
INHIBITORS OF THE INTERACTION BETWEEN MDM2 AND P53
Field of the invention The present invention relates
to compounds and compositions containing said
compounds acting as inhibitors of the interaction
between MDM2 and p53. Moreover, the present invention
provides processes for the preparation of the
disclosed inhibitors, compositions comprising them and
methods of using them, for instance as a medicine. p53
is a tumour suppressor protein which plays a pivotal
role in the regulation of the balance between cell
proliferation and cell growth arrest/apoptosis. Under
normal conditions the half life of p53 is very short
and consequently the level of p53 in cells is low.
However, in response to cellular DNA damage or
cellular stress (e.g. oncogene activation, telomere
erosion, hypoxia), levels of p53 increase. This
increase in p53 levels leads to the activation of the
transcription of a number of genes which drives the
cell into either growth arrest or into the processes
of apoptosis. Thus, an important function of p53 is to
prevent the uncontrolled proliferation of damaged
cells and thus protect the organism from the
development of cancer. MDM2 is a key negative
regulator of p53 function. It forms a negative
autoregulatory loop by binding to the amino terminal
transactivation domain of p53 and thus MDM2 both
inhibits the ability of p53 to activate transcription
and targets p53 for proteolytic degradation. Under
normal conditions this regulatory loop is responsible
for maintaining the low levels of p53. However, in
tumours with wild-type p53, the equilibrium
concentration of active p53 can be increased by
antagonising the interaction between MDM2 and p53.
This will result in restoration of the p53~mediated
pro-apoptotic and antiproliferative effects in such
tumour cells. MDM2 is a cellular proto-oncogene.
Over-expression of MDM2 has been observed in a range
of cancers. MDM2 is over-expressed in a variety of
tumours due to gene amplification or increased
transcription or translation. The mechanism by which
MDM2 amplification promotes tumoupgenesis is at least
in part related to its interaction with p53. In cells
over-expressing MDM2 the protective function of p53 is
blocked and thus cells are unable to respond to DNA
damage or cellular stress by increasing p53 levels,
leading to cell growth arrest and/or apoptosis. Thus
after DNA damage and/or cellular stress, cells
over-expressing MDM2 are free to continue to
proliferate and assume a tumopgenic phenotype. Under
these conditions disruption ofthe interaction of p53
and MDM2 would release the p53 and thus allow normal
signals of growth arrest and/or apoptosis to function.
MDM2 may also have separate functions in addition to
inhibition of p53. For example, it has been shown that
MDM2 interacts directly with the pRb-regulated
transcription factor E2F1/DP1. This interaction could
be crucial for the p53-independent oncogenic
activities of MDM2. A domain of E2F1 shows striking
similarity to the MDM2-binding domain of p53. Since
the interactions of MDM2 with both p53 and E2F1 locate
to the same binding site on MDM2, it can be expected
that MDM2/p53 antagonists will not only activate
cellular p53 but also modulate E2F1 activities, which
are commonly deregulated in tumour cells. Also the
therapeutic effectiveness of DNA damaging agents
currently used (chemotherapy and radiotherapy), may be
limited through the negative regulation of p53 by
MDM2. Thus if the MDM2 feed-back inhibition of p53 is
interrupted, an increase in functional p53 levels will
increase the therapeutic effectiveness of such agents
by restoring the wild-type p53 function that leads to
apoptosis and/or reversing of p53-associated drug
resistance. It was demonstrated that combining MDM2
inhibition and DNA-damaging treatments in vivo led to
synergistic anti-tumour effects (Vousden K.H., Cell,
Vol. 103, 691-694, 2000). Thus disruption of the
interaction of MDM2 and p53 offers an approach for
therapeutic intervention in tumours with wild-type
p53, might even exhibit anti-proliferative effects in
tumour cells that are devoid of functional p53 and
furthermore can sensitise tumorigenic cells for
chemotherapy and radiotherapy. Background of the
invention JP 11130750, published on 18 May 1999,
describes amongst others, substituted
phenylaminocarbonylindolyl derivatives as 5-HT
receptor antagonists. EPl 129074, published on 18 May
2000, describes anthranilic acid amides as inhibitors
of vascular endothelial growth factor receptors
(VEGFR) and useful in the treatment of angiogenic
disorders. EP13 17443, published on 2 1 March 2002,
discloses tricyclic tert-amine derivatives, useful as
chemokine receptor CXCR4 or CCR5 modulators for
treating human immunodeficiency virus and feline
immunodeficiency virus. EP1379239, published on 10
October 2002, discloses N-(2-arylethyl)benzylamines as
antagonists of the 5-HTO receptor. More in
particular6-chloro-iV-[[3-(4-pyridinylamino)phenyl]met
hyl]-l H-indole-3-ethanamine,
N-[[3-(4-pyridinylamino)phenyl]methyl]-l
H-indole-3-ethanamine, and H- CH
5-methoxy-N-[[3-(4-pyridinylamino)phenyl]methyl]-l
H-indoIe-3-ethanamine, are described. WO00/15357,
published on 23 March 2000, provides
piperazine-4-phenyl derivatives as inhibitors of the
interaction between MDM2 and p53. EPl 137418,
published on 8 June 2000, provides tricyclic compounds
for restoring conformational stability of a protein of
the p53 family. WO03/041715, published on 22 May 2003,
describes substituted 1, 4-benzodiazepines and the
uses thereof as inhibitors of the MDM2-p53
interactions. WO03/5 1359, published on 26 June 2003,
provides cis-2,4,5-triphenyl-imidazolones that inhibit
the interaction of MDM2 protein with p53-like peptides
and have antiproliferative activity. WO04/05278,
published on 15 January 2004, discloses
bisarylsulfonamide compounds that bind to MDM2 and can
be used in cancer therapy. There continues to be a
need for effective and potent small molecules that
inhibit the interactions between MDM2 and p53.The
compounds of the present invention differs from the
ppor art in structure, in their pharmacological
activity and/or in pharmacological potency Descnption
of the invention The present invention provides
compounds, compositions for, and methods of,
inhibiting the interactions between MDM2 and p53 for
treating cancer. Furthermore the compounds and
compositions of the present invention are useful in
enhancing the effectiveness of chemotherapy and
radiotherapy This invention concerns compounds of
formula (I) A compound of formula (I), a N-oxide form,
an addition salt or a stereochemically isomenc form
thereof, wherein m is 0, 1, or 2 and when m is 0 then
a direct bond is intended, n is 0, 1, 2, or 3 and when
n is 0 then a direct bond is intended, p is 0, or 1
and when p is 0 then a direct bond is intended; s is
0, or 1 and when s is 0 then a direct bond is
intended, t is 0 or 1 and when t is 0 then a direct
bond is intended; X is C(=O) or CHR8, wherein R8 is
hydrogen, C1 6alkyl, C3 7cycloalkyl, -C( O)-NR17R18 ,
hydroxycarbonyl, arylCi alkyloxycarbonyl, heteroaryl,
heteroarylcarbonyl, heteroarylCi 6alkyloxycarbonyl,
piperazmylcarbonyl, pyrrolidinyl, pipepdinylcarbonyl,
Ci alkyloxycarbonyl, C] alkyl substituted with a
substituentselected from hydroxy, amino, aryl, and
heteroaryl; C3 7cycloalkyl substituted with a
substituent selected from hydroxy, amino, aryl, and
heteroaryl; piperazinylcarbonyl substituted with
hydroxy, hydroxyC 6alkyl, hydroxyCj alkyloxyCi 6alkyl;
pyrrolidinyl substituted with hydroxyCi alkyl, or
pipepdinylcarbonyl substituted with one or two
substituents selected from hydroxy, Ci 6alkyl,
hydroxyCi 6alkyl, Ci.6alkyloxyCi alkyl, C]
6alkyl(dihydroxy)Ci -6alkyl or Ci_6alkyloxy(hydroxy)Ci
^alkyl; R17 and R18 are each independently selected
from hydrogen, Ci 6alkyl, di(Ci 6alkyl)ammoCi 6alkyl,
arylCi alkyl, Ci 6alkyloxyCi 6alkyl, hydroxyCi alkyl,
hydroxyCi alkyKQ 6alkyl) or hydroxyCi 6alkyl(arylCi
alkyl); -( Z jS _CR9=C< and then the dotted line is a
bond, -C(=0)-CH<, -C(=0)-N<, -CHR9-CH< or -CHR9-N<;
wherein each R9 is independently hydrogen or Ci alkyl;
R1 is hydrogen, aryl, heteroaryl, Ci
6alkyloxycarbonyl, Ci i2alkyl, or Ci.i 2alkyl
substituted with one or two substituents independently
selected from hydroxy, aryl, heteroaryl, amino, Ci
6alkyloxy, mono- or di(C 6alkyl)amino, morpholinyl,
pipepdinyl, pyrrolidinyl, piperazmyl, Ci
6alkylpiperazinyl, arylCi alkylpiperazinyl,
heteroarylCi galkylpiperazinyl, C .
cycloalkylpiperazinyl and C 7cycloalkylCi
6alkylpiperazinyl; R2 is hydrogen, halo, Ci 6alkyl, Ci
6alkyloxy, arylCi 6alkyloxy, heteroarylCi alkyloxy,
phenylthio, hydroxyCi alkylcarbonyl, Ci alkyl
substituted with a substituent selected from ammo,
aryl and heteroaryl; or C 7cycloalkyl substituted with
a substituent selected from amino, aryl and
heteroaryl; R3 is hydrogen, Ci alkyl, heteroaryl,
C3-7cycloalkyl, Ci alkyl substituted with a
substituent selected from hydroxy, ammo, aryl and
heteroaryl; or C3 7cycloalkyl substituted with a
substituent selected from hydroxy, ammo, aryl and
heteroaryl, R4 and R3 are each independently hydrogen,
halo, Ci 6alkyl, polyhaloCi 6alkyl, cyano, cyanoCi
alkyl, hydroxy, amino or Ci 6alkyloxy; or R4 and R5
together can optionally form a bivalent radical
selected from methylenedioxy or ethylenedioxy;R, 6 is
hydrogen, Ci. alkyloxycarbonyl or C^alkyl; when p is 1
then Ri 7 is hydrogen, arylCi_6alkyl, hydroxy or
heteroarylCi_6alkyl; Z is a radical selected from
(a-9) (a-10) (a-1 1) wherein 



each R10 or R are each independently selected from
hydrogen, halo, hydroxy, amino, cyano, cyanoCi_6alkyl,
aryl, heteroaryl, arylCi^alkyl, heteroarylCi_6alkyl,
aryl(hydroxy)Ci. 6alkyl, heteroaryl(hydroxy)Ci.6alkyl,
arylcarbonyl, heteroarylcarbonyl, arylC l .
alkylcarbonyl, heteroarylC i_6alkylcarbonyl , Ci
6alkyloxy , C3 7cycloalkylcarbonyl, C3
7cycloalkyl(hydroxy)Ci_ 6alkyl, arylC i 6alkyloxyCi
-6alky1, Ci.6alkyloxyC i^alkyloxyC i.6alkyl ,
Ci.6alkyloxycarbonylCi. 6alkyloxyCi 6alkyl, hydroxyCi
-6alkyloxyCi_6alkyl, Ci.6alkyloxycarbonylC 2_6alkenyl
Ci.6alkyloxyCi_6alkyl, Ci_6alkyloxycarbonyl, C
6alkylcarbonyloxy, aminocarbonyl, hydroxyCi_6alkyl,
aminoCi-galkyl, hydroxycarbonyl,
hydroxycarbonylCi^alkyl and -(CH2)v-(C(=O)r)-(CHR
l9)u-NR13R14 ; wherein v is 0, 1, 2, 3, 4, 5, or 6 and
when v is 0 then a direct bond is intended;r is 0, or
1 and when r is 0 then a direct bond is intended; u is
0, 1, 2, 3, 4, 5, or 6 and when u is 0 then a direct
bond is intended; R19 is hydrogen or Ci^alkyl; R is
hydrogen, C^alkyl, C3_7cycloalkyl, C^alkyl substituted
with a substituent selected from hydroxy, amino,
Ci_6alkyloxy and aryl; or C3.7cycloalkyl substituted
with a substituent selected from hydroxy, amino, aryl
and Ci.6alkyloxy; R13 and R14 are each independently
selected from hydrogen, Ci-12alkyl, C)-6alkylcarbonyl,
C]_6alkylsulfonyl, arylCi^alkylcarbonyl, C3.7cycloa
kyl, C3_7cycloalkylcarbonyl, -(CH2)k-NR15R16 , CM
2alkyl substituted with a substituent selected from
hydroxy, hydroxycarbonyl, cyano, Ci.6alkyloxycarbonyl,
Ci^alkyloxy, aryl or heteroaryl; or C3_7cycloalkyl
substituted with a substituent selected from hydroxy,
Ci_6alkyloxy, aryl, amino, arylC^alkyl, heteroaryl
orheteroarylCi ealkyl; or R13 and R14 together with
the nitrogen to which they are attached can optionally
form a morpholinyl, piperidinyl, pyrrolidinyl,
piperazinyl, or piperazinyl substituted with a
substituent selected from C^alkyl,
arylCi_6alkyloxycarbonyl, heteroarylCi. 6alkyl,
C3-7cycloalkyl and C3-7cycloalkylCi_6alkyl; wherein k
is 0, 1, 2, 3, 4, 5, or 6 and when k is 0 then a
direct bond is intended; R15 and R16 are each
independently selected from hydrogen, C^alkyl,
arylCi_6alkyloxycarbonyl, C3.7cycloalkyl, Ci- alkyl
substituted with a substituent selected from hydroxy,
C^alkyloxy, aryl, and heteroaryl; and C3_7cycloalkyl
substituted with a substituent selected from hydroxy,
C^alkyloxy, aryl, arylC ]-6alkyl, heteroaryl, and
heteroarylCi. alkyl; or R15 and R16 together with the
nitrogen to which they are attached can optionally
form a morpholinyl, a piperazinyl or a piperazinyl
substituted with Ci^alkyloxycarbonyl; aryl is phenyl
or naphthalenyl;each phenyl or naphthalenyl can
optionally be substituted with one, two or three
substituents each independently selected from halo,
hydroxy, Ci alkyl, amino, polyhaloCi calkyl and
C^alkyloxy; and each phenyl or naphthalenyl can
optionally be substituted with a bivalent radical
selected from methylenedioxy and ethylenedioxy,
heteroaryl is pypdinyl, indolyl, quinolinyl,
lmidazolyl, furanyl, thienyl, oxadiazolyl, tetrazolyl,
benzofuranyl or tetrahydrofuranyl; each pypdinyl,
indolyl, quinolinyl, imidazolyl, furanyl, thienyl,
oxadiazolyl, tetrazolyl, benzofuranyl, or
tetrahydrofuranyl can optionally be substituted with
one, two or three substituents each independently
selected from halo, hydroxy, Ci_6alkyl, amino,
polyhaloCi . alkyl, aryl, arylCi alkyl or Ci^alkyloxy;
and each pypdinyl, indolyl, quinolinyl, imidazolyl,
furanyl, thienyl, benzofuranyl, or tetrahydrofuranyl
can optionally be substituted with a bivalent radical
selected from methylenedioxy or ethylenedioxy; with
the proviso that when m is 1; the substituents on the
phenyl png other than R are in the meta position; s is
0; and t is 0; then Z is a radical selected from
(a-1), (a-3), (a-4), (a-5), (a-6), (a-7), (a-8) or
(a-9). 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. A number of terms used in the foregoing
definitions and hereinafter are explained hereunder.
These terms are sometimes used as such or in composite
terms. As used in the foregoing definitions and
hereinafter, halo is generic to fluoro, chloro, bromo
and iodo; C1 6alkyl defines straight and branched
chain saturated hydrocarbon radicals having from 1 to
6 carbon atoms such as, e.g. methyl, ethyl, propyl,
butyl, pentyl, hexyl, 1-methylethyl, 2-methylpropyl,
2-methyl-butyl, 2-methylpentyl and the like; C1
6alkanediyl defines bivalent straight and branched
chained saturated hydrocarbon radicals having from 1
to 6 carbon atoms such as, for example, methylene,
1,2-ethanediyl, 1,3-propanediyl 1,4-butanediyl,
1,5-pentanediyl, 1,6- hexanediyl and the branched
isomers thereof such as, 2-methylpentanediyl, 3-
methylpentanediyl, 2,2-dimethylbutanediyl,
2,3-dimethylbutanediyl and the like; Ci i2 alkyl
includes C1 5alkyl and the higher homologues thereof
having 7 to 12 carbonatoms such as, for example
heptyl, octyl, nonyl, decyl, undecyl and dodecyl;
hydroxyC1 alkyl defines a hydroxy substituent on
straight and branched chain saturated hydrocarbon
radicals having from 1 to 6 carbon atoms; tphalomethyl
defines methyl containing three identical or different
halo substituents for example tpfluoromethyl; C2
alkenyl defines straight and branched chain
hydrocarbon radicals containing one double bond and
having from 2 to 6 carbon atoms such as, for example,
ethenyl, 2-propenyl, 3-butenyl, 2-pentenyl,
3-pentenyl, 3-methyl-2-butenyl, and the like; C3
7alkynyl defines straight and branched chained
hydrocarbon radicals containing one triple bond and
having from 3 to 6 carbon atoms, such as, for example,
2-propynyl, 3-butynyl, 2-butynyl, 2-pentynyl,
3-pentynyl, 3-hexynyl, and the like; C3_7cycloalkyl
includes cyclic hydrocarbon groups having from 3 to 10
carbons, such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
and the like. The term "addition salt" comprises the
salts which the compounds of formula (I) are able to
form with organic or inorganic bases such as amines,
alkali metal bases and earth alkaline metal bases, or
quaternary ammonium bases, or with organic or
inorganic acids, such as mineral acids, sulfonic
acids, carboxyhc acids or phosphorus containing acids.
The term "addition salt" further comprises
pharmaceutically acceptable salts, metal complexes and
solvates and the salts thereof, that the compounds of
formula (I) are able to form. The term
"pharmaceutically acceptable salts" means
pharmaceutically acceptable acid or base addition
salts. The pharmaceutically acceptable acid or base
addition salts as mentioned hereinabove are meant to
comprise the therapeutically active non-toxic acid and
non-toxic base addition salt forms which the compounds
of formula (I) are able to form. The compounds of
formula (I) which have basic properties can be
converted in their pharmaceutically acceptable acid
addition salts by treating said base form with an
appropriate acid. Approppate acids comprise, for
example, inorganic acids such as hydrohalic acids,
e.g. hydrochloric or hydrobromic acid; sulfuric; nitpc
; phosphoric and the like acids; or organic acids such
as, for example, acetic, propanoic, hydroxyacetic,
lactic, pyruvic, oxalic, malonic, succinic (i.e.
butanedioic acid), maleic, fumapc, malic, tartaric,
citpc, methanesulfonic, ethanesulfonic,
benzenesulfonic, p-toluenesulfonic, cyclamic,
salicylic, /^-aminosalicylic, pamoic and the like
acids. The compounds of formula (I) which have acidic
properties may be converted in their pharmaceutically
acceptable base addition salts by treating said acid
form with asuitable organic or inorganic base
Approppate base salt forms compose, for example, the
ammonium salts, the alkali and earth alkaline metal
salts, e g. the lithium, sodium, potassium, magnesium,
calcium salts and the like, salts with organic bases,
e g. the benzathine, N-methyl-D-glucamine, hydrabamine
salts, and salts with amino acids such as, for
example, argimne, lysine and the like The terms acid
or base addition salt also comppse the hydrates and
the solvent addition forms which the compounds of
formula (I) are able to form. Examples of such forms
are e.g. hydrates, alcoholates and the like The term
"metal complexes" means a complex formed between a
compound of formula (I) and one or more organic or
inorganic metal salt or salts. Examples of said
organic or inorganic salts comppse the halogenides,
nitrates, sulfates, phosphates, acetates,
tpfluoroacetates, tpchloroacetates, propionates,
tartrates, sulfonates, e g methylsulfonates,
4-methylphenylsulfonates, salicylates, benzoates and
the like of the metals of the second main group of the
pepodical system, e g the magnesium or calcium salts,
of the third or fourth mam group, e.g. aluminium, tin,
lead as well as the first to the eighth transition
groups of the pepodical system such as, for example,
chromium, manganese, iron, cobalt, nickel, copper,
zinc and the like The term "stereochemically isomenc
forms of compounds of formula (I)", as used
hereinbefore, defines all possible compounds made up
of the same atoms bonded by the same sequence of bonds
but having different three-dimensional structures
which are not interchangeable, which the compounds of
formula (I) may possess. Unless otherwise mentioned or
indicated, the chemical designation of a compound
encompasses the mixture of all possible
stereochemically isomenc forms which said compound may
possess. Said mixture may contain all diastereomers
and/or enantiomers of the basic molecular structure of
said compound. All stereochemically isomenc forms of
the compounds of formula (I) both m pure form or in
admixture with each other are intended to be embraced
within the scope of the present invention. The N-oxide
forms of the compounds of formula (I) are meant to
comppse those 



compounds of formula (I) wherein one or several
nitrogen atoms are oxidized to the so-called N-oxide,
particularly those N-oxides wherein one or more of the
pipepdine-, piperazine or pypdazinyl-nitrogens are
N-oxidized Whenever used hereinafter, the term
"compounds of formula (I)" is meant to include also
the N oxide forms, the pharmaceutically acceptable
acid or base addition salts and all stereoisomepc
formsA first group of interesting compounds consists
of those compounds of formula (I) wherein one or more
of the following restnctions apply a) X is C(=O) or
CHR8; wherein R8 is hydrogen, C alkyl, C3 7cycloalkyl,
aminocarbonyl, mono- or di(C 6alkyl)aminocarbonyl,
hydroxycarbonyl, arylCi alkyloxycarbonyl, heteroarylCi
alkyloxycarbonyl, Ci alkyloxycarbonyl, C^alkyl
substituted with a substituent selected from hydroxy,
amino, aryl, and heteroaryl or C3 7cycloalkyl
substituted with a substituent selected from hydroxy,
amino, aryl and heteroaryl; b) R1 is hydrogen, aryl,
heteroaryl, Ci nalkyl, or Ci-^alkyl substituted with
one or two substituents independently selected from
hydroxy, aryl, heteroaryl, amino, C1 alkyloxy, mono-
or di(C[ 6alkyl)amino, morphohnyl, pipepdinyl,
pyrrolidinyl, piperazinyl, Ci^alkylpiperaziny],
arylC^alkylpiperazinyl, heteroarylCi^alkylpiperazinyl,
C^cycloalkylpiperazinyl and C3
7cyc]oalky]Ci_6alkylpiperazinyl; c) R3 is hydrogen, C
7cycloalkyl, Ci.6alkyl substituted with a substituent
selected from hydroxy, amino, aryl, and heteroaryl, or
C3 7cycloalkyl substituted with a substituent selected
from hydroxy, ammo, aryl and heteroaryl; d) R4 and R5
are each independently hydrogen, halo, Ci 6alkyl,
polyhaloQ 6alkyl, hydroxy, amino or Ci 6alkyloxy; e)
R4 and R5 together can optionally form a bivalent
radical selected from methylenedioxy or ethylenedioxy,
f) R6 is hydrogen or Ci alkyl; g) when p is 1 then R7
is hydrogen, arylQ alkyl or heteroarylCi. alkyl; h) Z
is a radical selected from (a-1), (a-2), (a-3), (a-4),
(a-5) and (a-6); i) each R10 or R1 1 are each
independently selected from hydrogen, hydroxy, ammo,
C1 alkyl, nitro, polyhaloCi 6alkyl, cyano,
cyanoC]_6alkyl, tetrazoloC] alkyl, aryl, heteroaryl,
arylCi alkyl, heteroarylC^alkyl, aryl(hydroxy)Ci.
6alkyl, heteroaryl (hydroxy)Ci alkyl, arylcarbonyl,
heteroarylcarbonyl, arylCi-ealkylcarbonyl,
Ci.6alkyloxyCi. 6alkyl, Ci_ alkyloxycarbonyl,
Ci^alkylcarbonyloxy, aminocarbonyl, hydroxyCi alkyl,
aminoC] alkyl, hydroxycarbonyl, hydroxycarbonylQ alkyl
and -(CH2)v-(C(=O)r)-(CH2)u-NR13R14 ; j ) R13 and R14
are each independently selected from hydrogen, C
12alkyl, C3 7cycloalkyl, -(CH2)k-NR15R16 , C1 12alkyl
substituted with a substituent selected from hydroxy,
Ci 6alkyloxy, aryl, and heteroaryl; or C3 cycloalkyl
substituted with a substituent selected from hydroxy,
Ci alkyloxy, aryl, arylQ alkyl, heteroaryl and
heteroarylCi alkyl;k) R13 and R14 together with the
nitrogen to which they are attached can optionally
form amorpholinyl, piperidinyl, pyrrolidinyl,
piperazinyl, or piperazinyl substituted with a
substituent selected from Ci^alkyl, arylCi_6alkyl,
heteroarylCi. 6alkyl, C3_7cycloalkyl, and
C3_7cycloalkylCi_6alkyl; I) R1 and R are each
independently selected from hydrogen, C alky!,
C3.7cycloalkyl, substituted with a substituent
selected from hydroxy, Ci-6alkyloxy, aryl, and
heteroaryl; and C3.7cycloalkyl substituted with a
substituent selected from hydroxy, C^alkyloxy, aryl,
arylCi- alkyl, heteroaryl and heteroarylCi_ alkyl; m)
heteroaryl is pyridinyl, indolyl, quinolinyl,
imidazolyl, furanyl, thienyl, benzofuranyl, or
tetrahydrofuranyl; and each pyridinyl, indolyl,
quinolinyl, imidazolyl, furanyl, thienyl,
benzofuranyl, or tetrahydrofuranyl can optionally be
substituted with one, two or three substituents each
independently selected from halo, hydroxy, C^alkyl,
amino, polyhaloCi_6alkyl and Ci^alkyloxy; and n) each
pyridinyl, indolyl, quinolinyl, imidazolyl, furanyl,
thienyl, benzofuranyl, or tetrahydrofuranyl can
optionally be substituted with a bivalent radical
selected from methylenedioxy or ethylenedioxy; A
second group of interesting compounds consists of
those compounds of formula (I) wherein one or more of
the following restrictions apply: a) n is 0, 1 or 2;
b) p is 0; c) R8 is hydrogen, aminocarbonyl, arylCi
6alkyloxycarbonyl or Ci_6alkyl substituted with
hydroxy; d) -Q - i s _CR9=C< or -CHR9-CH<; e) R1 is
hydrogen, Ci_12alkyl, or Ci_i 2alkyl substituted with
heteroaryl; f) R2 is hydrogen, halo, C].6alkyl,
Ci^alkyloxy, arylCi^alkyloxy or phenylthio; g) R3 is
hydrogen or Ci 6a]kyl; h) R4 and R5 are each
independently hydrogen, halo or Ci_6alkyloxy; i) Z is
a radical selected from (a-1), (a-2), (a-3), (a-4) or
(a-6); j ) each R10 or R11 are independently selected
from hydrogen, hydroxy, amino, Ci- alkyl, nitro,
cyano, aryl, arylCi_6alkyl, aryl(hydroxy)C alkyl,
arylcarbonyl, C^alkyloxy, Ci^alkyloxyCi^alkyl,
Ci^alkyloxycarbonyl, aminocarbonyl, hydroxyQ- alkyl,
aminoCi_6alkyl, hydroxycarbonyl and -(CH 2)v-(C(=O)
r)-(CH 2)u-NR 13R14 ; k) v is 0, or 1; 1) r is o or 1;
m) u is 0; n) R13 and R14 are each independently
selected from hydrogen, -(CH2) -NR 15R16 and d-i
2alkyl substituted with hydroxy; 0) R13 and R14
together with the nitrogen to which they are attached
can form a pyrrolidinyl; p) k is 2; q) R15 and R16 are
each independently C^alkyl; r) aryl is phenyl or
phenyl substituted with halo; and s) heteroaryl is
pyridinyl or indolyl. A third group of interesting
compounds consists of those compounds of formula (I)
wherein one or more of the following restrictions
apply: a) m is 0 or 2; b) n is q, 2 or 3; c) p is 1;
d) s is 1; e) t is 1; f) X is C(=O); g) Q is
_C(=O)-CH<, -C(=O)-N<, -CHR 9-CH<, or-CHR 9-N<; h) R1
is aryl, heteroaryl, Ci^alkyloxycarbonyl, Ci_12alkyl,
or Ci_i2alkyl substituted with one or two substituents
independently selected from hydroxy, aryl, heteroaryl,
amino, Ci_6alkyloxy, mono- or di(Ci_6alkyl)amino,
morpholinyl, piperidinyl, pyrrolidinyl, piperazinyl,
Ci_6alkylpiperazinyl, arylCi_6alkylpiperazinyl,
heteroarylCi_ 6alkylpiperazinyl, C3
7cycloalkylpiperazinyl and C3_7cycloalkylCi_
6alkylpiperazinyl; 1) R2 is halo, C^alkyl,
Ci_6alkyloxy, arylCi_6alkyloxy, heteroarylCi^alkyloxy,
phenylthio, hydroxyCi^alkylcarbonyl, Ci^alkyl
substituted with a substituent selected from amino,
aryl and heteroaryl; or C3_7cycloalkyl substituted
with a substituent selected from amino, aryl and
heteroaryl; j ) R3 is C3-7cycloalkyl, Ci. 6alkyl
substituted with a substituent selected from hydroxy,
amino, aryl, and heteroaryl; or C3_7cycloalkyl
substituted with a substituent selected from hydroxy,
amino, aryl and heteroaryl; k) R4 and R5 are each
independently cyano, cyanoCi.galkyl, hydroxy or amino;
1) R4 and R5 together can optionally form a bivalent
radical selected from methylenedioxy or ethylenedioxy;
m) R6 is Ci_6alkyloxycarbonyl or Ci_6alkyl;n) R7 is
hydrogen, arylCi_6alkyl, hydroxy or heteroarylCi.
alkyl; and 0) Z is a radical selected from (a-1),
(a-3), (a-4), (a-5), (a-6), (a-7), (a-8) or (a-9). A
fourth group of interesting compounds consists of
those compounds of formula (I) wherein one or more of
the following restrictions apply: a) R8 is hydrogen,
-C(=O)-NR 17R18 , arylC^alkyloxycarbonyl, C,.6alkyl
substituted with hydroxy, piperazinylcarbonyl
substituted with hydroxy, hydroxyC .6alkyl,
pyrrolidinyl substituted with hydroxyCi- alkyl or
piperidinylcarbonyl substituted with one or two
substituents selected from hydroxy, Ci-6alkyl,
hydroxyCi -6alkyl, Ci-6alkyloxyCi. 6alkyl,
Ci_6alkyl(dihydroxy)Ci. 6alkyl or
Ci.6alkyloxy(hydroxy)Ci. 6alkyl; b) R17 and R18 are
each independently selected from hydrogen, di(Ci
-6alkyl)aminoCi. 6alkyl, arylCi -6alkyl,
Ci_6alkyloxyCi -6alkyl or hydroxyCi. 6alkyl; c) ~ Q-U
i s _CR9=C< and then the dotted line is a bond,
-CHR9-CH< or -CHR9-N<; d) R1 is hydrogen, heteroaryl,
Ci_6alkyloxycarbonyl, C _12alkyl or substituted with
heteroaryl; e) R2 is hydrogen, halo, C^alkyl,
Ci^alkyloxy, arylC^alkyloxy or phenylthio; f) R3 is
hydrogen, Q^alkyl or heteroaryl; g) R4 and R5 are each
independently hydrogen, halo, Q^alkyl, cyano,
cyanoCi^alkyl, hydroxy or Ci^alkyloxy; 



h) when p is 1 then R7 is arylCi_6alkyl or hydroxy; 1)
Z is a radical selected from (a-1), (a-2), (a-3),
(a-4), (a-5), (a-6), (a-8), (a-9), (a-10) and (a-1 1);
j ) each R10 or R1 1 are each independently selected
from hydrogen, halo, hydroxy, amino, Ci_6alkyl, nitro,
polyhaloCi -6alkyl, cyano, cyanoCi_6alkyl, tetrazoloCi
-6alkyl, aryl, heteroaryl, heteroarylCi_ealkyl,
aryl(hydroxy)Ci_6alkyl, arylcarbonyl, Ci-
alkylcarbonyl, C3-7cycloalkylcarbonyl, C3
7cycloalkyl(hydroxy)Ci 6alkyl, arylCi-6alkyloxyCi.
6alkyl, Ci.6alkyloxyCi_6alkyloxyCi. 6alkyl, C
ealkylcarbonyloxyCi.ealkyl,
C]_6alkyloxycarbonylCi_6alkyloxyCi. 6alkyl, hydroxyC
i^alkyloxyC ^alkyl , Ci. alkyloxycarbonylCi- alkenyl,
Ci_6alkyloxyCi. 6alkyl, Ci- alkyloxycarbonyl,
aminocarbonyl, aminoCi- alkyl, hydroxycarbonyl,
hydroxycarbonylCi^alkyl and -(CH2)v-(C(=O)r)-(CHR
19)u-NR 13R14 ; k) v is 0 or 1; 1) u is 0 or 1; m) R12
is hydrogen or Q^alkyl;n) R13 and R14 are each
independently selected from hydrogen, Ci-^alkyl,
Ci-6alkylcarbonyl, Ci_6alkylsulfonyl, arylCi
alkylcarbonyl, Ci-7cycloalkylcarbonyl, -(CH
)Ic-NR15R16 , Ci- alkyl substituted with a substituent
selected from hydroxy, hydroxycarbonyl, cyano, C1
alkyloxycarbonyl or aryl; o) R13 and R14 together with
the nitrogen to which they are attached can optionally
form amorpholinyl, pyrrolidinyl, piperazinyl, or
piperazinyl substituted with a substituent selected
from or arylCi- alkyloxycarbonyl; p) k is 2; q) R15
and R16 are each independently selected from hydrogen,
C alky] or arylCi-ealkyloxycarbonyl; r) R15 and R16
together with the nitrogen to which they are attached
can optionally form amorpholinyl, a piperazinyl or a
piperazinyl substituted with Ci_6alkyloxycarbonyl; s)
aryl is phenyl or phenyl substituted with halo; t)
heteroaryl is pypdinyl, indolyl, oxadiazolyl or
tetrazolyl; and u) each pypdinyl, indolyl, oxadiazolyl
or tetrazolyl can optionally be substituted with one
substituents selected from C alky], aryl or A fifth
group of interesting compounds consists of those
compounds of formula (I) wherein one or more of the
following restrictions apply: a) m is 0; b) n is 1; c)
p is 0; d) s is 0; e) t is 0; f) X is CHR8; g) R8 is
hydrogen; h) -Q U< is -CR9=C<; i) each R9 is hydrogen;
j ) R1 is hydrogen; k) R2 is hydrogen or Ci^alkyloxy;
1) R3 is hydrogen; m) R4 and R5 are each independently
hydrogen, alkyl or Ci_6alkyloxy; n) R6 is hydrogen; o)
Z is a radical selected from (a-1), (a-2), (a-3) or
(a-4); p) R10 or R1 1 are each independently selected
from hydrogen, hydroxy or hydroxyCi 6alkyl.A group of
preferred compounds consists of those compounds of
formula (I) or any subgroup thereof, wherein R8 is
hydrogen, -C(=O)-NR I7R18 , arylCi_6alkyloxycarbonyl,
Ci-6alkyl substituted with hydroxy,
piperazinylcarbonyl substituted with hydroxy,
hydroxyCi_ 6alkyl, hydroxyCi_6alkyloxyCi. 6alkyl,
pyrrolidinyl substituted with hydroxyCi^alkyl or
piperidinylcarbonyl substituted with one or two
substituents selected from hydroxy, Ci- alkyl,
Ci_6alkyloxyCi. 6alkyl, Ci. 6alkyl(dihydroxy)Ci.
6alkyl or C]_6alkyloxy(hydroxy)C]_ 6alkyl; R1 and R
are each independently selected from hydrogen,
Ci_6alkyl, di(Ci_6alkyl)aminoCi_ 6alkyl,
arylCi_6alkyl, Ci. 6alkyloxyCi. 6alkyl or
hydroxyC^alkyl; is -CR9=C< and then the dotted line is
a bond, -CHR9-CH< or -CHR 9-N<; R1 is hydrogen,
heteroaryl, Ci. 6alkyloxycarbonyl, Ci-12alkyl or Ci_i
2alkyl substituted with heteroaryl; R2 is hydrogen,
halo, Ci_6alkyl, or heteroaryl; R and R5 are each
independently hydrogen, halo, C^alkyl, cyano,
cyanoCi^alkyl, hydroxy or Ci_galkyloxy; when p is 1
then R7 is arylCi^alkyl or hydroxy; Z is a radical
selected from (a-1), (a-2), (a-3), (a-4), (a-5),
(a-6), (a-8), (a-9), (a-10) and (a-11); each R or R1 1
are each independently selected from hydrogen, halo,
hydroxy, amino, Ci_6alkyl, nitro, aryl, heteroaryl,
heteroarylC]_6alkyl, ary^hydroxy^^alkyl, arylcarbonyl,
C]_6alkylcarbonyl, C3.7cycloalkylcarbonyl,
C3_7cycloalkyl(hydroxy)Ci_ 6alkyl, arylC i^alkyloxyC
i- alkyl , Ci^alkyloxyC i_6alkyloxyC i^alkyl,
Ci_6alkyloxycarbonylCi. 6alkyloxyCi_6alkyl,
hydroxyCi^alkyloxyCi-ealkyl, Ci^alkyloxycarbonylC
2-6alkenyl, Ci^alkyloxyCi galkyl,
C]_6alkyloxycarbonyl, aminocarbonyl, hydroxyCi- alkyl,
aminoC]. 6alkyl, hydroxycarbonyl, hydroxycarbonylCi.
6alkyl and -(CH2)v-(C(=O) r)-(CHR 19)u-NR l3R14 ; v is
0 or 1; u is 0 or 1; R12 is hydrogen or Ci^alkyl; R13
and R14 are each independently selected from hydrogen,
Ci_6alkylsulfonyl, arylCi. 6alkylcarbonyl,
C3_7cycloalkylcarbonyl, -(CH )I -NR 15R16 , Ci_i
2alkyl substituted with a substituent selected from
hydroxy, hydroxycarbonyl, cyano, Ci^alkyloxycarbonyl
or aryl; R13 and R14 together with the nitrogen to
which they are attached can optionally form a
morpholinyl, pyrrolidinyl, piperazinyl or piperazinyl
substituted with a substituent selected from Ci.6alkyl
or arylCi^alkyloxycarbonyl; k is 2; R15 and R16 are
each independently selected from hydrogen, C^alkyl or
arylCi^alkyloxycarbonyl; k is 2; R15 and R16 are each
independently selected from hydrogen, C]_6alkyl or
arylCi- alkyloxycarbonyl; R15 and R16 together with
the nitrogen to which they are attached can optionally
form amorpholinyl or piperazinyl, or piperazinyl
substituted with Ci^alkyloxycarbonyl; aryl is phenyl
or phenyl substituted with halo; heteroaryl
ispyridinyl, indolyl, oxadiazolyl or tetrazolyl; and
each pyridinyl, indolyl, oxadiazolyl or tetrazolyl can
optionally be substituted with one substituent
selected from Ci- alkyl, aryl or arylCi- alkyl. A
group of more preferred compounds consists of those
compounds of formula (I) or any subgroup thereof
wherein m is 0; n is 1; p is 0; s is 0; t is 0; X is
CHR8;R8 is hydrogen; is -CR9=C<; each R9 is hydrogen;
R1 is hydrogen; R2 is hydrogen or Q^alkyloxy; R2 is
hydrogen or Ci- alkyloxy; R3 is hydrogen; R4 and R5
are each independently hydrogen, Ci^alkyl or
Ci-ealkyloxy; R6 is hydrogen; Z is a radical selected
from (a-1), (a-2), (a-3) or (a-4); and R10 or R1 1 are
each independently selected from hydrogen, hydroxy or
hydroxyCi_6alkyl. The most preferred compounds are
compound No. 1, compound No. 21, compound No. 4,
compound No. 5, compound No. 36, compound No. 69,
compound No. 110, compound No. Ill, compound No. 112,
compound No. 229 and compound No. 37.The compounds of
formula (I), their pharmaceutically acceptable salts
and N-oxides and stereochemically isomeric forms
thereof may be prepared in conventional manner. The
starting materials and some of the intermediates are
known compounds and are commercially available or may
be prepared according to conventional reaction
procedures as generally known in the art. A number of
such preparation methods will be described hereinafter
in more detail. Other methods for obtaining final
compounds of formula (I) are described in the
examples. The compounds of formula (I) can be prepared
by reacting an intermediate of formula (II) with an
intermediate of formula (III) wherein W is an
appropriate leaving group such as, for example, halo,
e.g. fluoro, chloro, bromo or iodo, or a sulfonyloxy
radical such as methylsulfonyloxy,
4-methylphenylsulfonyloxy and the like. The reaction
can be performed in a reaction-inert solvent such as,
for example, an alcohol, e.g. methanol, ethanol,
2-methoxy-ethanol, propanol, butanol and the like; an
ether, e.g. 4, 4-dioxane, l,l'-oxybispropane and the
like; a ketone, e.g. 4-methyl-2-pentanone; or
N,N-dimethylformamide, nitrobenzene, acetonitrile,
acetic acid and the like. The addition of an
appropriate base such as, for example, an alkali or
earth alkaline metalcarbonate or hydrogen carbonate,
e.g. triethylamine or sodium carbonate, may be
utilized to pick up the acid which is liberated during
the course of the reaction. A small amount of an
appropriate metal iodide, e.g., sodium or potassium
iodide may be added to promote the reaction. Stirring
may enhance the rate of the reaction. The reaction may
conveniently be carried out at a temperature ranging
between room temperature and the reflux temperature of
the reaction mixture and, if desired, the reaction may
be carried out at an increased pressure. The compounds
of formula (I), wherein X is CH2, herein referred to
as compounds of formula (1-a), can be prepared by
converting compounds of formula (I) wherein X is
C(=O), herein referred to as compounds of formula
(I-b), by reacting the compound of formula (I-b) with
lithium aluminium hydride in a suitable solvent such
as tetrahydrofuran.The compounds of formula (I-a) can
also be prepared by reacting an appropriate
carboxaldehyde of formula (IV), with an intermediate
of formula (V), in the presence of an appropriate
reagent, such as a sodium borohydride e.g. sodium
tetrahydroborate or polymer supported
cyanotrihydroborate, in a suitable solvent, such as an
alcohol e.g. methanol. In an identical way the
compounds of formula (I), wherein t is 1, herein
referred to as compounds of formula (I-c), can be
prepared by reacting an intermediate of formula (II)
with an appropriate carboxaldehyde of formula (VI).The
compounds of formula (I), wherein s is 1, herein
referred to as compounds of formula (I-d), can be
prepared by reacting an intermediate of formula (VII)
with 



lithium aluminium hydride in a suitable solvent such
as tetrahydrofuran. The compounds of formula (I) and
the intermediates of formula (III) may also be
converted into each other via art-known reactions or
functional group transformations. A number of such
transformations are already described hereinabove.
Other examples are hydrolysis of carboxylic esters to
the corresponding carboxylic acid or alcohol;
hydrolysis of amides to the corresponding carboxylic
acids or amines; hydrolysis of nitriles to the
corresponding amides; amino groups on imidazole or
phenyl may be replaced by a hydrogen by art-known
diazotation reactions and subsequent replacement of
the diazo-group by hydrogen; alcohols may be converted
into esters and ethers; primary amines may be
converted into secondary or tertiary amines; double
bonds may be hydrogenated to the corresponding single
bond; an iodo radical on a phenyl groupmay be
converted in to an ester group by carbon monoxide
insertion in the presence of a suitable palladium
catalyst. Intermediates of formula (II), wherein X is
CH2, m is 0, s is 0 and R3 is hydrogen, herein
referred to as intermediates of formula (II-a), can be
prepared by a nitro to amine reduction reaction
starting with an intermediate of formula (VIII), in
the presence of a metal catalyst such as Raney Nickel
and an appropriate reductant such as hydrogen, in a
suitable solvent such as methanol or ethanol.
Intermediates of formula (II), wherein X is C(=O), s
is 0 and R is hydrogen, herein referred to as
intermediates of formula (II-b), can be prepared by
reacting an intermediate of formula (IX) with an
intermediate of formula (X) in the presence of
appropriate reagents such as
iV-(ethy]carbonimidoyl)-N,N-dimethy]-l,3-
propanediamine, monohydrochloride (EDC) and 1-hydroxy-
lH-benzotriazole (HOBT). The reaction may be performed
in the presence of a base such as triethylamine, in a
suitable solvent, such as, a mixture of
dichloromethane and tetrahydrofuran.The intermediates
of formula (IV) can be prepared by reacting
intermediates of formula (XI) with lithium aluminium
hydride in a suitable solvent such as tetrahydrofuran.
The intermediates of formula (VII) can be prepared by
reacting an intermediate of formula (XII) with an
intermediate of formula (XIII) in the presence of
2-Chloro-lmethylpyridinium iodide and triethylamine in
a suitable solvent such as acetonitrile.The
intermediates of formula (VIII) can be prepared by
reacting an intermediate of formula (XIV) with an
intermediate of formula (XV), wherein A is an
appropriate leaving group such as, for example, halo,
e.g. fluoro, chloro, bromo or iodo, or Ci. alkyloxy,
e.g. methyloxy, in diisopropylethyl amine. The
intermediates of formula (XII) can be prepared by
converting an intermediate of formula (XVI) in the
presence of sodium hydroxide and water, in a suitable
solvent, such as ethanol.The intermediates of formula
(XVI) can be prepared by reacting an intermediate of
formula (XVIII), wherein A is as defined above, with
an intermediate of formula (XIV), in a suitable
solvent such as diisopropylethyl amine.The compounds
of formula (I) and some of the intermediates may have
at least one stereogenic centre in their structure
Such stereogenic centre may be present in an R or an S
configuration The compounds of formula (I) as prepared
in the hereinabove descpbed processes are generally
racemic mixtures of enantiomers, which can be
separated from one another following art-known
resolution procedures The racemic compounds of formula
(I) may be converted into the corresponding
diastereomepc salt forms by reaction with a suitable
chiral acid. Said diastereomepc salt forms are
subsequently separated, for example, by selective or
fractional crystallization and the enantiomers are
liberated there from by alkali. An alternative manner
of separating the enantiomepc forms of the compounds
of formula (I) involves liquid chromatography using a
chiral stationary phase Said pure stereochemically
isomenc forms may also be depved from the
corresponding pure stereochemically isomenc forms of
the approppate starting matepals, provided that the
reaction occurs stereospecifically Preferably if a
specific stereoisomer is desired, said compound would
be synthesized by stereospecific methods of
preparation These methods will advantageously employ
enantiomepcally pure starting matepals The compounds
of formula (I), the pharmaceutically acceptable acid
addition salts and stereoisomepc forms thereof have
valuable pharmacological properties in that they
inhibit the interaction between p53 and MDM2. The term
"MDM2" is used herein to mean a protein obtained as a
result of expression of the mdm2 gene Within the
meaning of this term, MDM2 encompass all proteins
encoded by mdm2, mutants thereof, alternative slice
proteins thereof, andphosphorylated proteins thereof
Additionally, as used herein, the term "MDM2" includes
MDM2 analogues, e.g. MDMX, also known as MDM4, and
MDM2 homologues and analogues of other animals, e g
the human homologue HDM2 or the human analo_ g,u. e
HDMX The term "inhibiting the interaction" or
"inhibitor of the interaction" is used herein to mean
preventing or reducing the direct of indirect
association of one or more molecules, peptides,
proteins, enzymes or receptors; or preventing or
reducing the normal activity of one or more molecules,
peptides, proteins, enzymes, or receptors The term "
inhibitor of the interaction of p53 with MDM2" or
"p53-MDM2 inhibitor" is used herein to describe an
agent which increases the expression of p53 in the
assay descpbed in Cl. This increase may be caused by,
but is not limited to, one or more of the following
mechanisms of action: - inhibiting the interaction
between p53 and MDM2, - direct association with either
the MDM2 or the p53 protein, - interactions with
upstream or downstream targets, e.g. kinases, or
enzyme activities involved in ubiquitination or SUMO
modification, - sequestepng or transportation of MDM2
and p53 into different cellular compartments, -
modulation of proteins associating with MDM2, for
example (but not limited to), p73, E2F-1, Rb, p21wafl
or cipl, - downregulating or interference with MDM2
expression and/or MDM2 activity, for example by (but
not limited to), impacting on its cellular
localisation, posttranslational modification, nuclear
export or ubiquitin hgase activity - direct or
indirect stabilization of the p53 protein, e g by
keeping it in its functional structural form, or by
preventing misfoldmg, - enhancing p53 expression or
expression of p53 family members, e.g. p63 and p73. -
increasing p53 activity, for example by (but not
lilited to), enhancing its transcpptional activity
and/or - increasing expression of genes and proteins
of the p53-signalhng pathway, for example (but not
limited to) p21wafl, cipl, MIC-I (GDF-15), PIG-3 and
ATF-3 Hence, the present invention discloses the
compounds of formula (I) for use as a medicine.
Furthermore, the invention also concerns the use of a
compound for the manufacture of a medicament for the
treatment of a disorder mediated through a p53-MDM2
interaction, wherein said compound is a compound of
formula (I)The term "treating" or "treatment" as used
herein covers any treatment of a disease and/or
condition in an animal, particularly a human, and
includes (i) preventing a disease and/or condition
from occurring in a subject which may be predisposed
to the disease and/or condition but has not yet been
diagnosed as having it, (ii) inhibiting the disease
and/or condition, i e , arresting its development,
(in) relieving the disease and/or condition, i e ,
causing regression of the disease and/or condition
With the term "a disorder mediated through a p53-MDM2
interaction" is meant any undesired or detrimental
condition that results in or from the inhibition of
the interaction between the MDM2 protein and p53 or
other cellular proteins that induce apoptosis, induce
cellular death, or regulate the cell cycle. This
invention also provides a method for treating a
disorder mediated through a p53-MDM2 interaction by
administering an effective amount of a compound of the
present invention, to a subject, e g a mammal (and
more particularly a human) in need of such treatment
The compounds of the invention can have
antiproliferative effects in tumour cells, even if
such cells are devoid of functional p53 More in
particular, the compounds of the invention can have
antiproliferative effects in tumours with wild-type
p53 and/or in tumours overexpressing MDM2 Thus, this
invention also provides a method for inhibiting tumour
growth by administering an effective amount of a
compound of the present invention, to a subject, e g a
mammal (and more particularly a human) in need of such
treatment Examples of tumours which may be inhibited,
but are not limited to, lung cancer (e g
adenocarcinoma and including non-small cell lung
cancer), pancreatic cancers (e g pancreatic carcinoma
such as, for example exocpne pancreatic carcinoma),
colon cancers (e g colorectal carcinomas, such as, for
example, colon adenocarcinoma and colon adenoma),
oesophageal cancer, oral squamous carcinoma, tongue
carcinoma, gastpc carcinoma, nasopharyngeal cancer,
hematopoietic tumours of lymphoid lineage (e g acute
lymphocytic leukemia, Bcell lymphoma, Burkitt's
lymphoma), myeloid leukemias (for example, acute
myelogenous leukemia (AML)), thyroid follicular
cancer, myelodysplastic syndrome (MDS), tumours of
mesenchymal origin (e g fibrosarcomas and
rhabdomyosarcomas), melanomas, teratocarcinomas,
neuroblastomas, brain tumors,ghomas, benign tumour of
the skin (e.g. keratoacanthomas), breast carcinoma (e
g advanced breast cancer), kidney carcinoma, ovary
carcinoma, cervical carcinoma, endometpal carcinoma,
bladder carcinoma, prostate cancer including the
advanced disease, testicular cancers, osteosarcoma,
head and neck cancer and epidermal carcinoma The
compounds of the present invention can also be used
for the treatment and prevention of inflammatory
conditions Thus, this invention also provides a method
for the treatment and prevention of inflammatory
conditions by administering an effective amount of a
compound of the present invention, to a subject, e.g.
a mammal (and more particularly a human) in need of
such treatment The compounds of the present invention
can also be used for the treatment of 



autoimmune diseases and conditions With the term
"autoimmune diseases" is meant any disease in which an
animal's immune system reacts adversely to a
self-antigen. With the term "self-antigen" is meant
any antigen that is normally found in the animal's
body Representative autoimmune diseases include but
are not limited to Hashimoto's thyroiditis, Grave's
disease, multiple sclerosis, pernicious anemia,
Addison's disease, insulin-dependent diabetes melhtus,
rheumatoid arthritis, systemic lupus erythematosus
(SLE or lupus), dermatomyositis, Crohn's disease,
Wegener's granulomatosis, Anti Glomerular Basement
Membrane Disease, Antiphosphohpid Syndrome, 25
Dermatitis Herpetiformis, Allergic Encephalomyelitis,
Glomerulonephritis, Membranous Glomerulonephritis,
Goodpasture Syndrome, Lambert-Eaton, Myasthenic
Syndrome, Myasthenia Gravis, Bullous Pemphigoid,
Polyendocpnopathies, Reiter's Disease, and Stiff-Man
Syndrome. Thus, this invention also provides a method
for the treatment of autoimmune diseases and
conditions and the treatment of diseases associated
with conformational unstable or misfolded proteins by
administering an effective amount of a compound of the
present invention, to a subject, e.g. a mammal (and
more particularly a human) in need of such treatment
The compounds of the present invention can also be
useful for the treatment of diseases associated with
conformational unstable or misfolded proteins Examples
of diseases associated with conformational unstable or
misfolded proteins include but are not limited to
cystic fibrosis (CFTR), Marfan syndrom
(fibrillin),Amyotrophic lateral sclerosis (superoxide
dismutase), scurvy (collagen), maple syrup upne
disease (alpha-ketoacid dehydrogenase complex),
osteogenesis imperfecta (typel procollagen pro-
alpha), Creutzfeldt-Jakob disease (prion), Alzheimer's
disease (betaamyloid), familial amyloidosis
(lysozyme), cataracts (crystalline), familial
hypercholesterolemia (LDL receptor), a I - antitrypsin
deficiency, Tay-Sachs disease (beta-hexosamimdase),
retinitis pigmentosa (rhodopsin), and leprechaunism
(insulin receptor). Thus, this invention also provides
a method for the treatment of diseases associated with
conformational unstable or misfolded proteins by
administering an effective amount of a compound of the
present invention, to a subject, e.g. a mammal (and
more particularly a human) in need of such treatment.
In view of their useful pharmacological properties,
the subject compounds may be formulated into various
pharmaceutical forms for administration purposes. To
prepare the pharmaceutical compositions of this
invention, an effective amount of a particular
compound, in base or acid addition salt form, as the
active ingredient is combined in intimate admixture
with a pharmaceutically acceptable earner, which
carrier 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
administration orally, rectally, percutaneously, or by
parenteral injection. For example, in prepapng 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, lubpcants,
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
earner will usually comprise stenle water, at least in
large part, though other ingredients, to aid
solubility for example, may be included. Injectable
solutions, for example, may be prepared in which the
carrier compnses saline solution, glucose solution or
a mixture of saline and glucose solution. Injectable
suspensions may also be prepared in which case
appropnate liquid carriers, suspending agents and the
like may be employed. In the compositions suitable for
percutaneous administration, the earner optionally
compnsesa penetration enhancing agent and/or a
suitable wetting agent, optionally combined with
suitable additives of any nature in minor proportions,
which additives do not cause a significant deleterious
effect to 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, 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 earner.
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 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 earner
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 The compound of
the invention is administered in an amount sufficient
to inhibit the interaction between MDM2 and p53 or
other cellular proteins that induce apoptosis, induce
cellular death, or regulate the cell cycle The
oncogenic potential of MDM2 is not only determined by
its ability to suppress p53, but also by its ability
to regulate other tumour suppressor proteins, e g the
retinoblastoma protein pRb and the closely associated
E2F1 transcnption factor Thus, the compound of the
invention is administered in an amount sufficient to
modulate the interaction between MDM2 and the E2F
transcnption factors Those skilled in the art could
easily determine the effective amount from the test
results presented hereinafter In general it is
contemplated that a therapeutically effectiveamount
would be from 0.005 mg/kg to 100 mg/kg body weight,
and in particular from 0.005 mg/kg to 10 mg/kg body
weight. It may be appropriate to administer the
required dose as single, two, three, four or more
sub-doses at appropriate intervals throughout the day.
Said sub-doses may be formulated as unit dosage forms,
for example, containing 0.5 to 500 mg, and in
particular 10 mg to 500 mg of active ingredient per
unit dosage form. As another aspect of the present
invention, a combination of a p53-MDM2 inhibitor with
another anticancer agent is envisaged, especially for
use as a medicine, more specifically in the treatment
of cancer or related diseases. For the treatment of
the above conditions, the compounds of the invention
may be advantageously employed in combination with one
or more other medicinal agents, more particularly,
with other anti-cancer agents. Examples of anti-cancer
agents are: - platinum coordination compounds for
example cisplatin, carboplatin or oxalyplatin; -
taxane compounds for example paclitaxel or docetaxel;
topoisomerase I inhibitors such as camptothecin
compounds for example irinotecan or topotecan; -
topoisomerase II inhibitors such as anti-tumour
podophyllotoxin derivatives for example etoposide or
teniposide; anti-tumour vinca alkaloids for example
vinblastine, vincristine or vinorelbine; anti-tumour
nucleoside derivatives for example 5-fluorouracil,
gemcitabine or capecitabine; - alkylating agents such
as nitrogen mustard or nitrosourea for example
cyclophosphamide, chlorambucil, carmustine or
lomustine; anti-tumour anthracycline derivatives for
example daunorubicin, doxorubicin, idarubicin or
mitoxantrone; - HER2 antibodies for example
trastuzumab; - estrogen receptor antagonists or
selective estrogen receptor modulators for example
tamoxifen, toremifene, droloxifene, faslodex or
raloxifene; - aromatase inhibitors such as exemestane,
anastrozole, letrazole and vorozole; differentiating
agents such as retinoids, vitamin D and retinoic acid
metabolism blocking agents (RAMBA) for example
accutane; - DNA methyl transferase inhibitors for
example azacytidine; - kinase inhibitors for example
flavoperidol, imatinib mesylate or gefitinib; -
farnesyltransferase inhibitors; - HDAC inhibitors;-
other inhibitors of the ubiquitin-proteasome pathway
for example Velcade; or Yondehs. The term "platinum
coordination compound" is used herein to denote any
tumour cell growth inhibiting platinum coordination
compound which provides platinum in the form of an
ion. The term "taxane compounds" indicates a class of
compounds having the taxane ring system and related to
or derived from extracts from certain species of yew
(Taxus) trees. The term "topisomerase inhibitors" is
used to indicate enzymes that are capable of altepng
DNA topology in eukaryotic cells. They are cptical for
important cellular functions and cell proliferation.
There are two classes of topoisomerases in eukaryotic
cells, namely type I and type II. Topoisomerase I is a
monomelic enzyme of approximately 100,000 molecular
weight. The enzyme binds to DNA and introduces a
transient single-strand break, unwinds the double
helix (or allows it to unwind) and 



subsequently reseals the break before dissociating
from the DNA strand. Topisomerase II has a similar
mechanism of action which involves the induction of
DNA strand breaks or the formation of free radicals.
The term "camptothecin compounds" is used to indicate
compounds that are related to or depved from the
parent camptothecin compound which is a
water-insoluble alkaloid derived from the Chinese tree
Camptothecin acuminata and the Indian tree
Nothapodytes foetida. The term "podophyllotoxin
compounds" is used to indicate compounds that are
related to or depved from the parent podophyllotoxin,
which is extracted from the mandrake plant. The term
"anti-tumour vinca alkaloids" is used to indicate
compounds that are related to or depved from extracts
of the periwinkle plant (Vinca rosea). The term
"alkylating agents" encompass a diverse group of
chemicals that have the common feature that they have
the capacity to contpbute, under physiological
conditions, alkyl groups to biologically vital
macromolecules such as DNA. With most of the more
important agents such as the nitrogen mustards and the
nitrosoureas, the active alkylating moieties are
generated in vivo after complex degradative
reactions,some of which are enzymatic The most
important pharmacological actions of the alkylating
agents are those that disturb the fundamental
mechanisms concerned with cell proliferation in
particular DNA synthesis and cell division. The
capacity of alkylating agents to interfere with DNA
function and integrity in rapidly proliferating
tissues provides the basis for their therapeutic
applications and for many of their toxic properties.
The term "anti-tumour anthracychne derivatives"
comprise antibiotics obtained from the fungus Strep
peuticus var. caesius and their derivatives,
characterised by having a tetracycline png structure
with an unusual sugar, daunosamine, attached by a
glycosidic linkage. Amplification of the human
epidermal growth factor receptor 2 protein (HER 2) in
ppmary breast carcinomas has been shown to correlate
with a poor clinical prognosis for certain patients.
Trastuzumab is a highly purified recombinant
DNA-derived humanized monoclonal IgGl kappa antibody
that binds with high affiniity and specificity to the
extracellular domain of the HER2 receptor. Many breast
cancers have estrogen receptors and growth of these
tumours can be stimulated by estrogen. The terms
"estrogen receptor antagonists" and "selective
estrogen receptor modulators" are used to indicate
competitive inhibitors of estradiol binding to the
estrogen receptor (ER). Selective estrogen receptor
modulators, when bound to the ER, induces a change in
the three-dimensional shape of the receptor,
modulating its binding to the estrogen responsive
element (ERE) on DNA. In postmenopausal women, the
principal source of circulating estrogen is from
conversion of adrenal and ovarian androgens
(androstenedione and testosterone) to estrogens
(estrone and estradiol) by the aromatase enzyme in
peppheral tissues. Estrogen deppvation through
aromatase inhibition or inactivation is an effective
and selective treatment for some postmenopausal
patients with hormone-dependent breast cancer. The
term "antiestrogen agent" is used herein to include
not only estrogen receptor antagonists and selective
estrogen receptor modulators but also aromatase
inhibitors as discussed above The term
"differentiating agents" encompass compounds that can,
in vapous ways, inhibit cell proliferation and induce
differentiation. Vitamin D and retinoids are knownto
play a major role in regulating growth and
differentiation of a wide vapety of normal and
malignant cell types Retinoic acid metabolism blocking
agents (RAMBA' s) increase the levels of endogenous
retinoic acids by inhibiting the cytochrome P450-
mediated catabolism of retinoic acids. DNA methylation
changes are among the most common abnormalities in
human neoplasia. Hypermethylation within the promotors
of selected genes is usually associated with
mactivation of the involved genes. The term "DNA
methyl transferase inhibitors" is used to indicate
compounds that act through pharmacological inhibition
of DNA methyl transferase and reactivation of tumour
suppressor gene expression The term "kinase
inhibitors" comppses potent inhibitors of kinases that
are involved in cell cycle progression and programmed
cell death (apoptosis). The term "farnesyltransferase
inhibitors" is used to indicate compounds that were
designed to prevent famesylation of Ras and other
intracellular proteins They have been shown to have
effect on malignant cell proliferation and survival.
The term "histone deacetylase inhibitor" or "inhibitor
of histone deacetylase" is used to identify a
compound, which is capable of interacting with a
histone deacetylase and inhibiting its activity, more
particularly its enzymatic activity. Inhibiting
histone deacetylase enzymatic activity means reducing
the ability of a histone deacetylase to remove an
acetyl group from a histone The term "other inhibitors
of the ubiquitin-proteasome pathway" is used to
indentify compounds that inhibit the targeted
destruction of cellular proteins in the proteasome,
including cell cycle regulatory proteins. As stated
above, the compounds of the present invention also
have therapeutic applications in sensitising tumour
cells for chemotherapy and radiotherapy Hence the
compounds of the present invention can be used as
"radiosensitizer" and/or "chemosensitizer" or can be
given in combination with another "radiosensitizer"
and/or "chemosensitizer" The term "radiosensitizer",
as used herein, is defined as a molecule, preferably a
low molecular weight molecule, administered to animals
m therapeutically effectiveamounts to increase the
sensitivity of the cells to ionizing radiation and/or
to promote the treatment of diseases which are
treatable with ionizing radiation. The term
"chemosensitizer", as used herein, is defined as a
molecule, preferably a low molecular weight molecule,
administered to animals in therapeutically effective
amounts to increase the sensitivity of cells to
chemotherapy and/or promote the treatment of diseases
which are treatable with chemotherapeutics. Several
mechanisms for the mode of action of radiosensitizers
have been suggested in the literature including:
hypoxic cell radiosensitizers ( e.g., 2-
nitroimidazole compounds, and benzotriazine dioxide
compounds) mimicking oxygen or alternatively behave
like bioreductive agents under hypoxia; non-hypoxic
cell radiosensitizers (e.g., halogenated pyrimidines)
can be analogoues of DNA bases and preferentially
incorporate into the DNA of cancer cells and thereby
promote the radiation-induced breaking of DNA
molecules and/or prevent the normal DNA repair
mechanisms; and various other potential mechanisms of
action have been hypothesized for radiosensitizers in
the treatment of disease. Many cancer treatment
protocols currently employ radiosensitizers in
conjunction with radiation of x-rays. Examples of
x-ray activated radiosensitizers include, but are not
limited to, the following: metronidazole,
misonidazole, desmethylmisonidazole, pimonidazole,
etanidazole, nimorazole, mitomycin C, RSU 1069, SR
4233, EO9, RB 6145, nicotinamide, 5-bromodeoxyuridine
(BUdR), 5- iododeoxyuridine (IUdR),
bromodeoxycytidine, fluorodeoxyuridine (FudR),
hydroxyurea, cisplatin, and therapeutically effective
analogs and derivatives of the same. Photodynamic
therapy (PDT) of cancers employs visible light as the
radiation activator of the sensitizing agent. Examples
of photodynamic radiosensitizers include the
following, but are not limited to: hematoporphyrin
derivatives, Photofpn, benzoporphyrin depvatives, tin
etioporphyrin, pheoborbide-a, bacteriochlorophyll-a,
naphthalocyanines, phthalocyanines, zinc
phthalocyanine, and therapeutically effective analogs
and depvatives of the same. Radiosensitizers may be
administered in conjunction with a therapeutically
effective amount of one or more other compounds,
including but not limited to: compounds which promote
the incorporation of radiosensitizers to the target
cells; compounds which control the flow of
therapeutics, nutrients, and/or oxygen to the target
cells; chemotherapeutic agents which act on the tumour
with or without additional radiation; or other
therapeutically effective compounds for treating
cancer or other disease Chemosensitizers may be
administered in conjunction with a therapeutically
effectiveamount of one or more other compounds,
including but not limited to: compounds which promote
the incorporation of chemosensitizers to the target
cells; compounds which control the flow of
therapeutics, nutpents, and/or oxygen to the target
cells, chemotherapeutic agents which act on the tumour
or other therapeutically effective compounds for
treating cancer or other disease. In view of their
useful pharmacological properties, the components of
the combinations according to the invention, i e the
other medicinal agent and the p53-MDM inhibitor may be
formulated into various pharmaceutical forms for
administration purposes. The components may be
formulated separately in individual pharmaceutical
compositions or in a unitary pharmaceutical
composition containing both components. The present
invention therefore also relates to a pharmaceutical
composition comppsing the other medicinal agent and
the p53-MDM inhibitor together with one or more
pharmaceutical earners. The present invention further
relates to the use of a combination according to the
invention in the manufacture of a pharmaceutical
composition for inhibiting the growth of tumour cells.
The present invention further relates to a product
containing as first active ingredient a p53-MDM2
inhibitor according to the invention and as second
active ingredient an anticancer agent, as a combined
preparation for simultaneous, separate or sequential
use in the treatment of patients suffepng from cancer.
The other medicinal agent and p53-MDM2 inhibitor may
be administered simultaneously (e g in separate or
unitary compositions) or sequentially in either order
In the latter case, the two compounds will be
administered within a pepod and in an amount and
manner that is sufficient to ensure that an
advantageous or synergistic effect is achieved. It
will be appreciated that the preferred method and
order of 



administration and the respective dosage amounts and
regimes for each component of the combination will
depend on the particular other medicinal agent and
p53-MDM2 inhibitor being administered, their route of
administration, the particular tumour being treated
and the particular host being treated. The optimum
method and order of administration and the dosage
amounts and regime can be readily determined by those
skilled in the art using conventional methods and in
view of the information set out hereinThe platinum
coordination compound is advantageously administered
in a dosage of 1 to 500mg per square meter (mg/m2) of
body surface area, for example 50 to 400 mg/m2,
particularly for cisplatin in a dosage of about 75
mg/m2 and for carboplatin in about 300mg/m2 per course
of treatment. The taxane compound is advantageously
administered in a dosage of 50 to 400 mg per square
meter (mg/m2) of body surface area, for example 75 to
250 mg/m2, particularly for paclitaxel in a dosage of
about 175 to 250 mg/m and for docetaxel in about 75 to
150 mg/m2 per course of treatment. The camptothecin
compound is advantageously administered in a dosage of
0.1 to 400 mg per square meter (mg/m2) of body surface
area, for example 1 to 300 mg/m2, particularly for
irinotecan in a dosage of about 100 to 350 mg/m2 and
for topotecan in about 1 to 2 mg/m2 per course of
treatment. The anti-tumour podophyllotoxin derivative
is advantageously administered in a dosage of 30 to
300 mg per square meter (mg/m ) of body surface area,
for example 50 to 250mg/m2, particularly for etoposide
in a dosage of about 35 to 100 mg/m2 and for
teniposide in about 50 to 250 mg/m2 per course of
treatment. The anti-tumour vinca alkaloid is
advantageously administered in a dosage of 2 to 30 mg
per square meter (mg/m2) of body surface area,
particularly for vinblastine in a dosage of about 3 to
12 mg/m2 , for vincristine in a dosage of about 1 to 2
mg/m2 , and for vinorelbine in dosage of about 10 to
30 mg/m2 per course of treatment. The anti-tumour
nucleoside derivative is advantageously administered
in a dosage of 200 to 2500 mg per square meter (mg/m2)
of body surface area, for example 700 to 1500 mg/m2,
particularly for 5-FU in a dosage of 200 to 500mg/m2,
for gemcitabine in a dosage of about 800 to 1200 mg/m2
and for capecitabine in about 1000 to 2500 mg/m2 per
course of treatment. The alkylating agents such as
nitrogen mustard or nitrosourea is advantageously
administered in a dosage of 100 to 500 mg per square
meter (mg/m2) of body surface area, for example 120 to
200 mg/m2, particularly for cyclophosphamide in a
dosage of about 100 to 500 mg/m2 , for chlorambucil in
a dosage of about 0.1 to 0.2 mg/kg, for carmustine in
a dosage of about 150 to 200 mg/m , and for lomustine
in a dosage of about 100 to 150 mg/m2 per course of
treatment.The anti-tumour anthracycline depvative is
advantageously administered in a dosage of 10 to 75 mg
per square meter (mg/m2) of body surface area, for
example 15 to 60 mg/m2, particularly for doxorubicin
in a dosage of about 40 to 75 mg/m2, for daunorubicin
in a dosage of about 25 to 45mg/m 2 , and for
idarubicin in a dosage of about 10 to 15 mg/m 2 per
course of treatment Trastuzumab is advantageously
administered in a dosage of 1 to 5 mg per square meter
(mg/m 2) of body surface area, particularly 2 to 4mg/m
2 per course of treatment. The antiestrogen agent is
advantageously administered in a dosage of about 1 to
lOOmg daily depending on the particular agent and the
condition being treated Tamoxifen is advantageously
administered orally in a dosage of 5 to 50 mg,
preferably 10 to 20 mg twice a day, continuing the
therapy for sufficient time to achieve and maintain a
therapeutic effect Toremifene is advantageously
administered orally in a dosage of about 60mg once a
day, continuing the therapy for sufficient time to
achieve and maintain a therapeutic effect Anastrozole
is advantageously administered orally in a dosage of
about lmg once a day Droloxifene is advantageously
administered orally in a dosage of about 20-1OOmg once
a day. Raloxifene is advantageously administered
orally in a dosage of about 60mg once a day.
Exemestane is advantageously administered orally in a
dosage of about 25mg once a day. These dosages may be
administered for example once, twice or more per
course of treatment, which may be repeated for example
every 7, 14, 2 1 or 28 days. The compounds of formula
(I), the pharmaceutically acceptable acid addition
salts and stereoisome pc forms thereof can have
valuable diagnostic properties in that they can be
used for detecting or identifying an p53-MDM2
interaction in a biological sample comppsing detecting
or measu png the formation of a complex between a
labelled compound and/or p53 and/or MDM2 and or other
molecules, peptides, proteins, enzymes or receptors.
The detecting or identifying methods can use compounds
that are labelled with labelling agents such as
radioisotopes, enzymes, fluorescent substances,
luminous substances, etc. Examples of the
radioisotopes include 125I, 1311, 3H and 14C. Enzymes
are usually made detectable by conjugation of an
approp pate substrate which, in turn catalyses a
detectable reaction. Examples thereof include, for
example, betagalactosidase, beta-glucosidase, alkaline
phosphatase, peroxidase and malatedehydrogenase,
preferably horseradish peroxidase. The luminous
substances include, for example, luminol, luminol
derivatives, luciferin, aequorin and luciferase.
Biological samples can be defined as body tissue or
body fluids. Examples of body fluids are cerebrospinal
fluid, blood, plasma, serum, urine, sputum, saliva and
the like. The following examples illustrate the
present invention. Experimental part Hereinafter,
"DMF" is defined as N N-dimethylformamide, "DCM" is
defined as dichloromethane, "DEPE" is defined as
diisopropyl ether, "EtOAc" is defined as ethyl
acetate, "EtOH" is defined as ethanol, "EDC" is
defined as ./V-(ethylcarbonimidoyl)- N,
-dimethyl-l,3-propanediamine, monohydrochloride,
"MeOH" is defined as methanol, "THF" is defined as
tetrahydrofuran., "HOBT" is defined as 1-
hydroxybenzotriazole. A. Preparation of the
intermediate compounds Example Al a) Preparation .of
intermed;ate 1 A mixture of l-fluoro-4-nitro- benzene
(0.0142 mol), lH-indole-3-ethanamine (0.0129 mol) and
N-ethyl-N-(l-methylethyl)- 2-propanamine (0.032 mol)
was stirred at 2100C for 18 hours, then brought to
room temperature, and decanted. The residue was taken
up in acetonitrile/water. The precipitate was
filtered, washed with diethyl ether and dried,
yielding 2.3g (64%) of intermediate 1. b) .Preparation
of .intermediate 2 A mixture of intermediate 1 (0.0078
mol) and Raney Nickel (2.2g) in EtOH (50ml) was
hydrogenated at room temperature for 3 hours under a 3
bar pressure, then filtered over celite. Celite was
washed with DCM/MeOH. The filtrate was evaporated. The
residue was taken up in DCM, dried (MgSO4), filtered,
and the solvent was evaporated, yielding 1.88g (95%)
of intermediate 2.Example A2 a).Preparat_iQn .of
intermediate.3 A mixture of
2-ethoxy-l-methoxy-4-nitro- benzene (0.009 mol), l
-indole-3- ethanamine (0.009 mol) and
N-ethyl-N-(l-methylethyl)- 2-propanamine (0.0228 mol)
was stirred at 2100C for 24 hours, then brought to
room temperature, taken up in DCM/MeOH and dried. The
residue was taken up in DCM (few) and purified by
column chromatography over silica gel (35-70mm)
(eluent: cyclohexane/DCM 30/70). The pure fractions
were collected and the solvent was evaporated,
yielding 0.6g (20%) of intermediate 3. b)..Preparation
of mtermedi ate 4 A mixture of intermediate 3 (0.002
mol) and H2/Raney Nickel (0.6g) in MeOH (100ml) was
hydrogenated at room temperature for 1 hour and 30
minutes under a 3 bar pressure, then filtered over
celite. Celite was washed with DCM/MeOH. The filtrate
was evaporated. The residue was taken up in DCM/MeOH
(few), dried (MgSO ), filtered and the solvent was
evaporated, yielding 0.45g (83%) of intermediate 4.
Example A3 a) Preparation of intermediate 5 A mixture
of N-3-pyridinyl- acetamide (0.038 mol),
l-fluoro-4-nitro- benzene (0.05 mol),
copper(I)chloride (0.0038 mol) and potassium carbonate
(0.076 mol) in xylene (60ml) was stirred and refluxed
for 18 hours, then brought to room temperature. Water
was added. The mixture was filtered over celite.
Celite was washed with DCM. The filtrate was
evaporated. The residue was purified by column
chromatography over silica gel (35-70mm) (eluent:
DCMMeOHZNH 4OH 97/3/0.1). The pure fractions were
collected and the solvent was evaporated, yielding
6.4g (65%) of intermediate 5. bj.Preparation of
.intermediate 6 ~ O" Sodium hydroxide (concentrated)
(10ml) was added to a mixture of intermediate 5 (0.025
mol) in EtOH (80ml). The mixture was stirred and
refluxed for 2 hours, then brought to room
temperature. Water was added. The mixture was stirred
for 15 minutes then filtered. The residue was purified
by column chromatography over silica gel (70-200mm)
(eluent: DCMMeOH 100/0 to 95/5). The pure fractions
were collected and the solvent was evaporated,
yielding 1.5g (28%) of intermediate 6 . c) Preparation
of intermediate A mixture of intermediate 6 (0.007
mol) and Raney Nickel (1.5g) in MeOH (30ml) and THF
(10ml) was hydrogenated at room temperature for 1 hour
under a 3 bar pressure, then filtered over celite.
Celite was washed with DCM/MeOH. The filtrate was
evaporated. The residue was taken up in DCM. The
organic layer was separated, dried (MgSO4), filtered,
and the solvent was evaporated, yielding 1.2g (92%) of
intermediate 7. Example A4 Preparatjon of.intermedi
ate.8 lH-indole-3-propanoic acid (0.0264 mol) then
1-hydroxybenzotriazole (0.0344 mol) then N
-(ethylcarbonimidoyl)-
N,N-dimethyl-l,3-propanediamine, monohydrochloride 



(=EDCI) (0.0344 mol) were added to a mixture of
1,4-benzenediamine (0.137 mol) in THF (200ml) and DCM
(200ml) under N2 flow. The mixture was stirred at room
temperature for 24 hours, poured out into water and
extracted 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 (20-45mm) (eluent:
DCM/MeO H/NKtOH 97/3/0.5). The pure fractions were
collected and the solvent was evaporated, yielding
1.75g (24%) of intermediate 8. Example A5 a).
Preparation .of intermedi ate. 9 A mixture of
l-fluoro-4-nitro- benzene (0.0025 mol), l-methyl-l
H-indole-3- ethanamine (0.0023 mol) and
N-ethyl-N-(l-methylethyl)- 2-propanamine (0.0057 mol)
was stirred at 2000C for 2 hours, then brought to room
temperature. Water and DCM were added. The organic
layer was separated, dried (MgSO4), filtered, and the
solvent was evaporated. The residue (0.8g) was
purified by column chromatography over silica gel
(35-70/xm) (eluent: DCM 100). The pure fractions were
collected and the solvent was evaporated. The residue
(0.45g) was taken up in DIPE. The precipitate was
filtered off and dried, yielding 0.33g (66%) of
intermediate 9.b .Preparation pf intermediate .10 A
mixture of intermediate 9(0.0011 mol) and Raney Nickel
(0.4g) in MeOH (20ml) was hydrogenated at room
temperature for 1 hour under a 3 bar pressure, then
filtered over cehte. Celite was washed with DCM/MeOH.
The filtrate was evaporated. The residue was taken up
in DCM The organic layer was separated, dried (MgSO ),
filtered, and the solvent was evaporated, yielding
O.3O5g (97%) of intermediate 10 Example A6 a)
Preparation .of intermedi ate. 11 A mixture of
4-fluoro- benzonitrile (0.071 mol),
lH-indole-3-ethanamine (0.071 mol) and
N-ethyl-N-(l-methylethyl)- 2-propanamine (0.1775 mol)
was stirred at 2100C for 16 hours, then brought to
room temperature and taken up in DCM/MeO H. The
organic layer was washed with HCl 3N, dried (MgSO ),
filtered and the solvent was evaporated. The residue
was taken up in diethyl ether/acetonit ple. The
precipitate was filtered off and dried, yielding 8.07g
(43%) of intermediate 11, melting point 144C. b)
Preparation of intermediate 12 A mixture of
intermediate 11 (0.01 15 mol) and sodium hydroxide
(0.17 mol) in EtOH (50ml) and water (50ml) was stirred
and refluxed for 18 hours, then brought to room
temperature. The solvent was evaporated. The residue
was taken up in sodium hydroxide 3N. The aqueous layer
was washed with DCM and acidified till pH 5 was
obtained. The precipitate was filtered off and dped,
yielding 1.06g (35%) of intermediate 12, melting point
225C. .?). P ti.Qn.of intermediate ..1 3 A mixture of
intermediate 12 (0.0037 mol), 4-pyri dinamine (0.0037
mol), 2-chloro-lmethyl- pypdimum, iodide (0 0113 mol)
and tpethylamine (0.015 mol) in acetonit ple (100ml)
was stirred and refluxed for 90 minutes, then brought
to room temperature. The solvent was evaporated The
residue was taken up in DCM/MeO H. The organic layer
was washed with potassium carbonate 10%, dped (MgSO4),
filtered and the solvent was evaporated till dryness.
The residue was purified by flash columnchromatography
over silica gel (35-70mm) (eluent: DCM/MeOH/NEUOH
95/5/0.1). Two fractions were collected and the
solvent was evaporated, yielding 0.06g Fl and 0.08g
F2. Fl was crystallized from diethyl
ether/acetonitrile. The precipitate was filtered off
and dried, yielding a first batch of 0.032g (2.4%) of
intermediate 13. F2 and the mother layer were combined
and crystallized from diethyl ether/acetonitrile. The
precipitate was filtered off and dried, yielding a
second batch of 0.105g (10%) of intermediate 13,
melting point 2000C. Example A7 Preparation of
intermediate 14 Similar procedure as method 6 (see
Example A13) was followed, starting from l-(4-
chloro-2-pyridinyl)- ethanone (227 mg, 0.0015 mol) and
with addition of triethylamine (0.22 ml). After
workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc). The pure fractions were collected and the
solvent was evaporated, yielding 256 mg (52%) of
intermediate 14 as a pale yellow oil. Example A8
Preparation of intermediate 15 Similar procedure as
method 4 (see Example A22/22) was followed, starting
from benzyl 1-piperazinecarboxylate (1.3 ml, 0.0069
mol) and 4-chloro- 2-pyridinemethanol (500 mg, 0.0034
mol). After workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/MeOH 95/5). The pure fractions were collected and
the solvent was evaporated, yielding 840 mg (70%) of
intermediate 15 as an orange oil. Example A9
Preparation of intermediate 16 Similar procedure as
method 4 (see Example A22/22) was followed, starting
from 4- amino-butan-1-ol (310 mg, 0.0021 mol) and
4-chloro- 2-pyridinemethanol (300 mg, 0.0021 mol).
After workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/MeOH 85/15). The pure fractions were collectedand
the solvent was evaporated, yielding 55 mg (17%) of
intermediate 16 as a yellow oil Example AlO
Preparation of intermediate 17 Similar procedure as
method 5 (see Example A22/34) was followed, starting
from 4 (2 amino-ethyl^piperazine-l-carboxylic acid
tert-butyl ester (579 mg, 0.0025 mol) and 4- chloro-
2-pypdinecarboxaldehyde (325 mg, 0.0023 mol) After
workup, the residue was pupfied by column
chromatography over silica gel (40-63 mm) (eluent
DCM/MeOH 90/10). The pure fractions were collected and
the solvent was evaporated, yielding 425 mg (53%) of
intermediate 17 as a yellow oil Example All
Preparation of intermediate 18 Similar procedure as
method 5 (see Example A22/34) was followed, starting
from 3- amino-propionic acid methyl ester hydrochlopde
(351 mg, 0 0025 mol) and 4-chloro-
2-pypdinecarboxaldehyde (325 mg, 0 0023 mol) and with
addition of tpethylamine (0 35 ml, 0.0025 mol). After
workup, the residue was pupfied by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/MeOH 95/5). The pure fractions were collected and
the solvent was evaporated, yielding 160 mg (30%) of
intermediate 18 as a yellow oil Example A12
Preparation of intermediate 19 Similar procedure as
method 3 (see Example A22/ 20) was followed, starting
from bromo-acetic acid methyl ester (0 26 ml, 0.0021
mol) and 4-chloro-2-py pdinemethanol (300 mg, 0 0021
mol). After workup, the residue was pupfied by column
chromatography over silica gel (40-63 mm) (eluent
AcOEt/cyclohexane 60/40) The pure fractions were
collected and the solvent was evaporated, yielding 170
mg (38%) of intermediate 19 as a yellow oilExample A13
Pr ration of.intermediate 20 Method 6
4-Amino-l-butanol (0.13 ml, 0.0014 mol) was added at
room temperature to a mixture of
l-(4-chloro-2-pyridinyl)- ethanone (200 mg, 0.0013
mol), r-toluene sulfonic acid (123 mg, 0.00065 mol),
and 3A molecular sieves in MeOH (4 ml). The mixture
was stirred 6 hours at room temperature, cooled down
to O0C, and sodium borohydride (98 mg, 0.0026 mol) was
slowly added. The mixture was stirred at room
temperature for 18 hours. Molecular sieves were
filtered off, and the mixture was poured out into
water and the solvent was evaporated. The aqueous
layer was basified with a saturated solution of sodium
hydrogen carbonate, and extracted 3 times with DCM.
The organic layer was separated, washed with brine,
dried (MgSO ), filtered, and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/MeOH 95/5). The pure fractions were collected and
the solvent was evaporated, yielding 269 mg (91%) of
intermediate 20 as a yellow oil. Example A14 Pre
.pajatipn.pijnterrnediate.21 A mixture of
a-(phenylmethyl)- lH-indole-3-acetic acid (94 mg,
0.00035 mol) and 1,1 carbonyldiimidazole (59 mg,
0.00036 mol, added portionwise) in DCM ( 1 ml) was
stirred 3 hours at room temperature under argon.
N,0-dimethylhydroxylamine hydrochloride (36 mg,
0.00037 mol) was added, and the mixture was stirred 3
more hours at room temperature, cooled down to 00C,
then poured out into water. pH was adjusted to 10 with
a 4N solution of sodium hydroxide, and aqueous layer
was extracted with EtOAc. The organic layer was
separated, washed with a 3N solution of hydrochloric
acid, dried (MgSO ), filtered, and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/cyclohexane 50/50). The pure fractions were
collected and the solvent was evaporated, yielding 52
mg (47%) of intermediate 21.Example A15 .?).
Preparation[.ofJn.termediate.22 To a solution of
intermediate 1 (3.0 g, 0.01 1 mol) in DCM (130 ml),
was added Adimethylaminopyridine (261 mg, 0.0021 mol)
and di-teit-butyldicarbonate (14.0 g, 0.064 mol). The
mixture was stirred at room temperature for 5 hours.
The reaction was quenched by addition of water and
extracted twice with DCM. The organic layer was washed
successively with a saturated solution of sodium
bicarbonate and with brine, dried (MgSO^, filtered,
and the solvent was evaporated. The residue was
purified by column chromatography over silica gel
(40-63 mm) (eluent: EtOAc/cyclohexane 10/90 to 20/80).
The pure fractions were collected and the solvent was
evaporated, yielding 



4.65 g (90%) of intermediate 22 as a yellow solid.
blPrep.aration.pf.interme.di.ate.23 Raney nickel (3 g)
was added to a solution of intermediate 22 (4.7 g,
0.0097 mol) in ethanol (15 ml) and THF (15 ml). The
reaction mixture was stirred under 1 atmosphere of
hydrogen for 16 hours. To complete the reaction, raney
nickel ( 1 g) was added and the mixture was stirred
under 1 atmosphere of hydrogen for 4 more hours. The
mixture was filtered through a celite pad and the
solvent was evaporated. The residue was purified by
column chromatography over silica gel (40-63 mm)
(eluent: EtOAc/cyclohexane 10/90 to 20/80). The pure
fractions were collected and the solvent was
evaporated, yielding 4.0 g (92%) of intermediate 23 as
a yellow foam. Example Al 6 3).PreparatiQh. Bromine
(0.0104 mol) then a solution of sodium nitrite (0.0362
mol) in water (3ml) were added drop wise at -1O0C to a
mixture of 6,7-dihydro-5H-l-pyridin-4-amine (0.0112
mol) in aqueous hydrogen bromide (48%) (5ml). The
mixture was brought back to 200C. Ice was added. The
mixture was basified with concentrated sodiumhydroxide
and extracted with EtOAc. The organic layer was
separated, dried (MgSO ) , filtered, and the solvent
was evaporated, yielding: 2g (90%) of intermediate 24
. b) Preparation of intermediate .25
Meta-chloroperbenzoic acid (0.012 mol) was added to a
mixture of intermediate 24 (0.01 mol) in DCM (15ml).
The mixture was stirred at room temperature for 12
hours. Sodium hydroxide 3N and water were added. The
mixture was extracted three times with DCM. The
organic layer was washed with water, dped (MgSO4),
filtered, and the solvent was evaporated, yielding
1.85g (86%) of intermediate 25. c)_Pregaration.of
intermediate. 26 A mixture of intermediate 25 (0.0086
mol) in acetic anhydride (18ml) was stirred at 1000C
for 30 minutes, then cooled to room temperature and
evaporated. The residue was taken up in NaHCO and
EtOAc and filtered over celite. Celite was washed with
EtOAc. The organic layer was separated, dped (MgSO4),
filtered, and the solvent was evaporated, yielding 1
63g (73%) of intermediate 26. dXPreparatipri of
intermediate 27 A mixture of intermediate 26 (0.0074
mol) in MeOH (10ml) and sodium hydroxide 3N (80ml) was
stirred at room temperature for 30 minutes, then
stirred at 8O0C for 10 minutes then brought back to
room temperature MeOH was evaporated. The mixture was
extracted twice with DCM then washed with saturated
NaCl. The organic layer was separated, dried (MgSO4),
filtered, and the solvent was evaporated, yielding
1.02g (64%) of intermediate 27. Example A17 a)
Preparation of intermediate 28 Bromine (1.3ml) then a
solution of sodium nitpte (3.3g) in water (4ml) were
added drop wise at -1O0C to a solution of
5,6,7,8-tetrahydro-4-quinolinamine (0.0135 mol) in
aqueous hydrogen bromide (48%) (6.7ml). The mixture
was brought back to 2O0C, poured out on ice, basified
with concentrated sodium hydroxide and extracted with
EtOAc. The organic layer was separated, dried (MgSO4),
filtered, and the solvent was evaporated, yielding
2.2g (77%) of intermediate 28.b) Preparation of
intermediate 29 Meta-chloroperbenzoic acid (0 0125
mol) was added to a mixture of intermediate 28 (0.0104
mol) in DCM (20ml). The mixture was stirred at room
temperature for 12 hours Sodium hydroxide 3N and ice
were added. The mixture was extracted twice with DCM.
The organic layer was dped (MgSO4), filtered, and the
solvent was evaporated, yielding 3g (100%) of
intermediate 29 c) Preparation of intermediate 30 A
mixture of intermediate 29 (0.0086 mol) in acetic
anhydpde (22ml) was stirred at 1000C for 30 minutes,
then cooled to room temperature and evaporated The
residue was taken up in saturated NaHCO3 and EtOAc.
The mixture was stirred for 30 minutes. The organic
layer was separated, dped (MgSq 4), filtered, and the
solvent was evaporated, yielding 3 4g (100%) of
intermediate 30 d)JPreparatiqn.pf intermediate 3 1 A
mixture of intermediate 30 (0.0104 mol) in MeOH (18ml)
and sodium hydroxide 3N (150ml) was stirred at room
temperature for 30 minutes, then stirred at 800C for
10 minutes MeOH was evaporated The mixture was
extracted twice with DCM The organic layer was washed
with saturated NaCl, dried (MgSO4), filtered and the
solvent was evaporated, yielding 1.84g (77%) of
intermediate 3 1 Example Al 8 a) Preparation of
intermediate 32 A mixture of 2-ethoxy-4-mtroanisole (0
0107 mol), 6-methoxytryptamine (0.0107 mol) and
dnsopropylethylamine (0 0268 mol) was stirred at 2100C
for 5 hours then poured out on ice and extracted with
DCM The organic layer was separated, dped (MgSO ),
filtered, and the solvent was evaporated The residue
was pupfied by column chromatography over silica gel
(15-40 m) (eluent DCM 100%). The pure fractions were
collected and the solvent was evaporated, yielding 0
85g (22%) of intermediate 32b) Preparation of
intermediate 33 A mixture of intermediate 32 (0.0023
mol) and Raney Nickel (0.85g) in MeOH (42ml) and THF
(42ml) was hydrogenated at room temperature for 2
hours under a 3 bar pressure, then filtered over
celite. The filtrate was evaporated, yielding 0.74g
(95%) of intermediate 33. Example A19 a). Preparation
of intermediate. 34 Oxalyl chlopde (0.012 mol) was
added drop wise at 00C to a solution of 5-cyanoindole
(0.007 mol) in diethyl ether (21ml). The mixture was
stirred at 00C for 5 hours, then stirred at room
temperature overnight. The precipitate was filtered,
washed with diethyl ether and dped, yielding 1 454g of
(73%) of intermediate 34 b) Preparation of
intermediate 35 A solution of intermediate 34 (0.0027
mol) in DCM(12ml) was added drop wise at 5C to a
solution of N-Pypdin-4-yl-benzene-l,4-diarrune (0.022
mol) and N,Ndnsopropylethylamine (0.0034 mol) in DCM
(4ml) The mixture was stirred and refluxed for a
weekend, then cooled to room temperature. The
precipitate was filtered off and dped The residue was
crystallized from iPrOH. The precipitate was filtered
off and dped, yielding 0.756g of crude product. This
fraction was pupfied by column chromatography over
kromasil (5mm) (eluent: DCM/MeOH/ NKtOH 97/3/0.3 to
87/13/1.3). The pure fractions were collected and the
solvent was evaporated The residue was pupfied by
column chromatography over silica gel (15-40mm)
(eluent: DCM/MeOH/ NHUOH 90/10/0.1 to 87/13/0.1). The
pure fractions were collected and the solvent was
evaporated, yielding 0.098g (20%) of intermediate 35,
melting point > 264C. Example A20 a) Preparation of
intermediate 36 A mixture of
lH-benzimidazole-1-ethanamine (0 011 mol),
l-fluoro-4-nitrobenzene (0 0 11 mol) and
diisopropylethylamine (0 034 mol) was stirred at 2100C
for 30minutes Dnsopropylethylamine was evaporated. The
precipitate was dissolved in DCM/MeOH. The organic
layer was washed with potassium carbonate 10%, dped
(MgSO4), filtered and the solvent was evaporated. The
residue (3.2g) was pupfied by column chromatography
over silica gel (15-40mm) (eluent; DCM/MeOH/NHtOH
98/2/0 5) The pure fractions were collected and the
solvent was evaporated. The residue (2 Ig, 77%) was
crystallized from acetonitrile. The precipitate was
filtered off and dped, yielding 1.3g (47%) of
intermediate 36, melting point 144C. b) Preparation of
intermediate..37 A mixture of intermediate 36 (0.006
mol) and Raney Nickel (2g) in MeOH (20ml) was
hydrogenated at room temperature under a 3 bar
pressure, then filtered over celite. Celite was washed
with DCM/MeOH. The filtrate was evaporated, yielding
1.7g (100%) of intermediate 37. Example A21 a)_
Preparation pf in.termediate.38 A mixture of
DL-Tryptophan, methyl ester (0.0078
mol),l-fluoro-4-nitrobenzene (0 0078 mol) and
dnsopropylethylamine (0 0353 mol) was stirred at 2100C
for 4 hours, and then taken up in DCM/MeOH. HCl 3N was
added The mixture was stirred for 15 minutes. The
organic layer was washed with saturated NaHCO , dped
(MgSO4), filtered and the solvent was evaporated. The
residue was pupfied by column chromatography over
silica gel (35-70mm) (eluent. DCM 100% then DCM/MeOH
99/1). The pure fractions were collected and the
solvent was evaporated, yielding 0.75g (28%) of
intermediate 38 ) .Preparation.of intermediate .39 A
mixture of intermediate 38 (0.0022 mol) and Raney
nickel (0.75g) in MeOH (100ml) was hydrogenated at
room temperature for 1 hour under a 3 bar pressure,
then filtered over celite The filtrate was evaporated,
yielding 0.65g (96%) of intermediate 39.
c)LPreparation of intermediate 40 A mixture of
intermediate 39 (0.139 mol) and 4-bromopypdine
hydrochloride (0.139 mol) in acetic acid (450ml) was
stirred at 1200C for 3 hours, poured out on ice,
basifiedwith concentrated sodium hydroxide and
extracted with DCM/MeOH (few). The organic layer was
separated, dried (MgSO ), filtered, and the solvent
was evaporated. The residue (62.7g) was purified by
column chromatography over kromasil (20-45mm) (eluent:
DCM/MeOH/NH OH 93/7/0.5). The pure fractions were
collected and the solvent was evaporated, yielding 22g
(41%) of intermediate 40. d)..Preparati.on of
.intermediate .41 Lithium hydroxide, monohydrate
(0.112 mol) was added portion wise at 00C to a
solution of intermediate 40 (0.056 mol) in MeOH (86ml)
and water (34.4ml) under N2 flow. The mixture was
stirred at room temperature overnight, then evaporated
till 



dryness, yielding: 22g (quantitive yield) of
intermediate 41. Example A22 1) Preparation of
intermediate 42 A 2.5N solution of butyl lithium in
hexane (3.4 ml, 0.0081 mol) was added to a solution of
diisopropylamine (0.85 ml, 0.0088 mol) in THF (6 ml)
at -78C under Argon. The mixture was stirred 30
minutes at -78C. 4-Chloro-3-methylpyridine
hydrochloride (630 mg, 0.0038 mol) was added
portionwise and the mixture was stirred 1 hour at
-78C. Diethyl carbonate (1.0 ml, 0.0096 mol) was added
dropwise and the mixture was stirred 1 more hour at
-780C, then warmed up to room temperature and let
stirred for 2.5 hours. The reaction was quenched by
slow addition of water, and extracted twice with
EtOAc. The organic layer was separated, washed with
brine, dried (MgSO ), filtered, and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/MeOH 100/0 then 90/10). The pure fractions were
collected and the solvent was evaporated, yielding 74
mg (9%) of intermediate 42. .?XPreparation of
.intermediateA 3 Triethyl phosphonoacetate (0.075 ml,
0.00038 mol) was added dropwise to a mixture of sodium
hydride (10.6 mg, 0.00044 mol) in THF (5 ml) at room
temperature under argon. The mixture was stirred at
room temperature for 20 minutes, then a solution of
4-chloro-3-pyridinecarboxaldehyde (50 mg, 0.00035 mol)
in THF (3 ml) was added dropwise. The mixture was
stirred at room temperature for 16 hours, then poured
out into water and extracted twice with EtOAc. The
organic layer was separated, washedwith brine, dried
(MgSO4) , filtered, and the solvent was evaporated,
yielding 77 mg (88%) of intermediate 43.
3)..Prep.aratioh A 2.5N solution of butyl lithium in
hexane (0.80 ml, 0.0020 mol) was added to a solution
of diisopropylamine (0.28 ml, 0.0020 mol) in THF (2
ml) at -78 0C under Argon. The mixture was stirred 10
minutes at -78 0C, then a solution of 4-
chloropyridine (219 mg, 0.0019 mol) in THF ( 1 ml) was
added dropwise. The mixture was stirred 1.25 hour at
-78C, then propionaldehyde (0.14 ml, 0.0019 mol) was
added dropwise. The mixture was stirred 30 minutes at
-78C, and finally 4 hours at room temperature, poured
out into water, and extracted with EtOAc. The organic
layer was separated, washed with brine, dried (MgSO4),
filtered, and the solvent was evaporated. The residue
was purified by column chromatography over silica gel
(40-63 mm) (eluent: EtOAc/cyclohexane 90/10). The pure
fractions were collected and the solvent was
evaporated, yielding 147 mg (44%) of intermediate 44.
Method 2 A 3M ethyl magnesium bromide solution in
diethyl ether (1.1 ml, 0.0032 mol) was added to
a4-chloro-2-pyridinecarboxylic acid, methyl ester
solution (200 mg, 0.0012 mol) in THF (4 ml) at -300C
under Argon. The mixture was heated at 750C for 2h30,
cooled down to 00C and quenched with water. The
resulting mixture was made alkaline with a saturated
solution of sodium hydrogen carbonate and extracted
twice with EtOAc. The organic layer was washed with
brine, dried (MgSO^, filtered and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/cyclohexane 10/90). The pure fractions were
collected and the solvent was evaporated, yielding 54
mg (23%) of intermediate 45 as a brown oil. 5)
.Preparatiion.of j.nterrnediate 46 Methane sulfonyl
chloride (98 ml, 0.0013 mol) was added dropwise to a
solution of 4- chloro- 2-pyridinemeth anamine (150 mg,
0.0011 mol) and triethylamine (177 ml, 0.0013 mol) in
DCM (4 ml) at O0C under argon. The mixture was stirred
at room temperature for 30 minutes. The reaction was
quenched with a saturated solution of sodium
bicarbonate and extracted twice with DCM. The organic
phase was dried (MgSO4), filtered, and the solvent was
evaporated. The residue was purified by
columnchromatography over silica gel (40-63 mm)
(eluent EtOAc) The pure fractions were collected and
the solvent was evaporated, yielding 82 mg (35%) of
intermediate 46 as an orange oil 6) Preparation of
intermediate 47 Method 7 Cyclopropanecarbonyl chlopde
( 115 ml, 0 0013 mol) was added dropwise to a solution
of 4-chloro- 2-pypdinemethanamine (150 mg, 0 0011 mol)
and tpethylamine (177 ml, 0 0013 mol) in DCM (4 ml) at
00C under Argon The mixture was stirred at room
temperature for 15 minutes. The reaction was quenched
with a saturated solution of sodium bicarbonate and
extracted twice with DCM The organic phase was dped
(MgSO ), filtered, and the solvent was evaporated The
residue was pupfied by column chromatography over
silica gel (40-63 mm) (eluent: EtOAc). The pure
fractions were collected and the solvent was
evaporated, yielding 85 mg (38%) of intermediate 47 as
a white solid 7) Preparation of intermediate. 48
Similar procedure as method 7 (see Example A22/6) was
followed, starting from 4- chloro-2-py
pdinemethanamine (150 mg, 0 001 1 mol) and
hydrocinnamoyl chlopde (187 ml, 0 0013 mol). After
workup, the residue was pupfied by column
chromatography over silica gel (40-63 mm) (eluent
EtOAc) The pure fractions were collected and the
solvent was evaporated, yielding 191 mg (66%) of
intermediate 48 as a yellow solid .Pr T iOn
of.intermediate 49 Similar procedure as method 7 (see
Example A22/6) was followed, starting from 4-
chloro-2-py pdinemethanamine (200 mg, 0.0014 mol) and
propionyl chlopde (146 ml, 0 0017 mol) After workup,
the residue was pupfied by column chromatography over
silica gel (40-63 mm) (eluent EtOAc) The pure
fractions were collected and the solvent was
evaporated, yielding 126 mg (45%) of intermediate 49
as a colorless oil 9 Preparation of intermediate 50
Similar procedure as method 7 (see Example A22/6) was
followed, starting from 4- chloro-
2-pypdinemethanamine (150 mg, 0 0011 mol) and
phenylacetyl chlopde (168ml, 0 0013 mol) After workup,
the residue was purified by column chromatography over
silica gel (40-63 mm) (eluent EtOAc) The pure
fractions were collected and the ate 50 as a white
solid intermediate 5 1 intermediate 52 Method 1 To a
solution of 4-chloro-2-py pdinecarboxaldehyde (377 mg,
0 0027 mol) in THF (4 ml) at 00C under Argon was added
dropwise a 1 4M cyclopropylmagnesium bromide solution
in toluene/THF (75/25) The reaction mixture was
stirred at O0C for 1 hour, the dry ice bath was
removed and the mixture was stirred at room
temperature for 1 hour The reaction mixture was
quenched by addition of water and extracted twice with
EtOAc The organic layer was washed with bpne, dped
(MgSO ), filtered, and the solvent was evaporated The
residue was pupfied by column chromatography over
silica gel (40-63 mm) (eluent cyclohexane/EtOAc 80/20)
The pure fractions were collected and the solvent was
evaporated, yielding 193 mg (39%) of intermediate 5 1
and 29mg of intermedmte 52 11} Preparation of
.intermediate 53 Similar procedure as method l(see
Example A22/10) was followed, starting from 4-
chloro-2-pypdinecarboxaldehyde (300 mg, 0 0021 mol)
and a 2 OM isopropylmagnesium chlopde solution in THF
(2 12 ml, 0 0042 mol) After workup, the residue was
pupfied by column chromatography over silica gel
(40-63 mm) (eluent cyclohexane/EtOAc 80/20) The pure
fractions were collected and the solvent was
evaporated, yielding 165 mg (42%) of intermediate 53
as a brown oil 12 Preparation of intermediate 54
Similar procedure as method 6 (see Example A13) was
followed, starting from l-(4- chloro-2-pypdinyl)-
ethanone (298 mg, 0 0019 mol) After workup, the
residue was pupfied by column chromatography over
silica gel (40-63 mm) (eluent cyclohexane/EtOAc 90/10)
The pure fractions were collected and the solvent was
evaporated, yielding 293 mg (62%) of intermediate 54
as a yellow oil13XPreparatio p. o.f .inteitm.ediate
.55 Similar procedure as method 6 (see Example A13)
was followed, starting from l-(4- chloro-2-pyridinyl)-
ethanone (100 mg, 0.00064 mol). After workup, the
residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH 85/15). The
pure fractions were collected and the solvent was
evaporated, yielding 50 mg (45%) of intermediate 55 as
a yellow oil. .!_4}. r . ep tJQn.of intermediate 56
Similar procedure as method 6 (see Example A13) was
followed, starting from l-(4- chloro-2-pyridinyl)-
ethanone (100 mg, 0.00064 mol). After workup, the
residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH 90/10). The
pure fractions were collected and the solvent was
evaporated, yielding 30 mg (25%) of intermediate 56 as
a yellow oil. 1.5J.Preparation .of intermediate . 57
Similar procedure as method 6 (see Example A 13) was
followed, starting from l-(4- chloro-2-pyridinyl)-
ethanone (157 mg, 0.0010 mol). After workup, the
residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH 95/5). The
pure fractions were collected and the solvent was
evaporated, yielding 134 mg (49%) of intermediate 57
as a yellow oil. 16).Preparation .of .intermediate .
5.8 Similar procedure as method 6 (see Example A 13)
was followed, starting from l-(4- chloro-2-pyridinyl)-
ethanone (200 mg, 0.0013 mol). After workup, the
residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH 95/5). The
pure fractions were collected and the solvent was
evaporated, yielding 281 



mg (66%) of intermediate 58 as a yellow oil. 1.7)
.Prepar ation of .intermediate 59 Similar procedure as
method 6 (see Example A13) was followed, starting from
l-(4- chloro-2-pyridinyl)- ethanone (200 mg, 0.0013
mol) and with addition of triethylamine (0.2 ml).
After workup, the residue was purified by column
chromatography over silicagel (40-63 mm) (eluent:
EtOAc). The pure fractions were collected and the
solvent was evaporated, yielding 80 mg (25%) of
intermediate 59 as a yellow oil. l_8).Preparation of
intermediate 60 Similar procedure as method 6 (see
Example A13) was followed, starting from l-(4-
chloro-2-pypdinyl)- ethanone (200 mg, 0.0013 mol).
After workup, the residue was pupfied by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/MeOH 95/5). The pure fractions were collected and
the solvent was evaporated, yielding 176 mg (68%) of
intermediate 60 as a pale yellow oil. 19) Preparation
of .intermediate 6 1 Similar procedure as method 6
(see Example A13) was followed, starting from l-(4-
chloro-2-pyridinyl)- ethanone (200 mg, 0.0013 mol).
After workup, the residue was pupfied by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc) The pure fractions were collected and the
solvent was evaporated, yielding 274 mg (77%) Method 3
A solution of 4-chloro-a-methyl- 2-pypdinemethanol
(200 mg, 0.0013 mol) in THF (3 ml) was added dropwise
to a mixture of sodium hydride (60% weight in mineral
oil) (56 mg, 0.0014 mol) in THF ( 1 ml) at 00C under
argon. The mixture was heated up to 700C and stirred 3
hours, then cooled down to O0C, and iodoethane (0.102
ml, 0.0013 mol) was added drop wise. The mixture was
heated up to 700C for 2 hours, cooled down to 00C,
poured out into iced water, and extracted twice with
DCM, and once with EtOAc. The organic layer was
separated, dried (MgSO ), filtered, and the solvent
was evaporated. The residue was pupfied by column
chromatography over silica gel (40-63 mm) (eluent:
cyclohexane/ EtOAc 90/10). The pure fractions were
collected and the solvent was evaporated, yielding 106
mg (45%) of intermediate 62 as a brown oil
?.l).Preparation of intermedi ate 63 Similar procedure
as method 3 (see Example A22/ 20) was followed,
starting from 4- chloro-a-methyl- 2-pypdinemethanol
(200 mg, 0.0013 mol). After workup, the residue was
purified by column chromatography over silica gel
(40-63 mm) (eluent:cyclohexaneZEtOAc 90/10). The pure
fractions were collected and the solvent was
evaporated, yielding 85 mg (39%) of intermediate 63 as
a pale yellow oil. 22).Prep.ayration of intermediate
64 Method 4 4-Chloro- 2-pyridinemethanol (400 mg,
0.0028 mol) was dissolved in chloroform (24 ml).
Thionyl chloride (0.40 ml, 0.0056 mol) and DMF (2
drops) were added. The mixture was stirred 4 hours at
8O0C. The solvent was evaporated. The residue was
taken back in MeOH (18 ml) and ethanolamine (1.38 ml,
0.014 mol) was added. The mixture was stirred 4 hours
at 800C. The solvent was evaporated. The residue was
poured out onto water and extracted with EtOAc. The
organic layer was separated, washed with a saturated
solution of sodium hydrogen carbonate, dried (MgSO 4),
filtered, and the solvent was evaporated. The residue
was purified by column chromatography over silica gel
(40-63 mm) (eluent: DCM/MeOH 85/15). The pure
fractions were collected and the solvent was
evaporated, yielding 310 mg (60%) of intermediate 64
as an orange oil. 23 .Preparation of intermediate .65
Similar procedure as method 4 (see Example A22/22) was
followed, starting from 2- morpholin-4-yl-ethylamine
(0.45 ml, 0.0034 mol) and 4-chloro- 2-pyridinemethanol
(200 mg, 0.0014mol). After workup, the residue was
purified by column chromatography over silica gel
(40-63 mm) (eluent: DCM/MeOH 95/5). The pure fractions
were collected and the solvent was evaporated,
yielding 39 mg (23%) of intermediate 65 as a yellow
oil. .?4 .Preparation of .intermediate .66 Similar
procedure as method 4 (see Example A22/22) was
followed, starting from a 33% methyl amine solution in
EtOH (10 ml) and 4-chloro- 2-pyridinemethanol (300 mg,
0.0021 mol). After workup, the residue was purified by
column chromatography over silica gel (40-63 mm)
(eluent: DCMZMeOHZNH4OH 85/15/1). The pure fractions
were collected and the solvent was evaporated,
yielding 130 mg (40%) of intermediate 66 as an orange
oil. .?51Pjeparation of.intermediate 67 Similar
procedure as method 4 (see Example A22/22) was
followed, starting from a 2.0M ethyl amine solution in
THF (3.5 ml, 0.0069 mol) and 4-chloro-
2-pyridinemethanol (200 mg, 0.0014 mol). After workup,
the residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH 85/15). The
pure fractions were collected and the solvent was
evaporated, yielding 45 mg (19%) of intermediate 67 as
an orange oil. 26) Preparation of intermediate 68 J l
o Similar procedure as method 4 (see Example A22/22)
was followed, starting from 3- amino-propionic acid
ethyl ester (2.45 g, 0.020 mol) and 4-chloro-
2-pyridinemethanol (600 mg, 0.0042 mol). After workup,
the residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH 85/15). The
pure fractions were collected and the solvent was
evaporated, yielding 730 mg (71%) of intermediate 68
as an orange liquid. 27 .Preparation of .intermediate
6.9 Intermediate 68 (350 mg, 0.0015 mol) was dissolved
in MeOH (5 ml) and cooled down at 00C. Sodium
borohydride (300 mg, 0.0078 mol) was slowly added. The
mixture was stirred at 8O0C for 9 hours. The reaction
was quenched with water and the solvent was
evaporated. The residue was extracted with EtOAc. The
organic layer was separated, washed with a saturated
solution of sodium hydrogen carbonate, dried (MgSO ),
filtered, and the solvent was evaporated. The residue
was purified by column chromatography over silica gel
(40-63mm) (eluent: DCM/MeOH 85/15). The pure fractions
were collected and the solvent was evaporated,
yielding 70 mg (23%) of intermediate 69 as a colorless
oil. 2.81Preparation.pf.intermedi.ate.7Q Similar
procedure as method 4 (see Example A22/22) was
followed, starting from amino-acetonitrile (1.2 g,
0.013 mol) and 4-chloro-2-pyridinemethanol (500 mg,
0.0034 mol). After workup, the residue was purified by
column chromatography over silica gel (40-63 mm)
(eluent: DCM/MeOH 95/5). The pure fractions were
collected and the solvent was evaporated, yielding 160
mg (25%) of intermediate 70 as an orange liquid.
291Preparation.pf .intermediate 7 1 Similar procedure
as method 4 (see Example A22/22) was followed,
starting from Nmethylpiperazine (1.16 ml, 0.010 mol)
and 4-chloro- 2-pyridinemethanol (300 mg, 0.0021 mol).
After workup, the residue was purified by column
chromatography oversilica gel (40-63 mm) (eluent:
DCM/MeOH 95/5). The pure fractions were collected and
the solvent was evaporated, yielding 325 mg (69%) of
intermediate 7 1 as a yellow oil. 30) Preparation of
.intermediate 72 Similar procedure as method 4 (see
Example A22/22) was followed, starting from
diethylamine (1.45 ml, 0.014 mol) and 4-chloro-2-py
pdinemethanol (300 mg, 0 0021 mol). After workup, the
residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH 95/5). The
pure fractions were collected and the solvent was
evaporated, yielding 300 mg (43%) of intermediate 72
as a yellow liquid. 3JO Preparation of intermediate
73. Similar procedure as method 4 (see Example A22/22)
was followed, starting from 3- aminopropionitnle (1.02
ml, 0.014 mol) and 4-chloro- 2-pypdinemethanol (500
mg, 0.0034 mol). After workup, the residue was
purified by column chromatography over silica gel
(40-63 mm) (eluent: DCM/MeOH 95/5). The pure fractions
were collected and the solvent was evaporated,
yielding 180 mg (27%) of intermediate 73 as a yellow
oil. 32} Preparation of intermediate 74 Similar
procedure as method 4 (see Example A22/22) was
followed, starting from phenethylamine (0.52 ml,
0.0042 mol) and 4-chloro-2-pypdinemethanol (300 mg,
0.0021 mol) After workup, the residue was pupfied by
column chromatography over silica gel (40-63 mm)
(eluent: EtOAc). The pure fractions were collected and
the solvent was evaporated, yielding 110 mg (22%) of
intermediate 74 as a colorless oil. 33) Preparation of
intermediate 75 Similar procedure as method 4 (see
Example A22/22) was followed, starting from 3-
phenyl-propylamine (470 mg, 0.0035 mol) and
4-chloro-2-py pdinemethanol (300 mg, 0.0021 mol).
After workup, the residue was pupfied by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/MeOH 85/15). The pure fractions were collected and
the solvent was evaporated, yielding 90 mg (17%) of
intermediate 75 as an orange oil..34).Preparatipn.
of.intermediate. 76 Method 5 A mixture of
4-chloro-2-pyridinecarboxaldehyde (200 mg, 0.0014
mol), N-(3- aminopropyl)morpholine (224 mg, 0.0015
mol), ra-toluene sulfonic acid (134 mg, 0.00070 mol)
and 3A molecular sieves was stirred at room
temperature under Argon for 7 hours. Molecular sieves
were filtered off, the reaction mixture was cooled
down to O0C, and sodium borohydride (107 mg, 0.0028
mol) was slowly added. The mixture was stirred at room
temperature for 17 hours, poured out into water and
extracted with DCM. The organic layer was separated,
washed with a saturated solution of hydrogen
carbonate, dried (MgSO4), filtered, and the solvent
was evaporated. The residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/MeOH/NH3 85/15/3). The pure fractions were
collected and the solvent was 



evaporated, yielding 230 mg (60%) of intermediate 76
as a yellow oil. 3.5j.Prep.aration of intermediate 77
Similar procedure as method 4 (see Example A22/22) was
followed, starting from benzylamine (0.46 ml, 0.0042
mol) and 4-chloro-2-pyridinemethanol (300 mg, 0.0021
mol). After workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/cyclohexane 50/50). The pure fractions were
collected and the solvent was evaporated, yielding 240
mg (50%) of intermediate 77 as a colorless oil.
36cPreparation of .intermediate.78 Similar procedure
as method 3 (see Example A22/ 20) was followed,
starting from bromoethyl methyl ether (0. 13 ml,
0.0014 mol) and 4-chloro-2-pyridinemethanol (200 mg,
0.0014 mol). After workup, the residue was purified by
column chromatography over silica gel (40-63 mm)
(eluent: AcOEt/cyclohexene 30/70). The pure fractions
were collected and the solvent was evaporated,
yielding 67 mg (24%) of intermediate 78 as a yellow
oil. 7 .Preparation of intermediate 7? Similar
procedure as method 4 (see Example A22/22) was
followed, starting from 4- phenyl-butylamine (0.55 ml,
0.0035 mol) and 4-chloro-2-pyridinemethanol (250 mg,
0.0017 mol). After workup, the residue was purified by
column chromatography oversilica gel (40-63 mm)
(eluent: DCM/MeOH 95/5). The pure fractions were
collected and the solvent was evaporated, yielding 260
mg (55%) of intermediate 79 as a yellow oil. 3.?
.Preparation of .intermediate.80 Similar procedure as
method 3 (see Example A22/ 20) was followed, starting
from (3- bromo-propyl)-benzene (0.27 ml, 0.0018 mol)
and 4-chloro-2-pyridinemethanol (200 mg, 0.0014 mol).
After workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
AcOEt/cyclohexane 10/90). The pure fractions were
collected and the solvent was evaporated, yielding 57
mg (16%) of intermediate 80 as colorless oil.
39).Preparation of Antermediate 1 Similar procedure as
method 3 (cA22/ 20) was followed, starting from
l-Bromo-2- ethoxy-ethane (589 mg, 0.0052 mol) and
4-chloro-2-pyridinemethanol (500 mg, 0.0034 mol).
After workup, the residue was purified by column
chromatography over silica gel (40-63 m) (eluent:
EtOAc/cyclohexane 10/90). The pure fractions were
collected and the solvent was evaporated, yielding 270
mg (36%) of intermediate 8 1 as a colorless oil.
.4.Q).Prep.aration.of .intermediate .82 Similar
procedure as for method 1 (see Example A22/10) was
followed, starting from
4-chloro-2-pyridinecarboxaldehyde (500 mg, 0.0035
mol). After workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/cyclohexane 50/50). The pure fractions were
collected and the solvent was evaporated, yielding 136
mg (22%) of intermediate 82 as a yellow oil. Example
A23 a). Prepar ation of intermedi ate. 83 37%
Hydrochloric acid solution (14.3 ml) was added to a
solution of 2-ethoxy-4-nitrobenzenamine (10.5 g,
0.0577 mol) in acetic acid (210 ml) and the mixture
was stirred at room temperature for 30 minutes. Then a
solution of sodium nitrite (4.4 g, 0.0635 mol)in water
(15 ml) was added drop wise and the mixture was
stirred at O0C for 30 minutes A cooled solution of
potassium iodide (19 2 g, 0 1157 mol) and iodine (7 3
g, 0 0288 mol) in water (70 ml) was added drop wise at
00C The mixture was stirred 30 minutes at 00C and 16
hours at room temperature The resulting precipitate
was filtered off, washed with water and then dissolved
in DCM The organic solution was washed with a
saturated solution of sodium hydrogen carbonate, dped
(MgSO ), filtered and the solvent was evaporated,
yielding 13 7 g (81%) of intermediate 83 as a yellow
solid b) Preparation.of intermediate 84 A mixture of
intermediate 83 (700 mg, 0 0024 mol),
6-methoxytryptamine (505 mg, 0 0026 mol),
dichloro[l,l'-bis(diphenylphosphino)ferrocene]palladiu
m (II) dichloromethane adduct (78 mg, 0 0001 1 mol),
1,l'Bis(diphenylphosphino)ferrocene (177 mg, 0.00032
mol) and sodium tert-butoxide (255 mg, 0 0026 mol) in
THF (95 ml) was heated at 1000C for 3 hours and at
1200C for 1 5 hour After filtration through a celite
pad, the solvent was evaporated and the residue was
pupfied by column chromatography over silica gel
(40-63 mm) (eluenf DCM). The pure fractions were
collected and the solvent was evaporated, yielding 464
mg (55%) of intermediate 84 as a yellow solid c
Preparation of intermediate .85 A mixture of
intermediate 84 (see Example A23/b) (773 mg, 0 0022
mol) and Raney Nickel (50% slurry in water) in ethanol
(8 5 ml) and THF (6 8 ml) was stirred at room
temperature under 1 atmosphere of hydrogen for 24
hours After filtration through celite, the solvent was
evaporated, yielding 697 mg (98%) of intermediate 85
as a violet foamExample A24 Preparation pii
.ntermediates 86 .and 87 A mixture of 3,4,5-trichloro-
pyridazine (200 mg, 0.001 1 mol), intermediate 2 (see
Example Al/b) (273 mg, 0.0011 mol) and
diisopropylamine (0.38 ml, 0.001 1 mol) was stirred in
2-propanol (4.0 ml) at 800C for 1 hour. The solvent
was evaporated, and the crude mixture was taken back
in EtOAc. The organic layer was washed with a
saturated solution of sodium bicarbonate and with
brine, dried (MgSO ), filtered, and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/cyclohexane 50/50). The pure fractions were
collected and the solvent was evaporated, yielding 179
mg (41%) of intermediate 86 and intermediate 87 as a
1/1 mixture of two pyridazine compounds. Example A25
a). Preparation of intermediate 88 A mixture of
4-oxiranyl-l-(phenylmethyl)- piperidine (0.069 mol) in
MeOH (300 ml) and NaOCH (0.069 mol) was stirred and
refluxed for 6 hours. The solvent was evaporated, then
the residue was taken up in water and extracted with
DCM. The organic layer was separated, dried, filtered
and the solvent was evaporated. The residue was
purified by column chromatography over silica gel
(eluent: DCM/MeOH 98/2, 90/10, 85/15). The product
fractions were collected and the solvent was
evaporated, yielding 5.0 g (29 %) of intermediate 88.
bl.Prep.aratipn of;intermediate 89 A mixture of
intermediate 88 (see Example A25/a) (0.02 mol) in MeOH
(100 ml) was hydrogenated with Pd/C 10% ( 1 g) as a
catalyst. After uptake of H ( 1 equiv.), the catalyst
was filtered off and the filtrate was evaporated,
yield 3.18 g (100 %) of intermediate 89.Example A26
a). Preparation .of intermediate.90 Similar procedure
as for method 5 (see Example A22/34) was followed,
starting from benzyl N-(2-aminoethyl)carbamate
hydrochloride (475 ml, 0.0020 mol) and 4-chloro-
2-pyridinecarboxaldehyde (265 mg, 0.0019 mol) and with
addition of triethylamine (0.29 ml, 0.0021 mol). After
workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/MeOH 95/5). The pure fractions were collected and
the solvent was evaporated, yielding 150 mg (25%) of
intermediate 90 as a colorless oil. B. Preparation of
the final compounds Example B1 Preparation of.compound
1 A mixture of 4-chloro-quinoline (0.0009 mol) and
intermediate 2 (0.001 mol) in 2- propanol (5ml) was
stirred and reflluxed for 6 hours, then brought to
room temperature. The solvent was evaporated. The
residue was basified with potassium carbonate 10% and
extracted with DCM. The organic layer was separated,
dried (MgSCU), filtered, and the solvent was
evaporated. The residue (0.38g) was purified by column
chromatography over silica gel (lOmm) (eluent:
DCMZMeOHZNH4OH 97/3/0.5). The pure fractions were
collected and the solvent was evaporated. 2-Propanol
and HC1/2- propanol were added. The mixture was
stirred for 30 minutes, then brought to room
temperature. The precipitate was filtered off and
dried with diethyl ether, yielding 0.09g (23%) of
compound 1, melting point 1700C. Example B2
Preparation..pf.comppund .2 A mixture of
4-bromo-pyridine, hydrochloride (0.0044 mol) and
intermediate 4(0.0044 mol) in acetic acid (13ml) was
stirred at 110 0C for 45 minutes, then cooled to room
temperature, poured out into ice water, basified with
potassium carbonate and extractedwith DCM. The organic
layer was separated, dried (MgSO ), filtered, and the
solvent was evaporated. The residue (1.4g) was
purified by column chromatography over silica gel
(15-40 mm) (eluent: DCMZMeOHZNH4OH 93/7/0.5). The pure
fractions were collected and the solvent was
evaporated. The residue (0.3 8g) was dissolved in 2-
propanol/diethyl ether and converted into the
hydrochloric acid salt. The precipitate was filtered
off and dried, yielding 0.385g (20%) of compound 2,
melting point 15O0C. Example B3 Preparation
of.compound _3 A mixture of 4-chloro- 2(l
H)-quinolinone (0.001 1 mol) and intermediate 2
(0.0016 mol) was stirred at 13O0C for 5 hours, then
stirred at 16O0C overnight and brought to room
temperature. The residue was purified by column
chromatography over silica gel (35-70 mm) (eluent:
DCMZMeOHZNH4OH 95Z5Z0.1). The pure fractions were
collected and the solvent was evaporated. The residue
(0.12g) was taken up in acetonitrile. The precipitate
was filtered off and dried, yielding 0.045g (10%) of
compound 3, melting point 2380C. Example B4
Preparation . of compound 4 



A mixture of 4-chloro-6,7-dihydro-
5H-cyclopenta[b]pyridine (0.0006 mol) and intermediate
2 (0.0006 mol) in acetic acid (2ml) was stirred at
1000C for 30 minutes and brought to room temperature.
Water and then sodium hydroxide (3N) were added and
the resulting mixture was extracted with DCM. The
organic layer was separated, dried (MgSO ), filtered,
and the solvent was evaporated. The obtained residue
(0.233g) was purified by column chromatography over
silica gel (lOmm) (DCMZMeOH/NH OH 97Z3Z0.3). The pure
fractions were collected and the solvent was
evaporated, yielding 0.025g ( 11%) of compound
4.Example B5 Preparation.pf.cpjnppund .5 A mixture of
4-chloro-5,6,7,8-tetrahydro- quinoline (0.0009 mol)
and intermediate 2 (0.0009 mol) in DMF (3ml) was
stirred at 1000C for 3 hours and then brought to room
temperature. The mixture was poured out into ice water
and sodium hydroxide (3N) and was then extracted with
DCM. The organic layer was separated, dried (MgSO4),
filtered and the solvent was evaporated. The obtained
residue (0.49g) was purified by column chromatography
over silica gel (5mm) (DCM/MeOH/NH4OH 99/1/0.05 to
80/20/0.5). The pure fractions were collected and the
solvent was evaporated, yielding 0.054g (16%) of
compound 5. Example B6 Preparation pf cpmpound .6
Lithium aluminum hydride (0.0032 mol) was added
portionwise at 00C to a mixture of N-methoxy-N-methyl-
lH-indole-3-acetamide (0.0032 mol) in THF (5ml) under
N2 flow. The mixture was stirred for 1 hour. Potassium
hydrogen sulfate (5%) was added. The mixture was
extracted with diethyl ether. The organic layer was
separated, dried (MgSq 4), filtered, and the solvent
was evaporated. This mixture has to be used
immediately. Intermediate 7(0.0016 mol),
cyanoborohydride (0.0022 mol) on polymer support
(Amberlite IRA-300 BH3CN form- capacity BH3CN-=
2.5/4.5 mmol/g resin) and acetic acid (few drops) in
MeOH (5ml) were added to the mixture obtained. The
mixture was stirred for 12 hours. The precipitate was
filtered off and dried. The residue was purified by
column chromatography over silica gel (15-40mm)
(eluent: DCM/MeOH/NK OH 97/3/0.3). The pure fractions
were collected and the solvent was evaporated. The
residue (0.14g) was taken up in HCl/2-propanol. The
precipitate was filtered off and dried, yielding
0.125g (29%) of compound 6, melting point 16O0C.
Example B7 Preparation p f.comppund.7 A mixture of
N-4-pyridinyl- 1,4-benzenediamine (0.0016 mol) and
6-methoxy- IHindole- 3-carboxaldehyde (0.0016 mol) in
MeOH (20ml) was stirred and refluxedovernight. Sodium
tetrahydroborate (0.0016 mol) was added. The mixture
was stirred at room temperature for 4 hours, poured
out on ice and extracted with DCM. The organic layer
was separated, dried (MgSCU), filtered, and the
solvent was evaporated. The residue was purified twice
by column chromatography over kromasil (lOmm) (eluent:
DCMMeOHZNH 4OH 92/8/0.5 then toluene/2-propanol/NH 4OH
85/15/1). The pure fractions were collected and the
solvent was evaporated. The residue was crystallized
from acetonitrile. The precipitate was filtered off
and dried, yielding 0.13 Ig (23%) of compound 7,
melting point 145C. Example B8 i p j ation
of.compound. 8 A mixture of 4-bromo-pyridine,
hydrochloride (0.0069 mol) and intermediate 8 (0.008
mol) in acetic acid (7ml) was stirred at 1200C for 1
hour, then brought to room temperature. Water was
added. The mixture was basified with potassium
carbonate and extracted twice with DCM/MeOH (95/5).
The organic layer was separated, dried (MgSO ),
filtered, and the solvent was evaporated. The residue
was purified by flash column chromatography over
silica gel (35-70mm) (eluent: DCMTMeOHZNH4OH
92/8/0.5). The pure fractions were collected and the
solvent was evaporated, yielding 1.6g (65%) of
compound 8, melting point 2080C. Example B9
Preparation of.compound 9 4-Pyridinecarboxaldehyde
(0.0005 mol) then cyanoborohydride (0.0004 mol) on
polymer support (Amberlite IRA-300 BH3CN form-
capacity BH3CN-= 2.5/4.5 mmol/g resin then acetic acid
(3 drops) were added to a mixture of intermediate 2
(0.0004 mol) in MeOH (10ml). The mixture was stirred
at room temperature for 3 hours. The precipitate was
filtered off and washed with MeOH. The filtrate was
evaporated. The residue (0.17g), which is a mixture of
the targeted compound 9 and of the corresponding not
reduced intermediate imine, was dissolved in MeOH
(20ml). Sodium tetrahydroborate (0.02g) was added
portionwise. The mixture was stirred for30 minutes.
Water was added. MeOH was partly evaporated. The
mixture was extracted with EtOAc. The organic layer
was washed with water, dried (MgSO ), filtered and the
solvent was evaporated. The residue (0.05g) was
purified by column chromatography over silica gel
(10/xm) (eluent: DCM/MeOH/NHLOH 98/2/0.4). The pure
fractions were collected and the solvent was
evaporated. The residue (0.034g) was dissolved in
2-propanone and converted into the ethanedioic acid
salt. The precipitate was filtered off and dried,
yielding 0.036g (16%) of compound 9, melting point
132C. Example BlO Preparation of.compound .10 A
mixture of 4-bromo- pyridine, hydrochloride (0.001
mol) and intermediate 10 (0.0005 mol) in acetic acid
(2ml) was stirred at 1200C for 1 hour, then brought to
room temperature. Ice then sodium hydroxide 3N were
added. The mixture was extracted twice 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
(lOmm) (eluent: DCMZMeOHTNH4OH 96/4/0.5). The pure
fractions were collected and the solvent was
evaporated. The residue (0.064g, 29%) was dissolved in
2-propanol/diethyl ether and converted into the
hydrochloric acid salt. The precipitate was filtered
off and dried, yielding 0.082g (29%) of compound 10,
melting point > 2500C. Example BIl Preparation of
compound 11 Lithium aluminum hydride (0.0145 was added
to a mixture of intermediate 13 (0.0036 mol) in THF
(100ml). The mixture was stirred and refluxed for 3
hours, then brought to room temperature. EtOAc was
added. A minimum of water was added. The mixture was
filtered over celite. Celite was washed with EtOAc.
The organic layer was separated, dried (MgSO4),
filtered, and the solvent was evaporated. The residue
(l.lg) was purified by column chromatography over
silica gel (15-40mm) (eluent: DCM/MeOH/N  OH
93/7/0.5). The pure fractions were collected and the
solvent was evaporated. The residue (0.25g) was
crystallized from acetonitrile/diethyl ether.
Theprecipitate was filtered off and dried, yielding 0
.1Ig (12%) of compound 11, melting point 1220C.
Example B12 Preparation of.compound .86 A mixture of
4-chloro-2-pyridinecarbonitrile (154 mg, 0.0011 mol),
intermediate 2 ((280 mg, 0.001 1 mol) and a 5N
hydrochloride solution in 2-propanol (0.19 ml, 0.0011
mol) in DMF (2 ml) was stirred under argon at 1000C
for 24 hours, then cooled down to room temperature and
poured out into water. The resulting mixture was made
alkaline with a saturated sodium bicarbonate solution
and extracted twice with EtOAc. The organic layer was
washed successively with a saturated solution of
sodium bicarbonate and with brine, dried (MgSO ),
filtered, and the solvent was evaporated. The residue
was purified by column chromatography over silica gel
(40-63 mm) (eluent: EtOAc/cyclohexane 50/50). The pure
fractions were collected and the solvent was
evaporated, yielding 130 mg (33%) of compound 86 as a
beige foam. Example B13 Preparation. of.comppund. 87 A
mixture of compound 86 (110 mg, 0.00031 mol), sodium
azide (22 mg, 0.00034 mol) and zinc bromide (70 mg,
0.00031 mol) in water ( 1 ml) and 2-propanol (0.25 ml)
was stirred at 1050C for 22 hours and was then cooled
down to room temperature. A 0.25N solution of sodium
hydroxide (3 ml) was added and the mixture was stirred
at room temperature for 1 hour. The precipitate was
filtered off, washed with MeOH, THF and 1-butanol. The
organic layer was evaporated and the resulting solid
was washed with MeOH and dried, yielding 26 mg (21%)
of compound 87 as a beige solid, melting point
2100C.Example B14 Preparation of.comprund 88 Similar
procedure as for compound 86 (method B12) was
followed, starting from intermediate 14 (254 mg,
0.00076 mol) and intermediate 2 (191 mg, 0.00076 mol).
After workup, the residue was purified by column
chromatography over silica gel (40- 63 mm) (eluent:
DCM/MeOH/NH 4OH 95/5/0.2). The pure fractions were
collected and the solvent was evaporated, yielding 139
mg (30%) of compound 88 as a grey foam. Example B15 A
mixture of compound 88 ( 112 mg, 0.00020 mol) and
palladium on carbon (10% wt) (43 mg, 0.000040 mol) in
MeOH ( 1 ml) and EtOH (4 ml) was stirred at room
temperature under 1 atmosphere of hydrogen for 26
hours. After filtration through celite, the solvent
was evaporated and the residue was purified by SCX
column chromatography. The pure fractions were
collected and the solvent was evaporated, yielding 27
mg (33%) of compound 89 as a grey foam. Example B16
Preparation pf.comppund .90 Similar procedure as for
compound 86 (method B12) was followed, starting from
intermediate 15 (850 mg, 0.0024 mol) and intermediate
2 (561 mg, 0.0022 mol), heating the mixture at 1200C
for 2 hours in a Biotage Initiator microwave
apparatus. After workup, the residue was purified by
column chromatography over silica gel (40-63 mm)
(eluent: DCM/MeOH 95/5). The pure fractions were
collected and the solvent was evaporated, yielding 680
mg (56%) of compound 90 as a brown foam. 



Example B17 Preparation. of.compound.9 1 Compound 90
(200 mg, 0.00036 mol) was dissolved in EtOH (10 ml)
and MeOH (10 ml). Palladium on carbon (10% wt) (100
mg) was added. The mixture was stirred at room
temperature under hydrogen for 24 hours. The mixture
was filtrated on celite and washed with MeOH. The
solvent was evaporated, yielding 140 mg (92%) of
compound 9 1 as a green oil. Example B18 Prebaratip.n
.o .compound .92 Similar procedure as for compound 86
was followed, starting from intermediate 90 (150 mg,
0.00047 mol) and intermediate 2 (107 mg, 0.00042 mol),
heating the mixture at 1200C for 80 minutes in a
Biotage Initiator microwave apparatus. After workup,
the residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH 95/5). The
pure fractions were collected and the solvent was
evaporated, yielding 30 mg (14%) of intermediate 90as
a green oil. Example B19 Preparation .of.compound .93
Compound 92 (23 mg, 0.000043 mol) was dissolved in
EtOH ( 1 ml) and MeOH (1 ml). Palladium on carbon (10%
wt) (10 mg) was added. The mixture was stirred at room
temperature under hydrogen for 20 hours. The mixture
was filtrated on celite andwashed with MeOH The
solvent was evaporated. The residue was purified by
SCX column chromatography, yielding 18 mg (100%) of
compound 93 as a green oil. Example B20 Preparation
of.compound .94 Similar procedure as for compound 86
was followed, starting from intermediate 17 (200 mg,
0.00056 mol) and intermediate 2 (142 mg, 0.00056 mol),
heating the mixture at 12O0C for 50 minutes in a
Biotage Initiator microwave apparatus. After workup,
the residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: DCM/MeOH/NH4OH
85/15/1). The pure fractions were collected and the
solvent was evaporated, yielding 35 mg ( 11%) of
compound 94 as a red oil. Example B21 Preparation
of.compound.95 Compound 94 (50 mg, 0.000088 mol) was
dissolved in MeOH (3 ml). A 5N hydrochloride solution
in 2-propanol (5 ml) was added. The mixture was
stirred at room temperature for 17 hours. The solvent
was evaporated. The residue was poured out onto water
and extracted with EtOAc. The organic layer was
separated, washed with a saturated solution of sodium
hydrogenocarbonate, dried (MgSO4), filtered, and the
solvent was evaporated, yielding 15 mg (36%) of
compound 95 as a yellow oil. Example B22
Preparation.pf .cpmpound .96Similar procedure as for
compound 86 was followed, starting from intermediate
18 (160 mg, 0 00070 mol) and intermediate 2 (160 mg,
0.00064 mol), heating the mixture at 12O0C for 1 hour
in a Biotage Initiator microwave apparatus After
workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent.
DCM/MeOH/NH4OH 85/15/1) The pure fractions were
collected and the solvent was evaporated, yielding 100
mg (35%) of compound 96as a green oil. Example B23
Preparation of compound 97 Compound 96 (50 mg, 0 00011
mol) was dissolved in THF (3 ml). Lithium hydroxyde
(33 mg, 0.00079 mol) and water ( 1 drop) were added.
The mixture was stirred at room temperature for 24
hours. The residue was poured out onto water and
extracted with EtOAc The organic layer was separated,
washed with a 4N sodium hydroxide solution The organic
layer was separated, washed with a 3N hydrochloride
solution, dried (MgSO4), filtered, and the solvent was
evaporated. The residue was pupfted by SCX column
chromatography, yielding 20 mg (41%) of compound 97 as
a green oil Example B24 Preparation of compound 98
Similar procedure as for compound 86 was followed,
starting from intermediate 19 (170 mg, 0 00079 mol)
and intermediate 2 (180 mg, 0 00071 mol), heating the
mixture at 12O0C for 80 minutes in a Biotage Initiator
microwave apparatus. After workup, the residue was
pupfied by column chromatography over silica gel
(40-63 mm) (eluent: DCM/MeOH 85/15) The pure fractions
were collected and the solvent was evaporated,
yielding 224 mg (73%) of compound 98 as a brown
oilExample B25 Preparation.of .compound 99 Compound 98
(100 mg, 0.00023 mol) was dissolved in MeOH (5 ml) and
cooled at 00C. Sodium borohydride (27 mg, 0.00069 mol)
was added slowly. The mixture was stirred at 8O0C for
4 hours. The reaction was quenched with water and the
solvent was evaporated. The residue was extracted with
EtOAc. The organic layer was separated, washed with a
saturated solution of sodium hydrogenocarbonate, dried
(MgSO4), filtered, and the solvent was evaporated. The
residue was purified by column chromatography over
silica gel (40-63mm) (eluent: DCM/MeOH 85/15). The
pure fractions were collected and the solvent was
evaporated, yielding 40 mg (43%) of compound 99 as a
colorless oil. Example B26 Preparation of.compound
.100 A mixture of intermediate 20 (107 mg, 0.00047
mol), intermediate 2 (118 mg, 0.00047 mol) and a 5N
hydrochloride solution in 2-propanol (0.12 ml, 0.00072
mol) in 1- methyl-2-pyrrolidinone (2.3 ml) was stirred
under argon at 1200C for 2 hours, then cooled down to
room temperature and poured out into water. The
resulting mixture was basified with a saturated sodium
hydrogen carbonate solution and extracted 3 times with
EtOAc. The organic layer was isolated, washed with
water and brine, dried (MgSO4), filtered, and the
solvent was evaporated. The residue was purified by
column chromatography over silica gel (40-63mm)
(eluent: DCM/MeOH/NH4OH 90/10/0.5). The pure fractions
were collected and the solvent was evaporated,
yielding 6 1 mg (26%) of compound 100 as a beige
foam.Example B27 P r tion.p f.CQmpgund.101 Lithium
aluminium hydride (6.5 mg, 0.00017 mol) was added to a
mixture of intermediate 2 1 (53 mg, 0.00017 mol) in
THF ( 1 ml) at O0C under argon. The mixture was
stirred 1 hour at 00C, quenched with a 5% solution of
potassium hydrogen sulfate, and extracted with EtOAc.
The organic layer was separated, dried (MgSO4),
filtered, and the solvent was evaporated. The residue
was solubilized in MeOH ( 1 ml) and added dropwise to
a mixture of N-4-pyridinyl-l,4-benzenediamine (32 mg,
0.00017 mol), sodium cyanoborohydride (16 mg, 0.0025
mol), and acetic acid ( 1 drop) in MeOH (0.5 ml). The
mixture was stirred 20 hours at room temperature,
poured out onto water and extracted twice with EtOAc.
The organic layer was separated, washed with a
saturated solution of sodium hydrogen carbonate and
with brine, dried (MgSO ), filtered, and the solvent
was evaporated. The residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/MeOH/NH^OH 90/10/0.3). The pure fractions were
collected and the solvent was evaporated, yielding 25
mg (34%) of compound 101 as a beige foam. Example B28
Preparation of.compound .102 A mixture of intermediate
23 (500 mg, 0.0011 mol), 2-chloro-4-bromopyridine (213
mg, 0.0011 mol),
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (83
mg, 0.000-14 mol), sodium tert-butoxide (264 mg,
0.0028 mol) in toluene (7.5 ml) was degassed under
argon for 15 minutes.
Tris(dibenzylideneacetone)dipalladium(0)-chloroform
adduct (46 mg, 0.000044 mol) was added. The mixture
was heated at 1000C for 90 seconds in a Biotage
Initiator microwave apparatus. The mixture was cooled
down to room temperature then poured out into water
and extracted twice with EtOAc. The organic layer was
washed twice with water, once with brine, dried
(MgSO4), filtered and the solvent was evaporated. The
residue was purified by column chromatographyover
silica gel (40-63 mm) (eluent: EtOAc/cyclohexane
30/70). The pure fractions were collected and the
solvent was evaporated, yielding 254 mg (41%) of
compound 102 as a beige foam. Example B29 Preparation
of compound 103 Compound 102 (70 mg, 0.00012 mol) was
dissolved in a 5N hydrochloride solution in 2-propanol
(1.5 ml). Water (2 drops) was added. The reaction
mixture was stirred at room temperature for 5 hours.
The reaction was quenched and basified with a
saturated sodium bicarbonate solution and extracted 3
times with EtOAc. The organic layer was dried (MgSCU),
filtered, and the solvent was evaporated. The residue
was purified by column chromatography over silica gel
(40-63 mm) (eluent: EtOAc/cyclohexane 50/50). The pure
fractions were collected and the solvent was
evaporated, yielding 33 mg (76%) of compound 103 as a
white foam. Example B30 Preparation of compound 1Q4 A
mixture of 4-chloro- a-methyl-2-pyridinemethanol (170
mg, 0.0011 mol) and intermediate 2 (271 mg, 0.0011
mol) in acetic acid (2 ml) was stirred under Argon at
1200C for 1 hour, then cooled down to room temperature
and poured out into water. The resulting mixture was
basified with a 4N sodium hydroxide solution and
extracted twice with EtOAc. The organic layer was
washed successively with a saturated solution of
sodium bicarbonate and with brine, dried (MgSO^,
filtered, and the solvent was evaporated. The residue
was purified by column chromatography over silica gel
(40- 63mm) (eluent: EtOAc/MeOH 80/20). The pure
fractions were collected and the solvent was
evaporated, yielding 190 mg (47%) of compound 104 as a
beige foam.Example B31 Preparation of.cpmpgu.nd.105 A
mixture of compound 104 (106 mg, 0.00029 mol) and
activated manganese oxide 



(148 mg, 0.0017 mol) in chloroform (4 ml) was stirred
at room temperature for 6 hours. After filtration
through a celite pad, the solvent was evaporated and
the residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: EtOAc). The pure
fractions were collected and the solvent was
evaporated, yielding 4 mg (3%) of compound 105 as an
orange solid. Example B32 Preparation
pf.compgun.d.10.6 Acetamide oxime ( 11 mg, 0.00016
mol) was added at room temperature under argon to a
mixture of activated 4A molecular sieves and sodium
hydride (3.72 mg, 0.00016 mol) in THF (0.6 ml). The
reaction mixture was stirred at 700C for 1.5 hour then
cooled down to room temperature. A solution of
compound 200 (50 mg, 0.00013 mol) in THF (0.6 ml) was
added. The reaction mixture was stirred at 7O0C for 1
hour. The reaction was quenched by addition of water
and extracted twice with EtOAc. The organic layer was
dried (MgSO4), filtered, and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/cyclohexane 70/30). The pure fractions were
collected and the solvent was evaporated, yielding 16
mg (30%) of compound 106 as a yellow oil. Example B33
Preparatign.pf.compgu.hd.l07Similar procedure as for
compound 106 was followed, starting from benzamidoxime
(38 mg, 0.00028 mol) and compound 200 (90 mg, 0.00023
mol). After workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
DCM/EtOAc 90/10). The pure fractions were collected
and the solvent was evaporated, yielding 13 mg (12%)
of compound 107 as a yellow solid, melting point
170C-174C. Example B34 Preparation of.compound 108
Similar procedure as for compound 106 was followed,
starting from N'-Hydroxy-2- phenylethanimidamide (42
mg, 0.00028 mol) and compound 200 (90 mg, 0.00023
mol). After workup, the residue was purified by column
chromatography over silica gel (40-63 mm) (eluent:
EtOAc/cyclohexane 50/50). The pure fractions were
collected and the solvent was evaporated, yielding 50
mg (45%) of compound 108 as a yellow solid, melting
point 159OC-161C. Example B35 PreRaratign.pf.
compru.nd .109 Similar procedure as for compound 86
was followed, starting from 4-chloro-2,6-
pyridinedicarboxylic acid, dimethyl ester (228 mg,
0.00099 mol) and intermediate 2 (250 mg, 0.00099 mol),
heating the mixture at 12O0C for 2 hours in a Biotage
Initiator microwave apparatus. After workup, the
residue was purified by column chromatography over
silica gel (40-63 mm) (eluent: acetone/cyclohexane
30/70 to 60/40). The pure fractions were collected and
the solvent was evaporated, yielding 30 mg (7%) of
compound 109 as a yellow foam.Example B36 A mixture of
intermediate 27 (0.0016 mol) and intermediate 2
(0.0018 mol) in acetic acid (35ml) was stirred at
1200C in a CEM Discover microwave oven (P = 300W) for
5 minutes, then brought back to room temperature. Ice
and sodium hydroxide were added. The mixture was
filtered over celite. Celite was washed with DCM/MeOH
(95/5). The organic layer was separated, dried (MgSO
), filtered, and the solvent was evaporated. The
residue (Ig) was purified by column chromatography
over kromasil (15-40mm) (eluent: DCM/MeOH/NHUOH
95/5/0.5). The pure fractions were collected and the
solvent was evaporated. The residue (0.3g) was
crystallized from CH3CNMeOH. The precipitate was
filtered off and dried, yielding 0.1 82g (29%) of
compound 110, melting point 136C. Example B37
Preparation of.compound .11 1 A mixture of
intermediate 3 1 (0.0016 mol) and intermediate 2
(0.0018 mol) in acetic acid (3.5ml) was stirred in a
CEM Discover microwave oven (P = 300W) at 1200C for 5
minutes, then cooled back to room temperature. Ice and
concentrated NaOH were added. The mixture was
extracted twice with DCM. The organic layer was
separated, dried (MgSO ), filtered, and the solvent
was evaporated. The residue (0.9g) was purified by
column chromatography over kromasil (lOmm) (eluent:
DCM/MeOH/N UOH 93/7/0.5). The pure fractions were
collected and the solvent was evaporated. The residue
(0.2g) was crystallized from CHaCN/MeOH/acetone. The
precipitate was filtered off and dried, yielding
0.137g (21%) of compound 111, melting point
1040C.Example B38 Preparation of compound 1 12 A
mixture of intermediate 33 (0.0025 mol) and
intermediate 27 (0.0025 mol) in acetic acid (2.7ml)
was stirred in a CEM Discover microwave oven (P =
300W) at 1180C for 10 minutes, then brought to room
temperature. Water and 3N sodium hydroxide were added.
The mixture was extracted with DCM. The organic layer
was separated, dried (MgSO ), filtered and the solvent
was evaporated. The residue (1.42g) was purified by
column chromatography over silica gel (lOmm) (eluent:
DCM/MeOH/NKUOH 95/5/0.5). The pure fractions were
collected and the solvent was evaporated. The residue
(0.56g) was taken up in 2-propanone/CH 3CN. The
precipitate was filtered off and dried, yielding
0.506g (35%) of compound 112, melting point 194C.
Example B39 Preparation of.compound 113 Lithium
borohydride (0.0026 mol) then MeOH (ImI) were added
portion wise at 00C to a solution of intermediate
35(0.0002 mol) in THF (15ml) under N2 flow. The
mixture was stirred at 0C for 4 hours. Lithium
borohydride (15eq) was added. The mixture was stirred
at room temperature overnight. Lithium borohydride
(10eq) was added. The mixture was stirred at room
temperature for 4 hours and 30 minutes. Lithium
borohydride (15eq) was added. The mixture was stirred
at room temperature for 24 hours and poured out into
water. MeOH and THF were evaporated. DCM was added.
The mixture was filtered, yielding 0.0 Ig of a first
batch of crude product. The filtrate was extracted
with DCM. The organic layer was separated, dried (MgSq
4), filtered and the solvent was evaporated, yielding
0.035g of a second batch of crude product. Both
fractions were purified by column chromatography over
kromasil (5mm) (eluent: DCM/MeOH/NH4OH 95/5/0.5 to
85/15/1.5). The pure fractions were collected and the
solvent was evaporated, yielding 0.056g (28%) of
compound 113, melting point 154C.Example B41
Preparatjon of.compound .36 A mixture of 4-bromo-
pyridine, hydrochloride (0.034 mol) and intermediate 2
(0.0374 mol) in acetic acid (13ml) was stirred at H
O0C for 40 minutes, then cooled to room temperature,
poured out into ice water and basified with potassium
carbonate. DCM was added. The mixture was stirred for
30 minutes, then filtered over celite. The filtrate
was decanted. Celite was taken up in DCM/MeOH (95/5).
The mixture was stirred for 30 minutes, then filtered.
Both filtrates were combined, dried (MgSC>4),filtered
and the solvent was evaporated. The residue (16. 8g)
was purified by column chromatography over silica gel
(20-45 mm) (eluent: DCMZMeOHZNH4OH 92/8/0.5). The pure
fractions were collected and the solvent was
evaporated. The residue (4.2g) was taken up in 2-
propanone. The precipitate was filtered off and dried,
yielding 3.6g (32%) of compound 36, melting point
236C. Example B42 Preparation ..of.compound . 1 1_5
N-(2-hydroxyethyl)piperazine (0.0019 mol), EDC (0.0019
mol), HOBT (0.0019 mol) and triethylamine (0.0019 mol)
were added to a solution of intermediate 4 1 (0.0013
mol) in DCM/DMF 75/25 (20ml). The mixture was stirred
at room temperature overnight. Potassium carbonate 10%
was added. The mixture was extracted with DCM. The
organic layer was separated, dried (MgSO 4), filtered,
and the solvent was evaporated. The residue (0.32g)
was purified by column chromatography over kromasil
(lOmm) (eluent: DCMZMeOHZNH4OH 90/10/1). The pure
fractions were collected and the solvent was
evaporated, yielding 0.027g (4%) of compound 115.
Example B43 Preparation of compound. 1
16l-[2-(2-hydroxyethoxy)ethyl]piperazine (0.0019 mol),
EDCI (0.0019 mol), HOBT (0.0019 mol), and
triethylamine (0.0019 mol) were added to a solution of
intermediate 41(0.0013 mol) in DCM/DMF 75/25 (20ml).
The mixture was stirred at room temperature overnight.
Potassium carbonate 10% was added. The mixture was
extracted with DCM. The organic layer was separated,
dried (MgSO4), filtered, and the solvent was
evaporated. The residue (0.38g) was purified by column
chromatography over kromasil (lOmm) (eluent:
DCM/MeOH/NH 4OH 90/10/1). The pure fractions were
collected and the solvent was evaporated, yielding
0.108g (16%) of compound 116. Example B44 Preparation
pf.comppund ..117 A mixture of intermediate 2 (0.002
mol) and 4-chloro-l H-pyrrolo[2,3-d]pyrimidine (0.002
mol) in acetic acid (5ml) was stirred in a CEM
Discover microwave oven at 1400C for 15 minutes.
Acetic acid was evaporated. The crude product was
dissolved in DCM. The organic layer was separated,
dried (MgSO4), filtered and the solvent was
evaporated. The residue (Ig) was purified by column
chromatography over silica gel (15-40mm) (eluent:
DCMMeOHZNH 4OH 93/7/0.5). The pure fractions were
collected and the solvent was evaporated. The residue
(0.27g) was crystallized from acetonitrile. The
precipitate was fitlered off and dried, yielding
0.233g (31%) of compound 117, melting point 211 0C.
Example B45 PreBaratkm of.compound..118
5-amino-l-pentanol (0.0019 mol), EDC (0.0019 mol),
HOBT (0.0019 mol), and triethylamine (0.0019 mol) were
added to a solution of intermediate 4 1 (0.0013 mol)
in DCM/DMF 75/25 (10ml). The mixture was stirred at
room temperature overnight. 



potassium carbonate 10% was added. The mixture was
extracted with DCM. The organic layer was separated,
dried (MgSO4), filtered, and the solvent was
evaporated. The residue (0.38g) was purified by column
chromatography over kromasil (lOmm)(eluent:
DCM/MeOH/NHUOH 90/10/1 to 80/20/2). The pure fractions
were collected and the solvent was evaporated,
yielding 0.128g of compound 118. Example B46
Preparation.of .compound 119 A mixture of
intermediates 86 and 87 (179 mg, 0.00045 mol) and 10%
palladium over carbon (20 mg) in EtOH was stirred at
room temperature under 1 atmosphere of hydrogen for 16
hours. After filtration trough a celite pad, the
solvent was evaporated. The residue was purified by
column chromatography over silica gel (40-63 mm)
(eluent: DCM/MeOH 9/1). The pure fractions were
collected and the solvent was evaporated, yielding 70
mg (47%) of compound 119 as a yellow foam. Example B47
Preparation .of.comppund.l20 A mixture of intermediate
2 (0.050mg, 0.000199 mol), 4-quinolinecarboxaldehyde
(31mg, 0.000199 mol) in MeOH were stirred and refluxed
overnight, then cooled to room temperature. Sodium
borohydride was added portion wise and the mixture was
stirred at room temperature for 1 hour, hydrolyzed
with water, extracted with DCM, dried over MgSO and
concentrated.The residue was purified by column
chromatography over kromasil (lOmm) (eluent:
DCM/MeOH/NHUOH 90/10/1 to 80/20/2). The pure fractions
were collected and the solvent was evaporated,
yielding 0.045g (45%) of compound 120. Example B48
Preparation .of.compound .12 1 A mixture of
3-pyridinecarboxaldehyde (0.0028 mol) and intermediate
2 (0.0028 mol) in MeOH (20ml) was stirred and refluxed
overnight, then brought to room temperature. Sodium
tetrahydroborate (0.0028 mol) was added portionwise.
The mixture was stirredat room temperature for 5
hours. Ice and water were added. The mixture was
extracted with DCM. The organic layer was separated,
dried (MgSO4), filtered, and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (15-40mm) (eluent:
DCMMeOHTNH4OH 97/3/0.2). The pure fractions were
collected and the solvent was evaporated. The residue
(0.4g) was taken up in HCl/isopropanol/diethyl ether.
The precipitate was filtered off and dried. Ice and
water were added. The mixture was basified with sodium
hydroxide 3N. The mixture was extracted with DCM. The
residue (0.3g) was purified by column chromatography
over silica gel (15-40mm) (eluent:
toluene/isopropanol/N UOH 90/10/0.5). The pure
fractions were collected and the solvent was
evaporated. The residue (0.24g) was taken up in
isopropanol/HCl/isopropanol/diethyl ether. The
precipitate was filtered off and dried, yielding 0.23g
(20%) of compound 121, isolated as a hydrochloric acid
salt, melting point 1300C. Table F-I lists the
compounds that were prepared according to one of the
above Examples. The following abbreviations were used
in the tables : .C2HF3O2 stands for the
trifluoroacetate salt, int. stands for intermediate,
comp. stands for compound, .HCl stands for
hydrochloric acid salt, mp. stands for melting point,
ms. stands for MASS spectrum. Table F-ICOATING
COMPOSITION BASED ON THIOL - NCO CURING The present
invention relates to a coating composition comprising
one or more polythiols, one or more polyisocyanates,
and a deactivated base catalyst. Coating compositions
based on polythiols and polyisocyanates are catalyzed
by base catalysts. To prevent premature cross-linking,
the base catalysts can be blocked or deactivated. WO
01/92362 discloses compositions based on
thiolisocyanate cross-linking using a photolatent
base. To cure such coatings, the freshly applied
layers need to be irradiated with actinic radiation of
the right wavelengths. Hence, such coatings are less
useful when large surfaces are to be coated, such as
garage floors and the like. Moreover, some spots of
the surface may be more difficult to irradiate. The
curing speed on such shadow spots is low. The object
of the invention is to provide a coating composition
which has a long pot life but a fast curing speed over
the complete substrate, including shadow spots. The
object of the invention is achieved with a coating
composition comprising one or more polythiols, one or
more polyisocyanates, and a deactivated base catalyst
which is activatable by moisture. The equivalence
ratio NCO : SH, the number of NCO groups relative to
the number of SH groups, is between 1:2 and 2:1 .
Moisture activatable base compounds, such as
oxazolidines, are generally reactive with isocyanate
groups. For this reason, such compounds are used as
crosslinkers for polyisocyanates. Surprisingly, it was
found that in thiolisocyanate crosslinking systems
these compounds are not bound by the isocyanate groups
on a substantial scale but rather function as a
catalyst for the thiol-isocyanate crosslinking under
the influence of moisture.Oxazolidines are suitable
compounds reacting with moisture to form a base which
is able to catalyze SH-NCO reactions. Suitable
oxazolidines are for example
carbonato-bis-N-ethyl-2-isopropyl-1 ,3-oxazolidine,
commercially available as Incozol(r) LV,
2-(3-heptyl)-N-butyl-1 ,3-oxazolane, commercially
available as Incozol(r) 2, and urethane
bis-oxazolidines, such as those which are commercially
available as Hardener OZ. Other suitable latent base
compounds are for example enamines, ketimines, and
aldimines. The latent catalyst can be present in an
amount of, e.g., up to 20% relative to the weight of
the curable material, e.g. 0.01 - 6%, such as 3.5 -
5%. In a further embodiment, the coating composition
may further comprise one or more photoinitiators,
forming radicals under the influence of light.
Surprisingly, it was found that drying was accelerated
considerably, about 2 - 20 times, even in pigmented
systems applied in thick layers. This effect
particularly occurred when using oxazolidine as a
catalyst. The photoinitiator can for example be
present in an amount of 0.01 - 2.0% relative to the
weight of the curable material, e.g, in an amount of
0.1 to 1.0%. Suitable photoinitiators are for example
ethyl 4-(dimethylamino)benzoate (Speedcure (r) EPD),
2-(dimethylamino)ethyl benzoate (Speedcure (r) DMB),
4- benzoyl-4'-methyldiphenyl sulphide (Speedcure (r)
BMS), 2-ethylhexyl-4- dimethylaminobenzoate (Speedcure
(r) EHA); 1,3,5-trimethylbenzoyl diphenylphosphine
oxide (Speedcure (r) TPO), all available from Lambson.
A photoinitiator for use in visible daylight is for
instance bis (4-cylcopentadien-1- yl)-bis
[2,6-difluoro-3-(1 H-pyrrol-1-yl)-phenyl]titanium
(Irgacure(r) 784, Ciba Specialty). Other suitable
photoinitiators include ketones, such as methyl ethyl
ketone, 2,3-butanedione, 1-hydroxy cyclohexyl phenyl
ketone, 2-hydroxy-2- methyl-1 -phenyl propan-1-one,
and aromatic ketones, e.g., acetophenone,
benzophenone, 4-aminobenzo-phenone,
4,4'-diaminobenzophenone, 4,4'- bis(dimethylamino)
benzophenone, valero-phenone, hexanophenone,
omethoxybenzophenone, a-phenylbutyrophenone,
g-phenylbutyrophenone, pmorpholinopropiophenone,
dibenzosuberone, 4-morpholinobenzophenone, 4-
methoxyacetophenone, p-diacetylbenzene,
1,3,5-triacetylbenzene; benzoin compounds, e.g.,
benzoin, benzoin methyl ether and benzoin ethyl ether,
4- morpholinodeoxybenzoin; quinone and anthrone
compounds, e.g., hydroquinone, anthraquinone,
napthoquinone, acenaphthenequinone, and 3- methyl-1
,3-diazo-1 ,9-benzanthrone; phenolic compounds, e.g.,
2,4-dinitrophenol; phosphine compounds such as
triphenyl-phosphine and tri-otolyphosphine; azo
compounds, e.g., azobisisobutyronitrile; thioxanthone
compounds including for example
2,4-diethoxythioxanthone, isopropylthioxanthone
(Speedcure(r) ITX), i-chloro-4-propoxythioxanthone
(Speedcure(r) CPTX); and 2-chlorothioxanthone; and
various other compounds, e.g., benzil, benzaldehyde,
1-naphthaldehyde, a-tetralone, 2- acetylphenanthrene,
3-acetylphenanthrene, 9-acetyl-phenanthrene, 10-
thioxanthenone, 3-acetylindole, 9-fluorenone,
1-indanone, 9-xanthenone, 9- thioxanthenone,
7-H-benz[de]anthracen-7-one, 1-acetonaphthone and 2-
acetonaphthone. Alternatively, the photoinitiator can
be a phosphine oxide compound, such as 2,4,6-trimethyl
benzoyldiphenyl phosphine oxide (Lucirin(r) TPO,
available from BASF) or acyl phosphine oxide
compounds, such as monobis- or trisacyl phosphine
oxide or mixtures thereof. An example of a
bisacylphosphine oxide photoinitiator is
bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide
(Irgacure(r) 819, available from Ciba Specialty
Chemicals) or
bis(2,6-dimethoxy-benzoyl)-2,4,4-trimethyl pentyl
phosphine oxide (DMBAPO, Irgacure(r) 403, available
from Ciba Specialty Chemicals). Mixtures of different
photoinitiators may be used. Alternatively, or
additionally, one or more photolatent bases can be
used, e.g., the photolatent bases as disclosed in WO
94/28075 and EP-A 0 882 072. Suitable photolatent
bases include N-substituted 4-(o-nitrophenyl)
dihydropyridines, optionally substituted with alkyl
ether and/or alkyl ester groups, and quaternary
organo-boron photoinitiators. An example of an
N-substituted 4-(onitrophenyl) dihydropyridine is
N-methyl nifedipine (Macromolecules 1998, 3 1, 4798),
N-butyl nifedipine, N-butyl 2,6-dimethyl
4-(2-nitrophenyl) 1,4-dihydropyridine 3,5-dicarboxylic
acid diethyl ester, and a nifedipine according to the
following formula i.e., N-methyl 2,6-dimethyl
4-(4,5-dimethoxy-2-nitrophenyl) 1,4-dihydropyridine
3,5-dicarboxylic acid diethyl ester. Examples of
quaternary organo-boron photoinitiators are disclosed
in GB-A-2 307 473, such as A further suitable
alternative is a photolatent base belonging to the
group of a- amino acetophenones. Examples of a-amino
acetophenones which can be 



used are
4-(methylthiobenzoyl)-1-methyl-1-morpholinoethane
(Irgacure(r) 907 ex Ciba Specialty Chemicals),
(4-morpholinobenzoyl)-1-benzyl-1-dimethylamino propane
(Irgacure(r) 369 ex Ciba Specialty Chemicals) or an
a-amino acetophenone according to the following
formula Furthermore, it was found that for these
light-accelerated moisture curing systems, the pot
life could be increased considerably by the addition
of an inorganic acid (such as nitric acid), even when
small amounts, e.g., 0.005 - 0.05 wt.%, were used. The
addition of small amounts of acid hardly influences
the cure time.Suitable polythiols can be prepared by
reacting hydroxyl group-containing compounds with
thiol group-containing acids, such as
3-mercaptopropionic acid, 2-mercaptopropionic acid,
thio-salicylic acid, mercaptosuccinic acid,
mercaptoacetic acid, or cysteine. Examples of suitable
hydroxyl groupcontaining compounds are diols, triols,
and tetraols, such as 1,4-butane diol, 1,6-hexane
diol, 2,2-dimethyl-1 ,3-propane diol,
2-ethyl-2-propyl-1 ,3-propane diol, 1,2-, 1,3-, and
1,4-cyclohexane diols, and the corresponding
cyclohexane dimethanol, 1, 1 ,1-trimethylol propane,
1,2,3-trimethylol propane, and pentaerythritol.
Examples of compounds prepared according to such a
method include pentaerythritol tetrakis
(3-mercaptopropionate), pentaerythritol tetrakis
(2-mercaptoacetate), trimethylol propane tris
(3-mercaptopropionate), trimethylol propane tris
(2-mercaptopropionate), and trimethylol propane tris
(2- mercaptoacetate). Good results have been obtained
with trimethylol propane tris (3-mercapto propionate)
and pentaerythritol tetrakis (3-mercapto propionate).
A further example of a compound prepared according to
such a method consists of a hyperbranched polyol core
based on a starter polyol, e.g., trimethylol propane,
and dimethylol propionic acid. This polyol is
subsequently esterified with 3-mercaptopropionic acid
and isononanoic acid. These methods are described in
EP-A 0 448 224 and WO 93/1 7060. Other syntheses to
prepare compounds comprising polythiols involve: the
reaction of an aryl or alkyl halide with NaHS to
introduce a pendant thiol group into the alkyl and
aryl compounds, respectively; - the reaction of a
Grignard reagent with sulphur to introduce a pendant
thiol group into the structure; the reaction of a
polymercaptan with a polyolefin according to a Michael
addition reaction, a nucleophilic reaction, an
electrophilic reaction or a radical reaction; - the
reaction of a thiol-functional alcohol and an
isocyanate-functional compound, and the reduction of
disulphides.The polythiol may for example have one or
more hydroxyl groups and have a structure according to
the following formula: Tt(C3H6O)nCH2CHOHCH2SH]3, with
T being a triol such as trimethylol propane or
glycerol. An example of such a compound is
commercially available from Henkel under the trademark
Henkel Capcure(r) 3/800. Alternatively, the polythiol
can for instance be a resin having a polyester resin,
polyurethane resin, polyacrylate resin, or polyether
resin as backbone. These isocyanate-reactive compounds
may also comprise hydroxyl groups. The polythiol may
for instance be a polyester prepared from (a) at least
one polycarboxylic acid or reactive derivatives
thereof, (b) at least one polyol, and (c) at least one
thiol-functional carboxylic acid. The polyesters
preferably possess a branched structure. Branched
polyesters are conventionally obtained through
condensation of polycarboxylic acids or reactive
derivatives thereof, such as the corresponding
anhydrides or lower alkyl esters, with polyalcohols,
when at least one of the reactants has a functionality
of at least 3. Examples of suitable polycarboxylic
acids or reactive derivatives thereof are
tetrahydrophthalic acid, tetrahydrophthalic anhydride,
hexahydrophthalic acid, hexahydrophthalic anhydride,
methyl hexahydrophthalic acid, methyl hexahy
drophthalic anhydride, dimethylcyclohexane
dicarboxylate, 1,4-cyclohexane dicarboxylic acid,
1,3-cyclohexane dicarboxylic acid, phthalic acid,
phthalic anhydride, isophthalic acid, terephthalic
acid, 5-tert. butyl isophthalic acid, trimellitic
anhydride, maleic acid, maleic anhydride, fumaric
acid, succinic acid, succinic anhydride, dodecenyl
succinic anhydride, dimethyl succinate, glutaric acid,
adipic acid, dimethyl adipate, azelaic acid, and
mixtures thereof. Examples of suitable polyols include
trimethylol propane, trimethylol ethane, glycerol,
1,2,6-hexanetriol, ethylene glycol, 1,2-propylene
glycol, 1,3-propylene glycol, 2- methylpropane-1
,3-diol, neopentyl glycol, 2-butyl-2-ethyl-1
,3-propane diol, cyclohexane-1 ,4-dimethylol, the
monoester of neopentyl glycol and hydroxypivalic acid,
hydrogenated Bisphenol A, 1,5-pentane diol,
3-methyl-pentane diol,1,6-hexane diol, 2,2,4-trimethyl
pentane-1 ,3-diol, dimethylol propionic acid,
pentaerythritol, di-trimethylol propane,
dipentaerythritol, and mixtures thereof. Examples of
suitable thiol-functional organic acids include
3-mercaptopropionic acid, 2-mercaptopropionic acid,
thio-salicylic acid, mercaptosuccinic acid,
mercaptoacetic acid, cysteine, and mixtures thereof.
Optionally, monocarboxylic acids and monoalcohols may
be used in the preparation of the polyesters.
Preferably, C4-C18 monocarboxylic acids and C -C-is
monoalcohols are used. Examples of the C4-C18
monocarboxylic acids include pivalic acid, hexanoic
acid, heptanoic acid, octanoic acid, nonanoic acid,
2-ethylhexanoic acid, isononanoic acid, decanoic acid,
lauric acid, myristic acid, palmitic acid, isostearic
acid, stearic acid, hydroxystearic acid, benzoic acid,
4-tert. butyl benzoic acid, and mixtures thereof.
Examples of the C -Cis monoalcohols include
cyclohexanol, 2-ethylhexanol, stearyl alcohol, and
4-tert. butyl cyclohexanol. Alternatively, the
polythiol may be a thiol-functional polyacrylate. Such
polyacrylate can be derived from (meth)acrylic
monomers such as (meth)acrylic acid, methyl
(meth)acrylate, butyl (meth)acrylate, a vinyl
derivative such as styrene, and optionally
hydroxy-functional acrylic monomers, such as hydroxy
ethyl (meth)acrylate, hydroxy propyl (meth)acrylate,
hydroxy butyl (meth)acrylate and the like, or mixtures
thereof, with the terms (meth)acrylate and
(meth)acrylic acid referring to both methacrylate and
acrylate and methacrylic acid and acrylic acid,
respectively. The thiol group is introduced by the
reaction product of dimethyl-m-isopropenyl benzyl
isocyanate and mercapto ethanol. Alternatively,
glycidyl methacrylate is introduced into the polymer
to prepare an epoxy-functional polyacrylate. The epoxy
groups are then reacted with suitable thiol-functional
organic acids such as mentioned above. The
polyacrylate is prepared by conventional methods, for
instance, by the slow addition of appropriate monomers
to a solution of an appropriate polymerization
initiator, such as an azo or peroxy initiator.Also
included in the coating compositions of the invention
may be di-, tri-, or higher thiol-functional diluents
such as ethane dithiol or bis-beta-mercapto-ethyl
sulphide. Preference is given to the use of
higher-molecular weight thiolfunctional compounds,
which may be obtained by reaction of a
polythiolfunctional compound with a polyisocyanate.
Suitable organic polyisocyanates include
polyfunctional, preferably free polyisocyanates, with
an average NCO functionality of 2.5 to 5, and may be
(cyclo)aliphatic, araliphatic or aromatic in nature.
The organic polyisocyanate may be blocked. The
polyisocyanate may include biuret, urethane,
uretdione, and isocyanurate derivatives. Examples of
these organic polyisocyanates include
1,6-diisocyanatohexane, isophorone diisocyanate,
2,4-toluene diisocyanate, 2,6-toluene diisocyanate,
diphenyl methane-diisocyanate, 4,4'-
bis(isocyanato-cyclohexyl) methane,
1,4-diisocyanatobutane, 1,5-diisocyanato- 2,2-dimethyl
pentane, 2,2,4-trimethyl-1 ,6-diisocyanatohexane,
1,10-diisocyanatodecane, 4,4-diisocyanato-cyclohexane,
2,4-hexahydrotoluene diisocyanate,
2,6-hexahydrotoluene diisocyanate, norbomane
diisocyanate, 1,3-xylylene diisocyanate, 1,4-xylylene
diisocyanate, 1-isocyanato-3-(isocyanato methyl)-1-
methyl cyclohexane, m-a,a-a' ,a'-tetramethyl xylylene
diisocyanate, the abovementioned derivatives thereof,
and mixtures thereof. Normally, these products are
liquid at ambient temperature and commercially
available in a wide range. Particularly suitable
isocyanate curing agents are triisocyanates and
adducts. Examples thereof are
1,8-diisocyanato-4-(isocyanatomethyl) octane, the
adduct of 3 moles of toluene diisocyanate to 1 mole of
trimethylol propane, the isocyanurate trimer of
1,6-diisocyanatohexane, the isocyanurate trimer of
isophorone diisocyanate, the uretdione dimer of
1,6-diisocyanatohexane, the biuret trimer of
1,6-diisocyanatohexane, the adduct of 3 moles of
m-a,a-a' ,a'- tetramethyl xylene diisocyanate to 1
mole of trimethylol propane, and mixtures thereof.
Preferred are cyclic trimers (isocyanurates) and
uretdiones of 1,6- hexane diisocyanate and isophorone
diisocyanate. Usually these compounds contain small
quantities of their higher homologues.Optionally, a
hydroxyl-functional compound comprising at least two
hydroxylfunctional groups may be present in the
curable material. The hydroxylfunctional compound
comprising at least two hydroxyl-functional groups may
be selected from polyester polyols, polyether polyols,
polyacrylate polyols, polyurethane polyols, cellulose
acetobutyrate, hydroxyl-functional epoxy resins,
alkyds, and dendrimeric polyols such as described in
WO 93/17060. Also, hydroxyl-functional oligomers and
monomers, such as castor oil and trimethylol propane,
may be included. A suitable polyol is an acrylate
polyol, such as for example Setalux(r) 1157 available
from Nuplex. The polyisocyanate can be mixed with the
polythiols by any suitable technique. However, simply
stirring usually is sufficient. Sometimes it can be
useful to dilute the polyisocyanate somewhat with an
organic solvent such as ethyl 



acetate or 1-methoxy-2-propyl acetate to reduce its
viscosity. The pot life of the coating composition at
ambient temperature usually is more than a quarter of
an hour, e.g. more than half an hour, up to about 5
hours or even longer, depending on the catalysts used
and their amounts and whether or not blocking acids
are used. The composition according to the present
invention can be a solvent borne composition or a
solvent-free composition. Since the composition may be
composed of liquid oligomers, it is especially
suitable for use as a high-solids composition or a
solvent-free composition. The coating composition can
also be used in powder coating compositions and hot
melt coatings compositions. Preferably, the
theoretical volatile organic content (VOC) in the
composition is less than about 450 g/l, more
preferably less than about 350 g/l, most preferably
less than about 250 g/l, or even less than 100 g/l.
The coating compositions may further comprise other
ingredients, additives or auxiliaries, such as
pigments, dyes, emulsifiers (surfactants),
pigmentdispersion aids, photosensitizers, levelling
agents, anti-cratering agents, antifoaming agents,
antisagging agents, heat stabilisers, UV absorbers,
antioxidants, and fillers. The coating composition of
the present invention can be applied to any substrate.
The substrate may be, for example, metal, plastic,
wood, glass, ceramic, or some other coating layer. The
other coating layer may be comprised of the coating
composition of the current invention or it may be a
different coating composition. The coating
compositions of the current invention show particular
utility as a floor coating, e.g. on concrete floors or
as a coating or repair coating, e.g. as a primer or as
a clear coat, for vehicles, such as cars, trains, air
planes or the like. The coating compositions can be
applied by conventional means such as by spray gun,
brush, or roller, spraying being preferred. Curing
temperatures are generally between 0 and 1000C, e.g.,
between 0 and 3O0C. The invention is further
illustrated by the following examples. In these
examples the compositions listed below are available
as indicated. Actilane (r) 4 11 an acrylate,
commercially available from Akzo Nobel Chemicals;
Aerosil (r) R 972 hydrophobically modified silica,
commercially available from Degussa; Ancamine (r) K54
tris- (dimethyl amino methyl) phenol, commercially
available from Air Products; ASP 600 hydrous
aluminosilicates, commercially available from
Engelhard; Autobase (r) Plus car repair base coat,
commercially available from Akzo Nobel Car Refinishes
; Byk(r) 306 surfactant, commercially available from
Byk;Colour Black FW2 carbon black, commercially
available from Degussa; Desmodur(r) DN a
polyisocyanate, commercially available from Bayer;
Desmodur(r) E 14 a polyisocyanate, commercially
available from Bayer; Disperbyk(r) 110 dispersant,
commercially available from Byk; Hardener OZ urethane
bis-oxazolidine, commercially available from Bayer;
Incozol(r) LV carbonato-bis-N-ethyl-2-isopropyl-1 ,3-
oxazolidine, commercially available from Industrial
Copolymers Limited Incozor 2 2-(3-heptyl)-N-butyl-1
,3-oxazolane, commercially available from Industrial
Copolymers Limited; Irgacure(r) 784 a photoinitiator,
commercially available from Ciba Specialty Chemicals;
Speedcure(r) BMS a photoinitiator, commercially
available from Lambson; Tipure(r) R 902 titanium
dioxide, commercially available from DuPont;
Tolonate(r) HDT LV a polyisocyanate, commercially
available from Rhodia; Vestamin(r) A 139 an aldimine,
commercially available from Degussa-H ls; Zeeospheres
(r) W-21 0 ceramic microspheres, available from 3M. In
the examples, all amounts of contents are given in
grams, unless indicated otherwise.The following test
methods were used: Pot life The time during which the
system could be brush-applied after mixing the
components; Drying time The coating composition was
applied on a glass plate with a draw bar. The layer
thickness was 125 mm, the temperature was 20 C. Drying
was tested by means of a BK Drying Recorder. The
results can be classified as follows: Phase 1: the
line traced by the pin closes up again ("open time");
Phase 2: the pin traces a straight line in the paint
which does not close up again ("tack-free time");
Phase 3: the pin traces a scratchy line ("dust free");
Phase 4: the pin does not leave a scratch
("scratch-free time"). Viscosity measured using a
Rheometer (Rheolab MC1 , spindle: Z2 DIN); after 15
minutes resting, the viscosity was measured over 1
minute with a speed of 150 rotations per minute. This
program was repeated several times. Example 1 A
two-component coating composition was prepared. The
first component comprised pentaerythritol
3-mercaptopropionate and 40% butyl acetate. The second
component comprised a polyisocyanate (Tolonate(r) HDT
LV) and 6% oxazolidine (Hardener OZ). The components
were stoichiometrically mixed before application. The
Phase-4 cure time was 60 minutes (at 85% RH), the
viscosity in the can at that time was: 0.13 Pa.s. The
pot life was 3 hours.Example 2 A two-component coating
composition was prepared. The first component
comprised pentaerythritol 3-mercaptopropionate and 40%
butyl acetate. The second component comprised a
polyisocyanate (Tolonate(r) HDT LV) and 6% oxazolidine
(Incozol(r) 2). The components were stoichiometrically
mixed before application. The Phase-4 cure time was:
20 minutes (at 85% RH), the viscosity at that time
was: 0.25 Pa.s. Example 3 A two-component coating
composition was prepared. The first component
comprised pentaerythritol 3-mercaptopropionate and 40%
butyl acetate. The second component comprised a
polyisocyanate (Tolonate(r) HDT LV) and 6% oxazolidine
(Incozol(r) LV). The components were
stoichiometrically mixed before application. The
Phase-4 cure time was: 80 minutes (at 85% RH), the
viscosity at that time was: 0.10 Pa.s. Example 4 To
the formulation in Example 1, 1% Speedcure(r) BMS was
added. The sample was applied on a panel and the panel
was irradiated with a UV-A lamp at 20 cm (UVAHAND-250,
35 mW/cm2) . The Phase-4 cure time was reduced to 10
minutes. The pot life was not affected by the addition
of Speedcure(r) BMS and remained 3 h.Example 5 To the
formulation in Example 1, 1% Speedcure(r) BMS, 10%
TiO2 (Tipure(r) R902-38), and 1% organic black (Colour
Black FW2) were added. The sample was applied on a
panel and the panel was irradiated with the UV-A lamp
at 20 cm. The Phase-4 cure time was reduced to 20
minutes. Example 6 To the formulation in Example 1, 1%
Irgacure(r) 784 was added. The sample was applied on a
panel and the panel was irradiated with a 1000 W
construction lamp at 50 cm. The Phase-4 cure time was
reduced to 3 minutes. The pot life was not affected by
the addition of Irgacure(r) 784. Example 7 To the
formulation in Example 4, 0.03% HNO3 was added. The
sample was applied on a panel and the panel was
irradiated with the UV-A lamp at 20 cm. The Phase-4
cure time remained 10 minutes. The pot life was
doubled. Example 8 A solvent free, two-component
coating composition was prepared. The first component
comprised pentaerythritol 3-mercaptopropionate and 1%
Speedcure(r) BMS. The second component comprised a
polyisocyanate (Tolonate(r) HDT LV) and 2% oxazolidine
(Incozol(r) LV). The sample was applied on a panel and
the panel was irradiated with the UV-A lamp at 20 cm.
The 



Phase-4 cure time was 20 minutes (at 60% RH). The pot
life was 45 minutes.Example 9 A two-component coating
composition was prepared. The first component
comprised pentaerythritol 3-mercaptopropionate and 40%
butyl acetate. The second component comprised a
polyisocyanate (Desmodur(r) E14, Bayer) and 6%
oxazolidine (Hardener OZ). The components were
stoichiometrically mixed before application. The
Phase-4 cure time was 1.5 h (60% RH), the potlife was
2 h. Example 10 A two-component coating composition
was prepared. The first component comprised
pentaerythritol 3-mercaptopropionate and 40% butyl
acetate. The second component comprised a
polyisocyanate (Desmodur(r) DN) and 6% oxazolidine
(Hardener OZ). The components were stoichiometrically
mixed before application. The Phase-4 cure time was
1.5 h (60% RH), the pot life was 2 h. Example 11 A
two-component coating composition was prepared. The
first component comprised pentaerythritol
3-mercaptopropionate and 40% butyl acetate. The second
component comprised a polyisocyanate (Tolonate(r) HDT
LV) and 6% ketimine (Vestamin(r) A 139). The
components were stoichiometrically mixed before
application. The Phase-4 cure time was 2.0 h (60% RH),
the pot life was 2 h.Comparative example 1 A
two-component coating composition was prepared. The
first component comprised pentaerythritol
3-mercaptopropionate, 15% butyl acetate, and 0.25%
triphenylphospine. The second component comprised a
polyisocyanate (Tolonate(r) HDT LV) and 2% acrylate
(Actilane(r) 4 11) . The components were
stoichiometrically mixed before application. The
Phase-4 cure time was: 1.5 h (at 2O0C and 85% RV), the
pot life was 30 minutes. Comparative example 2 A
two-component coating composition was prepared. The
first component comprised pentaerythritol
3-mercaptopropionate, 15% butyl acetate, and 0.05%
Ancamine (r) k54 (Air Products). The second component
comprised a polyisocyanate (Tolonate(r) HDT LV,
Rhodia). The components were stoichiometrically mixed
before application. The Phase-4 cure time was: 3.0 h
(at 2O0C and 85% RV), the pot life was 20 minutes.
Example 12 A three-component floor coating was
prepared including a thiol component A, an isocyanate
component B and a catalyst component C. Component A
comprised 83 wt.% pentaerythritol tetra
(3-mercaptopropionate), 16,5 wt.% TiO2 (Tipure(r) R
902) and about 0,5 wt.% of a silicone based defoamer
(Byk(r) A- 525). A pigment paste is also added to
component A, in any desired amount. If a black pigment
paste is used, the paste should contain, per 1 parts
by weight (pbw) of carbon black (Farbruss FW2), 20 pbw
of pentaerythritol tetra (3- mercaptopropionate), 0,2
pbw of Byk(r) A-525 defoamer, and 0,04 pbw of
methyl-di-ethanolamine to neutralize the acidity.
Component B comprises 100 % of the isocyanurate of
hexamethylene diisocyanate (Tolonate(r)
HDT-LV2).Component C comprises 120 pbw sand, 15 pbw
quartz sand and 1 - 4 wt.% of Incozol(r) 2. Components
A and B were mixed in a ratio A : B = 48 : 52 and
applied on a concrete substrate. Subsequently, the
sand component C was sprinkled over the freshly
applied layer to catalyze the NCO-SH cross-linking. A
second layer of components A + B is applied after the
sand has been sprinkled over the first layer. Example
13 A two-component clear coat was prepared. The first
component comprised pentaerythritol
3-mercaptopropionate, 0.8 wt.% (on total weight of
solid binder) Speedcure(r) BMS, 14.6 wt.% (on total
weight of solid binder) butyl acetate and an additive
for reducing the surface tension (Byk(r) 306). The
second component comprised a polyisocyanate
(Tolonate(r) HDT LV), 7.7% (on total solid binder)
xylene and 5.2% (on total solid binder) oxazolidine
(Hardener OZ, Bayer). The components were
stoichiometrically mixed before application. The pot
life was 20 minutes. The sample was used to apply a
clearcoat (approx. 60 mm) on panels with a blue
(Halcyon Blue M.2c) solvent based basecoat
(Autobase(r) Plus of Akzo Nobel Car Refinishes). After
3 minutes flash-off, these panels were irradiated with
UV-A light from 4 TL-10R tubes (Philips lightning:
11-13 mW/cm2). The through cure time of the clearcoat
was 14 minutes (at 45% RH). The through cure time of
these panels without UV (shadow-cure) was
approximately 90 minutes (at 45% RH).Example 14
Example 13 was repeated, while 4% (on weight)
oxazolidine was added to the solvent borne basecoat.
After drying of the basecoat, the two component
composition of example 1 was used to apply a clearcoat
of 60 mm on this basecoat. After flash-off the panel
was irradiated by UV-A light. The through cure was
accelerated from 14 to 9 minutes. Example 15 A two
component UV-primer was made with a pigment volume
concentration PVC of 30. The first component comprised
pentaerythritol 3- mercaptopropionate, isobutyl
acetate, 0,3 wt.% (on total weight of solid binder)
Disperbyk(r) 110, 52,8 wt.% (on total weight of solid
binder) Zeeospheres (r) W- 210 (available from 3M),
Aerosil(r) R 972 (available from Degussa) and 35,9
wt.% (on total weight of solid binder) ASP 600
(available from Engelhard corp.). These solid
materials were milled in the pentaerythritol
3-mercaptopropionate and isobutyl acetate with the
help of a dissolver to 20 mm. At the end, 0,7 wt.% (on
total weight of solid binder) of Byk(r) 306 was added.
The second component comprised a polyisocyanate
(Tolonate(r) HDT LV), xylene, 5,6 wt.% (on total
weight of solid binder) of oxazolidine (Hardener OZ,
Bayer) and 0,7 wt.% (on total weight of solid binder)
of Speedcure(r) BMS. The components were mixed (the
equivalence ratio SH:NCO = 100:125) before
application. The pot life was approximately 20
minutes. The coating composition was applied on
tinplate with a draw bar. The (dry) layer thickness
was 110-120 mm. After 3 minutes flash-off, these
panels were irradiated with UV-A light. The through
cure time of the primer was 15 minutes (at 45% RH).
The coating was good sandable in 60 minutes. The
through cure time of these panels without UV
(shadow-cure) was approximately 60 minutes (at 45%
RH). After 3 hours sanding was reasonable.CLAIMS 1.
Coating composition comprising one or more polythiols
and one or more polyisocyanates and a latent base
catalyst which is activatable by moisture, wherein the
equivalence ratio NCO : SH is between 1:2 and 2:1 . 2.
A coating composition according to claim 1,
characterized in that the latent catalyst is selected
from the group of oxazolidine, aldimine, ketimine, and
enamine. 3. A coating composition according to claim 1
or 2, characterized in that the deactivated catalyst
is present in an amount of up to 20% relative to the
weight of the curable material, e.g., 0.01 - 10 wt.%
or 0.9 - 6 wt.%,. 4 . A coating composition according
to any of the preceding claims, characterized in that
the composition further comprises one or more
photoinitiators. 5. A coating composition according to
claim 4 , characterized in that the photoinitiator is
present in an amount of up to 4% relative to the
weight of the curable material, preferably between
0.001 - 1.2 wt.%. 6. A coating composition according
to any one of the preceding claims, characterized in
that the composition comprises a combination of
oxazolidine and a photoinitiator. 7. A coating
composition according to any one of the preceding
claims, characterized in that the composition
comprises an inorganic acid, e.g., nitric acid.8. Use
of the combination of oxazolidine and a photoinitiator
as a catalyst in a base-catalyzed coating composition.
9. Use of a coating composition according to any of
claims 1 - 7 as a car repair primer or as a car repair
clear coat. 10. Use of a coating composition according
to any of claims 1 - 7 as a coating for concrete
floors. 


