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WO 2008/068171PCT/EP2007/062920 SUBSTITUTED PYRIMIDINES
AND THEIR USE AS JNK MODULATORS The present invention relates

to a method for modulating c-Jun N-terminal kinases (JNK), and a method
WOAHEARY A subject afflicted with a disease or condition thal €&E¥807/062920
alleviated by modulating JNKs with heteroecyclic compounds. The

invention further relates to novel heterocyclic compounds and
pharmaceutical compositions comprising 5 said compound. The c-Jun
N-terminal kinases (JNKs) are members of mitogen-activated protein

kinase family along with p38 and extracellular signal-regulated kinases

Thre trnct enes (Jnkl nk2 and jn E:)%l) encoding 10 splice
varrants \ave bet eenr elgrﬂtgf@g( 1 and RS17Baner Y&ﬁffrg Gpin. Cell Biol.

(1998) 10:205-19). JNKI and JNK2 are expressed in a 10 wide variety of
tissues, whereas JNK3 is mainly expressed in neurons, and to a lesser

%B%%@éﬁ@%@&ﬁgtﬁgﬁ%s(% Qm%{%%g %r%mliﬂ tH{%ngl.% 71‘)4 :%81'9 §1§1 k¥ Oa?s%s (INK),

ers of INK family are activated by pro-in atory cytokines suc

elmrfh%faée%er%ﬁawwaéﬁham rﬁr@rre@rsﬁw PrEonyitiendat aap be
mwmmwa@m&e;eﬂhe REHVRISOOLHY l&%lrﬁamedlat%@ BYdfsion further

TP {L r(pnlgnﬁ ?f 4 and MKK?7, v%%ual is hos Iatron of
hr-18 é%ci@ ‘DERBrYE S0 li?f@ % Oﬁ‘f o1 fagprising
b@éh@ﬁmmhﬂﬂrat MKK4 and MMK7 can be actrvated by the diverse

£stream kinases, including MEKK1 and MEKK4, depending upon the
herrdvafrrianng b&RsRar( EY R ¢ DB yies of alitoethritis Rbbpmtein kinase

]gz;m;) 4@@4@9}%@8 Thespesificity efg]hmt%@gta@émﬁseﬁtaw bYhree distinct
ormin pe nall C p eX containing multiple components
2%3%% n%@és %%‘ié‘gi?ég?m ggec ‘5? R SRS PRI FSE ing L - Ip and
protelite Q). Yas UdaretGal] o). (CRIR)BibR {1999) JAKT 248 -BA 0 INKshaveed in a
ORR SR dp R IARKAD AesHIRMMAIORa ThGRbRCURRS, o tesser

apoptosrs and cellular survival by phosphory atln% specific substrates,

iR A SR RO atieRtad Notethid COMBS s 8 abirmabsts of

pmré tmmwa)aéawiyd anehATHZrasanal assunc aRSCHPHR 2BR6tY Sactor
%lﬂﬁg IRS ar:ld Bcl 1%@{! %annrn and R.J. Davis, Nat. Rev. Drug
Discov. Blerop! ) 1R atiGH BTSRRI BERRIH #5Be 2AC activation

||¢fp6rm mredtmaerdslm s @psodamitingseln flARNYad0dy) INETA DG dyal
I r.
Wé? R T RS Dl e CHL 9935042537,
ﬁ?&%&%ﬁﬁﬁ%\&%éﬁéé@%’é&ﬁ@rﬁe&wm% idieriserin aneres kinascs,

the folnts NiEEdditioa MHK@;mla&@N@iﬂr@gﬁﬂdmm@@as?@rﬁmtﬁr&r cellular context
atory, pr stR t develop debilitating. . .
gﬂht% rﬁa%éléﬁ%ﬂt & ormé’tlfginég&\/t'%rgl ﬁr%lez)ls o com S&fm%uyo }ﬁqg%gn‘almg '
m@aw%éw@@am@%@n@cémmém cetiplax aawamngahmmrersomponcm
SreRghirsug eesh ke LBIE BN RRRHIRUIAREEAL IheARINAISH LMK (0 theda

B T e,
Réleum XQM)H@QSB tellZyaritbredanrtparthriticl joititsfromvaninbal models
Qi BHSII4 &L@@c%@kub%ﬁggg 'mx&ﬁmg@%&gﬁﬂéé&é{ @%Q'E'Q%n the

inhibition ofJ activation by to selective JNK inhibitors

TIPSR AL e Rt A A NTPaBFSa o TH hamar syrsyioeytesiption

rﬁzamfxpj‘nagesmwllwmlhepyte? Iilgz mmlegalnd(ﬁqobhsﬁpm feapaniatiyiscoy.
iStr. e se e ibitor, ts,with adjuvant art rltls :
E?Z'(iiml—:{;n% e?ztast gl) 8'5 0 ?[‘)’"s%c ra 18? %Frjr]rhrr}?e wEr)t e ﬁg%?ﬁﬁ%ﬂ%‘é& ‘ARt ]f'ﬁ“m n
@‘&Wﬁ@ﬂ%‘tﬁ’alm dmeét@ryemeteﬁzebe)@mm@:@@hse@mww protested

joints from destruction and 15 significantly reduced paw swelling by

inhibiting cytokine and collagenase expression. Furthermore, JNK2

deficient mice were partially protected from joint destruction, but showed

little effect on paw swelling and inflammation in the passive

collagen-induced arthritis model. These studies indicate that INK2 is
functionally redundant with JNK1 in regard to their roles in matrix
degradation, inflammation and paw swelling. Therefore, 20 combined

inhibition of both JINK1 and JNK2 activities is required for effective therapy
for RA (7 Han et al Arthritic Rharim (2002 AR Q1222 Acthma ic a
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88:661-74). This disorder has been shown to be driven by many cell types
in the airways, including T lymphocytes, eosinophils, mast cells,
neutrophils and epithelial cells (J. Bousquet et al., Am. | Respir. Crit. Care
Vg }8(52)@56) 161:1720-45). INKs have emerged as promisifg tHera&lte?
targets for asthma based upon the recerit proof-ofconcept studies in the
cellular and animal models of asthma using selective JNK 30 inhibitors (K.
Bibalyaastid|ar b DIl EHETEIONIgEPP0RY B e g Iy 4 Wik d RopRronic
that: Mk daRibitars ;s&gmfl@@Bﬂ&@dﬂ&&&ﬁ%ﬁ&&&l@{@dﬂ@y@m l&h@@cﬂvamﬂe

human arwa smooth ce (K K %
Q] % I’Rﬁore Itrl'lnopqor 8‘?’% g O\EI:VGE aim mﬁt d&md,crc and

idechronioratEmer sh base%@debgifmgthbmabﬂm@gut@i mﬁu@eatenll@eraimcc m

infiltration InflAMAYIRN, HYRETTeSRANSIHERESS PR ANSCIR 301 th
prollferatlon and IgE rodu(gtfl%jr{ pé)l\llaath et al. aEur J Pﬁarmacol 2t0(c)5)

5653474 Wél@z AEEREPLBET EE@@O%%%Q@%G‘C% dt}gnl?yfll]i]g &t4l.,
%@cﬁﬂﬁ%ﬁdu@@%‘)ﬂ#ﬁ 1373-B0): Khasaiohsetvativns suggestivitis Rheum
s %U?!ﬁslgz(%}i %hh%rﬂlllr%ggl%{&ﬂ%m%%on a'rwaaeYS Snopelic %Zl\ﬁ{m et
process associlat erresponSIVeneSS -ll erefore, i(

aﬁéﬁnﬁtﬁ@e&@ﬁé@téé% bé@&e%eﬁ lalTofthe treiatinart o 5%@15&?93@32
diabetes i&ﬂl@zmﬁas%ﬂ&&k@@ﬁ%ﬁfﬁmw@S@&QH@&;@E@W? production in
%haracterlzed g insulin r 5|stanc andﬂnsullnr{? etiqggcillnn?%égrgent as a
resUit oF RO FSW”?evgpmaﬁﬁ?‘n ma% BAFana B apl?pig‘ ‘me bﬁ%’?na)
dssoceiatdd, withuoxidative sttesselltchas Bdenmisportedithat INK alztvity igthritis

gﬁnﬂqﬁ‘@!%e'@‘@tﬁq uBz\é%PH?rH'ﬂ@b%’itﬁ E%E&%%H%HS&H%%EBE’%SQ:%H%@ et al.,
iabetic con |t|onsP(]4 Hirosumi et al., Naturé (2002) 420:333-3

KRS e b WO H08r T Ak GRES Etn B Qrasied oDy R wtippand

I pathiay: dy:gf gdnflammagary ﬁlylﬁbkmgszﬁﬁdl@é(kdﬂh@ﬁgmﬁ%&pi 288i0n.
negatively reguiates insulin S' naling via phosphorylation of Ingulin ... e
receptor Substrate-| (ﬁ-‘i‘é % %efrg?ore contributes to msuf o

ressRhie) %ﬁ%lﬁb@@\t@@ﬁﬁ@eﬂt@l ipflrommiiet ia, (amaye (Ro0RestPRg cod
YirthB8sehdlolJ ’E%k%k: Lhem.i1dR0) t%ZBJﬂ%@@@ﬂ%cﬂ’odﬂﬂ%@éaﬁm&@kmd} INK1 in

Bigl 5Chem %7951580 “ﬁé m ellnegcg A;etlc evidence_cam
f?%ﬁr gant a% RS HH% PoSEEY With Efther =107
genéinnmdobmbl) fobesé)crﬁuf@i Byl distdiytobese mices kopsrof INKE{SMKEIArapy
byt Rt KR umelions, (k2 A, protsapierghasexyce from body gains,

increased steady-state levels of blood glucose, and decreased plasma

'ﬂ%ﬂﬁﬁal%vﬁ Isvdn il o 8bAl.a Naturer @@@%)ssb'ﬁ)iﬁ))tgrﬁ%@%gmﬁ’é%ré%ce ofa
[%ineﬂ |aI effects were observ d In&?‘aan netic diabetic model (db/db
I

W&Fﬁﬁ’aﬂ%“é’iﬂ%ﬁa CElE IR Bt or et b with
(BuBermetizep el o CheraiOpiny Phaimdicok{2003).87420- 25y0frardNK. (1991)
Ig@%ﬁow)oeﬂ]ilg%t%@ l%% rl')\é@g fﬂg% l&?blé\l(!ﬁ“lggﬁ% %QRW&'P E%wgh €5 the airw ays,

JNK- mteractmg proteln [(JIP- (éH(H Kaneto et al, N t Med.

e P e 32y TR ISR BiBoaiRBES 2R %15%%%%@

IBsuhdm&S:ia\yeLsmMpmmterestmgw canetheromoast repiidA. Jaeschke et
s e B e

@e%m@éﬁbﬁm gl ﬁq@rd@u@m@n@éﬂhm@ibdﬁ@s@mab@ng ml@@d@ﬁ’ﬁlﬁnt

Iﬁﬁb&k&%ﬁl@@&%@%gpwe@ ﬁdEGIﬁ#HUBW% ingehfs ancigssdisgasswn
progressjon to diabetes, etob |a ed polarization towa %the
RS P N A e et Ry o
ofdhiK mebiitorsunthectréatin éntioh.ob E5ittyipe 2 iakisteslore importantly, the
N@Rr%ﬁ%‘??tﬂ&%&’&%ﬁs&ﬁc&&m ARAENEIMERSAAR) n%%@ﬂ”f%? 'Eh%éPP}meq

and stroke are characterized by synaptic loss, neuronal atrophy and
G ERBLCT RS LINAK 185 HAART AR T 013 (DS E AR NG e SRR F61C

play areavsalroigimpanapiasis iiselaied. pamary Plnacol (2005) 506:273-83;
2008/068171PCT/EP21107/062920 - 4 -
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embryonic neurons and multiple neuronal cell lines upon induction of a
variety of stimuli (D. Bozyczko-Coyne et al., Curr. Drug Targets CNS
‘M?%@m%i rd. (2002) 1:31-49). Over-activation ofJNK was gbserved in
human brjﬁis from AD patients (J. Pei et al., Aizheimers Dis?fgéwffmmﬁwm
3:41-48) or rodent brain sections derived ¥rom animal models of 5

ngurodegenerative diseases ( orifo et al., "J. Neurochem. (2000)
T el e HpTE e ALE SHBTas b St s
pbsmﬂ'@mtenﬁsn@i A Fom thealDgatiehtsradministratiorrosdbli ity
IO%Egﬁtéapwhpﬁﬁw{@sﬂ%&%é%@”‘rﬁb%iﬁic?ﬁaﬁl&%%“o%%kyag i ?ryil O(I—:d' ected to
peptide administration prevented the impairment of synaptic pfas% cfy.ﬁ%
tHE Q?fi]ﬁ%‘%gﬁé@é‘ﬁ%w pitsthigdel), elevated phospho-MKIC4 and to
phos ho-,][}le were observed concomitantly with the neuronal cell death.
A %%%%i?éﬁ GEH ARG SEIRRS M Bt pE priabe plises e tinayinidzed by
striatimrofisnice attehuatecsbebaviorapsnpaiment oy inbibitibgic ow-level
1.B- iat un and. ¢ asc activation, thergfore blockin
R R R R A s
SEEHSROT0 M IN K 0485t 38) Ahnedentivrldrethe arimiahmbeleitiftarget tissues
Sw{gﬁléﬁeﬁézﬁ%%%mwm izhmlwama;t@z@s@mtgmm(rg@(@lz@%&@i@@ﬁi@@; H.
| t not JINK INK2, wer istant to kainic acid (glutamate
e o e o L2 U AL Poo7 HeA BB Y Ay agathvay
N@tnre—(g@wm@@@s%@mﬁsméwgmmggmnﬂgaﬁaewasgmiatwnsuﬁn
re @Hﬁgb‘!@a.fﬁﬁtﬁ AR L¥e '1’99&%%‘_%&&" MBALALY Cg%’?ﬁ)_ﬁ)p%rg P m,et%eﬁ‘ef{)m

ischemie conditions. Taken together, the data suggests that JNKs ar

HPCIRAECR ARG SO S ISTHIGPIRNE RIS aTe dals e b AR Wittt MeuYemar (2002)
celbdedth Leineartrallgt Cethiar Qrenaiizmerotiferatiomandhraighation alone..

" AerRaulaiad aggiogeneeisieaio A aralion. o malgnant RO mar

The JNK signal transduction pathwayimay not act exc lfé]il\?ey n

APBRtbedIshEtABdH N RuGR fton WACIHbeTE AR ia bibvaliontivas mecentlictary

beteR:implicateck or gamtriaue to)the ceilulriksunivahf gﬁ@ﬁﬁ?@é&&@&%%e
types ucqja hat tumors and B L-ABI%%rfa sfgrmed lymphoblasts (M.
a -

hionyak et al. “ontogane (20b37 318 tde a6 2p°bRbglutar; Mddeseratd
(2BOR 301108l (h theoeasediylidttura 626)2nhance dEiN KR leadtivity
WRSIREN iMEBRSL AL he AN ARV RA. SR RRIRS E@Bﬂﬂ%&%ﬁ% formed
B lymphoblasts, BCL-ABL was shown to activate the INK pathway which
AT reg EsaheE fpveelion e Ao BiRG e BIOP Sy diranett cf al.. Curr
IGprestinglyqthe (it drago-esissangeErishityines- pepliles aliom SRE0N from the
AR H&%B%%‘?‘Mcl‘ml—%ﬂ%sra%%%g%&Eeﬁe nép?{gyé} ﬂé%ﬁé&c@%ﬁ r'1'1, Nat. Med.

sustained INK activity present in these sa ipeeta

1{BREn (D503 Brodim synifamativrcob ik Bluevkemddidits phsultetisulin
incindusesexpressian o habins M%@@ﬁmsgm&hﬁw MRPhc. Naul. Acad. Sci

e L RS SRR A RS S v o e
Tt Taglutamylcysteine systhasenvéiesalaontpiegliaiedy. then-obese
s W St N T A e Bl
AR SR BT SonRbly 30X to bibised s@arization toward the Th
phenotype. Taken together, these studies demonstrated the utility of INK. inhibitors in the
treatment of obesity/type 2 diabetes.

Neurodegenerative diseases, such as Alzheimer’s (AD), Parkinson’s (PD) and stroke are
characterized by synaptic loss, neuronal atrophy and death. The JNK pathway leading to

c-Jun activation has been shown to play a causal role in apoptosis of isolated primary
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X6 (R) (I) wherein X1 is N, N-R3, CHR3, C-R3, or 0; X2 is N, NH,
N-CE13, CH, CH2, CHCI-13 or C-0-13; X3 is N, C or CH, where XI, X2,
not all simultaneously N; X4, X5 are each independentl
I% Wfé |s N or C-R3; where at least two and not more %%?{%%/rﬂgfj%?m
)(2,A X5, and X6 are N; and where the bénds between X' and X2, X2 and

X3, X3 and X4, X4 and 5 and Xl|, and X5 and X6 may each
iGEPEHHE REY B 41 Sy e BB 1B PRSI (78, Wit € stimuli
piloviderthaka Chemigally Stabl@stmCupereShilisyeurdR i%iséeyclobexyl)R29).

VWF&E%QLQQ%W}I%Q%r@d%&HQ%WQHMF 1{1@% %I éfg 8 i(}%tt]bl 0 giret ak., J.

hydroxy, Rl is halo, nitro, -CN, -CH2CN, -OH, -NH
VAlgbegrernprs; (300 15¢1-Epor wﬂwsbzm W@)ﬁew@#mm@mbﬂm@is of
&1@&@@6gtﬁaratwocﬂ4sd:as€él-@ia§§¥bﬁ@y&t @henwe%bmy{zm@fwbmrﬁ For
W AR e B R R e
-E@(@gmr‘f\mﬁra@qn-hﬂqt{f@n@.mm ¥Biig€01}B-dlkyieide)on dhbomtknydodel of
i%i@i:i@fcc’(?’%ﬁ~é§1€%§d'&@)&%ggfmﬂ}gﬁgt%@?ﬁci’cmcd the impairment of synaptic
plasticity. In the animal models of PD (MPTP model), clevated phospho-MKEK4 and
phospho-JNKs were observed concomitantly with the neuronal cell death. Adenoviral
gene transfer of INK inhibitory peptide (JIP-1 peptide) into striatum of mice attenuated
behavieral impairment by inhibiting MPTP-mediated INK, c-Jun and caspase activation,
therefore blocking neuronat cell death in the substantia nigra (X. Xia et al., Proc. Natl,
Acad. Sci. US4. (2001) 98:10433-38). In addition, in the animal model of ischemic
stroke induced by glutamate excitotoxicity, mice deficient in INK3, but not JNK1 or
JNK2, were resistant to kainic acid (glutamate receptor agonist}-mediated seizure or
ncuronal death (D. D.Yang et al,, Nature (1997) 389:865-70). These data suggest INK3
was mainly responsible for glutamate excitotoxicity, an important component in ischemic
conditions. Taken together, the data suggests that INKs are an attractive target for

multiple ONS diseasey associated with neuronal cell death.

Uncontrolled cellular growth, proliferation and migration along with de-regulated
angiogenesis lead to the formation of malignant tumors. The JNK signal transduction
pathway may not act exclusively in apoptosis, sustained JNK activation leading to AP]
acttvation has recently been mmplicated to contribute to the cellular survival of specific
cancer types such as glial tumors and BCL-ABL transformed B lymphoblasts (M.
Antonyak et al., Oncogene (2002) 21:5038-46; P. Hess et al., Nat. Genet. (2002) 32:201-
05). Inthe case of glial tumors, enhanced INK/APT activity was seen in most of the
primary brain tumor samples. For the transformed B lymphoblasts, BCL-ABL was
shown to activate the JNK pathway which in turn up-regulated expression of anti-
apoptotic bel-2 gene. Interestingly, the multi-drug resistance and hyper-proliferation
seen in treatment-refractory AML patients has been causally linked to the sustained INK
activity present in these AML samples (L. Cripe et al., Leukemia (2002) 16:799-812).
Activation of JNK in leukemic cells resulted in induced expression of efflux pumps such

as mdrl and MRP1 responsible for multidrug resistance. Also, genes with a survival



NR8C(0)0-, -NR8C(0)NR4-, -NHS02-, -SO2NH-, or a bond; R5is
C1.6 alkyl, C3_10 cycloalkyl, heterocyclyl, wherein R5 is optionally
substituted with -OH or -NHI28; wherein each 128 is independently H or
CI-6 alkyl; R8s H, C1,6 alkyl, -OR3, -SO2NH2, -NHSO2R3, -COORS,
-502R3, -NH2, - CONR4123 -NHC(0)R3, -CF3, -NO2, halo, or -CN; Z is
‘%ﬁ gen, han O o (f‘”gls%r%rs'\" &%d]%r a gﬂ gqugllggsl% acce tagle
ereo w a second aspec here |s rovided a compoun diéctel
dhopntyle grioup cpnbistingeof also upregulated by the activated JNK pathway.
4-[4-(4-benzyloxy-indo1-1-y1)-pyrimidin-2-ylamino]-cyclohexanol;
HAeforiingtomisindotiiiyerpyrimidinl 2ndesiing b oycioexahisiases and/or
Ax{4+pdol1-1-y1)-pyrimidin-2-ylanainoLcyclohexane carboxylic acid
(2-methane- sulfonylethypamide;
difrtd-Alparoindol-1-y1)-pyrimidin-2-ylaminol-cyclohexanol;
A7 4-(4-methoxy-indo1-1-y1)-pyrimidin-2-ylaminokcyclohexanol;
4-[4-(4-methyl- indol- 1 -y1)-pyrimidin-2-ylamino] -cyclohexan 01;
- Mk e¥pRQ;indal it e Rasimidisndylaminoinsysiohexanol ;
4-(4-indazol-1-y1)-pyrimidin-2-ylamino]-cyclohexane carboxylic acid
(3-hydroxybutyl)-amide, Z
4-[4-(4-nitro-indaz01-1-y1)-py idin: -ylaminopcyclohexanol;
4-(4-indazol-1-y1)-pyrimidin-2-ylamig cygl%%xanol N-[4-(4-indazol- |
-y1)-pyrimidin-2-ylamino-&{féloheXyl met)ﬁane‘s}glfonamlde -5b-
4-(4-indol-1-y1)- pyr|m|d|n-%-ylam|no -cyciphexanol;

4-(4-indazol-l-yl)-pyrimidin-2-ylamino%3%e>éane carboxylic acid (1-

methylsulfonyl-prop-2-y1)-amide; =} X
4-(4-indazo|-1-y1)-pyrimidin-2-ylar$1indkc exane(parboxylic acid (1,5-
dihydroxy-pent-3-y1)-amide;

whddkindazol-1-y1)-pyrimidin-2-ylaminokcyclohexane carboxylic acid
(1-hydroxybut-2-y1)-amide;

4-(430dazelr¥-xl) Eymdidim2-weminol-cyclohexane carboxylic acid (2,3-
dihydroxy-prop-1-y0O-amide;

4-(44pdazedy BrRyrmidin-2-mlaminolicye kolgxane carboxylic acid (1-
hydroxybut-3-y1)- amldgn

444 éfh—dgz I;ygrox ik 81 15%) e %ﬁlﬁpﬂgﬂ@lg&%ﬁ&%gggjq@exanol

ydroxypiperi azo |
-yI p&r{m Iqlgréz e)z/a?hrq}xd%pgggen%exxh CHorN;

X% isNor CnRI;

where at least two and not more than four of X[, XZ, x? . X4, Xﬁ, and X° are N; and where
the bonds between X' and X2, X and X7, X° and X*, X* and X, X® and X', and X’ and
X® may each independently be either single, double, or form an aromatic ring, with the

proviso that a chemically stable structure results;

R is —(cyclohexyl)-R?, where cyclohexyl is optionally substituted with methyl,

fluoro, chloro, or hydroxy;
R! is halo, nitro, —<CN, ~CH,CN, —OH, ~NH,, ~COOH, or ~Y'R";

Y is ~O—, —NH-, ~8—, ~SO—, =803, ~“NHSO0,—, -NHC(O) -, -C(O)NH-, -
C(0)O—, or a bond;



methanone ;
(3-pyrrolidon-1-y1)-[4-(4-indazol-1-yl-pyrimidin-2-ylamino)-cyclohexyllmeth
anone ; ~5a-
444-(4-hydroxymethylindo1-1-y1)-pyrimidin-2-ylaminokcyclohexanol;
4-[4-@r@g%h_ogk%ggéy&-p{ggﬁ?wgpwﬂzgryﬁﬁﬂm-\ﬁhﬁibhﬁmuted with 0-3
4-(4-indazo -fl-ylpyrimldln-z-y amino)cyclohexane carboxylic acid
hygprepgliaife;  4-(4-indazol-1-ylpyrimidin-2-ylamino)cyclohexane
carboxylic acid 1- hydroxyprop-2-ylamide;  4-(4-indazol-1-ylpyr
midire2sylamifo¥eyclohexane carboxylic acid 2- methoxyethyamide;
4-(4-indazol-1-ylpyrimidin-2-ylamino)cyclohexane carboxylic acid
1,3-dibygdriExyptap-2Hyyamide;

4-[4-(8§$rjitroindazol-1- lpyrimidin-2- Iamin?zcycgohqxa@ol'
(3-hy8ragypyrielidindQuyHa- A hndaberl -y py“r‘ﬁn"i@n“-“g-yl‘é[hﬁ%)-cyclohexyI

]- methanone ;
(3-hydroxypyrrofitlin-2S(OH4-@MaaR b1 -1S¢nyrintidin-Ritarmind)anytlohex

ylk methanone ;  4-(4-indazol-1-ylpyrimidin-2-ylamino)cyclohexane
carboxylic acid thyggpjxé/aacymgm)ﬁlmg@na;yl-amide; 1
42-(4-hydroxycyclohexylamino)-pyrimidin-4-y1]-1H-indo1-5-ol,

[-(4-indazol 1 ¢ js 0 NR* S0 L0 JCONR", -NR'C(O)-, -
-yl-pyrimidin-2-ylaming); xyll-marpholin-4-yl- anope,
R A R o e Phfgion:
112-(4-hydroxycygl'ohexylamino -pyrimidin-4-ylk 1 H-indazol s, )
e-6-carboxylic a&dlﬁ@thﬁl&‘& spgyeloalkyl, heterocyclyl, wherein R is optionally
4-[4-(Ssavethylintialsl Q) pyriNiHiR: 2wharsin each dtdhekafapkndently H or Ci
444-(6é{ roindol-1-y1)-pyrimidin-2-ylamino]-cyclohexanol;
1-12-(4-hydroxycyclohexylamino)-pyrimidin-4-y11-1H-indole-4-carboxylic

acid methyl ester, 7 3 3 3

300 AR N TS R g Ry SO N,
QORBAzTHGIDRImifiFs2-)ismikalpcytidhdlkane carboxylic acid
(2-hydroxy2-methylpropyl)amide;
4-[4-Bigietliybigetg hdley 1), pyetkjdim2MiBmino]-cyclohexanol,
444-(3-methoxyindazol-1-yl)pyrimidin-2-ylaminol-cyclohexanol;
FH4rineazekdavinwindsipts1daminnireyelonexane carboxylic acid (2-
hydroxyethyp-methyl-amide; S

148:(4-hydaxy cuplehexsilanino payrdedin: 2epi]pbidnih deledbedatbenylite group

acid |
consisting of:

4-[4~(4-benzyloxy-indol-1-yl)-pyrimidin-2-ylaminoJ-cyclohexanol;
4-[4-(4-bromoindol-1-yl)-pyrimidin-2-ylamino}-cyclohexanol;
4-(4-indol-1-yh-pyrimidin-2-ylamino]-cyclohexane carboxylic acid (2-methane-
sulfonylethyl)amide;
4-[4~(4-fluoroindol-1-yl)-pyrimidin-2-ylamino}-cyclohexanol,
4-[4-(4-methoxy-indol-1-yl)-pyrimidin-2-ylaminoj-cyclohexanol;
4-[4-(4-methyl-indol-1-y1)-pyrimidin-2-ylamino|-cyclohexanol;
4-[4-(4-cyano-indol-1-yl)-pyrimidin-2-ylamino]-cyclohexanol;
4-(4-indazol-1-yl)-pyrimidin-2-ylamino]-cyclohexane carboxylic acid (3-hydroxy-
butyl)-amide;
4-{4-(4-nitro-indazol-1-y1}-pyrimidin-2-ylaminoj-cyclohexanol;
4-(4-indazol-1-y1)-pyrimidin-2-ylamino-cyclohexanol;
N-[4-(4-indazol-1-y])-pynmidin-2-ylamino-cyclohexyl] methanesulfonamide;



methyl ester; 444-(5-fluoroindol-1-y1)-pyrimidin-2-ylaminol-cyclohexartol;
4-(4-inds7ol-1-ylpyrimidin-2-ylamino)-cyclohexane carboxylic acid
(1-methyl-2- methylsulfanyl)ethylamiggj'_
444-(6-methylindazol-1-y1)-pyrimidin-Z-ylaminokcyclohexanol;

4-[4-(6-hydr ymethyllndazol 1-y1)-pyrimidin-2-ylaminokcyclohexanol;
4-(4- 425% J1 By B oeyeIsHAEaHELarboxylic acid

(2- hyﬁ(dxm@anfeihy]bm&ﬁryﬂaﬂﬁdﬁammo]-cyciohexane carboxylic acid (1-
Iﬁgﬂ}lnq%glyﬂ, (ﬁ//rznyglgrguyéammo) cyclohexane carboxylic acid

(2- hy

T TR i e sl e R i (1,5-

detprsuifenyiprop-2syijamide;

4-(4-mdazekt-ylnysmicitnd iaminel-eye] X _

b'ﬂ @ droxyethyl)- N ethyI ;mlde N-(4- m%%?ém%}%@‘%%%ﬁ%damd (1-hiydroxy
F]riaéln 2yI)-cyclohexane-1,4-diamine; N-(1

42( W%&dﬂé@%miﬁﬁy%yﬁmmﬁl$yﬂommnwa&€&m§mététrﬁd

dehvi{dxingazeli lyypirimidin-2-ylamino)-cyclohexane carboxylic acid
cyclopropylmethyl amide;
4-(44ridazslazojtpyrinidimazdierinbyeyelrelahecsasisoryticvdicideid (1-

helimatilamids; Add(5-methylindazol-1 yl) pyrimidin-2- ylamlno] -cycl

0he>§f5[lﬁ £4h|nadazol -1- gla r)mgc{a 1 mo}mdmei %% ecg,gl o%éxanol

444 r|m| amino
4-[44(E Mﬁwm m i i) aﬂ@kvia RSBy mr%yémmno) cyelohexyl]-
nik{tdsaydroxycyclohexylamino)-pyrimidin-4-y1]-1H-indole-3-carboxylic

acid I .

i ey ipderel Lo pprimidin oy ymincresslobersll o

o-indazol-1 -ylpyrimidin-2-ylarnino)- 1 -methyl-cyclohexanol; 4-
[4-(SHiér#ytyxdringintethsindpyinyl iy Baidinifefieydtoexahdipxanol;
4-[AA4h -ﬁyé%%nyﬁaeﬂql y%) éy}z)nay& mdwaﬁlﬂlamgabﬁxmaﬁxanol

gﬁﬁhgféertﬁééﬁ%?%ﬁm%ﬁ R Bt T ) ester

isgpeegnitiaziolel -yl-pyrimid in-2-ylamino)-cyclohexanone ; (1 4-dioxaspiro

[4 5]%‘*1%#%(41 I0GAZRk dinIDYIRIH) RN cdboxylic acid 1-
hy r%( ?Xgl exylamino)-pyrimidin-4-y1]-1H-indole-4-carboxylic

enzy sUIfonyI indolThyppyrimi din-2-ylamino]cyclohexanol;

4- (4%&3%&2101;/1 -HIRAPHtD S TaRHE Ry ohexarReHe IR astid-

meyaiapehtysatide;
[4-(rindazalcl-yipyimidinR-yiaminalssyslobke stamisia sl d Puinydroxy-

ester
prﬂ?ﬁzlz(ﬂﬁﬂ@ﬁ?dsulfonyl 1H-indo1-3-y1)-pyrimidin-2-ylamino]-cyclohexanol;

4-[ A4 ind ate Bryiipfriytiy:2ayildiminoflaychohey@oindxanol ;
4[4t InethnlEsInaR -3y navrimicin 2 iviarpinakeYEloNSXARA - cyclohexyl]-
methanone ;
(3-hydroxypyrrolidin-1-yl)-{4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexyl]-
methanone ;
4-(4-indazol-1-ylpyrimidin-2-ylamino)cyclohexane carboxylic acid 3-hydroxy-2-
methylprop-2-yl-amide;
1-[2-(4-hydroxycyclohexylamino)-pyrimidin-4-yl]-1 H-indol-5-0l;
[4-(4-indazol-1-yl-pyrimidin-2-ylamino)}-cyclohexyl}-morpholin-4-yi-methanone;
4-[4-(4-aminoindol-1-y)-pyrimidin-2-ylamino]-cyclohexanol;
1-[2-(4-hydroxycyclohexylamino)-pyrimidin-4-yl]-1H-indazole-6-carboxvlic acid

methyl ester;



4-[4-(1 -methyl- 1H-indazol-3 -yl)pyrimidin-2-ylamino]-cyclohexanol;

4-[4-(1H-indazol-3-yppyrimidin-2-ylamino]-cyclohexanol; 4-(4-benzo [di

isoxazol-3-ylpyrimidin-2-ylamino)-cydéohexanol;

4-[4-(7-methoxy-1H-indazol-3-y1)-pyrimidin-2-ylaming]-cyclohexanol;

444- (T B REHY il BR BRI 8 e, armian-sKrabaxapol

-cyclahekéndioroindol-1-yl)-pyrimidin-2-ylamino]-cyclohexanol;

444-(1smeth ] l=3-y.L):-pyrmidin-2-viaminolyeyclohexanok v .

s 1-(%%?3‘%3%*33’? oy ey acid

IE-E% })piﬁ%%lo[l,5-b]pyridazin-3-ylpyrimidin-2-ylamino)-cyclohexanol;

4-(4-P[AAd-miadolefwl Gl-dlpy Fidimes8dyd By yiamicime 2-gaohinc)rclic Lohexano

1; 4-A+Aimathexyl rhe ImiAn-2vlenungl iddo- -

42-%15;%2%}3%/?%?] m%%ﬁﬁgfggﬁﬁgﬂfyy}sl le?g&;%g?%ﬁ%%f(% ydroxy
onitriles-a

Q'd(l:% ! eN-( 1 42-(4-hydroxycyclohexyl amino)-pyrimidin-4-y11-

1H-irfttbrob-angiylisdpityrabnpeemidia-Ary kuhind Jasydehetrand:is provided
afpr:omsf(jq;a.sﬂ@@gfaﬁﬂgm%%ﬂ%;@%ﬁﬂdﬁl@tgqam&ﬁa}(lébcmmmd ising a Sitep
of hydrqglyzi mpounds ol.ula (V) to corresponding carboxylic
i O B o B L PSSy SRS . &
hakypx @ thyd) ateslyl-2@1d8:alkyl-, C3-10 cycloalkyl-, heteroalkyl-, C1.6

alkylsufonyihei-ede adkylsuiiavk amineimaerein B 2 is-GROM . 05EOPE acid
R?bf?pd 5} are independently hydrogen, hydroxyl C1-6 akyl, Ci_6 alkoxy,
"E1-8 alky1,"C3-10 cycloalkyl heteroalkyl, C1-6 alkylsufonyl or C1-6
alkylét[%ﬁ%ﬂzqgwfiﬁldﬁﬁh%}%@%@ﬁﬁé‘w%@ﬁk@@ﬁm;above. -5f-
In a foprthaspedtthenerns providhehphariatsidicalcanrosiionsid (1-methyl-2-
&&m@g@@gy@g@ Ql%lfgg as defined above and a pharmaceutical
€ eXCl

accepta ient. In’a fifth aspect, there is provided the compounds as

defirftf4BcvetTsiindazal-trebapetimidipre eanapintadohssepkin aspect,
therd-iBlgiskigddtheethgloicanipbuhdsyasdéiined rbave fox thehexanol;
reparati ic : ' r i¢
zﬁe{ﬁﬁga?f%%?%%j T Kt s ooy e B e (2 ydoxy-
BRPoIaf Sisclosure provides a compound of formulal: 2 HN7: x |
4/ 4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexane carboxylic acid (2-hydroxy-
propyhiamide;
4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexane carboxylic acid (1-
methylsulfanylprop-2-yljamide;
4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexane carboxylic acid N-(2-hydroxy-
ethyl)-N-ethyl-amide;
N-(4-indol-1-ylpyrimidin-2-yI}-cyclohexane-1,4-diamine;
N-(1-[2-(4-hydroxycyclohexylamino)-pyrimidin-4-yi]-1 H-indazol-6-yl}-acetamide;
4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexane carboxylic acid
cyclopropylmethyl amide;
4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexane carboxylic acid
dimethylamide;
4-[4-(5-methylindazol-1-yh-pyrimidin-2-ylamino]-cyclohexanol;
4-(4-indazol-1-ylpyrimidin-2-ylamino)-1-methyleyclohexanol,
4-[4-(5-hydroxymethylindol- 1-yl)pyrimidin-2-ylamino]-cyclohexanol;
4-[4-(6-aminoindazol-1-yl)-pyrimidin-2-ylamino}-cyclohexanol;
1-[2-(4-hydroxycyclohexylamino)-pyrimidin-4-y1]-1 H-indole-3~carboxylic acid
methyl ester; :



X--x5 (I) wherein X'is N,CHR3, C-123, or 0; X2 is N, NH, N-CH3, CH,
CH2, CHCH3 or C-CH3; X'is N, C or CH, where X', X2, and X' are not all
simultaneously N; X4, X' are each independently C, CH or N; X6 is N or
C-R'; where at least two and not more#han four of Xl X2, X3, X4, X5, and
X6 are N; and where the bonds between X' a and X3, X"'and X4,

X4 artr L6 s s i K pRay %5& PR E Y ohexanol;
Slng|e443@mﬂ&20ﬁl°memﬁnﬁihybmgo)ﬂﬁmmhymkmmandﬁhemlcally
Stab'%tf{%%t%@d%s%dol Ri3-(ryciohend Rt -RhemdlRe, where

o B %énﬁﬁﬁfi”“ VR oK ey e et
or G@qk)h@xyiwﬂpd@i Laépyxsmgln~NH$@2mMNHC(0) -C(0)NH-, -

C(0)0r. oL@ Ronthx yeykishis HaR Ay Aevid Rhery). o benayl.seasBdfylic acid
Wh% hl3|s Tsubstltuted with 0-3 hydroxy or halo; -6-nis0, I, or 2; R3is H
161K I is H,-SO2NH2, =0, -CN, or '2-Y3-Y1-R3, where Y2 is -C( 0

-C( 09tRIdamd2; )ﬂbpwrcbnébféﬁw%w@@%w%e or a bond; Y4
(1,4-dioxaspiro{4.5]dec-8-y1)-(4-indazol-1-ylpyrimidin-2-yl)amine;

1-[2-(4-hydroxycyclohexylamino)-pyrimidin-4-y1]-1H-indole-4-carboxylic acid;
4-[4-(4-benzyisulfonyl-indol-1-yDpyrimidin-2-ylamino]cyclohexanol;
4-(4-indazol-1-yl-pyrimidin-2-ylamino)-cyclohexanecarboxylic acid
cyclopentylamide;
[4-(4-indazol-1-~ylpyrimidin-2-ylamino)-cyclohexyl]-carbamic acid -butyl ester;
4-[4-(1-phenylsulfonyi-1H-indol-3-yl)-pyrimidin-2-ylamine]-cyclohexanol;
4-f4~(1H-indo}-3-yDpyrimidin-2-ylamino]-cyclohexanol;
4-[4~(1-methyl-1H-indol-3-y1)pyrimidin-2-ylamino]-cyclohexanol;
4-[4-(1-methyl-1H-indazol-3-yl)pyrimidin-2-ylamino]-cyclohexanol;
4-{4-(1H-1indazol-3-yD)pyrimidin-2-ylaminoJ-cyclohexanol;
4-(4-benzofd]isoxazol-3-ylpyrimidin-2-ylamino)-cyciohexanol;
A-f4-(7-methoxy-1H-indazol-3-y1)-pyrimidin-2-ylaminoj-cyclohexanoi;
4-[4~(7-methoxybenzo|djisoxazol-3-yl)-pyrimidin-2-ylamino]-cyclohexanol,
4-{4-(7-methyl-1H-indazol-3-yl)-pyrimidin-2-ylamino}-cyclohexanol;
4-f4-(5-fluorobenzo|dJisoxazol-3-yD-pyrimidin-2-ylamino]-cyclohexanol;
4-(4-pyrazolo[1,5-b]pyridazin-3-ylpyrimidin-2-ylamino)-cyclohexanol;
4-(4-[1,2 4 }triazole[4,3-alpyridine-3-yipyrimidin-2-ylamino}-cyclohexanol;
4-{4-(4-methoxyindazol-1-y)-pyrimidin-2-ylamino}-cyclohexanol;
(1-]2-(4-hydroxycyclohexylamino)-pyrimidin-4-y1]- 1 H-indazol-4-yloxy)-
acetonitrile; and
N-(1-{2-(4-hydroxycyclohexylamino}-pyrimidin-4-yl]-1H-indazol-4-yl)-isobutyr-

amide.



is -0-, -NW-, -3- -SO2-,-C(0)NW-, -NWC(0)-, - NWC( 0)0-, -NWC(0)NR2-,
-NHS02-, -SO2NH-, or a bond; R'is C1-6 alkyl, C3-10 cycloalkyl,
heterocyclyl, wherein le is optionally substituted with -OH or -NHW;
wherein each W is independently HP®T CI, alkyl; R8s H, C1-6 alkyl,
-0R3, -SO2NH2, -NHSO2R3, -COOW, -SO2R3, -NH, - CONR2R3,
-N C(0)\W, -CF3, -NO2, halo, or -CN: Z is hydrogen halo #m%;
S G B A AR DECE BT eras) PARTS nefands of

N F&Bn@nfg_fﬁ’qg 0; X2 is N, NH, N-CH3, CH or C-CH3; X3is N or C, Where
XI, X2, and X3 are not all simultaneously N and X4, Xs are each
independently C or N. The disclosure alsg pr desypharmaceutical
compositions, methods of using, and m of f pr aring the

i ositions of the
of a c-Jun
N-terminal kinase mediated disorder, such as autdi my’ﬁe disorders,
inflammatory disorders, metabolic/disorders, neu o‘ﬁ%;l diseases, and

pounds and‘gompositions of the
disclosure are useful in treating anfdforpreventin %Gmatoid arthritis,
asthma, type Il diabetes. Alzheimer's disease, Parkinson's disease and/or
stroke. WO 2008/068171PCT/EP2007/062920P[3ef|nltlons Unless -
otherwise stated, the following terms used in this Application, including the
specification and claims, have the definitions giygn below. It must be
noted that, as used 5 in the specification and the appended claims, the
singular forms "a “the" include Iur I efer e

comtext %Fe%‘?l? 81;%? ated o%ﬁoq Wice Qﬁﬁﬂw mear?sfr the rﬁ% %e%?elf%gj esgondmg
branched/Saturated hydrocarbon moiety, consisting solely of carbon and
hydrogen atoms, having from one to twelve caqun atoms. "Lower alkyl"
refers to an alkyl group of one to six carbon atgins, iNg. C1-C6 alkyl. to

Examples of alkyl groups include, but are Not Thited , methyl, ethyl,
propyt, isopropyl, isobutyl, sec-butyl/tort\putyl, l, O hcxyl, octyl,
dodecyl "Branched alkyl" refers to .wm» moiety Raw @ at least one
branch, for example, isopropyl, isob ert-butyl. m|I "lower alkoxy"
refers to a moiety of the form -OR, and "acyl" refer, 6azm0|ety of the
form -C(O)R, where R is lower alkﬁ. "Alkylene" m ns a fear saturated

divalent hydrocarbon moiety of one to six carbon a “or a branched
saturated divalent hydrocarbon radical of three t x carbon atoms. e.g.,
methylene, ethylene, 2.2-dimethylethylene, propy ene 2-methylpropylene,
butylcnc, pentylene.  "Alkylene dioxy" means a divalent moiety of the
formula -0-R-0-, where R is alkylene 20 as defif€d, hedein.

a step of coupling said carboxylic acid with a hydroxyl C,¢ akyl-, Cj¢ alkoxy-, Cy4
alkyl-, Cs.q0 cycloalkyl-, heteroalkyi-, Ci.¢ alkylsufonyl- or Ci alkylsulfinyl- amine;

wherein R* is COOMt or COOEL, R, and Ry are mdependently hydrogen, hvdroxyl Ci.g
akyl, Cis alkoxy, Ci.¢ alkyl, Cs. 0 cycloalkyl heteroalkyl, Ci.s alkyisufonyl or Ci.¢
alkylsulfinyl, Z is N or C and X!, X%, X® and R are as defined above.



"Aryl" means a monovalent cyclic aromatic hydrocarbon moiety consisting
of a mono-, bi- or tricyclic aromatic ring. The aryl group can be optionally
substituted as defined herein. Examplés of aryl moieties include, but are
not limited to, optionally substituted phenyl, naphthyl, phenanthryt

fluorenyt, inden entale I a ule I 1, 0x diphe | bi he
I%@t@%ﬁé&%gﬁ %ﬁuﬁ ipheRylR |pher¥yIL§u(ffa gy %%Sétﬁy suff 3?1811}0 *
cdtﬁb@ﬂﬁ/&imm@ﬁwweWshaﬁzoﬂmmyEMaEMUcm@H abmu:mdrﬁxylyt
benzopyranyl, benzoxazinyl, benzoxazinonyl, benzopiperadinyt,
benzopiperazinyl, benzopyrrolidinyl, benzomorpholinyl,
Im@tmﬂ@ngﬁi@){yph@fayisq’d‘tyd"eﬂﬁdﬁhxypdﬁepylmmtlaﬂi(ﬁq'lmaﬁtia‘tbyve for use as
hydrogenated derivatives thereof 30 "Cycloalkyl" means a monovalent
t%%ﬁﬁ%%gﬁ %%%?)éﬁ}lgﬁ@%&ety of mono- or bicyclic rings, having 3 to 10 ring
carbon atoms. Preferred cycloalkyl is C3i7 mono-cyclic cycloalkyl.

Cycloalkyl can o tlonall tltuted |th .one or.mor ituents .
K H AT B30 SOBERL TS e erienty Py ehaigl aty Loaony ararcr e
phaiealkyh amzdﬁﬁbﬂ@%fﬂﬁBkﬁéﬁﬁéiﬂﬁPﬂﬂﬂWQ:ﬁzﬁﬁﬂ&c&c treatment of a

mon alkylaml or dialk less otherwise specifically indicated.
Cé%r%bf@%f% B%Efl%)ﬂjﬁﬂy n#goﬁ%ﬁ ide, but are not limited to,

cyclopropyl cyclobutyl, cyclopentyl, cyclohcxyl, cycloheptyl, mcluding
OR%%%% ) %’5‘?‘& ?gggf@ﬂys\}?{%\ﬁ%Q a coltyGioRlkyialiylimean a

moiety o t ormula -W-R ere W is alkylene and Rb is 5 cycloalkyl
as defined herein. "Heteroalkyl" meansan alkyl moiety as defined herein,
including a branched C4-C7 yI erein one, two or three hydrogen
atoms have been replaced wi stltg,e)gl? independently selected from
the group consisting of-OW, NRHRe alid _S(0)Rd (where n is an integer
from O to 2), with the undegstanding thatyhe @omt of attachment of the 10
heteroalkyl radical is through a carboryato herein 12.3 is hydrogen,
acyl, alkyl, cycloalkyl, or cycloalk¥|a1§< Rt;/ d Ware independently of
each other hydrogen, acyl, alkyl, cycloalkyl, or cycldalkylalkyk and when n
is 0, Rd is hydrogen, alkyl, cycloalkyl, or cycloalkylalkyl; when nis I, Rd is
walleylncycloalkyl, or cycloalkylalkyl; and when n is 2, Rd is alkyl, cycloalkyl,
cycloalkylalkyl, amino, acylamino, monoalkylamino, or 15 dialkylamino.
Represeriative’examplesincltde, but are not limited to, 2-hydroxyethyl,
3-hydroxypropyl, 2-hydroxy-1-hydroxymethylethyl, 2,3-dihydroxypropyl,
L-hygrxymethviethnt, 3hyerexybutyt 263-dibygdroxybutyl,
2-hydroxy-1-methylpropyl, 2-aminoethyl, 3-aminopropyl,

2-methylsulfonylethyly aminosulfonylmethyl aoNnosWianyigtivi;

aminosulfonylpropyl, methylaminosulfonylmethyl,
met%ylggmnosul on eth lecgpoqrwnosullonylpropyl 'Heteroaryl"

arc acn i E
means a monocyc 3r |cyc c moiety of 5 to 12 ring atoms having at

Ieas%g)n 3fic ring containing one, two, or three ring heteroatoms
seleCtéd fr 0 or S. the remaining ring atoms being C, with the
nderstandln the attachment poipt,of.the h er aryt radical will be on
g?f%ﬁé}ﬁﬁ H%Lﬁlé?éer rylfrl!f% n%y ?)\p’t%ﬁa Zgbsi ﬁte& gv‘ger
thgdfinel h@r@ﬁn éixaﬁﬂo‘i’es%fa@été?reé t%sﬂi?ﬁ%dé Batiare Aot X'an
miifnied todeptiohally subitititeddnidandly coxXazolyh wommlymg‘uazblgﬂﬁ

pisoiazomd oxadiazolyl,thiadiazglyh-pyrazinyl, thienyl, thiophenyt,
furanyt pyranyl pyridinyl, pyrronI pyrazolyl, pyrimidyl, pyridazinyl,

quinpliny}, | 9%@%' JH%IM?EWW@W%@%%%@%Y‘%& each

benzothio yran benzrm lyl, benzoxazolyl go benzooxadiazolyl,

AR ROl L B BUTEERAL QI BendSpgr Syl SAEBIy ., isoindoly!,
indazolyl, triazolyl, triazinyl, quinoxalinyl, purinyl, quinazolinyl, quinolizinyl,
naphthyridinyl, pteridinyl, carbazolyl, azepinyl, diazepinyl, acridinyt,
including partially hydrogenated derivatives thereof WO
2008/068171PCT/EP21107/062920 - 9 - The terms "halo,” "halogen," and
"halide" are used interchangeably herein and refer to substituent fluoro,
chloro, bromo, or iodo. "Haloalkyl" means alkyl as defined herein in which
one or more hydrogen has been replaced with same or different halogen.
Exemplary haloalkyls include -CH2CI, - 5 CH2CF3,-CH2CC13,

narfliinroalieyv/! (e a0 _CERY "1.leatarncvelvi1™ meane a monovalent eatiirated



10 heterocyclyl moieties include, but are not limited to, optionally
substituted piperidinyl, piperazinyl, homopiperazinyt, azepinyt, pyrroildinyl,
pyrazolidinyt, imidazolinyt, imidazolidinyl, pyridinyl, pyridazinyl, pyrimidinyl,
oxazolidinyl, isoxazolidinyl, morphdimyl, thiazolidinyl, isothiazolidinyl,
quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazolyl, thiadiazolylidinyl,
benzothiazolidinyt, benzoazolylidinyl, dihydrofur tetr rofinyt,
dihydgtébif}f‘é}ﬁyﬁl‘lté?rat%ré“@?éﬁ%imgm" sﬁonﬁéif%& A
thiamqrpholinyisulfoxide, thiamorpholinylsulfone, dih droquinol'g)gl, ‘
dihyd¥oisodtinolit, tétratifeirog Giiﬁgﬁ?%ﬁhyﬁﬁjéé%?ﬁbﬁﬁzl. NH-, -
tOpiionadlyssustituted”, when used in association with "aryl”, "phenyl",
"heteroaryl" or "heterocyclyl", means an aryl., phenyl, heteroaryl or
heterptyctyl inish dsyopiionallys2Deauidstitutea indep éraéntiwith-and et
more sub titf.l(_:nts, preferably one to four, and more preferably, one to
}tﬁ?%%x&% ftiénts selected from C14, alkyl, C 1 _6 heteroalkyl, oxo (i.e.,
=0), haloalkyl, -(CH2),"COXI, -(CH2)10S02X2, C1 _6 alkoxy, halogen, Ciz
alkylthio, C1 alkylsulfonyl, -SO2NR4R5, cyano, nitro, and -NR6127, where
in, XI, X2, R4, and R5 are as defined herein. 25 "Leaving group” means a
group with the meaning conventionally associated with it in synthetic
organic chemistry, i.e., an atom or group displaceable under substitution
reaction conditions. Examples of leaving groups include, but are not
limited to, halogen, alkane- or arylencsulfonyloxy, such as
methanesulfonyloxy, ethanesulfonyloxy, thiomethyl, benzenesulfonyloxy,
tosyloxy, and thienyloxy, dihalophosphinoyloxy, 30 optionally substituted
benzyloxy, isopropyloxy, acyloxy. -Optional” or "optionally” means that the
subsequently described event or circumstance may but need not occur,
and that the description includes instances where the event or
circumstance occurs and instances in which it does not. WO
2008/068171PCT/EP2007/062920 - 10 - "Disease" and "Disease state”
means any disease, condition, symptom, disorder or indication "Inert
organic solvent" or "inert solvent” means the solvent is inert under the
conditions of the reaction being described in conjunction therewith,
including for example, benzene, toluene, acetonitrile, tetrahydrofuran,
N,N-dimethylforinamide, chlorofoiin, methylene chloride or
dichloromcthane, dichloroethane, diethyl ether, ethyl acetate, acetone,
methyl ethyl ketone, methanol, ethanol, propanol, isopropanol, tert-butano
I, dioxane, pyridine. Unless specified to the contrary, the solvents used in
the reactions of the present invention are inert solvents In
"Pharmaceutically acceptable” means that which is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic, and neither
biologically nor otherwise undesirable and includes that which is
acceptable for veterinary as well as human pharmaceutical use
"Pharmaceutically acceptable salts" of a compound means salts that are
pharmaceutically 15 acceptable, as defined herein, and that possess the
desired pharmacological activity of the parent compound. Such salts
include: acid addition salts formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid; or formed with organic acids such as acetic acid, benzenesulfonic
acid, benzoic, camphorsulfonic 20acid, citric acid, ethanesulfonic acid,
fumaric acid, glucoheptonic acid, gluconic acid, glutamic acid, glycolic
acid, hydroxynaphtoic acid, 2- hydroxyethanesulfonic acid, lactic acid,
maleic acid, malic acid, malonic acid, mandelic acid, methanesulfonic
acid, muconic acid, 2-naphthalenesulfonic acid, propionic acid, salicylic
acid, succinic acid, tartaric acid, p-toluenesulfonic acid,



25trimethylacetic acid; or salts formed when an acidic proton present in

the parent compound either is replaced by a metal ion, e.g., an alkali

metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with

an organic or inorganic base. Acceptable grganic bases include
diethanolamine, ethanolamine, N-methylglucamine, 30 triethanolamine,
tromethaminel, Aeceptable inorganic bases include aluminum hydroxide,
calcium hydroxide, potassium hydroxide, sodium carbonate, sodium
hydroxige is W@-2008/@68171PCT/EP2007/062920 - 11 - The preferred
pharmaceutically acceptable salts are the salts formed from acetic acid,
hydrochiericiacidysuligiggcid. mothgngsulfonie aeid,smaleic acid,
phosphoric acid, tartaric acid, citric acid, sodium, potassium, calcium, zinc,
and magnesium. yProtechve g@gﬂ%\%:p_rg&girlg)grgl %‘__mgqﬁnggthg

group which selectively blocks one reactive sité in a’ mu tifuncional
compound such tl’?"tisa@heﬂﬂ{i(i?l ereactiton gan be carried out selectively at
another unprotected redctive’site fnjwrﬁwéo?nc‘éaning conventionally

associated with it iy synthetic_chemistry, Certain processes of this |
invention rely u 0#1 th%“é!:ﬁté% Ve Q’#GUB%QH"ngé&éaEQEQ)mﬁo‘geﬂ\ﬁw@@)“"’ -
oxygen atthis présentf therdattants S -exapipleFthesterhmd;
"amino-protecting group" and io"nitrogen protecting group” are used
interchangeably hBréirt-and refet:to thdseloryanicrgrodps irterded’to optionally
protect theniitagen.atorvagainst undesirable reactionsduringssynthetic ¢,
procedurgs, Exemplary nitrogen protecting groups include, but are not
limited to, trifluoroacetyl, acctamido, benzyl (Bn), benzyloxycarbonyl

(carbobgenzyloxy, Ci%Zd)_ smetl nz bo (é o3 s
p-nitro{bqn;yléﬁ?ar %r’;y%%te%%%@%yéa%@ (B%/ Vs Perddhe -
wilt® oo ctiodse & GrouportHe €asE&df removal and for the ability
to withstand the following reactions. "Subject” means mammals and
non-mafifaldraamstmedis aay Hémber of the mammalia class
including, but not limited to, humans; non-human primates such as
chinbabzeeys artrdthercapedlamdiifonidy species; farm animals such as
cattle, horses, 20 sheep, goats, and swine; domestic animals such as
raBistteradbigs, Bnd eals’, labdratofy animals including rodents, such as rats,
mice, ang guinea pigs. Examples of non- mammals include, but are not
limited 6, bird$VThs-t8kHy EilbjeCtCies not denote a particular age or
sex. "Therapeutically effective amount” means an amount of a compound
that, whernis25 edministersd 10, astiNjest fesdntialingia diseasevsiate, is
sufficient to effect such treatment for the disease state. The
"therapktjtically effaciivieraaeunt’ will vary depending on the compound,
disease state being treated, the severity or the disease treated, the age
and relative health of the subject, the route and foiin of administration, the
judgment of the attending medical or veterinary practitioner, and other
falctSrdisly st alsmis ovidzerdetinee-abenlecoambitiose. defihedshdreinte, and
R RIS RO Irarmialen Bt plgLence the broad Her "
of the variable as well as preferred, more preferred and most preferred
definiiiensdf Ry cohipalRgR o FERMENEs 0l AAiSease STale: INEMASS: and/or
prevention of a c-fun N-terminal kinase mediated disorder, such as autoimmune
disorders, inflammatory disorders, metabolic disorders, neurclogical diseases, and cancer.
[n'some embodiments, compounds and compaositions of the disclosure are useful in
treating and/or preventing rheumatoid arthritis, asthma, type IT diabetes, Alzheimer’s

disease, Parkinson’s disease and/or stroke.
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WO 2008/068171PCT/EP2007/062920 - 12 -  (i)preventing the disease
state, i.e. causing the clinical symptoms of the disease state not to

develop in a subject that may be exposed to or predisposed to the disease
WaRAE Bt dbes not yet experience or display symptoms of tH& §eBHEg062920
state. (iinhibiting the disease state7i-e., arresting the development

of the disease state or 5 its clinical symptoms, or  (iii)relieving the
disease state , i.e., causing temporary or permanent regression of the

qﬁ@ﬁ?&?@te or its clinical symptoms. The terms "treating”, "contacting"
and "reacting” when referring to a chemical reaction means adding or

iXiAg bR Qrperadeage i sdndet anprepdatecoNdiions o, 1OpradLeene

the indicated acyg(‘or th rdes'reg Fgroc;luct. It shcajld be appreciated that the
R WRIEH 0T The Th B 6T s o BroaaE AY née v
reces sprificesuit didetty:fromitde ombihation df o redgertsnihich the”
weRIRADRRIY: Added 6ridhati: DIAKDEROR,ETIGIS IRIRIRdIates which

are produced in the mixture which ultimately leads to the formation of the

indigated.and/orthe desired pregustyladiamenciatiurg. and Stctres n
general, the nomenclature used in this Application is based on
ACPPONORTTH 948 P BEIS T RSt conty it fsy ste it fbiethe bon atoms.
géneratidiny6f ItfRAG sysiematicuparnenclatire::Ghemicakstrctimesalky!.
erei using. ISIS(r) version 202.2. Any.open . .. X

SR ARGl 008 MR g
AEYRHRY Inthedies tHe pPesénee bl e Hydmd geivateniionyhe fevar aeebikal” refers to
@@@]ﬁlgi@@i&?%ﬁﬂﬂg@iﬁﬁgﬁﬂ&ﬁﬁ E{w@ﬁyf@f é&LﬁbﬂpI&HQﬁdéﬁﬁE @Hbﬁiyé, Eerthiﬁutyl.

ereoisomers associated with that chiral carbon are encompassed by the
S o SRS oo erai i i (&
igarporatedthareif By Fefetencl in RStirgifontirety. General Method One
aspect of the invention provides compounds of formula 1: WO
20dg/e8] TEPC B ERDO7I0629 20vale s hEpirpcarbon moiety of one to six carbon

atoms or 4 branched saturated divalent hydrocarbon radical of three to six carbon atoms,
¢.¢., methylene, ethyiene, 2,2-dimethylethylene, propylene, 2-methyipropylene, butylene,

pentylene,

“Alkyiene dioxy” means a divalent moiety of the formula ~O-R~O-, where R is alkylene

as defined herein.

“Aryl” means a monovalent cyelic aromatic hydrocarbon moiety consisting of a mono-,
bi- or tricyclic aromatic ring. The aryl group can be optionally substituted as defined
herein. Examples of aryl moieties include, but are not limited 1o, optionally substituted
phenyl, naphthyl, phenanthryi, fluorenyl, indenyl, pentalenyl, azulenyl, oxydiphenyl,
biphenyl, methylenediphenyl, amnodiphenyl, diphenyisulfidyl, diphenylsulfonyl,
diphenylisopropylidenyl, benzodioxanyl, benzofuranyl, benzodioxyiyl, benzopyranyl,
benzoxazinyl, benzoxazinonyl, benzopiperadinyl, benzopiperazinyl, benzopyrrolidinyl,
benzomorpholinyl, methylenedioxyphenyl, ethytenedioxyphenyl, including partialiy

hydrogenated derivatives thercof

“Cycloalkyl” means a monovalent saturated carbocyclic moiety of mone- or bicyelic
rings, having 3 to 10 ring carbon atoms. Preferred cycloalkyl is Cs.» mono-cyelic
cycloalkyl. Cycloalkyl can optionally be substituted with one or more substituents,

wherein each substituent is independently hydroxy, alkkyl, alkoxy, halo, haloalkyl, amine,
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(1) wherein X"is N, N-W, C-R3, or 0; X2 is N, NH, N-C1-13, CH, or
C-CH3; 5X3is N or C, where X, X2, and X3 are not all simultaneously N;

v{%{lz(?ég(%%?ach independently C or N; X6 is N or C-R1; where at least

woO and not more than four of X', X2, X3, X4, X5, and X6 aré’ﬁr,/g 17/062920

where the bonds between X' and X2, X2 &nd X3, X3 and X4, X4 and X5,

X5 and V, and X5 and X6 io may each independently be either single,

dBIBRE oHBHAP oY APtati Ao RS Bl TYSisBetie khaditiay Staptales of

strudtatieytesoltsidaiticheimibeallyrstablerstrdoivireyciestdis Wherte meymalclopentyl,
> ( : xceeded: for example, a chemically

VEIERgR AN 08RG DAMRSIS AL AR AYCAEASH: (90D SR

stable structtre will not have etween and

X%%ﬁ@y&}@;%@% isRdscieuaieheviirRZ&erdphany) 1R, %ﬁ%ﬁe and R is

cyc a henyl are each optionally substituted with me uoro,
SIS B Ry drRd IR Balo, nitro, -CN, -CH2CN, -OH, -NH2, -COOH, or
-YAR4, ]15} is -0-, -NH-, -S-, -SO-, -SO2-, -NH,SO_2-‘1-NHC‘(0)r-C O)NH-, -
céﬁ&ﬁ{ﬂdlké( b&RAR261 D1V TOVET B FHENYE B iBe A Rdeh of 7 alkyl.
whlictris substitutedhadthh@dohyol eostyrolidvalibedn iefladsdor Zh RAuisthent
el NO0YARRITIRETIERA007002020 A4 2B s KO8
_'SO';)NHZ, =0, -CN, or -Y2-Y -\(()4%ER "where 172 15 -C(0)-, -C ? (where
-8 iggeesy ﬁqo,rrbp {ponyith the understanding that the point of attachment of the
heteroalkyl radical is through a carbon atom, wherein R" is hydrogen, acyl, afkyt,
cycloalkyl, or cycloatkylalkyl; R® and R® are independently of each other hydrogen, acyl,
alkyl, cycloalkyl, or cycloalkylalkyl; and when n is 0, R® is hydrogen, alkyl, cycloalkyl,
or cycloalkylalkyl; when n is 1, R? is alkyl, eycloalkyl, or cycloaltkylalkyl; and when n is
2, R%is alkyl, cycloalkyl, cycloalkylalkyl, amino, acylamino, monoalkylamine, or
dialkylamino. Representative examples include, but are not limited to, 2-hydroxyethyl,
3-hydroxypropyl, 2-hydroxy-I-hydroxymethylethyl, 2,3-dihydroxypropyl, 1-hydroxy-
mcethylethyl, 3-hydroxybutyl, 2,3-dihydroxybutyl, 2-hvdroxy-1-methylpropyl, 2-amino-
ethyl, 3-aminopropyl, 2-methylsulfonylethyl, aminosulfonylmethyl, aminosulfonylethyl,
aminosulionylpropyl, methylaminosulfonylmethyl, methylaminosulfonylethyl, methyl-

aminosulfonylpropyl.

“Heteroaryl” means a monocyclic or bicyclic moiety of 5 to 12 ring atoms having at least
one aromatic ring containing one, two, or three ring heteroatoms selected from N, O, or S,
the remaining ring atoms being C, with the understanding that the attachment point of the
heteroaryl radical will be on an aromatic ring. The heteroaryl ring may be optionally
substituted as defined herein. Examples of heteroary] moietics include, but are not
ltmited to, optionally substituted imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
oxadiazolyl, thiadiazolyl, pyrazinyl, thienyl, thiophenyl, furanyl, pyranyl, pyridinyl,
pytrolyl, pyrazolyl, pyrimidyl, pyridazinyl, quinolinyl, isoquinolinyl, benzofuryl,
benzofuranyl, benzothiophenyl, benzothiopyranyl, benzimidazolyl, benzoxazolyl,
benzooxadiazolyl, benzothiazolyl, benzothiadiazelyl, benzopyranyl, indolyl, isoindolyl,
indazolyl, triazolyl, triazinyl, quinoxalinyl, purinyl, quinazolinyl, quinolizinyl,
naphthyridinyl, pteridinyl, carbazolyl, azepinyl, diazepinyl, acridinyl, including partially

hydrogenated derivatives thereof.,
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Y3 is lower alkylene or a bond; Y4 is -0-, -NW-, -S-, -502-, -C(0)-,

-C(O)Nle-, - 1eC(0)-, -NR.aC(0)0-, 5-NWC(0)Nle--, -NHS02-, -SO2NH-, or

v@obﬂ)r@% & is lower alkyl, cycloalkyl, heterocyclyl, wherein R’ is oﬁ;‘)tionallyzgm
subs eg W i

ith -OH or -NHW; wherein each W is independentl(}%;/ Eafer
alkyl; R8s H, lower alkyl, -OR3, -502NH2, -NHSO21e, -COOfe,
-§0214{3, -NH2, ;, CON WR3, -NbiC(0)R3, -CF3, -NO2, halo, or -CN; toZ is
h Fo’iégﬁ?'\! f;? a&ﬁ‘?f?%?‘?\ll?ff; i(ds)ha?mﬁeémfeaﬂgﬁ%@éﬁ&l%@awd refer to a
thehsofutnt Sbrme emrbodibnents oX#bdX5, and X6 are each C. In other
embodiments, R is -(cyclohetcyl)-R2. In further embodiments, X3 is N
aindai¢ @’ meadditioylaiselvibodiinenis i1 22iih OH.dnsomeyenhedimehis;

12} ischenzy %é%@&dd’ik-‘{*érén!%ﬁﬂﬂi&ﬁh%&&ﬁm%‘lmﬁﬁﬁ; o

some embodiments, X2 is N. In other embodirments, 112 I1s -12-Y3-Y24-R5,
wherER2 is C‘E(%ﬁigb el aHV S & lovEPalkylene. In other

e%pod_ime t?,,, Y4 is -502-. In further embodiments, R5 is lower alkyl. )

1 OB S IR TP HIE B U BB S SN S RS R Fines.
2Blepothetiembedimentsthye s @bohdeandRb (shiowefratkyitApetherygen or

aagﬁﬁf).Ofat_'%%Ha\é%‘ﬂi@ﬂci%%&b?&%xﬁﬂ{gt5‘9%%%%

lammation, comprising
administering an’effective amount of a’compou of the irvention to a

SUBEEE T HdeRFares ORHAARAY asistbrer thalnipentioreis. abxamples of
phaemageytionlieam pesiioNheamising R6 ANPEUAM DY thedention anthyl,
a harfzrgac[eH(t)ic%tliI%{ acceptable eécipienitéhl%rsé%f)uld’beﬁqp r mat%tilzéhatI
cOmMbmations of the different groups ‘desScHbed Hare é‘%’ RgoanyL
ermibdrHems. mdisyh m@z@mnmmmm@em@m@ammmmﬂ,
eﬂ&hﬁ%ﬁiﬁfé)\’xi@m@zﬁh%H_%Sﬁ?%!%ﬂfa%@ﬁ?&iﬁ%?z,ﬁﬁﬁ{éﬁﬁmﬁ?\ﬁi%fﬁ%qgkﬁiﬁ;%m}‘”yg
invention are shown in Table 1 helow. -15 - Table 1. Representative
CBTFPBUREFoF Fonilis S et e Riaihe el iui oy iy, dydrofury,

tetrahydrofuryl, dihydropyranyl, tetrahydropyranyl, thiamorpholinyl,
thiamorpholinylsulfoxide, thiamorpholinylsulfone, dihydroquinolinyl,

dihydroisoquinolinyl, tetrahydroquinolinyl, tetrahydrisoquinolinyl.

EEEE A

“Optionally substituted”, when used in association with “aryl”, “phenyl”, “hetercaryl” or
“heterocyelyl”, means an aryl, phenyl, heteroaryl or heterocyclyl which is optionally
substituted independently with one or more substituents, preferably one to four, and more
preferably, one to three substituents selected fiom Ci alkyl, Ci ¢ heteroalkyl, oxo (ie.,
=0}, haloalkyl,

~CH2)mCOX', (CH)mS0:X7, €y salkoxy, halogen, Cy.¢alkylthio, Cisalkylsulfonyl,
~SO,NRR®, cyano, nitro, and wNRﬁRT, where m, X', X%, R, and R’ are as defined herein.

“Leaving group” means a group with the meaning conventionally associated with it in
synthetic organic chemisiry, Le., an atom or group displaceable under substitution
reaction conditions. Examples of leaving groups include, but are not limited to, halogen,
allkane- or arylenesulfonyloxy, such as methancsulfonyloxy, ethanesulfonyloxy,
thiomethyl, benzenesulfonyloxy, tosyloxy, and thienyloxy, dihalophesphinoyloxy,

optionally substituted benzyloxy, isopropyloxy, acyloxy.

“Optional” or “optionally” means that the subsequently described event or circumstance
may but need not occur, and that the description includes instances where the event or

circumstance occurs and instances in which it does not.



N."-- I-- H\I----N 1 110 H$ 4-
[4-(4-benzyloxyindol-1-y1)-pyrimidin2-ylamino ] -cyclo- h exanol NNN\

I h I 2
{5l bromondol -1 y) pyridin 2-yiamino] <ygoliexanol2

pyrimidin-2-ylamino] - carboxylic atid (2-methane-
“Disease” and “Disease state” means any discase, condition, symptom, disorder or

indication.

“Inert organic solvent” or “inert solvent” means the solvent is inert under the conditions
of the reaction being described in conjunction therewith, including for example, benzene,

5 toluene, acetonitrile, tetrahydrofuran, N,N-dimethylformamide, chloroform, methylene
chloride or dichloromethane, dichloroethane, diethyl ether, ethyl acetate, acetone, methyl
ethyl ketone, methanol, ethanol, propanol, isopropanol, fert-butanol, dioxane, pyridine.
Unless specified to the contrary, the solvents used in the reactions of the present

Invention are ihert solvents,

10 “Pharmaceutically acceptable” means that which is useful in preparing a pharmaceutical
composition that is gencrally safe, non-toxic, and neither biologically nor otherwise
undesirable and includes that which is acceptable for veterinary as well as human

pharmaceutical use.

“Pharmaceutically acceptable salts” of a compound moans salts that are pharmaceutically
15 acceptable, as defined herein, and that possess the desired pharmacological activity of the

parent compound. Such salts include:

acid addition salts formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid; or formed with
organic acids such as acctic acid, benzenesulfonic acid, benzoic, camphorsulfonic
20 acid, citric acid, ethanesulfonic acid, fumaric acid, glucoheptonic acid, gliconic
acid, glutamic acid, glycolic acid, hydroxynaphtoic acid, 2-
hydroxyethanesulfonic acid, lactic acid, maleic acid, malic acid, malonic acid,
mandelic acid, methanesulfonic acid, muconic acid, 2-naphthalencsulfonic acid,

propionic acid, salicylic acid, succinic acid, tartaric acid, p-toluenesulfonic acid,

]
it

trimethylacetic acid; or

salls formed when an acidic proton present in the parent compound cither is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an
aluminum ion; or coordinates with an organic or inorganic base. Acceptable
organic bases include diethanolamine, cthanolamine, N-methylglicamine,

30 tricthanolamine, tromethamine. Acceptable inorganic bases include aluminum
hydroxide, calcium hydroxide, potassium hydroxide, sodium carbonate, sodium

hydroxide.
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sulfonylethyeamide 3 NN.-. I.--- N .: OH 4- [4- (4-fluormndol-1 -
y1)-pyrimidin-2-y1- amino] -cyclohexanol 4 N"--C 1-- HN 11, OH 4- [4-
“g-m(%%&;%i]ndorl-yl)-pyrimidin2-y|amino] -cyclohexanol 5 - 16 -
tructure

" PCT/EP2007/662920
ame Compound No, Ne--"*--> | ’

-11-

cture

The preferred pharmaceutically acceptable salts are the salts formed from acetic acid,
hydrochloric acid, sulfuric acid, methanesulfonic acid, maleic acid, phosphoric acid,

tartaric acid, citric acid, sodium, potassium, calcium, zinc, and magnesmm,

“Protective group” or “protecting group” means the group which selectively blocks
one reactive site in a multifunctional compound such that a chemical reaction can be
carried out sclectively at another unprotected reactive site in the meaning
conventionally associated with it in synthetic chemistry. Certain processes of this
mnvention rely upon the protective groups to block reactive nitrogen and/or oxygen
atoms present in the reactants. For example, the terms “amino-protecting group” and
“nitrogen protecting group” are used interchangeably herein and refer to those organic
groups mtended to protect the nitrogen atom against undesirable reactions during
synthetic procedures. Exemplary nitrogen protecting groups include, but are not
limited to, trifluoroacetyl, acetamido, benzyl (Bn), benzyloxycarbonyl
(carbobenzyloxy, CBZ), p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
tert-butoxycarbony! (BOC). Skilled persons will know how to choose a group for the

ease of removal and for the ability to withstand the following reactions.

“Subject” means mammals and non-mammals. Mammals means any member of the
mammalia class including, but not limited to, humans; non-human primates such as
chimpanzees and other apes and monkey species; farm animals such as cattle, horses,
sheep, goats, and swine; domestic animals such as rabbits, dogs, and cats; laboratory
animals including rodents, such as rats, mice, and guinea pigs. Examples of non-
mamimals mclude, but are not limited to, birds. The term “subject” does not denote a

particular age or sex.

“Therapeutically effective amount” means an amount of a compound that, when
administered to a subject for treating a disease state, is sufficient to effect such treatment
for the disease state. The “therapeutically effective amount” will vary depending on the
compound, disease state being treated, the severity or the disease treated, the age and
relative health of the subject, the route and form of administration, the judgment of the

attending medical or veterinary practitioner, and other factors.

The terms “those defined above” and “those defined herein” when referring to a variable
Incorporates by reference the broad definition of the variable as well as preferred, more

preferred and most preferred definitions, if any.

“Treating” or “treatment” of a disease state includes:



. HNNN # , OH 4- [ 4- (4-methyl-indol1 -y1) -pyrimidi n-2-yi - amino | -cycl
oh exanol 6 N'N- HNN .....".,..-- \ OH 414- ( 4-cyano-indol - | - yl) -pyrimidi
-2-ylamino] -cycl ohexan ol 7 N".--- \ leamide H 4-(4- indazol - | - 1; -
“E)%/Zrzl‘rpféi%%s-g-ylaminol - cyclohexane carboxylic acid ( 3-hydro§% 407/g62920
| HN------ WN-7---.NNf _---"xtp" -12-

(i)preventing the discase state, i.e. causing the clinical symptoms of the disease state
not to develop in a subject that may be exposed to or predisposed to the disease state, but
does not yet experience or display symptoms of the disease state.

{il)inhibiting the disease state, i.e., arresting the development of the disease state or

5 its clinical symptoms, or
(ili)relieving the disease state , i.e., causing temporary or permanent regression of

the disease state or its clinical symptoms.

The terms “treating”, “contacting” and “reacting” when referring to a chemical
reaction means adding or mixing two or morc reagents under appropriate conditions to
10 produce the indicated and/or the desired product. It should be appreciated that the
reaction which produces the indicated and/or the desired product may not necessarily
result directly from the combination of two reagents which were initially added, ie.,
there may be one or more intermediates which are produced in the mixture which

ultimately leads to the formation of the indicated and/or the desired product.

15

Nomenclature and Structures

In general, the nomenclature used in this Application is based on AUTONOM™ v 4.0,

a Beilstein Institute computerized system for the generation of IUPAC systematic

nomenclature. Chemical structures shown herein were prepared using 1S1S® version
20 2.2, Any open valency appearing on a carbon, oxygen or nitrogen atom in the

structures herem indicates the presence of a hydrogen atom.,

Whenever a chiral carbon is present in a chemical structure, it is infended that all

sterevisomers associated with that chiral carbon are encompassed by the structure.

All patents and publications identified herein are incorporated herein by reference in

3]
Ui

their entirety,

General Method

One aspect of the invention provides compounds of formula I:



OH 4- [4- (4-mtro-indazol - 1 -y].) -pyri mi din-2-ylamino] -cyclohexanol 9
N.--- 1 HN---CN--PL.N 111 OH 4- (4-indazol- | -y1)-

imidin-2-ylaminocyclohexanol 10 1 ,--,...,... NNN # N /, O N-
Wéﬁ%\%ﬁ) - 1 -y1) - pyrimidin-2-ylaminocyclohex-iiN meth ?CTJEPZOW%Z%G

anesulfonamide 11 - 17 - Structure Namé Compound No.

N
/Jl\/\/l\ 33

HN N X \X 1
] Ya
(=4 XH—'XS
\
1 ¥©
RIN_~4 _
(I}
wherein
X s N, N-R*, C-R®, or O;
X*is N, NH, N-CHs, CH, or C-CHj;
5 X’ is N or C, where X', X%, and X are not all simultaneously N;

X, X are each independently C or N;
X®is N or C-r:

where at least two and not more than four of X', X%, X, X*, X®, and X® are N; and where
the bonds between X' and X%, X% and X°, X* and X%, X* and X°, X% and X', and X® and X°
10 may each independently be either single, double, or form an aromatic ring, with the

proviso that a chemically stable structure results

{a “chemically stable structure” results where normal valences and bond numbers are not

exceeded; for example, a chemically stable structure will not have double bonds between
X2 x* x*-x°, and X°-X¢ simultaneously);

15 R is ~(cyclohexyl)~R* or —(phenyl)-R®, where cyclohexyl and phenyl are each
optionally substituted with methyl, fluoro, chloro, or hydroxy;

R' is halo, nitro, —CN, ~CH,CN, ~OH, ~NH,, —COOH, or -Y'R*%

Y' is ~Ow, ~NH-, —8—, ~§0-, =SQ,—, -NHSOz-, ~NHC(O) —, ~C(O)NH-, —
C{O)YO—, ora bond;

20 R? is lower alkyl, acyl, phenyl, or benzyl, each of which is substituted with 0-3
hydroxy or halo;

nis(, I, or2;

R* is H or lower alkyl;
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N."%- HN,---,--N iii 115H 4-(4-indo1-1-y1)-

pyrimidin-2-ylaminocyclohexanol 12 "... HN X %-.....v.- H SO2CH, 4-

4-indazol-1-y1)- pyrimidin-2-ylaminol - cyclohexane carboxylic acid
Vﬁ)-Fﬂ(éff’ﬁ}('/ﬂmfonylprop-2-y1)-amide 13 NN _ 4-(4-indazol-1-yX§-/EP2007/062920

pyrimidin-2-ylaminolcyclohexane carboxyliec acid

(1,5 dl?{y%r%)fx%ef?,tm%g}i%ﬁg “I:dOe, }éN, glygﬂ-‘.{imwm}f, where

Y7 is <C{O)—, ~C(O)NR™, ~=SO,~, ~O~, ~NH-, or a bond;
Y7 is lower alkylene or a bond;

Y* is <O, =NR*, ~§—, =50, ~C(O)—, ~C(O)NR’~, -N R'C{Q)~, ~NR*'C(O}0O—,
~NR*C(O)NR*-, ~NHSO», ~SQ;NF-, or a bond;

R® is lower alkyl, cycloalkyl, heterocyclyl, wherein R” is optionally substituted with
~OH or ~NHR? wherein each R” is independently H or lower alkyl;

R® is H, lower alkyl, ~OR?, ~SO,NH,, ~NHSO,R?, ~COOR?, —=SO,R%, ~NH,, ~
CONR'R’, -NHC(O)R?, ~CF3, ~NO, halo, or ~CN;

Z is hydrogen, halo, alkyl, or NHy;

or a pharmaceutically acceptable salt thereof.

In some embodiments, X*, X7, and X° are each C. In other embodiments, R is —{ cyclo-
hexy[)—Rz. In further embodiments, X° is N and X' is C. In additional embodiments,
R* is OH. In some embodiments, R is benzyloxy and n is 1. In still other

embodiments, R! is <CN,

In some embodiments, X* is N. In other embodiments, R is Y2 Y-Y*-R®, where Y’
is ~C{O)NR*~, R%is H, and Y7 is lower alkylene. In other embodiments, Y* is ~SOy-. In

further embodiments, R” is lower alkyl.
In some embodiments, Y* is ~S—. In some embodiments, R is lower alkyl.
In other embediments, Y* is 2 bond, and R’ is lower alkyl.

Another aspect of the invention is a method for treating inflammation, comprising
administering an effective amount of a compound of the invention 1o a subject in need

therecf.

Another aspect of the invention is a pharmaceutical composition, comprising a

compound of the invention and a pharmaceutically acceptable excipient.

it should be appreciated that combinations of the different groups described herein
may form other embodiments. In this manner, a variety of different compounds are

embodied within the present invention.

Representative compounds of the invention are shown in Table 1 below.



OH N----- --- HNN EOH 0-N 4-(4-indazol-1-y1)-

pyrimidin-2-ylaminolcyclohexane carboxylic acid (1-hydroxy-but-2-

V}}/l)-amide 15H 'N's | HN"--?..N/ on-m------ OH
O2008/068173

PCT/EP2007/062920
- 15 -
Table 1. Representative compound of Formula I.
Structure Name Compound
No.
N 4-14-(4-benzyloxy-
/m/j\ indol--yl}-pyrimidin-
NN N N 2-ylamino]-cyclo-
hexanol
o 1
OH
N 4-14-(4-bromoindol-1-
/I\(\j\ vl -pyrimidin-2-yl-
N foN amino}-cyclohexanol
2
(s
oH
N 4—({1—i1}d_0!»1—y!)-_
/“\ pyrimidin-2-ylamino)-
N SN N’N\ cyclohexane carboxylic
acid {(2-methane-
sulfonylethyl)amide 3
i
O%N/\—%
O
N7 4-{4-(4-fluoroindol-1-
/J]\/t]\ yh-pyrimidin-2-yl-
HY N SN amino]-cyclohexanol
4
E"_‘
OH
X {1—i4—(4.»«methoxy-
)E\ P indol-1-yl)-pyrimidin-
HNT N7 N 2-ylaminoj-cyclo-
hexanol 5
s
0
SH




OH 4-(4-indazol-1-y1)- pyrimidin-2-ylamino J - cyclohexane carboxylic

acid (2,3-dihydroxyprop- | -yl) -amide 16 - 18 - Structure Name

Compound No. HN 0.....N H OH 4-(4-indazol- | -yl)- pyrirnidin-2-ylamino)-
W?y%%%%%@?éﬁe carboxylic acid ( 1 -hyd roxybut-3- yl) -amide 17 ifyF 20071062920
INN _ OH OH 4- 14-(4-(2-hydroxyprop-24y')--indol- 1-yl)- pyrimidin-2-yla mi
no | - cyclohexanaol 18 N

Structure Name Compound
Neo.
N 4-14-{4-methyl-indol-
){1 L-yl)-pyrimidin-2-yl-
H N N amino}-cyclohexanol
&
&
4-|4-(4-cyano-indol-1 -
R A
/rl\l'\/j\ vl}-pyrimidin-2-yi-
aN N N N amine|-cyclohexanol
e 7
=
OH
N7 4-(4-indazoi-1-vl}-
p pyrimidin-2-ylamine]-
N cyclohexane carboxylic

HIN N N -
) acid (3-hvdroxybutyl)-
O amide g

4-14-(4-mitro-indazol
™~
/l}\!i\/j\ L-yl}-pyrimidin-2-yi-
o N N’N\ amino]-cyciohexanol
? 9
) &
S .
H G
OH
N 4-(4-mdazol-1-vl}-

| pyrimidin-2-ylamino-
ZA N cyclohexanol

é 10

N N-{4-(4-indazol-1-y})-
)[\ pyrimidin-2-ylamino-
NN NN cyclohexyl] methane-
‘ sulfonamide
11
N
S~




)1, . HNN--1-."-., ..."..."" E -;-. ON\ OH (4-hydroxypiperidin- | - yl.)- |

4-( 4-indazol-1-ylpyrimidin-2-ylamino)- cyclohexyl I- metha none 19 N™--. |
\;Jz:é'go%éﬁggf% (3-pyrrolidon- 1-y1)44- (4-indazol- 1-y1-

pyrimidin-2-ylamino)- cyclohex-yll-methanone 20 Nt, HN 6: H€JFR2647/042p20

4-hydro x-ymethylindol -1-y14- pyrimidiniZ-ylaini o 1 - cyclohexanol

Structure Name Con;geund
0.
4-{4-indol-1-vl)-
pyrimidin-2-ylamino-
cyclohexano!

12
4-(4-indazol-1-yl}-
pyrimidin-2-ylamino]-
cyclohexane carboxylic
acid {1-methylsulfonyl-
prop-2-vlj-amide 13

N 4-({1~il_1d'azoi-l—yl)-
/“\ pyrimidin-2-ylamino]-
HNT SN N"N\ cy_dohexang- carboxylic
acid (1,5-dihydroxy-
pent-3-yl}-amide
14
A
0
H OH
OM
N7 4—({1—i{1§l‘azol—i -yh-
)|\ pyrimidin-2-ylamino|-
HNT SN N’N\ cyclohexane carboxylic
acid (1-hydroxy-but-2-
yl)-amide 15
OH
OAN
H
N 4—({1—11}(:1_21201—1—3/1)— .
/m pyrimidin-2-ylamino]-
HN™ SN N"'N\ cy;lohexan_e carboxylic
acid (2,3-dihydroxy-
prop-1-vi)-amide

16

Y OH
H
OH




21 -19 - Structure Name Compound No, N 1 HN _ (5.1-1 4-14-
(5-methoxy- in dol- 1 -y1) -pyrimidin2-ylamino 1 - cycl ohexanol 22 N.N.. 1

(4 -1 - imidin-2- ino)- arboxylic acid
th%ﬂ% Jndazol 1 -ylpyrimidin-2-ylamino)- cyclohexane c 00 1)//@2007/%2920

|sopr0£)})? Afdide 23 N FINN \

- 18 -

Structure

Mame

Compound
No.

4-(4-indazol-1-yl)-
pyrimidin-2-ylamineo |-
cyclohexane carboxylic
acid (1-hydroxybut-3-
yl)-amide

17

4-14-(4-(2-hydroxy-
prop-2-yl)-indol-t-yl)-
pyritnidin-2-ylamine|-
cyclohexanol

18

(4-hydroxypiperidin-1-
yi)-14-(4-indazol-1-yl-

pyrimidin-2-ylamino)-
cyclohexyl]-methanone

19

{3-pyrrolidon-1-yl)-l4-
(4-indazol-1-yl-

pyrimidin-2-ylamino)-
cyclohexyl]-methanone

20

4-14-{4-hydroxy-
methylindol-1-vl)-
pyrimidin-2-ylamino]-
cyclohexanol

21




--la "N-,---- .1/4"..(ON1 in ' H OH 4- (4- indazol- 1 -ylpyrimidin-2-ylamino) -
cyclohexane carboxylic acid 1-hydroxyprop-2- ylamide 24 N RNN \ .----
----- "N"..0 ON N. H 4-(4-indazol- 1 -ylpyrimidin-2-ylamino)- cycl oh exane

WO 2008/068

carboxyfic'atid 2-methoxyethyamide 25 N----- 1 HNN OH 'N PAX4FA%8 4220
1 -yl- pyri midin-2-yi amino) - cyclohexan&carboxylic acid

1,3-dihydraxyprop-2-y] amide 26

Structure Name Compound
No,
N 4-[4-(5-methoxy-
/[i\ P indel-1-y1)-pyrimidin-
HNT N7 TN 2-ylamnino]-
cyclohexanol 99
OH P
N 4—(§-i1}c§azol~1—yl—
/[;\ P pyrimidin-2-ylamino)-
H N cyclohexane carboxylic
acid isopropylamide
23
O//’;\N~<
H
N7 4-(1_,1—i1t1d.azol— -yl-
/“\ P pyrimidin-2-ylamino)-
N .
HNT N N cyclohexane carboxylic
acid 1-hydroxyprop-2-
vlamide 24
OANmu
H OH
N 4—({1—ir‘1d.azol—],-yl—.
)l\ P pyrimidin-2-ylamino)-
N ;
HNT N7 TN, cyclohexane carboxylic
acid 2-methoxyethy-
O amide 25
Ny 4-{4-indazol-1-yl-
/j[\ P pyrimidin-2-ylamino)-
N .
HNT NT N N cyclohexane carboxylic
acid 1,3-dihydroxy-
prop-2-ylamide 26




ON OH 20 - Structure Name Compound No, N --NO_-N\O-4-[4
-(6-nitroindazol-1- ylpyrimidin-2-y1- amino) cycloh exanol 27 N A NNN

WO 2008/068171

-,0.1%,..NriOH
PCT/EPZ07/662928
220 -
Structure Name Com}gsund

4-14-(6-nitroindazol-1-
vlpyrimidin-2-yl-
aminojcyclohesanol

27

(3-hydroxypyrrolidin-
1-y1}-{4-{4-indazol-1-
ylpyrimidin-2-yl-
amino}-cyclohexyl}-
methanone

28

{3-hydroxypyrrolidin-
[-y1)-[4-(4-indazol-1-
ylpyrimidin-2-yl-
amino)-cyclohexyl|-
methanone

29

4-(4-indazol-1-vl-
pyrimidin-2-ylamino)-
cyclohexane carboxylic
acid 3-hydroxy-2-
methylprop-2-yl-amide

30

1-{2-(4-hydroxycyclo-
hexylamino)-
pyrimidin-4-yl]-1H-
indol-5-ol

31




(3-hydroxypyrrolidin1-y1) -1444- indazol

-1 - ylpyrimidin -2-

ylamino)-cyclohexyll - methanone 28 N"N, 1 HN\ 0-?"?NOH
- oxypyrrolidinl-yl1)- [4- (4 - indazol - | - ylpyrimidin-2-yl- amino)
‘)\%y%%@%/:oe(’)%ﬁ%-llomethanone 29 N HNNN 0."--..NOH H 4-(4 EGAd4Z8y /62920
-ylpyriMidin-2-ylantin0)- cyclohexane carboxylic acid 3-hydroxy-2-

methylprop=2=yl-amide 30 " HN.x OHOH 1- (2- (4-hydroxycycl

ohexyl

amino)- pyrimi din--y&drel 1-lindol1-5-0

| 31 Name

Compound
Ne.

[4-{4-indazol-1-yl-
pyrimidin-2-ylamino)-
cyclohexyl}-
morpholin-4-y]-
methanone

32

4-14-(4-ammoindol-1-
yl)-pyrimidin-2-yi-
amino|-cyclohexanol

33

1-[2-(4-hydroxycyclo-
hexylamino)-
pyrimidin-4-yl]-1H-
indazole-6-carboxylic
acid methyl ester

34

4-14-(5-methylindol-1-
vh-pyrimidin-2-yl-
amino]-cyclohexanol

35

4-14-{6-fluoroindol-1 -
yh)-pyrimidin-2-yl-
amino]-cyclohexanol

36

1-{12-{4-hydroxycyclo-
hexylamino)-
pyrimidin-4-yl]-1H-
indole-4-carboxylic
acid methyl ester

37




- 21 - Structure Name Compound No. N HNNN ---1-', E ON.---"",
[4-(4-indazol-4-ylpyrimidin-2-ylamino)- cyclohexyl11-
%ngm-,ﬁ-ylmethanone 32 N'--, | HN ctilpl-12 _ OH 4- PCT/ER /067920
4-arﬁ|n0|ndol-lyl)-pyrimidin-2-ylaminol-cyclohexanol 33 HiW{5F 3l 7/

"

_27 ]
Structure Name Cong:und
4-14-(6-methylindol-1-
NT % o
IJI\/:L yI).Pyrllnldiln}—lZ—}/I- }
HN N NN amine]-cyclohexano
S )
oH
N 4~(é_1f—ii‘"1dlazol—1—yl-.
pyrimidin-2-ylamino)-
“NF "N cyclohexane carboxylic
acid (2-hydroxy-2-
methylpropyl)amide 39
4-14-(3-methylindol-1-
N7 yl)-pyrimidin-2-yi-
/U\ P aminoj-cyclohexanol
HNT N7 N
@ "
OH
4-[4-(3-methoxy-
D indazol-1-yl)-
N pyrimidin-2-ylamino]-
HEE N TR O\ cyclohexanol
S ’
OH
RN 4-(4-indazol-1-yl-
)E:j\ pyrimidin-2-ylamino)-
HNT N N*’N\ cyciohexane carboxylic
acid (2-hydroxyethyl}-
methyl-amide 42




OH 0- 1- [2-(4-hydroxycyclohexylamino)-
pyrimidin-4-y1]-1Hindazole-6-carboxylic acid methyl ester 34 N- |
NINN 11, OH ]4-(5-rnethylindol-1-

WQ)mﬂyg}f{l%l in-2-ylamino]-cyclohexanol 35 N- | HN.---?N- 5--- TifFBR 4062920
[4-(6-fluoroindol- | - y1)-pyrimidin-2-0- aRiino]-cyclohexanol 36 N..."."..--- z
OH 1I_L2_-44=b.yd.coxyc¥clobevylnmim)-
pyrimjdin-4-y1]-1Hiadetard-carboxylic acid methyhgaster CO“;?{?““‘}

1-{2-(4-hydroxycyclo-
hexylamino)-
pyrimidin-2-yl}-1H-
indole-6-carboxylic
acid methyl ester 43
N 4-[4-(5-fluoromdol-1-
)L P yh-pyrimidin-2-yl-
AN N TR aminoj-cyclohexanol
44
(é)H F
RN 4-(4-indazol-1-yi-
AE\ P pyrimidin-2-ylamino)-
Ay N NN cyclohexane carboxylic
acid (1-methyl-2-
O methylsulfanyl)ethyl- 45
_ i amide
O,//'\ﬁ/’-‘\/s\
N 4—[4--(6-11.1@t.h}.flindazol-
)l\ 1-yl}-pyrimidin-2-yl-
HNT N N’N\ amino]-cyclohexanol
46
OH
X 4-[4—{§-hydroxy-
);\ methylindazol-1-y1)-
HNT SN N,N\ pyrimidin-2-ylamino}]-
{ cvelohexanol
@ ’
OH OH
X 4-(4-indazol-1-yl-
,JE\ pyrimidin-2-ylamino}-
= N !
HNT N7 TNTTR cyclohexane carboxylic
acid (2-hydroxy-2-
methylbut-3-yljamide 48
P OH
H




37 -22- Structure Name Compound No. HNH 1104 4-

[4-(6-methylindol- | - yl)-pyrimidin-2-yl- amin led -cyclohexanol 38 HN N H

N N\
WO 2008/068171

24 -

PCT/EP2847/062920

Structure

Name

Compound
No.

4-(4-indazol-1-yl-

acid {2-hydroxy-
propyl)amide

pyrimidin-2-ylamino} -
cyclohexane carboxylic

49

4-(4-indazol-1-yl-

prop-2-yl)amide

pyrimidin-2-ylaming)-
cyclohexane carboxylic
acid (1-methylsuifanyl-

50

4-{4-indazol-1-yl-

acid N-(2-hydroxy-

pyrimidin-2-ylamino)-
cyclohexane carboxylic

ethyl)-N-ethyl-amide

51

N-(4-indol-1-yl-

hexane-1,4-diamine

pyrimidin-2-vl)-cyclo-

82

N-(1-{2-{4-hydroxy-
cyclohexylamino)-
pyrinmidin-4-yl]-1H-
indazol-6-yl)-acet-
amide

53




4-(4-indazol-1-ylpyrimidin-2-ylamino)- cyclohexane carboxylic acid
(2-hydroxy-2- methylpropyl)amide 39 HN _ OH  4-14- (3-methylindo1-1-

‘%{B -pyrimidin-2-ylamino] -cyclohexanot 40 HN _if5sH ..-- N N\ 111, 0\
-1%9%/ “féth oxyindazol- 1 -y1) - pyrimidin-2-ylamed - cyclobfekERgIAA52920
HN -25-
Structure Name Compound
No.

4-(4-indazol-1-yl-
pyrimidin-2-ylamino)-
cyclohexane carboxylic

amide

acid cyclopropylmethyl

54

4-(4-indazol-1-yl-
pyrimidin-2-ylaminoe)-
cyclohexane carboxylic
acid dimethylamide

55

4-14-{5-methylindazol-
1-yl)-pyrimidin-2-yl-
amino|-cyclohexanol

56

Ho® =

4-(4-indazol-1-yl-
pyrimidin-2-ylamino)-
[-methylcyclohexanol

57

3-(4-indazol-1-yi-
pyrimidin-2-ylamine)-
benzenesulfonamide

58

HO

4-{4-(5-hydroxy-
methylindol-1-y1)-
pyrimidin-2-ylamino]-
cyclohexanol

58




:ON NI\ 4- (4-indazol- | -ylpyrimidin-2-ylamino)- cyclohexane carboxylic
acid (2-hydroxyethyl )- methyl-amide 42 23 - Structure Name Compound
0. HN z0 5H 1- [2- (4-hydroxycyclohexylamino)-- pyrimidin-2-yl]

N
vWﬂ—fm’g{SPI(’é"—]éZ!carboxylic acid methyl ester 43 N-"-. 1l

226 -

PCT/EP2B07/862920

Structure

Name

Compound
No,

4-{4-(6-aminocindazol-
L-yl)-pyrimidin-2-vl-
amino|-cyclohexanol

60
N 1-[2-(4-hydroxycyclo-
/t bexylamino)-
HN W SN A < pyrimidin-4-yl}-1H-
o indole-3-carboxylic
/ acid methvl ester 61
OH
N 4-(4-]6-(2-hydroxy-
/“\/j\ ethylamine}-indazol-1-
o N N’N\ yll-pyrimidin-2-yl-
amino)-cyclohexanol
62
HN
OH \\/OH
N 4-(4-indazol-1-yl-
/m P \ pyrimidin-2-ylamino)-
HY™ N7 N 1-methyl-cyclohexanol
! '
"o
N 4-[4-(5-benzyloxy-
/“\ indol-1-y1)-pyrimidin-
HN NN SN A 2-ylamino|-cyclo-
hexanol
64
OH 0~/
N 4-[4-(4-benzylsulfanyl-
/& indel-1-y1)-pyrimidin-
HNY N SN N 2-ylamino]-cyclo-
hexanol
65




,2., . HNNN 11110 OH 4- [4-(5-fl uoroindo1-1- y1)-pyrimidin-2-y1-
aminol-cyclohexanol 44 Nfl4-(4-indazol-1-y\ "--,...--- .-.----"----.--Sa ON H
i in-Z-yIamino)- cyclohexane carboxylic acid (1-methyl1-2-

ik

Vistitfahypethyl- amide 45 I-- HN--—"N _ OH op 1111 4-R4T/EP2007/662920
-(6-methylindazol1-y1)-pyrimidin-2-y1- atino] -cyclohexano --
6-methylindazoll-y1)-pyrimidin-2-y1- a@d¥ ycloh | 46 1-- HNNN\
Structure Name Compound
No.
Cyclohexyl-(4-indol-1-
vipyrimidin-2-yl)amine
66
1-[2-(4-hydroxycyclo-
hexylamino)-
pyrimidin-4-yl}-1H-
indole-5-carboxylic
acid methyl ester 67
N 4-{4-indazol-1-yl-
/Ifj\ pyrimidin-2-ylamino)-
HNY N N’N\ cyclohexanone
0
N (1,4-dioxaspiro|4.5]-
m dec-8-yl)-(4-indazol-1-
HNT SN N’N\ ylpyrimidin-2-yl)amine
o O
J
N 1-[2-(4-hydroxycycio-
/l P hexylanino)-
HNT N N pyrimidin-4-yl]-1H-
indole-4-carboxylic 70
0 acid
OH
OH
N7 4-|4-(4-benzylsulfonyl-
)(\ P indol- 1-yl)pyrimidin-
AN NTT TN 2-yl-
o amino|cyclohexanol
if 71
_ 7
E O




li_ 6H OH 4- [4-(6-hydroxymethylindazol-1-y1)- pyrimidin-2-ylaminol-

cyclohexanol 47 N---%. N | FINNN\ 110,....,.."....17KOH ON H

4- (4 -indazol-1-ylpyrimidin-2-ylainino)- cyclohexane carboxylic acid
- methylbut-3-ypamide 48 - 24 - Structure NamECERPOHMGR920

LI

No. N

-28 -

Structure

Name

Compound
No.

4-{4-indazol-1-yl-
pyrimidin-2-ylamino)-
cyclohexanecarboxylic
acid cyclopentylamide

72

{4-(4-indazol-1-yi-
pyrimidin-2-ylamino)-
cyclchexyl]-carbamic
acid r-butyl ester

73

4-T4-(1-
phenvlsulfonyl-1H-
indol-3-yl)-pyrimidin-
2-ylamino]-
cyclohexanol

74

NH

4-[4-(1H-mndol-3-y1}-
pyrimidin-2-ylamino]-
cyclohexanol

75

4-14-(1-methyl-1H-
indol-3-yl)pyrimidin-
2-ylamino]-
cyclohexanol

78

4-[4-(1~-methyl-1H-
indazol-3-yl)-
pyrimidin-2-ylamino]-
cyclohexanol

77




HNz....... OH ON H 4-(4 -indazot- | -ylpyrirnidin-2-ylannno)- cycloitexane
carboxyllc acid (2-hydroxypropynamide 49 N HN .---k ,.....r.-— .......
.1,,,...0 ONN. H 4-(4-indazo1-1-ylnyrimidin-2-ylamino)- cyclohexane
W&?B‘Wﬁﬁdmd (1-methylsulfanylprop-2-yl)amide 50 N"'N | N"fiRgF2007/862920
...... 4....".,..""OHON L. 4-(4-indazol-12ylnyrirnidin-2-ylamino)-

cyclohexane carboxylic acid N-(2-hydroxyethyl)-N-ethyl-amide 51
Compound
No.

Structure Name
4-[4-{1H-indazoi-3-
yl)pyrimidin-2-
ylamino | -cyclohexanol

78

4-(4-benzo|d]isoxazol-
3-vipyrimidin-2-yl-
amino)-cyclohexanol

4-14-(7-methoxy-1H-
indazo!-3-yl)-
pyrimidin-2-ylamino)-
cyclohexanol 00

4-14-{7-methoxy-

benzo|d]isoxazol-3-yl)-
pyrimidin-2-vlamino|-
cyclohexanot 81

4-|4-(7-methvi-1H-
indazol-3-yl}-
pyrimidin-2-ylamino|-
cyclohexanol 80

4-|4-{5-fluorobenzo-
[d}isoxazot-3-yl)-

pyrimidin-2-ylamino]-
cyclohexanol 83

4-(4-pyrazolo[1,5-b]-
pyridazin-3-vi-
pyrimidin-2-ylamineo}-

cyclohexanol
84




N'-<:>'-"- 1 HN---N.N-7... IP
N-(4-indol-1-ylpyrinnidin-2-yn-cyclohexane-1,4-diamine 52 HN HN- OH

:---- 0 N-( | -[2-(4-hydroxycyclohexylamino)- pyrinndin-4-y1 J (
Vg]?I-%lnrgl}%’gl(ioilpzé-yl)-acetamide 53 25 - Structure Name Compd’ﬁ%ﬂ%?ﬁ’."@‘ﬁ?%)?"

0-."-.N 4-(4- indazol- 1-yl- pyri midin-2-ylainino) - cycl hexane carboxylic
acid cyclopropylmethyl amide 54

Structure MName Compound
Nao.
4-(4-~[1,2,4|triazole-
Ni o [4,3-a]pyridine-3-yl-
/L\ = N pyrimidin-2-ylamino)-

N cyclohexanol

N/ 85
9

N 4-14-(4-methoxy-
/@\ indazol-1-y1)-
s N

HNT N7 TN pyrimidin-2-ylamino| -
: cyclohexanol a6
Q
\

OH
N X (1-12-(4-hydroxycycio-
/m _ N hexylamino)-

HNT N7 NTTR pyrimidin-4-yl]-1H-
; indazol-4-yloxy)-
Q acetonitrile 87
o)

N N-(1-[2~(4-hvdroxy-
)E\/l \ cyclohexylamino)-

HNT TN TN pyrimidin-4-yl}-1H-
: indazol-4-yi)-isobutyr- a8
Q amide ‘
N

Synthesis

Compounds of the present invention can be made by a variety of methods depicted in
the illustrative examples shown in the Fxamples section below. The starting materials
and reagents used in preparing these compounds generally are either available from
commercial suppliers, such as Aldrich Chemical Co., or are prepared by methods
known to those skilled in the art following procedures set forth in references such as
Fieser and Fieser's Reagents for Organic Synthesis, Wiley & Sons: New York, 1991,
Volumes 1-15; Rodd s Chemistry of Carbon Compounds, Elsevier Science Publishers,
1989, Volumes 1-5 and Supplements; and Organic Reactions, Wiley & Sons: New

York, 1991, Volumes 1-40. The following synthetic reaction schemes are merely



28]
(933

H NINHN\-O0.1.-.N.-" | 4- (4- indazol- | -ylpyrimidin-2-ylamino)-
cyclohexane carboxylic acid dimethylamide 55 N"--kk- HNNr--'N \ IP 6H 4-

-(B- lindazoll -y1) -pyrimidin-2-ylamino] -cyclohexanol 56 N"--<--
W%} IP HO 4-(44ndazol- | -ylpyrimidin-2-ylamino) - 1FCT/EP2007/062920
-methylcycloh exanol -31-

illustrative of some methods by which the compounds of the present invention can be
synthesized, and various medifications to these synthetic reaction schemes can be
made and will be suggested to one skilled in the art having referred to the disclosure

contained in this Application.

The starting materials and the intermediates of the synthetic reaction schemes can be
isolated and purified if desired using conventional techniques, including but not
limited to, filtration, distillation, crystallization, chromatography. Such materials can
be characterized using conventional means, including physical constants and spectral

data.

Unless specified to the contrary, the reaction described herein preferably are
conducted under inert atmosphere, at atmospheric pressure, at a reaction temperature
range of from about -78°C to about 230°C, and most preferably and conveniently at

room (or ambient) temperature, e.g., about 20°C.

In the following schemes, if not differently specified, R, X', X2, X7, and the like are

as defined above; while
A5 Clor SR,

Ay 18 Cl, (S=QMe, SOMe or SO,Buy

R. 15 alleyl, cycloalkyl

Ry 1s Me or Bu

ZisNorC

Xi1sClL Br, 1

Re and Ry are independently hydrogen, hydroxylakyl, alkoxy, alkyl, cycloalkyl
hetheroalkyl, alkylsufonyl, alkylsulfinyl

Ry is lower alkyl

Ry, 1s alkyl or cylcoalkyl

R; is alkyl, cycloalkyl, heterocyelic
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Step A: 1. 1,3-dimethylimidazolium iodide, Naf1, 1,4-dioxane, reflux; 2. terr-butyl
carbazate, AcOH, MeOH, reflux; or NH,OH, EtOH, reflux; 3. DBU, THE, MW 150°C.,

Step B: NaH, DMFE; or LIHM DS or NaHMDS, acetonitrile/THE, low temp; or DIPEA,
DME 1000C,

Step C: tetrakis{triphenylphosphine)palladium(0), Na>COs, acetonitrile, water,
Step D 1. EtOH, reflux; 2. Iodobenzene diacetate, DUM,
Step E: KOH, water, DCM.

In Step A, 4-chloro-2-methylsulfanyl-pyriniidine or 4-chloro-2-buwlsulfanyl-
pyrimidine reacts, by heating to reflux, in presence of a strong base, such as sodium
hydride, and 1,3-dimethylimidazolium iodide with a variably substituted o-
fluorobenzaldehyde in a polar aprotic solvent, such as 1,4-dioxane, to give the
corresponding ketone. This product by treatment with rert-butyl carbazate, in the
presence of acetic acid, in apolar protic solvent, such as methanot, by heating to refiux
gives the corresponding hydrazone which, by heating under microwave conditions, in
the presence of a base, such as DBU, and in a polar solvent, such as THEF, cyclizes to
give the corresponding indazole. When hydroxylamine is used in place of tert-butyl
carbazate the corresponding benzoxazole is obtained. In Step B, 4-chloropyrimidine

bearing in the 2-position a mercaptoalkyl- or chloro- moiety undergoes a SyAr



)]

Name Compound No. j HN\ a..-- EH N OH2

4 14 -(6-aminoindazoll-yl)-pyrimidin-2-y1- amino | -cyclohexanot 60 | HNN
1, OH 4-12-(4-hydroxycycloheryl amino )- pyrimidin-4-y1] -1Hindote-3-

‘gé’r%‘m%}ﬁﬁ‘&lsud methyl ester 61 N- HNN\ [P ._HN OHCyOHBCLHdpe%gs2920

ethyl am ino )-indazol -1- yl | -p yrim id i-i2-ylamino)-cyclohexanol 62

reaction with a variably substituteed indole, indazole, azaindole or indoline in
presence of a base such as NaH, LiIM DS, NaHMDS or DIPEA, in a polar solvent such
as DMF, acetonitrile, THF, 1,4-dioxane or a mixture of the above, at temperature
ranging from -10°C to 100°C, to afford the corresponding: N1-arylated indole, N1- or
N2- arylated indazole, N1-arylated azaindole and N1 -arylated indoline. In Step C, 2,4~
dichloropyrimidine undergoes a Buchwald coupling with a variably substituted 3-
indole boronic acid, N1 protected, in the presence of a catalyst such as tetrakis{tri-
phenylphosphine)palladium(0), and an inorganic base, such as NayCOs, in a mixture
of pelar solvents, such as acetonitrile/water, affording the corresponding 2-chloro-4-
arylated pyrimidire. In Step D, 2-methylsulfanyl-pyrimidine-4-carbaldehyde reacts
with a substituted or unsubstituted pyridin-2-yl-hydrazine in a polar protic solvent,
such as ethanol, by heating to reflux, to give the corresponding hydrazone, which
cyclizes in the presence of iodobenzene diacetate in an apolar solvent, such as DCM, to
give the corresponding variably substituted [1,2,4]triazolo[4,3-a]pyridine. In Step E,
4-ethynyl-2-methylsulfanyl-pyrimidine reacts with I-amino-pyridazin-1-ium iodide
(J. Med. Chem. 2004, 47, 4716-30) in the presence of water and an morganic base, such
as KOH, in an apolar solvent, such as DCM, to afford the corresponding 3-(2-methyl-
sulfanyl-pyrimidin-4-yl)-pyrazolo| 1,5-b]pyridazine.
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When X’ is NH or NSO,Ph Step A: Nak, R,X, NMP, or 1. NaOH, MeOH/THF; 2.
NaH, R, X, NMP.

When R1 is COOMe Step B: R,MgCl, THF, low temp.

5

When R1 is NO, Step C: Fe(0), NHCI, EtOH, water, heating; Step D: R,COCI, TEA,
THEF,

When X' is C=0 Step E: NaH, R.%, DMF, 0°C.

In Step A, a compound of generic structure | when X is NH can be alkvlated by treat-

10 ment with a strong base, such as NaH, and the appropriate aliky! or cycloalky! halide
such as Mel in a polar solvent such as NMP, When X is a phenyisulfonylamide
moiety, a compound of generic structure ¥ can be firstly deprotected by treatment with
a strong inorganic base, such as NaOH, in mixture of polar solvents, such as
MeOH/THE, and then alkylated as previously described. In Step B, a compound of

15 generic structure I when R1I is a methyl ester moiety can undergo a double addition by
a Grignard reactant, such as MeMuCl, at low temperature, in a polar solvent, such as

THE, to give the corresponding tertiary alcohol. In Step C, a compound of generic
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yI)am ine 66 HN : 5H | -12-(4-hydroxycycloherylamino)-
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----.N<."---N\ 235 -

structure I when R' is NO, can be reduced to the corresponding aniline by heating in
presence of a reducing agent, such as Fe(9) Fisher, ammonium chloride and water, in a
polar protic solvent such as ethanol. The aniline of generic formula I can

subsequently be acylated by treatment with the appropriate acy! chloride in the

(%2

presence of a base, such as triethylamine, in a polar solvent, such as THE, to give the
corresponding secondary amide as described in Step D. In Step E, a compound of
generic structure I when X' is C=O can be O-alkylated by treatment with an alkylating
agent, such as Mel, after deprotonation with a strong base, such as NaH, in a polar

solvent, such as DMF, at low temperature.

10 SCHEME I11:

'\ 0N\ N

X, X 2. X
X . Step A 7 X Step B X 2
i Xa‘ ——e ; A PR 1 ‘X
P / 2 i 5
\, i R'? \
Z'? Z 74
Zz
R1 g R1 b R1
Step C
N
A
N= X
X; 2~x
{ / 3
Z:‘:Z
W
/
57
R1

Step A: NCS, NMP or m-CPBA or MeReQs/ H,O,, DCM,
Step B: R*CgH1oNH,, NMP, heating or RXCH oNH,, DIPEA, NMP, heating,
15 Step C: R°C4HyNH,, p-TSA, i-PrOH, 150°C, MW,

In Step A, a compound of generic formula I, when A is a thiomethyl moiety, can be

chlorinated in presence of N-chlorosuccinimide in a polar solvent, such as NMP, at
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high temperature. Alternatively a compound of generic formula I can be oxidized to
the corresponding sulfone or sulfoxide utilizing as oxidizer 3-chloroperoxybenzoic
acid or a mixture of methyltrioxorhenium and hydrogen peroxide in an apolar solvent,
such as DCM or chloroform, at temperature ranging between 0°C and room
temperature. The corresponding chloride, sulfone or sulfoxide 111 can undergo a
reaction of SnAr utilizing a variably substituted or unsubstituted cyclohexylamine, as
nucleophile, either with or without a base, such as diisopropylethylamine, in an apolar
solvent, such as NMP, at temperature ranging between 90 and 150°C, as described in
Step B. Alternatively a sulfoxide of generic structure 11l can react with a variably
substituted or unsubstituted aniline, in the presence of p-toluenesulfonic acid, in a
polar protic solvent, such as isopropanol, under microwave conditions at 150°C as

described in Step C.
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When R' is COOMe, COOFEL: Step A: LIOH or NaOH, THF/MeQH.
5 When R is NO,; Step B: Fe(0), NIH4Cl, EtOH, water, heating.

When R’ is OBn: Step C: H,, PA/C, EtOH.

When R' is COOMe: Step D: LAH or LiEt:BH, THF -10°C or RT.

When R'is SBn: Step E: m-CPBA, chloroform.

When R’ is NH,: Step F: RiX, Na,COs5, DMF, 80°C.

10 In Step A, a compound of generic formula IV, when R is a methyl- or ethyl- ester
moiety, can be hydrolyzed to the corresponding carboxvylic acid in the presence of a

strong inorganic base, such as sodium or lithinm hydroxide, in a mixture of polar
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solvents such as THF and MeOH. In Step B, a compound of generic formula IV, when
R' is a nitro moiety, can be reduced to the corresponding aniline by heating in the
presence of ammonium chloride and water, in a polar protic solvent, such as ethanol,
utilizing a reductive agent such as iron Fisher. In Step C, a compound of generic
formula TV, when R1 is a benzyloxy moiety, can be reduced to the corresponding
phenol, utilizing hydrogen as reductive agent, in the presence of palladium on carbon
as catalyst, in polar protic solvent such as ethanol. In Step D, a compound of generic
formula IV, when R1 is a methyl- or ethyl- ester moiety, can be reduced to the
corresponding benzyl alcohol, utilizing as reductive agent lithium aluminum hydride
or lithium trimethylborohydride, in a polar solvent, such as THF, at temperature
ranging between -10°C and room temperature. In Step E, a compound of generic
formula IV, when R1 is a mercaptobenzyl moiety, can be oxidized to the
corresponding sulfone, utilizing 3-chioroperoxybenzoic acid as oxidized, in an apolar
solvent such as chloroform. In Step F, a compound of generic formula IV, when R' is
an amine moiety, can be alkylated to the corresponding secondary or tertiary amine by
heating, in the presence of an inorganic base, such as sodium carbonate, in a polar
solvent, such as DMF, utilizing an alkyl-, cycloalkyl-, heterocyclic- halide as alkylating

agent.
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SCHEME V:

When R® is COOEt: Step A: 1. NaOFH, THE; 2. R.RNH, BOP, DIPEA, THF,
5 When R” is O(CH,),O: Step B: L. HCL THE, heating; 2. RyMgCl, THEF, -780C.
When R* is NF,: Step C: (R,50,)0.
When X is NHSO,Ph: Step D: NaOH, MeOH,
When X' is C-OMe: Step E: TMSI, CHCL.

Ir Step A, a compound of generic formula V, when R” is an ethyl- or methyl- ester

10 moiety, can be hydrolyzed to the corresponding carboxvlic acid, in the presence of a
strong inorganic base, such as sodium hvdroxide, in a potar solvent such as THT.
Subsequently the carboxvlic acid can be coupled with a hydroxylakyl-, alkoxy-, alkyl-,
cyctoalkyl-, hetheroalkyi-, aliylsufonyl-, alkylsulfinyl- amine to give the corresponding
amide in the presence of a coupling agent, such as BOP, and a base, such as DIPEA, in

15 a polar solvent such as THF. In Step B, a compound of generic formula V, when R is a



NN 1111, OH 4- ( 4, -benzo [di isoxaza3-y1lpyri midin-2 -y1-
arnino)-cyclohexanol 79 N -- RNN NH , , 6HII 4- F 44 7-methoxy-IH -

3! 1)- pyrimidin-2-ylamino | - cyclohexanol 80 N"....-.. I
%%if}ﬁmﬁg (—— "N'0 ,\ 61-1 4-14- ( 7-m erhoxy- benzo | cﬁ%ﬁ%ﬁ@ﬂ'fﬁm%ﬂ

-3-y1) - pyrlmlclln -2-ylamino } - cyclohexsinol 81 N---\""-- I,..-
1,3-dioxolane moiety, can be hydrolyzed to the corresponding ketone by heating, in
the presence of a strong inorganic acid, such as HCl, in a polar solvent such as THF.
The ketone obtained in this manner can undergo an addition reaction by a Grignard

reactant, at low temperature, in a polar solvent, such as THE, to give the

&}

corresponding tertiary alcohol. In Step C, a compound of generic formula V, when R?
is an amine moiety, can be sulfonylated, in the presence of a sulfonylanhydride, in
polar solvent, such as NMP, to give the corresponding sulfonylamide. In Step D, a
compound of generic formula V, when X° is a phenylsulfonylamide moiety, can be
hydrolyzed to the correspending indole, indazole or benzoxazole, in the presence of an
10 morganic base, such as sodium hydroxide, in a polar solvent such as methanol. fn Step
E, a compound of generic formula V, when X' is a methyl ether moiety, can be
oxidized to the corresponding ketone by reaction with trimethylsilyliodide in a apolar

solvent

The products can then be purified, e.g., by extraction, crystallization, preparative

15 HPLC, flash chromatography, thin layer chromatography.

The compounds of this invention are JNK modulators and as such are expected to be
effective in the treatment of a wide range of INK mediated disorders. Exemplary INK
mediated disorders include, but are not limited to, autoimmune disorder, inflammatory
disorder, metabolic disorder, neurological disease, and cancer. Accordingly,

20 compounds of the invention can be used to treat one or more of such disorders. In
some embodiments, compounds of the invention can be used to treat a INK mediated
disorder such as rheumatoid arthritis, asthma, type 1I diabetes, Alzheimer’s disease,

Parkinson’s disease or stroke.

Administration and Pharmaceutical Composition

25 The nvention includes pharmaceutical compositions comprising at least one
compound of the present invention, or an individual isomer, racemic or non-racemic
mixture of isomers or a pharmaceutically acceptable salt or solvate thereof, together
with at least one pharmaceutically acceptable carrier, and optionally other therapeutic

and/or prophylactic ingredients.

30 In general, the compounds of the invention will be administered in a therapeutically
effective amount by any of the accepted modes of administration for agents that serve
similar utilities. Suitable dosage ranges are typically 1-300 mg daily, preferably 1-100

mg daily, and most preferably 1-30 mg daily, depending upon numerous factors such
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as the severity of the discase to be treated, the age and relative health of the subjeet,
the potency of the compound used, the route and form of administration, the
mndication towards which the administration is directed, and the preferences and
experience of the medical practitioner mvolved. One of ordinary skill in the art of
treating such diseases will be able, without undue experimentation and in reliance
upon personal knowledge and the disclosure of this Application, to ascertam a
therapeutically effective amount of the compounds of the present invention for a given

disease.

Compounds of the invention may be administered as pharmaccutical formulations
including those suitable for oral (including buccal and sub-lingual), rectal, nasal,
topical, pulmonary, vaginal, or parenteral {including intramuscular, mtraarterial,
mtrathecal, subcutaneous and intravenous) administration or in a form suitable for
administration by inhalation or insuffiation. The preferred manner of administration is
generally oral using a convenient daily dosage regimen which can be adjusted

according to the degree of affliction.

A compound or compounds of the imvention, together with one or more conventional
adjuvants, carriers, or diluents, may be placed into the form of pharmaceutical
compositions and unit dosages. The pharmaceutical compositions and unit dosage
forms may be comprised of conventional ingredients in conventional proportions, with
or without additional active compounds or principles, and the unit dosage forms may
contain any suitable effective amount of the active ingredient commensurate with the
intended daily dosage range to be employed. The pharmaceutical compositions may
be ernployed as solids, such as tablets or filled capsules, semisolids, powders,
sustained release formulations, or liquids such as solutions, suspensions, emulsions,
elixirs, or filled capsules for oral use; or in the form of suppositories for rectal or
vaginal administration; or in the form of sterile injectable solutions for parenteral use.
Formulations containing about one (1) mg of active ingredient or, more broadly, about
0.01 to about one hundred (100) mg, per tablet, are accordingly suitable representative

unit dosage forms.

The compounds of the mmvention may be formulated in & wide variety of oral admin-
istration dosage forms. The pharmaceutical compositions and dosage forms may
comprise a compound or compounds of the present invention or pharmaceutically
acceptable salts thereof as the active component. The pharmaceutically acceptable

carriers may be either solid or liquid. Solid form preparations inciude powders,
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tablets, pills, capsules, cachets, suppesitories, and dispersible granules. A solid carrier
may be one or more substances which may also act as diluents, flavoring agents,
solubilizers, lubricants, suspending agents, binders, proservatives, tablet disintegrating
agenis, or an encapsulating material. In powders, the carrier generally is a finely
divided solid which is a mixture with the finely divided active component. In tablets,
the active component gencrally is mixed with the carrier having the necessary binding
capacity in suitable proportions and compacted in the shape and size desired. The
powders and tablets preferably contain from about one (1) to about seventy (70)
percent of the active compound. Suitable carriers include but are not limited to
magnestum carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch,
gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting
wax, cocoa butter. The term “preparation” is intended to include the fornmlation of
the active compound with encapsulating material as carrier, providing a capsule in
which the active component, with or without carriers, is surrounded by a carrier,

which is in association with it. Similarly, cachets and lozenges are included. Tablets,

powders, capsules, pills, cachets, and lozenges may be as sotid forms suitable for oral

administration.

Other forms suitabie for oral administration include liquid form preparations including
emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions, or solid form
preparations which are intended to be converted shortly before use to liquid form
preparations. Emulsions may be prepared in solutions, for example, in aqueous
propylene glycol solutions or may contain emulsifying agents, for example, such as
lecithin, sorbitan monooleate, or acacia. Aqueous solutions can be prepared by
dissolving the active component in water and adding suitable colorants, flavors,
stabilizers, and thickening agents. Aqueous suspensions can be prepared by
dispersing the finely divided active component in water with viscous material, such as
natural or synthetic gums, resins, methyleellulose, sodium carboxymethylcellulose,
and other well known suspending agents. Solid form preparations include solutions,
suspensions, and emulsions, and may contain, in addition to the active component,
colorants, flavors, stabilizers, buffers, arfificial and natural sweeteners, dispersants,

thickeners, solubilizing agents.

The compounds of the invention may be formulated for parenteral administration (e.g.,
by injection, for example bolus injection or continuous infusion) and may be

presented in unit dose form in ampoules, pre-filled syringes, small volume infusion or
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of the present invention can be made by variety of methods depicted in

the illustrative examples shown in the Examples section below. The
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and will be suggested to one skilled in the art having referred to the
dis(i]W&&Pé@BH{Qi%’afhﬁf {RISTAI9PIRAYIGR formulated for topical administration to the

epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and
creams may, for example, be formulated with an aqueous or oily base with the
addition of suitable thickening and/or gelling agents. Lotions may be formuiated with
an aqueous or oily base and will in general also containing one or more emulsifying
agents, stabilizing agents, dispersing agents, suspending agents, thickening agents, or
coloring agents. Formulations suitable for topical administration in the mouth include
lozenges comprising active agents in a flavored base, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert base such as gelatin
and glycerin or sucrose and acacia; and mouthwashes comprising the active ingredient

i a suitable Hquid carrier.

The compounds of the invention may be formulated for administration as
suppositories. A low melting wax, such as a mixture of fatty acid glycerides or cocoa
butter is first melted and the active component is dispersed homogeneously, for
example, by stirring. The molten homogeneous mixture is then poured into

convenient sized molds, allowed to cool, and to solidify.

The compounds of the invention may be formulated for vaginal administration.
Pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to the

active ingredient such carriers as are known in the art to be appropriate.

The subject compounds may be formulated for nasal administration. The solutions or
suspensions are applied directly to the nasal cavity by conventional means, for
example, with a dropper, pipette or spray. The formulations may be provided in a
single or multidose form. In the latter case of a dropper or pipette, this may be

achieved by the patient administering an appropriate, predetermined volume of the
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5The starting materials and the intermediates of the synthetic reaction
schemes can be isolated and purified if desired using conventional

_techniques, including but not Limited to, filtration, distillation,
WtyEtaiiEtbn, chromatography. Such materials can be charsctérzZat/00292¢

using conventional means, including physieal constants and spectral data.
10Unless specified to the contrary, the reaction described herein
preferatiy SFeusigiste il etshereatiospheratabansioepiiee example by

pressirs, Ataeastipadempeaiyes rnge of from about -78C to about
230C, and most preferably and conveniently at room (or ambient)

tenperabidite €:@s, AbRulRORZion mky therdaltlowing sehemes,adAdtistration,
differently specified, RI, XI, X2, X3, and the like are 15as defmed above:
Wi Ehap SRE AT &, T oarbiSsne B a SRR AR e
cycleatiyRtvis MawrBUh2oz: 8N bpaiXdset, Br c1aReland tRT aiéer of five (5)

indepenrgdently-tydsogen Avdreadakyl. alkexyaialdhyorelalkihwn in the art, for
hetheroalkyl, alkylsufonyl, alkylsulfinyl R is lower alkyl 25Rh is alkyl or

cy I CHARYI RIS 0L K51 Hete BEANE WG 2008 g 775 7=¢ pack

PCHEPL200A106 203@ 132 su SCH E Mioto fluorocarbon (CFC), for example,
dichlorodiflucromethane, trichlorofluoromethane, or dichlorotetrafiuoresthane, or
carbon dioxide or other suitable gas. The aerosol may conveniently also contain a
surfactant such as lecithin. The dose of drug may be controlled by a metered valve,
Alternatively the active ingredients may be provided in a form of a dry powder, for
example a powder mix of the compound in a suitable powder base such as lactose,
starch, starch dertvatives such as hydroxypropyimethvi cellulose and
polyvinylpyrrolidine (PVP), The powder carrier will form a pel in the nasal cavity.
The powder composition may be presented in unit dose form for example in capsules
or cartridges of e.g., gelatin or blister packs from which the powder may be

administered by means of an nhaler,

When desired, formuiations can be prepared with enteric coatings adapted for
sustained or controlled release administration of the active ingredient. For example,
the compounds of the present mvention can be formulated in transdermal or
subcutaneous drug delivery devices. These delivery systems are advantageous when
sustained release of the compound is necessary and when patient compliance with a
treatment regimen is crucial, Compounds in transdermal delivery systems are
frequently attached to an skin-adhesive solid support. The compound of interest can
also be combined with a penctration enhancer, ¢.g., Azone {1-dodecylazacycioheptan-
2-one). Sustamed release delivery systems are inserted subcutaneousty into the sub-
dermal layer by surgery or injection. The subdermal implants encapsulate the
compound m a lipid sotuble membrane, ¢.g.. silicone rubber, or a biodegradable

polymer, e.g., polylactic acid.

The pharmaceutical preparations are preferably in unit dosage forms. In such form,
the preparation is subdivided into unit doses contaming appropriate quantities of the
active component. The unit dosage form can be a packaged preparation, the package

containing discrete quantitics of preparation, such as packeted tablets, capsules, and



Hi StepR1D Step A: 1. 1,3-dimethylimidazolm iodide, NaH,

1,4-dioxane, reflux; 2. tert-butyl 5carbazate, AcOH, MeOH, reflux; or
V[EIEIZGOH,ELIOH, reflux; 3. DBU, TFIF, MW 150C. Step B: NaH, DIME; or

| ' NaHMDS, acetoi trile/THF, low temp; or DIPEA, BSVIfER0T 62920

Step C: tetralc s(t -iphenylphosphme)paligd MO) Na,CO3, acetomitrile,
water. Step D: 1. EtOH, reflux; 2. lodobenzene diacetate, DCM. inStep E:
KOMOWARET D6 e I8s- 4 o e auietpiet famy Fan dmidisr e, tablet,
4-cfﬂm¢h}e2<ﬁﬂt§ﬂ&h@fﬂiﬂb§dkﬂn}&riﬂﬂﬁmﬁa Eﬁaagg@r&g%%&gimﬁﬁ% rafl. dPthese in

pre strong base, such as sodium hydride, an

%d% gfig%?183%i%1rlg}lazolium iodide with a variably substituted

otlu 3 | lar aprotic splvent, such as 44-dioxane, to
oV e Y U ieht ARGt By
card A i i dressreanst Assticcadid hinrapoldP protidisd e, BudHaasn,
methanklPbyibeating iaeiuxaivasibe catrespending bydragane which.
by hega;[jngcgrldeli picroiwtave conditions, in the presence of a base, such
BBU, AR it Porar SONERE LHATES TR difb S fopgiventHgvention are
corréspuheingindazole. When hydroxylamine is used in place of ten-butyl
20carbazate the corresponding benzoxazole is obtained. In Step B,
A-cHIGFRARhBIse bedvieie thend positionat aremettaptoatkyibrow dhlomome

1o Moighyiadergnss aaNA L YMQ&%QR@Q@&M&Q%I@?@%W&%%@dmp les

oy
N
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thereof, which are not intended to be limiting.

EXAMPLES

LIST OF ABBREVIATIONS
AcOH Acetic acid
Bn Benzyl
BOP Benzotriazol-1-yloxytris(dimethytamino)phosphonium hexafluorophosphate
(BOC):0  Di-fert-butyl dicarbonate
DBU 1,8-Diazabicyclo(5.4.0}-undec-7-ene
DCM Dichioromethane (methylene chloride)
DEA Diethylamine
DIPEA Diisopropylethylamine
DMF N,N-dimethylformamide
EDCI 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ErO Diethyl ether

EtOH Ethanol

EtOAC Ethyl acetate
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- 33 - reaction with a variably.substituteed indole, indazole, azaindole or
indoline in presence of a base such as NaH, LIHMDS, NaHMDS or
DIPEA, in a polar solvent such as DMF, acetonitrile, THE, 1,4-dioxane or
WL I8 5T the above, at temperature ranging from -100C tBCIGERE04H 062920
afford the corresponding: Nl-arylated indle, NI- or Al2- arylated indazole,
NI -arylated azaindole and N1-arylated indoline. In Step C, 2,4-
o‘ﬁé@i&opyrihﬁa’lﬂ@ﬁ‘m@?ﬁgé‘?%%uchwald coupling with a variably
substituted 3- indole boronic acid, NI protected, in the presence of a
catdlyst sudbrasogsrakis(triphenylphosphine)palladium(0), and an
inorganic base, such as Na2CQO3, in a mixture of polar solvents, such as
debtonitrileMidtem affordimgnthedcoiresponding 2-chloro-4- arylated
pyrimidine. In Step D, 2-methylstillanyl-pyrimidine-4-carbaldehyde reacts
witH & tibstitUtedropamsyiistittitedigyridin-2-yl-hydrazine in a polar protic
solvent, such as ethanol, by heating to reflux, to give the corresponding
hydataZone, Meichnalyclizes in the presence of iodobenzene diacetate in an
apolar solvent, such as DCM, to give the corresponding variably
substituted §1i24datdazoloK3-al pyridine. In Step E, 15
4-ethynyl-2-methylsulfanyl-pyrimidine reacts with I-amino-pyridazin-I-ium
iodide (I. MedGhem: 2009:47, 4716-30) in the presence of water and an
inorganic base, such as KOH, in an apotar solvent, such as DCM, to

afferd the CP—E’(@&HﬁDﬂiﬂ\gmiidmone
3-(2-methylsulfanyl-pyrimidin-411)-pyrazolol1,5-Npyridazine WO
é@@@{@(ﬁl}ﬁ@&/@@@@;}lﬁq@gpzo -34 - SCHEME II:  Step E\0 e AN
| When X"is NH or NSO2Ph Step A: NaH, RaX., NMP, or I. NaOH,
NgOH/THP;, 2. NaH, Ré'r'g&url\leMP. When Rl is COOMe Step B: R3MgC1,
THE, low temp. When Rl is NO2 Step C: Fe(0), NH,CI, EtOH, water,
hﬁ%gng; Ste]‘i%%% '?QQHOQC" TEA, THE. When X' is C=0 Step E: NaH, R,X,
DME, 00C. In tgp?& a compound of generic structure | when X' is NH
e alky,!ateqrb(}/ treatment with a strong base, such as NaH, and the
ap'propriate”gfﬁ%/ %r“c):)}%:ll‘bnalkyl halide such as Mel in a polar solvent such
%MP. ere,n 3is _phenylgu}elllgnylamide moiety, a compound of
3@% ric strudttir&YEan BERISE Ueprotected by treatment with a strong
inorganic base, such as NaOH, in mixture of polar solvents, such as
MEaTTERE Bagrihetisakylaed sl pialtivudiy vusdinedyih Stopdzde

Cﬂ@@%ﬂgsgfof 3-(2-methylsulfanyl-pyrimidin-4-y1}-1 H-indazole was carried out

according to the process shown in Scheme 1,

~
=

N
CHO
Nl/\\\‘ Step A /H\ P N Step B //ﬂ\ N
H.C )\ ,}\ + 8 N - 3 N -
T W e . | l
w i = C

H, F CH,

SCHEME 1

Step A: synthesis of (2-fluoro-phenyl)-(2-methylsulfanyl-pyrimidin-4-vl)-methanone

Sodium hydride (60% dispersion in mineral oil, 598 mg, 14.94 mmol} was added to a
stirring solution of 4-chloro-2-methylthiopyrimidine (1.45 mL, 12.45 mmol), 2-flucro-

benzaidehyde (1.57 mL, 14.94 mmol) and 1,3-dimethylimidazolium iodide (517 mg, 4.15

NM
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15generic structure | when RI is a methyl ester moiety can undergo a
double addition by a Grignard reactant, such as MeMgCl, at low
mper , in a polar solvent, such as THF, to give the corresponding
vfg}r |§%%t%§ml. In Step C, a compound of generic WO PCT/EP2007/062920
2008/06817PCT/EP2007/062920 - 35 --strfucture | when le is NO2 can be

reduc%d to the correspondipg aniline by heating in presence of a reducing
AP SRRSO iR AAON Ui CHIER Ah o0 bl - T
pretidisgivertsgctrabstbanote Thefaniline ofigenetiedforvidibal Camrtitioned
subseasentibe-acvalecrhy dreaientiiih e apRRAIR AR Shads,

the |@res nce of aé?as , Such as triethylamine, in a palar solvent, suc

as THE 8 GVE thECoPRSShorting SESHtFal 4 i 5 dus s auiifistdp fash
Dhresedee RphChrpoaid ot géhsriospucha@hyviii R lis Hersan (be
Onadkeatach by treatment with ar@licylating agent, such as Mel, after

deprotonation with a strong base, such as NaH, in a polar solvent, such as
DM atdonnienpe iaineint Q el pEMEs L Sie Pl NESH MR- R BAunds

%M(Ce:ﬁgﬁ%g!zoz DCM. Step B: R2ZC6H10NE12, NMP, heating or
12.2C6H10NH2, DIPEA, NMP, heating. 15Step C: Rt6H4NH2, p-TSA,

i-PrO SSC, 1\4W, In Step A, a compound of generic formula |, when A is

a thiorriett %}PFﬁb?é‘RE‘gﬁW%?}Fﬁﬁrﬁ?a{"@ﬁf}ﬁ%ﬂé@éﬁd&W*dlﬂ-4“Y1)“meﬂmnom; and
N-chlorosuccinimide in a polar solvent, such as NMP, at WO

2008/688 171 ePrRPIOb7d6rYby s Hanhighimitietatrasitawntively a
compound of generic formula | can be oxidized to the corresponding

StHB e TP dinsened d- (Rimedey s il zam Boitiorbpbroklybérmbic acid or a

Xt e f) eatzh Iltrioxorheniym and hydrogen peroxide in an apolar .
B O S Ay bt it
dHdFdbersterspBratiractnt dbmekponuignehiprides balfone (8t ulfpgidenmol)
uh@aacu@dﬁs@eaulnaﬁgnh%mafémwwalim&}?@@ﬁm §}&b§£@lﬂ$9h%oled to RT

5 Q % ne,.,as QéJC eo 1|ue1’ {[ € r wit without

R e R B s Rivfprer wes
aFremfseratdrdistheiny betvedior daed 500 ticdastiibedlin StepBure. The
Atednativelylacsilfoxidelef gererichsupcture dIhaan saagtonitha varably. 10
sehaied o neuBRiilen agline,n fhe presence of prtalencsuliopic

acid, in‘a polar protic solvent, such as iIsopropanot, under milCrOWaTe

dEHdINBMRM LT EHBCEE gungipkd Wéq@ﬁ@cqﬂ/gessure and the crude residue was
2008/8681 14RCHERAOQAO6292undEtOAC, 4/1) to afford 525 mg of 3-(2-

methylsulfanyl-pyrimidin-4-yl)-1H-indazole.

In a similar manner, utilizing the appropriate starting material, the following compounds

were prepared:

7-Methoxy-3-(2-methylsuifanyl-pyrimidin-4-yl}- 1 H-indazole, and
3-{2-Methylsulfanyl-pyrimidin-4-yl)-7-triflucromethyl-1H-indazole.

Preparation 2: Synthesis of 1-Methyl-3-(2-methylsulfanyl-pyrimidin-4-y1)- 1H-indazole

The synthesis of 1-methyl-3-(2-methylsulfanyl-pyrimidin-4-y1)-1H-indazole was

carried out according to the process shown in Scheme 2.



SCHEME IV: R,HN When 12'is COOMe, COOEt: Step A: Li014 or
NaOH, THE/MeOH. 5When Rl is NO2: Step B: Ee(0), NH4C1, EtOH, water,
heating. When Rl is OBn: Step C: E17, Pd/C, EtOH. When RI is COOMe:
YIS BEAR or LIEt3BH, THE 10C or RT. When 121 is SBnPSHpPE#7/062920
m-CPBA, chloroform. When 121 is NH2:8tep F: R1X, Na2CO3, DMF,

80C. In Step A, a compound of generic formula IV, when R." is a methyl-

or ethyl- ester mgietyy.can be hydrolyzed to the corfespgnding carboxylic
acid in the preseyjce of|a strong inorganic base, sugh as sodium or lithium
hydroxid&{in tureef polar WO 20118/06817ARCTAER20QF 062920 -
38 - solvents 3uch a5 THE MeOH.In Step B?a coMpounil of genetie,

Q

agent such as iron Fisher. In Step C, a compound of generi 5formula 1V,
when Rl is a benzyloxy moiety, can be reduced to the corresponding
phenol, utilizing hydrogen as reducfi¢&*&8Eht in the presence of palladium

BNCE SRR I, glventssuch gs, ethanal. In Step P, a
B B B W i 03
rﬁ%‘fe@% LR FEJ’UQé&‘?@ﬁﬁ%"%‘ﬁ’é‘%&ﬁﬁﬁ%@"Béﬁw{%mém!wmﬁ@a%15

reduetivie dgéhalithitmlaluniinumvhydridedl@en ithiand then methyliodide (0.14

trimesAberahy drideqs iR A.RQ IR OB, SHEHLAS. 'gt'g'%flﬁté?&r"a%tafﬁée

rg&gjgj% betv%/leen -10C and room temperature. In Step E, a compountlzle(%(i‘tmn

genenc fOTlr RPNHER RIS Mdredobeizacsi s Qin Becosioizadd

toTHeicsHesponding sStdfone, NiiigindiBechlaraperapoaadizoidacidi asd pressure,

oxidizadip A4k PRAISSIVBRL f E.5omnpound
fger 1erEi_c3 f i’_mﬁlt I}/, %{gdeg re?;’é%%%’r?%a%%% ?n%%#&%%é%ﬁi?a%& ?OPS mg of

the corresponding SeCEHuAR) Brietiaty hnira: ting, in the presence

of an inorganic base, such as sodium carbonate, in a polar solvent, such

A4 TRt izhg thesBIRGE Nydiontkii (2 reetrbytlioy hajideakmalkylating

dgent{ AWex20818/068171PCT/EP2007/062920 - 39 - SCHEME V:

The synthesis of 7-methoxy-3-(2-methylsulfanyl-pyrimidin-4-yl)-benzo [ d]isoxazole was

carried out according to the process shown in Scheme 3.

Nl = N
/k - o A == N
EI; N e ? N - \O
CH, F CH,
O/CH3 O\
CH,

SCHEME 3

A mixture of (2—ﬂuoro—3-methoxy—phenyl)»«(2—methylsulfanyl—pyrimidi11—4—y1)—
methanone (1 g, 3.59 mmol) and hydroxylamine (50% in water, 1.5 mL) in ethanol was
heated to reflux overnight. The resulting mixture was cooled to RT, diluted with EtOAc
and then concentrated under reduced pressure. The residue was dissolved in THF and
DBU (0.84 mL, 5.6 mmol) was added, the resulting mixture was heated to 150°C in a
microwave reactor for 30 min. The reaction mixture was then concentrated under

reduced pressure and the residue was purified by flash chromatography (hexane/EtOAc,
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x 0 OL /3 \\ 84:---3--Z S-N\ g'HZ Rgi g Z When R is COOEt: Step A: I.

NaOH, THE; 2. ReRrNH, BOP, DIPEA, THE. When R2 is 0(CH2)20: Step

B. 1. HC1, THF, heating; 2. RhiVIgC1, THF, -78C. When R2 is NH2: Step
O (4549690 When X' is NHSO2Ph: Step D: NaOH, MeOH. WHERP 3062920
C-OMe: Step E: TMSI, CHCII. In Step A, #bcompound of generic formula

\ téen R is an ethyl- or methyl- ester moiety, can be hydrolyzed to the
03578 ORI EAPBShyIESERr this BresdHEE By pEtond inbrdanic base,
sliehza$$sdiamlhydroxide, in a polar solvent such as THF. Subsequently
the carboxylic acid can be coupled with a hydroxylakyl-, alkoxy-, alkyl-,
cyRIBEIRY/IoC hestheroalikyls tadlarisufoniyle, satkytgyifimyHArdinéotin givg bgpounds
coaspepging amid.e in the presence of a coupling agent, such as BOP,
and a base, such as DIPEA, in 15a polar solvent such as THF. In Step B,
acom eneric formula,V, nR2i WO 2008/068171PC

TIE Pzgg%?&i%%%f)&%wliy% }g%lagr‘? § ??ﬁ%?@%%?ﬁ%@%ﬁ&\%lyzed to the

correspanding ketpne by heating, in the presence of a strong inorganic

acid, s%%?%ugggl—%,gi)ﬁn 5%@?5?%8}’\%’%{ lgjdéif'}“é‘é"il%%“?ﬂgké‘ﬁﬁ?’?éﬂébtained in

this mar%ner%‘as‘l uglderg an addition reaction béa Grignard reactant, at

low TEMperatiire in o ar Solvent - Sugrdy P BivEiden-4-yl)-1H-indazole
corespendingertianaleq B_%elﬂﬁstgl@agyl %gﬁﬁz%%l—@ Bt genenc formu Iac'arried

Vd when ﬁz(isua amine moiety, can be su ated, in the presénce of &
sUltoryRARHRIES i P88 it “shemad NMP, to give the
corresponding sulfonylamide. Pﬂr Step D, a compound of generic formula
V, when X3 is a phenylsulfonylamide moiety, can be hyd to the
begzoxazole, in the presence of an

corresponding’int®le, indazeté=o)

10inorg@Qic,&se/ uchtas @ hyox+e|e;~ia»a polarsolvént 3n
methanol.#n Stép E, & compowid oeneric formula V, when X' ig.a
methyl ether moiety, can be oxidized to the corresponding Icetor
reaction with trimethylsilyliodide in a apolar solvent The productg«

then be purified, e.g., by extraction, crystallization, preparative 15HPLC,
flash chromatography, thin layer ckgeﬁﬁ?g@phy.

To a solution of 4-bromo-1H-indazole (8.831 g 44.82 mmol) in DMF (100 mL) was
added NaH {60% suspension in mineral oil, 74.7 mmol, 2.988 g) followed by 4-chloro-2-
methylsulfanyl-pyrimidine (4.34 mL, 37.35 mmol). The resulting mixture was allowed to
stir at RT for 2 h; the solid precipitate was collected by filtration, washed and dried under
reduced pressure to give 10.7 g (89% vield) of 3-bromo-1-(2-methylsulfanyl-pyrimidin-
4-yl}-1H-indazole.

In a similar manner, utilizing the appropriate starting materials, the following

compounds were prepared:

1-{2-Methylsulfanyl-pyrimidin-4-yl)-1 H-indazole;
6-Methyl-1-(2-methyisulfanyl-pyrimidin-4-yl)- 1 H-indazole;
5-Methyl-1-(2-methylsulfanyl-pyrimidin-4-yl)-1 H-indazole:
3-Methyl-1-(2-methylsulfanyl-pyrimidin-4-yl)-1H-indole;

6-Fluoro-1-(2-methylsulfanyl-pyrimidin-4-y1)-1 H-indole;



The compounds of this invention are JNK modulators and as such are
expected to be effective in the treatment of a wide range of INK mediated
disorders. Exemplary JNK mediated disorders include, but are not limited
W8 28Y8%HiMune disorder, inflammatory disorder, metabolic diSEHeT07/062926

neurological disease, and cancer. Accorglingly, 20compounds of the
invention can be used to treat one or more of such disorders. In some
embodiftERE s MpotHdR S heRtEA Bat Be LEdad8ltreat a INK
mediated disorder such as rheumatoid arthritis, asthma, type Il diabetes,
Alzheimét s dseabe 2 Pagkinsolies diswase Bp strokel Adrdiistration and
Pharmaceutical. Composition 25The invention includes pharmaceutical
compadsitioristepmprisingrarieast dndcbpuoimed of the present invention,
or an individual isomer, raccmic or non-racemic mixture of isomers or a
pharmiaceulicalis sléoeptabiersdit cr dolVEtetireréaf, together with at least
one pharmaceutically acceptable carrier, and optionally other therapeutic

5 and/or giophylattidfingtedienisli3Ahylgeneral, the eomptunds of the
invention will be administered in a therapeutically effective amount by any
of the aczeptesmoties| ofamndnistration fanageants, that-sere-Simikas crystaliine
uilliigs)Buitable dosageanagsare typjcally,}-500 mg daily, preferably
1-100 mg daily, and most preferably 1-30 mg daily, depending upon

nuMeErops {ACIQRS, G 1&9&99&9 iﬁﬁ%&%ﬁ’%?’% 519%%%1 o8 Ms =

the severity of the diseasé to be treated, the age and relative health of the
stbjett the pdtendy of the’compound used, the route and form of
administration, the indication towards which the administration is directed,
10 drigRMate e BitBe i SlerHenca st e nedicar pidtitioner involved.
Qe ot erdinam. sl nhe arofitreating. suah discases willbe abley.. 1o e
without undue experimentation and in feliance upon personaﬁ nowledge
diiaie HREDEUPEST RIS Application, to ascertain a therapeutically
effective amount of the compounds of the present invention for a given
disease, Compounds of the inventior), be administered as Ny
ph&Pmacautical Rriviulations 10including thgse sifitdhle for oral ing}ﬂng/
by andchsub-lingual); Tectat; asal; tapicakpulmonary, vaginal, of NS
p‘érentgral (iﬁcluding intramuscular, intr&arterial, intrathecal, subcutaneous
and intravenous) administration or in a form suitable for administration by
inhalation or insufflation. The prefegedmanper of ad.ministration is
generally oral using a convenient daily dosage regimen which can be
asqéﬁsﬁegya&f@@m%%ﬁwﬁ%Qt@;ﬂm@np&&mpound or compounds
of the invention, together with one or more conventional adjuvants,
Cafriersp ok, Yifitents; -y benpldiced- imto! iR formash phal maceliicah of NaOH
cemRositiens:ang Wit desagesy ke pharmaneilicalsrmpasiiongant 4 mr)
unlt\}léi?%%ge forms may be comprised of conventional ingredients in

SOV O Br OB Wit ZHOr R At 8ol Stive OpbtHaS second
aiipriviciplesy bieditlve LAitdo sagetformbied aycdntam iy suitableveffettive for
20 aneuRtRtihe activer inaredient-commensuiatewithuthe intended dailyure was
dgsage% rragge to he em Ic%. ed. T ewprﬁrrrjance |ge}l (g)tmg)osmons m_atz be
SHIPTEy 8L A Lo iET LER L thbhets BrHnill AP 08 BeATRIpdEm I xttirs was
poweefer sustainBdvrel@asetfonhaldiiormscoryuidsesuehirissolutionsyas
%@ﬂ@&@@i@gﬂﬁlﬁﬁﬁi&ﬁﬂﬂ%ried under reduced pressure to give 12.3 g of 2-butylsulfanyl-

3H-pyrimidin-4-one.

J—
()]

T
|9

Step B: synthesis of 2-butylsulfanyl-4-chloro-pyrimidine

A mixtare of 2-butylsuifanyl-3H-pyrimidin-4-one (3.0 g) and phosphorus oxychloride

(15 mL) was heated at reflux for 3 h; it was then cooled to RT and evaporated under
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25elixirs, or filled capsules for oral use; or in the form of suppositories for
rectal or vaginal administration; or in the form of sterile injectable solutions
for parenteral use. Formulations containing about one (1) mg of active

5 BERAt Or, more broadly, about 0.01 to about one hundreld- (188 Aige=920
per tablet, are accordingly suitable repregentative unit dosage forms.
30The compounds of the invention may be formulated in a wide variety of
il US BT FtAo 8 S 167 PR [P nsEREar Bt odMORs g ting
dosage: formsimay Comprigava Chmpouindedregmpoutndstofithe pigsentith o
IE\ﬂ%{g&)&95&@@5%@85%?%‘:!%@@Ce&@9 I&J%%a% %Ie%dtrﬁd%gg §rated under

component. The p armaceutlcalfy acceptable carriers may be either solid

dFﬁHEﬁG PESHY TSPt pataticnaiHEUE folvedrpso-wmidine.
20118/068171PCT/EP2007/062920 - 42 - tablets, pills, capsules, cachets,

5 sﬁmpasitm SantheispdrsibleMpdntiels X isolideaiirietyiay-béanétbindole

re substances which may also act as diluents, flavoring agents
SORSISTZErs SIfbt ééﬁ{?f%ﬂgﬁ EHTaing SR, %?ﬁhé@ﬁwéﬁ e B 0wt
disintegratng:agents; shamencapsulating material. In powders, the carrier
generally is a finely divided solid which is a mixture with the finely divided

active component. In tablets, the agtiye component gen is mixed with
the carrier h;g]g e necessary bi ble proportions
a

nding capacity in sui
and cqmypact e shap @- esired. 'F‘?e\@@ﬁggar

AM

dextrin, starch, gelatin, tragacanth, methylcellu Iose, sodium
carboxymethylcellulosc, a low melting wax, cocoa butter. The term
"preparation"” is intended to includethE¥dtfblation of the active

compound |th encap ulatl y rlal rier,.proyiding a caj
e o Ry D e
carfiepolrs (DRRINR IRy s bathtion wiaen rf fsﬁﬁﬂﬁfamd,%%%& and q@?@ﬂg@@
arexinelusiedebahlatsTpowdars;capsulesieiliss cashetsrandJazengesfor 1
'H%é{; be ag3011d forms 3ultable. for ora) adm ”i%“%a“on Pth‘éhé’l{%‘éd HIaBIg, .
for oral administration mc?u:) rquw ormg eparatlons mcal

SRTGRIB RISy EEs éﬁwsedéa JEb#RISHILIEIO AR abhemréi}%%%ﬁgi oras

15 soligdonml 20pee patations whieh.aretinterided o heweemiartedshaktly mixture of

%@&E@e}ﬁéﬁ%ﬁ%@%@f ) PrgRaLAtan (%Hé%émﬁd?%&? RLERAGHdUried under

solutions, for example, |n aqueous pro y ene glycol solutions or may
el BHAtHISIR iRG HyRniss Rl xampley St ‘éiyﬂéb‘i‘ﬂ‘ﬁ’ﬁ“ dofbitito- Hindole
mbmmmtmedmﬁanlafu&ﬂmepus&mlummns can be prepared by dissolving
the active component in water and adding suitable colorants, flavors,

28dteitizersizane thickening agantnrAGUBolD saspendiotis: darobeng

20  RiGppsedRYWdispeEpingdhe finely divided active component in water with

e

-

25 contaffiefd

viscous material, such as natural or synthetic gums, resins,

methyjcellglose, SO Garboxymety ??'!Hﬁ%%@%%@% Wel Kawn. ...
suspendlng agents. “Soiibl’ form preparatlons include solut ions,

suspe mulsjo ntajn 1 ditjon to the active
compgns\éﬁl@‘%cgl ran?s %L\}‘/Iota}g‘qs Eyﬂlzlglr% héfer%d arC{ icial and natural
sweeten

ISP rsa ers S| lub|I| The compounds
of the mvéjﬁ{ﬂ?I 517‘5?‘ é’d’%? Arent Zg—;pgl %}ﬁﬂifstratlon (e.g., by

injection, for ample us injection or_conti uous . infusion) and may be
preseflﬁtdéfﬁﬂi]ﬂY At HOR Blﬁﬂl ?lné{HB’(‘)]u’i‘é%mp‘} r]f ges, small volume
infusion orc‘mfg 201)8/068171PCT/EP2007/062920 43 in multi-dose
At R ParErstive dimé dombositielis may take such
forms as suspensions, solutions, or emulsions in oily or aqueous vehicles,
for exéfﬁb!@%dldﬁ%tiﬁ’ﬁaﬁwm@ﬂﬁyfeﬂé gydpfiaskamples of oily or
nonaqueous carriers, diluents, solvents or vehicles include propylene
glycol, polyethylene glycol, vegetable oils (e.g., olive oil), and injectable
organic esters (e.g., ethyl oleate), and may contain formulatory agents
such as preserving, wetting, emulsifying or suspending, stabilizing and/or

dispersing agents. Alternatively, the active ingredient may be in powder
form obftained hyv acantie ienlation of otarile enlid ar by tnvonhilizatinn from
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constitution before use with a suitable vehicle, e.g., sterile, pyrogen-free
water. 10The compounds of the invention may be foillulatcd for topical
ini jon to the epidermis as ointments, creams or lotions, or as a

V%g%ﬂs! @%r%gf)patch. Ointments and creams may, for example],) %@Epmw 162920
formulated with an aqueous or oily base With the addition of suitable
thickeni ! %o tting agents. Lotions ma Ee formulated with an
aqueo?fz%re g?i yykgsi%rg d W?@ﬂé‘h@ éﬂ}a{fé"&g@ FEAEoME trdprey! esters
emulsifying 15agents, stabilizing agents, dispersing agents, suspending
agents‘:gﬁ%ﬁ@ﬁ?ﬁﬁlﬁﬁgﬁt@’w&gﬁr‘?ﬁﬁ)a{;{émgi.orkeoﬁrﬁar AEHE sGitamrstTgrester; and
topical administration in the mouth include lozenges comprising active

agents it &bl RSy lstiany sueivédadd Hediddpiragacanth:
Paslles camprano, e agtke INredient inan nert bage sueh asgglal ..,

and glycerin or sucrose a aca( 1a; ané mouthashes comprising the ’

a@ﬁ\)"g@' AYTBHREOIAY YGitaTePR&isd carrier. The compounds of the

invention may be fotujulated for administration as suppositories. A low

meltindr-iZaddesudhusral rpidurel of-fapty- abidnglyieefide$ eniedeoa butter is

first melted and the active component is dispersed homogeneously, for

example 2y atiptingfaThemeHEInho I DIeNBQLS IR eADKIRd 3t and

25convenient sized molds, allowed to cool, and to solidify. The

compaundsof the inventionmay. pafaramlatad for. uaginal administration.
Pessaries, tampons, creams, gels, pastes, foams or sprays containing in

aadiiendonthesagtivaiingredianh sUSHIORIEISIS A% AFE KNOWM LhG Athig.be

qg&rr%gﬂgtgagpa%;ubject compounds may be formulated for nasa

administration. The solutions or 30suspensions are applied directly to the

nﬂsﬁiﬁﬂw&tﬁs@]{ mﬂﬁﬁat@e@lhmge@rmg%m@Mb@%@@@&ﬁ%& salt
r.spray.. The formulations may be prpvided in a single or multidose form.

%Vﬁgrafgit%grog;gg% Aén rtSptBS%?cﬁfgé t%‘fﬂt]hlll% gﬁ%@“ﬁg) achieved by the

patient administering an appropriate, predetermined volume.gf the WO

2008/0681718CT/%I§2007/062920 - 44 2 solution or suspensién. In the

case of a sprayitiis maybe :. ?bf@(ample by 7 Bt gb&gﬁmetering

atomizing spray pump. The compounds of fhe invention 1 ay be

formulated forraerosol atkmtnistrati particuldisr® the piratory tract

and including intrapasal administ . The compound genetally have

a small particle size for example of'the order of five (5) miCrons or less.

Such a particle siregnay be obtainegigycmeans known irﬁ;t@e art, for

example by micronization. The active ingredient is provided in a

pressurized pack with a suitable prgpgllant:such as a chlorofluorocarbon

(CFC), for example, dichlorodifluoromethane, trichlorofluoromethanc. or

iepirreisiialiorpatan . N0 caon Jeude, or otheL SUIANG ARS8, NS or

aerosol may convenlently also contaln & surractant such as leci
dosexoirdroi may heceairbbad hyiaimetaseevalvebdligraatively 488, 10 mmol),

aaskee dngiadients hE REoKdeSd, S0, 0h 8 A ROMHSN 1L L BIRIG R
a powder mix of the compound in a s%nt_abrfle po der basé stich a8 1a¢ ose,
$RArEh; SrspiiiorAldtved daeinsd hidroryPropy ety P cenbserandded, and
Ilsqorﬂgmhh_ygpy'rmﬂdimdﬁwﬁal a hé"‘ﬁ@mﬂzl&r caltiEke randl I,Efﬂlilf{_tavg@ #eth@ided, and
WQL@YMW@%Q%Q%&PQQC&%%H MARRREseNIed In yunit dose form

for example in caé)su es or cartridges of e.g., gelatin or blister packs from
WHICRRGYSBIW AT A et seinteteittr oy ol of &nGihiatgr brine. The

organic layer was dried over Na,SOy, filtered and evaporated under reduced pressure to

give (4-dimethylcarbamoyl-cyclohexyl)-carbamic acid fert-butyl ester (1.6 g, 59% vield)
as a white solid.
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When desired, formulations can be prepared with enteric coatings

adapted for 20sustained or controlled release administration of the active
ingredient. For example, the compounds of the present invention can be
‘?’d@%{’iﬂﬁé‘fé’ﬂm transdermal or subcutaneous drug delivery deVi€8SEFRRE,E2926
delivery systems are advantageous whensustai.ned release of the

compound is necessary and when patient compliance with a treatment
regffiénid titidi! Eamissunaehitrancabmdicdelildineystemalatedrochloride
freduently attached to an skin-adhesive solid support. The compound of
interest can also be combined with a penetration enhancer, e.g., Azone
(1-Godensianriicoh@biaris sy SustalnEaeldAsétetiviny bysemsyaiehcxyl)-
insetedisubidutankoublyinto the)sub;dermahdayerhy SOy QEiMes MR .
T r implant | c ound.in a lipid soluble

e et e o L A b S PAE tFaporaca
DBRASEIHETH Pra shams A URearsresritiovsba RsRAaty divarhiamino-
dosdgfecfonmsrinslich ddrdimdtiapreda tativacis suhdivideiaio unit doses
containing appropriate quantities of the active component. The unit

dos&gestotm eanche dobatkaged preparatibm¢tepackagercantaitiing: similar
disciieierqantitias: oh PIBPAAINR.ssHER A Rakkered tablets, capsules, and
WO 2008/068171PCT/EP2007/062920 - 45 - powders in vials or

a e unit. dosage form can be a capsule, tablet, cachet, or

S R e ey B i s

fp’ﬁhkagﬁ_defmm @me;-;mga@géahagm?@@@ﬁﬁ@a_m@ra@mSSEF?PW? cartied out
re described in. ingtgn: The Science and Practice o

F%?gzr%zﬁggy?%gg?gg%%s Gf/v %EW%%% Mack Publishing Company, 19th

edition, Easton, Pennsylvanig, Representative pharm?ceutical

formulations containing a comipdund of the present jnvention are

described below. Additiopalvhjects, advantages,ald novel features of

this invention will become [LOapparent-to-these s the art upon

examination of the following~gxamples thereof, which.are not intended to

be limiting. EXAMPLES LIST:OF ABBREVIATIONS: AcOHACcetic acid 15

BnBenzyl BOPBenzotri %L-"M rytris(dimethylamisg)phosphonium

hexafluorophosphate (BOC)20 |-tert-bW dicarbonate DBUI,8-Diazab

cyclo[5.4.01-undec-7-ene DCMDichloromethane (methylene chloride)
SCHEME 8

A mixture of trans-4-amino-cyclohexanecarboxylic acid (15 g, 83.8 mmol), sulfuric acid
(9 mL) and EtOH (400 mL) was stirred at RT overnight. A saturated aqueous solution of
NaHCO; and NaHCQO; (solid) were added unti] the pH of the mixture reached 7. The
solvent was then removed under reduced pressure. Aqueous K;CO5 (509%) was added and
the resulting mixture was extracted with EtOAc, the organic extracts dried over Na,SO,,
filtered and evaporated under reduced pressure to provide trans-4-amino-cyclo-

hexanecarboxylic acid ethyl ester {12.81 g) as a light yellow oil.
Preparation 9: Synthesis of 2-[1 —(2—Methylsulfanyi—pyrimidin-4—yi)~EH—indol—4~yl]-
propan-2-ol

The synthesis of 2-[1-(2-methylsulfanyl-pyrimidin-4-yl)- 1 H-indol-4-yl]-propan-2-ol was

carried out according to the process shown in Scheme 9.



B
5

de EDCI1-(3-Dimethylaminopropyt)-3-ethylcarbodi mide hydrochloride
Et20Diethyl ether 25 EtOHEthanol EtOAcEthyl acetate WO

w8681 71PCT7EP2007/062920 - 46 - HOBtI -HydroxybdiZgEB2e07/062920
i-PrOHIsopropanol LAHLIithium aluminumkhydride m-CPBA
3-Chloroperoxybenzoic acid 5 MeOHMethanol \ATMicrowaves

NCSN-CI‘& ccide NMPI -Methyl-2-pyrro idinone-x,

p-TSAp-Tgluenesulfonic acid 10 RTRoom temper Fure EATriethylamine
- ' ; ' agqy o

TI IFT% F.CThin layer chromatog?r N N

ChH

3

SCHEME 9

A suspension of 1-(2-methylsulfanyl-pyrimidin-4-yi}-1H-indole-4-carboxylic acid
methyl ester (500 mg) in THF (6 mL) was added to a solution of methylmagnesium
bromide (3.0 M in Et;O, 3.51 mL) and THF {2 mL), cooled to 0°C, and the resulting
mixture stirred under N, for 5 h. A second aliquot of methylmagnesium bromide (3.0 M
11 B0, 1.80 mi) was then added and the reaction mixture was stirred at RT under N,
atmosphere for 30 min. The resulting mixture was then cooled to 0°C, poured into a cold
mixture of water/FCH (1 M, 1:1, 75 mL) and extracted with EtQOA¢. The combined
organic extracts were washed once with water and twice with a saturated agueous
solution of NaHCOs, dried over Na, SOy, fiitered and evaporated under reduced pressure

to give 2-{1-(2-methylsulfanyl-pyrimidin-4-vyl)- 1 H-indol-4-yl{-propan-2-ol (0.48 g).
Preparation 10: Synthesis of [6-(2,4-Difluoro-phenoxy)-1H-pyrazolo|3,4-d}pyrimidin-
3-yli-isopropyl-amine

The synthesis of [6-(2,4-difluoro-phenoxy)-1H-pyrazolo|3,4-d|pyrimidin-3-vl}-

isopropyl-amine was carried out according to the process shown in Scheme 10.

NHBOC NHBOC NH,

NH, NHBOC | |
Step A Siep B oy Step C “, Step D ",
H”‘q D o encerorecmcmcses e CH3 L CH3 R A2
3

CH, ’CHs HOo, S P
OH OH PIXN H,C H,C

SCHEME 19
Step A: synthesis of (R)-2-boc-amine-propan-i-ol

(R}-2-Amino-propan-1-ol (30.0 g, 0.3994 mol) was dissolved in MeOH (800 mL), and
the solution cooled in an ice bath for 30 min. A solution of di-ters-butyl dicarbonate
(87.17 g, 0.3994 mol) in MeOH (250 mL) was added in portions to the stirring reaction
mixture, The ice bath was removed, and stirring was continued for 3 h, The reaction
nuxture was evaporated to dryness under reduced pressure to give (R)~2-boc-amino-

propan-1-0l, which was used without further purification.
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Preparation 1: Synthesis of
3 I2-Methylsulfanyl-pyrimidin-4-M)-111-indazole 15 The synthesis of

W 2-meth Isulfanyl pyrimidin-4-y1)-11-i-indazole was carried out
90 6’?&% t‘o the process shown in Scheme 1. SCHEME T $¢/8t&ff 74162920
synthe3|s of -55-

(2-fluoro-pheny1)-(2-methylsulfanyl-pyrimidin- 4%1) methanone Sodium
hyaRdE fEothesis phiBba-Fomnming-dimsdanisuionyknrrran-al added to
a stlrrln%solutlon of 4-chloro-2- methylthlopggwmldlne (1.45 mL, 12.45

,{?,%1) Herotkhzissiyeac a7 Ml 4% afided to a Hask containing
I’E}dlm}}ﬂayimetaﬂ@humwdlﬁ&@iirmgn&ﬂﬁe WD cooled in an ice bath for 30 min,

200 DRELARCTIERZ0RT0925920 47 T BYEBRIBH 2R ASSEUREC .
HLFRRSLERR MR

Org. Synth. ) 64:9) In loxXane eresu ng mixture
WadNe atad fﬁfﬁ%ﬂ&%}fﬁﬁ%ﬁ@? Srﬂwésf%érh%@ ea iapdasaramemed and the

hetveenEio L AN matenr: The: ekeanie @Yﬁﬁ%&ﬁ&%@@ﬁ@&?@%@&ﬁﬁ NaOH
ovge SlaaZ§%4 filtered and evgpora dzr reduce pressure1 ruds .
KM e ST T e R e
gives840trgyvef{(R-flubrophemy1)(Rthancsulfonyl-propan-1-0l (91.93 g).
methylsulfanyl-pyrimidin-4-yl)-methanone. In the same manner, using the
appipdprigtetkeattinb(Malefiatsa e tditowihewom pouhdsspere prepared:

(2-Fluoro-3-methoxy-phenyl)-(2-methylsulfanyt- pyr|m|d|n -4-y1)-methanone
Ay Fgxture of (R)-2-boc-amino-1-methanesulfonyl-propan-1-0l (91.93 g, 363 mmol),

1062, @rﬁhfm@rﬂ%ﬂﬂl)n@nmﬁémdﬁwmﬂfpgrm@tﬁn'?cwli}rﬁ"&m@ﬂl@ﬂm" for 18 h.

ntheS|s of sul an rimidin- 4 -IH-jndazole
R T A T S e e o B g
ddtiecticER thivad reatf. Thc organic layer was washed with brine, dried over MgSQOu,
(BrflvorosphemdZamethvisulianylryiniding %\11 sMgthanene 49 ma,
e

3.4 mmol) in MeOH. The resulting mixture was heated at reflux for 16 h; it
\m%ht’r’i]éhugéwéé”t%p?ﬁe (B S partltloned between EtOAc and aqueous

ium bic bonat he or Iayer was separated and dried over
%oa“i%%i"ﬁ YRS Bt ?alfaﬁé)h%%ﬂ&%%me The residue

a ealed tu W|thD 9 L,.5.3 THE
R AU AR 4R R0 S O A
rvrmé@«dmén@mmrm&mrxmgqﬁeﬁ“ levegsoltane dawider vedaddel to (R)-2-

ESSHIBAN i if : r
S,;fgiin e/glt oﬁaﬁﬁ&%ﬁﬁ%@%@rﬁ@w figd hy.flashiehvematonapyn

V&%F&n%%%ﬁ‘rﬂ&ﬂﬂ’%‘)“fﬁ“’uﬁ%‘&%@flﬁa{%ﬁﬁﬁf fdbikarvaticomgleted.
tihe ap propriate stdrting smateriabntie édliowing dim pawticts mefﬂ@mared

e A ety atulf%@yk%sé@;f; Ydhak AQ ' ¥ ﬁ%%%%;ﬂ) The

Methylsultanyl-pyri nidin-4-y1)-7/-t uorome
resulting mixture was heated to reflux until all solids had dmcﬂvcd then cooled to RT,

then cooled to 0°C for 30 min. The resulting precipitate was collected by filiration,
washed with cold THF, and dried under reduced pressure to give (R)-1-methyi-2-
methylsulfanyl-cthylamine (23.57 g). MS = 106 [M+H]".

(S)-1-Methyl-2-methylsulfanyl-ethylamine was prepared following the above described

procedure utilizing the appropriate starting material.



Preparation 2: Synthesis of

1-Methyl-3-(2-methylsulfany1-pyrimidin- 4 y1)4H -indazole The synthesis of

1-methy1-3-(2-methylsulfanyl-pyrimidin-4-y1)-1H-indazole was carried out
WQ&@&?H‘% tb the process shown in Scheme 2. WO PCT/EP2007/062920

2008/068171PCDEP2007/062920 - 48 56SCHEME 2 Sodium hydride

(60% suspension hi mineral oil, 99 mg, 2.47 mmol) was added to a stirring

SIRRISATSRAL S RE Al S DlARARGRUOPT- A s A 890 ng, 2.15
SFH}M% IpsiNM 8'[9 %%hﬂﬁ&{?i‘i*&% 8 %%h?fﬁlrg 121%141@ {JLPCQQM%%H according

methyliodide O 14 mL, 2.25 mmol) was added and the resulting mixture

WSS RGO o D ?h%’i‘é%u]t}n mixture was then poured into water and
extracted twice with EtOAc. The combined organic extracts were dried

over Na2S04, filteredand orated under ediited pressure. The

residwe was purified by flagsh chromatography (hex EtOAc 9/1) to giv

415 mg of domethyt:3-(2- ethylsulfenyEﬁ&ﬁmldm- -yl)ﬂl/l-d:wn l/
Ptéparation 3: Syntheea;ﬂf%ﬁfetéory 3-(2-nigth ﬁyl -pyrimidin- 45 y1)-
benzo[d]isoxazole The syntheS@Of

7-methoxy-3-(2-methylsulfanyl- pyrg@i MH) benzo[d] isoxazole was

carried out according to the process shown in Scheme 3. 15 0 CH,

CHE A ml>§tur ; b .
(S'zﬁ’uoré‘f”é thoxy-p ae“ney}‘ S?E‘C “%hﬁ%u any 7‘6y AtReny aé“rﬁ"‘e RARBRESter
(J\Qo%t@&;@f‘&@ﬁzm i&ygf&wm ineo(ROYadnwaten J—H’éL%ﬁS' RRtheRol wasd,

|
—CH,

Ormw=—0

[}

heaﬁéj reflux ht The resultln mi tu ew ojed 1o ilut
R A T B P o BT AL e T & 1 St

resSidie Waasr@liesfemémwrﬁhetm@@w o8y MiC. 5®@hmméswame@§

10 tbtﬁufﬁﬁiéﬁiﬂg Mg aras feadertenls0G= & ficrawaradeactorfer 3CM (25
g] Ther tlen mix ure wai th n concentrate)% iunde <reditgmced %essur

asa a raie termperatur QW 0 MixXture
the residué was pur led by fla ash chromato graphy (hexane

491& abgy?;)itg} HivETUB rhe thfn washed twice with water (150 mL). The organic layer
Frmeihaxy-S-£2methydsuladybpyrirmid it id hobenzeta} isoxazaleum

distillation te yvieid 19.2 g of a white solid. A portion of this material (13 g) was dissolved
15 in DCM (100 mL), and the resulting solution was distilied. The volume was maintained
by addition of methyl-r-buty! ether. When crystallization began, the mixture was distilied
to a volume of about 75 mL and heating was stopped. The resulting mixture was diluted
to a volume of about 150 mL by dropwise addition of hexane. After cooling, the white
crystalline solid was collected, washed with hexane/methyl-t-butyl ether (1:1), and dried

20 to give methanesulfonic acid (R}-2-benzyvioxycarbonylamino-propyl ester (11.1 g).

Step B: synthesis of {{R}-Z-methanesulfonvi-1-methyl-ethyl)-carbamic acid benzyl ester

To a stirring mixture of methanesulfonic acid (R)-2-benzyloxycarbonviamino-propyvl
ester (11.1 g) in acetonitrile (72 mL) was added aqueous sodium methylmercaptide (15%,

35 mL}. The resulting mixture was heated 10 about 55°C for 4-5 h; it was then cooled,

3]
i

and the lower agueous laver separated. The organic layer was shaken with water {10 mL)
and the lower layer again separated. Formic acid (15 mL) was added to the organic layer,
the resulting mixture stirred, and aqueous HxO» (30%, 12 g} was added dropwise. After
an initial exotherm, the mixture cooled and was then heaied to about 6300, After 3 h, a
second aliquot of H,O, (30%, 2 mL) and formic acid {6 mL) was added to the mixture. A
30 similar addition of the two reagents was made after 4 h. The reaction mixture was cooled

after 6 b and slowly diluted with water (about 200 mL). A white solid crystaliized during
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In the same manner, using the appropriate starting material, the following
compounds were prepared: 3-(2-Methylsulfanyl-pyrimidin-4-y1)-benzo Ed]
isoxazole; and 5-Fluoro-3-(2-methylsulfanyl-pyrimidin-4-y1)-benzold]
Wso%]%@ Breparation 4: Synthesis of PCT/EP2067/062920
3-Bromo-1-(2- methylsulfanpryrlmldln 4%1)-1H-indazOle The synthesis
of 3 br mo 1-(2-methylsulfanyl- pa/lmldln -4-yl) -1H- inda zole was carried

IEHFE S ASHM tnseruthernd thselitt v eplivsiad by
sﬁlumﬂnmfv\zﬂ:sbadrwuhlﬁamdazdlér(aiaﬁnlicg réénﬁ?d@fﬁ@h@f%d(@@@ ml)
9 [ 2.988 Q)
was added Makt f@qg&%@sfﬂf&%ﬂy QSE?@Bé%lEg j j{gi?g?g

followed by 4-Chloro-2-"methylsulfanyl-pyrimidi 7 35 mmol).
stir at RT for 2 h; the solid

The resulti lowed to 1
p?@%’&?a $te't Wgssfscﬂéu @'g HRT WS RsA ket BrlaB s der reduced
pﬁ@ﬁ%ﬁé@ Me.10 qeﬂlﬁ%gs{?lﬁﬂ ) af, a aic aci r
1{1 0-1: %M% H;Isulf %ﬁﬂdlniﬂg/ll ei}ﬁﬂl)n%é%?emln g Eﬁ%ﬁa ester (2.7 8),
FANGHTLG g e B5pt %‘? kil Sadring ?ﬁﬁtéﬂﬁigpﬂ?@ lrbffoWingvas heated to
c@impb%@slmq@r@gau@@nz@m@ Metblyisoulfefimydepystimidinmayel)2-1 g) in water
Tﬂé'ﬂﬂfﬂ}%@i@a@dMQﬂ’Méjﬁﬁt[ﬁ@m§H|}E@H¥k Rydpygin-fxQ: %%r'@%%gl%lxture was
hyI- I&f tl})éls%fan /id in-4- g{) {]H -indazole; 3-M ethyl - | -(2-
| su Tere tﬁa Y fstilled to a viscous oil, which was dissolved
@PWW@%M@@@WEJ@WW@MWMW}}S [fHeirdale] AMBorated under

2008068143 REIH HER2Q0710620820 = 50n f-Banapyak Biigthyls wiany!
erlmldln] -4-y1)-1H-indole; 5-Benzyloxy-1-(2-methylsulfanyl-pyr 4-y!)-1H:

lIl-&-MethyIsquanyI -pyr Llin -4-y1)-1 H-indole; 1- (

2 Methylsulfanyl pyr 'din-4 yi)-11-1-indazole;
Preparation 12: Synthesis of 3- Tr;methylsﬂanyiexyw -(2-trimethylsilanyloxy-ethyl)-

propylamine

The synthesis of 3-trimethylsilanyloxy-1 -(2-trimethylsilanyloxy-ethyl)-propylamine was

carried out according to the process shown in Scheme 12.

O o O o NH, O Q NH, O

2 2
H3C-.O)'l\/u\/u\O,CH3 P H3C\O o O/CH3 —p,HQC\O O/CHE

NH NH,

Step C /\)\2/\ StepD 0 W .
HO oH , S~ g O,S:Mea

SCHEME 12

Step A: synthesis of dimethyl-3-aminoglutaconate

A mixture of dimethylacetone-1,3-dicaboxylate {24.55 Kg), ammonium bicarbonate (22.9
Kg) and McOH (81.8 Kg) was stirred at RT overnight. The solids were removed by
filtration, and the filtrate concentrated under reduced pressure. Isopropanol (27.2 Kg)
was added and the water of reaction was removed by azeotropic distillation. The
remaining solvent was distilled off to provide dimethyl-3-aminoglutaconate (24,705 Kg,
99% vield) as an oil,
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1-1 2-Meth yds u Ifanyi - py r midin -4-y1) -6- ni tro-1.H- indazole;
142-M_ethylsulfanyl-pyrimidin-4-y1)-1H-pyrrolol3,2-blpyridine (white
calstalline solid), MS = 243 ill..4+1-111, MP = 120,1-123.0C; and
W-(f‘-}ﬁ"eﬂ{ﬁf}@uIfanyl-pyrimidn 4-y1)-1H-pyrroloi3,2-clpyridine RaB/EBIHEY 062920
MS = 243 IMTH", MP = 167.7-169.2C. 1@#%reparation 5: Synthesis of
2-Butylsulfany1-4-chloro-pyrimidine The synthesis of

2 BERFEaR s pthrinsyP eriamslinie dd s dul eeording to the

pro e me 5, HNStep. AStep B NO SCHEME 5 15Step A:
R SR D RSB SSERR ISR o
2 MBS RA HyE 2 A-frirhiieasivg (alzgog)wead edded dodasokudiaivn of

ofdXlel@t6Babhgbiravater ((rRants) TAfteissomplete.cissalution.of s selidShelow -

byt igdi . / luti dt Iti ixture
bl o KU R 119 o

tHEH HAGERE AR P FexEtio RetAixtiie WagTstitterforoiopatixiarthive slicudt

obbutsariddidiend 13 -@bywagtadded @aaltfnecreguwgwglmix;‘w@m&tmmg)

fqQr ' ' S adde e reacti :
iﬁlg%&lﬁﬁg‘m@ﬂ%@ﬁ%@&i%l e anc(tj gga g?ﬁ%&veen Y ﬁgr}rﬁg adding

mixture was stirred for 30 mm, it was then store overnig
prERASRHR AHED WAL O tebisd by fitbativiv i anderuadissiatecdgut 9-10 by
prédaigrecto-give ¢ 8geofi2buyisultanyid SHiRYiINMAII-PRER5 1B Rics
swel?@@&%QI&-Q&HM@%XBép%k%%a@é&%&%‘&?ﬁh | e,HIe combi

P

2_butylsulfany1-311-pytimidin-a-one (3.0 G) and phosphoris SR Enic
RS T Kt B GRS 208 o OHACRMATs Crai s Per e and
essonateiddimaieT \WIO:-20p8/8681711RE B/ERR2O07/062920 1b]Gd QeedF ester
p(re;s_swqeg,'ﬁh@o g@@'@bue was poured into an ice-water mixture, and the
resulting mixture was extracted with DCM. The combined organic extracts

were washed with a diluted aqueoys salytion of NaHCOS3, dried over
Na{gg\f Sfﬁ?ﬁrlgs Sa‘#d?l ea\i}gsgrgff‘g ﬁﬁggr %‘guced pressure to give 1.2 g of

2:hatyisonfanylafishlosarpeinviding ARIROAAURR B7RYNNPHISIRLE (1015 Ke)
1 %’M%‘éﬁﬁsglfa}ﬂ}‘l'g%rt"ﬂl\?p(‘l'oyﬁ{lg"d'_ﬁ'tro_ 1 H-in dote The synthesis of
1-(3-methyfst ﬁ%nyllf-)pyrlml‘ in- 4 SA) B-hito 3£ N ebts Whed Earhed Bt between
déeordings thierprasassyawmsiirgdhemedsior 14-20 h. The reaction was
quenched by slowly adding water and THF (1:1). The solids were filtered and washed
with iIPrOH/THE/DEA/propylamine. The filtrate was evaporated under reduced pressure

to give 3-aminopentane-1,5-diol (9.55 Kg, 72% vield) as a thick oil.

Step D: synthesis of 3-trimethylsilanyloxy- 1-(2-trimethylsilanyloxy-ethyl)-propylamine

A sturry of 3-aminopentane-1,5-diol (18.29 Kg) ini-PrOH (16.91 Kg) was added to a
reactor, and the solvent evaporated under reduced pressure. Hexamethyldisilazane
{31.985 Kg) in THF (55.3 Kg) and trimethylsilylchloride (35.57 Kg) in THF (172.03 Kg)
were then added and the resulting mixture refluxed overnight. The reaction mixture was
cooled, the solvent evaporated under reduced pressure, and the residue was purified by
distillation {97-99°C} to give 3-trimethylsilanyloxy-1-(2-trimethylsilanyloxyethyl)-
propylamine (24.36 Kg).

Preparation 13; Synthesis of 3-(2-Methylsulfanyl-pyrimidin-4-y1)-(1,2,4]triazolo{4,3-a]-
pyridine

The synthesis of 3-(2-methylsulfanyl-pyrimidin-4-y1)-{1,2,4] triazolo [4,3-a]pyridine was

carried out according to the process shown in Scheme 13.
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SCHEME 6 In A solution of sodium(bistrimethylsilyl)amide (I ivl in THF,
26.42 mL) was slowly added to a cooled (acetone/dry-ice bath) solution of
4-nitroindole (4.2 g, 25.9 mmol) in a mixture of acetonitriie/THF (2/1, 75
W%"ﬁﬁa(ﬁ%éf resulting mixture was stirred for 1 hour. PCT/EP2007/062920
4-Chloro-4-methyithiopyrimidine (4.202 g596.2 mmol) was then added
and the reaction mixture was warmed to IC and stirred for 21 h. The
resulting mixture was evaporatedwzreduced pressuge and the solid
residue was triturated with a mixture of hexane/EtOAgG/EFQ (5/1/1). The
solid was collect jltration, and drie
to glve 2.56 g of 1(2:m thylsulfanyl- rim+d+ﬂa4-yglé-4-nitro-1 -in}mle
ithout fistkier purification.  IntHe same phtn

priate starting materials, the folio ' 20 comy
prepared: | -(2-Methylsulfanyl-pyrimidin-4-y1)-1H-Indole-4-carb@xylic acid
methyl ester; 4 -NI ethoxy-1 - ( 2-methylsullanyl-pyrimidin-4 -yl) -1H ndole;
6-Methyl-1 -(2- methylsulfanyl pyrinfidid#4F1)31 H-indole
4- Metha/] 14 meth I pyrimidin-4-y1)-1H-indole;

Uoro-1s Hy1P;¥§/‘r‘?ﬁ'ﬁ]d‘1’l‘? 4: Sf?[;’aiFlF]Fﬁf%l(é gl Bpgral8537) and 2-
(@Yﬁ%?fﬂ’mféwl@y]cg)nnﬂ@ﬂ cAHsIhdedeha&d to reflux for 24 h, then cooled 1o

ZQ@&/IQ@%?@R@H g@@&‘l@@t%g%? filPtiol ¢ M/%tRM ﬁu(lfza}%ip }fgiulfanyl—

|d|n-4 }b 1y cidr eth Iester

152! WI fhy sﬂ any -4 )/\I% Horet é‘}f‘%\rfﬁﬂ?& it 2cfd rhétirjire of this
e%t@tﬁr@hemstwrémcwrml(ﬁmhwww pydmidined-Mirddd-shdalel (1nmL) and
tmalsamlmm% m@él&gf&b@@m&%@%&ﬁﬂmsmﬂ@'&Q&%HH]'\%Dg was

%%fase the 0W|n com f g Ré’a‘i?b(
? ylsu aeﬁi, 111§"1ilgm ire _g/ifj laHl} 0“7 h. The reaction mixture
1S MesfyRranyl pyteidieducyd piess erfrol ehemad@oxymmawak mnietivyled with

&S@@Etﬁﬂ@r&é@i@%tﬁ%e@&ﬁﬁ'%&mn%éﬁéfgm M@c@ﬂl@&e&?y'ﬁg@ﬁon to afford 3-
yn esis O (o4 [0) a Xy ic acid
dlmﬂ%{tﬂ%grﬁ} clﬁllorﬁqA r@a?ﬁ 137331/?1?(?1&?2}’8 e (112,

4-amino- cyclohexanecarbo lic acid dimethylamide hydrochloride salt
WASPeLHED bhitxetgg %ﬁhwm@é@%ﬁmvﬁlw@ewembzﬁ -AikB O H-
S®MEME 7 15 Step A: synthesis of

dlmeg 1ca ba oyI cyclohocyl)-carbamic acid tert-butyl ester A
T B OB RSO Erir it gl o losas gyricd
10l i BDC k(6 5Rq@s Shanmal)Sahehkd @Bt (4.59 g, 34 mmol) in NMP
(20 mL) was stirred at RT for 3 h. A solution of dimethylamine (2.0 M in
THF, 15 mL, 30 mmol) was added, and the resulting rEckeﬁa\was stirred at

RT for 64 h. Water g tOAc wetl then added ! d 2(Qi thelorganic layer
was separatepg@nd/w ed tvlice with\a saturated agledus solltl
KiCO3, aqueols $ICIN1 M), a satiyratg'd aqueous solution of ¥k2E03, and
brine. The organic layer was dried over Na2S0O4, filtered an orated
under reduced pressure to give
(4-clunethylcarbamoyl-cyclohexyl)-carbamic acid tert-butyl ester (1.6 g,
59% yield) as a white solid. SCHEME 14

A mixture of 4-chloro-2-methylthiopyrimidine (4.02 g, 25 mmol), 2,3-dihydro-1H-

indole (4.0 mL, 36 mmol) and N,N-diisopropyl ethyl amine (4 mL, 22 mmol) in DMF
(10 mL) was heated to 100°C under N; for 16 h. The solidified reaction mixture was
cooled, diluted with EtOAc, and filtered. The collected solids were dissolved in DCM and
MeOH and recrystallized from DCM/EtOAc to give 1-( 2-methylsulfanyl-pyrimidin-4-vi)-
2,3-dihydro-1H-indole (2.32 g, 38% yield) as a light-yellow solid. MS = 244[M+H]",
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WO 2 0/068171PCPEP2007/062920 - 53 - Step 2: synthesis of
4-amino-cyclohexanecarboxylic acid dimethylamicle hydrochloride salt Ha

‘% concentrated, 7 mL) was added to a solution of

)2 a?rq%ﬁ}léarbamoyt -cyclohexyl)- carbamic acid tert-butyl eREEVRR2BGPéRI20

| ,4-clioxane (20 mL), and the resulting mdgture 5 was stirred at RT for 5 h.

Toluene was added and the reaction mixture was evaporated under
g@ﬂeplregﬂﬁ@“?ﬁétﬁ‘ﬂ?r@éﬂiﬁb%ﬁhfﬁd@%kﬁ -Biopeitoidivel-ylamino]-

4€anﬁﬁim&y@dxbhexanecarboxyllc acid dimethylamide hydrochloride salt (0.9

g)r trans-(4-Amino-cyclohexyl)-morpholin-4-yl-methanone was prepared
BeTRFYR hHars i %ﬁb%ﬁé@bbfbﬁ?i&ﬁé}i{avﬁhgym@nérm%ﬁmm ~cyclo-

Phepareltion 8a:Sydthesiscofdrans-4nApinescyslahexanacarbexylic acid

ethyl ester The synthesis of trans-4-amino-cyclohexanecarboxylic acid

ethyl ester was carried out according to the process shown jn.Scheme 8.

NH, 7HQO0 SCHEME 8 IS A mixt re of NT

: stilfuric acid
e 0 H.(400 mL) was stired at RT overnlgi’ﬁA satftirate ™~ “N—CH,

at?ueougg solutipn o?NNaHE;O-& anp

mixture was axtragfed with EtOAc, the organic extract drled over
Na2S04, 20 filtered and evaporated under reduced p@,s,sure to provide
trans-4-amino-cyclohexanecarboxylic acid ethyl ester (12.81 g) as a light
yellow oil. Preparation 9: Synthesis of 2-
-(2-Methylsulfanyl-pyrimidin-4-y0-1 -|ndoI 4-yllpropan-2-ol WO
2008/068171PCT/EP2007/062920 sH*MEEHEME 9 A suspension of

m@mﬂmﬂg&ﬁaﬂmemmmwmm; ol CRIRONIRAYH ML -2
ergtﬁgl} Oﬂ}amg SP\PHQ_J 5') -1n aqz((j) ed 4tl(i)3an§g? I%Jtélegrr?ol) in NMP, and the
ylmagn
resulting mixture was stirred at 85°C for 15 min. trans- -Aminocyclohexanol was then
added, the reaction mixture stirred for 1 h, then poured into water and extracted twice
with EtOAc. The combined organic extracts were dried over Na,SO,, filtered, and
evaporated under reduced pressure. The crude residue was purified by preparative TLC
o give trans-4-[4-( I-methyl-1H-indazol-3-yl)-pyrimidin-2-ylamino-cyclohexanol, MS
= 324 {M+H]|"; MP = 180-183.3°C,

trans-4-[4-(4-Bromo-indazol-1-y1) -pyrimidin-2-ylamino]-cyclohexanol (white solid)

was prepared in the same manner, utilizing the appropriate starting material. MS =
388 [M+H]"; MP = 200.5-201.9°C,

Example 2: Synthesis of trans-4-[4-(7-Methoxy-1 H-indazoi-3-yl}-pyrimidin-2-ylamino]-
cyclohexanol

The synthesis of trans-4-[4-(7-methoxy-1 H-indazol-3-yl)-pyrimidin-2-ylamino]-cyclo-

hexanol was carried out according fo the process shown in Scheme 16,
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5 bromide (3.0 M in Et20, 3.51 mL) and THE (2 mL), cooled to OC, and the
resulting mixture stirred under N2 for 5 h. A second aliquot of
@etp}éma nesium bromide (3.0 M in Et20, 1.80 mL) was then added. and

e teaction mixture was stirred. at RI under N, atmosphere F&T4eF #ifif /062920
The resulting mixture was then cooled ta0€, poured into a cold mixture of
water/HC1 (1. M, 1:1, 73 nalL) and extracted with EtOAc. The combined 10
organic extracts ywere washed once with water a _n Wice with a saturated
agueous solution ofiNaHCOS3, dried over Na250
under reducﬁéﬂpr)ure to give " ~
2-[1-(2-methylsuifanyl=py |mm§n -4-4)-1 H- |ndo -4- yl%-propn 2-01H0.48
0). Preparagon 10: Synthests of [6-(2,4-Difluocre henoxy) Y-H-gyrazolo
3,4-d]pyrimidin3-y11-i$opropyl-amine The $ $ _‘
[6-(2,4-difluoro- phen\<y)- P-pyiazolo[3,4-dipyrimidi \.  TOMe
isopropyl-amine was carrted out according to tihe process shown in
Scheme 10. Step A: synthesis of (R)-2-boe-@rhino-propan-1-01 20
(R)-2-Amino-propan-l-ol (30.0 g, 0.3994 mol) was dissolved in MeOH (800
nalL), and the solution cooled in ansicerbgth far 30 min. A solution of
di-tert-butyl dicarbonate (87.17 g, 0.3994 mol) in MeOH (250 mL) was

g@ﬁgfﬁ%%ﬁﬁ%‘%@tﬁ?n@ A ctien! el Thesickdbéth aedution of 7-

rarmtﬂ)wgzua(rmmameJlﬁmlegmmuﬂﬁl for13 fHTh@aEQQC@Q@ mgméﬁﬁmﬁ yin DCM
%\f@c’@r%ﬁpﬂt@ @W&H%e ??Wlt i%l%r %S%lflreertoc lye 'gggt 2-boc allgn g]luted

an-l-ol, which'was use out further puri ication. W ™
OB b PRSP BTUBA 0 St sJreHESS afe.50 ftered and
(Rf)tﬁoﬁwandnmbdneﬁtﬁ@MW)@@GH&H&@MM&A@%VM@H@ -y1)-7-
tﬂ%ﬁ!ﬂ)ﬂ@‘nyﬂeiﬁ%&glwﬁl%@Q@Q&W{ﬁ&gqﬁ%ﬁ% %urats K £ontain n90iut!011 of this

(R) }5:}? mino- progﬁn 1-ol. The reaction mixture was coole

BAH* HAHEtHAHERTIBINY eleaaE? Y me) @lmmﬂymg
avded @mp\iwseeéwea acfiled mie & petiatifof nes lesultinig: mixdtse Was stired
fesolenoythedes Q@&Qd%'fﬁqgggesﬁﬁg]m%@éﬁw5ﬁ st r;ggf 958‘ &l magﬁ%-rsohd

TtI]eeC{e ultin gture a washed W|tF’1 aqueous NaOH

Jrganic §%rs & STP e fiinshed, ”ﬁﬂﬂ%ﬁ‘cé‘ﬁﬂéfé‘ﬂi &ﬁéé‘r Tetiseed
PYESSUrOts gk (R xRhoerarhibotF-nmethanes lforidzpropan-trod(@in 98-9).
Heb&l-SynihesisRiNR)=2s Bogaminolmethanesylfanyl-propane 10 A
mixture of (R)-2-boc-amino-1-methancsulfonyl-propan-l-ol (91.93 g, 363
mnachildd m{anermti)iangd sedivprothiametiendd s iR, an 4N MM YWRSounds
streg: gl for 18 h. The mixture was concentrated under reduce
pressure, and the residue partitioned between Et20 and water. The
organic layer wa shed with brine, dried over MgSO4, filtered, and
&SR J‘n { d uﬂg%?PTéd&%éa’waéghPe&@a Ve Ry sanamnidg-4 2 g M+H] ;
methancsulfanyl- propanl é?O .8 g). Step D: synthesis of

f,

(ﬁﬁzi%éf P@HQ&’?W@G FKLTWWH’?EYIE‘H”“O} cyclohexanol, MS = 311

IM+H]"*

trans-1-[2-(4-Hydroxy-cyclohexylamino)-pyrimidin-4-yl]-1H -indole-4-carboxylic acid
methyl ester (yellow solid), MS = 367 [M+H]|"; MP = 206.7-208.30C;

Cyclohexyl-(4-indol-1-yl-pyrimidin-2-yl)-amine (off-white crystalline solid), MS = 293
[M+H]"; MP = 192.5-193.0°C;

frans-4-(4-Indol-1-yl-pyrimidin-2-ylamine)-cyclohexanoi (off-white solid), MS = 309
IM+H]"; MP = 202.4-204.40C;



Methanol (400 mL) was cooled in an ice bath for 30 niM, and acetyl
chloride (100 mL) was added dropwise over a 45 mm period. The

‘% szLéI(m%ss_iglution was added to (R)-2-

0&-aminod-methanesullanyl-propane (70.47 g, 343 mmol) RARER#HIGEe20

ice bath 20 temperature. The reaction mb&ure was stirred for 15 min after
agditipﬁ_@aﬁrgﬁgﬁpl ted, the ice bath removed, and stirring continued for 2
hi "t reaction mixturEWES Bonebntrateleta s dofidlarter reludei solid), MS =
prE8difeHthe ke Up T FHE; (700 mid). The resulting mixture was
heated to reflux until all solids had dissolved, then cooled to RI, then
ctioled tti08HorBe-minyihelresultingiprecipiiate was! calleeteckBiys), MS = 310
filtcation; 2swashed wigheold THE, and dried under reduced pressure to
give (R)-1-methyl-2- methylsulfanyl-ethylamine (23.57 g). MS = 106

[Ma%sbﬂ((zﬁ)n@:MsIfﬂﬁk%;%&hﬂlﬁ%”ﬁ%ﬁ%@@%ﬂ&%%? RIERaLsd follpwing, ,
the abogga%%gqr%gpx%% utilizing the appropriate starting material.

WO 20 68171PCTI 07/062920 - 56 - Preparation 11: Synthesis

of (R)-2- nesulfonyl-i-methyl-ethylLamine The synthesis of
({%%%ﬁ%%ﬁ%ﬁé%ﬁ%‘%%\ﬂm ARyt RAR] caliekr sinchErdietptler)
the procéss SEBWH i iSshéHe 221, 8NP O°Skep ¢ H,CIl Step A: synthesis

of methanesulfonic acid (R)-2-benzyfox-ycarbonylamino-propyi ester A
soitioh(6f Berdyirsdrd fofmiter ([0 -0-minyinrD G 1- (REuinb) wakAddedito -
a stireavtieaestisolutiens of Ri(-H2+antino-4<yapanok(3.0,g) and

triethylamine (6.8 g) in DCM (75 mL) at a rate to maintain the temperature

belaw+3CpGealing ang §F{{d@ﬂ%§%%§ﬁ%ﬁﬂ{i§- i‘%%@&ﬁfﬁ%@ﬁ& Buhite
0

solution of meth anesulfonyl chloride (7.7 Q) in 25 mL) was added at
e meslend e Ul g n g Chnipas eyl

a rate to maintain the teniperature be
allowed IBRERAPOVEE PIRH S ASFRIE RBE SRR Rieged (EsE seied ingl. Med.
organicUaser 2084 fitetétbei®r RithydioUsisadiunvisuiate arm itregolvent
removed by vacuum distillation to yield 19.2 g of a white solid. A portion of
thigmaterigttbbo (), b distiolved-pbrim RGM -(10Q:im))) canshthe @ SWHng solid),
solutionwasdistilled Fhergolurpe wvag maintained by addition of
methyl-it-butyl ether. When crystallization began, the mixture was distilled

t%ﬂ@l@msy%?&@}étﬁ%ﬁ?}éamdyhggﬂ%%@é_ﬁ]&l?gﬁ&ﬂ-gy@%ﬂ%%‘ngo‘ Ghehiy

mixture was, dilute yolume o ut 150 mL by dropwise addition o
hexane™ RHeT G0t ?h%)’ &é :\}\%’ﬁbe!Mﬁ%ﬁﬁ%%%l‘?&%d?@cﬂf&@ﬁ% washed

vzyjth hﬁ( gglme %;Et-b,u%l) ether (1:1), and dried to giive methanesulfonic
A8 ? eSSBS Hy ARG BIBpY aktarne I @ gy hstepphiwhite solid),
syntheis 5f (IR} -rhBthafie sulforiyi 2 Lidksthyl-ethyl)-carbamic acid benzyl
ester To a stirring mixture of methanesulfonic acid

Ryr2ibepYoslycarbd nyardind-prapiflesten iyl OY-irdesionitle (himl)-2-y1-
wasaldedaguaoyls sodium methylmercaptide (15%, 35 mL). The

resulting mixture was heated to about 55C for 4-5 h; it was then cooled,

dhd trehesirer! druredu iy driSeparatally THe- ordraic3iayie pyvasishakeumino | -
withowatero(Lanbkraad the dowerlaxemagain sepasated; Saumic acid (15

mL) was added to the organic layer, the resulting mixture stirred, and
agueous H202 (30%, 12 g) was added dropwise. After an initial exotherm,
the mixture ¢poRg.and was then heated to about5C After 3 h, a second
aliquot of H203 (30%, 2 mL) and formic acid (6£ egl to the

mixture. A N/
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30 similar addition of the two reagents was made after 4 h. The reaction

mixture was cooled after 6 h and slowly diluted with water (about 200 mL).

A white solid crystallized during WO 2008/068171PCT/EP2007/062920 -
YBY 284 4Hition. The mixture was cooled in an ice bath andRA&/BBHY 52920

collected by filtration, washed with waterssand dried under reduced

pressure to yield ((R)-2- methanesulfonyt-I-methyLethyl)-carbamic acid

benzyl ester (9.2 g). Step C: synth&$i§!BME 17

I [1methyl-ethylami A mixture o ,
oy A NS RTINS i rasabion g
PRSIt YA rB xR SR darbofr 2hoer syl dattindpdp SHS! (30 hek)wasl) in
P@éﬁﬂd&t@‘ﬁb@uﬂ 6RC-unternitrogensaraasphere. T seluion af pelassiy @ifaen

: 7vgM 4 mL) was a t ixture over.a period o
R 7SO B TR S D T TS B0 s
WABROSHG P dRIRdH e & \eeBrto Gy whidtrvdaors st iomimidin-4-y1)-7-tri-
isShpropamiot (30 -inki-dleevteultingusalutigiowas fillered amd @R ateilition of

%%BQ?QH@QQW%EQQQ%QH&aminocydozi)(%no)l 8148 g followefi by DIPEA

(R)-2-methanesultony1-1-methyl-ethylamine g) as a viscous oi
B bhaPadh1 308gHBg s B ting mixture stirred at 120°C for 1 hour, then cooled to

FKTrimethyisilainyidxik i +@+timethypsitaioyl axy-ethy) fpropyhamine stid hecipitate

SINBesIPHiltration, washed with water, and dried - red eSS i
? yloxy-1-(2-trimethylsilanylo 1(Ee'[\fﬁn(ii)€-1plr%5§F§rﬁfﬁéswggvermght'

Sinm tgy silan X ‘
T O D HEER G B BHICERE B s SEAEHES toSRHEBiced pressure
HoG wsHrBte p-M-HB0 1 ONbLy O BtepiB:él- H31093 i MH? StepitStepiona@nol (75
SIQi v 3Sivie \VHP BGHEME:42 SigR-A: synthesis of

dimerhy1-3-aminoglutacon ate 20 A mixture of

diﬂiﬂﬁﬂk&ﬁl@@&fﬁﬂﬁeiﬁsﬁ@@lﬁk@%}y}!ﬁ@r@ﬂ? Sarki8), AMRAN @H@]f&'l%w{‘ﬂ% NBlfpounds
(%%‘gﬁ%%&g&g MeOH (81.8 Kg) was stirred at RT overnight. The solids
were removed by filtration, and the filtrate concentrated under reduced

pressure. Iso§ropanol (27.2 Kg) was added and the water of reaction was

rafioVelf By APeBadireaidhinatiers! Ph rermairihn-dolirentnbsy diehittea gfMS =

to provith® dindthy MR amirbglitagonate (24.705 Kg, 25 99% yield) as an

oil.

(I.,4—Dioxa-spir0[4,5]dec-S—yI)—(él—inciazoi—1_wyl—pyrimidimzmyl)—amine (white solid), MS
=352 [M+H]"; MP = 207.5-208.8°C;

trans-4-[4-{6-Methoxy-indazol-1-y1)-pyrimidin-2-ylamino]-cyclohexanol {pink
powder); MS = 340 [M+H]"; MP = 166.8-167.30C;

trans-1-{2-(4-Hydroxy-cyclohexylamino)-pyrimidin-4 -yl}-1H-indazole-6-carbonitrile
{white powder); MS = 335 [M+H]"; MP = 212.0-212.6°C; and

trans-1-12-(4-Hydroxy-cycloh exylamino}-pyrimidin-4-yl]-1H -indazole-6-carboxylic acid
methyl ester {light yellow powder); MS = 368 [M+H]"; MP = 214.6-216.30C.

Example 4: Synthesis of trans-(4-Methyl-cyclohexyl)-[4-(4-nitro-indazol- 1-yh-
pyrimidin-2-yl]-amine

The synthesis of trans-(4-methyl-cyclohexyl}-|{4-(4-nitro-indazol-1 -vl)-pyrimidin-2-yl]-

amine was carried out according to the process shown in Scheme 18.
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WO 2008/068171PCT/EP2007/062920 - 58 - Step B: synthesis of
3-amino-pentanedioic acid dimethyl ester A diluted alcoholic sulfuric acid
solutlon is prepared by adding sulfuric acid (20.69 Kg) to isopropanol
]a(p #0-5C. The resulting solution was slowly added t8T S31RING§EF20
tert butylamlne borane (9.19 Kg) in THE4#69,3 Kg), maintaining the
temperature below - 5 5C. Dimethy1-3- aminoglutaconate (18.28 Kg) was

slowly added to the resylting mixture, main g the temperature b

O0C. Ther }SU“I g reactign mixture was stirrgd bgtween 0C and @5(& 1 N
overnlgpﬁ;i;‘qg @:' lowSsRItlitiof to Water (166 a3 whilg <o W
maintaining the temperat rhfelow 10C.and the phibgtween 5 ar1d 7 by

adding concentrated aqueous NaOH. The pH of pixtyre was then NG,
adjusted to abou -10 by 10 adding‘concentrated aqueous'f\?aOH at the

end of the qu e,%vm process. The phases were separated and the
aqueQys phas xtragted with DCM. The combined organic extracts

weréWwashediith brin :,__/
concentrat der r@ ressure to give 3-amino-pentanedioic acid
dimethyl estef(17.87 ¥ })yleld) 15 Step C: synthesis of
3-amino-pentane-1,5- dl0| A solution of 3-amino-pentanedioic acid
dimethyl ester (17.67 Kg) in THF (101,5,4g), was added to a solution of
LAH (1.0 M in THE, 90.2 Kg) at a pot temperature between 10-30C, and

te.res! M&g&ﬁe@gr%ﬁéﬂy fﬁ%u}aﬁ@ - he reaction was

quenched by slowly adding wate he SO|I Wereoflftered
dnelavashed & with MQH@W&AXQMW&J@%@'H@W@@ded 4-nitro-
evanprates under redy Vgﬁu@epag @@)VSF&&P‘H?B%%&%@% PR

Kg, 72% yield) as & ihl

ﬁ?ﬂﬁéﬂfvﬂsl s rfmﬁeweﬂeﬁwéw Rihgtpprapy amime delumg e
Sraminopeantané difh-diol A2.3IR9 &e)bmPsQkh{d6:81Ka)masRARdedith Rarer,
‘aAEsandi0e salianl %M&%%gb%%é‘sﬂ nﬁ{ﬁ%%gg% gl%ee%uréem crude residue

Hexamethyldisilazane 25 (3

tnﬁfé%ﬂyfé?é 2 e#}&éfeeas%r@wn@%mﬁ@ée %?Q%/é%t%h@d@éﬁl%’@ﬂ}’i—
thernesbitidgyhhixtorea-dfiiedhmvenigghinghhe reaction mixture was cooled,

the solvent evaporated under reduced pressure, and the residue was
prifieeriby distiilatiowliionode yrorgivaate starting materials, the following
Fdripethvisilanyionyla(2-trimethylsilanyloxyethyl)- propylamine (24.36

KQg). 30Preparation 13: Synthesis of

n [fi 124tra200|43 ridine The
gy%h%g’g% H%J% T 11"1J-| - @ng))/ r1|{1m| 11 s (i()l!iﬁngl lf ]hnjzj% ting material,
[4,3-alp}id! *W};?s c&ﬁl?é’él‘lgdffa%%?dﬁﬁ@‘ ‘Fé fy ABFsEEkS B1Ewe Hesihehie /.
13. W@Q@@W@@S@Z@P@@BP@@&M@BZQZO 59 -

0.6 KQ), filtered through a cotton cartridge and

1-{2-Butylsulfanyl-pyrimidin-4-y1)-6-methoxy-1 H-indazele (the starting material, 6-
methoxy-1H-indazole, was prepared following the method described in Annalen
der Chemie 1980, 908-27); and

1-(2-Butylsulfanyl-pyrimidin-4-yl}-1H-indazole-6-carboxylic acid methyl ester (the
starting material, 1H-indazole-6-carboxylic acid methyl ester, was prepared
following the method described in J. Med. Chem. 2000, 43, 47).

Step B: synthesis of 1-{2-(butane- 1-sulfonyl)-pyrimidin-4-yl]-4-nitro-1 H-indazole

To a solution of 1-(2-butylsulfanyl-pyrimidin-4-yi)-4-nitro-1H-indazole (660 mg) in
DCM cooled to 0°C was added methyltrioxorhenium (30 mg), followed by aqueous H,O»
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SCHEME 13 A mixturemc;f 2-methylsulfanyt-pyrimidine-4-carbaldehyde
(1.00 g) (US 6218537) and 2- hydrazinopyridine (0.71 g) in EtOH (20 mL)
was heated to reflux for 24h, then cooled to 5RT and the resulting solid

WELRUEBE by filtration to give N-[1-(2-methylisulfanyl- PCT/EP2007/062920

pyrimidin4-y1)-meth-(E)ylidenelMpyridin2yl-hydrazine (1.26 g). A mixture
of this material and DCM (20 mL) was gently heated, and a second aliquot
PBNEM- P10 rh (TPAreR Hsr BToAT {5/ fA S W eriaRtD forchitath Sonars-ing?
Iad@beaaemateﬂaaeta@ﬁlﬁ&@}gyaﬁ &i}@\eﬂaﬁd&gaﬂa&ﬂesﬂﬁm mabdure layer was
Ség{rggtgé W NTSP jh !jtnercp gr%%t«!: erlee ‘:«I'vg';g t&tl&/igenwﬂh agueous
evaporate underr uce ressur’é and e 2'Crude residue was triturate
Wit Hor E‘t‘?@wé%éé“i‘ﬁélﬁﬁ efé\oefé%@medtﬁedﬂm%aedceﬂéeté%yﬁd
filtratior to giffond | 3-(Rumethylsufanypytimidindyl)- {2 4friazelmle (680 mg).
[4,3-a] pyridine (1.12 g). Preparation 14: Synthesis of

e imi ra-iHind e,BY 5.
]Sgplg %%E%éﬁ%%g% %?ln%ﬁy%f% é%%%?h@dro ngllh%%?eo-!\-/\?asﬁcgr{ﬁgg%n
ou accordlng to the process shown in Scheme 14. SCHEME 14 A

;ﬁgﬁ%&ﬁ%&f & flﬂ] lﬂr@ %&5&?&%&%@%&3@ %’3%%@}5440%(194&] %Sl ?mg{)mdazole {480 mg)
ihydro ndole m ol).an iisopropy| e
LS5 AR VNS F16 M St o on o
126111te?rime°éelﬂ6 ified bavtionmixddre - Was ooled, diluted Wit EtOAG rahid then
filtaned +d he arlleciad solids Wiﬁz@%wyf%@ nDsMand MeQHanthitate was
re I%Cr':aciltv frra%rg D %/Ié ﬁg |V£l 5{2 i,r(r;gtlrllé(lsuI'fan}/m[;)yr;m idi 4 yl)
@ dro-1ASindote (23 y|e erIow solé
mmmlmbeﬂoee@m@efwe Pizoametgzmﬂxamﬁple( I6SWEhéSIBYdﬁO“’
transd-l446 =-MethylirHindazob 8yl }qayém,. d n-2-ylaminolcyclohexanol
The synthesis of trans-4-[4-( 1- methyl IH-indazol-3-y1)-pyrimidin-2-yla

Mﬁé’?%@ﬂé ﬁ%? F%Jéez%( Lageordi |m|l(£§ 0d; rS‘%ﬁ%%ﬁ;'}?Wﬂ] ggane-

orosuc 39 mg, 1

wa@aaﬂe&ﬂ% S BYSHBT ST TNEINAS- (2-

The synthesis of frans-4-(4-indazol-1-yl-pyrimidin-2-ylamino)-cyclohexanecarboxvlic

acid (3-hydroxy-butyl}-amide was carried out according to the process shown in Scheme

19,
NTOTR NT TR
I/J\ N /}i\j\ ~N
N N NN

b
he
-/

SCHEME 19

A mixture of trans-4-{4-indazol- ! -yipyrimidin-2-ylamino)-cvclohexanecarboxylic acid
{100 mg, £.30 mmol), 2-amino-2-butanol (39.2 mg, 0.44 mmol), BOP (194.6 mg, 0.44
mmol), DIPEA (77.4 mg, 0.60 mmol) in THF (8 mL) was stirred at RT overnight. Water
(20 mL) was added to the resuiting suspension: the solids first dissolved, then precipitated

with the addition of more water (100 mlL). The precipitate was collected by filiration,
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methylsulfanyl-pyrimidin-4-y1)-11-1-indazole (413 mg, 1.6 mmol) in NMP,
and the 10 resulting mixture was stirred at 85C for 15 min.
trans-Aminocyclohexanol was then added, the reaction mixture stirred for

wp ﬁf’?ﬁ@ﬁswured into water and extracted twice with Et0Ac. ThEdaiibiffed?

organic extracts were dried over Na2S©O#%, filtered, and evaporated under
eSS U i Yo e by preparative TLC
tradszdl-14y{Pmetiipl-2ddndezobR1y b ppyrmitina2iy dadihdiydyciyHaxah 8inide
518 T3 MIEE T MR 7180;183.3C. trans-4- .
4-(4-Bromo-indazol-l-y1)-pyrimidin-2-ylaminol -cyclohexanol (white solid)
washarepaseshim e 5aMe: ManPefe ilizing e, apReRriaRSarinthy
rrggterioalvll.;{1 SS é§e3§€8 JNIC-}r_HI 'y MP -=200.5-201.9C.  Example 2:
Syrxﬁﬁe&s o%raﬁ’s-f—“ﬁ-(?-Methoxy-
IH-indazol-3-yl)-pyrimidin-2-ylaminol20 cyclohexanol The synthesis of
A FAT ARy T AR B PRI Sstarol e eibhéxano
was carriethoutateoriditytb thddprdigasbrehovenlid) Sdlsemia 3 Bv-SCHBME:
16 3-Chiegsgperpxybenzoic acid (77%, 407 mg, 1.82 mmol) was added to a
solution of 7- methoxy-3-(2-methylsulfanylspyrinndin-4-yl)-1H-indazole

(325:09.40:8:0m9), 1R REM 5.34 06380 thediesulting. aixHes Stirrad for 3

h. The reagction mjxture was,then diluted with DCM, washed with aqueous
NI GO (98 D VNS TR B B A oMt gy M 5 e
reduced prde&iufd ©Hive 3-(2-methanesulfonyl-pyrimidin-4-yl)-7-
methoxy-1H-indazole, which was used without further purification. To a
soturioh (G alezalaterizytim M E2 whshiriled drarscasindeyrlshesdhbh(toexy-1-
mg), ang theiresuiting LA pnixturedwastheated jmasseaked tube 1o 120€ f05.0-
1.5 hous; 7 hg-reaction mixture was cooled to RT, water added and the
resulting suspension stirred for 30 mm. The solid precipitate was collected
iJtratj ith water, and dried under reduced pressu

e RG> S HERLIRRUTBE.BIRRAIS,
indazol 3P BY AR GRS ARG FePEoRRYArd s 404 MIH L A p222.0-
243.3-244.3T 1S In a similar manner, utilizing the appropriate starting
material, the following compounds were prepared: trans-4-
[4r1t 41 nbiaizodi3tyd ppyinmidia- Partane Talycld ahexandh B =B1Q,3-
IM-FH1fihaas4pkd Benzaiid] ispxapeldayhpYs = 411 IM+H] ' MP = 243.3-
midin-Zzgga}mg}o)-cyclohexanol, MS = 311 20 trans-1-
[2-(4-Hydroxy-cyclohexylamino)-pyrimidin-4-yl]-1H-indole-4-carboxylic

cid methyl ester (yellow sqlid S = 367 [M-j-H]; MP = 206.7-2 C;
o b o i -
MS = Zg‘glﬁmlpprﬁww)cgnl%z(gml%@é), MS = 409 [M+H]"; MP = 231.9-234.40C;
trans-4-(4-Indo1-1-yl-pyrimidin-2-ylamino)-cyclohexanol (off-white solid),
V1% G e pvainerigan-ir = 202-indgalACym@nidin-2-ylamino) -cyclohexyl |-
2008/068H 7RG (Eh200/063930 MB2--421 [M-+H]'; MP = 125.5-128.8°C;
trans-N-(4-Indol1-1-yl-pyrimidin-2-y1)-cyclehexane-1,4-diamine (off- h. e
sadig),1 MS 3-30& MLyl diMBPir 2 7Qhidd ﬁc%@éhexanecartlaonyﬁl |-pyrrolidin-3-one
trans-4 -2- rimidin-2- ino)- whit: .
e %ﬁ‘f}@%ﬁgﬁ% gcfﬁirﬁy %?é}%ﬁ%?a%@%}e%}(gﬁb%?B%pfaréd. By a standard |

eprotection of the commercially available 3-oxo-pyrrolidine-1-carboxylic
acid fert-butyl ester}, MS = 405 [M+H]"; MP = 172.6-174.8°C;

trans-4-(4-Indazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarboxylic acid
isopropylamide (white solid), MS = 379 [M+H]"; MP = 270.0-271.0°C;
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5 trans-4-(4-Indazol-1-yl-pyrimidin-2-ylamino)-cyclohexanol (white solid),
MS = 310 1M-4114; MP = 232.6-233.7C; trans-4-14- (6- N itro- indazol-1
%f%l‘lm idin-2-y1 amino | -cyclohexanol (yellow powder), MS = 355

‘TXI\ﬂ M98\ = 2218-223.0C;"  trans-4-(4- [1,2,4]Triazolo [#GT&P2007/062920
pyridin-3-yl-pyrimidin-2-ylamino)-cycloheganol (off-10white solid), MS =

311 [M+EIt MP = 253.4-255.7C; and

tréﬁg%t%wﬁa%réW&’Jﬁtﬁyﬁ@a%tﬁbsryn%ﬁrﬁtahtw@thﬁmhwctdﬁésaam

(white nbedies); (thetbidotiyg amaterialhite powder), MS = 395 [M+H} " MP = 254.6-

3-(2-methglsufanyl-pyrimidin-4-y1)-pyrazolo [1,5- It] pyridazine was

prepared accordingly to the procedure described in J. Med. Chem. 2004,

AfafL16-B80dMS T )31%%1‘ Mt 5. Mﬁ:}mtng;‘%&%gﬂé{% Ca g@ '?}\mgad

(fgg érrzom%xsy glonexanel (white solid), NRZ 310 e M 0160910, JoC:

trans 4 4-Pyrrolo[ pyr|m|d|n -2- ylamlno) cyclohexanol

iar‘%’te C m ?sgﬁtﬁ’%gcﬂﬂ O ARG sl chssarerarboxabic agidy (2-hydroxy-1-
trans 4-ydyogomity by hdetide- (a)-pypiomidan 2]l - Dylol Bt Exalo 239.1-
(white spdiely»2PMS = 311 [M+1-1]', MP = 230.5-231.2C. Example 3:
Synthesis of

gmﬁf Hyifreyemeiiyd-1Htindazol3y orviimidin:Zrylamingd gyclo
exano
trans 4- 1;5r %%nfluo%%@n% mf &Wh“euﬁa‘é"% -3- yi) p%/{)rr‘lyrtthéﬁqHé y&’g?nlr?g]%;ctgéoog

rrled out d|n roc hown n Scheme 17.
WO 2(%%\, s ?égé[ﬁd“ iR ¢ 7lamino)-
3-Chlorbfis B%bﬁ%t&%‘b‘i’é (‘7’#% sghig) nt\ésc—r 6@7@%5 \Wad R déd. fo282.7C

solution of 3-(2-
nffé*tréﬁté&rﬁe{tﬂ?gtﬂ%tnﬂwﬁm@mbytmmbm@thtxmaaemwmc@@@ Myydroxy-
0.64 mmohlimBIGAMtati0GHahd thdtegsulidag misdureostinged-for. 24p.They 5.
reactionspixégre was then 5 diluted with DCM, washed with aqueous
NaHCO3 (5%), dried over Na2S04, filtered, and evaporated under

redueed p t

et q’%%dgf T RA e el L
was used W}tllt) %y %r gt} t@a‘ﬁg B QUGS %‘P%Ht?‘ﬁt"&t]e‘t’i%ﬁ Friepared
NIV1P i saadd\iednShaminde§ciohsiEnoMd 48:09d Mollbiued by DIPEA
(0.11 ma25@84 mmol), the resulting mixture stirred at 120C for 1 hour,

then cooled to to RT and water added. The resulting suspension was

stiured for-BRimi, 1t%$ﬁhd@ﬁeppﬁat§1§w@a@¢epﬁﬁ®&%q% Qpsvashed V|V'th
water, ure rnight ria
was W%&%&%ﬁ%@gﬁ ét[(?‘fl ter h?dg r d{lyjl!gdes'rgre@Foﬂgi pre&sur‘e

give
trans-4-14-(7-methoxy-1H-indazo1l- 311; pyrimidin-2-ylaminol-cyclohexano
178 T Skl i vplaigs) socorxas s dismadidinemethyl-
using tRerapproptiatg stattingndatertdte toé dollowing onpadidsmwere s, 1 -
prepareds.gans-4- [4-(5-Fluoro-benzo [ di
isoxazol-3-y1)-pyrimidin-2-ylamino]-cyclohexanol, MS = 329 [M+HJ " MP
Fdk2 Y 130%;0l-1(ipyrimidin-2-y] amtno c,yclohexanecarbo lic aci

,4-Dio [¢.pldec-8-y1)-(4-in limidin- amlne %w ite
Solid), ﬂéf%g SR i R
dazol- 13§52 Vﬁ?ﬁt’dtﬁ’?‘ﬁéﬁﬁﬁéf%ﬂtﬂ%ﬁle%héwwwéﬁ M3 (2340 ;
[M+H] MR 211662851B7.3C;
trans-1-12-(4-Hydroxy-cycloherylamino)-pyrimidin-4-y11-1H-indazole-6-ca
roonitrile-{ndite pdwiger)nM& 2 3BDafivbh leldiohMBrec2dd 8121 2-08G2.and 25
trans-Yrydroxypropyl)-amide (off-

[2- (4 ]hy %gpcyg )hexylam(l)rﬁfo\)ﬁlpl)gﬁlmol‘aﬂcrlteze ;}\ﬁ ﬁgf E%agtljleh% car?boxyll
c acid methyl’ester (light yellow powder); MS -= 368 [M+HI+; MP =
214.9-216.3C.
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Example 4: Synthesis of
trans-(4-Methyl-cyclohexyl.)-[4-(4-nitro-indazol-1-yl)- pyrimidin-2-yl]-amine
The synthesis of trans-(4-methyl-cyclohexyl.)-[4-(4-nitro-indazol-1-y1)-py

WRdIHEASA] 1130 amine was carried out according to the proce¥s! $HGH /(32920
Scheme 18. WO 2008/068171PCT/ER280Q7/062920 - 64 - OH
SCHEME 18 Step A: synthesis of!

-trutylSuinsiynpyritmidimilyt S-alarteel19rineleciee PebefasIa foad e vitkethyl-
2-butylsulfaydsdHahloredpyrimiditae (BO2 swig) WiskS addad M-Aifo- MP = 221.5-
1H-indazele.(228 mg), followed by NaH (60% dispersion in mineral oil, 84
mg) and NMP (4 mL). The resulting mixture was stirred at RT overnight,

A G S i T e
evaporziyedd%ﬁa 14 i: 8 %g”ﬁpé%é?}f‘ )P cﬁ.?a QggueWas pUkfied by

flash chromatogr (hexane/EtOAc 80:20) to give | -(2-butylsulfanyl- 10
gy AN Y- f %’%‘m A olaT RS 1 f@hw%‘ffﬁra?mm& utilizing

the appropeiatepstartihg matdriatditheofollowifigr G8Pounds Wate 248.5-252.5°C;
prepareghdl-(2-Butylsulfanyl-pyrimidin-4-y1)-1H-indazole-6-carbonitr le

(the starting material, 1]-indazole-6-carbonitrile, was prepared following

tln%é{ré@tr\@@nﬁgﬁ&ﬂp%mnéébﬁ L 8, 2000, ! Aﬁé&?g%&ﬁ%@ #ili5);
utylsulfan n oX az e .
matena? g ]mef%oxy nh'ﬁm af% zole, a%{%re%%ri#fgﬁjé\iv?r% th% rjrsée ‘}QQ <

scribe na/en.der Che 98

R I By i AR R ek kel sty -
e8tEP 12‘b§iéﬂﬁ§‘gﬁﬁ?§t‘érlal 1H- |ndazole 6-carboxylic acid methyl ester,
\Af% g;rg 6%1%2 ffgtlloré\% I %h S}(@% y 3%?1%% 1619 n yljamm(%c ic%exy%{)lon%rg Olin-4-
TAZogsgane: aUHERYH PYriarenniasya tha migessibipdaze fcong olution
of | -(2-butylsulfanyl-pyrimidin-4-y1)-4-nitro-1H-indazole (660 mg) in DCM
cooled to 0C was added methyltrioxorhenium (30 mg), foIIo
aqueous H202 2008/068171PWP2007/062920 )\

HCC\)\ |
g NG
il
E-Y —G 5
oﬁ\
o 0P N
k/o
SCHEME 20

A sealable (5 mL) tube was loaded with trans-(4-amino-cyclohexyl)-morpholin-4-yi-
methanone (89.3 mg, 0.36 mmol}, DIPEA (0.19 mL, 1.10 mmol} and NMP (1 mL). A
second sealable (10 mL) tube was loaded with 1-(2-methanesulfonyl-pyrimidin-4-y1}-1H-
indazole {100 mg, 0.36 mmol) and NMP (1 mL). Both mixtures were heated to 120°C,
until complete dissolution of the solids. The solution of 1-(2-methanesulfonyl-pyrimidin-
- 4-yl)-1H-indazole was then transferred via cannula into the vial containing the amine
mixture, and the resulting mixture was heated to 1200C for 3 h. The reaction mixture was
then cooled to RT and stirred for 2 days, then partitioned between aqueous NH4Cl
(saturated) and DCM. The organic layer was separated and the aqueous layer was

extracted with DCM. The combined organic extracts were dried over Na, SOy, filtered and
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n

- 63 - (30%, 1.3 mL). The reaction mixture was stirred at RT for 2 h, then

poured into a mixture of water and DCM. The organic layer was

separated, and the aqueous layer was extracted with DCM. The combined
WagUHis8kttacts were washed twice with aqueous Na2S03, BREERgHy /062920

brine, dried over Na2S04, filtered and egaporated under reduced 5

pressure to give 112-(butane-I-sulfonyt)-pyrimidin-4-yli-9-nitro-1H-indazole

(BSTNYF g%x@egwﬁ@g@sgfe to give an amber colored oil. This crude material was

transs(4imetiydreyaioh eﬁyk)@&dﬁﬁﬁmm&&aylarwﬂh Sias2iiyl-aming Mere

EW%!H%E eh=1es (%Eaﬂ?es{'alﬁH'ﬁ;ﬁ‘%’%&iﬁfl%@g%&% 3')/ LoDl andazoles; 1, of

0 mg) and trans-aminoc exano eated neat o

ToREe DRSS O IRR BRI G 1O praeiitited NMbSéOCBrﬁmm%@Péﬁfded
Theyeatienmixiiewas stisteth for 2:80 thenicooled-ta-Rili afnd gous@sl rimidin-
iRto; A, mixt UE%%H@&%H?%&%}P‘HM}E 16,50lid precipitate was, Gallesied Y der. Ms

filtration and dried under reduced pressure to give
trahe’ (W@thch‘roh%&w 9@9(&: nitroindazo1-1-y1)-pyrimidin-2-yll -amine
éln 0r as a e||OV\£ PowdT r. MS = 355 [S tH LI MP = 2 3. ? 54,8C.
xampleaf:f r%’iyrwﬁ 11 ?1fng cz appropriate starting materials, the fo OWIng
t@ﬁ@ﬂ%@ﬁ@a&ot&y@nm|d|n-2-ylam|no)-cyclohexanecarboxylic acid
(3-hydroxy-butyl)-amide The synthesis of trans-4-(4-indazol- |
-Wapyrimidip-2eviaminR)-ey clohexanecarboxylie@aeid cyciohexanol (yeliow powder),
(3-hydrm-:by§)%f\§m_ge was &g{ﬁl%dzqug%cordlng to the process shown
in Scheme 19. OOHO"N’ 20HOCH SCHEME 19 A mixture of
O O Ao
(194.6 s B I‘)\%Tp@\ s
stirred at RT overnight. Water 25 (20 mL) was added to the resulting
stigpetrsioh: tHeBuad st dissenaaidhetr praciprated Witiarel ititibhcof
more waterdét DO k) 3 Thevpredipikare-was. saliscted. by filtration, WO
2008/068171PCT/EP2007/062920 - 66 - washed with water and Et20, and
driachpldecyeduetth PrRssUTe 10 giMe drans &dédhirdnzah d)-ykpytimidiinl - 1 H-
-%gm%}wgp%gnecarboxylic acid ( 3- hydroxy-b u tyl ) am ide (78
mg) as white solid, MS = 409 M+1-11. In the same manner, utilizing the
appropriate sstarting-materdalsdibeviollowingl smcampputdsinere/ repaiettilc-4-

carboxylic acid was carried out according to the process shown in Scheme 21.

HO-.., N/j\ MO,
1 R
O\H/LN/ N7 O\Nm
— N

o
0
0
SCHEME 21

LAH (327 mg, 13.6 mmol) was added to a suspension of I-[2-(4-hvdroxycyclohexyl-
amino)}-pyrimidin-4-vl]-1 H-indole-4-carboxylic acid methyl ester (1.0 g, 2.7 mmol) in a
muxiure of THE (4 mL}, water {4 mL) and MeCH ({1 mL). The reaction mixture was
stirred at RT for 16 h, then evaporated under reduced pressure to give a beige solid.
Aqueous HCI (1 M, 14 mL) was added to the residue, and the resulting mixture was

stirred and evaporated under reduced pressure. The residue was triturated with MeOFH to
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trans-4-(4-Indazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarboxylic acid (2-

methanesultonyl-ethyl)-amide (light brown solid), MS = 443 [M+H | ; MP

=- 229,6-231.2C;
WMPHEEABThdazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarB&x/ 8248162920

((R)-2- 10methanesulfonyl-1-methylethyF) -a m ide ( white powder), MS =

457 [M+14 | F; MP = 289.0-291,0C; o

tERYFSA I e 2oy ERA TR d APaRRin By LEgpédidx e carpaRipié-seiboxylic

[3chy droxyeh =4 2rhydirekyethyprapy 3amise- (white selicds MSer 4289

M+H[11; MP -= 215.0- 217.8C; 15

t - I Loyl d -2V A lohexan I Jo-
%‘é}% Ié‘# égtﬁglﬁgr 516;5 %%Ie( .t‘é!%g*wﬁ’)&m ngéa %9@{@9%&%? Ga

359%24.7C;

t@(@gﬁmmﬁ% sz/rama%mala{&mnﬂ -cyclehexanecarboxyli cm%m | was
hydroxy- rop amide %lte powder), MS 411 IM-FH11; M

zczi?ér K (S’é‘lléci PéI 8P4 G

-ylpyrimidin-2- ylamlno) cyclohexanecarboxylic acid (3-hydroxy- I -

methyl )-amide (white solid), M8<==.409 [M+H]; MP = 231.9- 2
%plpendm -l- yl}) o

[4 4‘ 1yip 2 ammo)- jClohexy :'

_ |- methanone (ifght b?bwn
solid), MS n- 42 H]I—MMP»- 125.5-128.8C;; 25 trans-l-44- (4-Mhdazol-1
-ylpyrimidin-2- § 0) cyclohexanecarbyrrolldln-3-o % t

¢ anine starting material\wag’préffared by astafidard

brown powder)
BOC deprotectiq he commercially available
3-oxo-pyrrolidin F@c;r\?oxyllc acid tert-butyl ester), MS = 405 [M+11111
MPtep 716- ]j 4 #nsx4-(4-Indazol-1-ylpyr

idi necarboxylic acid 30isopropylamide (white

0\{1} i Sch eme 2.

(4-Indazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarboxylic acid ((5)-2-
hydroxy-lI-methylethyl)amide (white powder), MS = 395 M+ NJ*; MP =
254,6256.9C; SCHEME 22
trans-4-(4-Indazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarborylic acid (2-
mtﬁosoy@imiy ahide ahitecpovaeny MEds9FIM4n tro-fPmdole
216.9-219.
trasnussl%ff{(z;f(InSazocl SMbytimidin: ?I%%r%ogo’éyéléh& SERrBOR TR A stowly
(@dﬁ%ﬁéﬁy’qW@M@mméﬁwﬁféﬁn@emﬁm@ﬁ&m@m ingg i 4L {MeiEeyL -
MR #2334 1 240 e bians I Cl; (50 mL). The resulting mmm;e was allowed to warm
%’% rox yrr lidin- I }4ﬁht4 mdazol 1- r|m aming

rre OVEErnTe) erﬁ%c\;i\}gelgsi?\}l 4q6 1fR/| Xv‘ltr:dw?x DCM (200

y8I éxy -methanone
29}3) IO, i EhaUS S Y Hroky ittt [Ty esulting Vcllow precipitate was
[éo(l@ciﬂ&d%&qh'&aﬂ&y HRIAIN=3-Yamin@)nced pressure to give 1-{2-methanesulfinyl-

pyrimidin-4-yl)-4-nitro-1H-indole (2.36 g). The mother liquors were dried over Na,SO.,

filtered and evaporated under reduced pressure to give a second aliquot (690 mg).

Step B: synthesis of trans-4-[4-{4-nitroindol-1-ylj-pyrimidin-2-ylamino]-cyclohexanel

A round bottom flask loaded with 1-(2-methanesulfinylpyrimidin-4-yl)-4-nitro-1H-
indole (3.02 g) and trans-aminocyciohexanol (2.87 g) was placed in an oil bath at 75°C,
and NMP {5 ml) was added. The resulting mixture was heated to 105°C for 20 min, then
stirred at RT overnight. The resulting solid was triturated 3 times with hexane/Et,O (1:1,
50 mL), the supernatant discarded, and the residual solvent evaporated under reduced

pressure. The solid residue was suspended in water (70 mL) with stirring, then collected
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cyclohexyll-methanone (white solid), MS = 407 fM+H111; MP -=
201.7-202.7C; trans-4-

%é—%g%%&l}-%—ylpyrimidin-2-ylamino)-cyclohexanecarboxylic acid
- y r

oxy1,1-dimethylethyl)-amide (white powder), MS = 46§ fKHER#62920
MP = 256.5- 15259.50C; -71 -

trans-4-(4-Indazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarboxylic acid
5 GFATOGy DD FAFHE VA R o e o 11
gzl wasyreparedyfotliowig]. Med. o varith 180881544 »3844) fMG e 409
[Bhikaid®, MP = 224.2- 225.9C; 20
trans-4-(4-Indazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarboxylic acid (2-
hydibxyettatiRimeth yirmige {viite salic), Maim30 Nt e MR d 68vdsounds
l@glg gz"eﬁztre

trans-4-( -In((i:l"azol-1-y|pyrimidin-2-ylamino)-cyclohexanecarboxylic acid
((t2)-1-methyl2-methylsuIfanylethyl).-a.mjde (white solid), MS = 425 1IM+H1

- mgg—éiéﬁiw%@lU‘léﬂé—_gynmldm—z—‘yiammoj-Cyciohexanal {off-whiie solid),
(4-Inda2db =y isyivhidih-MBanilno)-apsletexanecarboxylic acid ((S)-2-
hydroxy-1,2-dimethylpropyl)amide (light brown powder) (the amine

stanting metetialiyasdyinthdsipedras desetines i)-WahRORR6A594) sMF), MS =
--= 423 3Dy MP, 53143215 .2G»80
trans-4-(4-Indazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarboxylic acid (2-
hygrexypropyd)amide (affwhite poydsn); MS, =395 LM+H]L; MP = 234.0- .
236.6039{\;/%4@1&%}%11%?? /IEBF%%%/ A0 oM MR E B s -
trans-4-(%1-1nd32' 1215 If)ym%'l%ﬁh?%g/ﬁmino)-cyclohexanecarboxylic acid
(g?-l-ﬂethi}/l- 2-methylsulfanyl-ethyl)-amide (white solid), MS -=- 425 |
MERT b d-2512893 vt s r Itz Sl mipy ArA smcgh ghinglow
)-cyclote’dheédarbdkylidadid eMyl=t 27hidigxdrsthyl)amide ( white solid),

MS =409 N/ITHMP = 111.5-1 13.0C;
trans-4-(4-{hdEreiibsylpyrimidin-2yylandiine)-giclohekantsaraoxylic Mcidite
cyclopregydmetoy-apide-(white golidk MS 55394, IMTHJ', MP =

248.5-252.5C; and

trans-4-(4-1ndaz@lktviRyimidin:Zyiamno): h G =

10cycl K -(It,}é]lg Ze\/gwhléegﬂ b8ﬁ§]§§r§cﬁ5‘g‘ 21)221%{58 L[QMJér%ﬁ{ij}ﬁ;%l\%lgl%g%:Pa%m:le d), MS

272.27(21%% .Elairinp'le“ :gy%{ 8sis of

tr%%?%t%‘il%@%éﬁéﬁ%&%ﬁg Sy e b lohexanol (off-white solid),
MS = 323 [M+H]"; MP = 205.5-205.9C;

tmns—él—[4-(4—F]_uoroindol—l—yi)—pyfimidin-}ylamino]—cydohexanol_ (white solid), MS =
327 [M+H]Y MP = 210.5-212.00C;

trans-4- {4-(5-Fiu01‘0indol—1-yl)—pyrimidin-Z—ylamino]~cyc[0hexanol (white solid), MS =
327 IM+H] MP = 217.2-217.80C;

trans-1-|2-{4-Hydroxycyclohexylamino)-pyrimidin-4-yl]-1H-indole-3-carboxylic acid
methyl ester (off-white solid), MS = 367 [M+H]*; MP = 177.5-178.8°C;

trans-1-[2-{4-Hydroxycyclohexylamino)-pyrimidin-4-yl -1 F-indole-5-carboxylic acid
methyl ester (white solid), MS = 367 [M+H]"; MP = 238.5-239.20C;

trans-4-[4-(5-Methoxyindol-1-y1)-pyrimidin-2-ylamino|-cyclohexanol {off-white
powder), MS = 339 [M+H]|"; MP = 203.6-204.00C;
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The synthesis of
trans-[4-(4-indazol-1-ylpyrimidin-2-ylamino)cyclohexyl]-morpholin-4-

Vyzébg@gg one was carried out according to the process shown in Scheme

EWE 20 A sealable (5 mL) tube was loaded with ~ FET/EPZ007/062920
trans-(4-amino-cydohexyl)-morpholin-4-ylinethanone (89.3 mg, 0.36

mmol), DIPEA (0.19 mL, 1.10 mmol) and NMP (1 mL). A second sealable
(ﬁﬁ’?ﬁﬂ)%ﬁé"%@s‘?@éﬂé& Pﬁlwffgm‘é’ﬁﬁé{ﬁ@éﬂrésﬁ&}r- rifsialfdrspihongirile (off-
20 indaxtide(3B0 Y Se=36 Mol Ln & RIM P3@omiBY. BGth mixtures were
heated to 120C, until complete dissolution of the solids. The solution of
15@uriethddesutfonytpyeimidinmdy 1 plitHindazolé) was thnetransiesketc acid
via canmutienintadthel il coRtaining thesaminermixiure \apd he resulting .
mixture was heated to 120C for 3 h. The reaction mixture was then cooled
toRB1-gnd. stivedian daysythenpasitioned hehween AaUEAYS NI R2 solid),
(saturat{;g):aglﬁi_,) _th'll,hg1 rg C5l_%§'ro 1S sgparated and the aqueous
layer was exfracted w&h’ M. “Tfid €omibired’ rganic extracts were dried

over Na 4, filtered and WO,2008/068171PCT/EP2007/062920 - 69 -

e%%a‘%af‘g Uhder FEdc @ﬁ%&‘&%&ﬁaﬁé@ S ERIBE B B Phis

crude nidskrsroes (eErybitirebid) fisih -£190 | Me HUpefhatdat detzhted.

away, and the resulting crystals were washed with EEO. The crystalline

rAkeie fiabvvakesesce) Statlize S ranD Wit ob gk 57 imigiof- 2 pateibe]ge clohexanol

crystalline material which was purified by flash chromatograph

(CORYHE R4 a e HERTEI50 13 Fmapy B gamind] -Orclohexanol (2.44 ),

tFERST14 5 thin dadorakeyipyriniting-amiho) 8y Elohexyt hot suspension was added

tmerpbiolinr4rbmethanonaBdwngdas anoff white, nowdet Me, =404 in,

'M’“{fgé MaPeﬁ Itglg&&?%?%tw a smﬂg}ggnanneﬁg, _UII|IZIn:? the- approprlate,

JHARInG materials the folfowing tEmpoufiX a7 irapkrad- fansaction mixture

s ilets, hdago k CHE TR Mimiinize jilenindcyeibhé xatoE©alidificOH (3:2),

?&W@%Xﬁ%ﬁg%@%éi%ﬁﬂﬁdMEeﬁ&%é-Qfe’)sgizré@*he crude residue we|1§ _puri%ed by
-4-(4-Indazol-1- | -2-ylamino)-cyclo necarpoxylic aci

e D L S e T S T80 S8 -

dfcrminggeelal 1AL Erimistiayhnderital -y19lghyrimidinsa igminbow solid. MS =

-eyclohexghalifoH-mhitezkbpoewder), MS -= 324 iIM+H11; MP =

221.5-223.5C. Example 7: Synthesis of

transits42H{4Hydroxyicyetoheigh ipmino)xpyriphdiidelleyclohexanol was prepared

IHindale-d:aarhoylic mlﬂi;@ﬁj§¥BH}§]§}'§af%f_stz_trting material. MS = 325 [M+H]"%;

tra%ﬁoé:—“l -é4-_h%A(er%>§/cydohexylam|no)-pynm|d|n-4-yI| -1H-indole-4-

carboxyli ¢l a5 carried out according to the process shown in

Scheme 21, SCHEME 21 LAH (327 mg, 13.6 mmol) was added to a

duspuisidiyorthedia of ganydrdkydyBiodwity kyahirhe)apyminmiclip ey din-4-yi] -1 H-

ibHeinglale-4-carboxylic acid methyl ester (1.0 g, 2.7 mmol) in a mixture of

THE (4 mL), water (4 mL) and MeOH (1 mL). The reaction mixture was

dilitetinabazrroreie s dgsenbedap shinbacume rredaved préssorediogivaha

beigesseichvAguedus:HE31 (1 M, 14 mL) was added to the residue, and the

resulting mixture was stirred and evaporated under reduced pressure. The
residtie, was.ri ith MeOEI to WO

CT//%ZO 71062920 - 70 - 10, X
A X
H N N NN

OH
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give trans-I - 2-(4-hydroxycyclohexylamino)-pyrimidin -4-yli -1
H-indole-4-carboxylic acid (700 mg) as an off-white solid. MS = 353 |

I\é‘l;l(;ﬁslé] I\éIF; = 259.0-261.0C. Example 8: Synthesis of
VARSI Y4 -Aminoindo1-1-y1)-pyi lidin-2-ylaminol-cyciohe RSTEFR0pRE62920

synthesis of trans-4-[4-(4-aminoindol-1-y1)-pyrimidiamino] -cyclohexanol
was carried out according to the process shown in Scheme 22, Step B
NO, NO, SCHEME 22 Step A: s 3
1xZsmethapasuifinyipydmidindoyl)-4nifrg-14-indole 10 A suspensio
Mg %% Ly j%g)tl%}%lﬁ g 7 3,{21610 Lc?rag eX3n0 3;0

3-chloroperoxybenzoic acid’(77%, 3.11 was slow

added at OC under N3 to a mixture of
11?@5?%%%#%%#%5%1 pYrREEHR UG Preastireed Minlio e akogn Paces wighahiih for 4

clc1BhGEadign Thstresuiting mikturedihsaibweEtd A madptte Rier ankk
Stvﬁfﬁﬂcbw&l‘nﬂhfﬁ:ﬁbﬁi @aﬂa&@@ﬁy@@%@%ﬂ&@&@ﬂ%@&i Mb@t@@%ég‘gﬁdue was
ohliaad yasted il Aguaoks NeNr QR b sabualad) e fes .'Ftﬁ“. VIO, .

precfg%ltat? was collectié];by filtration and dried undet reduced pressure 10
give T RIBtRAAREURHYbY rdiﬁ-‘H@T}“—%—‘Hide-T}gliﬁb%]é’?fz‘;@Bt@fPWS =
Mot tifuorWerdiedtdvar Na2S04, filtered and evaporated under
reduced pressure to give a second aliquot (690 mg). Step B: synthesis of
tisngnld 20(Symitho el 18y Y- Pl liritlide2xy laniybk dytlohbxanokAlreund
baetamdlaskigadadavith 1-(2-methanesullinylpyrimidin-4-y1)-4-nitro- LH-

20 indole (3.02 g) and trans-aminocyclohexanol (2.87 g) was placed in an
ol atBesis el fand-N1vE E {5 dapweshabidee - TFhie-resuitidiy mikturénvhsycio-
heateditak05Gitar20 mipsdhenstied atR Thevernighhfhe fesulting solid
was triturated 3 times with hexane/Et20 (1:1, 50 mL), the supernatant
digearded, and the,ﬁ{:al solvent evaporated under reduced pressure.

esiduejwas suspended in water('ﬁ) ith stirgi hen
' JARCT/EP2007/0629 /Jl\ P
— ﬁ N N
O~cHh, 0
\ \

N N
SCHEME 24

-

12"

d W

OH

A solution of LAH (1 M in THF, 0.57 mL) was slowly added at -10°C under argon
atmosphere to a solution of 1-[2-(4-hydroxycyclohexylamine)-pyrimidin-4-yl]-1H-
indole-4-carboxylic acid methyl ester (100 mg) in THF (0.3 mL). The resulting mixture
was stirred at -10°C for 30 min, and at RT overnight. The reaction mixture was then

cooled 10 0°C and water (20 pL) was added, followed by aqueous NaOH (15%, 20 ul)

and a second aliquot of water (70 pL). The resulting mixture was stirred for 30 min, then
filtered through a CELITE™ pad. The inorganic salts were triturated, the supernatant
added to the filtrate, and the solution evaporated under reduced pressure to give trans-4-
[4-{4-hydroxymethylindol-1-yl)-pyrimidin-2-ylamino]-cyclohexanol (32.5 g, 35% vield)
as a white solid. MS = 339 [M+H]"; MP = 212.0-213.3°C.

trans-4-|4-(5-Hydroxymethylindol-1-yl)-pyrimidin-2-ylamino]-cyclohexanol (white
solid) was prepared in a similar manner, utilizing the appropriate starting materials.
MS = 339 [M+H]"; MP = 232.0-233.9°C,
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by filtration and dried under reduced pressure to give trans-4-
[4-(4-nitroindo1-1-y1)- pyrimidin-2-ylaminol -cyclohexanol (2.47 g), which
Wa%}used without further purification. In the same manner,zing the
LB BrERPRE Starting material, the following compounds 5 weREBBR#gH62920
trans-4-14-(4-Methoxyindo1-1-y1)-pyrimigin-2-ylaminol-cyclohexanol
(off-white solid), MS = 339 [M-E1-1]'; MP = 208.0-209.8C; trans-4-
[EBRRAAVIRG 513,98 gmdrdinindprainindpeyendfiexaniirpinstesdiiyzanc-
M8rho3lclhdid1411; MP = 213.9-215.7C; 10 trans-4-
(4-(6-Fluoroindol-1-y1)-pyrimidin-2-ylaminol-cyclohexanol (white solid),
SBHPERISHFARIP L8890t Jorbe T tPihE-4- 1A iuB AR ISR ABBIDP v lic
-yi)d pysimidind ytamind]rgyeldhexanal gighirnyellowsalidy, MS = 415
[M.-I-HI-1; MP = 171.1-173.2C; trans-4-l 4-( 5-Benzyloxyindol -y1)
-pyrimidin -2-ylamino] -cyclohexanol (off-white 15solid), MSO;ﬂéklc;SH [M+1-1]

; MP = 4:1861C; N @%
trar&s-4}@ethylindol-l-yl)-@yr idi}-2-ylaminoi-cyelohe: (White™x

SO IS B2 L;MP:- 226702088 step & P
trans-4-[4-(4-MethylH dol-l-yl)-pgrimidin-z- lamyinol1-cyclohexariol N NTTNTTN
(off-white solid: 323 [M+H]; MP = 205.5-205.9C; 20 trans-9- b
kl-(4-Fluoro nd®1-32y1)-pyrimidin-2-ylamin@-cy£lohexanol (white solid),
MS = 327 [M-I(-}Fl]l; MP = 210.5-2110C; trans-4-
[4-(5-Fluoroindol1-1-y1)-pyrimidin-2-ylan no cyclohexanol (white solid),

MSIBET | AR -= 21,77 22217.8C;
cyc‘:ﬂibe; lamifo)-pyrimidin-4-y11-1H-indole-3-carb
&

trans-1-12-(4-Hy
oxylic acid 25methyl estér (off-whité sglid), MS ---- 367 [1\4+1-1]'; MP =
177.5-178.8C; trans-1-
[2-(4-Hydroxycyclohexylamino)- }jdin-4-y111H-indole-5-carbOxylic
acid methyl ester (white solid), M 67 [M+1-1]+; MP = 238.5-239.2C;
trans-4- [4-(5-Methoxyindol1-1-y1)-gyfkRigi,2-ylamino]-cyclohexanol
(off-white powder), MS = 339 iM+Hi '; MP = 203.6-204,0C; WO

/ 7 N TS
e oy A BT 1ol
-AHCingodpedosabbonitrle (b vehitel SOlid §AVISmn3B4nds Bkl s MBI&tion of 1-(2-
ZRd3A j-fransiliid 24901} exylaming )-pypimid-
Rt ?‘L‘%:?;P?iﬁ%é%??é%é?%ﬁ?%ﬁ%%%%&%%@fiﬂé&%w cooled
Fit %%(ﬁf%ci@ﬁfz_é by ;t%e resulting mixture stirred overnight. The reaction mixture

trepssvashal (Bihaetiaylinsoki iy bispifriedithioe 2-Viemiadlkseyclabexantltered off, and

(aft-mhite: $lids A& 3T ili%tﬁa'e’!;%gll%lg ﬁagg&%%%ﬁﬁ@ﬁ, the combined
trans-4-{4- AE:(Tl -Flyd ox%-l-rnet _yteftf#/, )-indol-I-H1 N _
- I iamioTey T ARKEHBI B Mot <Biid) RS s mirdiiriahpver

-pyfimidin-Z-ylamino cye
Mp58 0 fiBged@nd evaporated under reduced pressure to give 1-(2-methanesulfonyl-

pyrimidin-4-yl)-1H-indazole (6.4 g) as an orange solid, used without further purification.
MS =275 [M+H]"; MP = 177.0-181.1°C,

<

In the same manner, utilizing the appropriate starting materials, the following

compounds where prepared:
1-(2-Methanesulfonylpyrimidin-4-yl) -6-methyl-1 H-indazole; and
1-(2-Methanesulfonylpyrimidin-4-yl)-5-methyl- 1 H-indazole.

Step B: synthesis of trans-4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexanecarboxylic
acid ethyl ester



Step C: synthesis of trans-4-
[4-(4-aminoindol-1-y1)-pyrimidin-2-ylamino}-cyclohexanol 10 A mixture of
@ S §é4 4-nitroindo1-1-y1)-pyrimidin-2-ylamino]-cyclohexanol (2.44 g),

or1 P4 .) and water (11 mL) was heated to 80C. To the {ct/EP2607/062920
suspension was added ammonium chloritte- (1.46 g) followed by iron (0)
(FIS er, 1.55 and the resulting mixture heated to 80C for 2 h, then to

o5y %FF}“&S [SREPSERICHHE P e b AalF AR Tmeraeperdsdgh BEF and the

oﬁmm&rhma@ rals@fltenthkenphshedsaithdnt O AGIM @ Rkl @%)AL&améﬂhe
f'|$@I§h%¥@%@£%ggyﬂgg&ﬂr&gﬂqg@tp(@§ rgéghrgrg d)d v%alg;es %N %)_}v%dtby TEA

pg% de flash chromat graph (MeO ent from 2

Ot e HRRR- AP LA SIS 28, PRGIERE - arfgjon mixture

5 -cyeichesanolabmdghteyeiohwsolidrdiSits @ MTHILD; MRiFtate, and was then
23}&&&'&2@%@@ for 24 h. THF (4 mL was added, and the reac: ionr 1 fure sttrred for 64 h

4C11A' |no mdazol 1-y1)-pyrimidin-2- Iamlno cyclohexanol was
preparedE é%%ﬁ?é{?ﬂ{ﬁ gf"ﬁ‘tﬁﬁ?ﬁd"fﬁb%éﬁ%ﬁﬁ%ﬁ@@féﬁﬁﬁ@%ﬁd’t@ﬁéﬂdﬁs
M@Sa‘aezizsnj)mmﬁximbwmg%lamésed Exdmple BitSynitesisdked p;essule
tmﬁ@clé&éésﬂugmw&m JRONER)sRYHDUdIRE4 i tIRgRbA-ok. )6 N8 the

sgnthetlcl% durghdescrlbe in th Exampe was carried out accord |ng

o} enZ%} 1 oblainec ngr{iﬁlﬁllé%ﬁ%ﬁzl Afpegive frans-4-(4-indazoi-1-ylpynmidin-

ZMMWWPW%M eﬂ@l—e@@H ERE 23:fembitarelaf
4-14-(5-benzyloxyindol-1-y1)-pyrirnidin-2-ylaminol -cyclohexanot (70 mg)
abidpReY/ (iRt S8:ug) 4n Eifthnds stisreshiandes H2thalloon JNESSUEEboxylic
at Ryl for 4 days. The reaction mixture was then filtered through a

CELITE'm pad, the filter cake 3 washed with EtOH, and the filtrate

evapsratedfunderiréduced gresspreming rBsidugivasRIgHieh by Aashiic acd

. Y (RGMIMEO)
1 fr%ns % 12- aé)%l]ydroxyc I%lehgx%aurgﬁ% %\;/rlr%d?r? Qﬂ%'ﬂfﬁ (fo(f%nblr)(gfs

%ﬁ“Bfﬁ%rMé‘%B‘th%)—‘@zsﬁﬂmLEﬂdW Ee OG5 PA810G ired for an
E’Jddmpi@lll@:?&wﬂhm:smfsmqll\/[} was added to reach pH 3, and the resulting solid
LAy dRnR UINARYRARHIRISI: 31 AOHRERIND FgYEghexanol

nthesis of trans- 4-
Iﬁyélo SARSKIRatUfing 2033 pyrietmh rirsnmnbfiesienexanol was
carried out according to the process shown in Scheme 24. HO, OH
20 §@4‘FEME%&%MSWFM%MH%IMhMmﬁpﬁE%dﬁrl;)!wbm&b\)vb}rciohexyﬂ~
adethdnatuifogadgler argon atmosphere to a solution of
;}é]@ (4-hydrox cyclohexylamlno) pyrimidin-4-yll -IHindole-4-carboxylic
ngb‘?)ﬂs tEF 100 g} imdaaet-(08 miinitihe Yeduting mixtuhexyl -methane-

sulfonamide was carried out according to the process shown in Scheme 26,

o}
o\gé _CH,
]
NT R HN,,,
e ?\ l O\ N’/i
e A
<} N N E— =
It N N N
0 H
25 SCHEME 26

A mixture of frans-cyclohexane-1,4-diamine (0.62 g 5.5 mmol} and NMP (10 mL) was

heated to 120°C for 5 min, then 1-( 2-methanesulfonyl-pyrimidin-4-y1)-1 H-indazole (300
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was stirred at -10C for 30 min, and at RT overnight. The reaction mixture
was then cooled to OC and water (20 u.L) was added, followed by

“%glueo s NaOH (15%, 20 u.L) 20 and a second aliquot of water (70 u.IT)).
F008/0687.7 B2007/062920

e resu %in‘g mixture was stirred for 30 min, then filtered thl%(aH
CELITEIm pad. The inorganic salts wer&'¢riturated, the supernatant added

- to the fi , and the soluytjon evaporated under reduced pressure to give
tran }H_gﬁfi_mx‘?}ﬁﬁgﬁ%?% GPYfSE 7 ﬁﬁ?&%@ﬁ%ﬂ%ﬁﬂwglwas stlrre(g for 15

-oyiciobestamob(5emc grBBYGdadiddhis A0shitesblichsMBwy 388:M\VEnEITHe MR tion

TR 43363 %0r 30 min. The solvent was evaporated by distillation under vacuum,
cﬁn-z-ylamlnol-c clohexa

trans-4-14-(5-Hydroxymethylindo1-1-y1)-pyrimi _
ﬁgﬁ%ﬁﬁ IS8Ry wasH %&Pé?d}/}i“ﬁ e R e R S e
skatirigrpribtedialsr MSSO3I0tavtiHbd e WP a2 10 RBB:0@ cdy@ssure. The crude
20081063 LTI RETIER 2007062920 1D EXARIB Lo SYNDESIS Ofns-N-[4-(4-
R A Py < B R AR SR D 36 as o
tialriée solitlindfazaBA Y pyRimiMIR-2 34amitve)eGelohexanecarboxylic acid
was carried out according to the process shown in Scheme 25, SCHEME
25 StapeA 3 synthiesis afdcrdathansspiionylpyrimidinmy -k Ehipdagele xano!
3-Ch|oroperoz)%/benzoic acid (77%, 14.97 g, 86.7 mmol) was added to a

sBhstERtBsts @ A rirbihgrsaitanyppyFridi-2lymininaadolsd ohgrabavas
mmotH ianCHO3- (0 lalhepaleesldwvanricehagatone bath, and the
resulting mixture stirred overnight. The reaction mixture was washed with

agueou \sodium bisulfite (10%)..The resulting solid was-filtered off, and -~
ate cted with DC/M\,/:L
RGUs N N

the fil hases separated. I"ﬁ'he\ gueous layer was gxtr

the GugousH N
NaHCO3 (saturdted), . evaporated yn

@ pré 3 Q

pysatidin-4 [ : S8 id, used without

manner, utilizing the appropriate starting materials, tH8"6ffowing ~ '"®
compounds where prepared: SCHEME 27
1-(2-Methanesulfonylpyrimidin-4-y1)-6-methyl-1H-indazole; and
2e2AMretithees ol bty pydaidink4dptyibudiethyla ik itlay dish StepB:

synthesis 0 , o _

AR A A6 L g s et e ageol 1
athyinadter2- Wor2008/088 171 ROWIE RZDOY /062020 artbike resulting mixture
;'f&_i@llﬂwlé %h%a@%}fg Bymyﬂféﬁ?!{%frﬂggﬁfbv&?f%ﬁéﬁl Q?&@%@%ﬁ%gﬁﬂth%% of ice
in an € I ed 1o untl. complete aissolution o e )
i sﬂ%?aﬁéﬁﬁﬁmm@é%ﬂ@x h%?%%’i?&ﬁ!f‘ﬁ%iﬂ‘%ﬁﬁ?ﬁ%%% Trod b¢ #elected
rrihdieees adeistly foilowed biicTEA (9 17GR/MBDSL mmid)paricthe fessitingt
b sliniedeovernient The eatior ARG spension was filtered, the collected
solids washed with hexanes, and dried under reduced pressure to give 4-(4-indazol-1-

vlpyrimidin-2-ylamino}-cyclohexanone (1.57 g, 95% vield) as a white powder. MS = 308
[M+H]"; MP = 211.8-213.2°C.

Step B: synthesis of 4-(4-indazol-1-yl-pyrimidin-2-ylamino)-1-methyl-cyclohexanol

A solution of methylmagnesium chloride (3 M in THF, 2.4 mL, 7.2 mmol) was slowly
added to a suspension of 4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexanone (600
mg, 2 mmol) in THF (100 mL) at -78°C under N,. The reaction mixture was stirred for

15 min, a second aliquot of methylmagnesium chloride {3 M in THF, 1.0 mL, 3 mmol)
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5 was concentrated under reduced pressure until solids started to
precipitate, and was then heated to 600C for 24 h. THE (4 mL) was

adde dg and_the reaction mixture stirred for 64 h at 60C. The resulting
ixitre Wad extracted with EtOAc, the combined organic extrdctdBRYSAR@ERI20
with water, dried over MgSO4, filtered, arid evaporated under reduced

p re. The crude residue was purified by flash chromatography

[?és‘ifﬁ DOES URHE T BRSOl ﬁié@téﬁ%@wﬁwﬁmﬁn@a Witkiure was

Etﬁ@nt(wgwed to RT and stirred for 4 h, then poured onto a mixture of ice and aqueous

trm$4 414 D ylic aci
thyl es?ggrm;%%} Ir};%)yﬁgv:}r%f’e%;}g%%g%p%& synth e%%s%&g € combined

trSr&a%C(f‘}ha&é%‘aﬁ pHhhERE2T RS Rereondikistrb arsbssaro esid Ander
milsdurecopressure to give a white solid (609 mg, 96% vield). This crude material was

t ﬁe'({% rig T 1 11 b d Q
el aeion (5 36re %Mwﬁﬁﬁéﬁﬂmﬁ%@%‘%é e

miL wa ég%zd’% éfirﬁéﬂﬁ ot %mymtsald% e Eé&%ﬂaﬁww‘% yield
nﬂﬁfbﬁé%ﬁnﬁe@i‘f@oaﬁwmmw sb0iB; min. 360 e GZHEA( bithwasadded tesmer

r%@@h&ﬂkﬂe@ﬂ@ﬁ"ﬂ B@ﬁ}r§§ﬂigﬁgv§@%&9'slﬁﬁ¥% %Mtﬁ%‘?}%&%‘@ {z out I: 1) to give
tran h% % e[%é? rimidin-2-ylamino)- cyclohexanecarbo fé/qlc acid
ST AR, o0 EX e L3 SYfnEiss Bpving solid for
trﬁ}ﬁmlﬂpﬁﬁmmw B {(gRiymirgid -2-ylamino)-cyclohexy11-
methanesulfonamide The synthesis of trans-N-

[4stArisrdezalk -yipyrivmigin=2oiaming b eyelahexyl] -methane-sulfonamide

was carried out according to the process shown in Scheme 26.

2B SaHEMES26 302008106817 1RGT/EPRP07/062920 - 76 - mg) in NMP

(10 mL) was added dropwise and the resulting mixture was stirred for 15
nygam&hanwgmcommd 188 Gr QS TIOhwas Slowly (g_d nidin-
d the regcéi n mixture stirre fgr 30m T g%%ﬁ/é{ﬁ%y{/\}aqsp g\(/lg i rg}’éﬁnﬁdm o
Iﬁ]a? ]n { e?’%lcuum EtOAc added to the residue, and the resulting

s«@na@amammrmgmw@t@r phRRyHRAESIRYSN AS: ¢ qﬂﬁﬂ} § esu’}haj% gm

fllcter#e and pva orate 51 under reduced pressure. The cr

Uritied BY (frlmraﬁlcr)ﬁem %f‘ﬁé‘%ﬁﬂ’etbﬁp(@éeim%‘“@i\}% traRanNa-(4-

indazols- 1 -yl- pyrlmldeg ylamino)-cyclohexyl I-methanesulfonamide

(38.0 nig) as a white §0lid. MS = 387I F|I MP = 269.6-270.4C. Examﬁ
o

13: §ynihesis of |
@ ﬁﬁﬁmmo')l\jﬂ kytiyclohexanol 10 /km ol

synthesis of 4- (4N|n az0l-1-ylpyrimidin-2-ylagnin®)-1-methylcycl anol
was carried out according to the groc SS S \ in S@hem&g EME
27 Step A: synthesis of s

4-(4-indazol-1-ylpyrimidin-2-ylamino)y L\/yfﬁ::xanone 15 Agueous, (3

M, 40 mL) was added to (1,4- dloxas ol4/51dec-8-y1)-(4- mdazg,l&
pyr|m|d|n -2-yl)-amine (1.89 g, 5 ) :
mixture heated to 80C for 1 h. The' :Th
poured onto a mixture of ice and JaOl L

resulting suspension filtered. The™e sofids were washed with &
water, taken up in DCM/N1eOH, and a portion of the solvent 26+

evaporated under reduced pressure. The resulting suspension was

filtered, the collected solids washeshwmithvira@nes, and dried under

reduced pressure to give 4-(4-indazol-1-

WiyrimiintReyllasminb)eysionaxanone dicré-gy RYanield) RS WL and 4-
*B@M%IMI%I_ 13@8€m+g]p¥rlm%m %]3;1)81%1'3(? CEe

4-Benzylsulfanyl-1H-indole (5.00 g, 21 mmol) (Can. J. Chem. 1962, 40, 511 ) was slowly
added to a suspension of NaH (60% dispersion in mineral oil, 1.37 g, 34 mmol) in DMF
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Step B: synthesis of
4-(4-indazol-1-yl-pyrimidin-2-ylamino)-1-methyl-cyclohexanol A solution of
methélm neS|um chloride (3 M in THF, 2.4 mL, 7.2 mmol) was slowl%/ _
éuspensmn of PCT/EP2007/062920
4-(4-indazol-1-ylpyrimidin-2-ylamino)-cy¢bhexanone (600 mg, 2 namol) in
THF (100 mL) at -78C under N2. The reaction mixture was stirred for 15
miffd, Bl dGUGR OBt TaeSitRT CRidrdBitamtihtHaes £iHilon
mengl), W 200806817 1RadIER 2007082920 T s atlide hoanehthie, followed
rgsulf e@d@aes&ufgl et S30mMm. e reactiar. %ta%w%m% 0

warmed to RI and stirred for 4 h, then poured onto a mixture of ice and

Ao RIUEE PR FATEHS ﬁeﬁérfégm&ﬁﬁawﬂmﬁé%\gl&ﬁ%%iwgamc
Bt@Acy thechmbined erganiciextractswiashed iwith, liriaé odried 0%k, filiered and

Mg | d%(?xggefat%@ xae/raqC%Mg,@%_gﬁﬁ%dﬂ%f&eﬂ&t@gklia%gsﬁgﬁgﬁ g& f?%% a white

| % IS crude material was puritie Yy 11las

R g?"d%ﬁf Rﬂ?y é@%@ﬁlea{g&@nw?&ﬁ%?%% Gy o giogsulfany!-
&(mfn@azmbé@w@wﬂﬂyﬁm Z-yidmin&y4 mgetHih-gipdio he xanbl-{2R@«mgyxy solid

1% q\’iﬁiﬂt&fet!@ﬁé@)%ﬁzf?ﬂlﬁﬁ%mﬁt@%%)@ﬁi@ﬁ@iﬁ‘ B4 360meiipyield
cgth more pola is (réner as aw hite solid). Bo

his
R O o e Rk R RS HTIS Tuipigpre v
tmmﬁﬁémﬁ@bmm@wwhg)(%ﬁa%a/bcysmﬂiﬁé Hoadflowirgbsolig folfthg-1-
mﬂr&l@w}%mﬁ{ B (290maoisomenfy; MSyriR24s[IMdrEktic MR Ms = 352

1 C r S =324 [MTH": MP = 168.1-170.1C. Example
%{;{.éﬁ h%e%s of r?rﬁségz -(4- Phenylmedi anesulfonyli ndol- 1

rimid in-2- 15 ylamlnol clohexanol The synthesis of trans-4-
éﬁ%ﬁﬁéﬂfé@tﬁf&&ﬁrﬁf&ﬂ&ﬁ%ﬁ&iﬂﬁﬁh?n@hﬂ%ﬁﬁ‘é‘l%ﬁ:lﬁdﬁ@k%ﬁb
| wwelsteaeriedl out according to the process shown in Scheme 28 SCHEME
28 20 Step A: Synthesis of
4-bERAISUMBRAY HOLERB RS Pytindidin M- 1rp-indefd angaution of 4-benzy!-
berzyfsuifanyl-dv (4o ahtaroigiyritnd Hi ihdal41Benzyls ditanyisdiedinealact (673

(5-00.9» 21 Bmaini&an. 4. I&Hemd]&??esﬂﬁl?éli‘&x%\@% sloudy %dﬂ%dd%? 4, The

suspensmn of NaH (60% dispersion. in mineral oil, 1.37 g, 34 mmol) in

DMEAAES %%yﬁe‘gw]ééﬂ@éﬁeﬁ%%@z’dwe?e WS ?ﬁé)%%@ Hppgrganic
reabtienvmsktureswasvstirredefoddsimirridtilSthe Gas evelutionceasatytiden

2 4@1&!&@ Pyimiding (308 g-20mmol wasaddediparioniyisg . fallowed

by an hgnal aliguot of DMF 10 L). The resultlr\;\? ixture was slowly
e ErtieR BoUred ShiS AR 6rEE AT WAISARR Eefacted

Wltﬁ)EMAk@Xm/ OtGanic Bedret Wabsmaghathtwicedelth-al pxturedof \rgtemino| -

anct@%ﬁmct%blag%@f&d |@§%@1@s§§(§%@kﬁﬁzuﬂg% rs%mhe
press (;e The crude r(ae due f| d byf h chromat

(EtBACTREXAHES, grad ﬁf’f?o ‘50 o give ﬁ”‘b “dlfar%y?:“
1- (4:&ﬁ6€bpyr|m|d|n 2-y1)-11-1- mdole (979 mg, 14% yield) as a
pale-yellow waxy solid and a mixture of 4-benzylsulfanyl- |

$2-goropydmidingdyD1id ingdale and the: inbisupstitste Rrqduch (8912 -

rﬂg}ﬁfltg‘r 38}&9&%99 from DCM/EtOAc. This mixture was repurified by
flash chromatography (EtOAc/hexanes, 20:80) to give 4-benzylsulfany1-1-

(2-Chloropyrimistinzdry 19l 455 indoled ol mg, AMeyield)das anoffnibite;]-
%91@n%§d%13§%1)]:M?HﬁclﬂMyfax%%?e?—’c]y@l]og&anoi (397 mg, 0.9 mmol) in
chloroform (25 mL), and the resulting mixture stirred at RT for 1 hour. A second aliquot
of 3-chloroperoxybenzoic acid (150 mg) was added, the reaction mixture heated briefly;
then cooled and concentrated under reduced pressure. The residue was partitioned
between aquecus NaHCO; and EtOAc. The organic layer was separated, washed twice

with aqueous NaHCOs and water, dried over Na,SOy, filtered, and evaporated under
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Step B: synthesis of
trans-4-14-(4-benzykulfanytindol-1-0-pyrimidin-2-ylamino - 15
50Lohexano| trans-4-Aminocyclohexanol (1.37 g, 12 mmol) was added to
HEBIRBHE G 4- benzylsulfany1-1-(2-chloro-pyrimidin-4-y1)-1H-4Hdérecarts 2920
the disubstituted product (673 mg, 2 mmpd).in NMP (10 mL), and the

re% %ﬁ% mixture heated to 110C for 4 h. The reaction mixture was cooled
iHETEY betiredlcheter B Efoarhafidiic Rolyerowashmdphy

tWMe@WD{QMeB e @Wrmaammmer@dmndlmeeﬁ@ted&nﬁ% ~pyrimidin-
f%dﬂ%ﬁn%feéééﬂéﬁmli%l '%Ol% )d?‘r‘eﬁ‘ﬁ 'edﬁﬁg sPod M8 2483 IM+H]';

chromatogr (EtOAC hex give aft

rédr ystéﬁg %F&fr&n DCM/hexanes/EtOAc trans-4-[4- (4
-benzylsulfanyisindol- | -y1)-pyrimidin-2-ylam o cyclohexanol (309 mg,
38%eyidid)saSya vhite datiehsAnadditiandbabquppefithal2bpraghich ywas
regeivBece-Hsom the mother liquor. MS = 431 1M+HI'; MP = 1502- 150.9C.
Step C: synthesis of
trnssanthessphenyimdthahdsatfoh§tintoteiydpysimidin Pcyclohexanol was

yharanb)eyclaheranel B:phloraneroxybeazoi,acid (0.55 g, 2.5 mmol)
was added to trans-4- [4-(4-benzyl- 30

sulfanylindo1-1-y1);pyrimidin-2-ylamino]-cydohexano

397 mg, 0.9 mmol)
th&vesulting mixture st gred at RT for 1 hour. A

in ch rm (25 ng and
secoﬂjd a/ll uot of i&ChIGfopero: icagid (420 m@) ddDed,dshe Step B
tiomMmixture heated sriefly; th otedand concentrated Mnd ——

reduced pressure. The due was partitioned between @quepus

evaporat d uj der WO 2(908/068171PCT/EP2 '
a\gelThe residue was putifie

1323- g§4 5C, 5 Example 15: Synthesis of tr@g's -4-0-(1H-Indol
3-y1)-pyrimidin-2-ylaminolcyclohexanol The synthesis of trans-4-14-(

iH-indol-3-yl)-pyrimidin-2- yIaminOJ%@%gE&i%gm was carried out according

to the process shown in Scheme O0SCHEME 29 Step A:

ynthesis of 1-benzenesulfonyl-3-(2 opyrlmldln -4-y1)-1H-indole A
S B AR 12 45 B SRR 13177 e

J@:@dl\ﬁmﬂssﬂmlmahid#dﬁﬁ%?zﬁﬁ’é@@fwgc %Cmn(l%if% e PRDRL: (?Bdl -indol-3-
spdium. carl (33”%“45? mmol) in acetonitri e/water 2:1,6

egc)éggg, C%E%rg ,nl o and sodium carbonate {5.03 g, 47 mmol) in
acetonitrile/water (2:1, 60 mL) was degassed with argon, then

tetrakis(triphenylphosphine)palladium (300 mg, 1.6 mol) was added. The resulting
mixture was heated to reflux for 2 b while a white suspension formed. The precipitate was
cooled and filtered through a CELITEsilica gel plug, The filter cake was washed with
EtOAc, the organic layer separated, washed with brine, dried over NazSOy, filtered, and
evaporated under reduced pressure. The residue was recrystallized from EtOAc/ hexanes
10 give 1-benzenesulfonyl-3-(2-chloro-pyrimidin-4-yl)-1H-indole as a light-pink solid.
The solid filtrate from the reaction mixture was dissolved in DCM, dried over NaySOy,
filtered, and combined with the previous batch of product. The collected solids were
dissolved in DCM, the solvent was evaporated under reduced pressure and EtQAc was

added to form a suspension, the praduct was filtered and washed with hexanes, to give 1-
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15 tetrakis(triphenylphosphine)palladium (300 mg, 1.6 mol) was added.

The resulting mixture was heated to reflux for 2 h while a white

suspension formed. The precipitate was cooled and filtered through a
%%ﬁ%fﬁgilica gel plug. The filter cake was washed with BtOAEPH$87/662920
organic layer separated, washed with brige - dried over Na2S04, filtered,
and evaporated under reduced pressure. The residue was recrystallized

fr Fﬁl?fg{é)ﬁ%ﬁﬁg}(gﬁ(gé@@fg—awgmdin—él-y!)~iHmindoie (2.0 g. 33% yield) as a light-pink
1s06rzénesdifaryl (3462: ofiloratpyriraidibtdnsl) fldhindole, as A Nght-pink
solid. The solid filtrate from the reaction mixture was dissolved in DCM,

deieg eveyNaRS Q4 fitered. an ipeg.withthe, previous batch, of
pwﬁg&i hec c IIected?I soli%;%ngﬁggcﬁ%gﬁ%ﬁntﬂ%%ﬂ 0 %&ﬁﬁféﬁ‘?ﬁ%z“

evaporated un ér reduced pressure and EtOAc was added to form a

suspensianthe arasuatinas fitered andhwashed with hexanes. 19 9Ve Limol)

008/068171PCT/EP2007/062920 - 80 -
O e ) A VB e v B eI for
ad ' i pinkTSs I adeitorab @8 gndfiprodivctivbsebtaingd-framBiteac,
[ﬁb&hﬁg&iﬁﬂ@f&rﬁf@@rﬁéé&ﬂmﬁ$v@f:fr@ﬁ§f6]ﬂz&¢, dzriedl over Ni"tzSOT frilltered a?d
-(L- nesuliony.l- -INAOI-9; -pyrimidin-2Z- ylaminol-cycionexano
Suitatiey i imarti o pRET e
(GMABTEPRIREY BReFREC M apiihbty slohedamsl (050 pfomoThin ddvHRal was
(aimd:})rwfa_iﬁtheﬁteﬂct@vm@M@M%ﬂﬁtﬁéﬂ\%ﬁ%@?@%{%wﬂﬁéﬁﬂ%&gmw
ween water a t0OAC, t organic layer separated,
R G NS S e S tpbraeiges and
WSt e At dua Yasutrelomi éitidetrbbidubenes pulfied By fiaghl 10v1) -
chyomaliogapiy ikl LeQbHEXE) HOSMQ Give A8 Mt 0LAVRIRY I0abhons
TRisimateriglwa %@M@ﬂzlqg%@%%\gashed twice with water, dried

over Na2S04, filtered and evaporated under reduced pressure. The solid
residue was triturated with hexanes and dried under high vacuum to give
AR A EBE P BRES A LT delnisl Sy o i i nlasihe Exanol
-Syelehexanal ( Q%M ight- Iloy\z/g' morphous IS solid.
MS = ﬁ?m%ﬁ]?@&% via%lé&zixf%! f:%??%@%t’é Gchef:msyn%rlpt-é“osﬁg %F?rﬁﬁ%s- EJTﬂYb' LH-
HEndo 1 395y ﬁiéﬁﬁl—mﬁﬁm@&\y&?@ﬁé&%ﬁmﬂﬂe{mm@m@;\@@%w mL),
was dddetltong solutiorsofrtdhmsRa- -6 bainz enesolfomydrdkldas concentrated
Ine@k3l-RY Praigine 2vlaningl-& ! 0.66 mmol) j
%%954&%% éﬂlgg and the resultin %%%%é@g rggi%g?%m@%ﬂgeﬁ%rﬁ?régwoﬁnd

:

MIXIUTE Was co%Ete%eﬁgt‘%teéd“ﬂﬂ?ﬁ@’?’édﬂ?:%ﬂrﬁ?égs’ﬁ}’éf Y8 yesiented, washed with
neigFafized wiratidifion 6ltagdeods HE{l-Myndad:tlencpastitianees give a crude

hetweesqaterandd=tOACHINGQrgaRed a el . )
\g/,@ggrfodri‘gdtoyeri\@\fﬁ?_ﬁ, filt rag nfggg\?z E_fcf)rg{ae%ﬁl%gdge{%% Esgeﬁglh p‘ér)gé\/sY,ﬁuqrgé/I ’
{0 give & crude yellow oiid ’Tsﬁiéy&?i]’d’él BrizrpRET e el 115 mg,
éﬁ?%ﬁﬁﬁf@g’r%@ KD CONS, 5 5) [t -giie; thdRs=258.1-259.90C,
14-(1H-indo1-3-y1)-pyrimidin-2-ylaminol-cyclohexanol (115 mg, 25 57%
Yieltirds [@:\whiteh poseders MS- 230D MBI HMB /R od BP9 GEXAMN 2

Hvayahesis of frans-1-12-
(4-hydrorycyclohexylamino)-pyrimidin-4-y11-1,2- d ihydroindazol-3-one

The sytlthesis ofins-1 -EZ-(4-hydmxy{:)_fc1ohexyl_arr_;il?o) -pyrimidin-4-y1]-1,2-dihvdro-
e it il e

-3-one was carried out accordin process shown'in chene 30,



5

10

WO 2008/068171PCT/EP2007/0629211 - 81 - Step A: synthesis of
1-(2-rnethylsulfanylpyrimidin-4-0-1,2-dihydroindazol-3-one 3-Indazolinone
‘%%075%38 mmol) was added portionwise at OC to a suspension of NaH 5
808 &t& fersion in mineral oil, 2.18 8, 55 mmol) in DMF (SBCHEF 2874162920
the resulting mixture stirred for 20 mm, util gas evolution ceased.
4-Chloro-2-methylthiopyrimidine (6.10 g, 38 mmol) was added, and the
reaction mixture Warmed to RT, then heated.to 100C for 3 It The re
mixture ooled, HiGlited dnto water (1 %ﬁutrahzed With a/qh\ezis
Haa(c’l\I\QL\ Et0Ac-added. THe teining ingotuptd %p%ﬁr@lon was in
filtered and'dried to'y e,
1-(2- methylsulfanylpyrlidin-4-y1)-1,2-dihydroiI -3-one (7.05 g, 72%
P-£ 277.0-280.9C. WO
|

yield) as an off-white solid. MS = 259 1M+Hr;
2008/068171PCMP2007/062920 - 82 - pB: synthesis of /j\
3-methoxy-1-{2-m thylsulfanylpyrlmlm : H-indazole NaH (- 970
distietsidnin ;%J 0.755g 49 mriol) was gddga beH SepE
ditgry1)-1 @ ydroi oI 3-orie (2. 0@
at 0C; and the resulting pfixture stirred u he

142- metﬁylsulfanylp ri
mm(31) in DMF (3 1
gas evolution ceaseg.46domethane (0 go 5 mL, 14 mmot) was addgd, the
mixture stirred for 30 mm, then pougg% o water (100 mL) and extracted
W|th EtOAc ( 100 mL). The combine ré’gzgﬁlég were washed twice with
A(l over Na2304, filtered, and evaporated under

e ot e TR e B ViS ety ghdrotncazol3-one

cm@n@m{@m @tgw%ﬁen%sfgam@ oﬁﬁo@vﬁ%ﬁp £ pyna%% %29'%525% NaH

célx nes to give 3-m 1-(2-methylsulfany

T ST B BT s B GOIB. KR L8120 AN Sring

Gngfmhetg[gﬁéfor 20 min, until gas evolution ceased. 4-Chloro-2- -methylthiopyrimidine

Mﬁ%ﬂ@@%@ﬁﬁﬁmjf&w@@m ickig- Mse)aélaaqmsz{xréwam&%@?{r the
q‘d] oxl;ﬁbegz |?1a0|91ﬁ%about 77%, 2.86 g, 18 mmol) was aél

solution” o metﬁ&g}} 152 Efﬁﬁfgﬁlﬁ%ﬂﬁi}pﬁ‘?ﬁﬁ?fmnﬁoﬂﬁtﬂﬂllﬂhﬁ%lé’e‘lm ized

(Vi agusonihish i dhlorofoftl (3Guddtd. did thehéaction] ntiktsuestiviachats

Rilidaid 28 ddfed hﬁd@&ﬂmﬁlgn%ﬁlﬂﬂ?ﬂ% W@ﬁiﬁgﬂ{ prtg’ f‘gﬂﬁﬁy&ndazol 3-one

t 1lh th '[ t dw Th
gr%@n&zzxfrg%ﬁs (::-rre Wﬁlsjrhlgie?\sl?}llge with e&d’a aﬁf@gs%%rﬂ%*l%g?r?"c

water, dried over Na2S04, filtered and evaporated under reduced
pressure. The crude residue was purified by flash chromatography
(EtOAc/hexanes, gradient from 50:50 to 100:0) and recrystallized from
DCM/hexanes/EtOAc to give 2 crops of | -(2- 20
methanesulfonylpyrimidin-4-y1)-3-methoxy-1H-indazole as an off-white
solid (927 mg, 62% yield). An additional amount of product was recovered
from the mother liquor as a yellow solid (0.44 g, 29% vyield). MS = 305
11M+HI"; MP = 206.3-207.8C. Step D: synthesis of
trans-4-14-(3-methox-yindazol-1-y1)-pyrimidin-2-ylaminolcyclohexanol

T

élted 10
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25 trans-4-Aminocyclohexanol (870 mg, 8 mmol) was added to
1-(2-methanesulfonyl- pyrimidin-4-y1)-3-methoxy-1H-indazole (440 mg, 1
mmo(l%in NMP (15 mL), and the resulting mixture heated to 120C for 3 h.
WREVEAEHHR mixture was cooled and partitioned between EtBAEBR§67/062920

water. The organic layer was separated, 8ashed with water, dried over
Na2504, filtered, and concentrated under reduced pressure to give a 30

ortigR Yelawr sbiial Al Btrie! e riibaspilmatmginakl)- 1 H-indazole
oo ARIN (SR SO RS RIBlY 3R [RImREMbSange

to give trans-4- [4-(3- ' _

MR IRHRL A -y D) i mapipoineydofesd Aoha el m§IEr 640 mL) at
yiedd) aslahwhitelsolicn MGz 346 AN i H M #2023 32 05:34Q. IMEhethane (0.90
2008/ Y -.83 - Step.E: synthesis of trans-1

Sy e e R e B s (100
THhERSISHY ORI D B AL -fé’érﬁ%\}nls‘vf Frshitebergrier NZeyashed twice with
suspendidmaiitrdnsid~Er Na,SO,, filtered, and evaporated under reduced pressure. The

4437 i L=y -pyeimidin=2: T exanol (251 ,
O iAo DA, B o
batAM & RS HEHEET TR YATTsIhBF & SdhRrsior fatads denthe
resuiivdimixylre Wasististe (Lfisr 8y 4§% i dditionakalitjdosnf= 272.9 [M+H]".
trimetlaylsilyliodide (2 mL, 14 mmol) was added, and the resulting mixture

véaspheaiadHesrefiux @Vﬁ@ameanfbﬁ@fﬁ@gﬁfdﬁ&t@q)@mg%%ﬁwgrﬁ?&%

mixture was then poured onto ice water and extracted with DCM. The
insbliblemalidg tizoieraifil{ebed @didis86iad inrmanixtureddtdMeGHcmbn of 3-

DEdhoitieicombimed argapis avers.diisd oyer Na2eQ4 Siltered ang
c&ch(gtr%tﬁ{%quig irl%d%c?e, pressure onto sili a_ﬁ he residue was
puritied by flash chiomatodraphy (EBITSIER gradidht Abmim:dhasesuie
tEgiE trerrsr e ed (pihpdnomoyeyeid eyl arnind Yopyirimiginddey R xtracted with DCM.
SR MTHL L 3 205 2016 Xl 11 Syhesk ot "

LMTHIHMP =263 5-264.4C. 15 Examp ., Synthesis of trans-
4(?549( _?N%éj%’lﬁ%i fihe oi-é-yfﬁpﬁﬁ%ﬁlf%f—ﬁ%%ﬁ%ﬁ’éf/ﬁ'é’f‘?e;(rgﬁﬁf‘ﬁ‘?é esidue
syRtetitip Sedtishe rosersstwim s B kaihpienvsasredinie drout Hesdrditt:0) and
tocthespiiadssshouMmSehemadic to%lv@-?@%gﬁEMéBl Step /f%: "

is, 0, 3 {6 ehiona; pyrimidin-4-y1)-1H-indole A suspension of fr

o D o Bl AR BT ol T me
Srspairion’vr i dEnzalrrsarphyirsdremaropyrinmidiitany thelbohdolguor as a

(0:Bavgsclidrinod)drode T HF § 1 50| mi ) [The peaction mixteie was
warmed to RT and stirred

Step D: synthesis of trans-4-[4-(3-methoxyindazol-1-y1)-pyrimidin-2-ylamino]-
cyclohexanol

frans-4-Aminocyclohexanol (870 mg, 8 mmol) was added to 1-(2-methanesulfonyl-
pyrimidin-4-yl)-3-methoxy-1H-indazole {440 mg, ]| mmol) in NMP (15 mL), and the
resulting mixture heated to 120°C for 3 h. The reaction mixture was cooled and
partitioned between EtOAc and water. The organic layer was separated, washed with
water, dried over Na,SQy, filtered, and concentrated under reduced pressure to give a
crude yellow solid. This crude material was purified by flash chromatography
{(MeOH/DCM, 5:95) and recrystallized from DCM/hexanes to give trans-4-[4-(3-
methoxy-indazol-1-yl)-pyrimidin-2-ylamino}-cyclohexanol (181 mg (37% vield) asa
white solid. MS = 340 [M+H]"; MP = 202.3-205.1°C.
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WO 2008/068171PCT/EP2007/062920 - 84 - for 2 h until homogeneous.
The resulting mixture was neutralized with aqueous HCI (1 M), and
cgnz%(entrated under reduced pressure. The residue was patrtitioned
RAeal tWater and EtOAC, the organic layer separated, wasRed WFg{07/062920
water, dried over Na2S04, filtered, and-&3ncentrated under reduced
pressure to give a bright yellow solid (0.63 g). 5 This crude material was
parifed By Hisis ehvairatographydrorrehicavanssy iogiveidn-4-yl]-1,2-
(M@@lp%ﬁﬂicﬁmﬂeyl) 1H-indote (502 mg, 89% yield) as a yellow solid.
S ]ges s, of 3- é 2-chloro-pyrimidin-4-y1)-1-methyl-1H-indole Nall
a%ét ST MiRGralomoan Ay, wasiien wadeadtidd appespsion of trans-4-
Sieziehtmtbpwlnd@hnM—yﬂ})jﬂ;/ﬂﬂmdhmlel(ﬂa%ﬂ@ IHOnERO--BINES (Sﬂﬂl@) 7 Hheol 1) in

f%ﬁtﬂ%t@;tﬁ%i@fx%waﬁh%cxle%{f&‘?Jﬁ%&?e%é@%@e lodomethane Oiggott‘sbbm

u as added, and the reaction mixture was warme

n W,
gf} Eei?j g%t’él iCSWhEEY Oﬁfgrfgg‘étlﬁﬂa TitirRe S EtiEced Wfﬁ?cﬁ‘éf,&d%ﬁ% An
C@@ﬁﬁiﬁé@l @#gaﬂﬁ@ Wm@‘dﬂi’ﬂﬁm\dﬁhm& 4%3@1@"&{9 Wﬁogﬁl(ﬁﬂﬁie@ulul}a

anckGaRcRRKaled WnEehredUeR R IAreSS YRS 1O Ve for ene da The reacti
chloro- pgnmldln 1- metﬁ I- I H-indole (270 %}3 ye low sofid.

3- 4-y
'é]éttum E¥syith 3f<t€%%éc‘2"tat‘zit$t‘rf’&6" POt Pt v 52 sl solids
cvér@ﬁ@@@mﬁowbdtwwinm@mnnemémcqmés@pqsmm@t)cwasia@tﬁsdgmm layers

%(%&b@f%ﬂ@ldﬁ&ﬁed’ bnd-rasthykMhindale (4439 ptlemgn't% NP, )@ The
Qda”d the res #fﬂﬁhmﬂx re heated to 120C for 3 h. A second aliquotof

trans-4-aminocyclonexano ((?Té%’ﬁi %%F%Qg%éé‘"&h SHdTHB 397 10 5:95)
rés it aixture Was drearerehiaoriine mwactiohmixtUré, vdd edotedazol -3-
ook partiigredbelaeenweenand BIRAShe0rIanic aY_ISePHAteds  Joc.
washed twice with water, dried over Na2S04, filtered, and concentrated

C The as Y. alllzed
e SR SN L i
ﬁYﬂHBT‘@ )-pyrimidin-2- ->5ylaminol-cyclohexanol (148 mg, 46% yield)
agalightyelowsalid. HL&@%%@AM k%&mﬁygas c]asrytleg 195 3% ﬁﬁng 1o phe

18: Sy n%}esns of trans-414-[6-( -Hy roxye ylamlno5 indazo ]Or
BRI cf ohexanol The synthesis of
trans 4-0-[6-(2-hydroxy- ethylamlno)4ndazol 1-y1]-pyrimidin-2- 30

Olg orging to the process shewn

p7 /o 2920 85 - SCH%B J

SCHEME 31

Step A: synthesis of 3-(2-chloro-pyrimidin-4-y1)-1H-indole

A suspension of freshly crushed NaOH (740 mg) in MeOH (20 mL) was added at 0°C to a
suspension of 1-benzenesulfonyl-3-(2-chloropyrimidin-4-y1)-1 H-indole (0.91 g, 2
mmol) in MeOH/THF (1:1, 40 mL). The reaction mixture was warmed to RT and stirred
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2-Bromoethanol (42 ?IL, 0.6 mmol) was added to a mixture of

truns-4-[4-(6-aminoindazol-1-y1)-pyrimidin-2-ylamino | -cyclohexanol (100
9870’(() mmol) and sodium 5 bicarbonate (25 [Hg, 0.30 mrnol4 in

ace foRItHie’ 11 mL), and the resulting mixture heated to 80C f& BHT2p9R k62920

(O 5 mt.) was added, and the resulting m#iture heated to 80C overnight. A

conﬁ ali ot of 2- bromoﬁhanol (20 u,L) was added, and heating
B YPRTECFFe TS HHY TRIRUFR G e diRtedrth MBostcang HC! (1
Ex20 wég@‘mgttafﬁﬁezg@ﬂnm@umdmmmmfhe rastied wul OfrsoliieNaesen

WE{&Q&VH@CE@@@E\@%E d0s \@ated washed with water, dried over Na,SO
tr, Qs % %‘ dro yeth amlno) indazol-1-yl}-pyrimidin-2- ylarninolcy cl’

e‘afano 8% @e)ry W IEOHAS MRS S HEIT9YT-A P Esirgllavi eplid (063 ).
%ﬂ@gp@e@ﬁﬁen&l was purified by flash chromatography (1:1 EtOAc/hexanes) to give 3-

trangNi8-Rrididudoxy cyglanesdasning) pysimiginedy 14 idindazol-6-yll-

acetamide The synthesis of trans-N-11-

4- | | idi
%&g 2%3{‘%7 Z}éccé)? %yeﬁ\lfrvnaltg?gme (I)ul'?ﬁ EHF%@ Hid5iYeess shown
inSeheme cﬁ%geﬁé{@: 2008468 L1 1B GI/ERRANI062948:2 8PS HHEME 33 .-

|
B e 2, s i sl oo s
f%??ﬂéﬂﬁﬁ@ﬁﬁﬁnﬁlﬁwﬁﬁmﬂﬂh%@ﬁﬁmﬂ Bidmohapdlevwvad dedlroedhe reaction
fmmmnm&marmdumw@ﬁpﬁb@&dmﬁ%am%t& 5}%@&&1@%&1{:’9\%@\%

[ to% (? %OS{%IEO§ XJV%gr ”;: ? OI‘ 1al;llsl(liggv?l ]!li@aVc\:fle aw{g??, ﬁrle over

7 c’zsmet%&frga@fa Iﬁvﬁﬁﬂﬁﬁfﬁﬁd u;ﬂﬁflmdwémtmymm|gvee(@r&25<@f@<5pwarmdm-
raryiol) andlivietthylaine {15 €pops) irelddERdnL), and the resulting

mixture stirred for 30 min. The reaction mixture was diluted with DC/V1

angbMeQH ayashed twice with aqueausNakG93and ance with brine
dn%d }gv%l;{t Na2S04, fllte[\&r/ed an(‘J%?g(i)ncentrgteﬁ()3l ger reduc uce iﬁfreusnsé re.
The Titide fesidue was treated with Et20 and hexane, and the precipitate

W@QQJ@CA%P&M@%%&Q Ve Lijm&?o was added to 3 = (2- chloro rimidin-4-
%';Klf%!fgﬁ}’/ Py e%)] AE (ﬁ/ -1H- |nd -acetamide 46 mlgjﬁ as an
off-white Sold dpsgiet he g %QI {$mL), and t e resulfing mixture
[2- (hlﬁﬁ?d@r}’meﬁyﬁammo?*pglﬂm@n@ﬂiyﬂiz]s%ﬁmocydohexanol (0.16 g,

indazabh-yilsacriamide &&QJQ{&@@M&/@%%@&%Q {4 1%6.208:1Q,, 381

mmo‘}]twas ad eol tg aglur of N- ﬁ?

methylSUlfARIBY AR AR5 85"%%%“6“%?&8&5%‘5& cpsssitdRyer

0. wmmeéh s er§1 waarrdrth?ewéwnmanﬁ&tuf@endremém&ntmed
ovemdghteermd@a@;ae& mixiuie nassdilited with-LRGNYMeRH, (4:1,25 mL),

ueous NaOH (0.1 2 andw th brin drle over . .
g V%lﬁg‘?é Ahc %ggn%léﬁfgaged£h4 rre b éi e gbrsey HY Paste?

waglﬁﬁu@kédq}ﬂhﬁf@t@b (@ e, NEPD-yiEishethahgsuidtoyt-pyrinidin=4B 33 )M+ H] *;
11 Mindarml-6-pFaeetamide (120 mg) as an off-white solid. A portion of
this material (100 mg) was mixed with trans-4-aminocyclohexanol (0.12 g)

@%ﬁgife @HXM&%&?J}%%M%?@& a8 J% glggﬁrneosé ue WQs1 gfted

with M/i\/I?OHa d the solvent 2 ora uce ure
nm: YW

e PSRN IR RRE O (5 mL) and Et20, the I|qU|d

swRarRatant decaniada iSRY9dWhiGh farmed was,
treatgg Wlth secor)td al\llyéllj)((nzt%?g%g-—lgﬂéan%}?{ )ﬁe?n(? g{%gglc% faL m‘ﬁ% -

FEUTHIRG Tiredd BratiSiAts (AR ‘ﬂ‘é"c%é%o Bt Give %*Nsﬂi@mﬁﬂ
[2-(4-hydroxycyclohexylamino)-
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pyrimidin-4-y11- | H-indazol-6-y11-acetamide (72 mg, 65% yield) as an
off-white solid. 30 MS = 367 1,84-3-HIf; MP = 288.0-289.5C. WO
28(%63({06817PCT/EP2007/062920 - 87 - Example 20: Synthesis of
RAASHIAB-Hydroxymethylindazol-1-y0-pyrimidin-2- PCT/EP2007/062920
ylamino]-cyclohexanol The synthesis of-#ans-4-
{4-(6-hydroxymethylindazol-1-y1)-pyrimidin-2-ylarnino] - cyclohexanol was
carried out according to the process shown in Sch 4. SCHEME 34

A solution of lithium tri #Fy}nrohydride (A Min TH%L) was slowly
added at RT to trapg = N HET N7 TN

—

N N

The resulting mixtufé was basified to pH 8 with aqueous’NaOH and
aqueous NaHCO3, then extracted with DCM. The combined organic
extracts were dried over Na2504, filtered and concentratéd under reduced
pressure. The crude residue was purified by preparative TLC
(DCM/MeOH, 95:5) to give of transggﬁgﬁ%@%B
(6-Bydrpeymethylindazol-1- rimidins2-ylamincfl-cyclohexanal (22 .
mg) as a white é.(oli.d . M%gézﬂhﬁjcgj[gl\%%ﬁ?%ﬁﬁiﬂ 2 ]?f%%e-ﬁﬁltf%ﬁf ExSmpiEe-

L .mth—é(ls)ispwmldm-Z»yiamino]—cycloh.exanaﬁ (100 mg, 0.30 mmol) and sodium
ggmm|(-zsyfrg§imﬂqmy@yhalr)a&@mphg&zgn@&mﬁ%m@Fe%mgxnm%%&s%emd
d-indazpl-loyipyrimidin-2-)4amino)-benzenesufonamide was carrie
out according to thngi%)rEJé%s‘% Sg\ﬁ;\pf{h aggﬁilfznlg %fn"é’@l&fﬁlﬁl BEGRAURC

SyRtHEDI5 dfsacqpdnbthyisoffaiybpysithidiol-©29 L)1 Waindalzd)e@heating
2 Aemedbylsufanyppimidinadayh):2H40d029l6 2 50 ten0f . 4 Et%O was

!
1H4indazole (2.36 g, 20.0 mmol) in anhydrous DMF (1 00 mL) was treated
G BB T e R ORGP D, SRt FTprgpaptive
M P Eii2smethyiHidbpyrdmidinky{20550Mika01mmd pwasitien addatho) -

iByetae ReripmatRY anddns.esuting mixtyre sticred at 700C for 2.5 h.
The reaction mixture was cooled to RT, quenched with aqueous HC1 (1

ngl.gxiract dv%/SitIr)l TEIO@_ - the layers were 10 separated, the organic
Ilg)%%\%?azéé%%sbnnfeg rle?g -[){\1/ %Z%eﬁﬁd}goo&%m%ﬁ’i Wiﬁﬁg}g}-pyﬁmrdm—&yﬂ—

1H-indazol-6-yl}-acetamide

mixture was stirred for 30~im|n, then poured ontoé@quedgx HC1 (0.1 M).

The synthesis of trans-N-{1-[2-(4-hydroxycyclohexylamino) -pyrimidin-4-yl]-1H-

indazol-6-yl}-acetamide was carried out according to the process shown in Scheme 33.

QL o
N HSC\S,J\N/ N"’N\ HSC\S/KN/ N"N\
_ Step B Step C
(o g
p-
H,C

H N
H
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filtered, and concentrated under reduced pressure. The crude product was

absorbed onto silica gel and purified by flash chromatography (ethyl
w%)p(%f ane gradient from 5:95 to 25:75) to afford a mlxlglé%E szmmu(z)zn

metgfl sullanyl-pyrimidin-4-y1)-1H-indazole and 2-

(2- methylsulfanyl pyrimidin-4-y1)-2H-ind¥z0le (3.77 g, 78% yield) as a

beige solid. 15 Step B: Synthesis of

1-(2- methanesuffonylpyrlmldln -4- y%?%HMﬁd%@zOle and 2-(2-

methanesulfonyl-p §%rlmldln -4-y 2H indazole A mixture of

PRty SEiRA ;S%ﬁﬁ?r&rﬁsn oy premiizofernti! indazol-6-ylamine
21'(?2' Wﬁ@ﬂ%?&'ﬁ%ﬂ%%%ﬁk%ﬂ{”ﬁﬂﬂé "R Inﬂ?%&%{bﬁ t,e% %ﬂ]&vg /g the

chloroform (80 mL) was treated with 3-chl oroperoxybenzmc acl
PEFGuEa SRR Freadtion mixture was 20 stirred at 50C for 1.5
hour, then quenched with aqueous NaOH (1 W). The resulting mixture
wiigep ékiraeteesinith/D OM? thetlayerk:seharatedjadd theldigdmiollaydi-acetamide
wash ith. WO 2008/068171PCT/EP2007/062920 - 89 - brine, dried
Paf (}V)&%QB&&W BT A sy sl (onke hitrtaa et FpsdRiaidin-1-

pﬁéds‘tﬂﬂe dT4ee-ernddeprodut was absolbediantohsiioa gellandtqpayifiedHby (5
flash ghaqmaregraﬁhm%wema% ﬁﬁ?@;fnglzﬁ%g@é gtgem@égpg }gﬁ iﬁ%ﬁg with
pyr| in-4-y inda
o B e e
(h@ﬁ@p@ﬁﬁﬂ@bm@r?%&hmigiﬂ%@ﬂddu%p@sswﬂ’i&&rstdﬁ? residue was treated

Mﬂflﬂg@zé?id%m/ﬁm%rﬁ% }Sl@&}bﬂ%@%%@ﬂ&ﬁ l%d% §9 N of-2

et Is Ifon g g zole (1 n|mo and
%ﬁ?resnues npfd)r}irlcléic(? Qﬁ P/ %n?’ f‘i‘ﬁetaﬁ? é“i’rg gt
Wﬁhd?) 10 amlnobenzenesulfonamlde (251 mg, 1.46 mmol) ina
microwave synthesizer at 150C for 20 min. The mixture was partitioned

ety een wateisand-eayacetata, ihererganblRyen sepay dadmumshed) - 11-
with, brine dr&egl%e({ anhydrous sodium sulfate, filtered and concentrated

under reduced pressure. The crude residue was absorbed on silica gel
anGigurifjecblybitasti chrianmzteag raphyy BioAshexanes gradient fiom3G RO 1-(2-
t&éﬂﬁs%ftﬂl ngg,ﬁﬂ‘im?W%ﬁqgaq9an§dﬂhai§e@a%%wei WiHaed yil

ous Nal FS/ hé solid collected by filtration, was

Eﬁfgﬂmﬁd’é‘ {S5S5HEH Igllfﬁl{ﬁag%li at RT overnight. The reaction
Tydpyrirvigini Ry B aminby-hehzedBsuyiforsnide, (B ad w3F%qgyield) NASEE (0.1

3@74%@1@%11116 dried over MO’SO4, filiered, and concentrated under reduced pressure.
zoI 1- ¥ yr|m|d|n Iamlno) cIohexyII -carbamic acid tert-b LF'[
B

BQ i e Same marsansitifomy-prsimidin- -
al#rbro@waﬁeéstbl I‘ﬂng@@ldﬂ éi@ﬂ alg) MSreofD8 2 (MRl BEpample22is material

Emm%@tk@wie@mﬁg@%% RrERBEAtigRSaTAaliye ?5 DY MBUQUS AQUIES;

the followin Tabes "Active in edlent or

f%rmLiI% (g own i
IR T U TR ABREHE A S Mo Grthane solvent
em@mddmdere@mam@@@ompomm forOradtAbmihidfealidrs mL) and

Ingredient b A AGHYadGHRHISNy, and the gummy solid which formed was
treated with a second aliquot of MeOH (5 mL) and EtOAc (15 mL). The resulting fine
precipitate was collected by filtration to give trans-N-{1-[2-(4-hydroxycyclohexylamino)-
pyrimidin-4-yl|-1H-indazol-6-yl}-acetamide (72 mg, 65% vield) as an off-white solid.
MS = 367 [M+H]; MP = 288.0-289.5°C.
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20.0% Lactose 79.5% Magnesium stearate 0.5% The ingredients are
mixed and dispensed into capsules containing about 100 mg each; one
would approximate a total daily dosage. WO
"g%%%f%‘éﬂﬂPCT/EP2007/062920 - 90 - Composition or OrdICT/EP2007/62920
Administration Ingredient % wt./wt. Activ&Zingredient 20.0% Magnesium
9 i 9 5% PVP
(SO B TORgrars & (6 Hbroxymethyndasol 131 pyrmidin 2

ylamio-cyclohexanol

The synthesis of trarns-4-[4-(6-hydroxymethylindazol-1 -vi)-pyrimidin-2-ylamino}-

cyclohexanol was carried out according to the process shown in Scheme 34.

SCHEME 34

A solution of lithium triethylborohydride (1 M in THF, 0.8 mL) was slowly added at RT
to trans-1-{2-(4-hydroxycyclohexylamino)-pyrimidin-4-yl}-1H -indazole-6-carboxylic
acid methyl ester (100 mg} in THF (3 mL). The resulting mixture was stirred for 30 min,
and AcOH/ EtOH (1:1, 2 mL) was added. The reaction mixture was stirred for 30 min,
then poured onto aqueous HCl (0.1 M). The resulting mixture was basified to pH 8 with
aqueous NaOH and aqueous NaHCOs, then extracted with DCM. The combined organic
extracts were dried over Na;SO, filtered and concentrated under reduced pressure. The
crude residue was purified by preparative TLC (DCM/MeOH, 95:5) to give of trans-4-|4-
{6-hydroxymethyl-indazol-1-yl)-pyrimidin-2-ylamino}-cyclohexanol (22 mg) as a white
solid. MS = 340 [M+H]"; MP = 216.0 -217.7°C.

Example 21: Synthesis of 3-(4-Indazol-1-ylpyrimidin-2-ylamino)-benzenesufonamide

The synthesis of 3-(4-indazol-1-ylpyrimidin-2-ylamino)-benzenesufonamide was carried

out according to the process shown in Scheme 35.
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The ingredients are combined and granulated using a solvent such as
methanol. The formulation is then dried and formed into tablets .

‘&%OQ"%J}?}EQ }about 20 mg of active 5 cqmpoynd) with an appropriate tablet(
machine. Composition for Oral Administration Ingredient AmBURERZ N &62920
compound 1.0 g Fumaric acid 0.5 g Sodigsn chloride 2.0 g Methyl paraben
0.15 g Propyl paraben 0.05 g Granulated sugar 25.5 g Sorbitol (70%

solution) 12.85 g Veegum K (Vanderbilt Go-:1.0 g Flavoring N/\j\
o

= Step A |
A N P /H\ H,C
H.C o N
M +HSC\/“\/ LRGN N + 8 N h{ N
N 5 N Ci
H N==

I
]
N"-*—-..

SCHEME 35

Step A: Synthesis of 1-(2-methylsulfanyl-pyrimidin-4-yl)-1H-indazole and 2-(2-methyl-
sulfanylpyrimidin-4-yl)-2H-indazole

A solution of 1H-indazole (2.36 g, 20.0 mmol) in anhydrous DMF (100 mL) was treated
with NaH {60% dispersion in mineral oil, 1.60 % 40.0 mmol) at RT for 10 min. 4-Chloro-
2-methylthiopyrimidine (2.55 ml, 22.0 mmol) was then added in one portion at RT, and
the resulting mixture stirred at 70°C for 2.5 h. The reaction mixture was cooled to RT,
quenched with aqueous HCl (1 M), and extracted with EtOAc. The layers were
separated, the organic layer washed with brine, dried over anhydrous sodium sulfate,
filtered, and concentrated under reduced pressure. The crude product was absorbed onto
sitica gel and purified by flash chromatography {eth yl acetate/hexane, gradient from 5:95
to 25:75) to afford a mixture of 1-(2-methylsulfan l-pyrimidin-4-yl}-1H-indazole and 2-
(2-methylsulfanyl-pyrimidin-4-v1)-2H-indazole (3.77 g, 78% yield) as a beige solid.

Step B: Synthesis of 1-(2-methanesulfonylpyrimidin-4-y])-1H-indazole and 2-(2-
methanesulfonyl-pyrimidin-4-y1)-2H-indazole

A mixture of 1-(2-methylsulfanyl-pyrimidin-4-y1)-1H-indazole and 2-(2-methylsulfanyl-
pyrimidin-4-yl}-2H-indazole (3.77 g, 15.55 mmol) in chloroform (80 mL.) was treated
with 3-chloroperoxybenzoic acid (80%, 7.37 g, 34.21 mmol). The reaction mixture was
stirred at 50°C for 1.5 hour, then quenched with aqueous NaOH (1 M), The resulting

muxture was extracted with DCM, the layers separated, and the organic layer washed with

Step B

|
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0.035 ml Colorings 0.5 mg Distilled water g.s. to 100 ml The ingredients
are mixed to form a suspension for oral administration. Parenteral

9 dient 0.25 g Sodium Chloride
‘{&%mg 6’%?% Ingredient % wt./wt. Active ingredien g

0 make isotonic Water for injection 100 ml The active |h§%@’ﬂ{"?§/{'5292"
dissolved |n a portion of the water for injé8tion. A sufficient quantity of_
dium.chloride is th n added with stirring to make the solution isotonic.
T%”“Eb O TARRY W?&%ﬁ%fﬁ%t@%ﬁ%&@%ﬁﬁé@&t@é%reduced
injestions; Ti The reddhpougihrev@ 2 hnisied meotiiang:filted andrpddkaged
undersieHiesoNdans: 9&&9@%@:@1@%%@&5’@%07 629785372

n Ingredient % wtiwt
SUE@OFS ?{%5053%%? %?1 4-y lH—mda?oole {less polar isomer) (1.92 g, 45% yield) and

2-(2-methylsulfanyl-pyrimidin-4-y1)-2H-indazole (more polar isomer) (1.04 g, 24%
yield).

Step C: synthesis of 3-(4-indazel-1-ylpyrimidin-2-ylamino)-benzenesufonamide

A solution of 1-(Z-methylsulfonyl-pyrimidin-4-y1}-1H-indazole (100 mg, 0.36 mmol)
and p-toluenesulfonic acid (139 mg, 0.73 rnmol) in i-PrOH (4 mi) was treated with 3-
amincbenzenesulfonamide (251 mg, 1.46 mmol) in a microwave synthesizer at 150°C for
20 min. The mixture was partitioned between water and ethyl acetate, the organic layer
separated, washed with brine, dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The crude residue was absorbed on silica gel and
purified by flash chromatography (EtOAc/hexane, gradient from 30:70 to 50:50) to afford
the title compound. This residue was triturated with aqueous NaOH (1 M}, the solid
collected by filtration, washed with water and dried under vacuum to afford 3-(4-indazol-

1-ylpyrimidin-2-ylamino)-benzenesufonamide (50 mg, 37% vyield), MS = 367 [M+H]".

4-(4-Indazol-1-yl-pyrimidin-2-ylamino)-cyclohexyl]-carbamic acid tert-buty! ester
(white solid) was prepared in the same manner, utilizing the appropriate starting
materials, MS = 409.2 [M+H]".

Example 22: Formulations

Pharmaceutical preparations for delivery by various routes are formulated as shown in

the following Tables. “Active ingredient” or “Active compound” as used in the Tables

means one or more of the Compounds of Formula .

Compaosition for Oral Administration

Ingredient % wt./wt.
Active ingredient 20.0%
Lactose 79.5%
Magnestum stearate 0.5%

The ingredients are mixed and dispensed into capsules containing about 100 mg each;

one capsule would approximate a total daily dosage.
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Active ingredient 1.0% Polyethylene glycol 1000 74.5% Polyethylene
glycol 4000 24.5% The ingredients are melted together and mixed on a

am bath and poured into molds containing 2.5 g total weight. 5 Topical
"iiorzr?{ﬁ r’éilngredlents grams Active compound 0.2-2 Spanf6U/2R8H 5062920

2 Mlneral a oil 5 Petrolatum 10 Methyl pagaben

Composition for Oral Administration

Ingredient % wi./wi.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 76.5%
PVP (polyvinylpyrrolidine) 1.0%

The mgredients are combined and granulated using a solvent such as methanol. The

formulation is then dried and formed into tablets (containing about 20 mg of active

compound) with an appropriate tablet machine.

Composition for Oral Administration

Ingredient Amount
Active compound 1.0g
Fumaric acid 0.5g
Sodium chloride 20¢g
Methyl paraben 0.15 ¢
Propyl paraben 0.05 g
Granulated sugar 255¢g
Sorbitol (70% solution) 12.85¢
Veegum K (Vanderbilt Co.) 1.0 g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water q.s. to 100 m]

The ingredients are mixed to form a suspension for oral administration,

Parenteral Formulation

Ingredient % wi./wt,

Active ingredient 0.25¢

Sodium Chloride gs to make isotonic
Water for injection 100 ml

The active ingredient is dissolved in a portion of the water for injection. A sufficient

quantity of sodium chloride is then added with stirring to make the solution isotonic. The

solution is made up to weight with the remainder of the water for injection, filtered

through a 0.2 micron membrane filter and packaged under sterile conditions,
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0.15 Propyl paraben 0.05 BHA (butylated hydroxy anisole) 0.01 Water g.s.
100 Alt of the ingredients, except water, are combined and heated to
about 60C with stirring. A sufficient quantity of water at about 60C is then

WRIEH WA vigorous stirring to emulsify the ingredients, andfvAtBFAHEH$2920

added g.s. about 100 g. 10 Nasal SpraysFermulations Several aqueous
suspensions containing from about 0.025-0.5 percent active compound
AP prepared U HESHSpray formulations. The foimulations optionally

. oo :

ocontainoinactivo inarediante cue o for ovamnloe. microacervuctallina
ﬁlo%l’.fégilelrlliu\ll.l\tb lllulbulblll.ﬂ SUCTT J| TOT \J,\ulllvl\l' Ib}(l)\@trl :JLMIIII.I\.a ]
%F{"u.osed sediym-carboxymethyleellulose-dextros & O%'druchlor:c acied
fpay-b e o sk t-pt4-—The-nasat-spray-t5-formujations-may-be
PERety e orvCol TO0 o hodididi 2 ol A
%]y&%ﬂ%&d&a%epld}( meterea-pump-typrcaiy Hefwernmnganout
“50-100 ttLof formutation per-actuation A typical-dosing schedute is 24

sprays every 4- 12 h. Example 23: JNK Assay in vitro ~ JNK activity was
Neasyrediby phospiony lationofa@STAcTRE2 (19:86) with fyd3aRATRo 20bids
EQ%&HW%@?&HP@&@H? conducted at Km concentrations of ATP and the
substrate at final volume of 40 al in buffer containing 25 mM HEPES, pH
7.5. 2 rnM dithiothreitol, 150 mM NaC1, 20 mM MgC12, 0.001% Tweeng
IO TR BEA T 10% DMSO. Human WO

2008/0681 TIPCT/EP2007/062920=92-3NK2a2 reontains-nv
%Hﬂ &8§?¢ b MA AT D) o A-A AT il 1. om0 ¥ 1D.4.4 a’%{q
e A tATEZ 8 uM-ATP withtuCirfy="211-AFR:

@%gﬁyggon[ains Z2TiMenzyme, MMATFZ: 6 uMATR with-Tu—Ci{y-33P]

AR Fagman JNTCT (Upstate Biotech #14-501TM) assay contains 2 nvi

engymeol uM ATFZ, 4 uM ATP with 1 uCi ly-33P] ATP. The enzyme

assayawas carried out in the 5 presence or absence(of several compound

cantehtrations. JNK and compound were pre-inculiatéd for 10 min.,

fotlowkpkapimitiation of the enzymatic reaction by aélling ATP and the

dtibstrhreyTiee heamiommigttire was incubated at 30€ifor 30 min. At the

eMafef incubation, the reaction was terminated hy itfahdf¥tring 25 ill of the

reaction mixture to
All of the mgredients, except water, are combined and heated to about 60°C with stirring.
A sufficient quantity of water at about 60°C 1s then added with vigorous sturing to

emuisify the ingredients, and water then added g.s. about 100 g,

Nasal Spray Formulations

Several aqueous suspensions containing from about 0.025-0.5 percent active compound
are prepared as nasal spray formulations. The formulations optionally contain inactive
ingredients such as, for example, microcrystaliine celiulose, sodium carboxymethyi-
cellulose, dextrose. Hydrochloric acid may be added to adjust pH. The nasal spray
formulations may be delivered via a nasal spray metered pump typically delivering about
50-100 uL. of formulation per actuation. A typical dosing schedule is 2-4 sprays every 4-
12 h.

Example 23: JNK Assay in vitro

INK acrivity was measured by phosphorylation of GST-ATF2 (19-96) with {y-"P] ATP,
The enzvme reaction was conducted at Km concentrations of ATP and the substrate at
final voiume of 40 ul in buffer containing 25 mM HEPES, pH 7.5, 2 mM dithiothrettol,
150 mM NaCi, 20 mM MgCl, 0.001% Tween® 20, 0.1% BSA and 10% DMSG. Human
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150 in of 10% glutathione Sepharoseg slurry (Amersham #27-4574-01)
containing 135 io mM EDTA. The reaction product was captured on the
affinity resin, and washed on a filtration plate (Millipore, MABIy/NOB50
g{qﬁgﬁﬁate buffered saline for six times to remove free P¢T/EP2007/662520
radionucleotidc. The incorporation of 33R2into ATF2 was quantified on a

microplate scintillation counter (Packard Topcount). Compound inhibition
potERey arsaNKasshekstiredily |G5LABITe ehbralédfidnmuenly- P] ATP.
tration inhihiti rves in ) t I % 1., 3
T A orE el Bty wero inaad onlr P
Mi€FosbftExdelor partatidiertegtifidtith Mhessesoits dire ShddhvwenindablgM

0120 1575 N 1510108 e 0 4085 1 255 50 8700 O-S01 145 1
QOFEBO@3IPEnce of several compound concentrations, JINK and compound were pre-
mncubated for 10 min., followed by mitiation of the enzymatic reaction by adding ATP
and the substrate. The reaction mixture was incubated at 30°C for 30 min. At the end of
incubation, the reaction was terminated by transferring 25 1l of the reaction mixture to
1530 pl of 10% glutathione Sepharose® shurry {Amersham # 27-4574-01) containing 135
mM EDTA. The reaction product was captured on the affinity resin, and washed on a
filtration plate (Millipore, MABVNOBS50) with phosphate buffered saline for six times to
remove free radionucleotide. The incorporation of *°P into ATF2 was quantified on a
microplate scintillation counter {Packard Topeount). Compound inhibition potency on
JNK was measured by 1Csy value generated from ten concentration inhibition curves
fitted into the 3~parameter model: % inhibition = Maximum/(1+ (ICse/[Inhibitor 7).
Data were analyzed on Microsoft Excel for parameter estimation. The resuits are shown

i Table 2 below:

Table 2: p{iCsy)

Compound INKI (uM) JNE2 (uM) c-jun (M)

3 ¢.0412 64578 ND

15 0.0678 0.4583 1.286

16 0.6768 0.5624 4133

18 0.0733 0.3375 1.9333

26 0.085 0.6949 1.894

86 0.0228 0.1777 WD

87 0.0297 0.1908 1.706

88 0.0709 104803 ND

Example 24: Rat in vive TNFo-induced [L-6 Production assay

Female Wistar-Han rats procured from Charles River Laboratories were allowed to

acclimate for one week prior to use and achieve an approximate body weight of 95-130

g . Rats were administered test compound via oral gavage 30 min prior to an
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1.9533 26 0.085 0.6949 1.894 86 0.0228 0.1777 ND 870.0297 0.1908
1.706 880.0709, 0.4803 ND 20 Example 24: Rat in vivo TNFa-induced
IL-6 Production assay Female Wistar-Han rats procured from Charles

WRIVEE("4iS atories were allowed to acclimate for one week BfioriBLiEE 62920

and achieve an approximate body weightiof 95-130 g . Rats were
administered test compound via oral gavage 30 min prior to an WO
20081088174 PCAlER2007/0629200m9B1ahieagéfiion aicchatiendelof0iGs

UepReRMbInANKIRLINE e dRIRPAMCok BIOOr, IS CMREIRE VIR preparcd using
cardiocentesis 90 min after TNF-a challenge Plasma was prepared using
Jithium heparin scparation tubes (BD microtainer) and frozen at -80°C until analyzed.

IL-6 levels were determined using a rat speeific IL-6 ELISA kit (Biosource). The percent
inhibition and EDs, values (calculated as the dose of compound at which TNF-o
production is 50% of the control value) were determined. The results are shown in Table

3 below:

Table 3: inbibition of iL-6 Production

Compound irose {mg/Kg) IL-& Inbibition (%)
i6 30 47.4%
26 30 59.6%
87 10 64%

Example 25: Rodent Collagen-induced Arthritis

Female Lewis rats procured from Harlan Laboratories at 7-8 weeks of age are allowed to
acchmate for one week prior to use and achieve an approximate body weight of 120-140
g . On day 0 of study, rats are primed intradermally (i.d.) on several sites on the back
with an emulsion of 100 pg Bovine Type H Collagen (Chondrex) in Incomplete Freund’s
adjuvant (IFA; total of 0.1 ml in 2-3 sites). Arthritis induction is generaily observed 12-
14 days from priming: however a booster injection of 100 ug collagen/IFA is given
around days 7-10 (i.d. up to 6.1 ml total) at the basc of the tail or an alternate site on back
to synchronize disease induction. Compound dosing can be prophylactic (starting at time
of boost or -2 days prior) or therapeutic (beginning afier boost and coinciding with
nitial disease scores of 1-2 —see clinical scoring below). Animals are evaluated for the

development and progression of discase over the next 21 days.

Rats are evaluated using a scoring system {described below}, paw volume measurements
using a plethysmometer for each paw, or measuring paw or joint thickness with a caliper.
Baseline measurements are performed on day 0, and starting again at the first signs of
swelling for up to three times per week until the end of the experiment, Scoring is

evaluated as follows for each paw:

1= swelling and/or redness of paw or one digit.

2= swelling in two or more joints.
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lithium heparin separation tubes (BD microtaincr) and frozen at -80C until
analyzed. IL-6 levels were determined using a rat specific IL-6 ELISA kit
(Biosource). The percent 5 inhibition and ED50 values (calculated as the
Vb BtEdmpound at which TNF-a. production is 50% of the?EaHtPaPaalEIR
were determined. The results are showmin Table 3 below: Table 3:
Inhibition of 1L-6 Production to Example 25: Rodent Collagen-induced
Arthritis FefTafsasedisliiatsopioemed fisnrriraarL atoieimsiey dvis
weeks of age are allowed to acclimate for one week prior to use and
achieve anggpf)%%%ﬁﬁ 58 '%/%?&ﬂf%?ﬁ‘@@l- %% On day 0 of study,
ratse arenfirimedeintradermalys(id)ien-several sites o thedaskowith altividual
emuision,of 100.pig Bovine Type Il 901'-'5%]-9‘?5‘ pfﬁﬂpg%@xg? n Incomplete, g
Freunds %a&uvanﬁ\/\ﬁg; ‘total of S.fm in 2-3'Si s}‘:’%%rl i ihddction 1S
genersiyosbdenet iumg ofdys Mompprimingtshowevenadibosteh hjeetion 2
of 110Q:MEkQlliagen/WA is given around days 7-10 (i.d. up to 0.1 ml total)
at the base of the tail or an alternate site on back to synchronize disease
indugliens Gompeknd 4esing ean heRreplyaalic {siarting. altime afhoest
%%:1;2 days gr'orz or therzlgl utic beginr%ingllajtlerl boost and u(_:oj,ncidin}g with
A QLR YOS § DI 12 Ky Al LeBHing Belowy  RA IS GP8
evalestsd fordhecdevelopmienhand-progressiog ofidisease:overthexnextubes
Zboays-RalsAe:ealvaied ugieg,A:seoring. sysiemhidessrned PRIOWd.1s (¢ .

paw volume measurements using a plethysmometer for each paw, or
medstirife bat¢ o jointaricknassvir & ealieroBaselih e measufeiefrrmined
argReramedion day,.iane st8sting,again &t e fistignanf swelingdens
up to three times per week until the end of the experiment. Scoring is
SVARTRHET &S FoTRIIRO TP BAEMF PR SiSaliisg adrsy ﬁ@dﬁ@&%a&fﬂﬁaﬁps?thobgy
amengdigiti 2=cswelliagimmtwo or more joints. WO
2008/068171PCT/EP2007/062920 - 94 - 3= gross swelling of the paw with
nioeerthiar? éwil jéi Mesihvalved. d=ysievErerarinkitie @f thenentichpadresdcoma

Qi %I@eeﬁgthindex for each rat is evaluated by adding the four scores of
the ind?\“/iaual paws, giving a maximum score of 16. In order to serially

ngpswre disease &Qﬁ?&g@i%ﬁ] ke %[%%?i%r %'%&El?e

Yolume of (g iRy,
paws is also determined through the use of a. p %S%omete?l&t% e%}ﬁ}ﬁ’

oRtpRe Sty MRS Gaws Rhel ShEr ssedayart Haesen b Waidie! bovine
Sfmiménmi?@géﬂgtgl&gwcg_@imw%}dé@I&ﬁﬂ@@gu1ﬁ§m@w§@gﬁﬂ@:}@$@_ﬂﬁ1&@ume
ood Is co Cot Vé car |ocen_tga5|s,p§ (ma IS prepared using It [um_ .
pC A e s e L TR
artélyzed niafiantnatarybeytokine dexpksu(el. g-cafiNfma fbmbding| b6 from
t or.from homogenized jaint tissue, are-deteimined-usin
e S ST S stock (10
igdbrermilned mscaoedmpositeind eidmigesinlciinical scoresopewtzotdrastion in
ang Ristopashglogy;camparad i sontiel apimals. . 1a BxRmR'e 28L&,

Production Ass n TNFa-induced Human Cliondrosarcoma SW613~53 cells
SN CEHIE MR HA ST H AT ARTBIRE SAPFREIEITUNUYE CoHéstiBRIes:
angenrAIniained Rigrewth-media CansisingPLRMEMMrRdMPHItageN F-o
with 10% fetal bovine serum (Invitrogen), ascorbic acids (Sigma) and

ﬁ%ﬁ%‘ﬂ%?lﬁ\%ﬂfb@%ﬁfﬁﬁﬁ@? BRI e up in growth media and added m & volume

0f 20 ul per well. Cell plates are cultured for 5 h. Cell media are harvested and stored at -
20°C. Media aliquots are analyzed by sandwich ELISA for the presence of TL-8 as per
the manufacturer’s mstructions (BD Bioscience). The ICs, values are calculated as the
concentration of the compound at which the 1L-8 production was reduced to 50% of the
control value using XIfit3 in Microsoft Excel program. Certain compounds have an 1Cs

value ranging from 0.1-20 uM 1in this assay.



20 condition of 37C in 5% CO?. Cells are plated at a density of 1.0 x 104
cells per well in 100 pl of media 48 hours before the compound treatment.
Immediately before the compound treagment, media is replaced with 160
p.l of fresh media. Compound stock (10.mM) is diluted in growth media
and added to each well as a 10x co ted solution in a volume of 20
p.1, mixed and allowed to pre-incubate with cells for 30 min. The 25
leotnpBupeupeHIERIDVISO) is maintained at a final concentration of 1% in
all samples. After 30 min, the cells are activated with 10 ng/m1 of TNF-o,
(Roche Biochem). INF-a is added as a 10x concentrated solution made up
in growth media and added in a volume of 20 pl per well. Cell plates are
cultured for 5 h. Cell media ar sted and stored at - 20C. Media
aliquots are analyzed by san(msh ELISA for gﬁe presence of IL-8 as per
30 the manufacturer's instructi Fé] i#c]sotgnce). The IC50 values are
calculated as the concentr%ﬁon of‘the cof Eoumd’ at which the IL-8
production was reduced to $0% of the co)Qtqu(’&/alue using Xlfit3 in
Microsoft Excel program. Certain compg@undsihave an 1050 value ranging
from 0.1-20 p.M in this assay. - 95R ms,X* A compound of formula I:
(I) wherein X1 is N, N-R3, CHR3, C-R3, or U; X2 is NI)NH, N-CH3, CH,
CH2, CHCH3 or C-CH3; X3is N, C or CH, where X1, X2, and X3 are not
valesimaultaneously N; X4, X5 are each independently C, C11 or N; X6 is N
or C-121; where at least two and not more than four of X1, X2, X3, X4, X5,

and %6 arg N.aidayherethe hgnds between X1 and X2. X2 and X3, X3
and X4, X4 and X5, X5 and X', and X5 and X6 may each independently be

eitheg single,foubleor forman argmatic Jind.wjth the proviso that a
chenfi(call I%\’S%Hg’e structure fresuffs’  R'is -(cycldqﬁexyl)-RZ, where

cyclaohexyl is opti lly, substit dwg&fmeth [, fluoro, chloro, or hydroxy;
A s el O de S BRIRT R RV, e
-NH-, -5-, :SO-, -SO2-, -NHS02-, -NHC(O& C(0)0-, or a bond;

X", X7 are cach independently C, CH or'N;

X%is N or C-R';

where at least two and not more than four of X?, XZ, X3 , Xd, XS, and X° are N; and where
the bonds between X' and Xz, X2 and X, X> and Xd, X* and X°, X and Xl, and X° and
X® may each independently be either single, double, or form an aromatic ring, with the

proviso that a chemically stable structure results;

R is —(cyclohexyl)}-R?, where cyclohexyl is optionally substituted with methyl,

fluoro, chioro, or hydroxy;
R! is halo, nitro, ~CN, <CH,CN, —~OH, -NH,, -COOH, or -Y'R*;

Y is -0O—, -NH-, -§~, ~8§O—, =809, ~NHSO»—, -NHC(O) ~, ~C(O)NH-~, -
C(0O)YO—, or a bond;

R' is C\ alkyl, acyl. phenyl, or benzyl, each of which is substituted with 0-3

hydroxy or halo;
nis0, 1, or2;

R® is H or Cy.s alkyl;



R4 is C16 alkyl, acyl, phenyl, or benzyl, each of which is substituted with
0-3 hydroxy or halo; nis 0, 1, or 2; 1213 is H or C1"5 alkyl; - 96 - R2 is H.
-OH, -SO2N142, =0, -CN, or -Y2-Y3-Y4-R5 here Y2 is -C(0)-, -C(O)Nle-,
-SO-, -0-, -NH-, or a bond; Y3 is C1-6 aH8fene or a bond; Y4 is -0-,-S-,
-S02--C (OﬁglRa— -NRaC - NWC(0)0-, -NRaC(p)NRa-, -NHS02-,
-502RED-Tor@HondON °=R§’1s ex. @%m‘{,l*&ﬂcr&/elwaﬁ@l

heterocyclyl, Whereln R5 is optionally substituted with -OH or -NH1e;

wherein each R isindEBEndéHBINRSr-CI56 alkyli—, ~RE-is ¢ 2Chadlkyl,
-0R3, -SO2NH2, -NIliS021R4, -COORS3. -SO2R3, -NH2, - CONWRS3,
-NHC(O)RS,-N0223ma®;,_mlk€}1}dme7_dsdwdﬂidgen, halo, C1-12 alkyl, or NI-12;
or a pharmaceutically acceptable salt thereof 2.The compound of claim 1,

wherein X' is N, R3,6-R3(0r.0; X2 I%NQNHCN}?H%% Mok C-ChRriictd)... -

Iasré\I eogc%%z%?eéendeﬁ% %ng ﬁgﬁ&gﬁflm%@&ﬁ%{ﬂ% g z/(varf}e>r(e5|n

X4 . X5, and X6 ase each C-RI, 4. The compound of any one of claims Ito

3, wherein X3 isN St X2 eRa! 0°TReEbHipER IR BIcarly whereindiaiinentionally
to 4, whierglittRe isiOHO6! FheNidRTp odne:of emp dfésohdlgisngdnty 4 or Cy.4
whereigR1is benzyloxy and n is I. 7. The compound of any one of claims

1 to 4 wherein X2 is N.

R® is H, C1 alkyl, ~OR?, ~SO,NIL,, -NHSO:R’, “COOR?, ~S0,R?, -NI1,, -
CONR'R?, -NHC(O)R?, —CF3, ~NO,, halo, or ~CN:

7. 1s hydrogen, halo, C|.j; alkyl, or NHs;
or a pharmaceutically acceptable salt thereof.
2. The compound of claim 1, wherein
X' is N, N-R?, C-R%, or O;
X? is N, NH, N-CHj, CH or C-CHy;
X isNor C, where X', Xz, and X are not all simuitaneously N and
X*, X3 are each independently C or N.
3. The compound of claim 1 or 2, wherein xX* . X°, and X® are each C-R".
4. The compound of any one of claims 1 to 3, wherein X° is N and X' is CR?.
5. The compound of any one of claims 1 to 4, wherein R? is OH.
6. The compound of any one of claims 1 to 4, wherein R' is benzyloxy and nis 1.

7. The compound of any one of claims 1 to 4, wherein X* is N.



-97 - 8. The compound of any one of claims 1 to 4, wherein R2 is
-Y2-Y3-Y4-R5, where Y2 is -C(0)NRa-, Ra is H, and Y3 is C1,6 alkylene.

9. The compound of any one of claims 1 to 8, wherein Y4 is -SO2-. 10.

The compound of any one of claims Ito 99Wherein R5 is C1.6 alkyl. 11.

The compound of any one of claims 1 to 8, wherein Y4 is 12. The
EompblnacsrRedRe SRR tleons | whbraiheRSniK T 6 EKYE - Y3 Rhavhere
¥orispeli@iNRAnyRSnelof alaivisid (q Samierain Y4 is a bond, and R Is

C14, alkyl. 14. The compound of claim 3 wherein R is -CN. 15. A

sompornecsaiesieidram e 9oymsensisting.eh 4l v+ i ~80:-
4-(4-benzyloxy-|ndol-l-yO-pynm|d|n-2-y|am|nokcyc1ohexano ,

£44-(4:hro QQQ&}}'{%}%‘ imidjn-2-ylaminol-cyclohexanql;
4-(4-ind01(-§%ﬁ30-pyri'm| [ %‘;@?ﬁ#ﬁg}ggﬁﬁg%%@%‘% o%?yﬁ?é“a%lilayl'
-methanes fonyl t?yDamide; 4-[4-(4-fluoroindol- I
ﬁl)-pe)lltrl?n ?8%1??%%%6 e nag#% &ﬁmm;l to 8, wherein Y" is —S~.
444- 4-methoxy-indol-l-yl)-pyrimi.din-2-ylaminopcyclo@exanol; 4-
[4: (a-Fhery Rt efyny sparldiltizmg 1 dmind]-efsisheRano ks alkyl
444-(4-cyano-indol1-1-y1)-pyrimidin-2-ylamino]-cyclohexanOl;
Wi (4-iHepgorpyndpyrimidineefidminokaydohdxane tdrhoxyliadeigd R’ is ¢,
4Bhydroxybutyl)-amide; 4-[4-(4-nitro-indazol- 1
-y1)-pyrimidin-2-ylarninol-cyclohexanol; 4-(4-indazol- |
y ) py . . . m. |
ryD)- R Y BTRINGGY SIQREXAN0k N: _ N
[4-(4-indazol-l-yl)-pyrimi]din-Q-y am}ﬁ?)k-cf/sclo%}éfkyl ] methanesulfonamide;
{ .(4-i g - I-yD)-pyrimidin-2-ylamino-cyclohexanol;
j11;-(4-£ glzndjl‘g -y%ﬁé?ﬁ?ﬁ%éfr%ﬁ%%ﬁﬁﬂ%-%%%@dﬁc carboxylic acid (1-
methylsulfonyl-prop-2-yl)-amide; = ]
4-(4-%%5‘?{%%1‘5’?1%96% inl2virariBidipclonaraine cartekgeradid ( ,5-
dihy(ﬁ_fféﬁ@(—‘bémf-@@jdﬁmghipyrimidﬁ11—2-ylamino]~cyclohexanol_; .
4- ff]r'm@ﬁﬁﬂoﬁ%&iﬁ;ﬁ?@iﬁ&?ﬁzﬂmﬁﬂ%}%ﬂ?&%ﬁﬂg ccaarBtc))g)s:)3(z iltlzcag%d(}methane—
sﬁjrf ﬁﬁ’é‘%ﬁiﬁé‘p 1)-amide; . o
-(O-n azol-1-yI}-pyrimidin-2-ylamincd-cyclohexane carboxylic acid (2,3-
dihydrékyofbieroipdplamidepyr @8din-24¢l¢minadazelobeydpyrim
Id|n-Z--Yia(wrﬂ@ﬂh@yﬁlm?ﬂxﬁ@I%ﬁ?i@%ﬂ@aﬂ%iﬂo'}~cyclohexanol;
hyd rgﬂb@:él@fpﬁﬂ@cgﬁh L-yD-pyrimidin-2-ylaminoJ-cyclohexanol;
4-[4-(4-cyano-indol-1 ~y1)-pyrimidin-2-ylamino}-cyclohexanol;
4-(4-indazol-1-yD)-pyrimidin-2-ylamino]-cyclohexane carboxylic acid (3-hydroxy-
butyl)-amide;
4-[4-(4-nitro-indazol-1 -yD)-pyrimidin-2-ylamino|-cyclohexanol;
4-(4-indazol-1-yl)-pyrimidin-2-ylamino-cyclohexanol;
N-[4-(4-indazol-] -yD)-pyrimidin-2-ylamino-cyclohexyl] methanesulfonamide;
4-(4-indol-1-yD)-pyrimidin-2-ylamino-cyclohexanol:
4-(4-indazol-1-yl)-pyrimidin-2-ylamino]-cyclohexane carboxylic acid (1-
methylsulfonyl-prop-2-yl)-amide;
4-(4-indazol-1-yl)-pyrimidin-2-ylamino}-cyclohexane carboxylic acid (1,5-
dihydroxy-pent-3-yl)-amide;
4-(4-indazol-1-yl)-pyrimidin-2-ylamino]-cyclohexane carboxylic acid (1-hydroxy-
but-2-y1)-amide;
4-(4-indazol-1-yl)-pyrimidin-2-ylamino]-cyclohexane carboxylic acid (2,3-
dihydroxy-prop-1-yh)-amide;



4- [4-(4-(2-hydyprop -2 -yl) -indol- 1 -y1) -p y rimid i n-2 -yla m in o0 -cyc
lohexan o I; (4-hydroxypiperidin- 1-y1)- [4-(4-indazol- 1-yl-pyrimidin
FoyRminrgyclohexyl - 5 methanone ;  (3-pyrrolidon-1-y1)-

4-(4-indazol - 1-yl-pyrimidin-2-ylamino)-cyclohexyl - methano)gg?%?f%j/?%%ﬁ
- hyd roxymethylin dot- |_ -y1) -pyrirnidin‘-?g-ylamino -cyclohexanol;
4-[4-(5-methpyzindodnl-yl)-pyrin i_(%'n-z- laminol-cyclohexano|, .
4- 4-'nda§t-l-§%yrimg§i]ﬁ¥2-§fgrlﬁ{r’?o éayngo xaa/%%lhc%r BE-hiRoAXlg acid (1-
isoﬁrg(ﬁ'ﬂ Hﬁé‘; “AMIYE 4-indazol-1-ylpyrimidin-2-ylamino)cyclohexane
carquﬁi@a&ﬁd%—hhmpmh-ﬂ}_waimdby!) -pyrimidin-2 -ylamino]-cyclohexanol;
4-(4-indazefdtoyipypisnicin-2-ylaminelevelonexans, caRexiciacio 8 dRohexyl)-

s Metbexyetyamide;
4-(4-inq§zol-1- I yrimigi -2-ylamino)cyclohexane carboxylic acid
1,3-dihyd_wf%l¥é%){12§y¥ E ?dgéj—mdazob1~y1—pymmdm—Z—ylamino)-cydohexyl]—
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[4l7(‘6ﬂ’r1ﬁﬁ@ﬂ¢dazol-l-ylpyrimidin-2-ylamino)cyclohexanol ;
(3-hydroxypyrigliding i doindazohkpyrmidinrylamingk cyglighexy!

] - 20 mefh: @Qﬂ&ﬁoxy-ﬁ?fé&’ﬁiEXYSYOE?YIEE%%@ﬁ?-'}-?iﬁﬁéﬁ‘}gyrég%%?zﬁé?{'py”m ‘
n-2-ylam na)- clohexyllmethanorie ; T

4-.(4-in3ézz ol .%FWP&W%&?MM&W%%%W%W
3FORReRGaLMethylprop-2-yl-amide; 251-

[2-(4-hyelrbieytyeiohexylaimiag -pyiimidindyibrliindelsssolij4:44-jndazol-
1%693%%5122%{@{1&@ 0) -cyclohexyl] -morpholin-4-yl-methanone; 4-
[4-(4-a£r1n nain ol- 1-y1) -pyrimidin-2-ylamino] -cyclohexanol;,  1-
[2-(4-hyb{r6§<r§/cafc?lléh' tgﬂﬁﬁ%ﬁ%)%ﬂﬁﬁﬂiﬁm PLExnA qaEhsreE agibdxylic
abighratisi esnéde304-

[4-(5-netinilidaion - 1-y)-pyetmidin Rrfaginelmsionexanol i acid 1,5-di -
[%{%t@gfmggl-l-yl)mmidin[-g-ylamai)r%%cyclohexanol; ﬁ]tellf 4 1,3-dihydroxy
[2-(4-hydroxycyclahexylamino)-pyrimidin-4-y11-1H-indole-4-carboxylic

acid m%gﬁjrégggﬁ %i}%—) Qéﬂ%ﬁ?ﬁﬂﬂbﬁ'ﬂ%@)‘%%‘ﬁ&ﬁ?ﬁ@@lamino]
-cyclotébaarxerrelidiedza)-14y(pimitnidini 24gariind): cyslahexaneyclohexyl)-
carbbxytioegcid (2-hydroxy- 2-methylpropyeamide; 4- [4- (3-methyl in dol-
1-y1) pyrmidinaminolsFysiene: bi37 yipyrimi in-2- ino)-
A v el Zagpine)-evclohesyl-

ne ;
4-(4-indazol-1-ylpyrimidin-2-ylamino)cyclohexane carboxylic acid 3-hydroxy-2-
methylprop-2-yl-amide;
I-[2-(4-hydroxycydohexylamino) -pyrimidin-4-yl]-1H-indol-5-ol;
[4-(4-indazol-1~yl-pyrimidin-2-ylamino) -cyclohexyl]-morpholin-4-yl-methanone;
4-[4-{4-aminoindol-1-y])-pyrimidin-2-ylamino] -cyclohexanol;
1-[2-(4-hydroxycyciehexylamino)-pyrimidin-4-yl]-1 H-indazole-6-carboxylic acid
methyl ester;
4-[4-(5-methylindol-1-yl)-pyrimidin-2-ylamino] ~cyclohexanol;
4-[4-(6-fluoroindol-1-yl}-pyrimidin-2-ylamino] -cyclohexanol;
I-[2-{4-hydroxycyclohexylamino)-pyrimidin-4 -yl}-1H-indole-4-carboxylic acid
methyl ester;
4-[4-(6-methylindol-1-yl)-pyrimidin-2-ylamino] -cyclohexanol;
4-{4-indazol-1-yl-pyrimidin-2-ylamino)-cyclohexane carboxylic acid {2-hydroxy-
2-methylpropyllamide;
4-4-(3-methylindol-1-yl)-pyrimidin-2-ylaminc]-cvclohexanol:
4-[4-(3-methoxyindazol-1-yl)pyrimidin-2-ylamino) ~-cyclohexanol;



-99 - 4-(4-indazol-1-ylpyrimidin-2-ylamino)-cyclohexane carboxylic

acid (2- hydroxyethyl)-methyl-amide; 1

-[2-(4-hydroxycyclohexylamino)-py midin-2-y11-1H-indole-6-carboxylic

acid methyl ester; 444-(5-fluoroindol- 1 - 99 -
-y1)-pyrimidin-2-ylaminot-cyclohexanol;

4-(A-aAFBIAS Ay RtRIdim Eltemikisy By Liorebretoa oyt aidid (2-

Iy dmathoyliyD-mathyismfdayHethylamide;

A44-(Bmedy| %ﬁ?&ﬂl@i?)@}ﬂ?ﬁ%ﬂ' }){@cﬁ}%%%ﬁh?g&qggﬁcarboxlyiic acid

4-[4-(6-hydroxy ylindazol-1-y1)-pyrimidin- inoJ-cyclohexano
1E%%%ﬁ%l%y%l-l-yl-pyrimidin-2-ylamino)-cyclohexarte carboxylic acid
(2-hy@ﬂ6‘x@ﬂﬂ@thm:ﬂa¥“&ﬂ)ﬂ]ﬂiﬂgtdin-2»ylamin0}~cyclohexanpi.; _
4-(4-indazpil INYHBIHI MR MR Y HIONEXRNE SRRV AGL 4 (1-methyl-o-
é%‘ﬁ%%@%‘éﬁ?ﬁ?&ﬁg?a”&{%e : . o
E Yindazol- -y r|mlcf’m-z-ylammo)-cyclohexane carboxylic acid (1-
meth¥iktriferythsbaelaapdrhigl:pyrimidin-2-ylamino-cyclohexanol;
ﬁ-(é—h‘*ﬂ@i@lh&fk{&wh ; iﬁﬂﬂi;ﬁ%ﬂdﬁ_ nngCyEhRKANE AaraXYlis @itk xanol;

-(2-hygr -N- -amide;, . ) o
N-(4 %%i%i&%%ﬁ’%n%gﬁéiy iijl_:g%]l%lﬁier%? hcéiﬁ}%%ﬁgﬂrﬁi ﬁgr,boxyho acid (2-hydroxy-
2N"‘-r(‘f‘ttjfl?fé}-jﬁiﬁ"1ﬁ]‘)ﬁiﬁ]%&%}@?blohexylamino)-pyrimidin-4-y1]-1H-indazol-6-yl)-ace
tamide{4i(daindalzoliyyiipidimitiyinyainine)bysohexabexsaibmilic asidoxy-

¥ QRydmethyl amide;
Fﬁ- 45?%{ zoJ-1-ylpyrimidin-2-ylamino)-cyclohexane carboxylic acid
dime}%%%%H%%O?{Zﬁ)iﬁi?gfmﬁi@%éﬂﬁmp@'CydOhexane carboxylic acid (1-
nogthyispiaidinren Rivisokdgc 1 ohexanol;
4-(4-«i;n@l1aﬁﬁiazsoylwyﬂm?@m;'afﬂl§t?1@%%5}1_&%181%59489%%%& acid N-(2-hydroxy-
A% R hﬁ%r]og%n&ethylmdol- 1 -yl)pyrimidin-2-ylaminol-cycTohexanol,;
/.}] )(gcgm nblnéaezol-l-yl)-pyrimidin-2-y|aminol-cyclohexanol;
1-[2- i hgaeskycyérarisidaming)-pyelationanty13-tisridele-3-carboxylic
ac(i d ?mellfi')ll-esmrdroxycyciphixyl amin0|)~pyr|imidi_n—4dyi}~21 ITind_azolé—y})-ﬁcetamide;
4-(446-42- X/ i indazol-1- rimidin-2-ylamino)-cyclohex

a olﬂi(%%ggﬁ?}g%%ﬁr% %n%%lﬁg#%gl%& %rrlr?eqtﬁr)l%?é;% ‘fo%gano l;
CHARRE IS URSIHBLEAEL-1 -y1)-pyrimidin-2-ylaminol -cyclohexanol:
444-44beniasuifarlyindadist 2y Hepynopidint 2hdeminelreyelahexanol;
diayelipheylié4-indol-1-ylpyrimidin-2-ypamine; 1

-[2-(4- 0X lohex ino)-pyrim.idin-4-y11- 1 H-indole-5-carboxylic
acidﬂﬁ%%]négs%éﬁ;] -&?—%/rL%mé‘E%Tg'i%%%Fé'%ﬁ%}fgfﬁﬁ?é@l’@fié%éxanone;

4-(4-indazol-1-ylpyrimidin-2-ylamino)-1-methyvlcyclohexanol;

4-[4-(5-hydroxymethylindol-1-yl)pyrimidin-2-ylamino}-cyclohexanol:
4-[4-(6-aminoindazol-1-yl)-pyrimidin-2-ylaminoJ-cyclohexanol;
1-[2-(4-hydroxycyclohexylamino)-pyrimidin-4-y1]-1 H-indole-3-carboxylic acid
methyl ester;
4~(4-[6-(2—hydroxyethyiam;ino)uindazol—1~yi}upyrimidin«-2~ylamino)—cyclohexan01;
4-(4-indazol-1-ylpyrimidin-2-ylamino)-1-methyl-cyclohexanol;
4-[4-(5-benzyloxyindol-1-yl)-pyrimidin-2-ylamino]-cyclohexanol;
4-[4-(4-benzylsulfanyl-indol-1-y])-pyrimidin-2-ylamino] -cyclohexanol;
Cyclohexyl-(4-indol-1-ylpyrimidin-2-ylamine;
1-{2-(4-hydroxycyclohexylamino)-pyrimidin-4-y1]-1 H-indole-5-carboxylic acid
methyl ester;

4~(4-mdazol-1-yl-pyrimidin-2-ylamino)-cyclohexanone;



- 100 - (1,4-dioxaspiro[4.51dec-8-y1)-(4-indazol-1-ylpyrimidin-2-y1)amine;
142-(4-hydroxycyclohexylamino)-pyrimidin-4-y1]-1H-indole-4-carboxylic
acid; 4-14-(4-benzylsulfonyl-indo1-1-yl)pyrimidin-2-ylaminoicyclohexanol;
4-(4-indazol-1-y1-pyrimidin-2-ylamino)-cy@{bhexanecarboxylic acid
cyclopentylamide:
[4-(4-Shd2EResPiBgMnTiiee Byintineresid hekyTiesdiamicl sedebuty|

ester;l-[2-(4-hydroxycyclohexylamino)-pyrimidin-4-y1]-1H- indole-4-carboxylic acid;

4-[4- 1 loh I
AR o
444- Oi“H d%é’i“@ ;%)r/phlﬁami% Mh@&%ﬁﬁ@%ﬁhewd

apdepriiydanyidel H-indazol-3-y1)pyrimidin-2-ylaminol-cyclohexanol;
444-(-Anchazaki3t )y rmidin:2- yﬁﬂi‘fﬁ‘@} W&W%Tbamlc acid r-butyl ester;
clo

21 4(44:( zg[dl sox%zcﬁ.dna% ﬁ amln yclo @xan%]n B —
444-(F: %k%@n&ﬂﬁdmﬁaém 3 y@)fpwmmﬂeymminol -cyclohexanol;

j 4[2 @V{methxyiemijﬂmaamo&yll}myﬁmﬁaa % ylami?@]] @y&kﬂk@cﬁfxeﬁl |
uar 1Al amn0| coeano
o Qf}%@a%%ﬁ%%ﬁ% %%%ﬁ?ﬁp“féfm e R
4-(4-11 SUstriadera ZPﬂ Nyl %WQ%W@} cycloheanoI
444- ea{m@ﬂmmdaxaﬂsmwppmmmzywmapbw@@mmmol
(14%@@%@@9{1%@@@ gqyw%maw goatut ?do 'OX

aceto |I an (4-hy oxy clohex amlno pyrlml y I] 1
H- |nd4!; ol qﬁ%}&?)tﬁﬁ?%g][ﬁ RO OIS BB RS SH mant R Ring CIOhexanO]
comﬁo%ﬂ%iﬁﬁ@iﬂlﬂhlﬂt}aéobmﬁsmim@a@ef hydrolizindgoberapolinds

e g1 “%‘mgﬁg@[ﬁ?@gﬁmﬁ?ﬁ s e R Aol

i Wi
alko;? (&éi@ 3/?(3 ?g Pig cycPoaI ﬁyrﬁg{ gﬂ?’ ]ﬁf‘f)GCﬁﬁlvf?E TFRRH- or
C1,6 a{ﬁyﬁ&%ﬁﬂwmﬁ%ov@ﬂi@f@mlﬁ@rglm@@lmgma@@@&mm@inuemmb
lnde@m@*ﬁ%ﬁmgé&&yﬂ@‘ﬂ}ﬁzﬁﬁh @%lérﬁik@}%y@é&ﬁl&! }; C3.10
Cyclcgl“&' (Qeﬂ?ﬁ?@%)@ ccfc]ﬂgxﬂé}% %’ ggn%n in- 39 az(ggd Xgllo))gzj X3

and re as deflne in clai armaceut c I compasition
&SR A% ompound according to any one of claims Ito 15 and a

pharh%ééd@ﬂ@’ahychowpwh}hmmmnn) -b8rifhiéicemppubidsdeaarding-tobutyr-
agtlycone of claims | to 15 for use as therapeutic active substances.

16. A process for manufacturing compounds of formula (I°),

¢
-

)

comprising a step of hydrolyzing compounds of formula (V) to the corresponding

carboxylic acid,



19. Use of compounds according to any of claims 1 to 15 for the
preparation of medicaments for the therapeutic and/or prophylactic
treatment of a c-Jun N-terminal kinase mediated disorder. 20. The use
according to claim 19, wherein the c-Jud(N-tenninal kinase mediated
disorder is autoimmune disorder, inflammatory disorder, metabolic
disorder, neurological disease, or cancer 2 use according to claim
19, wherein the c-Jun N-terminal kinaﬁ@ﬁ%jiate disorder is rheumatoid
arthritis, asthma, type Il diabetes eimekgdigease, Parkinson's
disease or stroke.

R2

{(V), and

a step of coupling said carboxylic acid with a hydroxyl Cy¢ akyl-, C alkoxy-, C1.¢
alkyl-, Ca.yg cycloalkyl-, heteroalkyl-, Cy.¢ alkylsufonyl- or Ci alkylsulfinyl- amine;

wherein R? is COOMt or COOEL, Re and Ry are independently hydrogen, hydroxyl C;.
akyl, Ci alkoxy, Cys alkyl, Cs.o cycloalkyl heteroalkyl, Cj4 alkylsufonyl or Cig

alkylsulfinyl, Z is N or C and X', X%, X° and R! are as defined in claim 1.

7. Pharmaceutical compositions comprising a compound according to any one of
claims

1 to 15 and a pharmaceutically acceptable excipient.

18.  The compounds according to any one of claims 1 to 15 for use as therapeutic

active substances,

19. Use of compounds according to any of claims 1 to 15 for the preparation of
medicaments for the therapeutic and/or prophylactic treatment of a ¢-Jun N-

terminal kinase mediated disorder.

20.  The use according to claim 19, wherein the c-Jun N-terminal kinase mediated
disorder is autoimmune disorder, inflammatory disorder, metabolic disorder,

neurological disease, or cancer

21, The use according to claim 19, wherein the ¢-Jun N-terminal kinase mediated
disorder is rheumatoid arthritis, asthma, type II diabetes, Alzheimer’s disease,

Parkinson’s disease or stroke.



