-1- 1, 4- Dl SUBSTI TUTED | SOQUI NOLI NE DERI VATI VES AS RAF- KI NASE | NHI BI TORS
USEFUL FOR THE TREATMENT OF PROLI FERATI VE DI SEASES Background of the

I nvention The present invention relates to the discovery of novel conpounds
that inhibit B-RAF kinase, a serine/threonine kinase that functions in the
MAP ki nase signaling pathway, and to theluse of the conpounds for the
treatnment of di seases characterized by an aberrant MAP Kkinase signaling
pat hway, e.g., proliferative diseases |ike certain cancers. Sunmary of the
| nvehti on Cel | 5 4comugircatTEDVEIGoOUSCIESBEctFIvaiTIHe ke et kanedd ulAraTTors
envi ronment t orsERYL MoR| BB TRBYTMESTT NCF PaoLTRERAST N ALsexsmssduct i on pat hways.
Many of these signals are transmtted by protein kinases which activate
vari ous factors through the transfer of phosphate .groups. Di sruption of
signal transduction by inhibitiZackeypt : AHGR activity can have a
clinical benefit as has been dermnstrat ed by |mat| ni b, an inhibitor of
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transrrenbrane rece surfa urn star
cascade Mmeeﬁgnm‘naﬁiw ievaat wdliferadive diseasesslik@Aeridmeanseto t he merrbrane
wherefit is activated and in turn activates MEK ki nase which then
activatesRK ki nase. Activated ERK kinase can nove to the nucleus where it
activates various gene transcri Summannef thednveslion ati ons in this pat hway
can lead to altered gene transcription, cellular growmh and contribute to
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B- RAF ki nRiseipiisn obsigmaiiisansduction by inhibiting appropriate kinase aclivity can have a cl:mcal
benefit as has been demonstrated by imatinib, an inhibitor of ber-abl kihase, which is
marketed as its mesylate salt under the brand GLEEVEC™ (in the United States) or
GLIVEC®.

Many growth factors send their signal to proliferate from the extracellular
- environment fo the cell nucleus via the MAP kinase signaling pathway. The growth factors
“(» activate transmembrane receptors Iocafed_on the cell surface which in turn start a cascade
whereby RAS is activated and recruits RAF kinase to the membrane where it is activated
and in turn activates MEK kinase which then activatessERK kinase. Activated ERK kinase
can move to the nucleus where it activates various gene transcription factors. Aberrations in
" this pathway can lead to altered gene transcription, cellular growth and contribute to
tumorogenicity by negatively regulating apoptosis and transmitting proliferative and
angiogenic signals. Inhibitors of RAF kinase have been shown to block signaling thréugh

the MAP kinase signaling pathway in cell culture.

The RAF kinase family is known 1o have three members desighated 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 hurman cancer, including 59% of the



activated by one of several somatic point mutations in human cancer,
.including 59% of the -2- nelanoma cell lines tested. See Davies et al.,

Nat ure, Vol. 417, pp. 949-954 (2002). The conpounds descri bed herein are
efficient inhibitors of RAF kinase, particularly C RAF kinase and wild and
mut at ed B- RAF ki nase, particularly the V599E nut ant B- RAF ki nase. The RAF
ki nase inhibiting property of the inventidre conmpounds mekes them useful as-
t herapeutic agents for the treatnent for proliferative diseases
characterized b aberrant MAP ki nase sjgnal.ing, . path rti uI arly
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Description of the Invention The present invention relates conpounds of the
formula (1) X TIEHRAFkinaseNinhibézYy prgdeyty oitrerievantive campouors Gxakes them esefutom 0
to 2 mi s ce by Q
wher ei n ﬁjgmrp Q‘Jﬁc ?1%’3["&3%0%3 “{ég{]ﬂéqﬁ&%ﬁﬁer%?e@[égrg%%& QQ&%'Z%P bg':%ner ein aryl
is an ar orm:tar@nt deasha@algigmawwm martledﬁmowem@m and@tﬂerasnwheayhg

napht hyl , TGk AR cal
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are chosennvenliep alsedrevidesta mahrd ostraaftu!g@ihegG@mlwsmasﬂdenzwmwlam Byri dyI
1,2-, 1,3-papt 4, sermyﬂ; NEYi Hhdid haviby Rgtaid B-RIAF! R f?ﬁé'lsocﬁhfrioﬁﬁé’tl:dfhpoun9§a20| yl,
qui nazol yl', i'mdazol yl, pyrrolyl, "isoxazolyl isothiazo I ndol yl
|50|ndoI|nyI qui nol yl, -|squ|nonI purinyl, C|nnoI|nyI napht hyri di nyl ,
pht hal azi rWéscription of the Invention

The present invention relates éompdﬁndé of the formula (U]

N "
Z)m ) i
S~ N
J—{(Q),
wherein
n is from 0-2;

risfromQio2
m is from 0-4;
J is unsubstituted or substituted once or twice by Q, wherein
J is aryl, heteroaryl, cycloalkyl or heterocycloalkyl,Wherein
aryl is an aromatic radical having from 6-14 carbon atoms, such as phenyl, naphthyl,
fluorenyl and phenanthrenyl;
heteroaryl is an aromatic radical having from 4-14, especially from 5-7 ring atoms, of
which 1, 2 or 3 atoms are chosen independently from N, S and O, such as furyl,
pyranyl, pyridyl, 1,2-, 1,3- and 1,4-pyrimidinyl, pyrazinyl, triazinyl, triazolyl,
oxazolyl, quinazolyl, imidazolyl, pyrrolyl, isoxazolyl isothiazolyl, indolyl,
. isoindolinyl, quinolyl,-isoquinolyl, purinyl, cinnolinyl, naphthyridinyl, phthalazinyl,



-3- isobenzofuranyl, chronmenyl, purinyl, thianthrenyl, xanthenyl, acridinyl,
carbazol yl and phenazinyl; cycloalkyt is a saturated cyclic radical having
from 3-8, preferably from5-6 ring atons, such as cycl opropyl, cyctopentyl
and cycl ohexyl; heterocycloal kyl is a saturated cyclic radical having from
3-8, preferably from5-6 ring atons, of which 1, 2 or 3 atons are chosen

I ndependently fromN, S and 0O, such as p8Bperidyl, piperazinyl,

i m dazolidinyl, pyrrolidinyl and pyrazolidinyl; Qis a substituent on 1 or
2 carbon atons selected fromthe group consisting of hal ogen, unsubstituted
or substituted | O\A/eisomrizyfu;anymmom@m pu;ilm RyirnthreaRbraybeiyRiaRridinyINRS( O) 2R,

-S(OR2, -S(0O 2R2, % %@A%% -NR- COR2, - CON(R2) R,
-S(O 2N(R2) R2, cyan, tri- ma? ax |, unsubst ituted or substituted aryl,
unsubst.i t ut ed orcysigblviis atsetbraled @y@arzgdrcalﬁa\ahg gemstipsrpietabbdrasn 5-6 ring:

unsubstituted im d%st | yéuch%d:gé!ldﬁ%b*ltwc%eﬁ@l spdphbiwt ed pyridinyl,

unsubstituted or tut ed . unsubstituted or substitut ed
het er ocycl oal kyl het@rgéwl%kykﬁ@qawfategd:y@hc regipdi By R tered-8pprsieratdy fgm,

substituted or unsubglink A, RF RBICAAOR B 3 afimsbrelcbesh rﬁaepéﬁaéden% Nt §d
tetrahydropyranyl, and Substituted or. unsubstitute ngetl

_Cldal kyl -aryl, - 1204 Ry$uch&e HReEpY| PIPE@TINYalF=oH r%%@'?)" a”ﬁm no, nono-
or di-substituted %gim@myleteroaryl aryl; Ris H [|ower alkyl or
| ower al koxy- al kyl ; i's unsubstituted or substituted al kyl, unsubstituted

or substituted cycl oal kyl , unsubstituted or substituted phenyl -C1
al kyl -aryl, tﬂ&hﬂédﬁéhmﬁﬁﬁ&f PaF ¥ barBbn afohi) d@Yéctedlﬁirﬁ fr@cgfswaéd%kmg & HalogenPond,
Y, -N(R~, oxa, thio, sulfone, sulfoxide, Ifon ur eyl ene,

prefdranly - NH-,unsipstifuyd or sugiptepiipyer a{,k)ql ﬁzr &?@WWRS@MW'?M ed or
unsubst i t ut ed ar-WRS(OURS1S( omzecs(m)zﬂgn-ﬂmm, LOEBR,, -C%R;! ORYIOR 5 UBSK{R, MRed or

unsubstituted Cyg(&aNéﬁ/ iRz, cyasngb rEmé Isu%nyll: unsu% P f%} ed or sugsututed aryl,
unsubstituted or substituted heteroaryl, such as substituted or unsubstituted
imidazolyi, and substituted or unsubstituted pyridinyl, unsubstituted or substituted
cycloalkyl, unsubstituted or substituted heterocycloalkyl, such as substituted or
unsubstituted piperidinyl, substituted or unsubstituted piperazolyl, substituted or
unsubstituted tetrahydropyranyl, and substituted or unsubstituted azetidinyl,
-Cyqalkyl-aryl, -C;alkyl-heteroaryl, -C;_salkyl-heterocyclyl, amino, mono- or
di-substituted amino, heteroaryl-aryl;
R is H, lower alkyl or loweralkoxy-alkyl;
R is unsubstituted or substituted alkyl, unsubstituted or substituted cycloalkyl,
i-;(. unsubstituted or substituted phenyl, -Calkyl-aryl, -C,_salkyl-heteroaryl or -Cy_,alkyl-
heterocycloalkyl; )

Xis a bond, Y, -N{R)-, oxa, thio, sulfone, sulfoxide?;ulfonamide, amide, or ureylene,
preferably -NH-, -NHC(O)-, -NHC({O)NH-;

Y is H, lower alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryt, substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocycloalkyl; and ‘

Z is amino, mono- or di-substituted afnino, halogen; alkyl, substituted alkyl, hydroxy,
etherified or esterified hydroxy, nitro, cyano, carboxy, esterified carboxy, alkanoyl,
carbamoyl, N-mono- or N, N-di-substituted carbamoyl, amidino, guanidino, mercapto,
sulfo, phenylthio, phenyl-lower alkylthio, alkylphenylthio, phenylsulfinyl, phenyl-lower



het er ocycl oal kyl ; and Z is am no, nono- or di-substituted am no, hal ogen,

al kyl, substituted al kyl, hydroxy, etherified or esterified hydroxy, nitro,
cyano, carboxy, esterified carboxy, alkanoyl, carbanoyl, N nono- or

N, N-. di -substituted carbanoyl, am dino, guanidino, nercapto, sulfo,
phenyl t hi o, phenyl-tower al kylthio, alkylphenylthio, phenylsulfinyl,
phenyl -1 ower -4- al kyl sulfinyl, alkylphemyd sulfinyl, phenylsulfonyl,
phenyl - | ower al kanesul fonyl or - al kyl phenyl sul fonyl, and where, if nore than
one radical Zis present (m>-2), the substituents Z are identical or
different; or arcitHasingk alkiiphbeylsuifinyl, piregiscionyd whenylidhesreilanesdiooyl orore N
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denotes a radi cadxybavateg;up to and including a maxi mum of 7, especially up
to and including a maxi num of 4 carbon atons, the radicals in question being
unbr anched b PhargRepdisabhacesplahis et ihergd. Any reference to conpounds, salts
and the like in the plural is always to be understood as including one
compound, one s{hé comhpduirislof KkemulAsly MEIRAF Kinadeomdiiavephalhadeutiay uliry

present, ds of .forrmula (1) (or an N oxide thereof),
wherein n bgﬁ?daq{gh ngp wer alkyl; may have the (R), (S) or (RYS)

configuration, preferably the (R) or (S) configuration. Substituents at a
doubl e bond or Withintthe comtgxtisd therprédest disgdogure, e generabingng usdd)hefeintmfore and

Accor di ngl %ere‘n@ﬁe%r%ﬁﬂly ﬁ%ﬂﬂé’quéwl e%ﬁmbg' un’ie%@ éﬂéﬂé@%th&ﬁ\%@s ric mxtures

in the formo ure 1'soners, pre orm Q

enantl oneri cal I¥ pure"dl ast ereoi soner. The index r is- pref erably 0 1. It
may al so be 2. Theterm"lower denotes a radical having up to and including a'maximum of?

especially up to and including a maximum of 4 carbon atoms, the radicals in question being
unbranched or branched one or more times.

Any reference to compounds, salls and the like in the plural is always to be
understood as including one compound, one salt or the like.

Asymmetric carbon atoms which may be present, e.g., in compounds of formula (1)
{or an N-oxide thereof), wherein n = 1 and R is lower alkyl; may have the (R), (S) or (R,S) |
configuration, preferably the (R) or (S) configuration. Substituents at a double bond or a ring
may be in the cis (= Z) or frans (= E) form. Accordingly, the present compounds may be in
the form of isomeric mixtures or in the form of pure isomers, preferably in the form of an
enantiomerically pure diastereoisomer.

The index r is preferably O or 1. 1t may also be 2.
The index n is preferably 0 or 1, especially 0. it may also be 2.
The index m is preferably 0, 1 or 2, especially 0, or also 1.

Preferably, J is heteroaryl containing at least one, but not more than three N.

Lower alkyl is especially Cy,alkyl, e.g., n-butyl, sec-butyl, fert-butyl, n-propyl,
isopropyl or, especially, methyl or also ethyl, or, in the case of Y as lower alkyl, it may be



The index n is preferably O or 1, especially 0. It may also be 2. The i ndex
mis preferably O, 1 or 2, especially O, or also 1. Preferably, J is

het eroaryl containing at |east one, but not nore than three N. Lower alkyl
is especially ClL alkyl, e.g., n-butyl, sec-butyl, tert-butyl, n-propyl,

| sopropyl or, especially, nethyl or also gthyl, or, in the case of Y as

| ower alkyl, it may be -5- especially isopentyl. Lower alKkyl is
unsubstituted or substituted by hydroxy or halogen e.g. Br, or F
preferably F Ar . 6 14 carbon
atons, espédid ly miﬁ%nﬁ/f qjo %Wﬂgpn%%ﬁg{regg" %jét; d%g nyI otgﬁgeg

ment i oned Ba.dCtalFsprpterably bnsubst it ut ed or substltut ed by one or nore
substi.tuents, preferably up to three, especially one or two substituents,
especially selected fromam no; nono- or di-substituted am no; hal ogen;

al kyl;  substituted al kyl; hydroxyl; etherified or esterified hydroxyl;

ni tro;- cyano; carbox esterified  carboxy, ka oyl ; carbanoyl; N-nono- or
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consisting o ower noy am no eci al [y acetylam no; hal ogen,
especi al | ymeihy8hiprieweraikanoyisudyas agebiiiloner Akylarcante.puch as pedviinergapiet hy| |
or also ethylciqy; h%‘chBWles alk@Rrda ?t@eguai ésw.ﬂuo?cﬁﬁaﬁyxﬁale}aéﬁtd(tsﬁ ro%f»‘t hyl ;

hydr oxy; | ower especi a met hox al sg et - | owner

al koxy, esﬂé@%“@%é‘ﬁ@??ﬁ%ﬁ'kﬁau'%h 8uchggs. especiath 5@%9&1'9&8@%55@% onal |y
to the pr e@iﬁﬂirﬂ@bo@i CBOHOE) eﬁdbﬁ’e’térb@%m Shd ﬁ&@eaﬂkwemﬂm@wﬁw &l rhathVle ARy OXY ;
car banoyl ; bondV\% to adjla(élen? cargon aYonﬁs of the ring; aryl is preferably phenyl that is unsubstituted or
substituted by one or two identical or different substituents from the group consisting of

amino; lower alkanoylamino, especially acetylamino; halogen, especially fluorine, chiorine or
bromine; lower alkyl, especially methyl, or also ethyt or propyl; halo-lower alkyl, especially
trifluvoromethyl; hydroxy; lower alkoxy, especially methoxy, or also ethoxy; phenyl-lower

_ C - alkoxy, especially benzyloxy; and cyano, or (altematively or additionally to the preceding

group of substituents) Cg.palkoxy, especially n-decyloxy; carbamoyl; lower alkylcarbamoyl,

such as N-methy} or N-tert-butyl-carbamoyl; lower alkahoyl, such as acetyl or phenyloxy;
halo-lower alkyloxy, such as trifluoromethoxy or 1,1,2,2-tetrafluoroethyloxy; lower
atkoxycarbonyl, such as ethoxycarbonyl; lower alkylmercapto, such as methylmercapto;
halo-lower alkylmercapto, such as trifluoromethylmercapto; hydroxy-lower alkyl, such as
hydroxymethyl or 1-hydroxymethyl; ower alkanesulfonyl, such as methanesulfonyl; halo-

lower atkanesulfonyl, such as trifluoromethanesulfonyl, phenylsulfonyl, dihydroxybora

{-B(OH)z), 2-methyl-pyrimidin-4-yl, oxazol-5-yi, 2-methyl-1 ,3-dioxolan—2~yl:~1H-pyrazél-3'-yl or’
1-methyl-pyrazol-3-yi; and lower atkylenedioxy, such as methylenedioxy, bonded to two

adjacent carbon atoms, more especially by cne or two identical or different substituents



such as N-nethyl- or Ntert-butyl-carbanmoyl; |ower al kanoyl, such as acetyl
or phenyl oxy; hal o-1ower al kyloxy, such as trifluoronethoxy or
1,1,2,2-tetrafl uoroet hyl oxy; |ower al koxycarbonyl, such as ethoxycarbonyl;

| ower al kyl nercapto, such as nethyl nercapto; hal o-1ower al kyl nercapto, such
as trifluoronethyl mercapto; hydroxy-I|lower alkyl, such as hydroxynethyl or

1- hydroxymet hyl ; | ower al kanesul fonyl, sfich as net hanesul fonyl; hal o- | ower
al kanesul fonyl, such as trifluoronethanesulfonyl phenyisulfonyl,
di hydr oxybor a B(OH)2), 2-neth rimdin-4- xazo] -
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formula (I
especially preferred. Special preference is given also to indolyl that is substituted by

halogen, especially by fluorine, especially 6-fluorcindol-3-yi.

Heteroaryl is especially a 5- or 6-membered aromatic heterocycle having 1 or 2
hetero atoms selected from the group consisting of nitrogen, oxygen and sulfur, which
heterocycle hay be unsubstituted or substituteq, especially by lower alkyl, such as methyl;
preference is additionally given to a radical selected frofn 2-methyl-pyrimidin-4-y},
1H-pyrazol-3-yl and t-methyl-pyrazoi-3-yl.

Heterocycloalkyl is especially a saturated 5- or 6-membered heterocycle having 1 or
2 hetero atoms selected from the group cbnsisﬁng of nitrogen, oxygen and sulfur, which
heterocycle may be unsubstituted or substituted, especially by lower alkyl, such as methyl;
preference is given to a radical selected from oxazol-5-yl and 2-methyl-1,3-dioxolan-2-yl.

Mono- or di-substituted amino is especially amino that is substituted by one or two
identical or different radicals from lower aikyl, such as methyl; hydroxy-fower alkyl, such as



especially preferred. Special preference is given also to indolyl that is
substituted by hal ogen, especially by fluorine, especially

6-fl uoroindol -3-yl. Heteroaryl is especially a 5- or 6-nenbered aromatic
het erocycle having I or 2 hetero atons selected fromthe group consisting
of nitrogen, oxygen and sul fur, which heterocycle may be unsubstituted or
substituted, especially by |ower alkyl, suth as nmethyl; preference is
additional ly given to a radical selected from 2- nethyl yr|n1d|n 4-yl,

1H | - 3- d t h - t |
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substi tut ed P@r@ﬁgx}le o, ggtﬂstﬁd%ﬁts%@%@éh ffoﬂgﬁlﬁaflanb 3 S UPSLd ﬁ%%glogén

especi al l'y, PIESE tuted era 'one
subst i t uent gmine), Hdewer a‘lkmlnow,bl C&mveaﬁikml@mm hydreowy, PV@m carhpogwer ani no,

N-1ower al kyg camonw\#o%r Anﬂww @rl&‘éélr@é??ﬁw’anBstﬁr@f&YablFM%r aﬂgrah@ew such QYer
al koxycar bon ower al kano and car banoyl ; he %M

al koxycar boﬁgjlpem%ﬁf@ﬂ'@l% WW@WWP'W'Q’GI"@&?UCF@S@W'M%@W legipoy phenydioser al |y,
is s UbS([t ULRAaRMHoOA NS H&ﬁﬁamrn@rﬁmﬁ&w MYRfo, tMQher@UlBﬁr&i alémmwéﬁl ect ed

fromnjikro and am no,  or I so rom hal ¢ ower al am no,
NN- di - | ower 2Ky IRGING ar ApV- dh éﬁvlp%%mﬁ'a“ %Q%ﬁ@aﬂ?ﬂ%’m %HCRSWE%W‘BBW}H or
| ower al kan@ybbﬁﬁ@nfzmmﬂbm tl@élgfoiJﬁcc}iﬂs&ilﬁg‘amahzb#liammranabh&rhﬂ-lﬂv@@ such as

phenyl -1 oneRkogrRgpaio. ER R ST Hin SSRGS HARPotytey P g
:\I;)agcrang : k ;gmlu’bsﬂ_tdtgd b:v\lnitm\m amirad, bydalsmrby\baiogenNMcr Neloweer m!tylejrhugds]e\nwlcgltf:cm:u;m
t he group- C%K?'sligﬁ' d’ dﬁ#&beﬁ’ ; c}&kgmg%da Ikcﬁcgcarﬁ %9&5&; a“%ﬂ@%cléf ﬁ?ﬁng#f no,

wher ei n i n eraithrnetivdy @mdqufmeﬁw tonmree&dmwgrgmgbgﬂmlat!wardnpcadmetanamd 2

‘Halogen is especially fluorine, chlorine, bromine or iodine, more especially fluorine,

chlorine or bromine, in particular fluorine and chlorine.

Alkyl has preferably up to a maximum of 12 carbon atoms and is especially lower
alkyl, more especially methyl, or also ethyl, n-propyl, isopropyl or terf-butyl.

Substituted alkyl is alkyl as last defined, especially lower alkyl, preferébly methyl,
which may contain one or more, especially up to 3 substituents, selected especially from the
group consisting of halogen, especially fluorine, and also amino, N-lower alkylamino,
N,N-di-lower alkylamino, N-lower alkanoylamino, hydroxy, alkoxy, cyano, carboxy, lower
alkoxycarbonyl and phenyl-lower alkoxycarbonyl. Trifluoromethyl is an important substituted
alkyl.

Etherified hydroxy is especially Cs zpalkyloxy, such as n-decyloxy; lower alkoxy
(preferred), such as methoxy, ethoxy, isopropyloxy or n-pentyloxy; phenyl-lower alkoxy, such
as benzyloxy or also phenyloxy; or, alternatively or additionaily to the preceding group,



is substituted by nitro or amno, or also by hal ogen, am no, N-I|ower

al kyl am no, NN-di-Ilower al kylam no, hydroxy, cyano, carboxy, |ower

al koxycar bonyl, | ower al kanoyl or by carbamoyl, or alternatively or
additionally to the preceding group of radicals, by am nocarbonyl am no.

Hal ogen is especially fluorine, chlorine, bromne or iodine, nore especially
fluorine, chlorine or bromne, in partlc&rar fluorine and chlorine. Alkyl
has preferably up to a naxinun1of 12 carbon atons and is especially |ower

al kyl, nore especially nethyl, or also ethyl ropyl, isopropyl or

tent - but yl .Cosaheioxy.sugh a8 Cyﬁoéy &PWPW%(sa’W%{SLEEﬂSﬁ@H‘OTQSB%E)@@% ory | ower

al kyl', prefer ablyirdmbi¥thoxyWhi ch may contain one or nore, especially up to 3
subslltuents selected especially fromthe group consisting of hal ogen,

especially fluor d, al so anln N-di - | ower

al kyl ami no, NI B 8 Feha 'Hmeéﬁﬁ‘%”%?%ybe”@y‘a%% Ioelt hoxy, | ower

al koxycar b(ynwy@mbnpmmduch aversr-Bliscsibanyloxy br pisnyFlower aiRBtyBiibohyiodsuch

i nport ant su% t]ut alkléé Et herified hydroxy is especially

C8- 20al kyl &Ry€ cafho cyl oxy; lower alkoxy (preferred), such as

met hoxy, ethoxy, i sopropyl oxy or n-penty.|oxy; phenyl-Iower al koxy, such as
benzyl oxy or al ﬁs!qﬁﬁmwm&y is @ppeddlly drwea eikosioprbonyla edint asaeeiblutoxycarbdrgi or

Clic as. o by pRaR e Sforabpfror AR oIS e oer i Ti ca

hydroxy is espeC|aIIy | ower alkano yl oxy, benzoyl oxy, | ower :

al koxycar bony| o¥kanayl énespsecially ﬁ*ﬂrﬁe&@yﬂawswpewyﬂy lewenalkanayl, legeacetyl.

al koxycar bonyl oxy, such as benzyl oxycarbonyl oxy. Esterified carboxy is
especially | owew ﬂbr'fd)byW@BWstlttﬁé&&r@éndﬁrstesbbﬁlgwméﬁlﬁﬂé}zﬂat ﬂfe terminal

ethoxycarbon henyl - | ower al kox carb en car bon kanoyl
i s especialf Sy?gaw‘ BW’” o ‘B"(S’rﬁHbSt'tHﬂ?t%Y hESPy'F'E\’?(E? é’/’gﬁ hWPXY‘%WSF alkycet yl .
N- Mono- or NN-di-substituted carbanoyl | s especially substituted at the
term nal nitrodégiphynydthio isespevinllg lbvet tkyiphérgtthiower al kyl , phenyl -1 ower

al kyl or hydroxy-lower alkyl. Al kylphenylthio is especially |ower

al kyl phenyl thi OAlkyIphenyIsulﬁnyl is especially lower alkyiphenylsulfinyl.
Alkylphenylsulfonyl is especially lower alkylphenylsulfonyl.
Pyridyl Y is preferably 3- or 4-pyridyl.

Unsubstituted or substituted cycloalkyl is preferably Czgcycloalkyl, which is
unsubstituted or is substituted in the same manner as aryl, especially as defined for phenyl.
Preference is given to cyclohexyl, or also cyclopentyl or cyclopropyl. Preference is given
also to 4-lower alkyl-cyclohexyl, such as 4-tert-butylcyclohexyl.

If present, Z is preferably amino; hydroxy-lower alkylamino, such as
2-hydroxyethylamino; lower alkanoylamino, such as acetylamino; nitrobenzoylamino, such
as 3-nitrobenzoylamino; aminobenzoylamino, such as 4-amincbenzoylamino; phenyl-lower
alkoxycarbonylamino, such as benzyloxycarbonylamino; or halogen, such as bromine;
preferably only one substituent is present (m = 1), especially one of the last-mentioned
substituents, especially halogen. Very special preference is given to a compound of
formula (1), or an N-oxide thereof, wherein Z is not present (m = 0).



Al kyl phenyl sul finyl is especially |ower alkylphenylsulfinyl.

Al kyl phenyl sul fonyl is especially |Iower alkyl phenyl sulfonyl. Pyridyl Y is
preferably 3- or 4-pyridyl. Unsubstituted or substituted cycloal kyl is
preferably C3 Bcycooal kyl, which is wunsubstituted or is substituted in the

same manner as aryl, especially as defined for phenyl. Preference is given
to cycl ohexyl, or also cyclopentyl or cycl9%propyl. Preference is given also
to 4-1ower al kyl -cycl ohexyl, such as 4-tert-butylcyclohexyl. If present, Z

is preferably am no; hydr oxy-I ower al kyl am no, such as 2-hydroxyet hyl am no;
| ower al kanoy! andubin theform§ paeret iabirishestitied Py lowss ahylanedingy. susbies as

3-ni trobenzay, ?ébecﬂoxyasb%%awga}gw@caﬁaﬁatoﬁ% rép%rﬁ&zenzow am no;

phenyl - | ower oxycar bonyl am no,” such as benzyl oxycarbonyl am no; or
hal ogen, s®ﬁ—ra§hﬂ$rzﬁ¢iwherm eferably only one substituent is present (m =
1), especially one of the last-nentioned substituents, especially hal ogen.

Very special pr eAz@NQﬂﬁ% df@ c@mpannd & famma*mpvs @fbf@rfablyfa@wruksae (nl\).rhlci‘i)én an

N- oxi de thereof, wherein Z is _ res é{@ 3%/ X |ntheformof
phenyl { hat SPaUitipR g n'ffeaewﬁr ES’H% 5% messﬂbﬁwae AT BRERINER Y,
bonded to tome cidhamentoned hiiRged b da&y@heﬁegeibétym

3, 4-rnet hyl enedi oxyphenyl. An N-oxide of a conpound of formula (1) is

preferably an N-oydes babotholhe o SOUHLNT LHOS B EHE A of 1 {7 g

in the J noiety ¢a rlesa om or Oné o nti oned
ni t rogen atfommule @}, oy amV- @ﬂqﬁg@area{ om Salts are especially the
phar maceutical ly acceptable salts of conmpounds of formula (1), or

N- oxi d@C her eof sLEH%QusSéﬂetfém?erdeetgorbv%gmpsurqjs,of %ﬁ@@%@ﬁw%&m&g&éﬁéﬁfa (1),

or an{ Ncoxide thereof, having a baSic nitrogen atomas acid Itron salts,
pr ef erabl y having ahagiedtleoasn ale ag adid Gddifien galts. prgfserRta ity opgReicis doRgamisut | . cally
accept abl e s3fyst §spe§?éli)t el arrhét‘éﬁﬂ%lﬂ Scpidibfe 8IS, SAitdble’ 1nof@éQTcCH&ﬁis'a‘Fe %?
such as hy erc aC| sul furi hori ¢ aci d, U|table
organi c ac ﬂﬂg rofale qf%‘r |°6'° Bﬁ'ﬂégﬁarﬁ”gf””%?ﬁ"ﬁj O%ho%??'%nﬁﬁ'taé"('ﬂ ds,
e.g., acet icggdit ﬁblds are e.g., carboxylic phosphonic, sulfonic or sulfamrc acids, e.g., acetic acid;
propionic acid; octancic acid; decanoic acid; dodecanoic acid; glycolic acid; factic acid;
2-hydroxybutyric acid; gluconic acid; glucosemonocarboxylic acid; fumaric acid; succinic
acid; adipic acid; pimelic acid; suberic acid; azelaic acid; malic acid; tartaric acid; citric acid;
giucaric acid; galactaric acid; amino acids, such as glutamic acid, aspartic acid,
N-methylglycine, acetylaminoacetic acid, N-acetylasparagine, N-acetylcysteine, pyruvic acid,
‘acetoacetic acid, phosphoserine, 2- or 3-glycerophosphoric acid, maleic acid, hydroxymaleic
acid, methylmaleic acid, cyclohexanecarboxylic acid, benzoic acid, salicylic acid, 1~ or
-C 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, benzenesulfonic acid, 2-naphthalenesulfonic acid,
1,5-naphthalenedisulfonic acid, N-cyclohexylsulifamic acid or N-methyl-, N-ethyl- or N-propyl-
sulfamic acid; or other organic protonic acids, such as ascorbic acid.

When negatively charged radicals, such as carboxy or sulfo, are present, salts with
" bases can also be formed, e.g., metal or ammonium saits, such as alkali metal; alkaline
earth metal salts, e.g., sodium, potassium, magnesium or calcium salts; ammonium salts

with ammeonia or suitable organic-amines, such as lertiary monocamines, e.g., triethylamine



propi oni ¢ acid; octanoic acid; decanoic acid; dodecanoic acid; glycolic
acid; lactic acid; 2-hydroxybutyric acid; gluconic acid;

gl ucosenonocar boxylic acid; fumaric acid; succinic acid; adipic acid;
pinelic acid; suberic acid; azelaic acid; malic acid; tartaric acid; citric
acid; glucaric acid; galactaric acid; am no acids, such as glutam c acid,
aspartic acid, N-methylglycine, acetylafnoacetic acid, N acetylasparagine,
N-acetyl cysteine, pyruvic acid, "~ acetoacetic acid, phosphoserine, 2- or

3-gl ycerophosphoric acid, nmaleic acid, hydroxymaleic acjid, rnethylnaleic
aci d, cyc|%Né55wet°éw8¥&ﬁr?'eesa%Paf,Ef%Hfd?%e d?-%‘: Néeifl‘¥(i%§}‘?r?‘18‘ea%fi"é{"*°i'me&¥‘-i i
3- hydr oxy sedyd.- 2- car boxylic acid, 3,4,5-trinmethoxybenzoic acid,

2- phenoxybenzoi ¢ acid, 2-acetoxybenzoic acid, 4-am nosalicylic acid,

pht halic acid, enylacetic aci,d. gl,ucuronic Cj | act uroni c _acid,
et hane or et NANEY S BRrE AL aEp g St Aot urP SaRE iREe -

et hane- 1, Zodipsuhd ohfoomaia (i}, or lae & exids tnefaf, canadsodprm@ inderpaltdalis.enesul f oni ¢
acid, 1,5-naphthal enedi sul fonic acid, N-cycl ohexyisulfamc acid or

N-net hyl -, N ethyl.- r L - .sal i id: 8‘@*&% i ni c
aci ds, such as Fka%\s‘(':sc())ﬁc)il Eugg?rggx{'ﬁ{'éﬁgr?iesg tolg’\%@ ;}ggﬁgphe r%ﬁ%%a%g%ﬁglgs

car boxy orsalisilg®, pigratespresehiorates| ©slyibe nharmetsﬁ(:égma@egt;bb@aft@pnba free. g. ,
metal or GEERBLAME, Splidriblly BURD 1A bk BBl cotbdstldndCare@3Ed MefRaicafit L S-
e.g., sodium potassiu magnesi um or cal ciumsalts; amonium salts th
ammoni a orand ihasgrAre tharefard ReRfBfles, such astertiary nonoanines, e.g.,
triethylamne -10- or tri(2-hydroxyethyl)am ne; or heterocyclic bases, e.g.,
N-et hyt pi per i diymiedrofthd\tloH reRiibyship PétReeRtienfveMivaipoandamifieeIoEh Bl Ghén

acid group are present.in the sane nolecule, a. conpound of forrmula (1), or
o N ot o Be SBainclioios S el HhIchica oe L3R 85 Miomesielis. 6 n e
puri fi cat ipafifidaltioh of tlesRvElasaipbliedstar forsheiphiahiinzaton, hesdinbefars ane Reveriher
salts, e.qg. i crates, aor. perchlorat.es t he pharmaceutically acceptabl e
sal ts or ChrftpEnRs 18 e SoPali s dop st b v BT A B B out | ool
conposi t i @engesEneingsatis,tdsepppetitiecatlexpediemtd t hose are therefore preferred.
In view of the close relationship between the novel conpounds in free form

and in the fogm,oftheh e;ﬁa&&i.%enéhd?%yﬁlw&;oal 3% dopRis Al Retthiffl g2 be
used as internediates, e.g., 1n the
defined above. Thus, an imporiant embodiment of the present invention relates to

isoquinoline compounds of formula (la)

o~ CHR—Y
N¥"

“ O (1a)
5 g

(),

A 2P

wherein the variable substituents and preferences are the same as described above for the
compounds of formula (1), -

Preferably, the ring members A, B, D and E are each CH or CQ and the ring member
Tis N

Q is bonded to a carbon, preferably bonded to A or o D (r = 1} or to both (r = 2), so
that A and/or D in the case where Q is bonded are C(-Q).



purification of the novel conpounds or for their identification,

her ei nbef ore and hereinafter any reference to the free conpounds is also to
be understood as including the corresponding salts, as appropriate and
expedient. In an inportant enbodi ment of this invention, J is aryl,
preferably heteroaryl as defined above. Thus, an inportant enbodi nent of
the present invention relates to |squ|qu|ne conpounds of fornula (Ila)
XI(CHR)~--Y N( Z2m(la) ~CB*E | | (--3-Q, A D wherein the variable
substituents and preferences are the sane as descri bed above for the

conpounds of fory 'ﬁli'lllt%re(slu)l% ellralf)&?r@reﬁtbclf}fhls mgl?tfoh%ge [F% ?ﬁé%uﬁ‘ds gffor%l.@epﬂa)E are

each CH or CQ and car
pr ef er abl yvxtbt@miet!letr@gmmb@ré ADB( E and i)af%ﬁatf"b Hor ©Q and-D 3y N, egvherdiathexingnd/ or

Din the c M@kes%adb%gggcraéﬁ o%chdE;Jslm a?\ mgéﬁ.a%%mek@.gtr@md' ment  of

this |nvent|on are the conpounds of formula erein the ring nenbers
A B, F anﬂﬁemtaqf%se@cﬁlamﬁT@fee@yrh%oDC&a’NA5r V\/nerel n the ring menbers A,
B, Dand T are each CHor CQand Eis N, or especially wherein the ring

menmbers B, D EAaaﬁerT e@fegaﬂygmbar&ﬂng erfbQUigiest ﬁfﬂﬁi& iNenfisr0Ai2aRe @cﬁﬁ&ﬁf ing& by lb (),
interestin |nent of this inyent t he canpounds o ormula (la
wherein th ”F‘P %%‘%5?’& the rigg ﬁ’ﬁﬁ‘ étj} g@iﬁ @2 &d 'E; ERBdF aRe each
N or wher ebacrt hIQJr Whﬁ@iﬁm%ﬁgfmdﬁibdfs BE afd Araee eaﬂfm@ldron éﬁa Aadd B padadh are

Eag? e Eé Cﬁ N w &tein tftng ﬁné me%bers@eﬁ ané’l‘ are eac r|1dCH G &3 E and anre edch |Qd B and

[ And yet another especially interesting embodiment of this invention are compounds
4 of the formula (Ia}, wherein the ring members A and D are each CHor CQ and B, T and E

are each N.

And another especially interesting embodiment of this invention are compounds,
wherein J is a bicyclic heteroaromalic ring system, such as indolyl, isoindolinyl, quinolyl,
isoquinolyl, quinazolyl, purinyl, cinnolinyl, naphthyridinyl, phthalazinyl, isobenzofuranyl
naphthyridinyl, phthalazinyl, chromenyl and purinyl. A bicyclic heteroaromatic ring system
may include Q as a substituent on either ring or on both rings of the bicyclic ring system, and

on one or two carbon atoms on either or both rings of the bicyclic ring system.

The inventive compeunds inhibit RAF kinase and as such are useful for treating
conditions and diseases characterized by an aberrant MAP kinase signaling pathway. Thus
the present invention further relates to a method of treating a condition or disease
characterized by an aberrant MAP kinase signaling pathway , which corprises administering
to a patient an effective RAF kinase inhibiting amount_gf a compound of formula (I}

N '
rAM I
. )
J—(Q),
wherein,
n is from 0-2;

ris from 0-2;



And yet another especially interesting enbodi nent of this invention are
conpounds E of the forrmula (la), wherein the ring nenbers A and D are each
CHor CQand B, T and E are each N. And another especially interesting
enbodi nent of this invention are conmpounds, wherein J is a bicyclic

het eroaromatic ring system such as indolyl, isoindolinyl, quinolyl,

I soqui nol yl, quinazolyl, purinyl, cinnolgnyl, naphthyridinyl, phthalazinyl,

i sobenzof uranyl naphthyridinyl, phthalazinyl, chronenyl and purinyl. A
bicyclic heteroaromatic ring system may include O as a substituent on
either ring @fisdnpeish rings of the bicyclic ring system and on one or two
carbon atons on either or both rings of the bicyclic ring system The

i nventive codmbmnﬁbsmnhdﬁrﬁmﬁﬁﬂﬂﬁiWﬁ@éﬁéﬁﬁeaﬁchu@ﬁWﬂTe useful for treating

conditions a d di sea har ed b berrant MAP ki nase signaling
pat hway. Thu fﬁgfs a@ée‘f‘ﬁcc’a ?ﬁ\ geﬁo '?)?lrl?@ Wﬁ%r?’g\ es to a method of
treating a condidii;ony Qfonﬁ’dtéﬁ‘@&@al%Bﬂh@%ﬁra—icﬁgarbb‘n RnRDSGIHAR pHYAR, ki

si gnal i ng pathway, which conprises admnistering to a pati ent an effective

RAF ki nase i nhi bi f'P‘Pf@nﬁﬁﬁﬂrﬁ’he%““HB%rrpound of fornula (I) X (CHR~--Y N, "

DZ)m (1) J- (QHetdVd8HEk BN arbmbtic hbRANHAvVIRG frofn 4-34,f dspBtiOtyirom §27 ring ét§mfs r&m
0-4; J is unsubstituted or substitu ciled on e o rein

y
aryl, heteroaryl, Y8 To 219k FI12PS At PBWE‘ H?"twm%‘é?’eﬁr?“ﬁrq’ls“ﬁ% a%fpryi
aromatic radical BaahAgpyridenm &= ,1143.@.ﬁb|(mppmmay| pyrgﬂnﬁstngﬂﬁy]yﬂnazmﬁp ht hyl ,

ey D b A Sy Ro oS8 SalivL g, from
i ndependently f rotmhddoﬁﬁyamﬂnﬁlyl saoqbinalyl, pudngd, cinnolinyl, naphthyndmyl, phthalazinyl,
isobenzofuranyt, chromenyl, purinyl, thianthrenyl, xanthenyi, acridinyl, carbazolyl
and phenazinyl; )
cyciloalkyl is a cyclic radical having from 3-8, preferably 5-6 ring atoms, such as
cyclohexyl and cyclopentyl;
heterocycloalkyl is a cyclic radical having from 3-8, preferably 5-6 ring atoms, of
which 1, 2 or 3 atoms are chosen independently from N, S and O, such as
piperidyl, piperazinyl, imidazolidinyl, pyrrolidinyt and pyrazolidinyl;
Q is a substituent on one of two carbon atoms selected from the group consisting of
halogen, unsubstituted or substituted lower alkyl, -OR,, -SR;, -N(R)R, -
NRS{O):N(R)R, -NRS{O);R, -S{0O)Rz, ~-S(0O):Rz, -OCOR;z, -C{O)R;, -CO2R,, -NR-
COR;, -CON(R)R:, -S{O):N(R:)R;, cyano, tri-methylsilanyl, unsubstituted or
substituted aryl, unsubstituted or substituted heteroaryl, unsubstituted or substituted
cyclyloalkyl, unsubstituted or substituted heterocycloalkyl, -C,4alkyl-aryl, -C,_alkyl-
heteroaryl, -Ci4alkyl-heterocycloalkyl, -Cs4alkyl-cycioalkyl amino, mono- or di-
substituted amino; ‘

R is H or lower atkyl, lower alkoxy;

R; is unsubstituted or substituted alkyl, unsubstituted or substituted cycloalkyl,
unsubstitiuted or substituted phenyl, -Cyalkyl-aryl, -Cyalkyl-heteroaryl or -Cy_4alkyl-
heterocycioalkyl;

Xis aY, -N(R)-, oxa, thic; sulfone, sulfoxide, sulfonamide, amide, or ureylene, preferably
-NH-; and



pyranyi, pyridyl, 1,2-, 1,3- and 1,4-pyrimdinyl, pyrazinyl, triazinyl,

triazolyl, oxazolyl, quinazolyl, imdazolyl, pyrronI | soxazol yl
i sot hiazol yl, indolyl, isoindolinyl, qU|nonI |squ|nonI purinyl,
ci nnol i nyl, naphthyridinyl, phthalazinyl, |sobenzofuranyl chr onenyl ,

purinyl, thianthrenyl, xanthenyl, acridinyl, car bazol yl and phenazi nyi ;
cycloal kyl is a cyclic radical having frqg.3-8, preferably 5-6 ring atons,
such as cycl ohexyl and cycl opentyl; heterocycloal kyl is a cyclic radical
having from 3-8, preferably 5-6 ring atons, of which 1, 2 or 3 atons are

c hoz en : ngep&?ﬁ&nué\yer}‘augnwbsu&tm lﬁzsustl,tmgte@sm , Bulptitutely br, Lg‘&hbﬁft@té& nyl ,

i m dazol i I ny rro I N ol .dln IS a substituent on one or
two carbon ato P@E{ %&”%%ﬂ?éjﬂ'p ﬁtﬁ"tggﬁg?'g%ughg of hal ogen,

unsubsti t ut eg jQr nﬁr\’cb%dnb“&ﬁﬂ-sh%te@bﬂﬁﬂm ha!@ﬁn akﬁ@ubstdﬂ(éﬂ)ﬂxyi “hydroxy,
NRS(0) 2N( R) R Ry sgoroigih sy lted ol OR2, ORI

COR2, - CON( R2) Rzethef@e@))w@(tﬁfm@ydf@%mm Pyﬁm%ﬁ%fﬁws PHEHIRY cabmapakanort ed or

Subst 't ut ed ar ylcartsRRaDNLibHS-Of NORJRSRRIAM CHbAIRSE rRadNb, QUARRSHES He?déE%d or
substituted cycl}/l oal Kyl , Rsubstltu ed or SE)gstl uted het roc cl oal
~Cl1-, al kyl - aryi ;suligs Phgayiplp, Pheny-owss alyithio, @k papmithionehery 8 BYlo h%yl—lowet

o Eyl ey SYE“'@’@W’ ‘E'E”“'@"es"ﬂ"‘“'““”‘ ‘ﬂ‘fgg'ﬁ""ds"ﬁ’ﬁg?ﬁ“l]mﬁ’ B O Tt ed
o Tubst Lt e chsiFhaRtren eiare i Gowihal S8 bl L Fafesit i 23 RS

-C, .., al kyl - ar ylsubstifyetad X gie attealoardjiferent; - C1- Oal kyl - het erocycl oal kyl; Xis
ayY, -NR-, oxa, thio; sulfone, sulfoxide, sulfonam de, am de, or ureyl ene,
prefergbly OReP! N-oyifle of the mentjopet;compRpsnd, &hﬁSﬁ'” ong M JRere N AAMSICamK a0 bst i t ut ed
aryl ¢ bstltut@ ggnég@aubstltut ed heteroaryl or substituted or

unsubs’tltut ed cycloalkyl; Z is am no, nono- or di-substituted am no,

hal ogen, anrmhanga@%ﬂfﬁllyta@@m'l@lﬁﬁftmtﬁ%xy,

The patient is a mammal, generally a human, suffering from a disease that is
characterized by an aberrant MAP kinase signaling pathway where aberrant is intended to
mean that the signaling through the MAP kinase pathway is excessive refative to normal
cells. This can be measured by activation state specific antibodies {o pathway members by
methods, such as Western blof analysis or immunohistochemistry.

In general, the disease characterized by an aberrant MAP kinase signaling pathway
is a proliferative disease, particularly a cancer that expresses mutant B-RAF kinase or which
overexpresses wild-type B- or C-RAF kinase. Cancers wherein mutated B-RAF has been

) (, detected include melanoma, colorectal cancer, ovarian cancer, prostate, renal, gliomas,
g adenocarcinomas, sarcomas, breast cancer and liver cancer, preferably melanoma,
colorectal cancer, ovarian cancer, gliomas, adenocarqinomas, sarcomas, breast cancer and

liver cancer. Mutations of B-RAF kinase are especially prevalent in melanomas.

In accordance with the present invention, a sample of diseased tissue is taken from
the patient, for example, as a result of a biopsy or reseclion, and tested fo determine
whether the tissue produces mutant B-RAF kinase or overpreduces wild-type B- or C-RAF
kinase. If the test indicates that mutant B-RAF is produced or that wild-type B- or C-RAF
kinase is overproduced in the diséased tissue, the patient is ireated by administration of an

effective RAF-inhibiting amount of an isoguinoline compound described herein. However, it



etherified or esterified hydroxy, nitro, cyano, carboxy, esterified carboxy,
al kanoyl, carbanmoyl, N-nono- or N, N-di-substituted carbanoyl, am dino,
guani di no, mercapto, sulfo, phenylthio, phenyl-lower alkylthio,

al kyl phenyl t hi o, phenyl sul finyl, phenyl-1ower alkylsulfinyl,

al kyl phenyl sul f nyl, phenyl sul fonyl, phenyl -1 ower al kanesul fonyl or

al kyl phenyl sul fonyl, and where, if noreihan one radical Z is present (m
?2), the substituents Z are identical or different; or an N-oxide of the
menti oned conpound, wherein one or nore N atons carry an oxygen atonm or a
phar maceuts alsd possitde epdaaintreggiatietthe MéPé@ﬁase'ﬁlmaﬂag pathivay witlaa RiFrkhasegener al | y
a human, fieri errant MAP
i nase si Bty P iachflSpphBaRTge 'l coBoodk 1o URGAE, SFHe dboReR iR
signalingpamweugh t he NAP ki nase pathway i s excessive relative to nor ma
cells. This can be neasured by activation state specific antibodies to

pat hway menber §0ye sgfﬁ QQQ:% teﬁH@By %tﬁ%@g@ﬁ&aw ﬂ{ovﬁ\rlﬁméséé (‘[;)r examp
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B- or C-RAF ki nase. Cancers wherein nmutated B-RAF has been C detecte

i ncl ude nel Wiestorm blobpralusis: o partigtialy usgl metipd o Aetertingf-RéFanutationsis the

glionmas, pagRRRRAIGRAGERSIon BAERIAIRGod BEQBE FADERIpIAA Srhilf hedriisire
prefer abI nmel anoma, col ore cancer ovaréan cancer, glionas,

adenocar cPeghigdeteriinahgther 'Eé&é'f’a%%ﬁfeg?e CATGUG PREIRUANE O OVer-QRfessPdns of

B- RAF ki nase are especially prevalent in nelanomas. In accordance with the
present i nvent AQaticulsigimpatant aghesiezi sidd irtvestiunaelatestta kemethsdof trdalisg pat i ent ,
for exanpl e a biopsy or resection, and tested to determ ne
Whet her tW§ §1§Uef‘I 8}’18gssesrmt ant B- RAF kinase or overproduces w |d-type B-

or G RAF kina te!;ﬁngtrhgaﬁ@ﬁé nssndrﬁ@ai@gaﬂdmto deidraife Whdtidr the mipdHed or
that wild-type B- C- RAF rﬁaggf S ver produced in the diseased tissue,
a

the patient i st'*“tst“@aﬂxBF?sB‘iﬁ 'Bﬂtﬁi‘ n of an effective RAF-inhibiting
amount of an i gyauidiRk iepHBARAN SHedfld RRF KNSESInRibithE Ybaht ofidh - 14-

isoquinocline compound described herein if the melanoma fissue is found to express
mutant B-RAF.

Generally, the B-RAF mutation is one of those described in the Davies et al. article
cited above and listed in Table 1.



is also possible to down-regul ate the MAP ki nase signaling pathway with a
RAF ki nase inhibiting conpound if another kinase in the cascade is the
cause of the aberration in the pathway. Tissue sanples are tested by

met hods generally known in the art. For exanple, B-RAF nutations are
detected by allele specific PCR, DHPLC, nass spectroscopy and over-
expression of wild-type B- or C RAF detegfed by i munohi stochem stry,

i mrunof | uoresense or Western blot analysis. A particularly useful nmethod of
detecting B-RAF nutations is the polynerase chain reaction based net hod
described in Exanple A. Simlar nethods are used to determ ne whether other
ki nases i nTable Gascade are rrut ant or over-expressed. A partl cularly

i nportant aspect of this—m v : reating

mel andnma, which conpri sesJ 2 S oma patient to

det ermi ne whet her the nel anomﬁwﬁ%sue expr esse§4ﬁ"iﬁ ant B- RAF; and (b)
treating the patient with an e5f36gti ve RAF ki nagd63wnhi bi ti ng anount of an

i soqui nol i ne conmpound descri baghsbgtrein if the n@:;am)ma tissue is found to
express nmutant B-RAF. Generaldyq,t he B- RAF mut g, is one of those
described in the Davies et at. %{lcle cited g%gégland listed in Table 1.
-15- Tables 1. B-RAF Mutation Cf38 ei n Change A A63E GLl388T (A63V
GLl394C (465A GL394A HAG5E GIHYEE 165V 61403@4@1“68A GL403A (A468E

G1403A G468E

G1753A E585K

T1782G F594L

P ( G1783C GBI5R
L | C1786G L596V
T1787G L596R

T1796A V599E

TG1796-97AT V599D

Thus, the present invention particularly relates to a method of treating a disease
characterized by mutant B-RAF kinase, which comprises detecting a mutation in the B-RAF
kinase gene or protein in a tissue sample from a patient and treating the patient with an
effective B-RAF kinase inhibiting compound, especially an isoquinoline compound described

herein.

Aimportant aspect of this invention includes those instances wherein the mutant
C B-RAF kinase exhibits a mutation described in Table 1, especially the V599E mutation.

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.

The RAF kinase inhibiting compounds utilized according to the inventive method
include the compounds of formula (1), or N-oxides thereof, which have valuable
pharmacological properties, as described above.



GL753A E585K T1782G F594L Gl783C Gb95R C1786G L596V T1787G L596R T1796A
V599E TGL796- 97AT V599D Thus, the present invention particularly relates to
a method of treating a disease characterized by nutant B-RAF ki nase, which
conprises detecting a nutation in the B-RAF kinase gene or protein in a

ti ssue sanple froma patient and treating the patient with an effective

B- RAF ki nase. i nhi biting conpound, especiafty an isoquinoline conpound
described herein. A inportant aspect of this invention includes those

i nst ances wherein the nutant RAF ki nase exhibits tation described in
Table 1, egﬁﬁﬁm§¥F?p?%H¥V€§§@9mBFﬁFP6?F”S%fﬁﬁﬁqﬂﬁﬂHPgFTG%Pﬁfdﬁﬁant aspect of
thi s i nvenph@mace@lcdrles those instances wherein di sease is nelanoma and the
nmut ant B- RAF ki nase exhibits a nutation described in Table 1, especially

t he V599E The F_Kkin A5 A L] or.di,ng
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above. - 16- h 2 G nd of
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i nvention pxmwaﬂaegnutm BuBBF sinase cowipou ntﬁra*pnﬁ%ﬂeﬁwld type B-ow G- Répr@pa,r ation
of a medicanent for the treatnent of a disease characterized by an aberrant

MAP ki nase_si 9“&'&%09&}mﬁmxﬂé(l);APéu‘PMJxﬁfe%éﬁéSf ¢his 88 88minRALrkbl H iR LA,?z, cfﬁltype

cancer that expresses nutant ki nase or which over expresses
B- or C RARM qmb&‘s?é'f’“)ﬂ('tbGﬁ‘b@ﬁ*ﬂ?&fecﬁth$rdhﬁﬁﬁpa‘1tb3laPenfér it Bﬁ'"&l%&ﬁ“ﬁ%qu &e®of , can be

adm ni st er gghBiRatidng @YWL or for a compound according to the invention and one or more
other therapeutic agents to be administered in a staggered manner over time or
independently of one another, or the combined administration of fixed combinations and of
one or more other therapeutic agents’is poséiblé. In particular, tﬁe administration of a
compound of formuia (1), or an N-oxide thereof, for tumor treatment can be carried out,
alongside or additionally, in combination with chemotherapy (combination with one or more
other chemotherapeutic agents, especially cytostatics, or with hormones or compounds
having a hormone-like activity), radiotherapy, immunotherapy, surgical treatment or
combinations thereof. Long-term therapy is also possible, as is adjuvant therapy in
conjunction with other treatment methods, such as those just mentioned. Treatment to
maintain the status of a patient after tumor remission or even chemo-preventive treatment,

e.g., in the case of at-risk patients, is also possible.

There come into consideration as therapeutic agents with which the compounds
according 1o the invention can be combined especially one or more anti-proliferative,
cytostatic or cytotoxic compounds, e.g., one or more chemotherapeutic agents selected from
the group comprising an inhibitor of polyamine biosynthesis; an inhibitor of a different protein
kinase, especially protein kinase C or of a tyrosine protein kinase, such as epidermal growth
factor receptor protein tyrosine kinase; an inhibitor of a growth factor, such as vascular
endotheliat growth factor; a cytokine; a negative growth regulator, such as TGF- or IFN-8,
an aromatase inhibitor; hormones or hormone analogues; and a conventional cylostatic

agent.

Compounds according to the invention are intended not only for the (prophylactic
and, preferably, therapeutic) treatment of human beings, but also for the treatment of other



in conbination with one or nore other therapeutic agents, it being possible
for fixed conbinations to be used or for a conpound according to the
invention and one or nore other therapeutic agents to be adnministered in a
staggered nmanner over tinme or independently of one another, or the conbined
adm nistration of fixed conbinations and of one or nore other therapeutic
agents is possible. In particular, the adm-nistration of a conpound of
formula (1), or an N-oxide thereof, for tunor treatnment can be carried out,
al ongside or additionally, in conbination wth chenotherapy (conbination

wi th one owanoridoodet! eimalhermt dfepapentialy-usgihagimalss pdsireddnis, sythoas midecs, or
with hornnﬂﬁ%ng%w QQQpUﬂﬁap?QVing a hornone-like activity), radiotherapy,

i mrunot her apy, surgical® treatnent or conbinations thereof. Long-term

therapy is al so possible, as is adjuvant therapy in conjunction with other
treat ment met hodisgersidinthg dventpsgelaipstalsaiadhepof arpampoyad of fogmulmi.arahn t he

status of R f@ld @Bfecttflih RhibiHIRAF 1B ScMityOr even cherno-preventive
treatment, e.g., in the case of at-risk patients, is also possible. There
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(prophylactic and, "preferably, therapeutic) treatnment of human berngs, but
al so for tHdsttugaletom thgmbgysm@entioped ggperat dsifiBliaemay exrgdientis bg usedgte.g., in

comer ci al drfeti@tEpthcdMoRBldhers definition8 B¢ AbfnitichdGhatabe Rofespeciie BRidsSe&ayr at s;
or gui nea ener g hgaégv_ent |e?n relates alspo to,the use of a
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definitions indicated above as being preferred or mentioned by way of example.

eing preferred, preference is in each case given to the

Preference is given to a compound of formula (1a)

(CHR)Y:—Y
x~ .
. N7~
_ C e | Z)m (!a)
\‘.". : C
B E
I (—Fa),
A_-D
T
wherein
nis from 0-2;
ris from 0-2;

m is from 0-4;

A B, D, Eand TareeachCHor CQor

A B,DandEareeach CHor CQand Tis N or
B,D,EandTareeachCHorCQand Ais Nor



N-oxi de thereof, in inhibiting RAF kinase activity. A conpound of formula
(I'), or an N-oxide thereof, can also be used for diagnostic purposes, e.g.,
in order that tunors obtained from warm bl ooded ani mals, especially human
bei ngs, as the original "host" and transplanted into mce, can be exam ned
for reduced growh after addition of such a conpound, in order thus to
study their sensitivity to the conpoundsgi-n question, thus all ow ng possible
nmet hods of treatnment for a tunor disease in ( the original host to be
ascertai ned and determ ned better. In the groups of preferred conpounds of
formula (1) mtﬂm@lad&&la&wcmafﬂ‘:@imd@ﬁs Nobr substituents fromthe

above- nenti géﬂ‘gﬁ%m%g&}lg td %&iam %%?dl ently be used, e.g., in order
kslle

to repl ace definitions that are more speC|f|c
or, especi alA, jB,ancblyadeéaam Cil onSCt drat £ an@ﬁamiN(mt ed as being preferred;

pr ef erence :BSE angelx.c %3&?0% Y%Eﬁ’d I\P—:ﬁd djgrfele% BP I ndi cat ed above as
bei ng preferred oné qb eference is given to a
conmpound of N@rmud"ﬁa(&%ch%‘l(nma)and\ﬂam) ﬁ]a(d!af)lclBNEJrll (-'-Qr A'TD

wherein n '351’5"0%99 aChDéanECE{ @énd@a&éeﬁé&%@ 0-4; A B, DD Eand T are

each CH or are each and T is Nor B, D E and
T are each @isay stB@lt&EddhcbrﬁscNth carbdn afgm$Bseldctad froin the groeﬁe,hnﬁ'ttngrofco and D

i's Nor A B, hall?bgen unsubs tituted o sug}éu&ed F%er ag(yF bﬁstﬁ » “NRz, -NRS(O):N(R),,
-NRS(O):R, -S(O)Rz, -8(0)zR;, -OCOR,, -C{O)R;, ~COzR;, -NR-COR,, -CON(R,),,
-S(0):N(Rz)., cyano, tri-methylsilanyl, unsubstituted or substituted aryl, unsubstituted
or substituted heteroaryl, unsubstituted or substituted cycloalkyl, unsubstituted or
substituted heterocycloalkyl, -Cyalkyl-aryl, -Cs_salkyl-heteroaryt, -Cy_salkyl-
heterocyclyl, amino, mono- or 'di-subétitufeél aming;

R is H or lower alkyi;

R; is unsubstituted or substituted alkyl, unsubstituted or substituted cycloalkyt, phenyl,
-Ciaalkyl-aryl, -C,4alkyl-heteroaryl or -C,_4alkyl-heterocycloalkyl;

Xis Y, -N(R)-, oxa, thio, sulfone, sulfoxide, sulfcnamide, amide or ureylene;

Y is H, lower alkyl, substituted or unsubstituied aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocycloalkyl; and —

Z is amino, mono- of di-substituted amine, halogen, alkyl, substituted atkyl, hydroxy,
etherified or esterified hydroxy, nilro, cyano, carboxy, esterified carboxy, alkanoyl,
carbamoyl, N-mono- or N,N-di-substituted carbamoyl, amidino, guanidino, mercapto,
suifo, phenylthio, phenyl-lower alkylthio, alkylphenylthio, phenylsulfinyl, phenyl-lower
alkylsulfinyl, alkylphenylsulfinyl, phenylsulfonyl, phenyl-lower alkanesulfony! or
alkylphenylsulfonyl, and where, if more than one radical Z is present (m >2), the

substituents Z are identical or different;

or an N-oxide or a pharmaceutically acceptable sait thereof.

Preference is also given to a compound of formula (la),

wherein
7is from 0-2;

nisCort;



A, B and D are each CHor CQand E and T are Nor B, E, and T are each CH or
CQ and A and D are each Nor A, Dand T are each CHor CQ and B and E are
each Nor A and D are each CHor CQand B, Eand T are each N, Qis a
substituent on one or two carbon atons selected fromthe group consisting of
hal ogen, unsubstituted or substituted |ower alkyl, -OR2, -SR2, -NR2,

-NRS(O 2N(R) 2, -NRS(O 2R, -S(OR2, -S(OygR2, -0OCOR2, -C(OR2, -CO2R2,
-NR-COR2, -CON(R2)2, -S(O2N(R2)2, cyano, tri-nethylsilanyl, unsubstituted
or substituted aryl, unsubstituted or substituted heteroaryl, unsubstituted
or substitut ﬁgl,sqyé}lpal kyl, unsubstituted or substituted heterocycloal kyl,

- Cl4al kyl -aryl, -C1. 4al kyI heteroaryl, -C, 4al kyl- heterocyclyl, am no, nono-
or di- substlPuBelaameeeRCm§HbrdﬁQbod\EﬁSbllq{yl "R2 is unsubstituted or

substituted y t4it ed cycl oal kyl, phenyl,
C, . gal kyl - 3]’% JYEP sﬁgé%eggﬁg% B%Ndflo | k I - het er ocycl oal kyI Xis'Y,

-N(R) -, oxa At Biand [E@Efe@ﬁb@b@n@@ﬁhﬁ@ ans il iGrraeh b, am de or ureyl ene; Yis
H, | oner al k

I Sttlt ted or nsubtlt{uted % @tltute
Unsubst i t ut el 1S ASER LT T o0g 85 MY CRIBRR 3PS sl fiom B8 4o Skl of
substituted or halsgéxatunbmﬁsﬁdjtemmtmbetﬁymuckadrd(;alkyl a(aﬂz,ZSRg, -HRE,HDIRSHORNIER)QT
di bsti tuted t |,
e!t h:lrjl fSI Ieduo(ra e??%gﬁ)?ﬁ'ab >§$&%f‘t ro éy:g%é @(%‘lg(y NFg}ségj’eFrg;( O%(Ré)é’r boxy,
al kanoyl,  car beStE)INRN rwamp, t@melﬂNlai!an)émubstmt@tﬂ%wbbhmaﬂawlam di no,
guani di no, ”Ercﬁl‘?é mui% c{ Runfiaey hét@q%ry! %@Ub@m}tg&ﬁ Li%f%ht}ﬂ elﬁhzlyelt)alkyl

al kyl phenyl t hi o, I ny enyl -1 ower
al kyl phenyl sul fumubshtpwéroyngﬁtmﬁ@hetemgafkwho@maﬂa/ﬂ-aahegmall@hwtewaryl

al kyl pHenyl sul f@yéuky;%@ermgy@ana.ﬁo,wr% Bh@nsueaemea@m Zis present (m 1),
the stbstituents Z are identical or dif ferent; or an N-oxide or a

phar maceut i cRli¢ § catoweptaidl e salt thereof. Pr eference is also given to a

conpound of fornul a ‘whe
P Rzis unsubs(lrtutgd or subst:tuteg alkyl, unsubstituted or substituted cycloalkyl, phenyl,

-Calkyl-aryl, -C;alkyl-heteroaryl or -C4_jalkyl-heterocycloalkyl;

X is -NR-, oxa or thia;

Y is phenyl that is unsubstituied or substituted by one or two identical or different
substituents selected from the group consisting of amino; lower alkaneylamino,
halogen, lower alkyl, halo-lower alkyl, hydroxy; lower alkoxy, phenyl-lower alkoxy,
and cyano, or alternatively or additionally to the preceding group of substituents,
lower alkenyl, Cq.q-alkoxy, lower alkoxycarbonyl, carbamoyi, lower alkylcarbamoyl,
lower alkanoyl, halo-lower alkyloxy, lower alkoxycarbonyl, lower alkylmercapto, halo-

i_ Q lower alkylmercapto, hydroxy-lower alkyl, lower atkanesulfonyl, halo-lower
alkanesulfonyl, phenylsulfonyl, dihydroxybora (-B(OH);) and lower alkylenedioxy or

Y is pyridyl; and

Z is halogen; amino; N-fower alkylamino; hydroxy-lower alkylamino; phenyl-tower
alkylamino; N, N-di-lower alkylamino; N-phenyl-lower alkyl-N-lower alkylamino; -

N, N-di-lower alkylphenylamino; lower alkanoylarino, such as acetylamino; or a
substituent selected from the group consisting of benzoylamine and phenyl-lower
alkoxycarbonylamino, wherein the phenyl radical in each case is unsubstituted or is
substituted by nitro or by amino, or also by halogen, amino, N-lower alkylarnino,
N,N-di-lower alkylamino, hydroxy, cyano, carboxy, lower alkoxycarbonyl, lower

atkanayl or by carbamoyl;



rris fromo0-2; nisOorl;, -19- mis O or 1; A 8, D and E are each CH or CQ
and Tis Nor A B, T and E are each CHor GQand Dis Nor A B and D are
each CH or COand E and T are each N, Qis a substituent on one or two
carbon atons selected fromthe group consisting of halogen, unsubstituted
or substituted lower alkyl, -OR2, -SR2, -NR2, -NRS(O 2 _N(R)2, -NRS(O) 2R
-S(OR2, -S(O2R2, -OCOR2, -C(OR2, -CaZR2, -NR-COR2, -CON(R2)2,

-S(0O ZN(R2) 2, cyano, tri-nethylsilanyl, unsubstituted or substituted aryl,
unsubstituted or substituted heteroaryl, unsubstituted or substituted

cycl oal kypr an deddssera phassaesulisaiyaccerieblg saétherefdy cl oai ky), -Cl. 4al kyl -aryl ,
-C, -4al kyl -heteroaryi, ( C,.,alkyl-heterocyclyl, am no, nono- or

di - substi t ut ed spBkRGreBrdnte ¢ Qo hio¥Rto AbdipounBdf FemuRsgd)st i t uted or
substituted al kyl, unsubstituted or substituted cycl oal kyl, phenyl,
- C, 4al kyl WRERRIN " C, aal kyl - heteroaryl or -C, 4al kyl - het erocycl oal kyl; X is

-NR-, oxa or.:;thia Y | y| that is unsubstituted or substituted by one
or two identri'%:EFﬁ’ooerjlr?ngA}ﬁt' substituents selected fromthe group

consi sting afis@arm®; | ower al kanoyl ami no, hal ogen, |ower alkyl, hal o-1|ower
al kyl, hydroxy; |ower al koxy, phenyl-|ower al koxy, and cyano, or
al t er nat i vel®iod oagapedialiia®i y to the preceding group of substituents, |ower

al kenyl , CB&@I[*:%%(%? Ialbea%gcrha@ﬂﬁ)é%a%wg% of Car bamoyl, | ower al kyl carbanoyl,

| ower al kan , | ower “al koxycar bonyl, | ower
al kyl mer captAy,B, fadrelE beyveschitkod G@randp? s,N biydr oxy- | ower al kyl, | ower

CB(OD2) any ZhEe % I T ERAATE LT oo BN 2007 {5 hal ogen: am nos

N-1 ower alky basférably baydediopa, ltoBasr tahkarddriang js sshenwd frb\Walogen, especially
fluorine, chlorine or bromine; lower alkyt, es_pe_cially methyl, or also, ethyl or propyl;
hydroxy; lower alkoxy, especially‘methbxy, or also, ethoxy; 2—hyc?rb§<yethoxy;
2-methoxyethoxy; (2-(7H-imidazol-1-yl)ethoxy, or also, hydroxyiminomethyl; lower
alkanoyi, such as acety! or formyl; lower alkylmercapto, such as methylmercapto or
amino; N-ower alkylamino, such N-methylarmino, or also N-ethylamino, N—{n)-propyi- or
N-isopropylamino; 2-cyanoethylamino; 3-{methoxyphenyllamino; _
3-(4-morpholiny)propytamino; 3-(pyridinylimethylamino; 2-(2-pyridinyl)ethylamino;
4-(1H-imidazol-1-ylbutylamino; 4-(trifluormethoxyphenyl)amino);
{methylaminosulfonylyamino; {methylsulfonyl)amino; (tetrahydro-2H-pyran-4-yl)amino;
(tetrahydro-2H-pyran-4-ymethylamino; {letrahydro-3-furanyl)amino; (2-(1H-imidazol-1-
yhethyhamino, or also, hydroxy-lower atkylamino, such as 2-hydroxyethylamino or '
(2-methoxyethyl)methylamino; 2-(2-hydroxyethoxy)ethylamino; spirans, including
1,4-dioxa-8-azaspiro[4.5]dec-8-yl; substituted or unsubstituted heterocyclyl, such as
1-azetidinyl, 3-ethoxycarbonyl-1-azetidinyl or 3-c§F50xy—1—azeﬂdinyI; or also, tetrahydro-
2H-1,3-oxaziny}; dibydro-1,2,5-oxathiazin-5(6H)-yi, tetrahydro-1(2H)-pyrimidinyl);
3-(acetyltetrahydro)-1({2H)-pyrimidinyl; piperazinyi; 4-(2-hydroxyethyl)}-1-piperazinyi;
4-(ethoxycarbonyl)-1-piperazinyl; 4-acetyl-1-piperazinyl; or especially piperidinyl,
4—(triﬂu0r|fn§thyl)-1~piperidinyl, 4-(difluoromethyi)-1-piperidynyl, 4-(phenylmethyl)-1-
piperidinyl, 4-phenoxy-1-piperidiny!, 4-cyano-1-piperidinyl, 4-methoxy-1-piperidinyl,
4-ethoxycarbonyl-1-piperidinyl, 4-hydroxy-1-piperidinyl, 4-carboxy-1-piperidinyl,
4-{aminocarbonyl}-1-piperidinyl, 4-methylthio-1-piperidinyl, 4-methylsulfonyl-1-



al kyl am no; NN-di -l ower al kyl am no; N-phenyl -1 ower al kyl - N-1ower al kyl ami no;
N, N-di -1 ower al kyl phenyl am no; | ower al kanoyl am no, such as acetyl am no; or
a substituent selected fromthe group consisting of benzoylam no and
phenyl -1 ower al koxycar bonyl am no, wherein the phenyl radical in each case
I's unsubstituted or is substituted by né ro or by amno, or also by

hal ogen, am no, N-lower al kylami no, NN&i'-|ower alkylam no, hydroxy, cyano,
car boxy, | ower al koxycarbonyl, |ower al kanoyl or by carbanoyl; -20- or an

N- oxi de or a phar.maceut.icall C | t her Lal. preference is
al so given toB'gerd%'ﬂ%b Fﬁt'é??'g?m%/%? %’ﬁ%’g&%g&’ %?\L/’\A'%g’r%%ﬁggﬁ}f' ggﬁ‘%ﬁn“l’"ﬁi’ﬁz preferably
1; . [|1_ i's % or3,5';—Ac\iiw§trsr[;_ﬂprmqliggi@péqjhahﬂ*ﬁén_lor;phoiicn%!; Béj [D)fandNE ari egch (Cj:HDor CQ
an is Nor_. , ar.e _eac oJ an is Nor A an are
each CH or C@%ﬁﬁoﬁogﬁﬂggﬁﬂegﬁ'yﬁ'?ﬁm@hyg preferably bonded to A to D or

to A and D %Qélf‘ﬁy%%%F‘“%’q-egﬁ@g"@men’ especially fluorine, chlorine or

brom ne; | ower |, especi a hyl, or also, ethyl or propyl; hydroxy;
| ower al koxy,y iephenyiatidt js ursubsityted or subbiitoteddlylvme\or tWe it dticakyrediffoxyt;

Fover al kanoy! vBgberLE SedRE Poaind bR P ndlor B ISBEE AR RleR ae”
net hyl mer capt o @spedaliyreseiyldntinwdelogeidsandially, flusting cNomee biybramines lower alklyls o
e by iy S5 b o KA, S 0 ke ShA 08
3- (pyri di nyl) netififidosametoyl; diexyplowetilkopy) esnepladingthoxy, or also ethoxy; phenyl-
4-(1Him dazol - #vyér)%%%'eggwﬁiy tn iyt éﬁﬁ)ﬁé%b&%_m@é}ﬁﬁwewiaﬁmiénauy to the
(et hyl am nosul fonyl) am’no; (nmet hyl'sul'f onyl’) ani no
(t et rlaflydr o- 2+ pYacering-gyeuPLfisHestitients) fawen plkeBYsuch s athenyy Cp etk ani no;
(tetrahydro- 3-f ueganiy #adeloxt; Tovkek EndoRAnssvt, Soch as tert-butoxycarbonyl;
carbamoyl, lower-alkyfcarbarﬁoyl,' such as N-methyl- or 'N~teﬁ-bhtyl—carbamoyl; lower
alkanoyt, such as acetyl; phenyloxy; halo-lower alkyloxy, such as triftuoromethoxy or
1,1,2,2-tetrafluoroethyloxy; lower alkoxycarbonyl, such as ethoxycarbonyt; lower
alkylmercapto, such as methylmercapto; halo-lower alkylmercapto, such as
trifluoromethylmercapto; hydroxy-fower alkyl, such as hydroxymethyi or 1-
hydroxymethyl; lower alkanesulfonyl, such as methanesulfonyl; halo-lower
altkanesulfonyl, such as trifluoromethanesulfonyl; phenylsulfonyl; dihydroxybora (-
B{OH),); 2-methyl-pyrimidin-4-yl; exazol-5-yl; 2-methyl-1,3-dioxolan-2-yl; 1H-
pyrazol-3-yi; 1-methyl-pyrazol-3-yl; and lower alkylenedioxy, such as
- methylenedioxy, bonded to two adjacent carbon atoms, especially by one or two
_(, substituents selected from halogen, such as chlorine or bromine; lower alkyl, such
as methyl; and halo-lower alkyl, such as trifluoromethyl or
Y is pyridyl, especially 3-pyridyl or
Y is especially phenyl; 2-, 3- or 4-aminophenyl; 2-, 3- or 4-acetylaminophenyl; 2-, 3- or
4-fiuorophenyl; 2-, 3- or 4-chlorophenyl; 2-, 3~ or 4-bromophenyl; 2,3-, 2,4-, 2,5- or
3,4-dichlorophenyl; chloro-fluoro-phenyl, such as 3-chloro-4-fluoro-phenyt; or also
4-chloro-2-fluoroanilino; 2-, 3- or 4-methylphenyl; 2-, 3- or 4-ethylphenyt; 2-, 3- or
4-propylphenyl; methyl-fluoro-phenyl, such as 3—ﬂuofo-4—methyiphenyl; 2-,3-or
4-trifluoromethylphenyl; 2-, 3- or 4-hydroxyphenyl; 2-, 3- or 4-methoxyphenyl; 2-, 3-
or 4-ethoxyphenyl; methoxy-chloro-phenyl, such as 3-chloro-4-methoxycarbonyl; 2-,
3- or 4-benzyloxyphenyl; 2-, 3- or 4-cyanophenyl; or also 2-, 3- or 4-pyridyl or



yl ) et hyl )am no, or al so, hydroxy-Ilower al kylam no, such as

2- hydroxyet hyl am no or (2-methoxyet hyl) net hyl am no;

2- (2- hydr oxyet hoxy) et hyl am.no; spirans, including

1, 4-di oxa- 8-azaspiro[ 4.5]dec-8-yl; substituted or unsubstituted

het erocycl yl, such as 1-azetidinyl, 3-ethoxycarbonyl-1-azetidinyl or
3-carboxy-l-azetidinyl; or also, tetrahydso- 2H 1, 3-oxazinyl;

di hydro-1, 2, 5-oxat hi azi n-5(61-)-yi; tetrahydro-1(2H)-pyri mdinyl);
3-(acetyl tetrahydro)-1(2H)-pyri m dinyl; piperazinyl;

4-(2- hydroxyef M&rﬁe%‘s?{acﬁ@lfﬁé%bherﬁg (zqitsgw—ﬁ@ru%%éh}r; A-chloRpsazi nyl ;

4- acetyl - 1- pi perazi ny or especl al i peridinyl,
4-(trifl uormet hytr‘ﬁ‘uolo'ﬁP%\PP%'PWF%?"O@@VRF‘I’?IBWSW%H?W o1 - pi peri dynyi ,

4- (phenyl net hyis)vely edpebiy 85MihethipRdHER @K disd iPedpREiaRl Atethyl-3-iodophenyl,
4-cyano- | - pi peri dinyl , 4-mnet hoxe)/- 1- pi gerl di nyl

4- et hoxycar bony| 34PKipRGremal)Phenyly PR é?be'P‘F’H’f fy$-chiorobenzylphenyi;

4- car boxy- Lperi @i - (Al C =0l Loli .

o et ot B o 3 R BRSO g, such
(t et r ahydr o- 2Bpyrcametayigminex pheryHowpsakylasipecsushiag benzyiapiphoN,Mgitiower

3, 5-di net hyl Ly Drc e Lol d ARl kyl .
especially H%{k?l%@f(imd;ﬂ pm::r)lr(wlizlgﬂ-BIBNQR?{)J,l @Qggfg@%rpgﬁ g’srﬁdelélégﬁ?{y!dwéwﬁﬁbé
phenyl that i ¥$wenslipaeylaminedsush as abelyipminos ar d yulkstibiest saleped em thecabupr

different  substdidiug ot SersRYBAHRFard tHEhHIEEH My CRPSHyRIMIAG WHerdtAGhehpvner

ai kanoyl am no, _espeéecially acetyl am no; hal ogen, especially fluorine,
chlorine or bFstigehiE:eachwape ig upybstituiad r cpsperiily. i substitulad bygiitraeidy amipay | |
Iet hyl olr kpr Opyt alsdBY ﬁftl})@é&!ﬁ,ratn'ﬁﬂldSW-low@ﬁ@ll%ﬂérﬁi'ntnbw,I\I—cﬂiiiév{rllél'fwlﬁﬂﬂﬁ’lﬁiﬁc\l,|Hyd%|)€€,r (%

ower al koxy, especl met hoxy, or so et hoxy: enyl - wer al koxy,
especi al |y beWOWS"%@“@93@8%06%0@21'?3%@??’??&' ?/%r_cag\tfﬁﬁﬁyf?fnal ly to the (~
precedi ng @nonglogdn, ssparidlly bamiieg; rharwespeaidie apino, suailaminoshifrebetizoylamino,
Cont - but oxycaP BT B BT B ARk P e RS Rlie SHEOR R e - or
N-tent - but y} arpﬁfcﬂ%@byla;phbﬂﬁﬁfeuti@llraeéé\ﬂableséf&thhé\‘éoﬁcet yl; phenyloxy;
hal o-1 ower al kyl oxy, such as trifl uoronmethoxy or

L L2 2 et e oSN B Rl BRSRRMGRLINn T, 25 omycarbom
as wherein

ris 1;

nis 0;

mis Q;

B, D, E, and T are CH or CQ and A is N (3-pyridyl), or especially

A, B, D and E are each CH or CQ and T is N (4-pyridyl);

Q is a substituent on preferably one, or also two carbon atoms selected from halogen,
especially fluorine or chiorine; lower alkyl, especially methyl, or afso ethyl or propy!;
amino, N-lower alkylamino, such aé N-methylamino; or also N-ethylamino,
N-{m)-propyl- or N-isopropylamino; or 2-cyanoethylamino, 3-(methoxyphenyh)amino
or 3-{(4-morpholinyl)propylamine, 3-(pyridinyl}methylamino,
2-(2-pyridiny!)ethylamino, 4-(1H-imidazol-1-yhbutylamino,
4-(triflucrmethoxyphenyl)amino), (methylaminosulfonyl)amino,
{methylsulfonylyamino, (tetrahydro-2H-pyran-4-yljamino, (tetrahydro-2H-pyran-4-
yl)methylamino, (tetrahydro-3-furanyl)amino, (2-(7H-imidazol-1-yl)ethylyamino; or
also hydroxy-lower alkylamino, such as 2-hydroxyethylamino,



trifluoronethyl nercapto; hydroxy-lower al kyl, such as hydroxynethyl or 1-
hydr oxynmet hyl ; | ower al kanesul fonyl, such as net hanesul fonyl; hal o-1 ower

al kanesul fonyl, such as trifluoromethanesul fonyl; phenyl sul fonyl;

di hydroxybora (- B(OH)2); 2-nethyl-pyrimdin-4-yl; oxazol-5-yl;

2-met hyl - 1, 3-di oxol an-2-yl; IH pyrazol-3-yl; 1-nethyl-pyrazol-3-yl; and

| oner al kyl enedi oxy, such as nethylenedb%xy bonded to two adjacent car bon
atons, especially by one or two substituéents selected from hal ogen, such as
chlorine or brom ne; |ower alkyl, such as nethyl; and hal o-1ower al kyl, such

astrlfluororret S al ly
oy | 52" 5" DU foh Y i SRR b MR o o655
4-f1 uor ophenyl tQtrahyg:o M2F&p@mm@mbmr%74acetgﬂetrag:ydr@p 1@31%%@}/“&’!1@!? alsp 3.

2,4-, 2,5- or Sigsr i) @(@Wé%ethyﬁh'—&b&aﬁ:h}dOfi-(btﬁﬁ)@%onﬁ-’ﬁbg@%zmyl

3- chloro 4-f | uoro- pheny! 2-fluoroanilino; or
4- et hy| phenyl ; 4235’9138‘1 Riperazinyion sSResisy: p'lie”d'"f%" Adinfuormetinhi-pRerginy.

met hyl - f | uor o- phﬁ(&ﬁf‘uom‘iﬁ&ﬁ%ﬁﬁgiﬁ@ﬁb}#@[ Q—(ﬂhé@ﬂﬂhﬂh%}ﬂermlﬂy{; 4-Bhefxy-1-

4-trifl thyl
A ot hovyphonyl PRTORY. 4 aio-LaHGRBHe kTS Et ORI GrebBRERPedoch as

3-chl or o- 4- net h%éharnbl?ﬂy‘lydrcﬂyﬂ p:;a‘endam 4-d3ﬁmﬂy-l1qxp@h!&ﬂ}{|4r(aﬁmoc§rb0ﬁyt) 1-
4- cyanophenyl ; or als re es%gm ally

4- chl or ophenyl : pipend@yl %F“‘%{'%M% 'P}?%é LE’%W%%S"YP pﬂ‘?einﬁnﬁlo% ? hyl phenyl
3-bronmo-5-trifl ua@p@ctﬁlthnphmwiyl @rs—aimeshykaomhelmbmml’-eﬁy&l mohhstiyy | phenyl ;
or also is especially 4-nethyl-3- |odopheny

3, 4- bi sgbrl fl 'ér"b‘h'é?‘ﬁ%%"ﬁ‘r’ré*ﬁ??c'a@ HPomBIAL et hyl - phenyl or

3- chl orlabenz Yl no; N-Iower al kylam no, such as N-nethyl am no;
hydr oxy- | owe?jd lgl}}%&I anﬁ)é‘&l?sﬁ?h as 2-hydroxyet hyl am no; phenyl -1 ower

al kyl am no, sue bh@n?yl beniéyinamsmed\lbfmﬂsmbmw onatokwcaumamma!dwn“MI - | ower
al kyl - N-1 ower al k

Kk
al kanoy! ani no, %ﬂ%é?é‘? %eé?°§‘?°dgﬁ?'ﬂg'7 %’Pg%cé'?% ' %ét@ﬂ‘]f'gegeF%D@tcmﬁy Pycsigee®e group
consi sting of bmmykmaﬂm can‘mimph:ehgdmum@\}meralldyb)eymdﬂmn}eltrmmm,romm;mdau n the

pheny! | radi cal (L nGACkERIS dhier URSH RSt} SihSlomeRRR CAiRbbiherl 23 40g T ut ed

4- methylphenyl 4-chloro-5-trifluoromethylphenyl, 3-bromo-5-trifluoromethylphenyl,
or more especially 3,5-dimethylphenyl; or also, 4-methyi-3-iodophenyl,
3,4-bis(trifluoromethylphenyl or 3-bromo-4-ethyl-phenyi;

or an N-oxide or pharmaceutically acceptable salt thereof.

Special preference is given also io a compound of formuia (1a),
i wherein
| rist;

n is from 0-2;

mis 0,

A,B,DandEareeachCHor CQand Tis N;

Q is a substituent on one carbon atom selected from amino, N-lower alkylamine, such as
N-methylamino; or also N-ethylamino, N-(n)-propyl- or N-isopropylamino; or
2-cyanoethylamino, 3-(methoxyphenyl)amino, 3-(4-morpholinyl}propylamino,
3~(pyridinyl)methylamino, 2-(2-pyridinyl)ethytamino, 4-(7H-imidazol-1-yhbutylamino,
4-{triflucrmethoxyphenyl)amino}, (methylaminosulfonyl)amino,
(methyisulfonyl)amino, {letrahydro-2H-pyran-4-yiyamino, (tetrahYdro-ZH—pyran-Al-
yhmethytamino, (tetrahydro-3-furanyl)amino, {2-(7H-imidazol-1-yl)ethyl)amino; or



or also by hal ogen, am no, N-|Iower atkylam no, NN-di-I|ower alkylam no,

hydr oxy, cyano, carboxy, | ower al koxycarbonyl, |ower al kanoyl or by
carbanoyl or Z is hal ogen, especially brom ne; nore especially am no,
acetyl am no, nitrobenzoyl am no, am nobenzoyl am no, 2-hydroxyethyl am no,
benzyl oxycar bonyl ami no or bromi ne; and or an N-oxide or a pharmaceutically
acceptabl e salt thereof. Special preferee is given to a conpound of
formula (la), whereinr is 1; nisO; msO; B, DL E, and T are CH or CQ
and Ais N (3-pyridyl), or especially B, Dand E are each CHor CQand T
is N (4- pyridyI?bo¢wﬂ@wQHQv@b§ﬁV@GﬁﬁmS@%‘%ﬁ%ﬁ%ﬁﬂﬂ@ﬁVWEW@mlor al so two carbon

atoms sel ected &r(grﬂy R sﬁ&é’ et@ﬁﬂﬁﬁb%dbgmuewun@b@f.tu&falr%raaycrya QeBEciAKY!

especi al |y methyl’; Kyl am no; such
as N et hyl ani n@*Peﬁ‘?‘anl %BV‘W%@‘W‘V%TW“@WL ¢risiperemeiv ) IrPIReS YOI opyl ani no:

or 2-cyanoet hyl @I’(bﬁ%yln?étﬁﬂﬂ%%ﬁcﬂlhﬁnﬂb%ém -prﬁh‘ndlnyi 4—cyano-1 -piperidinyl,
3- (4-nor phol i nyl ) propyl am no I—‘é di nyl Uf
2- (2-pyridinyl ) drpihefy taipendipyi-¢ Wmoﬂi"w"?%r o, é’rﬁ‘%"xﬁ" -piperidinyl,
? (t L I }‘ I U|O1E et P;@&:‘éﬂi&?—ﬂﬁ@éﬂdﬁ@b 4-(é%hyﬂbaﬁymgwbﬁmnw J-pBtRRhio-1-piperidinyl,
met hyl sul f onyl ) ami n r 0 ran
(tetrahydro- 2H 6){?%{“3(}%‘1'{3‘9)”)1@?%%{ 'HM%BPS%("E"& P%Vé‘?'lﬂ ”?”‘?W'ﬁﬂyl ) ani no,
(2-(1Him dagqipl-yl)ethyl)am no; or also hydroxy-Iower alkylam no, such as
2- hydr oxyet hyl am no, -23- 2- &, hydr oxyet hoxy) et hyl am no, substituted or
unsubsti t ut edf ihdiRky ame@law Nigspedially tet rahydro 1(2H) pyrimdinyl); or

4-(2- hy tr oy SR oL gliE bttt Bty e be B oot REAGEID g, by
4-acetyl - 1- pi peloser aw sunh asgpatbyl aF try!umnpmm{l ar usy;bropyl or especrally tert-butyl;

4-(trifl th |
1Ryl ot oy YT BBLP LR tnothcty ( ich!d AL ABGHERYY, A RARGEEANDY br
4~tnﬂuoromethoxyphenyl naphthyl cyclohexyl that is unsubstituted or substituted by

lower alky!, especially by fert-butyl, such as 4-tert-butyl-cyclohexyl; indolyl that is
unsubstituted or substituted by halogen, especially by fluorine, especially
6-fluoroindol-3-yl; or lower alkyl, especially isopentyl;

or an N-oxide or pharmaceutically acceptable salt thereof.

In particular, preference is given also to a compound of formula (la),

wherein
ris1;
nis 0;
mis 0;
A, B, DandEareeachCHand Tis N;
Ris H;
X is -NH-;
Y is phenyl that is substituted by one or two idenlical or different substituents selected

from halogen and lower alkyl. Special preference is given to compounds, wherein Y
is phenyl that is substituted in the 4-position by fert-butyl or trifluoromethyl; and

Q is a substituent on one carbon atom selected from morpholinyl;

or an N-oxide or pharmaceutically acceptable sait thereof.

Another interesting embodiment of the invention is a compound of formula (1)



pi peridinyl, 4-cyano-1-piperidinyl, 4-nmethoxy-1-piperidinyl,

4- et hoxycar bonyl - 1- piperidinyl, 4-hydroxy-1-piperidinyl,

4- car boxy- 1- pi peri di nyl, 4-(am nocarbonyl)-1- piperidinyl,

4- et hyl t hi o- 1- pi peridinyl, 4-methyl sul fonyl-1-piperidinyl; or also
especi al ly 4-norpholinyl, 3,5-dinethyl norpholinyl or 2-phenyl-4-norpholinyl;
Ris Hor lower alkyl, especially Hor 48%-hyl; X is -NR-, especially -NH
Y is phenyl that is unsubstituted or substituted by one or two identical or
different substituents selected fron1theygroup consi sting of hal ogen,
especially fluorine, or nore esggeﬁ%ﬁﬁ%ﬁ’ chl orine or bronine; |ower alkyl,
especially nethyl; isopropyl and7 tent-butyl; and hal o-1 ower al kyl,
especially trifluoronethyl, 4-chllqQrophenyl, 2-, 3- or 4-nethyl phenyl,

4-chl 0ro-5-trifl uoronet hyl phenj 5-trifluoronethyl phenyl, or nore
especi al |y 3, 5-di net hyl pheny! : Z%met hyl -B- i odophenyl ,
3,4-bis(trifluoronethyl)phenyl 3- bFOND- 4- et hyl - phenyl ;  or an N-oxide or
pharmaceutically acceptabl e salt ithereof. Special preference is given also
to a conpound of formula (la), whef®in risl; nis from0-2; nisO; A B, D
and E are each CHor CQand Tis N, Qis a substituent on one carbon atom
sel ected {re@am no, N-|ower al kyl am no, such as N-nethylamno; or also

N- et hyl ami no, N-(n)-propyl- or Nisopropylam no; or 2-cyanoethyl an no,

3- (met hoxypmeayeiedZno, 3- (4- nor phol i nyl ) propyl am no,

3-(pyridinyi)nmethylam no; 2-(2-pyridinyl)ethylam no,
4-(IFLinidafS?ETpikgbutylanino, 4-(trifluornmet hoxyphenyl)am no),

(et hyl am negidlfdpmplg am no, (et hyl sul fonyl ) am no,
(tetr{akydro- 2H pyran-4-yl)am no, (tetrahydro-2H pyran-4- yl)nethyl am no,

(t et r ahydr 0-/3s fbicanid Hederioawmatiz ripg systemndsucblas inddh).dsdwyddiayhi quinohdr - 24-

isoquinolyl, quinazoly!, purinyl, cinnolinyl, naphthyridinyl, phthalaziny!,

isobenzofurany! naphthyridinyl, phthalazinyl, chromenyl and purinyl;

Q is a substituent on either one or both rings of the bicyclic ring system, and on one or
two carbon atoms on either one or both rings of the bicyclic ring system, selected
from the group consisting of halogen, unsubstituted or substituted lower alkyl, -OR;,
-8Ry, -NRy, -NRS({O):N(R)z, -NRS(0):R, -S(O)Rz, -S(0):R;, -OCOR,, ~-C(O)R;,
-COsz, ~-NR-COR;, -CON(R;)z, ~S(0)N(Rz)., cyano, tri-methylsilanyl, unsubstituted
or substituted aryl, unsubstituted or substituted heteroaryl, unsubstituted or
substituted cycloalkyl, unsubstituted or substituted heterocycloalkyl, -Cyualkyl-aryl,
-Cyaalkyl-hetercaryl, -C,_salkyl-heterocyciyl, amino, mono- or di-substituted amino;

__C R is H or lower alkyl;
h R, is unsubstituted or substituted alkyl, unsubstituted or substituted cycloaikyl, phenyl,
-Cysalkyl-aryl, -C,salkyl-heteroaryl or -C1.46lk§li—heterocycioalkyl;

Xis Y, -N(R)-, oxa, thio, sulfone, sulfoxide, sulfonamide, amide or ureylene;

Y is H, lower alky!, substituted or unsubstituted aryl, subsfituted or unsubétituted
heteroaryl, substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocycloatkyt; and

Z is amino, mono- or di-substituted amino, halogen, alky}, substituted akky!, hydroxy,
etherified or esterified hydroxy, nitro, cyano, carboxy, esterified carboxy, alkanoyl,
carbamoyl, N-mono- or N, N-di-substituted carbamoyl, amidino, guaniding, mercapto,

sulfo, phenylthio, phenyi-lower alkylthio, alkylphenyithio, phenylsulfinyl, phenyl-lower



al so hydroxy-|ower al kyl am no, such as 2-hydroxyet hyl am no,

2- (2- hydroxyet hoxy) et hyl am no, substituted or unsubstituted heterocyclyl,
especially piperidinyl, 4-(trifluornethyl)-1-piperidinyl,

4- (di fl uoromet hyl)-1-piperidynyl, 4-(phenyl nethyl)-1-piperidinyl,

4- phenoxy-| - pi peri di nyl, 4-cyano-|-piperidinyl, 4-nmethoxy-I|-piperidinyl,

4- et hoxycar bonyl -i - pi peridi nyl, 4-hydrox36--piperidinyl,

4- car boxy- 1- pi peri di nyl, 4-(am nocarbonyl)-1-piperidinyl,

4-met hyl thi o-1-pi peridinyl, 4-nethylsulfonyl-1-piperidinyl; or also nost
pref erably nor phikyisaifiy, aRydpHenyXuifisyl.-pRRryswiopdcphenyliowialikamasifohyl sr phenyl
that is unsubst] | . i rd or by
| ower al kyl, S.uéﬁ%&@&]ﬁuﬁéw&ﬂdﬁ&ﬁeﬁ%dﬁ?@? héy’]g%ra??%ﬁ%?ﬁ?e"gw%—s%g‘%a| |y
tert-butyl; | omebstiblekisxd aredderdicalar differafthoxy, such as 4-chl or ophenyl

4- met hoxyphenyl ar_ _4-trifluoro hox , ht hyl ; cycl ohexyl that is
unsubst it (F&Y %PXig%Brs? Pli‘?ﬂnea e‘f)tﬂfanﬁ)f %ﬁggtggﬁ%lt?heggﬁéci ally by tert-butyl, such
as 4-tert-butyl-cyclohexyl; indolyl that is unsubstituted or substituted by
hal ogen, especifaid yet byothénioterasting emspedingn of thesinFeniionds adoinpgunyd of or | ower

al kyl, espfglfcnl"ﬂ% h}/ i sopentyl; or an N-oxide or pharmaceutically acceptable
salt thereof. 'particular, .preference is given also to a conpound of
formul a .(Iv)ereinwherein r is 1; nisO; nms0O;, A B, Dand E are each CH and
Tis N R isngst Xis -NH,, Y is phenyl that is substituted by one or two

i dentical or |?’f erent substituents selected from halogen and | ower alkyl.
Speci al prefes@ace is given to conpounds, wherein Y is phenyl that is
substituted in the 4-position by tert-butyl or trifluoronethyl; and

mis 0;

J is a bicyelic heteroaromatic ring system, such as indolyl, isoindoliny!, quinolyl,
isoquinolyl, quinazolyl, purinyl, cinn'(.)linyi, ﬁaphthyridinyi, phthalazinyl,
isobenzofuranyl naphthyridinyl, phthalazinyl, chromeny! and purinyl;

R is H or lower alkyl;

Xis Y, -N{(R)-, oxa, thio, sulfone, sulfoxide, sulfonamide, amide or ureylene; and

Y is H, lower alkyl, substituted or unsubslituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocycloalkyl; '

or an N-oxide or a pharmaceutically acceptable sait thereof.

And yet another interesting embodiment of the invention is a cbmpound of
formula (1),
wherein

nis0;

ris0;

mis O;

J is isoquinolyl;

X is NH; and

Y is, substituted or unsubstituted aryl, especially fert-butylphenyl, very especially 4-tert-
butylphenyl;

or an N-oxide or a pharmaceutically acceptable salt thereof.



Qis a substituent on one carbon atom sel ected from norpholinyl; or an
N- oxi de or pharnaceutically acceptable salt thereof. Another interesting
enbodi mrent of the invention is a conmpound of forrmula (I) -25- XACHR)~-Y N
DZ)ym (1) wherein nis from0-2; r is from0-2;, mis fromO0-4; Jis a

bicyclic heteroaromatic ring system such as indolyl, isoindolinyl,
qui nolyl, isoquinolyl, quinazolyl, puriny_cinnolinyl, naphthyridinyt,
phtlial azi nyl, isobenzofuranyl naphthyri gl nyl, phthal azinyl, chronmenyl and

purinyl; Qis a substituent on either one or both rings of the bicyclic ring
system and on §Rg c8fhpoli¥d é&%&r’@ﬂp S HRRvedilioR chhBé pRPereabyRbdstedowrf t he
bicyclic ring system sel ected romthe group consisting of hal ogen,
unsubst i t uPedsaior elpSE EPRAUEES| GSRRFERINY | , - OR2, - SR2, -NR2, -NRS(O) 2N(R) 2,
-NRS(O 2R, -S(OR2, -S(O2R2, -OCOR2, -C(OR2, -CO2R2, -NR-COR2, -CON(R2)2,
-S(0 2N(R2) 2, cypneactihg ia-coripbyhdsofifamuia (IDnsubstituted or substituted aryl,
unsubstituted or substituted hetqdioaryl, unsubstituted or substituted

cycl oal kyl, unsubstituted or subsfituted heterocycloal kyl, -C, aal kyl-aryl,
-C, . 4al kyl -heteroaryl, -C, aal kyl erQcyclyl, am no, nono- or
di -substituted amno; R s H & | : |; R2 is unsubstituted or

substituted al kyl, unsubsfitut:d\or >k I't"ut ed cycl oal kyl , phenyl,

- C, aal kyl -aryl, -C, -0al kyl - het ergar yI™~or -C,4a|kylﬂ¢eterocyctoalkyI; Xis'Y,
-N(R) -, oxa, thio, sulfone, sulfqgxide, sulfonam de, am de or ureylene; Y is
H, |ower alkyl, substituted onBuﬁéqgstituted aryl, substituted or
unsubstituted heteroaryl, subftityfed or unsubstituted cycloal kyl or

substi{tfred or unsubstituted he\tTgQ)cy'ct oal kyl ; and

wherein
r,m, A B,D,E, T, QandZ are as defined for a compound of formula (1a); and
M is a nucleofugal leaving group, with a compound of formuta (1)

X ~
/  {CHR), —Y ()
H

wherein n, R, X and Y are as defined for a compound of formuia (1), functional

groups in the compounds of formula (1} and of formula (1IN} that.are not to take

part in the reaction being in protected form, if necessary, and removing any

protecting groups that are present, wherein the starling compounds mentioned in
: —_C process a) may also be in the form of salts where a salt-forming group is present

' and reaction in the salt form is possible;

and, if desired, converting a resulting compound of formula (i), or an N-oxide
thereof, into a different compound of formuia ("), or an N-oxide thereof, converiing
a free compound of formula (1}, or an N-oxide thereof, into a salt, converting a
resulting salt of a compound of formula (1), or of an N-oxide thereof, into the free
compound or into a different salt, and/or separating a mixture of isomeric

. compounds of formula (1), or its N-oxide, into the individual isomers.



Z is am no, nono- or di-substituted am no, hal ogen, alkyl, substituted

al kyl, hydroxy, etherified or esterified hydroxy, nitro, cyano, carboxy,
esterified carboxy, alkanoyl, carbanoyl, N-nono- or /V,N di-substituted
car banoyl , am di no, guanidino, nercapto, sutfo, phenylthio, phenyl-Iower
al kyl t hi o, al kyl phenyl thi o, phenylsul finyl, phenyl-Ilower - 26

al kyl sul frnyl, al kyl phenyl sul finyl, pheﬁylsulfonyl phenyl - | ower

al kanesul f onyl or alkylphenyhsulfonyl and where, if nore than one radi cal
Zis present (m2), the substituents Z are identical or different; or an

N-oxi de of.@nd GRG0 dr¥cas ¢aRiAP! e salt thereof. And yet anot her
|nterest|TTg enpodal 1t of Ine |nvent|on Is a compound of fornula (I),

wherein nisO; r het eroaromatic rin stem
enhe | ol vin the Ielipnig Pgidetainy feesTiplion Sbe Brarargen PETPRt gD A St |
ci nnol i nyE,T @nttmwa:ﬂlmmd arghis [Watimst foy tompduiab @ fpinuadrzy,| unisee idioatédi nyl
pht hal azi % C rorrenyl and purinyl; Ris Hor lower alkyl; Xis Y, -NR)-
oxa, thio? %‘?ﬁ's’reone sul f oxi de, sul fonam de, amide or ureylene; and Y is H,

| ower al kyl, substituted or unsubstituted aryl, substituted or unsubstituted
het er oar yProcssthsit i t ut ed or unsubstituted cycl oal kyl or substituted or
unsubstituted heterocycloal kyl; or an N-oxide or a pharmaceutically

e, 2Bl 16 5 OB APl

i nvention’is a conpoun _ k )
more especially bromine, iodine or, very especially, chlorine.

¥

The reaction between the compound of formula 1l and the compound of formula (It}
takes place in suitable inert polar solvents, especially alcohols, e.g., lower alkanois, such as
methanol, propano! or, especially, ethanol or-n-butanol, or it takes plé‘ce_in a melt without the
addition of a solvent, especially when one of the reactants is in liquid form. The reaction
takes place at elevated temperatures, preferably from approximately 60°C to reflux
temperature, e.g., under reflux conditions or at a temperature of from approximately 90°C to
approximately 110°C. The compound of forrnula (1) can also be used in the form of a salt,
e.g., in the form of an acid addition salt with a strong acid, such as a hydrogen halide, e.g., in
the form of the hydrochloride salt; or the corresponding acid, e.g., HCI, can be added in a
suitable solvent, e.g., an ether, such as dioxane.

Alternatively, the reaction between the compound of formula {Il) and the compound
of formuta (1) takes place in suitable, inert polar solvents, espedcially ethers, e.g.,
tetrahydrofuran (THF); or in a melt without the addition of a solvent, especially if one of the
reaction pariners is present in liquid form. The reacfion takes place at elevated
temperatures, preferably between about 80°C and 140°Cin a pressure fube. The
compound of formula (I} can be used as a salt, e.g., as an basic addition salt with a sirong.
base, such aé potassium hydroxide or sodium hydride.



risO; msO; Jis isoquinolyl; Xis NH, and Y is, substituted or
unsubstituted aryl, especially tert-butyl phenyl, very especially 4-tert-

but yl phenyl; or an N-oxide or a pharnaceutically acceptable salt thereof.
-27- The compounds according to the invention can be prepared by processes
known per se for other conpounds, especially by: a) reacting a conpound of
formula (11) MZm (Il) B~"C- E AST D ereinr, m A B D E T, Qand
Z are as defined for a conpound of fornu1%.(|a) and Mis a nucl eof ugal

| eavi ng group, with a conmpound of fornula (I11) /X~(CHR)0 Y (I'11) H

wher ei , fi f |

functional g ouyBereorBiet nitls 68t AREeBlarBufy BRO Ry mBFR Bubabt 1 1) ¢ ha
are not to malceptoparatcwnpouhtéoffeaomla @h apdiongh) atepraﬂeetm@mte@emormformebe;ary,
and renovi :ﬁrﬁaer?% in eﬁg'ﬁtgzl%ﬁtf rﬂgbeq{agég)ﬁl ngQ%t n(ﬁri aRE Bat thefécza?'{tgﬁ thd EI% hi t' ng

conpounds rocess e lnt of 's re a
sal t - f or m rgowpscup graspp Mé\sﬁi?rﬂfe C!am@rnaléxau%&djn th@rﬁwﬁ@%aﬂﬁpemimemonmpm bbﬂ e:

‘R‘F“SXI :jf desid B theE SISl Gt 9eshdicspblitd Ak SpramRisnes Qb BQ bilceid ddid d@vafiies
and sugars. The protecting groups may already be present in the precursors and are to
-protect the functional groups in question against undesired secondary reactions, such as
acylations, etherifications, esterifications, oxidations, solvolysis and the like. The protecting
groups for functional groups in starling materials whose reaction is {o be avoided, especially

_ carboxy, amino, hydroxy and mercapto groups, include especially those protecting groups
\ ( {conventional prolecting groups) which are customarily used in the synthesis of peptide

compounds, cephalosporins, penicillins or nucleic acid derivatives and sugars. The
protecting groups may alréady be present in the precursors and'élre to protect the functional
groups in question against undesired secondary reactions, such as acylations,
etherifications, esterifications, oxidations, solvolysis, etc. In some cases the protecting
groups can cause the reactions to proceed selectively, e.g., stereoselectively. itis a
characteristic of protecting groups that they can be removed easily, that is 1o say without
undesired secondary reactions, e.g., by soivolysis, by reduction, by photolysis or
enzymatically, e.g., also under conditions analogous to physiological conditions, and that
they are not present in the end products. The person skilled in the art will know or can
readily find out which protecting groups are suitable in the reactions mentioned hereinbefore

_ : and hereinafter.

The protection of functional groups by means of such protecting groups, the
protecting groups themselves, and reaclions for their removal are described, e.g., in
standard works, such as Protective Groups in Organic Chemistry, McOmie, Ed., Pienum
Press, London and NY (1973); Profective Groups in Organic Synthesis, 3" edition, Greene,
Ed., Wiley, NY {1999); The Peptides; Volume 3, Gross and Meienhofer, Eds., Academic
Press, London and NY (1981); Methoden der organischen Chernie, Houben Weyl, 4™
edition, Volume 15/, Georg Thieme Verlag, Ed., Stuttgart (1974);, Aminoséduren, Peplide,
Proteine, Jakubke and Jescheit, Eds., Verlag Chemie, Weinheim, Deerfield Beach and Basle
(1982); and Chemie der Kohlenhydrate: Monosaccharide und Derivate, Jochen Lehmann,
Ed., Georg Thieme Verlag, Stuttgart (1974).



thereof, into a different conpound of fornula (1), or an N oxide thereof,
converting a free conpound of formula (1), or an N-oxide thereof, into a
salt, converting a resulting salt of a compound of formula (1), or of an
N-oxi de thereof, into the free conpound or into a different salt, and/or
separating a m xture of isonmeric conpounds of formula (1), or its N oxide,
into the individual isonmers. -28- DetarP@d description of the process
variants In the following, nore detail ed description of the preparation
process, r, n, m A B D E T, Q R X Y and Z and are as defined for
conpounds of fﬁ‘mtaettmg(gr@e)ps muamiienas! inriol Exarerles RetREsiarabl, infrpduced snd)if | n t he

compound ?érﬁ)lﬁrgawmvédl alodbudly b BRIHERnl AYIRESOr 0up M 1S espectally

hal ogen, ré 'especi a rom ne I ne or, very especially, chlorine. The
reactlon bet ween the corrpound of fornmula Il and the conpound of fornula
(111) t alieditiona PEOGess §igPS abl e i nert pol ar sol vents, especially al cohol s,
e.g., lower alkanols, such as nethanol, propanol or, especially, ethanol

or n-but anol ; ofpiHk aﬁj@ﬂﬁ@ﬁal pless stapga mﬁihtareé\/bérheubult ihessirad dtibdtRPalfrodpssel vent ,
especi al | gnwhen one of th react ?aé L #1 g g for my The react ion takes
pl ace at %V%E?'B%C?’@Wﬁ ae ”03 B RBILY PP ERAABR B D i BoC to refl ux
tenperatu liJﬁproﬁacﬂad, forn 8 pratédied foemneligh, potectar b}&bn&ioﬂrﬁdrpeif aietmeteetﬁng‘ rom

appr oxi mat, r oxi, mat e formula (111) can

oo e T oRehe M e RS BRAdTRL Soeks 8 O or Pl TR WBiechto GRUERDR e 11 o

sal t W|thr@n@ieﬁmyg:aramfd]eraetbhdmemdmydummrm&ssdk e.g., in the form of
t he hydrochl ori de salt or the correspondi ng acid, e.g., HC, can be added

i t abl th
Bt i onber wees ey Rlpofinds of it (Hbr af?”‘f{**d%ﬁ*a&%ﬁféﬁ%‘ﬁ"@pﬂ&“m@fgﬁ%| °
(111) takesn pt ampared in aummpreknqmmqrspome@m%@p@ adgitipe sdlts of womphunds,
e.g., tepf ﬁ,m{&ia?r) Bmg.rmﬂfaes aa[; be"bbainERl, tengbw@atméﬂmﬁ%ﬁ'akw aosfunt e

sol vent espeC| al one of reacti on art ners 1s pr esent | QUI d
form The aﬂ@a@wmgﬁ- seagsb| L alsaipossiblg 49 e@VEﬁéﬁis%Mmfev@ aCLS’rfé‘P’@?lé%fF #-Bhet ween

about  80Caafithiidd8a bomBounti @ forhBlal(h &-of AR Broxide thereof, into salts having one acid
molecule per compound of formula (1), or N-oxide thereof, e.g., into a monohalide; that can
be achieved, e.g., by heating to the moiten state or, e.g., by heating in solid form under a
high vacuum at elevated temperature, e.g., from 130-170°C, one molecule of the acid being
expelled per molecule of a compound of formula (), or of an N-oxide thereof.

Salts can be converted into the free compounds in customary manner, e.g., by
treatment with a suitable basic agent, e.g., with alkali metal carbonates; hydrogen
carbonates or hydroxides, e.g., potassium carbonate or sodium hydroxide.

Stereoisomeric mixtures, e.g., mixtures of Idiastereoisomers, can be separated into
{he corresponding isomers in a manner known per se by means of suitable separating
procedures. For example, diasterecisomeric mixtures can be separated into the individual
diasterecisomers by fractional crystallization, chromatography, solvent partitioning and the
like. The separation may be carried out either at the stage of one of the starting materials or
in the case of the compounds of formula (1) themselves. Enantiomers can be-separated by
formation of diastereocisomeric salts, e.g., by salt formation with an enantiomerically pure
chiral acid, or by chromatographic methods, e.g., by chromatography, e.g., HPLC, on

chromatographic carrier materials with chiral ligands.



conpound of forrmula (111) can be used as a salt, e.g., as an basic addition
salt with a strong base, such as potassium hydroxi de or sodi um hydri de.

-29- Where one or nore other functional groups, e.g., carboxy, hydroxy,

am no or mercapto, in a conpound of forrmula (11) and/or (l111) are present in
protected formor nust be present in protected form because they are not to
take part in the reaction, the protectin@t-groups are groups which are
customarily used in the synthesis of peptide conpounds, but also in the
synt hesi s of cephal osporins and penicillins, as well as of nucleic acid
derivatives ané cugansd ofifoenya ¢} et baepryedepiodgorstapeadng Nexjsieesdet i n the

Pr ecur sor Sy Al Sahfia I B Sleuldife bicihg aBgh, BreRMASy LivcRups! Lgn agai nst

undesi red secondary reactions, I ons, etherifications,
esterifi cam-mop@hemq ang in géuwfq@h@n&rmlg t@néalpgwtedﬂm@r%admcwqmgas groups

for functi nglcBrauRRethflend aL&rdggonﬁta%w@ kB0 B0k RBSLN Yhoh s LBeRER O ded,

especi al |l y  carboxy, dr ox mer capt o groups, include especially
t hose pr ot pifarally g @Eﬁf@efﬁwtﬁﬂf@r@m ) elp the b@'wtﬁﬁ@e@t“ﬁﬁ Ethe gacian midure,

customari | ysdisefly bPprbRmatel df‘%ﬁﬁﬁe&p@?auﬁépt i de conpounds, cephal ospori ns,
penicillin or nuclelc acid derivatives and sugars. The protecting groups
may al ready be prese

n the precurs ct the functional
groups in quest ﬁ&ﬁ"’gﬁ%\”%‘ét OR HH{%Q ) PERD g[e@ﬁfﬁ‘:}g?ﬂ?ofggﬁﬁp'bgéﬁo‘é'ﬁfcﬂk%ylam’”o
acyl at i onscan 183 hgirbifzegabitincorresforting arniab |cam@oum5<@zol-ahnnmﬁ§ . gﬁqindptsys&. etc.

I n sone cases t he rote an cause the react | o oce

sel ecti vel ¥ ith gn 5‘0' ?Cé%féﬁ%céﬁq’s’\%ﬁy" apyequy Sgﬁmg'ﬁé bé?érfgei?cfsg to@PQ&F&Eéct i ng
groups.. atoltdmty, poderably at elepated teeqsirdtyre, ehptundsr Bwsay w t hout undesi red
secondary reactions, e.g., by solvolysis, by reduction, by photolysis or

enzymati cal | y, ﬁm{)o‘?rlcﬁ&’f QSBPQH N.ERE tﬁélﬂbpgfﬂ&% 1 2i spiyﬁt% QUI%%L?&J BY <on

conditions, and t resent- the en oduc
ski |l ed i nonerer tapidenfical orzﬁﬁweot raé@;ﬁ s se@&tﬁdlfgﬂﬂ? iower syl Wﬁr@w-lw@rtaém am:g

groups ar el LaRbeakil chiBe E6A%bE Mo IFRMHHRRBAY e %'c@ﬁ@é%@l}pg@@g stituted at

hereinafter. The protection of functional Erou]o means o protecting
groups, t hie apyRg Feup, TR9-gPBIFstia iR Iowes alky ﬁi%adtvﬂm lgqwgr afyialide.enoval

are descr i geh isthyBroxyd Poteaé@mdaééiswr(&&a probe 3Sor B fHeRRLIbWE JyPHARIeRder

Organic Chr%g?:tnon c?énd;tlons analog%us to tﬁose mtrannt;oned under process a). For the introduction of
2-hydroxy-lower alkyl substituents at the amino group Z, addition starting from an epoxide,
e.g., ethylene oxide, is also possible. The addition is carried out especially in agueous
solution and/or in the presence of polar solvents, such as .alcohbls, e.g., methanol, ethanol,
isopropanol or ethylene glycol; ethers, such as dioxane; amides, such as dimethyl

.. formamide; or phenols, such as phenol; also under anhydrous conditions, in apolar solvents,

MC such as benzene and toluene; or in benzene/water emufsions optionally in the presence of
acid or basic catalysts, e.g., of alkaline solutions, such as sodium hydroxide solution; orin
the presence of hydrazine-doped solid phase catalysis ‘such as aluminium oxide; in ethers,
e.g., diethyl ether, generally at temperatures of approximately from 0°C {o the borhng
temperature of the reaction mixture in question, preferably at from 20°C to reflux
temperature, where appropriaie under elevated pressure, e.g., in a bomb tube, whereby the
boiling temperature may also be exceeded, and/or under an inert gas, such as nitrogen or
argon. Reduclive alkylation of an amino group Z with a lower alkane aldehyde, a phenyl-
lower alkane aldehydé or a hydroxy-lower alkane aldehyde, which is hydroxy-protected if
necessary, is also possible. The reductive alkylation preferably takes place with
hydrogenation in the presence of a catalyst, especially a noble metal catalyst, such as



Press, London and NY (1973); Protective Goups in Oganic Synthesis, 3d
edition, Geene, Ed., Wley, NY (1999); The Peptides; Volune 3, Goss and
Mei enhof er, Eds., Academ c Press, London and NY (1981); Methoden

derorgani schen Chem e, Houben Weyl, 41h edition, Volune 1511, Georg Thiene
Verlag, Ed., Stuttgart (1974); Am nosauren, Peptide, Proteine, Jakubke and
Jescheit, Eds., Verlag Chenie, Winheimsgpeerfield Beach and Basle (1982);
and Chem e der Kohl enhydrat e: Monosacchari de and Derivate,.Jochen Lehmann,

Ed., Georg Thienme Verlag, Stuttgart (1974). -30- Protecting groups nentioned

in the Ex ayiminem &1 ésﬂérc%flji’rpﬁalﬂéd{urh%ﬁ@ﬁiw%éfeﬂiw bdrfdeﬂ%]ﬂ istsbrt MEEBMESsuch as
anal ogousl to the nmentioned net a |Fé\ Eqa rocess ste{s}s I'n the

addi t i onalcaﬁi’%é'ég h@?‘@'dﬁﬁab\‘/?ﬂt?ﬂ‘r“asr‘@ E5rANEY m& g plroFael R3PS ofRtPrensyres
groups in offffaeh Malotmé@pa@dsalmmmig drhith réﬁ@ct:bnlbytnﬁ)adr@bec@ﬁp!éx hydrideg, ueACt i on

b t t egt t d , tected b
ont or hor® 1o RerHREREETnl el Yl PEAbERED o UL b ocoss o). AL

or sone ofcytah@ocmsnydﬁcé I!wmegﬁremeafasum acticdarpwfethbhmfmelaﬁ\feht Wwealnatitods
nent i oned un ro es al.t s -G or an N-oxide
t her eof ﬁ ‘g%{lalkq’-'g?;?ﬁbﬂ)ﬁmﬁ%' esﬁﬁc@g %Pgﬁonﬂ%ﬁcn%r?ugﬁ ﬁ%mner known per
se. For examnjeaesmfmn[d amitilirt custonsaay Beivmﬂs ogrpaiooitds, soth domethiaaci(dr etranol, bei r
N- oxi des C4 be_ obt ai.n e. | a suitable

ani on exclé edg & ch? %ﬁlie{s,lsg(:h ??Y Hlt: !ﬁ%%?&%{n J(})rg& A& ofl {er

SO possi nVer t s having two acid
nol ecul es, e.g., a dihalide of a conmpound of fornula (I) or of an N-oxide
t hereof, into dalkteripauntgl fomeutad).er andi-exids Befsef, kaﬁﬂﬁi@@lﬁ@upfz daprheul a ( 1),
or N-oxide rﬁ@g d@)d?eu thiafig subdiited B lows , by
heating to theéaqf ta‘iiom Qaﬁn IE‘ ﬁegul n ?n 28 I d ﬁa ﬁer a hi gh

vacuum at setb@%ﬁeé@eﬂwb@rr@t lehe@yl-!e\'wgr a'kweaafp?mw T thsmévewmr@&@ﬁu@ of the

aci d bei ng,nsexdalit@dr Q%nmdecmle%oﬁésrﬁmemmeua@oﬁtfaﬁ@ﬁé@&é}b&y ro@ odre 4
N- oxi de thereof. Salts can be convgrte into the ggé\ﬁden npounds in customary
t

manner , e.\§e formypf reaclivg Add fetyaiivesiheiqof. &-dn Hasiopm edpctivaled gsigrkal |
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carbonate Oerfor Odd in s:tD y,g\c;twa ede esters are especially esters that are unsaturated at the linking
carbon atom of the radical to be esterified, e.g., of the vinyl ester type, such as vinyl esters,
obtainable, e.g., by transesterification of a corresponding ester by vinyl acetate or activated
vinyl ester method; carbamoyl esters obtainable, e.g., by treating the corresponding acid
with an isoxazolium reagent, 1,2-oxazolium, or Woodward method; or 1-lower alkoxyvinyl
esters obtainable, e.g., by treating the corresponding acid with a lower alkoxyacetylene, or
ethoxyacetylene method; or'esters of the amidino type, such as N,N-disubstituted amidino
esters obtainable, e.g., by treating the corresponding acid with a suitable N, N-disubstituted
carbodiimide, e.g., N,N-dicyclohexyicarbodiimide or, especially, N-(3-dimethylaminopropyl)-
N'ethylcarbodiimide, or carbodiimide method; or N, N-disubstituted amidino esters
obtainable, e.g., by treating the corresponding acid with an N, N-disubstituted cyanamide, or
cyanémide method; suitable aryl esters, especially phenyl esters suitably substituted by
electrophilic substituents obtainable, e.g., by treating the corresponding acid with a suitably
substituted phenol, e.g., 4-nitrophenol, 4-methylsulfonylphenaol, 2,4,5-trichiorophenol,
2,3,4,5,6-pentachlorophenol or 4-phenyldiazophenol, in the presence of a condensing agent,
such as N,N-dicyclohexylcarbodiimide, or activated aryl esters method; cyanomethyl esters
obtainable, e.g., by treating the corresponding acid with chioroacetonitrile in the presence of
a base, or cyanomethyl esters method; thioesters, especially unsubstituted or substituted,
e.g., hitro-substituted, phenylthio esters, obtainable, e.g., by treating the corresponding acid



Stereoi soneric mxtures, e.g., mxtures of diastereoi soners, can be
separated into the corresponding isoners in a manner known per se by neans
of suitable separating procedures. For exanple, diastereoisonmeric mxtures
can be separated into the individual diastereoisoners by fractional
crystal l.i zation, chromatography, solvent partitioning and the |ike. The
separation may be carried out either at the stage of one of the starting

materials or in the case of the conpourids of formula (1) thensel ves.
Enantioners can be separated by. formation of diastereoisoneric salts,

e.g., by %ﬁthtunfs%s%%écg& s\(\fbgﬂuéﬂ gaaﬁﬁﬂo-%gﬁl&t@hl KioBHérﬁ)ls QIEH %a bg%éjans% by

chr omat ographi ¢ romat ogr aphy,
chr omat ogthepaihyddde e c@rqunda laet@ow o ﬁicwf&ddhm!qswﬁ a@thodsqn egpachiipamito of

formula (o} .68 é;?erggg\éﬁ-,%f)e olo! ggl tRafify tﬁ@%@@@éﬁioﬂ&nb" a@?&'vqﬁl aﬂb%%&@%lﬂ@ s

carried out wmth a suitab zi ng ‘agent, preferab
m chl or op&r bdndoiamgigp gompauad, .0- tlaﬁwém@tﬁwawmd% '\ghvdr@xmwpa@@mt ed

hydr ocar bayy, &&&Bhlﬁﬁhma@@lith%r%&PCSQforﬁB?ﬁéﬁéLE@%rc@moQﬂIdjeﬁud Rfiad,n a | over
al kanecarboxyl I ¢ aclid, such’ as acetic_aci referably at a tenperature of

fromocC td- hyﬁ@xm!eﬁndrﬁgolﬁéﬁﬁéwafw@ Ytlihydia- 1r?e%g’?i‘%3ﬂa%'ﬁ -410eee-g., BE fieci al | y

appr oxi nﬁ'ﬁaﬁh)ﬂnﬁ@@ﬁbér%@ﬁﬁ@é HHethodPorCaHipabd U-1/drd: xgre@léalr@m(airbd Wienli Mg de
t hereof, wherein Z is |ower al kano | am no _can be hydrolyzed to the

corres ponGthq"a‘ﬁ‘P'Fﬁﬁ e¥hper ke veed -A'éfmdﬁ‘éﬁs of @cigs maybesymnaetrical sr. prgferabbin

i nor gani ¢ n@@‘édﬂanw@rm%@ 'oﬁlhb)ée H@Bs d.§, AMeANSs it iHbigaRic akcids PRIcA G léeﬁﬁiai?é&, to
add further solvents, pref at el evated tenperature,

ref | ux. ~ACERARAIYARC ShIoFidRsRh ‘%E"?'i'% -Gy bhﬁeﬁnﬁih%@ q5BPRARY a%yﬁ'é#vprz' i s anino
Isubst i fu tq( exlofe, pﬁtﬁlﬁah@fustpéﬁtdcﬁlaﬂﬁé Cpaabsg&necbr bfcﬁjl?le;lhtonﬁé,d:br%@idschﬁﬁhé Fheishdt 1 ?md
ower enyl -1 owe e converte
over o IO | o ¢ <o R S {?Feca"éfpon?wﬁaﬁwﬁﬁe@psup
e.g., by treatatehbihemiof Wittanitroueacia) drlzideahetotml; anhyyideowith arvenicatigy! hal i de,
whi Ch s h dr Ot)édsegr Otchbt ﬁlcci: a'cEd! \?v G%E@ngm{e’gg %r ﬁgc?%lg ﬁ%ofgrrnﬁgﬁgg nyl ll ower

al kyl hal T r8act I ot ¢o S ana dgo under
process apstefmbtditabld, Btg: dliﬂi&taﬂogu thef con2spyrdingyacid \witechlarbfophicschidowensdkg s at

the am noegLaup yin a3kl ORSLAIbIS- b EMRSy RLHINI oppfiofh: ofhikgh ene oxi de,

is al so possible s carri u I'N" aquéous
O-alkylcarbonic acid anhydrides method; or anhydndes wit dlhalogenated especnany

dichlorinated, phosphoric acid obtainable, e.g., by treating the corresponding acid with
phosphorus oxychloride or phosphorus oxychloride method; anhydrides with other
phosphoric acid derivatives, e.g., those which can be obtained with phenyl
N-phenyiphosphoramidochloridate, or by reacting alkylphosphoric acid amides in the
presence of sulfonic acid anhydrides and/or racemization reducing additives, such as

i . ,‘N—hydroxybenzotriazofe, or in the presence of cyanophosphonic acid diethyt ester; or with
phosphorous acid derivatives, or anhydrides with organic acids, such as mixed anhydrides
with organic carboxylic acids obtainable, e.g., by freating the corresponding acid with an
unsubstituted or substituted lower a!kane— or phenyl-lower alkane-carboxylic acid halide,
e.g., phenylacetic acid, pivalic acid or triflucroacetic acid chloride, or mixed carboxylic acid
anhydrides method; or with organic sulfonic acids obtainable, e.g., by freating a salt, such as
an alkalt metal salt, of the corresponding acid with a suitable organic sulfonic acid halide,
such as lower alkane- or aryl-, e.g., methane- or p-toluene-sulfonic acid chloride, or mixed
sulfonic acid anhydrides method; as well as symmetrical anhydrides obtainable, e.g., by
condensing the corresponding acid in the presence of a carbodiimide or of
1-diethylaminopropyne or symimetrical anhydrides method. Suitable cyclic amidés are
especially amides with 5-membered diazacybles of aromatic nature, such as amides with



solution and/or in the. presence of polar solvents, such as al cohols, e.g.,
nmet hanol , ethanol, isopropanol or ethylene glycol; ethers, such as di oxane;
am des, such as dinethyl formam de; or phenols, such as phenol; al so under
anhydrous conditions, in apolar solvents, such as benzene and tol uene; or

I n benzene/ wat er enul sions, optionally in the presence of acid or basic
catal ysts, e.g., of alkaline solutions, ggch as sodi um hydr oxi de sol uti on;
or in the presence of hydrazi ne-doped 39fid phase catal ysts, such as

al um niumoxide; in ethers, e.g., diethyl ether, generally at tenperatures

f f Q I [ i '
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al kane al dehihde, Aa rpEmtioydd, démx&@vemfk:arlmxﬂlowwd‘erh@h age headt wxaoylating agaltkane
ALaony o Ul Sl berodd BBl SEkle ' v REARASAY amidhollohds BT BL rfiea ™M

reductive a |on prefera rOgenatiron ;i
presence of satu by redding thegrides faflﬂhe;:sfaﬂmg mnaierm%ﬂorra@!aél) sasd th%am,chumi as32-
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mat eri al , a heav cat al yst suc ihey ni ckel,
at nor nal Iﬁﬂ\é@@u@@hwlcartbogur@@e QF.@§P9Q9€F"Y1‘ Nd%dwnelhwnm@g@paaw s (MPa); or

with reduCéthf}%a Pb{dlﬂﬁé’é‘sﬂﬂ{heﬁﬁ&gl ShinBYf %h‘ﬂﬁseste"‘ré"éf‘theaa%ldé‘?fsga ag%gy tgﬁfla(?ent

especi al | met al cyanobor ohydri d sodi um cyanobo
o he pr SEyRedoTPendin PABESAEME Slartied BIAgLEJomaLIR Ul tioapipiate bk aci d.

such as a J.a¥iig @:‘n&ﬁﬂ@ﬁﬂh@%&ﬁéé;@naﬁgQci@%nd%’irﬂﬂ%téhﬂn&ma’ie% fnand Fre@sh&a fSUCh
as p- toluenesulfonlc .. al coho suc

. gust onary sol ve
met hanol o @{’YTQF?HPSM'H?S C%’{’ﬂ de &G N "Z’?W‘F‘Eheé‘ﬂ?@@d"@'%ha%ﬁ‘ﬁ% int he

absence OYNW@@Wn@Br N&Iy@il’oxyddiid@, 8. mqwﬂﬂ;xg&uct:mrmué SopfidbhallyQh tHabrbbemekde
t her eof converte an_am no gr.oup

that s sUBSTHARESES b ERAMERBOP I LR, FeoveL BUYP <8R B RZBYR or by
phenyl - | owersitabi esagtiar Wit N, titye el aaiityhgoitvarympoands; atich $s oumzthsidm ured or
et o o A BB O ERRRL A RS O L SR BRLEB AR e
deri ved achV,iNMiédetemmandureniom tetraﬂuoroborate (in the absence or presence of
1,8-diazabicyclo]5.4.0Jundec-7-ene-(1,5,5)) or O-(3,4-dihydro-4-oxo-1 ,2,3-benztriazolin-3-yl)-
N, N,N' N-tetramethyluronium tetrafluoroborate. Finally, phosphoric acid anhydrides of the
carboxylic acids can be prepared in sifu by reacting an alkylphosphoric acid amide, such as
hexamethylphosphoric acid triamide, in the pres-ence of a sulfonic acid anhydride, such as
4-toluenesulfonic acid anhydride, with% sait, such as a tetrafiuoroborate, e.g., sodium
tetrafluoroborate, or with a different derivative of hexamethylphosphoric acid triamide, such
as benzoftriazol-1-yl-oxy-tris(dimethylamino)phosphonium hexafluoride, preferably in the
presence of a racemization-reducing additive, such ag"N-hydroxybenztriazole. If desired, an
organic base is added, preferably a tertiary amine, e.g., a tri-lower alkylamine, especially
ethyldiisopropylamine or, more especially, triethylarnine, and/or a heterocyclic base, e.g.,
4-dimethylaminopyridine or, preferably, N-methylmorpholine or pyridine. The condensation
is preferably carried out in an inert, aprotic, preferably anhydrous solvent or solvent mixiure,
8.9., in a carboxylic acid amide, e.g., formamide or dimethylformamide; a halogenated
hydrocarbon, e.g.,. methylene chloride, carbon tetrachloride or chiorobenzene; a ketone,
e.g., acetone; a cyclic ether, e.g., THF or dioxane; an ester, €.9., ethyl acetate; or a nitrile,
e.g., acetonitrile, or in 'a mixture thereof, where appropriate at reduced or elevated
temperature, e.g., in a temperature range of from épproximately -40°C to approximately



or reactive anhydrides, also reactive cyclic am des. The reactive acid
derivatives can also be formed in situ. Activated esters are especially
esters that are unsaturated at the linking carbon atomof the radical to be
esterified, e.g., of the vinyl ester type, such as vinyl esters,

obt ai nable, e.g., by transesterification of a correspondi ng ester by vinyl
acetate or activated vinyl ester nethod;35carbanoyl esters obtainable, e.g.,
by treating the corresponding acid wth an isoxazoliumreagent,

1, 2-oxazolium or Wodward nethod; or 1-1ower al koxyvinyl esters

obt ai nabl e;+1@0°¢, prafgrably émin sgprotieatelr-i @ Shlorrpprayireriell PTG whereapisulfonyl

al koxyacet e : 5 : 1.di ype,
such as NN)é tfg'spsu%rgt(:&lg (t:'clijg %g%ﬁéﬁ@?&bﬁa%ﬁgh%?%?%%%@agy gi {e}'ﬁ)%raﬁtrqug%) f]fr?l%rht he
cor r esponditB§0&e, andwwberezpprprials Bndaxan ipesiassatmasrhgre. @:4- o dirpaerder, argory. |
N,N'-dicycg,l;t?ﬁ ar, 4T btk | o/, ' ' 1) -

N - et hyl ca% odi F%ﬁ%dé% g?ugcpgi "oﬁ??h%ﬁﬁggﬁn%?%bé/; %{Péﬁldl\lﬁd%@;%@ﬂﬁa&%g%r g’%di no
esters obbenaeapioeiolyeng, areisq pesaleng t he corresponding acid with an

N, N-di substituted cyanam de, or cyanam de nmethod; suitable aryl esters,

e; peci albl y phenﬁ'nitgﬁgr@txﬁ ZSH bhabigwmﬁs;bﬁﬁuﬁ (gpbatnme @gmrtﬁ BRiahiifo gﬂgllggté..g,, uent's
obt ai nabl e, e.g. Jtreatin correspondin cid wth a suitably
substit ut eBY Eﬂ?g'ﬁ@ﬂ", ‘X'H‘ 6‘?&’5549%4%%@@%9@%2@%?%&/ﬁ’é’ UFILR)MiRenol |

2, 4, 5- t ri chlaghexianimonitin 3ukksts ifa patet/alctihad mbpitrenalichars MethhssWiathiraophenot
in the presence,of a condensi.n such NV di ohexyl car bodi i m de,
or activat 8'8"3:\‘?9&*“&%’%‘}‘?' ﬁ@t%’gﬂ 3‘2‘5%’0%8?@1’”@%”8?%% \%%?ﬁr ﬁgb%/’é’,p‘ %‘? =, by
treat i,n&*t he2ac( ees% hyrdaciign adthaineftiolohytiide io @oetciartide,| stichiast he presence of

a basé,

or cubst 1 (S uRORiaftlie SR SerlEl ciod] BoRTRh RS P P bEbalo BTGl

e.g., by treeatiomyitt he-dostylebBdinyridigivardibronide/sagium taathionsts/poteesibim

substitute : It ] . means of
t he anhydr ?a g&oa?e ?a‘?gt}%@i%? dg{ér?erpﬁgog?rbg? "g%lgl%\e/gééd wtb %?@feggjtlger%sm%'t od; or,
especi al | yimxiieh@t clevalgaieropaaiues. & o tom AaBPE; (sae delrafiggren ket Valy 3¢ hido. 46,

cor r espondp q_z;@&'ff@z@d\(’ﬁd@aﬂfwﬁﬁ SOHIR KUY dHIe oBIANbY R IRAYATD 89 e LRGN thee - T-
N- hydr oxysucci ni m de, N-hydroxypi peridine, N hydf oxa/ght hal I m de
N- hydr oxy- SiensiedeFherfe Jccholiisigh Boseginpeoate prgigred rpRRIResIRt fiomy | azol e
or 3-hydr opye® Ged i ConbmanrNENT Nob.a76,pp48E51811 @989)); vith gdisssiianhydri de or
carbodiim t()jcga?ol'rlry%trigg 91 a Rglogé:r'%alté/daﬁy%crjoclgli'b%garlc%)%l nqgcgu?er,se.g@%gﬁnglémla nternal esters,
chioride/methanol, at preferred temperatures of from 10-35°C (see Synth Commun, Vol. 19,
No. 17, pp. 3047-3050 (1989)); with sodium borohydride in dioxane; with borane in THF; by
hydrogenation in the presence of Pd/C in an alcohol at a preferred temperature of from
) C 0-35°C and in the presence of ammonium formate (see Tefrahedron Lett, Vol. 25, No. 32,
=~ pp. 3415-3418 (1989)); with titanium tetrachloride/lithium aluminiurm hydride or titanium
tetrachloride/magnesium in an ether, such as THF (sgghBufi Chem Soc Belg, Vol. 97, No. 1,
pp. 51-53 (1988)); or with ferric ammonium chloride/water at elevated temperature, '

preferably under reflux. See Synth. Commun, Vol. 22, pp. 3189-3195 (1992).

General process conditions

All the process steps mentioned in the present text can be carried out under reaction
conditions which are known per se, preferably those mentioned specifically, in the absence
or, customarily, in the presence of_ solvents or diluents, preferably those which are inert
towards the reagents used and are solvents therefor, in the absence or presence of

catalysts, condensing agents or neutralizing agents, e.g., ion exchangers, such as cation



e.g., i-lactones, can al so be used. Anhydrides of acids nmaybe symetri cal
or, preferably, m xed anhydrides of those acids, e.g., anhydrides with

i norgani ¢ acids, such as acid halides, especially acid chlorides
obtainable, e.g., by treating the corresponding acid with thionyl chloride,
phosphorus pentachl ori de, phosgene or oxalyl chloride, or acid chloride

met hod; azides obtainable, e.g., from-aforresponding acid ester via the
correspondi ng hydrazide and treatnent thereof with nitrous acid, or azide

nmet hod; anhydrides wth-catbonic acid semiesters, e.g., carbonic acid |ower
al kyl seni exsbangsrs, espdaithg Hyforn| dapepépere “!fc’iaﬂurﬁé%fﬁiﬂ fea@*ﬁ“éﬂ?@’%@f #ienabl e,
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N- phenyl phos hor ani dochl ori date, or by reacting al kyl phosphoric acid am des

in the prABYMYERIOAMENRNCSci d anhydri des and/or raceni zation reduci ng
addi tives,.such as C N hydroxybenzotriazole, or in the presence of
cyanophosp honi dnatt sthrtthigahaigtiale sbe infenmediaict dompplrodp Hwalto can e pisdatnihead | ves,

or anhydri S i ganic
carboxylic Saﬁ??@}'%%’%[’?% ngprggén? SEllFE'b%n 8?5% |Br§§ggtrﬁgnﬁ'g4 {rh gg&%"“&{‘ RES%J:‘. d wth
an unsubstadpoteds, proviigddbatttoe Eeacmamenotaﬁnbaim;i therebyheny!| - I ower

al kane-carboxylic acid halide, e.g., phenylacetic acid, pivalic acid or

trifluoroaceti CAt%‘ﬁ's gegbpfhbc#sact.eﬁ BB R fﬁnﬁ‘%ﬁjbe aouraih § e t hod;

or with organic sulfdnic acids-obtainable,”e.g., by treating a salt ,suchas.
an al kal i IRdvigyal ésgrmers, §&g. t%@Sté@Pﬁé@ﬁEﬁrﬂﬂ|eﬁ@“tl§’&et!lsv\/ﬁ"t”l'\‘°a"léQ?Q'@HI reixgresati c

sul foni ¢ gehfe8Ad. bdfbcenﬁ%fbr%sté?éﬁéon@érfé%ﬂﬂuréére@r ¥nalogBusdly to B hikdkes O
p-tol uene-sul foni ¢ aci d chloride, m xed sulfonic acid anhydrides method;

as wel | aﬁ@?’ﬂﬁ?@twer'%dgﬁ'ﬁﬂ}ﬂrﬂrﬁsﬁtﬁ?%r nable, e.g., by condensing the

corresponding acid in the presence of a carbodiim de or of
1- di et hyl am nopn oayariecmessygrmtmiemad;e afitlyyichgenatonsEit Isqdbssibleitd abhievecycl i ¢

am des a;ﬁ é«ﬁe Cc'hge lreécfl gﬂ%%zlzﬂ gh ﬁlsngame? gbtginai%gi%\é%l?sson?érs aromatic

nat ur e, G de

The solvents from which those that are suitable for a particular reaction can be
selected include, e.g., water; esters, such as lower alkyl lower alkanoates, e.g., diethyl
acetate; ethers, such as aliphatic ethers, e.g., diethyl ether or cyclic ethers, e.g., THF; liquid
aromatic hydrocarbons, such as benzene or toluene; alcohols, such as methanol, ethanol or
1- or 2-propanal; nitriles, such as acetoniirile; halogenated hydrocarbons, such as methylene
chloride; acid amides, such as dimethylformamide; bages, such as heterocyclic nitrogen
bases, e.g., pyridine; carboxylic acids, such as lower élkanecarboxylic acids, e.g., acetic
acid; carboxylic acid anhydrides, such as lower alkanoic acid anhydrides, e.q., acetic
anhydride; cyclic, linear or branched hydrocarbons, such as cyclohexane, hexane or
isopentane; or mixtures of those solvents, e.g., aqueous solutions, unless indicated
otherwise in the description of the processes. Such solvent mixtures can also be used in
working up, e.9., by chromatography or pariitioning.

The invention relates also.to those forms of the process in which a compound
obtainable as an intermediate at any stage is used as starting materiai and the remaining

steps are carried out, or the process is interrupted at any stage, or a starting material is



i mdazoles, e.g., imdazole obtainable, e.g., by treating the correspondi ng
acid with N, N -carbonyidiimdazole, or imdazole nethod; or pyrazole, e.g.,
3, 5-di net hyl pyrazol e obtainable, e.g., via the acid hydrazi de by treatnent
wi th acetyl acetone, or pyrazolide nethod. As nentioned, derivatives of
carboxylic acids, which are used as acyl ating agents, can also be forned in
situ. For exanple, N, N -disubstituted ama®ino esters can be fornmed in situ
by reacting the m xture of the starting material of fornmula (1) and the acid
used as acylating agent in the presence of a suitable N, N -disubstituted
car bodi i mi dermest under th, rdbstion cpaditidne)oy isteaed dtitherieeoiar reacbpateriadtive,or salt, or

N- ( 3- di nmet ] r r am do
L A i R S
of the starwpergssandiionglandfis piocassed fl(ﬂh)er thositie Therplane preferply upeditioseglading
mxture of hASiALARARRMLRL Ashsh Al sadkibey aso%talsr&e.n@%@ehe& SospBeitiljeas

presence of i substituted carbodiimde,
NN - di cycl diedoydspariplboipierad, mareespecialy prﬁe'ﬁ%?'aﬁ@mesnwaw pipERTEAy ani de,
e.g., N hydroxysuccinimde, optionally in the presence of a suitable base,

e.g., 4-dinet hy|ﬁ@pﬁéﬁb¥étloﬁ'dﬂ@eml§@]@@‘b¢fmm@l§tﬂ)Vo'tW@ﬂdé‘eatﬁe:lé@f aeprefyady in situ
by reaction with N, Lwtetraa | uro m conpoun

d
O benzt ri aZaMed qpt anglpdeurly tRthe pip eé’ﬁ%ﬁ WPB‘?‘FIS pﬁé‘i&%{'ft'f’ﬁ%fp Wﬁh%@ﬁﬁ&?’@s
0- (1, 2-di hydro-2-oxo-1-pyridyl)- N/ N N, Wetranet hyl uronium tetrafl uoroborate
(in the absence Toe cpmpsenmisef ddrmul (8 di tpaidesihetesf, Sncludijgiheie calls, emealkd bb, 5) )

or 0(3 4 dr - -

N NN G T R B e AR e g, e Rge e ki o
anhydk;l es cofstailizetiorciprdsergd indhatormsof savalb®). prepared in situ by reacting an

al kyl phosphoric acid am de, such as hexanethyl phosphoric acid triamde, in
the presenggaffadufitt EQnbssiftmisdmambydsidisessuch as  4-tol uenesul fonic acid
anhydride, Wth a salt, such as a tetrafluoroborate, e.g., sodium

tetrafl uoroborate, or with a different derivative of hexanethyl phosphoric
acid triamide, JO8RTesEalIBEMIGR reales pise 1qpPhagpgcqulical CaMRESIRNSHHICI SEARISEIRoNi UM

hexaf | uori demppief &Fadiua qmoi&é\ef\r-d&rceaaéleef @iaaweafgeédiemehu @8n bedbsd Ng
additive, sucﬁ

Aded. "o cRBrY B SRe A SEf BB Sk nenen T 8 € eolon FESRHEASREe ot 1y
et hyl di i sopy gips terrompositionsifor enters eoctedd yasal, buedah yédamionesspacialyp braband

h | bas
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blooded animals, especually human beings. The compositions comprise the actlive ingredient:

on its own or, preferably, fogether with a pharmaceutically acceptable carrier. The dose of
active ingredient depends on the disease to be treated and on the species, ils age, weight

; C and individual condition, individual pharmacockinetic data and on the mode of administration. -

The im;lention relates also to pharmaceutical compositions for use in a method of
treating the human or animal body prOphyIacticaliy o-r,“ especially, therapeutically, to a
process for their preparation (especially in the form of compositions for the treatment of
tumours) and to a method of treating the above-mentioned diseases, especially tumor

diseases, more especially those mentioned above.

The invention relates also to processes, and to the use of cempounds of formula (1),
or an N-oxide thereof, for the preparation of pharmaceutical compositions comprising
compounds of formula (1}, or an N-oxide thereof, as active component (active ingredient).



Is preferably carried out in an inert, aprotic, preferably anhydrous sol vent
or solvent mxture, e.g., in a carboxylic acid amde, e.g., formam de or
di met hyt f ormam de; a hal ogenated hydrocarbon, e.g.,. nethylene chloride,
carbon tetrachl oride or chl orobenzene; a ketone, e.g., acetone; a cyclic
ether, e.g., THE or dioxane; an ester, e.g., ethyl acetate; or a nitrile,
e.g., acetonitrile, or in a mxture thergpf, where appropriate at reduced or
el evated tenperature, e.g., in a tenpera ureranmaoffromapmoxumtmy
-40C to approximately -35- +1 OOOC, preferably from approximtely -10C to
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and, vvher @dappstopion e 8 wasmdiodsg ahm,tesga@a!hft FEPAEPRINg er @ comeerdially wigefivl or

argon rsmiﬁ-ﬂrtﬂ &1, GhichIU SRS ing fof-a difkLRRPbiLiers H)eﬂﬁ aberfarl M%Feﬁn%}.gl or

aronmati c 0 vents e.g., bénzene or tol uene, are al so PoOsSsI . Anitro
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Commun,  V@inasdPparliari.a MdantRRSkin48k Sod b Wi th at Rast @RCIHaARadMkiBally

zi nc/ borohydr| e in an acid anide, such as di net hyl f or mam de, at

t enper at urAsseaPIBRRTIEHmM tenperature, e.g., at approximtely 0C;, by reaction
with 1,1"-di-octyl-4,4"-bipyridiniumdibroriaide/sodi um

t et r at hi onat e/ [méﬁsaicali’e giear danatephammaed gicalhairpgsitiont ExdtHWbﬁl@ﬁdidﬁel&r
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preferred tenpératures o -35C (see Synt
pp. 3047- ﬂ%@%%@%’%%@a'ﬂﬁﬂﬂ“ﬁr@%@?mﬁqjﬁﬁ%ﬁ%rl de in di oxane W|th borane in

THF;, by hydrogenation in the presence of Pd/Cin an alcohol at a preferred
t enper at ure of Fhagfaceutical compositions comprise from approximately 1% to approximately 95%

active ingredient, dosage forms that are in single dose form preferably comprising from
approximately 20% to approximately 90% aclive ingredient, and dosage forms that are not in:
single dose form preferably comprising from approximately 5% to approximately 20% active
ingredient. Unit dose forms are, e.g., dragées, tablets, ampoules, vials, suppositories or
capsules. Other dosage forms are, e.g., ointments, creams, pasies, foams, finctures,
lipsticks, drops, sprays, dispersions, etc. Examples are capsules comprising from
approximately 0.05 g to approximately 1.0 g of the aclive ingredient.

The pharmaceutical compositions of the present invention are prepared in a manner
known per se, e.g., by means of conventional mixing, granulating, confectioning, dissolving
or lyophilizing processes,

Solutions of the active ingredient are preferably used, in addition also suspensions or
dispersions, especially isotonic aqueous solutions, dispersions or suspensions, which, in the
case of, e.g., lyophilized compositions which contain the active substance alone or together
with a carrier, e.g., mannitol, can be prepared prior to use. The pharmaceutical

compositions may be sterilized and/or comprise excipients, e.g., preservatives, stabilizers,



0-35C and in the presence of ammonium formate (see Tetrahedron Lett, Vol.
25, No. 32, pp. 3415-3418 (1989)); with titaniumtetrachloride/lithium

al um nium hydride or titanium tetrachloride/ nagnesiumin an ether, such as
THE (see Bull Chem Soc Belg, Vol. 97, No. 1, pp. 51-53 (1988)); or with
ferric ammonium chl oride/water at el evated tenperature, preferably under
reflux. See Synth. Conmun, Vol. 22, pp. §é§9-3195 (1992). Ceneral process
conditions All the process steps nention in the present text can be
carried out under reaction condi ti ons which are known per se, preferably

th t d s f I t he
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under pressure; and/or in a}n inert at rmsgh[a under an argon or
ni trogen atYR¥aglicals cusiaman OET’J&P‘NW’W T ‘Frg“ééﬁg:’ei W?%Waﬁétséc%@ﬁ%ﬁﬁi'ds

salts can m:ﬂncl)faﬁ%aﬁ é&hﬁ:ﬁ avhiGadompries ot bg egiid)tttﬁﬁpc&iéﬁt Plopgehbinedritly Sclgan al so

b d f ded th

bt b | VIS Fomas GO RPRE FoPRPST 1oTE T AgR o St PO 9 orrer i ¢
m xtures _thﬂtac;ﬂroramdcmpnim: ampaerahmtyllcrndﬁ tphienitic acdd \m@rgadnc acsd)maﬂc aeidg. -

di ast er eol SATRGR, oblo, B QP b S orBhndrlrg, B ARSd 566 Tt dees Al lRomy o

e.g., race ereol so
met hods desicicidoil buassidic ab;ddmimm!elnabldpmweely \sltreqbs'addmmn omﬁraxadamasaeg; e.g.,

in the CasGy %{m Ey 8%?&@&%&439}( bht&l—??g%%%lglu&?e ﬁ@@ fé&rﬁpo%%ﬁ?oﬁﬁotsleve

reactions- SO that; arn-i oners
fatty acid esters has a maxamum of 6 carbon atoms and is a mono— or poly-hydric, e.g.,

rmong-, di- or tri-hydric, alcohdl, e.g., methanol, ethanol, propancl, butanol or pentanol or
their isomers, but especiaily glycol and glycerol. Exarnples- of fatty acid esters which may be
mentioned are, therefore ethyl oleate, isopropyt myristate, isopropyl palmitate, "Labrafit M
2375" (polyoxyethyleneglycerol tricleate from Gatlefossé, Paris), "Labrafil M 1944 CS"
(unsaturated polyglycolized glycerides prepared by alcoholysis of apricot kernel oil and

. composed of glycerides and polyethylene glycol ester; Gatlefossé, France), "Labrasol"

[ C (saturated polygiycolized glycerides prepared by alcoholysis of TCM and composed of
glycerides and polyethylene glycol ester; Gattefossé, France) andfor "Miglyol 812"
(triglyceride of saturated fatty acids having a chain length of from Cg.4, from Hills AG,
Germany), but especially vegetable oils, such as cottonseed oil, almond oil, olive oil, castor
oil, sesame oil, soybean oit and, more especially, groundnut oil.

The preparation of the injection compositions is carried out in customary manner
. under sterile conditions, as are also the introduction thereof, e.g., into ampoules or vials and’

the sealing of the containers.

Pharmaceutical compositions for oral administration can be obtained, e.g., by

combining the active ingredient with one or more solid carriers, granulating a resulting



The sol vents fromwhich those that are suitable for a particular reaction
can be selected include, e.g., water; esters, such as |ower al kyl | ower

al kanoates, e.g., diethyl acetate; ethers, such as aliphatic ethers, e.g.,
di et hyl ether or cyclic ethers, e.g., THF, liquid aromatic hydrocarbons,
such as benzene or toluene; alcohols, such as nethanol, ethanol or 1- or
2-propanol; nitrites, such as acetonltrllg halogenated hydr ocar bons, such
as net hyl ene chlorlde aci d am des, such as di net hyl f ormam de; bases, such
as heterocyclic nltrogen bases, e.g., pyridine; carboxylic acids, such as

| ower al kane ﬁ}r‘?ﬁ‘% re ag)agﬁna axgd fote ?thgﬂngﬁllegar sq?ﬂtpeg?(%deg’l etadc{fvﬂergnhy dri de:
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cyclic, |iapgopdate byadmtmdoﬂ*@dﬁntmalrlie,ntSstmﬂab@iﬁ o\drbgdeeccaee, hexane or
isopent ane; or mxtures of those solvents, e.g., aqueous sol utions, unless
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starting mate and the remai ni ng are carried out, or fhe process
is interr up'bé@i &‘t‘e %ﬁﬁpt"ﬁ? gtgech, 6?‘3“5)"%%“&'%? Mer@PPﬁWeFW'CB@#QS% 88 under the

reaction cea@bkjrifyQiiuioSe HE&S: puy\tuhwaymrder@f aﬁdlblei?(‘debh‘&i @%Htéﬁi‘étbn\ées&fh sal t,
or a conpound ‘obt ai nahl e by the process acc r %Bto the invention is

produced ufgHie ghexe-msng RIS (HSGrFer sYB- 'f’l!fPf’her in situ.
There are pogfigngRtdideRedigitosdd oF akhit m@reommeh Bﬁbﬁdlmlaté]nétgaﬂdélﬁbﬁahe
conmpounds described above 'Z bei r}%qpreferrl@? Speci al lé P %

especi al | y%‘?‘%‘?‘@??éfbes‘)ﬁﬁ' SHEYR ‘1’38 BSafd( SHICG ER:- talce slsaris agiq
preferred. ofésits piseapsf suchaes mégmmpﬂurtdaﬁznm stearate)l amd(dr pplysthylbheylyetesort her eof ,
S preferag ¥ casébl ed. out anal ogously to the processes and process steps
ment i oned PREHE %u?ﬁ es. The compounds of fornula (I), or N oxides

thereof, including their salts, can also be obtained in the form of
hydrates, or thBragéercpmsarn bemovides) withesuitablg, optichallysesiterian coalisgsl tase being

crystalli Zé&é&ﬂ:&ﬁf&&%@ rdifd gllsu?rfsemmr%fwﬁa& Mé?%éﬂtam% Qf%ﬁff:ut% cal

conposi tions uses present invention at es a S50 to
phar maceut p@lwm)dwgqqe,, BR¥eiMrbn oy erherPigptiignium dioxide or coating solutions in

suitable organic solvents or solvent mixtures or, for the preparation of enteric coatings,
solutions of suitable cellulose preparations, such as acetylcellulose phthalate or
hydroxypropyimethyicellulose phthalate. Colorings or pigments may be added to the tablets
or dragée coatings, e.9., for identification purposes or to indicate different doses of active

ingredient.

Pharmaceutical compaositions for oral administration are also hard gelatin capsules
and soft sealed capsules consisting of gelatin and a plasticizer, such as glycerot or sorbitol.
The hard gelatin capsules may contain the active ingredient in the form of granules, e.g., in
admixture _with fitlers, such as corn starch; binders and/for glidants, such as talc or
rmagnesium stearate; and optionally stabilizers. In soft capsules the active ingredient is
preferably dissolved or suspended in suitable liguid excipients, such as fatty oils, paraffin oil
or liquid polyethylene glycols or fatty acid esters of ethylene glycol or propylene glycol, it
likewise being possible to add stabilizers and detergents, e.g., of the
polyoxyethylenesorbitan fatty acid ester type.

Suitable rectally administrable phammaceutical compositions are, e.g., suppositories
that consist of a combination of the active ingredient with a suppository base, Suitable



conmpound of forrmula (1), or an N-oxide thereof, as active ingredient and can
be used especially in the treatnent of the diseases nentioned at the

begi nni ng. Special preference is given to conpositions for enteral, such as
nasal, buccal, rectal or, especially, oral and parenteral, such as

i ntravenous, intranuscul ar or subcutaneous, admnistration to warm bl ooded
ani mal s, especially human beings. The coppositions conprise the active
ingredient on its own or, preferably, together -with a pharmaceutically
acceptabl e carrier. The dose of active ingredient depends on the disease to

be treat eds:.&r;} si @%E&ﬂ@,@.&?natbﬁa?a@%ﬁﬂ}e%itr@ﬁkeiid!es‘?‘ﬂé’ra}ﬁi‘i_ y¥ididalon ,On_(lj_i tion,

i ndi vi dual armatoki netic data an he node of adm nistration. he
i nvent i on payeibdenaglyer!s of ioher AeBelsi cal conpositions for use in a nethod of
treati'ng the human or ani mal body prophylactically or, especially,
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of conpositions for the treat
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use of conpounds r.mul a : r a - OXi t hereof .. for the preparation
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iven to a_pharnmaceut i tion . a i stration
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mammal , weotMenlss suffering froma di sease characteri zed by an aberrant MAP
Ki nsasg- signal i ng pat hway especially, a tunor disease, nobst particularly

mel ano CO”précﬁ&tﬂﬂns%se&%fﬁ?,%rf‘ﬁar@ﬁtefa‘?égﬂrurﬁstr(ahéncéPlfai bdNufed AEinfRRLeof . or a

phar mateut i cally acceptabl e salt thereof where salt-formng groups are
present, is®uien&nount that is effective in inhibiting RAF kinase,
particularly a mutant RAF ki nase, together with at | east one

phar maceut i cal |prefeied pRisahlabvedalrs, £4., afliokidaneNafhi=s Lradk RiGerto a _
D e S e e ) WSR2, 7 gespectally, therapeutic
war m bl ooded ani mal , especially a human being or a comrercially useful
manmal , whi ch The invention relates especially to a process or a method for treating one of the
pathological conditions that is characterized by an aberrant MAP kinase signaling pathway,
especially a disease responsive to inhibition of RAF kinase, especially a corresponding
tumour disease. The compounds of formula (1), or an N-oxide thereof, can be administered
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
C animal, e.g., a human being, requiring such treatment, the compounds being used especially
e in the form of pharmaceutical compositions. in the case of a body weight of approximately
70 kg, a daily dose of from approximately 0.1 g to épp_r_gximately 5 g, preferably from
approximately 0.5 g to approximately 2 g,'of a compound of the present invention is

administered.

The preferred dosage, composition and preparation of pharmaceutical formulations
(medicaments) to be used in each particular case are described above.

Starting materials

The slarting materials used and the reaction conditions chosen are preferably such

that the compounds mentioned as being preferred are obtained.



requires such treatnent, especially which. is suffering fromsuch .6

di sease, conprising a novel conpound of fornmula (I), or an N-oxide thereof,
or a pharmaceutically acceptable salt thereof, as active ingredient in an
amount that is effective prophylactically or, especially, therapeutically
agai nst the nentioned di seases. Pharnmaceutical conpositions conprise from
approximately 1 %to approximately 95%_active ingredient, dosage forms that
are in single dose form preferably conprising from: approxi mately 20%to
approximately 90% active ingredient, and dosage forns that are not in
single dose fo F@J‘rh inf %nrg;a
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manni t ol , paazr‘blbesipgmomted' hprefove, argrefeeenc@hrerern’rb@fdmemﬂrheaeaiaﬂmmmhﬁg ons may
be steriliz nd/ [ rvatrvs stabilizers,
2307 et ¢ MR ABC Lo B Bl P Bk uficf op e B Rbd83,, °\ Cqul at i ng
the osnotic pressure and/ or buffers, and are prepared in a manner known per
se, e.g., Negishiddeactioh Schereent i onal di ssol vi ng or |yophilizing processes.

The nentioned solutions or suspensions nay conprise Vi ScoSigMminereasing
subst ances, '\’such as sodi um car boxy hyl cel | ul ose, carboX /et hyl cel | ul ose,

dextran, I pyrrold, dqne or gels or solubjli zers Tween 80
[ pol yoxyetii A0).sor bi fan_nonod eat & ade ' , Inc.,
USA]. Susy I'R oil conprisexg e 0i [y corrponent a1 he ef'abl e,
synthetic of sem Negishi Coupling (1a)
X () G ) L
B" E g7
M is halo, especialty Cl ﬁ ( "‘é‘Q), i (4o,
X is halo, especially Br ~F A\Té

Displacement by nucleophiles, especially
anilines, aiso phenols, thicols, ammonia

Negrshr Klng and Okukado, J Org Chem, Vol. 42, pp. 1821-1823 (1977}, and Stanforth, Tetrahedron
~ Lett, Vol. 54, Nos. %, pp. 263-303 (1998).

As to the individual steps in the above scheme, Siep 1 involves reacting a compound
of formula (1V) in a palladium mediated cross-coupling reaction of two suitable coupling
partners, preferably under Negishi conditions. The pe]igdium—mediated coupling of a
compound of formula (}V) is conducted in the presence of:

1) an organo-metaliic reagent, preferably an organolithiurn reagent such as n-

butyllithium,

2) azinc halide such as zinc bromide;

3) a palladium reagent such as tetrakis(iriphenylphosphine)-palladiurn(0);

4} a suitable coupling partner, such as the bromide, chloride, iodide or triflate of J-Q

defined in Table 2; and



synthetic oils customary for injection purposes. There may be nentioned as

such, especially 1liquid fatty acid esters, which conprise as the acid
conponent a | ong-chained fatty acid having from 8-22 carbon atons,
especially from 12-22 carbon atons, e.g., lauric acid, tridecylic acid,

nyristic acid, pentadecylic acid, palmtic acid, margaric acid, stearic
acid, arachidic acid, behenic acid or qqﬁﬁpsponding unsat ur at ed
acids,'e.g., oleic acid, elaidi.c acid,. erucic acid, brassidic acid or
linoleic acid, optionally with the addition of antioxidants, e.g., vitamn

E, p-carotene o - d ~ fo E y opponent

of those fatt y%g%pf?rgésr{scégéslv%g;&%flemnéli rrun%ﬂ%rf h%}éégﬁfgg%anb-{gggﬁéﬁgﬂgéﬁ s(simgp"glﬁ()no-

or pol y-hydri c, TeFgat a tempemturedietwasn -¥81C aydi25°€, peferaitly bf -78°@ for ansribanol |

et handl, prop nBéMegHEgm},?tgg ap‘?% AoQL or their isomers, but especially
anp

a
gl ycol and gl ycerol. es of fatty acid esters which may be nentioned
are, therefore ethyl oleate, isopropyl nyristate, isoPrppyI palmtate,
"Labrafil M 233&p 7 ipselyesdhereastioneld gerap@ndiof fommelz () withacempeeidafse,
Paris), "LQREQERW)M 1944 CS" (unsaturated polyglycolized glycerides
prepared . by al coholysis of apricot kernel oil and conposed of glycerides
and pol yet hyl ene glycol ester; Gxttefosse, France), "Labrasol" (saturated
pol ygl ycol i zed gl yceri des prepared G¥VRMTohdI ysi s(8f TCM and conposed of
gl ycerides and pol yet hyl ene gIVcoI ester; Gattefosse, France) and/or
"Mglyol 812" _(triglyceride of saturated fatty acids having a chain | ength
of fron1C8? Y om Hul s AG, Germany), but especially vegetable oils, such

as cottpnseegh Qi k,analmcbs@ehmed)ﬁoiru@o@Labuncp@fsbmfula @), funcBRRgRUPS In the Oybean

oil ahd, nore especially,, groundnut .. The preparation of the injection
corrpgg'i fions is C@WPP%@?M‘%"?%%@E?W% hafedtR 8pt tg AAIR 15 feactionfgingiipns

as are al so the protectodewin, netdssagpind @nthving any praleging lgesupsnthatizaé preadidd, t he
sealing of the cqgntai ﬂqer‘st.ﬂ.PQar maceut [ Céanlti cor oﬁ% ti é)ni for. oral :
adni ni stration CHFHR MG ARG HOIROWS Mgntionet RiPeGEsS PHEMLAEP P8 7 kg YT Unt
with one or nor eaoivherecesaltifeming goanid areserd aad restitn nibe sd0formiisqassible; wher e
appropriate, and_processi ng the mxture or anules, if desired, where
appropri at e BT ROLOBVEHBAP rHiRg @Wﬁg‘i?ft}gm"ﬁ%a?)aﬁﬁ%ﬂ%"Q?ffded'ﬁﬂﬁéfe
cores. Suitabl gnead differeht edrtpodsgetiofhli (fa),|dr ah V-o8deihersf, Do8RIring £frle |
| act ose, saccharose, . . . .
compound of formula (1a), or an NV-oxide thereof, into a salt, converting a resulting
salt of a compound of formula (Ia), or of an N-oxide thereof, into the free compound
or into a different salt, and/or separafing a mixture of isomeric compounds of

formula (la), or its N-oxide, into the individual isomers.

s The reaction between the compound of forrmula (I} and the compound of formula (1)

"C takes place in suitable inert polar solvents, especially alcohols, e.g., lower atkanols, such as
methanol, propanol or, especially, ethanol or n-butanol, or it takes place in a meit without the
addition of a solvent, especially when one of the reactants is in liquid form. The reaction
{akes place at elevated temperatures, preferably from approximately 60°C to reflux
temperature, e.g., under reflux conditions or at a temperature of from approximately
60-110°C. The compound of formula (Ill) can also be used in the form of a salt, e.q., in the
form of an acid addition salt with a strong acid, such as a hydrogen halide, e.g., in the form
of the hydrochloride salt; or the corresponding acid, e.g., HCl, can be added in a suitable

solvent, e.g., an ether, such as dioxane.

Alternatively, the reaction between the compound of formula (I} and the compound
of formula (Ilt) takes place in suitable, inert polar solvents, especially ethers, e.g., THF, orin



mannitol or sorbitol; cellul ose preparations and/or cal ci um phosphates,
e.g., tricalcium phosphate or cal ci um hydrogen phosphate; al so binders,
such as starches, e.g., corn, wheat, rice or potato starch

met hyl cel | ul ose, hydroxypropyl nmet hyl cel | ul ose, sodi um

car boxymet hyl cel | ul ose and/ or pol yvi nyl pyrrolidone; and/or, if desired,
disintegrators, such as the above-nentjgped starches, also carboxynet hyl
starch; cross-linked polyvinylpyrrolidone, alginic acid or a salt thereof,
such as sodium al ginate. Additional . excipients are especially flow

condi tioneg ﬁ}eﬁ’%ﬁmbb‘t‘lhé Gddiiich of% Shiven 'ets%)@dléllyﬁf@ng of il r@acti%h Hh@rsascbr@se«ann
salts thereo such as magnesi um or stearate, and é:@lewl yet hyl ene

gl ycol ; r’lqud%fpma?h?/é%aci'%ﬁaé%? plagy alglevatsst tsoperaiires Praferabhr anraboyt ¢ abl e,
opt i onal : y?@@t.ﬁd' 1210"@@19& b@g%r?ﬂ&t%r err#éajoﬁ@oumtso:rmﬁ@uu)aélaha)eq%l a%@tarsi%iitgd
sugar sol utions [ cont ai.n um a ic al c 0 pyrraql i done,
pol yet hyl ef8- @F?ESF’S'ﬁﬁagg?“ st Wi & 8eSUsh a8 B HSHE"‘S%( I5ri¥ spejum

sui tabl e of@maéc sol vents or sol vent mxtures or, for the preparation of
enteric coatings, solutions of suitable cellulose preparations, such as

acetyl cel Il yl ose ph haIS te or hydroxypropyl nethyl cel | ul ose pht hal at e.
Col ori ngs g?—‘&-%%ﬁ?%—w e added to the tablets or dragee coatings, e.g.,

for identificgtion purposes or to indicate djff¥RgmtY doses of active
i ngredi ent. Pharnmaceutical conpositions for pral adm nistration are al so

hard gel atig=C s and §6’Pt‘ seal ed cap nsi sti rsgp@f gelatin and a
pl asticizer] su 4y SO Th ),,.9 | atimCapsul es may
contain the i1 ngr e%fﬁéﬁ"ﬁ',:ﬁni re°‘fht'es Halggenatip,  adni xt ur e

with fillers, such (b cq:hamosname,hgnmbnmders and/ or glmyiants such as talc or

magnesi um gismabat@ciaiged optionally stabilizers. In soft capsules the active

ingredient is preferably dissolved or suspended in suitable liquid

exci pients, such as fatty oils, paraffin oil or liquid polyethylene glycols
or fatty acid esdmis—of ethyl ene gl ycolcheg—pr opyl ene gl ycol, |t/(CIHRk~eW se

bei ng possibl & to add stabilizers anfl detergents, e.g., of the

pol yoxyet hyl ep hi tan fatdpy aci d g type. Suidwpd e rectg

adm ni strablé pl pceut i Tar conpopiti P ape, €. g stpposiforif fat
consi st of 4 ; ati'on of the ackiwe gr edi eng, Wi Loy S UP PR base
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Step 1 involves the reaction of a compound of formula (V) with a compound of
formula (i)

X ~~
/  (CHR) —Y 1))
H .
wherein n, R, X and Y are as defined for a compound of formula (1), functional groups in the
compounds of formulae (V) and (Hl) that are not to take part in the reaction being in
protected form, if necessary, and removing any protecting groups that are present, wherein
the starting compounds mentioned in process a) may also be in the form of salts where a
salt-forming group is present and reaction in the salt form is possible.

The reaction between the compound of formula (V) and the compound of formula (11}
takes place in suitable inert polar solvents, especially alcohols, e.g., lower alkanols, such as
methanol, propanol or, especially, ethanol or n-butanol, or it takes place in a melt without the



-41- suppository bases are; e.g., natural or synthetic triglycerides,
paraffin hydrocarbons, polyethylene glycols or higher al kanols. For
parenteral admnistration there are suitable, especially aqueous sol utions
of an active ingredient in water-soluble form e.g., in the formof a

wat er-sol ubl e salt; or aqueous injection suspensions that conprise

vi scosity-increasi ng substances, e.g., sddi-um carboxynet hyl cel | ul ose,
sorbitol and/or dextran; and, if desired, stabilizers. The active

i ngredi ent, optionally together wi th excipients, can also be in the form of
a lyophili sddisormpih selvantRspeeidly wheneng of 81&1’@?6%"*5 15 1B diqwig foray: shhegpagtion

adm ni st r atd,a0 ﬁ@éetahgleaggb Eén%r&t:re%%r%%‘?élﬁh/ frt{)m%ﬁbl"(ﬁﬁﬂeﬁely §94C§Jtto' Biik used,

e.g., for parenteral adm nistration can be Used as infusion  sol utions.
Preferted AR e ngdperefiex gonditions Pb?(’i %‘&Hlpgrat‘gﬁeﬁfr%@ appEsinmAtely aci d; or
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pat hway, éﬁmé%aﬂobbﬂoﬁdéisé!@aﬁme ERBRBLMEG atid, &.57HTILIdaABedBAR Xén@se.
especially a corres ondlegg;u nﬁiog?dl sease. The conpounds of formula (1), or

an N-oxi deSPMEHe® 8 2@ ) "&red prophylactically or therapeutically
as such or.in the form of pharmaceutical conpositions, preferably in an
anount that is aftéreathieiyettegabcioh betveenting i:mmmwndioémma (V) ancitheeompblrebded C

i mal h h
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appr oxi nat a conpound o ese I nvention I's
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above. St alr“tldlngg mat eri al s
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Step 2 involves the halogenation, especially bromination of the isoquinolyl nucleus of
a compound of formula (V) in the presehce of an electrophillic halogenating agent,

- preferably phenyltrimethylammonium tribromide in an inert polar solvent, preferably THF at a
temperature between 0°C and the reflux temperature of the solvent, preferably at room
temperature for a period of time between 1 hour and 24 hours, preferably for 12 hours to
provide a compound of formula (V).

- C Siep 3 Involves the preparation of a boronic acid intermediate. The reaction is

i conducted in the presence of:
1) an organo-metallic reagent, preferably an organolithium reagent such as n-
butyllithiurm;
2) a source of electrophillic boron, such as Bis(pinocolato)diboron or such as a
trialkylborate, such as triisopropy! borate; and 7
3) a polar organic solvent, preferably an ether, more preferably a cyclic ether, such
as THF, at a temperature between -78°C and 25°C, preferably at -78°C for a period
between 10 minutes and 48 hours, preferably for 4.5 hours to provide a compound of
formula (VIll).



The starting materials used and the reaction conditions chosen are
preferably such that the conpounds nentioned as being preferred are

obtai ned. -42- The starting materials of forrmulae (11) and (111) are known,
can be prepared by processes known per se, or are available commercially; in
particular, they can be prepared by processes anal ogous to those nentioned
in the Exanples. In the preparation of sigrling materials, any functional
groups present that are not to take part in the reaction nay be in
protected form -if necessary. Preferred protecting groups, their

I ntroduction anskeblahvolvearmy phlladiutn slesiatedlesksiatplingreacionsi 8o Qlitabl t he

Exanples. Instead of the starting . materigls a I nter.nedi at.es .i n questi on,
it is al soCPBLY BREET PF% r@%’ﬁlf uggp:?%uyk:equgxpo%gﬂbe %%'F?'W’()’Pﬁé’ﬂtﬁdﬁf%‘ﬂ'ﬁg Hre
present angbridh@let @aBkippetchbe giestion is also possible using a salt.
Therefore, any feference.hereinbefore and, herei er .starting. terials
i s al so intende ?8”5?%2? Nt ﬁ8?sf'c%u§ﬁ?%?ar\%‘?érsg’c€>%i’}ﬁ %é&'%h%"ﬂbcgeslogf%.m
N)egi\shi R)eac'{iqﬁﬂﬁelmém#ﬂbieﬂﬁr('lmﬂﬂ%)%;-l-Y N/ \ Stepi N", \ Step 2 N/ \ |
Z)m Il Z2)m m . Shi i - I L Cx. (1] o EVE Mis
Tal'o, espect al 19 BPREH reagghPaeh B otk i bnbestinst s g, V. 7 Nsr’o
Di spl acenent bydichlaiobispipheegphospbiee)-ralibgiumghli | i nes, al so phenols, thiols,

anmoni a Negisl"gmgrlé%‘ﬁgsﬁé?ragﬁgém b e Vol . 42, pp. 1821-1823

(1977); and Sta ron Lett, Vol. 54, Nos. 3/4, pp. 263-303
(1998). As to t4eaipnldr viganigisolyeripsudhrastamestbiroy dinsathyd fsmagiidsy pleférablglaves
reacting a CONQQAG, %fyeﬁ&{ m%rgéio\%inh{ésaaneaﬁl%g*ﬁg‘p%eaé EbmfsuRa%T COUPl i ng

reaction of two suitable coup ) ]
formula (la), which may be a final product or an intermediate compound.

A compound of formula.(la) can act as an intermediate compound-if A, B,E,Dor T
have a leaving group. In that case, an amine, oxygen or sulfur nucleophile acts to displace
the leaving group, resulting in an alternative final compound of formula (la). This synthesis
involves the reaction between the compound of formula (la), wherein Q comprises a reactive
group; and a compound of formula (Q-H), where Q is selecled from OR,, -SR;, -NR;,
-NRS(0)N(R)., -NRS({O).R takes place in suitable, inert polar solvents, especially alcohols;
e.g., lower alkanols, such as methanol, propanol or, especially ethanol or n-butanol, orin a
melt without the addition of a solvent, especially if one of the reaction partners is present in
liquid form. The reaction takes place at elevated temperatures, preferably between about
860°C énd the reflux temperature, e.g., under reflux conditions, or at a temperature between
approximatety 80°C and approximately 110°C. The compound of formula {Q) can be used
as a salt, e.g., as an acid addition salt with a strong acid, such as hydrogen halide, e.g., as a

hydrochioride salt.

Alternatively, the reaction between the compound of formula (la) and the compound -
of formula (Q-H), as defined above, fakes place in suitable, inert polar solvents, especially
ethers, e.g., THF, or in a melt without the addition of a solvent, especially if one of the
reaction partners is present in liquid form. The reaction takes place at elevated
temperatures, preferably between about 80°C and 140°C in a pressure tube. The
compound of formula (11} can be used as a salt, e.g., as an basic addition salt with a strong

base, such as potassium hydroxide or sodium hydride.



partners, preferably under Negishi conditions. The pall adi um nedi at ed
coupling of a conpound of fornmula (1V) is conducted in the presence of., 1)
an organo-netallic reagent, preferably an organolithiumreagent such as n-
butyllithium 2) a zinc halide such as zinc brom de; 3) a palladi umreagent
such as tetrakis(triphenylphosphine)-palladiun((» 4) a suitable coupling
partner, such as the brom de, chloride, _ edlde or triflate of J-Q defined
in Table 2; and -43-.5) an organic solvent preferably an ether, nore
preferably a cyclic ether such as THF, at a tenperature betmeen -78C and

25C, preferabl ypg oﬁéﬁ&ah?@ rRatBfdis 9 knBﬁh"t%%e]d?eﬁEr@%? ﬁr&%eﬁnmﬁ‘bér SeSt €p

2 involves the reaction of ~a compound formula (1) w a conpound
fornul a (1 P13re/axaieblgRgoromerdally pr, "Hp%m@#%r ¢en be PfRPa‘Rdé’M@fos@ea?eé agiogas ‘ﬁed f or

a corrpoundthggefr%me@ ik the EXa@Ed.onal groups in the conpounds of fornulae
(11) and (111) that are not to take part in the reactlon being in protected

uher ei - the. ot ald STERRS BRIRLO RSB E Fete e BLENER wilGl i alhe Sepvene

formof sgkfepfWhere a salt-formng group is present and reaction in the
salt formis possible; and, if desired, converting a.resulting conmpound of
formul a (IE ’ §1an N-oxi de thereof, into a different conpound of formula
(la), or e thereof, converting a free conpound of fornula (la), or

o o RSO gl AR I B9 5B o oL

di f ferent amine and/or separating a mxture of isoneric conpounds of

formul.g-(la), or its N-oxide, into the individual isonmers
{ a( (4-tert-Butyl-phenyl)-[6-fluoro-4-(4 4,5,5-tetramethy-{1,3, 2idioxaboralan- -2-yl)-

isoquinolin-1-yll-amine is dissolved in drethyleiher (3mL)and 2 4—dtchloropynm:dlne

{117 mg, 0.785 mmol) and K,CO, (291 mg, 2. 141 mmol) is added and the solution is
degassed for 10 minutes. Approximately 10 mg Pd(PPh;), is added and the mixure is
heated at 60°C overnight with stirring. To the mixiure is added water, followed by exiraction
with diethyl ether. The solution is passed through a silica gel pad and is concentrated by
evaporation. To the concentrate is added 1 mL of morpholine, followed by heating at 80°C
overnight. The mixture is rotary evaporated and purified by preparing TLC and then |
preparing HPLC (35-65% CHzCN/water in 0.1% TFA). The residue is dissolved in ethyl
acetate and washed with saturated NaHCOQ;, brine and dried over MgSQ,. The solute is
removed to give a brown solid (6 mg). M+H" = 458.25,

, C "H NMR (300 MHz) (DMSOY); 5 1.31 (s, 9H), 3.70 (m, 4H), 3.77 (m, 4H), 7.02 (d, 1H,
TN J=5,14 Hz), 7.38 (d, 2H, J=8.44 Hz), 7.59 (m, 1H), 7.72 (d, 2H, J=8.80 Hz), 8.30 (m, 2H),
8.47 (d, 1H, J=5.14 Hz), 8.72 (dd, 1H, J=5.87, 9.17 Hz), 9.51 (s, 1H).

“The starting material is prepared as follows:

1a)  1-Chloro-6-fluoro-isoquinoline

B-Fluoro-2H-isoquinolin-1-one (1.3 g, 7.97 mmol) (for preparation, see
: PCT/GB02/00514 and WO 02/062816) is suspended in CH3CN'(20mL) and then POCI;
(3.7 g, 23.9 mmol). 4 NHCI {2 mL) in dioxane (2 mL) is added dropwise. The resulting
mixture is heated at 50°C overnight with stirring. The reaction mixture is poured into a
saturated NaHCO; solution and is extracted with ethyl acetate. The organic layer is
concentrated to afford an orange solid (1.1 g, 78%). M+H" = 181.8.



The reaction between the conmpound of formula (I1) and the conmpound of
formula (111) takes place in suitable inert polar solvents, especially

al cohols, e.g., lower al kanols, such as nethanol, propanol or, especially,
et hanol or n-butanol, or it takes place in a nelt without the addition of a
sol vent, especially when one of the reactants is in liquid form The
reaction takes place at el evated tenperaures, preferably from
approximately 60C to reflux tenperature, e.g., under reflux conditions or
at a tenperature of from approxi mtely 60-110C. The conmpound of formula
(111) can al-so henwgFedgoomuhgcbony of 42(RatH), 826¢n, 3N the formof an acid
addition salt with a strong acid, such as a hydrogen halide, e.g., in the
form of the hyd ﬁ or . the cor conq§ng acid, e.g., HCl, can
be added i APk s rflucLo-isoquipgina IILAMING o a5 di oxane.

Compound of f ol A5, %Cf&’f(f -tsgﬁtgﬁ%eﬁ % R R LI A Dt
especi al | y4etbbiyt-apilire(9.1,9, THE, mool)i A NH@H'Ian!riem ﬂlommndwﬁuhl_xnhedé&iﬂdrbpwne of a
sol vent, eﬁ‘ggg%s?}hihg {I‘Ig)fﬁ(lé%qg P%te& Q?B&’?fl&}e% @tp%ﬁéﬂ% rel i3 rdth e%néorggpy rffﬂﬁ\eiveen

form The ace at eleva era ures,
about SOCrezslittd:eﬁdBGDvaiaqﬂmégs@taw wableed W’ﬂesat'@‘ﬁigdlﬂﬂﬂ'l@f)s,bommhcadr@dd aver can be

used as a h as
used 35 2. oy, T SopiedS Aoliastis AUF B ABh Y WA, RSk BRI 3
N \ Step puiifed\bySiliepgel qolumm (@yﬁmw%lt@&@%@myi Beeiriadiexandite effordia yellay m

Hal ogenat i | Bboly Ryt L3Rg,3 al so 0/) phenols, thiols, ammonia (VI) M
i s hal o, egggc(lga?)ﬁﬁ géély/'?CIF-‘lR) §/3x/(CHR) -Y X/ (CHR),-Y N \ Step 3 N (\

Step 4 N ( 2) my nwRA:Bb IMz)ZDMSO); 6 1.29 (5, 9H), 7.13 (d, 1H, J=6 Hz), 7.34 (d, 2H, J=8.67
Hz), 7.50 (m, 1H), 7.60 (dd, TH, J=2.64, 9.8 Hz), 7.72 (d, 2H, 8.67 H2), 7.96 (d, 1H,
5.65 Hz), 8.61 (dd, 1H, J=5.46, 9.23 Hz), 9.16 (s, 1H).

1c) (4-Bromo-6-fluoro-isoguinoclin-1-vi}-(4-terf-butyl-phenvi}-amine

(4-tert-Butyl-phenyl)-(6-fluoro-isoquinolin-1-yl)-amine (2.17 g, 7.37 mmol) is dissolved
in THF {30 mL). PhMesNBr; (2.93 g, 7.81 mmol) is added at 0°C portionwise. The THF is
evaporated and the resulting solid is dissolved in methylene chloride and water (200 mL
each). The organic layer is washed with water (50 mL, twice} and brine (50 mL, once). The
organic phase is separated, dried with Na,S0, and concentrated in vacuo to afford a fight
brown solid (2.75 g, 99%). M+H" = 375.2.

"H NMR (300 MHz) (DMSO); & 1.29 (s, 9H), 7.36 (d, 2H, J=8.67 Hz), 7.65 (dd, 4H,
J=7.35, 8.85 Hz), 8.17 (s, 1H), 8.70 (dd, 1H, J=5.27, 9.42 Hz}, 9.38 (s, 1H).

1d) (4-tert-Butyl-pheny)-[6-fluoro-4-(4 4.5 5-tetramethyl-[1.3, 2]dioxaborolan-2-y1)-
isoguinolin-1-yil-amine

{4-Bromo-6-fluoro-isoquinolin-1-yl)-(4-fert-butyl-phenyl}-amine {500 mg, 1.34 mmol)
is dissolved in DMF (10 mL). Bis(pinocolato)diboron (748 mg, 2.93 mmol) and KOAc
(391 mg, 4.019 mmol) are added. The solution is degassed via N, for 10 minutes.
[(CHsH,P{CsHs),)Fe]PdCl, is added and heated at 80°C overnight with stirring. Water
(10 mL) is added to the mixture, followed by extraction with ether. The ether layer is passed
through a silica gel pad, followed by rotary evaporation to a brown solid. M+H* = 421.3, The
solid is used, without further purification, to prepare Example 1.



[\ / N) Suzuki coupling (la) 1l (MIl) C X is halo, especially Br HOB
OH 11 (-1-O, Al T~ D Step 1 involves the reaction of a conpound of
formula (V) with a conpound of formula (I11) /X~(CHR)"-Y (111) H wherein
n, R X and Y are as defined for a conpound of formula (1), functional
groups in the conpounds of formulae (V) and (111) that are not to take part
in the reaction being in protected for nfSrf necessary, and renovi ng any
protecting groups that are present, wherein the starting conpounds
mentioned in process a) nay also be in the formof salts where a

salt- form5¥¥qyﬂ§éb IS present and reaction in the salt formis possible. The

t d ,of | & d f.f I
(111) T add o ERR B ot s P R SERRNIG Y e Rl &
e.g., | owmmmlekanol S, such as nethanol, propanol or, especially, ethanol or

n- butanol, or it takes place in a nelt W|thout t he -45 addition of a
sol vent, especi B b polhienolonehierb-4-Remerphelinahyispyrisidin4higaoatirained0.0hg,

reacti on I r f 4
appr oxi mat e@QEB{é"@gﬁp%ﬁj a%k,?(\é% nﬁj g{s%e :ﬁﬁﬁﬂhﬁ%ﬁ&ﬁ(‘é}%&ﬁ}r ef J)?réd)onsc?)f 1570 o,
at a terrp@mdtqneeirom of ¢Q§1¢ﬁ@t£ﬁi¢‘bk‘ thel W'Xﬂﬁ@lsi@@@d 780 Cotep d aursainditoenul a

(111) can a:ﬂlat 84 Ipt?ﬁéﬁ &firdobh ieﬁfaeifa%rg‘ @E%ﬁ‘]lﬁ%tls c&:c@ntrate@ it \fbguo ER4G meﬂf an acid

addition salt wt trong acid, such as a hydrogen g., in the

form of td'F@OW?dr“bﬂ'ﬁ’myH”G ehloside (75yplL) ﬁ@eﬁ%‘%mﬁ?&ﬂﬁyaﬁlﬂd&'ﬂbﬁ sptratadl ;. can

be added 'sﬁltﬁoﬁ‘él‘séti?&rﬁ bicRIonaRL bm% Bried %r%d@;ﬂésmﬁl@hat@%ng 'cgﬁfﬁ?ﬁrated toa
Al ternativel reaction betwe the co und of

conpoyya TaCdrapatah (19 9e pASY TBINase ChamElAr Y Ao BN BB ! S8leliings.
especi_al| Yight yeibw.oiles Ellect&liland @fysialized from hexane, m.p. 105- -106°C. CHN analysis

cale. %C: 61.67; %H: 4.31; %N: 14.98. Found-%C: 61.70; %H: 4.04; %N: 14.93.

The starting material is prepared as follows:

2a)  2-Thiomethyl-uracil

To a suspension of 2-thiouracil (78.00 g, 0.608 mol) in water (160 mL) and

isopropanol (80 mi.) cooled o 0-5°C is added dropwise a 30% sodium hydroxide solution

(48.7 g, 1.22 mol: in water 160 mL). A solution of methyl iodide ( 41.7 mL, 0.669 mol} in

isopropanol (150 mL) is added dropwise over 2 hours. The mixture is allowed to warm to

room temperature and is stirred for 1 hour. The mixture is concentrated to half volume

in vacuo, cooled to 5°C and then acidified fo pH 6.5 with concenirated HCI. The solid
£ precipitate is collected by filtration, washed with cold water and dried in vacuo to give 70 g
T white solid (81%). M+H? = 142,

H NMR (DMSO); § 12.8 {bs, 1H), 7.90 (d, 1H); 6.07 (d, 1H), 2.37 {s, 3H).

2by  2-Morpholin-4-yl-pyrimidin-4-ol

To the 2-thiomethyluracil (4.0 g, 0.0281 mol) is added morpholine (3.05 g,
0.035 mol). The mixture is heated to 145°C for 2 hours then cooled o room temperature.
The solid is crystallized from ethanol. White needles are collected (2.0 g). Second crop of
crystals form approximately 0.50 g (49%). M+H' = 181. |

"H NMR (CDCls); 5 12.1 (bs, 1H), 7.85 (d, 1H), 5:79 (d, 1H), 3.75 (m, 8H).



a melt without the addition of a solvent, especially if one of the reaction
partners is present in (,. . liquid form The reaction takes place at

el evat ed tenperatures, preferably between about 80C and 140C in a pressure
tube. The conpound of formula (l111) can be used as a salt, e.g., as an
basic addition salt with a strong base, such as potassi um hydroxi de or
sodium hydride. Step 2 involves the halsggenation, especially brom nation of
t he i soqui nolyl nucleus of a conpound of formula (VI) in the presence of an
el ectrophillic hal ogenating agent, preferably phenyltrimethyl amoni um
HiMomd%jnammmmhmﬁ@hgmyﬂwmmﬁ#aaMy1HFata tenperature

bet ween 0C and the reflux tenperature of the solvent, preferably at room

t enper at ur e f oA naixies bfE@ImofpHotine-ybpyrimiein-4loll{e.08 gaBd.63dmbIpnd phaspRbeisabl y for

12 hours to rQvi a ound. for (V). . C Ste | nval,ves the

pr epar at i Bﬁfb&Pm'ﬁe th’f% S %gzgﬁ'rﬂ&?'ﬂto‘{éap r@dﬁg{:@ i ?ﬁ%&g é%@tﬁ%ﬁ’rﬁgm‘éo EREYPY n

t he preseragokl o igonatengiegatoe, taicahirated telglitvulume raakiguoalddyovenicer gaaol i t hi um
reagent such.as n- butyl|l.it.hi 2).. our e, of ophillic pboron, such
o B o( ot HLUPE rBs R PotRed i & aeltoy iRl ar st s B o Sab e wir oy
bor at e; anwiid)ena chiviride. Thgamjacicapbbseistwasphed fvith abluyated NeChi@gueowm), eiripd ef&@r abl y
a cyclic ether, such as THF, at a tenperature between -78C and 25C,
preferably at -78C for a period between 10 m nutes and 48 hours, preferably
for 4.5 hours to provide a conmpound of fornula (VMIII). -46- Step 4 invol ves
t he pal | adi um nmedi at ed cross-coupling reaction of two suitable coupling
partners, preferably under Suzuki conditions. The pal |l adi um nedi at ed
coupling is conducted in the presence of: 1) a suitable Suzuk
cross-coupling partner, such as the bromde, chloride, iodide or triflate
of J-Qdefined in Table 2; 2) a palladiumreagent such as

tetraki s(tri phenyl phosphi ne) - pal | adi um( O or




di chl orobi s(ri phenyl phosphi ne)-palladiun(l1); 3) a base, such as potassium
carbonate; and 4) a polar organic solvent, such as an ether or dinethyl
formam de, preferably at 60C for a period between 10 mi nutes and 48 hours
to provide a conpound of formula (la), which may be a final product or an

i nt ernedi ate conmpound. A conpound of fornula-(la) can act as an internediate
cdmpound-if A B, E, Dor T have a |leavPhg group. In that case, an am ne,
oxygen or sul fur nucl eophile acts to displace the |eaving group, resulting
in an alternative final conmpound of fornmula (la). This synthesis involves
the reacti Qﬁhﬂ&%&é@%‘s@ﬁﬁlt&@(ﬂ%HE&t@fedf@uﬂflﬁb@tdéras‘nff “WE BBl 7 Q1R ERYH).Ses a
reactive 8{% and a compound of formula (QH), where 0 is sel ected from
OR2, -SR2, 245.9RS( 0) 2N(R) 2, - NRS( O) 2R takes place in suitable, inert
pol ar solvents ecjally al cohol al_k nols such as

net hanol , pr opart’b'l‘j QCEQée%ﬁgP|(q, 1&*@(2%& 3K (r??m%{] : ina nelt

W t hout the addition of a solvent, especially if one of the reaction
partners |gd)preagmm(b-n_chldm}wodmﬁ@rnm The reaction takes place at el evated
tenperatures, preferably between about 60C and the reflux tenperature,
e.g., under r echua solatich tfi obemoizogaitolinet(BXPE pad. %@n"betummemyleapmhbndémt ely
90C and ap e cO can,be. ug as a
salt, e.g. , %Ac(%ég @ |p8ﬁ)655§$8§m8ﬁ1£%é’tﬁré§#rﬁo‘éq-he?f}(t: eéssﬁvgtf%rgen
hal i de, e. 2;5 hoas do thqdwdmlal:s)addm s2g of mﬁdmcmombmzelqgmctmeﬁheamﬂumns bet ween

LSOO o & il o Y 5Bt B6,-SAUPAMCT N BOBBARY, Bnd Rebbedgydfe | e

above, take Ia ce | n sui 1 nhert vents

e.g.,, Saﬁmm puitatereThe whtelmbtstremheecbta@ivelwltﬁs@d sﬁh@é@ilﬂ is wp_@ﬁlﬂed fr9m| f one
of thel reggtion &aw.é\ers& by B BBEF 2 Wit saw dyf ﬂbrwﬁfteng,e wiﬁﬁgtﬁ.gg@é

pl ace at el evaf H eratdres, prefera bet Wween about in a

pressure t TseN-oxide (1% RFEOTTON iSrdigsolyed | !"l ‘F")'C’r@fé’ﬁ“lﬁ@ [ﬁ‘éb@ﬂfh@c’éﬁds‘alaﬂ icee. g.

as an baSIsatﬁdﬁhégpﬂanwxyrcmtsrtde (@oﬁt RNEIdePaBPwiss UM 1A BEhRaRs wéwr%qef' de
or sodi um hydride. -47 mat erial s-are known, can

her s artin
prepar ed b@‘?o‘b‘rt@@%@&e E%Wﬁt"%eﬁlegéo redlpx E‘Fg SRAWFS aBeBBIes P wed o ‘Eﬁo' tq n
parti cul arromasmperaiire pad BAdhdy p@UireE 8 @2. ahalaqgesis miftture is neutralized to
pH 7-8 with NaHCO; and then extracted with chloroform. The organic phase is washed with
brine, dried over sodium sulfate and the solvent is removed. The residue is purified by flash

chromatography (SiO2/5% ethyl acetate/hexanes). Collected 12.22 g (72%). M+H' = 389.

'H NMR; 5 8.50 (s, 1H), 8.40 (d, 1H), 8.20 (d, 1H), 7.82 (t, 1H), 7.79 (t, 1H).

2e8)  4-Boronic acid-1-chloro-isoquinoline

: L To a -74°C solution of 4-bromo-1-chloro-isoquinoline (1.25 g, 5.2 mmol) in anhydrous
R T (30 mL) is added dropwise n-Buli (2.5 Min hexane, 2.3 ml, 5.7 mmol) over
45 minutes. Triisopropyl borate (1.4 mL, 6.1 mmol) isTadded dropwise, and the mixture is
stirred at -74°C for 2 hours. Upon warming to room temperature, the reaction is quenched
with 3 mbL water via syringe. After concentrating to an aqueous mixture, the reaction is
acidified with 1 N HCl (aqueous) to a pH of approximately 1, which produced a white solid.
The solid: product' is collected by filtration and dried (760 mg, 71%). M+H' = 207.9.

'H NMR (DMSO-dq); 5 8.72 (bs, 2H), 8.53 (d, 1H), 8.47 (s, 1H), 8.31 (d, 1H), 7.90 (1,
1H), 7.80 (t, 1H).



t hose nentioned in the Exanples. The Exanples which follow serve to
illustrate the invention without limting the scope thereof. Exanple 1
(4-tert-Butyl -phenyl)-[6-fuoro-4-(2-norpholin-4-yl-pyrimdi
n-4-yl)-isoquinolin-1 -yl]- am ne

(4-tent-Butyl -phenyl)-[6-fluoro-4-(4,4,5,5-tetramethyl -[1, 3, 2] di oxabor ol an-2
-yl')- isoquinolin-1-ylJ-amne is dissolved in diethylether (3 nL) and
2,4-dichloropyrimdine (117 ng, 0.785 mmol) and KzZC03 (291 ny, 2.141 mol)
is added and the solution is degassed for 10 m nutes. Approximtely 10 nyg

PA(PPh3) 4 4 a @‘fﬂlcﬁ@g-&%r@'oﬁﬁ-@[ﬁg& r%nidl?ﬁﬁﬁ%ﬁéoﬁ&in@lﬂl@ overnight with
Stll’l’lng. TO the mxture 1S a e wat er, (0] owe yextractlon w th
di ethyl ether. lttﬁs&%wwrmdih-‘e?wﬁmsu@ﬁomwwgﬁ) 18.05minbl) Ge@ xaRdib 26)nidS
concentr at ed by, e\_/aPoratl_on., ? t&g%)co?cgntr te |ds,5?add(ﬁi‘ I nt c;fy
mor phol i ne-PPERIcARsH T -BoRaarqunehiag (B98 2% Mﬂ%gﬂ?.‘ U e Yiengt ar y
g{gg\)& at ?dgl?cﬁﬂi dig«arluh/)ﬁ g?@ﬁr wwmw !Tiél%tdi_l:m argrgt :seaﬂgd pjbeparsidlﬂgiol'ﬂlatfla%é’(% 63%
water I n . 1% - e resi S | SS V, n e acetate an
washed wi t & & r%m@ﬁﬂﬁﬁ%ﬁg Waiph @H‘g?f{ja'ﬂf'i\‘é'a Bybpd %‘%@Wﬂ%’ oBfigpdon;
E%\C/D)Ed t8 051 giinfagsa.t msivwclgel;iaaqg c(aﬁaiyfymj g&i;ig rnméﬁ&.azsaec;,'dgdmmﬁd x&aeié\hﬁééedm
; . IS, . . , . ) =O.
Hz), 7.38 da,% Spr 4:1&52’9{92 oSN &g‘]."g%%’r?’ 3 aﬂﬂé&?é@e(p&?d‘fﬁs(eﬁ%&%WIL\'%), 8. 30
(m 2H), 6HAN,. (The drghhic laybr is dvablidd with SRuiatiti N4C! KhqeloBs)Sdriedoove? Nez30.,, 9. 51
., 1 H. t ' bal . . J e N _
S entor . TR E! LB B i BiFBREEE 33 ST snamigge -, o

1- Chl or o- 6- -1 sooui nol'i ne
mol ) *( f orflgsheplrat choomategraphPslivaGRo 2MGDe WithA9eL0NOe bl 2061284 B)hexans us pended

i n CH3CN (I%%é?iggggﬁ%ngﬁmg%ﬂg& 79, 23.9 mol). 4 NHCl (2 nmL) in

di oxane (2 opwi se. The resulting mxture is heated at 50C
overnight with LKA |} AREAGkHH, Xty AaPRY Y7 iRt unat ed
NaHCO3 sol uti onﬁaﬂ'gﬁ: (g;g}&3?-?act8§d \5/\-? ﬁ“ﬁﬁw 'gcjebf(a’[ gl.w' Thg(lg"r 'gtg)gisb@ﬁgy{e@'i S
concent r at 389 (todk, Ba0dt. 4h).oE HNgmalyaisicalc( 1%€: $2.483%H: ABII%N: 18158%Cl:

10.85. Found: %C: 62.32, %H: 4.58, %N: 16.99, %Cl: 10.81. The solid is used to prepare

Example 2.

Example 3
{4-tert-Butyl-phenyl)-{4-[2-(4-trifluoromethyl-piperidin-1-yl)-pyrimidin-4-yl}-isoquinolin-

1-yl}-amine

To a solution of (4-fert-butylphenyl)-[4-(2-chloropyrimidin-4-yl)-isoquinolin-1-ylJamine
(0.07 g, 1.80 x 10™* m) in n-butanol (30 mL}) is added 4-trifluoromethylpiperdine (0.07 g,
4.57 x 10 m) and triethylamine (0.50 mL). The mixture is heated to 100°C for 16 hours and .
then allowed to cool to room temperature. The mixture is concentrated in vacuo and then
dissolved in methylene chloride (75 mL). The organic_'.;;qhase is washed with a saturated
solution of sodium bicarbonate, brine, dried over magnesium sulfate and concentrated to a
oil. The oilis purified by flash chromatography (SiO.: 76%hexanes/25%ethyt acetate). A
fight yellow oil is collected and crystallized from ether, m.p. 179-180°C. CHN analysis
calc. %C: 68.89; %H: 5.98; %N: 13.85. Found %C: 68.91; %H: 5.73; %N: 13.73.

3a)  (4-tert-Butyl-phenvl)-isoquinolin-1-yl-amine

A 1 L, round bottom flask with a magnetic stirrer is charged with 100 mi_ of n-butanol
and 9.5 mL (110.2 mmol} of concentrated HCI. To this is added 2-chloroisoquinoiine



-48- 'H NWR (300 MHz) (CDCI3); 8 7.42 (m 2H), 8.26 (m 3H). 1b)
(4-tert-Butyl - phenyl)-(6-fluoro-isoquinolin-1-yi-am ne

1-Chl oro-6-fluoro-isoquinoline(l g, 6.13 mml) is dissolved in n-BuCH (20
m.) and 4-t-butyl-aniline(1.1 g, 6.74 mol). 4 N HC (1 nmL) in dioxane (I
m-) is added dropwi se. The resulting m xture is heated at 80C overni ght.
The m xture is rotary evaporated, and thgs_residues dissolved in ethyl
acetate, washed with saturated NaHCO3, brine and dried over MSO. The
solute is renoved and after concentration in vacuo, the organic |ayer is

further DHV5IJ1|§C§1bM ;ﬁ}rJol(%(éﬁd 96k rﬁ@b%r&ﬁlﬁ%%ﬂmn@@%éﬁ ﬁ@@f%@ﬁrﬂ%l Theé 3

acet at e/ hexane) solid "H
NVR (300 ngjur(a mted g #0° ggor(Bgmou:g;FDTheﬁ—titgaqqg is V. pprat gn yﬁguo ayadglAe (egultlggy
‘é 276&) HZ%%Jru |5|Q<tt.(rla s miketihwith peM@né.dthe festiiing Whit® 4olid9s Bitdrd off arfareh, i%'é(
S,
Ty 10) (idoniEseed el Peh PRI AT KoY AN S5 e
(4-tert - Buigdrbphey The bfgahlcusfepis e whd @bhdeniraldd)to aﬁmm@#&t-ﬂ&ylg)heﬁ g7 ol )

Lor 1 omad cEoauinT-rane Bt h e S Eksiobina 2D adzp doatMBoTvIz 1 BEEE) oo i n
Y ere o Rl BaES e s B0 1P 2580 vy 0ds L 9P0 o B 2R e

separ at ed, 2idly; it S (» 3H). Na2SO4 and concentrated in vacuo to afford a |ight
brovvn solid (2.75 g, 99%9. M+H = 375.2. "H NWR (300 MHz) (DVBO); S 1.29 (s,

736%@ 219800 Shime: 8- 85 Hz) , 817 (s, 1

1 d)
(2 4y|t )e”. 535 vl no? Qm ﬁqﬂétwﬁgsﬁ (ﬁ4g4b§gﬁ%ﬁe§{yr)%aa%tm 1dtarfing gd?pabom' an-

4-tent
but y1 - pherfin.3 meneitia mizsoMiy] oGt Tito Pyd codediingapebaihi Ao nm?m(agdem; (4-ten
Bi s(pi noco(ir@ﬁ@l;@ bbar %Lﬁ'; %eﬁi@tnm%tk@%n{m@{ ﬂmQﬂﬂorlﬁ@QQfo 32_98.] 687 Hrfdh9 Mol ) are

added. The solution is (_}Hsse via N2 for 10 m nu

[ (CHEHAR( (%#%BBVQ?ZF%@MGOE 3 JHEé%PCH%'Sr?@Q‘f’%‘Ht%?%SB@%@Eﬁmﬂeﬁmf&mﬁwghf

stirring. atreaction mixure is poured into 2 L of hexane with stirring. The solid is filtered, dried and

-

dissolved in dichloromethane. The solution is washed with 2 x 250 mL of saturated sodium
bicarbonate solution, followed by 1 x 250 mL of water. The organic solution is dried and
concentrated. The solid is mixed with hexane, filtered and dried, affording 19.8 g (82.3%) of
{(4-bromo-isogquinolin-1-yh)-(4-fert-butyl-phenyl)-amine as a off yellow solid. MS 355 M+ .
(100%).

"H NMR (DMSO); § 8.23 (s, 1H), 8.08 (d, 1H), 7.73 (t, 1H), 7.56 (m, 3H), 7.38 (d, 2H),
C 7.07 (bs, 1H), 1.33 (s, 9H).

3c)  {4-boronoic acid-isoquinolin-1 -vl)—(4-tert—butylphen[) -amine

—

To a -74°C solution of (4-bromo-isoguinolin-1-yl)-(4-fert-butyl-phenyl)-amine (10.3 g,
29.0 mmol) in anhydrous THF (130 mL) is added dropwise n-Buli (2.5 M in hexane, '
30.0 mL, 75.0 mmoi) over 1 hour. Triisopropyl borate (8.0 mL, 34.7 mmol) is added
dropwise, and the mixture is stirred at -74°C for 4.5 hours. Upon warming to room
temperature, the reaction is quenched with 20 mL water via syringe. After concentrating to
an agueous mixture, the reaction is acidified with 1 N HCI (aqueous) to a pH of
approximately 1, to produce a white solid. The solid product is collected by ﬁliration and
dried (6.74 g, 73%).



(10 nL) is added to the m xture, followed by extraction with ether. The
ether layer is passed through a silica gel pad, followed by rotary
evaporation to a brown solid. MHH = 421.3. The solid is used, wthout
further purification, to prepare Exanple 1. -49- Exanple 2

[ 4- (2-Morpholin-4-yl-pyrimdin-4-yl)-isoquinolin-1-yl]-(3-trifluoronethyl oxy
-phenyl )- am ne To a sol ution of -54-

1-chl oro-4-(2-nmorpholin-4-yl-pyrimdin-4-yl)-isoquinoline (0.06 g, 1.84 x
10 M in n-butanol (30 m-) is added mtrifluoronethoxyaniline (0.10 g, 5.65
x 10-0 m) and 1gwﬂr(gms@i dg)OSIWBQ [@Hﬂﬁm(d Tiag sIvi2xH U, BS1h6@hbed), s®1100C

for 7 h d t Th t
concent r atodrhY SAGAdotRe). GPe GoPhSd RERThrsre: o S TR 45 ) | The

organic pf’{gﬁ.ﬂ)l s washed with a saturated solution of sodi um bicarbonate,

brine, dried Over nmagnesium sulfate and concentrat ed to a light orange oil.
The oil |s urifie fIs g torahy SR cs/ et hyI acetate). A
7 light yeldow{& L -GN ErORYRTAIY sqavipi-tylamine o " 105- 106C.

CHN I €. 61. ' 9 o .6
RIS oo e v e B R
2- Thi onet hyit-butybphdnyfeandns (Bea . dhmofol) e hwmbmatinMS(rﬁBemﬂiege gBecd@VIBED ) in

t 160, 1 - 0 - ' i
30% sodi url A SR B b5 T PRI EiISenls 1686 o0 08 riliclfld's FEAREGLRRM <€ @
sol uti on cblutien bi/NaiGs2k (12.5(mi4 B75 mmol) @readiedeinyt Nzns bliflm!ﬁmtbpmgblthta(siﬁﬁionL) is
added dro r gk yed t fol)

t enper at uﬁé\d %ﬁﬁm :{és\sr Sﬁe:}rgg‘gﬁp (513_ ﬁ?reﬂkméﬁ r%atear;?)?g—ur e |f cg%ca(l)ﬁ’r():@%lt? ond og'hal f
vol ume in tb@@@!mentwme@ engwaten {15 REHS addes pitkrimixiupHThe quml@hs @ﬁrﬂf@ﬁt rat ed

Ha . The Salkl €kl @G R Al wdshed w.th%stueéie@waél (lahﬁé’édsg 13 x990 1A dhbd By ! @

wat er and ' vacuo to give whi.te sol . MeHT =142, ' H NWR
(DMBO): 5 MIE @, filkered apg conceghated. anyrude prppuglgs p'ﬂ'ﬁ)ed by flggh calumgyy) |
chromatography (15-20% ethyl acetate in hexane) and re-crystallized from EtOAc/hexane to
give a pure green product (1.81 g, 4.66 mmol}) in 50% yield: m.p. 257.3-258.4°C. CHN
analysis calc. %C: 71.04, %H: 544, %N: 14.41, %Cl: 9.12. Found %C: 70.80, %H: 5.60,

%N: 14.35, %Cl: 8.99.

"H NMR (DMSO-05); 5 9.58 (s, 1H), 8.80 (d, 1H), 8.64 (d, 1H), 8.50 (d, 1H), 8.35 (s,
1H), 7.90 (d, TH), 7.82 (t, 1H), 7.76 (d, 2H), 7.71 (t, 1H), 7.39 (d, 2H), 1.31 (s, OH); MS
389.2, 387.3m/z (M+H, M-H).

Example 4
[4,7’1Biisoquinolinyl-1-yl-(4-terf-butyl-phenyl)-amine

A suspension of 1-chloro-[4,7biisoquinolinyl (5:0g, 17.2 mmol), 4-ferf-butylaniline
(4.0 mL, 1.5 eq.) and 4.0 M HCl/dioxane (6.45 mL/1.5 eq.) in EtOH (100 mL) is stired for
20 hours in a sealed tube at 80°C. The reaction mixiure is then cooled and concenirated to
give a yellow oil. The oit is taken up in EIOAc and neutralized with 3 N NaOH. The organic
phase is separated, dried (MgS0,) and concentrated lo give the crude material. The crude
product is purified by silica gel. Eluted with 9:1 hexane/EtOAc then 4:1 hexane/EtOAc.
Pure product is isolated as a yellow solid, 4.5 g (65 %); m.p. 217-219°C.



2b) 2-Morphoiin-4-v1-pyrimdin-4-ol To the 2-thionethyluracil (4.0 g, 0.0281
nol ) is added norpholine (3.05 g, 0.035 nol). The mxture is heated to 145C
for 2 hours then cooled to roomtenperature. The solid is crystallized from
et hanol. Wiite needles are collected (2.0 g). Second crop of «crystals form
approximately 0.50 g (49%9. MrH = 181. "H NWR (CDCI 3); S 12.1 (bs, 1H),
7.85 (d, 1H), 5:79 (d, 1H), 3.75 (m 8HL.55.50- 2c)

4- (4-brono-pyri mdin-2-yl)-norpholine A mxture of

2-nmor pholin-.4-yl-pyrimdin-4-ol (6.08 g, 33.6 mml) and phosphorus

oxybrom de (12. @HM#‘&)MSQ‘}IB@}QQMG (§%@1)'@3W§CHH9%676@ £y, ta%*fr(af JJHXBEQV(-];

hour. The reaction 1S cool ed concentrate

vol umre, an@Hh8Wodd. Bikes-Mde. 1"\)h692t(@saflﬂ |7r§8 (Fﬁ %Hhr?eﬁi &, 25t -3 {dz 8l Hidth a

sat ur at ed &0bM}; haef 2GR H)and then extracted with nethylene chioride.
The organi ¢ phase is washed W|th saturated NaC (aqueous), dried over -51-

anhydr pus SO4*' [ j EE con r]trated and dried. to an off white solid
(7.11 g, %}) o NVR (CDCI3); S 8.05 (d, 1H), 6.70 (d, 1H),
3.75 8 | i f .

4- br oﬁrg]i so::_]?Ji nd% F%’l‘ﬂt“(%‘ﬁp%@oam'g @rg%'s;?%ﬁﬁuh?o( I n ﬁwgzﬁﬂﬁé’%@:fn‘mam n) is
added m chizrepdriFdszovled &ci78°(.6A sélitign oDp-B60 (msm) in Nexened) {13ime, 26maida)ng ed

f 2.5 h h . . i id and
the m xtur SR orafred Sl b reiioh feriR B pan e FEE B ORE CORGR epofi”
NaOH, Dbri neixiseis kepestirdng atd78Uefor 38 odnules.sinbraldeed Thdersebwentt 8&°C) byed to
9252”5 afidfle gRaREIn & il THRAS W d O Bo PO ARE RIS B

The N{dxi dEhq sBitips lsgstzr@edelmmntw)at 1%8°Gi bepharted i repmndepperiveg BOtesridvingand
cool ed i n @B chéfg b de(Bbﬁspmr ¥, ?W':&&dd@@ f&ll%@em:} tﬁf@ogﬂfeé@%n%mm € and

then the mxure I's war oom t enper at ur &é_and he ux for
1.5 hours. 3%60%"9&"07763(“9&3&@ Bﬁe@o ?6“'"6?5?)!“ K0gnk FHBmTf‘Eﬁ?iSP'%ﬂ mpdurg icheated hen

pour ed ovep goeEior BOMIANLE BHE isthih Bbehfate@UTRétdsdliflg bibis dissolved in
dichloromethane and washed with saturated NaHCO,. Organic phase Is separated, dried
(MgS0,) and concentrated to give a yellow solid. The solid is collected by filtration, washed
with ether then hexane and dried under vacuum. 5.68 g (94%) yellow solid is obtained.
m.p. 169.0-169.6°C.

'H NMR (400 MHz, DMSO-ds) d 9.44 (s, 1H); 8.61 (d, 1H, J=5.6 Hz); 8.45-8.43 (m,
1H); 8.40 (s, 1H); 8.34 (s, 1H); 8.18 (d, 1H, J=8.1 Hz); 7.97-7.90 (m, 5H) ppm. API-MS,
m/z 291.14 ([M+H]’, calcd. 291.06). .

T C Example &
2-{4-[1-(4-tert-Butyl-phenylamino)-isoquinolin-4-yll-pyrimidin-2-ylamino}-ethanol

(4-tert-Butyl-phenyl)-[4-(2-chloropyrimidin-4-yl}-isoquinolin-1-yl]-amine 9 (see
Compound 3d) (20 mg, 0.0515 mmol) and 2-hydroxylethytarine (50 mg) are dissolved in
n-butanol and heated to 80°C in a sealed tube for 16 hours. Ten (10) mL DCM is added and
the solution is washed with NH,Cl {10 mL), water and brine. Organic chromatography (SiO,,
10-60% EtOAc-hexanes gradient elution)} provides product (21 mg, 99%).

, "H NMR (300 MHz, CD,ODY); § 8.31 (d, J=9.0 Hz, 1H), 8.21 (d, J=6.0 Hz, 1H), 7.98
(s, 1H), 7.62 {t, J=6.0 Hz, 1H), 7.53 (t, J=6.0 Hz, 1H), 7.45 (d, J=9.0 Hz, 2H), 7.31 (d,
J=0.0 Hz, 2H), 6.77 (d, J=6.0 Hz, 1H), 3.64 (t, J=6.0 Hz, 1H), 3.47 (t, J=6.0 Hz, 1H), 1.24 (s,



pH 7-8 with NaHCO3 and then extracted with chloroform The organic phase is
washed with brine, dried over sodiumsulfate and the solvent is renoved.
The residue is purified by flash chromatography (Si O /5% et hyl
acet at e/ hexanes). Collected 12.22 g (72% . MrH1 = 389. 'H NWR, 58:50 (s,
1H), 8.40 (d, 1H), 8.20 (d, 1H), 7.92 (t, 1H), 7. 79 (t, 1H). 2e) 4-Boronic
acid- 1-chloro-isoguinoline To a -74C S(ﬂﬁu‘tl on of
4-brono-1| -chl oro-isoquinoline (1.25 g, 5.2 rrm)l) i n anhydrous THE (30 L)
i s added dropwi se n-Buti
it es. PHo) UBHRUBS MEHAE2TT AP SRR oT 416t BFbGnibcaoveing ¢ he
M xture | Shost ddidrfel hdierftB-doak MECRAUIS U0 RBleRtor Giné OO hALRET at ure,
the reaction 1 s quenc nL wat er via syringe. After concentrating
to an aqueous m xture, the reactlon is acidified with 1 N 1-1Cl (aqueous)
to a. pH @‘xa%gxi mately 1, which produced a white solid. The solid
product iS colTected by filtration and dried (760 ng,. 71%9. M+rH = 207.9. 'H
yl\/go( E)NBO(dﬁéﬂ-Bﬁn&pmnywqaiﬂ)azm& 53 1{bquiddlin-Byd-antise i H), 8.31 (d, 1H),

t
1 Gl or o- a- (2. ABHIRBH 1521 1557 Mol s o 2 soba sbfsfsbuty-anitne (116 g,

4-(4-.Br omswﬂbmrdrmnﬂwrmmma pbalbd nﬁ:e(a'»‘zd7staged 26rodmmteniperaheredoBSBampues2C)
and 4 bor.oni - I 504 are di.ssol ved
60 it ER e Sl T RIS et 1o TR e PR iRy
seal ed t uliheatedsiol 80 C dor-dofoulda ZDER it i Guénahed5vth8vatero| Theiraa@dnmbixwed ier i s
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pr oduct ( 30k d30"3$%d is groypd QVW@S‘?@]@F%@PW@C‘ fYigld fis &% uithe eradyebis ogr aphy

sili ca gelcharggtg;,}_ |\/|¥INMQ e 4090 et hyl acetate in hexane, mp. 180.5-180.6C.
M+H 327. CDCl 3) 88.48 (t, 2H) 8 43. (s, 1H) 8 36 (d, 1H) 7.77

2 6. 83 I %
g? 48H)%_| 4 63H W@WQMSQSSOQ@Q Wi’ (s, 1H) (§.35 (sH)1H) 33 ki ve 6 (@

J=8.4771 Hz, 1H), 8.28 (s, 1H), 8. 18-8.13 {m, 2H), 9.05 ( 5,1H), 7.82-7.18 (m, 3H), 7.38 (s,
2H), 1.31 (s, 9H); m.p. 213-214.5°C. API-MS m/z 405.15([M+H]", calcd. 405.20).

6a) 6-lodoguinazoline

' To a solution of quinazoline (2.1 g, 16.13 mmol} in concentrated HoSQ,4 (16 mL) is
added NIIS (5.4 g, 24 mmol) at 0°C. The reaction mixture is stirred for 10 minutes then
warmed up to room temperature and stirred for 15 hours. Further NIS (2.0 g. 8.9 mmol) is
added and the mixture is stired for another 5 hours. The reaction mixture is poured onto
crushed ice (80 g) and stirred for 1 hour. The solution.is filtered, the pH is adjusted to 7 with
concentrated aqueous NH; and stirred for another 1 hour at G°C after which it is filtered and
waéhed with ice-cold water. The solid is air dried and yields 3.4 g (87%) of the desired
product.

"H NMR (400 MHz, DMSO); 8 9.57 (s, 1H), 9.43 (s, 1H), 8.65 (s, 1H), 8.29 (d,
J=8.0 Hz, TH), 7.81 (d, J=8.0 Hz, 1H), MS ES| mv/z 256 M+H", CH,IN,.

6b)  6-(1-Chloro-isoquinolin-4-yl)-quinazoline

A solution of 4-bromo-1-chloro-isoquincline (see Compound 2d) {4.74 g, 19.52 mmol)
in 300 mL THF is cooled to -72°C. A solution of n-Buli (2.5 M in hexanes) (9.37 mL,



10. 85. Found: % 62.32, %1t 4.58, 9%\ 16.99, %l : 10.81. The solid is used
to prepare Exanple 2. Exanple 3
(4-tert-Butyl-phenyl)-{4-[2-(4-trifluoronethyl-piperidin-1-yl)-pyrimdin-4-y
| ]-1soquinolin- 1-yl}-amne To a solution of

(4-tert-butyl phenyl)-[4-(2-chloropyrimdin-4-yl)-isoquinolin-1-yl]am ne
(0.07 g, 1.80 x 104 m in n-butanol (30 gk) i s added

4-trifluoronethyl pi perdine (0.07 g, 4.57°%10-4 m) and triethylamne (0.50
m.). The m xture is heated to 1OOCfor 16 hours and then allowed to cool to
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(4-tert-butyl -phenyl)- isoquinolin-1-yl-anmne as a whitish solid weighing 20

g ( 78.99) . M5 ZANMRABMIA,COIMHZ)H NKR(S, DMRQ40 G, 8H))8.468.44.6n, 11)H) §48¢,(d,
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Example 7
[4,7']Biisoquinolinyl-1-yl-(2-fert-butyl-pyrimidin-5-yl)-amine
NaH (60% in oil} (0.60 g, 15.2 mmol} is added to a solution of 5-amina-2-tert-
butylpyrimidine (1.14 g, 7.6 mmol) in 75 mL of THF in a sealed tube and stirred at room
temperature for 30 minutes. 1-Chloro-[4,7Ibiisoquinolinyl (see Compound 4a) (2.0 g,
6.9 mmol} Is then added in a single portion. The reaction is heated at 110°C for 18 hours
C whereupon it was cooled, quenched with water and the volatiles removed in vacuo. The
" residue is dissolved into DCM and washed with water followed by brine. The organic phase
is dried over sodium sulfate and the volatiles removed.in vacuo. The residue is purified by
silica gel chromatography (25-50% EtOAc in hexanes) to give 1.53 g (55%) pale yellow
sofid; m.p. 231.1-232.0°C.

TH NMR (300 MHz, CDCl); § 9.34 (s, 1H); 9.19 (s, 2H); 8.60 (d, 1H, J= 5.7 Hz);
8.09-8.13 (m, 3H); 7.98 (d, 1H, J=8.3 Hz); 7.83-7.91 (m, 2H); 7.77 (d, 1H, J=5.7 Hz);
7.68-7.71 (m, 2H); 7.15 (s, 1H); 1.48 (s, 9H) ppm. API-MS, m/z 406.15 ([M+H]",
calcd. 406.19).

Example 8



67.7 mmol) is mxed with 100 nL of THF and cooled in an ice bath. To this is
added, dropw se over 2 hours, phenyltrimnmethylamoniumtribromde (25.12 g,
66.47 mol) dissolved in 200 nL of THF. The reaction is allowed to rise to
roomtenperature overnight. The reaction mxture is poured into 2 L of
hexane with stirring. The solid is filtered, dried and dissolved in

di chl oronet hane. The solution is washed58-th 2 x 250 nL of saturated sodi um
bi carbonat e sol-ution, followed by I x 250 nL of water. The organic sol ution
is dried and concentrated. The solid is mxed with hexane, filtered and

dri ed, - af fid:tat-Bytyl-2:fBrogo-ph2ng4-(F-morpholin-4-yl-pyrimidin-4-yl}-isoquinolin-1-y}}-

(4- br ono- iageogii nol i n-1-yl)-(4-tert-butyl - phenyl) am ne as a off yeIIow
solid. M5 355 Mt 100% . "H NWR (DVBO) ; H, 8.08 (d, 1 H),
7.73 (t, 1 H),A7ersBulyhe-lapp-phendaming is Qq"ap'ed *911 9*1'@?-"( (Fsmomphplin-4yB3 (s, 9H).
3c) (4-Dboy p?ﬁ%ﬁ-@?lb %oh&ﬁ&ﬁie%' degcribewha. EQé‘mbl@rﬁ -Aritis PheEs)soapiing, T, - 74C
solution o % bromo-i'soqui nolin-1-yl)-(4-tert-butyl-phenyl)-amne (10.3 g,
29.0 nmol ¥5BAZanhydrous THF (130 n-) is added dropwi se n-BuLi (2.5 Min
hexane, 30.0 nL, 75.0 nmol) over 1 hour. Triisopropyl borate (8.0 nL, 34.7

mml) is addediy ﬂ:wwoewH@erétmgﬁmunﬁmﬁ? 54 Hz), @chze(fm chéib,@s 41—;}3 hours.
Upon warmng to ro erature, the re ﬁbﬁnkﬁ?% hed wit nL wat er
via syrin (%T‘éﬂtbﬁééﬁﬂaﬁ%% 7.6 (Mi80 (4648 kY r’e‘3PP1é'ZP Ja%ﬂ“br?"i)vs
acidified sva4tb H,N HEb7 (g weeuign, 4D, Rsmi 44, J apgrex)redxisyot). to produce a
white solid. The solid product is collected by filtration and dried (6.74

739 ' d6): S 11, 8.95 (d, 1H), 8.72 (d, 1
8 61 (/Qbroa?a‘%) @%@Mﬁ?—@@%@%—ﬁ), 76 (s (1 H)H)7.62 (d,( 2H),H)
7.50 (d, 2H), 1.36 (s, 9H): M5 321.3 m z (M+H).

(4-tert-Butyl - sehyid oﬂM-(%zert:htlltﬂrpipwii-ma!amm-(WD msbwnwibd!r(mi chivmprathyhe

§C|4dD: ggg&r fﬁ’gﬁ%[ﬁ' ab%%mh%y élégagz Z]é&a'?f?ma (?ee%@ﬁ%rgﬁc])rﬁee?%g, ! mB'IOQ.}I'I nmol ) are
conbi ned |aﬁemlfﬂtrﬁﬁ_(1@tnﬂl5bl'%w@u§¢we afrpospaefedpg ¢ohs ceadion mdeﬂmﬂd
PACI 2( PPh3)2rictemhoiall il $achb. the @siBte LA 1312049 YR Washed with H,O
(10 mL), sat. NaHSO, (10 mL), brine (10 mL) and dried over Na.50,. Drying agentis filtered
and the volatiles removed /n vacuo. The residue is purified by silica gel chromatography (5%
EtOAc in Hexanes} to yield 70 mg of N-(4-fert-butyl-2-fluoro-phenyi}-acetamide as a white
crysialline material; mp 163.5 - 164.7 °C.

H NMR (300 MHz, CDCl5) § $.02 ¢, 1H, J = 8.02 Hz), 7.46 (br s, 1H), 7.05 — 6.97 (m,
2H), 2.12 (s, 3H), 1.20 (s, SH).

8b)  4-ferf-Butyl-2-fluoro-phenylamine

N-(4-fert-Butyl-2-fluoro-phenyl)-acetamide (70-mg, 0.33 mmol) is dissolved in EtOH
(2 mbL) with 1N HCI (10 mil, 0.01 mmol) and heated to reflux for 72 hr. The reaction is cooled
to rt and the volatiles removed in vacuo. The remaining aqueous solution is washed 1 x 5
ml Et,0, made basic with sat. NaHCOQj3, and extracted 3 x 5mL CH;Cl,. Organic extracts
are combined and dried aver Na,S0,. Volatiles are removed to yield 30 mg (54%) product
A-tert-Butyl-2-fluoro-phenylamine as a straw colored oil.

H NMR (300 MHz, coc:a)a'mo (m, 1H), 6.94 (m, 1H), 6.71 (m, 1H), 3.59 (br s, 2H),
1.26 (s, 9H).



solution of Na2CO3 (12.5 nL, 37.5 nmmol) are added and N2 is bubbl ed through
the solution for 5 mnutes. The reaction mxture is then heated to 85-90C
for 2.5 hours. Upon cooling, the solvent is renoved and water (15 m-) is
added to the m xture. The product is extracted wth CH2ClI2 (3 x 200 ni-)
washed with saturated NaC (aqueous), (3 x 200 nL) dried over MSHA,
filtered and concentrated. The crude préd8uct is purified by flash col um
chromat ography (15-20% et hyl acetate in hexane) and re-crystallized from

Et OAc/ hexane to give a pure green product (1.81 g, 4.66 mmol) in 50%yield:
mp. 257. 2808 CHN analysis calc. %C 71.04, %t 5.44, 9N 14.41, 9d :
9.12. Found %C. 70.80, %1 5.60, 9%\ 14.35, % : 8.99. 'H NWR (DVSO-d6); 8
9.58 (s, l{dterBRP md;drﬂ-lﬂ)yl) ﬂr@%()tbhohhl)4.-yl€h)f5ﬂn(id1—4-§tl)4)lsocﬁnﬁﬁht{-%yl] abhthe 7. 90
(d, 1H), 7.82 (t, 1H), 7.76 (d , 7.71 (t, 1H), 7.39 (d, 2H), 1.31 (s,
9H); M5 389. 25- tB:&BuBﬁbymc(MﬂylianMé—l)s cobpladnx bcldlo{oélé}—VZ-]noﬁhhoquw pirhidiyika-|

-yl - (4 ter but hen ensi

1-chl or o- [Yj Sﬂqﬂ%ogr%qal? (%;es?:nt%rq ’R%AB@%SQ@ mf‘o’ﬁ})ZMl 44é¥M+I-HUt(\V?'ngn4‘f1 %33 (4.0
m, 1.5 eq.) and 4.0 MHCI/dloxane (6.45 mMi.5 eq.) in EtOH (100 m-) is
stirred for 20HNMR 600Midz, SHATI9d 8.1, L, JEOLH4 e 8158 dt 1Hin/ A7 0t iz, 8.43 t hen

cool ed an en ls@w; Qigl Et CAc
and neutrgﬁll zég 4%%?%%%éa%mﬁ%g®géﬁi% N a?eﬁglﬁsa)saebi &a?g"g 3302 @)’
(MgS04) afdd2dbritlederatteldz) 6.68i(v éH: e Sctudm, ?rﬁ@éd.ﬂ&l J‘W Hendes (pridguct is
purified I s ne/ Et OAc then 4:1 hexane/ Et OAc.
Pur e prod?éstﬁpsii??olg?ggég ﬂ%wpé% gﬁﬁ4 59 (65 %; mp. 217-219C
-55- '} I\/R(DI\/ISOd6)59.40(s, 1H, 931(5 1 H, 8.67 (d, 1H) 8. 57

1{H), 8.24 (s, 1H) 8.09 (d, 1H), 8.04 (s, 1H, 7.92 (m 2H), 7.80 (m
2H), 7773 (m d, .2 1.31. . - 5 404.21mz (MtH). 4a)
1-Ch|oro-f3,7]' SEF o ] D- | - chl or ol soqui noti ne
(see Exanmple 2d) (5.0 g, 20.7 mmol) in 150 m. THE is cooled to -78C. A
sol uti on of n- BshbiutigriofoN'NGitert-Betybpyesln-$-4b-hydrazi@ebisnatoxylicsacid tert-butyl ester

(Tet. Lett. 2000, 41, 3025 — 3028) (2.45 g, 6.7 mmol) in isopropanol (100 mL) and 4.0M
HCl/dioxane (16.7 mL, 67 mmol} is heated to reflux for 18 hours, then cooled and triturated

Qe

with ether (200 mL). The precipitated product is filtered, washed with 25 mL anhydrous
ether and dried to yield 1.2 g (88%) of the title compound as a pale yellow solid; mp 210.1 -
212.6 °C. API-MS, m/z 166.18 ([M+H]", calcd. 166.13).

"H NMR (400 MHz, DMSO-dk) & 8.45 (d, 1H, J = 2.53 Hz), 8.08 (dd, 1H, J = 9.10,
253 Hz), 7.93 (d, 1H, /= 9.1 Hz), 1.44 (s, OH).

—(— 9b)  6-tert-Buiyl-pyridin-3-ylamine

Zinc dust (3.13 g, 48 mmol} is added in a single portion to a solution of N'-(6-fert-
butyl-pyridin-3-yl)-hydrazinium hydrochloride (1.2 g, 6.0 mmol} in methanol (30 mL.) and 4M
HCl/dioxane (12 mL, 48 mmol) and the solution stirred at rt for two days until the starting

a material hydrazine is consumed. Volatiles are removed via rotovap and the residue freated
© with 40 mL 28% aqueous armmonia. The product is then extracied inf¢ ether (3 x 30 mL),
> shaken with brine, dried over Mg,SO. and filtered. Volatiles are removed to yield 0,802 g
(89%) product as an orange solid; mp 61.5-62.7 °C. API-MS, m/z 151.16 ([M+H)", calcd.
151.11).



added dropwi se and the reaction tenperature is maintained at -78C -68C. The
reaction mxture is kept stirring at -78C for 30 mnutes. ZnBr2 (dried
under vacuumat 80C) (6.5 g, 24.9 mmmol) is dissolved in 50 nL THE and is
transferred to above m xture slowy at -78C. The solution is stirred 40
mnutes at -78C, then warmed to roomtenperature by renoving the cooling
bath. Pd(PPh3)4 (2.4 g, 2.1 nmmol is add%$ fol | owed by
trifluoromethanesuffonic acid |squ|noI|n 7-yl ester' (5.7 g, 20.7 mmol) in
50 nL THF. The reaction mxture is heated to 60C for 30 mnutes and is then

concentrated. The.n {ol Ahh o | Sl ved i C { han 1] ed’
Wi th saturated Woyg%n%élﬂhigs'@ qaéﬂ_s’e‘gar aétlel-?ii) ?I??&quﬁ p/gs%&?rﬁh‘g?ﬁﬁ
concent r af{déd] 1Hy Jgi 848, 2.88aH )0 W56 ¢, i2H), ThR(ss8H).d i s col | ect ed by filtration,
washed w th ether then hexane and dried under vacuum 5.68 g (94% vyellow
solid is obtained. MP. 169.0-169.6C. 'H NVR (400 MHz, DVM5O-d6) d 9.44 (s,
1H); 8.61 (d, 1H, J=5.6 Hz); 8.45-8.43 (m | H); 8.40 (s, | H; 8.34 (s,
1H); 8. 18,gxgm§,_!,41m J=8.1 Hz); 7.97-7.90 (m 5H) ppm API-M5 niz 291.14
([M+H ", calrc 1.06). C Exanple 5

ﬁaﬁlgl [1- (4[4t7 ]%Elsgg}l%ollﬁ)rf]en%—(gr}]exq?)utI §pc))r9"é'inng-yll) n)él | -pyrim din-2-ylam no}-et
(4-tert-Butyl-phenyl)-[4-(2-.chloropyrimdin-4-yl)-isoquinolin-l-yl]-amne 9
(see Conpound 3d) (20 ng, 0.0515 mmol) and 2-hydroxyl et hyl am ne (50 ng} are

(10) . Dow i s CHBHERDERy A IR i bR 6 TGS Fibis bl o Ber G o/
and bri nein Exayaple @. ARi-bitarography (VSHIR calcd.GLOSEW.Et OAc- hexanes gradl ent
el ution) provides product (21 ng, 99%. tH NWVR (300 MHz, CDBOD) 5 8.31 (d,

. 758 (1, ARz tilse B g Gl S s, fpf=Beestatada D ¢
677 (d, (Qh04865 1) B 1:3 (071 500 & 1005 OhitH. 3 BE%7 58 6, BUNEISIAH)

1.24 (s, +4p6y=YBs5 HeRWB7ER! 217, 24440241 [ £ M @% ONS requires 414.2294).
HPLC, ¢t 8 reverse ?ase%@o ﬂjrm gradl ‘ent 1'65 90% Me H20 W - 250 nM

retention tine 9.41 m nutes. Exarrple6

Example 11
[4,7'IBiiscoquinolinyl-1-yl-(5-isopropenyl-pyridin-2-ylj-amine
5-Isopropenyl-pyridin-2-ylamine is reacted with 1-chloro-[4,7]biisoquinolinyl as

described in example 7.

11a)  2~(6-Fluoro-pyridin-3-yl}-propan-2-ol

A solution of 5-bromao-2-flucro-pyridine (5.0 g, 28.4 mmol) in ether (300 mL} is cooled .
{o -78 °C and a solution of 2.5M n-Buli in hexanes (11.9 ml., 29.8 mmol) is added dropwise
with stiming. The reaction is stirred for a further 15 minutes whereupon acetone (10.4 mL,
142 mmot) is added dropwise . Reaction is warmed to it and quenched with sat. NH,CI (5
ml). The reacfion is washed with sat. NH,CI (50 mL}), H,O (50 mL}, brine (50 ml.) and dried
over Mg;SO,.. Drying agent is filtered and the volatiles removed in vacuo to yield 4.1 g
(93%) product 2-(6-fluoro-pyridin-3-yl}-propan-2-ol as a clear oil.

H NMR (300 MHz, CDCly) 5 8.32 (d, 1H, J = 2.26), 7.93 (m, 1H), 6.89 (dd, 1H, J =
8.85, 2.83), 1.26 (s, 6H).



(4-tent-Butyl -phenyl)-(4-qu inazoli n-6-yi-isoquinolin-1-yl)-am ne NaH (60%
(0.62 g, 15.52 mmol) is added to a solution of 4-tert-butyl-aniline (1.16 g,
7.76 mmol) in 75 nL of THE in a sealed tube and stirred at roomtenperature
for 30 m nutes. 6-(1-Chloro-isoquinolin-4-yl)-quinazoline (1;5 g, 5.18
mmol) is added. The reaction mxture is heated to 80C for 4 hours. Then it
is quenched with water. The reaction mx8ure is extracted with DCM. The
conbi ned organi c phase is dried over sodiumsulfate and concentrated. The"
residue is re-crystalized with DCM and Et OAc to give 0.8 g yellow solid.
The not-her liquor is further purified chromatography (25-50% EA/H) to give
0.5 g yellow solid. Both solid is proved by NMR to be desired product.

Yieldis 6?%3 Til?lueroostsg% rdp2nyl ﬁ@.ﬁ@terlzed by NVR M5, mp: 'H NVR (DVBO
500 Miz); 8 H, 9.32 (s, 1H), 866(d J=8.4771 He,

197520 (5. UL B R T B ol s oot st 7

405. 20) . 6ApndyHREO@UGZIT iiteoi)lia taudel (500 mih) Bfreﬁ].uaeﬂ&ztbla Deeant Rtadk tepp el 4.3

mmol) in cong ent r at d 24 ol C.
The reactl‘éﬂ’?l Rser HP@%’{ESPF‘B}%&"}%%%NBW% oq’g\# ﬁ'eﬁ fReds fis CB&FSS'H‘?
tenperatu r@draatdd stithrsak marmo315 xB6umtsy. VBlatiehere nHved .lc&)yrgfd 7830 (89d)product
added and %h ! &H A, stirred for another 5 hours. The reaction m xture

i s poured It B VT U 38 ice (80 g) and stirred for 1 hour. The solution-is
filtered, the pHis adj usted to 7 with concentrated aqueous NH3 and stirred
for another 1 HHMMEKSW&M EPClahd BAI (4 1HsJFi2153é,réa7'ém.d1H)v@§hé:w WH; =

eSO R S 05 8.0 (1 e o

8. 29 J=8.0 Hz, 1 H), 781(d J=8.0 Hz, 1H),IVBESIn12256IVHH',
C6H31N4 6b) 6-0 - ChI or o-i soqui nol i n-4-yl )-qui nazol i ne A sol ution of

4- br ono- | -ﬁh}}org)rsjj i ddie.24 ndompound 2d) (4.74 g, 19.52 mmol) in 300
mL THE is cool éd to - : solution of n-BuLi (2.5 Min hexanes) (9.37 ni,
- 57

A solution of 2-fluoro-5-isopropenyl-pyridine (6.3 g, 45.9 mmol) in dioxane (30 mL)
and conc. ammonium hydroxide (178 mL, 1.37 mol} is healed in a glass bomb at 150 °C for
48 hr. The reaction is then cooled and extracted with EtzO (3 x 100 mL). Exiracts are
combined, washed with brine (100 mL), dried over Mg.SO,, and filtered. Volatiles are
removed and the residue is purified by silica gel chromatography (50% EtOAc in Hexanes).
Product containing fractions are combined and volatiles are removed in vacuo to yield 3.6 g
{58%) product as a colorless oil. API-MS, m/z 135.14 ((M+H]", calcd. 135.08).

'H NMR (300 MHz, CDCl) § 8.19 (d, 1H, J = 1.88), 7.58 (dd, 1H, J = 8.67, 2.26), 6.47
(d, 1H, J = 8.67), 5.25 (s, 1H), 4.46 (br s, 2H), 2.10 (s, 3H).



23.42 mol ) is added dropwi se and the reaction tenperature naintai ned at
-70C -68C for 30 mnutes. ZnBr2 (4.84 ng, 21.47 mol) is dissolved in 50
m. THE and is transferred to above mxture slowy at -70C. The solution is
stirred 20 mnutes at -70C, then warned to roomtenperature. Pd(PPh3)4
(2.25 g, 1.95 nmmol ) and 6-1 odoqui nazoline (5 g, 19.52 mmol) in 4 nL THE are
added to the reaction m xture dropw se |é12tthe order. Then the reaction

m xture is heated to 60C for 30 m nutes, then kept at roomtenperature
overni ght.. The reaction mxture is quenched with NHACl and extracted with

et hyl aceﬁte. !%Sg'te solid (4.0 g) is collected by filtration. The organic
sol ution i with saturat ed NHAClI, then brine and dried over sodium

sul fate. -[Jil’zgﬁ'%ﬁddﬂ&"{ g}h{geﬁf I){mﬁﬁ bihmesol t d comes out  from

sol ution. i's col’l tration, vvashed with ether and dried
under vacuum I I 9 NVR (DVMSO, 400
MHZ) | 89. 73 (s 5]1i§§r %52%61?2)?&9%5% I%%gledWlfﬁ ré’adt&i b%l?h@,éh!orcgz (s 1f. 8 40
(s, 1 H, [87Hispguindiny!, aS7de§€ﬂbpd9nemm9H)7 API-I\/B mz 292.02([ M+H ', cal cd.
292.06). Example 7 [4,r] Biisoquinolinyl-I
-yl-(2-tert-butyl-pyrimdin-5-yl)-amne NaH (60%in oil) (0.60 g, 15.2 mmmol)
is added to a solution of 5-amno-2-tert- butylpyrimdine (1.14 g, 7.6 mol)
in 75 nL dRarHSlepprepdpdR-Zaming g stirred at room tenperature for 30

m nutes. 1-Chloro-[4, 71biisoquinolinyl (see Conpound 4a) (2.0 g, 6.9 mmol)
is then added im® s@iumbngf mqmprdpbnw- yiitia-2-garoine ¢h 2igs 8leaamel) irméthadd) o aL) i3 8

hours wher ched with wa nd the vol atil es
renoved i ﬁ'ds‘a@ﬁ@o 12@/3 ?g@o ’ﬂlﬁﬂ"F E'QOSP%BESPH{SO&WQQ(EO%@S § &ith water
fol | owed Iydiogenetmddpberer(dammrfophdbe Thessea:hhoved ib&«eﬁltwﬂﬂihmnghwleﬁtaiaedamd t he

lati | d
chr omat og MRS (9B GEHE HEtAL O o FYBR LS Ricshift ds3e Gilebs L, A o2 S?f?ya | ow
sol i d; m gVE] cca3TOM).  H NVR (300 M—Iz CDCI3): 6 9.34 (s, 1 H; 9.19 (s,
2H); 8.60 (d, 1 H J =5.7 H); 8.09-8.13 (m 3H); 7.98 (d, 1 H, J=8.3 Hz):
7.83-7.91 3 7 7 2, ,
e 1 48 Eg” ﬁgnmﬁg lgﬁ I\ém'flﬁ)la] g%(?dlgﬁ% =2 Si,?f.iz @b, 90 g 28s, Jadp el
(@, 1H, J = 7.01); 4.27 (br s, 2H); 4.46 (br s, 2H); 2.81 (m, 1H); 1.21 (d, 6H, J = 6.78).

Example 13
4~(2-Morpholin-4-yl-pyrimidin-4-yl}-isoquinolin-1-ylamine

A bomb is charged with 1-chloro-4-(2-morpholin-4-yl-pyrimidin-4-yt}-isoguinoline (658
mg, 2.0 mmol), conc. NH,OH (10 mL} and dioxane (10 mL). The bomb is sealed and heated
to 120°C for 24 hours. When cool, the reaction mixture is reduced in volume and mixed with
water, filtered and the solid dried under high vacuum. Yield 541 mg (88%); mp 254.8-
255.8°C.

*C NMR (100 MHz, CDCl;) § 165.31, 161.62, 168.97, 158.42, 144.74, 134.53,
130.79, 125.94, 124.66, 124.59, 118.80, 116.79, 109.86, 66.37, 44.36.



cal cd. 406.19). Exanple 8 -58- (4-tent-Butyl
2-fluoro-phenyl)-[4-(2-nmorphotin-4-yi-pyrimdin-4-yl)-isoquinolin-1-yi]-
am ne 4-tert-Butyl-2-fluoro-phenylamne is coupled to

1-chl oro-4-(2-norpholin-4-yl- pyrimdin-4-yl)-isoquinolin as described in
Exanple 2. API-M5, mz 458.50 ([MtH]', calcd. 458.22). '"H NWR (300 Mz,
CDClI3) 8 8.51 (d, 1H, J = 7.54 Hz), 8.426¢m 2H), 8.36 (s, 1 H, 8.02 (d, 1
H J=7.91 H), 7770 (m 1 H),"7.63 (m 1 H, 7.46 (d, 1 H J = 3.01 Hz),
7.21 (m 2H), 6.84 (d, 1 H J =5.27 Hz), 3.89 (m 4H), 3.80 (t, 4H, J =
4.71 Hz) JExanfie149H). _  8a) N-(4-tent-Butyl-2-fluoro-phenyl)-acetan de A
solution of N-(4-tert-butyl-phenyl)-acetamde (191 ng, 1 mml) and

1- chl or onst-Mgthoxg-K-[4+-motgholindd-ztpyiimisiivyelibisaginefivcl-wihrbenzamide

bi s-(tei r6fl uoroborate)- (355- ng, 1 nmmol) in acetonitrile (10 nL) is

refl uxed under Ansditicatofdspiderphdliord-gignrinRadtyildprguindiindhdamian @nd dehethyll es

d i . J : ] e . d with

roved | hndBRi CRELLETTHEohS, S hAONE RO 20 it

Dryi ng agehtorids (46 Lit,&r3ad mmnkl ist drkicd alrepiwise sThewadten mintwaswowdtht waeiidue i s
ified by silj I % ' jeld 70

b N (-t db ot G S8ty GRAE) 0 EPRK Y RS0l BHRBRY) pilidinle 7O

mat eri al ; pupfiddBy Bash cheamatogaphyH SR ¢80 CHvEEz to ZPICEEYAECB 02 Yigld 14.6Mg J =

8.02 Hr) Y 16. 97 2H), 2.12 (s, 3H), 1.20 (s,
9H) . Bbg 47?39’1)%?/%1251?/':_%0‘?4?@%}1 am n(em g (s, 3H) (s

N-(4-tert-Butyl-2-fluoro-phenyl)-acetamde (70-ng, 0.33 mmol) is dissol ved
in Et O ExampledSth IN HCl (10 ni, 0:01 nmol) and heated to reflux for 72
hr. Theé reaction is - cooled to it and the volatiles renoved in vacuo. The

remai NiNg @GeRaBstyspheryl)da-{#anovphbia-Alybqbnazolin®2)-isvagndinsi-gi]ahdike sat .
NaHCO3, and extracted 3 x 5nL CH2Cl 2. Organic extracts are conbined and

dried over Na2SQa. Jol8tLdhin Hafis RIS Hith  bbRnic 3t Modumibin- 112445k
butylphenyl)-amine (120.9 mg, 0.38 mmol,1.2eq), KCO; (128.7 mg, 0.93 mmol, 3eq), 6-
bromo-4-morpholin-4-yl-quinazoline (92.5 mg, 0.31 mmol, 1eq) and 4:1 DME:H;O (5 mL). N,
gas is bubbled through this mixture. PdCI(PPh3): (47.8 mg, 0.068 mmol, 0.22eq) is added
and the vial sealed. This is heated to 120°C for 30 min under microwave heating. The
residue is mixed with CHzCl; and washed with brine. The organics are dried over Na,SO,,
filtered and concentrated, The residue is purified by flash chromatography using EtOAc/
CH.Cl.. Yield 40.1 mg (26.4%) 490.4 M+1, 438 M-1,

C 3C NMR (75 MHz, CDCL,) § 163.58, 153.04, 151.60, 149.99, 145.16, 140.5, 136.23,
=\ 134.63, 134.17, 120.34, 127.5, 125.69, 124.92, 124,40, 124.07, 123.5, 121.0, 119.71, 17.18,
115.82, 65.72, 49.70, 49.26, 33.33, 30.41.

Example 16
4-tert-Butyl-phenyl)-[4-(2-methylamino-pyrimidin-4-yl)-isoquinolin-1-yl]-amine

A solution of (4-tert-Butyl-phenyl)-[4-(2-chloropyrimidin-4-yl}-isogquinolin-1-yi}-amine
x {20 mg, 0.0515 mmol}, MeNH,HCI (4.2 mg, 1.2 eq) and Et:N (10 mg) in n-butanol is heated
at 80 °C in a sealed tube for 16 h. The reaction mixiure is diluted with CH,Cl, (10 mL) and
' the solution is washed with NaHCO; (10 mL), H20 (10 mL) and brine (10 mL). The organic
layer is dried (Mg.SQOs) and concentrated to an oil. Chromatography (SiO,, 10 - 60% EtOAc-



4-tert-Butyl-2-fluoro-phenylamne as a straw colored oil. "H NVR (300 Mz,
ChCI3) 57.00(m 1 H, 6949 (m 1 H, 6.72 (m | H, 3.59 (br s; 2H, 1.26
(s, 9H). -59- Exanple 9 (6-tert-Butyl-pyridin-3-yl)-[4-(2-norpholin=4

yl -pyrimdin-4-yl)-isoquinolin-l-yl]-amne 6-terf-Butyl-pyridin-3-ylamne
is coupled to 1-chloro-4-(2-norpholin-4-yl-pyrimdin4- yl)-isoquinoline as
described in Example 2: API-MS, niz 441644 ([MtH', calcd. 441.23). 'H NWR
(300 MHz, CDCI3) S8.72 (d, IH J =2.64 Hz), 851 (d, 1 H J =7.91 Hz),
8.43 (d, I H J =4.90 Hz), 8.32 (s, 1 H, 824 (dd, 1 H J = 8.48, 2.83
Hz), 8. 03héa@nes giadieht sluBord Provided pratducR(2itmg, BHe). JHRME 8BS reiz 384 2183 (tH"', 1 H,

J = 6.97 Hp). 7 1H J=2867H), 7.28 (s, 1 H, 6.83(d, 1H J =
4.90 Hz), 'kgk“éef?é&% 1.40 (s, 9H). 9a§ (s 41 (

N -(6-tent- But1yl -pyridin-3-vl)-hydrazi ni um hydrochl ori de A sol ution of

N -(6-tent- Buty—INw?(@SdOM-& yjlj)aomdmam (lclebpﬁ:arhoid‘;l] |8c§32a(d|d =168 Hz,bIH)y B.28st er
(Tet. Lett 2000 3025 - 3028%3_& rﬁ?{")' (%1 in iso ropanol (160
m -) and , B, 43 Q‘Hr’ox%ﬂé‘zé 18764 & b7 6 F)1H)s7r?e’”a el =t%0 Fer itk 7 (m.g
hours, tli ¢Q;2;l & yanglotHz bHy,ad. sl (d, Wit B.oather)( 806 (plo) 1HY, eaP{egipsloated
product |s fiitered, washed with 25 niL anhydrous ether and dried to yield
1.2 g (88}3') 3¢ t(ﬁeg"l”)rtle corrpound as a pale yellowsolid; np 210.1 - 212.6
C API-M5, mz 166.18 ([ M+H ', cal cd. 166. 13). "H NWVR (400 MHz, DMSO d6) 6

8.45 (d, Exzhhglﬂzﬁ 2.53 Hz), 8. 08 (dd, 1 H J 9.10, 2.53 Hz), 7.93 (d, 1
H J =9.1Hz), 1.44 (s, 9H). 9b) 6-ter- Butyl pyridi n-3-ylam ne Zinc dust

3.13 g, A8 L) d i " ; 6-tert-
E)utyl gyr@dmm%u‘é'"?ﬁ%%ﬁggﬁr%n?(%bgg@ or Hﬂﬂz%ﬁééoﬁﬂléb'%ﬁ MIE{m F‘ﬁ Eret h:FloI
(30 nL) and 4M HG /di oxane (12 nL, 48 mml) and the solution stirred at rt
for two days uhspitienes 3eidhorangic apktispaunoinydy i led-iuliphenyiaeine (Vi @t i | es

are r emovueé em A (ﬂ‘%r@\?arﬁe SutthP-gyRRtihEe(16% 9, acb e(Wérila p%gpmr%;)?(ﬁ% ous

16
anmoni a. I’OU ﬂnextraote Into et en with

bri ne, drl?@‘ﬁ (69 &) I‘O&? §@tegl‘fﬁthf"fq29915 @d" SV i“?ﬂé’§ f%frb5 PetBe &dution iy |C@‘P*§d 0. 802

g to rt and the DME was removed in vacuo. The residue is treated with CH,Cl, and H,O. The
organic extracts are combined, dried (MgSO,) and concentrated to an oil. Chromatography
(Si0,, 40% EtOAc-hexane) provided (4-terf-butyl-phenyl)-[4-(2-methylsulfanyl-pyrirmidin-4-
yl)—isoqﬁinolin—‘l-yl]~ami'ne {600 mg, 65%) as light yellow solid. MS ESI m/z 368.20 (M+H).

"H NMR (300 MHz, CDCL,) 5 8.34 (d, J = 6.0 Hz, 1H), 8.38 (d, J = 9.0 Hz, 1H), 8.29
(d, J= 9.0 Hz, 1H), 8.08 (s, 1H), 7.69 (, J = 6.0 Hz, 1H), 7.61 (d, J = 9.0 Hz, 1H), 7.54'(d, J
= 6.0 Hz, 2H), 7.49 (d, J = 3.0 Hz, 1H), 7.38 (d, J = 6.0 Hz, 1H), 2.73 (bro, 3H), 1.32 (s, 9H).

Example 18
[4-(4-Benzyloxy-quinazolin-6-yl}-isoquinolin-1-yl]-(2-tert-butyl-pyrimidin-5-yi}-amine

NaH (18 mg, 0.66 mmol, 4 eq} is added to a solution of S5-amino-2-tert- -
butylpyrimidine ( 37 mg, 0.25 mmol, 1.5 eq) in THF (1 mL) and the resulting suspension is
stirred for 30 min. 4—Benzyloxy—6-(1-chloro—isoquinofin-4-yf)-quinazoline'(65 mg, 0.164
mmol, 1 eq) is added to this solution and heated to 80 °C for 4 h. CH,Cl, (5 mL) is added
and the solution is washed with H,O and brine. Chromategraphy (Si0;, 10 - 60% EiOAc-



(89% product as an orange solid; nmp 61.5 - 62.7 C. API-M5, nmlz 151.16
([MH ', calcd. 151.11). -60- "H NWR (300 MHz, CDCI3) 8 8.07 (d, 1 H, J=
2.64 Hz), 7.12 (d, 1H, J = 8.29 Hz), 6.94 (dd, 1 H J = 8.48, 2.83 Hz), 3.55
(s, 2H), 1.32 (s, 9H). Exanple 10 [4,7']Biisoquinolinyl-I
-yl-(6-tert-butyl-pyridin-3-yi)-amne 6-tert-Butyl-pyridin-3-ylamne is
coupled to 1-Chloro-[4,7']biisoquinolinyésas described in Exanple 7.

APl - M5, niz 405.17 ([MtH *, calcd. 405.20). '"H NWVR (300 MHz, CDCI3) 59. 32
(s, ]H, 8.80 (s, 1H, 8.59 (d, 1H, J = 5.65 Hz), 8.33 (d, 1 H J =5.63
Hz) 8 13' exanedradn08uije) plovides praibicy [d;(4-bepryloky-=auiaggln-6-gl) 8®qlimpli2Hyl}- 7. 75

7 i 7), 1.41 (s, 9H).
Exanpl e 11&[%“]:7!’“6@]3%@”59% 'I%qe (5%")\19 16"{%} @g{EsSép%Een?IS&ggrl di n-2-yl)-am ne
5- 1 sopr openyl - 1yrl din-2-ylamne is reacted W th
1-chloro-[4, 7' bH NWMD@MI—WICD@‘BQ SeH(si Bid) Bignt (eXHﬂr)pB@ﬂ(d J+8)0 Hz, 1H), 8.04
2- (6-Kluoro-pyridin-3 n20| A s ut n
5~ br ono- 2- 0 4t Hgravth 8 (5 B 628 4 SE8HE. 1 28hd b gm0 okt .
to -78 C and4d 198l2uhi 088 @, /2 HH; BY), 1.350mheNpBeEo (6 13HP0 1a,(s,28)8 Mol ) is
added dropwise wth stirring. The reaction is stirred for a further 15
m nut es wher eupon acetone (10.4 nlL, 142 mmol) is added dropw se. Reaction is
warmed to rt and quenched with sat. NH4Cl (5 nl). The reaction is washed
with sat. NHAC (50 rrL) H20 (50 m), brine (50 nl) and dried over My2SO4.
Dryi ng agefda)i ¢-Benaympxet-io doeatiles renoved in vacuo to yield 4.1 g
(93% product 2-(6-fluoro- pyr|d|n 3-yl)-propan-2-ol as a clear oil. 1H NI\/R

(300 , CDCl ?r\)a}-ﬁ ‘13523%%?(517 rhbl, 1]5 eag %%ﬁdeg toBBsdlifon! of 'E‘}enzﬁal%&c(l ?g}’é )

8 85, K .83 1.26 Fl uor o- 5-i sopropenyl - py
6 mmot, 2 eq) in DMF (10 mL) an the resulting suspension is stirred for 30 min. Then 4-

chloro-6-iodo-quinazoline (1.1 g, 3.8 mmol, -1 eq) is added to this solution and the reaction
mixture is heated to 100 °C for 4 h. CH,Cl, (50 mL) is added and the solution is washed with
H:0 and brine. Chromatography (SiOz, 10 - 60% EtOAc-hexanes gradient elution) provides
4-benzyloxy-6-iodo-quinazoline (1.21 g, 88 %). MS/ESI, M+1 = 362.88

18b) 4-Benzyloxy-6-(1-chloro-isoquinolin-4-vi)-quinazoline

- A solution of 4-bromo-1-chloro-isoguinoline (802 mg, 3.31 mmol) in THF (20 mL) is
(, cooled to -72°C. A solution of n-Buli (2.5 M in hexanes) {1.6 mL, 3.97 mmol ) is added
dropwise and the reaction temperature maintained .at :70°C for 30 min. ZnBr, (300 mg, 4.2
mimol) is dissolved in THF (6 mL) and is transferred to ;bove mixture slowly at-70 °C. The
solution is stirred 40 min at -70 °C, then warmed to room temperature. Pd(PPhs), (400 mg,
0.36 mmol) in THF (6 mL) and 4-benzyloxy-6-iodo-quinazoline (1.2 g, 3.31 mmol) in THF (4
mL) are added to the reaction mixture dropwise. The solution is heated to 60 °C for 30 min,
then kept at rt overnight. The reaction mixture is diluted with ethyl acetate , washed with sat.
NH.CI, then brine, and dried over sodium sulfate. The solution is concentrated until white
solid precipitates from sotution. The solid is collected by filtration, washed with ether and
dried under vacuum. 600 mg of 4-benzyloxy-6-(1-chloro-isoguinolin-4-yl)-guinazoline is

obtained. Yield was 46%. MS/ESH+, M+1 = 397.96



A solution of 2-(6-fluoro-pyridin-3-yl)-propan-2-of (8.3 g, 53.5 nmmol) and
p- TSA nonohydrate (0.46 g, 2.7 mml) in toluene (500 nm.) is refluxed with a
Dean-Stark trap and a condenser until the theoretical anmount of water is
coll ected. The reaction is then cooled and extracted with sat. NaHCO3 (3 x
50 nL). Volatiles are renoved to yield 7.30 g (99% product as a straw.
colored oil. "H NWR (300 MHz, CDCI3) S 86®@41 (d, 1H, J= 2.53), 7.77 (m 1H),
6.81 (dd, 1H, J 8.34, 2.78), 5.28 (s, 1 H, 5.09 (s, I H, 2.08 (s, 3H).
11c) 5-1sopropenyl -pyridin-2-vlamne A solution of :

2- f | uor o- CExzogedPenyi - pyridine (6.3 g, 45.9 mmol) in dioxane (30 nL) and
conc. ammoni um hydroxide (178 nL, 1.37 nol) is heated in a glass bonb at 150

C f 48 hi t 100
1 o M R S a1

and filtered. Volatlles are re d t [ esi rified by S|I|ca
gel chromat ogra’B‘P’S} (Y506 &t el ‘Hé?(ﬁ %’Qa So'ﬁf‘o&ﬂﬁg %‘bﬂ?‘ﬁrﬁwlﬁﬁ‘q‘yaﬂq%ns are
conbi ned an g?)loaiz M), AEed)@PMEEH inl) MCHe réﬁilt)ﬁg@tﬂp&ws@OQIS JiR8AGorOaHHCt as
a colorl ess Oi I NIVR (300

5.0
Mz, CDCl 3jhed 18‘:'1'9’0(‘!1%%1'0?%0@‘*23’&%%%‘ ﬂwé%’%’ﬁ‘&l'“ﬁ(qq mg, Qﬁé‘"ﬁ’ﬂ %‘02%) 6. 47
(Eil 1I H, 1JadElea nd he Eazfor(reixtule iheatkd46 80 BT ch' 4 RHEH,Q, B0nss adtidd andiRe
anpl e

S~ | sopr opy TP AR AL, CoBrAr AP PASRELAP LK B0 R b "

[4, 7 ]Dbii S@qdlenbélwmb pawiddd $ier titeedmipouek Bophg 99%).1 PAYESI, M+1 = 430.17 ,
5-1sopropyl -pyridin-2-ylam ne To sol ution of 5-isopropenyl-pyridin-2-ylam ne
(1.2 g, 8.9 Mol ), ] I )l S, d, 10 1Q9 [C and the
resul ting susper'?é""é‘ﬁ’ﬁe (lﬁéggﬁ)zr Pégpbgbgt(‘&f; f&ﬂ‘% ?"jnag %ﬁwﬁ'éo Eg E'S'H%?% (1
atm for 18 stE(drﬁa@tm@.mm ﬁéae(zs ﬁmj tz@voqé Jhseueh 1@9'1 68 (tand atde
vol atil es rem)ved 9 oduct as.a co rless oil, AP.I-MS,
mz 137. 142H )(f@@gﬂl J ég%—édeHig-/ﬂlé))J GHz‘lH) 734%d z,2H),3.86 (t, J=4.0

Hz 4H), 3.65 (t J=8.0Hz, 4H), 2.50 (s, 3H).

19a) 4-(6-bromo-pyrazin-2-yl)-morpholine

PBr; (11 g, 36.9 mmoal, 5.5 eq) is added to 2,6-dichloro-pyrazine (1.0 g, 6.7 mmol, 1
eq) at rt and heated to 150 °C for 24 h. This solution is dried in vacuum and the residue is
dissolved in CH.Cl; (50 mL). The organics are washed with HQOl, brine and dried.
Morpholine is added to this solution dropwise at 0 °C and warmed to rtin 5 h. The solution
is washed with H;O and brine. Chromatography (SiO;, 10 - 60% EtOAc-hexanes gradient
elutionj provides product 4-(6-bromo-pyrazin-2-yl}-morpholine (0.5 g, 31 %). MS/ESI, M+1 =
246.01,

"H NMR (400 MHz, CDCL,) § 7.99 (s, 1H), 7.95 (s, 1H), 3.82 (t, J = 4.0 Hz, 4H), 3.58
(t, J = 4.0 Hz, 4H).

19b)  1-Chloro-4-(6-morpholin-4-yl-pyrazin-2-vi}-isoquinoline




"H NMR (300 MHz, CDCI3) S 7.94 (d, | H J =12.26); 7.32 (dd, 1H, J =
2.45); 6.47 (d, 1 H J =7.91); 4.27 (br s, 2H); 4.46 (br s, 2H); 2.
1 H; 1.21 (d, 6H J = 6.78). Exanple 13

4- (2-Morpholin-4-yl-pyrimdin-4-yl)-isoqg u inolin-1-ylamne A bonb is
charged with 1-chl oro-4-(2-norpholin-4-yl-pyrimdin-4-yl)-isoquinoline (658
ng, 2.0 mmol ), conc. NHAOH (10 nlL) and dédxane (10 nlL). The bonb is seal ed
and heated to 120C for 24 hours. \Wen cool, the reaction mxture is reduced
in volune and m xed with water, filtered and the solid dried under high
vacuum Yield SAkoln'gor( 88 romup! -3Baro8so@BBNBC(40036y, NINIR r(rboD irlVAAF (WDBLBs S

165. 31, 161.62, .15 4 66,
124 50, 108758 O11807d g r il b Mphagahes) DROAE 2 Ry aadeert

4- Met Hoxy- cmepw;sezindmmecnwtamwraw ainkeinediat 7 * ¢3tﬁ§uC for 30min. ZnBr, (408
i nol in-1- yIJI'I%; p@?ﬁ‘ﬁ’r‘fﬂlﬂ@ désél%d%"l% mL) and is transferred to above mixture slow may?]t 70

4-(2- IVbrph0|n4 pyrimdin-4-yi)-isoquinolin-1-ylam ne and
mor phol i n€¢ %q@oivt@n@wn@ﬁxﬂl))mm at-80 86 Then prEnedtogeen dmpasatare tpsc@rrwam and

p- ani soyl g Q{j& \Xg%%ﬁ %(%h3)9(1§8ﬁ1m|6)1 mr%ol?ﬁ'ﬂﬁ‘ﬁ THFOMY £ &-brohe-pyRas- C&g a2,

m xture is al water, extracted with

dri ed overmigbging 4G [' 155 r“@'ﬂo') "Fﬁré' Fr @erHlﬁ‘é’e ipgded,iqrthq feagtian mpduge Hropwise,

chromat og rtmh@tmn méléa'ia €Eb2ctiér Mﬁ%&héﬂ'ﬁéﬁt atrt bﬂf@h ht141' rfé r@Bctaoﬁ 10. 1%
M5 442.15 Mrl, 44 4-1 ent - BH@( g V%‘v 4- mor ph ol i
n- 4- yl - qui TR lsr‘ij"Bte?I"j“hl %W%?%PP s aih ity gat, Infheh B @“T} Qﬁ%‘i PER vial is
char ged Widohiutflstiaied MHeCsoribnlis opaehitrzedd dntl wiitd sdid-chsietout horhbRiieny e anm ne

br omb{ K- msrishiqoleaeg b i, e 5eadr i b PR amg o e voo

(5 m.). NThigasi- (&nbmbbﬁred-yt—;twmugﬁ—yt)hsmumokﬂmlseabtdiimﬂl AieRPvE} B6Yod MSVESH:,
0. 068 mol ,Q g’? is added and the vial sealed. This is heated to 120C
for 30 mn Uhd m crowave heating. The residue is mxed with CHC 2 and
washed with brine. The organics are dried over Na2SO4,

Example 20

8. 48,
81 (m

{4-tert-Butyl-phenyl)-{8-chloro-4-(2-morpholin-4-yl-pyrimidin-4-yl)-isoquinolin-1-yl}-

amine

(4-tert-Butyl-phenyi)-{8-chloro-4-(2-chloro-pyrimidin-4-yl}-isoquinolin-1-yl}-amine (15
mg, 0.03 mmol) is mixed with morpholine (10 mL) and heated at 80 °C for one hour. Solution |
Q is conc in vacuo, and purified on a silica column. Yield: 10 mg, 60% yield. MS: 473.

"H NMR (400 MHz, CDCL} 5 8.42, 8.40 {d, 2H), 8.36 (d, 2H), 8.26 (s, 1H), 7.65-7.41
(m, 5H), 3.88-3.78 (m, 8H), 1.34 (s, OH).

20a) 1,8-Dichloro-isoquinoline

Toa so!utidn of 8-chloro-isoquinoline (J. Org. Chem. 1977, 42(19), 3208-9.) (11 g,
54 mmol) in CH:Cl, (200 mL) is added MCPBA (25 g, 112 mmol) in several portions. After
stirring for 3 hours, ether (400 mL) is added, followed by addition of hexanes (1 L). Solution
stirred overnight and conc /n vacuo, ether (200 ml} and hexanes (400 mL} is added, stirred



filtered and concentrated, The residue is purified by flash chromat ography
using Et CAc/ CH2CI 2. Yield 40.1 ng (26.4% 490.4 Mtl, 488 M1, 73C NWR (75
MHz, CDCI3) 5 163.58, 153.04, 151.60, 149.99, 145.16, 140.5, 136.23, C
134. 63, 134.17, 129.34, 127.5, 125.69, 124.92, 124.40, 124.07, 123.5, 121.0,
119.71, 17.18, 115.82,65.72,49.70,49.26, 33.33, 30.41. Exanple 16
4-tert-Butyl -phenyl)- [4 (2- nethylanlno pgé[nidin-4-yl)-isoqu i nol
n-1-yl]-am ne A sol ution of

(4-tert-Butyl -phenyl)-[4-(2-chloropyrimdin-4-yl)-isoquinolin-1-yl]-am ne

g] ? 8 u '[rg. ;'] OP g\ge]fwgﬂhg p%i\{g gvgezr%?: aﬁr(%eé e a mﬁdﬁigﬂ%oog Bﬁ%g% %N'}f?é%rngg?:%(? %'I’IT) ‘m xture

| s di | ut edTre sdlut@HICh2ated to reilyix fand h, pédraiztd ivitioai€ Opa Exdeatiad thh sNabIGORit 10

H20 ( ) ( ) and
concent r at ég (?16 g%q'ﬁqu%%nln% e?“%tia“ Sﬁgg?%lﬁ%@ %8 éoﬁégg/ d@%%éﬁgz? (V%gf ghes
gr adi ent el.gibichiprogsarirgdioe. pM%dl@ét (21 nmy, 99 %. HRMS ESI mfz 384.2158
(MH ,  requires 384.2188). ,H NVR (300 MHz, CD30D) 6 8.44 (d, J = 6.0 Hz,
1H), 8.32(d, J=6.0 Hz, 1H), 8.25 (s 1H, 7.91(d, J =9.0 H, 1H),
7.62 (t, J 60Hz, 1 H, 7.53(d J 90Hz 2H), 7.51 (m 1H), 7.34 (d,
J =9.0 H 6.75(Id J 3. I-g } bro, 1H), 2.99 (d, J = 3.0
Hz, 2H), 30 ,_chk)ao -150quinolin-1-y!
(4-tent-Butyl - phenyl )-[4-(2-nethyl sul fanyl -pyri m di n-4-yl)-isoqui nol.in-1-yl]
-amne A SO| ut A@aluﬂtfm oK1, §4ichF®ioguinoline 8 g, 39 mmol) in butanol (8 mL), HCI (4N

3 ch or o- 2 0kaioRyR Sikede S A i buB PR g O ey i spistte edon. cq

in DMVE ( 1@0 n‘in Fonain viares tapd atidHC MdEO8N (LAdes. Ebceractmwmeﬁtcnmc forganic 5 h.

The sol uti r resi due
is treated \V\? "%ﬁf&ﬁg’” &a% hi}aﬁﬁ%n&t@gﬁg%m C gxﬁggcfbg ’ar gﬁ#@f}rﬁéﬂgﬂ dried
(MyS™) anphergi-é@ehioat-igdguinoliant-wi-aminesndtgr aphy (3102, 40% Et OAc- hexane)
provi ded (4-tent-butyl-phenyl)-[4-(2-methyl sul fanyl -pyri m di n-4-

yl)-isoqui nolin-1-yl]-amne (600 ng, 65% as light yellow solid. M5 ESI nfz
368. 20 (MHH).

20c) (4-Bromo-8-chloro-isoquinolin-1-yh)-(4-feri-butyl-phenyl)-amine

To an ice-cooled solution of (4-terf-butyl-phenyi)-(8-chloro-isoquinolin-1-yl)-amine
(3.6 g, 7 mmol) in THF (20 mL} is added MesPhNBr; (2.88 g, 7.6 mmol) via several portions.
The ice bath is then removed and solution warm to r, after 15 min, NaHCO; solution was
added. Extracted with EtOAg, then conc in vacuo, yield 2.6 g 89% of (4-bromo-8-chloro-
isogquinofin-1-yl)-(4-terf-butyl-phenyl)-amine. MS:388

20d)  (4-Boronic acid-8-chioro-isoguinolin-1-yl»-(4-ferfF-butyl-phenyl)-amine

A solution of (4-bromo-8-chloro-isoquinolin-1-y)-(4-tert-butyl-phenyl)-amine (1.6 g,
2.88 mmal) in THF (20 mL) is cooled to -78 °C, and n-BuLi (1.6M in hexanes, 3.9 mL) is
added dropwise. The solution is kept at -78 °C for 1 h, then the cooling bath is removed and
the reaction mixture is slowly warm to l. After stirring at rt for 30 min, water (1 mL) is then
added and selution conc in vacuo. HCI (50 mL., 1M) is added to the crude oil and stirred for
4 h. The solution then decanted, ether is added to form a precipitate. The precipitate is then
filtered and air dried, yield 611 mg, 60% of (4-boronic acid-8-chloro-isoquinolin-1-yl)-(4-tert-
butyl-phenyi}-amine. MS: 354



'H NMR (300 MHz, CDCI3) S 8.34 (d, J =6.0 Hz, 1H), 8.38 (d, J = 9.0 Hz, 1
H, 8.29 (d, J= 9.0 Hz, 1H), 8.08 (s, 1H), 7.69 (t, J= 6.0 Hz, 1H), 7.61
(d, J =9.0 Hz, 1H), 7.54'(d, J =6.0 Hz, 2H), 7.49 (d, J = 3.0 Hz, 1 H),

7.38 (d, J =6.0 Hz, 1 H), 2.73 (bro, 3H), 1.32 (s, 9H). Exanple 18

[ 4- (4- Benzyl oxy- qui nazol i n-6-yl)-isoquinolin-1-yl]-(2-tert-butyl-pyrimdin-5
-yl)-amine NaH (18 ng, 0.66 mvl, 4 e®b9s added to a sol ution of

5-ami no-2-tert- butylpyrimdine (37 ng, 0.25 nmol, 1.5 eq) in THE (1 nl-)
and the resulting suspension is stirred for 30 mn.

4- Benzyl oxy- 6- ( 1- chl or o-i soqui nol i n-4-yl)-qui nazoline (65 ng, 0.164 mmol, 1
eq) is added to this solution and heated to 80 Cfor 4 h. CH2ClI2 (5 nl) is
added andyddhe (3gbpBuRRphENWESRBEroM-{ RO Rthidi-298-isddbiheliit 9i'aphy ( S102,
10 - B60% Et OAc -65- hexanes gradient elution) provides product

4-(4-b I - qui Lin-6-yl)=] ' i, D= %=yl 1.- .

(2t ert-butyl - By A BoRpadd gt R bebi irertpuvigrenramier o 1 i
(400 MHz, (€DC3) 0L89nrid),(254-dRHpro-@rididifes (41149, B2Bihnfad), PASLEF kN DME)X2 8. 04
d, J = 8.0 Hz, : Ho 7. = 3 o 1,66 2H) ,
(057 (m 1%1)?”"')‘?%06@,% q@52?”8%’,‘Zf%’a,e&g’.bﬁé"'a(sﬁa%d?@pocﬁé’,mﬁﬁb"?“(7.m35 (H) m
1 H), 5. 60G&xtrscte@Wjth CH.GB ahd pudféd ori Bsilicatcolemy yiebkyt Bigi 2686 yipld. Mz dkPne NaH (

152 ng, 5.7 mol, 1.5 eq) is added to a solution of benzyl alcohol ( 820 ny,

i n. Then 4. ohovaRRd e RbCER b L TR 4T, 2 R S T e Lo

m n. Then 4- chloro- 'ded to
t hi s sol uti.es7.a0dmt did), 1St @H). m xture is heated to 100 C for 4 h. CH2Q 2

(50 mM-)-is added and the solution is washed with H2O0 and bri ne.
Chr onst o_gré‘ggﬁ i gg 2, 10 - 60% Et OAc- hexanes gradi ent el ution) provides
4- benzyl oxy-o- -quinazoline (1.21 g, 88 % . MS/ESI, M+l = 362.88 18b)

4- Benzvl oxy-6-(1-chl oro-i soqui nol i n-4-I>|/I )-qui nazoline A solution of

4- br ono- | -BierEPytyiabgnyidp-fiverq-dd>masphadimd-yhayimidinrdplidsogeinalin-1iWl- cool ed
to -72C. Apgsgéution of n-BuLi (2.5 Min hexanes) (1.6 nlL, 3.97 mmol ) is
added dropw se and the reaction tenperature maintained at -70C for 30 mn.
ZnBr2 (900 ng, ,4,2

“bove m xture & qﬁgpﬁggltoéo]qjﬁﬁ _9t@%@le\ﬁ%‘?—phé‘nyw&ﬂﬁgrofgrezt,cfg,g-t\'et?arﬁétﬁﬂ-s ferred to

[1,3,2]dioxaborolan-2-yl)-isoguinolin-1-yll-amine, 2,4-dichloropyrimidine (117 mg, 0.785
mmol}, KzCO053 (291 mg, 2.141 mmol) and Pd(PPhs)s in DME (3 mL} is heated at 60°C
overnight. Water is added to the mixture and extracied with Et,O. The organic layer is
filtered through a silica gel pad, the solution is concentrated to an oil. The oil is dissolved in
morpholine (1 mbL) and heated at 80°C overnight. The mixture is concentrated and purified
by prep. TLC and then prep HPLC(35%-65%CHsCN/water in 0.1%TFA). The fraction is free

C based by sat. NaHCO; and extracled with EtOAc to afford brown solid (8 mg).

> M+H'=458.25.

'H NMR (500MHz, DMSO) § 1.31 (s, 9H), 3.70 (m, 4H), 3.77 (m, 4H), 7.02 (d, 1H, J
= 5.14 Hz), 7.38 (d, 2H, J = 8.44 Hz), 7.59 (m, 1H), 7.72 (d, 2H, J = 8.80 Hz), 8.30 {m, 2H),
8.47 (d,1H, J = 5.14Hz), 8.7 2(dd, 1H, J = 5.87, 9.17Hz), 9.51 (s, 1H).

21a) 3-Chloro-8-fluoro-isoquinocline




solution is stirred 40 mn at -70 DC, then warned to roomtenperature.
Pd(PPh3)4 (400 mg, 0.36 mmol) in THE (6 nL) and

4- benzyl oxy- 6-i odo-qui nazoline (1.2 g, 3.31 mvol) in THE (4 nl) are added
to the reaction m xture dropwi se. The solution is heated to 60 C for 30 m n,
then kept .at rt overnight. The reaction mxture is diluted with ethyl
acetate , washed with sat. NH4Cl, them B ine, and dried over sodium
sulfate. The solution is concentrated until Wwhite solid precipitates from
solution. The solid is collected by f|Itrat|Igctgu,nrevvr‘;})%%%g14 with ether and dried

under vacuum Iq{@n@f 6-fluoro- 2H—tsoqu1nolm- -one ( WO 02/062816) (1.3
4- be Zé %// I 01%7@;704,-”@ bAd POICEAYTig)oBionmol i CRIGN @obLyend N HbIRBRE (2 ¥LE! d
was b

/ ESI 66-  EX
(4- Met hyl é%h?aé?é/-ﬁt %@W?’)“’qz'& lae WBFWITE"%RH%UWWE% HNaHEOy solvlpmabl i n- 1-y
|']-am ne dhahtied WithgtoRe. 4ATHE®rganié 184) isiconcahtiatbdao Gbrdtarosrafde solid (1.1 g

4-met hyl s f amne (17 ng, 0.12 mol, 1.2 eq) in THE (1 n1'-) and.
t he resul ti r‘é g’lﬂ‘geﬁ@ﬁéon is stirred for 30 min. Then

1-chl or 0- 4- (6- nor phol i n-4-yi -pyrazin-2-yl)-isoquinoline (33 ng, 0.1 nmml, 1
eq) is added aRMMRe0DMBL] ODCY) XT4Rémi 2HH8IBdh, BH).80 C for 4 It CH2CI 2 (5
m) is added and the solution is washed with H2O and brine. Chromatography
(Si®2, 10 -- [ .y ovided the title conmpound
(33 mg, 9P M AR RRQURINAA)I-RIIE cpCy 3) 8.35 (d, J= 12.0

Hz, 1H), 8.29(5, 1H) 8.20(5,,1H), 813 (s, 1 H, 800 (d, J =80Hz, 1
H, 7.98 (s, 1N—quut‘?m%1(odloro}6:ﬁu8ro€}s¢¢wnolmﬂ1 g, 8. 6Pm(rio)) ahdA-Bridbubjk 2H) 7.65

gd:8 J o 8 Riinger ) :ﬁ?ﬂ:})&% ggt}?ﬁ Eo R %4&'%(:1% fgénégl oh) 3 h@a@g‘)al é‘l
4-(
to

6
6- br o_rrmvagiﬂxl ”ﬁh@mwtl)re irpgemobntrededP@rdBing tasidye isenzglerbapic with. dat. dpHO: amdded
2, 6-di i}, 9604 ?{ﬁ F?é,iﬂ,e Trk QP&HC EXZr &Rk, ébn%&ﬂs)at&‘ arld'p ﬁé’d Q;‘?QiFap%d%tl 0 150 C

for 24 It IS SO Ion is dr vacuum an reS| S0l ved i n
CH2Cl 2 ( 5Gomn(Hepeee & @i E9AsMHexaRe) he afferd tYﬁ"WEQ"dHWQ@Qaﬁﬁl%H rMed’=295.3.
Mor pholine is added to this solution dropwise at 0 C and warned to it in 5

h. The sol uti oy YRRWAGH BHZ\DMEIHEPsa1Eh (@rgmer 1§ftaomtﬁ£e¢9_w 3430, 1O -

60% Et QAc- hexanes gradient eluti on) provid product
4- (1 6- br om$-§iigz7.60 pnyT1H), Mﬂﬁ%”ﬂ‘hd%@ﬁfﬁ&g@H&l‘{‘%(d 28, £S18.6M2), 7.96 (d, 1H,

J = 5.65 Hz), 8.61 (dd, TH J=5.46, 9.23Hz), 9.16 (s, 1H).

21c) (4-Bromo-6-fluoro-isoquinofin-1-yi)-(4-fert-butyl-phenvl)-amine

A solution of (4-terf-Butyl-phenyl)-(6-fluoro-isoquinolin-1-yl)-amine (2.17 g, 7.37
mmol} and PhiMes;NBr; {2.93 g,7.81 mmol) in THF{30 ml.) is stirred at 0°C for 30 min. The
THF is evaporated and the solid is dissolved in CH,Cl, and water (200 mi each). The
organic layer is washed by water {2 x 50 mL} and brine (50 mL), dried with Na,S0, and
concentrated to afford a light brown solid (2.75 g, 99%). M+H'=375.2.

"H NMR (300MHz, DMSO) § 1.29 (s, 9H), 7.36 (d, 2H, J = 8.67 Hz), 7.65 (dd, 4H, J =
7.35, 8.85 Hz), 8.17 (s, 1H), 8.70 (dd, 1H, J=5.27, 9.42 Hz), 9.38 (s,1H).

21d)  {4-terf-Butyl-phenyh)-[6-fluoro-4-(4.4,5,5-tetramethyl1, 3, 2]dioxaborolan-2-yi)-

isoguinolin-1-yl]-amine

A degassed solution of (4-bromo-6-flucro-isogquinolin-1-yl)-{4-tert-butyl-phenyl)-amine
{500 mg, 1.34 mmol), bis(pinocolato)diboron (748 mg, 2.93 mmol), KOAc (391 mg, 4.019
mmol) and Pd (pddf) Cl,, in DMF (10 mL)} is heated at 80°C overnight. Water is added to the



246.01, 'H NMR (400 MHz, CDCI) 8 7.99 (s, 1 H), 7.95 (s,1 H), 3.82 (t, J =
4.0 Hz, 4H), 3.58 (t, J = 4.0 Hz, 4H). 19b)

1- Chl or 0- 4- (6- nor phol i n-4-yl - pyrazi n-2-vl)-isoquinoline -67- A solution of
4-brono- | -chl oro-isoquinoline (400 ng, 1.65 mmi) in THE (20 nlL) is cool ed
to -72C. A solution of n-BuLi (2.5 Min hexanes) (0.80 n., 2 mmol) is added
dropwi se and the reaction tenperature naiyatai ned at -70 C -68C for 30m n.
ZnBr2 (408 ngy, 1.91 mmol) -is dissolved in THE (6 mM-) and is transferred to
above m xture slowy at -70 C. The solution is stirred 40 min at-70 C, then
warned to hmmeteﬁmtébwﬁeybwer.eﬁm/éthg laydrds Giendd thepughtarsilicBdePPiBard ok N,

65 ol ) SYAOE paving S S AT PR ol e TR R8s 4o

the sol uti mthSpMmam to 60 C for 30 mn and then kept at it overnight. The
reaction mxture is diluted with ethyl acetate , washed with sat. NH4Cl,
then hri neg, a0 ﬂ ? 4 ed over sodiumsulfate. The solution is concentrated
until white so came out fromsolution. The solid is collected by
filtration, washed with ether and dried under  vacuum 300 ng of 1-

Chl or o- 4- (d4mmimhw§)rlﬁﬂ!0ﬂ14dzzchmrp-m%w@lrmﬁm')rféo‘il'ynelm Avileamingt el d was
56% MS/ ESI+, M1 327 Example 20

(4-tert- Bupbg aF&@ﬂjWé seduBnedbsicyots (E@mnmeel i n-4-yl - pyrim din-4-yi)-isoqu
inotin-1-yl]- anine

o e Tob 20 ol s BRI B A ORI

80 C f.0 ogqgra@u;rH)'ﬁglm rQrBH)I$34:(h]/;jégH§n vacuo, and purifi ed on a Ssi I | ca
colunﬁ Yield: 10 ng, 60%vyield 473. 'H NWR (400 MHz, CDCl3) 6 8.42,

8.40 (d, 2 %(d 2H), 8.26 (s,1H), 7.65-7.41 (m 5H), 388378(m

8H), 1.34 am@'ﬁ)z 20a) 1, 8-Dichloro-isoquinoline To a solution of

8-chl oro-isoquinoline (J. Org. Chem 1977, 42(19), 3208-9.) (11 g,
(4-tert-Butyl-phenyl)-[6-chloro-4-(2-morpholin-4-yl-pyrimidin-4-yl}-isoquinolfin-1-yl]-

antine:
Prepared by a sequence analogous to Example 21

MS: 473 'H NMR (400 MHz, CDCL,) & 8.65 (m, 1H), 8.37-8.32 (m, 2H), 8.15 (s, 1H), 7.55-
7.51 {m, 3H), 7.38 (d, 2H), 6.86 (d, 2H).

/C Example 24

Cyanuric chioride (1.8 g, 10 mmol) and DME (20 mL) were cooled to 0 °C, starting
amine (3.3 mmol} was added slowly. The ice bath was then removed and solution warmed
to rt and stirred overnight. The solution was then conc /i vacuo, the solid was mixed with (4-
boronic acid-isoquinolin-1-yl)-(4-tert-butyl-phenyl}-amine (3.3 mmol), PdCi:(PPhs), (144 mg),
DME (6 mL) and Na,CO; (1M solution, 5.4 mt) and heated at 80 °C for two hours. The
organic layer separated, conc in vacuo and purified on a reverse phase HPLC system.

Isolated yield 5%.

(2]

{4-tert-Butyl-phenyl}-[4-{4-chloro-6-morpholin-4-yi-[1,3,5]triazin-2-yl)-isoquinolin-t-yl]-

amine



54 mol ) in CHzZCI 2 (200 nL) is added MCPBA (25 g, 112 mmol) in several
portions. After stirring for 3 hours, ether (400 nmL) is added, foll owed by
addition of hexanes (1 L). Solution stirred overnight and conc in vacuo,
ether (200 m -) and hexanes (400 nmL) is added, stirred -68- overnight. The
ppt is filtered, air dried and mxed with 20 g of PCIS and tol uene (150 ni).
The solution is heated to reflux for 3-f2-neutralized with NaHCO3. Extracted
the solution with CH2CI2. Organic |layer then dried with sodium sul fate and
cone in vacuo, yield 8 g (72% of 1,8-D chloro-isoquinoline. Ms: 198 | ob)
(4-tert Buﬁyh?mﬁanwmﬂ@) MIHzoCDCIa;;aqﬂﬂ il iH); 8.5%,) (5 Hmamomstﬂ)ummnm‘(m
1,8-dichloro-i soqw nol i ne bu I (4N sol ution
in di oxan&), 8AMS-3ak8 Uk gﬁ?g{ﬂmﬁ"al m@\f}"grﬁ %{e%r}% (g, 8ﬁg11 r Ok heated at
70 Cfor 20 mn, conc in vacuo, and a NaHCO3 soI ution is added Extracted

with Et OAg- te@{-lmsn -phehyi)-e4-[4-chlbhe6-(Z, 6:timbthyl moupholpudiyl) a3, Siriais2lyijc a
colum. Y el 30% of (4-tent-Butyl -

phenyl ) - (§°8HIW’8A€¥5'3]&FHBF| n-1-y1)-amine. MS: 310 20c)

(4-Brono- 8-chl oro-i soquinolin-1-yl)-(4-tert-butyl-phenyl)-amne To an
i ce- cool emssaniatH MMRABOO MHz, CDC|3)5902 (d, 1H), 8.37 (s, 1H), 8.21 (d, 1R), 7.81-7.76 (m,

(4-tert- b S mTDI) in
THE (20 rTLIﬁIITS adﬁ%@@Pﬁ%@qg‘% @gyg&%iméoxﬁgs ('\%l‘ngﬂgever%%gg‘r%'ﬂl ons. The
i ce bath pg7iden(m ek)yvea3-did (splitH).on warmto it, after 15 mn, NaHCG3
solution was added. Extracted with Et OAc, then cone in vacuo, yield 2.6 g

f/g%sgg (2 ggfiﬁ ?PP:IB?érPBLQﬁ Sheh A uAcH- - LioksPHE YRR .- ami ne.

aci d- 8- chpmmﬁl%wmﬂwhcﬁcjﬂqthﬂl&&t@‘rf but yl - phenyl ) -ani ne A sol ution of
(4-brono-8-chloro-isoquinolin-1-yl)-(4-tert-butyl-phenyl)-amne (1.6 g,

2. 88 I d 6
&S an)TDI yg gé% gﬂgw@(a'@)b)mﬂﬁ cmg)%ob @@w ?ﬂ),@ 578(@ ntigr B@I?"(d(ﬂ—l) JMngr mﬁgﬂetshe

h,
cool i ng baldh 7i6d-7. @?rﬂveﬁ"}aﬁdc” (? h’%ﬂ)r Ea‘%fq 8H) r?'ﬂ?r&’@ (., @"Qi %ﬁﬁ’? &ﬁdf"m“ﬁb 345

After stiy ung 1@5_1333,8@1@@, mn, water (1 nmL) is then added and solution
cone in vacuo. HC (50 nL, 1M is added to the crude oil and stirred for 4

o7 ccipi { Qldé*erégwﬂ-n”ew‘?fflfé Gibarke® Siomanihs-y o B SHoBeafninor oni o

aci d- 8- chypaminsoqui nol i n-1-yl)-(4-tert-

MS: 491 "H NMR (300 MHz, CDC1:) § 8.07 (d, 1H), 8.49 (s, 1H), 8.06 (d, 1H), 7.80-7.75 (m,
1H), 7.60 (m, 1H), 4.18 (b, 4H), 2.67 (b, 4H), 1.24 (s, OH).

Example 25
(4-tert-Butyl-phenyl}-[4-(6-morpholin-4-yl-pyrazin-2-yl}-isoquinolin-1-yl}-amine

Following the general procedure of Suzuki coupling reaction (Example 1).
M+H"=440.2. .

H NMR (300 MHz, DMSO-d,) § 9.37 (s, 1H), 8.61 (d, J = 8.29 Hz, 1H), 8.34 (s, 1H),

8:28 (d, J = 7.91 Hz, 1H), 8.16 (d, J = 8.67 Hz, 2H), 7.75 (m, 3H), 7.67 (t, J = 7.91 Hz, 1H),
7.37 (d, J = 8.67 Hz, 2H), 3.75.(m, 4H), 3.60 (m, 4H), 1.31 (s, OH).

25a)  4-(6-Chloro-pyrazin-Z-yh-morpholine

A solution of 2,6-dichloro-pyrazin (2 g, 13.4 mmol) and morpholine (4.7 g, 56.7 mmol)
in CHLCN (50 mL) was stirred overnight. The white solid was filtered off and the solution



butyl - phenyi )-am ne. Ms: 354 -69- 20e)

(4-tert-Butyl - phenyl)-[8-chl oro-4-(2-chloro-pvrimdin-4-vl)-isoquinolin-1-vl
]-am ne A solution of (4-boronic

aci d-8-chl oro-isoquinolin-1-yl)-(4-tent-butyl-phenyl)-amne (100 ng, O0.28
mmol ), 2,4-dichloro-pyrimdine (41.4 ng, 0.28 muol), PdCI2(PPh3)2 in DVE (2
m.) and Na2CO8 (2 niL, 1 Msolution) in-#d3seal ed tube was heated at 80 C for
one hour, extracted with CH2ClI2 and purified on a silica colum, yield 31
mg, 26%vyield. MS: 422. 'H NVR (400 MHz, CDCl) 5 9,45 (s, 1H), 8.67 (d, 2H),
8.39 (d, wdpcomepirated undepyreducedgressugn (1R rediilije was fustheg plrdiegl by skppislica 1
(4-ter 1- Bybydonmheivdibrd Sofildi ok anvhite Zoi® (21 7644)- i+ iri=coprini di n- 4-yl ) - i soqui no
lin-1-yl]- am ne A degassed sol ution of

(4-tert-Butyl - phenyl )-[6-fI 0- 4- (4, , B-tetranet.hyl- .

T 5 23a1 oxaboraRaie Eobie: BBt 2 8, 1ol EIRaFIRY20 gc it i A ne
(117 gg, 0.785 nmol), K2CAB (291 ng, 2.141 nmol) and Pd(PPh3)4 in DME (3
m.) is heated at 60C overnight. Water is added to the m xture and extracted
with Et20. The organic layer is filtered through a silica gel pad, the

sol ution 'gs co c‘fénrated to an oil. The oil is dissolved in norpholine (1
m.) and h PR 4° soC over ni ght. The m xture is concentrated and purified

by prep. TLC and then prep HPLC(35% 65%CH3CN water in 0.1 %FA). The

fracti on [{4tetBetytphenyhldty-mamhoiiatdcdghiaral-4xhnapbthalen-1vll@nane: t o af f or d
brown solid (6 ng). MH4=458.25. 'H NWR (500MHz, DVsO & 1.31 (s, 9H), 3.70

(m 4H), 3.77 £fowdtihe derfédal Sz cbhpliﬂ\g re%cﬁorlgxh%le . $Bedaq@by J = 8.44
Hz),éf@g(glzlg%, IJZJ(% gH, J:1€73.8) Hz),5 .30 gm 2H)1, )8.47 (d,1 H, J=
5. 14Hz ), 8. = ,

T Chl 75 6011 st OMRGBaMHEIONEO S 9::3%5(& _ﬁ*{h‘ B bt =Hj)-54- fiz, P, 8.35 @, /=

6- f | uor o- 8HeiHzO M), BOI2i (8,41, TR (W GHI), GRAL, 0054 94 VO 9628 U8 8 62 H3, BH), 7. 97

HT;)I) andTB 3'3%|-633768h 4%—3:?4%'ng Q_B%%H)(ZO m.) and 4N HCl/ di oxane (2

26a) 4-(4-chloro-thiazol-2-yl}-morpholine

A solution of thiazolidine-2,4-dione (0.5 g, 4.27 mmol) and POCl; (2 mL, 21 mmol) in

CH;3CN (20 mL) and 4N HCl/dioxane {1 mL) was heated to 70°C overnight. The mixture was

poured to the ice water and neutralized with saturated NaHCO; then extracted by EtOAc.

The organic layer was dried, concenfrated and freated with morpholine (1.8 g, 21 mmol).

The mixture was stirred at room temperature overnight. The mixture was dijuted with EfQAg -

and washed by water (3 x 50 mL) and brine (50 mL). The EtOAc phase was concentrated
_Cay reduced pressure and purified by silica gel chromatography to afford the product (126 mg,

T 15%). M+H*=205.6. '

'H NMR (300MHz, DMSO-dq) 5 6.81 (s, 1H), 3.69 (m, 4H), 3.35 (m, 4H).

Example 27

{4-tert-Butyl-phenyl}-[4-(2-morpholin-4-yl-1H-imidazol-4-yl)-isoquinolin-1-yl]-amine



is heated at 50C overnight. The reaction mxture is diluted with a NaHCO3
solution and extracted with EtOQAc. The organic layer is concentrated to
afford an orange solid (1.1 g, 78%. MH4=181.8. 'H NWR (400 MHz, CDCI3) 5
7.42 (m 2H), 8.26 (m 3H). 21 b)

(4-tert-Butyl -phenyl)-(6-fluoro-isoquinolin-I-vi)-amne A solution of
1-chloro-6-fluoro-isoquinoline (1 g, 6.-F&-mol) and 4-tent-butyl -
aniline(1.1 g, 6.74 nmol) in nBuOH (20 nL) and 4N HCl/dioxane (1 mL) is
heated at 80C overnight. The m xture is concentrated and the residue is
made basic wi t A sapendia@Borphdinoisxmamisiredhydiabhorfide440 mghe. 189 gumil KL.a@er i s

Et Onc) Hoxdre) ot 8221 ripa) BHf p o s g Phen iR SPRBARA - 0 (400

MHz, DNVBOetifinoBe (3@9g(@07®mol)in DBIF A mide stired a riigy 30 mirgues; then2Wted with 8. 67

Hz), 7.50 - . : =.8 67
Hz). 7.96 “%ag‘l'r Elj”d:%""agtegq'gf' %g?omlwé °§Q%’ﬁ° %5‘ ?951&% )::%'?‘i?éaa%gfgéa ,heg?"i'g%(’s, |
H . 21 c) bypr&rapaiyedi, devaloresdy i delil in BiPhc.(Goleotad harEnggiesiey bprdini ne A
sol ution B ' ' bk ¥ho,y.am ne (2.17 g,
237 ol BRh SR oY BRI i foHClRol SRR B b I T el st 00
for 30 nmi MHTRE35.TH.i s evaporated and the solid is dissolved in CH2Cl 2 and
wat er (200 nL each). The organic layer is washed by water (2 x 50 nmL) and
brine (50 m), 'drp@d (¥eoMHATZS0) 887 léepme.rmw,eﬂg\%w(df gedr g4 ht,gmg br own
solid (2.75@ 99/a). MH =375.2. "H NVR (300Mz, o% 8 1.29 g{s, H, 7.36
(d, 2H, J78B(sePHRZ)1 & Jas7-(ahiz. Wl 76144 J 7 735 Hy 48, 152 (d.¢f 51904 &z, 2, " 5. 70
(dd, 1H, ﬁcﬁ(d?ha@a#ﬂzm%;6.87§@1H§,,3I.82)%n,2m),®35(m,4H),1.34 (s, QH%._
(4-tert-Butyl-phenyl)-i6-fluoro-4-(4,4,5,5-tetramethyl -[1, 3, 21di oxabor ol an- 2
-yl)- isoguinolin-l-yll-am ne A degassed sol ution of

(4- brono-6-fluoro-isoquinolin-1-yi)-(4-tent-butyl-phenyl)-amne (500 ny,
1.34 mmol ), bis(pinocol ato)diboron (748 ny, 2.93 mmol), KOAc (391 ny, 4.019
mol ) and 2Pd) ( pd{(i-tazt-B pheDMBEmMinbG-igoniinpn-AekPdudexy-@8d@noner ni ght . Water is
added to the -71- m xture and extracted by ether. The ether layer is

filtered through fschitoh©f (DbonRasbRRHOIA-AALY-tert-butyl-phenyl)-amine (500 mg, 1.407
mmol) in anhydrous THF (50 mL) at -78°C was added a 2.5M solution of BulLi in hexane
(1.407 mL, 2.62 mmol). After stirring at the same temperature for 1 h, the mixture was

warmed slowly to -40°C. The reaction mixture was cooled to -78°C, then (tert-Butyl-
dimethyl-silanyloxy)-acetic acid methyt ester (460 mg, 2.11 mmol) in THF {5 mL) is added
slowly. The mixture Is stirred at the same temperature for 2 b and then heated to 40°C for 2
h. The reaction is cooled to it and quenched by 5 mL of saturated NH,C!. The solution is
concentrated under vacuum and the mixture is taken by water-and EtOAc and exiracted with
EtOAc and washed with water (20 mL) and brine (20 mL), dried through Na,S0;. The
solution is concentrated and further purified by a flash_column (100% hexane to 40% EtOAc
in hexane) to afford a yellow solid (155 mg, 33%). M+H"=335.1764.

'H NMR (300MHz, DMSO-ds) § 9.76 (s, 1H), 8.99 (d, J = 8.67 Hz, 1H), 8.69 (s, 1H),
8.60 (d, J=7.91 Hz, 1H), 7.84 (t, J=7.16 Hz, 1H), 7.72 (d, J = 8.67 Hz, 2H), 7.67 (d, J =
7.16 Hz, 1H), 7.40 (d, J = 8.67 Hz, 2H), 4.96 (t, J = 5,84 Hz, 1H), 4.75 (d, J = 5.28 Hz, 2H),
1.31 (s, SH).

27b)  2-Bromeo-1-{1-(4-tert-butyl-phenylamino)-isoguinofin-4-yfj-ethanone




evaporated down to a brown solid. MrH'=421.3. The solid was used in next
step without further purification. Exanple 22

(4-tent-Butyl -phenyl)-[6-chloro-4-(2-chl oro-pyrimdin-4-yl)-isoquinolin-1-yl
]-am ne: Prepared by a sequence anal ogous to Exanple 21. MS: 422 'H NWR
(400 MHz, CDCI3) S 8.66 (d, 1H), 8.59 (s, 1H), 8.38 (d, 1H), 8.25 (s, 1H),
8.72 (d, 1H), 7.6-7.5 (m 5H), 1.34 (s,-B8-1). Exanple 23

(4-tent-Butyl -phenyl)-[6-chloro-4-(2-norpholin-4-yl-pyrimdin-4-yl)-i soqui no
lin-1-yl]- amne: Prepared by a sequence anal ogous to Exanple 21 Ms: 473 'H
NVR (400 MHz, 00&94 -pridBubd-phanylamipp)-isgiuiplig-4341-2-hydroxyrethanons (25mglolys 7. 55-

7.51 (m 3H.o r) i %%E(eqded?H)GHz@izs,@%d(SQ%EQ o@&%ﬁ%l?al%c@!,w&;bco Q@A @Trﬂééiﬁ%( 1.8

g, 10 mol were cool rting
was added ad@sahsycceﬁﬁ@ewcé hﬁaﬂiﬁwﬁa%Sttrﬁ’éir?vwévﬁi«t«eﬁh%md@rémlpaw tﬂérm'@@mati\@

and stirr eﬁ_@ggféﬂémeveigaéd §9b¥llzdzf9r‘fl-}é6,§ﬂ6vhﬁéhcp?0 ﬂs%@l@éﬁéd dnid@xE: %tb&’ was

m xed_wth $4- boronic acid tert-butyl - pheny anm ne
(3.3 mmot ) WItPEGA PEifgyha (‘%ﬂ'@)ﬁ'sﬁb‘iﬂs g/ 0Yd Mt')‘ =4a8-1E%Cco3” (1M soi ution, 5.4
m.) and heated at 80 C for two hours. The organic |ayer separated, cone in
vacuo and purl f"rﬂdmmsaomnaqusonﬂp&@gbﬂ YEORM, /= S2d BEeg) 39&@5 t,

4-tert-But he | 4- 5] t
N2l 1 bl e T BB oL TR S 7 H#hwa@@lfm%&o%@m) g
9.11 (d, 14®s5(B2hp.1.44(s, QJH& 8. 00(d, 1H) 7.81-7.76 (m 1 H), 7.41-7.36 (m
1 H, 7.32 (d, 2H), 7.19 (d, 2H), 3.94-3.73 (m 8H), 1.25 (s, 9H)

(4-tent-B AN e%gyl) {4- [4 chl oro-6-(2, 6 di nmet hyl - nor phol i n- 4- ylj (1,3,5]tr
i azin- ZCyL-llEI-—r@*oqmnolln -yl }-am ne

(4-tert-Butyl-phenyl)-{4-[2-(tetrahydro-pyran-4-yl)-pyrimidin-4-yl}-isoquinolin-1-yI}-

amine

~ 4-chloral Pyrane is added dropwise into THF (5 mL) susupension of Mg (66mg,
95%, 2.6 mmol) at rt and the solution is heated to reflux for 2 h. After cooled to RT, this
solution is transferred to THF solution of compound (4-terf-butyl-phenyl)-{4-(2-chioro- .
pyrimidin—4—yl)-isoquinolin—1—yl]-amine (50 mg, 013 mmol) at -78 oC. Then the solution is
warmed to rtin 4h. CH:Cl, (10 mL) is added and the solution is washed with H,0 and brine.
C Chromatography (SiOz, 10 - 60% EtOAc-hexanes gradient elution) provided product (15 mg, -
26 %). MS ESI m/z 437 (M+H"), '

"H NMR (300 MHz, CDCL,) 5 8.76 (d, J = 6.0 Hz, 1H), 8.51 (d, J = 6.0 Hz, 1H), 8.34
(s, 1H), 8.01 (d, J= 9.0 Hz, 1H), 7.73 (t, J = 9.0 Hz, 1H ), 7.65 (m, 3H), 7.43 (m, 3H), 4.15
(m, 1H), 4.1 (m, 1H), 3.25 (m, 1H), 3.19, 2.38 (s, 3H), 1.26 (d, J= 3.0 Hz, 6H).

Example 29

(4—Isopropyl-phenyl)-[4-(2-morpholin-4-yl~pyrimidin-4-yl)-{2,B]néphthyridind -ylJ-amine



M5: 503" H NWVR (300 MHz, CDCI3) 5 9.02 (d, 1H), 8.37 (s, 1H), 8.21 (d, 1H),
7.81-7.76 (m 1H), 7.49-7.44 (m 1 H, 7.29 (d, 2H), 7.13 (d, 2H),
4.60-4.56 (m 2H), 3.59-3.54 (m 2H), 2.27-2.62 (m 2H), 1.23-1.20 (m
15H). 4-[4-i

-(4-tert-Butyl - phenyl am no) -i soqui nol i n-4-yi]-6-chloro-[1,3,5]triazi
n-2-yl }- piperazine-|-carboxylic acid etdpyl ester MS: 546 'H NVR (300 MHz,
CDCI 3) 8.9.08 (d, 1S), 8.57 (s, 1H),.7.97-(d, 1H), 7.79-7.74 (m 1 H),
7.61-7.59 (m 1 H), 7.33 (d, 2H), 7. 20 (d, 2H), 4.17-4.10 (q, 2H), 3.93-3.86
(m 411), 3.55 AQQ?/ers;slét%go tﬁm%ﬁ'@-b&l%ni(:%idl[gﬁnaﬁhthyndm 1-yI)~([4 1sospr%ﬁuyi Ip 1)-

(4-tert- But yl - phen I'oro-6-th |om)rpo i n-4- 'yl)
- i soqui nol @ming {480 hg.aheqie-fAsBromprpyrinigivR-)Z0erPhpkn & e 'dPPhsPQ

523 gg EE }1@811 c@ﬂ@)M@(S%Egand7hl%£b53(§ﬁ5$%L)lslhé’a')ed Jt rflndite 1.5 .oelS (b, 4H),
(4-tert- BUWOV%WCVQ pod qee!ﬂﬁs.lsp%?qhﬁdm GH2s42Q 7Rl Hftn washinggutnidiQ and - y1 | -
mne Fol |t9’i’i4enﬂilst$lﬁar€l@§&tﬁtﬁin i HACLANGTD.PhndethdbhtraAed ) ard), r@ﬁsﬁ@wgrédﬁgsanp g

1). MtH =4 =
8? 29 Hz, 1(5111?2- 4@ /va‘??to(‘\g heia']a? Dfovg%éﬁ% proydl:t?h?nﬁ[q:é-&grpmlm yl_@rmd. _"8 67
Hz, 2H) gimaphitylidinA ~i7arbibe (ﬂDO:mg &Y, )HE hgﬂl ye)low sdiid3 7HROS BSt 8267 HZ

iH%G ?:hrgr mﬁ%ﬁ@ﬁ"g%ﬁ*&ﬁ%fgﬁﬁ'f‘?s@]’%@@ ut i onzg?)Z 6-di chl oro-pyrazin (2

g, 13.4 mmol) and norpholine (4.7 g, 56.7 rrrml) in CHBCN(SO m.) was

stirred overni dpf nmRhgooMaHEECBO. ) 811088 (4, 11 BAOf & se Az 1), 8ABYE ey g 73-
was concentrated under reduced pressure e resi due was furt her purified by

a short sill tid), 798 (dobt Btz d Haf 184 to, éFcﬂaIQJUi. 2498, &3t 881HZ 2HR 600 (A59) .

Z’tDH §0g41?30W3@§%W) 396G dh), 20682 IHS, 1. 301('d2d =6.@PHeSemtt) . 3. 70 (m
(4-tert-Butyl-phenyl)-[4-(2- m)rphol i n-4- yI-thl azol - 4- yl ) - naphthal en-1-yl]-am
i ne:

29a) (4-lsopropyl-phenyl}-{2 6lnaphthyridin-1-yl-amine

A HCldioxane solution (4N, 2.18 mb) is added to a solution of 1-chloro-
[2.6]naphthyridine (J. Hetercyclic Chem., 18, 1349 (1981) and 4-isopropanylaniline in n-
butanot (5 mL) and the resulting solution is heated to 80 °C for 4 h and then evaporated to
dryness. The residue is dissolved CH:Cl; (20 mL) and washed with saturated NaHCQ; (20
mL), H:O (1 x 10 mL) and brine (1 x 10 mL). The organics are dried (Na;S0,) and
concentrated. Chromatography (SiO,, 20 - 80% EtOAc-hexanes gradient elution) provided
(4-1sopropyl-phenyl)-[2,6]naphthyridin-1-yl-amine (1.0 g, 48 %). MS ESi m/z 264.15 (M+H").

"H NMR (300 MHz, CDCL) § 9.21 (s, 1H), 8.09.(d, J = 6.0 Hz, 1H), 8.25 (d, J = 6.0
Hz, 1H), 7.69 (d, J = 6.0 Hz, 1H), 7.63 (d, J = 9.0 Hz, 2H), 7.28 (d, J = 9.0 Hz, 2H), 7.21 (d, J
= 6.0 Hz, 1H), 7.12 (s, 1H), 2.95 (m, 1H), 1.29 (d, J = 6.0 Hz, 6H). C NMR (75 MHz,
CDCL) § 1524, 144.8, 143.4, 127.4,121.3, 114.4, 111.1, 77.6, 34.0,24.5.

29b)  {4-Bromo-2,61naphthyridin-1-y)-(4-isopropyl-phenyl)-amine

Trimethylphenylamonium tribromide (1.03 g, 2.74 rnmol) is added to a solution of (4-
Isopropyt-phenyl)-[2,6]naphthyridin-1-yl-amine (680 mg, 2.58 mmol} in THF (10 mL) at 0 °C.



Fol | owed the general Suzuki coupling reaction (Exanple 1). MrH =445.21. 'H
NVR (300MHz, DVMSO-d6) 5 9.24 (s, 1 H), 8.56 (d, J = 7.54 H, 1 H), 8.35 (d,
J = 8.29 Hz, 1H), 8.12 (s, IH),"7.75-(m3H), 7.64 (t, J="7.54 Hz,
IH)-7.35-(d; J=8.67 Hz, 2H), 7.04 (s, 1 H), 3.76 (m 4H), 3.44 (m 4H),
1.30 (s, 9H) 26a) 4-(4-chloro-thiazol-2-vl)-norpholine A solution of
t hi azol i di ne- 2, 4-dione (0.5 g, 4.27 mmotY7and POCI3 (2 mL, 21 nmol) in
CH3CN (20 m -) and 4N HCl/dioxane (1 m-) was heated to 70C overni ght. The
m xture was poured to the ice water and neuﬁ r‘@_hg zed with saturated NaHCGO3
then ext r abheeseiionssimed HRdodt gadstred (pe ! Mdd'Flsi @@PCRlIce firyease #drbe
treated wihidi@iphrboa ﬁJC!gp:Cg’z (ZBJmU)I[Fh% :slcﬂuﬁ'di‘rEiSrTMEhEéBvcv)lgaﬁz@t(g 5% ﬁﬂﬂﬂz ahd®Om
t enper at ur,e. over ni ght . e_m xture was dilu t OAc _apd was y
wat er (3 X8 flL)X g‘ﬁd ”HJ1’ nﬁ?S@rgﬁﬂ'f? %Fﬁedﬁc}oi@az\g%zear\ﬂago@(?ﬂgﬁtﬁf’r@tgdmtaay
reduced prEissHatograshyp(8i0f,i 28l -b30% i Etioee-tgebnesh pradiEnbd gluiphy ptovidekf @rBloibe
g " .

B ‘6’8”% ( ﬁ%%;nr%hgg%%’%f-ﬂﬂhﬂsa%%gﬂ%p%n IR (W24 LB LR 3 8aBluldy, 1)
(4-tert-Butyl -phenyl)-[4-(2-norpholin-4-yl-1 _
H-i mi dazol - 4- yI "1 AmeBoo MHZ) €D 50061 Be1H) 4:80Ad S0S BESE, OIM) 08 34 (s, 1H), 7.67
nor phol i nof or mam di ne hydr obrom de (40 , 0.189 mmol ), K2CAB (32 ng, 0.227
mrol ), andd2J Bréobrblza 1 7 (58- ey E-GHU Z'IBhr-Tgr%QI(QWI A2 Haodili Adfits-Uy2Ps (m,
et hanone (ﬁg’ Mg (9. P76.0MPEH).in DM (1 ) is stirred at rt for 30 minutes,
then diluted wth water and extracted with Et20. The organi ¢ phase is
dried, concentrated and further purified by preparative TLC, devel oped by
5% MeQH-in Et QAc. Col | ected the orange color band (Rf=0.394) and extract by
Et OAcl_ o afford |ight yellow compound(20 ng, 60% . M+-H+=335.1764. 'H NMVR
(300MHz. @BBYD)(4-BBordy adidH2, Ginaphiingitlin-r-yN-{4-1dpproByldphefd)-amdine 7. 91 Hz, 1 H),
7.89 (s, 1 H, 7.71 (t, J =7.72 Hz, 1 H, 7.61 (t, J =-7.54 H, 1 H), 7.52
gﬁb J 3: Bg- (()f]'] %&b{)fnﬂ ézlgﬂn ﬁg’ng an\%;;?nﬁj 2% bl 2,585 6 dddled bo Ehotordsg (M
1- f 1- (4- t df-Brapey?.SlpRehipYrEiA- iy -(H-egiapxorhenyapine- (35hyar by ORamen

THF (10 mL) at —78 °C. The reaction solution is treated with B{O-iPr); (0.31 mL, 1.3 eq) and

warmed up to 23 °C in § h. The solutien is quanched with 0.5 mL of H,0 and dried in in

vacuo. The residue is treated with 4N HCI (2 mL) and a light yellow solid precipitates. The
solid is filtered and washed with TN HCI, dried to obtain the crude product (4-boronic acid-
[2,6Inaphthyridin-1-yl)-(4-isopropyl-phenyl)-amine (400 mg).

Example 30
C * 4-[1-(4-tert-Butyl-phenylamino)-isoquinolin-4-yl]-pyrimidine-2-carbonitrile

A solution of {4-tert-butyl-phenyl}-[4-(2-chloro-pyrimidin-4-yl)-isoquinolin-1-ylJ-amine
(25 mg, 0.064 mmol), KCN (8.4 mg. 2 eq} and PdCI;(PPh)s (5 mg) and ELN (10 mg) in
DMF (1 mL) is heated at 80 °C for 4h. 10 ml DCM is added and the solution is washed with
NH,CI (10 i), H:O and brine. Chromatography (SiO;, 10 - 60% EtOAc-hexanes gradient
elution) provides the iitle compound (24 mg, 99 %). MS ESI m/z 380.20 (M+H).

"H NMR (300 MHz, CDCL,) § 8.82 (d, J = 6.0 Hz, 1H), 8.48 (t, J = 9.0 Hz, 2H), 8.24
{s, 1H), 8.00 (d, J = 6.0 Hz, 1H), 7.81 {, J = 6.0 Hz, 1H), 7.70 (d, J = 6.0 Hz, 1H), 7.60 (d, J
= 0.0 Hz, 2H), 7.45 (d, J = 9.0 Hz; 2H), 1.36 (s, 9H).



To a solution of (4-bronp-isoquinolin-1-yl)-(4-tert-butyl-phenyl)-am ne (500
ng, 1.407 mmol) in anhydrous THE (50 m-) at -78C was added a 2.5M sol ution
of BuLi in hexane (1.407 nm, 2.62 mml). After stirring at the sane
tenperature for 1 h, the mxture was warned slowy to -40 C. The reaction
m xture was cooled to -78C, then (tert-Butyl- dinethyl-silanyl oxy)-acetic
acid nethyl ester (460 rng, 2.11 mol) .z -THE (5 nL) is added slowy. The
m xture is stirred at the sanme tenperature for 2 h and then heated to 40 C
for 2 h. The reaction is cooled to rt and quenched by 5 nL of saturated
NH4Cl . ThBidlogichal Bramplesconcent rat ed under vacuum and the m xture is taken
by water and Et QAc and extracted with EtOAc and washed with water (20 nl)
and brine (20 Atbhve BHRabdC-Ref, end WS822 BARaf prvteins obhurvam seqience aeemirified &dmand

aifora o oPTice s aynd i BEhen Seotlol iR RE BAOHRR e 1 RS BN ao)

5 9.76 ( sm&clo;blbtes&o@l@d (akh 1B-a 2@d ®lockizd with SuperdlogR The phosghorylBiof @f (k8-o at =

7.91 Hz, 8 6 7. 67
(d: J = %er'i%é ?_éls cfétti(%tléd I%a Eﬁospﬁ%-lx Es)?ef_éc %Igéjgy a&%%SIégpglng%?%g)aHé
H)y, 4.75 éati-mbuse @8kiine pr&phatéBe&:bn,(ugateBH)acorRﬁbﬁantlbody (Pierce #31320), and
2- Brono- 1- [ I IS ui nol | | - et hanone - 75-
1-[1-(4- teé%’kg#fyr& SHR&L %.?TILR)%O%\éIIgOQUIB?I’_]Ia @90 g !&%ﬁ%roxy et hanone (25 ng,
0.075 mml) is suspended in CH2CI 2 , PPh3 (59 rrg, 0.224mml ) and Ct3r4 (74
ny, mo [ pe a

0.224 | Yhé foliowindsampoenidsdn Tabley 2 arnrd@ infikit widbipe GRaf ateth 16yt fioght .
The m xtu t \/ CH2Cl 2.
The yel | ogvgbmbl?'%%é%%s@gggﬁ%%tég an(J'h éﬁ(t!t@r g%ﬁngQE)d& a%é@%@fn?% afford a
yel | ow so@Parrcrmslln\gm%@Ban 4immad. 1764. ' H NVR (300MHz, DMBO-d6) S 9.99 (s,
1H, 9.07 (d, J =8.29 Hz, 1 H, 898 (s, I H, 8.73 (d, J =8.29 Hz, 1H),
7.88 (m3H), 7.72 (t, J = 7.16 Hz, 1H), 7.47 (d, J = 9.04 Hz, 2H), 4.95 (s,
2H), 1.34 (s, 9H). Exanple 28 f
(4-tert-Butyl-phenyl)-{4-[2-(tetrahydro-pyran-4-yl)-pyrimdin-4-yi]-isoqu
inolin-1-yl}-




am ne 4-chloral Pyrane is added dropwi se into THE (5 nL) susupension of My
(66mg, 95% 2.6 mmol) at rt and the solution is heated to reflux for 2 h.
After cooled to RT, this solution is transferred to THE sol uti on of
conmpound (4-tert-butyl-phenyl)-[4-(2-chloro- .
pyri mdin-4-yl)-isoquinolin-1-yl]-amne (50 ng, 013 mmol) at -78 oC. Then
the solution is warned to rt in 4h. CH244 2 (10 nL) is added and the
solution is washed with H2O and brine. C Chronatography (SiQ2, 10 - 60%
Et OAc- hexanes gradi ent elution) provided product (15 ng, 26 %9. MS ESI nmz
437 (MtH ). "H NWMR (300 MHz, CDCI3) S 8.76 (d, J= 6.0 Hz, 1H), 8.51 (d, J=
6.0 Hz, 1MabiB234 (s, 1 H, 801 (d, J =9.0Hz, 1 H, 7.73 (t, J = 9.0 Hz,
1H), 765 (m 3H), 7.43 (m 3H), 4.15 (m H, 411 (m 1 H, 3.25(m 1
H, 3.19, 2.38 (s, 3H), 1.26 (d, J = 3.0 Hz~6H). Exanple 29
(4-1sopropyl -phenyl)-[4-(2-norpholin-4-yl-gyrimdin-4-yl)-[2,6] naphthyri din-
l-yl]~amne 1 -76- A degassed sol utien 4 i
aci d-[ 2, 6] napht hyridin-1-yl)-(4-isoq
4- (4-Brono-pyrimdin-2-yl)-norpholi
eq) in DME (5 nL) and Na2C38 (2M 5 eated at reflux for 1.5 h. DVE
is renoved in vacuo and residue is dissol ed in CH2CI 2 (20 nmL) _After
washing with H2O and bri ne, thls organic sbf(ytlon is drled (MySH4) and
concent r at; i EEy 2
(4-isoprop
yl)- [2 6]naphthyridin| yI]-amne (200 ng, 470 as |light yeIIow solid. HRVB
ESI JQ . 2275 (MH H270N6 requir »2246) . "H NWR (300 _MHz,
06(s 1H)\\ (d, J= 6.0, H, 8.48 (t, J= 3.0 %% 1 H),
775(d J = 6.0 H) 7.64 (d, J =/9.0 Hz, 2H), 7.31 (d, J = 9.0 Hz,

2H), 6.90 (d, J 30Hzl|—|),3.92(m 4H), 3.94 (m 4H), 2.96 (m 1 H)
1.30 (d, J = 6.0 Hz, 6HE. 29a)
(4-1sopropyt- phenyl )-Q\i%rlnapht hyri di n-1- am ne A HC jgligsane s@lution
(4N, 2.18 nL) is adde a solution ofﬂjq -thl or o-

) S /©/'< 182-185 354.2

N HN

}
4 El;L /Ejk 154156 397.2

[x] HN

vy
—C N 183.1-

5 iy HN/©/,< 186.6 354.2

& £
) . \\<r '
6 d:)\ N £ 468.2

' 1 -
7 B ,@fk 355.2

yl) amine (400 ng, | eq),
1.2 eq), PdCl2(PPh3)2. (0.1




[ 2, 6] napht hyridine (J. Hetercyclic Chem, 18, 1349 (1981) and
4-isopropanylaniline in n- butanol (5 nL) and the resulting solution is
heated to 80 C for 4 h and then evaporated to dryness. The residue is

di ssolved CH2Cl1 2 (20 nmL) and washed with saturated NaHCO3 (20 niL), H20 (1 x
10 mL) and brine (1 x 10 nL). The organics are dried" (Na2SO) and
concentrated. Chromatography (Si 2, 20 --8080% Et OAc- hexanes gr adi ent eIution)
provi ded (4-1sopropyl-phenyl)-[2,6]naphthyridin-1-yl-amine (1.0 g, 48 %.

M5 ESI mz 264.15 (MtH ). H NMR (300 MHz, CDCfa) S 9.21 (s, 1H), 8.09 (d, J=

6.0 Hz, 1H 551 - : Hd, J
= 9.0 Hz, & nCi ! P (s,
1H), 2.95 (m 1H), 1.29 (d, J = 6.0 Hz, 6H). NVR (75 MHz, CDCIS) S
152.4, 144.3, 143.4, 4,121.3, 114.4, 1,~77.6, 34.0, 24.5. 3@99)
(4-Brono-12,/61naphth :dhm*l-yl) (4-is -phenyl) am ne

Tri met hyl phenyt anoni umtribronmde (1.034g, 2.74 mot) is added to a sol ution
of (4- I1sopropyf-phenyl)-[2, 6] naphthyridin-1-yl-amne (680 ng, 2.58 mMmmol) in
THE (10 nL) at 0 C. -7A7- The solution is w pef up to it and stirred for |

h. THE is e\gaporat-edi ydryness and the due is dissolved in gH2C 2 (20
m.). The solution is ed with H20 (Imx 0 nL) 'and brine (1 x 10 nlL). The
organics are dried (thS ) and concentrated to 2 nL. Chronmatography (S102,

20 - 80% Et OAc- hexanes ,gradi ent el ution) provijdes (4-Brono-
[ 2, 6] napht hyri di n- 1-;/%))%(4 i sopropyl - phene (650 mg, 74 %9 . M5 ESI

mz 342 (M#Q). "H N 00 MHz, CDCl 3) 4(s 1 H), 8.80 (d,3%.= 6.0
Hz, 1 H), 8.34 (s, 1 67 (d, J —*@'o , 1H), 7.59 (d, J = 6.0 Hz,
2H), 7.29 (d, J = 9.0 Hz, 2H), 7.14 (s, '1H), 2.95 (m 1H), 1.29 (d, J= 6.0

Hz, 6H). s 29c) (4-Bo1on|c .
aci d-[ 2, 6] ngpht hyri di yl)-(4-isopropyl nyl ) - am ne olutio f BulLi
in hexanesnﬁl 1 nm ﬂi? ghnﬂ 2.5 eq) #wsedded to a soIﬁ??on of W

(4- Brono-[ 2, 6] napht hyri df n- I-yI) (4-i sopropyl - phenyl) - am ne (350 ng, 1.eq,

1.02 mol) in THE (10, m-) at -78 C. The reagtion solution is treated with
B(OiPr)3 (0.31 m., 1.8 eq) and warned Efjfqug Cin 5_h. The solution is

202.9-

quanched witzh 0.5 nL'oP‘HZO and dried in 203.4 369.3
HN
CH 1
13 ‘©\ 7 ,d< 432.2
0//5/\NH Hi '

14 Nf)\m. " 414.2
~n
‘ Dk
15 (Ef\)\(ﬁ " 440.3
oy
('\ /©)<
16 "/)\”/\I " | 453.3



vacuo. The residue is treated with 4N HO (2 m-) and a light yellow solid
precipitates. The solidis filtered and washed with IN HCI, dried to obtain
t he crude product (4-boronic acid-

[ 2, 6] napht hyridin-1-yl)-(4-isopropyl -phenyl)-am ne (400 ng). Exanple 30 C
4-[1-(4-tent-Butyl - phenyl am no) -i soqui nol i n-4-yl]-pyrimdine-2-carbonitrile
A sol ution of ) -81-
(4-tert-butyl-phenyl)-[4-(2-chloro-pyrimdin-4-yl)-isoquinolin-1-yl]-am ne
(25 ng, 0.064 mml), KCN (8.4 ng. 2 eq) andMELQN (10
) in Dy B e =g

sol ution it

10 - 60% Et OAc- hexane on) provikdes the title conpound (24
mg, 99 %. I}/ﬁ ESI

) , CDCI3) S 8.89 J =
6.0 Hz, 1 H)" 848(t, , . s, 1 H, 8.00 (d, J“@ 6.0 Hz,
1H,.7.81 (t, J =6.8u 1H, 7.70 (d J =

gradient eluti
0.20 (MrH). H NWR

(

6.0 Hz, 1 H, 7.60 (d, J =
9.0 Hz, 2H), 7.45 (d, J = 9.0 Hz; 2H), 1.36 (s, 9H) . -78- Biol ogical
Exanpl es Active B-Raf, ;G Raf, and V599E B-Rafkproteins of human sequence
are purifieggfrom insect cells using the ﬂg;uloviral exps-essi on system Raf
inhibition is tested i -well  mcropk coated with 1KB-a and bl ocked
wi t h Superbl ock. The phosphoryl ation oflIKB-a at Serine 36 is detected

usi ng a phospho-IrcB-a specific antibody (Cell; Signaling #9246), an
shosphat ase conj;gfgﬁdkéecondary anti body (Pierce
te
[

anti-nouse 1gG al kal i ne
#31320), an@;'an al kal tng! phosphat ase sub , ATTOPHOS ( Pronegags.3tS101) .
The fal J-owi ng conpounds in Tables 2 and® hibit wild-type CRaf at an |1 C50

of froh 0.05 nmml/L tehore than 4.0 | /L and/or nutant B-Raf (V599E) at
an 1C50 of from0.08 rmjl\/L to nore than 4.0 | /L. -79- Table 2. X 1-Y Q
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/3 C HN\ N NNC -123- Exanple A Detection of T1796A Mutation in the
Human B- Raf Gene Detection Priner: GATTTI" GGTCTAGCTACAGA Second Priner:
GACTTf CTAGTAACTCAGCAG Cenomic DNA is isolated fromhunman cells froma

mel anonma cell line using a GENELUTE mammal i an genomic DNA kit (Sigma Cat. #
Gl N 350). PCR reactions are carried out on a PCR machine (M} Research,
Model PTCL 00) in a total volune of 50 p% using the PCR Core kit by Roche
(Cat. It 1578 553). The PCR reaction m X J%é contains 5 nL of 10 x reaction
buffer,i nL of 10 nNIdNTPs Taq
polyneraseﬁ. % -
condi t i onsi:gkE
cycl es

4C After anpllflcatlon 8 m_ of the PCR
acid sanmpl e | oadi ng buf f er
(Bi oRad Cat .f161 0767§ .The 10 nlL sanpl e ¢A~F0aded onto a 1.5% agarose

(G BCO BRL & It 1559 7) gel that co ns 0.3 pgl nL of et hidi&m

brom de (Plerce Cat. #1% ) [
from Invitrogen Cat. # 10380-012) are
is separated by

baded in an adj acent |ane. The DNA

308 438
o o
H NH '
e
H
N,
310 420
3
N.;.Q/N
1 /J:::]/J<: 436



el ectrophoresis in TAE buffer (0.04 Mtris-acetate, 0.01 MEDTA 0.02 M
glacial acetic acid pH 8.4) (Roche Cat. #1666690). El ectrophoresis
conditions are 120 volts for 30-40 mnutes. After separation, the gel is
exposed to UV light and a picture taken on an Al phal mager 2000 docunentati on
system -124- Cenerally, two bands are detected in the gel. The faster
mgrating band runs ahead of the 100 bpgrker and represents the priners.
The DNA that results fromthe TI 796A nutant specific PCR anplification has
a predlcted S|ze of 152 bp and nlgrates betmeen the 100 bp standard and t he

sequenci ngEEgie
the Ti 796A nutation is
anplification product

t|on is absent in the tissue

sample. Qthgs B-RAF mu is method utilizing the
detection prinmer anduw for the mutation in“he
foll oW ng tables: Detectii Primer SEQ ED NO 4 igonucl eoti de Segnent
(5'-->3") B-RAF Mutation 1 ACAGIGGEA GAATTGA GL388A 2
ACAGTGGGACAAAGAATTGT GL388T 3 GGACAAAGAATTGGATCTCGC Gl394C 4
GGACAAAGAATTGGATCTGA

ATTGGATCTGGATCATTTGC T
AGGTGATTTG T1782G 10 445

CAGTAAAAATAGGTGATTTTC (¢ GATTTTGGIG C1786G 12
C

e LN .
L)
N/ﬁ
315 | IR H‘r/[::]/\l\v,o 7

316 /Q/l!'\ 405
N(:‘ N

. T/
317 % " 433
| a
NYQKO/\
~d
! 464

318




13 GATTTTGGICTAGCTACAGA T1796A 14 GATTTTGGTCTAGCTAC- AGAT TGL796- 97AT 125-
Second Prinmer SEQ ID NO digonucl eotide Segnent (5-*3'") B-RAF Mutation 15
TGTCACCACATTACATACTTACC GL388A 16 TGTCACCACATTACATACTTACC G1388T 17
TGTCACCACATTACATACTTACC G1394C 18 TGTCACCACATTACATACTTACC G1394A 19
TGTCACCACATTACATACTTACG G1394T 20 TGTCACCACATTACATACTTACC G1403C 21
TGTCACCACATTACATACTTACC GLl403A 22 GACTIHTAGTAACTCAGCAG G1753A 23
GACTTTCTAGTAACTCAGCAG T1782G 24 GACTTTCTAGTAACTCAGCAG Gl783C 25
GACTTTCTAGTAACTCAGCAG Cl7866 26 GACTTTCTAGTAACTCAGCAG T1787G 27

fromO to 2 mis fron10 4 Jis unsubstltuted or substltuted once or tw ce
by Q wherein J is aryl, heteroaryl, cycloaLgﬁngr het er ocycl oal kyl
wherein aryl is an ar tic radical hav' $ 14 carbon atons, such as
phenyl, na hyl % ,inﬂ/ ' 454

L 3

320 T o 392

AN
321 Q Hlr/[kr" | 406
322
/E;j 436
YJ<\°
]
323 HW/L;V, | a22
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324 ’J;;/j 392

0\/\,‘,/‘\:
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fluorenyl and phenant hrenyl; heteroaryl is an aromatic radical having from
4-14, especially fromb5-7 ring atons, of which 1, 2 or 3 atons are chosen
i ndependently fromN, S and O, such as furyl, pyranyl, pyridyl, 1,2-, 1, 3-
and 1, 4-pyrrmdinyl, pyrazinyl, triaziyl, triazolyl, oxazolyl, quinazolyl,
i m dazolyl, pyrrolyl, isoxazolyl isothiazolyl, indolyl, 1isoindolinyl,

qui nol yl, isoquinolyl, purinyl, cinnoliqu,_ napht hyri di nyl, phthal azi nyl,

i sobenzof uranyl, chronmenyl, purinyl, thianthrenyl, xanthenyl, acridinyl,
carbazol yl and -phenazi nyl; cycloal kyl is a saturated cyclic radical . havi ng
from 3-8, { ; '¥ X 13 gat yl
and cycl ohz ; it Fad 3 om
3-8, preferably from5-6 ring atons, of which 1, 2 or 3 atons are chosen

i ndependently fromN, St and 0, such as pipeyidyl, piperazinyl,

i mi dazolidinyl, pyrroliginyl and pyrazolLidifyte"® is a substituent on 1 or
2 carbon atzmss sel ect @ omthe group qon$i sting of hal ogen, unsasastituted
or substituted tower < -OR2, -SRZy"SM(R R, -NRS(O2N(R R, -NRS(O) 2R,
-S(OR2, -S(0)2R2, -OCOORZ"-C(OR2, - R2, -NR-COR2, -CON(R2)R2,

-S(0O 2N(R2) R2, cyano, tri-nethylsilanyl, unsubstituted or substituted aryl,
unsubstituted or substituted heteroaryl, such as substituted or

unsubstituted im dazotyl, and substituted or stituted pyridinyl,
unsubstituted or substjityted cycloal kyl , unsufstituted or substituted
het er ocycl ogdvkyl , suc @ substituted mbsti tuted piperidinygy
substituted or unsubstildr

d pi peraza sulfstituted or unsubstituted
tetrahydropyranyl, and sSub$tituted orrunsubstituted azetidinyl, -127-

- Clda K&I-aryl, - Cl- Oal kyl -heteroaryl, -Cl-0alkyl-heterocyclyl, am no, nono-
or di~Substituted am no, heteroaryl-aryl; Ris H |ower alkyl or

| ower al koxy-al kyl; R2 i unsubstituted or substituted al kyl, unsubstituted

or substituted cycl oal : ’L::lj(u
328 .w \r( 447

o

LI

/]i" 532
e H [ I\
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oH
330 /©/ 364

331 o 446
2 Hi
N

A N
332 ' /Q/ 445
] S
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unsubstituted or substituted phenyl, -Cl.4alkyl-aryl, -Cl4alkyl -heteroaryl
or-C -0al kyl - heterocycloal kyl; X is a bond, Y, -N(R -, oxa, thio, sulfone,
sul f oxi de, sul fonam de, am de, or ureylene, preferably -NH, -NHC(O) -
-NHC(ONH; Y is H Iower alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted

cycl oal kyl or substituted or unsubsti tutIE? het erocydoal kyl ; and Z i s am no,
nono- or di-substituted am no, hal ogen, kyl, substituted al kyl , hydroxy,
etherified or esterified hydroxy, nitro, cyano, carboxy, esterified carboxy,
al kanoyl , p gRramyl, N-nmono- or N, N-di -substituted carbanoyl, am dino,
guanidin0LﬂﬂBLQdpLQ#__SuLLQk—QhQﬂ¥LLhLQh_thﬂlL_LQWEL_aLlethl0

al kyl phenyl t hi o, phenytsalufé nyl , phewgl -1 ower al kyBsuﬂtﬁnenyI M+1
al kyl phenytsgrtinyl, phenyl sul,TonyT 47phenyl -1 ower al KanesSui Tonyt ops;
al kyl phenyl sul f onyl, and ere if nore than one radic is present (m~
?2), the substituents Z identical or different; N- oxi de of the
menti oned conpound, whewéim one or nore N atoms catr oxygen atom or a
pharmaceutically ac | e salt thereof. nd of formula (la) X
4CHR)- Y N~ Z)m (I B~ AA'TD V\/nerelnr |s - -128- nis from
0-2; mis fromO-4
N ' é I"
] SN
e @
o
2 4072 5 /@rl( 455.4
‘ . L,
e
g
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A B, D Eand T are each CHor CQor A B, Dand E are each CHor CQand T
is Nor B, Db EE and T are each CHor CQand Ais Nor A B, T and E are
each CHor CQand Dis Nor A B, DL and T are each CH or CQand Eis N or
A, B and D are each CHor CQand E and T are Nor B, E, and T are each CH or
CQ and A and D are each Nor A Dand T are each CH or CQ and B and E are
each Nor A and D are each CH or CQ and»,B. E and T are each N, Qis a
substituent on 1 or 2 carbon atons selected fromthe group consisting of

hal ogen, unsubstituted or substituted | ower alkyl, -OR2, -SR2, -N(R R
-NRS(O 2N(R R, -NRS(O 2R, -S(OR2, -S(O2R2, -OCOR2, -C(OR2, -Q02R2,

- NR- COR2, E@¥l8&) R2, S(O2N(R2)R2, cyano, tri-nethylsilanyl, unsubstituted
or substituted aryl, wunsubstituted or substituted heteroaryl, such as

subst:i t ut or,. uns ' d.. imidazol vl bstituted or unsubstituted
pyri di nyl ﬂﬂﬁ%‘{?&?ﬁﬁ%é&%‘?‘ag%g‘f ﬂleﬁ?%%a" g%%o%%’keyl , unsubstituted or
substituted hetero | Ky ’T§¥E i d or unsubstituted

pi per'i di nyl, Slt!l:geé C%%ﬁ#:g'ﬁ'egr bf!}nsu gpﬁ?@m%eﬁr;gzol yl, substituted or
unsubsti t ut ed Y/ } or unsubstituted

azeti dinyl, Cﬁ%{)@/?%g’slé%MfﬁgTﬁthfg\%g%ﬁ -Cl al kyl - heterocyclyl,
am no, nono- or di-substituted am no, heteroaryl-aryl; Ris H |ower alkyl
or | ower al koxyGenkytic DI i isolaieshfipse herer gellsrostd s1elanemadcel] liRg bsing a

unsubst i t HAGEIQFTESHAFIMIibA %en&welmm kY {sigmaltau Rt in 95@.0' FUR aRAdrstE €d
phenyl , -C1. 4al k}/l -arPyI -0 Aal kyl - heteroaryl or -Cl.4al kyl -

het er ocy cIcagieR AUt on@ PERmBehipe (M‘?IRBN(%W MagRP TG HI0 In & {ntaf yalumesefi50aw: de,

sul Lon_arﬁ Qﬁing?‘f(ﬂ ?@R GHl;e bt ?yF@gwe (ca@.r:rsifraasdtax Tll(a}J!‘PCRl‘rEH%BQ)r?ixt{JréWt ; $ANH- Y
is H¢{ower a , Subst or_unsu itute ryl, substituted or

unsublst ¢ uiBor Tk epelpores e ot (el B rsn A8 v efe@pitaiingyp S

subst i t ut geq@blyhiefdgesRistSIgs), 1 mL of a 31 uM stock of each primer.”
The PCR conditions are as follows:

95 C 3 minutes

94°C 1 minute

50°C 30 seconds |35 cycles

72°C 1 minute

72°C 10 minutes

—
.h

4°C

After amplification, 8 mL of the PCR reaction mixture is mixed with 2 mL of nucleic
acid sample loading buffer (BioRad Cat. #161-0767). The 10 mi sample is loaded onto a
1.5% agarose (GIBCO-BRL Cat. # 15510-027) gel that contains 0.3 pg/mL of ethidium
bromide (Pierce Cat. #17898). Molecular weight standards (100 bp DNA ladder from
Invitrogen Cat. # 10380-012) are loaded in an adjacent lane. The DNA is separated by
electrophoresis in TAE buffer {0.04 M tnis-acetate, 0.01 M EDTA, 0.02 M glacial acetic acid
pH 8.4) (Roche Cat. #1666690). Electrophoresis conditions are 120 volts for 30-40 minutes.
After separation, the gel is exposéd to UV fight and a picture taken on an Alphalmager2000

documentation system.



het er ocycl oal kyl ; and Z is am no, nono- or di-substituted am no, hal ogen,

al kyl, substituted al kyl, hydroxy, etherified or esterified hydroxy, nitro,
cyano, carboxy, esterified carboxy, alkanoyl, -129- carbanoyl, N nono- or

N, N-di - substituted carbanoyl, am di no, guanidino, nmercapto, sulfo,
phenyl t hi o, phenyl -1 ower al kylthio, alkylphenylthio, phenylsufonyl,
phenyl -1 ower al kyl sul finyl, alkyl phenyl sulfinyl, phenylsulfonyl,
phenyl - | ower al kanesul fonyl or aIkyIpheﬂ?ﬁsulfonyl and wher e, if nore than
one radical Zis present (m2), the substituents Z are identical or
different; or a I a aIIy ahl e salt thereof

A conpound of CI y,%%agﬁ%gr% Je‘%&?‘f B9%: 1‘?.8 %%% gPat’ﬂ?%’@B funs aheags D
and E are @ﬁtﬁe ’(ﬂat@rmﬂ@m@ r@pneserNsdhe mmﬁs Thatﬁm#Ethatresmmlhrﬂﬂxe)T 17@8aand D

is Nor . n h.N' is a

substit uenfm Lg%ﬁoﬁgpﬂ@ﬁ@?%%@hr%_‘n 2pSRred Sadted gt@’ %‘% ?r BTk Eﬂ’%ﬁﬂﬁg%ﬁ?legt{?%g of
hal ogen, ur§Qbgtsiandeeickickths 8B bp standard| awmediaﬂelzly The P@ampnﬂ%t;orr Byt is

- NRS( O) ZN - S :

R ok, RS e RaTereng S S5k r Sbffeopat bEbi vemontites Pt o
or substit thec 1 ZR64 mutaWEUbe&SBUt in dhetemplaie DNAIt B atseneaoefiye PCR@ufisitationt ed
or substit ﬁﬁmg is het er ocycl oal kyl ,
-Cl..lal kyiﬂ- ary '¥%b@?’|’é§%ﬁt tPH et e%be'lér' 5{’%% W&éﬁ&ﬂ? #Hﬁge?er ocyclyl, am no,
nono- or di--substituted _am no; is Hor lower alkyl, R2 is unsubst it uted or

substituted al kthefdhgﬁﬁé'ﬁtit@‘m"é@f%ﬁe@a‘ﬁgtbwm EI?"W&‘%MW defgediny primer and
- C1- Oal kyl sg&od, prinfelififdaked foP@bemaatio in e frofidwilg tdtyds; het erocycl oal kyl ;

Detection Primer

SEQID NO: Oligonucleotide Segment (5'~»3°) .B-RAF Mutation
1 ACAGTGGGACASAGAATTIGA G1388A
2 ACAGTGGGACAAAGAATTGT G13887
3 GGACAAAGAATTGGATCTGC G1394C
4 GGACAAAGAATTGGATCTGA G1394A
5 GGACAAAGAATTGGATCTGT G1394T
6 ATTGGATCTGGATCATTTGC G1403C
7 ATTGGATCTGGATCATITGA G1403A
8 GAGTAATAATATATTTCTTCATA G1753A
9 CAGTAAAAATAGGTGATTTG T1782G
10 CAGTAAAAATAGGTGATTTITC G1783C
11 GTAAAAATAGGTGATTITTGGTG C1786G
12 GTAAAAATAGGTGATTTIGGTCG TI787G
13 GATTTTGGTCTAGCTACAGA T1796A

GATTTTGGTCTAGCTAGAGAT TG1796-97AT

-
BN




Xis -NR-, oxa or thia; Y is phenyl that is unsubstituted or substituted by
one or two identical or different substituents, selected fromthe group
consi sting of am no; |ower al kanoyl am no, hal ogen, |ower alkyl, halo-Iower
al kyl, hydroxy; |ower al koxy, phenyl-Iower al koxy, and cyano, or
alternatively or additionally to the preceding group of substituents, [|ower
al kenyl , CB_12al koxy, | ower alkoxycarboaé%, car banoyl, | ower al kyl carbanoyl,
| ower al kanoyl, hal o-1ower al kyloxy, |0 "al koxycar bonyl, | ower )

al kyl mercapto, hhalo - 130 | ower al kyl mercapto, hydroxy-I|ower alkyl; | ower
al kanesul fonyl, hal o-1 ower al kanesul fonyl, phenyl sul fonyl, di hydroxybora
(-B(OH)2) and | ower al kyl enedioxy or Y is pyridyl; and Z is hal ogen, am no,
N- |1 ower al kyl am no, hydroxy-lower alkyl am no, phenyl-laower al kyl am no,
NN-di =1 ower al kyl am no, N-phenyl -| GeepndPkiser N- | ower al kyl am no,

N, N-di - | oner al ksgE@Hen®! ani noflidopueectideaGuumenbffi-mnd), or  B-BADMutatieent

sel ected from the gyoup conststdittRATRRBZEAEAMNoEe and phenydsal ower

al koxycar bonyl ami no, wher ei n radi ¢ in each c LS
unsubstituted or isﬂ%ubstitUPE%R%§RQ§?¥%A8$QLQi?5%% no, or §ﬁ§ﬁhby hal ogen,
am no, N-lower al kyi7am no, NNFEiCACPASATARZHTACHTAGCC hydr ox@l13®gan, carboxy,

| ower al koxycarbonyls |ower atdgp@dacRiTRYaAfREHARRY!  Or agid,@xide or a
pharmaceutically acceptable salt_ thereo conmpound of Claim 3, wherein

f. 4. A
r is fromo-2; nisorl: ni sHTLCCARATBACHI AN LCare each®8¥dr cQ and T is
N, or A, B and D ara® each CH TTG2QCACATEAGATRCATTACE each N, Gi4BC- Q i s bonded
to A to Dor to Agnd. D andrdReheaiPhcAfAprhbeorine, cglgphne or

brom ne,

C 22 GACTTTCTAGTAACTCAGCAG G1753A
{"' | 23 GACTTTCTAGTAACTCAGCAG T1782G
24 GACTTICTAGTAACTCAGCAG G1783C
25 GACTTTCTAGTAACTCAGCAG - C1786G
26 GACTTTCTAGTAACTCAGCAG TI7876G
27 GACTTTCTAGTAACTCAGCAG T1796A
28 GACTITCTAGTAACTCAGCAG TG1796-97AT




met hyl, ethyl, propyl; hydroxy, nmethoxy, ethoxy, 2-hydroxyethoxy,

2- met hoxyet hoxy, (2-(1Hi m dazol-1-yl)ethoxy, hydroxyi m nonethyl, acetyl,
formyl, nethylnmercapto, or amno, N nethylamno, N ethylamno, N-(n}propyl-
or N-isopropylam no, 2-cyanoethylam no, 3-(nethoxyphenyl)am no,

3- (4-rnorpholinyl)propylam no, 3-(py(dinyl)nethylam no,
2-(2-pyridinyl)ethylam no, 4-(1Him dazejg.l-yl)butytam no,
4-(trifluornmethoxyphenyl)am no), (nethylanm nosul fonyl)am no,

(et hyl sul fonyl ) am no, (tetrahydro-2H pyran-4-yi)am no,

(tetrahydro-2H pyran-4- yl)nethylam no, (tetrahydro-3-furanyl)am no,

(2- (1H i mygaA @ cidimgb £t hyl ) ami no,  2- hydr oxyet hyl am no,

(2- met hoxyet hyl )y net h dr oxyet hoxy) et hyl am no, spirans,
1-azetidifyl, 3 @P}P&i‘p@ﬁ%&ﬂ&}'?ﬂﬁ’ﬁ% N dinyl, 3-carboxy-| -azeti di nyl ,

t et r ahydr o- %J;Fo%@_)gam nyl, dihydro-1., 2, 5-oxathi azi n-5(6H) -
tetrahydro-1(2H)- pydmi di nyI) 3- (acetyl fet rahydro) -1l (2H)- pyr| m di nyi ,

pi per azi nyl ,ris o tdir oxyet hyl ) - 1- pi per azi nyl,

4- (et hoxycar bon% &04 pi perazinyl, 4-acetyl-1- piperazinyl, piperidinyl,
4-(trifl uor N8 1-pi peridinyl, 4-(difluoronethyl)-1- piperidynyl,

4- (phenyl n”EtJl?sé'uhsdbslﬂhMbﬁubyiituteéoﬁb@mlbemy@pﬂfﬁr@ihny' 4- cyano- 1-

pi peridinyl, 4-methoxy-1-p 4- ethoxycarbonyl-l-plperldlnyl

4- hydr oxy--1-4 'ﬁl%hﬂﬂ‘?"ﬁ?’ﬂ" CMQ'%H‘%B&%}/Q@YDBY%B@"W&

4- (am nocar bO”Yédth—aﬁ'aﬁﬂ‘ﬁétﬁ:’ rQ&' tal héwﬁ@frbﬁxﬁ'd-m €arbon Bloﬂ%r b&thgl phenyl, naphthy,

4- met hyl sul f onyl - | perid lgr%‘? &’tf ahydr o- 2H pyr an- 4- yl ) oxy,

4- nor phol i nyl, 3, 5 1"1'5'/‘5s ROfSWYy1 or 2-phenyl -4-norpholinyl; Ris H or

nethyl; Xis - N%teroﬁﬁyans@n a*rbmsuc raditall Havin o 4-t1 B adspeGiaMRord 517 firgt aﬂém@rof
substltuted by one

t di f t ted f
ani no; acetyl ani no 'g)"fr:h amfphga{?)mag? Fﬁ‘%’ea:'"JﬁPrBﬁ‘?%y?rP@rsr{'é dﬁ?rssus %93- rem
ethyl or pEOIo%/I tntsyrzfaﬂmwﬂdsat hxu.i‘! Ay ®N§ﬁyﬂﬁﬁ;ﬁb¢)ﬁyraﬁfﬁ]0ﬁatmmmiyﬂxy
cyano, or (a erna ively aor a i e _pre
sﬁbstl tuents) et h @ém? a’ﬂkg'xc’%Z&Yle¥¥" 't'g%ﬁg'yﬁg%b'ﬁ%'@ g@ﬁloyl
N- et hyl - car banoyl rsmndtb&inylequmolﬂulsyd]wm'ziylmmnyu cinadiByly hapmlhwﬂyiybpyt,halazmyl,
trifl th :
et hyl mer capt o, 1 rr TR e BUr Y, My AL S,

carbazolyl and phenazmyl

cycloalkyl is a saturated cyclic radical having from 3-8, preferably from 5-6 ring
atoms, such as cyclopropyl, cyclopentyl and cyclohexyl;

heterocycloalkyl is a saturated cyclic radical having from 3-8, preferably from
5-6 ring atoms, of which 1, 2 or 3 atoms are chosen independently from N, S
and O, such as piperidyl, piperazinyl, imidazolidinyl, pyrrolidinyl and
pyrazolidinyi; '

Q is a substituent on 1 or 2 carbon atoms selected from the group consisting of halogen,
unsubstituted or substituted lower alkyl, -OR;, -SRz, -N(R)R, -NRS(O}LN(R)R,
-NRS{O):R, -S{O)Rz, -S(0);Rz, -OCOR,, ~-C{O)R;, ~-CO2R;, -NR-COR,;, -CON(R:)R,,
-S{0):N(R2)Rz, cyano, tri-methylsilanyl, unsubstituted or substituted aryl,
unsubstituted or substituted heteroaryl, such as substituted or unsubstituted
imidazolyl, and substituted or unsubstituted pyridinyl, unsubstituted or substituted
cycloalkyl, unsubstituted or substituted heterocycloalkyl, such as substituted or
unsubstituted piperidinyl, substituted or unsubstituted piperazolyl, substituted or
unsubstituted tetrahydropyranyt, and substituted or unsubstituted azetidiny,



met hanesul fonyt, trifluoronethanesul fonyl, phenyl sul fonyl, dihydroxybora
(-B(OH)2), 2-nethyl-pyrimdin-4-yl, oxazol-5-yl,

2-met hyl -i, 3-di oxol an-2-yl, | H pyrazol-3-yl, 1-methyl-pyrazol-3-yl,

met hyl enedi oxy, bonded to two adj acent carbon atons or 132- Y is pyridyl,
2-, 3- or 4-am nophenyl, 2-, 3- or 4-acetylam nophenyl, 2-, 3- or
4-fluorophenyl, 2-, 3- or 4-chlorophenyks72-, 3- or 4-bronophenyl, 2,3-,
2,4-, 2,5- or 3,4- dichiorophenyl chl oro-fl uor o- phenyl ,

4- chloro 2-fluoroanilino, 2-, 3- or 4-nethyl phenyl, 2-, 3- or

4- et hyl phenyl , .%:Mal;’e’w_aan .é,-,pemg,msbiaml-c1mﬁnmétefdcyggpamnﬁeﬂwho- & 3- or

4-trifluoronet hg dr oxyphenyl

4- et hoxypheny!| 'SZ'bSt't‘éBdéF““lP-EFWW |, met hoxy-chl oro-phenyl, 2-, 3- or
4- benzyl oxy Ry fbﬂ%% henyl 2-, 3- or 4-nmethyl phenyl,

4- chl or o- 5- 1'3"3‘%0,7@}%4 ﬁenyl g@brorm 5-tri fluoronethyl phenyl,

3, 5- di met hyl lﬁhe nymbstlt«ﬂitatﬂe:trrsgabstauted)dlkpihemﬁ,ubstlt@mob pulfstifitéd eysioatigt hyl ) phenyl ,
b hyl
3- br oimo- 4- et hy rgngé}%ut%c? ér 5511395'1 & ﬁf&ﬁ@f?ﬁ%@”&bﬁe llﬁ/l héten:%lrﬁ%?rh gﬁp%no

N-| ower al kyl ani'no ower ‘a
NN- di - | ower al Id;di@‘ncymallwl,phenyl -1 ower al kyl - N-1 ower al kyl am no;

N, N- di - | ower | phen 1 al k | am a_s stltu nt selected
from the gr)&f k%%ﬁs?s_ﬂ(%g! %?a %%&T%{/?rgmsﬁ@%éﬁ : '%de r\r/\'/Lleé? urey
al koxycar bonyl am'aﬁarabty -thréJHC(O)e -NIHE{@)NHF;adi cal | n each case is
unsubstituted, o upstjt b y hal ogen,
am no, N-|owels IW" éﬁﬁﬁﬁé&’b ?0 %‘MF“&‘&&@P%%B&%‘H@BF S@V‘&H car boxy,
| ower al koxycarHegatybryl, batvstituted &ranﬁybstMed)yyotmndmempbsmoﬂed@nuhélmsletd@dor a
phar ngCeuti cal | accep ) JD ‘%al t thereof. 5. A conpound of Claim2, wherein
r is1%" niso0; ?BCVCOE "E and T are CHor CQand Ais N or

Z is amino, mono- or di-substituted amino, halogen, alkyl, sqbstitigted alkyl, hydroxy,

etherified or esterified hydroxy, nitro, cyano, carboxy, esterified carboxy, atkanoyl,
carbamoyt, N-mono- or N,N-di-substituted carbamoyl, amidino, guanidino, mercapto,
sulfo, phenyithio, phenyl-lower alkylthio, alkylphenyithio, phenylsulfinyl, phenyl-lower
alkylsuifinyl, alkylphenylsulfinyl, phenylsulfonyl, phenyl-lower aikahesulfonyl or
alkylphenylsulfonyl, and where, if more than one radical Z is present {(m =2), the
substituents Z are identical or different;

or an N-oxide of the mentioned compound, wherein one or more N atoms carry an
oxygen atom;

or a phamaceutically acceptable salt thereof.

_ C 2. A compound of formula (la)

_~{CHR);

| L)y, (1a)

wherein

ris from 0-2;



A, B, Dand E are each CHor CQand Tis N, Qis a substituent on one or two
carbon atons selected fromfluorine, chlorine, nethyl, ethyl, propyl;

am no, N-methylam no, N-ethylam no, N-(n)-propylam no, Nisopropylam no,
2- cyanoet hyl am no, 3-(net hoxyphenyl)am no, 3-(4-norpholinyl)propyl am no,
3-(pyridinyl)methyl am no, 2-(2-pyridinyl)ethylam no,

4- (1Hi m dazol -1-yl)butyl am no, 4-(trif 4gor et hoxyphenyl ) am no) ,

(met hyl am nosul fonyl ) am no, (nethyl sul T onyl )ami no, (tetrahydro-2H pyran-4-
yl)am no, (tetrahydro-2H pyran-4-yi)nethyl am no,

(tetrahydro-3sky ﬁp@%l )am no, -133- (2-(l1Himdazol-I-yl)ethyl)am no,

2- hydroxyet hyl am no,  2-(2- hydr oxyet hoxy) et hyl am no,

t et r ahydr o- TG BHjorpwed; mi di nyl ), 3-(acetyltetrahydro)- 1(2H)-pyri m dinyl,

pi perazinyl, 4- 2 hydr oxyeth perazinyl, 4-(ethoxycarbonyl)-
1- pi per azi nyh B, B. Endyj o %F%é‘%ﬁ’(?@ pi peri dinyl

j Et LI fl For?ﬁW}ﬂ alnd]E BidR@Ich@HW cQ aﬂud(l‘% Ngror onet hylj) 1I pi peridynyl,
phenyl me pi_peri enoxy-1- pi peridiny
4- cyano- 1- pl%é’ )Ed?ﬂ?/l a"%ei’@(%?{/égp?ﬂ isllﬁPrnyI 4- et hoxycar bonyl -
pi Ferl di nyl ch%, Mﬂ@éke'ea@h?fd)rfbmkéhd mimafrﬁoxyl | - pi perijdi nlyl
4- (am nocar bon -1- eri y 4- t hi o-1 - pi peridi ny
4- et hyl sul fpog]/b) F"—‘iﬁiT BRI Or ¢ ﬁlr‘lllﬂryl 3, 5-di met hyl nor phol i nyl or
2- phenyl - 4- Wmmﬁb@eacRGHOi'CQramMTare)Nbs -NH; and Y is phenyl that

subst t uent & EoPRATAE FRQhot LR A Ao BAPEEN G ne: 1 ower al kyl,
trifluorometd)yl and B echdamhdrhenyQ and B ar@-E are ehchdt vyl phenyl |
g ghljl();rgt ﬁy]['{pl f %Fé)gaecthh%l}h%egyéﬂda%ﬁ drrf)arefa}[ﬁ@f !sl(Jﬂ ??FLQ?/L%SR);: ) phenyl or
3- br ono- 4- etdﬂmla-smb%ﬂmbnt onor omcd\h@xatd&rs@élebhalfmufgr&ﬁldoyis@m@&mﬁlUgénSa' t
thereof. 6. A Coggbstfl?uqeé) or sq)ahtuteg Tower aﬁ(yle 6'R2, -SSRy, -N(R)R, NRS(O)ZN(R)R
-NRS(O):R, -S{0)Rs, -S(0)z2Rz, -OCOR, ~C(O)Rz, -COZR;, -NR-COR;, -CON(R2)R,,
-5(0)N(R2)Rz, cyano, fri-methylsilanyl, unsubstituted or substituted aryl,
unsubstituted or substituted heteroaryl, such as substiluted or unsubstituted
imidazolyl, and subsituted or unsubstituted pyridinyl, unsubstituted or substituted
cycloalkyl, unsubstituted or substituted heterocycloalkyl, such as substituted or
vnsubstituted piperidinyl, substituted or unsubstituted piperazolyl, substituted or
unsubstituted tetrahydropyranyl, and substituted or unsubstituted azetidinyl,
-Cjalkyl-aryl, -Cyalkyl-heteroaryl, -Cq4alkyl-heterocyclyl, amino, mono- or
di-substituted amino, heteroaryl-aryl;

R is H, lower alkyl or loweraikoxy-alkyl;

Rz is unsubstituted or substituted aikyl, unsubstituted or substituted cycloalkyl,
unsubstituted or substituted phenyl, -Cq.alkyl-aryl, -Cy_4alkyl-heteroanyl or -C,_jalkyl-
heterocycloatkyl;

Xis a bond, Y, -N(R)-, oxa, thio, sulfone, sulfoxide, sulfonamide, amide, or ureylene,
preferably -NH-, -NHC(O)-, -NHC(O)NH-; '

Y is H, lower alkyl, substituted or unsubstitﬁted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocycloalkyl; and

Z is amino, mono- or di-substituted amino, halogen, atkyl, substituted alkyl, hydroxy,
etherified or esterified hydroxy, nitro, cyano, carboxy, esterified carboxy, alkanowi,



rris 1l nisO; msO; A B, Dand E are each CHor CQand Tis N, Qis a
substituent on one carbon atom selected from am no, N nethylam no,

N- et hyl ami no, N-(n)-propylam no, Nisopropylam no, 2-cyanoethylam no,

3- (et hoxyphenyl ) am no, 3-(4-norpholinyl)propylam no,

3-(pyridinyl)nethyl am no, 2-(2-pyridinyl)ethylam no,

4-(1Him dazol -1-yl)butylam no, 4-(trif)uornethoxyphenyl)am no),

(et hyl am nosul fonyl )am no, (nethylsulf T)am no,

(tetrahydro-2H pyran-4-yl)am no, (tetrahydro-2H pyran-4- yl)nethylam no,

(tetrahydro-3-furanyl 1.N0 2- d_m ol,-1-yl)et 1.N0,. ..

2- hydr oxyet hyl arﬁaﬁ%é,/m%"i@'w&g %&’gyﬁ ﬁ%ﬁq@'fztﬁ?/ F%ﬁ%'ﬁ%ﬁ %ﬁ%ﬁ’??@i’%'vo’ mercaplo,

j- Et [1 i fl Iuor mﬁt lhgdu)lfe, dhepiyjieo, mlien)ﬂﬂowefra@dltlhibmndwfmhwiq,pb_elm:rlsp&flidydphymy;!-lower
- (phenyl net hyl ) 5,1+ | = = -1-ni

4- cyano- 1- pi per iac'ﬁ y}]g@:lfl?]?rLa ﬁ%@ﬁ%’?&s‘ﬂ’%ﬁ Bé‘?'ﬁ% ?’ﬁ@fﬁx p:lﬂeRylﬁ)&'[}ér%'lk%Xesulfonyi of

4- et hoxycar bonylalkyigiiepeisuittinyly Bnd whixrgdf ooye thapiope radi¢ahylis present (m >2), the

4- car boxy- | - pi pesbbgt'\tﬂ%’ﬁ s Za‘*“*&%ﬁ‘%‘ﬁ@f@ﬁﬁ?w ) - 1- pi peridinyl,

4- et hyl t hi o-| - piperi ﬁnyl, ohyl -1 - piperidinyl or nnrpholinylf
Ris H X ol i-oxide of a phaphecyticdlih atcetabiasalbbbidofit ed or substituted by
chlorine, nmethyl, trifluronethyl, isopropyl, tart-butyl, mnethoxy,

4-trifluorgmet hpxyphenyl ; hyl ; cycl ohexyl that is unsubstituted or
substi t ut eg by ’{38\¥\£‘Poﬁ‘¥gf<§’/ﬁ@gﬁp‘ﬂ%o| yl that is unsubstituted or substituted by

hal ogen orwhareinower al kyl; or an N-oxide or pharmaceutically acceptable salt

thereof. 7. A conBound of daim6, wherein r is 1;
ris from 0-2;

o
Id

L( nis Oor 1;
misOor1;
A, B Dand EareeachCHorCQandTisNor

A,B,TandEareeachCHorCQandDis Nor
A, BandDareeach CHor CQ and E and T are each N;

Q is a substituent on one or two carbon atoms selected from the group consisting of
halogen, unsubstituted or substituted lower alkyl, -OR», -SR;, -NRy, -NRS(O)N(R),,
-NRS(O):R, -S(O)Ra, -S{O)R;, ~-OCOR;, -C(O)R;, -CORz, -NR-COR;, -CON(R:),,
-S{0).N{(R;z)z, cyano, tri-methylsilanyl, unsubstituted or substituted aryl,
unsubstituted or substituted heteroaryl, unsubstituted or substituted cycloalkyl,
unsubstituted or substituted heterocycloalkyt, -Cy4alkyl-aryl, -C,alkyl-heteroaryl,

C -Ciqalkyl-heterocyclyl, amino, mono- or di-substituted amino;

B R is H or lower alkyl,

R; is unsubstituted or substituted alkyl, unsubstituted or substituted cycloalkyl, phenyl,
-Cyqalkyl-aryl, -Cyaalkyl-heteroaryl or -C4_alkyl-heterocycloalkyl;

X is -NR-, oxa or thia;

Y is phenyl that is unsubstituted or substituted by one or two identical or different
substituents_ selected from the group consisting of amino; lower alkanoylamino,
halogen, lower alkyl, halo-lower alkyl, hydroxy; lower alkoxy, phenyl-lower alkoxy,
and cyano, or alternatively or additionally to the preceding group of substituents,
tower alkenyl, Csqzatkoxy, lower alkoxycarbonyl, carbamoyl, lower alkylcarbamoyl,
lower alkanoyl, halo-lower alkyloxy, lower alkoxycarbonyl, lower alkylmercapto, halo-



nisd; msO; A B, D and E are each CHand Tis N, Qis a substituent on

one carbon atomselected fromnorpholinyl; Ris H Xis -NH; and Y is
phenyl that is substituted in the 4-position by tert-butyl or
trifluoronmethyl; or an N-oxide or pharnaceutically acceptable salt thereof.

8. A compound of Claim4, wherein risl;, nisO; ms0O; A B and D are each
CH, and E and T are each N, Xis -NH; -135- Y is phenyl that is substituted
in the 4-position by tert-butyl; and Q Y3 2- hydr oxyet hyl am no substit uent
on D, or an N oxi de or phar maceuti cally acceptable salt thereof. 9. A

conmpound of C aim f mis from 0-4;
Jis abicyclic hﬁ‘@? W dlr(?] igﬁéﬂaglfﬁ% l%%(%r dll?aggggmg ! ﬁal o?w r
i soi ndolinyl, qualireplesbifonyk, squsmf@m,,dﬂwrmwaws(om Bnqlowecalkmiehediqu,or

napht hyri di n§, g hal azi nyl , isobenzofuranyl naphthyridinyl, phthalazinyl,
chronmenyt an Ly H‘él)f |s a substituent on either one or both rings of the

bicyclic ring l§¥l§fo§9?n. Ao, QRINRE aRflamino, hydroxy-lower alkylamino, phenyl-lower
alkylamino, N,N-di-lower alkylamino, N-phenyl-lower alkyl-N-lower alkylamino,

N, N-di-lower alkylphenylamino, lower alkanoylamino, or a substituent selected from
the group consisting of benzoylamino and phenyl-lower alkoxycarbonylamino,
wherein the phenyl radical in each case is unsubstituted or is substituted by nitro or
by amino, or also by halogen, amino, N-lower alkylamino, N,N-di-lower alkylamino,
hydroxy, cyano, carboxy, lower alkoxycarbonyl, lower alkanoyl or by carbamoyl;

or an N-oxide or a pharmaceutically acceplable salt thereof.

4, A compound of Claim 3,

wherein
r is from 0-2;
'n isOort;
misQort,

A,B,DandEareecachCHorCQandTisN,orA,BandDareeachCHorCQand E
and T are each N;



two carbon atons on either one or both rings of the bicyclic ring system
selected fromthe group consisting of halogen, unsubstituted or substituted
l ower al kyl, -OR2, -SR2, -NR2, -NRS(O) 2N(R)2, -NRS(O 2R, -S(OR2, -S(O 2R2,
=OCOR2, -C(OR2, COZR2, -NR-COR2, -CON(R2)2, -S(O 2N(R2)2, cyano,
tri-nethylsilanyl, unsubstituted or substituted aryl, unsubstituted or
substituted het eroaryl unsubstituted oh,4 substituted cycl oal kyl
unsubstituted or substit uted het er ocycl oa1l kyl, -Cl-4al kyl-aryl,

- Cl4al kyl - heteroaryl, -C, -,alkyl-heterocyclyl, am no, nono- or

di - substit ut§e RHBG ARO'[?OHOQ( andWeindb géfléete@eﬂ'ohﬂdéﬂﬁé’ b:'ﬁtdnké' b?groﬁﬁne

substituted al kyl, unsubstituted or substituted cycloal Kyl,

_Claal kyl - ar y| , melbylaptoyh pioayle Pysipp) "@i‘thtleﬂHYk%Wféf?@Wc?‘Bthethw s Y,
-N(R™, oxa, t@qmswdtag@q,y@mxgxnﬁﬂ; FYhSrREBYI Sttyl ABHAR, AEhHRYIBREor ¥ 1S
H, Iower al kyl ,” substituted or unsubstltW@g [HE%{‘ B’fbstltuted or
unsubst i t ut ed ‘eipermeinerdnpdeihiaming (Y Of (Yr'2ePreRnadiaPky| or
substituted or ApmHBEHi rbuﬁrmjs-(h@twmyzwlkcyla(m&pzoﬁr@l)ﬁwbﬂ@mm@m- or

e P N L s ey L M
al kanoyl, car baamdonnédhnmnenmanmi&)Q@n@wmmnbssnfenyt)ammmoy| _ani di no,
O e e SRRyt P P BRI ol P
al kyl phenyl sul fyl)nplthquminamyimhydruﬁquranWhe,l(ﬁw iraideaoieisyllettotyyming; - 136-
2 The " substr s BBYaiE. CrenBr R iRer O 0T on Nokideor &
phar rméeut i cal |Zy(2aydepyeibbxy)sthyiaminoe spias, 1-agetidinylchratvumdarbonyGH aizatidnyl,
wherern nisoO; B-éarﬁ&ygl -aze'(ﬂjv?@l’, tetrahydro-2H-1,3-oxazinyl, dihydro-1,2,5-oxathiazin-5(6H)-
yl, tetrahydro~1(2H)-pyiimidinyl), 3-(acetylietrahydro)-1(2H)-pyrimidinyl, piperazinyl,
4-(2-hydroxyethyl)-1-piperazinyl, 4-(ethoxycarbonyl)-1-piperazinyl, 4-acetyl-1-
piperazinyl, piperidinyl, 4-(frifluormethyl)-1-piperidinyl, 4-(difluoromethyl)-1-
piperidynyl, 4-(phenylmethy!)-1-piperidiny!, 4-phenoxy-1-piperidinyl, 4-cyano-1-
piperidinyl, 4-methoxy-1-piperidinyl, 4-ethoxycarbonyl-1-piperidinyl, 4-hydroxy-1-
piperidinyl, 4-carboxy-1-piperidinyl, 4-(aminocarbonyi)}-1-piperidinyl, 4-methylthio-1-
piperidinyl, 4-methylsulionyl-1-piperidinyl, (tetrahydro-2H-pyran-4-yljoxy,
4-morpholinyl, 3,5-dimethylmorpholinyl or 2-phenyl-4-morpholinyl;
R is H or methyi;
X is -NR-, oxa or thia;
Y is phenyl that is unsubstituted or substituted by one or two identical or different
substituents selected from amino; acetylaming; fluorine, chlorine or bromine; tert-
butyl, methyl, ethyl or propyl; trifluoromethyl; h)";;!foxy; methoxy, ethoxy; benzyloxy;
cyano, or {alternatively or additionally to the preceding group of substituents)
ethenyl, Cg.qzalkoxy, terf-butoxycarbonyl, carbamoyl, N-methyl-carbamoyi or N-tert-
b&tykcarbamoyl, acetyl, phenyloxy, trifluoromethoxy, 1,1,2,2-tetrafluoroethyioxy,
ethoxycarbonyl, methylmercapto, trifluoromethylmercapto, hydroxymethyl,
methanesulfonyl, trifluoromethanesulfonyl, phenylsulfonyl, dihydroxybora (-B(OH),),
. 2-methyl-pyrimidin-4-yl, oxazol-5-vi, 2-methyl-1,3-dioxolan-2-yl, 1H-pyrazol-3-yt,
1-methyl-pyrazol-3-yl, methylenedioxy, bonded to two adjacent carbon atoms or



J is a bicyclic heteroaromatic ring system selected fromindolyl,

I soi ndol i nyl, quinolyl, isoquinolyl, quinazolyl, purinyl, cinnolinyl,
napht hyri di nyl , phthal azi nyl, isobenzofuranyl naphthyridinyl, phthalazinyl,
chronmenyl and 'purinyl; Ris Hor lower alkyl; Xis Y, -N(R-, oxa, thio,

sul fone, sul foxide, sulfonam de, am de or ureylene; and Y is H |ower
al kyl, substituted or unsubstituted aryl, -substituted or unsubstituted
het eroaryl, substituted or unsubstitut éa?’%ycl oal kyl or substituted or
unsubstituted heterocycloal kyl; or an N-oxide or a pharnmaceutically

0 hi o0 3Piseyesh e sopy o RERR TR o Bl net o E shar1 T or fn
N-oxi de or a pha#fiaphtnyt; 2.3y oadchlotaibesylsz| 8- drifebroofopheriyd, 2,3y, 2drRofiinet of
Vs 4 tert- but orptagpenesy’ ol crondlh dcholo-em BN, £ 3 orlot 2ol e sal ¢
t her eof . 4-methylphenyl, 2-, 3- or 4-ethylphenyl, 2-, 3- or 4-propylphenyl, methyl-fluoro- '
' phenyl, 2-, 3- or 4-trifluoromethylphenyl, 2-, 3- or 4-hydroxyphenyl, 2-, 3- or
4-methoxyphenyl, 2-, 3- or 4-ethoxypheny!, methoxy-chloro-phenyl, 2-, 3-or
4-benzyloxyphenyl, 2-, 3- or 4-cyanophenyl, 2-, 3- or 4-methylphenyl, 4-chloro-5-
trifluoromethylphenyi, 3-bromo-'5-triﬁuoromethylphenyl, 3,5-dirnethylphenyl,
4-methyt-3-iodophenyl, 3,4-bis(trifluoromethyl)phenyl, 3-bromo-4-ethyl-phenyl or
3-chlorobenzylphenyl; and
Z is halogen, amino, N-lower alkylamino, hydroxy-lower alkylamino, phenyl-lower
alkylamino, N,N-di-lower alkylamino, N-phenyl-lower alkyl-N-lower alkylamino;
N, N-di-lower alkylbhenylaminb, lower alkahoyiamino ora suﬁ'stitdent selected from
the group consisting of benzoylamino and phenyl-lower alkoxycarbonylamino,
wherein the phenyl radical in each case is unsubstituted or, is substituted by nitro or
by amino, or also by halogen, amino, N-lower alkylamino, N,N-di-lower alkylamino,
hydroxy, cyano, carboxy, lower alkoxycarbonyl, lower alkanoy! or by carbamoyl;

or an N-oxide or a pharmaceuiically acceptable salt thereof.

5. A compound of Claim 2,
wherein

ris1,;

nis ;

mis 0;

B,D,E,and TareCHorCQand AisNor

A, B,DandEareeachCHorCQand Tis N;

Q is a substituent on one or two carbon atoms selected from fiuorine, chlorine, methyl,
ethyl, propyl; amino, N-methylamino, N-ethylamino, N-{n)-propylamino,
N-isopropytamino, 2-cyanocethylamino, 3-(methoxyphenyl)amino,
3-(4-morpholinyi}propylamino, 3-(pyridinylymethylamino, 2-(2-pyridinyl)ethylamino,
4-(1H-imidazol-1-yIbutylamino, 4-(trifluormethoxyphenyl)amino),
{methylaminosulfonyl)amino, (methylsulfonyl)amine, (tetrahydro-2H-pyran-4-
ylamino, (tetrahydro-2H-pyran-4-yhimethylamino, (tetrahydro-3-furanyl)amino,



13. A compound of Cl aim 10, wherein nisO; r is 0; msO; Jis
Isoquinolyl; Xis NH, and Y is 2-tert-butyl-pyrimdin-5-yl; or an N-oxide or
a pharmaceutically acceptable salt thereof. 14. A pharnaceutical conposition
conprising a conmpound according to Claiml in conbination with a
pharmaceutically acceptable carrier. 15. A nethod of treating a patient

havi ng a di sease characterized by excessive signaling through the MAP

ki nase si gnaling pathway, which conpri se$3adnmi ni steri ng to the patient an

ef fective RAF kinase inhibiting amount of a conpound of Claim1l. 16. A

met hod of Claim sea ara I.zed by excessive signaling
t hr ough the MAP (%?M@'dg?‘ﬂ'ﬁéﬁﬁﬁaﬂ% V\gqus} ﬁ@%ﬁ%’ 17. A nethod of Claim
16, vvk_ler ei nI t he Z:(&ﬁge!rowsthaxmhﬂamm teaabyzlirmrleﬂﬂ)ajyrlnmme)r 3—(a¢etyltwalﬁ)hﬁ<:m
cancer, aglio n r or,a liver
cancer. 16, A HRRERBIORE dreerd e A O Ry Frlh b PSR BB 1 S
19I A net Pod of 1]t:pnpa'az|ng 4mbetyleshuper|agsaylp;aper&hnyl véhatm:fluoonﬁtfwln-sﬂmen(jm)/l,: esting
nme anona i ssue . Q i ssue
expresses mut ant @&'ﬁbil na { B&n%g g?ese%lﬂ%tmgf'gﬁg}%@ﬂ@%ﬁ(ﬁé; and

(b) treati ng th@lqwtimlmﬁ—cwnq heipetdiaylofrmettiosgd epipagidinylidcetbayommboryiir ess a
wild-type t th an
offect]ve RAF ETRRSRYIGHRIFTTIRRRaRG, htgitoRg s iy Catanreeagsiypl- )

met hod of O ai mpibgridiawief-eathiithie- hﬁlparﬂﬂlﬂwﬂkihﬁlﬁy@wbﬁwwpd!ﬁmls-imrahmvlat i on

in the B-RAF KisnRgigel@RitRorsROIRGLGS-THAMAFh3RR0InyE1 388T, GL394C, G 394A,
G1394T,

) R is H or methyl,
{-g' Xis -NH-; and
Y is phenyl that is unsubstituted or substituled by one or two ldentlcal or different
substituents selected from fluorine, chlorine, bromine; lower alkyi trifluoromethyl;
4-chlorophenyl, 2-, 3- or 4-methylphenyl, 4-chloro-5-trifluoromethylphenyl, 3-bromo-
5-trifluoromethylphenyl, 3,5-dimethylphenyl; 4-methy!-3-iodophenyl,
3,4-bis(triftuoromethyl}phenyl oF 3-bromo-4-ethyi-phenyt;

or an N-oxide or pharmmaceulically acceptable salt thereof.

6. A compound of Claim 2,

wherein
rist;
‘L nis0;
mis 0;

A, B,DandEareeachCHorCQand Tis N;

Q! is a substituent on one carbon atom selected from amino, N-methylamino,
N-ethylamino, N-(n)-propylamino, N-isopropylamino, 2-cyanoethylamino,
3-(methoxyphenylamino, 3-(4-morpholinyl)propylamino, 3-(pyridinyl)methylamino,
2-(2-pyridinyl)ethylamino, 4-(1H-imidazol-1-yl)butylamino,
4-{trifluormethoxyphenyl)amino), {methylaminosulfonylamino,
(methylsulfonyl)aminb, (tetrahydro-2H-pyran-4-yl)amino, (tetrahydro-2H-pyran-4-
y)methylamino, (tetrahydro-3-furanyl)amino, (2-(1H-imidazol-1-yl)ethyhamino,
2-hydroxyethylamino, 2-(2-hydroxyethoxy)ethylamino, piperidiny!, 4-(trifluormethyl)-
1-piperidinyl, 4-(difluoromethyl)-1-piperidynyl, 4-(phenyimethyl)-1-piperidinyl,



GL403C, Gl403A, G1753A, T1782G Gl783C, C1786G T1787G T1796A and
TGL796-97AT. 21. A nmethod of C aim 20, wherein the rrielanorna expresses a
nmut ant RAF ki nase. 22. A nmethod of Caim 21, wherein the nutant RAF

ki nase is a V599E nut ati on.
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4-phenoxy-1-piperidinyl, 4-cyano-1-piperidinyl, 4-methoxy-1-piperidinyl,
4-ethoxycarbonyl-1-piperidinyl, 4-hydroxy-1-piperidinyl, 4-carboxy-1-piperidinyl,
4-(aminocarbonyl)}-1-piperidiny!, 4-methyithio-1-piperidinyl, 4-methylsulfonyl-1-
piperidinyl or morpholinyl;

Ris H;

X -NH-; and

Y is phenyl that is unsubstituted or substituled by chlorine, methyl, trifluromethyl,
isopropyl, terf-butyl, methoxy, 4-trifluoromethoxyphenyl; naphthyl; cyclohexyl that is
unsubstituted or substituted by lower alkyl, indolyl that is unsubstituted or
substituted by halogen or by lower alkyl;

or an N-oxide or pharmaceutically acceptable salt thereof.

7. A compound of Claim 6,

wherein
ris 4
nis G;
mis 0;
A B D andEareeachCHandTisN;
Q is a substituent on one carbon atom selected from morpholinyl;
Ris H;
Xis -NH-; and
Y is phenyl that is substituted in the 4-position by tert-butyl or triffuoromethyl;

or an N-oxide or pharmaceutically acceptable salt thereof.

8. A compound of Claim 4,

wherein
ris 1;
nis 0;
mis 0,
A, B and D are each CH, and E and T are each N;
Xis -NH-;
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Y is phenyt that is substituted in the 4-position by ferf-butyl; and
Q is a 2-hydroxyethylamino substifuent on D;

or an N-oxide or pharmaceutically acceptable salt thereof.

9. A compound of Claim 1,
wherein

nis from 0-2;

ris from 0-2;

m is from 0-4;

Jis a bicyclic heteroaromatic ring system, selected from indolyl, isoindolinyl, quinolyl,
isoquinolyl, quinazolyl, purinyl, cinnolinyl, naphthyridinyl, phthalazinyl,
isobenzofuranyl naphthyridinyl, phthalazinyl, chromenyl and 'pt__n_inyl;

Q is a substituent on either one or both rings of the bicyclic ring system, and on one or
two carbon atoms on either one or both rings of the bicyclic ring system, selected
from the group consisting of halogen, unsubstituted or substituted lower atkyl, -OR,,
-8R;, -NR3, -NRS(0)N(R);, ~-NRS(O)R, -S(O)Rz, -${0)2Rz, “OCOR,, -C(O)R,,
-CO.R;, -NR-COR;, ~-CON(R:2)z, -S{O)N(R2)z, cyano, tri-methylsilanyl, unsubstituted
or substituted aryl, unsubstituted or substituted heteroaryl, unsubstituted or
substituted cycloalkyl, unsubstituted or substituted heterocycloalkyt, -C._saltkyl-aryl,
-C,alkyl-heteroaryl, -C;_salkyl-heterocyclyl, amino, mono- or di-substituted amino;

Ris H or lower alkyl

R; is unsubstituted or substituted atkyl, unsubstituted or substituted cycloalkyl, pheny,
-Ciaalkyl-aryl, -CMaEkyl—heteroarjd or -C;4alkyl-heterocycloalkyt;

XisY, -N(R)-, oxa, thio, sulfone, éutfoxide, sulfongrh?de, amide or ureylene;

Y is H, lower alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubslituted cycloalkyl or substituted or unsubstituted
heterocycloalkyl; and

Z is amino, mono- or di-substituted amino, halogen, alkyl, substituted alkyl, hydroxy,
etherified or esterified hydroxy, nitre, cyano, carboxy, esterified carboxy, alkanoyl,
carbamoyl, N-mono- or N, N-di-substituted carbamoyl, amidino, guanidino, mercaplo,
sulfo, phenylthio, phenyi-lower alkyithio, alkylphenylthio, phenylsulﬁnyi, phenyl-lower
alkylsulfinyi,; alkylphenytsulfinyl, phenyisulfonyl, phenyi-lower atkanesulfonyl or
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alkyiphenylsulfonyl, and where, if more than one radical Z is present (m =2), the

substituents Z are identical or different;

or an N-oxide or a pharmaceutically acceptable sait thereof.

10. A compound of Claim 9,
wherein

nis 0,

ris 0,

mis 0;

J is a bicyclic heteroaromatic ring system, selected from indolyl, isoindoﬁﬁyl, Qquinolyl,
isoquinolyl, quinazolyl, purinyl, cinnolinyl, naphthyridinyl, phthalazinyl,
isobenzofuranyl naphthyridinyl, phthatazinyl, chromenyl and i_;urinyl;

R is H or lower alkyl; . -

Xis Y, -N(R}-, oxa, thio, sulfone, sulfoxide, sulfonamide, amide or ureylene; and

Y is H, lower alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituied or unsubstituted cycloalkyl or substituted or unsubstituted

heterocycloalkyl;

or an N-oxide or a pharmaceulically acceptable salt thereof.

11. A compound of Claim 10,

wherein
nis 0,
risg,
mis 0,
J is isoquinolyl;
Xis NH; and
Y is 4-tert-butylphenyl;

or an N-oxide or a pharmaceutically acceptable salt thereof.

12, A compound of Claim 10,

wherein

nisQ;



¢
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ris0;

mis 0;

J is quinazoly!;

Xis NH; and

Y is 4-tert-butylphenyl;

or an N-oxide or a pharmaceutically acceptable salt thereof.

13. A compound of Claim 10,
wherein

nis 0;

ris 0,

mis 0;

J is isoquinolyl;

X is NH; and

Y is 2-tert-butyl-pyrimidin-5-yl;

or an N-oxide or a pharmaceutically acceptable salt thereof.

14. A pharmaceutical composition comprising a compound according to Claim 1 in

combinalion with a pharmaceutically acceptable carier.

15. A method of treating a patient having a disease characlerized by excessive signaling
through the MAP kinase signaling pathway, which comprises administering to the patient an
effective RAF kinase inhibiting amount of a compound of Claim 1.

16. A method of Claim 15, wherein the disease characterized by excessive signaling

through the MAP kinase signaling pathway is a cancer.

17. A method of Claim 16, wherein the cancer is a melanoma, a colorectal cancer, an

ovarian cancer, a glioma, an adenocarcinoma, a sarcoma, a breast cancer or a liver cancer.

18. A method of Claim 17, wherein the cancer is a melanoma.
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19. A method of treating melanoma in a patient which comprises:

{a) testing melanoma tissue from the patient {o determine whether the melanoma

tissue expresses mutant RAF kinase or overexpresses a wild-type RAF kinase; and

(b} treating the patient if the melanoma tissue is found to overexpress a wild-type
RAF kinase or express an aclivating mutant B-RAF kinase with an effective RAF
kinase inhibiting amount of a compound of Claim 1.

20. A method of Claim 19, wherein the mutant RAF kinase corresponds to a mutation in
the B-RAF kinase gene selected from G1388A, G1388T, G1394C, G1394A, G1394T,
G1403C, G1403A, G1753A, T1782G, G1783C, C1786G, T1787G, T1796A and
TG1796-97AT.

21. A method of Clainry 20, wherein the melarnoma expresses a mutant RAF kinase.

22, A method of Claim 21, wherein the rutant RAF kinase is a V599E mutation.



