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(57) Abstract:
compounds inhibit, regulate and/or modulate tyrosine and serine/threonine
kinase and kinase-like proteins, such as RAF kinase, a serine/threonine kinase
that functions in the MAP kinase signaling pathway, and is concerned with
compositions which contain these compounds, and methods of using them to treat
tyrosine and serine/threonine kinase and kinase-like dependent diseases, such as
angiogenesis, cancer and cardiac hypertrophy. (Formula I).

The present invention relates to the discovery that certain
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HETEROCYCLIC ORGANIC COMPOUNDS FOR THE TREATMENT OF IN PARTICULAR MELANOMA.

Summary

[001] ~  The present invention relates to the discovery that certain compounds inhibit,
L regulate'an'd/or 'modulate tyrosine and serine/threonine kinase and kinase-llke proteins, -
" such as RAF kinase, a serine/threonine kinase that functions in the MAP kinase signaling
..pathway, and is concemed with composntlons which contain these compounds and
methods of using them to treat tyrosme and serme/threonme kmase and kinase-like
dependent dlseases, such as angiogenesis, cancer and .cardlac hypertrophy.

' Bacltground

' foo2] . Cells communicate varlou:s aspects of their' extracellular.envirOnment to the.
nucleus by using various signal transduction pathways Many of these signals a're'
transmltted by protem kinases which acttvate various factors through the transfer of
phosphate groups. Disruption of signal transductlon by lnhlbltmg appropnate kmase

: actlwty can have a ciinical benef t as has been demonstrated _by imatinib, an inhibitor of
ber-abl klnase which is marketed as its mesylate salt under the brand GLEEVEC (in the
United States) or GLIVEG..

' [003] - "The MAP kina'se signaling pathway is known in the art as one of the pathways

' for growth factors to send their S|gnal to prohferate from the extracellular enwronment to
the cell nucleus The growth factors activate transmembrane receptors located on the cell
surface Whlch in turn start a cascade whereby RAS is activated and recruits RAF kinase to
the membrane where |t is activated and in turn.activates MEK kinase whlch then actlvates -
ERK kinase. Activated ERK kinase can move to the nucleus where it actlvates various
gene transcnptlon factors. Aberrations i m this pathway can lead to altered gene
transcnptlon “cellular growth and contribute to tumorogenicity by negatuvely regulating
apoptosis and transmitting proliferative and anglogenlc signals. Inhibitors of RAF kinase )
have been shown to block signaling through the MAP kinase srgnallng pathway '

[004] The RAF kinase famlly is known to have three members desngnated C-RAF,
also known as RAF-1, B- RAF and A-RAF. It has been reported that B-RAF kinase is
commonly activated by one of several somatic point mutations in human cancer, including
59% of the melanoma cell lines tested. See, Davies, H et al, Nature 41 7‘, 949-954 .(2002).
This invention relates to the discovery of a class of compounds that efficiently inhibit one or
more members of the RAF kinase family. '
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[005] The RAF kinase mhlbmng property of the compounds makes them useful as
therapeutlc agents for the treatment for proliferative diseases characternzed by an aberrant
MAP kinase sngnalnng pathway, partlcularly many cancers charactenzed by overexpressnon
of RAF kinase or an actlvatmg mutation of RAF klnase such'as melanoma having mutated‘
B- RAF, especially wherein the mutated B-RAF is the V599E mutant. The’ present invention
also proVides a method 'threating other conditions characterized by an aberrant MAP -

_ kinase sigrialing pathway, particular,ly where B-RAF is mutated, for example benign Nevi '
moles having mutated B-RAF, with the compounds. a |

Description

[oo6] A first aspect of the'present invention provides a compound of form‘ula {4y

/Rz——m,,

_A
.Yl

A‘JY"H 'l : (l)

| ora pharmaceutlcaﬂy acceptable salt ester or prodrug thereof for use as a pharmaceutrcal
wherem
-each of Ai, Az, Ag, A4 is mdependently selected from N or C-R®* where R?® represents H ora
substituent moiety of C and where at least one of Ay, A; and Asls N
X is alinking mOIety selected from N-H, subshtuted amino, O or S;
R'is a substltuent of the aromatic ring and n is an integer from Oto4,;
Y and D are mdependentiy selected from O, S, CHz, NH, Rs—substltuted C, or R°-
substituted N, ' , .
R%is a substrtuent of the ring WhICh contams Y and D and ris an integer from Oto the '
maxnmum number of available valencies of the rlng,
R?is a substituted or unsubstituted moiety selected from. hydrocarbyl and heterocycllc
T is selected from H, halogen, O:R®, S-R?, SO-R? SO,-R?, SOz-N(RB)z, SO,-N? R“’and SOz- :
halogen, where R® is selected from hydrogen, substituted or unsubstituted aliphatic,
cycloaliphatic, heterocyclyl or aryl; and R® is substituted or unsubstltuted allphatlc
'cycloalrphatlc or aryl, and N° and R™ together represent a4,5 6,7 or 8- membered
heterocychc ring mcludlng the nrtrogen N® and P is an mteger from Oto 5.

.2.
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oo7] A second aspect of the invention provides a cempeund of formula (1)

A/’\

AU A
| (R“),-—ﬁ O R,

~ora pharmaceutlcally acceptable salt ester or prodrug thereof

vwherein

each of Ay, Az. Az, Asis mdependently selected from N or C R3 where R® represents Hora :
substituent moiety of C and where at |east one of A, Az and A4 is N;

- Xis alinking moret‘y‘selected from N-H, substituted amino, O or S;

R'is a substifuent of the aromatic ring and n is an integer from O to 4;

Y and D are mdependently selected from O, S, CH,_, NH, Rs-substltuted C, or R*-

| subsmuted N,

_ R®is a substrtuent of the rlng which contains Y and Dandrisan mtegerfrom O to the
.maximum number of available valencies of the nng, o ,

R? is a substituted or unsubstituted moiety selected frorn hydrocarbyl and heterocychc

T is selected from H, halogen, O-R®, S-R®% SO-R® SO,-R?, SO2-N(R®), SO,-NR* and SO,
halogen, where R® is selected from hydrogen, substituted or unsubstituted aliphatic,
cycloaliphatic, heterocyclyl oraryl; and R®.is substituted or unsubstituted aliphatic,
cycloanphatrc or aryl and NR‘° represents a heterocychc rlng including the nltrogen and
p is an integer from O to 5

and wherein the compound is not:

GH
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[008] Preferably R'is present (n is not 0) and is independently eelected from halogen,
lower alkyl halo-lower alkyl, carboxy, esterified carboxy, hydroxy, etherified or esterrfled
hydroxy, lower alkoxy, pheny!, substituted phenyl, lower alkanoyl, substituted or.
unsubstituted amine, amlno mono- or di- substituted amino, amldmo ureido, mercapto, N-
‘hydroxy amidino, guanldmo amidino-lower alkyl, sulfo, sulfamoys, carbamoyl, cyano,
~cyano- -lower alkyl, azo (N= N =N) and nitro.

' [009] R, or each R’ lndependently, is preferably selected from OH, O- alkyl SH, S-
alkyl halogen substltuted or unsubstltuted amine, CF3 and C1 C, alkyl Most preferably n
is 1 ' ' '

[0010] R%is preferably selected from substituted or unsubstltuted allphatlc allcycllc or . §
.aromatlc moretles such as cycloalkyl heterocyclylalkyl phenyl, pyrrole lmldazole v' '
pyrazole isoxazole, oxazole thlazole pyrrdazme pynmldlne pyrazme pyndyl indole,
isoindole, indazole, purme mdolnzndlne qurnollne lsoqumollne qumazollne pterldlne
quinolizidine. Preferably R? is aromatic. In particular R? is selected from substltuted or
unsubstltuted phenyl |mxdazolyl pyrrolyl, oxazolyl and isoxazolyl, and espeClally R2 is
phenyl or substituted phenyt, wherein the substituent include lower alkyl(C;-Ce), halogen
OH, lower alkoxy, NH,, SH, S- alkyl SO- alkyl SOz-alkyl NH- alkyl N- dlalkyl carboxyl or .
CFa.

[0011]  Thus preferably X-R2-(T), represents

T may preferably be selected from halogen, O -alkyl, O -alkyl- halogen SO.-R?, SOz-NHRa
'80,-NR' and SOz-halogen where halogen is preferably chiorine. :
[oot2] RS and R®may preferably be independently selected from lower alkyl, especlally
Cy, Cz CiorCy alkyl cycloalkyl ‘heterocyclolalkyl, lower alkeny!, lower alkynyl, lower
“alkoxy, especrally methoxy or ethoxy, Iower-alkanoyl carboxy, amino, mono- or di- .
‘substltuted amino, a cyclic group, for example phenyl, pyrrole lmldazole pyrazole
isoxazole, oxazole, thiazole, pyrldazme pyrimidine, pyrazrne pyrldyl indole, lsomdole
indazole, purine, indolizidine, qumollne lsoqulnohne qumazollne plperldyl pterldlne
.qumollzudlne psperazmyl pyrollldlne morphollnyl and thromorphollnyl '



WO 2007/109045 PCT/US2007/006424

. [0013] " Preferably R8 and R9 are substituted or unsubstrtuted alkyl or substrtuted or
,unsubstltuted aryl. In particular R8 may represent linear or branched alkyl, cycloalkyl
linear or branched halo- alkyl alkoxy, parboxyalkyl or alkylamlno

[0014] ' Most preferably R2 is phenyl and T is located para to the linking group X.

[0015] Where T is O-R9 and R2 is phenyl preferably T is Iocated meta to the Ilnklng :
. group X.

[0016)  Preferablypis 1.

- [oo17] Particularly preferably T is a moiety selected from the formu|ae (i) to (x):

=S_ W) Ox=¢” -
AN Wo =N )
N q. ' O
- N r B
. ‘ "OH - . r
o) H o
© U T
(iv) | | o.
7 o
NN o=
(vi) 4 ~OH | ~N /(/\)q\N/
H \
(vii)

ity 0 cl -
(viii) . | (%) \(\/)q/ (%)

(wh‘ere q is an integer from 1 to 4 and s is an integer from O to 4):

[0018] ' Preferably A, and Az are N, and A3 and A are C- R3 Itis especrally preferred :
that As and A, are C-H. :

[0019]. Preferably X is N-H.
[0020] Preferably R' is OH.

[0021] ' Preferably Y is CH,. Preferably D is CH,.

s
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[0022] - P_'referabl'y each R® and R°® (Where present) respectively are independently _
selected from hydrogen, halogen, lower aliphatic (e'specialiy lower alkyl), halo- lower alkyl
carboxy, lower alkoxycarbonyl hydroxy, etherified or estermed hydroxy, lower alkoxy,
optionally substituted alicyclic group or an optlonally substituted aromatlc group, lower -
alkanoyloxy, lower alkanoyl amino, mono- or di- substituted ammo amadlno urerdo
'mercapto N-hydroxy-amidino, guanldlno amidino- Iower alkyl, sulfo, sulfamoyl carbamoyl, '
_ tyano, cyano -lower alkyl, azo (N=N=N) and nitro. Most preferably ris 0. However, where o
is not O, preferably R®, or each R® mdependently, is preferab!y selected from OH O- alkyl
-SH, S- alkyl halogen CF; and C,-Cs alkyl. ' ‘ '

[0023] In preferred embodiments of the invention the rnoiety of formula OR]

(R’ )"ﬁ j@— N0 n)' |

s a tetrahydroqumohne monety wherein preferably r= O Preferably n=1. Preferably R'is
OH so that the morety is a hydroxy tetrahydroquinoline, most especrally 1 2,3, 4- s
tetrahydroquinolin-5-of (formula (1.111): '

N ’ ‘ .
O ' (.1
OH
[0024) Preferred-compound's“.include compounds of the formulae an, g and (4IV):

M, m,,\ )

(\/ | I/\I/

N

w \(N () vy

preferably wherein X is NH, R?is pheny! nis 1and)or pis 1.

M,

()l
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. [0025]  Other preferred compounds have the formdia‘_ (V)

br‘eferably wherein A, and.A; are N, and A; and A, are C-R®.

[0026] Further preferred compounds have the formulae (VI), (VIl) and (VHI): '

1\(@"” KY@' W w@r

iy ' (Vi) | (Vi)

Com doe Com

preferably whereln nis 1.

[0’027] Still further preferred compounds have the formula (IX)
(T),,
|X)

(R")

[0028] - For compounds of formulae (Vl) to (IX) preferab!y pis 1 and Xis NH.
[0029] Other preferred compounds inciude: ‘

formula (X)
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(R")

wherein G represe'ntsRs, NHR® or NR'® and preferably wherein X is' NH;

formuta (XI); .
© N x—@—m
L I
. (XD

(R")
and formula (XI1)
. N X :
T Q
| [ﬁ“ | )
| ' |

X

(R")
[0030]  Preferably in the compound of formula (XII) T is O-R%.

[0031] = Preferably in compounds (XI) and (XI1) X is NH;

'[0032]_ © Athird aspe'ct of the ihvention provides a proéess for the preparation of a
compound of the formula: ‘ '
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| N X g2
i
=N (M,

.'R“'

which procees cornprises the folldwing reaction scheme:

X~ N X 2 -

N Xz | Nar X R?  step 2 xr7TTR

l \Y R Step1 I Y . __—.p‘ ‘ I \r ' ‘ t
N ) =N . ~_=N (T Yo
OH . - cl ' \ o

H X C
. N -z -
L SR
N X 2 _ P
step 3 R : : : : :
_p__..q ET),,‘ . R" | N
- ¢ o : -
, | step 4 : et |

where step 2 is optional and where carrred out T' is a precursor of T, and R"isa precursor
' ,of R'o or is R’ and X, R', R2 Tand P are as deﬁned in claim 1. ‘
[0033] ‘ Preferably X is NH. ‘

[0034]  Preferably R?is phenyl.’
[0035]  Preferably p is 1.
[0036] Preferably R" sOH

‘ '[0037] In one preferred embodiment T represents S0,-G where G represents RB NHR8
or NR™and R® and R are as defined in the first aspect of the invention. '

[0038] In another preferred embodiment' T represents O-R® where R° IS as defined in
the first aspect of the invention. | '

[0039] Preferabfy in the latter embodiment X-Rz-(T) represents
‘ e
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- HN I
_O-R®

[0040]  Another aspect of the ’present invention is avcompound of formula ",

. ‘'wherein

As, Az, Asand A4 are Nor CRg, and where at least one of A, A, and Asis N;

X is N-Rs, O or S; .

R'is OH, -O- alkyl -SH, -S -alkyl, halogen, substltuted or unsubstltuted amrnes -CFa
or -C,-C,-alkyl; |

Yis O, S, CRs or NR®; -

DisOSCRsorNRs . . ST

RZis an alkyl alicycle, heterocycle aharoma’uc hetereoaromatlc all of Wthh may be
substituted or unsubstituted;

Tis H, -SO,-NH-R* or -S0,-R*;

R*is H, alkyl or aryl, Wthh may be substltuted or unsubstltuted

R%is H oralkyorC( )-O-C-Ph;

nis 0-4; :

or a tautomer thereof, or a salt thereof

‘ [0041] Special preference is given to a compound of formula (l)

- wherein

Arand Az are N;
' Az and A; are CH;’
Y is CH, or NR® such as - NH C(O) -0-C-Ph;
"X is NH;
D is CHz;
'R'is OH, Cl, Me or F;

R?is phenyl imidazolyl, pyrrolyi oxazolyl or lsoxzole where pheny! may be unsubstltuted
‘or substituted with 1,2 or 3 OMe groups, Cl, CF3, -SMe, OH, -O-[CH)z-pyridine,
-O-[CH_]5-ClI or - -O- [CH2]3-morpholrno and

‘R%is H, C.NMe, CZOH Nplperdmy| Me Me(t butyl) C.COOH or ethyl(lsopropyl)
. R® is H;

nis 0 or 1] ‘ .

or a tautomer thereof, or a salt thereof.

1
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- [0042] ' More generally, within the context of the present dlsclosure the general terms
used hereln to descrlbe compounds of formulae (I to Xll) have the following meamngs
. unless lndlcated otherwnse

[0043] Hydrocarbyl may be defined as having preferably up to 20‘ carbon atoms,
especnally up to 12 carbon atoms. Hydrocarbyl groups may be linear or branched aliphatic,
e g. atkyl, alkenyl or alkynyl they may be alicyclic (i.e. aliphatic- cycllc) e.g. cycloalkyl they
may be aromatlc e. g. phenyl. Hydrocarbyl groups may contain a combination of two or -
‘more moieties selected from aliphatic, alicyclic and aromatio moletiesn eg. a c'omblnatlon
of at least one alky! group and an aromatic group. In some instances, hydrocarbyi groups .
'may be optionally interrupted by one or more in- cham heteroatoms, for example -O-, thus

: formlng for example an ether llnkage

[0044) A mono~ or di- substltuted amino moiety may be defmed where the amino is
optionally substituted by a hydrocarbyl moiety, the hydrocarby! moiety belng for example,.
‘selected.from lower alkyl, especrally C,, Cy, Cs or Cy4alkyl, cycloalkyl, especially cyclohexyl
' alkyl carboxy, carboxy, lower alkanoyl especrally acetyl, a carbocyollc group, for example
| cyclohexyl or phenyl a heterocycllc group; where the hydrocarbyl moiety is unsubstituted

or substltuted by, for example lower alky! (C1. C., Cs, C4, Cs, Csor C-), halogen, OH,; lower .

alkoxy, NH., SH, S-alkyl, SO-alkyi, SOz-alkyl, NH-alkyl, N- dlalkyl carboxy!, CF3, wherein
alkyl may be optnonally substituted branched, unbranched or cyclic CH;, interrupted 0-3 |
tlmes by O S, N.

. [0045] As used herein, the term mercapto deﬂnes moieties ofthe general structure S-
Re whereln Re is selected from H, alkyl, a carbocylic group and a heterocycllc group as -
described herem ' '

[0046] © As used herein, the term guanidino defines moieties of the general structure -
NHR- -C(NH)NH; and derlvatlves thereof in partrcular where hydrogen is replaced by alkyl ‘
e.g. methyl or ethyl. '

- ‘[0047] As used herein, the term amldlno defnes moieties of the general structure -
C(NH)NHz and derivatives thereof, in partlcular where hydrogen is replaced by alkyl e. g
methyl or ethyl. ‘

'[0048] Alky! preferably has up to 20, more preferably up to 12 carbon atoms andis
linear or branched one or more times; preferred is. lower alkyl especually preferred is C1-C4-
alkyl, in partlcular methyl ethy! or i-propy! or t-butyl. Where alkyl may be substituted by one
or more substituents. .Unsubstituted alky!, preferably lower alkyl, is especnally preferred

[0049] | Alkyl may be optlonally mterrupted by one or more in-chain heteroatoms for
example -O-, thus forming, for example, an ether linkage. '

11
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[0050] S'ubetituted alkyl is alkyl as fast defined, especially lower alkyl, preferably
methyl where one or more, especially up to three, substrtuents may be present prlmarlly
from the group selected from ha\ogen especially fluorine, ammo N-lower alkylammo N,N-
di-lower alkylamino, N-lower alkanoylammo hydroxy, cyano, carboxy, lower
alkoxycarbonyl and phenyl -lower alkoxycarbonyl. Trlﬂuoromethyl is especrally preferred.
One class of compounds includes a substituted alkyl where the alkyl is substituted with a

‘ -heterocyclrc ring, for example a pyrazine ring, thus forming an alkylene-het group, le -
CH,-Het, the alky! group effectlvely actmg as a linker between the heterocycle and a
second monety '

[0051] The term "lower" when referring to ‘substituehte such as alkyl, 'alkoxy, alkyl
amine, alkylthio and the like denotes a radical having up to and including a maxlmum of 7
especrally from 1 up to and mcludlng a maximum of 4, carbon atoms, the radlcais m '

questlon being unbranched or branched one or more times.

[0052] ‘The alkyl portlon of lower alkyl, lower alkoxy, mono- or dl lower atkyl amino,
lower alky! thio and other substituents with an alkyi portion is especially C;- -Caalkyl, for- .
example n-butyi, se'c-butyl, tert-butyl, n-propvi, isoprop'yl, methyl or ethyl. Such a'lkyll ,
substituents are unsubstituted or substituted by halogen, hydroxy, nitro, ‘cyano, lower .
-alkoxy, Cs, Ca, Cs, Ce or C; cycloalkyl, amino, or mono- or di-lower alkyl amino, unless‘
otherwise indicated. h

[0053] Ha!o-lower alkyl, halo-lower alky!oky, halo-lower alkylthio énd the Iike refer to
| substituents having an alkyl portion wherein the alky! portion is mono- to com‘pletel‘y
subsmuted by ha|ogen Halo-lower alkyl halo-lower alkyloxy, halo- lower alkylthro and the
, hke are included within. substltuted lower alkyl, substituted lower alkoxy, subs’ututed Iower
alkylthio and the like. ' '

-[0054] Among the moieties correspondmg to substltuted alkyl, hydroxy lower aIkyI
especially 2-hydroxyethyl, and/or halo-lower alkyl especnally trnfluoromethyl or 2,2, 2-
- 'trtfluoroethyl are espemally preferred

[0055] An allcyclnc group is a carbocyclic group espeolally Wthh comprlses 3 4 5,60r
‘7 in ring carbon atoms and is non aromatic, but may be saturated or unsaturated.

Preferred ahcyclrc groups comprlse cycloalkyl groups, which are preferably C3-Cio-
cycloalkyl, especially. cyclopropyl dlmethylcyclopropyl cyclobutyl, cyclopentyl cyclohexyl
or oycloheptyl cycloalkyl bemg unsubstltuted or substituted by one or more, especnally 1 2
or 3, substituents. '

[0056] An aromatic group is heterocycllc or carbocychc and is bound via a bond
located at an aromatic ring carbon atom of the radlcal (or optronally bound vra a hnkmg

12
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. group, such as -O- or -CHy-). Preferably the aromatic group is carbocycllc and has a ring

.system of not more than 16 carbon atoms and is preferab!y mono bi- or tri- cyclic and may "

. be fully or partially substituted, for example substituted by at'ieast two substituents. .
Preferably, the aromatic group is selected from phenyl, naphthyl, indenyl, azulenyl and
anthryl, and is preferably in each case unsubstituted or substituted by lower alkyl,

' . especially’ methyi ethyl or n-propyl, halo (especuaiiy fluoro chloro; bromo or |odo) ‘halo- |

~ lower alkyl (especially tnﬂuoromethyl) ‘hydroxy, lower alkoxy (especially methoxy) halo-~ .
.. lower alkoxy (especially 2,2,2-trifluoroethoxy), amino-lower alkoxy (especially 2-amino-
ethoiy), lower alkyl (especialiy methyl or ethyl) carb'arnoyl', N-(hydroxy-lower alkyl)-
carbamoy! (especially N-(2-hydroxyethyl)-carbamoyl) and/or suifamoyi-‘substituted aryl,
especiallya corresponding substituted or unsubstituted 'phenyl.»

| [0057] A substituted aromatic gro'up is generaiiy an aromatic group that is substituted
with from 1-5, preferably-1 or 2, substituents. Appropriate substituents include, but are not :
Jlimited to, amino, mono- or di-lower alkyl substituted amino, wherein the lower alkyi
substituents may be unsubstituted or further substituted by those substitutents listed above :
- for alkyl groups halogen lower alkyl, substituted lower alkyi hydroxy, lower alkoxy
substituted lower alkoxy, nitro, cyano, mercapto, lower alkyithio halo-lower alkylthio

- heterocyclyl, heteroaryl, heteracyclylalkyl, heteroarylalkyi lower alkanoyl, carbamayi, and
N-mono- or N, N-di-lower alkyl substltuted carbamoyl, wherein the lower alky! substitents
may be unsubstituted or further substituted.

' [0058] A heterocycle is an aromatic ring or ring system having 16 or fewer members,

' preferabiy a.ring of 5to7 members Heterocycle also includes a three to ten membered
non- aromatlc ring or ring system and preferably a five- or six-membered non- aromatlc ring,
which may be fully or partially saturated. - in each case the rings may have 1, 2 or'3 hetero
'toms seleoteoi from the group consisting of nitrogen, oxygen and sulfur. The heterocycle -
is unsubstituted or substituted by one or more especially from one to three for example
one, identical or different substituents. Important substituents on heterocycle are those
'selected from the group oonsisti'ng of halogen, for example, fiuorine or chiorme, mono- or,'
di-lower alkyl-substituted amino wherein the alkyl groups are unsubstituted or substituted
by halogen, hydroxy, nitro, cyano, lower alkoxy, C3-C7 cycloalkyl, a heterooyclic radical or a_
heteroaryi radicai; lower alkyl, such as methyl or ethyl; halo-lower alkyi, such as , |
trifiuoro'methyl; lower. alkoxy, such as methoxy or ethoxy; halo-lowe‘r alkoxy, for example, i
trifluoromethoxy; lower alkylthio, such as methylmercapto, halo-lower alkylthio, such as
trifiuoromethylthio, a heteroaryl radical, heteroaryi4iower-aikyiene, a heterocyclic radical or
heterooyclic-lower-alkylene. | e |
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f0059] ‘ Heterocycle especially is a radicel selected from the group consisting of
oxlranyl azmnyl 1,2-oxathiolanyl, imidazolyl, thienyl, furyl, tetrahydrofuryl pyranyl,-
thiopyranyl, thlanthrenyl |sobenzofuranyl benzofuranyl, chromenyl, 2H-pyrroly( pyrro!yl
pyrrolinyi, pyrrolidinyl, imidazolyl, lmldazolldmyl benznmldazolyl pyrazolyl pyrazinyi,
pyrazohdmyl ‘pyranyol, thlazolyl isothiazolyl, dithiazolyl, oxazolyl lsoxazolyl pyridyl, pyr-
azinyl, pynmldmyl pxperldyl ‘especially plperldm 1-yl, piperazinyl, espec1ally p;perazm -1-yl,
' ~pyr|dazmyl morpholinyl, especially morpholino, thiomorpholinyl, especially thsomorphohno,
indolizinyl, isoindolyl, 3H-|ndo|yl indolyl, benzimidazolyl, cumaryl, indazolyl, trlazolyl
tetrazolyl, purmyl 4H—qulnoltzmyl isoquinolyl, quinolyl, tetrahydroqumolyl
tetrahydrmsoqumolyt decahydroqumo!yl octahydroisoquinolyl, benzofuranyl
d|benzofuranyl benzothiophenyl, dlbenzothlophenyl phthalazmyl naphthyrldmyl
quinoxalyt, qumazohnyl quinazolinyl, cmnohnyl ptendmyl carbazolyl B—carbolunyl,ﬁ ‘
phenanthndmyl acridinyl, pernmldlnyl phenanthrohnyl furazanyl phenazmyl
phenoth|azmyl phenoxazmyl ‘chromenyl, isochromanyl and chromanyi, each ofthese
radicals belng unsubstituted or substituted by one to two radicals selected from the group
consisting of lower alkyl, especially methyl or tert-butyl, ldwer alkoxy, especially methoxy, :
and halo, especially bromo or chloro. Unsubstltuted heterocyclyl especnally pnpendyl ‘
plperazmyl thlomorpholmo or morphollno is preferred

[0060] Halogen is especnally fluorine, chiorine, bromme or iodine, more: especnally

fluorine, chlorlne or. bromme in: partlcular fluorine. '
" [0061] -Cycloalkyl is preferably C;3-Cyo- cycloalkyl esbecially cyclop'rbpyl -
dimethylcyclopropy!, cyclobutyl, cyclopentyl cyclohexyl or cycloheptyl, cycloalkyl belng

_unsubstituted or substltuted by one or more, especially 1 to 3, substltuents

[0062] Heterocyclylalkyl is as cycloalkyl but containing one or more in- nng heteroatoms
and may be exempllfed by plperldyl plperazmyl pyrollidine, morpholmyl '

[0063] Esterified carboxy is especially lower alkoxycarbonyl such as tert-
butoxycarbonyl iso- propoxycarbonyl methoxycarbonyl or ethoxycarbonyl phenyl -lower
alkoxycarbonyl, or phenyloxycarbonyl :
,[0064] | Alkanoyl is primarily alkylcarbonyli especially lower alkanoyl, e.g. acetyi. n -
pa'rtiCUlaf, the alkanoy! group may be substituted by subetituen‘ts,. e.g. CO-R

[0065] Any reference to compounds, salts and 1he' like in the plUrel is always to be

understood as including one compound, one salt or the like.

[0066] Througho.ut the description and claims of this speciﬂcatien, the words . .
“comprise” and “contain” and variations of the werds, for example “comprising” and
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“comprises” means “including but not limited to”; and is not intended to (and does not) :

,exclude other m0|et|es additives, components lntegers or steps

[0067] Any asymmetric carbon atoms may be present in the (R)-, (S)-or (R S)-
configuration, preferably in the (R)-or (S) -configuration. Radicals having any unsaturation
are present in cis-, trans- or (crs trans) form. The compounds may thus be present as’

' mixtures of |somers or as pure |somers preferably as enantlomer-pure dlastereomers
[0068] The invention relates also topossrble tautomers of the disclosed compounds. ‘

[0069] Stereonsomeric mlxtures e.g: mixtures of diastereomers can be separated into
their corresponding isomers in a manner known per se. by means of suitable separation '
methods .Diastereomeric mixtures for example may be separated into thelr individual
diastereomers by means of fractlonated crystallization, chromatography, solvent
distribution, and similar procedures .This separation may take place either at the level of a
- starting compound orina compound of Formula | or formulae Il to Xli respectlvely
‘Enantiomers may be separated through the formation of dlastereomerlc salts, for example A
by salt formation w1th an enantlomer-pure chlral ac:d or by means of chromatography, for
example by HPLC, using chromatographic substrates with chiral ligands.

[0070] Salts are especially the pharmaceutically acceptable acid addition salts of
compounds of formuta (1). ‘Such salts are formed, for example, by compounds of formula
(1) having a basic nitrogen atom as acid addition salts, preferably with organic or inorganic
acids., especially the pharmaceutically acceptable salts. Suitable inorganic acids are, for

. example, hydrohalic acids, such as hydrochloric acid; sulfuric acid; or phosphoric acid.
‘Suitable organic acids are, .for example, carboxylic, phosphonic, sulfonic or sulfamic acids,
for example acetic acid propionic acid, octanoic acid, decanoic acid, dodecanoic acid,
glycollc acid, lactic acrd 2-hydroxybutyric acid, gluconic acid, glucosemonocarboxylic acrd .
fumaric acid, succinic ac1d adlpic acid, pimellc acid, suberic acid, azetaic acid, malic acrd '
tartaric acid, citric acid, glucaric acrd galactaric acid, amino acids, such as glutamic acid,

~ aspartic acid, N- methylglycme acetylaminoacetic acid, N-acetylasparagine, N-
acetylcystelne pyruvic acid, acetoacetic acid, phosphosering, 2- or 3- glycerophosphoric '
acid, maleic acid, hydroxymaleic acid, methylmaleic.acid, cyclohexanecarboxyllc acid,
benzoic acid, salicylic acid, 1- or 3-hydroxynaphthyl-2-carboxylic acid, 3,4,5-
trimethoxybenzoic acid, 2- ph'e'noxyb'enzoic acid, 2- acetoxybenzoicacid 4- aminos'alicylic
acid, phthalic acid, phenylacetic acid, glucuronic acid, galacturonic acrd methane- or
ethane-sulfonic acid, 2- hydroxyethanesulfonic acid, ethane-1,2- disulfonic acid, '
benzenesulfonlc acid, 2-naphthalenesulfonic acid, 1, 5- naphthalenedlsulfonlc acrd N-
cyclohexylsulfamlc acid, N-methy!-, N-ethyl- or N-propyl- sulfamic acrd or other organic
‘protonic acids, such as ascorbic acid.
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[0071] For‘isolation or purification it is also possible to use pharmaceutically
unacceptable salts for example picrates or perchlorates. Only the pharmaceutrcally
acceptable salts or the free compounds (optionally in the form of pharmaceutrcal '
composmons) are used therapeutlcally, and those are therefore preferred

[0072] In view of the close relatlonshlp between the novel compounds in free form and
in the form of their salts lncludlng also those salts which can be used as |ntermed|ates for
'example in the purlt”catlon ofthe novel compounds or for their |dent|f“cat|on herelnbefore
and hereinafter any reference to the free compounds is also to be understood as mcludlng
the correspondlng salts, as appropriate and expedlent '

[0073] The compounds of the present invention are found to inhibit, regulate and/or '
modulate tyrosme and serlne/threonrne kmase and kinase-like proteins involved in signal
transductlon and composmons contalnrng the compounds are used in the treatment of ’
tyrosme and serlne/threonlne klnase and kinase- like- dependent drseases such as
angiogenesis, cancer, tumour growth atherosclerosis; age related macular degeneratlon
diabetic retinopathy, lnflammatory diseases, neurotraumatlc diseases, chronic -
neurodegeneration ‘pain, migraine or cardiac hypertrophy, and the like in mammals |

[0074] Speclfcally, the compounds of the present mventlon |nh|b|t IKK PDGF R Kdr, ) |
‘¢-Sre, Her-1, Her-2, c-Kit, c-Abl, Ins-r, Tek, Fit-1, Fit-3, Fit-4, c-Abi and FGFR 1, Eph '
receptors (e.g. EphB4) CDK1, CDK2 and RET at >70% mhlbltron at 10, mlcromole More
specifically, the compounds inhibit the RAF famlly of klnases lncludrng mutatlons W|th IC50
| values in the range of 1-1000 nM.

[0075] Typically, th‘e.patient is @ mammal, generally a human, suffering from a disease

“thatis characterized by excessive signaling through the MAP Kinase pathway. This can be

measured by activation state spe’clfc antibodies to pathway members by methods ‘such as

- Western blot analysis ar lmmunohlstochemlstry Such methods are known to those of skill
in the art. '

[0076] In general, the dlsease characterlzed by excessrve signaling through the MAP
Kinase s:gnallng pathway is a prollferatlve dlsease partlcularly a cancer characterlzed by
' lncreased RAF kinase activity, for example one which overexpresses wild-type B-or C-.
RAF kinase, or that expresses an activating mutant RAF kinase, for example a mutant B- -
RAF kinase. Cancers whereln a mutated RAF kinase has been detected include
- melanoma, colorectal cancer ovarran cancer, gliomas, adenocarcinomas, sarcomas,
breast cancer and liver cancer Mutated B-RAF kinase is especlally prevalent in many -
melanomas. ' '
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. [0077] ° In accordance with the present invention, a sample of diseased tissue rnay :
taken from the patient, for example as a result of a blopsy or resectlon and tested to

. determine whether the tlssue produces a mutant RAF klnase such as a mutant B- RAF
kinase or overexpresses a wrld-type RAF kinase, such as wild-type B- or C-RAF kinase. If
the test |nd|cates that mutant RAF klnase is produced orthat a RAF kinase is

| § overproduced in the diseased tissue, the patlent is treated by administration of an effectrve

" RAF- unhlbmng amount of a RAF |nh|b\tor compound described herein.

[0078] However, it is also passible to downregulate the MAP Kinase signaling path‘wa‘y
with a RAF kinase inhibiting compound if another kinase in the cascade is the cause of -
excessive signaling in the pathway. Thus, the present invention further relates to the -

. treatment of a d|sease characterized by excesswe sugnallng in the MAP kinase S|gnal|ng

pathway attnbuted to a cause other than an actwat\ng mutation in or overexpresston ofa o
RAF kinase,

‘[0079] Tissue samples are tested by methods generally known in the art. For exarnple
B- RAF mutations are detected by allele specnrc PCR, DHPLC, mass spectropscopy and: |
| overexpression of de-type B- or C-RAF detected by immunohistochemistry,"
mmunqﬂuorescense, or Western blot analysxs. A partlcularly useful method of detecting B-
' RAF mutations is a polymerase chain reaction based method. Similar methods are used to
determine whether' other kinases in the.cascade are mutant or overexpressed. o

[0’080] A particutarly important aspect of this invention relates toa rnethod of treating

‘ melanoma which comprises (a) testing melanoma tissue from a patlent to determxne
whether the melanoma tissue expresses mutant RAF krnase or overexpresses a wild- type'
RAF kinase and (b) treating the patient.with an effective RAF kinase inhibiting amount of a
RAF-inh_ibitingr'compound described herein if the melanoma tissue is found to overexpress '
a wild type RAF kinase or express an activating mutant B-RAF kinase.v ‘

[0081] - Animportant aspect of this embodiment relates to a method of treating

' melanoma, which compnses (a) testing melanoma tissue from a patient to determine
whether the melanoma tissue overexpresses B-RAF kinase or C-RAF kinase activity and
(b) treating the patient with an effective RAF kinase inhibiting amount of a RAF inhibiting
ycompound descrrbed herein if the.melanoma tissue is found to overexpress the B-RAF
kinase or C- RAF ktnase activity.

[0082] Another lmportant aspect of this embodiment relates to a method of treating.
melanoma, which comp'rises (a) testing melanoma tissue from a patient to determine
whether the melanoma tissue expresses mutant B-RAF kinase and (b) treating the patient
with an effective RAF kinase inhibiting amount of a RAF inhibiting compound descnbed |

herern if the melanoma tissue is found to express mutant B-RAF kinase.
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[0083] Generally, the B-RAF klnase mutation is one of those descnbed in the Dawes et .

al article cnted These mutatlons are summarized in Table 1.

[0084]  Thus, the present lnventnon particularly. relates to a method ofttéating a disease
characterized by an actlvated mutant B RAF kinase, Wthh comprises detectmg a mutation
in the B-RAF kinase gene or protem in a tissue sample: from a patient and treatmg the
patient with an effectlve B-RAF kmase vnh:bmng compound espec:ally a compound -

- ‘described herein. ' :

[0085] Hence, the present invéntion. additionally rélates to a compound (for example of - .'
formulae I.to Xil) for use in the treatment of melanoma. More partlcularly, the invention
relates to a compound for use in the treatment of a dlsease charactenzed by an actlvated
mutant B-RAF kinase. ‘ '

- Table 1

B RAF mutation protein change
G1388A . G4B3E
G1388T - G483V
G1394C v ‘G465A
G1394A - G465E
G13947 S G465V -
G1403C , G468BA
G1403A ' ‘ G468E
G1753A - = ' ES85K
T1782G F594L
G1783C G595R
C1786G . L596V
T1787G L596R
T1796A . , V599E .

TG1796 97AT V599D -

{0086] Further the invention provides for the use of a compound (for example of
formulae 1 to X1l) in the manufacture of a medloament for use in the treatment of '
“melanoma. More specnfcally, the lnventlon provides for the use of a compound in the
manufacture of a'medlcament for use in the treatment of a disease characterized by .an

activated mutant B-RAF kinase. .

'[0087] An impartant aspect of this invention includesv those instances wherein the '
mutant B-RAF kinase exhibits a mutation described in Table 1, especially the V599E
mutation. : - | '

[0088) A particularly important aspect of this invention includes those instances .

. wherein disease is melanoma and the mutant B-RAF kinase exhibits a mutation described
in Table 1, especially the V599E mutation. '
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[0089] ° Accordingly, this lnventron includes a method of treatlng a dlsease
_characterized by mutant B-RAF klnase which comprises detecting a mutation in the B-RAF
. kinase gene selected from G1388A, G1388T, G‘13A94C, G1394A,' G1394T, G1403C,
G1403A, G1.753'A, T1782G, G1783C, C1786G, T1787G, T1796A and TG1796-97AT, or
corresponding mutation in t.he’ RAF kinase protein, in a tissue sample from a patient and

" treating the patient with an effective B-RAF kinase inhibiting compound described herein.

[0090] The present invention further relates to a method of inhibiting RAF Kinase,
“which’ comprises contacting the RAF kinase with a compound of formula (1), or more
specifically with any one of the compounds of formulae (i) to (XH). Preferably, the RAF
kinase is B- or C;RAF kinase, or a mutant RAF kinase,'especially a mutant B-RAF kinase; |
3 particularly the VS99E mutant. The RAF kinase may be isolated or .in a cellular
environment. ' | | ' '

. [0091] The compounds of formula (1), and more spec1fcally the compounds of formulae |
K1) to (Xil) have valuable pharmacological properties, as described above,

[0092] The compounds of the present invention may be admlnistered alone orin
combination with other anticancer agents, such as compounds that inhibit tumor-
angiogenesis, for example, the protease inhibitors, epidermal growth factor receptor kinase |
inhibitors, vascular endothelial growth factor receptor kinase inhibitors and the like; -
cytotoxrc drugs, such as antimetabolites, like purine and pynmidine analog antimetabolites
antimitotic agents like microtubule stabilizmg drugs and antlmitotic alkaloids; platinum

' coordinatlon complexes anti-tumor antibiotics; alkylating agents, such as nltrogen
mustards and nitrosoureas endocrine agents, such as adrenocorhcostermds androgens
anti-androgens, estrogens, anti -estrogens, aromatase inhibitors, gonadotropin- releasmg
hormone agonists and somatostatin analogues and compounds that target an enzyme or .
‘receptor that is overexpressed and/or otherwise involved a spemf"c metabolic pathway that -
is upregulated in the tumor cell, for example ATP and GTP phosphodiesterase inhibitors,
protein klna'se inhibltors, such as serine, threonine and tyrosine kinase inhibitors, for

' 'example, Abelson protein tryosine kinase and the various growth factors, their receptors
and kinase inhibitors therefore, such as, epidermal growth factor receptor kinase inhibitors,
* vascular endothelial growth factor receptor kinase inhibitors fibroblast growth factor
inhrbitors insulin-like growth factor receptor inhibitors and platelet derived growth factor _ '
receptor kinase inhibitors and the like; methionine amrnopeptidase mhnbntors proteasome
inhibitors, cyclooxygenase inhibitors, for example, cyclooxygenase-1 or —2 inhibitors, and
histone deacetylase inhibitors. ' ' ’

[0093] The compound of the present invention may also be administered together with -
radiotherapy, immunotherapy, surgical treatment or combinations thereof. Treatment to
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malntaln the’ status of a patient after tumor remlssmn or even chemopreventlve treatment
for example in the case. of at-risk patients, is also possible.

[0094] Compounds according to the invention are intended not only for the -
(prophylactic and, preferably, therapeutlc) treatment of human belngs but also for the
treatment of other warm- blooded animals, for example of commercially useful animals, for
example rodents, such as mlce rabblts or rats, or gulnea plgs ‘

[0095] In general the |nventlon relates alsotothe use of a compound of formula (|)
and more specmcally to the use of compounds of formulae (1) to (X1, in lnhlbltlng RAF
kunase_ activity. '

[0096] The compounds of the present lnventlon are preferably admlnlstered as an
active mgredlent in a pharmaceutical composition. Preferenoe is given to a pharmaceutlcal" 5
composition which is suitable for admlnlstratron toa warm- blooded anlmal espeolally a
human being’ ora commercxally useful mammal, which is suffenng from a disease
characterized by an aberrant MAP kinase signaling pathway especially, a tumor disease,
most particularly melanoma, comprising a compound of formula (h,ora pharmaceutlcally
acceptable salt thereof where salt-formmg groups are present, |n an amount that is’ '
effective in lnhlbltlng RAF Kinase, partrcularly a mutant RAF klnase together with at least
‘one’ pharmaoeutlcally acceptable carrier.

[0097] Preference is glven also to a pharmaceutlcal composmon for the prophylactlc or,
‘ especrally, therapeutlc treatment of tumor diseases and other prollferatlve dlseases ina
warm-blooded animal, especnally a human being or a commercually useful mammal which
requires such treatment, especiaily which is suffenng from such a disease, comprlsmg a’
novel compound of formula (), or a pharmaceutically acceptable salt thereof, as active .
lngredlent inan amount that is effectlve prophylactically or, especially, therapeutlcally
against the mentioned dlseases

[0098] ' Pharmaceutlcal composmons comprise from apprommately 1 % to
approximately 95 % active- mgredlent dosage forms that are in single dose form preferably
comprrsmg from approxnmately 20 % to approxrmately 90 % actlve lngredlent and dosage

‘ forms that are not in single dose form preferably comprlsmg from approximately 5 % to .
approximately 20 % active ingredient. Unit dose forms are, for example dragees tablets
ampoules, vials, supposltones or capsules Other dosage forms are, for example

" ointments, creams pastes foams, tlnotures lipsticks, drops, sprays, dlsperswns etc.
Examples are capsules compnsnng from approximately 0.05 g to approxnmately 1.0 g.of the.
“active ingredient.

20



WO 2007/109045 PCT/US2007/006424

. [0099] The pharmaceutical compositions of the present mventnon are prepared ina
manner employing steps which may individually be known per se, for example by means of
. conventional mlxmg granulatlng confectlonlng dlssolvmg or lyophlllsmg processes.

[oo1 00] Solutions of the actlve mgredlent are preferably used, in addition also
suspensrons or dlsperS|ons especnally |soton|c aqueous solutions, dlsperS|ons or B
- suspensxons which, in the case. of, for example, lyophilised composmons WhICh contain the
actlve substance alone or together with a carrier, for example mannitol, can be prepared
‘prior to use. The pharmaceutlcal compositions may be sterilised and/or comprise
excipients, for example preservatlves stabilisers, wetting agents and/or emulsifiers,
'solublllsers salts for regulating the osmotic pressure and/or buffers, and are prepared in a
manner kriown per se, for example by means of conventlonal dlssolvmg or lyophlllsmg
processes. The mentioned solutions or suspensions may comprise vnscosﬂy-mcreasmg
substances, such as sodium carboxymethylcellulose carboxymethylcellulose, dextran,
. polyvmylpyrrolldone or gelatln or solublllsers for example Tween 80
[polyoxyethylene(ZO)sorbltan monooleate; trade mark of |Cl Amerlcas Inc, USA]

[00101] Suspensions in oil comprise as the oily component the vegetable, synthetic or
sernifsy_nthetlc oils customary for injection purposes. There may,be mentioned as such
especially liquid fatty acid esters, which comprise as the acid- component a long-chained
- fatty acid having from 8 to 22, especially from 12 to 22, carbon atoms, for example lauric
ac1d tridecylic acid, myristic acid, pentadecylic acid, palmitic acid, margaric acid, stearic
‘ acnd arachldlc aCld behenic acid or correspondlng unsaturated acids, for example oleic
' acnd elaidic acid, erucic acid, brassidic acid or linoleic acid, optlonally with the addltlon of -
antloxldants for example vitamin E, 8- carotene or 3, 5—d1-tert—butyl-4 hydroxytoluene The
alcohol component of those fatty acid esters has a maximum of 6 carbon atoms and is a
mono- or poly- hydrlc for example mono-, di- or tri-hydric, alcohol, for example methanol
ethanol propanol, butanol or pentanol orthelr isomers, but especially glycol and glycerol..
Examples of fatty acid esters which may be mentloned are, therefore: ethyl oleate,
: |sopropyl ‘myristate, lsopropyl paimitate, "Labrafil M 2375" (polyoxyethyleneglycerol
trioleate from Gattefossé, Paris), "Labrafil M 1844 CS" (unsaturated polyglycolised ‘
glycerides prepared by alcoholysis of apricot kernel oil and composed of glycerides and -
polyethylene glycol ester; Gattefossé, France), "Labrasol" (saturated polyglycolised |
glycerides prepared by alcoholysis of TCM and composed'of.glycerides and polyethylene"
glyc'ol ester; Gattefossé, France) and/or "Miglyol 812" (triglyceride of saturated fatty acids
having. a chain length of from Cg to C2 from Huls AG, Germany), but especially vegetable
oils, such as cottonseed oil, almond oil, olive oil, castor oil, sesame oil, soybean oil and
.more especially, groundnut oil. '
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[00102]  The preparation of the injection compositions is carried out in customary
manner under sterile conditions, as are also the introductio'n thereof, for example, into

ampoules or vials and the sealing of the contamers

[00103] Pharmaceuhcal composmons for oral admmlstratlon can be obtarned for
example by comblnlng the active lngredlent with one or more solid carriers, granulatlng a
resulting mixture, where approprlate and processmg the mixture or granules, if desnred

g 'where appropriate by addmon of additional excnplents to tablets or dragée cores.

[00104] Sunable carriers are especnally fllers such as sugars for example lactose
saccharose mannitol or sorbitol, cellulose preparations and/or calcrum phosphates for
example tricalcium phosphate or calcrum hydrogen phosphate; also binders, such. as '
starches, for example corn, wheat, rice or potato starch, methylcellulose
hydroxypropylmethylcellulose sodium carboxymethylcellulose and/or polyvmylpyrrolldone
and/or, (f désired, dlsnntegrators such as the above-mentioned starches also '
carboxymethyl starch crossllnked polyvrnylpyrrohdone alglmc acrd or a salt thereof such
as sodium alginate. Addltlonal excipients are especially flow conditioners and lubncants for
example silicic aC|d ‘talc, stearic acid or salts thereof, such as magnesxum or calcium- ;
stearate and/or polyethylene glycol, or derivatives thereof '

[001 05] " Dragée cores can be provided with suitable, optronally enterlc coatlngs there o
being used rnter alia concentrated sugar solutions which may contain gum.arabic, tale, '
polyvinylpyrrolidone, polyethylene glycol and/or titanium,dioxi'de, or coating solutions in’
suitable organic solvents or solvent mixtures or, for the preparation of enteric coatings,
solutlons of suitable cellulose preparations, such as acetylcellulose phthalate or '

: hydroxypropylmethylcellulose phthalate Colourlngs or plgments may be added to the
tablets or dragee coatings, for example for ldentrfcatlon purposes or to indicate dlfferent
_doses of actlve ingredient.

[00106] . Pharmaceutical compositions for oral adm|mstrat|on are also hard gelatm
capsules and soft sealed capsules consisting of gelatin and a plasticiser, such as glycerol

or sorbitol. The hard gelatln capsules may contain the active mgredlent in the form of
granules, for example in admixture with flllers such as corn starch, bmders and/or. glldants

‘such as talc or magnesium stearate, and optionally stablllsers {n soft capsules the active - :
mgredlent is preferably dlssolved or suspended in suitable liquid excnplents such as fatty

. 0|ls paraffn oil or liquid polyethylene glycols or fatty acid esters of ethylene glycol or- .

' propylene glycol, it likewise being possible to add stabilisers and detergents, for exarhple of
“the polyoxyethylenesorbitan fatty acid ester type. o | |

[00107] Suitable rectally administrable pharmaceutical compositions are, for example,

supposutorres that consrst of a combinatir~ of the active mgredlent with a supposltory base. -
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- Suitable supposrtory bases are, for example, natural or synthetlc trlglycerldes parafﬂn :
hydrocarbons polyethylene glycols or hrgher alkanols

,[00108] For parenteral admlnlstratlon there are suitable, eSpemally, aqueous solutlons of
an active ingredient in water-soluble form for example in the form of a water-soluble salt,

or aqueous |n)ectlon suspensrons that comprlse viscosity- lncreasmg substances for

example sodium carboxymethylcellulose sorbitol and/or dextran and if desrred stabilisers.
The active lngredlent optionally together with excipients, can also be in the form of a

"lyophlllsate and can be made into a solutlon prior to, parenteral administration by the |
addition of suitable solvents. '

[00109] | Solutlons used, for example for parenteral admlnlstratlon can also be used as

_ mfusuon solutlons

{00110] Preferred preservatives are, for example,- antioxidants, such as'a.scorb'lc acid, or
mlcroblc1des such sorblc acid or benzorc acid. )

[oo111] The invention relates especrally to a process or a method for treating one of the .
pathologlcal conditions that i is characterizéd by an aberrant MAP kinase signaling pathway
especrally a dlsease responsive to inhibition of RAF kinase, especially a correspondlng

“tumor disease. The compounds of formula () can be admlnlstered prophylactically or
therapeutloally as such or in the form of pharmaceutical composmons preferably in an
amount that is effective against the mentloned_ diseases, to a warm-blooded animal, for
example'a human being, requiring such treatment,the compounds being used especially in’

- the form of pharmaceutical compositions. In the case of a body weight of approkimately 70

kg, a daily dose of from approximately 0.1 g to approximately 5 g,'preferabl‘y from |
approximately'O.S g to‘approxlmate’ly 29, of a compound of the present invention is
administered. -

[001'12] The preferred dosage, compositlon and preparation of pharmaceutical
formulations (medlcaments) to be used in each partlcular case are described above.

' l[00113] The compounds ofthe present lnventlon are prepared utlllzmg methods
preferably according to the exemplary reactlon schemes described below, individual steps
of the said methods belng known in general terms to those skllled in the art.

23



WO 2007/109045 PCT/US2007/006424

[00114] A general scheme showing a process of the present invention is as described
above. A more specific variation of the above scheme is given below (Scheme G):-

Ne N | o Ny N O LN (e
SAGEEHORCE G R C,
'OH , : | | Cl o C'v . o

H
- N
N_ _N_
0T 0 3= ,
. N . ~© OH
Cl . l _ -

Scheme G

'[001.15] ~An example of an R group is one containing sulphur, as‘i'llustrated below in

Schemes 1 a_rid'2:

N\ N. ' N\\‘/N : \\'/ ' '
g — — o
2N = ~ ' _ g7

‘ . . ol )
OH : ci , c1 ¢
2-Phenylamino-pyrimldin-4-o o o . '
Synthetic Communications
(1997), 27(11), 1943-1849 . ' H . )
‘ - ' N N N :
. ~
. ,H ‘ . N ' . \rL/ 3 . X
. ! / \ ’N R
: | T N o
—_ - . 8 . ‘ .
~N 'S/N(R ), OH - Co ‘
B O\ . ,
Cl ‘ o - - ‘ :
' OH

Scheme 1
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. [0o0116] A par’ucular example of a reaction of Scheme 1 is shown below: -

O —G0 — 1 .
' e : '

- OH |
Z-Phenylamlno-pyrlmldlh-A-ol i

Synthetib Communlcations
(1997), 27(11), 1943-1948

Scheme 2

" OH
Scheme 3
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[00118] A particutar example of reaction Scheme 3 is shown below in Scheme 4.

N SC  un | N N

on * : o OH

Scheme 4

- Examples

~[o0118] The preparative method will now be illustrated by reference to the spec:flc :
preparatlons of 1-{2 [3-(3- Chloro propoxy) phenylamino]- pyrlmldln—4 -yl}-1,2,3,4-tetrahydro-
qumolm S-ol and various 1-{2-[3- (sulphonyl sulphanyl and suliphonamino)- phenylammo]-

' yrlmldm-4 yl}-1 2,3,4- tetrahydro qulnolln -5-ol derivatives,

[oo1 20] Resuits of meltmg pomt tests and mass spectrometnc evaluatlons are also
presented. '

[00121] 1-{2 [3-(3-Chloro-propoxy)- phenylamlno] pyrlmldm-4-yl} 1 2 3, 4-.
tetrahydro-qumolm -5-ol

[00122] Intermediate synthesns

- [00123} {3 (3- Chiloro- propoxy) phenyl] {4-chloro- pynmldnn -2- yl) amlne
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R TR T YR

.O ~TN O\/\/Cf
'Z—Methy]sulfanyl- 3-(3-Ch|oro-propoxy). ) 2-[3-(3-Chloro propoxy) {3«3-Chloro-propoxy)-phenyl]-

pyrimidin-4-ot phenylamine - . -phenylamino]-pyrimidin<4-0l  ° {4-chloro-pyrimidin-2-yl)-amine - .

) [061 24] Heating 22.98 g (161.64 mmo) '2-methylsulfanyl-pyrimidin-4-ol in 90 mL DMEU
to 100° C results in a clear solution. Now, 30 g (161.64 mmol) 3-(3-chloro-propoxy)-
"pheny:lamine are added. Heating at 100‘5 C is continued for 15 h: A 10 mL fraction of this
,reaotion mixture is poured onto aqueoué sodium bicarbonate and extracted with ethy! .
acetate After evaporation of the solvent the brown oil is: dlssolved in 10 mL DMEU and 35

" mL POCI, are added. After heatrng the reaction mixture at 70° C for 2 h it is carefully

poured onto an aqueous bicarbonate solution. Extraction with ethy! acetate followed by
flash chromatography on silica (eluent hexanes ethyl acetate 1:1) affords 186049 (yreld ca.
'50%) of the title compound as brown oil..

'H NMR: (DMSO de, 400 MHz): 10.03 (s, 1H), 8.45 (d, 1H), 7.44 (t, 1H), 7.29 (dd 1H), 7.21 -
(t, 1H), 6.97 (d, 1H), 6.61 (dd, 1H), 4.07 (t, 2H), 3.80 (t, 2H), 2.18 (quint, 2H).

[oo125] 1-{2- [3 (3-Chloro-propoxy)-phenylamino]- pyrnmrdrn—4 -yl}-1,2,3,4- tetrahydro- :
qurnolln -5-ol;

. - ' 4
- T |
o gy — X
cl O\/\/Cl .
3'(3 Chloro—propoxy)- [3«3- Chloro-propoxy) phenyl]- : 1-{2-[3-(3-Chloro-propoxy)-phenylamino] '
phenylamine (4-chloro-pynmid|n -2-yl)-amine, -pyrimidin-4-yi}-1,2,3,4-tetrahy dro-quinolin-5-ot

[00126] A mixture of 200 mg (0.617 mmol) [3-(3-chloro- propoxy) phenyl] {4-chloro-

' pyrlmldm 2 yl) amine and 100 mg (0.617 mmol) 3-(3-chloro-propoxy)-phenylamine is
heated neat at 100° C for-20 mrnutes Wrth the help of sonication the resulting resin rs

~ dissolved in a mixture of ethyl acetate and aqueous sodium blcarbonate The orgamc layer .
is dried over sodium sulfate and evaporated. Chromatography on srhca using
drchloromethane/ethyl acetate (10:1) as eluent afforded 160 mg (yield 58%) of the title '.
compound as yellow foam

"H NMR (DMSO ds, 400 MHz): 9.43 (s, 1H), 9.13 (s, br, 1H), 7.91 (d, 1H), 7.47 (m 1H),
7.7 (d, 1H), 7.04 (t, 1H), 6.90 (t, 1H), 6.72 (d, 1H), 6.51 (d, 1H), 6.42 - 6.38 (m, 2H), 3.96 "
(t, 2H), 3.88 (dd, 2H), 3.71 (t, 2H), 2.53 (t, 2H), 2.09 (quint, 2H), 1.78 (M, 2H).
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MS: ES+ ; 411 '(M+1)* isotop pattern for 1 chlorine atom.

[60127] 1-{2 [3—(su|phonyl sulphanyl and sulphonammo) phenylammo] pynmldin- -
-yl} -1,2,3 4-tetrahydro-qu|nohn-5 ol derlvatlves '

{001 28] lntermedlatesynthesus: -

, ' » 4-Chl d -2-| h I-
2-Phenylamino-pyrimidin-drol ‘ gml:eoro pyrlml in-2-y1)- P eny

Synthetic Communications’
(1997), .27(11), 1943-1949

4 -(4-Chloro- pyrnmldln 2-ylam|no)-
benzenesulfonyl chlonde

{00129] (4-Chloro- pynmadrne 2-yl)-phenyl-amine

_ [00130] 2 Phenylamlno pyr|m|d1ne-4 ol (1. 309 g. 7 mmol) is: suspended in 35 mL of
acetonitrile ‘and treated with 3.5 mL (14 mmol) of a 4 m solution of hydrochlorlc acid in
dioxane (Aldrlch) and 1.6 mL (17 5 mmol) phosphorous oxychloride under nltrogen and at
room temperature The mixture is heated under reflux for 3 hours, cooled and diluted with

_ethyl acetate. The resultlng solution is washed with saturated sodium bicarbonate solutlon
and bnne dried over sodium sulfate and evaporated The residue is purlﬂed by flash
chromatography on silica gel usrng ethyl acetate/hexane 2:8. The title compound is
.obtalned in 86% yield (1.5 g) m.p. 134-135 °C; MS (ES+) m/z (M + H)"" 2086.

[00131] 4-(4-Chloro- pyrrmldrne 2 -ylamino)- benzenesulfonyl chlorlde

[001‘32] ‘3.2 mL (48 mmol) Chlorosulfonrc acrd are cooled to 0 °C under nitrogen. To thrs ‘
"is added (4-chloro- -pyrimidine-2-yl)-phenyl-amine (1. 15 g, 5.6 mmol) in small portions under :
stirring. After complete addrtlon the mixture is stirred 15 minutes at O °C 2 hours at room
temperature and 15 minutes at 60 °C. The yellow.solution is cooled and added slowly onto
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100 g of crashed ice. After the ice has completely melted the solid is fltered off, washed
with water and dried under vacuum. The title compound is obtamed in.74% yield (1.26 g):

. m.p. 182-185 °C; MS (EfS+) m/z (M + H)" 300 (ma‘ss of the corresponding methyl sulfonate
since the MS solution was made up in' methanol). |

‘4-(4- Chloro pynmldrn 2-ylam|no) -be

) nzehesulfonyl chloride 4-(4¥Chloro-pyrimidih-z-ylamino)-N-
cyclohexyl-benzenesulfonamide

OH N-Cyclohexyl-4-[4-(5-hydroxy-3,4-di
hydro-2H-quinolin-1-yi)-pyrimidin-2
-ylamino]-benzenesuIfonamide

[00133] N- Cyclohexyi—4 [4- (5 hydroxy- 3 4-dihydro- -2H- qumohn 1-y|) pynm\drne -2-
ylamino]- benzenesulfonamrde

[001 34] A mixture of 560 mg (1.5 mmol) 4-(4- -chloro-pyrimidine-2-ylamino)-N- Cyc|ohe>.<yl-' :
benzenesulfonamide and 225 mg (1.52 mmol) 1,2,3,4-tetrahydro-quinoline-5-ol is heated
without solvent in an oil bath for 15 minutes at 200 °C. The brown viscous mixture is cooled
_ first to room temperature, then with dry ice, and the solidified material is pulverized. This :
solid is stirred with 5% citric acid solution, filtered, re- suspended'in saturated sodium |
bncarbonate solutron filtered again and finally washed with water. This materral is subjected
to aflash chromatography on snlrca gel using ethyl acetate/hexane 8:2. Pure fractions are
pooled and evaporated, strrred a few minutes in methanol, filtered, re-suspended ina
mixture of toluene and diispropyi ether, filtered again and dried under vacuum. The title
compound is obtained in 20% yield (1.50 mg): m.p. 236-238 °C; MS (ES+) m/z (M + H)*
480.

[001 35] Starting material 4-(4-chloro-pyrimidine-2—vylamino)-N-cyclohexyl-

benzenesulfonamide
29
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[00136] soo'mg (2 mmol) 4-(4-Chloro- pyrimidine 2-ylamino) benzenesulfony! chloride
are suspended in 80 mL of dichloromethane and treated at room temperature wrth 0. 57 mL
(5 mmol) cyclohexylamine. All the material goes slowly-into solutlon and after strrrlng for -
about 15 minutes fine needies start to appear. The stirring is continued for a total of 2
hours then the mixture is dlluted with dichloromethane and washed with 5% citric acid and
brine. The organic phase is dried (Na2804) and evaporated The title compound is obtamed
~in 99% yneld (706 mg): m. p 202-204 °C; MS (ES+) m/z (M + H)*' 367.

[00137] The following examples are synthesrzed using an analogous sequence as
described for N-cyclohexyl-4-{4-(5- hydroxy -3,4- dshydro 2H qumohn 1-y!) pynmldme-Z-
ylamino]- benzenesulfonamrde

No _N :
| , o m
. /‘ N s g N .
: , . VZAN , B
N : S
4-[4-(6-Hydroxy-3,4-dIhydro-2H-

quinolin-1-yl)-pyrimidin-2-ylamino]-N-
{3-methyi-butyl)-benzenesulfonamide

OH

S/N\/AN/
AN o
o o}

N-(2-Dimethylamino-ethyl)-4-[4-(5-
hydroxy-3,4-dlhydro-2H-qulnolin-1-y!)
-pyrimidin-2- ylamlno] -benzenesulfo
namlide

N ' o "o OH .
. 3.{4-[4-(5-Hydroxy-3,4-dIhydro-2H.
: quinolin-1-yl}.pyrim!din.2.ylamino].’
. " bonzenosulfonylamino}-proplonic acld .~

oH
: H
N N
) =N s~ n ~ OH
: N ~
, N o] o '
4.[4-{5-Hydroxy-3,4.dlhydro-2H.
quinolin-1.y))-pyrimidin-2.ylamino]-N-
. (2-hydroxy-othyl}-benzencsulfonamide
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Comp name , o m.p. in °C | MS (ES+) m/z
S (M + H)""

4-[4- (5 Hydroxy-3,4- dlhydro 2H- -quinoline-1-yl)- pynmxdm 2— 124-126 ' | 468
ylamino]-N-(3-methyl-butyl)- benzenesulfonamlde : o

N- (2 D[methylamlno ethyl)-4 (4-(5- hydroxy -3,4-dihydro-2H-- ‘175-177 468
qumohne 1-y|) pynmldm-Z ylamino}- benzenesulfonamlde

_ 3-{4 -[4-(5- Hydroxy 3,4~ dlhydro 2H qumolme -1-yl)-pyrimidin- | 217-219 470
2-ylaminol-benzenesulfonylamino}-propionic acid '

4-[4-(5-Hydroxy-3,4-dihydro-2H- qulnolme 1-yD-pyrimidin-2- | 242-245 442
ylammo] N- -(2- hydroxy-ethyl) benzenesulfonamlde

"~ [00138] (3 Chlorophenyl) {4- (3, 4-d|hydro 2H-quinolin-1-yl)- pynmtdm -2-yl]-amine
hydrochloride:

N{ S R cl
T '

/‘N ) ————l-

.. OH o
2-Methylsulfanyl-pyrimidin-4-ol o

2-(3-Chioro-phenylamino)-pyrimidin-
4-0l . '

ci _cl

(3-Chloro- phenyl) (4-chloro pyrlmld
in-2-yl)-amine

(3-Chloro-phenyl)-[4-(3,4-dihydro-2
H-quinolin-1-yl)-pyrimidin-2-yl}-amine

[00139] 2-(3-Chloro-‘phenylar'nino)-pyrimidine-4-ol

[00140] 2-Methylsulfanyl-pyrimidine-4-ol (568 mg, 4 mmol) and 3-chlorqhaniline (0.47
mL.n4 mL) are miXed and heated for 30 minutes to 170 °C. The resulting solution is cooled
and triturated with O. 1 m hydrochloric acid, filtered washed with water and dried uhder
vacuum. The title compound is obtained in 59% yleld (520 mg): m.p. 250-252 °C; MS
(ES+) m/z (M + H)*’ 222. '
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[00141] (3- Chloro -phenyl)-(4- 'ch!oro' pyrirnidine 2-yl)-amine

‘[001 42] 2-(3-Chioro- phenylammo) -pyrimidine-4-ol (444. mg 2 mmol) is added in port\ons
to 8 mL phosphorous oxychlorlde at room temperature " The mixture is heated to 70 °C for
1 hour, cooled and the excess phosphorous oxychloride evaporated under reduced
,pressure The residue is dussolved in ethyl acetate washed with saturated sodium
carbonate’ solutlon and brme dried over sodium sulfate and evaporated The title

. 'compound is obtamed in 91% yleld (440 mg) m.p. 112- 114 °C; MS (ES+) m/z (M + H)+1
240,242. ' '

[00143] (3- -Chloro- phenyl) [4-(3,4- d|hydro 2H qulnollne 1-yl) pyrlmldm 2 -yl}-amine
hydrochlonde

[00144]  (3-Chloro-phenyl)-(4-chioro- pyrimidine 2-yl)-amine (360 mg, 1.5 mmol) in 1 mL
of dioxane is treated with 223 mg (1.5 mmol) 1,2,3,4- tetrahydro-qulnollne -5-ol. The mixture
is heated 2 hours at 80 °C and then 18 hours at 100 °C. The solvent was evaporated and
the residue suspended in ethyl acetate/hexane 1:1 stirred- for a few minutes and flltered

: The title compound is obtained in 29% yleld (150 mq): m. p 250-252 °C; MS (ES+) m/z (M
+H)* 353,

[00145] The following examples are synthesized using an analogous sequ‘enc'e as
descnbed for (3 -Chlorophenyl)-[4-(3,4- dlhydro -2H- qumohn 1-yh)-pyrimidin-2-yl}- amine
hydrochlonde. The compounds in the table are isolated as the free bases. '

i .
‘O Q g |
N ! .
. . s~ RS . S//(:)
NH,
1-{2-[4- (Plperldlno 1-sulfonyl)-
ph nylamino)-pyrimidin-4-yl}- ' ) . ) . . ’
1,2,3,4-tetrahydro-quinolin-5-ol 4:[4-(5-Hydroxy-3,4- dlhydro -2H-
quinolin-1-yl)-pyrimidin-2-ylamino]-
OH benzenesulfonamide

1-[2-(4-Mathylsulfanyl-phenylamlno) ‘
-pyrimidin-4-yl]-1,2,3,4-tetrahydro-
quinaolin-5-ol
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Compound name , - : . | m.p.°C MS (ES+) m/z
- . ' . R : M+
1-{2-[4-(Piperidine-1-sulfonyl)-phenylamino]-pyrimidin-4- | 126-128 1466 0

yi}-1,2,3 4-tetrahydro-quinolin-5-ol

4-[4- (5 Hydroxy 3 4-dihydro-2H- qumolm 1-yl) -pyrimidin- | 155-158 . 398
2- ylammo] benzenesulfonamlde ' :

11- [2 (4- Methylsulfanyl phenylamlno) pynmldm-4 yl] 190-192 |1 365
1 2 3,4- tetrahydro-qunnollne -5-o0l .

‘[00‘146] 1-[2- (4 Methanesulfonyl phenylammo) pyrlmldm-4 yl]-1,2,3,4-tetrahydro-
quinolin- -5- ol (oxidation product of 1 [2 (4- methylsulfanyl phenylamlno) -pyrimidin-4-yl}-
1,2,3,4- tetrahydro qunnohne -5- -ol) -

L 1-[2-{4-Methanesulfony!- o
s phenylamino)-pyrimidin-4-yi]-1,2,3,4-
Yo  tetrahydro-quinolin-5-ol

. [00147] ,' 1-[2-(4-Methyisulfanyl-phenylamino)-pyrimidin-4-yl}-1,2,3,4-tetrahydro-quinoline-
5-o (364 mg, 1 mmol) is suspended in 10 mL of dichloromethané.at'o °C. m- ‘
chloroperbenzoic acid (FLUKA'25800, 590 mg, 2.4 mmol) is added and the mixture stirred
at 0 °C for 45 minutes. 100 mg of Na,SO;, are added and the reaction mixture is _tHen
partitioned between dichloromethane and water. The orgahic layer is separated and
washed with saturated sodium bicarbonate, water and brine, dried over sodium sulfate and
'évaporated. The crude material is purified first by flash éhromafography on silica gel using -
" ethyl acetate and then by MPLC on a reverse phase column usihg an acetonitrile/water -
gradient containing 0.5% TFA. The title compound is_obtained in 6% yield (25 mg): mp
242-245 °C;MS (ES+) m/z (M + H)*" 353, |

[00148] Addit‘ionai' compounds within the scope of the present invention include the
follownng '

1-[2-(3,4,5- trlmethoxy phenylamlno) pyrlmldln-4 yl]-1,2,3,4- tetrahydro—qumohn -5-0l
-[4-(5-hydroxy-3,4 dihydro-2H-quinolin-1-yl)-pyrimidin-2-ylamino]- -benzenesulfonamide
'1-[ 2—(3,4,5-trimethoxy-phenyllamino)-pyrir"idi‘n-4-yl]-1 ,2,3,4-tetrahydro-quinolin-6-ol
| S 33 : :
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1-[2-(3,5- dim'etﬁoxy 'pheny|amiho) pyrimidin-;t -yl}-1,2,3,4-tetrahydro-quinolin-5-o!

1-[2-(3, 4,5- tr:methoxy phenylammo) -pyrimidin-4-yl]-1,2,3,4-tetrahydro- qumohn 7-ol
4 [4 (6-hydroxy-3,4-dihydro-2H-quinolin-1-yl)- pynmldm 2-ylamino]-N-(2- hydroxy ethyl)

benzenesulfonamide =

{4- [4 -{5-hydroxy-3,4- dlhydro 2H—qumohn 1-yh)~pyrimidin-2- ylamlno] benzenesulfonylammo}-

acetic acid '

' -1-[2-(3,5-dmethoxy-phenylamino)-pyrimidin-4—yl]~1,2,3,4-tetrahydro-quinolin-6-ol
4-{4-(6-hydroxy-3,4- dihydrd 2H-quinolin =1-yl)-pyrimidin-2-ylamirio]- benzenesu’lfonam’ide
4-[4-(5- hydroxy 3, 4- -dihydro-2H-quinolin- -1-yl)-pyrimidin-2- ylamlno] -N-(2- hydroxy ethyl) 3-

methyl-benzenesulfonamide
1-[2-(3-chloro-phenylamino)- pynmldm-4-yl] 1,2,3,4- tetrahydro qunnohn 5-0l
[4-(3,4-dihydro-2H-quinolin-1- -yl)- pyrlmldln 2-yl]-(3,4,5- trlmethoxy phenyl)- amlne ‘
1-[2-(4-methanesulfonyi- phenylamlno) pyrlmldm -4-yl}-1.2, 3 4-tetrahydro- qumolm -7- ol
1-[2-(4- -methylsulfanyl- pheny|ammo) -pyrimidin-4-yl]-1,2,3,4-tetrahydro-quinolin-5-of
1-(2- phenylammo pyr(mldln-4 yl) 1,2,3 4-tetrahydro qumolm 5-ol
1-[2-(3-hydroxy-phenylamino)-pyrimidin-4-yl]-1,2,3 4-tetrahydro-quiholin-5 ol ‘
4-[4- (5 hydroxy -3,4- dlhydro 2H-qumo(m -1-yl}-pyrimidin-2- ylamlno] 3- -methyl- N-(3 methyl-
butyl)- benzenesulfonamlde
4-[4-(5-hydroxy-3,4-dihydro- 2H—qumol|n 1 yl) -pyrimidin-2- ylamlno] N-pyrldm—4 ylmethyl-
benzenesulfonamlde
1-{2-[3-(2-imidazol- 1-y| ethoxy) phenylammo] pyrimidin-4- yl}-1 2,3,4~ tetrahydro qumolm 5-
| ol ' : ‘
1_-{2-[3-(3-chloro-propoxy)-phenylamino]-py'rimidin-4-y|}'-1 ,2,3,4-tetrahydrb-quiholin-sfol

- 4-[4- (5‘ chloro-3,4- dihydro 2H—quinolin 1-yt)-pyrimidin-2- y]aminb] benzenesulfohamlde'
1-{2-[3-(3- morphohn-4 yl propoxy)- phenylammo] pyrimidin-4-yi}-1,2, 3 8- tetrahydro-qumolln- ‘

5-0l : '
4- [4 (3,4-dihydro-2H-quinolin-1-yl)- pyrlmldln 2 -ytaminol- benzenesuh‘onamlde ,
4-[4-(6-hydroxy-3,4- dlhydro 2H-qumohn -1-yh-pyrimidin-2-ylamino)-N- (3 methyl- butyl)-

benzenesulfonamlde
[4-(6-methyl-3,4- dlhydro 2H-qumo||n 1- yl) pyrlmldln 2-y]-(3,4,5- trlmethoxy phenyl) -amine

“1-{2- [3 (3-chloro- propoxy) pheny|am|no] -pyrimidin-4-y(}-1,2,3,4- -tetrahydro- qumohn-? ol.
[4-(7-methyl-3,4-dihydro-2H-quinolin-1-y})-pyrimidin-2- yl]-(3,4,5- trumethoxy phenyl) -amine |
4-[4- (6 -methyl-3,4- dlhydro -2H-quinotin-1- -yl)}-pyrimidin- 2- ylamlno] benzenesulfonamlde
[4-(3,4-dihydro-2H-quinolin-1-yl)- pyrimidin-2-yl]-(2,3-dimethoxy- benzyl) amine
.4~ [4 (5-hydroxy-3,4- dlhydro-ZH-qumohn 1-y)-6- methyl pyrlm|d|n-2 ylamlno]-

benzenesulfonamlde
3-[4-(3,4-dlhydro-ZH-qumdlin-1-‘yvl‘)-pyrimidin-2-yla_minq]-bhenol"
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. 4-[4-(6- ﬂuoro 2-methy!-3,4-dihydro- 2H-qu|nohn -1-yl)- pyramldln 2- ylammo] -N-(3- methyl- :
butyl) benzenesulfonamlde .
1-{2-(3,4,5- tnmethoxy phenylamino)- pynmldln-4 yl] 1,2,3,4- tetrahydro-qulnolln -8-0l

[1-( 2—phenylamlno-pyr|mld1r_1—4-y|)-1,2,3,4-tetrahy'dro quinolin-3-yi}- carbamlc aCld benzyl
.ester

C1- [2-(4- trlfluoromethyl phenylamlno) pynmldln-4 yl]-1,2,3,4-tetrahydro- qumolln -5-ol

[00149]  Dry-filled capsules

[00150] " 5000 capsules, each comprlsmg as actnve 1ngred1ent 0.25¢ of one of the
compounds of formula | mentioned above, are prepared as follows

~ [00151] Composition

active ingredient o 1250 g -

talcum : 180 g
wheat starch - 120 g
magnesium stearate' . 80g

Iactoee , 20g |

- [00152] Preparatlon process

[00153] The mentioned substances are pulverized and forced through a sieve of 0.6 mm
mesh size. 0.33 g.portlons of the mlxture are introduced into gelatin capsules using a

capsule-ﬁllihg machine.

[00154] . Soft capsules -

[00155].. 5000 soft gelatin capsules, each comprising as active ingredient 0.05 g of one
of the compounds of formula (1) mentidned above, are prepared as follows:

[00156] - Composmon :

active mgredlent 250¢g
PEG 400 1L

Tween 80 ' 1L

[00157] 'Preparetion process '

[00158] The active ingredient is pulverized and suspended in PEG 400 (polysthylene
glycol having an Mr of from approximately 380-420, Fluka, Switzerland) and Tween®80
(polyoxyethylene sorbitan monolaurate, Atlas Chem. Ind. Inc., USA, supplied by Fluka, .
Switzerland) and g'round in a wet pulverizer to a perticle size of approximately from 1-3-um. .
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0.43,9 portions of the mixture are then introduced into soft gelatin capsules using a
capsule-filling machine. . - '

[00159] EQUIVALENTS

[00160]  While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be un'derstood'thét
.the' invention is not to be limited to the disclosed embodiment, but on the contrary, is

~ intended to cover various modifications and equivalent arrangements included within the

“spirit and scope‘of the appended claims. . ' |
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- CLAIMS -

. 1. A compound of formula (l)

- of a pharm'aceutically acceptable salt, ester or prodrug .thereo'f for use as a pharmaceutical‘
wherein | ' ' N
each of A,, Az, As, Asis mdependently selected from N or C-R® where R3 represents H or a
substituent moiety of C and where at least one of Ay, A, and A, is N; '

X is a linking moiety selected from N-H, substituted ammo Oors;

R'is a substituent of the aromatic ring and n'is an lnteger from O to 4;

Y and D are mdependently selected from O, S, CH,, NH, R‘5 substltuted C, or RE-
substltuted N, .

R%is a substntuent of the rlng WhICh contains Y and D and Tis an lnteger from 0O to the
maximum number of available valencies of the ring:;

"R?is a substrtuted or unsubstituted moiety selected from hydrocarbyl and heterocyclic;

"Tis selected from H, halogen, O-R®, S-R¢, SO-R® soz-R8 SO,-N(R%),, SO.-NR" and SO,-

halogen where R%is selected from hydrogen, substituted or unsubstltuted alkyl,
ycloalkyl heterocyclyl oraryl: and R% is substltuted or unsubstltuted alkyl, cycloalkyl, or

aryl and NR' represents a heterocyclic rlng including the nitrogen; and p is an mteger
from O to 5. '

2. A compound of formula (1)

| R,
A/ S

A“ _A

P
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ora pharmaceutlcally acceptable salt ester or prodrug thereof

wherem ' ' ' '

each of A,, Ay, Az, Ag is mdependentiy selected from N or C R3 where R3 represents H or a

" substituent moiety of C and where at least one of A;, A; and A4 is N;

X is a linking moiety selected from N-H, substituted amino, O or S;

_R'is a substituent of the aromatic ring and n is an integer fromOto 4; -

Y and D are independently selected from O, S, CHa, NH, RB-SUbStItUted C, or RE-
substituted N, ‘

R%is a. substituent of the ring which contains Y and D and ris an mteger from O to the
maxmum number of available vaIencnes of the ring, ' o .

R? is a substituted or unsubstituted moiety selected from hydrocarbyi and heterocychc

T is selected from H, halogen, O-R®, S-R?, SO-R® Soz-Rs, SOZ-N(RB 2, SO,NR®and SO»-

- halogen, where R® is selected from'hydrogen, substituted or unsubstituted alkyl,
cycloalkyi, heterocyclyl.or a“ryl;.and R® is substituted or uri'subetituted alkyl, cyclo'ali;yl, or
aryl, and NR'® represents a heterocyclic ring including the nitrogen; and p is an integerv
fromOto 5’ o - ' o '

and wherein the compound is not:”

| 3. FA compound of claim 1 or 2 wherein A; and Az are N, and A; end A are C-R®.
4. A comp'ound of eiaim 1, 2 or 3 wherein and Aa and A, are C-H..
5. A compound of any of claims 1 to 4 wherein X is N-H.
6. A compound of any one of claims 1to 5 wherein R, or each R! independently, is
selected from OH, O-alkyl, SH, S-a’ikyi, halogen, substituted or unsubstituted amine,
- CF; and C;-C, alkyl.
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- 10.

11.

S12.

13,

14.
15.

16
17,

18.

19,
20.

21.

A compound as claimed in claim 6 wherein R' is OH.

- A compound of ény pfeceding claim wherein nis 1.

A bompoun‘d‘ of any préc'eding claim wherein Y is CH,.:

A compound of any preceding claim wherein D is CHg.

'A compound of'ahy precedi'ng claim wherein R? is selected from substituted or -

* unsubstituted aliphatic, alicyclic, or aromatic moieties.

A compound_ of any preceding claim wherein R? is arorhatic.~

A compéund as claimed in claim 12 wherein R? is selected from substituted or’

unsubstituted phenyl, imidazoly'l,' pyrrolyl, oxazolyl and isoxazoly!. |
A compound as claimed in claim 12 wherein R? phenyl.
A compound as cléimed in any preceding claim whe‘reih pis 1.

A compound as claimed in claim 14 wherein pis 1 and T is located para- to the linking
Qroup X. '

A compound as claimed in any preceding claim wherein T is selected from halogen,
O-alkyl, O-alkyl-halogen, S0O,-R?, SOZ-NHRS, S0,-NR' and SO,-halogen.

A compound as claimed in claim 17 wherein halogen is chlorine.

A compound as claimed in claim 17 wherein R°® is substituted or unsubstituted alky! or
substituted or unsubstituted aryl. '

A compound‘ as clairrieq in claim 17 wherein R® represénts linear or branched alkyl, .
. cycloalkyl, linear or branched halo-alkyl, alkoxy, carboxyalkyl, or alkylamino.

A compound as claimed in claim 17 wherein T is a moiety selected from the

formulae (i) to (x):
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b' (i)
OH
H :
o e
(i 4 \O Nl
(v) o
0 |
Il 7
O e 0P
(vi) T~0OH - N/%ﬁﬁ?\\m//
' o N\
(vii)
Ox 3 0 Cl
| S\g(/\)\ et ~N ok @
(viii)
()

where gis an mteger from 1to 4 and s is an integer from O to 4
22. A compound as claimed in any preceding claim wherein r is 0.

23. A compound as claimed in claim 1 or 2 selected from c‘ompounds of thevforrnulale
' (n, (1 and (Iv): -

(T)F\Tzi ‘ (T)p\,“z
|‘N\ S

Ny 'ﬂ/ijlf un) | r/ \T/

24. - A compound as clé'imed in claim 23 wherein X is NH.

ag\Rz

25. A compound as claimed in claim 23 or 24 wherein R? is phenyl.

26. A compound as claimed inclaim 23, 24 or 25 wherein n is 1.
10
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27. A compound as claimed in claim 23, 24, 25 or 26'v§/l"\,ere'in pis1..

28. A compound as claimed in claim 1 or 2 of the formula (V):

29, A compound as claimed in claim 28 wherein A, and A; are N, and A; and A, are C-R®.

30 A compound as claimed in claim 1 or 2 selected from compounds for the formulae
' (Vl) (Vil) and (VINI); |

Yf}“ W@ r*@

' : (V) (Vi) - (Vl”)

31.' A compound as claimed in claim 30 wherein nis 1.

32. A compound as claimed in claim 1 or 2 of the formula (1X) :

33. A compound as claimed in claim 30,V31 or 32 whereinp is 1.
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34. A compound as claimed in claim 30, 31, 32 or 33 wherein X is NH.

35. A compound as claimed in claim 1 or 2 of the formula (X)

wherein G represents R®, NHR® or NR™.
36 A compound as claimed in claim 35 Wherein X is NH.
- 37. A compound as claimed in claim 1 or 2 of the formula (XI)
N ’ X . .
, ~ (X1)
(R")

'38. A compound as claimed in claim 1 or 2 of the formula (XII) -

39 A compound as claimed in claim 38 wherein T is O-R®,

40. A compound as claimed in claim 37, 38 or 39 wherein X is NH,
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- 41,

42,

.43

44.

45.

46..

47,

48.

- . medicament for use in the treatment of angiogenesis, cancer, tumour growth,

49.

50.

A compound as claimed in-any preceding claim for use in the treatment of one or-
more of tyrosrne and senne/threonlne krnase and krnase like dependant diseases.

The compound of any one of claims 1 to 40 for use in |nhibiting. IKK, PDGF-R, Kdr, ¢-

- 8Src, Her-1 Her-2, c-Klt c-Abl, Ins-r, Tek, Fit-1, Fit-3, Fit4, c-Ab| and FGFR1 Eph
- receptors (e g. EphB4), CDK1, CDK2 and RET acttvrty in a warm- blooded anumal

A compound asclaimed in claim 42 for use in inhibiting RAF.kinase activity in a warm

blooded animal.

:A compound as claimed in claim 41 wherein said diseases are selected from one or

more of angiogenesis, cancer tumour growth, atherosclerosrs age related macular
degeneratlon diabetic retmopathy, inflammatory diseases, neurotraumatlc dlseases

chronic neurodegeneratlon, pain, migraine or cardiac hypertrophy.

A compound of any preceding claim for use in the treatment of melanoma.

A compound of any precedlng claim for use in the treatment of a disease

characterized by an activated mutant B-RAF klnase

The use of a compound of any of claims 1 to 40 for the mvanufacture of a medicament
for use in the trea_tment of tyrosine and Serine/threonine kinase and Kkinase-like- .
dependent diseases. ' ' ‘

The use of a compound of any one'o‘f claims 1 to 40 for the manufacture of a
atherosclerosis age related macular degeneration diabetic retinopathy, inflammatory

dlseases neurotraumatic diseases, chronic neurodegeneratron pain, mlgralne or
cardiac hypertrophy

~The use of a compound of any one of cla|ms 1 to 40 for the manufacture of a
’medrcament for use in the tréeatment of melanoma.

The use of a compound of any one of claims 1 to 40 for the manufacture of a

. medicament for use in the treatment of a disease characterized by an activated

mutant B-RAF kinase.
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51.
52.

53,

54.
55,
56
57.
58.

. injection.

- 59,

‘The use as claimed in any one of ctalms 47 to 50 wherein said compound is

admlmstered alone..

The use as.claimed in any one of claims 47 to 50 wherein said compound is 3

" administered in combination with at least one other anticancer agent.

The use as claimed in claim 52 wherein said other at least one other anticancer agent
is chosen from protease inhibitors, epidermal growth factor receptor kinase ‘inhi‘bitors.
vascular endothelial growth factor feceptor kinase inhibitors, cytotoxic drugs,
antimitotic'agents, platinum coordination complexes, anti-tumor antibiotics, alkylating
agents, endocrine agents, androgens, anti- androgens estrogéns anti- e"strog'ené

~aromatase inhibitors, gonadotropin-releasing hormone agonlsts and somatostatln -

analogues and compounds that target an enzyme or receptor that i is; overexpressed
and/or othervwse involved a specific metabolic pathway that is upregulated in the
tumor cell, protein klnase lnhlbltors threonine and tyrosune kinase inhibitors, -
epldermal growth factor receptor kinase inhibitors, vascular endothelial growth factor
receptor kinase inhibitors, fbroblast growth factor mhlbltors msuhn like growth faotor
receptor inhibitors, p!atelet-derlved growth factor receptor kinase mhibltors

" methionine amlnopeptldase inhibitors, proteasome inhibitors, cyclooxygenase

lnhlbltors, and histone deacetylase inhibitors.
A pharmaceutical composition comprising a compound of any one of claims 1o 40.

A pharmaceutical composmon as claimed in claim 54 comprising from approxmately

1% to approxumately 95% of a compound of any one of clalms 1to 40..

A pharmaceutical composition of claim 54 or 55 'comprising from approximate_ly 20%.

'to'approximately' 90% of a compound of any one of claims 1 to 40.

A pharmaceutlcal composition of clalm 54, 55 or 56 comprising from approxnmately
5% to approxmately 20% active mgredtent '

A pharmaceutical composition.of any one of claims 54 to 57 for administration by

A pharmaceutlcal composmon of claim 58 comprlsmg a soluhon suspensuon or
dlsperswn of a compound of any one of clalms 1 tor 40
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60.

61.
o sé.-
83!
‘64"

- 65,

66.
67.

68.
- 89.

70.
*. claim 69 wherein the anticancer agent is selected frorn protease inhibitors, epidermal |

A pharmaceutical composition of claim 58 or 58 additionelly oomprising a carrier.

A pharmaceutical composition of claim 60 wherein said carrier comprises mannito!.

A pha'rmeoeutioal composition of claim 59, 60 or 61 oomprising a suspension-in oil.

A pharmaceutical composition of any. one of claims 54 to 57 for oral administration. .

A pharmaceutical composition of claim 63 additionally comprising a salid carrier. .

A pharmace‘otical composition of claim 64 additionally oomprising gelatin and a

plasticiser.
A phai‘maceutical composition of any one of claims 54 to 57 for rectal adm.inistrati'on.
A pharmaceutical composition of claim 66 additionally comprising a suppository base.

A pharm'aceutical composition comprising a compoUnd of any of claims 1 to 40 and at
least one anticancer agent.

The comblnatlon of the compound of any of clalms 1to 40 wnth at least one
anticancer agent.

A-pharmaceutical composition as claimed in claim 68 or a combination as claimed in
growth factor receptor kinase inhibitoté, vascular endothelial growth factor reoeptor

kinase inhibitors, cytotoxic drugs, antimitotic agents, platinum coordination

complexes, anti-timor antibiotics, alkylating agents, endocrine agents, androgens

~ anti- -androgens, estrogens, anti- estrogens aromatase inhibitors, gonadotropin-

releasing hormone agomsts and somatostatin analogues and compounds that target '
an enzyme or receptor that is overexpressed and/or otherwise mvolved a specific
metabolsc pathway that is upregulated in the tumor cell proteln klnase inhibitors,
threonine and tyrosine kinase inhibitors, eptd_ermal growth factor receptor kinase
inhibitors, vascular endothelial growth factor receptor kinase inhibitors, fibroblast
growth factor inhibitors, insulin-like g‘rowth factor receptor inhibitors;, otatelei;derived :
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71.

72.

73.

74,

75.

76.°

growth factor receptor kinase |nh|b|tors methlonme ammopeptldase inhibitors,

proteasome inhibitors, cyclooxygenase inhibitors, and histone deacetylase mhlbltors

A method of treating.a ty'rosine, serine/threonine kinase or kinase-like-dependent

disease comprising administering to a warm-blooded animal, for example a human, a

therapeutically effective amount of a compound as claimed in any one of claims 1'to
40. ‘ . .

A method of. clalm 71 Wthh further comprises admlnlsterlng at'the same tlme or at a
separate time, one or more anti-cancer agents. ‘

‘A method of treatlng melanoma, Wthh method comprlses

(a) testlng melanoma tissue from a patlent to deterrmne whether the melanoma tissue

' expresses mutant’ RAF kmase or overexpresses a wild- type RAF klnase and

(b) treatlng the patlent wrth an effective RAF kinase lnh|b|t|ng amount of a RAF

|nh|b|t|ng compound as claimed in any one of clatms 11040 if the melanoma is:
found’to overexpresses a wild type RAF klnase or express an actlvatlng mutant B-
~ RAF kinase. ‘

A method of treating melanoma whl‘ch'method comprises

(a) testlng melanoma tissue from a patient and determlnlng whether the melanoma

tissue overexpresses B-RAF kinase or C-RAF kinase activity, and

(b) treating the patlent with an effective RAF klnase inhibiting amount of a RAF -

inhibiting compound as clalmed in any one of claims 1 to 40 if the melanoma tlssue
is found to overexpress B- RAF kinase or C-RAF kinase actnvnty

A method of treating melanama, which method comprlses

(a) testing melanoma tissue from a patient and determmlng whether the melanoma

tissue expresses mutant B- RAF kinase or C-RAF kinase actlwty, and

-(b) treating the patlent with an effective RAF kinase inhibiting amount of a RAF

inhibiting compound as claimed in any one of claims 1 to 40 if the melanoma tissue .
is found to express mutant B-RAF kinase. '

- A method of treating a disease. characterized by an activated mutant B-RAF kinase

which method compnses detectlng a mutation in the B RAF kunase gene or proteln in

T atissue sample from a patlent and treating the patlent with an effectlve B-RAF klnase

lnhtbmng amount of a compound as clalmed in any of clalms 1 to 40.
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77. A method oftreatlng a patlent having a dlsease charactenzed by excessive sngnalmg o
' through the MAP kinase signaling pathway, Wthh comprlses administering to the
patient an effectlve RAF kinase inhibiting amount of a compound as claimed \n any
~ one of claims 1 to 40. |

- 78. A pfocess for the preparation of a compound of the formula

N X<,
A R
NOE

=N (T

14

which process comprises the following reaction scheme:

| | o Ne X<
| NYX\R’  stept \|/ "R’ step2 [ ° R’
N | A — N,
‘O,H' . ci L Cl
X< p2

‘ N
‘—.- EKN m, - - R" . , @
. . Cl , : ~
T - : step 4 "
where step 2 is optlonal and where carried outT is a precursor of T, and R1 is a precursor
of R oris R and X, R',R?% Tand P are as defined in clalm 1.
79. A process as claimed in claim 78 wherein X is NH.

80. A process as claimed in claim 78 or 79 wherein R? is phenyl.

'81'.., A process as clairhed in claim 78, 79 or 80 wherein p is 1.
L 47 ‘
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82.

83,
84,

85.

A proce.ss‘ as claimed in.any one of claims 78 to 81 wherein R" is OH.

A process as claimed in any one of claims 78 to 82 wherein T represents SO,-G

‘where G represents R®, NHR® or NR'"and R® and R are as defined in claim 1.

A probess'as claimed in any one of claims 78 to 83 wherein T represents O-R® where
R® is as defined in claim 1. '

A process as claimed in claim 84 wherein X-Rz-(T)p represents
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