alkyl)aminocarbonyl-, C1-4alkyl-, C2-6alkynyl-,
Cs- cycloalkyloxy-, aminosulfonyl, mono-or or C
alkoxy-; R3 represents hydrogen, cyano, nitro,
C^alkyl- or Ci^alkyl substituted with one or more
substituents selected from halo, Ci^alkyloxy or
phenyl; R13 each represents hydrogen, or C^alkyl
optionally substituted with hydroxy, amino, mono- or
di(Ci -4alkyl)amine, phenyl or Q^alkyloxy; R14 and R15
each indepedently represents hydrogen or optionally
substituted with phenyl, indolyl, methylsulfide,
hydroxy, thiol, hydroxyphenyl, aminocarbonyl,
hydroxycarbonyl, amino, mono- or di(Ci 4
alkyl)-amino-, imidazoyl or guanidino; R18 and R19
each independently represent hydrogen, C alky1, Het6
represents a heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het6 is optionally substituted with one or where
possible two or more substituents selected from
hydroxy, C1-4alkyl, hydroxy-Ci-4alky1- or polyhydroxy-
Ci-4alkyl- ; Het8 represents a heterocycle selected
from pyrrolidinyl, 2-pyrrolidinonyl, piperazinyl or
piperidinyl wherein said Het8 is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, C1-4alkyl, Het 16
represent a heterocycle selected from pyrrolidinyl or
piperidinyl wherein said Het 16 is optionally
substituted with one or where possible two or more
substituents selected from or polyhydroxy-C alkyl-;
Het 17 represents a heterocycle selected from
morpholinyl, pyrrolidinyl, piperazinyl or piperidinyl
wherein said Het 17 is optionally substituted with one
or where possible two or more substituents selected
from Ci^alkyl, C3-6cycloalkyl, Het20 represents a
heterocycle selected from piperidinyl, morpholinyl,
piperazinyl, furanyl, pyrazolyl, dioxolanyl,
thiazolyl, oxazolyl, imidazolyl, isoxazolyl,
oxadiazolyl, pyridinyl or pyrrolidinyl wherein said
Het20 is optionally substituted with amino, C1-4alkyl,
hydroxy-C alkyl-, phenyl, phenyl-C alkyl-, or
amino-carbonyl-;Het22 represents a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het22 is optionally
substituted with one or where possible two or more
substituents selected from C - CyCloalkyl, hydroxy-Ci
alkyl-, C alkyloxyC alkyl orpolyhydroxy-C alkyl-;
Het24 represents a heterocycle selected from
pyrrolidinyl, 2-pyrrolidinonyl, quinolinyl,
isoquinolinyl, decahydroquinolinyl, piperazinyl or
piperidinyl wherein said Het24 is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, Het25,
Het22-carbonyl, Ci^alkyl, hydroxy-Ci^alkyl- or Het25
represents a heterocycle selected from morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het is optionally substituted with one or where
possible two or more substituents selected from
C^alkyl, C3_6cycloalkyl, hydroxy-C^alkyl-,
CMalkyloxyCi^alkyl or polyhydroxy-C alkyk In
particular the intermediates of formula (III) or (IV)
wherein one or more of the following restrictions
apply; i) V represents hydrogen , methyl, t-butyl or
ethyl; ii) Y represents -Q.salkyl-CO-NH-,
Ci_3alkyl-CO-NH-, -Ci_5alkyl- NR13-CO-Ci-3alkyl-NH-,
-CO-NH-CR14R15-CO-, or He^-NH-C 1.3alkyl-CO-NH-; iii)
X2 represents a direct bond, -O-C1-2alkyl-, NR18,
-NRI8-Ci-2alkyl-, -CH2-, -CO-NR19 -, Het24 or
-Het24-Ci -2alkyl-; iv) X2 represents CO-NR19- or
-Het24-Ci -2alkyl-;; v) R1 represents hydrogen, halo,
Ci-6alkoxy-, Het20 or R1 represents C
alkoxysubstituted with halo, Het1 or vi) R2 represents
hydrogen, cyano, halo or hydroxy, preferably halo,
more in particular fluoro or chloro; vii) R13
represents hydrogen or C^alkyl; viii) R14 and R15 each
independently represent hydrogen or C^alkyl optionally
substituted with mono- or ix) R18 and R19 each
independently represent hydrogen, Q^alkyl,
Ci^alkyl-oxycarbonyl-, Het16 , Het^-C^alkyl-or
phenyl-Ci^alkyl; in particular hydrogen; x) Het6
represents a heterocycle selected from pyrrolidinyl,
piperazinyl or piperidinyl wherein said heterocycle is
optionally substituted with hydroxy; xi) Het8
represents a heterocycle selected from pyrrolidinyl,
piperazinyl or piperidinyl wherein said heterocycle is
optionally substituted with hydroxy; xii) Het20
represents morpholinyl;xiii) Het22 represents
pyrrolidinyl, quinolinyl, isoquinolinyl, morpholinyl,
piperazinyl or piperidinyl; xiv) Het24 represents
pyrrolidinyl, quinolinyl, isoquinolinyl,
decahydroquinolinyl, piperazinyl or piperidinyl
wherein said Het24 is optionally substituted with
hydroxy or Het22-carbonyl. c) the intermediates of
formula (VI) the pharmaceutically acceptable addition
salts and the stereochemically isomeric forms thereof,
wherein Pi and P2 each independently represent
hydroxy, halo, hydroxycarbonyl-, halocarbonyl- , amino
or-NHR 29; Yi and Y2 each independently represent
Ci-7alkyl, C3-7alkenyl or C3-7alkynyl wherein said
Ci-7alkyl, C3-7alkenyl, C3_7alkynyl are optionally
substituted with one or where possible two or more
substituents selected from amino, mono- or di(Ci
alkyl)amino, aminosulfonyl, mono- or
di(Ci-4alkyl)aminosulfonyl, Ci-4alkylsulfoxide, C
alkylsulfonyl and Ci^alkyloxycarbonylamino; or Yi and
Y2 each independently represent Het27, Het28-CO,
Het29-Ci.5alkyl, CR8R9-NH, CR23R24-NH-CO, CR20R2 1-CO,
CR25R26-CO-NH, CO-Ci -3alkyl, NH-CO-Ci. 3alkyl,
Ci_3alkyl-NR n -CH2, CH2-CO-NH-Ci -3alkyl or
Ci-3alkyl-NH; X1 represents a direct bond, O, -O-Ci
-2alkyl-, CO, -CO- Ci-2alkyl-, NR16 , -NR16-Ci
-2alkyl-, -CH2-, -CO-NR 17-, -Het23-, -Het23-Ci
-2alkyl-, -0-N=CH- or -Ci-2alkyl-; X2 represents a
direct bond, O, -O-Ci -2alkyl~, CO, -CO- Ci-2alkyl-,
NR18, -NR 18-Ci -2alkyl-, -CH2-, -CO-NR 19-, -Het24-,
-Het24-Ci -2alkyl-, -0-N=CH- or -Ci-2alkyl-; R1
represents hydrogen, cyano, halo, hydroxy, formyl,
Ci^alkoxy-, Ci-6alkyl-, halo-phenyl-carbonylamino-,
Het20,Ci- alkoxy- substituted with halo, Het1 or
Ci_4alkyloxy-, or R1 represents Ci- alkyl substituted
with one or where possible two or more substituents
selected from hydroxy, Het 18 or halo; R2 represents
hydrogen, cyano, halo, hydroxy, hydroxycarbonyl-,
aminocarbonyl-, mono-or di(C 1-4alkyl)aminocarbonyl-,
C -6alkynyl-, Cs- Cycloalkyloxy-, aminosulfonyl,
mono-or or Ci.6alkoxy-; R3 represents hydrogen, cyano,
nitro, substituted with one or more substituents
selected from halo, Q^alkyloxy-, amino-, mono-or di(C
1-4alkyl)amino-, or phenyl; R4 represents hydrogen,
cyano, halo, hydroxy, hydroxycarbonyl-,
aminocarbonyl-, mono-or -6alkynyl-, Cs-
cycloalkyloxy-, aminosulfonyl, mono-or Ci
alkylsulfide, Ci-4alkylsulfide or d - alkoxy-; R5
represents hydrogen, cyano, halo, hydroxy, formyl,
halo-phenyl-carbonylamino-, Het2 1, Ci-6alkoxy-
substituted with halo, Het2 or or R5 represents
substituted with one or where possible two or more
substituents selected from hydroxy, Het 19 or halo;
R8, R9, R23 and R24 each indepedently represents
hydrogen or optionally substituted with cyano, phenyl,
indolyl, methylsulf de, hydroxy, thiol, hydroxyphenyl,
pyridinyl, C3-6cycloalkyl, Ci-4alkyloxyphenyl-,
aminocarbonyl, hydroxycarbonyl, amino, mono- or
di(C1-4alkyl)-amine-, imidazoyl or guanidino; R1 1
represents hydrogen, or represent mono-or
di(Ci_4alkyl)amino-C alkylcarbonyl- optionally
substituted with hydroxy, pyrimidinyl, mono- or di(Ci
alkyl)amine or R16 and R18 each independently
represent hydrogen, Ci^alkyl, R17 and R19 each
independently represent hydrogen, Q^alkyl, Het 14, Het
15-Ci alkyl- or phenyl-C i^alkyl- ; R20, R2 1, R25 and
R26 each indepedently represents hydrogen or d^alkyl
optionally substituted with cyano, phenyl, indolyl,
methylsulfide, hydroxy, thiol, hydroxyphenyl,
polyhaloC alkylphenyl, pyridinyl,
C3-6cycloalkyl,aminocarbonyl, hydroxycarbonyl, amino,
mono- or di(Ci alkyl)-amino-, imidazoyl or guanidino;
R29 represents phenyl, Het30 or Ci-4alkyl wherein said
R29 is optionally substituted with one or where
possible two or more substituents selected from
hydroxy, amino, mono- or di(Ci-4alkyl)amino, phenyl,
Het3 1 or Het 1 represents a heterocycle selected from
piperidinyl, morpholinyl, piperazinyl, furanyl,
pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het1 is optionally
substituted with amino, hydroxy-C alkyl-, phenyl,
phenyl-C alkyl-, C alkyl-oxy-Ci^alkyl- mono- or di(Ci
alkyl)amino- or amino-carbonyl-; Het2 represents a
heterocycle selected from piperidinyl, morpholinyl,
piperazinyl, furanyl, pyrazolyl, dioxolanyl,
thiazolyl, oxazolyl, imidazolyl, isoxazolyl,
oxadiazolyl, pyridinyl or pyrrolidinyl wherein said
Het2 is optionally substituted with amino, C
alkyl-oxy-Ci^alkyl- mono- or di(Ci alkyl)amino- or
amino-carbonyl-; Het 14 represent a heterocycle
selected from pyrrolidinyl or piperidinyl wherein said
pyrrolidinyl or piperazinyl are optionally substituted
with one or where possible two or more substituents
selected from C1-4alkyl, Cs- cycloalkyl, hydroxy-Ci 4
alkyl-, or polyhydroxy-C alky1-; Het 15 represents a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het 15 is
optionally substituted with one or where possible two
or more substituents selected from Q^alkyl,
C3_6cycloalkyl, hydroxy-CMalkyl-, or polyhydroxy-C
alkyl-; Het16 represent a heterocycle selected from
pyrrolidinyl or piperidinyl wherein said pyrrolidinyl
or piperidinyl are optionally substituted with one or
where possible two or more substituents selected from
C3-6cycloalkyl, hydroxy-Ci_4alkyl-,
C1.4alkyloxyCi-4alkyl or polyhydroxy-C alky1-; Het 17
represents a heterocycle selected from morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het 17 is optionally substituted with one or where
possible two or more substituents selected from
Ci^alkyl, Ca^cycloalkyl, hydroxy-C alkyl-, Het 18 and
Het19 each independently represents a heterocycle
selected from piperidinyl, morpholinyl, piperazinyl,
furanyl, pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het 18 or Het19 is
optionally substituted with amino, Chalky 1,
hydroxy-Ci-4alkyl-, phenyl, phenyl-Ci alkyl- C
alkyl-oxy-Ci alkyl- mono- or di(CMalkyl)amino- or
aminocarbonyl-;Het20 and Het2 1 each independently
represents a heterocycle selected from piperidinyl,
morpholinyl, piperazinyl, furanyl, pyrazolyl,
dioxolanyl, thiazolyl, oxazolyl, imidazolyl,
isoxazolyl, oxadiazolyl, pyridinyl or pyrrolidinyl
wherein said Het20 or Het2 1 is optionally substituted
with amino, C alky1, phenyl, phenyl-C alkyKC
alkyl-oxy-Ci^alkyl- mono- or di(C .4alkyl)amino- or
aminocarbonyl-; Het22 represents a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or 99 piperidinyl wherein said Het is optionally
substituted with one or where possible two or more
substituents selected from C1-4alkyl, Cs- cycloalkyl,
hydroxy- C14 alkyl-, Ci-4alkyloxy Ci^alkyl or
polyhydroxy- Ci^alkyl- ; Het 23 and Het24 each
independently represent a heterocycle selected from
pyrrolidinyl, 2-pyrrolidinonyl, quinolinyl,
isoquinolinyl, decahydroquinolinyl, piperazinyl or
piperidinyl wherein said Het 23 or Het24 is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, Het25,
Het22-carbonyl, or polyhydroxy- C1-4alkyl-; Het 25
represents a heterocycle selected from morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het25 is optionally substituted with one or where
possible two or more substituents selected from C
cycloalkyl, or polyhydroxy- Ci-4alkyl~; Het 27 and
Het29 each independently represent a heterocycle
selected from pyrrolidinyl, - -pyrrolidinonyl,
quinolinyl, isoquinolinyl, decahydroquinolinyl,
piperazinyl or piperidinyl wherein said Het27 and
Het29 are optionally substituted with one or where
possible two or more substituents selected from
hydroxy, Het22-carbonyl-, Het 28 represents a
heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het28 is optionally substituted with one or where
possible two or more substituents selected from
hydroxy, C^alkyl, hydroxy- C alkyl- or polyhydroxy-
C^alkyl-; Het 30 represents a heterocycle selected
from pyrrolidinyl, 2-pyrrolidinonyl, piperazinyl or
piperidinyl wherein said heterocycle is optionally
substituted with one or where possible two or more
substituents selected from hydroxy, C3_6cycloalkyl,
and Het 3 1 represents a heterocycle selected from
morpholinyl, pyrrolidinyl, 2-pyrrolidinonyl,
piperazinyl or piperidinyl wherein said Het3 1 is
optionally substituted with one or where possible two
or more substituents selected fromhydroxy, or
polyhydroxyC i alky1- . In another embodiment the
present invention provides the intermediates of
formula (VI) wherein one or more of the following
restrictions apply; Pi and P2 each independently
represent hydroxy, halo, hydroxycarbonyl-,
halocarbonyl-, amino or NHR29; Y1 and Y2 each
independently represent Ci-7alkyl, C3-7alkenyl, Het27,
Het28-CO, CR8R9-NH, CR23R24NH-CO, CO-C^alkyl, NH-CO-C
i-3alkyl, C1-3alkyl-NR' CH2, CH2-CO-NH-Ci -3alkyl or
Ci-3alkyl-NH; in particular Y nd Y2 each independently
represent Ci-7alkyl, C3-7alkenyl, Het27, Het28-CO,
CR8R9-NH, CO-C1-3alkyl, Ci-3alkyl-NRn -CH2 or
CH2-CO-NH-C1-3alkyl; in a more particular embodiment
Yi and Y2 each independently represent Het27,
Het28-CO, CR8R9-NH, CO-Ci-3alkyl, Ci-3alkyl-NRn -CH2
or CH2-CO-NH-d -3alkyl; X1 represents a direct bond,
O, O-Ci-2alkyl, CO-Ci-2alkyl, NR16-Ci-2alkyl or
CO-NR17 ; X2 represents a direct bond, O, O-C1-2alkyl,
CO-Ci-2alkyl, NR18-C1-2alkyl, CO-NR19, or Het24-Ci
-2alkyl; R1 represents hydrogen, halo, Ci- alkyloxy-,
or substituted with Het1 or R2 represents hydrogen of
halo; R3 represents hydrogen, cyano or nitro; in
particular hydrogen or cyano; R4 represents hydrogen
or halo; R5 represents hydrogen, halo, Ci- alkyloxy-,
or substituted with Het2 or R8, R9, R23 and R24 each
independently represents hydrogen or Q^alkyl
optionally substituted with phenyl, methylsulfide,
hydroxy, thiol, amino, mono- or or imidazoyl; in
particular R8, R9, R23 and R24 each independently
represents hydrogen or R1 1 represents hydrogen or
C^alkyl; R16, R17, R18 and R19 represent hydrogen; R29
represents hydrogen, or Het3 1-Ci -4alkyl; in
particular R29 represents hydrogen or Het3 1-Ci4alkyl;
Het 1 represents morpholinyl; Het2 represents
morpholinyl; Het27 represents pyrrolidinyl or
piperazinyl; Het28 represents pyrrolidinyl or
piperazinyl; orHet3 1 represents morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het3 1 is optionally substituted with hydroxy. It is
also an object of the present invention to provide the
intermediates of formula (VII) wherein; Pi and P2 each
independently represent hydroxy, halo,
hydroxycarbonyl-, halocarbonyl- , amino or -NHR 29; Yi
and Y2 each independently represent Ci-7alkyl,
C3-7alkenyl, Het , Het -CO, Het29-Ci-5alkyl, L2-NH, IL
NH-CO, IL CO, L3-CO-NH, CO-Ci-6alkyl, NH-CO-Ci
-3alkyl, Ci-3alkyl-NR.pu -CH2, or CH2-CO-NH-Ci
-3alkyl; in particular Yiand Y each independently
represent Ci-7alkyl, C3-7alkenyl, Het27, Het28-CO, i
NH, CO-C1-3alkyl, C1-3alkyl-NRn -CH2 or CH2-CO-NH-Ci
_3alkyl; in a more particular embodiment Yi and Y2
each independently represent Het27, Het28-CO, iL NH,
CO-Ci-3alkyl, C,-3alkyl-NR n -CH2 or
CH2-CO-NH-Ci-3alkyl; X1 represents a direct bond, O,
-O-Ci-2alkyl, CO, CO-Ci-2alkyl, NR16-Ci -2alkyl,
CO-NR17, Het23-Ci -2alkyl, or Ci-2alkyl; X2 represents
a direct bond, O, -O-C1-2alkyl, CO, CO-Ci-2alkyl,
NR18-C1-2alkyl, CO-NR16, Het24-Ci -2alkyl, or
Ci-2alkyl; R1 represents hydrogen, halo, Ci- alkyloxy
or substituted with Het1 or R2 represents hydrogen or
halo; R3 represents hydrogen or cyano; R4 represents
hydrogen or halo; R5 represents hydrogen, halo, Ci-
alkyloxy or substituted with Het2 or Ci^alkyloxy; R1 1
represents hydrogen or C^alkyl or Het17-Ci_4alkyl; R16
and R18 each independently represent hydrogen, R17 and
R19 each independently represent hydrogen; L1
represents Ci^alkyl optionally substituted with
phenyl, methylsulfide, mono-or di(C1-4alkyl)amino,
cyano, pyridinyl, imidazolyl or C3-6cycloalkyl; in
particular L1 represents Ci^alkyl optionally
substituted with phenyl, methylsulfide, hydroxy,
thiol, amino, mono- or di(Ci-4alkyl)-amine or
imidazoyl L2 represents Ci^alkyl optionally
substituted with phenyl, methylsulfide, mono-or di(Ci
-4alkyl)amino, cyano, polyhaloCi-4alkylphenyl,
pyridinyl, imidazolyl or C3-6cycloalkyl;L3 represents
Ci-8alkyl optionally substituted with phenyl,
methylsulfide, mono-or di(C1-4alkyl)amino, cyano,
Ci-4alkyloxy, pyridinyl, imidazolyl or C3-6cycloalkyl;
Het 1 represents mof holinyl, oxazolyl, isoxazolyl, or
piperazinyl; in particular Het 1 represents mof
holinyl or piperazinyl; more in particular Het 1
represents morpholinyl; Het2 represents mof holinyl,
oxazolyl, isoxazolyl, or piperazinyl; in particular
Het2 represents mof holinyl or piperazinyl; more in
particular Het2 represents mof holinyl; Het22
represents a heterocycle selected from mof holinyl,
piperazinyl or piperidinyl wherein said Het22 is
optionally substituted with Het23 and Het24 each
independently represent a heterocycle selected from
pyrrolidinyl, piperazinyl or piperidinyl, wherein said
Het23 and Het24 is optionally substituted with
Het22-carbonyl; Het27 and Het29 each independently
represent a heterocycle selected from mof holinyl,
pyrrolidinyl, -pyrrolidinonyl, quinolinyl,
isoquinolinyl, decahydroquinolinyl, piperazinyl or
piperidinyl wherein said Het27 and Het29 are
optionally substituted 



with one or where possible two or more substituents
selected from hydroxy, Het22-carbonyl-,
hydroxy-CMalkyl- or in particular Het27 and Het29 are
each independently selected from mof holinyl,
piperazinyl or pyrrolidinyl; more in particular Het27
and Het29 are each independently selected from
piperazinyl or pyrrolidinyl; Het28 represents a
heterocycle selected from mof holinyl, pyrrolidinyl,
2- pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het28 is optionally substituted with one or where
possible two or more substituents selected from
hydroxy, in particular Het28 is selected from mof
holinyl, piperazinyl or pyrrolidinyl; more in
particular Het27 and Het29 is selected from
piperazinyl or pyrrolidinyl. d) the intermediate of
formula (VII)the pharmaceutically acceptable addition
salts and the stereochemically isomeric forms thereof,
wherein X and X each independently represent a direct
bond, Ci_7alkyl, C3-7alkenyl, C3-7alkynyl, wherein
said C1-7alkyl, C3-7alkenyl, C3-7alkynyl are
optionally substituted with one or where possible two
or more substituents selected from amino, mono- or
aminosulfonyl, d^alkylsulfonyl and
Ci^alkyloxycarbonylamino; or X3 and X4 each
independently represent C1-5alkyl-O-Ci -5alkyl,
C1-5alkyl-NR 30-C, -5alkyl, C1-2alkyl-CO-Het 10,
Her23, O-C1-2alkyl with the oxygen atom attached to
the phenyl ring or CR8R9; R1 represents hydrogen,
cyano, halo, hydroxy, formyl, Q^alkoxy-, Ci-6alkyl-,
halo-phenyl-carbonylamino-, Het20, Ci_6alkoxy-
substituted with halo, Het 1 or Ci-4alkyloxy-, or R1
represents substituted with one or where possible two
or more substituents selected from hydroxy, Het 18 or
halo; R2 represents hydrogen, cyano, halo, hydroxy,
hydroxycarbonyl-, C alkyloxycarbonyl-,
Ci^alkylcarbonyl-, aminocarbonyl-, mono-or d C
alky^aminocarbonyl-, C^alkyl-, C2-6alkynyl-, Cs-
cycloalkyloxy-, aminosulfonyl, mono-or
di(CMalkyl)aminosulfonyl, Ci-4alkylsulfoxide,
C1-4alkylsulfide or d - alkoxy-; R3 represents
hydrogen, cyano, nitro, substituted with one or more
substituents selected from halo, amino-, mono-or C
alkyl-sulfonyl- or phenyl; R4 represents hydrogen,
cyano, halo, hydroxy, hydroxycarbonyl-, C
alkyloxycarbonyl-, aminocarbonyl-, mono-or
di(Ci-4alkyl)aminocarbonyl-, C2-6alkynyl-, Cs-
cycloalkyloxy-, aminosulfonyl, mono-or
d^CMalky^aminosulfonyl, Ci-4alkylsulf de,
Ci^alkylsulfoxide, C^alkylsulfide or Ci- alkoxy-; R5
represents hydrogen, cyano, halo, hydroxy, formyl,
Ci-6alkoxy-, Ci- alkyl-, halo-phenyl-carbonylamino-,
Het2 1,Ci- alkoxy- substituted with halo, Het2 or
Ci^alkyloxy-, or R5 represents C alky1substituted with
one or where possible two or more substituents
selected from hydroxy, Het19 or halo; R8 and R9 each
indepedently represents hydrogen or C^alkyl optionally
substituted with phenyl, indolyl, methylsulf  de,
hydroxy, thiol, hydroxyphenyl, C alkyloxyphenyl-,
aminocarbonyl, hydroxycarbonyl, amino, mono- or
di(Ci_4allcyl)-amine-, imidazoyl, cyano, C1-4alkyloxy,
pyridinyl, C3.6cycloalkyl or guanidino; in particular
R8 and R9 each independently represent hydrogen or
C^alkyl optionally substituted with phenyl, indolyl,
methylsulf  de, hydroxy, thiol, hydroxyphenyl,
Q^alkyloxyphenyl-, aminocarbonyl, hydroxycarbonyl,
amino, mono- or imidazoyl, or guanidino; even more
particular R8 and R9 each independently represent
hydrogen or optionally substituted with phenyl,
methylsulfide or mono-or di(C1-4alkyl)amine; R30
represents hydrogen, phenyl or mono- or
di(Ci_4alkyl)amino-CMalkyl-carbonyl wherein said R30
is optionally substituted with hydroxy, amino, mono-
or d C alkyFjamino, pyrimidinyl or R33 represents
hydrogen, substituted with one or where possible two
or more substituents selected from hydroxy, amino,
mono- or di(Ci-4alkyl)amino, phenyl, Het 15 or
Ci-2alkyloxy; Het 1 represents a heterocycle selected
from piperidinyl, morpholinyl, piperazinyl, furanyl,
pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het 1 is optionally
substituted with amino, hydroxy-CMalkyl-, phenyl,
phenyl-C 1-4alkyl-, or amino-carbonyl-; Het2
represents a heterocycle selected from piperidinyl,
morpholinyl, piperazinyl, furanyl, pyrazolyl,
dioxolanyl, thiazolyl, oxazolyl, imidazolyl,
isoxazolyl, oxadiazolyl, pyridinyl or pyrrolidinyl
wherein said Het2 is optionally substituted with
amino, C^alkyl, hydroxy-Ci-4alkyl-, phenyl,
phenyl-Ci^alkyl-, Ci^alkyl-oxy-Ci^alkyl- mono- or
di(Ci-4alkyl)amino- or amino-carbonyl-; Het 10
represents a heterocycle selected from pyrrolidinyl,
2-pyrrolidinonyl, piperazinyl or piperidinyl wherein
said Het 10 is optionally substituted with one or
where possible two or more substituents selected from
hydroxy, hydroxy-Ci_4alkyl- orpolyhydroxy-CMalkyl-;
Het 1 1 represent a heterocycle selected from
pyrrolidinyl or piperidinyl wherein said Het 1 1 is
optionally substituted with one or where possible two
or more substituentsselected from or
polyhydroxy-Ci^alkyl-; Het12 represent a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het 12 is optionally
substituted with one or where possible two or more
substituents selected from C^alkyl, C3.6cycloalkyl,
Het 14 represent a heterocycle selected from
pyrrolidinyl or piperidinyl wherein said pyrrolidinyl
or piperazinyl are optionally substituted with one or
where possible two or more substituents selected from
C -gcycloalkyl, hydroxy-Ci- 4alkyl-,
Ci-4alkyloxyCi-4alkyl or polyhydroxy-Ci^alkyl-; Het 15
represents a heterocycle selected from morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl wherein said
Het 15 is optionally substituted with one or where
possible two or more substituents selected from
Ci^alkyl, C3.6cycloalkyl, Het 18 and Het 19 each
independently represents a heterocycle selected from
piperidinyl, morpholinyl, piperazinyl, furanyl,
pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het 18 or Het 19 is
optionally substituted with amino, phenyl, phenyl-C
alkyl- Ci alkyl-oxy-Ci alkyl- mono- or
di(Ci_4alkyl)amino- or aminocarbonyl-; Het20 and Het2
1 each independently represents a heterocycle selected
from piperidinyl, morpholinyl, piperazinyl, furanyl,
pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het20 or Het2 1 is
optionally substituted with amino, phenyl,
phenyl-CMalkyl- CMalkyl-oxy-C alkyl- mono- or di(Ci
alkyl)amino- or aminocarbonyl-; Het22 represents a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het22 is
optionally substituted with one or where possible two
or more substituents selected from d^alkyl,
C3_6cycloalkyl, Het23 represents a heterocycle
selected from pyrrolidinyl, 2-pyrrolidinonyl,
quinolinyl, isoquinolinyl, decahydroquinolinyl,
piperazinyl or piperidinyl wherein said Het23 is
optionally substituted with one or where possible two
or more substituents selected from hydroxy, Het25,
Het22-carbonyl, Ci-4alkyl, hydroxy-C alkyl- or
polyhydroxy-Ci^alkyl-; and Het25 represents a
heterocycle selected from morpholinyl, pyrrolidinyl,
piperazinyl or piperidinyl wherein said Het25 is
optionally substituted with one or where possibletwo
or more substituents selected from Ci^alkyl,
C3_6cycloalkyl, hydroxy-Ci^alkyl-,
Ci-4alkyloxyCi-4alkyl or polyhydroxy-C^alkyl-,
provided that said intermediate of formula (VII) is
other than
2-[[2-[(3-aminophenyl)amino]-4-pyrimidinyl]amino]-Benz
oic acid [604801-24-3]. In another embodiment the
present invention provides the intermediates of
formula (VII) wherein one or more of the following
restrictions apply; X3 and X4 each independently
represent a direct bond, Ci_7alkyl, C3-7alkenyl,
C1-5alkyl-NR 30-Ci.5alkyl, Het23, CR8R9, or
O-Ci-2alkyl with the oxygen atom attached to the
phenyl ring; R1 represents hydrogen, halo,
Ci^alkyloxy-, or C^alkyloxy substituted with Het 1 or
Ci_4alkyloxy; R2 represents hydrogen of halo; R3
represents hydrogen, cyano or nitro; in particular
hydrogen or cyano; R4 represents hydrogen or halo; R5
represents hydrogen, halo, Ci- alkyloxy-, or
C^alkyloxy substituted with Het2 or Ci^alkyloxy; R8
and R9 each indepedently represents hydrogen or
Ci^alkyl optionally substituted with phenyl,
methylsulf  de, hydroxy, thiol, amino, mono- or d C
alky^-amine-, or imidazoyl; R30 represents hydrogen,
or Het 12-Ci_4alkyl; R33 represents hydrogen, Ci^alkyl
or Het^-Ci^alkyl; Het 1 represents morpholinyl; Het2
represents morpholinyl; Het 12 represents pyrrolidinyl
or piperazinyl wherein said Het 12 is optionally
substituted with one or where possible two or more
substituents selected from C^alkyl, C3-6cycloalkyl, or
polyhydroxy-Ci- 4alkyl~; in particular Het12
represents pyrrolidinyl or piperazinyl; Het 15
represents pyrrolidinyl or piperazinyl wherein said
Het 15 is optionally substituted with one or where
possible two or more substituents selected from
C3_6cycloalkyl, C alkyloxyC alkyl or polyhydroxy-C
alkyl-; in particular Het 15 represents pyrrolidinyl
or piperazinyl; or Het23 represents a heterocycle
selected from pyrrolidinyl, decahydroquinolinyl or
pyridinyl wherein said Het23 is optionally substituted
with one or where possible two or more substituents
selected from hydroxy or Ci^alkyl.In a further
embodiment of the present invention, the intermediates
of formula (VII) are characterized in that the the two
aniline residues are bound to the pyrimidine ring at
positions 2, 4 or 4,6 respectively; X and X4
substituent are at position 3'; R1 and R4 are at
position 4' and R2 and R5 are at position 5'. It is
also an object of the present invention to provide the
use of the intermediates of formula (III), (IV), (VI),
(VII), (XXIX), (XXX), (XXXI), (XXXII), (XXXIII) in the
synthesis of a macrocyclic kinase inhibitor such as
for the compounds of formula (I). As described in the
experimental part hereinafter, the growth inhibitory
effect and antitumour activity of the present
compounds has been demonstrated in vitro, in enzymatic
assays on the receptor tyrosine kinases EGFR, ErbB2,
ErbB4, F1T3, BLK or the Sar kinase family such as for
example Lyn, Yes cSRC. In an alternative assay, the
growth inhibitory effect of the compounds was tested
on a number of carcinamo cell lines, in particular in
the ovarian carcinoma cell line SKOV3 and the squamous
carcinoma cell line A431 using art known cytotoxicity
assays such as MTT. Accordingly, the present invention
provides the compounds of formula (I) and their
pharmaceutically acceptable N-oxides, addition salts,
quaternary amines and stereochemical^ isomeric forms
for use in therapy. More particular in the treatment
or prevention of cell proliferation mediated diseases.
The compounds of formula (I) and their
pharmaceutically acceptable N-oxides, addition salts,
quaternary amines and the stereochemically isomeric
forms may hereinafter be referred to as compounds
according to the invention. Disorders for which the
compounds according to the invention are particularly
useful are atherosclerosis, restenosis, cancer and
diabetic complications e.g. retinopathy. In view of
the utility of the compounds according to the
invention, there is provided a method of treating a
cell proliferative disorder such as atherosclerosis,
restenosis and cancer, the method comprising
administering to an animal in need of such treatment,
for example, a mammal including humans, suffering from
a cell proliferative disorder, a therapeutically
effective amount of a compound according to the
present invention. Said method comprising the systemic
or topical administration of an effective amount of a
compound according to the invention, to animals,
including humans. One skilled in the art will
recognize that a therapeutically effective amount of
the kinase inhibitorsof the present invention is the
amount sufficient to induce the growth inhibitory
effect and that this amount varies inter alia,
depending on the size, the type of the neoplasia, the
concentration of the compound in the therapeutic
formulation, and the condition of the patient.
Generally, an amount of kianse inhibitor to be
administered as a therapeutic agent for treating cell
proliferative disorder such as atherosclerosis,
restenosis and cancer, will be determined on a case by
case by an attending physician. Generally, a suitable
dose is one that results in a concentration of the
kinase inhibitor at the treatment site in the range of
0.5 nM to 200 mM, and more usually 5 nM to 10 mM. To
obtain these treatment concentrations, a patient in
need of treatment likely will be administered between
0.01 mg/kg to 500 mg/kg body weight, in particular
from 10 mg/kg to 250 mg/kg body weight. As noted
above, the above amounts may vary on a case-by-case
basis. In these methods of treatment the compounds
according to the invention are preferably formulated
prior to admission. As described herein below,
suitable pharmaceutical formulations are prepared by
known procedures using well known and readily
available ingredients. In yet a further aspect, the
present invention provides the use of the compounds
according to the invention in the manufacture of a
medicament for treating any of the aforementioned cell
proliferative disorders or indications. The amount of
a compound according to the present invention, also
referred to here as the active ingredient, which is
required to achieve a therapeutical effect will be, of
course, vary with the particular compound, the route
of administration, the age and condition of the
recipient, and the particular disorder or disease
being treated. A suitable daily dose would be from
0.01 mg/kg to 500 mg/kg body weight, in particular
from 10 mg/kg to 250 mg/kg body weight. A method of
treatment may also include administering the active
ingredient on a regimen of between one and four
intakes per day. While it is possible for the active
ingredient to be administered alone, it is preferable
to present it as a pharmaceutical composition.
Accordingly, the present invention further provides a
pharmaceutical composition comprising a compound
according to the present invention, together with a
pharmaceutically acceptable carrier or diluent. The
carrier or diluent must be "acceptable" in the sense
of being compatible with the other ingredients of the
composition and not deleterious to the recipients
thereof.The pharmaceutical compositions of this
invention may be prepared by any methods well known in
the art of pharmacy, for example, using methods such
as those described in Gennaro et al. Remington's
Pharmaceutical Sciences (18th ed., Mack Publishing
Company, 1990, see especially Part 8 : Pharmaceutical
preparations and their Manufacture). A therapeutically
effective amount of the particular compound, in base
form or addition salt form, as the active ingredient
is combined in intimate admixture with a
pharmaceutically acceptable carrier, which may take a
wide variety of forms depending on the form of
preparation desired for administration. These
pharmaceutical compositions are desirably in unitary
dosage form suitable, preferably, for systemic
administration such as oral, percutaneous or
parenteral administration; or topical administration
such as via inhalation, a nose spray, eye drops or via
a cream, gel, shampoo or the like. For example, in
preparing the compositions in oral dosage form, any of
the usual pharmaceutical media may be employed, such
as, for example, water, glycols, oils, alcohols and
the like in the case of oral liquid preparations such
as suspensions, syrups, elixirs and solutions: or
solid carriers such as starches, sugars, kaolin,
lubricants, binders, disintegrating agents and the
like in the case of powders, pills, capsules and
tablets. Because of their ease in administration,
tablets and capsules represent the most advantageous
oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. For
parenteral compositions, the carrier will usually
comprise sterile water, at least in large part, though
other ingredients, for example, to aid solubility, may
be included. Injectable solutions, for example, may be
prepared in which the carrier comprises saline
solution, glucose solution or a mixture of saline and
glucose solution. Injectable suspensions may also be
prepared in which case appropriate liquid carriers,
suspending agents and the like may be employed. In the
compositions suitable for percutaneous administration,
the carrier optionally comprises a penetration
enhancing agent and/or a suitable wettable agent,
optionally combined with suitable additives of any
nature in minor proportions, which additives do not
cause any significant deleterious effects on the skin.
Said additives may facilitate the administration to
the skin and/or may be helpful for preparing the
desired compositions. These compositions may be
administered in various ways, e.g., as a transdermal
patch, as a spot-on or as an ointment. It is
especially advantageous to formulate the
aforementioned pharmaceutical compositions in dosage
unit form for ease of administration and uniformity of
dosage. Dosage unit form as used in the specification
and claims herein refers to physically discrete units
suitable as unitary dosages, each unit containing a
predetermined quantityof active ingredient calculated
to produce the desired therapeutic effect in
association with the required pharmaceutical carrier.
Examples of such dosage unit forms are tablets
(including scored or coated tablets), capsules, pills,
powder packets, wafers, injectable solutions or
suspensions, teaspoonfuls, tablespoonfuls and the
like, and segregated multiples thereof.Experimental
part The following examples illustrate the present
invention. Hereinafter, "BINAP" is defined as
[l,r-bmaphthalene]-2,2'-diylbis[diphenylphosphine,
"DMF" is defined as N,N-dimethylformamide, "DCM" is
defined as dichloromethane, 'DIAD" is defined as
diazenedicarboxylic acid, bis(l-methylethyl) ester,
"DIPE" is defined as diisopropyl ether, "DIPEA"
(=DIEA, CAS 7087-68-5) is defined as
N-ethyl-N-(l-methylethyi)- 2-propanamine, "DMSO" is
defined as dimethylsulfoxide, "DMF" is defined as
N,N-dimethylformamide, "EDC" is defined as
AP-(ethylcarbonimidoyl)-N,N-dimethyl~1,3-propanediamin
e, monohydrochloride, "EtOAc" is defined as ethyl
acetate, "EtOH" is defined as ethanol, "HBTU" is
defined as l-[bis(dimethylamino)methylene]-
1H-Benzotriazolium,, hexafluorophosphate(l-), 3-oxide
, "MeOH" is defined as methanol, "NMP" is defined as
l-methyl-2- pyrrolidinone, "TFA" is defined as
trifluoroacetic acid, "THF" is defined as
tetrahydrofuran, "TIS" is defined as
triisopropylsilane A. Preparation of the intermediates
Example Al PxepMatipn.ofJjntermediate. l .
5-pyrimidinecarbonitrile, 2,4-bis[[3-(2-
propenyloxy)phenyl]amino]- A mixture of
3-(2-propenyloxy)- benzenamine (max. 0.02 mol),
2,4-dichloro-5- pyrimidinecarbonitrile (0.009 mol) and
DIPEA (0.03 mol) in acetonitrile (200 ml) was stirred
and refluxed for 16 hours. The solvent was evaporated
under reduced pressure. The residue was taken up into
diglyme and stirred for 4 hours at 1000C, then stirred
overnight at 1000C. The solvent was evaporated under
reduced pressure. The residue was purified twice by
column chromatography over silica gel (eluent:
DCM/MeOH from 99/1 to 97/3). The product fractions
were collected and the solvent was evaporated under
reduced pressure, yielding 1.2 g (33.4%) of
intermediate 1. Example A2 )..Pr.?paration .of
intermediate 2. benzoic acid,
3-[[5-cyano-2-(methylthio)-4- pyrimidinyljamino]-,
1,1-dimethylethyl ester A mixture of
4-chloro-2-(methylthio)- 5-pyrimidinecarbonitrile
(0.010 mol), 3-aminobenzoic acid, 1,1-dimethylethyl
ester (0.010 mol) and DIPEA (0.010 mol) in 2- propanol
p.a. (50 ml) was stirred and refluxed for 1 hour, then
a small amount of ice was added and the obtained
cloudy mixture was allowed to cool. The precipitate
wasfiltered off and dried, yielding 2.816 g (82 %) of
intermediate 2, melting point 162- 1640C. c
Prej)aration.ofjntermediate .3 benzoic acid,
3-[[5-cyano-2-(methylsulfonyl)-4- pyrimidinyljamino]-,
1,1-dimethylethyl ester A mixture of intermediate 2
(0.0082 mol) in DCM p.a. (80 ml) and MeOH p.a. (10 ml)
was stirred at room temperature, then
3-chlorobenzenecarboperoxoic acid (0.020 mol) was
added in small portions over 30 minutes and the
reaction mixture was stirred for 4 hours at room
temperature. The mixture was washed with a NaHCO soln.
(0.020 mol) and the layers were separated. The organic
layer was washed again with water, dried, filtered off
and the solvent was evaporated. The residue was
purified by Flash column chromatography (eluent:
DCM/MeOH 100/0 to 98/2). The product fractions were
collected and the solvent was evaporated. The residue
was crystallised from DIPE/acetonitrile (10/1), then
the precipitate was filtered off and dried, yielding
1.742 g (56 %) of intermediate 3. ) .Preparation .Qf
benzoic acid, 3-[[5-cyano-2-[[3-[2-[[(l,l-
.intermediate ..4 dimethylethoxy)carbonyl] amino]
ethoxyjphenyl] amino] -Apyrimidinyl] amino]-,
1,1-dimethylethyl ester A mixture of intermediate 3
(0.001 mol) and [2-(3-aminophenoxy)ethyl]- carbamic
acid, 1,1-dimethylethyl ester (0.001 mol) in DMSO p.a.
dried on molecular sieves (5 ml) was stirred for 2
hours at 12O0C and then the reaction mixture was
allowed to cool. The mixture was poured out into water
and stirred overnight. The resulting precipitate was
filtered off and dried, yielding 0.700 g of
intermediate 4, which was combined with another
fraction which was made on the same way and further
purified by column chromatography (eluent: DCM/MeOH
98/2). The desired product fractions were collected
and the solvent was evaporated, yielding 0.700 g of
intermediate 4. .4XPi:ep.aration.ofjntermedi .ate .5
benzoic acid, 3-[[2-[[3-(2-
aminoethoxy)phenyl]amino]-5-cyano-4- pyrimidinyl]
amino]- trifluoroacetic acid salt A mixture of
intermediate 4 (0.00128 mol) in DCM (15 ml) was
stirred at room temperature and then a mixture of TFA
(0.5 ml) in DCM (5 ml) was added dropwise. The
resulting mixture was stirred for 20 hours at room
temperature and extra TFA (0.5 ml) in DCM (4.5 ml) was
added. The reaction mixture was stirred and refluxed
for 20 hours and then again extra TFA (2 ml) was
added. The mixture was stirred and refluxed for 6
hours more and was then left to stand over the
weekend. The solvent was evaporated and the obtained
residue was stirred in DIPE/acetonitrile. The
resulting precipitate was filtered off and dried
yielding 0.534 g (82 %) of intermediate 5, isolated as
a trifluoroacetic acid salt.Example A3 . )..P.r .
P.ration.of_intepnediate. 6 carbamic acid,
[4-(3-nitrophenoxy)butyl]-, 1,1- dimethylethyl ester A
mixture of (4-hydroxybutyl)-carbamic acid,
1,1-dimethylethyl ester (0.063 mol), 3- nitro- phenol
(0.05 mol) and triphenyl- phosphine (0.05 mol) in THF
(250 ml) was stirred at 00C, then bis
(l-methylethyl)diazenedicarboxylate (0.05 mol) was
added dropwise at 00C and the reaction mixture was
allowed to reach room temperature. After stirring for
1 hour at ambient temperature, the solvent was
evaporated and the obtained residue was purified by
short column chromatography (eluent: DCM). The product
fractions were collected and the solvent was
evaporated. This residue (13 g) was then crystallised
from petroleum-benzin/DIPE and the desired product was
collected, yielding 16 g of intermediate 6, melting
point 900C. b Prep.aration. ofjntermejdiate .7
carbamic acid, [4-(3-aminophenoxy)butyl]-, 1,1-
dimethylethyl ester A mixture of intermediate 6 (0.06
mol) in MeOH (250 ml) was hydrogenated at 500C with
Pd/C (2 g) as a catalyst in the presence of thiophene
solution ( 1 ml). After uptake ofH 2 (3 equiv.), the
catalyst was filtered over dicalite and the filtrate
was evaporated, yielding 14 g (100 %) of intermediate
7. c}.Prcparation.of j.nterrnediate. 8. carbamic acid,
[4-[3-[(2-chloro-4- pyrimidinyl)amino]phenoxy]butyl]-,
1,1- dimethylethyl ester A mixture of 2,4-dichloro-
pyrimidine (0.01 mol), intermediate 7 ( (0.01 1 mol)
and DIPEA (0.015 mol) in EtOH (150 ml) was stirred and
refiuxed for 20 hours and then the solvent was
evaporated. The obtained residue was dissolved in
water and the solution was extracted with DCM. The
organic layer was separated, dried (MgSO4) and the
solvent was evaporated. The residue was crystallised
from DIPE and the resulting precipitate was collected,
yielding 2.1 g (55.3 %) of intermediate 8. d
.Prep.aration.of acetic acid,
[3-[[4-[[3-(4-aminobutoxy)phenyl]amino]-2-
intermediate .9 pyrimidinyl]amino]phenoxy]- A mixture
of intermediate 8 ( (0.0023 mol), (3-aminophenoxy)-
acetic acid, 1,1- dimethylethyl ester (0.0030 mol) and
HCl/2-propanol (2 drops) in 2-propanol/water (4/1)
(100 ml) was stirred and refiuxed over the weekend and
then HCl/2-propanol (10 ml) was added. The reaction
mixture was stirred and refiuxed for 2 hours, then
cooled and neutralised to pH 7 with a 36 % HCl
solution. The resulting precipitate was filtered off,
washed with water and dried (vac.) The obtained solids
(1.2 g) were dissolved in sodium hydroxide 10%
solution (100 ml) and then the resulting mixture was
stirred andrefluxed for 20 hours. After neutralising
the mixture with a 36 % HCl solution, the precipitate
was filtered off, washed with water and dried (vac),
yielding 1.2 g (100 %) of intermediate 9. Example A4
.Ci-PrcparatiQn.ofintermMiate .l.O carbamic acid,
[2-[[(3-nitrophenyl)methyl]amino]- 2-oxoethyl]-,
1,1-dimethylethyl ester EDC (0.031 mol) was added to a
mixture of 3-nitro- benzenemethanamine,
monohydrochloride (0.026 mol),
-[(l,l-dimethylethoxy)carbonyl]- glycine (0.031 mol)
and triethylamine (0.065 mol) in DMF (q.s.) at room
temperature and then the reaction mixture was reacted
for 3 hours at room temperature. After an aqueous
workup with a 10 % citric acid solution, with water,
with an aqueous NaHCO solution and with NaCl, the
organic layer was dried and the solvent was
evaporated, yielding 3.66 g (46 %) of intermediate 10.
b .PreP.aration.pfjnte pnediate.._ll carbamic acid,
[2-[[(3-aminophenyl)methyl]amino]- 



2-oxoethyl]-, 1,1-dimethylethyl ester A mixture of
intermediate 10 (0.012 mol) in MeOH (30 ml) and THF
(20 ml) was hydrogenated with Pd/C 10% ( 1 g) as a
catalyst in the presence of thiophene solution ( 1
ml). After uptake of H2 (3 equiv.), the catalyst was
filtered off and the filtrate was evaporated, yielding
3 g of intermediate 11. ). .Prcparation .of benzoic
acid, 3-[[5-cyano-2-[[3-[[[[[(l,lffitj. rmediate.1.2
dimethylethoxy)carbonyl]amino]acetyl]amino]methyl]phen
yl] amino]-4~pyrimidinyl]amino]-, 1,1-dimethylethyl
ester A mixture of intermediate 2 (0.0003 mol) and
3-chlorobenzenecarboperoxoic acid (0.00072 mol) in DCM
(q.s.) was reacted for 2 hours, then intermediate 11
(0.00036 mol) was added and the reaction mixture was
stirred for 1 hour at room temperature. Finally, the
mixture was heated to 6O0C and the desired product was
collected, yielding intermediate 12. d).Prep.aration.
.of benzoic acid, 3-[[2-[[3- ititermediate..l.3
[[(aminoacetyl)amino]methyl]phenyl]amino]-5-cyano-4-
pyrimidinyljamino]- A mixture of intermediate 12 (0.03
mol) in 50% TFA in DCM (4 ml) was reacted for 1 hour
at room temperature and then the solvent was
evaporated, yielding intermediate 13.Example A5 .
)..Prcparation .of .intermediate .J .4 carbaniic acid,
[3~(2-methoxy-5- nitrophenoxy)propyl]-,
1,1-dimethylethyl ester A mixture of
2-methoxy-5-nitro- phenol, (0.0766 mol),
(3-bromopropyl)- carbamic acid, 1,1-dimethylethyl
ester (0.092 mol) and potassium carbonate (0.092 mol)
in DMF (130ml) was stirred at 6O0C for 18 hours. Water
was added. The mixture was extracted with
EtOAc/diethyl ether. The organic layer was separated,
dried (MgSO4), filtered, and the solvent was
evaporated till dryness. The crude crystals were taken
up in diethyl ether/DIPE. The precipitate was filtered
off and dried, yielding 24g (96%) of intermediate 14.
te).Prep.aration.pf carbamic acid,
[3-(5-amino-2-methoxyphenoxy)propyl]-, intepnediate
..l.5 1,1-dimethylethyl ester A mixture of
intermediate 14 (0.0735 mol) and Raney Nickel (2Og) in
MeOH (400ml) was hydrogenated at room temperature for
2 hours under a 3 bar pressure, then filtered. The
filtrate was evaporated till dryness, yielding 24.1g
(>100%) of intermediate 15. Example A6 a) .P ep
.ation.gfJ .nterniedi_ate .1.6 L-proline,
1-[(4-chloro-5-fluoro-2- nitrophenyl)methyl]-,
1,1-dimethylethyl ester A solution of L-proline,
1,1-dimethylethyl ester (0.010 mol) and
4-chloro-5-fluoro-2- nitrobenzaldehyde (0.010 mol) in
DCM (30 ml) was cooled to 00C and titanium tetrakis
(2-propanolato) (0.010 mol) was added, then the
mixture was stirred for 1 hour at room temperature and
NaBH(OAc) 3 (0.01 1 mol) was added. The reaction
mixture was stirred for 3 hours at room temperature
and extra titanium tetrakis (2-propanolato) (0.001
mol) and NaBH(OAc) (0.001 mol) were added. After
stirring for another 5 hours, water was added and the
mixture was filtered. The organic layer was separated,
dried (K2CO ), and the solvent was evaporated,
yielding intermediate 16 (S) (used as such in the next
reaction step). b .Prep.aration. ofjnte pnediate . 1.7
L-proline, 1-[(2-amino-4-chloro-5-
fluorophenyl)methyl]-, 1,1-dimethylethyl ester A
mixture of intermediate 16 (0.009 mol) in EtOAc (150
ml) was hydrogenated with Pt/C 5% ( 1 g) as a catalyst
in the presence of thiophene solution ( 1 ml). After
uptake of H2 (3 equiv.), the catalyst was filtered off
and the filtrate was evaporated. The residue was
purified by reversed phase high-performance liquid
chromatography (NH4OAc buffer), then the product
fractions were collected and the organic component of
the eluent was evaporated. The obtained precipitate
was filtered off, washed with water and dried in
vacuo, to give 1.1286 g (34 %) of intermediate
17.c).Preparation.of L-proline,
l-[[4-chloro-2-[[5-cyano-2-(methylthio)-4-
.intermediate .1.8
pyrimidinyl]amino]-5-fluorophenyl]methyl]-,
1,1-dimethylethyl ester DIPEA (0.00026 mol) was added
to a solution of 4-chloro-2-(methylthio)-5-
pyrimidinecarbonitrile (0.00013 mol) and intermediate
17 (0.00014 mol) in 2-propanol (q.s.) and then the
reaction mixture was stirred overnight at 600C. LCMS
monitoring indicated slow progression and the reaction
had to be brought to 800C for 27 hours to effect
completion. Next, the solvent was evaporated, yielding
intermediate 18 (used as such in the next reaction
step). In another run intermediate 18 was isolated in
30% yield following reversed phase HPLC (NH4OAc
buffer), mp. 116.7- 118.2 0C. dlPrep .aratign of
L-proline, l-[[4-chloro-2-[[5-cyano-2-[[3-[3-[[(l,li
te.pnedi.ate..l.9 dimethylethoxy)carbonyl]
amino]propoxy]-Amethoxyphenyl]
amino]-4-pyrimidinyl]amino]-5- fluorophenyl]methyl]-,
1,1 -dimethylethyl ester A solution of
3-chlorobenzenecarboperoxoic acid (0.000173 mol) in
1,2-dichloroethane (q.s.) was dried with anhydrous
MgSO and filtered, to give Residue I . Residue I was
added to a solution of intermediate 18 (0.000157 mol)
in 1,2-dichloroethane (q.s.) and the resulting mixture
was stirred for 1 hour at room temperature. Upon
addition of extra Residue I was added and the mixture
was stirred for another 30 min. Intermediate 15
(0.000173 mol) was added and the reaction mixture was
stirred overnight at 650C. After cooling to room
temperature, a saturated. NaHCO soIn. was added and
the organic layer was separated and dried. Finally,
the solvent was evaporated yielding intermediate 19,
which was used as such in the next reaction step, (S).
ei.Preparation .of L-proline,
l-[[2-[[2-[[3-(3-aminopropoxy)-4- intermediate.2.0
methoxyphenyl]amino]-5-cyano-4-pyrimidinyl]amino]-4-ch
loro- 5-fluorophenyl]methyl]- trifluoroacetic acid
salt A solution of intermediate 19 (0.000157 mol) in
TFA/DCM (50/50) (5 ml) was reacted for 5 hours and
then the solvent was evaporated at 30 0C, yielding
intermediate 20 (S), isolated as a trifluoroacetic
acid salt (used as such in the next reaction step).
Example A7 ) .Preparation of intermediate . 2.1.
1-hexanol, 6-(4-chloro-2-nitrophenoxy)-, acetate
(ester) A solution of 4-chloro-2-nitrophenol (0.10
mol) in N,N-dimethylacetamide (200 ml) was treated for
15 minutes with potassium carbonate (17 g) at 900C,
then 6-bromo-lhexanol, acetate (0.12 mol) was added at
600C and the reaction mixture was stirredovernight at
6O0C. The mixture was poured out into ice-water (500
ml) and extracted with toluene (2 x 250 ml). The
organic layers were combined, dried (MgSO ), filtered
off and the solvent was evaporated, yielding 42.3 g (>
100 %) of intermediate 21. .b .Prep.aratign.
of^.intermediate .22 1-hexanol,
6-(2~amino-4-chlorophenoxy)-, acetate (ester) A
mixture of intermediate 2 1 (max. 0.1 1 mol) in THF
(400 ml) was hydrogenated with Pt/C (5.0 g) as a
catalyst in the presence of thiophene solution (3 ml).
After uptake of H2 (3 equiv.), the catalyst was
filtered off and the filtrate was evaporated. The
obtained residue was dissolved in DIPE (300 ml) and
treated with 2-propanol/(6N HCl). After stirring for 1
hour, the resulting white solids were collected and
dried, yielding 30.0 g of intermediate 22.
?).Pj.epa?Miori.of intermediate. 23. 1-hexanol,
6-[4-chloro-2-[(6-chloro-4-
pyrimidinyl)amino]phenoxy]-, acetate (ester) A mixture
of 4,6-dichloropyrimidine (0.01 mol), intermediate 22
(0.012 mol) and DIPEA (0.025 mol) in EtOH (50 ml) was
heated for 3 days on an oil bath at 800C, then the
solvent was evaporated and the obtained residue was
purified by column chromatography. The desired product
fractions were collected and the solvent was
evaporated, yielding intermediate 23.
.41Preparation.pf phenol,
5-[[6-[[5-chloro-2-[(6-hydroxyhexyl)oxy]phenyl]amino]-
4- intepnediate . 24 pyrimidinyl]amino]-2-methoxy- A
solution of intermediate 23 (0.0015 mol),
5-amino-2-methoxy- phenol (0.0015 mol) and HCl (cat.
quant.) in butanol (50 ml) was stirred for 48 hours at
reflux temperature and after completion, the solvent
was evaporated under reduced pressure. The crude
residue was filtered over silica gel (eluent: DCM/MeOH
92/8), then the desired product fractions were
collected and the solvent was evaporated to dryness,
yielding 0.300 g of intermediate 24. Ethyl
3-aminobenzoate (0.080 mol) was added to
2,4-dichloropyrimidine (0.066 mol) in isopropanol (80
ml), DIPEA (0.133 mol) was added. The reaction mixture
was stirred and heated in the microwave for 3 hours at
16O0C. The cooled reaction mixture was poured into a
flask at room temperature, isopropanol (100 ml) was
added, thereaction mixture was stirred at room
temperature. The crystallized solid was filtered and
dried at 5O0C under vacuum, yielding 11.3 g of
intermediate 25, melting point 1520C. b
Prep.aratign.ofjnte pnedj.ate .26 benzoic acid,
3,3'-(4,6-pyrimidinediyldiimino)bis-, ethyl ester,
hydrochloric acid salt To a solution of intermediate
25 (0.0072 mol) in isopropanol (50 ml), 3-aminobenzoic
acid (0.0086 mol) was added. Hydrochloric acid in
isopropanol (6N, 1.5 ml) was added. The reaction
mixture was stirred and heated in the microwave for
2.5 hours at 1300C. The reaction mixture was
concentrated, crystallized from
acetonitrile/isopropanol. The precipitate was filtered
off and dried at 500C under vacuum, yielding 1.9 g of
intermediate 26 isolated as a hydrochloric acid salt,
melting point 248-250 0C. c) .Preparation_of benzoic
acid, 3-[[6-[[3-[[[6-[[(l,l- .inte .O ediate.2.7.
dimethylethoxy)carbonyl]amino]hexyl]amino]carbonyl]phe
nyl] amino]-4-pyrimidinyl]amino]-, ethyl ester To a
solution of intermediate 26 (1.32 mmol) in DCM (50
ml), N-Boc-1,6- hexanediamine (1.88 mmol) was added.
1-Hydroxybenzotriazole (1.88 mmol), N~(3-
Dimethylaminopropyl)-iV-ethylcarbodiimide
hydrochloride (1.88 mmol), triethylamine (0.805 ml)
was added. The reaction mixture was stirred for 48
hours at room temperature. A precipitate was formed in
the reaction mixture. The solid was filtered and dried
at 4O0C under vacuum, yielding 430 mg of intermediate
27, melting point 163C. dXPrep.aratigri.pf benzoic
acid, 3-[[6-[[3-[[(6- intermediate. 28
aminohexyl)amino] carbonyl]phenyl] amino]
-Apyrimidmyljamino]-, ethyl ester, trifluoroacetic
acid salt To a solution of intermediate 27 (0.69 mmol)
in DCM (10 ml), a solution of 20% TFA in DCM was
added. The reaction mixture was stirred for 1 hour at
room temperature. The solvent was evaporated toluene
was added, the solvent was evaporated, ethanol was
added the solvent was evaporated. The product was used
without further purification, yielding intermediate
28, isolated as a trifluoroacetic acid salt. .?).Pr.
eparation_of benzoic acid, 3-[[6-[[3-[[(6- .i t
.nnediate . 29 aminohexyl)amino] carbonyl]phenyl]
amino] -Apyrimidinyl] amino]- Lithium charged To a
solution of intermediate 28 (0.69 mmol) in EtOH ( 20
ml), 1ml water and LiOH (4.5 mmol) was added. The
reaction mixture was stirred for 6.5 hours at 4O0C.
The solvent was evaporated. The product was used
without further purification, yielding intermediate
29, isolated as Lithium charged.Example A9 )
.Preparation.of intermediate . 3.0 A mixture of
Novabiochem 01-64-0261 commercial resin (2 g, loading
: 0,94 mmol/g, 0.0018 mol) was washed with DCM (50
ml), then a solution of
3-tertbutoxycarbonylaminomethylaniline (0.009 mol ) in
DCM/CH3COOH 1% (25 ml) was added and the resulting
mixture was shaken for 10 minutes at room temperature.
Sodium triacetoxyborohydride (0.009 mol) was added,
followed by addition of DCM/CH3COOH 1% (25 ml) and the
reaction mixture was shaken gently for 48 hours at
room temperature. After filtration, the resin was
washed 3 times with MeOH and 3 times with DCM, 3x
MeOH, 3x DCM, 3x MeOH, 3x DCM, 3x MeOH, 3x DCM, 3x
MeOH, 3x DCM, yielding intermediate 30, which was used
in next reaction step. t . Preparation
of.interrnediate.3 1 Intermediate 30 was washed with
1-butanol, to intermediate 30 was added 4,6-
dichloropyrimidine (0.018 mol) and DIPEA (0.018 mol)
in 1-butanol (50 ml). The reaction mixture was shaken
for 40 hours at 90C under N2, then the resin was
filtered off and washed 3x with MeOH, 3x DCM, 3x MeOH,
3x DCM, 3x MeOH, 3x DCM, 3x MeOH, 3x DCM. This
procedure was repeated: to intermediate 30 was added
4,6-dichloropyrimidine [ 1 193-21-1] (0.018 mol) and
DIPEA (0.018 mol) in 1-butanol (50 ml). The reaction
mixture was shaken gently for 24 hours at 900C, under
N , then the resin was filtered off and washed 3x with
MeOH, 3x DCM, 3x MeOH, 3x DCM, 3x MeOH, 3x DCM, 3x
MeOH, 3x DCM, 3x MeOH, 3x DCM, yielding intermediate
31, which was used in next reaction
step.c).P,reEaration.of intermediate.32 Intermediate
31 was washed with toluene, to intermediate 31 was
added a mixture of ethyl (4-aminophenoxy)acetate
(0.018 mol), Tris(dibenzylideneacetone)dipalladium(0)
(0.00036 mol),
(+/-)-2,2'-Bis(diphenylphosphino)-l,l'-binaphthalene
(0.0018 mol) and cesium carbonate (0.027 mol) in
toluene (50 ml). The reaction was brought under
nitrogen. The reaction mixture was shaken for 18 hours
at 1100C, under N , then the resin was filtered off
hot and washed 3 times with hot DMF (at 7O0C), 3 times
with hot water (at 500C), 3 times with DMF and 3 times
with water, 3 times with DMF and 3 times with water, 3
times with DMF and 3 times with DCM. Finally, washed 3
times with MeOH and 3 times with DCM, 3 times with
MeOH and 3 times with DCM. The residue was dried under
vacuum at 300C, yielding intermediate 32.
.d).Prep.aration. of acetic acid,
[4-[[6-[[3-(aminomethyl)phenyl]amino]-4-
.intermediate. 3.3 pyrimidinyl]amino]phenoxy]-
Intermediate 32 was washed with THF, to intermediate
32 (300mg) was added lithiumhydroxide (0.0049 mol) in
THF (8 ml) and water (2 ml). The reaction mixture was
shaken for 48 hours at 500C, then the resin was
filtered off and washed 3 times with water, 3 times
with MeOH, 3 times with water and 3 times with DMF, 3
times with water and 3 times with DMF, 3 times with
MeOH and 3 times with DCM, 3 times with MeOH and 3
times with DCM, 3 times with MeOH and 3 times with
DCM. The residue was cleaved with TFA/TIS/DCM
(25/2/73) for 4 hours, then the resin was filtered off
and shaked for 1 hour with TFA/TIS/DCM (25/2/73).The
resin was filtered off and washed 3 times with DCM.
Finally, the combined solvents were blown dry under
nitrogen at 500C, 3 times DCM (5 ml) was added and
blown dry under nitrogen at 500C, yielding
intermediate 33, isolated as a TFA-salt.Example AlO
a).Prep.arati_o.n of. inte pnediate.34 Intermediate 31
was washed with toluene, to intermediate 31 was added
a mixture of ethyl 3-aminobenzoate (0.018 mol),
Tris(dibenzylideneacetone)dipalladium(0) (0.00036
mol), (+/-)-2,2'-Bis(diphenylphosphino)-l,l'-bina
rhthalene (0.0018 mol) and cesium carbonate (0.027
mol) in toluene (50 ml). The reaction was brought
under nitrogen. The reaction mixture was shaken for 18
hours at 110 0C, under N2, then the resin was filtered
off hot and washed 3 times with hot DMF (at 7O0C), 3
times with hot water (at 500C), 3 times with DMF and 3
times with water, 3 times with DMF and 3 times with
water, 3 times with DMF and 3 times with DCM. Finally,
washed 3 times with MeOH and 3 times with DCM, 3 times
with MeOH and 3 times with DCM. The residue was dried
under vacuum at 3O0C, yielding intermediate 34.
Intermediate 34 (400 mg) was washed with DCM, to
intermediate 34 was added 10 ml of a solution of
Trimethylsilyl trifluoromethanesulfonate /
2,6-lutidine (1M/1,5M) in DCM. The resin was shaked
gently for 3 hours at room temperature. The resin was
filtered, washed with 3x MeOH, 3x DCM, 3x MeOH, 3x
DCM, 3x MeOH, 3x DCM, 3x MeOH, 3x DCM, 3x MeOH, 3x
DCM, yielding intermediate 35, which was used in next
reaction step. c) .Preparatip_n_of intermediate
36Intermediate 35 was washed with DMF. To intermediate
35 was added a mixture of N- (tert-Butoxycarbonyl)-L-
leucine (0.00108 mol), Fluoro-N,N,N ,N -
tetramethylformamidinium hexafluorophosphate (0.00108
mol) and DIPEA (0.0018 mol) in DMF (10 ml). The
reaction mixture was shaken 48 hours at room
temperature, then the resin was filtered off and
washed with 3x MeOH, 3x DCM, 3x MeOH, 3x DCM, 3x MeOH,
3x DCM, 3x MeOH, 3x DCM, 3x MeOH, 3x DCM, yielding
(RS) intermediate 36, which was used in next
dXPrep.aratign. ofjnterm .ediate .37 Intermediate 36
was washed with THF, intermediate 36 was added
lithiumhydxoxide (0.0049 mol) in THF (8 ml) and water
(2 ml). The reaction mixture was shaken for 48 hours
at 500C, then the resin was filtered off and washed 3
times with water, 3 times with MeOH, 3 times with
water and 3 times with DMF, 3 times with water and 3
times with DMF, 3 times with MeOH and 3 times with
DCM, 3 times with MeOH and 3 times with DCM, 3 times
with MeOH and 3 times with DCM. The resin was cleaved
with TFA/TIS/DCM (25/2/73) for 4 hours, then the resin
was filtered off and shaked for 1 hour with
TFA/TIS/DCM (25/2/73).The resin was filtered off and
washed 3 times with DCM. Finally, the combined
solvents were blown dry under nitrogen at 500C, 3
times DCM (5 ml) was added and blown dry under
nitrogen at 500C, yielding intermediate 37 (RS),
isolated as a TFA-salt. Example Al 1
.a).Preparation.of phenol,
5-[(6-chloro-4-pyrimidinyl)amino]-2-methoxyinte.
.?.?diates.38_and__3.9 Free base: intermediate 38
.HCl: intermediate 39 A solution of
4,6-dichloropyrimidine (0.1 mol),
5-amino-2-methoxyphenol (0.1 mol) and DIPEA (0.2 mol)
in 2-propanol (200 ml) was heated in a microwave oven
(divided in 5 portions) for 30 minutes at 13O0C. Then
the solvent was evaporated and the obtained residue
was stirred in acetonitrile. The resulting precipitate
was filtered off, washed with acetonitrile/DIPE and
dried (vac.) at 600C, yielding 15.01 g (60%) of
intermediate 38. If desired, the compound can be
converted to the HCl salt by stirringin 6 N
HCl/2-propanol and collecting and drying the obtained
precipitate, yielding intermediate 39. bc
Prej>aratign.pfjnterr aedj.ate .4O benzenemethanol,
3-[[6-[(3-hydroxy-4-
methoxyphenyl)amino]-4-pyrimidinyl]amino]- A mixture
of intermediate 39 (0.05 mol, HCl salt) and
3-aminobenzenemethanol (0.05 mol) in n-butanol (80 ml)
was equally divided over 2 microwave reaction vessels
and each reaction mixture was heated for 30 minutes at
13O0C. Extra 3- aminobenzenemethanol (0.0025 mol) was
then added to each vessel and the resulting mixtures
were heated for another 20 minutes at 130C. 2-propanol
and 6 N HC1/2- propanol was added to the combined
mixtures, after which they were stirred overnight. The
formed precipitate was collected and purified by
reversed-phase high-performance liquid chromatography
(NH OAc buffer). After evaporation of the organic
component of the eluent, a white precipitation was
obtained, filtered off and dried in the oven, yielding
9.2444 g (55 %) of intermediate 40, melting point
232.0-232.1 0C. ) .Preparation .of carbamic acid,
[2-[5-[[6-[[3-(hydroxymethyl)phenyl]amino]-4-
ffiterme_diate. 41.
pyrimidinyl]amino]-2-methoxyphenoxy]ethyl]-,
1,1-dimethylethyl ester A suspension of intermediate
40 (0.0075 mol) and cesium carbonate (0.0375 mol) in
DMF (50 ml) was stirred for 1 hour at room
temperature. Then (2-bromoethyl)- carbamic acid, 1,1
-dimethylethyl ester (0.0090 mol) was added and the
reaction mixture was stirred overnight. Extra
(2-bromoethyl)-carbamic acid, 1,1 -dimethylethyl ester
(0.14 g) was added and the resulting mixture was
stirred at 500C. After 9 hours, the solvent was
evaporated and DCM and water were added. The mixture
was extracted 2 times with DCM and the combined
organic layers were dried (anhydrous K2CO3) . The
product was purified over a pad of silica gel (eluent:
DCM/EtOAc 60/40 to 0/100). The product fractions were
collected and the solvent was evaporated. The obtained
residue was triturated with DIPE and after filtration
the desired product was dried (vac.) at 60C, yielding
2.92 g (81 %) of intermediate 41. .^Preparation pf
glycine, N-[[3-[[6-[[3-[2-[[(l ,1- intermediate . 42
dimethylethoxy)carbonyl]amino]ethoxy]-4-
methoxyphenyl]amino]-4-pyrimidinyl]amino]phenyl]methyl
]-Nmethyl-, methyl ester A suspension of intermediate
4 1 (0.0020 mol) and sodium iodide (0.0020 mol) in dry
acetonitrile (50ml) was stirred at room temperature,
then methanesulfonyl chloride (0.0024 mol) and DIPEA
(0.060 mol) were added dropwise. After 15 minutes
sarcosine methyl ester hydrochloride (0.0030 mol) was
added. The reaction mixture was stirred for 16 hours
at 650C and, upon cooling to room temperature,
PS-N=C=O (Aldrich, cat.473685) (0.0030 mol) was added
together with DCM (q.s.) and acetonitrile (q.s.). The
mixture was shaken for 24 hours and then the resin was
filtered off and washed with DCM, with MeOH, with DCM,
with MeOH and with DCM again. The solvent was
evaporated and the obtained residue was used as such
in the next reaction step, yielding intermediate 42 .
e) Preparatirn.of glycine,
N-[[3-[[6-[[3-[2-[[(l,lintermediate . 43
dimethylethoxy)carbonyl]amino]ethoxy]-4-
methoxyphenyl]amino]-4-pyrimidinyl]ammo]phenyl]methyl]
-Nmethyl- Lithium hydroxide monohydrate (0.010 mol)
was added to a solution of intermediate 42 (0.002 mol)
in EtOH/water (8/2) (50 ml) and the reaction mixture
was stirred overnight at 65C. Extra lithium hydroxide
monohydrate (0.010 mol) was added, then the mixture
was stirred for 4 hours at 65C and the solvent was
evaporated to dryness, yielding intermediate 43, used
as such in the next reaction step. . .Prep.aration.pf
glycine, N-[[3-[[6-[[3-(2-aminoethoxy)-4- intermediate
44 methoxyphenyl]
amino]-4-pyrimidinyl]amino]phenyl]methyl] -Nmethyl-
trifluoroacetic acid salt A solution of intermediate
43 (0.002 mol) in TFA/DCM/TIS (49/49/2) (50 ml) was
stirred for 1 hour at room temperature and then the
solvent was evaporated, yielding intermediate 44,
isolated as a trifluoroacetic acid salt, used as such
in the next reaction step. Intermediate that was
prepared according to Example Al IfExample Al 2 a)
.Preparation.of L-leucine,
N-[(4-chloro-2-nitrophenyl)acetyl]-, 1,1-dimethylethyl
intermediate . 4.5 ester A mixture of
4-chloro-2-nitro- benzeneacetic acid (0.0134 mol),
L-leucine, 1,1- dimethylethyl ester, hydrochloride
(0.0161 mol), triethylamine (0.0161 mol), EDC (0.0161
mol) and 1-hydroxy- lH-benzotriazo Ie (0.0161 mol) in
DCM/THF (60ml) was stirred at room temperature
overnight, water was added then the mixture was
extracted with DCM. The organic layer was separated,
dried (MgSO4), filtered, and the solvent was
evaporated till dryness. The residue (6.5g) was
crystallized from EtOAc/DIPE. The precipitate was
filtered, washed with DIPE and air dried, yielding
3.2g (63%) of intermediate 45. bXPrep.aration.pf
L-leucine, N-[(2-amino-4-chlorophenyl)acetyl]-, 1,1-
mtepnedi.ate 4.6 dimethylethyl ester A mixture of
intermediate 45 (0.0072 mol) and Pt/C 5% (0.28g) in
thiophene solution 10% in EtOH ( 1.4ml) and THF
(100ml) was hydrogenated at 5O0C for 72 hours under a
3 bar pressure, then filtered over celite. The
filtrate was evaporated. The residue (3.4g) was
purified by column chromatography over silica gel
(eluent: DCM/MeO H 100/0 to 98/2; 15-40mm). The pure
fractions were collected and the solvent was
evaporated, yielding 2g (77%) of intermediate 46 (L).
c)..PrcparatiQn.of L-leucine,
N-[[4-chloro-2-[(6-iodo-4- te.W .?.4iate. 4.7
pyrimidinyl)amino]phenyl]acetyl]-, 1,1-dimethylethyl
ester A mixture of intermediate 46 (L) (0.0028 mol),
4,6-diiodo- pyrimidine (0.0056 mol) and DIPEA (0.0056
mol) in NMP (20ml) was heated in a microwaves (P=IOOW)
at 17O0C for 45 minutes, then cooled to room
temperature, poured out into water and extracted with
EtOAc/diethyl ether. The organic layer was washed with
saturated NaCl, dried (MgSO 4), filtered, and the
solvent was evaporated till dryness. The residue (4g)
was purified by column chromatography over silica gel
(eluent: DCM/MeO H 100/0 to 98/2; 15-40mm). The pure
fractions were collected and the solvent was
evaporated, yielding intermediate 47 (L). dlPrep
.arati.qri.e f L-leucine,
N-[[4-chloro-2-[[6-[[3-[3-[[(l, 1- intermediate.4 .8
dimethylethoxy)carbonyl]amino]propoxy]-4-methoxyphenyl
] amino] -4-pyrimidinyl] amino]phenyl] acetyl] -,
1,1-dimethylethyl ester A mixture of intermediate 47
(L) (0.0017 mol), intermediate 15 (0.0021 mol) and
HCl/2-propanol 5N (6 drops) in t-butanol (20ml) was
stirred and refluxed for 18 hours, then cooled to room
temperature, poured out into water and extracted with
DCM. The organic layer was washed with potassium
carbonate 10%, dried (MgSO 4), filtered, and the
solvent was evaporated till dryness. The residue
(1.46g) was purified by column chromatography over
silica gel (eluent: DCM/MeOH/NH 4OH 100/0/0 to
97/3/0.1; 15- 40mm). The pure fractions were collected
and the solvent was evaporated, yielding 0.54g (41%)
of intermediate 48 (L). e}.Prep. aration.of L-leucine,
N-[[2-[[6-[[3-(3-aminopropoxy)-4- intermediate.4.9
methoxyphenyl]amino]-4-pyrimidinyl]amino]-4-
chlorophenyl]acetyl]- trifluoroacetic acid salt A
mixture of intermediate 48 (L) (0.0007 mol) in TFA
(2ml) and DCM (10ml) was stirred at room temperature
for 18 hours. The solvent was evaporated till dryness,
yielding intermediate 49, isolated as a
trifluoroacetic acid salt. This product was used
directly in the next reaction step. Example Al 3
a).PreparatiQ W.of carbamic acid,
(5-chloro-2-hydroxyphenyl)-, 1,1-dimethylethyl .i
termediate_5.0 ester A solution of di-tert-butyl
dicarbonate ester (0.0696 mol) in THF (50ml) was added
at 00C to a solution of 2-amino-4-chlorophenol (0.0697
mol) in THF (100ml). The mixture was stirred at room
temperature for 1 hour, then left at room temperature
for 48 hours and evaporated in vacuo. The residue was
purified by column chromatography 



over silica gel (eluent: DCM 100). The pure fractions
were collected and the solvent was evaporated.,
yielding 13.6g (80%) of intermediate 50. b P
p.aratiori.of carbamic acid,
[2-(2-bromoethoxy)-5-chlorophenyl]-, 1,1-
intermediate.5.1. dimethylethyl ester A mixture of
intermediate 50 (0.0615 mol), 1,2-dibromoethane
(0.0313 mol) and cesium carbonate (0.0615 mol) in DMF
(150ml) was stirred at room temperature for 48 hours,
then poured out into water and extracted three times
with diethyl ether and brine. The organic layer was
separated, dried (MgSO 4), filtered, and the solvent
was evaporated in vacuo, yielding intermediate 51.
This product was used directly in the next reaction
step. c}.Preparation .of carbamic acid,
[5-chloro-2-[2-[(3- inteprie.di_ate. 5.2
hydroxypropyl)amino]ethoxy]phenyl]-, 1,1-dimethylethyl
esterA mixture of intermediate 5 1 (0.0615 mol) and
3-amino-l-propanol (0. 612 mol) in EtOH (300ml) was
stirred and refluxed for 48 hours, then condensed in
vacuo, poured out into water and extracted three times
with DCM. The organic phase was separated, washed with
brine, dried (MgSO4), filtered, and the solvent was
evaporated in vacuo. The residue was purified by
column chromatography over silica gel (eluent:
DCM/MeOH/NH 4OH 95/5/0.5). The pure fractions were
collected and the solvent was evaporated, yielding
6.4g (30%) of intermediate 52. ).Prep.aration.of
carbamic acid, [2~[4-chloro-2-[[(l,ltermediate . 5.3
dimethylethoxy)carbonyl]amino]phenoxy]ethyl](3-
hydroxypropyl)-, phenylmethyl ester A solution of
benzyl chloro formate (0.022 mol) in DCM (10ml) was
added at O0C to a mixture of intermediate 52 (0.0183
mol) and triethylamine (0.0226 mol) in DCM (200ml).
The mixture was stirred at room temperature overnight
and was poured out into water. NaHCO (50 ml) was
added. The organic layer was separated, dried (MgSO4),
filtered, and the solvent was evaporated in vacuo. The
residue was purified by column chromatography over
silica gel (eluent: DCM/MeOH 100/0 to 98/2). The pure
fractions were collected and the solvent was
evaporated, yielding 8.2g (94%) of intermediate 53.
.Preparation .of acetic acid, trifluoro-,
3-[[2-(2-amino-4- interaiedi.ate. . 54
chlorophenoxy)ethyl][(phenylmethoxy)carbonyl]amino]pro
pyl ester TFA (15ml) was added at O0C to a stirring
mixture of intermediate 53 (0.0173 mol) in DCM (100ml)
and the resulting reaction mixture was stirred for 16
hours at room temperature, then evaporated in vacuo,
yielding 8.2g (99%) of intermediate 54. This product
was used directly in the next reaction step.
.Prep.aratio.n of carbamic acid,
[2-[4-chloro-2-[[6-[(3-hydroxy-4- intepnediate 5.5
methoxyphenyl)amino] -4-pyrimidinyl]amino]phenoxy]
ethyl](3- hydroxypropyl)-, phenylmethyl ester A
mixture of intermediate 38 (0.019 mol), intermediate
54 (0.017 mol) and HC1/2- propanol (20 drops, 5M) in
2-methyl-2-pentanol (25ml) was stirred and refluxed
for 20 hours, then evaporated in vacuo. The residue
was dissolved in DCM. TFA was added. The mixture was
stirred overnight. TFA was added. The mixture was
stirred at room temperature for 3 days, then
evaporated in vacuo. The residue was dissolved in
EtOH. Potassium hydroxide (30 ml, 2M solution) was
added. The mixture was stirred and refluxed, then
evaporated in vacuo. HCl 3N was added to neutralize
the mixture then water (200 ml) was added. The mixture
was extracted three times with DCM. The organic layer
was separated, dried (MgSO ), filtered, and the
solvent was evaporated.The residue was purified by
column chromatography over silica gel (eluent:
DCM/MeOH/NH 4OH 97/3/0.1). The pure fractions were
collected and the solvent was evaporated, yielding
8.3g (73%) of intermediate 55. ).Prep.aration of
phenol, 5-[[6-[[5-chloro-2-[2-[(3- intermediate 5.6
hydroxypropyl)amino]ethoxy]phenyl]amino]-4-
pyrimidinyl] amino]-2-methoxy- A mixture of
intermediate 55 (0.013 mol) in potassium hydroxide 40%
(0.3ml) and EtOH (2ml) was stirred and refluxed for 1
hour. A solution OfNH4Cl was added. The solvent was
removed in vacuo. The mixture was partitioned between
DCM and saturated NaCl. The insoluble material was
removed by filtration, dissolved in a mixture of
CH2Cl2/MeOH/NH 4OH (80/20/3), filtered on a cake of
silica and concentrated in vacuo. The residue was
suspended in CH Cl2 (200 ml) and DIEA (20 ml) was
added. The mixture was stirred 16 hours at room
temperature, then water (200 ml) was added. The
organic extract was dried (MgSO4) then concentrated in
vacuo to yield 3.9g of intermediate 56, melting point
17O0C. Example Al 4 Pxeparation of benzoic acid,
3-[(6-chloro-4-pyrimidinyl)amino]-, 1,1- intermediate
5.7 dimethylethyl ester A mixture of
4,6-dichloropyrimidine (0.0168 mol), 3-aminobenzoic
acid, 1,1- dimethylethyl ester (0.034 mol) and DIPEA
(0.034 mol) in 2-propanol (60 ml) was reacted
overnight at 90C and then the solvent was evaporated.
The residue was treated with IN HCl and washed 3 times
and then the organic solvent was evaporated. The
obtained product was dissolved in DCM and washed 3
times with IN HCl. The organic layer was separated,
dried (MgSO ) and the solvent was evaporated, yielding
5.61 g of intermediate 57. Example Al 5 . ).
.Preparation .of carbamic acid, [2-[[(4-methoxy-3-
intermediate . 58. nitrophenyl)methyl]amino]ethyl]-,
1,1 -dimethylethyl ester A mixture of
4-methoxy-3-nitro- benzaldehyde (0.00625 mol) and
(2-aminoethyl)- carbamic acid, 1,1 -dimethylethyl
ester (0.00625 mol) in MeOH (30 ml) was reacted for 2
hours at room temperature, then sodium
tetrahydroborate (0.0069 mol) was added and the
reaction mixture was stirred overnight. Water was
added and the resulting mixture was extracted 3 times
with toluene. The organic layer was separated, dried
(MgSO4) and the solvent was evaporated, yielding
intermediate 58. b}.Prep.aration.of carbamic acid,
[2-[[(3-amino-4-intermediate. 59
methoxyphenyl)methyl]amino]ethyl]-, 1,1-dimethylethyl
ester A mixture of intermediate 58 (0.001 mol) in MeOH
(q.s.) was hydrogenated with Pd/C (0.1 g) as a
catalyst in the presence of thiophene solution (0.1
ml). After uptake of H2 (3 equiv.), the catalyst was
filtered off and the filtrate was evaporated. After
extraction with DCM, the organic layer was separated,
dried (MgSO4) and the solvent was evaporated (vac),
yielding 1.579 g of intermediate 59. c) .Preparation
.of benzoic acid, 3-[[6-[[5-[[[2-[[(l,l-
.intermediatej dO
dimethylethoxy)carbonyl]amino]ethyl]amino]methyl]-2-
methoxyphenyl]amino]-4-pyrimidinyl]amino]-,
1,1-dimethylethyl ester A mixture of intermediate 59
(0.00305 mol), intermediate 57 (0.00254 mol),
2-methyl- 2-propanol, sodium salt (0.00305 mol),
tris(dibenzylideneacetone)dipalladium(O) (0.00013 mol)
and BINAP (0.00026 mol) in toluene (40 ml) was reacted
overnight at 900C, then the solvent was evaporated and
the residue was purified by reversed-phase
high-performance liquid chromatography. The desired
product fraction was collected and extracted, yielding
0.122 g of intermediate 60. . .Prep.aration.pf benzoic
acid, 3-[[6-[[5-[[[2-[[(l,lte pnedjate l.
dimethylethoxy)carbonyl]amino]ethyl][(9H-fluoren-9-
ylmethoxy)carbonyl]amino]methyl]-2-methoxyphenyl]amino
]-4- pyrimidinyl]amino]-, 1,1-dimethylethyl ester A
mixture of intermediate 60 (0.00021 mol) and
l-[[(9H-fluoren-9- ylmethoxy)carbonyl]oxy]-
2,5-pyrrolidinedione (0.00024 mol) in DCM (10 ml) was
reacted for 3 hours at room temperature and then the
reaction mixture was treated with an aq. NaHCO soln.
The organic layer was separated, dried (MgSO ) and the
solvent was evaporated, yielding 0.169 g of
intermediate 61, used as such in the next reaction
step). e).PreparatiQn.of benzoic acid,
3-[[6-[[5-[[(2-aminoethyl)[(9H-fluoren-9-
.in.termediate .62
ylmethoxy)carbonyl]amino]methyl]-2-methoxyphenyl]amino
]-4- pyrimidinyl] amino]- A mixture of intermediate 6
1 (0.00021 mol) in TFA (50% in DCM) (5 ml) was reacted
for 5 hours at room temperature and then the solvent
was evaporated, yielding intermediate 62. Example Al 6
a). Preparatiori.of phenylalanine,
N-[[3-[[6-[[3-[2-[[(l, 1- intermediate. 6.3
dimethylethoxy)carbonyl] amino]ethoxy] -4-
methoxyphenyl]
amino]-4-pyrimidinyl]amino]phenyl]methyl] -,methyl
ester Methanesulfonyl chloride (0.0006 mol) was added
to a suspension of intermediate 41(0.0005 mol) and
sodium iodide (0.0005 mol) in acetonitrile (15 ml).
Then DIPEA (0.0015 mol) was added and the reaction
mixture was stirred for 15 minutes at room
temperature. Next, phenylalanine methyl ester
hydrochloride (q.s.) was added and the resulting
mixture was stirred for 19 hours at 65C. LCMS
monitoring showed slow progression and the reaction
had to be warmed to 8O0C for 9 more hours to effect
completion. After cooling to room temperature, DCM was
added in the same quantity, then PS-benzaldehyde
(Argonaut Technologies, cat. 800361) (0.003 mol) was
added and the reaction mixture was shaken for 40 hours
at room temperature. The resin was was filtered off
and then washed with DCM, with heptane, with DCM, with
heptane again and finally with DCM again, yielding
intermediate 63 (used as such in the next reaction
step). b).Prep.aration.of phenylalanine,
N-[[3-[[6-[[3-(2-aminoethoxy)-4- intermediate 64
methoxyphenyl] amino] -4-pyr imidinyl]
amino]phenyl]methyl] - A solution of intermediate 63
(0.0005 mol) in HCl 6 N (10 ml) and dioxane (10 ml)
was stirred for 48 hours at 65C. Since LCMS monitoring
showed slow progression, the solvent was concentrated,
HCl (37 %) was added and the resulting mixture was
stirred again overnight at 65C to effect completion.
Finally, the solvent was evaporated, yielding
intermediate 64 (RS), which was used as such in the
next reaction step. Example Al 7 Pc p i
ion..pJJntejmediate_65 phenol,
5-amino-2-(2-methoxyethoxy)- A mixture of
2-(2-methoxyethoxy)-5-nitrophenol (0.0356 mol) and
Raney Nickel (7.6g) in MeOH (150ml) was hydrogenated
at room temperature for 6 hours under a 3 bar
pressure, then filtered. The filtrate was evaporated
till dryness, yielding 6.5g (100%) of intermediate 65.
Example Al 8 ) .Preparatip.Q.Qf 1-pentanol,
5-[[(4-chloro-5-fluoro-2-nitrophenyl)methyl]amino]-
.interaiediate 66 A mixture of
4-chloro-5-fluoro-2-nitrobenzaldehyde (0.0295 mol) and
5-amino-lpentanol (0.0295 mol) in MeOH (100ml) was
stirred at room temperature for 18 hours. NaBH CN
(3ml) and acetic acid (100ml) were added. The mixture
was stirred at room temperature overnight, then
quenched with water, poured out into saturated NaHCO
and extracted with DCM. The organic layer was
separated, dried (MgSO4), filtered, andthe solvent was
evaporated till dryness, yielding 7.5g (87%) of
intermediate 66. This product was used directly in the
next reaction step. .bXPrep.aration.p f 1-pentanol,
5-[[(4-chloro-5-fluoro-2- interaiedjate ..67
nitrophenyl)methyl] methylamino] - A mixture of
intermediate 66 (0.0179 mol), formaldehyde 37% aqueous
(0.0447 mol) and formic acid (0.0447 mol) was stirred
at 500C for 3 hours, then cooled to room temperature
and diluted in water. pH was adjusted to 7 with
saturated NaHCO . The mixture was extracted with DCM.
The organic layer was separated, dried (MgSO4),
filtered, and the solvent was evaporated till dryness,
yielding 4.1g (75%) of intermediate 67. .
}.Preparati_on_of 1-pentanol, 5-[[(2-amino-4-chloro-5~
i te ed ate_ fluorophenyl)methyl]methylamino]- A
mixture of intermediate 67 (0.0135 mol), iron (0.0673
mol) and ammonium chloride (0.135 mol) in
THF/MeOH/water (400ml) was stirred and refluxed for 18
hours, then cooled to room temperature and filtered.
The filtrate was diluted in DCM and washed with
potassium carbonate 10%. The organic layer was
separated, dried (MgSO4), filtered, and the solvent
was evaporated till dryness. The residue (3.5g) was
purified by column chromatography DCM/MeOH/NH 4OH
95/5/0.1; 70-200mm). The pure fractions were collected
and the solvent was evaporated, yielding 1.2g (32%) of
intermediate 68. .d).Prep.aration.pf 1-pentanol,
5-[[[4-chloro~2-[(6-chloro-4-pyrimidinyl)amino]-5-
ffitejmedjate 69 fluorophenyl]methyl]methylamino]- A
mixture of intermediate 68 (0.0043 mol),
4,6-dichloropyrimidine (0.0087 mol) and DIPEA (0.0096
mol) in NMP (25ml) was stirred at 17O0C for 1 hour,
then cooled to room temperature, poured out into water
and extracted three times with diethyl ether. The
organic layer was separated, dried (MgSO4), filtered,
and the solvent was evaporated till dryness. The
residue was purified by column chromatography over
silica gel (eluent: DCM/MeOH/NH 4OH 98/2/1; 15-40mm).
The pure fractions were collected and the solvent was
evaporated, yielding 1.3g (77%) of intermediate 69. e)
.Preparation_of phenol,
5-[[6-[[5-chloro-4-fluoro-2-[[(5- .intermediate.-70.
hydroxypentyl)methylamino]methyi]phenyi]amino]-4-
pyrimidmyl]amino]-2-(2-methoxyethoxy)- A mixture of
intermediate 69 (0.0033 mol), intermediate 65 (0.0039
mol) and HC1/2- propanol 5N (3 drops) in t-butanol
(25ml) was refluxed for 16 hours, then evaporated till
dryness. The residue was dissolved in
2-methyl-2-pentanol (15ml). The mixture was stirred
and refluxed overnight, then cooled to room
temperature, poured out into saturated NaHCO and
extracted with DCM. The organic layer was separated,
dried(MgSO ), filtered, and the solvent was evaporated
till dryness. The crude oil (Ug) was crystallized from
DCM/MeOH (95/5). The precipitate was filtered off and
dried, yielding 0.46g (25%) of intermediate 70.
Example Al 9 . .eparation.of intermediate 7 1
Intermediate 7 1 was prepared in exact the same manner
as intermediate 31, only as starting material
3-(l-Boc-piperazin-4-yl-methyl)-aniline [361345-40-6]
was used in the synthesis. .b).Prep.aration.of
intermediate 72 Intermediate 7 1 was washed with
dioxane. To intermediate 7 1 (400 mg) was added a
mixture of [4-(2-methoxycarbonylethyl)phenyl]boronic
acid (0.0018 mol),
tris(dibenzylideneacetone)dipalladium(O) (0.000036
mol), 1,3-Bis(2,4,6-
trimethylphenyl)-4,5-dihydroimidazolium chloride
(0.000036 mol) and cesium carbonate (0.0036 mol) in
dioxane (10 ml). The reaction was brought under
nitrogen. The reaction mixture was shaken for 18 hours
at 900C, under N2, then the resin was filtered off hot
and washed 3 times with hot DMF (at 7O0C), 3 times
with hot water (at 500C), 3 times with DMF and 3 times
with water, 3 times with DMF and 3 times with DCM.
Finally, washed 3 times with MeOH and 3 times with
DCM, 3 times with MeOH and 3 times with DCM, yielding
intermediate 72, which was used in next reaction step.
c)..Preparatiori.of benzenepropanoic acid,
4-[6-[[3-(lifttermedjate . 73.
piperazinylmethyl)phenyl]amino]-4-pyrimidinyl]-Interme
diate 72 was washed with THF, to intermediate 72 was
added lithiumhydroxide (0.0049 mol) in THF (8 ml) and
water (2 ml). The reaction mixture was shaken for 48
hours at 5O0C, then the resin was filtered off and
washed 3 times with water, 3 times with MeOH, 3 times
with water and 3 times with DMF, 3 times with water
and 3 times with DMF, 3 times with MeOH and 3 times
with DCM, 3 times with MeOH and 3 times with DCM, 3
times with MeOH and 3 times with DCM. The resin was
cleaved with TFA/TIS/DCM (25/2/73) for 4 hours, then
the resin was filtered off and shaked for 1 hour with
TFA/TIS/DCM (25/2/73).The resin was filtered off and
washed 3 times with DCM. Finally, the combined
solvents were blown dry under nitrogen at 50C, 3 times
DCM (5 ml) was added and blown dry under nitrogen at
5O0C, yielding intermediate 73 isolated as a TFA-salt.
Example A20 Intermediate 39 (0.027 mol) and
5-amino-2-chloro- benzenemethanol (0.032 mol) were
dissolved in DMF (60 ml). The reaction solution was
stirred and heated at 14O0C for 5 hours, yielding
intermediate 74, (mixture used in next reaction step,
without further work-up/purification). bc P re
.aratign.ointerm.e .ajte.75 To intermediate 74 (crude
reaction mixture containing max. 0.027 mol of
intermediate) was added DMF (200 ml) and Cesium
carbonate (0.162 mol). The resulting suspension was
stirred for one hour at room temperature. Then
(2-bromoethyl)-carbamic acid, 1,1- dimethylethyl ester
(0.054 mol) was added and the reaction mixture was
stirred for 24 hours at room temperature. The mixture
was filtered through a fritted funnel. The filtrate's
solvent was evaporated on the Rotavap. The residue
(dark oil) was purified by column chromatography. The
product fractions were collected and the solvent was
evaporated, yielding 6.73 g (48%) of intermediate 75.)
. .eparation.pfinte p edi.ate 7.6 Intermediate 75
(0.001750 mol) was suspended in a mixture of DIPEA
(0.00525 mol) and acetonitrile (33.5 ml).
Methanesulfonyl chloride (0.002275 mol) was added and
the resulting homogeneous solution was stirred for 30
minutes, yielding intermediate 76, (mixture used in
next reaction step, without further
work-up/purifcation). . . r.e-P-aration.omtermediate
.7.7. 4-(methylamino)- butanoic acid, methyl ester
(0.000500 mol) and DIPEA (0.000750 mol) were added to
intermediate 76 ( 0.000250 mol) in acetonitrile (5 ml)
in a tube. The tube was capped with a silicon stopper
and the reaction mixture was shaken for 24 hours at
65C. The mixture was allowed to cool to room
temperature, and diluted with 5 ml of DCM. Scavenger
was added and the mixture was shaken overnight at room
temperature. The solvent was removed, yielding
intermediate 77. . )--Pr. e - .ti9.W- ? e..78
Intermediate 77 ( 0.000250 mol) was taken up into a
mixture of TFA/DCM/TIS 49/49/2 v/v/v (5 ml). The
reaction mixture was stirred overnight at room
temperature. The solvent and excess of TFA was
evaporated. The residue was dried (oil-pump vacuum;
650C), yielding intermediate 78. .
P?eEaratipn.oXintermediate_79Intermediate 78 (
0.000250 mol) was taken up into a mixture of THF/water
8/1 (10 ml). Lithium hydroxide monohydrate (0.00250
mol; 10 equiv) was added. The reaction mixture was
stirred overnight at 650C. The solvent was evaporated.
The residue was dried (oil-pump vacuum). The residue
was taken up into dry DMF (10 ml), filtered off, then
used as such in next reaction step, yielding
intermediate 79. Example A21 a-).PrepaJCation.gf
intermediate..80 A mixture of (5-hydroxypentyl)-
carbamic acid, 1,1-dimethylethyl ester (0.06 mol), 3-
nitro- phenol (0.05 mol) and triphenylphosphine (0.05
mol) in THF (300 ml) was stirred at 00C and
bis(l-methylethyl) diazenedicarboxylate (0.05 mol) was
added dropwise at 00C. The reaction mixture was
stirred for 15 minutes at 00C and was then allowed to
reach room temperature. The mixture was stirred at
ambient temperature for 1 hour and the solvent was
evaporated. The residue was purified by short column
chromatography (eluent: DCM). The product fractions
were collected and the solvent was evaporated. The
obtained residue (12 g) was precipitated from
petroleum benzin and the resulting precipitate was
collected, yielding 9.3 g of intermediate 80, melting
point 65C. bXPj[ejp.aratioji.gf jnterjtnejdiate.81 A
mixture of intermediate 80 (0.028 mol) in MeOH (250
ml) was hydrogenated at 500C with Pd/C 10% (2 g) as a
catalyst in the presence of thiophene solution ( 1
ml). After uptake of H (3 equiv.), the catalyst was
filtered over dicalite and the filtrate was
evaporated, yielding 9 g of intermediate 81. .<?)
Preparation of intermediate 82
2-(3,5-Dimethoxy-4-formylphenoxy)ethoxymethyl
polystyrene (Novabiochem; 01-64- 0261) (0.0018 mol)
was washed with 1% acetic acid in DCM (50 ml), then a
solution of intermediate 8 1 (0.009 mol) in 1% acetic
acid in DCM (25 ml) was added and the resulting
mixture was shaken for 10 minutes at room temperature.
Tris(acetato- a-O)- hydroborate (1-), sodium (0.009
mol) was added, followed by addition of 1% acetic acid
in DCM (25 ml) and the reaction mixture was shaken for
2 days at roomtemperature. After filtration, the resin
was washed 4 x [3 times with MeOH and 3 times with
DCM], yielding intermediate 82. . .P p.Mation. ofjnte
pnediate .83 A mixture of intermediate 82 (max. 0.0018
mol; previously washed with butanol (q.s.)),
4,6-dichloro- pyrimidine (0.018 mol) and DIPEA (0.018
mol) in butanol (50 ml) was shaken for 40 hours at
9O0C and under N , then the resin was filtered off,
yielding (without cleavage), intermediate 83.
.Preparatipn of intermediate 84 A mixture of
intermediate 83 (max. 0.0018 mol; previously washed 2
x with toluene), 4-[(3-aminophenyl)methyl]-
1-piperazineacetic acid, ethyl ester (0.018 mol),
Pd2(dba)3 [cas number 51364-51-3] (0.00036 mol), BINAP
(0.0018 mol) and cesium carbonate (0.027 mol) in
toluene (p.a., dry, 50 ml) was shaken for 18 hours at
1100C and under N2, then the resin was filtered off
hot and washed 3 times with hot DMF, 3 times with hot
DMF/water, 3 x with hot DMF, 3 times with water and 3
times with DMF, 3 x with DCM, 3 x with DMF, washed 2 x
[3 times with DCM and 3 times with MeOH], and 3 x with
DCM. A sample was cleaved with TFA/TIS/DCM (25/2/73).
After evaporation, the obtained residue was
.(c).Preparation , of .intermediate 8.5 A mixture of
intermediate 84 (0.4 g; max. 0.00018 mol) and lithium
hydroxide monohydrate (0.0048 mol) in THF (8 ml) and
water (2 ml) was shaken for 48 hours at 50C, then the
resin was filtered off, washed 3 times with water
(5O0C), 3 times with DMF, then 3 x with DCM. The
reaction mixture was cleaved with TFA/TIS/DCM
(25/2/73) over 4 hours, then filtered and the filtrate
was collected. The resin was shaken again for 1 hour
with TFA/TIS/DCM 25/2/73 , then filtered and the
filtrate was collected. The filtrates were combined
and the solvent was evaporated at 700C under N2 flow,
yielding intermediate 85.Example A22 )
.Preparation.ofmte pnMiate..86 -methyl- glycine, ethyl
ester (0.326 mol) was added to a mixture of
3-nitrobenzaldehyde (0.326 mol) in 1,2-dichloro-
ethane (1000 ml). 2-propanol, titanium(4+) salt (0.39
mol) was added and the reaction mixture was stirred
for 10 minutes at room temperature. Tris(acetato-a-O)
hydroborate (1-), sodium (0.82 mol) was added and the
reaction mixture was stirred for 2 hours at room
temperature under N2 atmosphere. Water (500 ml) was
added carefully. DCM (500 ml) was added. The biphasic
mixture was filtered through dicalite. The filtrate
was separated into it's layers. The organic phase was
washed with water, dried (MgSO ), filtered and the
solvent was evaporated. The residue was concentrated
with DIPE, then with toluene, yielding intermediate 86
(quantitative yield, used in next reaction step,
without further purification).
bJ.Rrep.aration.pfjntermediate.87 A mixture of
intermediate 86 (max. 0.326 mol) in EtOH (600 ml) was
hydrogenated at 5O0C with Pd/C 10% (4 g) as a catalyst
in the presence of thiophene solution (2 ml). After
uptake of H2 (3 equiv), the catalyst was filtered off
over dicalite and the filtrate was evaporated. The
residue was purified by column chromatography over
silica gel (eluent: DCM/MeOH 97/3). The product
fractions were collected and the solvent was
evaporated, yielding 44 g (58%) of intermediate 87.
Example A23 ) .P .ep tj.Qri.ofJ.ntermed.iate..
2-(3,5-Dimethoxy-4-formylphenoxy)ethoxymethyl
polystyrene (Novabiochem; 01-64- 0261) (0.0018 mol)
was washed with 1% acetic acid in DCM (50 ml), then a
solution of [2-(5-amino-2-methoxyphenoxy)ethyl]-
carbamic acid, 1,1-dimethylethyl ester (0.009 mol) in
1% acetic acid in DCM (25 ml) was added and the
resulting mixture was shaken for 10 minutes at room
temperature. Tris(acetato-a-O)-hydroborate (1-),
sodium (0.009 mol) was added, followed by addition of
1% acetic acid in DCM (25 ml) and the reaction mixture
was shaken over the weekend at room temperature. After
filtration, theresin was washed 4 x [3 times with MeOH
and 3 times with DCM], yielding intermediate 88. bc
Prep.aration.pfjntermediate ..89 A mixture of
intermediate 88 (max. 0.0018 mol; previously washed
with butanol (q.s.)), 4,6-dichloro- pyrimidine (0.018
mol) and DIPEA (0.018 mol) in butanol (50 ml) was
shaken for 40 hours at 9O0C and under N2, then the
resin was filtered off and washed 4 x [3 times with
DCM and 3 times with MeOH] and finally 3 times with
DCM. A sample of the resin was cleaved with
TFA/TIS/DCM (25/2/73) for 1 hour and then the solvent
was evaporated, yielding intermediate 89. c
.Prep.aration.of .intermediate. 90 A mixture of
intermediate 89 (max. 0.0018 mol), intermediate 87
(0.018 mol), Pd2(dba)3 [cas number 51364-51-3]
(0.00036 mol), BINAP (0.0018 mol) and cesium carbonate
(0.027 mol) in toluene (p.a., dry, 50 ml) was shaken
for 18 hours at 1100C and under N , then the resin was
filtered off hot and washed 3 times with hot DMF (at
7O0C), 3 times with hot water (at 500C), 2 x [3 times
with DMF and 3 times with water], 3 times with DMF and
3 times with DCM. Finally, washed 2 x [3 times with
MeOH and 3 times with DCM]. A sample was cleaved with
TFA/TIS/DCM (25/2/73) and LCMS-analyses showed an
impurity. The residue was washed again 5 x [3
timeswith MeOH and 3 times with DCM], then a sample
was cleaved with TFA/TIS/DCM (25/2/73). After
evaporation, the obtained residue was dried (vac.) at
300C, yielding . .Prep.arationpfjntermediate_91
Intermediate 90 (0.400 g of crude resin, previously
washed with DCM) was shaken in trifluoro-
methanesulfonic acid, trimethylsilyl
ester/2,6-dimethyl- pyridine/DCM (1.5 



M/l M/10 ml) for 4 hours at room temperature. The
resin was filtered off, washed with DCM ( 1 x), MeOH
(3 x), [DCM (3 x), MeOH (3 x)][4 x], washed with DCM
(3 x), then dried, yielding intermediate 91.. ) .P . p
ti n. ofinteimediate . 9.2 A solution of
N-[(l,l-dimethylethoxy)carbonyl]-4-(trifluoromethyl)-
L-phenylalanine (0.00108 mol),
tetramethylfluoroformamidinium hexafluorophosphate
(0.00108 mol) and DIPEA (0.0018 mol) in DMF dry (10
ml) was added to resin intermediate 9 1 (crude;
previously washed 2 x with dry DMF) and the whole was
shaken for 48 hours at room temperature. The resin was
filtered off, washed with DCM (3 x), with [MeOH (3 x),
DCM (3 x)] [5 x], then dried, yielding intermediate
92.l ). P p tii?j p i- t .93 A mixture of intermediate
92 (crude, previously washed with THF) and lithium
hydroxide monohydrate (0.0048 mol) in THF (8 ml) and
water (2 ml) was shaken for 48 hours at 50C, then the
resin was filtered off, washed 3 times with water (50
0C), 3 times with DMF (50 0C), then 1 x with MeOH and
3 x with DCM. The reaction mixture was cleaved with
TFA/TIS/DCM (25/2/73) over 4 hours, then filtered and
the filtrate was collected. The resin was shaken again
for 1 hour with TFA/TIS/DCM 25/2/73, then filtered and
the filtrate was collected. The filtrates were
combined and the solvent was evaporated at 500C under
N2 flow. Acetonitrile was added to the residue, then
concentrated again at 500C (2 x), yielding
intermediate 93.B. Preparation of the final compounds
Example Bl Pre tion of 14,19-dioxa-2,4,8,26- compoundj
. tetraazatetracyclo[l 8.3. 1.1~3,7~.
l~9,13~]hexacosal(
24),3,5,7(26),9,ll,13(25),16,20,22-decaene-6-carbonitr
ile, (16Z)- Grubbs'catalyst (0.00008 mol, Registry
Number: 172222-30-9) was added to intermediate 1
(0.0006 mol) in DCM p.a. (200 ml). The reaction
mixture was stirred for 16 hours at 50C. The solvent
was evaporated under reduced pressure. The residue was
purified by column chromatography. The product
fractions were collected and the solvent was
evaporated, yielding 0.0081 g of compound 1. Example
B2 Preparation of 14,19-dioxa-2,4,8,26- cornpound.2
tetraazatetracyclo[l 8.3.1. l~3,7~.l~9,13~]hexacosal(
24),3,5,7(26),9,ll,13(25),20,22-nonaene-6-carbonitrile
A solution of 2,4-dichloro-5-pyrimidinecarbonitrile
(0.003 mol) in diglyme (100 ml) was added in one
portion to a solution of
3,3'-[l,4-butanediylbis(oxy)]bis- benzenamine (0.003
mol) in diglyme (400 ml) at 900C. The reaction mixture
was stirred and refluxed for 16 hours and then cooled.
The solvent was evaporated under reduced pressure and
the residue was purified on a silica gel filter
(eluent: DCM/MeOH 99.5/0.5). The product fractions
were collected and the solvent was evaporated under
reduced pressure. The residue was stirred in DCM/MeOH
(98/2), the resulting precipitate was filtered off and
dried, yielding 0.1806 g (16 %) of compound 2. Example
B3 Preparation .of 18-oxa-2,4,8, 15,25- compound 3.
pentaazatetracyclo [17.3 .1.1~3,7~. 1~9,
13~]pentacosal(
23),3,5,7(25),9,ll,13(24),19,21-nonaene-6-carbonitrile
, 14-oxo- A mixture of HBTU (0.0004 mol) in DMF extra
dry (50 ml) was stirred under N2 at room temperature,
then a mixture of intermediate 5 (0.0004 mol) and
DIPEA (0.004 mol) in DMF extra dry (50 ml) was added
dropwise over 1 hour and the reaction mixture was
stirred overnight. The solvent was evaporated and the
residue was stirred in boiling MeOH (10 ml) and water
(5 ml). The mixture was allowed to cool under stirring
and the resulting precipitate was filtered off. The
filtrate was evaporated and the obtained residue was
taken up in DCM/MeOH, then washed with 0.1N HCl and 2
times with 0.1N NaOH. The organic layer was separated,
dried, filtered off and thesolvent was evaporated. The
residue was purified by RediSep(r)-Flash column
chromatography (eluent: DCM/(MeOH/NH 3) 99/1 to 97/3).
The desired product fractions were collected and the
solvent was evaporated. The residue was stirred in
boiling acetonitrile, then the precipitate was
filtered off and dried, yielding 0.022 g (15%) of
compound 3, melting point > 260C. Example B4
Preparation.of 14,22-dioxa-2,4,8, 19,29- . c .Q.x
P.Qund.4 pentaazatetracyclo[2 1.3.1. 1-3,7-. 1-9,1
3~]nonacosal(
27),3,5,7(29),9,ll,13(28),23,25-nonaen-20-one A
mixture of intermediate 9 (0.0023 mol) and DIPEA
(0.0057 mol) in DMF (100 ml) was added dropwise to a
mixture of HBTU (0.0057 mol) in DMF (200 ml) at room
temperature and then the reaction mixture was stirred
for 2 hours at room temperature. The solvent was
evaporated and the obtained residue was dissolved in
DCM/MeOH (8/2) (500 ml). This solution was washed with
water, then the organic layer was separated, dried
(MgSO ), filtered off and the solvent was evaporated.
The residue was purified by reversed-phase
high-performance liquid chromatography (Standard
method,gradient eluent). The product fractions were
collected and the solvent was evaporated. The residue
was dissolved in DCM and washed with water. The
organic layer was separated, dried (MgSO4), filtered
off and the solvent was evaporated. The residual
fraction was crystallised from acetonitrile, then the
precipitate was filtered off, washed with a small
amount of acetonitrile and dried (vac), yielding 0.085
g (9 %) of compound 4. Example B5 PreparatiQn.of
2,4,8, 15,18,26- compound._5 hexaazatetracyclo[l 8.3.
1.1-3,7-. 1-9, 13~]hexacosa- 1(24),3 ,5,7(26),9, 11,1
3(25),20,22-nonaene-6-carbonitrile, 14,17- dioxo-
Intermediate 13 (0.0009 mol) and DIPEA (0.0036 mol)
were slowly added over 2 hours to a mixture of HBTU
(0.00225 mol) in DMF (40 ml), then the reaction
mixture was reacted for 1 hour at room temperature.
After 3 hours, the reaction mixture was treated with
water and the solvent was evaporated. The residue was
purified by reversed-phase high-performance liquid
chromatography. The pure fractions were collected and
the solvent was evaporated, yielding 0.017 g (14 %) of
compound 5.Example B6 PreparatiQn.Qf 21,1 7-metheno-
15,1 1-nitrilo- 1H,16H-pyrrolo[2, 1- cpmp.ound_6 s]
[13,1,5,7, 17,20]benzoxapentaazacyclotricosine-
12-carbonitrile,
8-chloro-7-fluoro-2,3,5,10,23,24,25,26,27,27a-decahydr
o-20- methoxy-27-oxo-, (27aS)- DIPEA (0.001884 mol)
was added to a solution of intermediate 20 (0.000157
mol) in DMF dry (q.s.) and the mixture was stirred for
10 minutes, to give Solution (I). Solution (I) was
added dropwise to a solution of HBTU (0.000471 mol) in
dry DMF (40 ml) and the reaction mixture was stirred
for 1 hour at room temperature. The solvent was
evaporated and satd. aq. NaHCO soln. with Na2CO
(solid) was added to the residue. After extraction
with DCM, the combined organic layers were dried (K2CO
) , and the solvent was evaporated. The obtained
residue was purified by reversed phase
high-performance liquid chromatography (TFA-buffer).
After evaporation of the organic component of the
eluent, NaHCO 3 was added and the product was isolated
by extraction with DCM, yielding 0.01 1 g of compound
6. Example B7 Preparation of
lH,7H-6,2:12,8-dimetheno-13,20,l,3,5,7- .com P.Q.U d.7
benzodioxatetraazacyclodocosine, 23-chloro-
14,15,16,17,18,19- hexahydro- 11-methoxy- A solution
of intermediate 24 (0.00014 mol),
l,l'-(azodicarbonyl)bis- piperidine (0.00021 mol) and
tributyl- phosphine (0.00021 mol) in THF (10 ml) was
stirred for 2hours at room temperature and then the
solvent was evaporated under reduced pressure. The
obtained residue was purified by high-performance
liquid chromatography. The product fractions were
collected and the solvent was evaporated, yielding
0.009 g of compound 7. Example B8 .Preparation.of
2,4,6,8,15,22-hexaazatetracyclo[22.3.1.1~3,7~.l~9,13~]
triacontacomppund 8
l(28),3,5,7(30),9,ll,13(29),24,26-nonaene-14,23-dione
To a solution of intermediate 29 (0.69 mmol) in DMF
(100 ml), DIPEA (6.90 mmol) was added. This solution
was added dropwise during 1 hour to a solution of
(Benzotriazol-l-yloxy)tripyrrolidinophosphonium
hexafluorophosphate (2.1 mmol) in DMF (100 ml) at room
temperature. The reaction mixture was stirred further
for 30 min at room temperature. The solvent was
evaporated. The residue was dissolved in DCM, washed
with 10% NaHCO solution, then dried (MgSO ), filtered
and the solvent wasevaporated. The residue was
suspended from acetonitrile, the precipitate was
filtered off. The solid was recrystallized from
acetonitrile, after cooling the solid was filtered off
and dried in vacuum at 500C, yielding 100 mg of
compound 8, melting point 3070C. Compound that was
prepared according to Example B8 2,4,6,8, 15,2
l-hexaazatetracyclo[2 1.3.1 .1-3 ,7~. 1-9,
13~]nonacosa- Compound 4 1
l(27),3,5,7(29),9,ll,13(28),23,25-nonaene-14,22-dione
mp. 328 C Example B9 Preparation, of 18-oxa-2,4,6,8,
15- compound .9. pentaazatetracyclo[ 17.2.2. 1~3,7~.
1-9, 13~]pentacosa- 3,5,7(25),9,1
l,13(24),19,21,22-nonaen-16-one, trifluoroacetic acid
salt A solution of intermediate 33 in DMF (20 ml) was
added dropwise to a solution of HBTU (0.0003 mol) and
DIPEA (0.0015 mol) in DMF (10 ml) while stirring. The
reaction mixture was stirred for 30 minutes, the
solvent was evaporated at 500C under N . The obtained
residue was purified by column chromatography [some
residues were first purified with a NH4OAc buffer and
then with a TFA-buffer on a RP-column; other residues
were purified directly with a TFA-buffer on a
RP-column]. The product fractions were collected and
then the solvent was evaporated and co-evaporated with
CHsCN/MeOH, yielding 0.034 g of compound 9, isolated
as a trifluoroacetic acid salt (1:1).48 5 1Example BlO
Pxeparation .of (RS)-2,4,6,8, 15,18- cpmp.ound. 10
hexaazatetracyclo[l 8.3.1. 1~3,7~. l~9,13~]hexacosal(
24),3,5,7(26),9,ll,13(25),20,22-nonaene-14,17-dione,
16-(2- methylpropyl)- trifluoroacetic acid salt A
solution of intermediate 37 in DMF (20 ml) was added
dropwise to a solution of HBTU (0.0004 mol) and DIPEA
(0.300 ml) in DMF (10 ml) while stirring. The reaction
mixture was stirred for 30 minutes at room
temperature, the solvent was evaporated at 500C under
N2. The obtained residue was purified by column
chromatography [some residues were first purified with
a NH4OAc buffer and then with a TFA-buffer on a
RP-column; other residues were purified directly with
a TFAbuffer on a RP-column]. The product fractions
were collected and then the solvent was evaporated and
co-evaporated with CH CNZMeOH, yielding 0.069 g of
compound 10, isolated as a trifluoroacetic acid salt
(1:1). 57 58MTKI QUINAZOLINE DERIVATIVES The human
genome encompasses some 2,000 proteins that utilize
adenosine 5'- triphosphate (ATP) in one way or another
and some 500 of these encode for protein kinases, i.e
the protein-tyrosine and protein-serine/threonine
kinases, that share a catalytic domain conserved in
sequence and structure but which are notably different
in how their catalysis is regulated. Substrate
phosphorylation by these enzymes is nature's
predominant molecular way of organizing cellular
signal transduction and regulating biochemical
processes in general. It is not surprising, therefore,
that abnormal phosphorylation of cellular proteins is
a hallmark of disease and that there is a growing
interest in the use of kinase inhibitors as drugs for
therapeutic intervention in many disease states such
as cancer, diabetes, inflammation and arthritis. It is
an object of the present invention to provide such
kinase inhibitors, that are quinazoline derived
macrocycles, hereinafter also referred to as multi
targeting kinase inhibitors (MTKI), found to possess
anti-proliferative activity, such as anti-cancer
activity and which are accordingly useful in methods
of treatment of the human or animal body, for example
in the manufacture of medicaments for use in hyper
proliferative disorders such as atherosclerosis,
restenosis and cancer. The invention also relates to
processes for the manufacture of said quinazoline
derivatives, to pharmaceutical compositions containing
them and to their use in the manufacture of
medicaments of use in the production of
anti-proliferative effect . In particular, the
compounds of the present invention were found to
inhibit tyrosine kinase enzymes, also called tyrosine
kinases. Tyrosine kinases are a class of enzymes,
which catalyse the transfer of the terminal phosphate
of adenosine triphosphate to the phenolic hydroxy-
group of a tyrosine residue present in the target
protein. It is known, that several oncogenes, involved
in the transformation of a cell into a malignant
tumour cell, encode tyrosine kinase enzymes including
certain growth factor receptors such as EGF, FGF,
IGF-IR, IR, PDGF and VEGF. This family of receptor
tyrosine kinases and in particular the EGF family of
receptor tyrosine kinases are frequently present in
common human cancers such as breast cancer, non-small
cell lung cancers including adenocarcinomas and
squamous cell cancer of the lung, bladder cancer,
oesophageal cancer, gastrointestinal cancer such as
colon, rectal or stomach cancer, cancer of the
prostate, leukaemia and ovarian, bronchial or
pancreatic cancer, which are examples of cell
proliferation disorders.Accordingly, it has been
recognised that the selective inhibition of tyrosine
kinases will be of value in the treatment of cell
proliferation related disorders. Support for this view
is provided by the development of Herceptin(r)
(Trastuzumab) and Gleevec(tm) (imatinib mesylate) the
first examples of target based cancer drugs. Herceptin
(r) (Trastuzumab) is targeted against t2/neu, a
receptor tyrosine kinase found to be amplified up to
100-fold in about 30% of patients with invasive breast
cancer. In clinical trials Herceptin (r) (Trastuzumab)
proved to have anti-tumour activity against breast
cancer (Review by L.K. Shawer et al, "Smart Drugs:
Tyrosine kinase inhibitors in cancer therapy", 2002,
Cancer Cell Vol.l, 117), and accordingly provided the
proof of principle for therapy targeted to receptor
tyrosine kinases. The second example, Gleevec(tm)
(imatinib mesylate), is targeted against the abelson
tyrosine kinase (BcR-AbI), a constitutively active
cytoplasmic tyrosine kinase present in virtually all
patients with chronic myelogenous leukaemia (CML) and
15% to 30% of adult patients with acute lymphoblastic
leukaemia. In clinical trials Gleevec(tm) (imatinib
mesylate) showed a spectacular efficacy with minimal
side effects that led to an approval within 3 months
of submission. The speed of passage of this agent
through clinical trials and regulatory review has
become a case study in rapid drug development (Drucker
BJ. & Lydon N., "Lessons learned from the development
of an AbI tyrosine kinase inhibitor for chronic
myelogenous leukaemia.", 2000, J.Clin. Invest. 105,
3). Further support is given by the demonstration that
EGF receptor tyrosine kinase inhibitors, specifically
attenuates the growth in athymic nude mice of
transplanted carcinomas such as human mammary
carcinoma or human squamous cell carcinoma (Review by
T.R. Burke Jr., Drugs of the Future, 1992, 17, 119).
As a consequence, to treat different cancers there has
been considerable interest in the development of drugs
that target the EGFR receptor. For example, several
antibodies that bind to the extra cellular domain of
EGFR are undergoing clinical trials, including
Erbitux(tm) (also called C225, Cetuximab), which was
developed by Imclone Systems and is in Phase IU
clinical trials for the treatment of several cancers.
Also, several promising orally active drugs that are
potent and relatively specific inhibitors of the EGFR
tyrosine kinase are now well advanced in clinical
trials. The AstraZeneca compound ZD1839, which is now
called IRESSA (r) and approved for the treatment of
advanced non-small-cell lung cancer, and the
OSI/Genentech/Roche compound OSI-774, which is now
called Tarceva(tm) (erlotinib) , have shown marked
efficacy against several cancers in human clinical
trials (Morin MJ. , "From oncogene to drug:
development of small molecule tyrosine kinase
inhibitors as anti-tumour and anti-angiogenic agents,
2000, Oncogene 19, 6574).In addition to the above, EGF
receptor tyrosine kinases are shown to be implicated
in non-malignant proliferative disorders such as
psoriasis (Elder et al., Science, 1989, 243; 811). It
is therefore expected that inhibitors of EGF type
receptor tyrosine kinases will be useful in the
treatment of non-malignant diseases of excessive
cellular proliferation such as psoriasis, benign
prostatic hypertrophy, atherosclerosis and restenosis.
It is disclosed in International Patent Application
WO96/33980 and in J . Med. Chem, 2002, 45, 3865 that
certain 4 anilino substituted quinazoline derivatives
may be useful as inhibitors of tyrosine kinase and in
particular of the EGF type receptor tyrosine kinases.
Unexpectedly it was found that Quinazoline derivatives
of the present formula (I) that are different in
structure show to have tyrosine kinase inhibitory
activity. It is accordingly an object of the present
invention to provide further tyrosine kinase
inhibitors useful in the manufacture of medicaments in
the treatment of cell proliferative related disorders.
This invention concerns compounds of formula (I) the
-oxide forms, the pharmaceutically acceptable addition
salts and the stereochemically isomeric forms thereof,
wherein Z represents NH; Y represents -C3-9alkyl-,
-C2.9alkenyl-, -C1-5alkyl-oxy-C1-5alkyl-,
-Ci.5alkyl-NR13-Ci-5alkyl-,
-C1-5alkyl-NR14-CO-C1-5alkyl-, -Ci^alkyl-NH-CO-,
-NH-CO-C ealkyl-, -CO-C1-7alkyl-, -C1-7alkyl-CO-, C
6alkyl-CO-C1-6alkyl, -C1-2alkyl-NR,23-CO-CR, 116tR->
17-NH-, -C1-2alkyl-CO-NR2-Ci.3alkyl-CO-, -C
zalkyl-NR^-CHrCO-NH-C salkyl-,-NR22-CO-Ci -3alkyl-NH-,
-C1-3alkyl-NH-CO-Het 20-, C1-2alkyl-CO-Het 2 1-CO-, or
-Het22-CH2-CO-NH-Ci -3alkyl-; X1 represents O,
-O-C^alkyl-, -0-N=CH-, NR 1 1 or -NR p -C1-2alkyl-; in
a particular embodiment X1 represents O, -O-C
1-2alkyl- or NRH-C1-2alkyl; X2 represents a direct
bond, C].2alkyl, O, -O-Ci -2alkyl-, CO, -CO-C^alkyl-,
-O-N=CH- , NR 12 or NR12-Ci_2alkyl-; in a particular
embodiment X2 represents a direct bond, -0-, -O-C
1-2alkyl, -CO-C 1-2alkyl- or NR 12-Ci_2alkyl-; R1
represents hydrogen, cyano, halo or hydroxy,
preferably halo; R2 represents hydrogen, cyano, halo,
hydroxy, hydroxycarbonyl-, C1-4alkyloxycarbonyl-, Het
16-carbonyl-, Ci_4alkyl-, C2.6alkynyl-, Ar5, Het 1 or
dihydroxyborane ; R3 represents hydrogen, cyano, halo,
hydroxy, formyl, C1-6alkoxy-, C alkyl-, C1- aIkOXy-
substituted with halo, or R3 represents C1-4alkyl
substituted with one or where possible two or more
substituents selected from hydroxy or halo; R4
represents Ar4-C1-4alkyloxy-, C1-4alkyloxy- or R4
represents C1-4alkyloxy substituted with one or where
possible two or more substituents selected from
hydroxy-, halo, C1-4alkyloxy-, C1-4alkyloxy-C
1-4alkyloxy-, NR37R38-carbonyloxy-, Het5-
carbonyloxy-, NR7R8, NR9R10-carbonyl-, Het3-carbonyl-,
Het13-oxy- or Het 2-; R7 represents hydrogen,
hydroxy-C 1-4alkyl- or C1-4alkyl; R8 represents
C3-6cycloalkyl; Het6-carbonyl-; Het7-aminocarbonyl-;
Het 8; Het9-oxycarbonyl-; Het 10-sulfonyl-;
C1-4alkyloxycarbonyl; mono- or di(C
1-4alkyl)aminocarbonyl-; mono- or di(C
1-4alkyl)aminocarbonyl substituted with d
-4alkylsulfonyl-; or C^alkylcarbonyl optionally
substituted with one or more substituents selected
from C1-4alkylsulfonyl, hydroxy- and C^alkyloxy-; or
R8 represents C 4alkyl substituted with one or more
substituents selected from C1-4alkylsulfonyl-,
NR25R26, aminocarbonyloxy-, C1-4alkylcarbonyloxy-,
aminocarbonyl-, hydroxy-C^alkyloxy-,
C^alkyloxy-Ci^alkyloxy-, and Het 1 1 ; R9 represents
hydrogen or C1-4alkyl-; R10 represents Het4 or
C1-4alkyl- substituted with C^alkylsulfonyl-, ; R11
represents hydrogen, C1-4alkyl- or
C1-4alkyl-oxy-carbonyl-; R12 represents hydrogen,
C1-4alkyl-, C1-6alkyloxycarbonyl- or
C1-6alkyloxycarbonylsubstituted with phenyl; R13
represents hydrogen, Het^C^alkyl, C].6alkyloxycarbonyl
optionally substituted with phenyl or R13 represents
Ar6-sulfonyl or Het24-C1.4alkylcarbonyl; in particular
morpholinyl-C^alkyl;R14 and R15 are each independently
selected from hydrogen, d -4alkyl, Het15-d. 4alkyl- or
d _4a]ky]oxyd. 4a]ky]-; R16 and R17 each independently
represents hydrogen, d -4alkyl or d 4alkyl substituted
with hydroxy-, C3 6cycloalkyl or phenyl; or R16 and
R17 taken together with the carbon atom to which they
are attached form a C3-6cycloalkyl; R18 represents
hydrogen or d _4alkyl optionally substituted with
hydroxy or phenyl; R19 represents hydrogen or
C1-4alkyl, in particular hydrogen or methyl, even more
particular hydrogen; R20 represents hydrogen or
C1-4alkyl, in particular hydrogen or methyl; R2 1
represents hydrogen, Ci-4alkyl,
Het23-C1-4alkylcarbonyl- or R2 1 represents mono-or
di(Ci -4alkyr)amino-d- 4alkyl-carbonyl- optionally
substituted with hydroxy, pyrimidinyl, dimethylamine
or d _4alkyloxy; R22 represents hydrogen or Ci.4alkyl
optionally substituted with hydroxy or Ci-4alkyloxy;
R23 represents C1-4alkyl optionally substituted with
hydroxy-, Ci-4alkyloxy- or Het25 ; R23 may also
represent hydrogen when R16 and R17 taken together
with the carbon atom to which they are attached form a
C3-6cycloalkyl; R25 and R26 each independently
represent hydrogen, C1-4alkyl, Ci-4alkylsulfonyl-,
aminocarbonyl-, mono- or di(d_ 4alkyl)aminocarbonyl-,
C1-4alkylcarbonyl-, C1-4alkyloxycarbonyl- or d 4alkyl
substituted with one or more substituents selected
from C1-4alkylsulfonyl-, hydroxy- and Ci-4alkyloxy-,
in particular R25 and R26 each independently represent
hydrogen, C1-4alkyl, C1-4alkylsulfonyl-,
aminocarbonyl-, mono- or di(Ci -4alkyl)aminocarbonyl-
or d _4alkylcarbonyl-; R27 and R28 each independently
represent hydrogen, Ci-4alkyl, C1-4alkylsulfonyl-,
aminocarbonyl-, mono- or diCd^alky^aminocarbonyl-,
Ci-4alkylcarbonyl-, C1-4alkyloxycarbonyl- or C1-4alkyl
substituted with one or more substituents selected
from C1-4alkylsulfonyl-, hydroxy- and d^alkyloxy-; or
for those compounds of formula (I) wherein Het2
represents a heterocycle selected from morpholinyl,
piperazinyl, piperidinyl pyrrolidinyl or
thiomorpholinyl substituted with NR27R28-C1-4alkyl
said R27 and R28 each independently represent d
_4alkylsulfonyl-, aminocarbonyl-, mono- or di(d_
4alkyl)aminocarbonyl-, Ci-4alkylcarbonyl-, substituted
with one or more substituents selected from
C1-4alkylsulfonyl-, hydroxy- and Ci_4alkyloxy-; R29
and R30 each independently represent hydrogen,
aminosulfonyl, aminocarbonyl, mono- or
di(C1-4alkyl)aminocarbonyl-, mono- or di(Ci.
4alkyl)aminosulfonyl-, or Ci_4alkyl- optionally
substituted with one or more substituents selected
from NR3 1R32, C1-4alkylsulfonyl, aminocarbonyloxy-,
hydroxy-, d -4alkyloxy-,aminocarbonyl- and mono- or
di(Ci -4alkyl)aminocarbonyl-, or C].4alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy, C1-4alkyloxy- and
C1-4alkylsulfonyl-, or C1-4alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy-, C1-4alkyloxy- and C1_4alkylsulfonyl-;
R3 1 and R32 each independently represent hydrogen,
C1-4alkyl, C1-4alkylsulfonyl-, aminocarbonyl-, mono-
or di(C 1-4alkyl)aminocarbonyl-, C1-4alkylcarbonyl-,
Ci^alkyloxycarbonyl- or C1-4alkyl substituted with one
or more substituents selected from Q^alkylsulfonyl-,
hydroxy- and C1-4alkyloxy-; R33 represents hydrogen or
C1-4alkyl; R34 represents Ci_4alkylsulfonyl-,
aminocarbonyl-, mono- or di(C1-4alkyl)aminocarbonyl-,
C1 4alkylcarbonyl-, C1-4alkyloxycarbonyl- or C]-4alkyl
substituted with one or more substituents selected
from Ci-4alkylsulfonyl- , hydroxy- and C1-4alkyloxy-;
R35 represents hydrogen or C1-4alkyl; R36 represents
C^alkylsulfonyl-, aminocarbonyl-, mono- or
di(C1-4alkyl)aminocarbonyl-, C^alkylcarbonyl-,
C1-4alkyloxycarbonyl- or C1-4alkyl substituted with
one or more substituents selected from
Ci-4alkylsulfonyl- , hydroxy- and Ci_4alkyloxy-; R37
and R38 each independently represent hydrogen,
Ci^alkyl, C -4alkylsulfonyl-, Het12 or C1-4alkyl
substituted with one or more substituents selected
from C1_4alkylsulfonyl-, hydroxy- and C1-4alkyloxy-;
R39 and R40 each independently represent
aminosulfonyl, aminocarbonyl, mono- or
di(C1-4alkyl)aminocarbonyl-, mono- or
di(C]-4alkyl)aminosulfonyl-, or C1-4alkyl- substituted
with one or more substituents selected from NR3 1R32,
Ci-4alkylsulfonyl, aminocarbonyloxy-, hydroxy-,
C1-4alkyloxy-, aminocarbonyland mono- or
di(C1-4alkyl)aminocarbonyl-, or C1-4alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy-, C].4alkyloxy- and
C1-4alkylsulfonyl-, or C1-4alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy-, Q^alkyloxy- and C1-4alkylsulfonyl-;
Het1 represents thiazolyl or 2-bora-l,3-dioxolanyl
wherein said Het1 is optionally substituted with one
or where possible two, three, four or more
substituents selected from amino, C1-4alkyl,
hydroxy-C1-4alkyl-, phenyl, phenyl-C .4alkyl-,
Ci^alkyl-oxy-Ci^alkyl-, mono- or di(C].4alkyl)amino-
or amino-carbonyl-; Het2 represents a heterocycle
selected from tetrahydropyranyl, tetrahydrofuranyl,
furanyl, 1,1-dioxothiomorpholinyl, piperazininonyl,
tetrahydro-l,l-dioxido-2Hthiopyranyl, piperidinonyl,
azetidinyl or 2-azetidinonyl wherein saidHet 2 is
optionally substituted with one or where possible two
or more substituents selected from hydroxy, amino,
NR29R30, aminocarbonyl, mono- or
di(C1-4alkyl)aminocarbonyl, C1-4alkylsulfonyl or
Ci_4alkyl- optionally substituted with one or more
substituents selected from NR27R28, Q^alkylsulfonyl,
aminocarbonyloxy-, aminocarbonyl- and mono- or
di(C1-4alkyl)aminocarbonyl-, or C1-4alkyloxy-
optionally substituted with C1-4alkyloxy-, or
C1-4alkyloxycarbonyl optionally substituted with one
or more substituents selected from hydroxy,
C1-4alkyloxy- and Ci-4alkylsulfonyl-, or
C1-4alkylcarbonyl optionally substituted with one or
more substituents selected from hydroxy-, C^alkyloxy-
and C1-4alkylsulfonyl-; or 



Het2 represents a heterocycle selected from
morpholinyl, piperazinyl, piperidinyl, pyrrolidinyl,
thiomorpholinyl or 1,1-dioxothiomorpholinyl wherein
said Het2 is optionally substituted with one or where
possible two or more substituents selected from
C1-4alkyl- optionally substituted with one or more
substituents selected from NR27R28, C1-4alkylsulfonyl,
aminocarbonyloxy-, aminocarbonyl- and mono- or
dKC^alkyOaminocarbonyl-, or Ci-4alkyloxy- optionally
substituted with Ci-4alkyloxy-, or C^alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy, C1-4alkyloxy- and
C1-4alkylsulfonyl-, or C1-4alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy-, Ci-4alkyloxy- and C1-4alkylsulfonyl-;
Het3 represents a heterocycle selected from
tetrahydropyranyl, tetrahydrofuranyl, furanyl,
1,1-dioxothiomorpholinyl, piperazininonyl,
tetrahydro-l,l-dioxido-2Hthiopyranyl, piperidinonyl,
azetidinyl or 2-azetidinonyl wherein said Het3 is
optionally substituted with one or where possible two
or more substituents hydroxy-, amino, C].4alkyl-,
C3-6cycloalkyl-C]-4alkyl-, aminosulfonyl-, mono- or
di(C1-4alkyl)aminosulfonyl-, amino-C].4alkyl-, Mono-
or ditd^alkyOamino- Ci-4alkyl, NR35R36,
C1-4alkyl-sulfonyl-C 1-4alkyl- or C]_4alkyloxy-
optionally substituted with C1-4alkyloxy- or hydroxy;
or Het3 represents a heterocycle selected from
morpholinyl, piperazinyl, piperidinyl, furanyl or
pyrrolidinyl wherein said Het3 is substituted with one
or where possible two or more substituents selected
from NR35R36, Ci-4alkyl-sulfonyl-C 1-4alkyl- or
C]_4alkyloxy- optionally substituted with
Ci-4alkyloxy- or hydroxy;Het4 represents a heterocycle
selected from morpholinyl, piperazinyl, piperidinyl,
furanyl, pyrazolyl, dioxolanyl, thiazolyl, oxazolyl,
imidazolyl, isoxazolyl, oxadiazolyl, pyridinyl or
pyrrolidinyl wherein said Het4 is substituted with one
or where possible two or more substituents selected
from Ci_4alkyl-sulfonyl- C1-4alkyl-, C^alkyloxy-
optionally substituted with Ci-4alkyloxy- or hydroxy;
Het5 represents a heterocycle selected from furanyl,
piperazinyl, 1,1-dioxothiomorpholinyl,
piperazininonyl, piperidinyl, tetrahydro-l,l-dioxido-
2H-thiopyranyl, piperidinonyl, morpholinyl or
pyrrolidinyl wherein said Het5 is optionally
substituted with hydroxy, amino, mono- or
di(C1-4alkyl)-amino-, C1-4alkyl, Het6 and Het7 each
independently represents a heterocycle selected from
piperazinyl, piperidinyl or pyrrolidinyl wherein said
heterocycles are optionally substituted with one or
more substituents selected from hydroxy-, amino,
hydroxy-Ci -4alkyl-, C1-4alkyloxy-C1-4alkyl- and
C^alkyl-; Het8 represents a heterocycle selected from
tetrahydropyranyl, tetrahydrofuranyl,
1,1-dioxothiomorpholinyl, piperazininonyl, tetrahydro-
1,l-dioxido-2Hthiopyranyl, piperidinonyl, azetidinyl
or 2-azetidinonyl wherein said Het8 is optionally
substituted with aminosulfonyl, aminocarbonyl, mono-
or d^Q^alkytyaminocarbonyl-, mono- or
di(C1-4alkyl)aminosulfonyl-, or C1-4alkyl- optionally
substituted with one or more substituents selected
from amino, mono- or di(C1-4alkyl)amino-, NR33R34,
C^alkylsulfonyl, aminocarbonyloxy-, hydroxy-,
C1-4alkyloxy-, aminocarbonyl- and mono- or
di(C1-4alkyl)aminocarbonyl-, or C^alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy, C1-4alkyloxy- and
Ci_4alkylsulfonyl-, or Ci-4alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy, C1-4alkyloxy- and Ci_4alkylsulfonyl-; or
Het8 represents a heterocycle selected from furanyl,
piperidinyl or piperazinyl wherein said Het8 is
substituted with aminocarbonyl, mono- or
di(C1-4alkyl)aminocarbonyl-, mono- or
di(C1-4alkyl)aminosulfonyl-, or C1-4alkyl- substituted
with one or more substituents selected from NR33R34,
Ci_4alkylsulfonyl, aminocarbonyloxy-, hydroxy-,
C1-4alkyloxy-, aminocarbonyland mono- or di(Ci
-4alkyl)aminocarbonyl-, or Ci-4alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy, Ci-4alkyloxy- and
Ci^alkylsulfonyl-, or C].4alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy, Ci-4alkyloxy- and Ci_4alkylsulfonyl-;
Het9 and Het10 each independently represents a
heterocycle selected from piperazinyl, piperidinyl or
pyrrolidinyl wherein said heterocycles are optionally
substituted with one or more substituents selected
from hydroxy-, amino, hydroxy-Ci -4alkyl-,
C1-4alkyloxy-C1-4alkyl- and C^alkyl-; Het11 represents
2-imidazolidinonyl- or  ; Het12 represents a
heterocycle selected from morpholinyl, piperazinyl,
piperidinyl or pyrrolidinyl wherein said Het12 is
optionally substituted with one or where possible two
or more substituents selected from hydroxy, amino or
C^alkyl-; Het13 represents a heterocycle selected from
furanyl, piperazinyl, 1,1-dioxothiomorpholinyl,
piperazininonyl, piperidinyl, tetrahydro-l,l-dioxido-
2H-thiopyranyl, piperidinonyl, morpholinyl,
piperazinyl or pyrrolidinyl; Het14 and Het15 each
independently represent a heterocycle selected from
morpholinyl, piperazinyl, piperidinyl or pyrrolidinyl
wherein said Het 14 and Het15 are optionally
substituted with one or where possible two or more
substituents selected from hydroxy, amino or
C1-4alkyl; Het16 represents a heterocycle selected
from piperidinyl or pyrrolidinyl; Het20 represents
pyrrolidinyl, 2-pyrrolidinonyl, piperidinyl or
hydroxy-pyrrolidinyl, preferably pyrrolidinyl or
hydroxy-pyrrolidinyl; Het2 1 represents pyrrolidinyl
or hydroxy-pyrrolidinyl; Het22 represents
pyrrolidinyl, piperazinyl or piperidinyl; Het23 and
Het25 each independently represents a heterocycle
selected from morpholinyl, pyrrolidinyl, piperazinyl
or piperidinyl wherein said Het23 is optionally
substituted with one or where possible two or more
substituents selected from C1-4alkyl, C3-6cycloalkyl,
hydroxy-C^alkyl-, C^alkyloxyCi^alkyl or polyhydroxy-
C1-4alkyl-; Het24 represents morpholinyl,
pyrrolidinyl, piperazinyl or piperidinyl; Ar4, Ar5 or
Ar6 each independently represent phenyl optionally
substituted with nitro, cyano, C1-4alkylsulfonyl-,
Ci_4alkylsulfonylamino-, aminosulfonylamino-,
hydroxy-C 1-4alkyl, aminosulfonyl-, hydroxy-,
C1-4alkyloxy- or C1-4alkyl, preferably Ar4 or Ar5 each
independently represent phenyl optionally substituted
with cyano; further characterised in that either Y
represents -C1-2alkyl-NR23-CO-CR16R17-NH-; Het1
represents 2-bora-l,3-dioxolanyl optionally
substituted with one or where possible two, three,
four or more substituents selected from amino, C
alky],hydroxy-Ci^alkyl-, phenyl, phenyl-C 1-4alkyl-,
Ci-4alkyl-oxy-Ci- 4alkyl-, monoor di(Ci -4alkyl)amino-
or amino-carbonyl-; R13 represents Ci^alkyloxycarbonyl
optionally substituted with phenyl or R13 represents
Ar6-sulfonyl or Het24-C1-4alkylcarbonyl; or R4
represents Ci_4alkyloxy substituted with at least one
substituent selected from Ci.4alkyloxy-C 1-4alkyloxy-,
NR37R38-carbonyloxy-, Het5-carbonyloxy-, NR7R8,
NR9R10-carbonyl-, Het3-carbonyl-, Het 13-oxy- or Het2-
; wherein R8 represents Het7-aminocarbonyl-;
Het9-oxycarbonyl-; Het 10-sulfonyl-;
Ci-4alkyloxycarbonyl; mono- or di(Ci
-4alkyl)aminocarbonyl-; mono- or di(Ci
-4alkyl)aminocarbonyl substituted with
Ci-4alkylsulfonyl-; or C1-4alkylcarbonyl optionally
substituted with one or more substituents selected
from C]-4alkylsulfonyl, hydroxy- and Ci-4alkyloxy-; or
R8 represents Ci-4alkyl substituted with one or more
substituents selected from hydroxy Ci-4alkylsulfonyl-,
NR25R26, aminocarbonyloxy-, C1-4alkylcarbonyloxy-,
aminocarbonyl-, C]-4alkyloxy-C 1-4alkyloxy-, and Het
11 ; Het 13 represents alkyloxycarbonyl optionally
substituted with phenyl or R13 represents Ar6-sulfonyl
or Het24-Ci -4alkylcarbonyl; in particular
morpholinyl-C 1-4alkyl; and Het2 represents a
heterocycle selected from morpholinyl, piperazinyl,
piperidinyl, pyrrolidinyl or thiomorpholinyl said Het2
substituted with one or where possible two or more
substituents selected from C1-4alkyl- substituted with
one or more substituents selected from NR27R28,
Ci-4alkylsulfonyl, aminocarbonyloxy-, aminocarbonyl-
and mono- or di(Ci_4alkyl)aminocarbonyl-; or
C1-4alkyloxy- optionally substituted with C^alkyloxy-;
or C1-4alkyloxycarbonyl optionally substituted with
one or more substituents selected from hydroxy,
Ci_4alkyloxy- and C^alkylsulfonyl-; or C^alkylcarbonyl
optionally substituted with one or more substituents
selected from hydroxy-, C^alkyloxy- and
Ci-4alkylsulfonyl-; or Het2 represents
1,1-dioxothiomorpholinyl optionally substituted with
C1-4alkyl- optionally substituted with one or more
substituents selected from NR27R28, C1-4alkylsulfonyl,
aminocarbonyloxy-, aminocarbonyland mono- or
di(Ci-4alkyl)aminocarbonyl-; or C1-4alkyloxy-
optionally substituted with Ci_4alkyloxy-; or
Ci_4alkyloxycarbonyl optionally substituted with one
or more substituents selected from hydroxy,
Ci_4alkyloxy- and C .4alkylsulfonyl-;or
C^alkylcarbonyl optionally substituted with one or
more substituents selected from hydroxy-,
Ci-4alkyloxy- and C1-4alkylsulfonyl-. As used in the
foregoing definitions and hereinafter, - halo is
generic to fluoro, chloro, bromo and iodo; - C1 2alkyl
defines methyl or ethyl; - C1 3alkyl defines straight
and branched chain saturated hydrocarbon radicals
having from 1 to 3 carbon atoms such as, for example,
methyl, ethyl, propyl and the like; - C1 4alkyl
defines straight and branched chain saturated
hydrocarbon radicals having from 1 to 4 carbon atoms
such as, for example, methyl, ethyl, propyl, butyl,
1-methylethyl, 2-methylpropyl, 2,2-dimethylethyl and
the like; - C . alkyl defines straight and branched
chain saturated hydrocarbon radicals having from 1 to
5 carbon atoms such as, for example, methyl, ethyl,
propyl, butyl, pentyl, 1-methylbutyl,
2,2-dimethylpropyl, 2,2-dimethylethyl and the like; -
C^alkyl is meant to include C1-5alkyl and the higher
homologues thereof having 6 carbon atoms such as, for
example hexyl, 1,2-dimethylbutyl, 2-methylpentyl and
the like; - C1 7alkyl is meant to include Ci-6alkyl
and the higher homologues thereof having 7 carbon
atoms such as, for example 1,2,3-dimethylbutyl,
1,2-methylpentyl and the like; - C3 9alkyl defines
straight and branched chain saturated hydrocarbon
radicals having from 3 to 9 carbon atoms such as
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl and
the like; - C2-4alkenyl defines straight and branched
chain hydrocarbon radicals containing one double bond
and having from 2 to 4 carbon atoms such as, for
example vinyl, 2-propenyl, 3-butenyl, 2-butenyl and
the like; - C3_9alkenyl defines straight and branched
chain hydrocarbon radicals containing one double bond
and having from 3 to 9 carbon atoms such as, for
example 2-propenyl, 3-butenyl, 2-butenyl, 2-pentenyl,
3-pentenyl, 3-methyl-2-butenyl, 3-hexenyl and the
like; - C2-6alkynyl defines straight and branched
chain hydrocarbon radicals containing one triple bond
and having from 2 to 6 carbon atoms such as, for
example, 2-propynyl, 3-butynyl, 2-butynyl, 2-pentynyl,
3-pentynyl, 3-methyl-2-butynyl, 3-hexynyl and the
like; - C3_6cycloalkyl is generic to cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl; - Ci_4alkyloxy
defines straight or branched saturated hydrocarbon
radicals such as methoxy, ethoxy, propyloxy, butyloxy,
1-methylethyloxy, 2-methylpropyloxy and the like;-
Ci_6alkyloxy is meant to include Ci^alkyloxy and the
higher homologues such as methoxy, ethoxy, propyl oxy,
butyl oxy, 1-methylethyloxy, 2-methylpropyloxy and the
like; - polyhydroxy-C 1-4alkyl is generic to a C^alkyl
as defined hereinbefore, having two, three or where
possible more hydroxy substituents, such as for
example trifluoromethyl. As used in the foregoing
definitions and hereinafter, the term formyl refers to
a radical of formula -CH(=O). When X1 represents the
divalent radical -0-N=CH-, said radical is attached
with the carbon atom to the R3, R4 bearing cyclic
moiety of the compounds of formula (I) and when X2
represents the divalent radical -0-N=CH-, said radical
is attached with the carbon atom to the R1, R2 bearing
phenyl moiety of the compounds of formula (I). The
heterocycles as mentioned in the above definitions and
hereinafter, are meant to include all possible
isomeric forms thereof, for instance pyrrolyl also
includes 2H-pyrrolyl; triazolyl includes
1,2,4-triazolyl and 1,3,4-triazolyl; oxadiazolyl
includes 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl and 1,3,4-oxadiazolyl; thiadiazolyl
includes 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5-thiadiazolyl and 1,3,4-thiadiazolyl; pyranyl
includes 2H-pyranyl and 4H-pyranyl. Further, the
heterocycles as mentioned in the above definitions and
hereinafter may be attached to the remainder of the
molecule of formula (I) through any ring carbon or
heteroatom as appropriate. Thus, for example, when the
heterocycle is imidazolyl, it may be a 1-imidazolyl,
2-imidazolyl, 3-imidazolyl, 4-imidazolyl and
5-imidazolyl; when it is thiazolyl, it may be
2-thiazolyl, 4-thiazolyl and 5-thiazolyl; when it is
triazolyl, it may be 1,2,4-triazol-l-yl,
l,2,4-triazol-3-yl, l,2,4-triazol-5-yl, 1,3,4-triazol-
1-yl and l,3,4-triazol-2-yl; when it is
benzothiazolyl, it may be 2-benzothiazolyl,
4-benzothiazolyl, 5-benzothiazolyl, 6-benzothiazolyl
and 7-benzothiazolyl. The pharmaceutically acceptable
addition salts as mentioned hereinabove are meant to
comprise the therapeutically active non-toxic acid
addition salt forms which the compounds of formula (I)
are able to form. The latter can conveniently be
obtained by treating the base form with such
appropriate acid. Appropriate acids comprise, for
example, inorganic acids such as hydrohalic acids,
e.g. hydrochloric or hydrobromic acid; sulfuric;
nitric; phosphoric and the like acids; or organic
acids such as, for example, acetic, propanoic,
hydroxyacetic, lactic, pyruvic, oxalic, malonic,
succinic(i.e. butane-dioic acid), maleic, fumaric,
malic, tartaric, citric, methanesulfonic,
ethanesulfonic, benzenesulfonic, p-toluenesulfonic,
cyclamic, salicylic, ^-aminosalicylic, pamoic and the
like acids. The pharmaceutically acceptable addition
salts as mentioned hereinabove are meant to comprise
the therapeutically active non-toxic base addition
salt forms which the compounds of formula (I) are able
to form. Examples of such base addition salt forms
are, for example, the sodium, potassium, calcium
salts, and also the salts with pharmaceutically
acceptable amines such as, for example, ammonia,
alkylamines, benzathine, -methyl-D-glucamine,
hydrabamine, amino acids, e.g. arginine, lysine.
Conversely said salt forms can be converted by
treatment with an appropriate base or acid into the
free acid or base form. The term addition salt as used
hereinabove also comprises the solvates which the
compounds of formula (I) as well as the salts thereof,
are able to form. Such solvates are for example
hydrates, alcoholates and the like. The term
stereochemically isomeric forms as used hereinbefore
defines the possible different isomeric as well as
conformational forms which the compounds of formula
(I) may possess. Unless otherwise mentioned or
indicated, the chemical designation of compounds
denotes the mixture of all possible stereochemically
and conformationally isomeric forms, said mixtures
containing all diastereomers, enantiomers and/or
conformers of the basic molecular structure. All
stereochemically isomeric forms of the compounds of
formula (I) both in pure form or in admixture with
each other are intended to be embraced within the
scope of the present invention. Some of the compounds
of formula (I) may also exist in their tautomeric
forms. Such forms although not explicitly indicated in
the above formula are intended to be included within
the scope of the present invention. The -oxide forms
of the compounds of formula (I) are meant to comprise
those compounds of formula (I) wherein one or several
nitrogen atoms are oxidized to the so-called iV-oxide.
A first group of compounds according to the present
invention consists of those compounds of formula (I)
wherein one or more of the following restrictions
apply; Z represents NH;Y represents -C3.9alkyl-,
-C2_9alkenyl-, -Ci-salkyl-oxy-Ci.salkyl-,
-Ci-ealkyl-NH-CO-, -NH-CO-Ci- alkyl-, -CO-Ci_7alkyl-,
-C1-7alkyl-CO-, Ci.6alkyl-CO-Ci_6alkyl,
-Ci.2alkyl-NR23-CO-CR16R17-NH-, -C1-2alkyl-CO-NH-CR
18R19-CO-, -Ci-2alkyl-CO-NR20-C1-3alkyl-CO-,
-Ci.2alkyl-NR2 1-CH2-CO-NH-Ci.3alkyl-, -NR22-CO-d.
3alkyl-NH-, -C1-3alkyl-NH-CO-Het 20-, C,.2alkyl-CO-Het
2 1-CO-, or -Het22-CH2-CO-NH-C 1-3alkyl-; X1
represents O, -O-C1-2alkyl-, -0-N=CH-, NR1 1 or -NRn
-Ci_2alkyl-; in a particular embodiment X1 represents
O, -O-C1-2alkyl- or NRn -Ci_2alkyl; X2 represents a
direct bond, C]-2alkyl, O, -O-C1-2alkyl-, CO, -CO-d.
2alkyl-, -0-N=CH- , NR12 or NR12-C1-2alkyl-; in a
particular embodiment X2 represents a direct bond,
-0-, -O-Ci -2alkyl, -CO-Ci -2alkyl- or
NR12-C1-2alkyl-; R1 represents hydrogen, cyano, halo
or hydroxy, preferably halo; R2 represents hydrogen,
cyano, halo, hydroxy, hydroxycarbonyl-,
Ci_4alkyloxycarbonyl-, Het16-carbonyl-, C1-4alkyl-,
C2-6alkynyl-, Ar5, Het1 or dihydroxyborane ; R3
represents hydrogen, cyano, halo, hydroxy, formyl,
C1-6alkoxy-, Ci-6alkyl-, Ci- alkoxy- substituted with
halo, or R3 represents d _4alkyl substituted with one
or where possible two or more substituents selected
from hydroxy or halo; R4 represents Ar4-C1-4alkyloxy-,
Ci-4alkyloxy- or R4 represents Ci-4alkyloxy
substituted with one or where possible two or more
substituents selected from hydroxy-, halo,
Ci_4alkyloxy-, C1-4alkyloxy-C 1-4alkyloxy-,
NR37R38-carbonyloxy-, Het5- carbonyloxy-, NR7R8,
NR9R10-carbonyl-, Het3-carbonyl-, Het13-oxy- or Het2-;
R7 represents hydrogen or C1-4alkyl; R8 represents
C3-6cycloalkyl, Het6-carbonyl-, Het7-aminocarbonyl-,
Het8, Het9-oxycarbonyl-, Het10-sulfonyl-, mono- or
di(C 1-4alkyl)aminocarbonyl-, monoor
di(C1-4alkyl)aminocarbonyl substituted with
Ci-4alkylsulfonyl-, or Ci-4alkylcarbonyl optionally
substituted with one or more substituents selected
from C1-4alkylsulfonyl, hydroxy- and Ci-4alkyloxy-, or
R8 represents Ci-4alkyl substituted with one or more
substituents selected from Ci-4alkylsulfonyl-, NR R ,
aminocarbonyloxy-, aminocarbonyl-, d .4alyloxy-d-
4alkyloxy-, and Het11 ; R9 represents hydrogen or
Ci_4alkyl-; R10 represents Het4 or Ci_4alkyl-
substituted with Ci-4alkylsulfonyl-, ; R1 1 represents
hydrogen, Ci-4alkyl- or Ci-4alkyl-oxy-carbonyl-; R12
represents hydrogen, Ci-4alkyl-, d^alkyloxycarbonyl-
or Ci_6alkyloxycarbonylsubstituted with phenyl;R13
represents hydrogen, Het14 -C .4alkyl, optionally
substituted with phenyl or R13 represents Ar6-sulfonyl
or Het24-C]_4alkylcarbonyl; in particular
morpholinyl-C 1-4alkyl; R14 and R15 are each
independently selected from hydrogen, Ci-4alkyl,
Het15-C1-4alkyl- or C1_4alkyloxyC1.4alkyl-;; R16 and
R17 each independently represents hydrogen, C1-4alkyl
or C]_4alkyl substituted with hydroxy- or phenyl; or
R16 and R17 taken together with the carbon atom to
which they are attached form a C3-6Cycloalkyl; R18
represents hydrogen or C1-4alkyl optionally
substituted with hydroxy or phenyl; R19 represents
hydrogen or C1-4alkyl, in particular hydrogen or
methyl, even more particular hydrogen; R20 represents
hydrogen or Ci-4alkyl, in particular hydrogen or
methyl; R2 1 represents hydrogen, C1-4alkyl,
Het23-C1-4alkylcarbonyl- or R2 1 represents mono-or
di(C1-4alkyl)amino-C 1-4alkyl-carbonyl- optionally
substituted with hydroxy, pyrimidinyl, dimethylamine
or C1 4alkyloxy; R22 represents hydrogen or C1-4alkyl
optionally substituted with hydroxy or C1-4alkyloxy;
R23 represents C].4alkyl optionally substituted with
hydroxy-, C1-4alkyloxy- or Het23; R23 may also
represent hydrogen when R16 and R17 taken together
with the carbon atom to which they are attached form a
C3-6cycloalkyl; R25 and R26 each independently
represent hydrogen, C1-4alkyl, C1 4alkylsulfonyl-,
aminocarbonyl-, mono- or di(C1-4alkyl)aminocarbonyl-,
C]-4alkylcarbonyl-, C1-4alkyloxycarbonyl- or C1-4alkyl
substituted with one or more substituents selected
from C]_4alkylsulfonyl-, hydroxy- and C1-4alkyloxy-,
in particular R25 and R26 each independently represent
hydrogen, C1-4alkyl, C1-4alkylsulfonyl-,
aminocarbonyl-, mono- or di(C1-4alkyl)aminocarbonyl-
or C1-4alkylcarbonyl-; R27 and R28 each independently
represent hydrogen, C^alkyl, C].4alkylsulfonyl-,
aminocarbonyl-, mono- or di(C1-4alkyl)aminocarbonyl-,
C1-4alkylcarbonyl-, C1-4alkyloxycarbonyl- or C1-4alkyl
substituted with one or more substituents selected
from C1-4alkylsulfonyl-, hydroxy- and C1-4alkyloxy-;
R29 and R30 each independently represent hydrogen,
aminosulfonyl, aminocarbonyl, mono- or
di(C1-4alkyl)aminocarbonyl-, mono- or
di(C].4alkyl)aminosulfonyl-, or C1-4alkyl- optionally
substituted with one or more substituents selected
from NR3 1R32 , C].4alkylsulfonyl, aminocarbonyloxy-,
hydroxy-, C1-4alkyloxy-, aminocarbonyl- and mono- or
di(C].4alkyl)aminocarbonyl-, or C^alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy, C1-4alkyloxy- and
C1-4alkylsulfonyl-, orC^alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy-, C1-4alkyloxy- and C^alkylsulfonyl-; R3
1 and R32 each independently represent hydrogen, d
.4alkyl, d -4alkylsulfonyl-, aminocarbonyl-, mono- or
di(C 1-4alkyl)aminocarbonyl-, C1-4alkylcarbonyl-, or
Ci_4alkyl substituted with one or more substituents
selected from Ci^alkylsulfonyl-, hydroxy- and
C1-4alkyloxy-; R33 represents hydrogen or C1-4alkyl;
R34 represents Ci-4alkylsulfonyl-, aminocarbonyl-,
mono- or di(C 4alkyl)aminocarbonyl-,
C1-4alkylcarbonyl-, C1-4alkyloxycarbonyl- or C1-4alkyl
substituted with one or more substituents selected
from C1-4alkylsulfonyl- , hydroxy- and C^alkyloxy-;
R35 represents hydrogen or C1-4alkyl; R36 represents
C1-4alkylsulfonyl-, aminocarbonyl-, mono- or di(Ci
-4alkyl)aminocarbonyl-, C1-4alkylcarbonyl-,
Ci-4alkyloxycarbonyl- or Ci.4alkyl substituted with
one or more substituents selected from
C1-4alkylsulfonyl- , hydroxy- and Ci_4alkyloxy-; R37
and R38 each independently represent hydrogen, d
_4alkyl, C1-4alkylsulfonyl-, Het 12 or C1-4alkyl
substituted with one or more substituents selected
from Ci- 4alkylsulfonyl-, hydroxy- and C1-4alkyloxy-;
R39 and R40 each independently represent
aminosulfonyl, aminocarbonyl, mono- or di(C
1-4alkyl)aminocarbonyl-, mono- or di(C
1-4alkyl)aminosulfonyl-, or Ci-4alkyl- substituted
with one or more substituents selected from NR3 1R32,
C1-4alkylsulfonyl, aminocarbonyloxy-, hydroxy-,
Ci-4alkyloxy-, aminocarbonyland mono- or
di(Ci_4alkyl)aminocarbonyl-, or Ci_4alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy, Ci-4alkyloxy- and
Ci-4alkylsulfonyl-, or Ci^alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy-, Ci-4alkyloxy- and C1-4alkylsulfonyl-;
Het 1 represents thiazolyl or 2-bora-l,3-dioxolanyl
wherein said Het 1 is optionally substituted with one
or where possible two, three, four or more
substituents selected from amino, Ci-4alkyl, hydroxy-C
1-4alkyl-, phenyl, phenyl-d^alkyl-, d 4alkyl-oxy-d_
4alkyl-, mono- or di(d- 4alkyl)amino- or
amino-carbonyl-; Het2 represents a heterocycle
selected from tetrahydropyranyl, tetrahydrofuranyl,
furanyl, 1,1-dioxothiomorpholinyl, piperazininonyl,
tetrahydro-l,l-dioxido-2Hthiopyranyl, piperidinonyl,
azetidinyl or 2-azetidinonyl wherein said Het2 is
optionally substituted with one or where possible two
or more substituents selected from hydroxy, amino,
NR29R30, aminocarbonyl, mono- orCi 4alkylsulfonyl or
Ci-4alkyl- optionally substituted with one or more
substituents selected from NR27R28, C1-4alkylsulfonyl,
aminocarbonyloxy-, aminocarbonyl- and mono- or
di(C1-4alkyl)aminocarbonyl-, or Ci_4alkyloxy-
optionally substituted with C1-4alkyloxy-, or
C1-4alkyloxycarbonyl optionally substituted with one
or more substituents selected from hydroxy,
Ci_4alkyloxy- and Ci-4alkylsulfonyl-, or
C^alkylcarbonyl optionally substituted with one or
more substituents selected from hydroxy-,
Ci_4alkyloxy- and Ci-4alkylsulfonyl-; or Het2
represents a heterocycle selected from morpholinyl,
piperazinyl, piperidinyl or pyrrolidinyl wherein said
mof holinyl, piperazinyl, piperidinyl or pyrrolidinyl
are optionally substituted with one or where possible
two or more substituents selected from Ci-4alkyl-
optionally substituted with one or more substituents
selected from NR27R28, Ci-4alkylsulfonyl,
aminocarbonyloxy-, aminocarbonyl- and mono- or di(Ci
-4alkyl)aminocarbonyl-, or C1-4alkyloxy- optionally
substituted with C1-4alkyloxy-, or C^alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy, C1-4alkyloxy- and
C1_4alkylsulfonyl-, or C1-4alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy-, Ci_4alkyloxy- and C1-4alkylsulfonyl-;
Het3 represents a heterocycle selected from
tetrahydropyranyl, tetrahydrofuranyl, furanyl,
1,1-dioxothiomorpholinyl, piperazininonyl,
tetrahydro-l,l-dioxido-2Hthiopyranyl, 



piperidinonyl, azetidinyl or 2-azetidinonyl wherein
said Het3 is optionally substituted with one or where
possible two or more substituents hydroxy-, amino,
C1-4alkyl-, C^cycloalkyl-Ci^alkyl-, aminosulfonyl-,
mono- or di(C1.4alkyl)aminosulfonyl-,
amino-C1-4alkyl-, Mono- or di(Ci -4alkyl)amino-
C1-4alkyl, NR35R36, C1-4alkyl-sulfonyl-C1-4alkyl- or
Ci-4alkyloxy- optionally substituted with
C1-4alkyloxy- or hydroxy; or Het3 represents a
heterocycle selected from mof holinyl, piperazinyl,
piperidinyl or pyrrolidinyl wherein said Het3 is
optionally substituted with one or where possible two
or more substituents selected from NR35R36,
C1-4alkyl-sulfonyl-C1 4alkyl- or Ci_4alkyloxy-
optionally substituted with C^alkyloxy- or hydroxy;
Het4 represents a heterocycle selected from mof
holinyl, piperazinyl, piperidinyl, furanyl, pyrazolyl,
dioxolanyl, thiazolyl, oxazolyl, imidazolyl,
isoxazolyl, oxadiazolyl, pyridinyl or pyrrolidinyl
wherein said Het4 is substituted with one orwhere
possible two or more substituents selected from
Ci-4alkyl-sulfonyl- Ci_4alkyl-, Ci-4alkyloxy-
optionally substituted with Ci-4alkyloxy- or hydroxy;
Het5 represents a heterocycle selected from furanyl,
piperazinyl, 1,1-dioxothiomorpholinyl,
piperazininonyl, piperidinyl, tetrahydro-l,l-dioxido-
2H-thiopyranyl, piperidinonyl, morpholinyl or
pyrrolidinyl wherein said Het5 is optionally
substituted with hydroxy, amino, mono- or
di(C]_4alkyl)-amino-, Ci-4alkyl, Het6 and Het7 each
independently represents a heterocycle selected from
piperazinyl, piperidinyl or pyrrolidinyl wherein said
heterocycles are optionally substituted with one or
more substituents selected from hydroxy-, amino-,
hydroxy-C 1-4alkyl-, C^alkyloxy-C^alkyl- and
C1-4alkyl-; Het represents a heterocycle selected from
tetrahydropyranyl, tetrahydrofuranyl,
1,1-dioxothiomorpholinyl, piperazininonyl, tetrahydro-
1,1-dioxido-2Hthiopyranyl, piperidinonyl, azetidinyl
or 2-azetidinonyl wherein said Het8 is optionally
substituted with aminosulfonyl, aminocarbonyl, mono-
or di(Ci -4alkyl)aminocarbonyl-, mono- or
di(C].4alkyl)aminosulfonyl-, or C1-4alkyl- optionally
substituted with one or more substituents selected
from amino, mono- or di(C]_4alkyl)amino-, NR33R34,
C].4alkylsulfonyl, aminocarbonyloxy-, hydroxy-,
C1-4alkyloxy-, aminocarbonyl- and mono- or
di(C]_4alkyl)aminocarbonyl-, or C]_4alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy-, C^alkyloxy- and
C].4alkylsulfonyl-, or C1-4alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy-, C].4alkyloxy- and C].4alkylsulfonyl-;
or Het represents a heterocycle selected from furanyl,
piperidinyl or piperazinyl wherein said Het8 is
substituted with aminocarbonyl, mono- or di(C
1-4alkyl)aminocarbonyl-, mono- or
di(C]-4alkyl)aminosulfonyl-, or C1-4alkyl- substituted
with one or more substituents selected from NR33R34, C
.4alkylsulfonyl, aminocarbonyloxy-, hydroxy-,
Ci-4alkyloxy-, aminocarbonyland mono- or
di(C].4alkyl)aminocarbonyl-, or C].4alkyloxycarbonyl
optionally substituted with one or more substituents
selected from hydroxy-, Ci. 4alkyloxy- and
C].4alkylsulfonyl-, or C].4alkylcarbonyl optionally
substituted with one or more substituents selected
from hydroxy-, Q^alkyloxy- and Ci_4alkylsulfonyl-;
Het9 and Het 10 each independently represents a
heterocycle selected from piperazinyl, piperidinyl or
pyrrolidinyl wherein said heterocycles are optionally
substitutedwith one or more substituents selected from
hydroxy-, amino, hydroxy-C1-4alkyl-,
C1-4alkyloxy-Ci-4alkyl- and C1-4alkyl-; Het1 1
represents 2-imidazolidinonyl- or \ ; Het12 represents
a heterocycle selected from morpholinyl, piperazinyl,
piperidinyl or pyrrolidinyl wherein said Het12 is
optionally substituted with one or where possible two
or more substituents selected from hydroxy-, amino or
C^alkyl-; Het13 represents a heterocycle selected from
furanyl, piperazinyl, 1,1- dioxothiomorpholinyl,
piperazininonyl, piperidinyl,
tetrahydro-l,l-dioxido-2Hthiopyranyl, piperidinonyl,
morpholinyl, piperazinyl or pyrrolidinyl Het16
represents a heterocycle selected from piperidinyl or
pyrrolidinyl; Het20 represents pyrrolidinyl,
2-pyrrolidinonyl, piperidinyl or hydroxy-pyrrolidinyl,
preferably pyrrolidinyl or hydroxy-pyrrolidinyl; Het21
represents pyrrolidinyl or hydroxy-pyrrolidinyl; Het22
represents pyrrolidinyl, piperazinyl or piperidinyl;
Het23 represents a heterocycle selected from
morpholinyl, pyrrolidinyl, piperazinyl or piperidinyl
wherein said Het23 is optionally substituted with one
or where possible two or more substituents selected
from C^alkyl, C3-6Cycloalkyl, hydroxy- C1-4alkyl-,
C1-4alkyloxyC1-4alkyl or polyhydroxy-C1-4alkyl-; Ar4,
Ar5 or Ar6 each independently represent phenyl
optionally substituted with nitro, cyano,
C1-4alkylsulfonyl-, C1-4alkylsulfonylamino-,
aminosulfonylamino-, hydroxy-C1-4alkyl,
aminosulfonyl-, hydroxy-, C^alkyloxy- or C1-4alkyl,
preferably Ar4 or Ar5 each independently represent
phenyl optionally substituted with cyano; further
characterised in that either Y represents
-C1-2alkyl-NR23-CO-CR16R17-NH-; Het1 represents
2-bora-l,3-dioxolanyl optionally substituted with one
or where possible two, three, four or more
substituents selected from amino, C1-4alkyl,
hydroxy-C1-4alkyl-, phenyl, phenyl-C1-4alkyl-,
C1-4alkyl-oxy-C1-4alkyl-, monoor di(C1-4alkyl)amino-
or amino-carbonyl-; R13 represents
C1-6alkyloxycarbonyl optionally substituted with
phenyl or R13 represents Ar6-sulfonyl or
Het24-C1-4alkylcarbonyl; or R4 represents C^alkyloxy
substituted with at least one substituent selected
from C1-4alkyloxy-C _4alkyloxy-, NR R -carbonyloxy-,
Het -carbonyloxy-, NR7R8, NR9R10-carbonyl-,
Het3-carbonyl-, Het13-oxy- or Het2-.Another group of
compounds according to the present invention consists
of those compounds of formula (I) wherein one or more
of the following restrictions apply; Z represents NH;
Y represents -C3-9alkyl-, -C1-5alkyl-NR13-C1-5alkyl-,
-d- 5alkyl-NR14-CO-C1-5alkyl-, -d_ 6alkyl-CO-NH-,
-d-ealkyl-NH-CO-, -C^alkyl-NR^-CO-CR^R^-NH-,
-C1-2alkyl-NR2 1-CH2-CO-NH-C1-3alkyl or
C1-3alkyl-NH-CO-Het20- ; in particular Y represents
-C3-9alkyl-, -C1-6alkyl-CO-NH-, -C1-6alkyl-NH-CO-,
-C1-2alkyl-NR23-CO-CR16R17-NH- or d
.3alkyl-NH-CO-Het20- X1 represents a direct bond, O,
-O-d_ 2alkyl-, NR1 1, or -NRp -C1-2alkyl-; X2
represents a direct bond, -C1-2alkyl-, CO-C1-2alkyl or
NR12-C1-2alkyl-; in particular X2 represents a direct
bond, -C1-2alkyl- or NR12-C1-2alkyl-; R1 represents
hydrogen, cyano, halo or hydroxy; R2 represents
hydrogen, halo, cyano, C2-6alkynyl, hydroxy,
hydroxycarbonyl, d _4alkyloxycarbonyl- or Het1; in
particular R2 represents hydrogen, halo, cyano,
acetylene (-CCH), hydroxy, hydroxycarbonyl,
C1-4alkyloxycarbonyl- or Het1; more in particular R2
represents hydrogen, halo, cyano, hydroxy,
hydroxycarbonyl, C1-4alkyloxycarbonyl- or Het1 R3
represents hydrogen, cyano, halo, hydroxy, formyl,
C1-6alkyloxy or C1-6alkyloxysubstituted with halo; R4
represents Ar4-d-4alkyloxy, C1-4alkyloxy-, or
C1-4alkyloxy- substituted with one or where possible
two or more substituents selected from hydroxy, d
-4alkyloxy-, C ^alkyloxy-Ci^alkyloxy, NR7R8 or Het2;
in particular R4 represents Ar4-C1-4alkyloxy,
Q^alkyloxy-, or C1-4alkyloxy- substituted with one or
where possible two or more substituents selected from
C1-4alkyloxy-, C1-4alkyloxy- C1-4alkyloxy or NR7R8 R7
represents hydrogen, hydroxyC^alkyl- or C1-4alkyl; R8
represents C1-4alkyloxycarbonyl or C1-4alkyl-
substituted with one or more substituents selected
from C1-4alkylsulfonyl-, C^alkylcarbonyloxy OrNR25R26
; in particular R represents C1-4alkyl- substituted
with one or more substituents selected from
C1-4alkylsulfonyl- or NR25R26 ; R11 represents
hydrogen, C1-4alkyloxycarbonyl or C^alkyl; in
particular R1 1 represents hydrogen or C^alkyl; R12
represents hydrogen or C1-4alkyl; R13 represents
d^alkyloxycarbonyl optionally substituted with phenyl
or R13 represents Ar6-sulfonyl or Het24-d_
4alkylcarbonyl;R14 and R15 each independently
represent hydrogen or C1-4alkyl; in particular R14 and
R15 each independently represent hydrogen; R16 and R17
each independently represent hydrogen or C1-4alkyl
optionally substituted with C3_6cycloalkyl or R16 and
R17 taken together with the carbon atom to which they
are attached form a C3.6cycloalkyl; in a particular
embodiment R16 and R17 taken together with the carbon
atom to which they are attached form a C3_6cycloalkyl;
R2 1 represents hydrogen or C1-4alkyloxycarbonyl; in
particular R2 1 represents C -4alkyloxycarbonyl R23
represents C -4alkyl optionally substituted with
hydroxy-, C1-4alkyloxy- or Het25 ; R23 may also
represent hydrogen when R16 and R17 taken together
with the carbon atom to which they are attached form a
C3-6Cycloalkyl; R25 and R26 each independently
represent hydrogen, C1-4alkyl, C1-4alkylsulfonyl,
C1-4alkyloxycarbonyl or C1-4alkylcarbonyl; in
particular R25 and R26 each independently represents
hydrogen or Ci-4alkylcarbonyl; Tl R R and R each
independently represent hydrogen, C1-4alkyl,
C1-4alkylsulfonyl, C].4alkyloxycarbonyl or C^alkylc
arbonyl; in particular R27 and R28 each independently
represent hydrogen or C -4alkylcarbonyl; Het1
represents 2-bora-l,3-dioxolanyl- optionally
substituted with one or where possible two, three,
four or more substituents selected from amino,
C1-4alkyl, hydroxy-C 1-4alkyl-, phenyl, phenyl-C
1-4alkyl, C1-4alkyloxyC 1-4alkyl-, mono- or
di(C1-4alkyl)amino- or aminocarbonyl-; Het2 represents
1,1-dioxothiomorpholinyl optionally substituted with
C1-4alkyloxycarbonyl or C1-4alkyl-NR27R28; or Het2
represents piperidinyl or piperazinyl substituted with
C1-4alkyloxycarbonyl or -C1-4alkyl-NR27R28; Het20
represents pyrrolidinyl, 2-pyrrolidinonyl, piperidinyl
or hydroxy-pyrrolidinyl; in particular Het20
represents pyrrolidinyl, piperidinyl or
hydroxy-pyrrolidinyl; more in particular Het20
represents pyrrolidinyl; Het25 represents a
heterocycle selected from morpholinyl or piperazinyl
wherein said heterocycle is optionally substituted
with C1-4alkyl, hydroxy-Ci^alkyl, C^alkyloxy-C^alkyl
or polyhydroxy-C 1-4alkyl; or Ar4, Ar5 or Ar6 each
independently represents phenyl optionally substituted
with nitro, cyano, hydroxy, hydroxyd- 4alkyl,
C1-4alkyl or C1-4alkyloxy; further characterised in
that either Y represents -
C1-2alkyl-NR23-CO-CR16R17-NH-; or R4 represents
C^alkyloxy substituted with at least one substituent
selected from Ci_4alkyloxy-CM alkyloxy-, NR7R8 or
Het2.Another group of compounds according to the
present invention consists of those compounds of
formula (I) wherein one or more of the following
restrictions apply; Z represents NH; Y represents
-C3-9alkyl-, -Ci_5alkyl-NR 13-C1-5alkyl-,
-Ci-5alkyl-NR 14-CO-Ci. 5alkyl-, -Ci-ealkyl-CO-NH-,
-Ci.ealkyl-NH-CO-, -Ci -2alkyl-NR23-CO-CR 16R17-NH-,
-C1-2alkyl-NR2 1-CH2-CO-NH-Ci -3alkyl or
C1-3alkyl-NH-CO-Het 20- ; in particular Y represents
-C3-9alkyl-, -Ci -6alkyl-CO-NH-, -Ci_6alkyl-NH-CO-,
-Ci-2alkyl-NR23-CO-CR 16R17-NH- or C1-3alkyl-NH-CO-Het
20- X1 represents a direct bond, O, -O-C1-2alkyl-, NR
1\ or -NRu -C1-2alkyl-; X2 represents a direct bond,
-C^alkyl-, CO-Ci_2alkyl or NR 12-C1-2alkyl-; in
particular X2 represents a direct bond, -Ci-2alkyl- or
NR 12-Ci -2alkyl-; R1 represents hydrogen or halo; R2
represents hydrogen, halo, C2_6alkynyl, cyano or Het
1; in particular R2 represents hydrogen, halo, C2-
alkynyl or Het1; more in particular R2 represents
hydrogen, halo, acetylene or Het 1; or R2 represents
hydrogen, halo, cyano or Het 1; R3 represents
hydrogen; R4 represents Ar4-C1_4alkyloxy,
C1-4alkyloxy-, or C1-4alkyloxy- substituted with one
or where possible two or more substituents selected
from hydroxy, C1-4alkyloxy-, C1-4alkyloxy-Ci
-4alkyloxy, NR7R8 or Het2; in particular R4 represents
Ar4-Ci -4alkyloxy, C1-4alkyloxy-, or C^alkyloxy-
substituted with one or where possible two or more
substituents selected from C1-4alkyloxy-,
Ci-4alkyloxy- Ci-4alkyloxy or NR7R8 R7 represents
hydrogen or Ci_4alkyl; R8 represents
Ci-4alkyloxycarbonyl or C1-4alkyl- substituted with
one or more substituents selected from
C1-4alkylsulfonyl-, hydroxy, C^alkylcarbonyloxy or
NR25R26; in particular R8 represents Ci-4alkyl-
substituted with one or more substituents selected
from C1-4alkylsulfonyl- or NR25R26; R1 1 represents
hydrogen or C1-4alkyl; R12 represents hydrogen or
Ci-4alkyl; R13 represents Ar6-sulfonyl or
Ci-6alkyloxycarbonyl optionally substituted with
phenyl; R14 and R15 represent hydrogen; R16 and R17
each independently represent hydrogen or Ci-4alkyl
optionally substituted with C3.6cycloalkyl or R16 and
R17 taken together with the carbon atom to which they
are attached form a C3.6cycloalkyl; in a particular
embodiment R16 and R17 taken together with the carbon
atom to which they are attached form a C3-6cycloalkyl;
R2 1 represents hydrogen or C1-4alkyloxycarbonyl; R23
represents Ci 4alkyl optionally substituted with
hydroxy-, C^alkyloxy- or Het25; R23 may also represent
hydrogen when R16 and R17 taken together with the
carbon atom to which they are attached form a
C3-6cycloalkyl; R25 and R26 each independently
represent hydrogen or C1-4alkylcarbonyl; R27 and R28
each independently represent hydrogen or
Ci-4alkylcarbonyl; Het1 represents
2-bora-l,3-dioxolanyl-; Het2 represents
1,1-dioxothiomorpholinyl, piperidinyl or piperazinyl
wherein said Het2 is optionally substituted with
C1-4alkyloxycarbonyl or -C1-4alkyl-NR27R28; Het20
represents pyrrolidinyl; Het25 represents a
heterocycle selected from morpholinyl or piperazinyl
wherein said heterocycle is optionally substituted
with C1-4alkyl, hydroxy-C 1-4alkyl, C ^alkyloxy-C
^alkyl or polyhydroxy-C 1-4alkyl; Ar4 represents
phenyl; Ar5 represents phenyl; or Ar6 represents
phenyl optionally substituted with nitro; further
characterised in that either Y represents -
C1-2alkyl-NR23-CO-CR16R17-NH-; or R4 represents d
4alkyloxy substituted with at least one substituent
selected from Ci^alkyloxy-C ^alkyloxy-, NR7R8 or Het2;
in particular C^alkyloxy substituted with
C^alkyloxy-C^alkyloxy- or NR7R8. An interesting group
of compounds consists of those compounds of formula
(I) wherein one or more of the following restrictions
apply : Z represents NH; Y represents -C3-9alkyl-,
-C1-5alkyl-NR 13-C1-5alkyl-, -C1-5alkyl-NR
14-CO-C1-5alkyl-, -C1-2alkyl-NR2 1-H2-CO-NH-C
1-3alkyl- or - C1-2alkyl-NR23-CO-CR16R17-NH-; in
particular Y represents -C3-9alkyl-,
-C1-5alkyl-NR13-C1-5alkyl- or -Ci_2alkyl-NR23-CO-CR
16R17-NHX1 represents O or -O-Ci_2alkyl-; inparticular
X1 represents O X2 represents a direct bond, C^alkyl,
-CO-C1-2alkyl or NR12-Ci_2alkyl; in particular X2
represents a direct bond or NR12-C1-2alkyl-; R1
represents hydrogen or halo; in particular R1
represents hydrogen; R2 represents halo, C2 6alkynyl,
cyano or Het 1; in particular R2 represents halo,
acetylene or Het 1; more in particular R2 represents
halo or Het 1; R3 represents hydrogen;R4 represents
Ar4-Ci_4alkyloxy-, C^alkyloxy- or Ci_4alkyloxy
substituted with one or where possible two or more
substituents selected from Het2, NR7R8, hydroxy and
Ci_4alkyloxy-Ci_4alkyloxy-; in particular R4
represents Ar4-C1-4alkyloxy-, Ci-4alkyloxy- or
Ci_4alkyloxy substituted with Ci-4alkyloxy-C
1-4alkyloxy-; R7 represents hydrogen or C1-4alkyl; R8
represents C^alkyl substituted with NR25R26 or
C1-4alkylsulfonyl; R12 represents hydrogen or
C1-4alkyl-; R13 represents Ar6-sulfonyl or
C1-6alkyloxycarbonyl optionally substituted with
phenyl; R16 and R17 represents hydrogen, C1-4alkyl or
R16 and R17 taken together with the carbon atom to
which they are attached from a C3_6cycloalkyl; R23
represents hydrogen or C1-4alkyl; in particular R23
represents Ci_4alkyl and R23 represents hydrogen when
R16 and R17 taken together with the carbon atom to
which they are attached from a C3-6cycloalkyl; R25 and
R26 each independently represent hydrogen or
C1-4alkylcarbonyl; R27 and R28 each independently
represent hydrogen or C1-4alkylcarbonyl; Het1
represents 2-bora-l,3-dioxolanyl; Het2 represents
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl
or 1,1-dioxothiomorpholinyl wherein said Het2 is
optionally substituted with d 4alkyloxycarbonyl or
NR27R28-C1-4alkyl; in particular Het2 represents
1,1-dioxothiomorpholinyl; piperidinyl substituted with
C1-4alkyloxycarbonyl; or piperazinyl substituted with
Q^alkyloxycarbonyl or NR27R28-C _4alkyl-; Ar4
represents phenyl; Ar5 represents phenyl; or Ar6
represents phenyl optionally substituted with nitro.
An interesting group of compounds consists of those
compounds of formula (I) wherein one or more of the
following restrictions apply : Z represents NH; Y
represents -C3-9alkyl-,-C1-5alkyl-NR13-C1-5alkyl-,
-C1-5alkyl-NR14-CO-C1-5alkyl-, -C1 2alkyl-NR2
1-CH2-CO-NH-C1-3alkyl-, C1-6alkyl-NH-CO- or -d_
2alkyl-NR23- CO-CR16R17-NH-; in particular Y
represents -C3-9alkyl-, C1-6alkyl-NH-CO-
-C1-5alkyl-NR13-C1-5alkyl-,
-C1-5alkyl-NR14-CO-C1-5alkyl-, or - C1
2alkyl-NR23-CO-CR16R17-NHX1 represents O or
-O-C^alkyl-; in particular X1 represents O X2
represents a direct bond, C^alkyl, -CO-C^alkyl or
NR12-C1-2alkyl; in particular X2 represents
-CO-C^alkyl orNR 12-C!_2alkyl-;R1 represents hydrogen,
cyano or halo; in particular R1 represents hydrogen or
halo, more in particular R1 represents hydrogen,
fluoro or bromo; R2 represents halo, C2-6alkynyl,
cyano or Het1; in particular R2 represents halo,
acetylene or Het1; more in particular R2 represents
halo or Het1; R3 represents hydrogen; R4 represents
Ar4-Ci-4alkyloxy-, C^alkyloxy- or C1-4alkyloxy
substituted with one or where possible two or more
substituents selected from Het2, NR7R8, hydroxy and
C1-4alkyloxy-Ci-4alkyloxy-; in particular R4
represents Ar4-C1-4alkyloxy-, C1-4alkyloxy- or
Ci-4alkyloxy substituted with one or where possible
two or more substituents selected from Het2, NR7R8 or
hydroxy; R7 represents hydrogen, hydroxy-C1-4alkyl- or
C1-4alkyl; R8 represents Ci-4alkylcarbonyl ,
C1-4alkyloxycarbonyl or C^alkyl substituted with
hydroxy-C1-4alkyloxy-, NR25R26 , Ci-4alkylcarbonyloxy-
or C1-4alkylsulfonyl; R12 represents hydrogen or
C1-4alkyl-; R13 represents Ar6-sulfonyl or d
.6alkyloxycarbonyl optionally substituted with phenyl;
R16 and R17 each independently represents hydrogen, d
_4alkyl or R16 and R17 taken together with the carbon
atom to which they are attached from a C3-6cycloalkyl;
R23 represents C^alkyl optionally substituted with
Het25; R23 may also represent hydrogen when R16 and
R17 taken together with the carbon atom to which they
are attached form a C3_6cycloalkyl; R25 and R26 each
independently represent hydrogen or C1-4alkylcarbonyl;
R27 and R28 each independently represent hydrogen or
C1-4alkylcarbonyl; Het1 represents
2-bora-l,3-dioxolanyl; Het2 represents piped dinyl,
piperazinyl, morpholinyl, thiomorpholinyl or 1,1
-dioxothiomorpholinyl wherein said Het2 is optionally
substituted with Ci-4alkyloxycarbonyl or
NR27R28-Ci-4alkyl; in particular Het2 represents
1,1-dioxothiomorpholinyl; piperidinyl substituted with
Ci-4alkyloxycarbonyl; or piperazinyl substituted with
Ci-4alkyloxycarbonyl or NR27R28-Ci-4alkyl-; Het25
represents morpholinyl; Ar4 represents phenyl; Ar5
represents phenyl; or Ar6 represents phenyl optionally
substituted with nitro. A further interesting group of
compounds consists of those compounds of formula (I)
wherein one or more of the following restrictions
apply :Z represents NH; Y represents -C3.9alkyl-,-C
1-5alkyl-NR 13-C 5alkyl-, -C1-5alkyl-NR 14-CO-C
1-salkyl-, - alkyl-NR -H CO-NH- alkyl- or
-C^alkyl-NR^-CO-CR'V^NH-; X1 represents O or
-O-C1-2alkyl-; X2 represents a direct bond, C1-2alkyl,
-CO-C, 2alkyl or NR 12-C1-2alkyl; R1 represents
hydrogen or halo; R2 represents halo, acetylene or Het
1 R3 represents hydrogen or cyano; R4 represents
Ar4-C1-4alkyloxy-, C1-4alkyloxy- or C^alkyloxy
substituted with one or where possible two or more
substituents selected from Het2, NR7R8, hydroxy and
C]_4alkyloxy-C 1-4alkyloxy-; R7 represents hydrogen or
Ci-4alkyl; R8 represents C1-4alkyl substituted with
NR25R26 or C1-4alkylsulfonyl; R12 represents hydrogen
or Ci-4alkyl-; R13 represents Ar6-sulfonyl or Ci-
alkyloxycarbonyl optionally substituted with phenyl;
R16 and R17 represents hydrogen, C1-4alkyl or R16 and
R17 taken together with the carbon atom to which they
are attached from a C3-6cycloalkyl; R23 represents
C1-4alkyl and R23 represents hydrogen when R16 and R17
taken together with the carbon atom to which they are
attached from a C3-6cycloalkyl; R25, R26, R27 and R28
each independently represent hydrogen or
C]-4alkylcarbonyl; Het1 represents
2-bora-l,3-dioxolanyl; Het2 represents piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl or
1,1-dioxothiomorpholinyl wherein said Het2 is
optionally substituted with C1-4alkyloxycarbonyl or
NR27R28-C1-4alkyl; Ar4 and Ar5 represents phenyl; Ar6
represents phenyl optionally substituted with nitro.
Other special group of compounds are: - those
compounds of formula (I) wherein -X1- represents -O-;
- those compounds of formula (I) wherein - X1-
represents C1-2alkyl; - those compounds of formula (I)
wherein - X1- represents -NR 1 1-, in particular -NH-;
- those compounds of formula (I) wherein - X2-
represents -NR 12-C1-2alkyl, in particular -N(CH 3)-C
1-2alkyl-; - those compounds of formula (I) wherein R1
is fluoro, chloro or bromo; - those compounds of
formula (I) wherein R2 is fluoro, chloro or bromo; -
those compounds of formula (I) wherein R2 is Het1, in
particular 2-bora-l,3- dioxolanyl; - those compounds
of formula (I) wherein R4 is at position 7 of the
structure of formula (I).- those compounds of formula
(I) wherein R4 represents Ci-4alkyloxy substituted
with hydroxy and one substituent selected from NR7R8
or Het2- ; - those compounds of formula (I) wherein R
is hydrogen or methyl and R represents aminocarbonyl-C
1-4alkyl-, NR25R26 , C1-4alkylsulfonyl-Ci_4alkyl-,
C^alkylcarbonyloxy-C^alkyl or Hetn -C1-4alkyl-; in
particular those compounds of formula (I) wherein R7
is hydrogen or methyl and R8 represents
aminocarbonyl-C 1-4alkyl-, NR25R26,
C1-4alkylsulfonyl-C 1-4alkyl- or Hetu -C1-4alkyl- -
those compounds of formula (I) wherein Het2 represent
piperidinyl, 1,1-dioxothiomorpholinyl or piperazinyl
and said Het2 is optionally substituted with one or
where possible two or more substituents selected from
NR39R40, aminocarbonyl, mono- or
d^C^alkyOaminocarbonyl or C1-4alkylsulfonyl; in
particular those compounds of formula (I) wherein Het2
represent piperidinyl or piperazinyl and said Het2 is
optionally substituted with one or where possible two
or more substituents selected from NR39R40,
aminocarbonyl, mono- or di(C1-4alkyl)aminocarbonyl or
C^alkylsulfonyl. In a further embodiment of the
present invention the X2 substituent is at position
2', the R1 substituent represents hydrogen or halo and
is at position 4', the R2 substituent represents halo
and is at position 5', the R substituent is at
position 2 and the R4 substituent at position 7 of the
structure of formula (I). Alternatively, the X2
substituent is at position 3', the R1 substituent
represents hydrogen or halo and is at position 4', the
R2 substituent represents halo and is at position 5',
the R3 substituent is at position 2 and the R4
substituent at position 7 of the structure of formula
(I). The compounds of this invention can be prepared
by any of several standard synthetic processes
commonly used by those skilled in the art of organic
chemistry and described for instance in the following
references; "Heterocyclic Compounds" - Vol.24 (part4)
p 261-304 Fused pyrimidines, Wiley - Interscience ;
Chem. Pharm. Bull., VoI 41(2) 362-368 (1993);
J.Chem.Soc, Perkin Trans. 1, 2001, 130-137. As further
exemplified in the experimental part of the
description, a particular group of compounds are those
compounds of formula (I) were -X1- represents -O-
hereinafter referred to as the compounds of formula
(3). Said compounds are generally prepared starting
from the known 6-acetoxy-4-chloro-7-methoxy
quinazoline (IF) which can be prepared from
commercially available veratric acid and
4-hydroxy-3-methoxy benzoic acid,
respectively.Coupling of the latter with suitable
substituted anilines (HI') under standard conditions,
for example stirred in 2-propanol at an elevated
temperature ranging form 40-100 0C during 3-12 h,
furnish the intermediate compounds (IV) (Scheme 1).
Scheme 1 



V = hydrogen or a protective group such as for
example, methylcarbonyl, t-butyl, methyl, ethyl,
benzyl or trialkylsilyl groups X7,R1 and R2 are
defined as for the compounds of formula (I)
Deprotection of the intermediates of formula (IV) as
described in Protective Groups in Organic Synthesis by
T.W. Greene and P.G.M. Wuts, 3rd edition, 1998
followed by ring closure under Mitsunobu conditions
give the macrocyclic compounds (1) that are used as
starting compounds in the synthesis of the final
compounds of the present invention. (Scheme 2 -
wherein V is defined as hereinbefore). V = hydrogen or
a protective group such as for example,
methylcarbonyl, t-butyl, methyl, ethyl, benzyl or
trialkylsilyl groups 9 1 9 X , R and R are defined as
for the compounds of formula (I) In brief, said
macrocyclic compounds of formula (1) are demethylated
using art known conditions such as for example
provided in Schemes 3&4 hereinbelow, followed by an
alkylation with an appropriate alcohol, such as for
example described in Scheme 5 hereinafter.Quinazoline
demethylation. Scheme 3: 2 A stirred suspension of 1
(1 equiv), LiCl (7 equiv.) and Na2S.9H2O (7 equiv) in
DMF, was heated under microwave conditions to 140 C
until completion (30 minutes). The reaction mixture
was allowed to cool to ambient temperature and was
then poured onto ice water. The mixture was filtered
and the yellow precipitation was re-dissolved in
DCM/MeOH (9:1) with some HCOOH and purified over
silica gel filter (eluens: DCM/MeOH 9.5/0.5). The pure
fractions were collected, evaporated and co-evaporated
with toluene to give pure 2 (yield: 70 %). Ouinazoline
demethylation. Scheme 4: To a stirred suspension of 1
(1 equiv) and KI (10 equiv) in DMA, was added HBr (48
% in H2O) while bubbling N2 through the reaction
mixture. The mixture was rapidly heated to 130 C and
stirred at this temperature until completion ( 2h).
The reaction mixture was allowed to cool to 70 C and
poured onto ice/H2O/NH3. The mixture was filtered and
the yellow precipitation was re-dissolved in THF/MeOH
(2:1), concentrated and co-evaporated with toluene.
Crystalization from 2-propanol afford pure 2 (yield :
42 - 78 %).Quinazoline alkylation. Scheme 5 wherein R
represents Ar4-Ci.4alkyl-, Ci.4alkyl- or R represents
Ci_4alkyl substituted with one or where possible two
or more substituents selected from hydroxy, halo,
CMalkyloxy-, NR7R8 or Het2- . Ar4, Her2, R7 and R8 are
defined as for the compounds of formula (I)
hereinbefore. To a stirred suspension of 2 ( 1 equiv),
alcohol (8 equiv) and triphenylphosphine (2 equiv) in
THF, DIAD (2 equiv) was added dropwise and the mixture
was stirred at room temperature for 60 min. The
reaction mixture was concentrated under reduced
pressure, and the crude product was triturated from
acetonitrile to afford pure 3. For those compounds of
formula (3) wherein R1 or R2 represent acetylene the
following synthesis scheme (Scheme 6) is generally
applied. In brief, the halogenated form of the
compounds of formula (3) is acetylated using
trimethylsilylacetylene followed by deprotection of
the acetylene group to yield the compounds of general
formula (5). Incorporation of acetylene moiety. Scheme
6 Pd(Ph3P)-CICuI O -L- , 75 C 4 wherein R is defined
as in Scheme 5 hereinbeforeTo a stirred solution of 3
( 1 equiv) in pyrrolidine was added
bis(triphenylphosphine)palladium(II)chloride (20 mol%)
followed by CuI (cat). The reaction mixture was heated
to 750C and trimethylsilylacetylene (2.5 equiv) was
added. The mixture was stirred at this temperature
until the reaction was essentially complete and was
then filtered through a short pad of celite and
concentrated to dryness. The residue was re-dissolved
in EtOAc and was partitioned between EtOAc and water.
The combined organic layers were concentrated under
reduced pressure and the residue was treated with
MP-TMT in acetonitrile overnight. It was then
filtered, the resin was washed with acetonitrile
followed by DCM and the filtrate was concentrated to
afford 4. Compound 4 and aqueous K2CO3 (sat.) in MeOH
(1:1) were stirred at room temperature for 1 hour. The
reaction mixture was concentrated under reduced
pressure, the residue was re-dissolved in DCM and
washed with water. The organic phase was separated,
dried (MgSO4) and concentrated under vaccuo. The
residue was purified either by column chromatography
or reverse phase HPLC to afford pure 5. A particular
group of compounds are those compounds of formula (3)
wherein R represents Ci_4alkyl substituted with NR7R8
or Het2 wherein said Het2 is attached to the remainder
of the molecule through the nitrogen atom. Said
compounds of general formula (7) are generally made
according to synthesis scheme 7 departing from the
intermediate compounds of general formula (2). Scheme
7 wherein R7 and R8 are defined as for the compounds
of formula (I), or R7 and R8 taken together with the
nitrogen atom to which they are attached from a
heterocycle wherein said heterocycle is defined as
Het2 for the compounds of formula (I) hereinbefore.To
a stirred suspension of 2 ( 1 equiv), bromopropyl
alcohol (2 equiv) and triphenylphosphine (2 equiv) in
THF, DIAD (2 equiv) was added dropwise and the mixture
was stirred at room temperature for 60 min. The
reaction mixture was concentrated under vaccuo, and
the crude product was triturated from acetonitrile to
afford pure 6. To a stirred suspension of 6 ( 1
equiv), in acetonitrile was added the amine (20 equiv)
and the mixture was stirred at room temperature
overnight. The reaction mixture was concentrated under
vaccuo, and the crude product was triturated from
acetonitrile to afford pure 7. Alternatively to the
above, and in particular for those compounds of
formula (7) wherein the C1-4alkyl moiety is further
substituted with hydroxy-, said compounds are made
using a nucleophilic addition reaction departing from
the oxirane analog 3' (Scheme 8) Scheme 8 Wherein R7
and R8 are defined as for the compounds of formula
(I), or R7 and R8 taken together with the nitrogen
atom to which they are attached from a heterocycle
wherein said heterocycle is defined as Het2 for the
compounds of formula (I) hereinbefore. To a stirred
suspension of 3' (1 equiv), in 2-propanol was added
the amine (20 equiv) and the mixture was stirred at 70
C for 2 hours. The reaction mixture was cooled, and
the product crystallized from 2-propanol to afford
pure 8. Where necessary or desired, any one or more of
the following further steps in any order may be
performed : (i) removing any remaining protecting
group(s);(ii) converting a compound of formula (I) or
a protected form thereof into a further compound of
formula (I) or a protected form thereof; (iii)
converting a compound of formula (I) or a protected
form thereof into a N-oxide, a salt, a quaternary
amine or a solvate of a compound of formula (I) or a
protected form thereof; (iv) converting a N-oxide, a
salt, a quaternary amine or a solvate of a compound of
formula (I) or a protected form thereof into a
compound of formula (I) or a protected form thereof;
(v) converting a JV-oxide, a salt, a quaternary amine
or a solvate of a compound of formula (I) or a
protected form thereof into another -oxide, a
pharmaceutically acceptable addition salt a quaternary
amine or a solvate of a compound of formula (I) or a
protected form thereof; (vi) where the compound of
formula (I) is obtained as a mixture of (R) and (S)
enantiomers resolving the mixture to obtain the
desired enantiomer. Compounds of formula (I),
N-oxides, addition salts, quaternary amines and
stereochemical isomeric forms thereof can be converted
into further compounds according to the invention
using procedures known in the art. It will be
appreciated by those skilled in the art that in the
processes described above the functional groups of
intermediate compounds may need to be blocked by
protecting groups. Functional groups, which are
desirable to protect, include hydroxy, amino and
carboxylic acid. Suitable protecting groups for
hydroxy include trialkylsilyl groups (e.g.
tert-butyldimethylsilyl, tert-butyldiphenylsilyl or
trimethylsilyl), benzyl and tetrahydropyranyl.
Suitable protecting groups for amino include
tert-butyloxycarbonyl or benzyloxycarbonyl. Suitable
protecting groups for carboxylic acid include
C(i-6)alkyl or benzyl esters. The protection and
deprotection of functional groups may take place
before or after a reaction step. Additionally, the
N-atoms in compounds of formula (I) can be methylated
by artknown methods using CH3-I in a suitable solvent
such as, for example 2-propanone, tetrahydrofuran or
dimethylformamide.The compounds of formula (I) can
also be converted into each other following artknown
procedures of functional group transformation of which
some examples are mentioned hereinafter. The compounds
of formula (I) may also be converted to the
corresponding TV-oxide forms following art-known
procedures for converting a trivalent nitrogen into
its TV-oxide form. Said TV-oxidation reaction may
generally be carried out by reacting the starting
material of formula (I) with
3-phenyl-2-(phenylsulfonyl)oxaziridine or with an
appropriate organic or inorganic peroxide. Appropriate
inorganic peroxides comprise, for example, hydrogen
peroxide, alkali metal or earth alkaline metal
peroxides, e.g. sodium peroxide, potassium peroxide;
appropriate organic peroxides may comprise peroxy
acids such as, for example, benzenecarboperoxoic acid
or halo substituted benzenecarboperoxoic acid, e.g.
3-chlorobenzenecarboperoxoic acid, peroxoalkanoic
acids, e.g. peroxoacetic acid, alkylhydroperoxides,
e.g. t-butyl hydroperoxide. Suitable solvents are, for
example, water, lower alkanols, e.g. ethanol and the
like, hydro carbons, e.g. toluene, ketones, e.g.
2-butanone, halogenated hydrocarbons, e.g.
dichloromethane, and mixtures of such solvents. Pure
stereochemically isomeric forms of the compounds of
formula (I) may be obtained by the application of
art-known procedures. Diastereomers may be separated
by physical methods such as fractional crystallization
and chromatographic techniques, e.g. counter-current
distribution, liquid chromatography and the like. Some
of the compounds of formula (I) and some of the
intermediates in the present invention may contain an
asymmetric carbon atom. Pure stereochemically isomeric
forms of said compounds and said intermediates can be
obtained by the application of art-known procedures.
For example, diastereoisomers can be separated by
physical methods such as fractional crystallization or
chromatographic techniques, e.g. counter current
distribution, liquid chromatography and the like
methods. Enantiomers can be obtained from racemic
mixtures by first converting said racemic mixtures
with suitable resolving agents such as, for example,
chiral acids, to mixtures of diastereomeric salts or
compounds; then physically separating said mixtures of
diastereomeric salts or compounds by, for example,
fractional rystallization or chromatographic
techniques, e.g. liquid chromatography and the like
methods; and finally converting said separated
diastereomeric salts or compounds into the
corresponding enantiomers. Pure stereochemically
isomeric forms may also be obtained from the pure
stereochemicallyisomeric forms of the appropriate
intermediates and starting materials, provided that
the intervening reactions occur stereospecifically. An
alternative manner of separating the enantiomeric
forms of the compounds of formula (I) and
intermediates involves liquid chromatography, in
particular liquid chromatography using a chiral
stationary phase. Some of the intermediates and
starting materials as used in the reaction procedures
mentioned hereinabove are known compounds and may be
commercially available or may be prepared according to
art-known procedures. As described in the experimental
part hereinafter, the growth inhibitory effect and
antitumour activity of the present compounds has been
demonstrated in vitro, in enzymatic assays on the
receptor tyrosine kinases such as for example EGFR,
AbI, Fyn, FlTl, HcK or the Sar kinase family such as
for example Lyn, Yes and cSRC. In an alternative
assay, the growth inhibitory effect of the compounds
was tested on a number of carcinamo cell lines, in
particular in the ovarian carcinoma cell line SKOV3
and the squamous carcinoma cell line A43 1 using art
known cytotoxicity assays such as MTT. Accordingly,
the present invention provides the compounds of
formula (I) and their pharmaceutically acceptable
JV-oxides, addition salts, quaternary amines and
stereochemically isomeric forms for use in therapy.
More particular in the treatment or prevention of cell
proliferation mediated diseases. The compounds of
formula (I) and their pharmaceutically acceptable
iV-oxides, addition salts, quaternary amines and the
stereochemically isomeric forms may hereinafter be
referred to as compounds according to the invention.
Disorders for which the compounds according to the
invention are particularly useful are atherosclerosis,
restenosis, cancer and diabetic complications e.g.
retinopathy. In view of the utility of the compounds
according to the invention, a method of treating a
cell proliferative disorder such as atherosclerosis,
restenosis and cancer is provided, the method
comprising administering to an animal in need of such
treatment, for example, a mammal including humans,
suffering from a cell proliferative disorder, a
therapeutically effective amount of a compound
according to the present invention.Said method
comprising the systemic or topical administration of
an effective amount of a compound according to the
invention, to animals, including humans. One skilled
in the art will recognize that a therapeutically
effective amount of the EGFR inhibitors of the present
invention is the amount sufficient to induce the
growth inhibitory effect and that this amount varies
inter alia, depending on the size, the type of the
neoplasia, the concentration of the compound in the
therapeutic formulation, and the condition of the
patient. Generally, an amount of EGFR inhibitor to be
administered as a therapeutic agent for treating cell
proliferative disorder such as atherosclerosis,
restenosis and cancer, will be determined on a case by
case by an attending physician. Generally, a suitable
dose is one that results in a concentration of the
EGFR inhibitor at the treatment site in the range of
0.5 nM to 200 mM, and more usually 5 nM to 10 mM. To
obtain these treatment concentrations, a patient in
need of treatment likely will be administered between
0.01 mg/kg to 300 mg/kg body weight, in particular
from 10 mg/kg to 100 mg/kg body weight. As noted
above, the above amounts may vary on a case-by-case
basis. In these methods of treatment the compounds
according to the invention are preferably formulated
prior to admission. As described herein below,
suitable pharmaceutical formulations are prepared by
known procedures using well known and readily
available ingredients. Due to their high degree of
selectivity as EGFR inhibitors, the compounds of
formula (I) as defined above, are also useful to mark
or identify the kinase domain within the receptor
tyrosine kinase receptors. To this purpose, the
compounds of the present invention can be labelled, in
particular by replacing, partially or completely, one
or more atoms in the molecule by their radioactive
isotopes. Examples of interesting labelled compounds
are those compounds having at least one halo which is
a radioactive isotope of iodine, bromine or fluorine;
or those compounds having at least one lC-atom or
tritium atom. One particular group consists of those
compounds of formula (I) wherein R is a radioactive
halogen atom. In principle, any compound of formula
(I) containing a halogen atom is prone for
radiolabelling by replacing the halogen atom by a
suitable isotope. Suitable halogen radioisotopes to
this purpose are radioactive iodides, e.g. 122I, 123I,
125I, 131 I ; radioactive bromides, e.g. 75Br, 76Br,
77Br and 82Br, and radioactive fluorides, e.g. 18F.
The introduction of a radioactive halogen atom can be
performed by a suitable exchange reaction or by using
any one of the procedures as described hereinabove to
prepare halogen derivatives of formula (I).Another
interesting form of radiolabelling is by substituting
a carbon atom by a p C-atom or the substitution of a
hydrogen atom by a tritium atom. Hence, said
radiolabeled compounds of formula (I) can be used in a
process of specifically marking receptor sites in
biological material. Said process comprises the steps
of (a) radiolabelling a compound of formula (I), (b)
administering this radiolabeled compound to biological
material and subsequently (c) detecting the emissions
from the radiolabeled compound. Alternatively the
compounds are labeled with stable isotopes. In this
form of labeling the naturally abundant isotopes of
hydrogen, carbon and nitrogen (1H, 12C and 14N) are
replaced with stable isotopes of these elements (2H
[deuterium], 13C and 15N, respectively). Labeling with
stable isotopes is used for two principal purposes:
Incorporation of stable isotopes into proteins,
carbohydrates and nucleic acids facilitates their
structural determination at the atomic level.
Metabolic studies exploiting the increased mass of
compounds labeled with stable isotopes The term
biological material is meant to comprise every kind of
material which has a biological origin. More in
particular this term refers to tissue samples, plasma
or body fluids but also to animals, specially
warm-blooded animals, or parts of animals such as
organs. When used in in vivo assays, the radiolabeled
compounds are administered in an appropriate
composition to an animal and the location of said
radiolabeled compounds is detected using imaging
techniques, such as, for instance, Single Photon
Emission Computerized Tomography (SPECT) or Positron
Emission Tomography (PET) and the like. In this manner
the distribution to the particular receptor sites
throughout the body can be detected and organs
containing said receptor sites can be visualized by
the imaging techniques mentioned hereinabove. This
process of imaging an organ by administering a
radiolabeled compound of formula (I) and detecting the
emissions from the radioactive compound also
constitutes a part of the present invention. In yet a
further aspect, the present invention provides the use
of the compounds according to the invention in the
manufacture of a medicament for treating any of the
aforementioned cell proliferative disorders or
indications. The amount of a compound according to the
present invention, also referred to here as the active
ingredient, which is required to achieve a
therapeutical effect will, of course, vary with the
particular compound, the route of administration, the
age and condition of the recipient, and the particular
disorder or disease being treated. A suitable daily
dosewould be from 0.01 mg/kg to 300 mg/kg body weight,
in particular from 10 mg/kg to 100 mg/kg body weight.
A method of treatment may also include administering
the active ingredient on a regimen of between one and
four intakes per day. While it is possible for the
active ingredient to be administered alone, it is
preferable to present it as a pharmaceutical
composition. Accordingly, the present invention
further provides a pharmaceutical composition
comprising a compound according to the present
invention, together with a pharmaceutically acceptable
carrier or diluent. The carrier or diluent must be
"acceptable" in the sense of being compatible with the
other ingredients of the composition and not
deleterious to the recipients thereof. The
pharmaceutical compositions of this invention may be
prepared by any methods well known in the art of
pharmacy, for example, using methods such as those
described in Gennaro et al. Remington's Pharmaceutical
Sciences (18th ed., Mack Publishing Company, 1990, see
especially Part 8 : Pharmaceutical preparations and
their Manufacture). A therapeutically effective amount
of the particular compound, in base form or addition
salt form, as the active ingredient is combined in
intimate admixture with a pharmaceutically acceptable
carrier, which may take a wide variety of forms
depending on the form of preparation desired for
administration. These pharmaceutical compositions are
desirably in unitary dosage form suitable, preferably,
for systemic administration such as oral, percutaneous
or parenteral administration; or topical
administration such as via inhalation, a nose spray,
eye drops or via a cream, gel, shampoo or the like.
For example, in preparing the compositions in oral
dosage form, any of the usual pharmaceutical media may
be employed, such as, for example, water, glycols,
oils, alcohols and the like in the case of oral liquid
preparations such as suspensions, syrups, elixirs and
solutions: or solid carriers such as starches, sugars,
kaolin, lubricants, binders, disintegrating agents and
the like in the case of powders, pills, capsules and
tablets. Because of their ease in administration,
tablets and capsules represent the most advantageous
oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. For
parenteral compositions, the carrier will usually
comprise sterile water, at least in large part, though
other ingredients, for example, to aid solubility, may
be included. Injectable solutions, for example, may be
prepared in which the carrier comprises saline
solution, glucose solution or a mixture of saline and
glucose solution. Injectable suspensions may also be
prepared in which case appropriate liquid carriers,
suspending agents and the like may be employed. In the
compositions suitable for percutaneous administration,
the carrier optionally comprises a penetration
enhancing agent and/or a suitable wetting agent,
optionally combined withsuitable additives of any
nature in minor proportions, which additives do not
cause any significant deleterious effects on the skin.
Said additives may facilitate the administration to
the skin and/or may be helpful for preparing the
desired compositions. These compositions may be
administered in various ways, e.g., as a transdermal
patch, as a spot-on or as an ointment. It is
especially advantageous to formulate the
aforementioned pharmaceutical compositions in dosage
unit form for ease of administration and uniformity of
dosage. Dosage unit form as used in the specification
and claims herein refers to physically discrete units
suitable as unitary dosages, each unit containing a
predetermined quantity of active ingredient calculated
to produce the desired therapeutic effect in
association with the required pharmaceutical carrier.
Examples of such dosage unit forms are tablets
(including scored or coated tablets), capsules, pills,
powder packets, wafers, injectable solutions or
suspensions, teaspoonfuls, tablespoonfuls and the
like, and segregated multiples thereof. Experimental
part Hereinafter, the term 'THF' means
tetrahydrofuran, 'DIPE' means diisopropyl ether, 'DMF'
means , -dimethylformamide, 'NaBH(OAc) 3' means sodium
triacetoxyborohydride, 'EtOAc' means ethyl acetate,
'EDCF means JV- (ethylcarbonimidoyl)- ,N-dimethyl-
1,3-propanediamine monohydrochloride, 'HOBT' means
1-hydroxy- lH-benzotriazole, 'CDF means
l,l'-carbonylbis-lH-imidazole, 'DIPEA' means 7V-ethyl-
-(l -methyl ethyl)- 2-propanamine, 'NaBH 4' means
sodium tetrahydroborate(-l), 'DMA' means
dimethylacetamide, 'DIAD' means bis(lmethylethyl)
ester diazenedicarboxylic acid, 'HBTU' means 1-
[bis(dimethylamino)methylene]-lH-Benzotriazoliumhexafl
uorophosphate(l-)3-oxide, 'HATU' means
l-[bis(dimethylamino)methylene]-lH-l,2,3-triazolo[4,5-
b]pyridinium 3-oxide, hexafluorophosphate(l-), 'HOAT'
means 3-hydroxy-3H-l,2,3-triazolo[4,5- b]pyridineA.
Preparation of the intermediates Example Al a)
Preparation of intermedi A mixture of
-[(4-chloro-2-nitrophenyl)acetyl]glycine ethyl ester
(0.023 mol) in THF (250ml) was hydrogenated with Pt/C
(2.0 g) as a catalyst in the presence of a 4%
thiophene solution in DIPE (ImI). After uptake of H2
(3 equiv.), the catalyst was filtered off and the
filtrate was evaporated. The obtained residue was
suspended in DIPE, then the suspension was stirred at
boiling temperature, cooled and the desired product
was collected by filtration, yielding 6.2g (100%) of
intermediate (1). b) Preparation of intermediate (2) A
mixture of 4-chloro-7-methoxy-6-quinazolinol acetate
ester (0.00050 mol) and intermediate (1) (0.00050 mol)
in 2-propanol (5ml) was stirred for 16 hours in a
pressure tube at 800C (oil bath temperature), then the
reaction mixture was filtered and the filter residue
was air-dried, yielding 0.165g (67.7%) of intermediate
(2). c) Preparation of intermediate (3) A mixture of
intermediate (2) (0.0244 mol) in NH3/CH3OH (7N) (50ml)
and CH3OH (100ml) was stirred overnight at room
temperature and then the solvent was evaporated
(Genevac.) under reduced pressure and at room
temperature. Finally, the obtained residue was dried
(vac.) overnight at 600C, yielding 8.2g (75%) of
intermediate (3).d) Preparation of intermediate (4) A
mixture of intermediate (3) (0.0138 mol) and Cs2CO3
(0.0690 mol) in DMF (120ml) was stirred for 30 minutes
at room temperature, then 1,2-dibromoethane (0.117
mol) was added and the reaction mixture was stirred
overnight at room temperature. The solvent was
evaporated under reduced pressure and the residue was
co-evaporated with toluene. The obtained residue was
stirred in DIPE and the desired product was filtered
off, yielding 6.93g (91%) of intermediate (4). e)
Preparation of intermediate (5) A mixture of
intermediate (4) (0.00181 mol) and
4-morpholineethanamine (0.00907 mol) in ethanol (20ml)
was heated in a microwave oven for 90 minutes at 100C
and then the reaction mixture was purified by
reversed-phase high-performance liquid chromatography.
The product fractions were collected and the solvent
was evaporated, yielding 0.39g (36%) of intermediate
(5). f) Preparation of intermediate (6) A mixture of
intermediate (5) (0.00065 mol) and lithium hydroxide
(0.0032 mol) in ethanol (20ml) and H2O (2ml) was
stirred for 2 hours at room temperature and then the
solvent was evaporated under reduced pressure,
yielding intermediate (6) (quantitative yield).Example
A2 a) Preparation of intermediate (7) A mixture of
4-chloro-5-fluoro-2-nitrobenzaldehyde (0.0491 mol),
N-methyl-L-alanine methyl ester hydrochloride (0.0589
mol) and titanium(4+) 2-propanol salt (0.0737 mol) in
1,2-dichloroethane (100ml) was stirred at room
temperature for 30 minutes. NaBH(OAc)3 (0.0589 mol)
was added. The mixture was stirred overnight, then
diluted in CH2Cl2, quenched with aqueous (10%) K2CO3
and filtered. The organic layer was separated, dried
(MgSO4), filtered, and the solvent was evaporated to
dryness, yielding 16.5g (quantitative yield) of
intermediate (7) (S-configuration). b) Preparation of
intermediate (8) A mixture of intermediate (7) (0.0491
mol), Fe (0.246 mol) and NH4Cl (0.491 mol) in
THF/CH3OH/H2O (4/4/2; 500ml) was stirred and refluxed
overnight, then cooled to 



room temperature and filtered. The filtrate was
diluted in CH2Cl2. The organic layer was separated,
dried (MgSO4), filtered and the solvent was evaporated
to dryness, yielding 13g (96%) of intermediate (8)
(S-configuration). c) Preparation of intermediate (9)
A mixture of 4-chloro-7-methoxy-6-quinazolinol acetate
ester (0.0162 mol) and intermediate (8) (0.0162 mol)
in CH3CN (150ml) was stirred and refluxed for 4 hours,
then cooled back to room temperature, the solvent was
evaporated in vacuo and the residue was taken up in
K2CO3 (aq.) (10%) and CH2Cl2. The organic layer was
separated, dried (MgSO4), filtered, and the solvent
was evaporated to dryness. The residue (6.4g) was
purified by column chromatography over silica gel
(eluent: CH2C 12/CH3OH 100/0 to 99/1 ; 15-40 m). The
desired fractions were collected and the solvent was
evaporated, yielding 3.09g (37%) of intermediate (9)
(S-configuration).d) Preparation of intermediate (10)
A mixture of intermediate (9) (0.0061 mol) in
NH3/CH3OH (7N) (20ml) and CH3OH (100ml) was stirred at
room temperature for 40 hours, then evaporated to
dryness. The residue was taken up in CH3CN/DIPE. The
precipitate was filtered off and dried, yielding 1.93g
(70%) of intermediate (10) (M.P.: 234C;
S-configuration). e) Preparation of intermediate (11)
Cs2CO3 (0.0063 mol) was added to a solution of
intermediate (10) (0.0042 mol) in dry DMF (20ml). The
mixture was stirred at room temperature for 1 hour. A
solution of (3- bromopropyl)-l,l-dimethylethyl ester
carbamic acid (0.0046 mol) in dry DMF (5ml) was added.
The mixture was stirred at room temperature for 3
hours, poured into H2O and extracted with EtOAc. The
organic layer was separated, dried (MgSO4), filtered,
and the solvent was evaporated to dryness, yielding:
2.8g (quantitative yield) of intermediate (11)
(S-configuration). f) Preparation of intermediate (12)
A mixture of intermediate (11) (0.0042 mol) in HCl
(aq.) (6N) (20ml) and dioxane (100ml) was stirred at
600C for 3 hours, then cooled to room temperature and
evaporated to dryness. The residue was taken up in
ethanol/diethyl ether. The precipitate was filtered
under N2 flow and dried in vacuo, yielding 2.24g
(100%) of intermediate (12) as a hydrochloric acid
salt(.3.02HCl .1.88H2O; S-configuration; M.P. 175C).g)
Preparation of intermediate (13) Intermediate (12)
(0.0018 mol) was added portionwise to a warm solution
(50C) of EDCI (0.0037 mol), HOBT (0.0037 mol) and
triethylamine (0.008 mol) in CH2C 12/THF (50/50;
1000ml) over a 3 hour period, under vigorous stirring
at 50C. After evaporation of the solvent, the residue
was taken up in K2CO3 (aq.) (10%). The mixture was
extracted with CH2Cl2. The organic layer was
separated, dried (MgSO4), filtered and the solvent was
evaporated to dryness. The residue (Ig) was
crystallized from ethanol/DIPE. The precipitate was
filtered off and dried. This fraction was crystallized
again from CH3CN. The precipitate was filtered off and
dried, yielding 0.2 Ig (24%) of intermediate (13)
(M.P.: 270C; S-configuration). h) Preparation of
intermediate (14) A mixture of intermediate (13)
(0.0001 mol), sodium sulfide (0.001 mol) and lithium
chloride (0.001 1 mol) in DMF (ImI) was stirred at
room temperature for 5 minutes, then heated in a
microwave oven at 90C for 15 minutes, poured into
saturated NaHCO3 and extracted with diethyl ether
three times. The organic layer was washed with
saturated NaCl, dried (MgSO4), filtered and the
solvent was evaporated to dryness. The residue (1.3g)
was purified by column chromatography over silica gel
(eluent: CH2C 12/CH3OH 100/0 to 90/10; l5-40 mm). The
desired fractions were collected and the solvent was
evaporated. The residue was crystallized from CH3CN.
The precipitate was filtered off and dried, yielding
0.406g (84%) of intermediate (14) (M.P.: 196C;
Sconfiguration). i) Preparation of intermediate (15)
l-Bromo-3-chloropropane (0.0012 mol) was added to a
suspension of intermediate (14) (0.0008 mol) and K2CO3
(aq.) (0.0016 mol) in CH3CN/DMF (8ml). The mixture was
stirred and refluxed for 18 hours, then cooled to room
temperature, poured into H2Oand extracted with EtOAc.
The organic layer was separated, dried (MgSO 4),
filtered and the solvent was evaporated to dryness.
The residue (0.85g) was purified by column
chromatography over silica gel (eluent: CH2C 12/CH3OH
100/0 to 97/3; 15-40mm). The pure fractions were
collected and the solvent was evaporated, yielding
0.24g (58%) of intermediate (15) (S-configuration).
Example A3 a) Preparation of intermediate (16) A
mixture of intermediate (15) (0.0005 mol),
1,1-dimethylethyl ester 1- piperazinecarboxylic acid
(0.001 mol) and K2CO3 (aq.) (0.0005 mol) in CH3CN
(3ml) was stirred and refluxed overnight.
1,1-Dimethylethyl ester 1-piperazinecarboxylic acid
(0.001 mol) and K2CO3 (aq.) (0.0005 mol) were added
again. The mixture was stirred and refluxed for 18
hours, cooled to room temperature, poured into H2O and
extracted with CH2Cl2. The organic layer was
separated, dried (MgSO 4), filtered and the solvent
was evaporated to dryness. The residue (0.487g) was
purified by column chromatography over kromasil
(eluent: CH 2C I2ZCH3OHZNH 4OH 99Z1Z0.05 to 90Z10/0.5;
5mm). The pure fractions were collected and the
solvent was evaporated, yielding 0.165g (46%) of
intermediate (16) (S-configuration; M.P.: 140C). b)
Preparation of intermediate (17) HCl/2-propanol
(0.3ml) was added to a mixture of intermediate (16)
(0.0001 mol) in CH3OH (3ml). The mixture was stirred
at room temperature overnight, then stirred at room
temperature for 18 extra hours and evaporated to
dryness. This hydrochloric acid salt was taken up in
K2CO3 (aq.) (10%). The mixture was extracted with
CH2Cl2. The organic layer was separated, dried (MgSO
4), filtered and the solvent was evaporated to
dryness, yielding: 0.095g (100%) of intermediate (17)
(S-configuration).Example A4 a) Preparation of
intermediate (18) A mixture of
4-bromo-2-nitrobenzeneacetic acid (0.077 mol) and HOBT
(0.077 mol) in CH2Cl2 (550ml) was stirred at room
temperature. CDI (0.077 mol) was added and stirring
was continued for 10 minutes. Then DIPEA (0.077 mol)
was added and the reaction mixture was stirred at room
temperature for 30 minutes. L-Leucine methyl ester
hydrochloride (0.077 mol) was added at once and the
mixture was stirred overnight at room temperature. An
extra amount of HOBT (0.077 mol), CDI (0.077 mol) and
DIPEA (0.077 mol) was added and the reaction mixture
was stirred at room temperature over the weekend. The
mixture was quenched with H2O and the layers were
separated. The organic layer was washed with saturated
K2CO3 (aq.) (Ix) and HCl (IN) (Ix), then dried
(MgSO4), filtered and the solvent was evaporated. The
red gumlike product was triturated from 2-propanol.
The off-white solid was filtered off and dried,
yielding 7.87g of intermediate (18) (S-configuration).
b) Preparation of intermediate (19) A mixture of
intermediate (18) (0.056 mol) in toluene (219ml) was
stirred (mixture (I)). A mixture OfNH4Cl (0.283 mol)
in H2O (151ml) was added to mixture (1) and in a next
step Fe (0.283 mol) was added. The reaction mixture
was refluxed overnight. Then another portion of NH4Cl
(0.283 mol) and Fe (0.283 mol) was added and the
reaction mixture was refluxed for 1 hour. The mixture
was cooled to room temperature and then filtered
through dicalite. The layers were separated and the
aqueous layer was washed with toluene. The combined
organic layers were dried (MgSO4), filtered and the
solvent was evaporated, yielding 20. Ig of
intermediate (19) (S-configuration). c) Preparation of
intermediate (20) A solution of intermediate (19)
(0.055 mol) in 2-propanol (200ml) was heated to 70C
(solution (I)). A solution of
4-chloro-7-methoxy-6-quinazolinol acetate ester
(0.066mol) in 2-propanol (200ml) was also heated to
7O0C and this solution was added to solution (1).
Stirring at 7O0C was continued for 75 minutes. An
extra amount of 4- chloro-7-methoxy-6-quinazolinol
acetate ester (0.027 mol) in 2-rropanol (100ml) was
added and the mixture was reacted further for 2 hours.
The solvent was evaporated and the residue was
purified by column chromatography over silica gel
(eluent: CH2C 12/CH3OH 99.5/0.5 till 90/10). The
product fractions were collected and the solvent was
evaporated, yielding 13.82g of intermediate (20)
(S-configuration). d) Preparation of intermediate (21)
A mixture of intermediate (20) (0.081 mol) in CH OH
(400ml) was stirred at room temperature. NH3/CH3OH
(7N) (200ml) was added and the reaction mixture was
stirred at room temperature for 95 minutes. The
solvent was evaporated and the residue was triturated
from 2-propanol. The pale yellow solid was filtered
off and dried, yielding 43g (99.9%) of intermediate
(21) (S-configuration). e) Preparation of intermediate
(22) A mixture of intermediate (21) (0.0113 mol) in
DMF (300ml) was stirred. K2CO3 (aq.) (0.056 mol) was
added and the reaction mixture was stirred at room
temperature for 35 minutes. Then 1,3-dibromopropane
(0.113 mol) was added and the reaction mixture was
stirred for 40 hours at room temperature. The reaction
mixture was filtered and concentrated under reduced
pressure till ~20ml. The concentrate was poured into
H2O and the precipitation was filtered off and dried,
yielding 7.16g (97.1%) of intermediate (22)
(S-configuration).f) Preparation of intermediate (23)
A mixture of intermediate (22) (0.003832 mol) and
4-morpholinepropanamine (0.0383 mol) in ethanol (40ml)
was heated to 1000C for 1 hour and then purified by
high performance liquid chromatography. The organic
solvent was evaporated and the water layer was
concentrated to ~20ml. The concentrate was made
alkaline with aqueous NaOH (IN) to a pH of -10 and
extracted with EtOAc. The separated organic layer was
dried (MgSO4), filtered and the mixture was
concentrated, yielding 9.14g of intermediate (23)
(S-configuration). g) Preparation of intermediate (24)
A mixture of intermediate (23) (0.007909 mol) in CH3OH
(40ml) and H2O (4ml) was stirred at room temperature
until dissolution. Lithium hydroxide (0.0395 mol) was
added and the reaction mixture was stirred for 85
minutes. The reaction mixture was concentrated and the
residue was dried, yielding 5.53 g (99.6%) of
intermediate (24) (S-configuration). h) Preparation of
intermediate (25) A mixture of HATU (0.002052 mol) and
HOAT (0.00008551 mol) in DMA (50ml) was added dropwise
to a mixture of intermediate (24) (0.0007126 mol) and
DIPEA (0.002138 mol) in DMA (50ml). The reaction
mixture was stirred overnight. H2O was added and the
mixture was concentrated to -10ml. EtOAc was added to
the mixture to become a solution. H2O was added and
the two layers were separated. The organic layer was
dried (MgSO ), filtered and the solvent was
evaporated. The obtained residue was purified by high
performance liquid chromatography (NH4HCO3 buffer).
Theproduct fractions were collected, the solvent was
evaporated and the residue was dried, yielding
intermediate (25) (S-configuration; quantitative
yield) i) Preparation of intermediate (26) A mixture
of intermediate (25) (0.0007314 mol) in pyrrolidine
(10ml) was stirred
dichlorobis(triphenylphosphine)palladium (0.00003657
mol) and copper iodide (catalytic amount) were added
and the reaction mixture was heated to 75C.
Ethynyltrimethylsilane (0.001828 mol) was added and
heating was continued for 30 minutes. Then an extra
portion of dichlorobis(triphenylphosphine)palladium
(0.00003657 mol) and ethynyltrimethylsilane (0.001828
mol) was added and the mixture was reacted for 270
minutes. The reaction mixture was filtered through
celite and washed with CH3OH. The solvent was
evaporated and the residue was redissolved in EtOAc
and washed 2x with H2O. The organic layer was dried
(MgSO4), filtered and the solvent was evaporated. The
crude residue was redissolved in CH3CN and MPTMT resin
(0.0003657 mol) was added to scavenge any residual Pd.
This mixture was stirred for 36 hours at room
temperature and was then filtered. The resin was
washed with CH3OH and the filtrate was evaporated,
yielding 0.48 g of intermediate (26) (Sconfiguration).
Example A5 a) Preparation of intermediate (27)
4-Chloro-l-(chloromethyl)-2-nitrobenzene (0.81 mol)
and propanedioic acid diethyl ester (0.794 mol) were
suspended in hexane (300ml). K2CO3 (aq.) (0.81 mol)
was added. Then, 18-crown-6 (0.008 mol) was added. The
resultant reaction mixture was stirred and refluxed
for 30 hours under N2 atmosphere. The reaction mixture
was cooled to 20C. This mixture was extracted with
water (750ml). The layers were separated. The aqueous
phase was washed with toluene. The combined organic
layers were dried (Na2SO4), filtered and the solvent
was evaporated, yielding 255. 8g of intermediate
(27).b) Preparation of intermediate (28) Intermediate
(27) (255. 8g, 0.466 mol) was dissolved in acetic acid
(1000ml). A 20% aqueous HCl solution (1000ml) was
added and the resulting reaction mixture was stirred
and refluxed for 16 hours. The reaction mixture was
cooled to 20C and the solvent was evaporated. The
residue was suspended in water (500ml) and treated
with a 10% aqueous NaOH solution (500ml). This mixture
was stirred for one hour. This mixture was extracted
with diethyl ether (3 x 500ml) and then acidified with
concentrated HCl resulting in precipitation from the
cooled aqueous layer. The precipitate was filtered off
and dried, yielding 109g of intermediate (28) (M.P.:
109- H l 0C). c) Preparation of intermediate (29) A
mixture of intermediate (28) (0.015 mol) and HOBT
(0.015 mol) in CH2Cl2 (10ml) was stirred for 30
minutes at room temperature. CDI (0.015 mol) was added
and the reaction mixture was stirred for 30 minutes at
room temperature. The resultant solution was added to
a mixture of a-aminocyclohexanepropanoic acid methyl
ester hydrochloride (0.01875 mol) and
diisopropylmethylamine/resin (1 0.05 mol) in CH2Cl2
(70ml) and the reaction mixture was shaken overnight
at room temperature. An excess of scavenger resins
(polystyrylmethyl)trimethylammonium bicarbonate and
sulfonic acid resin MP (70-90 mesh) were added and the
mixture was shaken for 18 hours. The mixture was
filtered. The filtrate was concentrated at room
temperature, yielding intermediate (29)
(S-configuration; quantitative yield) d) Preparation
of intermediate (30) A mixture of intermediate (29)
(0.001 mol) in 2-propanol (20ml) was hydrogenated with
5% Pt/C (catalytic quantity) as a catalyst in the
presence of vanadium oxide (q.s.) and a 4% thiophene
solution in DIPE (q.s.). After uptake of H2 (3 equiv),
the catalyst was filtered off and the filtrate was
evaporated, yielding intermediate (30)
(Sconfiguration; quantitative yield).e) Preparation of
intermediate (31) A mixture of
4-chloro-7-methoxy-6-quinazolinol acetate ester (0.001
mol) and intermediate (30) ( 1 equiv; 0.001 mol) in
2-propanol (25ml) was stirred for 6 hours at 800C. The
reaction mixture was cooled to room temperature and
used as such in next reaction step, yielding
intermediate (31) (S-configuration; quantitative
yield) f) Preparation of intermediate (32) A mixture
of intermediate (31) (0.0010 mol) in 2-propanol (25ml)
and NH3/CH3OH (5ml) was stirred for 18 hours at room
temperature. The solvent was evaporated under reduced
pressure. The residue was purified by high-performance
liquid chromatography. The product fractions were
collected and the solvent was evaporated, yielding
intermediate (32) (S-configuration; quantitative
yield) g) Preparation of intermediate (33) A mixture
of intermediate (32) (crude) and Cs2CO3 (5 equiv.) in
DMF (5ml) was stirred for 30 minutes at room
temperature. (3-bromopropyl)-l,l-dimethylethyl ester
carbamic acid (1.1 equiv.) was added and the reaction
mixture was stirred for 18 hours at room temperature.
The solvent was evaporated under reduced pressure,
yielding intermediate (33) (S-configuration;
quantitative yield).h) Preparation of intermediate
(34) A solution of intermediate (33) (crude) in HCl
(6N) (2ml) and dioxane (2ml) was stirred for 16 hours
at 60C. The solvent was evaporated under reduced
pressure, yielding of intermediate (34)
(S-configuration; quantitative yield). Example A6 a)
Preparation of intermediate (35) A solution of
4-bromo-2-nitrobenzaldehyde (0.013 mol),
5-amino-l-pentanol (0.013 mol) and titanium(4+)
2-propanol salt (0.014 mol) in ethanol (15ml) was
stirred at room temperature for 1 hour, then the
reaction mixture was heated to 50C and stirred for 30
minutes. The mixture was cooled to room temperature
and NaBH4 (0.013 mol) was added portionwise. The
reaction mixture was stirred overnight and then poured
onto ice water (50ml). The resulting mixture was
stirred for 20 minutes, the formed precipitate was
filtered off (giving Filtrate (I)), washed with H2O
and stirred in CH2Cl2 (to dissolve the product and to
remove it from the Ti-salt). The mixture was filtered
and then the filtrate was dried (MgSO4) and filtered,
finally the solvent was evaporated to dryness.
Filtrate (I) was evaporated until ethanol was removed
and the aqueous concentrate was extracted 2 times with
CH2Cl2. The organic layer was separated, dried
(MgSO4), filtered off and the solvent was evaporated
dry, yielding 3.8 g (93%) of intermediate (35). b)
Preparation of intermediate (36) A solution of
intermediate (35) (0.0047 mol), formaldehyde (0.025
mol) and titanium(4+) 2-propanol salt (0.0051 mol) in
ethanol (150ml) was heated to 50C and stirred for 1
hour, then NaBH4 (0.026 mol) was added portionwise at
room temperature. The reaction mixture was stirred
overnight and then quenched with water (100ml). The
resulting mixture was stirred for 1 hour; the formed
precipitate was filtered off andwashed. The organic
filtrate was concentrated, then the aqueous
concentrate was extracted with CH2Cl2 and dried. The
solvent was evaporated dry and the residue was
filtered over silica gel (eluent: CH2C 12/CH3OH from
98/2 to 95/5). The product fractions were collected
and the solvent was evaporated dry, yielding 0.5g of
intermediate (36). c) Preparation of intermediate (37)
A solution of intermediate (36) (0.0015 mol) and
pyridine (0.015 mol) in acetic acid anhydride (8ml)
was stirred overnight at room temperature, then the
solvent was evaporated and co-evaporated with toluene,
yielding intermediate (37) (quantitative yield) d)
Preparation of intermediate (38) A mixture of
intermediate (37) (0.0015 mol) in THF (50ml) was
hydrogenated with 5% Pt/C (0.5 g) as a catalyst in the
presence of a 4% thiophene solution in DIPE (0.5ml).
After uptake of H2 (3 equiv.), the catalyst was
filtered off and the filtrate was evaporated, yielding
0.5g of intermediate (38). e) Preparation of
intermediate (39) A mixture of intermediate (38)
(0.0015 mol) and 4-chloro-7-methoxy-6-quinazolinol
acetate ester (0.0015 mol) in 2-propanol (30ml) was
heated to 80C and the reaction mixture was stirred for
1 day. The solvent was evaporated under reduced
pressure, yielding 0.83g of intermediate (39). f)
Preparation of intermediate (40) A solution of
intermediate (39) (0.0015 mol) in CH3OH (25ml) was
stirred at room temperature and a solution of K2CO
(0.003 mol) in H2O (2.5ml) was added, then thereaction
mixture was heated to 60C and stirred for 18 hours.
The solvent was evaporated and H O (20ml) was added,
then the mixture was neutralised with acetic acid and
the formed precipitate was filtered off. The filtrate
was concentrated under reduced pressure and the
concentrate was extracted with CH2Cl2, filtered, then
dried (MgSO4) and the mixture was concentrated under
reduced pressure, yielding 0.5g (70%) of intermediate
(40). g) Preparation of intermediate (41) A solution
of intermediate (40) (0.001 1 mol) in THF (50ml) was
stirred at room temperature and tributylphosphine
(0.0016 mol) was added, then 1,1'-
(azodicarbonyl)bispiperidine (0.0016 mol) was added
and the reaction mixture was stirred for 2 hours. The
solvent was evaporated until 1/3 of the initial
volume. The resulting precipitate was filtered off and
washed. The filtrate was evaporated and the residue
was purified by high-performance liquid
chromatography. The product fractions were collected
and the organic solvent was evaporated. The aqueous
concentrate was extracted 2 times with CH2Cl2 and the
organic layer was dried (MgSO4) . The solvent was
evaporated dry and the residue was dried (vacuum) at
50C, yielding 0.004g (0.8 %) of intermediate (41). h)
Preparation of intermediate (42) A 48% solution of
hydrobromide in water (5.5ml) was added to a
suspension of intermediate (41) (0.0058 mol) and
potassium iodide (0.044 mol) in DMA (55ml), stirred at
room temperature under N flow. The reaction mixture
was stirred for 2.5 hours at 13O0C. The reaction
mixture was poured onto ice water. The layers were
separated. The aqueous layer was neutralised with NaOH
(IN) and the resulting precipitate was filtered off,
then dissolved in CH2Cl2, washed with water, separated
and the organic phase was dried, filtered and the
solvent evaporated under reduced pressure. The residue
was stirred in water, filtered off, dissolved in THF
and the solvent was evaporated (toluene was added and
azeotroped on the rotary evaporator), yielding 1.58g
(61%) of intermediate (42).i) Preparation of
intermediate (43) Bis(l-methylethyl) ester
diazenedicarboxylic acid (0.0158 mol) was added
dropwise to a suspension of intermediate (42)
(0.007895 mol), 2-(2-methoxyethoxy)ethanol (0.0631
mol) and triphenylphosphine (0.0158 mol) in THF
(120ml), stirred at room temperature. The reaction
mixture was stirred at room temperature for 20
minutes. The solvent was evaporated in vacuo. The
residue was stirred for 10 minutes in CH3CN at room
temperature. The precipitate was filtered off, washed
with CH3CN and dried, yielding 3.37g (78%) of
intermediate (43). j ) Preparation of intermediate
(44) Intermediate (43) (0.0009166 mol) was stirred in
pyrrolidine (10ml).
Dichlorobis(triphenylphosphine)palladium (0.00004583
mol) was added, followed by addition of copper iodide
(catalytic quantity). The mixture was heated to 70C.
Ethynyltrimethylsilane (0.002292 mol) was added and
the reaction mixture was stirred at 70C for 4.75
hours. The reaction mixture was cooled to room
temperature, filtered through dicalite and the filter
residue was washed with CH3OH. The filtrate was
concentrated. The concentrate was redissolved in
EtOAc, then partitioned between water and EtOAc. The
organic layer was separated, dried (MgSO4), filtered
and the solvent was evaporated. The residue was
redissolved in CH3CN and treated with MPTMT resin
(0.002292 mol) to scavenge any residual Pd. The
mixture was stirred slowly over the weekend. The
mixture was filtered. The resin was washed with CH3OH
and the filtrate's solvent was evaporated, yielding
0.40Og of intermediate (44). Example A7 a) Preparation
of intermediate (45) A solution of
2-(methylamino)ethanol (0.077 mol) in CH2Cl2 (180ml)
was stirred at room temperature.
Tetrakis(2-methyl-2-propanolato)titanate(l-) (0.077
mol) was added, followed by triethylamine (0.077 mol).
4-Bromo-5-fluoro-2-nitrobenzaldehyde(0.077 mol) was
added and the mixture was stirred for 90 minutes.
NaBH(OAc)3 (0.0847 mol) was added and the reaction
mixture was stirred for 18 hours at room temperature.
The mixture was poured into an aqueous NaHCO3
solution. The precipitate was filtered off. The layers
were separated. The organic phase was washed with
water (2 x), dried (MgSO4), filtered and the solvent
was evaporated. The residue was purified by column
chromatography over silica gel (eluent: CH2Cl ZCH3OH
99/1 to 99/2). The desired fractions were collected
and the solvent was evaporated, yielding 18g of
intermediate (45). b) Preparation of intermediate (46)
A mixture of intermediate (45) (0.059 mol) in EtOAc
(250ml) was hydrogenated at room temperature and
atmospheric pressure with 5% Pt/C (2 g) as a catalyst
in the presence of vanadium oxide (0.5 g) and a 4%
thiophene solution in DIPE (2ml). After uptake of H (3
equiv), the catalyst was filtered off and the filtrate
was evaporated, yielding intermediate (46)
(quantitative yield) c) Preparation of intermediate
(47) A mixture of intermediate (46) (0.0396 mol) and
4-chloro-7-methoxy-6-quinazolinol acetate ester
(0.0396 mol) in 2-propanol (300ml) was stirred for 1
day at 75C. More 4- chloro-7-methoxy-6-quinazolinol
acetate ester (5 g) was added and the reaction mixture
was stirred again for 1 day at 75C. The solvent was
evaporated under reduced pressure, yielding
intermediate (47) (quantitative yield) d) Preparation
of intermediate (48) A mixture of intermediate (47)
(0.0396 mol) in NH3/CH3OH (200ml) and CH3OH (100ml)
was stirred overnight at room temperature. The
resulting precipitate was filtered off, washed and
dried (vacuum, 600C), yielding 15.7g of intermediate
(48).e) Preparation of intermediate (49) A solution of
intermediate (48) (0.0347 mol) in DMF (150ml) was
stirred at room temperature and treated with K2CO3
(aq.) (0.16 mol). The reaction mixture was stirred for
45 minutes at room temperature. 1,3-Dibromopropane
(0.31 mol) was added and the reaction mixture was
stirred for 2 hours at room temperature. The mixture
was poured onto ice/water, stirred for 10 minutes, and
the resulting precipitate was filtered off, washed and
dried (vacuum, 60C). The solid was stirred in DIPE,
filtered off, washed, then dried again in vacuo at
60C, yielding 19.2g (97%) of intermediate (49). f)
Preparation of intermediate (50) A solution of
intermediate (49) (0.033 mol),
2-nitrobenzenesulfonamide (0.10 mol) and
triphenylphosphine (0.0495 mol) in THF (700ml) was
stirred at room temperature. A solution of
bis(l-methylethyl) ester diazenedicarboxylic acid
(0.0495 mol) in THF (50ml) was added dropwise and the
reaction mixture was stirred overnight. The solvent
was evaporated under reduced pressure. The residue was
purified by column chromatography over silica gel. The
product fractions were collected and the solvent was
evaporated, yielding intermediate (50) (quantitative
yield). Example A8 a) Preparation of intermediate (51)
DIAD (0.005 mol) was added dropwise to a mixture of
intermediate (42) (0.0017 mol), (2R)-xiranemethanol
(0.0105 mol) and triphenylphosphine (0.005 mol) in THF
(30ml), stirred at room temperature for 5 hours. The
precipitate was filtered off, washed with THF, and
dried, yielding 0.545 g (64%) of intermediate (51)
(R-configuration).Example A9 a) Preparation of
intermediate (52) DIAD (0.0003 mol) was added dropwise
to a solution of intermediate (42) (0.000138 mol),
3-bromo-l-propanol (0.00055 mol) and
triphenylphosphine (0.0003 mol) in THF (2ml), stirred
at room temperature. The reaction mixture was stirred
for 1 hour at room temperature. The solvent was
evaporated under a gentle flow of N2, yielding 



intermediate (52) (quantitative yield). B. Preparation
of the compounds Example B1 Preparation of compound
(1) HBTU (0.00195 mol) was added to a stirred solution
of intermediate (6) (0.00069 mol) and DIPEA (0.00324
mol) in N,iV-dimethylacetamide (250ml) at room
temperature, then the reaction mixture was stirred for
3 hours and the solvent was co-evaporated with toluene
under reduced pressure. The obtained residue was
purified by reversedphase high-performance liquid
chromatography (eluent 1: NH4OAc; eluent 2: NH4HCO3).
The pure product fractions were collected and the
solvent was evaporated under reduced pressure. The
obtained residue (0.030 g) was crystallised from
2-propanol, then the resulting precipitate was
filtered off and dried (vacuum), yielding 0.0165g of
compound (1).Example B2 Preparation of compound (2)
and compound (3) compound (2) compound (3) A mixture
of intermediate (15) (0.0002 mol),
2-(methylamino)ethanol (0.0005 mol) and K2CO3 (aq.)
(0.0002 mol) in CH3CN (1.5ml) was stirred and refluxed
overnight, then cooled to room temperature, poured
into H2O and extracted with CH2Cl2. The organic layer
was separated, dried (MgSO4), filtered and the solvent
was evaporated to dryness. The residue (0.16g) was
purified by column chromatography over kromasil
(eluent: CH2Cl2ZCH3OHyNH4OH 99/1/0.05 to 88/12/1.2;
5mm). Two fractions were collected and the solvent was
evaporated, yielding 0.009g (6%) of compound (3)
(S-configuration) and 0.05g (31%) of compound (2)
(S-configuration). Example B3 Preparation of compound
(4) A mixture of intermediate (15) (0.0002 mol),
iV-(2-aminoethyl)acetamide (0.0005 mol) and K2CO3
(aq.) (0.0002 mol) in CH3CN (1.5ml) was stirred and
refluxed overnight. iV-(2-aminoethyl)acetamide and
K2CO3 (aq.) were added again. The mixture was stirred
and refluxed for 5 hours, then cooled to room
temperature, poured into H2O and extracted with
CH2Cl2. The organic layer was separated, dried
(MgSO4), filtered and the solvent was evaporated to
dryness. The residue (0.146g) was purified by column
chromatography over kromasil (eluent:
CH2CI2ZCH3OHZNH4OH 99/1/0.05 to 75/25/1; 5 m). The
pure fractions were collected and the solvent was
evaporated. The residue (0.042g, 27%) was crystallized
from diethyl ether. The precipitate was filtered off
and dried, yielding 0.034g (22%) of compound (4)
(S-configuration; M.P.: 112C).Example B4 Preparation
of compound (5) A mixture of intermediate (15) (0.0002
mol), ethanolamine (0.0005 mol) and K2CO3 (aq.)
(0.0002 mol) in CH3CN (1.5ml) was stirred and refluxed
overnight. CH3OH was added. The mixture was stirred at
room temperature for 18 hours, poured into H2O and
extracted with EtOAc. The organic layer was separated,
dried (MgSO 4), filtered and the solvent was
evaporated to dryness. The residue (0.1 2g) was
purified by column chromatography over kromasil
(eluent: CH2CI2ZCH3OHZNH 4OH 96Z4Z0.4 to 86Z4Z1.4;
5mm). The pure fractions were collected and the
solvent was evaporated, yielding 0.048g (33%) of
compound (5) (S-configuration). Example B5 Preparation
of compound (6) A mixture of intermediate (17) (0.0001
mol), iV-(2-chloroethyl)acetarnide (0.0001 mol), K2CO3
(aq.) (0.0003 mol) and potassium iodide (0.004g) in
ethanol (3ml) was stirred and refluxed for 3 days,
then cooled to room temperature, poured into H2O and
extracted with CH2Cl2. The organic layer was
separated, dried (MgSO 4), filtered and the solvent
was evaporated to dryness. The residue (0.097g) was
purified by column chromatography over kromasil
(eluent: CH2CI2ZCH3OHZNH 4OH 96Z4Z0.5 to 90Z10Z0.5;
5mm). The pure fractions were collected and the
solvent was evaporated. The residue (0.042g, 42%) was
crystallized from CH3CN. The precipitate was filtered
off and dried, yielding 0.032g (32%) of compound (6)
(S-configuration; M.P.: 136C).Example B6 Preparation
of compound (7) A mixture of intermediate (26)
(0.0006848 mol) in a saturated aqueous K2CO3 solution
(60ml) and CH3OH (60ml) was stirred for 30 minutes at
room temperature. The solvent was evaporated and the
residue was dissolved in CH2C 12/H2O. The layers were
separated and the organic layer was dried (MgSO4),
filtered and the solvent was evaporated. The crude
residue was purified by flash column chromatography
over silica gel (eluent: CH2C 12/CH3OH 99/1 till 95/5;
column was stripped with CH2C 12/(CH3OH/NH3) 95/5).
The desired fractions were purified again by column
chromatography over silica gel (eluent: CH2C
12/(CH3OH/NH3) 100/0 to 97/3). The product fractions
were collected and the solvent was evaporated. The
residue was purified by high-performance liquid
chromatography (ammonium acetate buffer). The product
fractions were collected, the CH3CN was evaporated and
the aqueous layer was made alkaline (pH=10). The
product was extracted with CH2Cl2. The separated
organic layer was dried and the solvent was
evaporated, yielding 0.419 g of compound (7)
(S-configuration) . Example B7 Preparation of compound
(8) A solution of HBTU (excess) and DIPEA (3 equiv) in
DMF (3ml) was stirred at room temperature. A solution
of intermediate (34) (crude) in DMF (2ml) was added
dropwise (Zymark). The resultant reaction mixture was
stirred overnight at room temperature. The solvent was
evaporated. The residue was purified by
high-performance liquidchromatography. The product
fractions were collected and the solvent was
evaporated, yielding O.Ol g of compound (8)
(S-configuration). Example B8 Preparation of compound
(9) Lithium hydroxide (0.340 g, 0.0081 mol) was added
to a mixture of intermediate (44) (0.0006 mol) in
CH3OH (25ml) and H2O (5ml), stirred at room
temperature. The reaction mixture was stirred for one
hour at 4O0C. The mixture was concentrated under
reduced pressure to one fifth of the initial volume.
The concentrate was poured into water. The mixture was
stirred for 30 minutes at room temperature. The
precipitate was filtered off, stirred in THF (20ml)
for one hour, then the precipitate was filtered off
again. The solid was dissolved in THF/CH 3OH 1/1
(200ml). The whole was filtered and the filtrate was
evaporated under reduced pressure. The residue was
dried, then stirred for one hour in CH3CN. The
precipitate was filtered off and dried, yielding
0.142g (48%) of compound (9). Example B9 Preparation
of compound (10) To a stirred mixture OfCs 2CO3 (0.018
mol), CH3CN (100ml) and L -tributyl-lbutanaminium
iodide (0.0072 mol) was added a solution of
intermediate (50) (0.0036 mol) in CH3CN (300ml) at
6O0C. The reaction mixture was stirred for 4 hours at
6O0C. The solvent was evaporated under reduced
pressure. The residue was purified by high-performance
liquid chromatography. The product fractions were
collected and the solvent was evaporated, yielding
1.4g of compound (10).Example BlO Preparation of
compound (11) A mixture of intermediate (42) (0.0017
mol), (3-hydroxypropyl)-l,l-dimethylethyl ester
carbamic acid (0.0041 mol) and triphenylphosphine
(0.0038 mol) in THF (20ml) was stirred at room
temperature. DIAD (0.004 mol) was added dropwise and
the reaction mixture was stirred for 1 hour at room
temperature. The solvent was evaporated and the
residue was stirred up in CH3CN (50ml). The
precipitate was filtered off, washed with CH3CN and
dried, yielding 0.815g (80%) of compound (11). Example
BIl Preparation of compound (12) A mixture of
intermediate (51) (0.00032 mol) and
1,1-dioxidethiomorpholine (0.00185 mol) in 2-propanol
(2ml) was stirred for 2 hours at 70C. DMF (2ml) was
added and the resultant reaction mixture was stirred
for 16 hours at 70C. The reaction mixture was cooled
at room temperature slowly. The precipitate was
filtered off and dried, yielding 0.108g (53%) of
compound (12) (R-configuration).Example B12
Preparation of compound (13) Intermediate (52)
(0.003190 mol) was stirred in CH3CN (20ml).
-(2-aminoethyl)acetamide (2ml) was added and the
resultant reaction mixture was stirred overnight at
room temperature. K2CO3 (aq.) (0.009569 mol) was added
and the reaction mixture was stirred and refluxed for
2 hours, then cooled to room temperature and the
solvent was evaporated in vacuo. Water was added to
the residue and this mixture was stirred for 30
minutes at room temperature. The yellow precipitate
was filtered off and dried. This fraction was purified
by flash column chromatography over a Biotage
cartridge (eluent: CH2C 12/(CH3OH/NH3) 95/5 up to
80/20). The product fractions were collected and the
solvent was evaporated, yielding 0.94g of compound
(13). Example B13 Preparation of compound (14)
Intermediate (52) (0.003544 mol) was stirred in CH3CN
(20ml). 2-(Methylsulfonyl)ethanamine hydrochloride
(0.007088 mol) was added. K2CO3 (aq.) (0.0106 mol) was
added and the reaction mixture was stirred and
refluxed overnight, then cooled to room temperature
and the solvent was evaporated in vacuo. Water was
added to the residue and this mixture was stirred for
10 minutes at room temperature. The yellow precipitate
was filtered off and dried. This fraction was purified
by flash column chromatography over a Biotage
cartridge (eluent: CH2C 12/(CH3OH/NH3) from 100/0 to
94/6). The product fractions were collected and the
solvent was evaporated, yielding 1.24g (58%) of
compound (14).Table F-I lists the compounds that were
prepared according to one of the above Examples. The
following abbreviations were used in the tables : M.P.
stands for the melting point. Table F-ICompound
identification LCMS-methods; The HPLC gradient was
supplied by a Waters Alliance HT 2790 system with a
column heater set at 4O0C. Flow from the column was
split to a Waters 996 photodiode array (PDA) detector
and a Waters-Micromass ZQ mass spectrometer with an
electrospray ionization source operated in positive
and negative ionization mode. Method 1: Reversed phase
HPLC was carried out on a Xterra MS C18 column (3.5
mm, 4.6 x 100 mm) with a flow rate of 1.6 ml/min.
Three mobile phases (mobile phase A 95% 25mM ammonium
acetate + 5% acetonitrile; mobile phase B:
acetonitrile; mobile phase C: methanol) were employed
to run a gradient condition from 100 % A to 50% B and
50% C in 6.5 minutes, to 100 % B in 1 minute, 100% B
for 1 minute and reequilibrate with 100 % A for 1.5
minutes. An injection volume of 10 uL was used. Method
2: Reversed phase HPLC was carried out on a Chromolith
(4.6 x 25 mm) with a flow rate of 3 ml/min. Three
mobile phases (mobile phase A 95% 25mM ammoniumacetate
+ 5% acetonitrile; mobile phase B: acetonitrile;
mobile phase C: methanol) were employed to run a
gradient condition from 96 % A to 2% B and 2% C in 0.9
minutes, to 49 % B and 49 % C in 0.3 minute, 100% B
for 0.2 minute. An injection volume of 2 uL was used.
Method 3: Reversed phase HPLC was carried out on a
Xterra MS Cl 8 column (3.5 mm, 4.6 x 100 mm) with a
flow rate of 1.6 ml/min. Two mobile phases (mobile
phase A methanol/H2O; mobile phase B 0.1 % formic
acid) were employed to run a gradient condition from
100 % B to 5 % B 12 minutes. An injection volume of 10
uL was used. Method 4: Reversed phase HPLC was carried
out on a Xterra MS C18 column (3.5 mm, 4.6 x 100 mm)
with a flow rate of 1.6 ml/min. Three mobile phases
(mobile phase A 95% 25mM ammonium acetate + 5%
acetonitrile; mobile phase B: acetonitrile; mobile
phase C: methanol) were employed to run a gradient
condition from 100 % A to 30% A, 35 % B;35 % C in 3
minutes to 50 % B and 50% C in 3.5 minutes, to 100 % B
in 0.5 minute. An injection volume of 10 uL was used.
Method 5: Reversed phase HPLC was carried out on a
Kromasil C18 column (3.5 mm, 4.6 x 100 mm) with a flow
rate of 1 ml/min. Three mobile phases (mobile phase A
ammonium acetate; mobile phase B: acetonitrile; mobile
phase C: formic acid) were employed to run a gradient
condition from 30 % A, 40 B, 30 % C for 1 minute to
100 % B for 5 minutes. An injection volume of 10 uL
was used. Table : retention time (RT in minutes) and
molecular weight as the MH+C. Pharmacological examples
Cl Kinase profiling The in vitro inhibition of a panel
of kinases was assessed using the glass-fiber filter
technology as described by Davies, S.P. et al.,
Biochem J . (2000), 351; p.95-105. In the glass-fiber
filter technology the activity of the kinase of
interest is measured using an appropriate substrate
that is incubated with the aforementioned kinase
protein in the presence of (33P) radiolabeled ATP.
(33P) Phosporylation of the substrate is subsequently
measured as radioactivity bound on a
glassfiber-filter. Detailed description All kinases
are pre-diluted to a 10x working concentration prior
to addition into the assay. The composition of the
dilution buffer for each kinase is detailed below. All
substrates are dissolved and diluted to working stocks
in de-ionised water. AbI humanIn a final reaction
volume of 25 ml, AbI (h) (5-10 mU) is incubated with 8
mM MOPS pH 7.0, 0.2 mM EDTA, 50 mM EAIYAAPFAKKK, 10 mM
MgAcetate and [g-33PATP] (specific activity approx.
500 cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a P30 filtermat and washed three
times for 5 minutes in 75 mM phosphoric acid and once
in methanol prior to drying and scintillation
counting. BIk mouse In a final reaction volume of 25
ml, BIk (m) (5-10 mU) is incubated with 50 mMTris pH
7.5, 0.1 mM EGTA, 0.1 mM Na3VO4, 0.1%
b-mercaptoethanol, 0.1 mg/ml poly(Glu, Tyr) 4:1, 10 mM
MgAcetate and [g-33P-ATP] (specific activity approx.
500 cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a Filtermat A and washed three times
for 5 minutes in 75 mM phosphoric acid and once in
methanol prior to drying and scintillation counting.
Bmx human In a final reaction volume of 25 ml, Bmx (h)
(5-10 mU) is incubated with 8 mM MOPS pH 7.0, 0.2 mM
EDTA, 0.1 mg/ml poly(Glu, Tyr) 4:1, 10 mM MgAcetate
and [g-33PATP] (specific activity approx. 500
cpm/pmol, concentration as required). The reaction is
initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a Filtermat A and washed three times
for 5 minutes in 75 mM phosphoric acid and once in
methanol prior to drying and scintillation counting.
CDK5/p35 human In a final reaction volume of 25 ml,
CDK5/p35 human (5-10 mU) is incubated with 8 mM MOPS
pH 7.0, 0.2 mM EDTA, 0.1 mg/ml histone Hl, 10 mM
MgAcetate and [g- 33P-ATP] (specific activity approx.
500cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a P30 filtermat and washedthree
times for 5 minutes in 75 mM phosphoric acid and once
in methanol prior to drying and scintillation
counting. CDK6/cvclinD3 human In a final reaction
volume of 25 ml, CDK6/cyclinD3 human (5-10 mU) is
incubated with 8 mM MOPS pH 7.0, 0.2 mM EDTA, 0.1
mg/ml histone Hl, 10 mM MgAcetate and [g-33P-ATP]
(specific activity approx. 500 cpm/pmol, concentration
as required). The reaction is initiated by the
addition of the MgATP mix. After incubation for 40
minutes at room temperature, the reaction is stopped
by the addition of 5 ml of a 3% phosphoric acid
solution. 10 ml of the reaction is then spotted onto a
P30 filtermat and washed three times for 5 minutes in
75 mM phosphoric acid and once in methanol prior to
drying and scintillation counting. cSRC human In a
final reaction volume of 25 ml, cSRC (h) (5-10 mU) is
incubated with 8 mM MOPS pH 7.0, 0.2 mM EDTA, 250 mM
KVEKIGEGTYGVVYK (Cdc2 peptide), 10 mM MgAcetate and
[g- P-ATP] (specific activity approx. 500 cpm/pmol,
concentration as required). The reaction is initiated
by the addition of the MgATP mix. After incubation for
40 minutes at room temperature, the reaction is
stopped by the addition of 5 ml of a 3% phosphoric
acid solution. 10 ml of the reaction is then spotted
onto a P30 filtermat and washed three times for 5
minutes in 75 mM phosphoric acid and once in methanol
prior to drying and scintillation counting. EGFR human
In a final reaction volume of 25 ml, EGFR (h) (5-10
mU) is incubated with 8 mM MOPS pH 7.0, 0.2 mM EDTA,
1OmM MnC12, 0.1 mg/ml poly(Glu, Tyr) 4:1, 10 mM
MgAcetate and [g- P-ATP] (specific activity approx.
500 cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a Filtermat A and washed three times
for 5 minutes in 75 mM phosphoric acid and once in
methanol prior to drying and scintillation counting.
ErbB4 human In a final reaction volume of 25 ml, ErbB4
(h) (5-10 mU) is incubated with 8 mM MOPS pH 7.0, 0.2
mM EDTA, 10 mM MnC12, 0.1 mg/ml poly(Glu, Tyr) 4:1, 10
mMMgAcetate and [g-33P-ATP] (specific activity approx.
500 cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a Filtermat A and washed three times
for 5 minutes in 75 mM phosphoric acid and once in
methanol prior to drying and scintillation counting.
Fgr human In a final reaction volume of 25 ml, Fgr
human (5-10 mU) is incubated with 8 mM MOPS pH 7.0,
0.2 mM EDTA, 0.1 mg/ml poly(Glu, Tyr) 4:1, 10 mM
MgAcetate and [g-33P-ATP] (specific activity approx.
500 cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a Filtermat A and washed three times
for 5 minutes in 75 mM phosphoric acid and once in
methanol prior to drying and scintillation counting.
Fyn human In a final reaction volume of 25 ml, Fyn
human (5-10 mU) is incubated with 50 mM Tris pH 7.5,
0.1mM EGTA, 0.1mM Na3VO4, 250 mM KVEKIGEGTYGVVYK (Cdc2
peptide), 10 mM MgAcetate and [g-33P-ATP] (specific
activity approx. 500 cpm/pmol, concentration as
required). The reaction is initiated by the addition
of the MgATP mix. After incubation for 40 minutes at
room temperature, the reaction is stopped by the
addition of 5 ml of a 3% phosphoric acid solution. 10
ml of the reaction is then spotted onto a P30
filtermat and washed three times for 5 minutes in 75
mM phosphoric acid and once in methanol prior to
drying and scintillation counting. Lck human In a
final reaction volume of 25 ml, Lck (h) (5-10 mU) is
incubated with 50 mM Tris pH 7.5, 0.1mM EGTA, 0.1mM
Na3VO4, 250 mM KVEKIGEGTYGVVYK (Cdc2 peptide), 10 mM
MgAcetate and [g-33P-ATP] (specific activity approx.
500 cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a P30 filtermat and washed three
times for 5 minutes in 75 mM phosphoric acid and once
in methanol prior to drying and scintillation
counting.Lyn human In a final reaction volume of 25
ml, Lyn (h) (5-10 mU) is incubated with 50 mM Tris pH
7.5, 0.1 mM EGTA, 0.1 mM Na3VO4, 0.1%
b-mercaptoethanol, 0.1 mg/ml poly(Glu, Tyr) 4:1, 10 mM
MgAcetate and [g-33P-ATP] (specific activity approx.
500 cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a Filtermat A and washed three times
for 5 minutes in 75 mM phosphoric acid and once in
methanol prior to drying and scintillation counting.
Ret human In a final reaction volume of 25 ml, Ret
human (5-10 mU) is incubated with 8 mM MOPS pH 7.0,
0.2 mM EDTA, 250 mM KKKSPGEYVNIEFG, 10 mM MgAcetate
and [g-33P-ATP] (specific activity approx. 500
cpm/pmol, concentration as required). The reaction is
initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a P30 filtermat and washed three
times for 5 minutes in 75 mM phosphoric acid and once
in methanol prior to drying and scintillation
counting. Yes human In a final reaction volume of 25
ml, Yes (h) (5-10 mU) is incubated with 8 mM MOPS pH
7.0, 0.2 mM EDTA, 0.1 mg/ml poly(Glu, Tyr) 4:1, 10 mM
MgAcetate and [g-33PATP] (specific activity approx.
500 cpm/pmol, concentration as required). The reaction
is initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a Filtermat A and washed three times
for 5 minutes in 75 mM phosphoric acid and once in
methanol prior to drying and scintillation counting.
Fltl human In a final reaction volume of 25 ml, Fltl
human (5-10 mU) is incubated with 8 mM MOPS pH 7.0,
0.2 mM EDTA, 250 mM KKKSPGEYVNIEFG, 10 mM MgAcetate
and [g-33P-ATP] (specific activity approx. 500
cpm/pmol, concentration as required). The reaction is
initiated by the addition of the MgATP mix. After
incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of 5 ml of a 3%
phosphoric acid solution. 10 ml of the reaction is
then spotted onto a P30 filtermat and washedthree
times for 5 minutes in 75 mM phosphopc acid and once
in methanol ppor to drying and scintillation counting.
Hck human In a final reaction volume of 25 ml, Hck
human (5-10 mU) is incubated with 8 mM MOPS pH 7.0,
0.2 mM EDTA, 250 mM KVEKIGEGTYGVVYK (Cdc2 peptide), 10
mM MgAcetate and [g-33P-ATP] (specific activity
approx. 500 cpm/pmol, concentration as required) The
reaction is initiated by the addition of the MgATP mix
After incubation for 40 minutes at room temperature,
the reaction is stopped by the addition of 5 ml of a
3% phosphopc acid solution 10 ml of the reaction is
then spotted onto a P30 filtermat and washed three
times for 5 minutes in 75 mM phosphopc acid and once
in methanol ppor to drying and scintillation counting.
The following tables provides the scores for the
compounds according to the invention, obtained at a
test concentration of 10 6 M using the above mentioned
kinase assays Score 1 = 10-30% inhibition, Score 2 =
30-60% inhibition, Score 3 = 60-80% inhibition and
Score 4 = > 80% inhibition.PRODUCTION OF b-LACTAMS IN
SINGLE CELLS The present invention relates to a
process for the production of a b-lactam compound and
to cells that can be used in such production. b-Lactam
compounds currently are produced on a commercial scale
by filamentous microorganisms, such as Penicillium
chrysogenum, Streptomyces clavuligerus, Nocardia
lactamdurans and Acremonium chrysogenum, as endogenous
secondary metabolites. Examples of microbial produced
b-lactam compounds are penam compounds, such as
penicillin V, (iso) penicillin N and penicillin G,
cephem compounds such as desacetoxycephalosporin and
other acyl-7-aminodesacetoxycephalosporanic acids,
desacetylcephalosporanic acid and other
acyl-7-aminodesacetylcephalosporanic acids,
cephalosporin C and other acyl^amino-cephalosporanic
acids, clavam compounds such as clavulanic acid,
carbapenem compounds, such as imipenem and thienamycin
and monobactam compounds such as aztreonam. Examples
of natural b-lactam -producing organisms are
Aspergillus (A. nidulans), Acremonium (A.
chrysogenum), Erwinia (E. carotovora), Flavobacterium,
Kallichroma (K. tethys), Nocardia (N. lactamdurans, N.
uniformis), Penicillium (P. chrysogenum, P.
nalgiovense, P. griseofulvum) and Streptomyces (S.
antibioticus, S. cattleya, S. clavuligerus, S.
griseus, S. hygroscopicus, S. lipmanii). The
production level of the b-lactam compounds in the
commercially applied organisms has been increased
considerably over the years. For instance, a modern
Penicillium chrysogenum production strain is reported
to produce about 40-50 g/l, whereas the original
strains produced about 1 mg/l (Elander, R.P. (2002)
University of Wisconsin contributions to the early
development of penicillin and cephalosporin
antibiotics, SIM News 52, 270-278; Elander, R.P.
(2003) Industrial production of b-lactam antibiotics,
Appl Microbiol Biotechnol 61, 385-392).This enhanced
production level was realized by classical mutagenesis
techniques (Elander, R. (1983) Strain improvement and
preservation of b-lactam producing microorganisms. In
A.L. Demain and N. Solomon (eds.) Antibiotics
containing the b-lactam structure I, Springer- Verlag,
New York, N.Y., 97-146). Furthermore, application of
recombinant DNA techniques resulted in production of 



cephem b-lactams in Penicillium strains that naturally
have the ability to produce penam b- lactams only. On
the other hand, Acremonium strains, which normally
produce cephem compounds, have been genetically
modified to produce penam compounds. However, a
serious drawback of the use of microorganisms
naturally capable of producing b-lactams is that these
organisms generally are filamentous organisms during
their production phase. This filamentous nature poses
serious difficulties during the fermentation. The
actual rheology is highly dependent on culture
conditions and can change from pellet growth to
viscous growth. The former causing nutrient transport
problems, the latter causing limitations in oxygen
transfer. Furthermore, the individual compartments of
the hyphae are differentiating during the
fermentation: from the growing apical or tip cell
(with the so-called 'spitzenkrper' as point of new
growth), the young and healthy-looking subapical
cells, and the old and highly vacuolized cells. These
different cells may differ in production levels and
respond differently to culture conditions, hampering
process control. In addition, investigation directed
to factors that are involved in and/or influence b-
lactam production is not feasible using these
filamentous, naturally b-lactam producing organisms.
First, compared to organisms like Escherichia coli
they are poorly accessible to standard molecular
biology techniques. Transformation is via fragile
protoplasts in polyethylene glycol, complete
episomally maintained plasmids are not available, and
integration is mostly random and multicopy. On top of
that the hyphal compartments are multi-nucleate and
the most important species, P. chrysogenum, has no
sexual cycle and also the alternative, the parasexual
cycle, is very inefficient. All these factors severely
hamper the identification of essential genes. For this
reason there is a desire to have b-lactam-producing
organisms that are better suited for large-scale
production and that do not have the disadvantageous
properties typical for filamentous microorganisms. In
addition, there is a desire to avail of microorganisms
wherein factors involved in b-lactam production can be
more easily investigated.Up to now, the establishment
of b-lactam production in non-filamentous, microbial
single cells was not feasible due to several factors.
The first committed step in b-lactam synthesis is
catalyzed by the so-called Non Ribosomal Peptide
Synthetase class of enzymes, in this case
d-(L-a-aminoadipyl)-Lcysteinyl- D-valine synthetase
(ACVS). These modular enzymes catalyze a complex
series of amino acid activation and subsequent peptide
bond formation. Species like bakers' yeast (S.
cerevisiae) do not have such enzymes, therefore might
not be equipped to perform such a reaction. In
addition, the gene encoding ACVS, pcbAB, is
approximately 12 kb long. With promoter and
terminator, an expression cassette of 14 kb needs to
be stably integrated in the yeast genome. The second
step in b-lactam synthesis is one of unprecedented,
complex biochemistry, a non-heme oxidation by
isopenicillin N synthase (IPNS). This enzyme is
severely inhibited by many standard compounds in the
cell (glutathion, Mn, Zn, pH changes, etc). Yeast has
quite high glutathion levels under certain growth
conditions, possibly causing severe inhibition of the
IPNS enzyme. The third step in b-lactam synthesis,
catalyzed by 6-APA:AcylCoA acyl transferase (AT), is
encoded by a gene interrupted by three fungal introns.
As yeast has only few genes with introns, which are
also different from fungal introns, these need to be
removed to obtain proper expression in yeast. In
addition, AT is only functional as a heterologous
dimer. The two components are both derived by
auto-processing from the initial polypeptide encoded
by the gene, generating 10 and 29 kDa peptides. It is
not known if this auto-processing will work in yeast
cells. b-Lactam enzymes are notorious for their
instability and the environment in filamentous fungi
is equipped to regenerate continuously with new
enzymes to support the continuous production of
b-lactams. It is not known beforehand if yeasts also
have this regenerating ability. Natural b-lactam
producers have evolved secretion systems specifically
adapted for efficient b-lactam export to sustain a
high production level. Last but not least, b-lactams
are toxic products. Non-natural producers may not be
equipped to survive these compounds. According to the
present invention it has surprisingly been found that
b-lactam production can be established in a
microorganism that does not naturally produce a
b-lactamcompound, i.e. a microorganism that does not
possess the biosynthetic pathway leading to the
formation of a b-lactam compound. Thus, in a first
aspect the present invention provides a microorganism
that does not naturally produce a b-lactam compound
and that is transformed with a polynucleotide involved
in the production of a b-lactam compound. Preferably,
this microorganism that does not naturally produce a
b-lactam compound grows in the form of single cells,
more preferably is a eukaryotic microorganism that
grows in the form of single cells. Most preferably,
the microorganism that does not naturally produce a
b-lactam compound is a yeast. Suitable yeasts to be
used in the present invention are Saccharomyces (S.
cerevisiae, S. bayanus, S. exiguus), Candida (C.
glabrata, C. utilis, C. maltosa, C. albicans, C.
boidinii, C. tropicalis), Kluyveromyces (K. lactis, K.
marxianus, K. thermotolerans), Yabadazyma ohmeri,
Pichia (P. angusta (= Hansenula polymorpha), P.
sorbitophila), Yarrowia lipolitica, Zygosaccharomyces
rouxii. The term "single cells" as used in the context
of the present invention refers to microorganisms that
grow predominantly or solely in the form of single
cells, i.e. microorganisms that do not predominantly
or solely grow in the form of hyphae, pellets and/or
as filamentous organisms. This advantageously allows
cultivation of the microorganism to a much higher cell
density than would be possible with filamentous
organisms. Sometimes, the growth behavior of a
microorganism that naturally grows as a single cell
may be changed due to e.g. genetic modification. For
instance, modifications are known that cause budding
problems in yeast. The skilled person will understand
that such a modified organism that may not necessarily
grow solely in the form of single cells still is
within the scope of the present invention. The present
invention has several advantages: a reduced viscosity
of the fermentation broth, e.g. a lower stirrer speed
suffices to ensure appropriate mixing of the
fermentation broth, the possibility of obtaining a
higher oxygen transfer rate in the fermentor, thereby
allowing an increased feed rate of the carbon source
to the fermentation, the possibility to obtain a
higher carbon flux through the b-lactam pathway, no
differentiation between cells causing all cells to be
producing cells. A polynucleotide involved in the
production of a b-lactam compound comprises a
polynucleotide sequence encoding an enzyme of the
b-lactam biosynthetic pathway. Examples of enzymes
that are part of the b-lactam biosynthetic pathway
are: (Tri) peptide synthetases such as
d-(L-a-aminoadipyl)-L-cysteinyl-D-valine synthetase
(ACVS), e.g. encoded by the pcbAB gene of Penicillium
chrysogenum,  Non-heme iron-containing dioxygenases
such as isopenicillin N synthase (IPNS), e.g. encoded
by the pcbC gene of Penicillium chrysogenum,
Epimerases such as IPN epimerase, e.g. encoded by the
ce/D gene of Streptomyces clavuligerus,  Acyl
transferases such as 6-APA:AcylCoA acyl transferase
(AT), e.g. encoded by the penDE gene of Penicillium
chrysogenum,  Expandases such as
desacetoxycephalosporin C synthase (DAOCS) comprising
the enzyme encoded by the cefEF gene of Acremonium
chrysogenum or the ce/E gene of Streptomyces
clavuligerus,  Hydroxylases such as
desacetylcephalosporin C synthase comprising enzyme
encoded by the ce/EF gene o Acremonium chrysogenum or
the cefF gene of Streptomyces clavuligerus,
Transferases such as O-carbamoyl transferase (CAT),
e.g. encoded by the cmcH gene of Streptomyces
clavuligerus. Preferably, the polynucleotide involved
in the production of a b-lactam compound further
comprises a polynucleotide sequence encoding a protein
that has a supportive function in the production of a
b-lactam compound by a microorganism that does not
naturally produce a b-lactam compound. With a
supportive function is meant that the protein is not
an enzyme that is part of the biosynthetic pathway of
a b-lactam compound, but that the protein is necessary
for efficient b-lactam production. Necessary for
efficient b-lactam production means that the protein
may be essential for b-lactam production, i.e. when
absent no b-lactam production is measurable in the
microorganism, even when all relevant biosynthetic
enzymes are present, and/or may be necessary to obtain
a suitable b-lactam production level, i.e. when absent
a too low b-lactam production is measurable in the
microorganism. Examples of proteins that have a
supportive function are:  Regulatory proteins of the
b-lactam biosynthetic pathway, such as cpcRI (Schmitt,
EK. and Kuck, U (2000) The fungal CPCR1 protein, which
binds specifically to beta-lactam biosynthesis genes,
is related to human regulatory factor X transcription
factors, J Biol Chem. 275:9348-9357); claR
(Perez-Redondo R, Rodriguez-Garcia A, Martin JF, Liras
P. (1998) The claR gene of Streptomycesclavuligerus,
encoding a LysR-type regulatory protein controlling
clavulanic acid biosynthesis, is linked to the
clavulanate-9-aldehyde reductase (car) gene, MoI.
Microbiol. 27:831-843) ; ccaR (Perez-Llarena FJ, Liras
P, Rodriguez-Garcia A, Martin JF. (1997) A regulatory
gene (ccaR) required for cephamycin and clavulanic
acid production in Streptomyces clavuligerus:
amplification results in overproduction of both
b-lactam compounds, J. Bacteriol. 179: 2053-2059),
Transporter proteins that deliver precursors of the
b-lactam biosynthetic pathway to the appropriate site
in the cell, such as ATP-type Binding Cassette (ABC)
proteins like aa1, aa5, aa7, aa10, dd2 (WO 01/32904)
and such as Multi- Facilitator Superfamily (MFS)
proteins like cefT (Ullan, R.V., Liu, G., Casqueiro,
J., Gutierrez, S., Bauelos, O. & Martin, J.F. (2002)
The cefT gene of Acremonium chrysogenum encodes a
putative multidrug efflux pump protein that
significantly increases cephalosporin C production.
MoI Genet Genomics 267, 673-683),  Enzymes involved in
primary metabolism, especially involved in the
formation of primary metabolites that are precursors
for cysteine, such as oasS, encoding Oacetyl- L-serine
sulfhydrylase (WO 99/01561); and for aminoadipate,
such as for lysine (Casqueiro J, Gutierrez S, Bauelos
O, Hijarrubia MJ, Martin JF. (1999) Gene targeting in
Penicillium chrysogenum: disruption of the Iys2 gene
leads to penicillin overproduction, J Bacteriol.
181:1181-1188),  Enzymes necessary for activation of
the side chain, such as phenyl acetyl coenzyme A
ligase, encoded by pel (WO 97/02349),  Enzymes
involved in the activation of amino acids by ACVS,
such as the Aspergillus nidulans phosphopantenoyl
transferase encoded by npgA (Keszenman-Pereyra D,
Lawrence S, Twfieg ME, Price J, Turner G. (2003) The
npgA/ cfwA gene encodes a putative
4'-phosphopantetheinyl transferase which is essential
for penicillin biosynthesis in Aspergillus nidulans,
Curr Genet. 43:186- 190),  Enzymes involved in
peroxisome proliferation like Pex11P, encoded by pex11
(WO 00/71579). Apart from the naturally occurring
genes encoding b-lactam biosynthetic enzymes or
naturally occurring polynucleotides encoding proteins
with a supportive function use can be made also of
polynucleotide sequences encoding artificial mutants
of these enzymes orsupportive proteins. Such mutants
may show greater stability, enhanced performance (such
as an enhanced activity or a different localization)
or different specificity as compared to the native
enzymes or proteins. The microorganism that does not
naturally produce a b-lactam compound but wherein
b-lactam is to be established according to the
invention may conveniently be prepared according to
methods commonly known in the art. Briefly, a
polynucleotide involved in b-lactam production can be
incorporated into a suitable vector. Such a vector can
be a circular or linear vector. In addition, the
vector may provide episomal replication, i.e.
replication of the vector outside the genomic DNA of
the cell, or may necessitate integration of the
polynucleotide into the genome. Preferably, the vector
is an expression vector, providing for expression of
the polynucleotide involved in b-lactam production in
the microorganism wherein b-lactam is to be
established. The coding sequence of the polynucleotide
involved in b-lactam production is provided with
regulatory sequences ensuring expression of the
encoded polypeptide. The regulatory sequences may be
the ones naturally associated with the coding sequence
in question or may be sequences selected for their
capability to ensure suitable expression in the
microorganism of choice. Polynucleotides involved in
b-lactam production may be incorporated into one
vector or into separate vectors for each different
polynucleotide. If two or more polynucleotides
involved in b-lactam production are combined, it is
possible to provide each polynucleotide with an
individual regulatory region (polycistronic
organization) or to use one regulatory region for the
two or more polynucleotides (according to the
so-called monocistronic or operon structure). It is
also possible to combine certain polynucleotides in
one vector and use separate vectors for other
polynucleotides. Transformation methods for
introduction of a polynucleotide into a microorganism
of choice are commonly available for various types of
microorganisms. In particular, yeast cells can be
transformed by first providing for different yeast
cell populations each transformed with one of the
desired polynucleotides, and subsequent crossing over
of the respective transformed yeast cell populations
thus obtaining a population of yeast cells containing
all of the desired polynucleotides. Alternatively,
once transformed, yeast cells can be retransformed
using either a different selection marker or the same,
upon removal of the marker by the available systems
(e.g. cre-lox, FLP-FRT, see for reviewsGilbertson L.
(2003) Cre-lox recombination: Creative tools for plant
biotechnology, Trends Biotechnol. 21:550-555; Luo H,
Kausch AP (2002) Application of FLP/FRT site-specific
DNA recombination system in plants, Genet Eng (NY).
24:1-16). In one embodiment one should place the P.
chrysogenum pcbAB, pcbC, penDE and pel genes (encoding
ACVS, IPNS, AT and PCL, respectively) under control of
a S. cerevisiae specific promoter like the
yWE725-promoter and a S. cerevisiae specific
terminator like the /WE725-terminator; and integrate
the separate expression cassettes into the yeast
genome. The determination of enzyme activities of
these four different enzymes is done according to
methods known in the art: antibodies may be used to
detect the presence of the protein and specific assays
are used for determining the specific activity of the
enzyme. Examples of such assays can be found in
Theilgaard H, van Den Berg M, Mulder C, Bovenberg R,
Nielsen J. (2001) Quantitative analysis of Penicillium
chrysogenum Wis54-1255 transformants over expressing
the penicillin biosynthetic genes, Biotechnol Bioeng
72:379-388. (For ACVS); Theilgaard et a/ (2001) (for
IPNS); Tobin MB, Fleming MD, Skatrud PL, Miller JR.
(1990) Molecular characterization of the acyl-coenzyme
A:isopenicillin N acyltransferase gene (penDE) from
Penicillium chrysogenum and Aspergillus nidulans and
activity of recombinant enzyme in Escherichia coli. J
Bacteriol. 172:5908-5914 (for AT) and Minambres B,
Martinez- Bianco H, Olivera ER, Garcia B, Diez B,
Barredo JL, Moreno MA, Schleissner C, Salto F, Luengo
JM. (1998) Molecular cloning and expression in
different microbes of the DNA encoding Pseudomonas
putida U phenyl acetyl-CoA ligase. Use of this gene to
improve the rate of benzyl penicillin biosynthesis in
Penicillium chrysogenum. J Biol Chem. 271:33531- 33538
(for PCL). The production of a b-lactam compound
according to the invention or of a b-lactam
intermediate like ACV or IPN may conveniently be
determined by for instance LC-MS based assays. A
second aspect of the invention concerns a process for
the production of a b-lactam compound using the
microorganism of the first aspect. The process
comprises cultivating the microorganism of the first
aspect under conditions conducive to the production of
said b- lactam compound. The cultivation conditions
are not critical to the invention, provided that a
b-lactam compound is produced. Commonly known culture
media and conditions can be used. The skilled person
will easily understand that the type of b-lactam
compound that isproduced will depend on the
biosynthetic genes that are expressed in the
microorganism of the first aspect. The b-lactam
compound preferably is penicillin G, penicillin V,
adipoyl-7- aminodesacetoxy cephalosporanic acid
(adipoyl-7-ADCA) or adipoyl-7-amino-3-
carbamoyloxymethyl-3-cephem-4-carboxylic acid
(adipoyl-7-ACCA). Optionally, the process further
comprises a deacylation at position 6 if the b-lactam
compound is a penam or at position 7 if the b-lactam
compound is a cephem, to enable production of e.g.
6-aminopenicillanic acid (6-APA), 7-ADCA or 7-ACCA,
respectively. A third aspect of the invention concerns
the use of the microorganism of the first aspect to
identify genes and/or factors that influence b-lactam
production. This can be done by a range of
experiments, for instance:  Growing wild-type S.
cerevisiae and b-lactam producing S. cerevisiae under
producing and non-producing conditions, comparing the
individual responses with available 'omics' techniques
(e.g. transcriptomics, proteomics, metabolomics, etc),
Challenge wild-type S. cerevisiae and b-lactam
producing S. cerevisiae with a range of different
b-lactams while growing under relevant conditions and
comparing the individual responses with available
'omics' techniques (e.g. transcriptomics, proteomics,
metabolomics, etc),  Modify the expression of each
gene in b-lactam producing S. cerevisiae (knockouts,
under expression and over expression) and analyze the
individual responses with available 'omics' techniques
(e.g. transcriptomics, proteomics, metabolomics, etc).
Express any available gene and/or regulating factor
(like non-coding RNA, tRNAs, upstream-regulating RNAs,
etc) in b-lactam producing S. cerevisiae and analyze
the individual responses with available 'omics'
techniques (e.g. transcriptomics, proteomics,
metabolomics, etc),  Modify the culture conditions
(e.g. media compositions, shape of culture vessels
and/or feeding-schemes) for wild-type S. cerevisiae
and b-lactam producing S. cerevisiae and compare the
individual responses with available 'omics' techniques
(e.g. transcriptomics, proteomics, metabolomics,
etc).The results of these analyses may be
advantageously integrated and used to generate leads
for further improvement of b-lactam production in
b-lactam producing species (including the natural
producers like P. chrysogenum, A. chrysogenum and S.
clavuligerus). EXAMPLES Example 1: Construction of
expression vectors The expression vectors were created
based on yeast plasmid pRS406 (Sikorski, R.S. and
Hieter, P (1989) A system of shuttle vectors and yeast
host strains designed for efficient manipulation of
DNA in Saccharomyces cerevisiae, Genetics 122:19-27).
The Met25 promoter and terminator region (Johnston, M.
et al (1997) The nucleotide sequence of Saccharomyces
cerevisiae chromosome XII, Nature 387 (6632 Suppl.),
87-90) was isolated from pRS416Met25 (Mumberg D,
Muller R, Funk M. (1995) Yeast vectors for the
controlled expression of heterologous proteins in
different genetic backgrounds. Gene 156:1 19-122).
Construction of pRS403Met25 and pRS405Met25:
pRS416Met25 was restricted with Sstl and Nael
resulting in a Met25 promoter and terminator fragment.
Subsequent ligation of this fragment into Sstl/Nael
digested pRS403 and pRS405 (Sikorski, R.S. and Hieter,
P, 1989) results in the desired plasmids. Construction
of pRS404Met25 and pRS406Met25: pRS416Met25 was
restricted with Sstl and Kpnl resulting in a Met25
promoter and terminator fragment. Subsequent ligation
of this fragment into Sstl/Kpnl digested pRS404 and
pRS406 (Sikorski, R.S. and Hieter, P, 1989) results in
the desired plasmids. Plasmid pRS406Met25pcbC (IPNS
gene), which was used for integration of the IPNS gene
into the yeast chromosome, was prepared by PCR
amplification of the P. chrysogenum pcbC gene (Carr,
L.G., Skatrud, P.L., Scheetz, M.E. II, Queener, S.W.
and Ingolia, T.D. (1986) Cloning and expression of the
isopenicillin N synthetase gene from Penicillium
chrysogenum, Gene 48:257-266) with the primers 5'
CAAGTTTTCACCGCGGTTTTTCTAGTTAACATGATATCGATTCCC-S' (SEQ
ID NO: 1) and 5'- GAGTCCGGGATTTCTAGATCCCGGTCGAC-S'
(SEQ ID NO: 2),subsequent cloning in the pCR TOPO2.1
vector (Invitrogen, according to the protocols
supplied by the manufacturer), followed by restriction
enzyme digestion with Xhol and Spel, and subsequent
ligation of the pcbC fragment in a Xhol/Spel
restricted pRS406Met25 vector. Construction of the PCL
integration plasmid pRS403Met25pcl: pRS403Met25 was
restricted with Xbal/BamH1 and ligated with Xbal/BamH1
digested PCR-amplified PCL gene (WO 97/02349), using
the primers
5'-CCATTATTTTTCTAGACACCCATATGGTTTTTTTACCTCC-S' (SEQ ID
NO: 3) and 5'- CAAAAGATGGATCCGCTCGTCATGAAGAG-S' (SEQ
ID NO: 4). Construction of the AT (penDE) integration
plasmid pRS405Met25penDE: the penDE gene (Tobin etal,
1990) was PCR amplified with the primers 5'-
CAAAAGATGGATCCGCTCGTCATGAAGAG-3' (SEQ ID NO: 5) and
5'- CCATTATTTTTCTAGACCATATGCTTCACATCC-S' (SEQ ID NO:
6) and subsequently restricted with Xbal, BamH1, the
resulting penDE fragment was ligated into pRS405Met25
restricted with Xbal, BamHL Construction of the ACVS
(pcbAB) integration plasmid pRS404DestACVS was as
follows. Plasmid pRS404Dest was constructed by first
amplifying the CapccdB selection cassette of pDEST15
(Invitrogen) using the primers
5'-GGGGGCGGCCGCACAACTTTGTATAGAAAAGTTGAGAAACGTAAAATGATA
TAAAT-S' (SEQ ID NO: 7) and
5'-GGGGCGCCGGCGACAACTTTTTTGTACAAAGTTGAGAAACGTAAAATGATA
TAAAT-S' (SEQ ID NO: 8), followed by ligation into
pCR2.1 TOPO yielding the plasmid pCR2.1/catccdB. The
plasmid pCR2.1/catccdB was then digested with Muni and
the catccdB fragment was ligated into EcoRI-digested
pRS404Met25 to yield pRS404Dest. The pcbAB gene (Diez,
B., Gutierrez, S., Barredo, J.L., van Solingen, P.,
van der Voort, L.H. and Martin, J.F. (1990) The
cluster of penicillin biosynthetic genes.
Identification and characterization of the pcbAB gene
encodingthe alpha-aminoadipyl-cysteinyl-valine
synthetase and linkage to the pcbC and penDE genes, J.
Biol. Chem. 265: 16358-16365) was obtained by
amplification using the primers
'-CACCATGACTCAACTGAAGCCAC-S' (SEQ ID NO: 9) and
'-ATAGCGAGCGAGGTGTTC-S' (SEQ ID NO: 10. The
blunt-ended PCR fragment was cloned into
pENTR/SD/D-Topo Vector (Invitrogen), according to the
supplier's manual, to yield pENTR/SD/ACVS. The final
integration plasmid pRS404DestACVS was obtained by
Gateway LR-Reaction of pENTR-SD-ACVS plasmid with
pRS404Dest according to Invitrogen's Gateway manual.
Example 2: Transformation of S. cerevisiae The
resulting plasmids carrying the genes that encode for
ACVS, IPNS, PCL and AT were transformed into the yeast
Saccharomyces cerevisiae CEN-Pk2-1c (Wieczorke R,
Krampe S, Weierstall T, Freidel K, Hollenberg CP,
Boles E, (1999) Concurrent knock-out of at least 20
transporter genes is required to block uptake of
hexoses in Saccharomyces cerevisiae, FEBS Lett.
464:123-128). As a protocol, the high-efficiency yeast
transformation procedure based on Lithium- Ion and
Herring sperm carrier DNA treatment as described by
Gietz RD, Woods RA (2002, Transformation of yeast by
lithium acetate/single-stranded carrier
DNA/polyethylene glycol method, Methods Enzymol.
350:87-96) was used. Selection of integrants using the
auxotrophic markers HIS, LEU, TRP and URA was employed
as known in the art. The resulting strain harbored the
Penicillin biosynthetic genes encoding ACVS, IPNS, AT
and PCL, as judged by PCR and Southern blot analyses.
Example 3: Detection of biosynthetic enzymes and
enzyme activity The putative penicillin production
yeast strains were screened for enzyme activities by
growth on yeast minimal medium ( 1cYNB, 20 mM
Phosphate pH 6.8, 2% glucose). Under these conditions,
the Met25 promoter is fully derepressed due to the
absence of methionine. Yeast was grown overnight until
a final OD600 of 4-5 was reached. Subsequently, the
cells werepelleted and Cell-Free Extract was obtained
using sonication or glass beads. The lysate fractions
and the soluble supernatant were screened for
penicillin biosynthetic enzyme production. Analyses
were carried out on Coomassie-stained SDS-PAGE gels
and by Western blotting, showing the production of the
biosynthetic enzymes. LC-MS was used to demonstrate
the formation of the penicillin biosynthesis
intermediates ACV, IPN and Pen G. Example 4: Detection
of antibiotic activity Colony purified yeast strains
were transferred to agar plates that stimulate the
production of b-lactam and incubated for 24-168 hours
at 25 C. The b-lactam sensitive E. coli ESS strain
(Hsu JS, Yang YB, Deng CH, Wei CL, Liaw SH, Tsai YC.
(2004) Family shuffling of expandase genes to enhance
substrate specificity for penicillin G. Appl Environ
Microbiol.70:6257-6263) was cultivated in 2xTY to
mid-log phase and diluted in pre-warmed 0.8% 2xTY agar
and carefully distributed over the yeast colonies.
After incubation at 37 C overnight b-lactam producing
yeasts are visible by a cleared zone around the
colonies, a socalled halo.CLAIMS 1. A microorganism
that does not naturally produce a b-lactam compound
but that is capable of producing a b-lactam compound
by genetic modification of said microorganism. 2. A
microorganism according to claim 1 that is transformed
with a polynucleotide involved in the production of
said b-lactam compound so as to provide the
microorganism with the capacity to produce said
b-lactam compound. 3. A microorganism according to
claim 2, wherein the polynucleotide involved in the
production of said b-lactam compound is a
polynucleotide sequence encoding an enzyme of the
biosynthetic pathway of said b-lactam compound. 4. A
microorganism according to claim 3, wherein the enzyme
of the biosynthetic pathway of said b-lactam compound
is selected form the group consisting of ACVS, IPNS
and AT. 5. A microorganism according to claims 2-4
that is further transformed with a polynucleotide
sequence encoding a protein that has a supportive
function in the production of said b-lactam compound.
6. A microorganism according to any of the preceding
claims that is a yeast. 7. A yeast according to claim
6, wherein the yeast belongs to the genus selected
from the group consisting of Saccharomyces, Candida,
Kluyveromyces, Yabadazyma, Pichia, Yarrowia,
Neurospora, and Zygosaccharomyces. 8. A process for
the production of a b-lactam compound comprising
cultivating a microorganism according to any of the
preceding claims under conditions conducive to the
production of said b-lactam compound, the method
optionally comprising a deacylation atposition 6 if
the b-lactam compound is a penam or at position 7 if
the b-lactam compound is a cephem. 9. A process
according to claim 8, wherein the b-lactam compound is
penicillin G, penicillin V, 6-APA, adipoyl-7-ADCA,
adipoyl-7-ACCA, 7-ADCA, 7-ACCA, 7-ACA. 10. Use of the
microorganism of claims 1-7 to identify factors that
influence b-lactam production. 


