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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,

. regulate'and/or 'modolate 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 ooncemed with composutlons which contain these compounds, and
methods of using them to treat tyrosme and sennelthreomne kmase and kinase-like
dependent diseases such as angnogenesns cancer and cardlac hypertrophy

| Bacltground

| {002] . Cells communicate varioos aSpects of their' extracellular.envirOnment to the
nucleus by usung various signal transduction pathways Many of these sngnals are
transmltted by protetn kinases which activate various factors through the transfer of
phosphate groups. Disruption of signal transductlon by lnhibltmg appropnate kmase

- activity can have a clinical benefit as has been demonstrated by imatinib, an inhibitor of
bcr-abi klnase which is marketed as its mesylate salt under the brand GLEEVEC (in the
United States) or GLIVEC.. |

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

| for growth factors to send their sngnal to proliferate from the extraceliular envnronment to
the cell nucleus The growth factors activate transmembrane receptors located on the cell
surface which in turn start a cascade whereby RAS is activated and recruits RAF kinase to
the membrane where lt is activated and in turn.activates MEK kinase WhiCh then actlvates -
ERK kinase. Activated ERK kinase can move to the nucleus where it activates various
gene transcnptlon factors. Aberrations i m this pathway can lead to aitered gene
transcription “cellular growth and contribute to tumorogenicity by negatwely regulating
apoptosis and transmitting proliferative and angiogenic signals. Inhibitors of RAF kinase
have been shown to block signaling through the MAP kinase signaling pathway |

[604]‘ The RAF kinase famlly IS known to have three members desugnated 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 417, 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. |



CA 02644356 2008-08-28
WO 2007/109045 PCT/US2007/006424

[005] The RAF Kinase inhibiting property of the compounds makes them useful as
therapeutlc agents for the treatment for proliferative diseases characterrzed by an aberrant
MAP kinase srgnalmg pathway, partlcularly many cancers charactenzed by overexpressron
of RAF kinase or. an actlvatrng mutation of RAF krnase such'as melanoma having mutated
B-RAF, especnally whereln the mutated B-RAF is the V598E mutant. The present invention
also prowdes a method oftreatrng other conditions characterized by an aberrant MAP :

~ kinase srgnalrng pathway, particularly where B-RAF is mutated, for example benign Nevr |
moles having mutated B-RAF, with the compounds. '

Description

[006] A first aspect of the present invention provides a compound of formula () |

R2
A )(/
A7 R
II

/A1 0

——@i}

or a pharmaceutrcaﬂy acceptable salt ester or prodrug thereof for use as a pharrnaceutlcal

wherein N '

-each of A1, Az, As, Agis mdependently selected from N or C-R°® where R’ represents H or a

substituent morety of C and .where at least one of Ay, A; and Ay s N

X is a linking morety selected from N- tH, substrtuted amino, O or S;

R'is a substrtuent of the aromatic ring and n is an integer from 0 to'4;

Y and D are mdependentiy selected from O, S, CHa, NH, Ra-substrtuted C, or R®-
substituted N, |

R°is a substrtuent of the rng WhICh contalns Y and D and ris an integer frorn 0 to the |
maximum number of available valencies of the ring; | N

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®. Sog-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 unsubstrtuted alrphatic
'cycloalrphatlc or aryl, and N? and R together represent a 4 5 6,7 or 8- membered
heterocyclrc ring including the nrtrogen N* and p IS an rnteger from 0to 5. |

.2,
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[007] A second aspect of the invention provides a cempeund of formula (I)
X/
A/ R
” / A

- ora pharmeceutically acceptab,le salf, ester or prodrug thereof
'wherein B T ' |

each of Ayj, Az, Aj, A4 IS lndependently selected frorn N or C R3 where R® represents Mora
substltuent moiety of C and where at Ieast one of Ai, Az and A, is N;

- Xis alinking mouetyselected from N-H, substituted amino, O or S;

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

Y and D are lndependently selected from O, S, CHz, NH, Rs-substltuted C, or R®-
substltuted N, |

R®is a substituent of the ring which contains Y and D andris an lntegerfrom 0 to the

maxnmum,numbe.r of available valencies of the ring;

R? is a substituted or unsubstituted moiety selected frofn hydrocarbyl and heterocyclic;

T is selected from H, halogen, O-R® $-R®? SO-R° SO,-R®, SO2-N (R®),, SO,-NR'° and soz-.
halogen, where R° is selected from hydrogen, substituted or unsubstituted aliphatic,
cycloaliphatic, heterocyclyl or-aryl; and R is substituted or unsubstituted aliphatic,
“cycloaliphatic, or ary!, and NR' represents a heterocyclic ring including the nitrogen; and
pis an integerfromb to 5 .

and wherein the compound is not:

OH
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[008] Preferably R'is present (n is not 0) and is independently eelected from ha'log‘en
lower alkyl halo-lower alkyl, carboxy, esterified carboxy, hydroxy, etherified or estermed
hydroxy, lower alkoxy phenyl, substituted phenyl, lower alkanoyl, substituted or
unsubstituted amine, amlno mono- or di- substituted amino, amud:no ureldo mercapto, N-
‘hydroxy amidino, guanld:no, amidino-lower alkyl, sulfo, sulfamoyl, carbamoyl, cyano,

. -cyano-lower alkyl, azo (N“'N"N) and nitro.

| {009] R’ , Or each R’ mdependently, S preferably selected from OH, O- alkyl SH S-

alkyl halogen substltuted or unsubstituted amine, CF3 and C1 C4 alkyl Most preferably n '
IS 1 | L | »

[0010] RZis preferably selected from substituted or unsubstltuted allphatlc alucycllc or .
.aromatlc moxetles such as cycloalkyl heterocyclylalkyl phenyl, pyrrole lmldazole |
pyrazole isoxazole, oxazole thlazole pyridazine, pyrlmldlne pyrazme pyndyl indole, '
isoindole, indazole, punne indolizidine, quunolme lsoqulnollne qunnazollne pterndlne
quinolizidine. Preferably R?is aromatic. In particular R? is selected from substltuted or
unsubstltuted phenyl |mldazolyl pyrrolyl, oxazolyl and isoxazolyl, and espec:lally R2 IS
phenyl or substituted .phenyl, wherein the substituent include lower alkyl(C1-Ce), halogen.,
OH, lower alkoxy, NH,, SH; S-alkyl, SO-’alkyl, SOs-alkyl, NHQalkyl, N-dialkyl, ‘carb'oxy'lor.
CF,. ' )

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

N T,
T may preferably be selected from halogen, O- -alkyl, O -alkyl-halogen, SO,-R®. SOg-NHRB
S0,-NR'" and SOz-halogen where halogen is preferably chiorine. = | '

[0012] R° and R’ may preferably be independently selected from Iower alkyl, especnally
Ci, Cz CazorCy alkyl cycloalkyl heterocyclolaikyl, lower alkenyl, Iower alkynyl, lower
“alkoxy, especially methoxy or ethoxy, lower-alkanooyl carboxy, amino, mono- ordi-
'substituted amino, a cyclic group, for example nhenyl, pyrrole imidazole, pyrazole
iIsoxazole, oxazole, thiazole, pyndazme pyrimidine, pyrazune pyndyl indole, lsomdole

indazole, purine, indolizidine, quinoline, lSOQUIﬂOllne, qumazolme, puperldyl, ptendme,
. qginolizidine piperazinyl, pyrellidine, morpholinyl and thiomorpholinyl. |
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- [0013]  Preferably R8 and R9 are substituted or unsubstltuted alkyl or substttuted or
,unsubstltuted aryl. In particular R8 may represent linear or branched alkyl, cycloalkyl
linear or branched halo-alky! alkoxy, .carboxyalkyl or alkylamino. |

[0014] | Most preferably R2 S phenyl and T is'located para to the linking group X.
[001 5] Where Tis O R9 and R2 IS phenyl preferably T is Iocated meta to,the Ilnklng o
.’ grddp X. h '
[0016] Preferably p Is 1.‘ '

[0017]) Particularly preferably T is a moiety selected from the formu|ae (1) to (X):

P o
=5 | (i) Ox | |
° \ /(/\)\7//0 - S\\ ()
N q - | O
N . o
- OH - .
N PN ‘
o\(\/)/OH - °sT - O~ N
G : /] T8
O Ji8 .
vy o W
o |
'él ,CIJ.
(vi) H%OH SHERN /{/\)-Q\N/'
' ' \

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

[0018] | Preferably A, and Az are N, and A; and A, are C- R3 It is especrally preferred
that Az 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] - Preferably each R* and Ref (Where present) reepectively are independently |
selected from h'ydrogen halogen, lower aliphatic (e’speclaliy lower alkyl) halo- lower alkyl
carboxy, lower alkoxycarbonyl hydroxy, etherified or estersfted hydroxy, lower alkoxy, |
optionally substituted alicyclic group or an optlonally substituted aromatlc group, lower |
.alkanoyloxy, lower alkanoyl amino, mono- or di- substituted amlno amldmo ureldo
mercapto, N-hydroxy-amidino, guanldlno, amldlno-lower alkyl, sulfo, sulfamoyl, carbamoyl, 0'
~ cyano, cyaho lower alkyl, azo' (N=N=N) and nitro. Most preferably ris 0. However, Where ro
is not O, preferably R®, or each R® lndependently Is preferably selected from OH 0- alkyl
SH, S- alkyl halogen CF3 and C-C4 alkyl. | |

[0023] In preferred embodiments of the invention ;ne rnolety of formula ().

. Hf :@_ o

s a tetrahydroqumolme monety wherein preferably r= O Preferably n=1. F’referably R'is
OH so that the morety IS a hydroxy tetrahydroquinoline, most espec:ally 1 2,3 4- -
tetrahydroquinolin-5-of (formula (1.111): |

(I.lll)

[0024]) ’ Preferred-compound's“.include compounds of the formulae (1), (1) and (IV):

(Mo - N ,

| o ' ,
o or or -
w o ”\]/2". (1) . N\],;N. e

preferably wherein X is NH, R2 is phenyl n is 1and/or p is 1.

()'
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- [0025]  Other preferred compounds have the formulial_ (V).

(T)

P\
R?

breferably wherein A, and A; are N and Az and A4 are C-R°. -

[0026] Further preferred compounds have thg formulae (\7I), (VII) and (\(HI): |

preferably whereinnis 1.

[0'0271 - still further preferred compounds have the formula (IX)

(R")

[0028] For compounds of formulae (V1) to (IX) preférably:p is 1and Xis NH. "
[0029] Other preferred compounds include:

formula (X)



CA 02644356 2008-08-28
WO 2007/109045 PCT/US2007/006424

. _N x——@—so-—e
W 2
Y N
YN . - |
N (X) |
| . (RY) '

wherein G represe'nts-Rs, NHR® or NR*® and preferably wherein X is'NH;

formuta (XI):
N X —(T)
\ .
™ X1y
(R")

ahd formula (XII)

[0030]  Preferably in the compound of formula (XI1) T is O-R°.
[0031] = Preferablyin compounds (X1) and (XI1) X is NH,

’[(’)032] | Athird aspe'ct of the ihvention provides a' proéess for the preparatio.n of a

compound of the formula:
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NYX\RZ step 1 I N R step 2 - / I Y ' ?2
LN — (A = LN m,

| - - N X< 2
| = R
. ' - | T T
N\ X\RZ l ' Z )p
step 3 [ | > | o | L
— U N . (T, | | Q/\/\J
| Cl . | -
| | | step 4 | "

TN

where step 2 is optional and where carrned out T' is a precursor of T, and R"is a precursor
| of R or is R and X, R, R2 T and P are as defined in claim 1. '
[0033] ' Preferabl.y).( is NH. |

[0034].  Preferably R? is phenyl.
[0035] Preferably p is 1.
[0036] Preferably R is. OH

| .[0037] In one preferred embodlment T represents SO,-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° s as defined in
the ﬂrs,t. aspect of the inventroh. ' |

[0039] Preferably In the latter embodiment >(--I£22--(T)_p represents

9
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HN '
O-R®

[0040]  Another aspect of the 'préseht invention is a'compound of formula (1),

. ‘'wherein

A, Az, Azand Ag are Nor CR3, and where at least one of Aq Ao and Asis N

XISNRs,OOFS o |

R'is OH, -O-alkyl -SH, -S -alkyl, halogen, substltuted or unsubs’ututed ammes -CF3
or -C,-C;-alkyi; _ l
Y is O, S, CRs or NR®; -

D is O, S, CRs or NR?; | _

RZis an alkyl; alicycle, heterocycle, aliaromatic, hetereoaromatic-all of which may-bé
substituted or unsubétituted; ‘ - | | |

Tis H, -SO,-NH-R* or -S0O,-R*:

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

R%is H or alky or C(0)-O-C-Ph:

nis 0-4; -

or a tautomer thereof, or a salt thereof |

| [0041] Special preference is given to a compound of formula (I) -

-~ wherein

Arand A; are N;

Asand A, are CH; |

Y is CH, or NR® such as - NH C(O) Q-C-Ph:

X is NH; | -

D s CH.;

R'is OH, Cl, Me or F;

R?is pheriyl, imidazolyl, pyfrblyl, oxazoly! or iszzoIé, where pheny! ma'y. be'unsﬁbstitutéd
or substituted with 1,2 or 3 -OMe groups, Cl, CF‘;»,, -SMe, OH, -O-[CH,],-pyridine;
-O-[CH_]5-Cl or -O- [CHzla-morphollno and
R¥is H, C.NMe, 020H Nplpeldmy| Me Me(t butyl) C,COOH or ethyl(lsoprOpyl)

" R° is H; |

nis O or 1; |

or a tautomer‘thereof, or a salt thereof.

10
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- [0042] = More generally, within the context of the present dlsclosure the general terms
used hereln to describe compounds of formulae (I to Xll) have the following meanings,
. unless mdrcated otherwise. |

[0043] Hydrocarbyl may be defined as having prefera'bly up to 20' carbon atoms,
especnally up to 12 carbon atoms Hydrocarbyl groups may be linear or branched aliphatic,
e, g. alkyl, alkenyl or alkynyl they may be alicyclic (i.e. aliphatic- cycllc) e.g. cycloalkyl they
may be aromatlc e. g. phenyl. Hydrocarbyl groups may contam a combination of two or
‘more moieties selected from aliphatic, alicyclic and aromatic monetles e.g. a comblnatlon
of at least one alkyl group and an aromatic group. In some instances, hydrocarbyi groups
‘may be optionally interrupted by one or more in- cham heteroatoms, for example -0O-, thus
‘ forming, for example an ether lrnkage |

[0044] A mono- or di- substltuted amino moiety may be defined where the amino is
optionaily substituted by a hydrocarbyl moiety, the hydrocarbyl moiety belng for example,.

‘selected.from lower alkyl, especrally C., C;, Ca or C4 alkyl, cycloalkyl, especially cyclohexyl
| alkyl carboxy, carboxy, lower alkanoyl especrally acetyl a carbocycllc group, for example
' cyclohexyl or phenyl a heterocycllc group; where the hydrocarbyl moiety is unsubstituted

or substituted by, for example lower alky! (C1, Cz, Cs, Cs, Cs , Cs or Cy), halogen, OH, lower

alkoxy NH», SH, S-alkyl, SO -alkyl, SO,-alkyl, NH-alkyi, N- dlalkyl carboxyt, CF3, wherein
alkyl may be optlonally substituted branched, unbranched or cyclic Cqg, interrupted 0-3 '
tlmes by O S, N.

| [0045] As used herein, the term mercapto deﬁnes moieties ofthe general structure -S-
Re wherein Ry is selected from H, alkyl, a carbocylic group and a heterocycllc group as =
described hereln. |

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

. [0047] As used herein, the term amidino defnes moieties of the general structure -
C(NH)NH;) and derivatives thereof, in particular, 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 and is
linear or branched one or more times; preferred is. lower alkyl, especually preferred S C1-C4-
alkyl, in partlcular methyl, ethy! or i-propy! or t-butyl. Where alkyl may be substituted by one
or more substituents. ‘Unsubstituted alkyl, p'referably lower alkyl, is 'especially'preferred |

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

11
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[0050] S’ubstituted alkyl is alkyl as fast defined, especially lower alkyl, preferably
methyl where one or more, especially up to three, substrtuents may be present prnmanly
from the group selected from hatogen especially fluorine, ammo N-lower alkylammo N,N-
di-lower alkylamino, N-lower alkanoylamlno hydroxy, cyano, carboxy, lower
alkoxycarbonyl and phenyl -lower alkoxycarbonyl. Trrﬂuoromethyl S espemally preferred.
One class of compounds includes a substituted alkyl where the alkyl is substltuted wuth a

. -heterooyollc ring, for example a pyrazine ring, thus forming an alkylene-het group, . e -
CH,-Het, the alkyl group effectlvely acting as a linker between the heterocycle and a
second mouety |

[0051] The term "lower" when referring to ‘substituents such as alkyl, 'alkoxy, alkyl
amine, alkylthio and the like denotes a radical having up to and lnoludlng a maxumum of 7
especially from 1 up to and lncludlng a maximum of 4, carbon atoms, the radlcais in

question being unbranchéd or branched one or more times.

[0052] ' The alkyl portion of lower alkyl, lower alkoxy, mono- or di-lower alkyl.arnino.
lower alkyl thio andother substituents with an alkyl portion is especially Cj.-Cda'lk'yI, for-
example n-butyi, seo-butyl, tert-butyl, n-propyi, isoprop'yl, methyl or ethyl. Such a'lkyll -
substituents are unsubstituted or substituted by halogen, hydroxy, nitro,'oyano, lower |
alkoxy, Cj, C4, Cs, Cg or C; cycloalkyl, amino, or mono- or di-lower alkyl amino, unless

otherwise i,ndicated. |

[0053] Halo-lower alkyl, halo-lower alkytoﬁty, halo-lower alkylthio and the Iike refer to
‘ substituents having an alky! portion wherein the alkyl portion is mono- to cornpletel'y
subsmuted by ha|ogen Halo-lower alkyl halo-lower alkyloxy, halo- lower alkylthto and the
, Irke are mcluded within. substltuted lower alkyl, substituted lower alkoxy, substltuted Iower
alkylthio and the like.

- [0054] Among the moieties correspondrng to substrtuted alkyl, hydroxy-lower alkyl
especially 2-hydroxyethyl, and/or halo-lower alkyl especrally trufluorornethyl or 2,2, 2-
- 'trtfluoroethyl are especially preferred.

[0055] An alloyollc group IS a carbocyclic group espeolally Wthh oomprlses 3 4 5,6 or

,7 in ring oarbon atoms and is non aromatic, but may be saturated or unsaturated

Preferred ahoychc groups comprlse cycloatkyl groUps which are preferably C3-Cio-

cycloalkyl, especially cyclopropyl dlmethylcycloprOpyl cyclobutyl cyclopentyl cyclohexyl

or cycloheptyl oycloalkyl bemg unsubstttuted or substituted by one or more, especnally 1 2
or 3, substituents.

[0056] An aromatic grOUp is heterocycllc or carbooyclrc and is bound via a bond
located at an aromatic ring carbon atom of the radtcal (or opt|onally bound V|a a linking -
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~ group, stch as -O- or -CHz-). Preferably the aromatic group is carbooy'clic and has 'a ring
.system of not more than 16 carbon atoms and is prefe'rably m’ono4 bi-.or tri- oycli'c and may-
- be fully or partially substituted, for exampie sobstituted by at:least two substituents.
Prefer’ably, the aromatlc group is selected from phenyl, naphthyl, indehyl, azulenyl and
anthryl, and is preferably lneach case unsubstituted or substituted by lower alkyl,

| - especially’ methyl ethyl or n-propyl, halo (especrally fluoro chioro, bromo or lOdO) ‘halo- '

~ lower alkyl (especially trtﬂuoromethyl) hydroxy, lower alkoxy (especially methoxy) halo-
. lower alkoxy (especially 2,2,2- triffuoroethoxy), amino-tower alkoxy (especially 2-amino-
etho>'<.y), lower alkyl (especially methyl or ethyl) carb'amoyl', N-(hydroxy-lower alkyl)-
carbamoy! (especially N-(2-hydroxyethyi)-carbamoyl) and/or solfamoyl-substituted aryl,
especially.a corresponding substituted or onsubstituted 'phenyl..

' [0057] A substituted aromatic group 1S generally an aromatic group that is substltuted
with from 1-5, preferably: 1 or 2, substituents. Approprrate substltuents include, but are not ~
limited to, amino, mono- or di-lower alkyl substltuted amino, whereln the lower alkyl
substituents may be unsubstituted or further substltuted Dy those substitutents llsted above -

- for alkyl groups halogen lower alkyl, substltuted lower alkyl hydroxy, lower alkoxy

substituted lower alkoxy, nitro, cyano, mercapto, lower alkylthlo halo-lower alkylthlo

- heterocyclyl, heteroaryl, heterocyclylalkyl, heteroarylalkyl lower alkanoyl, carbamoyl, and
N-mono- or N,N-di-lower alky! substltuted carbamoyl, whereln the lower alky! substltents
may be unsubstituted or further substituted. '

| [0058] A heterocycle is an aromatic rlng or rlng system having 16 or fewer members,

| preferably a.ring of Sto7 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 parttally saturated.  In each case the rings may have 1, 2 or'3 hetero
atoms selected from the group consrstlng of nitrogen, oxygen and sulfur. The heterocycle |
s unsubstituted or substituted by one or more, especially from one to three, for example
one, identical or different substituents. lmportaht substltuents on heterocylcle are those
selected from the group conslstmg of halogen, for example, fluorlne or chlorine: mono- or
di-lower alkyl-substituted amino wherein the alkyl groups are unsubstituted or substituted
by halogen, hydroxy, nitro, cyano, lower alkoxy, Cs-C5 cycloalkyl, a heterooyclic radical or a
heteroary! radical: lower alkyl, such as methyi or ethyl; halo-lower alk'yl., such as | ‘
trifluoromethyl; lower alkoxy, such as methoxy or ethoxy; halo-lower alkoxy, for example, "
trifluoromethoxy; lower alkylthio, such as methylmercapto halo-lower alkylthio, such as

trlfluoromethylthlo a heteroaryl radlcal heteroaryl lower-alkylene, a heterocyclic radlcal or
heterooycllc-lower-alkylene '
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t0059] | Heterocycle especially Is a radicél selected from the group consisting of
oxrranyl azrrlnyl 1,2-oxathiolanyl, imidazolyl, thienyl, furyi, tetrahydrofuryl pyranyl, -
thiopyranyl, th|anthrenyl |sobenzofuranyl benzofuranyl chromenyl, 2H-pyrrolyl, pyrrolyl
pyrrolinyl, pyrrolidinyl, imidazolyl, |m|dazol|d|nyl benzrmldazolyl pyrazolyl ‘pyrazinyi, .
pyrazohdlnyl pyranyol, thlazolyl isothiazolyl, dithiazolyl, oxazolyl rsoxazolyl pyridyl, pyr-
azinyl, pynmldmyl prperldyl especially p:pendm-1-yl piperazinyl, eSpemally pzperazm-1 -y,

pyndazunyl morpholinyl, especially morpholino, thiomorpholinyl, especially thromorphohno,

indolizinyl, isoindolyl, 3H~|ndolyl indolyl, benzimidazolyl, cumaryl, indazolyl, truazolyl
tetrazolyl, purmyl 4H—qulnoltzmyl isoquinolyl, quinolyl, tetrahydroqumolyl
tetrahydrorsoquunolyl decahydroqumotyl octahydroisoquinolyl, benzofuranyl
dbenzofuranyl benzothiophenyl, dbenzothlophenyl phthalazmyl naphthyndmyl
quinoxalyl, qunnazohnyl quinazolinyl, crnnolmyl pterldlnyl carbazolyl B-carbolunylt
phenanthrldmyl acridinyl, perlmldmyl phenanthrohnyl furazanyl phenazmyl
phenothlazlnyl phenoxazmyl ‘chromenyil, isochromanyi and chromanyi, each of these
radicals bemg unsubstituted or substituted by one to two radicals selected fromthe group
consisting of lower alkyl, especially methyl or tert-butyl, Iciwer alkoxy, especially methoxy,
and halo, especially bromo or chioro. Unsubstltuted heterocyclyl especially pnperrdyl
plperazmyl thsomorphollno or morphollno 1S preferred |

[0060] Halogen Is especnally fluorine, chiorine, brom_me or iodine, more-especially.
fluorine, chlorine or bromme in partlcular fluorine. |

- [0061] Cycloalkyl Is preferably C;-Cqo-cycioalkyl, especrally cycloprOpyl |
dimethylcyclopropyl, cyclobutyl, cycIOpentyl, cyclohexyl or cyclohepty!, cycloalky! being "~
unsubstituted or substit'uted by one or more, especially 1 to 3, substituents | |

[0062] Heterocyclylalkyl is as cycloalkyl but containing one or more m-rmg heteroatoms
and may be exempllfed by plpertdyl plperazmyl pyrollidine, morpholanyl '

[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 alkylcarbonyl,. especially lower alkanoyl, e.g. acefy’i. In i
particular, the alkanoy! group may be substituted by substituents, e.g. CO-R .

[0065] Any reference to compounds, salts and 1he' like in the plur‘al is always to be
understood as including one compound, one salt or the like.

[0066] Througho.ut the description and claims of this speciﬁcatien, the words .
“comprise” and “contain” and variations of the words, for example “comprising” and
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“comprisés”, means “including but not limited to”; and is not intended to (and does not)
,exclude other moieties, additives, components,' integers or steps.

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

| mlxtures of | isomers or as pure isomers, preferably as enantiomer-pure diastereomers
[0068] The invention relates also topossrble tautomers of the disclosed compounds. '

[0069] StereOlsomeric mixtures 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 their individual
diastereomers by means of fractlonated crystallization, chromatography solvent
distribution, and snmilar procedures ‘This separation may take place either at the level of a
© starting compound orina compound of Formula | or formulae 1l to Xl respectlvely
‘Enantiomers may be separated through the formation of diastereomeric salts, for example .
by salt formation With an enantiomer-pure chlral ac:d or by means of chromatography, for
example by HPLC using chromatographic substrates with chiral ligands.

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

- example, hydrohalic acids, such ashydro'chloric acid; sulfuric acid; or phosphoric acid.
Suitable org'anic acids are, for example, carboxylic, phosphonic, sulfonic or sulfamic acids,
for example acetic acid propionic acid, octanoic acid, decanoic acid, dodecanoic acid,
glycolic acid, factic acrd 2-hydroxybutyric acid, gluconic acid, glucosemonocarboxyllc acrd .
fumaric acid, succinic acnd adipic acid, pimelic acid, suberic acid, azelaic acid, malic acnd
tartaric acid, citric acid, glucaric acid, galactaric acid, amino acids, such as glutamic acud,
~.aspartic acid, N- methylglycme acetylaminoacetic acid, N-acetylasparagine, N-
acetyloystelne pyruvic acid, acetoacetic acid, phosphoserine, 2- or 3- glycerophosphoric |
acid, maleic acid, hydroxymaleic acid, methylmalenc.acrd,,cyclohexanecarboxyllc acid,
benzoic acid, salicylic acid, 1- or 3-hydroxynaphthyl-2-carboxylic acid, 3,4,5-
trimethoxybenzoic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic'acid, 4-aminosalicylic .
acid, phthalic acid, phenylacetic acid, glucuronic acid, galacturonic acid, methane- or
ethane-sulfonic acid, 2- hydroxyethanesulfonic acid, ethane-1,2- disulfonic acid,
benzenesulfonlc acid, 2:naphthalenesulfonic acid, 1 O- naphthalenedisulfomc acnd N-
cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-propyi- sulfamic acrd or other organlc
‘protonio 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. fénly,the pharmaceutically ;
acceptable salts or the free compounds (optionally in the form of pharmaceutical
compositions) are used therapeutically,. 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 lntermedlates for
'example In the purifi cation of the novel compounds or for their |dentlf“ cation, herelnbefore
and hereinafter any reference to the free compounds is also to be understood as |nclud1ng .'
the correspondlng salts, as appropriate and expedlent

[0073] The compounds of the present invention are found to iInhibit, regulate and/or' |
modulate tyrosrne and senne/threonlne klnase and kinase-like protelns involved in sighal
transductron and composmons contalmng the compounds are used in the treatment of |
tyros:ne and serlne/threonlne Kinase and kinase- like- dependent drseases such as
angiogenesis, cancer, tumour growth atherosclerosis, age related macular degeneratlon
diabetic retinopathy, lnflammatory diseases, neurotraumatrc-drseases, chronic
neurodegeneration 'pain migraine or cardiac hypertrophy, and the like in mammals '

[0074] ' Speclt"cally, the compounds of the present lnventlon |nh|b|t IKK F’DGF R Kdr
¢-Src, 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.q. EphB4) CDK1, CDK2 and RET at >70% lnhlbltlon at 10 mlcromole lVlore

specifically, the compounds inhibit the RAF famlly.of krnases lncludmg .mutatlo.ns with |IC50
' values in the range of 1-1000 nM. '

[0075] Typically, thepatient IS @ mammal, generally a human, suffering from a disease

“that is characterized by excessive signaling through the MAP kinase pathway. This can'be

measured by activation state spe’clﬁcantibodies to pathway members by methods such as

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

[(0076] In general, the dlsease charactenzed by excesswe signaling through the MAP
Kinase srgnallng pathway is a prollferatlve dlsease partrcularly a cancer characterized by
| increased RAF kinase activity, for example one which overexpresses wild-type B- or C-.
RAF kinase, or that expresses an activating mutant RAF kinase, tor. example a mutant B-
RAF kinase. Cancers whereln a mutated RAF kinase has been detected include

- melanoma, colorectal cancer, ovarian cancer, gliomas, adenocarcinomas, sarcomas,

breast cancer and liver cancer. Mutated B-RAF Kkinase IS especially prevalent in many
melanomas. | | '
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- [0077]  In accordance with the present invention, a sample of diseased tissue may |

taken frem the patient, for example as a result of a bnOpsy or resectlon and tested to

. determine whether the tlssue produces a mutant RAF klnase such as a mutant B-RAF

kinase or overexpresses a wuld-type RAF kinase, such as wild-type B- or C-RAF kinase. 1

the test |nd|cates that mutant RAF klnase IS produced orthat a RAF kinase is

' B overproduced in the diseased tissue, the patient is treated by administration of an effective
| RAF-mhlbttlng amount of a RAF lnhlbxtor compound described herein.

'[0.0.78]" t—lowevér, it ts also passible to downregulate the MAP kinase signaling pathwa'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 dlsease characterized by excessive sugnallng in the MAP kinase S|gnahng

pathway attributed to a cause other than an activating mutation in or overexpressuon ofa .
- RAF kinase. '

'[0079] Tissue samples are tested by methods generally known in the art. For example
- B- RAF mutations are detected by allele specnt‘ ic PCR, DHPLC, mass spectropSCOpy and
' overexpression of de-type B- or C-RAF detected by immunohistochemistry,
mmunoﬂuoresoense or Western blot analysxs A partlcularly useful method of detecttng B-
' RAF mutations is 2 polymerase chain reaction based method. Similar methods are used to
determine whether other kinases in the cascade are mutant or overexpressed.

[0‘080] A particularly important aspect of this invention relatesto a method of treating

. melanoma, which comprises (a) testing melanoma tissue from a patient to determine |
whether the;melanoma tissue expresses mutant RAF ktnase or o‘vel‘expresses a',Wild.-type
RAF kinase and (b) -treating.the patient.with an effective RAF kinase inhibiting amount of a
RAF-tnhibiting. 'cornpound described herein if the melanoma tissue i's found to ovet‘express |
a wild type RAF kinase or express an actlvatmg mutant B- RAF klnase

[0081] - An important aspect of thls embodlment relates to a method of treating

| melanoma, which comprises (a) testing melanoma tissue from a patient to determine
whether the melanoma tissue oixereXpresses B-RAF kinase or C-RAF kinase activity and
(b) treating the patient with an effective RAF kinase inhibiting amount of a RAF inhibiting
compound described herein if the melanoma tissue is found to overexpress the B-RAF
Kinaee or C-RAF kinase activity. |

[0082] Another important aspect of this embodiment relates to a method of treating
melanoma, which comp'risea (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 descrlbed .

hereln if the melanoma tlssue is found to express mutant B-RAF kinase.
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[0083]  Generally, the B-RAF kinase mutation is one of those described in the,Dayie’s.et .

al article cited. These mutations are summarized in Table 1.

[0084] Thus, the present invention particularly rglat'es to a method of tr:éa'ting a disease
characterized by an activated ‘muté‘nt BfRAF' kinase.' which comprises deﬁecting a r’hut'ation
in the B-RAF kinase gene:or protein in Qa tissue samplefrom 3 patient an'd' 'trééting,the
patient with an effectivé B-RAF' kinase inhibiting compoLmd, especially a compound '-
‘described herein. | ' "

[0085] Hence, the present inv'ention.addition,ally rélates to a compound (for example of -
formulae |.to Xil) for use in the treatment of melanoma. More partioulérly', the invention

relateé to a compound for use in the treatment of a disease characterized by an activatéd
mutant B-RAF kinase. | |

Table 1

B-RAF mutation protein change |
| G1388A - - G463k
G1388T ~ G483V
| G1394C | G465A
G1384A G465k
| G1394T | G465V -
G1403C | G468A
| - G1403A | | G468E
G1753A | ES585K
T1782G F594L
G1783C G595R
C1786G ] L5996V
T1787G L586R
. T1796A | V5938E
« TG1796-97AT V590D -

-
-
-
-
.
‘ -

-

[0086] Furt‘her,.the' invention provides for the use of a compound (for example of
formulae | to Xl1l) in the manufacture of a medicament for use in the treatment of |
“melanoma. More spe'ciﬁcally, the invention provides for the use of a co,mpound.in the
manufacture of a.medicaménf for use in the treatment of a disease chéracterized by.an
activated mutant B-RAF kinase. |

| [0087] An impaortant aspect df this invention includes' those instances ‘wherein the
mutant B-RAF kinase exhibits a mutation described in Table 1, eépeciaily the V53QE

- mutation.

[0088]) A particularly imbortant aspect of this invention includes those instances
~ wherein disease is melanoma and the mutant B-RAF kinase exhibits a mutation desbribed'
in Table 1, especially the V599E mutation.
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[0089] ° Accordingly, this invention includes a method of treating a diseas‘e |
‘characterized by mutant B-RAF kinase, which comprises det'ecting a mutation in the B-RAF

. Kinase gene selected'from 'G1388A, G‘l388T; G-1394C, Gl3Q4A,‘ G1394T, G1403C,

G1403A, G1753A, T1782G, G1783C, C1786G, T1787G, T1796A and TG1796-97AT, or
corresponding mutation in the' 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 toa method of inhibiting RAF Kinase,
‘which’ comprlses contacting the RAF kinase with a compound of formula (1), or more
specifically with any one of the compounds of formulae (i) to (XIi1). Preferably, the RAF
kinase is B- or C;'RAF kinase, or a mutant RAF kinase,'especially a mutant B-RAF 'kinase;.'
7 particularly the V539E mutant. The RAF kinase may be lsolated or .in a cellular
~environment. | ' . | |

- [0091]  The compounds of formul_a (1), and more specifically the compounds of formulae
'(ll)'to (X1} have valuable 'pharmacological properties, as described above. |

[0092] The compounds of the present rnventlon may be administered alone orin
combination with other antlcancer 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;
cytotox:c drugs, such as antimetabolites, like purine and pynmldlne analog antlmetabolrtes
~antimitotic agents like mlcrotubule stabllizing drugs and antlmltotlc alkaloids; platinum
| coordlnatlon complexes anti-tumor antibiotics; alkylating agents, such as nitrogen | |
mustards and nrtrosoureas endocrine agents, such as adrenocortrcosterouds andrcgens
anti-androgens, estrogens, antl-estrogens aromatase inhibitors, gonadotropnn-releasung
hormone agonists and somatostatin analogues and compounds that target an enzyme or
receptor that is overexpressed and/or otherwise involved a Specd”c metabolic pathway that |
18 upregulated in the tumor cell, for example- ATP and GTP phosphodresterase inhibitors,
protein Kinase inhibitors, 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 inh_lbitors,
- vascular endothelial growth factor receptor kinase inhibitors fibroblast growth factor .'
lnhrbrtors insulin-like growth factor receptor inhibitors and platelet derlved growth factor '
receptor kKinase inhibitors and the like; methionine amrnopeptldase |nhlb|tors proteasome
inhibitors, cyclooxygenase inhibitors, for example, cyclooxygenase-1 or —2 |nh|b|tors, 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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malntam the status of a patient after tumor remnssuon or even chemopreventive 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 gurnea plgs

~ [0095] In general, the invention relates also to the use of a compound of formula (I)
and more spec:flcally to the use of compounds of formulae (ll) to (Xi), in lnhlbltlng RAF
klnase‘ activity. '

[0096] The compounds of the present lnventlon are preferably admmlstered as an

active lngredlent in a pharmaceutical composition. Preference is given to a pharmaceutlcal"

composition which is suitable for admlnlstrat:on to a warm- blooded anlmal eSpeC|ally a
human being or a commercnally useful mammal, which is suffenng from a disease
characterized by an aberrant MAP kinase signaling pathway especially, a tumor dlsease
most particularly melanoma comprising a compound of formula (1), or a pharmaceutlcally
acceptable salt thereof where salt-—formtng groups are present ln an amount that | tS |
effective in lnhlbltlng RAF Kinase, partlcularly a mutant RAF klnase together with at least
ohe pharmaceutlcally acceptable carrier, |

[0097] Preference is gwen also to a pharmaceutlcal composntlon tor the prOphylactlc or,
| espec;lally, therapeutlc treatment of tumor diseases and other prollferatlve diseases in a
warm-blooded animal, especnally a human being or a commercually useful mammal which
requires such treatment, especiaily which is sufferlng from such a disease, compnsmg a
novel compound of formula (1), or 3 pharmaceutically acceptable salt thereof, as active |
mgredlent in an amount that 1S effectlve prophylactically or, especially, therapeutlcally
against the mentioned diseases.

[0098] | Pharmaceutlcal compositions comprise from approxrmately 1 % to
approximately 95 % active mgredlent dosage forms that are in single dose form preferably
comprlsung from approxnmately 20 % to approxumately 90 % active lngredlent and dosage
| forms that are not in single dose form preferably compnsmg from approximately 5 % to .
approximately 20 % active ingredient. Unit dose forms are, for example, dragees tablets
ampoules, vials, supposnorles or capsules Other dosage forms are, for example

" ointments, creams, pastes foams, tlnctures lipsticks, drops, sprays, dlsperSlons etc.

Examples are capsules compnsnng from approximately 0.05 g to approximately 1.0 g .of the.
“active ingredient. '
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- [0099] = The pharmaceutical oomposntlons of the present iInvention are prepared ina
manner employing steps which may individually be known per se, for example by means of
| oonventlonal mlxmg granulatlng, confeotlonlng dlssolvmg or lyophilising Processes.

[001 00] Solutions of the actlve mgredlent are preferably used, in addition also
suspanssons or dlsperSlons espeolally |soton|c agueous solutions, dlspersuons or
suspensnons which, in the case. of, for example, lyophilised composmons Wthh contain the
aotlve substance alone or together with a carrier, for example mannitol, can be prepared
‘prior to use. The pharmaoeutloal compositions may be sterilised and/or comprise
excipients, for example preservatlves stabilisers, wetting agents and/or emulisifiers,

| .SOIUblllSet‘S salts for regulating the osmotic pressure and/or buffers, and are prepared in a'
~ manner known per se, for example by means of oonventlonal dlssolwng or lyophlllsmg

‘ Processes. The mentloned solutions or suspensions may comprise vnscosny-lncreasmg
substances, such as sodium carboxymethylcellulose carboxymethylcellulose, dextran,

| polyvinylpyrrolidone or gelatln or solublllsers for example Tween 80

[polyoxyethylene(zo)sorbltan monooleate trade mark of |Cl Amencas Inc, USA]

[00101] Suspensuons in oil comprise as the oily component the vegetable, synthetic or
seml-}eynthetlo 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
aold trldecyllc acid, myristic acid, pentadecylic acid, palmitic acid, margaric acid, stearic

' BCld arachldlo aold behenic acid or oorrespondlng unsaturated acids, for example oleic

| aczd elaidic acid, erucic acid, brassidic acid or linoleic acid, optionally with the addltlon of
' antuoxndants for example vitamin E, B- carotene or 3, 5-d|-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- hydno 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,

- lsopropyl myristate, lsopropyl paimitate, "Labrafil M 2375" (polyoxyethyleneglyoerol
trioleate from Gattefossé, Paris), "Labrafil M 1944 CS" (unsaturated polyglycolised
glyceridves prepared by alcoholysis of apricot kernel oil and composed of glycerides and
polyethylene glycol ester; Gattefosse, France), ”Labrasol"'(saturated'polyglyc'olised '
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 Cy2 from Huils 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 customa_ry |
manner under sterile conditions, as are also the introd.uctio'n thereof, for example, into

ampoules or vials and the sealing of the containers.

[00103] Pharmaceutical composition's for oral administration can be obtained for
example by comblnlng the active mgredlent with one or more solid carriers, granulating a

resulting mixture, where approprlate and processmg the mixture or granules, if des1red
: 'where appropriate by addltlon of additional exmplents to tablets or dragée cores

[00104] SU|tabIe carriers are especnally fllers such as sugars for example lactose,
saccharose, mannltolor sorbitol, cellulose preparations and/or calcium phosphates, for
example tricalcium phosphate or calciurn hydrogen phosphate; also binders, such.as .' |
starches, for example corn, wheat, rice or potato starch, methylcellulose
hydroxypropylmethylcellulose sodium carboxymethylcellulose and/or polyvnnylpyrrolldone
and/or, lf desired, dlslntegrators such as the above-mentioned starches also |
carboxymethyl starch crossllnked polyvrnylpyrrolldone alglnlc acld or a salt thereof such
as sodium alginate. Addltlonal excipients are especially flow conditioners and lubrlcants for
example silicic acnd, talc, stearic acid or saits thereof, such as magnesium or calcium. - |
stearate, and/or polyethylene glycol, or derivatives thereof | | |

[00105] Dragee cores can be provided with suitable, optionally enteric co'atings there o
being used mter alia concentrated sugar solutlons which may contam gum.arabic, tale, -
polyvmylpyrrolldone polyethylene glycol and/or titanium dlox1de or coating solutions In
suitable organic solvents or solvent mixtures or, for the preparation of enteric coatlngs,
solutlons of suitable cellulose preparations, such as acetylcellulose phthalate or

' hydroxyprOpylmethylcellulose phthalate Colounngs or plgments may be added to the
tablets or dragee coatings, for example for ldentlt'catlon purposes or to |nd|cate dlfferent
doses of actlve ingredient.

[00106] . Pharmaceutical compositions for oral admlnlstratlon are also hard gelatln
capsules and soft sealed capsules consisting of gelatin and a plasticiser, such as glycerol
or sorbitol. The hard gelatln capsules may contain the active ingredient in the forrn of
granules, for'examp’le in admixture with fillers such as corn starch, 'binders and/or. glidants
‘such as talc or magnesium stearate, and optlonally stablllsers {n soft capsules the active -
mgredlent IS preferably dissolved or suspended in suitable liquid exclplents such as fatty .

. 0|Is paraffn oil or liquid: polyethylene glycols or fatty acld esters of ethylene glycol or.
propylene glycol, it likewise being possible to add stabilisers and detergents for example of
“the polyoxyethylenesorbltan fatty acid ester type.

[00107] Suitable rectally administrable pharmaceutzcal composltlons are, for example,

supposutones that consrst of a combinatir~ of the active lngredlent with a supposutory base.
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- Suitable SUppository bases are, for example, natural or synthetic trigtyCerides, parattin '
hydrocarbons polyethylene glycols or hxgher alkanols |

' '[00108] For parenteral admunnstratlon there are suitable, espemally, aqueous sotutlons of

an active angredlent in water-soluble form for example in the form of a water-soluble salt,

or aqueous m;ectton suspensmns that compnse viscosity- lncreasmg substances for

example sodium carboxymethylcellulose sorbitol and/or dextran and, if desnred stabilisers.

The active lngredlent optionally together with excipients, can also be in the form of a

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

[00109] Solutions used, for example, for parenteral a'dministr'ation can also be used as
_infusion solutions. |

[00110] Preferred preservatives are, for example, antioxidants, such as.ascorb’ic acid, or
microbicides, such sorbic acid or benzoic acid.

[00111] The invention relates especially to a process or a method for treating”one of the -
pathologlcal conditions that i s characterized by an aberrant MAP kinase signaling pathway
eSpeC|ally a dlsease responsive to inhibition of RAF kinase, especially a correspondmg
tumor disease. The compounds of formula (I) can be admnmstered prophylactically or
therapeutically as such or in the form of pharmaceutical compositions, preferably in an
amount that is effective against the mentioned 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 apprdximately 70
-'kg, a daily dose of from approximately 0.1 g to approximately 5 g,’preferably from' '
approximately'o.s g to‘approximately 29, of a compound of the present invention IS
administered.

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

| i[00113] The compounds ofthe present mventlon are prepared utilizing methods
preferably according to the exemplary reaction schemes described below, individual steps
of the said methods belng Known in general terms to those skalled in the art.
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[00114] A general scheme showing a process of the present invention is as described
above. A mo’re‘ specific.variation of the above scheme is given below (Sgheme G):.

- N g N N o
I N | SN =N -

OH | . o Cl Cl

| K
o N
N_ _N - '
NS ' .
U T ,
N © OH
cl - .

Scheme G

.[001.15] ~An example of an R group is one containing sulphur, as'iilustrated below in

Schemes 1 _arid'2:

N AN o |
O —U0— Q.
oM . i - - -
2-F’henylamlpo-pyrimldin-4-o%

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

- | y .
K NN |
. , S N ™~ .
' H ‘ | & T o N(R
N | " N S
| ' ” \\ | e —— '
- .9 o ‘ _ .-

OH

Scheme 1
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' [00116] ~ A particular example of a reaction of Scheme 1 is shown below:

o H - -
N\\[/N N .
| —_—
N
oM o
2-Phenylamino-pyrimidin-4-ol

Synthetfc Communlcations
(1987), 27(11), 1843-1948

4n o

Scheme 2

[0'0117] A third reaction scheme according to the present inVention is shown below: -

- OH

Scheme 3
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[00118]' A particular example of rear‘:tion Scheme 3 is shown below in Scheme 4.

No _S_
\Y ~ -~ H,N_.
~ZN L

OH

Scheme 4

- Examples

[00118] The preparative method will now be illustrated by reference to the specnflc |

preparatlons of 1-{2 [3-(3- Chloro propoxy) phenylaminol- pyrlmldln-4 yl} 1,2,3,4-tetrahydro-
qumolm S-of and various 1-{2-[3- (sulphonyl sulphanyl and sulphonamlno) phenylammo]-
| pyrlmldln-4-yl}—1 2 3,4- tetrahydro qumolm 5-ol derivatives.,

[001 2‘0] Results of meltmg pomt tests and mass spectrometrtc evaluatlons are also

presented.

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

[00122] Intermediate synthesis: .

- [00123] [3-(3-Chloro.-propoxy.)-phenyl‘]-(4-ch|oro-pyrimidin-2-y|)-amine:

206



CA 02644356 2008-08-28
WO 2007/109045 PCT/US2007/006424

N s. HN o Ho o
D Q . "NY\Q S (rYO
°‘/N + : \N. . .

O O\/\/Cl . CH 'OW : O\/\/CI '
2-Methylsulfanyl-  3<3-Chioro-propoxy)- | 2-[343-Chloro-pronoxv) | (3«(3-Chloro-propoxy}-phenyl]-
pyrimidin-4-o} phenylamine . -phenylamino]-pyrimlidin-4-ol (4-chloro-pyrimidin-2-yl)-amine -

,' [00‘1 24) Heating 2‘2.98. g (161.64 mmol) '2-methylsulfanyl-pyrimt’din—4-ol in 90 mt_ 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
,reactlon mrxture IS poured onto aqueous sodium btcarbonate and extracted with ethyl
acetate After evaporation of the solvent the brown oil is dlssolved in 10 mL DMEU and 35

'. - mL POCI, are added. After heatmg the reaction mixture at 70° C for 2 h itis carefully

poured onto an aqueous bicarbonate solution. Extraction with ethyl acetate followed by
flash chromatography on silica (eluent hexanes ethyl acetate 1:1) affords 1.60 g (yield ca.
50%) of the title compound as brown oil. - |

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

[00125] 1-{2-[3-(3-ChIoro-propoxy)-phenylamino]-pyrimid'ih-4-yl}-.1 2,3,4-tetrahydro- -

quinolin-s-olz
, T
. QTH\Q ' . Q:E/) Q\Ncn

OH | | | Cl OWCI
' OH
3-{3-Chloro-propoxy)- 13.43.Chloro-propoxy)-phenyl]- ' 1-{2-[33-Chloro-propoxy)-phenylamino] |
phenylamine (4—ch|oro—pyrimidin-z-yl)-amtne. -pyrimidin-4-yi}-1,2,3,4-tetrahy dro-quinolin-5- ol

[00126] A mixture of 200 mg (0.617 mmol) [3-(3-chloro-propoxy)- phenyl] -(4-chloro-
| 'pyrlmldrn 2- yl) amine and 100 mg (0.617 mmol) 3-(3-chloro-propoxy)-phenylamine is
heated neat at 100° C for- 20 m:nutes Wlth the help of sonication the resulting resin |s

- dissalved in a mixture of ethyl acetate and aqueous sodium bloarbonate The orgamo layer .
is dried over sodium sulfate and evaporated. Chromatography on snltca using |
dlchloromethane / ethyl acetate (10:1) as eluent afforded 160 mg (yield 58%) of the title "
compound as yellow foam | '

'H NMR (DMSO dg, 400 MHz): 9.43 (s, 1H), 9.13 (s, br, 1H), 7.91 (d, 1H), 7.47 (m, 1H),
7.47 (d, 1H), 7.04 (¢, 1H), 6.80 (t, 1H), 6.72 (d, 1H), 6.51 (d, TH), 6.42 - 6.38 (m, 2H), 3.96
@, 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 to'r 1 chlorine atom.

[00127] 1—{2 [3—(sulphonyl sulphanyl and. sulphonammo)-phenylammo] pynmldin- |
-yl}-1 2,3,4- tetrahydro-qumohn-S ol derlvatlves | ~

{001 28] Intermediate synthesis: -

' B -Chl a -2- ]
2-Phenylamino-pyrimidin-4-ol ' g:m:eom pynml In-2 yl) phenyl.

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

4 -(4-Chloro- pyrlmldln 2-ylamlno)-
benzenesulfonyl chlonde

[00129] (4-Chloro- pynmrdme 2-yl)-phenyl-amine

- [001 30] 2 Phenylamlno-pyrlmldrne-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 hydroohlorlo acid in
dioxane (Aldrroh) and 1.6 mL (17 5 mmol) phosphorous oxychloride under mtrogen and at
room temperature The mixture is heated under reflux for 3 hours, cooled and diluted with
ethyl acetate. The resultmg solution is washed with saturated sodium bicarbonate so!utlon
and brme dried over sodium sulfate and evaporated The residue is punﬂed by flash
chromatography on silica gel usrng ethyil aoetate/hexane 2:8. The title compound IS
.obtalned in 86% vyield (1.5 g): m.p. 134-135 °C; MS (ES+) m/z (M + H)"" 206.

[00131] 4,—(4-Chlo'ro-pyrfmidine-2¢ylamino)-benzenesulfoh’yl ohloride

[001'32] 3.2 mL (48 mmol) Chloro‘sulfonic acid are cooled to 0 °C under nitrogen. °To this |
IS added (4-chloro- -pyrimidine-2-yl)-phenyl-amine (1. 15 g, 9.6 mmol) in small portions under -
stirring. After oomplete addrtron 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
' 28 B | |
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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 (ES_+) m/z (M + H)*! 300 (ma‘ss of the correspondmg methy! solfonate

since the MS solution was made up in methanol).

4-(4-Ch|oro pyrimidin- 2-y|am|no) -be

nzenesulfonyl chloride 4-{4-Chloro-pyrimidin-2-ylamino)-N-

cyclohexyl-benzenesulfonamide

>s7
. 0"\, \C

OH N-Cyclohexyl-4-[4-(5-hydroxy-3,4-di
hydro-2H-quinotin-1-yi)-pyrimidin-2
-yla mino]-benzenesuifonamide

[00133] N- Cyclohexyl—4 [4- (5 hydroxy- 3 4-dihydro- 2H-qumo|m 1-y|) pynmrd\ne -2-
ylamino]- benzenesulfonam:de

[001 34] A mixture of 560 mg (1.5 mmol) 4-(4-chtoro- pyrimidine-2-ylamino)-N- Cyclohe;cyl-‘ |
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 solutlon filtered again and finally washed with water. This materlal 1S subjected
to a flash chromatography on snllca gel using ethyl acetate/hexane 8:2. Pure fractions are
pooled and evaporated, stirred a few minutes in methanol, filtered, re-suspended in a
mixture of toluene and diispropyi ether, filtered again and dried under vacuum. The title
compound is obtained in 20% yield (150 mg): m.p. 236-238 °C; MS (ES+) m/z (M + H)*
480.

[001 3'5] Starting material 4-(4-chlorc-pyrimidine-2-ylamino)-N-—cyclohexyl-

henzenesulfonamide ,
9
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too136]' 600‘mg (2 mmol) 4-(4-Chloro- pyri’midine-z-ylamino)-benzenesulfo’nyi chloride
are suspended in 60 mL of dichloromethane and treated at room temperature wnth 0. 57 mL
(5 mmol) cyclohexylamlne All the material goes slowly-into solution and after sturnng for -
about 15 minutes fine needles start to appear. The stirring is continued for a total of 2
hours then the mixture is diluted with dichloromethane and washed with 5%.01tnc acid and
brine. The. organic phase ie dried (Na2804) and evaporated'. The title compound is o‘btained‘
in 99% yield (706 mg): m.p. 202-204 °C; MS (ES+) m/z (M + H)*' 367.

[00137] The following examples are syntheSIzed using an analogous sequence as
described for N-cyclohexyl-4-[4-(5-hydroxy-3,4- dthydro 2H qumohn-1 -yt) pynmldme-z-

' ‘. H

. N .
S
P~ T
O o .

4-[4-(6-Hydroxy-3,4-dihydro-2H-
quinolin-1-yl)-pyrimidin-2-ylamino]-N-
(3-methyi-butyl)-benzenesuifonamide

ylaminoj- benzenesulfonamlde

OH

S/N\’/\.N/
ZAN )
O ®

N-(2-Dimethylamino-ethyl)-4-[4-(5-
hydroxy-3,4-dlhydro-2H-qulinolin-1-yl)
-pyrimidin-2-ylamino]-benzenesulfo
namlide »

i o
S
//\E\\/\(

O 0 OH

3-{4-[4-(5-Hydroxy-3,4.dihydro-2H-
quinolin-t.yl}-pyrimldin.2-ylamino]-
bonzenesulfonylamino}.propionic acld -

- H
N N
| =T )
~=N \//\OH
//\\ -

4-[4-(5.Hydroxy.3,4-dlhydro-zH-
qulnolin-1-y)-pyrimidin-2.ylamlino)-N-
(2-hydroxy-othyl)-benzonosulfonamide

OH .
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MS (ES+) m/z
M + H
468

175-17 469

Comp. name

,4-[4_—-(5-Hydroxy-3,4-dihydro-2H-quin‘oline-1-yl)-byrimidin-2— 124-126

ylamind]-N-(B-meth'yl-butyl)-beﬁnzenesulfona‘midé |

N-(2-Dimethylamino-ethyl)-4-[4-(5-hyd foxy-3 4-dihydro-2H--
qﬁiho!ine-jfyl)-pyrimidin-"2-y|'amino]-behzené'sulfonamide '
[374Ta-(5-+ '
2-y[amino]-benzenesulfonyla’mino}-pro:pionic acid

. 4
Y

S-Hydroxy-3,.4-dihydro-2l‘-l-qUEnoIine-1 -yh)-pyrimidin- | 217-219 470

4-[4-(5-Hydroxy-3,4-dihydro-2H-guinoline-1 -yD)-pyrimidin-2-
.ylarhino]-N-(2-hy'dr0xyseihyl)-benzenesuIfonamide

. [00138] ‘(3-Ch|oropheny|)-[44(3,4'—dihydr0-2H-quinonn-1-yl)-—pyrjm’idin-Z-yI]-amine
hydrochloride: | '

Cl

2-(3-Chioro-phenylamino)-pyrimidin-
4-0 |

| S S , ~ _N
(3-Chloro'-phen‘yl)-(4-chIoro-pyrimid | '
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-o|

[00140] 2-Methylsulfanyl-pyrimidine-4-ol (568 mg, 4 mmol) and 3-chlorqhaniline (0.47
mL., 4 mL) are mi'xedl and heated for 30 minutes to 170 °C. The resulting solution S cooled
and triturated with 0.1 m hydrochloric actd, filtered, washed with water and dried under
vacuum. The title compound is obtained in 59% vield (520 mg). m.p. 250-252 °C: MS
(ES+) m/z (M + H)*" 222, ' ' -
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[00141] (3 Chloro-phenyl) (4-chloro-pyrimidine-2-yl)-amine

[00142] 2-(3-Chlioro- phenylammo) -pyrimidine-4-ol (444 mg 2 mmol) iS added in portlons
to 6 mL phosphorous oxychlorlde at room temperature. ‘The mixture is heated to 70 °C for
1 hour, cooled and the excess phosphorous oxychloride evaporated under reduoed
.pressure The residue is drssolved in ethyl acetate washed with saturated sodium
carbonate’ solutlon and bnne dried over sodium sulfate and evaporated The title

~ 'oompound S obtamed in 91% yleld (440 mg) m.p. 112- 114 °C, MS (ES+) m/z (M + H)”“1
240,242, | | -

[00143] '(3-Chioro-‘phenyl)-[4-(3,4-dihydro-2H-quinoline-1-yl)-pyrimidio-Z-yl]-amine
hydrochloride | | o

[00144] | (3-Chloro-phenyl)-j'(4-ohloro-pyrimidine-é-yl)'-amine (360 mg 1.5 mr’ﬁol) in 1 mL -
of dioxane is treated with 223 mg (1 .5-rn_'mol)_1,2,3,4-tetrahydro¥qdiholine-,_s-ol.l The mixture |
is heated 2 hours at 80 °C and't'hen 18 hours at 100 °C. The solvent was evaporated and
the residue suspended in ethyl acetate/Hexane 1:1 stirredfor a few minutes and filtered |
The title compound 's obtained in 29% y:eld (150 mg): m. p 250-252 °C; MS (ES+) m/z (M
+H)™ 353.- - '

.[00145] The following examples are synthesized using an analogous sequ'enoe as
desorlbed for (3 -Chlorophenyl)-[4- (3,4- dlhydro 2H-qumohn 1-yH-pyrimidin-2-yl}- amine '

hydro_chlonde. The compounds in the table are isolated as the free bases.

NH,
- 1-{2-[4-(Plperldlno-1-oulfonyl)-
phenylamlino)-pyrimidin-4.yil}- = | » | . .
1,2,3,4-tetrahy.dro-ﬁquinoiln-s-ol 4-[4- (5 Hydroxy .3,4- dlhydro 2H. .
quinolin-1-yl)-pyrimidin-2-ylamino]-
OH benzenesulfonamide

.S
:

1-[2-(4-Mathylsulfanyl-phenylamln’o) |
-pyrimidin-4-yl]-1,2,3,4-tetrahydro-
quinolin-5-0l
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MS (ES+) m/z
M + H +1
466

155 B - .
o

,[00146] 1 -[2- (4-Methanesulf0nyl phenylammo) pyrsmldm-4-yI] 1,2,3,4-tetrahydro-
quinolin- -5- ol (oxidation product of 1 [2 (4- methylsulfanyl phenylamlno) -pyrimidin-4-ylj-

Compound name

1-{2-[4-(Piperidine-1-sulfonyl)-phenylamino]-pyrimidin-4-
yi}-1,2,3 4-tetrahydro-quinolin-S-ol

4-{4- (5 Hydroxy'a 4-dihydro-2H- qulnolm 1-yl) -pyrimidin-
2- ylammo]-benzenesulfonam|de -

| [2 -(4- Methylsulfanyl ph'enylamlno) pynmldm-4 yl]
1 2 3,4- tetrahydro-qulnolme -5-0]

1,2,3,4-tetrahydro-qumohne-s ol)

1-[2-{4-Methanesulifonyi- |
phenylamino)-pyrimidin-4-yl]-1,2,3,4~
- tetrahydro-quinolin-5-ol

| [00147] 1-[2-(4- Methyisulfanyl -phenylamino)- pyrlmldln-4 yll-1, 2 3 4-tetrahydro-quuno||ne-
5-0f (364 mg, 1 mmol) is suspended in 10 mL of dlchloromethane at 0 °C. m-
chloroperbenzoic-acid (FLUKA 25800, 580 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 ,tﬁen
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 dhromat‘og'raphy on stlica gel using
| 'ethyl acetate and then by MPLC on a reverse phase column usihg an acetonitrile/Wa‘ter B
gradient containing 0.5% TFA. The title compound is obtained in 6% yield (25 mg): m.p.
242-245 °C:-MS (ES+) m/z (M + H)*' 353. '

[00148) .Addit'ionai. compounds within the scope of the present invention include the
fdllowing: |

_1-[2-(3,4,5-trimethoxy-phenylamino)—pyrimidin-4-yl]-1-,2,3,4-tetrahydro¥quinoiin.-S-ol |
4-[4-(5-hydroxy-3,4- dihydro 2H-quinolin-1-yl)-pyrimidin-2-ylamino]-benzenesulfonamide

[2—(3 4 5-trimethoxy- phenylammo) pyrimidin-4-yl]-1, 2 3 4-tetrahydro—qu|nohn -6-0l
. 33
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1-[2-(3,5-dimethoxy-phenylamifo)- pyrimidin-4-yl]-1,2,3 4-tetrahydro-quinolin-5-ol

1- [2 (3, 4 S- tnmethoxy phenylammo) -pyrimidin-4-yl]-1,2,3 4-tetrahydro- qumolm 7-0l

4 [4 (6-hydroxy-3,4-dihydro-2H-quinolin-1-yl)- pyrsmldm -2-ylamino]-N-(2- hydroxy ethyl)
benzenesulfonamide - | . .

{4- [4 -{5-hydroxy-3,4- dlhydro -2H-quinolin-1-yl)~pyrimidin-2- ylamnno] benzenesulfonylammo}
acetic acid | - | |

| -‘l-[2-(3,5-dimethoxy-phenylamino)-pyrimidin-4-yl]-1 2,3,4-tetrahydro-quinolin-6-o}

4-[4-(6-hydroxy-3 4-dihydrd 2H-quinolin- -yl)~-pyrimidin-2-ylamino]- benzenesu’lfonam'ide

4-[4-(5- hydroxy 3, 4- -dihydro-2H-quinolin- -1-yD)-pyrimidin-2- ylamlno]-N-(Z hydroxy ethyl) 3-
methyl-benzenesulfonamide

1-[2-(3-chloro-phenylamino)- pyrnmndm—4-yl] 1,2,3,4- tetrahydro quanolm 5-0]
[4-(3,4-dihydro-2H-quinolin-1- -yl)- pyrlmldln 2-yl]-(3,4,5- trlmethoxy phenyl)- amlne |
1-[2-(4-methanesulfonyl- phenylamlno) pyrlm:dm-4 -yl}-1,2 3 4-tetrahydro- -quinolin-7- ol
-[2-(4-methylsu|fany| pheny|amsno) -pyrimidin-4-yl}-1,2 3,4-tetrahydro-quinolin-5-o!
1-(2 phenylammo-pyrfmld:n.-4-yl)-1 ,2,3.4-tetrahydro;~qumolm-s-ol
1-[2-(3-hydroxy-phenylamino)-pyrimidin-4-yi]-1,2,3 4-tetrahydro-quiholin-5 o] .
4-(4- (5 hydroxy 3,4- dlhydro 2H-qunnolm -1-yD-pyrimidin-2- ylammo] 3-methyl- N-(3 methyl-
butyl)- benzenesulfonamide | |

4-[4-(5-hydroxy-3,4- dthydro 2 H- qumolm 1 yl) -pyrimidin- 2 ylamlno] N-pyrudm—4 ylmethyl-
benzenesulfonamlde

1-H{2-[3-(2- |m|dazo|-1-yl ethoxy) phenylammo] -pyrimidin-4- yl}-1 2,3,4- tetrahydro qunnolm 5-
Ol |

1-{2- [3 -(3-chloro- propoxy) phenylammo]-pynmldm-4-y|} 1 2,3,4- tetrahydro-qumolm 6-ol
- 4- [4 (5 -chloro-3,4- dlhydro 2H-qumohn- -yi)-pyrimidin-2- ylammo] benzenesulfonamide

1-{2-[3=(3- morphohn-4 yl-propoxy) phenylammo] -pyrimidin-4-yl}-1,2, 3 4-tetrahydro-qumo||n-
- 5-0l |

[ -(3,4-dihydro-2H-quinolin-1-yl)-pyrimidin- 2 -ylaminol- benzenesulfonamlde
4-[4-(6-hydroxy-3,4- dihydro 2H-qumolm -1-yh)-pyrimidin-2-ylamino]-N- (3 methyl- butyl)-

benzenesulfonamide | | |
(4-(6-methyl-3,4- dlhydro 2H—qumo||n 1- yl) pyrlmldln 2-yl]-(3,4,5- trlmethoxy-phenyl)-amme
1-{2- [3 (3-chloro-propoxy)- phenylamino]-pyrimidin-4-y}-1,2,3 4-tetrahydro- qumohn-? ol.
[4-(7-methyl-3,4-dihydro-2H-quinolin-1-y)-pyrimidin-2- vi]-(3,4,5- trumethoxy phenyl)~am1ne

4-[4- (6 -methyl-3 4-d|hydro -2H-quinolin-1- ~y}-pyrimidin- 2. ylamlno] benzenesulfonamlde
[4-(3,4-dihydro-2H-quinolin-1-yl)- pyrimidin-2-yl]-(2,3-dimethoxy- benzyl)-amme
. 4- [4 -(5-hydroxy-3,4- dlhydro-2H-qumohn-1 -y1)-6- methyl-pyrlmndm-Z ylammo]

benzenesulfonam:de

3-[4-(3,4-dihydro-2H-quinolin-1 -'y'l’)-pyri'midin—z-ylamino]-bhenol'
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- 4-[4- (S-ﬂuoro 2-methyl-3,4-dihydro-2H-quinolin-1-yl)- pynmldln 2. ylammo] N-(3- methyl- '
butyl) -benzenesulfonamide | | .
1-[2-(3,4,5-trimethoxy-phenylamino)-pyrimidin-4-yi]-1,2,3,4-tetrahydro-quinolin-8-ol

[1-(2- phenylammo pynm:dm—4 yl) 1,2,3,4-tetrahydro-quinolin-3-yil- carbarmc acnd benzyl
ester |
1-[2-(4- trlfluoromethyl phenylammo) pyrlmldln-4 yl]-1,2,3,4-tetrahydro- qulnolln -5-0l

.[00149] Dry-filled capsules

[00150] 5000 capsules, eéch'combris'ing as active ingredient 0.25 g of one of the

corhpounds of formula | mentioned above, are prepared as follows: |

- [00151] Composition

adtive ingredient o 1250 g -
talcum - .180g
wheat starch . 120 g
magnesium stearate . 80g
Iactoéé | 20 g.

[00152] Preparation process

{00153] The mentioned substances are puiverized and. forced through a sieve of 0.6 mm
mesh size. 0.33 g.portions of the mixture are introduced into gelatin capsules using a

capsule-filling machine.

[00154] . Soft capsules

[00155] \ 5000 soft gelatin capsul.es, each comprising as active ingredién't'0.0S g of one
of the compounds of formula (I) menticned,abéve, are prepared as follows:

[00156] - Composition

active ’ingredient' 250 ¢

PEG 400 1L

Tween 80 | . 1L

[00157] 'Preparation procéss

[00158] The active ingredient is pulverized and suspended in PE.G 400 (polye’thy’lehe
glycol having an Mr of from approxim’ately 380-420, Fluka, Switzerland) and Twé',en®80

(polyoxyethylene sorbitan monotaurate, Atlas _Chem.' ind. Inc., USA, supplied by Fluka, |
Switzerland) and g.round in a w'et pulverizer to a pérticle 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
c'apsule-ﬁlling machine.. -

[00159] EQUIVALENTS

[00160] | \‘N.hile' th‘e invention has 'beeh described in cdnn'ection'with what is présehtly o

considered to be the most practical and preferred embodiment, it is to be un’derstood'thét
.thé invention is not to be limited to the disclosed embodiment, but on the contrary, is

 intended to cover various modifications and equivalent arrangementé included within the
“spirit and scope'of- the appended claims. . | '
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. CLAIMS |

1 A compound of forr,n[ul'a (1)

- or a pharm'aceutica_lly acceptable salt, ester or prodrug thereof for use as a pharmaceutical

wherein ' | . |

each of A,, Az, Az, A4 IS |ndependently 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 A4 is N:

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

R'is a substituent of the aromatic ring and nis an integer from O to 4,

Y and D are lndependently selected from O, S, CH,, NH, R6 substltuted C, or R6
substltuted N, ,

R%is a substntuent‘ef the ring which contains Y and D and r is an integer from O to the
maximum number of available valencies of the ring: ‘

'R?is a substituted or unsubstituted moiety selected from hydrocarbyl and heterocyclic;

" Tis seleeted from H, halogen, O-R®°, S-R® SO-R® eo'g-R8 SO,-N(R®),, SO.-NR'®and SO,-

' halogen where R® is selected from hydrogen, substituted or unsubstltuted alkyl,
Cycloalkyl heterocyclyl or-aryl; and R% is substltuted or unsubstltuted alkyl, cycloalkyil, 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,
AH /,A1

e
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or a pharmaeeUtically aceepteble'salf, ester or prodrug thereof

wherein | - | ‘ |

each of Ay, A, Az, As IS mdependently selected from N or C-R® where R3 represents H or. a

 substituent moiety of C and where at !east one of A;, A, and A4 is N:

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

~R'is a substituent of the aromatic ring and n is an integer from O to 4, -

Y and D are lndependently selected from O, §, CH,, NH, R’-substituted C, or R®-
substituted N, | o

Ris a. substltuent of the ring which contains Y and D and ris an mteger from O to the ‘, |
“maximum number of available valencies of the ring; | | ' ‘

R? IS a substituted or unsubstituted moiety selected from hydrocarbyl and heterocychc |

T is selected from H, halogen, O-R®, S-R®; SO-R® SOQ“RB, SOZ-N(R8 2, SO,-NR®and SO,-

" halogen, where R® is selected from.hydrogen, substituted or u.nsubstitu’ted alkyl,.
cycloalkyl, heterocycl.yl.or‘ e'ryl;‘and R® is substituted or unsubstituted alkyl, cycloalkyl, or
aryl, and NR'® represents a heterocyclic ring including the nitrogen: and o is an integer '
from Oto 5 B - | o

and wherein the compeund is not:

' 3. ’A compound of claim 1 or 2 wherein A; and A; are N, and Az end Ay are C-R3.
4. A compound of claim 1, 2 or 3 wherein and A; and A, are C-H.
S, A compo’un‘d of any of claims 1 to 4 wherein X is N-H.
6. A compound of any one of claims 1 to 5 wherein R', or each R’ independenily, IS
selected from OH, O-alkyl, SH, S-alkyl, halogen, substituted or unsubstituted amine,
- CF; and C4-C, alkyl.
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- 10.

11.

- 12.

- 13,

14.
15.

16:
17

18.

19,
20.

21.

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

~ A compound of any preceding claim wherein nis 1.

A 'compoun‘d, of any p_réc'eding claim wherein Y is CHa.

A compound of any preceding claim wherein D is CH.

‘A compound of any precedihg claim wherein R? is selected from substituted or |

- unsubstituted aliphatic, alicyclic, or aromatic moieties.

A compounc‘i_ of any preceding claim wherein R¢ is aromatic.~

A compéund as claime'd in claim 12 wherein R? is selected from substituted or’

unsubstituted pheny!, imidazoly'l,' pyrrolyl, oxazoly! and isoxazoly!. '
A compound as claimed in claim 12 wherein R® phenyl.

A compdund- as cléimed in any preceding claim whereihh pis 1.

- A compound as claimed in claim 14 whereinpis 1 and T s located para- to the linking

Qroup X.

A compound as claiméd in any preceding claim wherein T is selected from halogen,
O-alkyl, O-alkyl-halogen, SO,-R?, Soz-NHRs, SO,-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 claimed in claim 17 wherein R® represents 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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I | ) ' .
07N /f/\)\fo \E\S\ (it)
N g O |
H | ,
- OH | |
O N &

2 N 5w
 o '
] 0
O"’S\ =8
oy N T 0= \H/{/\)q\N/
- (vii)) A
O— n . O
i S\g{/\)\ s T \(\/}q/C' (%)
Vill)
- (%)

where q is an integer from 1 to 4 and s is an integer from 0 to 4
22. A compound as claimed in any preceding claim wherein ris 0.

23. A compound as claimed in claim 1 or 2 selected from c'ompounds of the'fdrmulale
(1), (I1l) and (IV):

UN

24. - A compound as clé‘imed in claim 23 wherein _X s NH.
25. A compound as claimed in claim 23 or 24 wherein R? is phenyl.

26. A ‘compound as claimed.in'claim 23, 24 or 25 wherein nis 1.
10
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27 . A'compound as claimed in claim 23, 24, 25 or 26'WH,eréin pis1..

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

(M

28, A compound as claimed in clairh 28 wherein A, and A, are N, ,a.nd As and A, are C-R’.

30}. A compound as claimed in claim 1 or 2 selected from compounds for the formulae.
(V1), (Vil) and (VIlI):

31. A compound as claimed in claim 30 wherein n is 1.

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

33. A compound as claimed in claim 30,’31 or 32 wherein p 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'formul.é (X1)

(R')

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.

40. .

47

48.
. medicament for use in the treatment of angiogenesis, cancer, tumour growth,

49,

20.

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

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

' .Src, Her-1, Her-2, c-K’it’, c-Abl Ins-r, Tek, Flt-1, FIt-3, Flt-4,.c~Ab'i and FGFR-1, Eph
. receptors (e.g. EphB4), CDK1, CDK2 and RET activity in a warm-blooded animal.

A compound as claimed 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, atherosclerosis, age related macular
degeneration, diabetic retinopathy, inflammatory diseases, neurotraumatic diseases,

chronic neurodegen_eration, 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

charactenzed by an activated mutant B-RAF krnase

The use of a compound of any of claims 1 to 40 for the manufacture of a medicament
for use in the treatment of tyrosine and serine/threonine kinase and kinase-like-
dependent diseases. | o

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

atherosclerosis, age related macular degeneration, diabetic retinopathy, inflammatory
diseases, neurotraumatic diseases, chronic neurodegeneration, pain, migraine 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 treatment 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 characteri.zed by an activated

mutant B-RAF kinase.
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51.
52.

53

54.

- 98.
56.
57.

58.

. injection.

- 59,

The use as claimed in any one of cialms 47 to 50 wherein said compound 1S

admrnrstered alone

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

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 -inhrbitors,
vascular endothelial growth factor receptor kinase inhibitors, cytotoxic drugs,
antimitotic'agents, platinum coordination complexes, anti-tumor antipiotics, alkylating
agents, endocrine agents, androgens, anti-androgens eatrogéns anti- é‘strogené

‘aromatase inhibitors, gonadotropin- releasing hormone agonlsts and somatostatrn B

analogues and compounds that target an enzyme or receptor that- |s overexpressed
and/or otherwrse involved a specific metabolic pathway that is upregulated in the
tumor cell, protein krnase lnhrbrtors threonine and tyrosrne Kinase inhibitors,
epldermal growth factor receptor kinase rnhrbrtors vascular endothelial growth factor
receptor kinase inhibitors, fbroblast growth factor rnhrbrtors msulm ike growth factor
receptor mhlbrtors p!atelet-derrved growth factor receptor klnase mhibrtors

~ methionine ammopeptldase inhibitors, proteasome iInhibitors, cyclooxygenase

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

A pharmaceutical composrtron as claimed in claim 54 comprising from approxrmately
1% to approxrmately 95% of a compound of any one of clarms 1 to 40..

A pharmaceutical composition of claim 54 or 55 comprrsmg from approxrmately 20%

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

A pharmaceutrcal composrtron of claim 54, 55 or 56 comprising from approxrmately
5% to approximately 20% active mgredrent |

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

- A pharmaceutical composrtron of claim 58 comprrsrng a solutron suspensron or

dispersion of a compound of any one of clarms 1to 40.
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60. A p'harmaceutica.\l compositionof claim 58 or'59’ édoifionally oomprising. a carriér.
61. A pharmaceutical composition' of clairn 60 whorei‘n said carrier oompriseo mannitoL
A pha'rméoeutioal coﬁposition of oclaim 59, 60 or 61 oomprising a suspension-in oil.
83." A pharmaceutical composit'(on of .any. one of ol‘oims 54 to 57 for oral administration. |
64 A pharmaceutioa'l composition of claim 63 additionolly coniprising a salid carrier. .
A pharmaceotical conwposition of clai'm 64 additionally comprising gela'tin and a
plasticiser. ' ' '
|66.. A phafmaoeutical oomposition of any one of cléims 54 to 57 for rootal adm.inistration.
67. A pharmacoutioal compooition of claim 86 édditionally’comprising a suppository base.
68. A pharm'aoeutioa! composition comprising a compound of any of claims 1 to 40 and at
| least one anticancer agent. ' '
69. 'i'he_ oombina.tion of the compound of any of oiaims 1to 40 With at least one
" anticancer agent. o
70. A-pharmaceutical composition as claimed in claim 68 or a combination as cléimed in

. claim 69 wherein the anticancer agent is selected from protease inhibitors, epidermal '

growth factor receptor kinase inhibitofé, vascular endothelial growth factor receptor
Kinase inhibitors, cytotoxic arugs, antimitotic agents, platinum coordination |
complexes, anti-tumor antibiotics, alkylating agents, endocrine agents, androgens

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

releasing hormone agomsts and somatostatin analogues and compounds that targe't |
an enzyme or receptor that is overexpressed anad/or othenmse lnvolved a specific
metabolic pathway that is upregulated in the tumor oell ‘protein kinase inhibitors,
threonine and tyrosine kinase inhibitors, epzdormal growth factor receptor kinase
inhibitors, vascular endothelial growth factor reoéptor Kinase inhibitors, fibroblast
growth factor inhibitors, insulin-like g‘row’th factor receptor inhibitors;, otatelef;derived |
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growth factor receptor kinase inhibltors,' methionine aminopeptidase inhibitors,

proteasome Inhibitors, cyclooxygenase inhibitors, and histone deacetylase inhibitors.

71. A method of treatlng a ty'rosine serine/threonine kinase or kinase- like- dependent '
disease comprising admmlstermg to a warm-blooded anlmal for example a human, a

therapeutlcally effectlve amount of a compound as claimed in any one of claims 1 to
a0 . |

72. A method of claim 71 Wthh further comprises admlnlsterlng at the same tlme orat a
separate time, one or more anti-cancer agents |

73. A method of treating melanoma, which method comprises |
(a) testmg melanoma tissue from a patlent to determlne whether the melanoma tissue
~ expresses mutant RAF kinase or overexpresses a wild- type RAF klnase and
(b) treatmg the patlent Wlth an effective RAF kinase lnhlbltlng amount of a RAF )
lnhlbltmg compound as claimed in any one of clalms 1to 40 If the melanoma IS

found to overexpresses a wild type RAF klnase or express an acttvatlng mutant B-
" RAF kinase. '

4, A method of treatlng melanoma which method comprlses
(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 patient with an effective RAF kinase 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 actwnty

75. A method of treating melanoma, which method comprlses
(a) testing melanoma tissue from a patient and determlnlng whether the melanoma
tissue expresses mutant B-RAF kinase or C-RAF kinase actlwty and
- -(b) treating the patlent with an effective RAF kinase iInhibiting amount of a RAF

inhibiting compound as claimed in any one of claims ‘l to 40 if the melanoma tlssue, .
is found to express mutant B-RAF kinase.

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

which method comprlses detectmg a mutation in the B RAF klnase gene or proteln in

-~ a tissue sample from a patlent and treating the patlent with an effectlve B-RAF kmase
inhibiting amount of a compound as clalmed In any of clalms 1 t0 40. |
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77. A method of treating a patlent having a disease: characterlzed by excessive mghalmg
| through the MAP kinase signaling pathway, Wthh compnses administering to the
patient an effective RAF Kinase inhibiting amount of a compound as claimed in any
- - one of olalms 1to 40.

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

N Xage ' : R o X R?
~ . .

N X~ N _X
|
. ~N N (T'),
OH - . Cl - o
§ No X<

. - Cl o - -
o . .' step 4 "

where step 2 is optional and where'carried.out T is a'-precursor of T, and R1 is a precursor

of R oris R' and X,_R‘, R, T and P are as defined in claim' 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 phenyli.

'81; A process as claimed in claim /8, 79 or 80 wherein p is 1.
| 47 ' |
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82. A proce_sé as cléimed in-any one of claims 78 to 81 wherein R" is OH.

83. A process as cléimed In any one of claims 78',t"o 82 wherein T represents SOZ-G
where G represents R%, NHR® or NR'® and R® and R'° are as defined in claim 1.

84, 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. '

85. A process as claimed in claim 84 wherein X-R?-(T), represents

HN

48
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