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conprising these 5 conpounds and met hods of using the sane, either al one or
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di sordersy. %BS@T'U?@D PRI OIS - ﬁﬁ(LL@ARG;d)b&NHDEF@@Nﬁ’@)IﬁIQDS'ANM'ME‘PHOE‘S situ,
and in vivo diagnosis or treatnent of mammualian cells, or associated

pat hol ogi cal conditions. Pimkinases QF &¥SEani |y of t hr ee hi ghl y-rel at ed
serine and threonine protein kinases 10 encoded by the genes Pim1l, Pim 2,
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30 on the Ser112 gatekeeper site, suggesting a role for the Pimkinase in
cell survival since phosphorylation of Bad increases Bcl-2 activity and
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over expr eBRd4ard: Merdanalg & ¢l tfamdiinasgsehospierylatermpbioiotieeen Bede1d/ 063069 4

- progressi 1 BU Lin & - e NS sihanof (Rijm; ' nessi on of
prostati C%&@ﬁ%&?ﬁ %lgﬁ%lg%%d |(g&%§{ahﬁﬁ ?gg())i(g)(c\%lrﬁ.l&% 9?@9%57&%812 8;
DhanasekaPam | &tinaaé probedtenieadttivenondf the pgresdptaticBahpotesr by plosphaytaging it

cancer,,. Natyr 01 ol. 412 (6849 . .822-8). PimJ1 expression
o el ecbhherset Gaatart s site Sub Rt Rl 683 Al kina e i oElf LR REL MBesrcer
progressi ihspKdrfaibn BF BaPRRRaSEABIIM doYivR aMﬁére%&%g%ﬁ&t%@ céIPsSviohl (famgct i on

in a nouse nodel of prostate carcinogenesis, Proc Acad Sci USA (2002)
vol . 99 (&)alBMCFEBS- ItterF2004) vodsSdérd) pepbi-P cbmipirine et HeProtadn synitlgsisy
overexpressed nBRNA in the subset.of human prostate .tunor .sanmples whjich have
2 o N6~ dPioae g gl my R A SO i A TP b etp kel i Ay it

prost ate Rak&asi. Bhadgs00m Ivepulm(g)f@au SITL37 )WL likewliCk, PHEFHRoAYAPinalfRTRABION S.
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Therefore, nmultiple lines of evidence exist to support the possible

t herapeutic val ue of Pimkinase inhibition in oncol ogy. Beyond these
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systemfuncti on and Piminhibition coulg.-be therapeutic for a nunber of

di f f er ent rh oo R ARG S IRB SN RDI 18 2dH M6 h UsD O hhdBdeA TPREh R t@ﬂbﬁbme
conditions, allergy, and 1 nmune suppression for organ transﬁﬁ)}@Q antation (Aho

et al. Ex@mésmpmsmnﬁmmmvmhomﬁmn@f&@&ﬁé B, e@d CdedsSe Q’ﬂ@@llﬂ@tted by
Py aronDPRTRG! At dalfe Pl 8BS pefittn BRh-3RiliRe BEE C¥Pey Froshfitiosy o Tre

| NVENTI ONInfj1R atiovwerdt iherPimel -afeeRitdienretalonyo fitee dMerhsdratibg pethiay RyBiodi n- 3-y1)
car boxam des of fornul a g and/ or sol vates, hydrates and/or salts

t her eof) Ghem (B kphade ipén H865Ri6%: Bachmsdingy 2 |T R QFCAZRICIFHREY frepainoyi t y .
Th f Pi

Ihe COMPOURE Ak | UFRhTHENCHINETACI RUE, HASEUM Rt il r S of P
t her eof aCéc25€eintl) BiaclicheCtit Bailr@(ﬂ%) @61 BY & mr. GBOﬂGrWanget adli sorders such as

cancer. 2011/ 0298 CT[ E 1 /.0630 - - NI. H wherein: X is N,
S, or 0; g&ph%ry Onra?t?*@ ce r° ¢ IHRjAr ggctPHZWAfﬁa{cle-%lP@%P@haﬁ 0 at the
sane ti negp: \ktro, cyano, alkyl, alkenyl, OR4, S
R4, sozgz;Bmg% “!R%,Ct@ %1 hch%)yph(%ﬂ)sgz, "NRAC(0) R4, -C(S)N(R4) 2.

- NR4AC(8) RAim kinamﬁéﬁ) lN(eRAh)nﬁ icat ¢dRAGHE)iplcRAN N onﬁ«i]@@y MdRAyi2ns. - [BEANQRE) 2, -

Cycl bal ky o TRBASHEG A ket JRIorie 37 I ke AL o1 oal k1

het er ocycﬂua@rkwerb@cwt al. Mlc@séa@fngaﬁaft rmﬁn@@tah@ Bhi- }51rﬁllt1§in's§éh%§desyéﬂ&§1 one to
three R4 groups; R2 is hydro hal o, gl) cycl oal and
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20 Pim-2 expression, resulting in IL-3 independent growth, and subsequent pim inhibition
results in apoptosis and cell growth arrest (Adam et al. Targeting PIM kinases impairs
survival of hematopoietic cells transformed by kinase inhibitor-sensitive and kinase
inhibitor-resistant forms of Fms-like tyrosine kinase 3 and BCR/ABL. Cancer Research
(2006) vol. 66 (7) pp. 3828-35). Pim overexpression and dysregulation has also been

25 noted as a frequent event in many hematopoetic cancers, including leukemias and
lymphoma (Amson et al. The human protooncogene product p33pim is expressed during
fetal hematopoiesis and in diverse leukemias. Proc Natl Acad Sci USA (1989) vol. 86
(22) pp. 8857-61); Cohen et al. Increased expression of the hPim-2 gene in human chronic
lymphocytic leukemia and non-Hodgkin lymphoma. Leuk Lymphoma (2004) vol. 45 (5)

30 pp. 951-5; Hiittmann et al. Gene expression signatures separate B-cell chronic
lymphocytic leukaemia prognostic subgroups defined by ZAP-70 and CD38 expression
status. Leukemia (2006) vol. 20 (10) pp. 1774-82), as well as multiple myeloma (Claudio
et al. A molecular compendium of genes expressed in multiple myeloma. Blood (2002)
vol. 100 (6) pp. 2175-86).

35 In prostate cancer, Pim-1 has been shown to be overexpressed and correlated to disease



together with the attached N atomto forma 5-7 nenbered ring having
additional 0-2 25 heteroatons selected fromO0, S, and N, said ring being
opt i onal lwoubhgkbgont ed with one to three R7 groups; R5 iPeTHP201006D69 al kyl ,
cycl oal kyl, heterocyclyl, aryl, or hetegoaryl, wherein said al kyl,
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- C(0) NH( QuevAaRRYOF THEE(MNYBNT1086 al kyl) 2, - N( Cl C6 al kyl ) C(0) ( C| Cb6
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(I) (and/or solvates, hydrates and/or salts thereof) with Pim kinase (Pim-1, Pim-2, and/or
Pim-3) inhibitory activity. The compounds of the present invention are useful as
30 inhibitors of Pim kinase. Accordingly, the compounds of the invention and compositions

thereof are useful in the treatment of hyperproliferative disorders such as cancer.



0C(0) NH2, -OC(O)NH(C1-C6 alkyl), -0C(0O)N(C1l-C6 al kyl)2, -NHC(O)NH(C1-C6 5
al kyl), -NHC(O)N(Cl-C6 al kyl)2, -N(Cl-C6 al kyl)C(0)NH(Ci -C6 al kyl),

-N(Ci - C6 wblkeyl1ye2fsdp N( G - C6 al ky1l) 2, - NHC(0) NH(Cl- C6 al kylCr/EP2046iIG65pN( CL- C6
al kyl) 2, -NHC(0)O0(C1-C6 al kyl), and -N(£1-C6 al kyl )C(0)0(C -C6 al kyl); each

Z is independently 0 or S; each -_~repsesents a single bond or a double
bond; and 10 with the proviso th e bonds between X, Y, and the carbon
atom bearing X and Y are not bot bl e bonds and are not both single

(rer), (rv), and/or (V) (and/or sol Rates and/or salts thereof)
and a carrier (a pharnaceutically acce e 15 carrier). The present
invention also includes a conposition éfor exanple, a pharnmaceuti cal
conposi tion) conprising a conpound @f..fQf ﬁgla (ry, (), (rery, (rv),
and/or (V) (and/or solvates, hydrates and/or salts thereof) and a carrier
(a phar nawhet’emcal I y accept abl e carri er), further conprising a second
chenot her gpeut | ent. The present conpositions are therefore useful for
i nhibiti %{SI >cell gromh 20 or treating a hyperproliferative

di sor der YQS@HW;“S?& Of ProvRIXAMR & addUWBRY) not WD gtsthé:@eﬂﬁ@ﬁme-rhe present
i nvention includés a method of inhibiting abnormal cell growth or treating

a hyper prBl isfhértad o, ey ddoxsds wieno, cyrne, atlrntaklkehdr O@@arﬁﬂe SQuRan$Oskah-as

cancer c tery aid r ically effective
anount of %§J©§W§9 T%ﬁﬁg §) CW‘()W F])Q?{ sﬁ{“ahd/ or (V)

(and/ or SNIM@(@})ngEaINR4@IQQ6N(R§B| L@)@(@mg{))z OIS@,ERPYsi tion thereof,
al one or in conbination with a second chenot hera eutic 8ent The present

i nvent i onN(ReIS§ads:, aN&B@hiﬁszRdsim&QﬁNfﬁ&s&ﬁ YORpoudd§OPOR4 N vitro, in
situ, ;gnd, cloa;ﬂﬁyloh& p ﬁ<| rg §9B§E§e Y %@Mkéﬁ%g@' ,.organi sms, or

associ at e rogl cal “con hposI ti OnS hods of the

i nvent i onharfamcpﬁow&gf ukyli 6r Bletoaeyltis epticmilly sabstautenmitopat i iheeoRY i gnancy,
such as non-Hodgkin's |ynphoma, diffuse | arge hematopoietic |ynphons,

bonds. The present invention includes A conposition (for exanple, a
phar maceutical conposition) conpri smmound of formula (1), (I1),
ate

follicul agrolupﬁfphoma mantl e cell |ynphonma, chronic |ynphocytic | eukem a,
mul tiple eﬁl\,fraloaﬂg{,jl\/%do;iﬁ C@ﬁpoﬁbtz' OR§ oM |5nh| bit tunmor growth
in nannals an be use éati ng hdman cancer’ patients. In one

aspect, tReisi-DN@&n)i,dDRE Nollodyslaalkydt voctotyrlodlkel, Br§dad)mtmn¢roalfyl,awherein
hemat oietic 2011/ 029802 /EP 010/ 063069. 8 . anc r| si ng
i ni1St ePThEYSIOthEr BBt B Al Ao bl ABHABHTY BERUNATS BAtgicpy
al ternati @nntQ & %@Hﬁ?—lpromgd ﬁia'ﬂvdiﬂéﬁ}t hexapgut | isCS GREDRO AN Conpri ses a
therapeutically effective amount of a conpound having formula (1), (I1),

(rrery, (Ip/lperaam/l,or (V), and a therapeutl cally effective anount of a

Zh?erE Qﬂ?a I I(S:- a_ eisldeéltlirilj—l é:lf(eld cycloa 1 he?eléoclzy%liloalfk};loerlryf lfqeperoaryl halo,

e ! | 3, 792 A- hol
(e”?usyz33%5“8%)7?8@%59?5%’%0%z°3(?3?ﬁ£¢(§”?§25£ RN U i A

51( 18?20552&1?\553121)&(%11)&@ KRR WE(=ZI0ORDCNIOL (= Z)ﬂSE(Re)a,tdﬁ]thOzﬁe aO@@d)Raw ng
Formula A, 0

i nopyr | ORI TRy~ A By $(QLRo NS HERA EHEE, Bidiplyhicnelortiod- 10
T M
Pl M si ngl groagenindi whérbirt tora R{sSjttashadricnidreNafrd-N atorn are optionally taken
o nopt ber b LML - 2o(2.6 o oropheny AL a0l ¢- oo boxam
and FosMi@croatoms selected from O, S, and N, said ring being optionally substituted with one to

three R groups;

Rs is H, -CORes, alkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein said alkyl,

cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with one to three

R groups;

30 Rgis alkyl, OR4, or -N(Ry4)2;



15 B on multiple myeloma cell line M is in a 3 day proliferation assay.
The in vitro cell survival and proliferation assay (Cell-Titer d o,
Pronega) weasuredsozi abl e cells over varying inhibitor ceccareedbsmes (10-3
to 10 Relative Units, wherein a Relativg-Unit equals 0.3 mcronolar for
Conpound @&ch®R3s ridepandontdy Hf alkylFoydied sy Apctenody@yllanyl, &llewmr}alr haﬂo,rCNor mul a

oror ot b ey 0SB bR EE bR L PRLR OB (0 oo
Eg) 65d?m lr}gl‘ ol\%ﬁaf&%) ﬁgsggﬁlzml ggﬁ%oxar‘?}g&{)%dlm%%g{ S%CI&Z?’rp ie 3) and

chenot her aPEEZN(BRGR MK ORC-O@HIR s, dex(BL KRS svirercih edidhikghriyclealkblor t ezom b,
and nel phal an. 25 Fi ggre 3 shows a pl ot of Conbi nation Index values fromin

vitro Aul BStpiogysyle pii nct:léqtqzroaﬁyh@rempﬁpnﬁlbfr%bﬁtaﬂted%ﬁweé@ ke Rpgroups;

conbi nat i

(35 am AT REEEY §g Ros atached to the samg X atory, are gpigrally tykgn foggthqradth Ly
t hi azol e- theaantiadNratden tbG;‘on‘maljnﬁnﬁmbaearmﬂgélaamgaﬂdltlohﬁrﬁat heteapeuwtd ¢ agent s
GDC- 0941, For B, AKT [nhi.bitor MK2206, TORC1.inhihitor rapanycin, and
MEK i nhi bﬁqw%@ﬁs%@& NTﬁaéR\f/lagG@@gm&}wlwest%ﬁegml@t% afitst Ky he' E0S0
of the doggnhgsponse curves which were simlar in nature to those
exenplified in Figure 1. Each dot in the plot represents the test results
obt ai 16d wichiRsas dideperdendy Huhlkilp bﬁcl@g&bﬂzlphﬁemeydlyll anyg omn'hbﬂercaryij lifler-€iiy,

conbi nati on of test agents, includi Fri]lg Conpoun pl us a seco

chenot heraggllfﬁ’l c,Cagelﬂ 2aLiHapdkdd—9 Pﬁ‘é §l§5cﬁ§§a'c6ﬁﬂ<é’l)ho§€czo@ﬁt9ékylh ne on

comtt nat i onror YHLU-GoRRTL s Gt booiRSbelPeiShs of Reflo U8 Lo gure 4

shows dosgﬁdmSWNQUL@@W@@%Qme@g@)MCIx@mH@m cRtLol values as a

function of test agent concentrations for the multiple nmyeloma cell |ine
KVMB11l. Thelkyb€((DX €:1-6btkkiyhedNHENO)(&h € sradipi e s&MtHdi ¢ e Cohlkal)t oNET-Gf t en

i B it Pt U Sl G 220 0 o
4-(3- -4-
Fboxam de- CEanatd s R R OB G e R G i

and comnbi Q]ﬁﬁl? ONSHCONG@,-CHligH, £-18(Ghoyak APSE NER PITS @AY, VRECAE &

per cent age of vehicle control val ues as a function of test agent
concent r atlkph€(@M(Cr-€lsatkiybe, -tMHECEO )NIHC 1t Crealloylh sSINHE( QAKC efs eyl i ne 10

celi 11 nes TsOIRCs dRdyer et BN RerdrbiD rbrisv SR aceay -

conpangs
(5)-5- gm ?}g&% la&-%;?rlc}ﬁ%%l aprglr |05P%terloa9’1 X Oﬁulocl}alr?’ %ubSt t)ufeéi-\?”th %nedtioft uorophenyl )

t hi azol e- dromps bddocasd ﬁl@lldl@l@ﬁp@NﬂdO@Fg,B@F@pl—N(B) ClFGg atitlyla —OH, ard, tS1€
conbi nati on t hereof. g:tgjre 6 shows dose-response curves as a percentage of

vehi cl e coRf¢ofs ?/lhb’lﬁgss( Ga allyly olvéhi oNHEF1-EeslkylgeCicdondieriir a@@dﬁ‘s for

" epr osent bt 000 8T T Aibeet NSO IE CefIET BN e a1

Tabl e 3. Ephﬁgﬁfﬂm(@ I raeone, id anaf), amm@)fcat@g %ﬁj{lkaﬁﬁ@mg@m&f es

singl e agent Formul'a A'to conbinations of For i ncreasi ng
concensr aalkyhs MC ((S) &IEYI)SOQ(Cl Cs alkyl) SOZNHZ, —SOzNH(Cl Cs alkyl) SOZN(C] Cs

am no- N-(4(3 anm no eridin-| § rid|n3 % 2(26d|fluorophenyl)th|az
ol e- 4- ZPa]&Xlrh(T%pS]@E‘@ Nﬁ M%cf?@alﬁybhoms t he rrean
(umor vl sy sPaCAc kel Of e b G i SRR SLAT e
starting eRyGayN@ Vi diky }ew)S(E,- (:Qaﬁzgw) BN cé:\at\]lfl{mt% alky®), 2KHTwesR(@0 in DI

Water); si ngl e agent therapies:
(S) 5- am @@aﬂdybﬂ-—(NH@(I@)ﬁXﬁﬁl ferikgl)nand25N(C;-Cs alkyl)C(O)O(C1 Cs alkyl); and

Y Elin] B ARG oo cista N SR M oe A B ko RS S Vane he
Corrb' nat i 9Rhef Noatord Qo fRRth 59 Iﬁaﬁ%&ed 15191 ﬁavnég ad%ltlona(l 8 -2 heteroatoms selected

-am no- N- (4-(3-am nopi peridin-1-yl)pyrid
di f | uor opfiemy®) $.hind 26 Isaid 4ingdrenpantioda Ly Cbstioteddvid orExtamimee gB®upandect& ny/ kg

change ovEPPostasetr P anct Th H0% ﬁ%e&gbeﬁﬁﬁﬁgﬁwaﬁ{@é i
_ A |
on Gay 0w CUBRIET . SR GERaar | DGLEL kg SR R SORhTer)

singl e agent therapies: 25 and 50 ng/ kg (S)-5-am no-N-(4- (3-

am nopi peridin-1-yl)pyridin-3-yl)-2-(2, 6-difluorophenyl)thiazol e-4-carboxam
|de 35 (Corrpound 3, Exanple 3), and 75 ng/ kg GDC-0941 Formula A; and the



WD 2011/ 029802PCT/ EP2010/ 063069 - 10 - 5, 25, and 50 ng/kg (5)-5

-am no- N- (4- (3-am nopi peridin-1-yl)pyridin-3-yl)-2-(2, 6-

di f1 uor ophenyiimbsoazol e- 4- car boxan de (Conpound 3, Exanpce/E®romnesoéd ny/ kg
GDC0941 Formula A. Figure 9 shows the ngan tunor vol une change over 18 days

in cohort5c9%(c$@6fau{plfec§omﬂp MYb)ﬁH(@]Vg%] "{@5@% nem&g% LN(@Q%%d

daily (po, starting on day O with: yIceIquse: . 2%
Tween 80 alhylﬁlli(()l)éa:ﬁcg aﬂqyl)ngﬂﬁce@){m &h&y@pl—ﬂﬁS(ﬁ(CQos al&yﬂd SNyl kg

(5) - 5-am no- N-é -amnoplgeridin-l- py|d|n3 -2-(2, 6-

di f | uor opHEYN$Q1(Ri-4z 6lkeDa=2 QB arl alkyd: BS ealigyl)2, and 75 ny/ kg

0 5 am kIR SoGRNHIE LR BUOLRINL: 2 af1). 2B .

am nOp‘Speélkﬁlb WNH@{ONUI 'lﬂ%zi)g QN(%I(@@ aﬁk;@)ébgﬂmé ey l)hLﬁ ' L€; 4- car boxam
de ( Compound | e an 941 For nu |gure 10
shows t healhﬁla@(O)N(rﬁr Cvcalklytm M@@)NW(& (%&HQ&){SNHC(@N()@L& alikys;_c,‘l D Bei ge

mce with OPM2 nult nyel oma _xenografts dosed dally for 21 days (po, qd
X210 st ar NN @My GIRIE nd VANE oo aaDEW MUChyIUIL ose 0. 254 Tween' 80

in D Wit@ac)l'%_ %an%%egﬂ @e&t therapies: 5 20, and 50 ng/ kg

(5)-5-am no- pi per’i di n- 1yl ) pyridi n-3-yl1)-2-(2, 6-di fl uorophenyl)
t hi azol e- 4- cartr nd 75 ng/ kg GDC- 0941
For il a Ao, ad REEe e heoRdht atTopeibing, 20” and 90 gl kg

(5) - 518mM {Qh %e(ﬁl’o(zéo % HRMoRES béi{)v@ean)’Y) M thdcBbn ¥ébhr Qe‘ah%g@f and Y are
di f1 uor ophenyl )t hi azol e- 4- car boxam de § npound 3, Exanple 3) and 75 ng/ kg

GDC- 20 omboFtodqnblleaqudé pmi argdok path singicgeands.11 shows t he nean t um)r vol une
S? o8 ? at vaﬁ%fﬁseéli‘ﬁven 2%%131? 3{5% 5 %P&%%O&l%)ﬁ??}geéﬁf&pf’éqa;“oﬁasf%w?%%lgon day 0 wi th
For ”“'1?3‘ Aharﬁ%? jﬂfg&%m n{l%hh&{‘a g(li m%%_dg?% Iégrlppgﬁltrllo_lé(_f?/rlsx_agl_p%ez ag

(5)-5-am no- am nopi peridi n-

di fl uor opﬂslammhd@hbamh@oﬂtlcﬂ)rdmmmmr@a {oagopad o fo3mubx@)pelig (B)),40d), 75 ng/ kg
GbC0941 For la A Refe[lyenczhv(\{lg1 now be de in detail to certain
y

embodi ment VD kindFieleics Shiiday salts BFreRRiaeA a4 (3 ustrated in the
accompany descri bed
in conj un%lgé?%lﬁée\ﬁ/l\nﬁg %H{&Ee%ﬁﬁﬁéﬁl dﬁlztrlrlte)% n@ IStHrgea k&xﬁd]f:ﬁ&ﬁbbetml}%%eg?igt ood t hat
they ar e agent. | Hliceprdeedt t@nposmdnsafaethﬁmfmnumfml ﬂoonthﬂnwg gmbodalnehtgsowiBn t he
contr the .inv nt|0n15|nt d to cover aIt atives

odi f 20at PRSI B R Y ERRCH™ Ay b= (ot S FERIHS SR Scope of
the presegdycévention as defined by the clains. One 35 skilled in the art
wil | reco%nl ze many nethods and materials simlar or equivalent to those
WD 2011/ 0 @fsmzmrﬁrﬁpmmgmgmmemdnfmwnmelanom@alecrexﬂ growthedr tecstingla be used
i n the practl 8@l \DeBIEIENL et IR rlle RIESS Mo AXERLLADL S Y

way li mit ed o ]t thods” and et iral S Jeer e h The event Pt Hat one
or nore Ozidrhlhfstdri’mg(ldi @zﬁd@iaﬁ}ﬂndtllattﬁérapéiﬁﬁalljﬂaﬁf&iﬂﬁls amanﬁlt dlandondoupdberi al s
differs fromor _contradicts th ‘Bpllcatlon including but not limted to

definédd t©rmila e fHh. 51145 4B, al&ﬂé@]b(r t{éﬂ@fi/@lé@h‘fﬁtfiﬁu]é‘édrat@if andier gaft eherqop) af
appl i Cat' ﬁ&?{[{o ltﬁﬁregpglotngrom ' nitha at1 A it Qect]ﬁégﬂll ({tﬁér ISe?mE% Gsat urated

l i near al 1 nonoval ent rocar on radica one o t wel ve
car bon at T)hEpreQ’dme itvention' inohwees @amksthiod oﬁssmgdd: freseat comefuads faron airmair at ed
| i near or branched-chai n nonoval ent é'd{ﬂ??%ir bo radi cal of one.to siXx

car bon at i SN SRSNOSISATEPAtIGY 16’8!86 IspRfean@s rftasiqciaitded t o,

met hyl pathological conditions. The compositions and methods of the invention may be useful in
30 the treatment of a hematopoietic malignancy, such as non-Hodgkin's lymphoma, diffuse
large hematopoietic lymphoma, follicular lymphoma, mantle cell lymphoma, chronic
lymphocytic leukemia, multiple myeloma, AML, and MCL. The compositions may
inhibit tumor growth in mammals and may be useful for treating human cancer patients.

In one aspect, the invention includes a method for the treatment of a hematopoietic



10 (Me, -CH3), ethyl (Et, -CH2CH3), 1-propyl (n-Pr, n-propyl, -CH2CH2CH3),

2-propyl (i-Pr, i-propyl, -CH(CH3)2), 1-butyl (n-Bu, n-butyl,

- CH2CH2CHR6H8)1/028800et hyl - 1- propyl (i- Bu, i-butyl, -CH2@B8¢EH3)18)063089 but yl

(s-Bu, s-butyl, -CH(CH3)CH2CH3), 2-methyl-2- propyl (t-Bu, t-butyl,

- C( CH3) 3)malignpeit gdmp{risipedinyihister okl G2 (42GH2 GhiBinat i@n ﬁBEa‘lt:(yfhbl(led

CH( CH3) , 3-pentyl CH( CHZ 2), t hyl but

(- m%@@ﬁ%ﬁ)n onyley aéteﬁwﬁy %w@ﬁ%r%w(pa% em leatﬁsa hyl - 1-butyl
CH2CH2 Qd(‘xg{g%s%) thefi eﬁ?éahy leff%ctméta}'ﬂo (1f SH2L Q?%drm&a hgx(ﬂ)

CHZCHS

E-CHZCHZCH CHZCH3 2- hexyl (- CH(CH3) CH2
(- CH( CH2@3),((THR @hW@FBW ) anda tfetdwhu@llp@ﬁbg/thve(a-mcﬁm&{ea W@@)lg agent

(- Gy che ey 3R b bR BN B0 6) 2 ety -3 -

20 tylc L CH3) 2
5, 3 i T Y B o B e he | ke,
The term208840@ﬁ9768 U@fUrSQO% PlOnllweatalcﬂEOQ&)dmrhe ﬁa@lirﬁnmﬁdélﬁaﬁém 5532),

hydr ocar bdn r%ldvlncalGI%CO?\ﬁgééenen hvl%c an%% gom th aés) ﬁhs{(%gge site of

unsat ur at§ on EArD al kenyl

radi cal lmha@eﬁmﬁads@@Lﬁn{e&wﬂngno@hshnomdno[Brzacﬂq;aynﬁlﬂhﬁm entations, or
alternatively "Z" orientations npl es i ncl ude, but are not

i mit&d t%)m@bﬁgﬂlﬁfﬁ%mdrylwr%gyrirqxwalﬂ)onea(ﬂ%ﬂo% @A ppng Faraule e | ke.
The term "al kynyl" refers to a |linear or branched nonoval ent hydrocarbon
radi cal JdPRIERODESCRWETN @&rHéEMW%N@St h at | east one site of

i b | ude, b
e not 11 4B B SER R oo P LR SR SR 5 ey and

the like. anT héepip&tidin-1cysyeidink ylyl)-7-€f, Gfd$ﬂddi?01ﬂleﬁ?lﬁ‘mm&%fﬁ—cd}%ka@ﬁ1@émtl c,
saturated or partially unsaturated ring having 3 to 12 carbon atons as a

nonocycl |(€0mpﬁgn<b$ Igxampla 3), epd Bosenzhivationa yith GPE oK @OWW@AW@:QW | ower

At ur i oo 8 FRANIF SpREE I ERAR 9 05 R PRYG o SO0 BT Seele o

nonocycl isorvivaignd ﬁrcs:hferhnm ma@((ba}k;Tm (hlamegle@a) meébareatm‘Ge cdhly dver ar r anged,
WD 2011/ 029802PCT/.EP2010/ 063069 - exanpl e, as icyclo [4,5]
[5,5], [5/a6yingmhpyt 06]°°%%?§Ef%tﬁﬁnséh‘b 9 %%?lﬁfevec‘é?%a@ae&a Hﬁ@flﬁ@ @ltaﬂuaﬂ@) ring
atoms cam H&igbiBngest é‘fm L{ﬁ'd@’ @b%ic?orﬁ%lalofor [anﬁllla%y $h&h rﬁfcr(ﬂﬁolgrr foflged
systens such as blcycl 2. 1] heptane, bicyclo] 2]octane and

bi cycl o[ F2mBlar®nane. Exanpl es of nonocyclic car bocycl es include, but are

el Sl B R M A Dot B
1-cycl Oh%n%aﬁﬁ% b@mﬂmﬁﬁ{&{sQﬁ%S) ?Laﬁﬁbd-N (qy(gléhﬁlﬁéﬁﬁ é&ﬁﬂilrylgig@lhﬁb
cyclooctyl cyclononyl, cyclodecyl, cl oundecyl, cyclododecyl, and t he

li ke. Ar(&ll6 dlﬂ*e@mh@y:lﬁﬂnm drenrbry |(€0ﬁlpd1d érEj@mprlQa%ﬁ adl of 6-14 carbon

atons derjved the [ eny 0 t ma sin arbon atom
of a parenlfmgthgrrgﬂltlca %%Cq{%? e?eﬁ {ha Ena ge létezroepk) nted in

t he exenphéphalsi.ructures as "Ar” AryI i ncI udes bi cycI i c radi caI S
corrpr|S| ng an aronatic riglgO fused to a saturated, partially unsaturated

ring, 2or Hewhetshews amis ©f Elombinsiion dpdexgelpes ifr@mmwgtro mpidamysloma @Houps

| ud I
substi ¢t SERh aliall ool HAREROT, S-SR AMALAZERE RASAY )
1, 2- di hydlr-pll)laptdeqn)eZ (lb&ilﬂud&ﬂpﬁ&lyi)&ﬁdzﬁl@ld&ﬁlb&pdrh&ib (Camgourie3, |HxkmplcThe
t | het et | "
' nt chhansé RS hehgnciak et DG-90 T darrared Rt iR 2 S L at ed
(i.e., hquegona By il MEK%ﬁme 08b 50 INThECa It NGhwhal BeeNEhheqr adi cal

of 3 to 14 ring atomns i n which | east one ring atomis a heteroatom
sel ecB@ed dt tlenkInp@ oDihe dpscoreyrmpane andess\uhrf:hl werd fimilpemaianiragp thosgexanmphgic@0

Pﬁdggegdéﬁ?ll%}lr P]ﬁacglrﬂ? t%ﬁﬁloéggﬁ%sgfrﬁi%dﬁ%ﬁg@%%’gn * aunﬁla}Lf%ﬁ?%eterocycle

nmay be a HRAPRME}GoMAKEINEnSwitR a différast dBRREeS DN 02 tdsPa@nBamPRMiM ons and 1 to
4 heteroatons selected fromN, 0, and S) or a bicycle havi ng 6 to 10 ring

menbers (Compoumd daryonsespbdreheamiharapeytic apent s bbelsthonghe ehseiser. Them N, 0, and

S), for emor a

bri dged %?%Bﬂltglll]l& ({)nzt%%h? 1 tL?E%?CQ{G%(’%I?J T%%I]ZQ%H Csl;\éathgeegnfge—%gpe(’?%cycl es are
descr BhedontbiRigu ettt adedss. A.; "Principles of Mdern Heterocyclic

Chem stry" (WA. Benjamn, New York, 1968), particularly Chapters 1, 3, 4,
6, 7, and 9; "The Chem stry of Heterocyclic Conmpounds, A series of

Monogr aphs” (John Wley & Sons, New York, 1950 to present), in particular
VoI unes 13 14 16, 19 and 28 and J Am Chem Soc (1960) 82 5566

”~ o o - N T . o s o o



rings include, but are not limted to, pyrrolidinyl, tetrahydrofuranyl,

di hydrof uranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,

t et rahydrwOhoopeesanyl , pi peridi nyl, norpholinyl, thi onorpharreglos3oeo

t hi oxanyl, piperazinyl, honopiperazinylg_azetidinyl, 35 oxetanyl,

thi et anyl pj ﬁ&@ﬂio%rdogé-féégons@)éﬁ%ﬁﬂi a pérobRRAY B’f'wehfél%ac%%ﬁbf“ya{lues%s%zep' nyl, WO
2011/02980§PCT/EP2010/063 69 - 13 - t i azepi nyl, 2-pyrrolinyl,

3-pyrroli fwlbtlon pidostiaggnt, cozcrenpwm@r thdlmlﬁwlamwelomh eodlalmg KM§1$ Tlaii oxol anyl ,

I di t hi dih
e N e e e T e
azabi cycl phd cbllmlﬁeepllcapﬁolhferatm Gyl ladfag cBm%M&QXﬁ@Lé' ageﬁms*y 8-Jifth@N-es are
also 5 included within the scope of this definition. qﬂ es of a

het er 08y cl4-G-yrivapipardipd y.l)rmrwign ét}’é)rt%-(%ﬁeilféwgl’h@ﬂlﬁb@éﬁzﬂl cERexqaidy
noi eti es @?q?nr ersﬁ{(ﬂﬁ@é{ W%%%llpl%@ggfg%{‘eﬁ@é&ﬂ%qrﬂﬁ} Teih% term

"het er oar noval en Ic radica or 6-nmenbered
rings, andnﬂ@ﬁﬁﬂﬂ@ﬂxiﬂﬁbd ring systens (at |east one of mhlch is aromati c)
of 5-16 atons,_ 10 contai ning one or nore heteroaéons |nd pendent|y sel ected
fromnit r%@éﬁ’ d SC-ERTBOIBG ICHINES 255 BEHpPHas At Vg ’tcéﬁr‘if?é‘FW YOS are

pyri di nyl kARG bﬁ% eﬁt%n@eﬁ%ﬂﬁ?&% in 2y la{%%@ﬁl%é!‘pﬁé'i 'tl%'p;{?b{étﬁte chifetaaptind -

i m dazopyridi nyl, dinyl (including, for exa
hydroﬁprPCﬁwantheobmm&ﬁdhyjmetqnawnmyveobwmdmﬁnykmomaecdkbmynemahryl,
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The term "hemat opoi eti c malignancy” refers to a cancer or
hyperproliferative disorder generated during hematopoiesis involving cells
such as |wokooyizes, | ynphocytes, natural killer cells, pcasmraoioebiosy and
nyeloid cells such as neutrophils and.-mgnocytes. 10 Hemat opoi etic
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t hr onbocylﬂeéﬁlflée{ersl ler eugBDlneecar P@Ww%qml%mgr%caa Qpadeal of

| assi T abb&iy / -
D1 SEASES Lo anT e st g R ol R R P
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cytopenia with nulti |nea(gge dys 3 Refractory anema with

excess bl propsl (-BuCebwyboB@/id:) 95 Mpentstiysprinadt (314 FhetbhEl26Bshinanied(-wi t h
syndr one, COHCHACLEFFAOPRR SouaBICKERrE kL bt et ken e L RV EDr Bk
| eukentas3 mdtikylebuiyr @OH(CH)OSROEL), % 3aRaayBbity eSHONYCHWCHE), |, €8; 21) (q22;
a22). ANLr}l/et%;E 1 -bu!cycl:?-congc%g(%/H?;)CHZCHg), 1-hexyl (-CH,CH,CH,CH,CH,CH3), 2-hexyl (-
CH(CH3)CH,CH,CH; CH3), 3-hexyl (-CH(CH,CH3)(CH,CH,CH3)), 2-methyl-2-pentyl (-
C(CHs;),CH,CH,CHy3), 3-methyl-2-pentyl (-CH(CH3)CH(CH3)CH,CH3), 4-methyl-2-
pentyl (-CH(CH;3)CH,CH(CH3);), 3-methyl-3-pentyl (-C(CH3)(CH,CHs),), 2-methyl-3-
20  pentyl (-CH(CH,CH3)CH(CH3),), 2,3-dimethyl-2-butyl (-C(CHs),CH(CHs),), 3,3-
dimethyl-2-butyl (-CH(CH3)C(CH3)s, 1-heptyl, 1-octyl, and the like.
The term "alkenyl" refers to linear or branched-chain monovalent hydrocarbon radical of
two to twelve carbon atoms with at least one site of unsaturation, i.e., a carbon-carbon, sp2
double bond, wherein the alkenyl radical includes radicals having "cis" and "trans"
25 orientations, or alternatively, "E" and "Z" orientations. Examples include, but are not
limited to, ethylenyl or vinyl (-CH=CH,), allyl (-CH,CH=CH3), and the like.
The term "alkynyl" refers to a linear or branched monovalent hydrocarbon radical of two
to twelve carbon atoms with at least one site of unsaturation, i.e., a carbon-carbon, sp
triple bond. Examples include, but are not limited to, ethynyl (-C=CH), propynyl
30 (propargyl, -CH,C=CH), and the like.
The term "cycloalkyl" refers to a monovalent non-aromatic, saturated or partially
unsaturated ring having 3 to 12 carbon atoms as a monocyclic ring or 6 to 12 carbon
atoms as a bicyclic ring. The term “lower cycloalkyl” as used herein refers to to a
monovalent non-aromatic, saturated or partially unsaturated ring having 3 to 6 carbon

35 atoms as a monocyclic ring. Bicyclic carbocycles having 6 to 12 atoms can be arranged,
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unsaturated ring, or aromatic carbocyclic or heterocyclic ring. Typical aryl groups
include, but are not limited to, radicals derived from benzene (phenyl), substituted
benzenes, naphthalene, anthracene, indenyl, indanyl, 1,2-dihydronapthalene, 1,2,3,4-

15 tetrahydronapthyl, and the like.
The terms "heterocycle,” "heterocyclyl" and "heterocyclic ring" are used interchangeably
herein and refer to a saturated or a partially unsaturated (i.e., having one or more double
bonds within the ring) carbocyclic radical of 3 to 14 ring atoms in which at least one ring
atom is a heteroatom selected from nitrogen, oxygen and sulfur, the remaining ring atoms

20 being C, where one or more ring atoms is optionally substituted independently with one or
more substituents described below. A heterocycle may be a monocycle having 3 to 7 ring
members (2 to 6 carbon atoms and 1 to 4 heteroatoms selected from N, O, and S) or a
bicycle having 6 to 10 ring members (4 to 9 carbon atoms and 1 to 6 heteroatoms selected
from N, O, and S), for example: a bicyclo [4,5], [5,5], [5,6], or [6,6] system or a bridged

25 [2.1.1],[2.2.1],[2.2.2] or [3.2.2] system. Heterocycles are described in Paquette, Leo A.;
"Principles of Modern Heterocyclic Chemistry” (W.A. Benjamin, New York, 1968),
particularly Chapters 1, 3, 4, 6, 7, and 9; "The Chemistry of Heterocyclic Compounds, A
series of Monographs" (John Wiley & Sons, New York, 1950 to present), in particular
Volumes 13, 14, 16, 19, and 28; and J. Am. Chem. Soc. (1960) 82:5566. "Heterocyclyl"”

30 also includes radicals where heterocycle radicals are fused with a saturated, partially
unsaturated ring, or aromatic carbocyclic or heterocyclic ring. Examples of heterocyclic
rings include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl, piperidinyl,
morpholinyl, thiomorpholinyl, thioxanyl, piperazinyl, homopiperazinyl, azetidinyl,

35 oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl,
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sulfur. Examples of heteroaryl groups are pyridinyl (including, for example, 2-
hydroxypyridinyl), imidazolyl, imidazopyridinyl, pyrimidinyl (including, for example, 4-
hydroxypyrimidinyl), pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, indolyl,

15  benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl,
pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, triazolyl, thiadiazolyl,
furazanyl, benzofurazanyl, benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, and furopyridinyl.

The heterocycle or heteroaryl groups may be carbon (carbon-linked) or nitrogen

20 (nitrogen-linked) attached where such is possible. By way of example and not limitation,
carbon bonded heterocycles or heteroaryls are bonded at position 2, 3, 4, 5, or 6 of a
pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6 of a pyrimidine,
position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran,
thiophene, tetrahydrothiophene, pyrrole or pyrrolidine, position 2, 4, or 5 of an oxazole,

25 imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole, position
2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a
quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline.

By way of example and not limitation, nitrogen bonded heterocycles or heteroaryls are
bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-

30 pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline,
2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, 2-oxo-
1,2-dihydropyridine, or 4-oxo-1,4-dihydropyridine; position 2 of a isoindole, or
isoindoline; position 4 of a morpholine; and position 9 of a carbazole, or B-carboline.
The term “halo” refers to F, Cl, Br or I. The heteroatoms present in heteroaryl or

35  heterocyclyl include the oxidized forms such as N'—0O", S(O) and S(O),.



Primary cutaneous anapl astic large cell |ynphoma - ICD-0 9718/ 3 Peri pheral
T-cell Iynphoma, unspecified -1CD-0 9702/ 3 Angi oi munobl astic T-cell

| ynphoma wol2Cl/@9$Z05/ 3 Anapl astic large cell |ynphoma PCr@P2009630é9 3
60T-cell proliferation of uncertain naliggnant potential Lynphonatoid

papul 0si SThe el GrAf 1aHdY tre¥¥RAAP LD EIBRR ﬁgﬁ#ﬁﬁﬁ@ﬂ:@:ﬁ%ﬁ&lﬁ% e lo¥ MPHOVA-

18 - Nodul ar | ynphocyte predom nant Hodgkin | ynphoma - 0 9659/ 3

Cl assi cal prepdyiive measpiesreherein B ¢b) g6 500 Iriiedldasow dbwndkbssntbmssi cal

Hodgki n | ho - .0.9663/ 3 5. L hocyt e;ri,ch. cl assi cal Kin
yrmhons. YRCEREp e TR RRkde 3u AT oY b s SRR R of et Db -

| CD- 0 965R4rduydsphoLiisanttapba! g e fitialsst desite dhidal FeshydMpbREE but hicho® 9653/ 3
HI STI OCYTI.C. AND DENDRI Tl C- CELL NEOPLASNMS MacroPhage / histiocytic neoplasm

10Hi st P oclnited s pleyigiion qf spmptogms dinanisergnt afjcxteabf dippasp IStbized fgeithans
Il histj 0S| S, 9 - 9756/ 3
fﬁt er d: ;lt\%vgltcs?%lggjdﬁﬁ r0 ilfgl?(é:&(e:’e(ﬁ%%rrséﬁgg '[0 E%?asfé (BH&%%{O g%??@ r%tﬁchol l'icul ar

dendri ti cpaiidtionseiticodisdakse pate, and CRHB i (BSkthet parbelndrtotal)cwhehér dodgceadian, not

ot herwi se specifi -l CD-0 9757/ 3 | X. MASTOCYTOSI S Cut aneous mast ocyt 0si s
| ndol ent %wdéwp@gms B%W%g?gan-alm‘w @?@ffé&l%@g}%&%ﬁf@nﬁgé Browssed with

S? Z 2;3 isafb\eglr%kz&’lﬁ%ot @@éf?ﬁﬁg @Al TR MRALcdiH tleal R AR IRERS R cady! WHh O
ggressive systenic mastocytosis - 1CD-0 9741/ 3 Mast cell “| eukem a -
| CD- 01974the 3ohhson cedibordar asonal as th@o-PoErtdda8e the condition or disorder or those
in which the condition or disorder is to be prevented.
The phrase "therapeutically effective amount" means an amount of a compound of the
present invention that (i) treats or prevents the particular disease, condition, or disorder,
(11) attenuates, ameliorates, or eliminates one or more symptoms of the particular disease,

15 condition, or disorder, or (iii) prevents or delays the onset of one or more symptoms of the
particular disease, condition, or disorder described herein. In the case of cancer, the
therapeutically effective amount of the drug may reduce the number of cancer cells;
reduce the tumor size; inhibit (i.e., slow to some extent and preferably stop) cancer cell
infiltration into peripheral organs; inhibit (i.e., slow to some extent and preferably stop)

20 tumor metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent one
or more of the symptoms associated with the cancer. To the extent the drug may prevent
growth and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic. For cancer
therapy, efficacy can be measured, for example, by assessing the time to disease
progression (TTP) and/or determining the response rate (RR).

25 The terms "abnormal cell growth" and "hyperproliferative disorder" are used
interchangeably in this application. "Abnormal cell growth", as used herein, unless
otherwise indicated, refers to cell growth that is independent of normal regulatory
mechanisms. This includes, for example, the abnormal growth of: (1) tumor cells
(tumors) that proliferate by expressing a mutated tyrosine kinase or overexpression of a

30 receptor tyrosine kinase; (2) benign and malignant cells of other proliferative diseases in
which aberrant tyrosine kinase activation occurs; (3) any tumors that proliferate by
receptor tyrosine kinases; (4) any tumors that proliferate by aberrant serine/threonine
kinase activation; and (5) benign and malignant cells of other proliferative diseases in
which aberrant serine/threonine kinase activation occurs.

35 The terms "cancer" and "cancerous" refer to or describe the physiological condition in
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and L, or RPasudrsS; T-a¢llenedgatng o denote t he absol ute configuration of the

nol ecul e abd®wcursbsT ymphalasteintkemias)- ICOHOO837/8f | xes d and 1 or (+) and (-)
are enpl oyedmibories|@h@9é2¥he sign of rotation of plane-polarized Iight by
the co oun@'aSW‘t“ﬁ Lymrehomf r'ﬁe'%rﬁ’igﬂ 7/'?’hat the 5 conpound is levorotatory. A
corrpof}gg K-Fﬁe" FO orot atory. For a given cheni cal
structure ro%’f"é’ é] b(fo’;lé except that they are mirror

: ar anua ic eu 83

i mges of o 9593 g/osorrer may al so be referred to as

an enanti omdu|teggﬁ Ce” Shofia desPRErsS is often called an

enant ispner i cExrraﬁstjérrqué‘eui%i'&emmﬁs&ért@eotcmoay?tg/@nerS is referred to as a

racen c m XtBEutefopathy &pe acRMn@hontdl ICD-0@r7accur where 10 there has been no

ster eosel ectHepatogplenit Tecet O@qpdomé - KDY 97 16/ chem cal reaction or process. The

terns " r acerdubcutaneousrp@hniguiitis-ikedeeiimphomaf ©ID-© §76B equi nol ar m xture of two

enantl ONer i (B/|Y§@€eﬁcfi1%3'deélelﬁﬂ Q990/3ptical activity. The term"tautoner" or

"t aut 8frer i ¢ eERBYIdEIes JCPP %toﬂt?’ct ur aI i sorrers of_different energies which

are interco V'E‘Iafyrgg[r ?55‘”%{3'?5 D-G:¢i8xanpl e, proton

tautoners (&c0e phom 8? r‘e ) ' %rs) i ncl ude i nterconversions
ngro munob TceII oma . .

via migratiq gf]q and i m ne-enam ne

i sonegpzat | Qﬂ,%u pigﬁje% g,eof ymp tgme,ra% ,r,amp a|| nt er conver si ons by
reor gani zat iLom ptfmassdBapRiosit b @d)@rgdmg el ectrons. For exanple, any reference
to a structure of 2-hydroxypyridine include its tautoner 2-oxo-1, 2-

dlhydropyrldlne al so known as 2- pyrldone and vice versa. 20 The phrase
"pharnmaceutically acceptable salt” as used herein, refers to
pharnaceutrcally acceptable organrc or |norgan|c salts of a conmpound of the

p— I L 1 v I Y



25 fumarate, gluconate, glucuronate, saccharate, formate, benzoate,

gl utamat e, net hanesul fonate " rresyl ate", ethanesul fonate, benzenesul fonat e,
p- t ol uenasol2bomabsw, panvate (i. PCT/EP2010/063069

1, 1' - net hyl ene b| s (YZ h droxy 3 napht haate)) salts, alkali netal (for

priie ﬁ?}ﬁ i o B RS BT bBsf, L oramLe

magnesi urr) S

may invol ve ﬁs?é Si Eﬁmmbgwé)&gﬁuch as an acetate ion, a
succinate iop hoé% b O ﬁBd kﬂ'\{% BfaCRIBbRE54/9N may be any organic or
i norgani c nw&é&ceﬁlmaﬁtyaés%hbimad@ﬁnty Shal 188-®bed2se par ent conpound.

Fur t her nor e, LyenppbgtermprisdicRasitsy Haggkrrathomas at0-Orgey3/pave nore than one
charged atomin its structure. Instances where nultiple charged atons are
part of the WﬁéW&&JW@@lENPRéTd@@@Lbb'E@Pb%MScan have nul tiple counter

i ons. e]cligenc Mag @Z}E'{PW&/ acceptable salt can have one or nore
charg atong'St HHVCS r°8'ﬂ WD 2011/ 029802PCT/ EP2010/ 063069 - 24 -
counter ion. LI i}g gﬁ ﬁ fo Y] ICE)Q?Q'} )/1ent| on is a base, the desired

phar maceut i C@? MnSEGER e prepared by any suitabl e nethod
avai | abl e i np{cRfitBeirgde &m.ceéﬁ ﬁa/tanﬁ&atdm@tw@f/shhe free base with an

i nor garsi ¢ ackdliculstdeRd@i cBysh@afltehérC Iesoth7s8gdr obrom ¢ acid, sulfuric 5
acid, nitri coawtitt cepp by hotottaoiise adfidéhacbikers7ar Wi th an organi ¢ acid,
such as ageti c\a&cyFBLfanesul fonic acid, maleic acid, succinic acid,
mandel i ¢ aci d, ’? B UsGnAcftosigrel oni ¢ acid, pyruvic aci d oxalic acid,

gl ycolic acid, |@@lelnpgggﬂeﬁ].caﬁésd)cytas.pym@t@gndyi acid, such as glucuronic acid
or galXct ur oni Gyaend,matbcpbgiaitHBsesdtad Achall herﬁat&bg.ees néri-ibdt CelAMEaheOr
tartaric acid, deeasmlOD-CGa@i4d/3 such as aspartic acid or glutamc acid, an
aromati c aci d, Agoehsigssystomizemesticgosiei I@DeP 9 fthami ¢ acid, a sulfonic acid,
such as p-tol uéﬂﬁmﬁ"ﬂ@h?fﬁ'aalﬁmo@ﬂ%‘% hanesul fonic acid, or the like. If the
compound of thé\"&lsh%ﬁ?ﬁc‘émar@[)a(ﬁg t he desired pharmaceutical |y
acceptabl e salt XH%‘S}'“S@"“&H%‘??&%H’“M'%? %Wt abl e nethod, for exanpl e,
treatment of the free acid with an inorganic or organi c base, such as an
am ne (prifyeg Xell’%%%@ﬂéég%f th&t%&th?efs Wmhuﬁﬂle%h?hian%Q e AbluQyds Hzﬁb@'B or

al kal i ne earth netal l'ustrative exanpl es of

sui t abl e sdll,trscrhorylRidal, obafffecamreB ndt (pllasmatcebl)tﬁhe Breghhereirsialatrermelrarnned- f r om
am no aci ds,1 su%tﬁd@ gl ycine and arginine, ammonia, primary, secondary, and
tertiary A cyclic am nes, such as piperidine, norpho |line and

pi per ag@ Ne, "ABRoIRAHIRM £pchlil 8 cfﬂ&ﬁﬂcm%n{pbgﬁa QA UMthCidabhstiNofRMR@B ST UM
magnesi um _manganese, iron, copper, zinc, al um num and 20 [ithium The

phrase " plarmalseof themdtherapsipeatiteincluddFelatind TARCE RA®s GssenipcdOST
COmpOS !t | BTy SRR SRR AGH N PGS AR ERUGPASFOpx L1 L he

other ingre S CO ing a ornu 1N, ng treated

therewi th AsﬁtaZ&Qb&')@S&tentr(Sf[ﬂﬂ%S Q’ﬁ&@r),aﬁaﬁfzb&t(FEMfGKA@QN@lvelxls)}flmaﬁﬁbor nor e
sol vent nol ecul es and a 25 conpound of i nvention. Exanples of solvents

thﬁt f or mssy et (& ERdi (@ eNo S)anéKﬁ%WZK Qﬁzts%(m%"aﬁhﬁt @xalinlanr opanol | )
%@{3, T

te ter ?nn ?E] Togzé?tlfﬁréefsear ’OL%Q%({%)I?rp géﬁlgﬂn ?ﬁﬁme ég\IAq&ent El%écupah?rsn \r/]\gt er. ©

TheI g e(ra (rjn ’Lppallt%%(TYﬁIgEgB@m?SI?i?:Zém (t;l?i«asﬁmbs[{lutemardnaaalmab (S@Ijhcﬁlﬁlﬁﬁﬁ)nl y -

ot her yf untéprag @%ﬁ%goﬁﬁw %Mﬁﬁ fs@&b éﬁﬁﬁéﬁg@ % %ﬂ%ﬁ%iﬁilﬁ&t i ﬁg

group” 'SAQ}l%@@%SUts‘Q@ﬁ‘tS@%ﬁﬁ%ﬁ&ﬂs&l&n@ﬂ%s%Eh“é% b%ﬁ% ihRbsfAGky or protects
the am no functionality I he“conmpound. Sui tabl e amno-protecting groups

i ncl ude apgtoyilfan; pzifiles smheﬁs yenzodopa tcasbpqaetisomgtur¢de@a) andbeedophoxycar bonyl
oAt naiE S
group” ret@dtBylbsephosphbidniitiél@AtthPen@&hidPHEPkY¥ramide and trimethylomelamine;
acetogenins (especially bullatacin and bullatacinone); bryostatin; callystatin; CC-1065
(including its adozelesin, carzelesin and bizelesin synthetic analogs); cryptophycins
(particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the
45  synthetic analogs, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin;

spongistatin; folic acid analogs such as denopterin, methotrexate, pteropterin,



WO 2011/ 029802PCT/ EP2010/ 063069 25 - group that bl ocks or protects the
hydr oxy functionality. Suitable protecting groups include acetyl and

t - but yl diwetzhylebdogl . A "carboxy-protecting group" refersTiEP2@10968084 i t uent
of the carboxy group that bl ocks or pragbects the carboxy functionality.

Common  cafrh@tyxate! rﬁfétahﬁllggggdwl%@ fluBshbie, @Hﬁfﬁéhﬁﬁbhﬁ@@)(ﬂu@ﬁlﬂ%lne cyanoet hyl,
2-(trimethylsilype hyl , 5 (trimethylsil oxymet h

2(p-tol uefrhmamlonmy)r@nlﬁylle anglogpsughtap @lpxh@hylleswaﬁl@dynle) @ma}llrldme carrnofhr

2- (di phen hj i et h For

descr | pt 1 OHRERT B Ray g st bR Fhoslibinb o ublir: S &g SHE &
Protecti V@l@’[@b}ﬂ@ drdnést gnine p‘fb’pibﬂflﬁéle@ltm@@ﬁ@l Mkbﬁmst&qlémlam Xetik, 1991.
The terns corrpound of this invention," and "conpounds of the present

i nvent ﬁonadretglrl}s'dsu];b as é@iﬁ@@hﬁ%{hlr@fie,frmtqumea trelp §tane( iE) l}c aCer llepjenlsppl\guch 8 (V)"
" c th
Dot stk AU bt s L e o

and ster el@asaalmajﬂsblsg&mmei éda&aXeSQr&fdfamtmuﬂ@nﬁfoEmes d[a\t&fh@ﬁe, cifetrathidei t es,

salts (for_exanple, pharmaceuyticall ccept abl.e salts) r odr ugs

ther eof . UHPEUMGCHaIS, 3P dansaciogb de £t ug Iaféﬁpiﬁgalaﬁeﬂéi ™% al so meant

to incl Udﬁagtg ﬁ&gﬂ ngianglhé hed ar%'ahﬁ{toblﬂs Lo R ESR AftoRfntRIHe; Or nore
enric ato

i sot opi cal | exanpl e, conpounds of formula (1), (I1),
(111) 10( | MppidenméMpitraatine; gicntostagn;qrhenane; pyatubigan lqsbmmlroac,qoqdeplhﬁhmd

deuteriumor trjti r one 0 are. r a 13C or
(o6 o Sl A B DR R e PSR e B AP R Bl S Nttt Tomen
NAPYRI DI 0

PR b e %%%@cﬁ?%’%%ﬁﬁi‘?ﬂo?@%ﬁhﬁg ﬁiﬁm eid:

sol vat es, trﬁyunameeg 2a2|dlrmhlogaﬂrmﬁlyﬂmnedﬂyhcabecge@c(pm@e@lla XMt h Pi m ki nase
| nhi bi torg aCtII'II\l“ t¥dr1 angyi retﬁa}ln (f% arf)a(ljzrl PIl’IlnE;,‘.IlI3l rlnnal bl tory

activities °Theé r’es ﬁp ﬁ% rue parte 15 "HEEP U ES’ pan- Pi m ki nase
i nhi bils Orﬁuto%n{’bbl MltUldctol p’ib@jrsman Qécyt%sﬁl'e aPabifdsidy (" Xrd-€" NohloMnndbucly 0;
provi ded that X and Y are not S or ) at the sanme tine; RL is H halo,

hydr oxy! , OHRPgURNINSy BISEFADEPREINC; 1@5%@%% mitoRantreR NOGHIRAC; cdatsratc; . 30

el PNy DI Ry R e (042
2011/ 029 8H2ARaIDntcRRAdDitBB3 QPHIFO); and pharmaceutically acceptable salts, acids and
derivatives of any of the above.

20 Also included in the definition of "chemotherapeutic agent” are: (i) anti-hormonal agents
that act to regulate or inhibit hormone action on tumors such as anti-estrogens and
selective estrogen receptor modulators (SERMs), including, for example, tamoxifen
(including NOLVADEX®; tamoxifen citrate), raloxifene, droloxifene, 4-
hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and FARESTON®

25 (toremifine citrate); (i) aromatase inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands, such as, for example, 4(5)-imidazoles,
aminoglutethimide, MEGASE® (megestrol acetate), AROMASIN® (exemestane; Pfizer),
formestanie, fadrozole, RIVISOR® (vorozole), FEMARA® (letrozole; Novartis), and
ARIMIDEX® (anastrozole; AstraZeneca); (iii) anti-androgens such as flutamide,

30 nilutamide, bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a 1,3-
dioxolane nucleoside cytosine analog); (iv) protein kinase inhibitors; (v) lipid kinase
inhibitors; (vi) antisense oligonucleotides, particularly those which inhibit expression of
genes in signaling pathways implicated in aberrant cell proliferation, such as, for example,
PKC-alpha, Ralf and H-Ras; (vii) ribozymes such as VEGF expression inhibitors (for

35 example, ANGIOZYME®) and HER2 expression inhibitors; (viii) vaccines such as gene



- 26 - N(R4) SO2R4, -N(R4)S02N(R4)2, NRAC(-NH) R4, -C(0)O0R4, -0C(0)O0R4,

cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl, wherein said cycl oal kyl,
het er ocycwoabiayd2gsoar yl , or heteroaryl is optionally subgtirtprb@dossosh one to
three R4 groups; 5 R2 is hydrogen, hal-@p-al kyl, cycloal kyl, -CN, -NO2, and

- NHRs;  R3thiefap \szﬁ&iﬁe& fo@Bﬂamﬁl@I&LLew@mN@ ILEWE@Tmcmamxm@ar yl, or

het er oaryl , erein sai d cycl oal kyl, heterocycloal kyl, aryl, heteroaryl
i s opti onBROLESIKIN® ﬂm%@tamwprmr@setlolnhﬂmtees@h agi[éll}a”léOTE@AN@éted t hat when X

N and era 10 eac dentl H,
okl ey AP T Ry AR RIS Sty 8 B Gl A Y
- 0CF3, ’\@nen&)@ﬁ) an@(x)@h&?maceﬁ—‘ﬁcaﬂ)y@@ge tatfld sadts N(ORiG)add def\KzaR?v)eB of a@@f the SR7,
-NR7C(=2Z) R7, -NR7C(=2)0R7, -NR7C(=Z)N(R7)2, -NR7SO02R7, -0C(=Z)R79
0C(=2) &I(Rﬁit)ol -S(0)R7, -S(0)2R7, or -S(0)2NR7, wherein said alkyl,
cycl oal k Q) bstituted
CY o1 021 K b AL ESREKAL Bl e Moy NS RIPEEAS LR, 0B gL Ut
at %r)n arg thﬁﬁtéphr‘e&lh HI@YTGK?M@@Q@?Q%b;mﬁhhdd ;i yddting alertts (\fogé;]fumﬁlogﬁ@rlmm g KI
menbered ri aV|n itiona et erqat ons se] ected. fraom an
sai d ring°®eiM Tl Y eRRSP JArIE Bt TR RGBT e € {Ofw@@llmhlwﬂ&gme
RS> is H, a%gh?(s%hgﬂi de, @s‘t’r%hﬂ@tllﬂ%y kfosfjﬁﬁﬁcfer %&%yelthanﬁﬁé/ |rnec‘ﬁ[or RL AR YxYde:

wherein s 20" cycl oal kyl', heterocyclyl, aryl, eteroaryl is
opt i onél I@ycﬁeﬂﬂﬁmdwhedahﬂanhnmmbumm tphetmste?mg,rmmmuﬂﬁleg Eroﬁ)lsfaymde @Rﬂ:;ﬂ or

each R7 is n H al kyl cl oal k I et er oc
het er oar ;/]inul AP “éj'ﬁiil %méo éuéh ﬂ%ﬁrm‘%ﬂf}é mi?t%myf é}(/ml?flﬁ
- C(=2Z) N( %}Iﬁbstmé\lﬁlﬁﬁﬂs%ne AT animaiSineZ @nd M%%E)Ql amﬁiﬁ&@fdﬁz&s F@yexam le
- NR8C( =2) N(mé - NRSSO2RS, -0C(= ?PB -S(0) R8 -S(0) or
- S( 0) 2NR8ant teésmphsaéufdlompwltrmdmys: ﬂeﬁafﬁ-lﬂylpfouh'ré’ale( )cﬂ”yflteg?élnfyral‘@m@ied

heteroaryl 0 t|o al | ubs t t d wt roups; and
wherein { R SRG PRRR TR BN a2 By hRkEn « Sget ner
wth tihe aattmﬁmﬁOhanﬁ,h@mdcﬁ ab SigBnad §nd anEsiORIse tbrick gpRasdliaBeaasiting i onal 0- 2
het eroatons 30 selected fromO, S, and N, said ri ng EEI ng optionally

subst i t ut @RcsrncisBcanycmgaaunAg apd srlishearagatomeeal § (ArgranchemdntlyEdy al kyl |
| oal k h h OCF3, -CF3,
oo™ Yo g P Frt sy Rinkhra g RinOEh 6 Affublyoipd Bl Renigfipcluding U3 -

- NH( C1- Codwleknitin A ;-bidpEdspBonatds yilghZas cldh@fatd; -a@spdriyicin; as @@8Hs - 002( C1- C6 35

al kyl 0) NH2, 0) NH( C1- C5 al kyl) 0)N(C1-C6 al ky1)29 -N(Cl-C6 WO
5011/ 2)298%2’9%?%@&2@%%@@%%@6 anéfelat%élckfﬂ”)%wﬁ%ﬁne EXa 1%“0 NH(C( 0) (Cl- C6

| kyl | NH,
“sb NE( c@@gf’%legaﬂcwﬁ%%?s%%P@i@z“wag%ﬁpﬂa?@“%c% )oé)b )ﬁﬁ(c A kyl ),

- 0C( 0) N( Glac@soray ki, 19aPabiciNHE(OINRYCD: CozimbRlyilih, chrNHGHOYiNSClacGBomlyip.1) 2,

i ml(-lgg-b)clgl | kg&cgrl? %é{}‘fé)‘ﬂ%&lﬂ_@&zﬁﬁ)&xocg (ngrlﬁlslﬁﬁlez AaBIl{(IyAll‘z/I%Q?\I%( (goioc%%bf%linisyl) 2,
morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and
deoxydoxorubicin, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as

25 mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, porfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimesx,
zinostatin, and zorubicin; antimitotic agents (for example vinca alkaloids like vincristine,
vinblastine, vindesine and NAVELBINE® (vinorelbine) and taxoids like taxoids, for
example, TAXOL® (paclitaxel; Bristol-Myers Squibb Oncology, Princeton, N.J.),

30 ABRAXANE™ (Cremophor-free), albumin-engineered nanoparticle formulations of
paclitaxel (American Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE® (doxetaxel; Rhone-Poulenc Rorer, Antony, France); topoisomerase
inhibitors (for example RFS 2000, epipodophyllotoxins like etoposide and teniposide,
amsacrine, a camptothecin (including the synthetic analog topotecan), and irinotecan and

35 SN-38) and cytodifferentiating agents (for example retinoids such as all-trans retinoic



-NHC(0)0(C1-C6 al kyl), or -N(Cl-C6 al kyl)C(0)0O(Ci -C6 al kyl), wherein said
al kyl, cycl oal kyl, heterocyclyl, aryl, or heteroaryl is optionally

substit utwo 2eitvhogape to t hree groups sel ected from hal opcT@®R2010063689 - CF3,
-N®2, -C1-C6 al kyl, -OH, oxo, -SH, O0(G1-C6 alkyl), -S(C1-C6 al kyl), -NH2,

- NH( C1- C6,d, kDBLc)ls re‘h%l@]a'cg@n@'fgﬁé‘r)n%de)“ %@maé&ﬂ%l;ﬂi&%&ble &L hbids
-002(C1-C6 al kyl), -C(0)NH2, - ) NH( C1 al kyl) N(CLC6 al ky1) 2,

- N( C1- C6 md@drl)v@(l@ﬁ(o@anmf@maw)e -NHC( 0) (C1-C6 al kyl), - NHS02(Cl- ce

St 1. Sl pSt Pl R el ity g T AR TR R e

al ky1) 2, mbld@ﬁ@lhﬂﬂbﬁdrs%lﬁl’ I61§1f1hfb,1tor M‘l@(o@idﬁ'(s othhspduey by AEGAUREA ( Absera
al kyl ) Q(0)NH(Gi - C6 15 al ky - N( C1- Cb aIkI)CéO()JN(Cl 6 al ky1l) 2,
- NHC( 0 NH h,era@altlas)k%d)mhlbmp@(qﬂo&k Zsucheg %Xi%rﬁﬂ (Gernjmct B}%@@@@gwg} kyl), and

N &t om ar o oSSR EIT 8 Tt B ARRE AR R TSl a7
menber ed (rll-mnhavetn@xyazidmetbyl)}leOe&oﬂneﬁee]marﬂaomﬁa&y;IAéElt(Hc(Afswm 0, S, and N,

said rin ein otlonal ubt th one to three gro | ected 20
from halg erm%tlc 2 |6§| _(&gbw arrna(‘gqthlc &%celgqr.)l?eg f6C1- 6

al kyl 106Ikl -N(Cl- 06 al kyl)2
-80)2/()C1 c%‘ %ljaﬁly eﬁ%wego,fawcgzt?ec%%c‘g al ky?) Y )C(O) NI(-IZ -0(8) Nﬁ( )Cl-CG

al kyl @0 - &(ohddi@her@pcuickagdnt? that MirCle G6d a kqmblﬁétﬁbt( With €6 @akdent Jompounds

00 B bl T S Fo A R o)
- 0C( 0) NH( (;Qen@@tea{ Kid JBExc Q{10 Nafd ACHcRUK Aét%’azenéﬂbﬂﬁ)l@iﬁ(r%f&&oal kyl )
- NHC(0) N( C1- C6 al ky1)2, -N(Cl-C8 al kyI)C{ NH(G -6 al kyl), -N(Gi-

al kyl) ( o@ma(r@nal@l tatgeyqurzpamm S)Q‘hI-Q(S@Pa@B’CaL IYAZB 573 (4E hﬂ(fmceaﬁcéﬁ)ky 1) 2,
- NHC(0) 0( Cl- 06 h zZ
i ndgg)eald(er?msy lémg? @yeggl-"% mﬁéeu%lcgg) g%@@f) I\(s% Vaﬁfsggﬁlb?ﬁx% OfP? oubl eI Eond;

and wiish Gﬂh@s b%bﬁﬁe%hﬁﬁas&ﬁ@u@ﬂisc&: bBZGI\(@QIKZ@lhﬂYtO@S&n&fB& mmmuabmm
bearing X Y are not both double bonds and are not both sin Ie bonds

WO 2011/ oﬁﬁécﬂé‘ﬁéﬂ%@m@f%éﬁ@@gw) %147 (R3¥einhaitar.disbas nead STOCHOSHr esent

t 0; 5Y
N o (GRS RTBEUE RO SH Bt Ankbitdrs AR ShfY pifecDbcafly ? e RL
is H hal aceftyble axlyd, acids indodersyans,ofahkyt the @Bdve. SRA, SO02R4, SO03R4, - N(R4) 2,
-C(O)N(R4) 2, -NRAC(0) R4, S)N(R4) 2, S)R4, -NR4 N( R4
N%C% s§ N( tfm-erg(@ﬁg ENERY yegi( m)t@gagm%lmsl@n %%%ﬁﬂ& BE??P?&OTOCT( X @%éﬂmﬁyz
NRAC( 3HIH) Esbnpoufl QF HRAnver®ich Qﬂa@ %ap&lylg IO@%IK g%tﬂ@@lh%%%l%a‘fw aryl, or

het eroaryl, "wherein said cycloal kyl, het er oal kyl, aryl het eroaryl
is opti onadtﬂvyteélobs@mfcetttstémtwltehn@nacmﬁ panereeform @ﬂ:@lﬁp@?ialﬁﬁlel Wihwady, ogen,

vl oal kyl OIS UG EF b herapy Dot Gl TrarSyribet o 'obR & ermal ky!
het er ocy cé Bah KWetin@ BYifast P19 LAT ORNY bt 1S "PiodHRR2aA IChe Bk WpbtdaBlltoM th one
Targeted Drug Delivery," Directed Drug Delivery, Borchardt et al., (ed.), pp. 247-267,

25 Humana Press (1985). The prodrugs of this invention include, but are not limited to,
ester-containing prodrugs, phosphate-containing prodrugs, thiophosphate-containing
prodrugs, sulfate-containing prodrugs, peptide-containing prodrugs, D-amino acid-
modified prodrugs, glycosylated prodrugs, B-lactam-containing prodrugs, optionally
substituted phenoxyacetamide-containing prodrugs, optionally substituted

30 phenylacetamide-containing prodrugs, 5-fluorocytosine and other 5-fluorouridine
prodrugs which can be converted into the more active cytotoxic free drug. Examples of
cytotoxic drugs that can be derivatized into a prodrug form for use in this invention
include, but are not limited to, compounds of the invention and chemotherapeutic agents
such as described above.

35 A "metabolite" is a product produced through metabolism in the body of a specified



15 to three R7 groups; provided that when X is N andY is S, then R3 is not
Npi perazi nyl; each R4 is independently H, alkyl, cycloalkyl,
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al kyl, cy
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optlonally substituted with one to three R8 groups; 10 each R8 I's
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30 wherein two R8s attached to the same N atom are opti onal ln% t aken

t oget her WetRchaaicgidedations nmbeayeRipBape bersinzepembefdlew $.rig Paskerng
ddi 0
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optlonallyé to three oup sel ecte CN,
- 0CF3, - ON8w ¥d¥kPand-KIikl, @6 aal Ryilen, SOMSteocoshemiStly of otgamcosompm;ﬁd)s" JolS( Cl-C6
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asymmetric or chiral centers, and therefore exist in different stereoisomeric forms. It is

intended that all stereoisomeric forms of the compounds of the invention, including but
not limited to, diastereomers, enantiomers and atropisomers, as well as mixtures thereof
such as racemic mixtures, form part of the present invention. Many organic compounds

35 exist in optically active forms, i.e., they have the ability to rotate the plane of plane-
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N or S; amfatidilofpldiepokaizt@hb@vyahec@spdihddeith ra%rfmﬁeafn Qightdatané 1) . I'n
certain enbodi nents of the present invention, is N, an§ all other

var i abPesCanrouag iglsveraEdryort sasrrawng prafixed Mﬁthc,(éa phfl i deremtaa SR t he

present @)‘@P%e%galéﬁ{@ 1% (108t Qﬂehls8ﬁ1@§ are‘{{f%ire{éﬁcgl ERecf fha ﬁ;‘}’g{' pfor

formula ( " nes between e car ear i ng X
and Y i ndincagteof dS‘[& dnotHetiSAapecific ftorsrisbmef ay alo de (rEfoyred soasRINSnasticdrpounds
of the invention. rtain 15 enbo |rrents formula (1) campounds have the
st ruct ur esf2 WW&I S‘%‘ﬁ]alfo%?rsﬂ%?iﬁﬁi‘l E‘I1 &Y enantlo@erlﬁgnﬂﬂr% ﬁ@lﬁg RSHRR a

(1a)for W&Penﬁh@am&@%r%fe?}eh tﬁ%@ﬂac%ﬁh‘id ARES o@%@a&&a@@%h‘ﬁ%&?éc&?%e‘i (1)

In certain enbodi nents of e present | nvention, I's NH, and all other
var i aldDestharcchaa be@Onadgticpsadection of stlermkra:c(ﬂc)ty@m a aherdleah maadionmr (p['[EeSBf. t he
enbodi rrenjfﬁ dESCJ’I bed above. certa | nents of the prtesent

i nvent i on! D&/CES AcIpig r%muf%twﬁr f%?awia%bff & faraéle LUt BT OF ™ Dr rul & (1)

or as defélﬁggom@n@gi%cgg dvsiderpdidmapetstdescri bed above. In certain
enbodi nents of the present invention, Y'is O; and all other variables are

as def i neihg igrmf" twtmnnfa” o1 3ta1¢tpma@c fam" mefirsita sbnetusd ispersenfisoidiéramirangrgics
descri bed enbodi nt s OP t he esent {nvent

Compound MOCBE et i fF ERE BB SR B LA A o
ar e agsdekdovatasi@ototropiduindotbns) inckide 20 bbARIGORRGT hEERAIR 6OH 3RS, such
as keto-enol and imine-enamine isomerizations. Valence tautomers include
interconversions by reorganization of some of the bonding electrons. For example, any
reference to a structure of 2-hydroxypyridine include its tautomer 2-oxo-1,2-
dihydropyridine, also known as 2-pyridone, and vice versa.

20 The phrase "pharmaceutically acceptable salt" as used herein, refers to pharmaceutically
acceptable organic or inorganic salts of a compound of the invention. Exemplary salts
include, but are not limited, to sulfate, citrate, acetate, oxalate, chloride, bromide, iodide,
nitrate, bisulfate, phosphate, acid phosphate, isonicotinate, lactate, salicylate, acid citrate,
tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate,

25 fumarate, gluconate, glucuronate, saccharate, formate, benzoate, glutamate,
methanesulfonate “mesylate”, ethanesulfonate, benzenesulfonate, p-toluenesulfonate,
pamoate (i.e., 1,1'-methylene-bis-(2-hydroxy-3-naphthoate)) salts, alkali metal (for
example, sodium and potassium) salts, alkaline earth metal (for example, magnesium)
salts, and ammonium salts. A pharmaceutically acceptable salt may involve the inclusion

30 of another molecule such as an acetate ion, a succinate ion or other counter ion. The
counter ion may be any organic or inorganic moiety that stabilizes the charge on the
parent compound. Furthermore, a pharmaceutically acceptable salt may have more than
one charged atom in its structure. Instances where multiple charged atoms are part of the
pharmaceutically acceptable salt can have multiple counter ions. Hence, a

35 pharmaceutically acceptable salt can have one or more charged atoms and/or one or more
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The term "protecting group” refers to a substituent that is commonly employed to block or
30 protect a particular functionality while reacting other functional groups on the compound.
For example, an "amino-protecting group" is a substituent attached to an amino group that
blocks or protects the amino functionality in the compound. Suitable amino-protecting
groups include acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl
(CBZ), 2-(trimethylsilyl)ethoxymethyl (SEM) and 9-fluorenylmethylenoxycarbonyl
35 (Fmoc). Similarly, a "hydroxy-protecting group" refers to a substituent of a hydroxy
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, f.th ts d b b
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or (V) or as efined in any one of the enbodi ments described above. In
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(M), 2011/ 029802PCT) EP2010/ 06306 are as
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Schemes 14 SUBSTIWUTIEDINL(PY RIDONSS-9L) CARBOEASMDES WVent i on. Scheme 1 aq
NaHCO2O The present invention provides 4-substituted N-(pyridin-3-yl) carboxamides of formula
(I) (and/or solvates, hydrates and/or salts thereof) as described above with Pim kinase
inhibitory activity, such as Pim-1, Pim-2 and/or Pim-3 inhibitory activities. The present

compounds are particularly useful as pan-Pim kinase inhibitors.

7 | Rs
N
" NH
X
R; Y
25 formula (T)
wherein:
XisN, S, orO;

Y is NH, N, S, or O; provided that X and Y are not S or O at the same time;

R, is H, halo, hydroxyl, nitro, cyano, alkyl, alkenyl, OR4, SR4, SO;R4, SO3Ry, -
30 N(R4)2, -C(O)N(R4)2, -NR4C(O)R4, -C(S)N(R4)2, -NR4C(S)Ry, -

NR4C(O)N(R4)2, -NR4C(S)N(R4)2, -OC(O)N(R4)2, -SO2N(Ry)., -



N, 0 EtaOH Eta 35 C. 2h 0 RC Eta CNDCM NaHCO ..2 (aqg). rt 0
Eta)C-N (6ac)20. DVAP CH...2CN Schene 2 0 EtOk..-N H2N-8 15 Schene 3
0 Et Ck. - NvD 2)111i3p802 PCT/EP2010/063069

226 -

N(R4)SO2R4, -N(R4)SO;N(R4)2, NR4C(=NH)R4, -C(O)OR4, -OC(O)ORy,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, wherein said cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl is optionally substituted with one to three R*
groups;

5 Ry is hydrogen, halo, alkyl, cycloalkyl, -CN, -NO,, and -NHRs5;
Riis -N(R4)2, ORy4, halo, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, wherein
said cycloalkyl, heterocycloalkyl, aryl, or heteroaryl is optionally substituted with one
to three R groups; provided that when X is N andY is S, then R is not N-
piperazinyl;

10 each R4 is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo,
CN, CF3, —OCF3, -NO,, oxo0, —C(=Z)R7, -C(=Z)OR7, -C(=Z)N(R7)2, —N(R7)2, —OR7,
—SR7, -NR7C(=Z)R;, -NR;C(=Z)OR7, -NR;C(=Z)N(R7);, -NR7SO;R7, —OC(=Z)R,
—OC(=Z)N(R7)2, —S(O)R5, —S(0),R7, or —=S(0),NR7, wherein said alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl is optionally substituted with one to three R

15 groups; and wherein two Rys attached to the same N atom are optionally taken
together with the attached N atom to form a 5-7 membered ring having additional 0-2
heteroatoms selected from O, S, and N, said ring being optionally substituted with one to
three R7 groups;

R;s is H, -COReg, alkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein said alkyl,

20 cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with one to three
R~ groups;

Re is alkyl, ORy4, or -N(R4)2;
each Ry is independently H, alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, halo, CN,
CFz, “OCF3, -NO», oxo, —C(=Z)Rs, —C(=Z)ORs, —C(=Z)N(Rs)2, -N(Rs),, “ORg, —SRs,

25 -NRsC(=Z)Rs, -NRsC(=Z)ORs, -NR3C(=Z)N(Rs)2, -NRsSO,Rs, “OC(=Z)Rs,
—OC(=Z)N(Rs)2, —S(O)Rs —S(0O):Rg, or —S(0),NRg, wherein said alkyl, cycloalkyl,
heterocyclyl, aryl and heteroaryl are optionally substituted with one to three Rg groups;
and wherein two Rgs attached to the same N atom are optionally taken together with
the attached N atom to form a 5-7 membered ring having additional 0-2 heteroatoms

30 selected from O, S, and N, said ring being optionally substituted with one to three Ry
groups;
each Rs is independently H, alkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, halo, —CN,
—OCF3, —CF3, -NO,, —C;-Cs alkyl, —OH, oxo, —SH, —O(C,-Cs alkyl), —S(C;-Cs alkyl),
—NH;, -NH(C;-Cs alkyl), -N(C;-Cs alkyl),, —SO2(C,-Cs alkyl), -COH, —CO»(C;-Cs

35 alkyl), -C(O)NH,, —-C(O)NH(C;-Cs alkyl), -C(O)N(C;-Cs alkyl),, -N(C;-Cs



BodFI N --- Suzuki transition Metal, eg "Pd" 0 HOGC-N)-R BodFIN--- WO
2011/ 029802PCT/ EP2010/ 063069 - 35 - NH2 Schene 4 The conmpounds of
t he presewd 20nvpgooon are tested for their capacity to ipolmiBPRe1086306ki Nase

activity and for their biological effegtzs on growing cells as descri bed

bel ow in W@&J-ngﬂﬂ)iﬂ\]ﬁm&@m%@ﬂ hmq’g@%&i_ég gﬁ%ﬁgﬁ@dg@ﬁ | ess than

10 i uM (preferably l['ess’than nore "preferably |ess uM even
mor e pr ef dkalhf@,(Cess alkyl) ha0,HQ HSOVNHOCs ptkat)er a0y (( edsalkyipn 0. 001i uM)

in assays described in EXAMPLES i and ii, are useful as PimKkinase

i nhi bi t or SOCEYRYH:, ~BIGEOINHKY-65 alfey b FYCOIN(C1-Cs alkyl),, -NHC(O)NH(C,-Cs
alkyl), -NHC(O)N(C;-Cs alkyl),, -N(C;-Cs alkyl)C(O)NH(C;-Cs alkyl), —N(C;-Cs

5 alky)C(O)N(C;-Cs alkyl),, -NHC(O)NH(C,-Cs alkyl), -NHC(O)N(C,-Cs alkyl),,

—NHC(0)O(C,;-Cs alkyl), or -N(C;-Cs alkyl)C(O)O(C;-Cs alkyl), wherein said alkyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with one to three
groups selected from halo, -CN, —OCF3, —CF3, —-NO,, —C;-Cs alkyl, -OH, oxo, —SH,
—O(C-Cs alkyl), —S(C;-Cs alkyl), -NH,, -NH(C,-Cs alkyl), -N(C;-Cs alkyl),, —=SO,(C;-

10 GCs alkyl), =CO,H, —CO,(C,-Cs alkyl), -C(O)NH,, —-C(O)NH(C,-Cs alkyl), -C(O)N(C;-
Cs alkyl),, -N(C;-Cs alkyl)C(O)(C;-Cs alkyl), -NHC(O)(C;-Cs alkyl), -NHSO»(C;-Cs
alkyl), —N(C,-Cs alkyl)SO,(C;-Cs alkyl), —SO,NH,, —SO,NH(C;-Cs alkyl), -SO,N(C;-Cs
alkyl),, “OC(O)NH;, -OC(O)NH(C,;-Cs alkyl), “OC(O)N(C;-Cs alkyl),,
—NHC(O)NH(C,-Cs alkyl), -NHC(O)N(C;-Cs alkyl),, —N(C;-Cs alkyl) C(O)NH(C;-Cs

15 alkyl), -N(C;-Cs alkyl)C(O)N(C;-Cs alkyl),, -NHC(O)NH(C;-Cs alkyl), -NHC(O)N(C;-
Cs alkyl),, -NHC(O)O(C;-Cs alkyl), and —N(C;-Cs alkyl)C(O)O(C;-Cs alkyl); and
wherein two R8s attached to the same N atom are optionally taken together with the
attached N atom to form a 5-7 membered ring having additional 0-2 heteroatoms selected
from O, S, and N, said ring being optionally substituted with one to three groups selected

20 from halo, —-CN, —OCF3;, —CF3, —-NO,, —C,-C; alkyl, —OH, oxo0, —SH, —O(C,-C; alkyl),
—S(Ci-Cs alkyl), -NH,, -NH(C,-Cs alkyl), -N(C;-Cs alkyl),, —=SO,(C;-Cs alkyl), -CO,H,
—CO,(Cy-Cs alkyl), —C(O)NH,, —C(O)NH(C;-Cs alkyl), —C(O)N(C;-Cs alkyl),, -N(C;-Cs
alkyl)C(O)(C,-Cs alkyl), -NHC(O)(C,-Cs alkyl), -NHSO,(C;-Cs alkyl), -N(C;-Cs
alkyl)SO,(C;-Cs alkyl), —SO,NH,, —SO,NH(C;-Cs alkyl), —SO,N(C;-Cs alkyl),,

25 —OC(O)NH;, -OC(O)NH(C;-Cs alkyl), “OC(O)N(C;-Cs alkyl),, -NHC(O)NH(C;-Cs
alkyl), -NHC(O)N(C;-Cs alkyl),, -N(C;-Cs alkyl)C(O)NH(C;-Cs alkyl), —N(C;-Cs
alkyl)C(O)N(C;-Cs alkyl),, -NHC(O)NH(C;-Cs alkyl), -NHC(O)N(C,;-Cs alkyl),,
—NHC(0)O(C;-Cs alkyl), and —-N(C;-Cs alkyl)C(O)O(C;-Cs alkyl);
cach Z is independently O or S;

30 each === represents a single bond or a double bond; and
with the proviso that the bonds between X, Y, and the carbon atom bearing X and Y are

not both double bonds and are not both single bonds.



WO 2011/ 029802PCT/ EP2010/ 063069 36 - The present invention includes a
conposition (for exanple, a pharnmaceutical conposition) conprising a
conpound wo 2bowermgoa (1), (1), (I11), (1V), and/or (V) (endresioseioeat es,
hydrates and/or salts thereof) and a cagrier (a pharmaceutically acceptable

carrier). The RHERAIboUMNEMN, HRPrRdDPinvBRidHARSvide SRR b Tokrhh (BXanpl e, a
5 pharmaceuti cal conposition) conprising a conpound of formula (1), (I1),

(rrr)y, (rv), and/or (V) (and/or &s, hydrates and/or salts thereof)
and a carrier (a pharmaceuticalll aclgeptable carrier), further conprising a
second chenot herapeutic agent s t hose described herein. The present

conpositions are useful for inhibiting
hyperproliferative disorder such as c¢
human). For exanple, the present corfBoun gonpositions are useful for
treating nmultiple nyeloma, |ynphoma, acu ,Egeldid | eukem a, prostate
cancer, breast cancer, hepatocellul ar gdrci homa, pancreatic cancer, and/or
col orectal cancer in a manmal (for exaﬁble, human)(I') The present invention

i ncl udes a, et hod of inhibiting abnormal cell growth or treating a 15

hyper prol 'P&F % i ve di sorder such as cancer in a mammal (for exanpl e, human)
conpri si Ny igdnknesdering to said manmal a therapeutically effective anount

of a compound of formula (1), (1), (11l1), (1V), and/or (V) (and/or
sol vat &s, YRy MHaSeqr Qnpogided shat X ade¥ aeprnot §rord) alghe sane 1Be; t her eof . For

exampl e.” % 1PTESE T ok AMATAATC! DL HASS, BTELIRd b ol g kgl e

nyel ona, nphona, el ol ros cahcer, breast’ cancer,
20 hepalt O{(féJ(I))N@R@qsnbﬁ%h@(@)ﬂmnﬂ(@z}}ﬁ(mp:ﬁngmqC@ﬁpr-bdbi@(r@}:ﬁlfh)gan::er in
a manma or_ exanpl e, hunman), conprisin mnistering to said manmal a

t her apeut V&G ¢ )Elf(n%é%ztai-\%gg@r&wlﬂ@gg-% @82% NGRS & (ry, (11), (111y,
(1V), andier, (90, Nandlour xqlxahrs,- ok es RO forsabidoditar eof) or a

conposition thhereof. "The prese i nve n i ncludes a nethod of inhibiting
abnor Al ka&ttocyeloakkiyl, arylt pebdtergryd, Wheteypsn ¢ cpélodléy hthieteeodicsmllddr arylich as

i | . (f h i Si dninistering t id
i & OSsagan icamiorDp rae TRl A BT SR of ot a(1)
(1), (1'1R) is HydMgenahalb o1k (VEydlangipLcRolnat eand IR, eS and/ or salts

t hereof) or a composition thereof, in conbination with a second

chenot her BpsulN(RsagddR4+ shiddy cyslaahod chatieroey¢lpaliyhendi or hatenoass.amprein t he
present i oyent g NELUTES 7 TRH NG Of tEIESILNG BOoMY LB Uel WiByne

| ynphoma, >actt €y el o q T EoKEmM A, 1Brosta eV CAnter, bt eadt cancer,

hepat agel touhase Ragoupqfrovidad aiaeathea 3C aandYap®, tHend®l igmeeNal cancer in a
manmal (for exan‘il e, human), conprising admnistering to said mammal a

t her apeut PO8IPYef f ecti ve anount of a conpound of formula (1), (I1), (II1),

V), d . | t
Composi 11 SR ek AR BAALER cy DUHGH TR 00 BalBA 31 HIREEANL 180, gen
such as t@Ns€EFdesuTl;beNOhan®, nC(=MR; 20UH/0ARZOZRETNIR2H1ONUEINEOR,37 - The

present invention includes a nmethod of treati ng)dly homa in a manmal (for

exanpl e, htRmmNRe6fMARsi MREdZPB L, N (THNEBY 2Ra, 1MepRut i cal | y
ef fect}ve L f, a ou of for a(L), (11, (L1 | nd/ or (V)
(and/ gp sB@gg_tL@i\{(ﬁF?ffd_rSg@g%’ éﬁg(?)é}:{%?éil_gt& )[Zﬁg’ @8@3“%} Saé\ 3‘5&'}35& f’té.)al%iﬁt her eof ,
ei ther al pagroRyclbMkGRARIINGE h@BroaryMil BpRomsnBsEhedol R '0AR ey tiEe ®RJENt such
as an anti-B-cell antibody therapeutic (for exanple, R tuxan and/or

Dacet uzungigpps;gadolbetbintfeyo Boratiached tr hicdemetN ptasx argpemionphl e it ol one
and/ or dexanet hasone h t her apy_cockt ai | f.or exanpl e,;.

(Cyc ophaChnas Sa MR RETCHI OteR At Rerbeisadinedi Metuu i e

(i sf osf anhdlgroateits @¥REted GodPOSS AaHN, sidadipbaat dRidnefly Riteliegidowitiaegk to
chenot herapy (for exanple, 10 Rituxan-1CE, Dacetuzumab-Ri tuxan-ICE, R Gem
and/ o3 D-fRr grodpP, Akt i nhibitor, a PI3K inhibitor, rapanycin, a MEK

i nhibitorg(f € I - = 2.1 qhj i =2 -1263) ,
and | yrpnSe o reor By AR Fbony (e el sBler B MATR i Bl

ant i body dydieplkvinhetgaicecliyh Glryidomnigettrotryd @t optionial lgdub stitated WIER dny cdvivides

and/ or anti CD79b-anti body drug conjugate including but not limted to

ant i CD79bY7 8WEMVAE) . Fornul a | conpounds may be enpl oyed in conbination
with certgpjp ﬁ[@mﬂggr&p@w}%@ agents for the treatnment of a hematopoietic
mal i gnancy, along with pre-nalignant and non-neopl astic or non-malignant
hyperproliferative disorders. In certain enbodi nents, a conpound of Fornul a
| is conbined in a pharmaceutical conbination formnul ation, or

normal cell growth or treating a
er yn a manmal 10 (for exanple,




20 dosing regi nen as conbi nation therapy, with a chenotherapeutic agent
that has anti hyperproliferative properties or that is useful for treating
t he hematwpabatdzesonal i gnancy. The chenot herapeuti c agentCofEP2E1©/063069

phar maceuti cal conbi nation fornul ati on2%f dosi ng regi nen preferably has

conpl enerhét R, adhdepehdaslytth aldyé, dyoloalklys hktecesnyplgUndyl, kaectostyt haloh&N,t hey do
not adversely affect each other. Such conpounds of the therapeutic 25

conbi nat idh: TRGFbeNQRPRI-stEréiRs nCErDMRss @WN@@,GN(B@M § oPRehe
ti f thi
Pivent s on iovart By SRAGAIPRS, B oMk SREQAG: P "agent  such

as descr i pRY-ZEN@E, —BIORCS )2R§%rf—@'(®)ﬂ\mg'@ﬁereﬂn%afﬂrﬂ?ﬁﬁe€ cRyEngdi ment, the

t her apeuti c conbi nation is adm ni stered by a dosi ng redi men whérein t he

t her a@uthedeyylyéfafrﬁ@md\hetemylrwe offticmally suhjtlaltetd wmhrpwmthres R3@rawmi ni st er ed
|naranefromt ce ev t hree wee and. t he

ther apouthearTariaar vl e famrey HREhBaT RBLh ek E i

adm ni st epesttRBRANA G Yo forfh 223-Y @hdhdr&ind Raving /MG rfal 01D HovdréRoMai |y to
once every three weeks. The present invention includes a nethod of

treating seightedl Hloan Ry andaN.isaidaringelpingd oftioorllesubspituécd wilrang todbieglissi ng
adm ni ster(lf)rig to said mammal a therapeutically effective 35 anobunt of a
corrpoundgo orrmula (1), (1), (K1), (1v), and/or (V) (and/or sol vates,

WO 201/ Q&&Bﬁgﬁ@ffd@@ﬁ&hﬂﬁ@ﬁ%@@@ cy3RBatkyl hetcad §6lyaney1osr tetdrbsryt, ReloeoEN, or a
conposition thereo either al'oné or in conbination with a second
chenot her-&ieut i EFagdid,, chﬁaa&yhﬁQihaqxan SH) v ds=Cq dloyl), eéséGpCe alkyl),

LQZLL?ZT“—E\@%EE@%’Qi aeilor BIC ooy Borste. Gl 3 8 € Bl : dé@%i?r
et o myararh TR0 D 2 LR e e N LR EAPE= ATk “compri sing

adm ni st eankym)g:(ogv((ﬁaréchufman(a(a ferapguyi oaﬁmogctfl&gtauyﬁ) amponc,of a
conpound of forrmula (I), [11) é@;% and/ or and/ or sol vates,

hydr at%es adndiSéh(sals @kylheT 2orS@21‘éH ¢ alkplhh tH2 Gf selkyher al one or in

0" ant hr ;2&@%@?2(@ﬁ@ﬂﬁ@iﬂaﬁiiﬁiﬁb@ﬁ@%ﬁ i }ﬁfﬂﬁéﬁﬁ#@bi cpe feras,

gm: bg)d/;I glﬁgagg{rﬁ{u téegé% ?’RWexa f ot ar}@g‘(ésq#a@ese |%gln?: gn

i ncl udes atkyhE OOS(OECE dlewd,, ngIHﬂ(Or)NHQCJ EE@MDHNHO(GW(@F@ diH)s) in a
manmal (for exanpl e, human) Gr&arl Si n adm ni steri ng to said nmanmal a 15
r

t her apeutiNAF(IQOSE 1Ko elkyd, alhdﬂ ‘éa‘allsy {dDOadColky by yherainsedd alkylyy - (111),

I d/ |, vat t d/ ts. th f

Compod] t ranoe kil SRR I RaRBotY i BB B PG Ml ekl
chenot her@apgidtstiectad@din Bi6h-@s, foodaralpi, rquo;wlmmwph@md&m apHi - B-cel |
anti body therapeutics (for exarrpl e, Rituxan and/or Dacet uzurrab) 20 The

present i-(EmGsatkyilneB(ceSs dky@th,eNH(Ceﬁlaﬂigfl); RNGQi-€s Hﬂ(@],)ﬂl—d;()zé@!kem a
CML (f | d t id
tmrmal - & GO eChbal COACHHeclib & aﬁﬁiﬁéc'@ﬁgméﬁﬁkg TG 1)
N N / ak / | | t
ghe% eo1£) d)aﬂia?ﬁé {)@rk?ﬁ ﬁ(%/)O)é e 91[( grﬁlifjg(i)éc br |a%ty bngl hat {Coln 0 fh a
secongb chanmy, hmr(@pegtan(gl)sogo@ @Lunkylﬁssa)zﬁﬁgi -, N, a ;v 1, F80,REC exanpl e,

imatinib, nilotinib, and/or dasatinib). The present invention includes a

(rjret ho(cji ofaﬂtyd)eanG@Wé: o@ﬁfﬁb&ﬂ(&ecdalkﬂ%séécwt-_@a?ﬂ?yel oproliferati \é_el_
ohsﬁ;e%?»b—?é@w%ﬁc% et REIR ot ;Xﬁgm;? ,<8ﬁk;2apfy%8§§§ﬁ€¢1§§ * 5D
o o SN R R INTBTO IR, e AR ARLINEI el gy SRR,
hydr at es @naityd),, SRHCSOIME, €0 f Jlk 3y, aBd CRIRLE} tau@r)c((b)ﬂ(epfc6 Ahend al one or in

conbi nation. The present invention includes a neth of using the present
conpodfhdsvhessin o R8s pibachpe tasihe game Aoptom ay¢ orfiodialy F?di@il tgsther pethithent  of

e 3B AT S DSRS0

from O, S, and N, said ring being optionally substituted with one to three groups selected
from halo, —CN, —OCF3, —CF3, -NO,, —C;-Cs alkyl, —OH, oxo, —SH, —O(C,;-Cs alkyl),
—S(Cl-C6 alkyl), —NH,, —NH(Cl-C6 alkyl), —N(Cl-C6 alkyl)z, —SOz(Cl-C6 alkyl), —-CO,H,



39 - Certain chenotherapeutic agents have denonstrated surprising and
unexpected properties in conbination with formula | conpounds of the

i nvent i orworoimmhddet i ng cel lular proliferation in vitropamdgp2enowsioes Such
chenot herapeuti c agents include: PI3K.i3ghi bitor, Formula A conpound known
as GDC- 094¢

i ndazol - 4- yl%@%@ﬁ (‘mét h)k/dljgﬂll)l% g% ?%I pelr ggfﬂ% ? bjrrhgt(%/l ?lrl]{?’gzﬁo[N Cﬁ 3] pyrim
i di n-4-  ydlkpipe@HoCi- @ealkyk)gHQHé?(@;{C&&@H@l)RegIHsm(Cl%Jﬁ)lﬁﬁl) &30@317(:6 descri bed
and clainmed in US 2008/ 0076768; disclosed in Fol kes et al 008) Jour. of
Med. ChentlkBi$QH( -6 2kybs 350 M. viSO-8H(§1-Co AeDh caRWEsdoi eylbn for Cancer

arer can ASGa P ot ey NG e GO MG e S PRt RB G n: Apr 1

14, Abstr @@]g f cer
Researgh %E%l&:;l@q I;I\k/gg?)l}ﬁa(t% )ggth &1?@(@ ﬁgreggt% talﬂ%nlllgtclggg has t he

st ruct ur ealkyAC(OAMNGCh€X; aéoybgcpﬂ\’iﬂ@(@ll\l}l(a {(]?u ddi{ylpH\H{(é(lﬁi)NI(@f-épeﬂml)g agent is
Formul a B C(E)]Er:pound 15 nane

(S) - 1- ( 4- DHEOXHdpyalkyh. c'ﬁﬂda NQ&?@?M@E@}O@@%%) | i not hi eno [ 3, 2-
d] pyri m dj . razin-1-yl)-2-hydro xyprop an-|-one; (US
2008/ 0242 %%1&%8%&%&%1?9“%5&(3 B: ) NHOO )-4N \--N B BI OLOd CAL
EVALUATI QX c%&a{ﬁeerrﬁlmdmexeabﬂha pyestitafiameinh, X icNmbiSnaitd dhsthef vdrablbhe ds

conmpounds chepot her apeuti ¢ .agents descrj bed herein were assayed for in
Vi trolact‘#%‘ n@gi f%rgfﬁl’rﬁ‘él? (Durtp Feréadn P%lbmiﬁ@ntairﬂi theprosephnyeRtias, fyis Mahthal t unors

in mce. }_Rgeggllel-a sFRRkd 5%M%Q§%Yc%rtaiﬂgmbodlments of the present

2011/ 029802PCT EP2010/ 063069 40 - cytotoxic or cytostat |pc activity of
formul a |inex@imnl XrlyScambdhmthsr mbheasmeidﬁbgd foe &dratlla @hi ng a proliferating
manmal i an | ine i cell culture d|u rrruIaI
Compound, TRUIRDTT FepserbYEarho B e GERToR B b 0a. HUiE Tb about 5
days; andigRaRH oI R nf@ élaya@bab) fsamé@a@ ?oﬂn)ds ofald infasie, mceﬂaw 0 assays
were used to nmeasure 5 viability, i.e feration (1C50), cytotoxicity

(EC50);  a¢rdbadieigntsi formelf (Ia)p@ptp@gn@ l(a@éM@wm@ pi/iarigla X 1a) Dh éorimula(Iby:o
potency of the conbinati on§ of formula I conpoungs with chenptherapeutic

agents was neasured cel | proliferati sdy of Exanple ii and the
results are conpiledyn kxanple iii. The I\Ti er-do(r) Lum nescent Cell
Viability Assay 10 (co réiHal |y avail able fr mega Corp., Madison, W)
is a honogeneous assay netpod kased on the reco hang expression of
Col eoptera luciferase (US755 0\§4—R US \ />—R1
Rz
formula (Ia) formula (Ib)

where all other variables are as defined for formula (I).
In certain embodiments of the present invention, Y is NH; and all other variables are as
20 defined for formula (I) or as defined in one of the embodiments described above. In
certain embodiments of the present invention, Y is S; and all other variables are as
defined for formula (I) or as defined in one of the embodiments described above. In
certain embodiments of the present invention, Y is O; and all other variables are as
defined for formula (I) or as defined in one of the embodiments described above.
25 In certain embodiments of the present invention, a compound is of formula (II), (I1I),

(IV) or (V), and all other variables are as defined for formula (I).
A~ Ra A~ Fa A~ Ra A~ R
L ] ] L
X" NH NH NH X" NH
N 3 N N
YR D)I R D)I R S Y YR
5 M NH Q

Hg HE HE Hg



5674713; US 5700670) and determ nes the nunber of viable cells in culture
based on quantitation of the ATP present, an indicator of netabolically
active cevbo(iragech et al (1993) J. Inmmunol. Meth. 160P8TAB301010606602677) .
The Cel I Titer-G@ o(r) Assay was 15 condwygt-ed in 96 or 384 well fornmat,
nmeking it anmengpje to automatg;i[&hi gh-t hroughgwty screening (Hi)S) (Cree et al
(1995) Anti Cancer Drugs 6:398-404). The honpbgeneous assay procedure

i nvol ves hduwitaly anlwdgnenys ef the persent i @atip Rieis Haadky ), cRelaghyl.)arydi pect 1y to
cells cultured iin serums | enent ed npedi um |1 S hi enpv 0

rect um ante e o B DRY Ry S Sl pef ol Sl b MRlcy s as
few as 15wildns/tetirke R gaoudfl, @fellethér Vool bR aterhs HOfinddtiesnad (1Y (19ddi ng
reagent and m xi ng. The hom)geneous "add-m x-nmeasure” format results in
cel I |ysi @I)aﬁHI)g@g’ér%n(in@rw efined i presererf the embedipents sesar BRARDAYS- t he
anount of r E P is di p i I t he
nunber ofhfé‘geg {s?le%?og)sra Eaﬂﬁ?ll?ﬁf%g}ﬁ ? %%ngﬁ\i%gg&e% L%!HE Z((r}\%’lay%l &? %Cl%gk n%léerl]ré’gat es a
" gl ow t ypkétetogptinelkgbot hae@aal, whereiduced Idyertdileyl] owildakealseryleact i on, whi ch
25 has a half-life generally greater than five hours, dependi ng_on cell

type and ReEgiogrsl dseptiongllypubsttpfadavith eng b theea B ggionppai s s2¢ iRy fescence
units (RL ci I Ngd idathwvel car boxyl at ed
by reconbl:ﬂ%lig %@Pﬁg?ﬁéﬁﬁ% Eﬁa é’envian&(%! h dccte)l{%’c(r)l% t@%{aﬁ%)%’nvdel%si%(#qgf ATP to AMWP

and geoer aNRa=0f)Rp @t irreid bechertie i@ ehddntlylH be 1@l driilindtaag atlloehoneed to
use reagent injectors and provides flexibili t)(/ for continuous or 30 batch

node pr ocesibley astasgfingpingopneledh, (Fn(1d). ¢HLL (Dot Morodes defitgdgayntan be
used with Heaéfitﬁéjé %ddi%]iex\(ﬁldlescfrf%reg?&ﬁfe for exanple 96 or 384 well fornat.
Be Fecorde y (

Dat a can um noneter or CCD canera inmagi ng device. The

| um nescehcertaintgubodiraeps e pede@Snveakiah, Reis H, Jbwetuliklyd, loRetyclontiagur ed
over tinme. The anti-proliferative effects of formula | .exepplary
conpoundsPREH L sl &%deﬁgeli}\ﬁhflﬁfa @Braéﬁbﬁow lab‘eup}d@Z%Ide?dPxﬂ&a@wgpneasured by

the Cgkl Tj - R i < ot
2011?8598%%%%%’ 13&21%9{8@056%1%%183%%%@_1& ﬁleaaglﬁgn,gé&gt&r f @ﬁr Qaryl s opponaly o i
EC50 val uesstietal eithalnkits Hede RAgroups, vbskeadcach Rads ndspamttnclyrtbvaaslkghs. The

o0 o B PR S e P €

((S)-5-anj oy - -
hony tsifackchdeddl i jower alkylang all other varipbles arc as defined in formula (D,
i de ) and(1df (IThEIbhandt breVgpeas dcfirmmdembnyagai oishe tihbogaehiscabarbed ebdvener e

conmpar,ed o the c L natiop,EC50 val ue,. The conbi nation index (Cl) score is
Cal GurLs b By RN ! A PERSY RETHBE Fickou, T. and Talal ay, P. (1984)
Adv. EnzymeF Regul . 22:27-55) ¢ A Cl less than 0.8 imdi cates synergy. A

an 10 (.2

ycor.gimg t ou

nd 2 show"t he
cel l

between 0.8N\and 1.2 igdicates wpdditivit Cl greater tN
i ndi cates : ni st @ of” rgy_i22 essg
and Tal al a?. 2 t aj apeut =e={conbi nati ons FM-F gure

surprising and unexpected propertpgrof synergy in the in vit

proliferation assays with tunor type cell |inegsincludi ngdjrul tiple nyel oma.
QO her conbi nati ons show no synergy; and only sh re addyeryity or
ant agoni sm in cggl‘%nna i AN\ ar e syner gi §1 th orfe‘@S nore tunor
types, butx her S e- ergy demofistrated T\ the in Vitro cell

proliferat’ion assays provi des™ basis to expect a Eorresp(fndi ng synergy in
treati ng hemat opoi etic cancers including, but not limted to, nmultiple

nyel oma in human patients. Figure 1 shows the effect of Pimsingle agent
inhibitor, (S)-5-am no-N-(4-(3-

am nopi peridin-1-yl)pyridin-3-yl)-2-(2, 6-difluorophenyl)thiazol e-4-carboxam
i de 20 (Conmpound 3, Exanple 3), and in conbinations with GDC- 0941 Fornula A
and Formula B on nmultiple nyeloma cell ine MM 1S in a 3 day proliferation
assay. The in vitro cell survival and proliferation assay (Cell-Titer d o,
Promega) neasured viable cells over varying inhibitor concentrations (10-3
to 10ILI Molar, Relative Units, wherein a Relative Unit equals 0.3

m cronmol ar for Conmpound 3, 0.3 mcronmolar for Formula A, and 0.1 25

m cronol ar for Fornula B). Table 1 Conmbi nation [drug] @1 relative unit,
PM C at: ED50 C at: ED75



Cl at: EDOO Conpound 3 + Formula A (GDC-0941) 0.3 + 0.3 0.21 0.21 0.30
Compound 3 + Fornula B 0.3 + 0.1 0.24 0.25 0.35 Si gnoi d dose-response
curves arwoaebti@izpsd, indicative of well-behaved, sol ubl ecTi2010/063069
2011/ 029802PCT/ EP2010/ 063069 42 - conpounds and appropri ate assay

condi tions.r The curve obtained for Conmpound 3 single agentidoes not fully

reach 0% of )he contr | ue sug i tlal ful | y=eyt ost

of acti on—§ eas Fo A A and@ @@h r'each | abet @. of

val ues suggest{ng a cytot'X|B In t co i ons mwhere ei
ar

Forrmula A or Fgrtiika B 5 fp in conblnatlon wi th ConpoGhd 3, thé
dose-response &Turves are shifted to the left indicating that these
conbi nati ons have a nore Qgtent effect than each single agent al one. Such
combi nati on dose- sponse)curves reagh_to about 0@6of cont“ol,\ esting
t hat the O dal i of Formu a A a?,/ f met aif dNrﬁ>the
r espect i ve @\ ns-$ @emﬁ @ ea t @s aNi n 1

according t @ vthods A nd Tal al'ay provi de he data in Table

1. Provided in the | ast three colums of Table 1 are the Cbnblnatlon | ndex
(C values), calculated at the Effective Dose (ED) 50, 75, and 90

nnnes

respectlvely\ Consistent with the full leftward pft in the

of all measuged points [n the S|nu} age rves dW;sﬁLgQIa

B, the calcu%%ﬂed\ L1ﬁes are s ﬂggantrg%ﬁyiless t 1 at '

75, and ED9O0. CI val les 15 indicate that the conbinations test@d have

an surprising and unexpected synergistic effect to pronote cancer, cel

death in thepassa Flgurelg shoms anp @kl ex vakues from
invitro cell | |feQ%&|on _<if>>_
S a %

Cl
O

; and all other variables are as defined in formula (I), (I'), (II), (II), (IV), or (V) or as
defined in any one of the embodiments described above.
In certain embodiments of the present invention, R; is phenyl optionally substituted with
5 one to three R groups, wherein each Ry is independently lower alkyl, halo or —OCF;
and all other variables are as defined in formula (I), (I'), (II), (IIT), (IV), or (V) or as
defined in any one of the embodiments described above.
In certain embodiments of the present invention, R, is H or NH», and all other variables
are as defined in formula (I), (1), (II), (IIT), (IV), or (V) or as defined in any one of the
10  embodiments described above.
In certain embodiments of the present invention, R; is H, and all other variables are as
defined in formula (I), (I'), (I), (II), (IV), or (V) or as defined in any one of the
embodiments described above. In certain embodiments of the present invention, R; is
NH;, and all other variables are as defined in formula (I), (I'), (II), (III), (IV), or (V) or
15 as defined in any one of the embodiments described above.
In certain embodiments of the present invention, R is halo or N(R4), wherein two R4
groups are taken care to the attached N atom to form a 5-6 membered ring having
additional 0-2 heteroatoms selected from O, S, and N, said ring being optionally
substituted with one to three R; groups, and all other variables are as defined in formula
20 (D), (I, (D), (IID), (IV), or (V) or as defined in any one of the embodiments described

above.



conmparing conbi nations of (S)- 5 - amno -N- (4 - (3 - amnopip er
idin-1-yl)pyridin-3-yl)-2- (2,6-difluorophenyl)thiazol e-4-carboxam de

( Conpoundwd,2obixapgke 3) and 20 chenot herapeutic agents @DTHPIID/063069
dexanet hasone, |enalidom de, bortezom_g3-and nel phal an. Shown in Figure 2
are a suniBdettaffentiah&as bPihe rlp%iefﬁ iMAdnke R, 1.0k hQ@ra?ng) $HePeif BAPRAAL i ON
with different agents. The val ues shown were cal cul ateé at the ED50 of the
dose respglyps vatakss cmitaﬁlwéﬁaeh@hwtom tq ﬁorrnatﬁu6 elembetddcrm lewengpl i fied in

Fi gure 1. the nt resul ts, obtained with
G Fer et P B torp B S B RS S N S E e SHRBINA  on of st
agents, i qoktididagvi@osmonEred RPlgksupd wikfmehohgent imispdndbriyeOHO Ralbhe

absci ssa. The horizontal line on the plot itself indicates the nean of all

Cl val des NGD2201gi WHE (T3t Faagrtall otbontsiriehlch éwsaScﬂfeﬁ@Shv(fgﬁdula (% ¢In, dii. ni cal

st andard C C t he eutic entss,_ in i n exafret hasone,
| enal i dorrﬁilé’, &gg’ 052??0 %sréeg'% (g qqlﬁ %}ée en@? :)édérﬁ}ggﬁgefgﬁp %%‘LOVF esults
wherein Cl val ues between about 0.1 and about 1 were i ned, wth nmeans
generally greater than about 0.5. Conpared to these%&q\] imBally active

t C

agent s, uhls)cpemt@mjoyhmmw of time aradentnevgneion.eRH iy hplotoen i nand el otlest

| t bt t h l.a
whi oh ¢ he P BRPLy o bed BUPEEA (b (o ESTRLEM: SE0% ka6 T8 and ¢ he
mean acr ogs (qithe EABSEMeBR de®ribel bhRe. t ested was about 0.2. In addition to

t hese findings, bone marrow aspirate W) 2011/029802PCT/ EP2010/ 063069 43 -
sanpl 48 fhmmmmletnilhﬂdemwéoﬁtrlm pmtbliltem@tlmﬂés iahalot end eélthhﬂo\ramablas Nea&ﬁd

Conmpound an p gancer ell isolates.
Two of fo%erfsngggnegor gv@; (fﬁ%rhﬁm L@eragéigﬁ actl |0tn g& either 0.3
or 1.0 m enbsdimatits desbglbe@ﬁnscﬁzrat MTRtéreis emb@dmiehﬁtofltﬁbq)re@ﬁbinnaﬁtmnRg ise@lf ment
i nduced extenS| ve apogt osis in_tunor n unrel ated B-cell

| i neage c&d Otb‘éfx‘é‘ﬁlé lenasre defingd lﬁ(f?]éﬁlﬁla éﬂ)u@dc@ps (I(I,B: dVat () @r Aor none,
wi th antigdgifh Mo AR hDIHRASYRRLEHERA,ACL 1 Vi ty. [ n oncol ogy,

dexanet hasone is given to cancer patients undergoi ng chenot herapy, both to
count ébackn eeminaintboglirdentedf e pscsort ihveakivnakd is N(Rp), wheedd venR, goupehde as for

ts di t tit t t d. ).
(85, OR 108k §5he aBScHekN F6 (oo BT S Y ISR A4 RioRS I o
xyacet y1) petdiBatbis krtich MRLI®! s, HdN %apdlmijgzbeltig éﬁl&@%substltuted Wl)th one to

oct ahydrocycl opent af a] phenant hr en- '3-one
Lenal i donfhde R-REVupsVRRG @@Elovtamabl@e‘aremsdieﬁmi glefhermlllaél)) (INs (1), 4B, (@A) ve of

t hal i dom de nd i uced in 4 S,.5635517 281230) to treat both
e i OB ab bR B ol AR OB R RPN o hecnant cas of
actiong 'chdeﬁqmr@nﬁbdﬂhéﬂiﬁ;&ft%@:pkesél‘i’crlﬁ‘i;enﬁﬁfl%Ils inhibition of the

m croenvi ronment support unor cells, and an i nmunonodul atory role. In
vitro, Ienal/’l/db de i nduces tunor cell apoptosis directly and indirectly by

ant - ost 6041 A5t ogeAMLEbAITEE FER ATy dEnan bt B 1 h o PRSI 5

Lenal i donpvae, MR cAibdiiRiahy 8hd ¥f thBtaBESEhAR RsérfiRatBent for multiple nyel one,
for which thalidom de is” an accepted therapeutic nodality, but has also

shown ef f Ino@etyin embicdeneitagbthoprésemtanainbiginddd isdi sor ders known as

nmyel odyspl astic syndro (Ri chardson et al (2002) Blood 100: 3063; Bartlett
et al (2004 ture Re 31@1 322; Mtsiades et al (2004) Curr. Opi n.

| nvest . : 635- 6‘4 ry et al. (2008) J of din Pharmacy &

Ther apeut i

3INHLQ; 226; 25H Li §F5 S&ndaa!ll c(tﬁ&%}lalgfes 5@% defidlin fM?IQIIa (D),

352: 549- 57) Lenalldonlde i's nanme

3-(4-am n@!l) (H)) (HDL, (30| om(VI-oy by pefpediid ameei; &@-tle embodiments described above.

3-(4- anln 3-di ro-1-o 2H-i sai ndo1- 2- 2, 6- er|d|n di one;

1- 0X0- 2- ( It %Hg?r}t%jpﬁt?lspgﬁfyn%n%lﬂ& ww@wﬂ ﬁ%&l f %

191732-72- 6) Bortezom b (MG 341, PS-341, VELCADEO M IIenluanharn1) is a
boronic acid 30 proteasone inhibitor approved in the US for treating

rel apsed nultiple nyeloma and nmantle cell |ynphoma. (WD 96/13266; US
5780454; US 6083903; US 6297217; US 6617317; US 6713446; US 6747150; US
6958319; US 7119080). The boron atomin bortezom b binds the catalytic site
of the 26S proteasone with high affinity and specificity. In normal cells,
t he proteasone regul ates protein expression and function by 35 degradati on
of ubiquitinylated proteins, and al so cleanses the cell of abnormal or



WO 2011/ 029802PCT/ EP2010/ 063069 - 44 - m sfol ded proteins. (Adans et al
(2004) Cancer Invest 22(2):304-11; Bonvini (2007). Leukem a 21(4):838-42).
Bort ezomwoizsimapsed as [ (1R)-3-net hyl - 1- ({(2S) - 3- pheny 1P21/EP2010/063069

[ (pyrazin-2-yl car bonyl ) am no] pr opanoyl-}34am no) butyl ] boronic acid; (R)-3
-nmet hyl -14(S) - 3- nyl- 2- (pyrazi ne- 2- car boxam do) pr opanam do) but yl bor oni c
acid; or [(1R) -3fnethyl- 5

1-[[(25) - 1- ox0- 3nphenyl- 2-[ (pyrazi nyl car bonyl) am no] propyl ] am no] butyl ] - bor
oni ¢ aci d [(CAY Reg: No’NHI279324- 69-7). Mel phal an (L-phenyl al ani ne nust ar d;

al ani ne nj\t n nustard; L-PAM nelfal an; Lsarcolysine; NSC- 8806; CB-3025;
ALKERANO ( N#ithKline); Sarcoclorin) is a nitrogen nustard al kyl ating
agent type of chenotherapeutic (US 3032584; US 3032585). 10 Mel phalan is
used primaril pn®o t nmultiple nyel oma, ovarian cancer and nel anoma (1 ARC
Monogr aphs (1975) ~I’80; Furner et al (1980) Cancer Treat. Rep. 64:559-
574). Mel phal an_j d as

2-am no-3-[4-] bRs( 2-chloro byl ) am no] phenyl] - propanoi ¢ aci d;

4-[ bi s(2-chl oroet hyl ) am no] - L- phenyl al ani ne; or

p- di ( 2- chwberomt RiydndeRvi ano ad dfewy imhmnomeeo ftIRASNIRagmeMs desod®e@2bB). 15 Fi gure

3 shows a,pl ot of nmbi nation | ndex val ues fromin vitr | tipl.e nyel ona
cel 1 noA BB FabiiH SRS e<Bb s g CaE s camsud qBsed f

- am no- N- £4ANPEINE N3 &y di n1-yl ) pyridin-3-y1)-2-(2, 6-di fl uorophenyl)thiaz
ol e- 4-car boxam de (Conpound 3, Exanple 3) and chenot herapeutic agents Pl 3K
i nhi bi for TRD@cHMs compgKs rshirpparet aqcording to thy prIKTdurehddstiilnd ke 06the TORCL

i nhi bitor_rapamcin, and K inhibitor PD-0325901. 20. The values, shown were
oo cul ar o SPCTHE! SRS, O A SRR ET, Phe s GBI RS T
nat ur e t ovdrios éntexeapitdsimedbd sbthingd remlcontra@biat@furtds, proparpd @bnr epr esent s
the test results obtained with a different multiple nmyeloma cell line with

a di f f er esRMBereHillyaypigAd ORI S @8 RSP aradsingdy Ak rosrpoargtig nsthedsa second

agent as | I | dd / itself

i ndi cat esk?%ghﬁ’glggﬁlg#ﬂ&gf ?Ot%%k?/I§ &gyef%gllrﬁogao%?\g}é% Oztlgb Iglgur%gm;dtp fogglln ?0 t est
agent 40 Cdetehreat] 0are ofithGotipausyet &f thd priesdni évividitor. nhi bi t or PD- 0325901

pr oduced :{ari abl e results wherein Cl val ues between about 0 and about 1
wer e obt a 1€ With a mean of about 0.5. Conbination of Conpound 3 with
rapamyci n produced weaker but nore hompgenous resul t1gwesWier eas conbi nati on
w th AKT or Pl 3K | mhidgictor s r &sul tedHiJthnif rmyy stresgrg syner to inhibit
myel oma cek ~wiy VA B e, 30 s ul’t s L ndi-Car 8t Bat—Pi-m-i-nBFDI |'N9_nRi s not
broadly synergisti &Ww4h ot her mheowi her apeut i ;cgent §*and onlyy, se
agents that inhibit the AKT/PlI3K pHtit¥Ralyitave strong and uniform

conbi nation activity with a PimKinase inhibitor. MK2206 (Merck & Co.) is
an AKT i nhibitor being devel oped for potential treatnment of solid tunors by
oral admnistration (Yam L. 19]chM[@é%§|[H__GAss c. for Cancer Res., April 35

2009, Abstpact dbBF01- L, ruckms!ﬂH et “alnao h Anmer. Assoc. for Cancer

Res., Aprit—W5—2041/ 0298 ?R’FW‘EP{({IW‘O‘E:%O% F 2009, Abstract 3604;
Hirai, H @t , 100tkemer. ASSEE™ for CHWE®r Res., April 2009, Abstract
3707; Morghyemd® (2010) J. Med. Chem 53(4):1413-1437; US 7576209). MK2206
i s naned -(4- (1-am nocycl obutyl ) phenyl)-9-phenyl -[1, 2,4]triazol of 3, 4-
f1[1, 6] napht Byri di n-3(2H)-one a has the structure: N / N-N 5H
Rapanyci ngfsi«aly meemipapanmy { snan i mAt#Esuppressapi-Adryg used to
prevent rejectjol imorgan=transpl lart-aiop, —agH—Tsespeci g | y—ewseful in

ki dney transplamts. Rapanyci mgkisya #ucr ol Mﬁﬂ%l, aitpghi otpeHRroduced by the
bacterium Streptonyces hygroscopicus in a soil sanple obtained from an

i sl and5ca$¢tesneRhpa Nui, better known as 10 Easter Island (Pritchard DI
(2005). Drug Discovery Today 10 (10): 688-691). Rapanycin inhibits the
response to interleukin-2 (IL-2) and thereby bl ocks activation of T- and
hemat opoi eti cs. The node of action of rapanycin is to bind the cytosolic
protein FK-binding protein 12 (FKBP12). The rapamnyci n- FKBP12 conpl ex
inhibits the mammal i an target of rapamycin (nTOR) pat hway through directly
bi ndi ng the mMTOR 15 Conpl ex] (MIORCl). mlfOR is al so called FRAP
(FKBP-rapanyci n associ ated protein) or RAFT (rapanycin and FKBP target).
Rapanyci n anal ogs ("Rapal ogs") include Tensirolinus (CCl-779, Weth),
Everol i nus (RADOO1, Novartis), Deforolims (AP23573, MK-8669, Ari ad,
Merck). Rapanycin is named as

\I’O
X0

01




(3S,6R 7 E, 9RIOR, 12R, 14S, 15E, 17E , 19E, 21S, 23S, 26R, 27 R, 34a5)- 20

9,10, 12,13, 14, 21, 22, 23, 24, 25, 26, 27, 32, 33, 34, 34a- hexadecahydr o- 9, 27- di hydr ox
y-3- WO 2011/029802 PCT/EP2010/063069
[(1IR)-2-[ (1S, 3R 4R) - 4- hydr oxy- 3- met hoxygycl ohexyl ] - 1- net hyl et hy1] - 10, 21-di m
et hoxy6, 8, 12, 14, 20, 26- hexanet hyl - 23, 27- epoxy- 3H pyrido[ 2, 1-c] [ 1, 4] -
oxaazacycl ohentri aconyine-1, 5, 11, 28, 29( 4 , 31H) - pent one (£AS Reg. No.
53123- 88- and has Eucluse: 11/@42@8@2/5 NO63669 - 46
- Hoow [ h ,PpQ 5901%3%@ -10-@h Pfizer). is al >—®
second- gené&r at’i on, nongATP conpetitive, aHHBsteri @ MEK i nhidi t Br for the
potential oral tabl et treatnment of cancer (US 696 614y US 6972298; US
2004/ 147478; US 2005/ 085550). Phase Il clinical EQrilal s have 5 been
conducted for the potential treatment of breast turﬁﬂzs, colon tunors, and
mel anoma. PD- 0325901 i s naned as

(R) - N- (2, 3-di hydr oxypr opoxy) - 3, 4- dlfluoro 2-(2-fluoro-4-

i odophenylgpbnaipenzanfde, “and has"yf gty ucturgl 171 HOC( N OH Figure 4

shows dosemr&spmsnseE % a per«zent4age of Huel le trol values as a
10 functiom of test age Nco trathAgs for dhe myel oma cell |ine
KMB11. The results o tiai ngd here are represent afj vel of a total often
multiple nyeloma cell lines tested. This Cell Titer Qo proliferation and

survi val Sdeme £onpares singl e agent
(5) - 5-am no- N(4- (3- am nopi peridin-1-yl)pyridine-3-yl)-2-(2, 6-difl uorophenyl

)t hi azol e- 4-‘¢ardpoxggmde éCorrpound 3, nmpl e 3), Conpound PIM, Fornula A,
and conbi pation: ere WROT A 1]l Conpound PIM is a
sel ecti ve i nhithi tor of 9 IS 1B m 3 1%-%4 fold selectivity over Pim

2, whereas Conmpound 3 has a pan-Piminhibition profile wherein potency

against all three isoforns is nore simlar. Conpound PIM is nanmed as

5- (phenet hyl am no) - N- (1H pyrrol o[ 2, 3-b] pyri di ne-3-yl ) pyrazol o[ 1, 5-a] pyri m d

i ne-3- carboxam de (WD 20 /051549) and has the structuf ghown in Table

2. Interestln&gmﬁ 20 Conpoynd=PI M W&% activity tosard the nyel oma
a1-Q

cel | |ines g ahnl C50 valte Vs NGt ai ned at doses p\t 5% ni cronol ar .
I n cont rast—OGrprUn ¢ Iban Phm, iyahi bi tor had i y pot ent
activity against all st ed rry%‘i oms cell lines wit relative | C50 val ue

of about 0.1-0.5 mcronolar. Strikingly, when tested in conbination with
Formul a Scheme 5

Bac
' R i H-M

HN@ H
= ) = <
Iy =
Iy 4 HGWE HATU, N 4 N=<5 Y HWE
oy HH- : mNW |

a  HM DIEF& J O  MH-
|N/ Bac cH. WF 9 HMN-pac M
Pd catalyst
F=HBr
Bac
| H-M
HM - {R'
id M =
N ’ N‘( ac H N\ s
= X
e S |
N/ CI NH

The compounds of the present invention are tested for their capacity to inhibit Pim kinase
activity and for their biological effects on growing cells as described below in
EXAMPLES i and ii. The compounds having Ki/ICso/ECsg of less than 10 uM
(preferably less than 1 uM, more preferably less than 0.1 uM, even more preferably less
10 than 0.01 uM, most preferably less than 0.001 uM) in assays described in EXAMPLES 1

and 1i, are useful as Pim kinase inhibitors (Pim-1, Pim-2 and/or Pim-3).



WO 2011/ 029802PCT/ EP2010/ 063069 - 47 A, only the pan-Pi minhibitor
(Compound 3) had strong synergy wherein | C50 val ues of about 40-100 nM were
obt ai ned.wohhs/apszpect ed result indicates that Pim 2 i poirhipee1one3oso
essential to obtain growth inhibition_-gk-nultiple nyeloma cell |ines as

ei ther a Phd@efn@aRBAtIGT intRdSONEI MR skt R (\ﬁirtelilallﬁh}%Ka klﬂahh{a:bédtféﬁll- 5 Table 2
Assay PIM \' N NH HV \ NH O Conpound 3 NNH ? H, N NH, Pim 1/2/3 Ki

39/ 2090/ 1&mpokitjoaY tqrgprising a compound of formula (I), (II), (IIT), (IV), and/or (V) (and/or

solvates, hydrates and/or salts thereof) and a carrier (a pharmaceutically acceptable
carrier). The present invention also includes a composition (for example, a

5 pharmaceutical composition) comprising a compound of formula (I), (II), (IIT), (IV),
and/or (V) (and/or solvates, hydrates and/or salts thereof) and a carrier (a
pharmaceutically acceptable carrier), further comprising a second chemotherapeutic agent
such as those described herein. The present compositions are useful for inhibiting
abnormal cell growth or treating a hyperproliferative disorder such as cancer in a mammal

10  (for example, human). For example, the present compounds and compositions are useful
for treating multiple myeloma, lymphoma, acute myeloid leukemia, prostate cancer,
breast cancer, hepatocellular carcinoma, pancreatic cancer, and/or colorectal cancer in a
mammal (for example, human).

The present invention includes a method of inhibiting abnormal cell growth or treating a

15  hyperproliferative disorder such as cancer in a mammal (for example, human) comprising
administering to said mammal a therapeutically effective amount of a compound of
formula (I), (II), (IIT), (IV), and/or (V) (and/or solvates, hydrates and/or salts thereof) or
a composition therecof. For example, the present invention includes a method of treating
multiple myeloma, lymphoma, acute myeloid leukemia, prostate cancer, breast cancer,

20 hepatocellular carcinoma, pancreatic cancer, and/or colorectal cancer in a mammal (for
example, human), comprising administering to said mammal a therapeutically effective
amount of a compound of formula (I), (II), (IIT), (IV), and/or (V) (and/or solvates,
hydrates and/or salts thereof) or a composition thereof.

The present invention includes a method of inhibiting abnormal cell growth or treating a

25 hyperproliferative disorder such as cancer in a mammal (for example, human) comprising
administering to said mammal a therapeutically effective amount of a compound of
formula(I), (IT), (II), (IV), and/or (V) (and/or solvates, hydrates and/or salts thereof) or a
composition thereof, in combination with a second chemotherapeutic agent such as those
described herein. For example, the present invention includes a method of treating

30 multiple myeloma, lymphoma, acute myeloid leukemia, prostate cancer, breast cancer,
hepatocellular carcinoma, pancreatic cancer, and/or colorectal cancer in a mammal (for
example, human), comprising administering to said mammal a therapeutically effective
amount of a compound of formula (I), (II), (IIT), (IV), and/or (V) (and/or solvates,
hydrates and/or salts thereof) or a composition thereof, in combination with a second

35 chemotherapeutic agent such as those described herein.
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The present invention includes a method of treating lymphoma in a mammal (for

example, human) comprising administering to said mammal a therapeutically effective
amount of a compound of formula(I), (II), (III), (IV), and/or (V) (and/or solvates,
hydrates and/or salts thereof) or a composition thereof, either alone or in combination
with a second chemotherapeutic agent such as an anti-B-cell antibody therapeutic (for
example, Rituxan and/or Dacetuzumab), gemcitabine, corticosteroids (for example,
prednisolone and/or dexamethasone), chemotherapy cocktails (for example, CHOP
(cyclophosphamide, doxorubicin, vincristine, prednisolone) and/or ICE (isfosfamide,
cytoxan, etoposide)), a combination of biologics and chemotherapy (for example,
Rituxan-ICE, Dacetuzumab-Rituxan-ICE, R-Gem, and/or D-R-Gem), an Akt inhibitor, a
PI3K inhibitor, rapamycin, a MEK inhibitor (for example GDC-0973), a B¢l-2 inhibitor
(for example ABT-263), and lymphoma directed antibody drug conjugate (for example,
antiCD22 antibody drug conjugate including but not limited to antiCD22-vcMMAE,
and/or antiCD79b-antibody drug conjugate including but not limited to antiCD79b-
veMMAE).

Formula I compounds may be employed in combination with certain chemotherapeutic
agents for the treatment of a hematopoicetic malignancy, along with pre-malignant and
non-neoplastic or non-malignant hyperproliferative disorders. In certain embodiments, a
compound of Formula I is combined in a pharmaceutical combination formulation, or
dosing regimen as combination therapy, with a chemotherapeutic agent that has anti-
hyperproliferative properties or that is useful for treating the hematopoietic malignancy.
The chemotherapeutic agent of the pharmaceutical combination formulation or dosing
regimen preferably has complementary activities to the formula I compound, and such
that they do not adversely affect each other. Such compounds of the therapeutic
combination may be administered in amounts that are effective for the purpose intended.
In one embodiment, a pharmaceutical formulation of this invention comprises a formula I
compound and a chemotherapeutic agent such as described herein, in a combined
formulation. In another embodiment, the therapeutic combination is administered by a
dosing regimen wherein the therapeutically effective amount of a formula I compound is
administered in a range from twice daily to once every three weeks (q3wk), and the
therapeutically effective amount of the chemotherapeutic agent is administered separately,
in alternation, in a range from twice daily to once every three weeks.

The present invention includes a method of treating multiple myeloma in a mammal (for
example, human) comprising administering to said mammal a therapeutically effective

amount of a compound of formula (I), (II), (IIT), (IV), and/or (V) (and/or solvates,
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(ET) or myelofibrosis (MF), in a mammal (for example, human) comprising
administering to said mammal a therapeutically effective amount of a compound of

30 formula (I), (II), (IIT), (IV), and/or (V) (and/or solvates, hydrates and/or salts thereof) or

a composition thereof, either alone or in combination.
The present invention includes a method of using the present compounds for in vitro, in
situ, and in vivo diagnosis or treatment of mammalian cells, organisms, or associated

pathological conditions.

35 CHEMOTHERAPEUTIC AGENTS
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in combination with formula I compounds of the invention in inhibiting cellular
proliferation in vitro and in vivo. Such chemotherapeutic agents include: PI3K inhibitor,
Formula A compound known as GDC-0941 (Genentech, Inc.) and named as 4-(2-(1H-

5 indazol-4-yl)-6-((4-(methylsulfonyl)piperazin-1-yl)methyl)thieno[ 3,2-d]pyrimidin-4-
yl)morpholine; registered as CAS Reg. No. 957054003007; described and claimed in US
2008/0076768; disclosed in Folkes et al (2008) Jour. of Med. Chem. 51(18):5522-5532;

Belvin et al, American Association for Cancer Research Annual Meeting 2008, 99th: April
15, Abstract 4004; Folkes et al, American Association for Cancer Research Annual

10 Meeting 2008, 99th: April 14, Abstract LB-146; Friedman et al, American Association for
Cancer Research Annual Meeting 2008, 99th:April 14, Abstract LB-110; and has the

structure:
o)
®
(\N \ N/ NH
o\\ ,N\)
HoC O A

Another exemplary PI3K inhibitor chemotherapeutic agent is Formula B compound,

15 named as (S)-1-(4-((2-(2-aminopyrimidin-5-yl)-7-methyl-4-morpholinothienol[ 3,2-
d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-hydroxypropan-1-one; (US 2008/0242665);
and has structure B:

HO ) )

X

\ ()
N N
Qu;liN
L
N |\/)N\
N~ "NH

BIOLOGICAL EVALUATION
20  Certain exemplary therapeutic combinations of formula I compounds and
chemotherapeutic agents described herein were assayed for in vitro activity against tumor

cells, and and ir vivo activity against tumors in mice.

IN VITRO CELL PROLIFERATION ASSAYS
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(exenpl i fneebursd roomtp duthd sBElccanebi aueeswiftthrPriB I pvhFonudy B, the xelapleicdi@d by
Formul a A) ,coul d nrovj. t her apeut J,. ¢ etit- 40 &N i udi ng but not
i ted g ERde o aHL RO E A b s e A 8RB SR o mpounds
of thespredrate thitvBOEIBBIn{thes edshafl K06 ah b@prisial aME utappabd SR} Sidticafecbe
effected by any nethod that enables delivery of the conpounds to 30 the
site of a@tnremotcrRBes cbderilén tha@psddie oral routes, intraduodenal routes,
par ent er af: i nj i i i t nt , C ol Nt ul ar,
ot avas oL £aobAR b BN I AKEANS Rl REUHBRER PRt RS AR, o,
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(o about Shayh fif e 2Giis S piety ARG Ripein BogsvefeuiblrmeohE iy i n some
i nst ancesgorblIRAaM Wil @ifferdhehotd. e haNBS sHowh WerelcalchRtaf 2 BiRSEDS) saRge may
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i sotopes are useful for their ease of preparation and detectability.

Further, substitution with heavier isotopes such as deuterium (2H) may
afford certain therapeutic advantages resulting from greater



25 metabolic stability (for exanple, increased in vivo half-life or reduced
dosage requi renents) and hence nmay be preferred in sone circunstances.
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substitutjn sot a_.non-i,so ically | abel ed
eagent - e fRabRbaR R YeoTIRURE SRR pol o R EE] 1L Y or m
sui t abl e dHce@Falondit tHabthe @binbhatien acitalehehdudarstdnsive BpdptosiPRVIE fior

sust ai ned rel ease fornul ati ons, sol utjon, suspensi on, for parenteral
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medi cinal or 5 pharmaceutical agents, carrfers, adjuvants, etc. Exenplary
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35 2009, Abstract DDTO1-1; Trucksis, M. et al, 100" Amer. Assoc. for Cancer Res., April



EXAMPLE i Pim1l, Pim2, and Pim3 enzynmes were generated as fusion
proteins expressed in bacteria and purified by | MAC col um chromat ography
(Sun, X., wWbi2e1d2p802 and He, Q Y. (2005) Application of i rowhirkeipeesoset al
affinity chromatography in proteom cs.-45xpert Rev. 25 Proteom cs., 2,

649- 657) . 2(R@aAbiedt Bud: efirss ANt RNad L AnieM AERESor Oihcér Res LRpAMPWCL2, 0.01%
Tween 20, 2 M DIT. Term nation Buffer contained 190 nmM HEPES, pH 7.2,

0. 015% Br Apstg®t 310729 a@plt, iRn g2HeA e d LheaanSBorl 413143 BdVRAEEL09Hopki nt on,

M), 20 A. Separ atd on, .Buf f er nt a{ hed 0.,.mM . HER . P , 0.015%
Bl - 35, IREoD BRI g s e SR AR R S b o i e

Sci ences, {806 negHthyridamn-3 (WA} encldrd mivk EHIBAuadek: 5% DVBO. Pl M reactions were
carried out in a final volune of 10 iut per well in a 384-well plate. A
standard enzymatic reactio ynitiated by the addition of 5 iut 2X ATP and
test conmpound to 5 iut x{enzyme and FAM Pintide substrate (Anerican
Pepti de Company (Sunny [~ CAfH2 contained 20 pM PI ML, 50 pM PIM2, or 55 pM
PIM3, |iuM FAMA~IONR ptge, and 101LIM ATP, in Reaction Buffer. After 90

m nutes of incubatioff at room WD 2011/ 029802PCT/ EP2010/ 063069 57 -
tenperatu N he W ation reaction was stopped by the addition of
10iut Termn Li,{lon Buf f ¢ he product and substrate in each independent
reaction were separated™N a 12-sipper mcrofluidic chip (Caliper Life

Sci ences, kinton, MA) run on a Caliper LC3000(r) (Caliper Life Sciences,
Hopki nt onRagdilycinB&o BRRA AP AMINE®) RdkGMnRurdBchpsesiatt daleusoaso pryedt zed by
choosi ng vol tages and pressure using Caliper's (Egt imzer software

( Hopki nt ofgjechipy in omgan Yampiaatation. adrsiriiceddy ysefdl ig ki stapedantsyol t age of -
500V, an of =.2: I I.: of -1.2 psi.
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PIML or PI re generated. Muuse |IL-3 was purchased”from R&D Systens.
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RPM , 10% S, .2 mM L- i , ng/ mL m -3, dia far, BaF3 PIML & 2

TTnes conbhiinemmen 1o FRBET, T ameniche Y8uPIJrmbe e & or

MML. S |'i ng.gentigh Fkﬁ?et%?% a@Q% @gﬁaRf? SMvhy @rsiigndingtly BhdBahBe parcrot al
cell s, é?;lF PI ce Fs, and
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2k/ wellp, Gumplekl (MFRRLE) | mMTERds 2BR/opd¢d FRABHBKBPvepamydimagsogigpd\peotein| at e,

at 45i ut/ est _conpo s_add at 5iut/well., BaF3.cel (parental
Shd tr ancd Lo EL) ARp e R pAR 0, by bt BB RBRGE T BeliBe P eubat ed
for 72 hovgmsiatlindibCCCRITIO R yc Byl Evelolirgis (RADREQ DRt PDR@EIRhuvas added at

50iut/well, the plates were incubated for 25 30 mnutes, and their
| umi nesced23péhdME . Amadidpick). Rarenprmasoawiad s for the test conpound

wer e cal cul %% iglcl tadA Is of the present

i nvent i on@v\sﬁ@lg’gst ed’ ?E’lgksg’slasgge/?éscr’l b%f‘%i%@gms i and ii as

descr 2bed9,aba2d3ard 1f22A804 25, 2% b7, BR,B 3,44 Rt 4- hEEALERTOrcas 2 3dihwdrdet dw.  Tabl e 4

i ncl udes r tative biochem cal bindinpg invitr |1 proliferation

data for (hD-Exd Ra‘#@)-‘tg emﬁ-g]:e,mﬁiti*wcyc oY If-flﬁzl@é@%ﬁ%%ﬁéézb%@ﬁ’@émag
6,8,12,14,20,26-hexamethyl-23,27-epoxy-3H-pyrido[2,1-c][ 1,4]-
oxaazacyclohentriacontine-1,5,11,28,29(4H,6H,31H)-pentone (CAS Reg. No. 53123-88-

9), and has the structure:
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PD-0325901 (CAS RN 391210-10-9, Pfizer) is a second-generation, non-ATP
competitive, allosteric MEK inhibitor for the potential oral tablet treatment of cancer (US
6960614; US 6972298; US 2004/147478; US 2005/085550). Phase II clinical trials have
5 Dbeen conducted for the potential treatment of breast tumors, colon tumors, and melanoma.
PD-0325901 is named as (R)-N-(2,3-dihydroxypropoxy)-3,4-difluoro-2-(2-fluoro-4-

iodophenylamino)benzamide, and has the structure:

H
_N__O
HO” "o LF
OH N
F |
F

Figure 4 shows dose-response curves as a percentage of vehicle control values as a

10  function of test agent concentrations for the multiple myeloma cell line KMS11. The
results obtained here are representative of a total of ten multiple myeloma cell lines tested.
This Cell Titer Glo proliferation and survival assay compares single agent (S)-5-amino-N-
(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-difluorophenyl)thiazole-4-carboxamide
(Compound 3, Example 3), Compound PIMi, Formula A, and combinations thereof. As

15 shown in Table 2, Compound PIMi is a selective inhibitor of Pim 1 and Pim 3 with 11-54
fold selectivity over Pim 2, whereas Compound 3 has a pan-Pim inhibition profile
wherein potency against all three isoforms is more similar. Compound PIMi is named as
5-(phenethylamino)-N-(1H-pyrrolo[2,3-b]pyridine-3-yl)pyrazolo[1,5-a]pyrimidine-3-
carboxamide (WO 2010/051549), and has the structure shown in Table 2. Interestingly,

20 Compound PIMi had little activity toward the myeloma cell lines and an IC50 value was
not obtained at doses up to 5 micromolar. In contrast, Compound 3, the pan-Pim inhibitor
had relatively potent activity against all tested myeloma cell lines with a relative IC50

value of about 0.1-0.5 micromolar. Strikingly, when tested in combination with Formula
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A, only the pan-Pim inhibitor (Compound 3) had strong synergy wherein IC50 values of

about 40-100 nM were obtained. This unexpected result indicates that Pim-2 inhibition is
essential to obtain growth inhibition of multiple myeloma cell lines as either a single

agent or in combination with PI3K inhibition.

5 Table 2
Assay PIMi Compound 3
N«
y) N/j O
= N SNH N/ | N
(0] >
NH MH R
HN-/ \ HM 5 -
N\
Pim 1/2/3 Ki (pM) 39/2090/187 11/47/19
BaF3 parental (uM) 12 8
BaF3-Pim1 (uM) 0.4 0.01
BaF3-Pim2 (uM) >20 2
MM1.s (UM) >20 0.2
EOL-1 (uM) 0.4 0.01

Figure 5 shows dose-response curves as a percentage of vehicle control values as a
function of test agent concentrations in “relative units” for the prostate cancer cell line
PC3. The results obtained here are representative of a subset of prostate cell lines tested.
10  This Cell Titer Glo proliferation and survival assay compares single agent (S)-5-amino-N-
(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-difluorophenyl)thiazole-4-carboxamide
(Compound 3, Example 3), Formula A, and the combination thercof. Surprisingly,
Compound 3 exhibited little activity in this assay, in contrast to literature reports of
unrelated Pim inhibitors reported by other laboratories (Beharry et al, Novel benzylidene-
15 thiazolidine-2,4-diones inhibit Pim protein kinase activity and induce cell cycle arrest in
leukemia and prostate cancer cells. Molecular Cancer Therapeutics (2009) vol. 8 (6) pp.
1473-1483, Akue-Gedu et al. Synthesis, Kinase Inhibitory Potencies, and in Vitro
Antiproliferative Evaluation of New Pim Kinase Inhibitors. J. Med. Chem. (2009) vol. 52
(20) pp. 6369-6381, Olla et al. Indolyl-pyrrolone as a new scaffold for Pim1 inhibitors.
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Bioorganic & Medicinal Chemistry Letters (2009) pp. 5 ). This result suggests previous

reports of PC3 cell growth reductions caused by Pim inhibition are erroneous results
arising from non-selective effects of the test agents mis-reported as Pim-related activity.
Formula A showed good activity as a single agent with a relative IC50 of about 300
5 nanomolar. The combination of Formula A with Compound 3 gave an unexpected

synergistic result in which an IC50 of about 60 nanomolar, or a five-fold improvement in
reduction of prostate cancer cell growth or survival. This surprising and unexpected result
conflicts with prior disclosures by those skilled in the art and suggests that Pim inhibition
may be of therapeutic utility in prostate cancer, but not for the reasons previously thought,

10 and that combination therapy results with PI3K inhibition cannot be reliably predicted
from single-agent Pim inhibition.
Figure 6 shows dose-response curves as a percentage of vehicle control values as a
function of test agent concentrations for the breast cancer cell line HCC-1569x2. The
results obtained here are representative of a responsive subset of solid tumor cell lines

15 listed in Table 3 as measured by Bliss independence/synergy (Bliss, C.1. (1956) Bacteriol.
Rev. 20:243-258). Bliss independence/synergy is a method for calculating the expected
dose-response relationship for combination therapy compared to monotherapy based on
parameters such as IC50, the dose of drug needed to achieve 50% target inhibition and
equal to Ki in the simplest case. This Cell Titer Glo proliferation and survival assay

20 compares single agent Formula A to combinations of Formula A with increasing
concentrations of (§)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,6-
difluorophenyl)thiazole-4-carboxamide (Compound 3, Example 3). The results indicate
that the inclusion of even very low doses such as 1.5 nanomolar Compound 3 are
sufficient to cause a 2-5 fold increase in the apparent potency of PI3K inhibitor GDC-

25 0941 Formula A. These results indicate that Pim and PI3K combination inhibition may
have therapeutic utility in a diverse set of cancer indications including breast, colon,

pancreatic, and prostate cancer.
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Table 3. Bliss Combo Analysis of soiig?u;rnor cell lines

Solid Tumor Cell Line Total Responsive

breast 20 8 (40%)

colon 15 4 (27%)

lung 20 0 (0%)

pancreatic 8 1 (1.25%)

prostate 6 4 (67%)

IN VIVO TUMOR XENOGRAFT EFFICACY
The efficacy of the combinations of the invention may be measured in vivo by implanting
5 allografts or xenografts of cancer cells in rodents and treating the tumor-bearing animals
with the combinations. Variable results are to be expected depending on the cell line, the
presence or absence of certain mutations in the tumor cells, the sequence of
administration of a formula I compound and chemotherapeutic agent, dosing regimen, and
other factors. Subject mice were treated with drug(s) or control (Vehicle) and monitored
10 over several weeks or more to measure the time to tumor doubling, log cell kill, and
tumor inhibition.
Figure 7 shows the mean tumor volume change over 27 days in cohorts of SCID Beige
mice with RPMI 8226.x1 multiple myeloma xenografts dosed daily for 21 days (po, qd
x21) starting on day 0 with: Vehicle (0.5% Methylcellulose : 0.2% Tween 80 in DI
15 Water); single agent therapies: 5, 20, and 50 mg/kg (S)-5-amino-N-(4-(3-aminopiperidin-
1-yD)pyridine-3-yl)-2-(2,6-difluorophenyl)thiazole-4-carboxamide (Compound 3,
Example 3), and 75 mg/kg GDC-0941 Formula A (po, qd x21); and the combinations of
5, 25, and 50 mg/kg (S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-
difluorophenyl)thiazole-4-carboxamide (Compound 3, Example 3) and 75 mg/kg GDC-
20 0941 Formula A (po, qd x21).
Dosing of all cohorts commenced on Day 0 when the mean tumor volume of all cohorts
was between about 100 to 200 cubic millimeters. Compared to the vehicle control, doses
of Compound 3 as a single agent had an effect to delay tumor growth, with increased
delay at higher doses. At the lowest dose there was a trend toward accelerated tumor

25 growth, though this trend was not statistically significant. At the highest dose of 50 mg/kg
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a tumor growth inhibition (TGI) of about 70% was obtained at day 27 compared to

vehicle. Formula A was tested at as a single agent at a single dose level of 75 mg/kg for
which a lesser TGI of 40% was obtained at day 27. Combinations of Compound 3 with
Formula A showed increasing levels of tumor growth suppression with increasing dose
levels of Compound 3 and at the highest dose level tested, showed 106% TGI. These
results suggest that the synergy of combination treatments that was observed in vitro can
be recapitulated in vivo and, interpreted more broadly, that combinations of PIM kinase
inhibitors (exemplified by Compound 3) combined with PI3K inhibitors (exemplified by
Formula A) could provide therapeutic benefit to patients including but not limited to those
with multiple myeloma.

Figure 8 shows the mean tumor volume change over 23 days in cohorts of
immunocompetent Balb/c mice with syngeneic A20 lymphoma tumors dosed daily for 21
days (po, qd x21) starting on day 0 with: Vehicle (0.5% Methylcellulose : 0.2% Tween 80
in DI Water); single agent therapies: 25 and 50 mg/kg (S)-5-amino-N-(4-(3-
aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-difluorophenyl)thiazole-4-carboxamide
(Compound 3, Example 3), and 75 mg/kg GDC-0941 Formula A; and the combinations of
5, 25, and 50 mg/kg (S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-
difluorophenyl)thiazole-4-carboxamide (Compound 3, Example 3) and 75 mg/kg GDC-
0941 Formula A.

Dosing of all cohorts commenced on Day 0 when the mean tumor volume of all cohorts
was between about 200 cubic millimeters. Compared to the vehicle control, doses of
Formula A or Compound 3 as single agents had no significant effect on tumor growth.
However, combinations of Compound 3 at all dose levels with Formula A showed
increased levels of tumor growth suppression with the highest dose level tested showing
68% TGI . These results suggest that the synergy of combination treatments that was
observed in vitro can be recapitulated in vivo and, interpreted more broadly, that
combinations of PIM kinase inhibitors (exemplified by Compound 3) combined with
PI3K inhibitors (exemplified by Formula A) could provide therapeutic benefit to patients
including but not limited to those with Non-hodgkin’s Lymphoma. At the conclusion of
this study, femurs were collected and histological analysis of the bone marrow was
conducted, and peripheral blood was collected for determination of blood cell counts. The
vehicle group was compared to high-dose Compound 3 group and the high-dose
combination group. While the first two groups showed no significant findings, the high
dose combination group had the surprising finding that there were only very minimal

hypocellularity in the marrow, and only modest reductions of peripheral white cell counts
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in the blood. These results indicate an unexpectedly broad therapeutic index wherein

combination of PI3K and Pim Oyridine[n can inhibit cancer cell growth without
significant untoward effect on normal blood and marrow cells.

Figure 9 shows the mean tumor volume change over 18 days in cohorts of SCID mice
with MM1.s multiple myeloma xenografts dosed daily (po, qd) starting on day 0 with:
Vehicle (0.5% Methylcellulose : 0.2% Tween 80 in DI Water); single agent therapies: 5,
20, and 50 mg/kg (S5)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-
difluorophenyl)thiazole-4-carboxamide (Compound 3, Example 3), and 75 mg/kg GDC-
0941 Formula A; and the combinations of 5, 20, and 50 mg/kg (S)-5-amino-N-(4-(3-
aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-difluorophenyl)thiazole-4-carboxamide
(Compound 3, Example 3) and 75 mg/kg GDC-0941 Formula A.

Dosing of all cohorts commenced on Day 0 when the mean tumor volume of all cohorts
was between about 200 to 300 cubic millimeters. Compared to the vehicle control, doses
of Compound 3 as a single agent had an effect to delay tumor growth, with increased
delay at higher doses. At the highest dose of 50 mg/kg a tumor growth inhibition (TGI) of
about 60% was obtained at day 18 compared to vehicle. Formula A was tested at as a
single agent at a single dose level of 75 mg/kg for which a lesser TGI was obtained at day
18. Combinations of Compound 3 with Formula A showed increasing levels of tumor
growth suppression with increasing dose levels of Compound 3 and at the highest dose
level tested, showed 80% TGI. These results suggest that the synergy of combination
treatments that was observed in vitro can be recapitulated in vivo and, interpreted more
broadly, that combinations of PIM kinase inhibitors (exemplified by Compound 3)
combined with PI3K inhibitors (exemplified by Formula A) could provide therapeutic
benefit to patients including but not limited to those with multiple myeloma.

Figure 10 shows the mean tumor volume change over 23 days in cohorts of SCID Beige
mice with OPM-2 multiple myeloma xenografts dosed daily for 21 days (po, qd x21)
starting on day 0 with: Vehicle (0.5% Methylcellulose : 0.2% Tween 80 in DI Water);
single agent therapies: 5, 20, and 50 mg/kg (S5)-5-amino-N-(4-(3-aminopiperidin-1-
yl)pyridine-3-yl)-2-(2,6-difluorophenyl)thiazole-4-carboxamide (Compound 3, Example
3), and 75 mg/kg GDC-0941 Formula A (po, qd x21); and the combinations of 5, 20, and
50 mg/kg (S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-
difluorophenyl)thiazole-4-carboxamide (Compound 3, Example 3) and 75 mg/kg GDC-
0941 Formula A (po, qd x21).

Dosing of all cohorts commenced on Day 0 when the mean tumor volume of all cohorts

was between about 100 to 200 cubic millimeters. Compared to the vehicle control, doses
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of Compound 3 as a single agent had an effect to delay tumor growth, with increased

delay at higher doses. At the highest dose of 50 mg/kg, tumor growth inhibition (TGI) of
about 45% was obtained at day 23 compared to vehicle. Formula A was tested at as a
single agent at a single dose level of 75 mg/kg for which a similar TGI was obtained at

5 day 23. Combinations of Compound 3 with Formula A showed similar levels of tumor
growth suppression at all dose levels of Compound 3 tested and showed about 50-60%
TGI . These results suggest that the synergy of combination treatments that was observed
in vitro can be recapitulated in vivo and, interpreted more broadly, that combinations of
PIM kinase inhibitors (exemplified by Compound 3) combined with PI3K inhibitors

10 (exemplified by Formula A) could provide therapeutic benefit to patients including but
not limited to those with multiple myeloma.

Figure 11 shows the mean tumor volume change over 38 days in cohorts of SCID-beige
mice with LuCap96.1 human prostate tumor cell xenografts dosed daily (po, qd) starting
on day 0 with: Vehicle (60% PEG400 in DI Water); single agent therapies: 50 mg/kg (S)-

15 5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,6-difluorophenyl)thiazole-4-
carboxamide (Compound 3, Example 3), and 75 mg/kg GDC-0941 Formula A; and the
combination of 50 mg/kg (5)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,6-
difluorophenyl)thiazole-4-carboxamide (Compound 3, Example 3) and 75 mg/kg GDC-
0941 Formula A.

20 Dosing of all cohorts commenced on Day 0 when the mean tumor volume of all cohorts
was between about 100 to 200 cubic millimeters. Compared to the vehicle control, doses
of either Compound 3 or Formula A as single agents had an effect to delay tumor growth,
with tumor growth inhibition (TGI) of about 60-70 % was obtained at day 38 compared to
vehicle. Combination of Compound 3 with Formula A showed about 100% TGI. These

25 results suggest that combination of PIM kinase inhibitors (exemplified by Compound 3)
combined with PI3K inhibitors (exemplified by Formula A) could provide therapeutic
benefit to patients including but not limited to those with prostate carcinoma.
Administration of the compounds of the present invention (hereinafter the “active
compound(s)”) can be effected by any method that enables delivery of the compounds to

30 the site of action. These methods include oral routes, intraduodenal routes, parenteral
injection (including intravenous, subcutaneous, intramuscular, intravascular or infusion),
topical, inhalation and rectal administration.

The amount of the active compound administered will be dependent on the subject being
treated, the severity of the disorder or condition, the rate of administration, the disposition

35 ofthe compound and the discretion of the prescribing physician. However, an effective
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dosage is in the range of about 0.001 to about 100 mg per kg body weight per day,

preferably about 1 to about 35 mg/kg/day, in single or divided doses. For a 70 kg human,
this would amount to about 0.05 to 7 g/day, preferably about 0.05 to about 2.5 g/day. In
some instances, dosage levels below the lower limit of the aforesaid range may be more
5 than adequate, while in other cases still larger doses may be employed without causing

any harmful side effect, provided that such larger doses are first divided into several small
doses for administration throughout the day.
The active compound may be applied as a sole therapy or in combination with one or
more chemotherapeutic agents, for example those described herein. Such conjoint

10  treatment may be achieved by way of the simultancous, sequential or separate dosing of
the individual components of treatment.
Pharmaceutical compositions also embrace isotopically-labeled formula I compounds
which are identical to those recited herein, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass number different from the atomic

15 mass or mass number usually found in nature. All isotopes of any particular atom or
element as specified are contemplated within the scope of the compounds of the
invention, and their uses. Exemplary isotopes that can be incorporated into compounds of
the invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur,
fluorine, chlorine and iodine, such as “H, °H, ''C, °C, "C, °N, N, °0, 170, '*0, *Pp,

20 P, S, *F, *°Cl, "I and '*’I. Certain isotopically-labeled compounds of the present
invention (for example, those labeled with *H and '*C) are useful in compound and/or
substrate tissue distribution assays. Tritiated ("H) and carbon-14 (**C) isotopes are useful
for their ease of preparation and detectability. Further, substitution with heavier isotopes
such as deuterium (*H) may afford certain therapeutic advantages resulting from greater

25 metabolic stability (for example, increased in vivo half-life or reduced dosage
requirements) and hence may be preferred in some circumstances. Positron emitting
isotopes such as °0, N, ''C and '°F are useful for positron emission tomography (PET)
studies to examine substrate receptor occupancy. Isotopically labeled compounds of the
present invention can generally be prepared by following procedures analogous to those

30 disclosed in the Schemes and/or in the Examples herein below, by substituting an
isotopically labeled reagent for a non-isotopically labeled reagent.
The pharmaceutical composition may, for example, be in a form suitable for oral
administration as a tablet, capsule, pill, powder, sustained release formulations, solution,
suspension, for parenteral injection as a sterile solution, suspension or emulsion, for

35 topical administration as an ointment or cream or for rectal administration as a
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suppository. The pharmaceutical composition may be in unit dosage forms suitable for

single administration of precise dosages. The pharmaceutical composition will include a
conventional pharmaceutical carrier or excipient and a compound according to the
invention as an active ingredient. In addition, it may include other medicinal or
5 pharmaceutical agents, carriers, adjuvants, etc.
Exemplary parenteral administration forms include solutions or suspensions of active
compounds in sterile aqueous solutions, for example, aqueous propylene glycol or
dextrose solutions. Such dosage forms can be suitably buffered, if desired.
Suitable pharmaceutical carriers include inert diluents or fillers, water and various organic
10  solvents. The pharmaceutical compositions may, if desired, contain additional ingredients
such as flavorings, binders, excipients and the like. Thus for oral administration, tablets
containing various excipients, such as citric acid may be employed together with various
disintegrants such as starch, alginic acid and certain complex silicates and with binding
agents such as sucrose, gelatin and acacia. Additionally, lubricating agents such as
15 magnesium stearate, sodium lauryl sulfate and talc are often useful for tableting purposes.
Solid compositions of a similar type may also be employed in soft and hard filled gelatin
capsules. Preferred materials, therefore, include lactose or milk sugar and high molecular
weight polyethylene glycols. When aqueous suspensions or elixirs are desired for oral
administration the active compound therein may be combined with various sweetening or
20 flavoring agents, coloring matters or dyes and, if desired, emulsifying agents or
suspending agents, together with diluents such as water, ethanol, propylene glycol,
glycerin, or combinations thereof.
Methods of preparing various pharmaceutical compositions with a specific amount of
active compound are known, or will be apparent, to those skilled in this art. For examples,
25 see Remington’s Pharmaceutical Sciences, Mack Publishing Company, Ester, Pa.,
15.sup.th Edition (1975).
Also falling within the scope of this invention are the in vivo metabolic products of
formula I compounds described herein. Such products may result for example from the
oxidation, reduction, hydrolysis, amidation, deamidation, esterification, deesterification,
30 enzymatic cleavage, and the like, of the administered compound. Accordingly, the
invention includes metabolites of formula I compounds, including compounds produced
by a process comprising contacting a compound of this invention with a mammal for a
period of time sufficient to yield a metabolic product thereof.
In another embodiment of the invention, an article of manufacture, or “’kit”, containing

35 formula I compounds useful for the treatment of the diseases and disorders described
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above is provided. In one embodiment, the kit comprises a container comprising a

formula I compound. The kit may further comprise a label or package insert, on or
associated with the container. The term “package insert” is used to refer to instructions
customarily included in commercial packages of therapeutic products, that contain
information about the indications, usage, dosage, administration, contraindications and/or
warnings concerning the use of such therapeutic products. Suitable containers include,
for example, bottles, vials, syringes, blister pack, etc. The container may be formed from
a variety of materials such as glass or plastic. The container may hold a compound of
Formula I or a formulation thereof which is effective for treating the condition and may
have a sterile access port (for example, the container may be an intravenous solution bag
or a vial having a stopper pierceable by a hypodermic injection needle). At least one
active agent in the composition is a formula I compound. The label or package insert
indicates that the composition is used for treating the condition of choice, such as cancer.
In one embodiment, the label or package inserts indicates that the composition comprising
a Formula I compound can be used to treat a disorder resulting from abnormal cell
growth. The label or package insert may also indicate that the composition can be used to
treat other disorders. Alternatively, or additionally, the article of manufacture may further
comprise a second container comprising a pharmaceutically acceptable buffer, such as
bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer’s solution
and dextrose solution. It may further include other materials desirable from a commercial
and user standpoint, including other buffers, diluents, filters, needles, and syringes.

The kit may further comprise directions for the administration of the compound of
formula I and, if present, the second pharmaceutical formulation. For example, if the kit
comprises a first composition comprising a compound of formula I and a second
pharmaceutical formulation, comprising for example chemotherapeutic agent Formula A
or B compound, the kit may further comprise directions for the simultaneous, sequential
or separate administration of the first and second pharmaceutical compositions to a patient
in need thereof.

In another embodiment, the kits are suitable for the delivery of solid oral forms of a
compound of formula I, such as tablets or capsules. Such a kit preferably includes a
number of unit dosages. Such kits can include a card having the dosages oriented in the
order of their intended use. An example of such a kit is a “blister pack”. Blister packs are
well known in the packaging industry and are widely used for packaging pharmaceutical
unit dosage forms. If desired, a memory aid can be provided, for example in the form of

numbers, letters, or other markings or with a calendar insert, designating the days in the
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treatment schedule in which the dosages ca;1506e administered.
According to one embodiment, a kit may comprise (a) a first container with a compound
of Formula I contained therein; and optionally (b) a second container with a second
pharmaceutical formulation contained therein, wherein the second pharmaceutical
5 formulation comprises a second compound with anti-hyperproliferative activity.
Alternatively, or additionally, the kit may further comprise a third container comprising a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer’s solution and dextrose solution. It may further include
other materials desirable from a commercial and user standpoint, including other buffers,
10  diluents, filters, needles, and syringes.
Where the kit comprises a composition of formula I and a second therapeutic agent, i.c.
the chemotherapeutic agent, the kit may comprise a container for containing the separate
compositions such as a divided bottle or a divided foil packet, however, the separate
compositions may also be contained within a single, undivided container. Typically, the
15 kit comprises directions for the administration of the separate components. The kit form
is particularly advantageous when the separate components are preferably administered in
different dosage forms (for example, oral and parenteral), are administered at different
dosage intervals, or when titration of the individual components of the combination is

desired by the prescribing physician.

20 EXAMPLES
EXAMPLE i
Pim-1, Pim-2, and Pim-3 enzymes were generated as fusion proteins expressed in bacteria
and purified by IMAC column chromatography (Sun,X., Chiu,J.F., and He,Q.Y. (2005)
Application of immobilized metal affinity chromatography in proteomics. Expert Rev.

25  Proteomics., 2, 649—657). Reaction Buffer contained 10 mM HEPES, pH 7.2, 10 mM
MgCl,, 0.01% Tween 20, 2 mM DTT. Termination Buffer contained 190 mM HEPES,
pH 7.2, 0.015% Brij-35, 0.2% Coating Reagent 3 (Caliper Life Sciences, Hopkinton,
MA), 20 mM EDTA. Separation Buffer contained 100 mM HEPES, pH 7.2, 0.015%
Brij-35, 0.1% Coating Reagent 3, 1:200 Coating Reagent 8 (Caliper Life Sciences,

30 Hopkinton, MA), 10 mM EDTA and 5% DMSO.

PIM reactions were carried out in a final volume of 10 uL per well in a 384-well plate. A
standard enzymatic reaction, initiated by the addition of 5 uL. 2X ATP and test compound
to 5 uL of 2X enzyme and FAM-Pimtide substrate (American Peptide Company
(Sunnyvale, CA), contained 20 pM PIM1, 50 pM PIM2, or 55 pM PIM3, 1 uM FAM-

35 Pimtide, and 10 uM ATP, in Reaction Buffer. After 90 minutes of incubation at room
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temperature, the phosphorylation reaction was stopped by the addition of 10 uL

Termination Buffer. The product and substrate in each independent reaction were
separated on a 12-sipper microfluidic chip (Caliper Life Sciences, Hopkinton, MA) run on
a Caliper LC3000™ (Caliper Life Sciences, Hopkinton, MA). The separation of product
5 and substrate was optimized by choosing voltages and pressure using Caliper’s Optimizer

software (Hopkinton, MA). The separation conditions used a downstream voltage of —
500V, an upstream voltage of —2150V, and a screening pressure of -1.2 psi. The product
and substrate fluorophore were excited at 488 nm and detected at 530 nm. Substrate
conversion was calculated from the electrophoregram using HTS Well Analyzer software

10 (Caliper Life Sciences, Hopkinton, MA). Ki values for the test compound were

calculated.

EXAMPLE ii
BaF3 parental line was obtained from the DSMZ repository. BaF3 lines transfected with
15 PIMI or PIM2 were generated. Mouse 1L-3 was purchased from R&D Systems. G418
was purchased from Clontech. Media for BaF3 parental line contained RPMI, 10% FBS,
2 mM L-Glutamine, 2 ng/mL mIL-3. Media for BaF3 PIM1 & 2 lines contained RPMI,
10% FBS, 2 mM L-Glutamine, 250 ug/mL. Media for MM1.S line contained RPMI, 10%
FBS, 2 mM L-Glutamine.
20 BaF3 parental cells, BaF3 PIMI1 cells, BaF3 PIM2 cells, and MM1.S cells were seeded at
2k/well, Sk/well, Sk/well, and 10k/well respectively, in a 384-well plate, at 45 uL/well.
Test compound was added at 5 uL/well. BaF3 cells (parental and transfected) were
incubated overnight, while MM1.S cells were incubated for 72 hours at 37°C, 5% COa.
Cell Titer Glo Reagent (Promega) was added at 50 uL/well, the plates were incubated for
25 30 minutes, and their luminescence read on an HT Analyst. 1Cso/ECs values for the test

compound were calculated.

EXAMPLE iii

Representative compounds of the present invention were tested in assays described in
30 EXAMPLES iand ii as described above and found to exhibit a Ki/ICso/ECso as shown
below. Table 4 includes representative biochemical binding and in vitro cell proliferation

data for the exemplary Compounds 1-66.
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Table 4
EXAMPLE # EXAMPLE i EXAMPLE ii

PIM1 PIM2 PIM3 Prolif Prolif Prolif MM1S
LC3K | LC3K (Ki) | LC3K | BaF3_PIMI1 | BaF3 PIM2 | ATP (ECs)
(Ki) pM HM Ki)pM | (ICso) M (ICs0) M HM

1 0.0000224 | 0.0000671 | 0.0000156 0.0332 1.4 0.108

2 0.0000355 | 0.000126 | 0.0000205 0.0672 2 0.218

3 0.0000102 | 0.0000457 | 0.0000156 0.0135 2 0.0497

4 0.000023 | 0.000154 | 0.000026 0.0558 >2.5 0.16

5 0.000044 | 0.000493 | 0.000050 0.30 2.8 1.5

6 0.000063 | 0.000379 | 0.000032 0.117 1.4 0.595

7 0.000091 | 0.000203 | 0.0000215 0.073 3.1 0.141

8 0.00347 0.0163 0.00953 0.713 >20 >20

9 0.000084 | 0.00016 | 0.000014 0.0688 1.9 0.0897

10 0.0367 0.0512 0.024 3.6 - >20

11 0.000502 | 0.000885 | 0.000166 0.607 13.2 9.2

12 0.000172 | 0.00106 | 0.000072 2.3 4.2 6.8

13 0.000102 | 0.000403 | 0.000040 20 20 >20

14 0.0367 0.195 0.00925 20 20 >20

15 0.00193 0.0164 0.00189 0.945 3.3 4.4

16 0.00156 0.00383 0.00226 0.926 >20 10 -20

17 0.014 0.0765 0.00681 >20 >20 >20

18 0.000096 | 0.000596 | 0.000033 0.257 12.3 0.767

19 0.000735 | 0.00355 - 0.581 >20 3.2

20 1.2 4.9 0.496 - - -

21 0.42 0.242 0.138 >20 >20 >20
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EXAMPLE # EXAMPLE i EXAMPLE ii
PIM1 PIM2 PIM3 Prolif Prolif Prolif MM1S
LC3K | LC3K (Ki) | LC3K | BaF3 PIMI | BaF3 PIM2 | ATP (ECs)
(Ki) uM uM (Ki) uM (ICs0) uM (ICsp) uM M
22 0.000054 | 0.000495 | 0.000052 0.52 >20 4.7
23 0.000034 | 0.000153 | 0.000031 2.5 1.8 0.137
24 0.00043 0.0163 0.00176 >14 >20 20
25 0.000511 | 0.00172 | 0.000339 1.5 4.6 1.5
26 0.000014 | 0.00015 | 0.000022 0.0282 2.4 0.148
27 0.000040 | 0.000248 | 0.000050 0.0757 3.9 0.558
28 0.000102 | 0.000434 | 0.000118 0.135 2.8 1.9
29 0.000058 | 0.000565 | 0.000070 0.0489 4.3 1.6
30 0.000076 | 0.000429 | 0.000033 0.0522 >5 0.163
31 0.0000464 | 0.000339 | 0.000023 0.0665 2.3 1.3
32 0.000054 | 0.000127 | 0.000022 1.7 >20 0.65
33 0.00060 0.00251 - 0.41 13.3 3.5
34 0.000012 | 0.0000957 | 0.000022 0.0191 >2.5 0.0568
35 0.000709 | 0.00528 0.00113 0.0293 2 2.3
36 0.00218 0.00869 0.00377 0.562 - 14
37 0.00114 | 0.000635 - 22 - 2.1
38 0.00373 0.0338 0.0127 3.2 - 11.9
39 0.000306 | 0.00169 | 0.000143 0.375 5.1 3.2
40 0.000129 | 0.000725 | 0.000037 0.164 6.5 2.5
41 0.000049 | 0.000208 | 0.000022 0.069 3.9 2
12 0.000036 | 0.0000939 | 0.000022 0.0304 2.1 0.121
43 0.000061 | 0.0000185 | 0.000022 0.0455 3.9 0.237
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EXAMPLE # EXAMPLE i EXAMPLE ii

PIM1 PIM2 PIM3 Prolif Prolif Prolif MM1S
LC3K | LC3K (Ki) | LC3K | BaF3 PIM1 | BaF3 PIM2 | ATP (ECs)
(Ki) M uM KipM | (ICso) M (ICs0) UM nM

44 0.000032 | 0.000512 | 0.000113 0.0381 1.9 0.191

45 0.000561 | 0.00278 | 0.000338 0.613 12.5 5.5

46 0.000264 | 0.00193 | 0.000259 0.148 9.4 4.8

47 0.00398 0.0598 0.00211 3.9 >20 >20

48 0.00133 | 0.00684 | 0.000487 1.4 - 8

49 0.0297 0.259 0.0912 4 - >20

50 0.00050 | 0.00688 | 0.000333 0.614 1.4 0.743

51 0.0000812 | 0.000265 | 0.000041 0.197 >20 0.156

52 0.0000269 | 0.000495 | 0.000061 2.2 >20 1.3

53 0.000208 | 0.000839 | 0.000146 0.273 7.6 0.66

54 0.0269 0.0723 0.0231 7.8 >20 15.7

55 0.000032 | 0.00012 | 0.000028 - - 0.158

56 0.000115 | 0.000666 | 0.000080 1.5 >20 0.953

57 0.00011 | 0.00288 | 0.000229 0.494 >20 5.1

58 0.00089 | 0.00185 | 0.000554 0.232 6.5 3.1

59 0.0182 0355 0.048 >20 >20 >20

60 0.00107 | 0.00116 | 0.000279 0.465 17.6 1.4

61 0.000642 | 0.0182 0.00101 7.1 >20 10.4

62 0.00134 | 0.00887 | 0.000326 6 10.4 0.364

63 0.000437 | 0.00386 | 0.000246 3.4 12.9 19.9

64 0.0216 0.0577 0.018 - - -

65 0.0949 0.0971 0.0473 >20 >20 >20
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EXAMPLE # EXAMPLE i EXAMPLE ii
PIM1 PIM2 PIM3 Prolif Prolif Prolif MM18
LC3K LC3K (Ki) LC3K | BaF3 PIM1 | BaF3 PIM2 | ATP (ECs)
(Ki) uM HM Ki)uM | (ICs0) pM (ICs0) uM uM
66 0.000050 | 0.0000894 | 0.000022 0.0406 2.1 2.8

Multiple myeloma cell lines used in the combination experiments of Figures 1-4, include
EJM, KMS.11, KMS.12.BM, LP-1, MM1.S, MOLP-8, NCI H929, OPM2, RPMI8226,
U266, AMO-1, JIN3, Karpas620, KMS.12.PE, L363, MOLP-2, SKMM2, KMMI,

5 KMS.20, KMS.21, KMS.26, KMS.27, KMS.28. BM, KMS.28.PE, and KMS.34.

INTERMEDIATES
Preparation of compound ethyl 2-amino-2-cyanoacetate: To a stirred solution of (E)-
ethyl 2-cyano-2-(hydroxyimino)acetate (20g, 0.14 mol) in water (250 mL) was added a
saturated solution of NaHCOjs in water (160 mL), followed by the addition of Na,S;04

10 (60 g, 0.423 mol). The reaction mixture was warmed up to 35 °C and stirred for
additional 2 hr. It was then saturated with NaCl (150 g) and extracted with DCM (3 x 350
mL). Combined organic layers were washed with brine, dried over Na,SOy, filtered and
concentrated in vacuo to give ethyl 2-amino-2-cyanoacetate as a red oil (7.8 g, 43%) that
was used at the next step without additional purification. "H-NMR (CDCl;, 500 MHz) §

15 (ppm): 4.45 (s, 1H), 4.34 (q,J=7.0 Hz, 2H), 1.36 (t, /= 7.0 Hz, 3H); MS (ESI) m/z: 129
[M+H].
Preparation of compound ethyl 2-benzamido-2-cyanoacetate: To a stirred solution of
compound ethyl 2-amino-2-cyanoacetate (0.64 g, 5 mmol) in DCM (15 mL) was added
a saturate solution of NaHCOs; in water (15 mL). With vigorously stirring, benzoyl

20  chloride (0.84 g, 6 mmol) was added. The reaction mixture was stirred at ambient
temperature for additional 30 min at which time it was extracted with DCM (3 x 15 mL).
Combined organic layers were washed with brine (20 mL) and dried over Na,SOq,
filtered, concentrated in vacuo. Resulted residue was purified by silica gel column
chromatography (5:1 PE/EtOAc) to afford ethyl 2-benzamido-2-cyanoacetate (0.25 g,

25 22%) as white solid: 'H-NMR (CDCls, 500 MHz) § (ppm): 7.83-7.85 (m, 2H), 7.59 (t, J =
7.5 Hz, 1H), 7.49 (t, J= 7.5 Hz, 2H), 7.02 (d, /= 7.0 Hz, 1H), 5.72 (d, /= 7.5 Hz, 1H),
4.40 (q, J= 7.5 Hz, 2H), 1.39 (t, J = 7.0 Hz, 3H); MS (ESI) m/z: 233 [M+H"].
Preparation of compound ethyl 5-amino-2-phenylthiazole-4-carboxylate: To a stirred

solution of compound ethyl 2-benzamido-2-cyanoacetate (0.46 g, 2 mmol) in pyridine
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(20 mL) was added Lawesson’s reagent (0.81 g, 2 mmol). The reaction mixture was
heated at reflux for 15 hr. It was then concentrated and diluted with EtOAc (40 mL). The
diluted mixture was washed with water (3 x 20 mL), brine (10 mL), dried over Na,SOy,
filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (10:1 PE/EtOAc) to afford ethyl 5-amino-2-phenylthiazole-4-
carboxylate (0.2 g, 40%) as yellow solid: "H-NMR (CDCls, 500 MHz) J (ppm): 7.80 (d,
J=6.5Hz, 1H), 7.36-7.41 (m, 3H), 4.43 (q,J = 7.0 Hz, 2H), 1.44 (t, /= 7.0 Hz, 3H); MS
(ESI) m/z: 249 [M+H"].

Preparation of compound ethyl 5-(tert-butoxycarbonylamino)-2-phenylthiazole-4-
carboxylate: To a solution of compound ethyl S-amino-2-phenylthiazole-4-
carboxylate (248 mg, 1 mmol) in CH;CN (10 mL) was added DMAP (6 mg, 0.05 mmol)
followed by (Boc),0 (262 mg, 1.2 mmol). The reaction mixture was maintained at
ambient temperature for additional 30 min. The mixture was then evaporated in vacuo to
give compound ethyl 5-(tert-butoxycarbonylamino)-2-phenylthiazole-4-carboxylate
as a red solid (340 mg, 95%) that was used at the next step without further purification.
Preparation of compound 5-(tert-butoxycarbonylamino)-2-phenylthiazole-4-carboxylic
acid: To a solution of compound ethyl 5-(tert-butoxycarbonylamino)-2-
phenylthiazole-4-carboxylate (348 mg, 1 mmol) in MeOH/H,0 (10 mL, 1:1) was added
LiOHH,0 (20 mg, 5 mmol). The reaction mixture was heated at 50-55°C until starting
material disappeared from TLC. It was cooled at ~ 0-4 °C and conc. HCI added dropwise
until pH ~ 5. The resulted mixture was then extracted with DCM (3 x 20 mL). Combined
organic layers were washed with brine (2 x 20 mL), dried over Na,SOy, filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography
(50:1 DCM:MeOR) to give the desired product 5-(tert-butoxycarbonylamino)-2-
phenylthiazole-4-carboxylic acid (0.22 g, 68%) as white solid: 'H-NMR (CDCls, 500
MHz) J (ppm): 9.69 (s, 1H), 7.89-7.91 (m, 2H), 7.46-7.47 (m, 3H), 1.57 (s, 9H); MS
(ESI) m/z: 321 [M+H'].

F
HO | Ny C

BocHN S
5-(tert-butoxycarbonylamino)-2-(2-fluorophenyl)thiazole-4-carboxylic acid was
prepared from 2-fluorobenzoyl chloride using procedures analogous to those described
above and in Scheme 1: "TH-NMR (CDCl;, 500 MHz) & (ppm): 9.70 (s, 1H), 8.19-8.23 (m,
1H), 7.42-7.45 (m, 1H), 7.20-7.30 (m, 2H), 1.57 (s, 9H); MS (ESI) m/z: 339 [M+H"].

8 49 0.0297 0.259 0.0912 4 -

>20
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5-(tert-butoxycarbonylamino)-2-(2,6-difluorophenyl)thiazole-4-carboxylic acid was
prepared from 2, 6-difluorobenzoyl chloride using procedures analogous to those

5 described above and in Scheme 1: "H-NMR (CD;0D, 500 MHz) 6 (ppm): 7.42-7.46 (m,
1H), 7.06 (t, J = 8.5 Hz, 2H), 1.47 (s, 9H); MS (ESI) m/z: 355 [M+H"].

O

HO N

| \

BocHN™ S

Cl
5-(tert-butoxycarbonylamino)-2-(2-chlorophenyl)thiazole-4-carboxylic acid was

10  prepared from 2-chlorobenzoyl chloride using procedures analogous to those described
above and in Scheme 1: "H-NMR (DMSO, 500 MHz) J (ppm): 13.57 (s, 1H), 10.05 (s,

1H), 8.14-8.17 (m, 1H), 7.63-7.65 (m, 1H), 7.49-7.51 (m, 2H), 1.53 (s, 9H); MS (ESI)
m/z: 355 [M+H'].

O F
HO N
| A\
BocHN™ S
15 Br

2-(5-bromo-2-fluorophenyl)-5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid
was prepared from 5-bromo-2-fluorobenzoyl chloride using procedures analogous to
those described above and in Scheme 1: '"H-NMR (CDCls, 500 MHz) 6 (ppm): 9.70 (s,
1H), 8.32-8.34 (m, 1H), 7.49-7.52 (m, 1H), 7.09-7.13 (m, 1H), 1.57 (s, 9H); MS (ESI)

20 m/z: 418 [M+H].

Q cl
HO N
| \
BocHN™ S

Br

2-(5-bromo-2-chlorophenyl)-5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid
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was prepared from 5-bromo-2-chlorobenzoyl chloride using procedures analogous to

those described above and in Scheme 1: '"H-NMR (CDCls, 500 MHz) 6 (ppm): 9.70 (s,
1H), 8.31 (d, J=2.5 Hz, 1H), 7.47 (dd, J = 2.5 Hz, J = 8.5 Hz, 1H), 7.35 (d, /= 9.0 Hz,
1H), 1.57 (s, 9H); MS (ESI) m/z: 433 [M+H].

O
HO | N\>_Q
BocHN™ S
2-(3-bromophenyl)-5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid was
prepared from 3-bromobenzoyl chloride using procedures analogous to those described

above and in Scheme 1: "H-NMR (CDCls;, 500 MHz) & (ppm): 9.68 (s, 1H), 8.08 (s, 1H),
10 7.78 (d,J=8.0 Hz, 1H), 7.56 (d, /= 8.0 Hz, 1H), 7.32 (t, /= 8.0 Hz, 1H), 1.57 (s, 9H);

MS (ESI) m/z: 399 [M+H'].
HO N
| N Br
S

BocHN
2-(4-bromo-2-fluorophenyl)-5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid
15 was prepared from 4-bromo-2-fluorobenzoyl chloride using procedures analogous to
those described above and in Scheme 1: '"H-NMR (CDCls, 500 MHz) 6 (ppm): 9.67 (s,
1H), 8.07 (t, /= 8.0 Hz, 1H), 7.42 (d, /= 9.5 Hz, 1H), 1.57 (s, 9H); MS (ESI) m/z: 417
[M+H].

Q
10
N\
Boc~ 78 N /
H

5-(tert-butoxycarbonylamino)-2-(pyridin-2-yl)thiazole-4-carboxylic acid was

20

prepared from using procedures analogous to those described above and in Scheme 1

except the following modification. Preparation of ethyl 2-cyano-2-(picolinamido)acetate:

to a solution of picolinic acid (1.23 g, 10 mmol), EDCHCI (1.91 g, 10 mmol) and HOBT
25 (1.35 g, 10 mmol) in THF (80 mL) was added DIPEA (3.6 g, 30 mmol) at ambient

temperature. The reaction mixture was maintained at the same temperature for 1 hr at
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which time a solution of ethyl 2-amino-z-c-ya611510-acetate (1.28 g, 10 mmol) in THF (5 mL)

was added. The reaction mixture was stirred at ambient temperature for additional 6 hr.

It was then concentrated, and the residue was purified by silica gel column

chromatography (5:1 PE/EtOAc) to give ethyl 2-cyano-2-(picolinamido)acetate (0.7 g,

5 30%) as yellow solid. 5-(tert-butoxycarbonylamino)-2-(pyridin-2-yl)thiazole-4-
carboxylic acid: 'H-NMR (CDCL, 500 MHz) J (ppm): 9.72 (s, 1H), 8.61 (d, J = 4.5 Hz,
1H), 8.09 (d, J = 8.0 Hz, 1H), 7.81 (t, /= 7.5 Hz, 1H), 7.34 (dd, /= 5.5 Hz, /= 7.0 Hz,

1H), 1.57 (s, 9H); MS (ESI) m/z: 322 [M+H].

Q
HO N: i
| \
EDG\N [
H

5-(tert-butoxycarbonylamino)-2-isopropylthiazole-4-carboxylic acid was prepared

10

from isobutyryl chloride using procedures analogous to those described above and in
Scheme 1: "H-NMR (CDCls;, 500 MHz) & (ppm): 9.54 (s, 1H), 3.16-3.21 (m, 1H), 1.54 (s,
9H), 1.37 (d, J = 7.0 Hz, 6H); MS (ESI) m/z: 287 [M+H].

15

Q
HC N
=)
EDE\N g
H
5-(tert-butoxycarbonylamino)-2-cyclohexylthiazole-4-carboxylic acid was prepared
from cyclohexanecarboxylic acid chloride using procedures analogous to those described
above and in Scheme 1: "H-NMR (CDCls, 500 MHz) ¢ (ppm): 9.53 (s, 1H), 2.84-2.89 (m,

20 1H), 2.08-2.12 (m, 2H), 1.84 (dd, J = 3.5 Hz, J = 10.0 Hz, 2H), 1.73 (d, /= 13.0 Hz, 1H),
1.53 (s, 9H), 1.35-1.50 (m, 4H), 1.25-1.27 (m, 1H); MS (ESI) m/z: 327 [M+H'].

Q
HO N
| \
EDG\N g
H

5-(tert-butoxycarbonylamino)-2-o-tolylthiazole-4-carboxylic acid was prepared from

25 2-methylbenzoyl chloride using procedures analogous to those described above and in
Scheme 1: "H-NMR (CDs0D, 500 MHz) & (ppm): 7.34 (s, 1H), 7.13-7.22 (m, 3H), 2.32
(s, 3H), 1.43 (s, 9H); MS (ESI) m/z: 335 [M+H].
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5-(tert-butoxycarbonylamino)-2-(2-methoxyphenyl)thiazole-4-carboxylic acid was
prepared from 2-methoxybenzoyl chloride using procedures analogous to those described

5 above and in Scheme 1: '"H-NMR (CD;OD, 500 MHz) J (ppm): 9.63 (s, 1H), 8.27 (d, J =
7.5 Hz, 1H), 7.42 (t,J= 8.0 Hz, 1H), 7.09 (t, /= 7.5 Hz, 1H), 7.04 (d, /= 9.0 Hz, 1H),
1.57 (s, 9H); MS (ESI) m/z: 351 [M+H].

F
Q@  FF
HO N
|
EDG\N [
H

10 5-(tert-butoxycarbonylamino)-2-(2-(trifluoromethyl)phenyl)thiazole-4-carboxylic
acid was prepared from 2-(trifluoromethyl)benzoyl chloride using procedures analogous
to those described above and in Scheme 1: 'TH-NMR (CD;OD, 500 MHz) ¢ (ppm): 7.76
(d, J=17.5 Hz, 1H), 7.58-7.64 (m, 3H), 1.46 (s, 9H); MS (ESI) m/z: 389 [M+H].

Q
HO N
[ S>—
Boc< [
N
15 H

5-(tert-butoxycarbonylamino)-2-methylthiazole-4-carboxylic acid was prepared from
acetyl chloride using procedures analogous to those described above and in Scheme 1: 'H-

NMR (CDCls, 500 MHz) 6 (ppm): 9.62 (s, 1H), 2.62 (s, 3H), 1.54 (s, 9H); MS (ESI) m/z:

259 [M+H'].
20
0
HO N
B | \>
0C~ g
H

S5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid was prepared using
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procedures analogous to those described above and in Scheme 1 except the following
modification. Preparation of ethyl 2-cyano-2-formamidoacetate: under N,, HCOOH (2.44
g, 53 mmol) was added to Ac,0 (6.48 g, 63.6 mmol) at 0 °C. After it was allowed to
warm to ambient temperature the reaction was heated at 50 °C for 15 hr. It was allowed

5 to cool to ambient temperature. This mixed acid anhydride was then added dropwise to a
solution of ethyl 2-amino-2-cyanoacetate (128 mg, 1 mmol) in dry THF (5 mL) at 0 °C.
After the cooling bath was removed, the reaction was maintained at ambient temperature
for additional 1 hr. The reaction mixture was concentrated and purified by silica gel
column chromatography (5:1 PE/EtOAc) to afford ethyl 2-cyano-2-formamidoacetate

10 (110 mg, 70%) as a white solid.

5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid: 'H-NMR (CDCLs;, 500 MHz)
3 (ppm): 9.70 (s, 1H), 8.29 (s, 1H), 1.55 (s, 9H); MS(ESI) m/z: 245 [M+H'].
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15 To a solution of 5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid (1.72 g, 10
mmol ) in DCM (50 mL) was added in three portions NBS (1.95 g, 11 mmol); the reaction
mixture was stirred at ambient temperature for 1 h. Reaction was concentrated in vacuo;
resulted residue was purified by silica gel column chromatography (6:1 Pet-cther-EtOAc)
to afford 2-bromo-5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid (1.75 g,

20  70%) as white solid: "H-NMR (CDCls, 500 MHz) 6 (ppm): 13.65 (s, 1H), 10.03 (s, 1H),

1.49 (s, 9H). MS(EST) mv/z: 324 [M+H ']
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5-(tert-butoxycarbonylamino)-2-(2,5-difluorophenyl)thiazole-4-carboxylic acid was

25 prepared from 2,5-difluorobenzoyl chloride using procedures analogous to those
described above and in Scheme 1: 'H-NMR (CDCls, 500 MHz) J (ppm): 9.68 (s, 1H),
7.87-7.91 (m, 1H), 7.15-7.26 (m, 1H), 7.08-7.13 (m, 1H), 1.57 (s, 9H); MS (ESI) m/z: 357
[M+H].



Prolif MMLS ATP (EC50) 1-1M 66 0.000050 0.0000894 0.000022 0.0406 2.1 2.8
Mul tiple nyeloma cell lines used in the conbination experinments of Figures
1-4, inclwoeobdybsokMS. 11, KMS. 12. BM LP-1, MML. S, MOLP- @CThBRo1bi92s9 OPMR,
RPM 8226, U266, AMO-1, JJN3, Karpas620Q,68KMS. 12. PE, L363, MOLP-2, SKMWR,
KMML, 5 KMS. 20, KMB. 21, KMS. 26, K. 27, KMS. 28.BM KMS. 28. PE, and KMS. 34.

| NTERMVEDI ATES Preparation of conmpgund eth 2- am no- 2-cyanoacetate: To a
stirred solution of (E)- ethylH®<C Ol 2- (P oxyi mi no) acetate (20g, 0.14
mol) in water (250 nL) was added a dlat Yra oAt i on of NaHCO3 in water
(160 m.), followed by the addet:v;)Rl 04710 (60 g, 0.423 nol). The
reaction mxture was warnmed up toy35 C and stirred for additional 2 hr. It
was then saturated with NaCl (150 g) and extracted with DCM (3 x 350 mi).
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conpound et hyl 2-am no-2-cyanoacetate (0.64 g, 5 mmol) in DCM (15 nL) was
added a saturate solution of NaHCO3 in water (15 nL). Wth vigorously
stirring, benzoyl 20 chloride (0.849, 6 nFDI) '\é\l/as added. The reaction

m xture was stirred at anbient te rature'for ,additional 30 min at which

. /€ONbi ned organic | ayers were
washed with brine (20 nL) and dried ver)- @ filtered, concentrated in
vacuo. Resulted residue was puBeFi si | rea’gel col um chr omat ogr aphy
(5:1 PE/EtOAc) to afford ethyl 2- benzam do 2- cyanoacet ate (0 25 g, 25 22%
as white solid: 1H NVR (CDC13, 500 é n)) 3-7.85 (m 7.59
(t, J = 75-5teqzbut1)|ngcarboqga(qmo)32 Q,?,—dsﬂwop ﬂ)y thlaggle(ﬁcaryoxyﬂlq)aqlﬁwag_m
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(0.81 g, 2 mol). The reaction m xture was heated at reflux for 15 hr. It
was then concentrated and diluted with EtOAc (40 nmL). The diluted m xture
was washed with water (3 x 20 nmL), bDine (10 nL), dried over Na2SO4,
filtered, and concentrated in vacuo.{ The reS||5Lue was purified by silica gel
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2-benzyl-5-(tert-butoxycarbonylamino)thiazole-4-carboxylic acid was prepared from
15 2-phenylacetyl chloride using the above general procedures: 'H-NMR (CDCls;, 500 MHz)
o (ppm): 9.63 (s, 1H), 7.27-7.35 (m, 5H), 4.25 (s, 2H), 1.50 (s, 9H); MS(ESI) m/z: 335

time it was extracted with DCM K@7x

[M+H].
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20  5-(tert-butoxycarbonylamino)-2-(quinolin-7-yl)thiazole-4-carboxylic acid was
prepared from quinoline-7-carbonyl chloride using procedures analogous to those
described above and in Scheme 1: 'H-NMR (DMSO, 500 MHz) J (ppm): 10.14 (s, 1H),
9.11 (d, J= 5 Hz, 1h), 8.68 (s, 1H), 8.55 (s, 1H), 8.21-8.25 (m, 2H), 7.75-7.77 (m, 1H),



5 chromat ography (10:1 PE/EtOAc) to afford ethyl

5- am no- 2- phenyl t hi azol e-4- carboxylate (0.2 g, 40% as yellow solid:

1H NVR ( GROL811/Bd2MHz) 6 (ppm): 7.80 (d, J 6.5 Hz, 1H) pCcT/EPBo16/043b6¢ m 3H),
4.43 (q, J = 7.0 Hz, 2H), 1.44 (t, J=_%9Q Hz, 3H); M5 (ESI) mz: 249 [ M+H].
Prepar at i pB4@f, 9H§TTMS{EQI)%/QWS72 [M+H'].

5- (tert-but oxycar bonyl ani no) - 2- phenyl t hi azol e-4- 10 carboxylate: To a

sol ution of conpound ethyl 5-am no-2-phenylthiazol e-4- carboxylate (248 ny,
1 mmol) in CH3CN (10 ni) was added,DVAP (6 rrg, 0 05 nmmol ) foll owed by
(Boc)20 (262 ng, 1.2 nmol). Th r,e ctigo was mnai ntai ned at anbi ent
tenperature for additional >m_g\ s then evaporated in vacuo
to give conpound et hyl

5- (tert-butoxycarbonyl am no) - 2- phe %th azol e- 4 carboxylate 15 as a red
solid (340 ng, 95% that was used St the next step without further
purification. Preparation of conp
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brine (2 x dried over | tered, and concentrated in vacuo.
The residue was purified by silica gel columm chr omat ography (50:1

DCM MeOH) to give the desired product 5- (tert but oxycar bonyl am no) - 2- 25
phenyl t hi azol e- 4-carboxylic acid (0.22 g, N é() as white solid: 1H NWR

(CDC13, 500 MHz) 6 (ppm: 969(5?2\1:%@%( .91 (m 2H), 7.46-7.47 (m
3H), 1.57 (s, 9H); M (ESI) nlz

5-(tert-butoxycarbonyl am no)-2-(2-fl uorop enyl )t hi azol e- 4-car boxylic acid
was priepared from 2-fl uorobenzoyl chlorid& using procedures anal ogous to

t hose desgr] bove,and in k-
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aci d was pehepwrlegHsN @D(éb 001 })éél?ﬁ@yPSér{ﬁ dtDa&5aés D pt-be e dHes

anal ogous gf;q,zg 33)1 bed above and in Schenme 1: 1H NVR (CD30D, 500
VHz) 6(p?{ (m 1H), 7.06 (t, J= 8.5 Hz, 2H), 1.47 (s, 9H); M5
(ESI) 161 z: 355 [M+H .

5-(tert-but oxycarbonyl am no) - 2- ( 2- w orophenyl ) t hi azol e- 4- carboxylic acid
was 10 prepared from 2-chl orobenzo chl ori de usi ng procedures anal ogous to
t hose descri bed above and in Sche :N 1H (DVMSO, 500 MHz) 6 (ppm:

13.57 (s, 1H), 10.05 (s, 1H), 8.14-§|1 H), 7.63-7.65 (m 1H),
7.49-7.51 (m 2H), 1.53 (s, 9H; ; ( ) : 355 [ MHH] . 0 HO BccHN
Boc Cl

5-(tert-butoxycarbonylamino)-2-(3-chlorophenyl)thiazole-4-carboxylic acid was

prepared from 3-chlorobenzoyl chloride using procedures analogous to those described

above and in Scheme 1: "H-NMR (DMSO, 500 MHz) 6 (ppm): 9.67 (s, 1H), 7.91 (s, 1H),
20 7.72 (d, J= 7Hz, 1H), 7.38-7.40 (m, 2H), 1.56 s, 9H ); MS(ESI) m/z: 355 [M+H].
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5-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)thiazole-4-carboxylic acid was

prepared from 4-chlorobenzoyl chloride using procedures analogous to those described
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(CDC130 560ndadz)atS(0(@hm)S: mBro§7 Ths redelHpn nBxtdie §as thdrh&ut@d tdxS “CHpr 2°h. 42 (d,
J= 9.5 N 20

5-(tert sz%}#sa%&%g%gﬂgmﬁemfra@reﬁ& rfa%tﬁr%vzv% éﬁf%?%%ﬂ ﬁle@mYEém% 2aci d was

prepared fKQH-USLiREdRbRCLEHHES AR, 99Ol bOELISE] ARE ST bDRS @mg&l@nd in
Scheme 1 except the follow ng nodification. Preparation of ethy

2- cyano- 2(0(4fige 8 Immelrivde pédsdtvattedryt 101k Boot (. 87e, éfnnpobolDl\MR:(Zﬁdngt Q2. 23 g,
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and LiOH was added in one portion. The reaction mixture was heated at 70 °C until

starting material disappeared by TLC (~4 h). The mixture was then cooled to ~ 0-4 °C
and 1N aq HCl was added cautiously dropwise until pH ~ 5. The resulted mixture was
extracted with DCM (3 x 20 mL). Combined organic layers were washed with brine (2 x

20 20 mL), dried over Na,SQ;, filtered, and concentrated in vacuo. The residue was purified
by prep-HPLC. The desired product 5-(tert-butoxycarbonylamino)-2-phenyl-1H-
imidazole-4-carboxylic acid was obtained as white solid (0.1g, 16%). '"H-NMR (DMSO,
500 MHz) ¢ (ppm): 9.01 (s, 1H), 8.05 (s, 2H), 7.35-7.42 (m, 3H), 1.45 (s, 9H); MS(ESI)
m/z: 304 [ M+H'].

25 Preparation of compound 5-(tert-butoxycarbonylamino)-2-phenyloxazole-4-carboxylic
acid: To a stirred solution of ethyl 2-benzamido-2-cyanoacetate (1.16g, 5 mmol ) in dry
dioxane (20 mL) was added a solution of HC1 in dioxane (4.0 M, 20 mL). The resulting
mixture was heated at reflux for 10 h. After the solvent was evaporated in vacuo, the
desired product ethyl 5-amino-2-phenyloxazole-4-carboxylate was obtained as a white

30 solid (0.5 g, 50%). Boc-protection followed by hydrolysis of ethyl 5-amino-2-
phenyloxazole-4-carboxylate (0.5 g, 2.2 mmol) using the same procedures described
above gave the desired molecule 5-(tert-butoxycarbonylamino)-2-phenyloxazole-4-
carboxylic acid (320 mg, 22% overall yield): 'H-NMR (DMSO, 500 MHz) 6 (ppm):
13.09 (s, 1H), 9.80 (s, 1H), 7.89-7.92 (m, 2H), 7.56-7.57 (m, 3H), 1.46 (s, 9H) ; MS(ESI)

35 m/z: 248 [M+H'].



WO 2011/ 029802PCT/ EP2010/ 063069 - 65 - which tinme a solution of ethyl

2-am no- 2-cyanoacetate (1.28 g, 10 mol) in THF (5 nL) was added. The
reacti on woxbureeessas stirred at anmbi ent tenperature for paddipteionados® hr. |t
was then concentrated, and the residuemas purified by silica gel colum
chr omat ogggpMWPI(AR Y REUROAAIDSt 0 gi ve et hyl 2-cyano-2-(picolinam do)acetate
(0.7 g, 5 30% as yellow solid.

5-(tert-but oxycar bonyl ami no) - 2- (py EXAMPLE/L) t hi azol e- 4- carboxylic acid:

500 (a G sapRpe-Up-amiBf iy Lhplidains o Holne ol 1Y |

7.0 Hz, 1fdboxhnBde:(s, 9H); M5 (ESI) mz: 322 [M+tH 0 HO ( Roc , N
5-(tert-butoxycarbonyl am no) - 2-i sopropyl t hi azol e- 4-carboxylic acid was
prepared fromisobutyryl chloride usi@procedures anal ogous to those

{ 13, 500 MHz) 5 (ppm: 9.54 (s,

descri bed above and in Schene 1: N
1.37 (d, J= 7.0 Hz, 6H); M5 (ESI)

1H), 3.16-3.21 (m 1H), 1.54 (s,
mz: 287 [MtH O Boc, N --s NH F

5-(tert-butoxycarbonyl ani no)-2-cycl I e-4-carboxylic acid was
prepared from cycl ohexanecarboxylic” acild’ de using procedures
anal og us to t hose described above angd’ it Scheme 1: 1H NMR (CDC13, 500 M)

5 (pp 9.53 (s, 1H), 2.84-2.89 (m 20 1H), 208212(m2H) 184(dd
J= 3.5 HzTo 33010l pouag bogtpyp flagk pentaining-trerrduppparbanglammos3-@s .
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5- (terly's5 b%l%qf)a yggl%éonyégm no‘l) gga%c%g/ ﬁ%&ghenym paeléatgllme aﬂd(t:%errg%cflﬁll c acid
was pr epawesjmbnmre@byréﬂmmwﬂlplﬁidnmf thkereastiong thersobeduwesdistiléddagbus t o

tg hgge( ges ey g gru%? %lgage\{r%j %vgg ?ll.llgﬁ via %Sﬁl%chf%gl__fgtlg(l\g/f%p egta@e/lsq%% NHthe 200(068 p?’%

[:MZH]S Hz, toléd)%to af%d@éuovéoﬁ(%lomgim%ﬁ) 1.57 (s, 9H); M5 (ESI) mz: 351
5- (tert bhlta)&(g/méﬂbomyqunmﬁ)lsmw@szad(dbd pfdteptedoaraid b yiloypthe miep )abhva@8Il engl- car box
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(s, 9H); M5 (ESI) mz: 389 [M+Ig|]
crude product was purified via reverse phase HPLC 40% to 80% MeOH in water with
0.1% NH4OH to afford (8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2-
fluorophenyl)thiazole-4-carboxamide as a white solid (200 mg, 78%)."H NMR (400
20 MHz, DMSO) 6 9.37 (s, 1H), 8.19 (ddd, /=9.5, 7.9, 3.5, 2H), 7.62 (s, 2H), 7.48 (ddd, J =
7.1,6.3, 1.7, 1H), 7.38 (ddd, J=12.5, 10.0, 4.3, 2H), 7.15 (d, /= 5.3, 1H), 3.15 (dd, J =
17.4, 8.0, 1H), 3.00 (dd, J = 9.6, 4.6, 2H), 2.70 — 2.58 (m, 1H), 2.47 — 2.38 (m, 1H), 1.95

— 1.65 (m, 3H), 1.18 (td, /= 15.3, 4.2, 1H); ESIMS m/z = 413.1 (M+1).

25 EXAMPLE 2
(8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2-chlorophenyl)thiazole-4-

carboxamide
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5-(tert-but oxycarbonyl am no) - 2- net hyl t hi azol e- 4-carboxylic acid was

pr epar ed woamniacegog! chl ori de usi ng procedures anal ogousctrEprbéosesodescri bed
above and in Schenme 1: 1HNMR (CDC13, 50Q _-MHz) 6 (ppm): 9.62 (s, 1H), 2.62
(s, 3H), 1.54 (s, 9H); Ms (ESI) mz: 259 [MtH . O HON 1 Boc,N S I-1
5-(tert-but oxycarbonyl am no)thi azol e-4-carboxylic acid was prepared using
WO 2011/ 029802PCT/ EP2010/ 063069 67 @ocedures anal ogous to those

descri bed above and in Schene 1 B Ahg foll owi ng nodification.
Preparation of ethyl 2-cyano- 2-h@m doacet ate: under N2, HCOOH (2.44 g,

53 mpl ) was added to Ac20(6.48\, . 6 ) at 0 C. After it was all owed
to warmto anbi ent tenperature the ti o s heated at 50 C for 15 hr.
It was allowed 5 to cool to anbient t BT e. This m xed acid anhydri de

was then added dropwise to a sol utien”of° ethyl 2-am no-2-cyanoacetate (128
nmg, 1 nmol) in dry THF (5 nL) at 0 C. After the cooling bath was renoved,
t he reacthodlavigsthpprasediraeep dascrabadiip FXAMRBE laangrstartiog Wil dr¢¢émal 1 hr. The

reactionm t A N
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(110 ng, wW%btdsedaaswhivtiiee $bidi(t6.3 mg, 27%). "H NMR (400 MHz, DMSO) & 9.36 (s,
5-(tert-butoxycarhbonyl am no)thi azol e-4-carboxylic acid; 1H NVR (CDC13, 500
Vi) 6 (i 26 T2 Sy TR iy 753 st Gn Bh) 7 Rt S o a8
[M-H . O ONB9C N £ 1H)1D0d fy,3 S@BUWHPR BT 2 59 (m, 1H), 2.56 ~2.39 (m, 1H

5-(tert- bug(;txycar bonyl gh‘léno) t' hi azol e-)?t- car bo'xyp{l’c a)(’:i 3 (1.'72(%’, 1)0 mrol )
in DCM (5093 ).68ds, aHaeld27 A 1t1Ar(ee 2HarESIMSmKBS429.19514d,). 11 mmol ) ; the
reaction mxture was stirred at anbient tenperature for 1 h. Reaction was
concentrated in vacuo; resulted residue was purified by silica gel colum
chromat ography (6:1 Pet-ether-Et 0AgxAMPREfPr d

2- brono-5-(tert-but OXécar bonyl am no)Thr azol e-4-carboxylic acid (1.75 g, 20

70% H WA)-banged-Nd4-Brminepipaniin 3 -yIxgeidvH2 yDe2( pprdifluorgpleByehiazeldy4- 10. 03
(s, 1H, 1.49.(s, 9H . MS(ESI) mz: 324 [MH
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Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-
butoxycarbonylamino)-2-(2,6-difluorophenyl)thiazole-4-carboxylic acid, the title

15  compound was obtained as a white solid (12.4 mg, 23%). 'H NMR (400 MHz, DMSO) 3
9.37 (s, 1H), 8.32 (s, OH), 8.21 (d, J= 5.2, 1H), 7.65 (s, 1H), 7.54 (dt, J = 14.7, 7.3, 1H),
7.28 (t,J=8.8,2H),7.12(d, /= 5.3, 1H), 3.11 (d,J=10.3, 1H), 2.97 (t,J = 13.7, 2H),
2.64 —2.54 (m, 1H), 2.47 — 2.38 (m, 1H), 1.86 (t, /= 16.9, 1H), 1.72 (s, 2H), 1.18 (d, J =
19.1, 1H). ESIMS m/z = 431.1 (M+1).

20

EXAMPLE 4

(8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(5-bromo-2-

fluorophenyl)thiazole-4-carboxamide



5- (tert-butoxycarbonyl am no)-2-(2,5-difluorophenyl)thiazol e-4-carboxylic
acid was 25 prepared from 2, 5-difl uorobenzoyl chloride using procedures
anal ogouswoaotinoss2descri bed above and in Schene 1. 1H RVREPEIICHE06500 MHz)
6 (ppm: 9.68 (s, 1H, 7.87-7.91 (m 1HB,- 7.15-7.26 (m 1H), 7.08-7.13 (m
1H), 1.57 (s, 9H); M5 (ESI) mlz: 357 H. W

2011/ 029802PCT/ EP2010/ 063069 - 68 -

5-(tert-but oxycar bonyl am no) - 2-42; N I"wer,0phenyl ) t hi azol e- 4- carboxylic
acid was prepared from 2, 4-diflugdcobenzoyl chloride using procedures
anal ogous to those descri bed above ingcheme 1: 1H NMR (CDC13, 500 MHz)

6 (ppn): 9.66 (s, 1H), 5 8.16-8. 2%) &FD,
9H); M5 (ESI) mfz: 357 [ MtH].
5-(tert-butoxycarbonyl ani no)-2- (2, 3- ¢ Suor op yI)thlazoIe 4- car boxylic
acid was prepared from 2, 3- dlfluorOBenzoyI chl ofi de usi ng procedures

anal ogousmmw&lhg)a@ pwcdaaﬁe@ras b@érlﬁéwmeE}aAMPLrE S@ﬁ@mﬂq whﬁm{\é&t( CD30D, 400
MHz) 6 (ppm: @ 7.07-7 (m %7 9H) ;. M5 (ESI) m z:
357 [ M+H]| butogycp@ogﬁl@nmqu- ~Nphromo-2- ﬂuorophenyl) iazole- 4 carboxyhc acid, the title

2- benzy1- $h do

o opar v (OGN SRR AN RTLIEN F RO Pt FEVBR oA S

pr ocedﬁrzeﬁ% 33 Id-I-INIyR% zmr;y& 5. som)wzl)z (6d, (Jp@m 6, m 1’33}()57 82H)7 527(@74;17) 353(m
°H), 4 5(d(s lH) 3. 19(3 _ 35 1H), BOET ) (dd, M 2163500.6 M 2H) 2.67 (t J=10.0,

2H), 1.98 — 1.62 (m, 3H), 1.32 — 1.11 (m, 1H); ESIMS m/z = 493.1 (M+2).

5-7.04 (m 2H), 1.62 (s,

EXAMPLE 5
10 (8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(5-bromo-2-chlorophenyl)

*Miz

Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-

thiazole-4-carboxamide

butoxycarbonylamino)-2-(5-bromo-2 chlorophenyl)thiazole-4-carboxylic acid, the title

15  compound was obtained as a white solid (2.1 mg, 3.5%). '"H NMR (400 MHz, DMSO) &
9.49 (s, 1H), 9.19 (s, 1H), 8.56 (d, J= 2.1, 1H), 8.31 (d, /= 5.7, 1H), 7.97 (s, 3H), 7.71 (s,
2H), 7.60 (dt,J=22.2, 5.5, 2H), 7.28 - 7.15 (m, 1H), 7.01 (d, /= 51.1, 1H), 3.33 (s, 3H),
2.99 (s, 2H), 2.06 (s, 1H), 1.91 (s, 1H), 1.77 (d, /= 12.7, 1H), 1.59 (d, J = 9.3, 1H).
ESIMS m/z = 509.1 (M+2).

20

EXAMPLE 6

(8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-bromophenyl)thiazole-4-

carboxamide



20 5-(tert-but oxycarbonyl am no)-2-(quinolin-7-yl)thiazol e-4-carboxylic acid
was prepared from quinoline-7-carbonyl chloride using procedures anal ogous
t o those woeriidesh2above and in Schene 1. 1H NVR ( DMSO, pe@@Erbéid)sshed ppm) :
10.14 (s, 1H), 9.11 (d, J= 5 Hz, 1h), -8468 (s, 1H), 8.55 (s, 1H), 8.21-8.25
(m 2H), 7.75-7.77 (m 1H, WD 201 9802PCT/ EP2010/ 063069 - 69 - 1.54
(s, 9H) ; MS(ESI) mz: 372 [MH]. JOH

5-(tert-butoxycarbonyl am no) - 2- %t ["NH3- @] pyri di n-2-yl ) thiazol e-4-carbo
xylic 5 acid was prepared fromiimidazol[ 1, 2-a] pyri di ne-2-carbonyl chloride
usi ng procedures anal ogous to t hoseNfescri bed above and in Scheme 1: 1H NMR
(DVBO, 500 MHz) 6 (ppm: 10.12 (s, N8.58(d, 5Hz, 1H), 8.45 (s, 1H),
7.61(d, 5Hz, 1H), 7.31-7.34 (m 1H), .9\-(m 1H), 1.53 (s, 9H);
MS(ESI) mz: 361 [MtH]. Hsl.rN--BOCSNOH --3;:-\--4 0
5-(tert-butoxycarbonyl am no) - 2-ter{_|-2but yl t hi azoEire- 4- carboxylic acid was
prepar ed Fslwwing vl @ytedafds af deRriv&d MEXAMPEGUI esd aBainggatiss-{ert hose

descri bed above and in Schene 1. 1H NVR (CDC13, 500 MHz) 6 (ppm): 9.55 (s,
1H), 1. 55bytexycarlponylpmino)2s(3-iqmophepbithijzaig-2-cagwxyligmgid; the title compound
5-(tert-b ; ] (3= 0 b ylLic acid
was prepa&ge%&%églg%%—q%wg% g@%&%@gﬁm gng/?)l ggﬁl}g#r%mp%gé ur%g%a%gﬁio(éfous to

t hose destH),3ex? (dhowe. Anid) H15chéHy 7165 Wd; NVRO(DVEOIHR 004 Mtiz) =6.9, pHX) : 9. 67
(s, 1H), 7.91, (s, 1H. 20 7.72 (d, J= 7Hz, 1H), 7.38-7.40 (m 2H), 1.56 s,
OrT )T MB(ESR fni s 3ok Bris 1 08 b 225617 86 bBoSRET ibo'r0l bBabsh 2170
above and 4 n-Sehe 1i odH r 66 7.81
(d, J = g %75 'qu)ﬁ,)’ l7‘.9%12 1%%@2@51%@% 2H§)’, ﬁ?%@sﬁ&émﬁﬁsﬁl&% m z:
355 [ MtFI ].

EXAMPLE 7
10 (8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-phenylthiazole-4-carboxamide

= ’NH2

|
NS SNH

H:N S
Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-
butoxycarbonylamino)-2-phenylthiazole-4-carboxylic acid, the title compound was
obtained as a white solid (3 mg, 4.9%). ESIMS m/z = 395.1 (M+1).
15
EXAMPLE 8
(8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-methylthiazole-4-carboxamide

=~ "NH;

|
NN

s
HalN
Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-
20  butoxycarbonylamino)-2-methylthiazole-4-carboxylic acid, the title compound was
obtained as a white solid (5.3 mg, 8.2%). 'H NMR (400 MHz, DMSO0) § 9.32 (s, 1H),
8.29 (s, 1H), 8.18 (d, /= 5.3, 1H), 7.23 (d, J=11.3, 2H), 7.08 (d, J= 5.3, 1H), 3.19 —



Preparation of conmpound

5-(tert-but oxycarbonyl am no) - 2- phenyl - 1Hi m dazol e-4- carboxylic acid:
Benzot hi omoi2de1/0288037g, | Omol ) and benzyl brom de (1. 71gpcir@rombo)psived n dry
THF were heated to 60 C for 2 h. After.7st- was allowed to cool to room

enper at ur 93 (ResH§ @066 B, b Yr 8 7wel), hid 7 @rag), I'E*T‘%d&’cﬁﬁ.]r:elil ®enzy 3.2,
benzi ni dot hi oat e rom de as a ite solid (29, 65% w thout further

purificat7.6m3HId.4d —sbﬂZl(moH{bfﬁS[{JMSzryAZ “&¥z] Vddl hi oat e hydr obroni de (1.54
g, 5 mol) in dry CHCl3was added in one portion dry pyridine (5 mmol) at
anbi ent tenperature followed by ethyl 2-am no-2- 10 cyanoacetate (0.64 g, 5
nmmol ). The reaction m xture was t h@gxAm@igdoto 65 C for 2 h. After cooling
to roomtenperature, the mxture was filtered to give the ethyl 5-am no-2-
pheny 15 1HS)r empet N4 Taminepycsid - h§’1)ﬁ}’r9<@¥113o§z7\'/)'@dlpﬁl’rl@ﬂ Splihipzp-B g, 689 .
Thi s sol 'Qarﬁ%%g@e 2 mol ) was added with dry THF, Boc20 (0.87g, 4 mmol),
DVAP (24 ny, nmol ). The reaction was heated to 65 C for 5 h. The

sol vent was evaporated in vacuo to 1 ve crude product. This crude
product was then dissolved in MeQH }—@30 m., 1:1) and Li OH was added in
one portion. The reaction m xturé edidd at 70 C until starting

mat eri al di sappeared by TLC (-4N The m xture was then cooled to - 0-4 C
and 1N aq HCl was added cautiously d'F"apvvi se until pH- 5. The resulted

m xture was extracted with DCM (3 ? . /Congi ned organic | ayers were
washed with brine (2 x 20 20 nlL), drie en Ng2504, filtered, and
concentrated in vacuo. The residue p%rlff\'ed by prep-HPLC. The desired
product 5-(tert-butoxycarbonyl am no)-2-phenyl-1H m dazol e- 4-car boxylic acid
was obt ai heltbvasg tiiei ireceslotasds (lesctiged m@/KAMLHkH\Ich(DmgvﬁﬂOS ey 6 (ppm:

g 021[ ( Mﬂu%kycg@oay%gggoﬁ? W]{}%E% gpﬁﬂ%ﬁ?ﬁ]@ 4- Ia;pboxélfhc acug he t1t|_rg éornpo(ung v&;asm z
5-(tenp- bwt%y&gsr@%ﬁé%n | 1 aRAR ¢4do pﬁ{zbmgoysacauqs 1}'9
stirred solution of ethy I benza 0-2-cy anoacet ate

) in
dry di oxahé7 (@0 7y, %833@0(@&@ §dadd4bn5c$ﬁ THEB. in(dddm&@sel )47 85 I(Ild 26 n).
The resul tin r h fl Hx ft t sglyyent was
evapor at eJ}dbi ﬂ6$a&9ﬁ(§§{8e2%?§%dgﬁo§§t H ’%&/"7 I%de % ?ﬁ) % 294
5- ami no- 2(mfBeny b g8 azbb e - X OBy ﬁvm(myaﬂ{)obtzal(ﬂu:drasza, vhé tiel)3eseasid (0.5
g, 50% . Boc- grot ection followed by hydrolysis of ethyl 5-am no-2-
phenyl oxa@(ﬂe 20.44Mddxyl ate (0.5 g, 2.2 mol) using the sane procedures
descrl?ed above gave the desired nol ecul e
5- (tert-butoxycarbonyl am no) - 2- phenyl oxazol e- 4- carboxylic acid (320 ng,
22% overall yield): 1H NVR (DMSO, ERAMPEE I® (ppm: 13.09 (s, 1H), 9.80 (s,

248 [ NieH (5 5-VBMOO b OB PEEF o b 6%ibEsy b AtS oSS ERPIONE COVPOLNDS

EXAMPLE 1
(S)-5-anino-N—(4-(3-aninopiperidin-l-yrzggridin-3-y1)-2-(2-f|uorophenyl)thi
azo |l e-4- carboxam de: a 5HN To a onpgd bottom flask containing

5- (tert-butoxycarbonyl am no) - 2- (3¢ _flluorophenyl )t hi azol e- 4- car boxylic acid
(250 ng, 739 unol), (S)-tert-butyl

am nopyri di n-4-yl) pi peri di n- 3- ylcarb enN 216 ng, 739 unol) and HATU (562
ng, 1.48 nmmol) were added net hyl ene chl of i (10 mM.) and

di i sopropyl et hyl am ne (0.382g, 2.96 %Q ). The reaction m xture was
stirred for 24 hr at roomtenperature“and the reaction was nonitored by

LCVB.  UpORo 16R#TRY Bilcl (28cc@lirds R dERABE] RIEXANPISON YedtaM@S witss-\Aled of f and
the crude materral was purified via flash chromat ography, heptane/ethyl

acet a8 209pxysadowylemind)tbiaenlgdrdaghexslic agidghe e cgapyund waseotsgned as a ound
bottom 1 agk. VR 39955, Kook )ecHadvRT486 M2 BIURS) 3iR RPANE (1373, FB:s 3,
1H), 8.11 (s, 1H), 7.37 (s, 2H), 7.08 (d, J = 5.3, 1H), 3.11 (d,.J = 11.1, 2H), 3.04 — 2.88
(m, 3H), 2.63 (ddd, /= 13.9, 9.6, 2.3, 2H), 2.42 (dd,.J = 11.0, 9.1, 1H), 1.88 (dd, /= 9.3,
4.8, 1H), 1.83 — 1.61 (m, 2H), 1.19 (td, J = 14.2, 4.2, 1H). ESIMS m/z = 319.1 (M+1),

25
EXAMPLE 11




15 622 unol ), nethylene chloride (5 nL) and trifluoroacetic acid (3 ni,
39.6 mmol ). The m xture was stirred at roomtenperature for 30 mn, and the
sol vent wae 2digkbdobed of f. The crude product was purifi edTaPaow@smese phase
HPLC 40% to 80% MeOH in water with O. 1%6NH40—I to afford
(S)-5-am Nirhitho (N3 -BRR1 fidin0t WI3LGAh 2= Ryljthiazol

fl uorophe(r?gl-s) t hi gg\g-l em caroggiea% de%ggma 3 ??a s(griy %g ,06780/() . 1H NMR
(400 20 MahopwB® 6 9.37 (s, 1H), 8.19 (ddd, J= 9.5, 7 9, 3.5, 2H), 7.62
(s, 2H), 7.48 (ddd, J =7.1, 6.3, 1.7,-.dH, 7.38 (ddd, J= 12.5, 10.0, 4.3,
o), 7.15 (d, J= 5.3, 1H). 3.15 (dd. @17 4,°8.0, 1H), 3.00 (dd. J= 9.6,
4.6, 2H), 2.70 - 2.58 (m 1H), (fm 1H), 1.95 - 1.65 (m 3H),
1.18 (td, J= 15.3, 4.2, 1H); Emz 413.1 (Mr1l). 25EXAVPLE 2
(S)-5-am no- N-(4-(3-am nopi peri - Inpl ) pyridin-3-y1)-2-(2-chl orophenyl )t hi
azol e- 4- carboxam de WD 2011/02980 CT/h|EP2 063069 - 72 - NNHCI HN
Fol I owi ng the procedures as descri Béd |ny VP 1 and starting with 5
-(tertbutoxycarbonyl am no)-2-(2-chl or nyl YtHi azol e- 4- car boxylic acid,
the title conpound was obtained as BMwite solid (16.3 ng, 27%. 1H NWR

400 Hz, , 7.53 2H) ,
(7 53 . Fggi@q g grls)%rgc?:d&%'s ('13 dés?lbe(gmgé‘XMPL‘]%l %1(? %1%'1_‘% Wlﬁ?ﬁtert gmo 0 l(_?j
J=9.35 ZIH)tQX@aﬁ&nylaﬁnﬁg A-(pyritiid)-3- yDtIﬁ&o—le-Q—c&%o((yﬂhc ki), ,thél.tl%comﬁouﬁia wasy 2H),
1.27 - 1.12 | 2H) ; . ESI mz = 429,1 (M1). EXAMP
iy N_?]Qtal%l@ asa_ql_g)vhgf)ﬁ(ﬂl\@ﬂi%]%lg,_ 1[20/2) )Igﬁlyrgi Coa MR DMsD) 55534 E) 1), 9.04
-y1)-2- (266 Jdlittﬂq{)?gla@wd )Jt—hll @ZP4| ﬁ{)48 283 bpx3m qlvﬁ\} 9N NRH | (nfothow ng the

procedure as descri and starting
5- (t ert but.6%yx aHhoh§l &, e6)S. (2-4(&,161)d7 B (rrbr]&phényﬂi), rSrﬁOaib%(m #a),Bodoyt i ¢

TH AR (2060 s bRel 08 76 1900 23130 5% Ml SR B d P 270y

7.65 (18, ) ESIMS m/z =396.1 (M+1).

EXAMPLE 12

(8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(4-chlorophenyl)thiazole-4-

N
X" NH

D}IN@CI
HNT ©

Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-

carboxamide

15

butoxycarbonylamino)-2-(4-chlorophenyl)thiazole-4-carboxylic acid, the title compound
was obtained as a white solid (21.3 mg, 32%). "H NMR (400 MHz, DMSO) & 9.35 (s,
1H), 8.35 -8.17 (m, 1H), 7.83 (d, J = 8.6, 2H), 7.65 (s, 1H), 7.56 (d, /= 8.6, 2H), 7.13 (d,

20 J=5.3,1H),3.07 (ddd,/=37.6,28.3, 11.1, 4H), 2.67 (t, J= 9.8, 1H), 2.33 (s, OH), 1.82
(ddd, /= 38.8,30.3, 11.9, 3H), 1.25 (d, /= 8.3, IH). ESIMS m/z = 429.1 (M+1).

EXAMPLE 13

(8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-chlorophenyl)thiazole-4-

25  carboxamide



7.54 (dt, J=14.7, 7.3, 1H), 7.28 (t, J=8.8, 2H), 7.12 (d, J= 5.3, 1H),
3.11 (d, J=10.3, 1H), 2.97 (t, J=13.7, 2H), 2.64 -2.54 (m 1H), 2.47
-2.38 (mwoHMp11/029s02, 1H). ESIMS nmlz = 431.1 (Mt1). 1.86prCEPIF0L63089 1H),
1.72 (s, 2H), 1.18 (d, J = 20 EXAVPLE 4 (S)-5 -am no-N-(4-(3 -am nopip
eridin-1-yl)pyridin-3 -y1)-2-(5 -br -2- fluorophenyl)thiazo | e-4-carbo
xam de WO 2011/ 029802PCT/ EP2010/ 0(@?06, - 73 - Follow ng the procedures as
described in EXAMPLE 1 and st || g Wt NI - (tertbutoxycarbonyl am no)-2-(5
- brono- 2-fl uorophenyl )t hi azo Ing- 4xcarboxylic acid, the title conpound was
obtained as a white solid (21.6 ng,NB87%. 1H NVR (400 MHz, DMSO) 6 5 9. 33

(s, 1H), 8.22 (d, J= 5.3, 1H), 8.42~(dd, J 8.6, 10.2, 1H), 7.82 -7.52
(m 4H), 7.13 (d, J= 5.3, 1H), 3.13 (b, V3= 6, 1H), 3.01 (dd, J= 16.0,
10.9, 2H), 2.67 (t, J= 10.0, 2H), {N98S 1.624m 3H, 1.32- 1.11 (m 1H);
ESIMS mz = 493.1 (M2). EXAMPLE 5° 10
('S) - 5- amHRodleMin(gdth¢ Proapiuropagdseribed-id EXAMPLEI and3tarfing 24th 3-(@¢rono- 2- chl or oph
enyl ) thiazol e-4-carboxani de H2NBr Fol | owj ng the procedures as described in
EXAVPLE Puiigcabep %?fﬁljl%g;(g'oé‘m(?gﬁ%ﬁm\%a‘g%g%ﬁﬁaﬁ%ﬁ*)I - Q9riRgngn
chl or ophenlobtdiazl 8t RTBPXY b infy, 3¢4d. 'H RRIR {4008MHzZ, DMSO) § 9.36 (d, J =
5 24.2,1H),8.22 (d,J=5.2, 1H), 7.96 (s, 1H), 7.84 — 7.60 (m, 2H), 7.58 — 7.42 (m, 2H),
7.15(d, J= 5.3, 1H), 3.22 — 2.95 (m, 4H), 2.75 — 2.59 (m, 1H), 1.97 (d, J = 12.9, 1H),
1.94 — 1.70 (m, 2H), 1.32 — 1.11 (m, 1H). ESIMS m/z = 429.1 (M+1).

EXAMPLE 14

10 5-amino-2-phenyl-N-(pyridin-3-yl)thiazole-4-carboxamide

H:N
Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-
butoxycarbonylamino)-2-phenylthiazole-4-carboxylic acid and 3-aminopyridine, the title
compound was obtained as a white solid (21.0 mg, 42%). '"H NMR (400 MHz, DMSO) &
15 9.78 (s, 1H), 8.99 (d, J= 2.4, 1H), 8.30 — 8.18 (m, 2H), 7.95 — 7.88 (m, 2H), 7.59 (s, 2H),
7.53 —7.32 (m, 4H). ESIMS m/z =297.1 (M+1).

EXAMPLE 15

(8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(trifluoromethoxy)phenyl)

20 thiazole-4-carboxamide

H2N OCF,
Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-
butoxycarbonylamino)-2-(2-(trifluoromethoxy)phenyl)thiazole-4-carboxylic acid, the title



15 conpound was obtained as a white solid (2.1 ng, 3.5%. 1H NWR (400 MHz,
DVSO) 6 9.49 (s, 1H), 9.19 (s, 1H), 8.56 (d, J= 2.1, 1H), 8.31 (d, J= 5.7,
1H), 7. 9Wo0O=0118H8027. 71 (s, 2H), 7.60 (dt, J= 22.2, 5.5pczHP016/08869 7. 15
(m 1H), 7.01 (d, J=51.1, 1H, 3.33 (g8-3H), 2.99 (s, 2H), 2.06 (s, 1H),
1.91 (s, éd?ﬁpou%dﬁas@@tal&ﬂ a} 4 -whitelbllid (2. ‘5%1% @6%§ngN§1R@4|dbMﬁ§|lb’ﬁS@)75 =
509.1 (M+2). 20 EXAMPLE 6 (S)-5 -am no- an nopi

eridi n-1-9B%pyridi H3B(ddy Iy 727(282 1&)0&@%@dﬁ§6hlﬁk6 7I9€ 7147élarﬂé)<§rﬂl4de WD

2011/ 029802PCT, 9

describedpd’lzﬁ_E/éél\;%ﬁEQ]l.gg%d]6 tllagtl g3 ﬁl _?{5 ‘%ﬁgf ) 2 (3
‘brOﬂDphethg&hU&ZHIQfﬂQQ@DbDEVLJK6B@deDthe7(&ﬂye]6Qﬂﬂ0MmH)WﬂHNQQh% ned as
a white solid (19.2 ng, 32% . 1H NWR (400 MHz, DMSO) 6 9.41 (s, 5 1H), 8.22
(d, J=55.24794Mtd)12 (s, 1H), 7.65 (dd, J= 30.5, 7.9, 4H), 7.43 (t, J=
7.9, 1H), 7.15 (d, J=5.3, 1H), 3.18 -2.98 (m 2H), 2.72 -2.56 (m 2H),
2.42 (t, J= 10.0, 1H), 2.01 (d, J=12.2, 1H), 1.92- 1.77 (m 2H), 1.20 (d,
J=7.0, 1H. ESIMS mz = 475.1 (I\/HEXAI\EP(BEHME 7 10

(S)- 5amn N—(4(3- nopi peri di n- 1-yl) yr| n3y1) -p | t hi azol e-4-ca
r boxani de “ONHDINR: -APROREICHIGH- H gl)t)}ﬁrécﬁgr sddf résbuéaé%&e@ﬁ# bed i n EXAMPLE
1 and sta&{:r ,M%

5- (tertbutoxycarbonyl am no) - 2- phenyl t hi azol e- 4- carboxylic acid, the title
conpound was obtained as a white soli @ ng, 4.9%. ESIMS mz = 395.1

(Mr1) . 15 EXAMPLE 8

N
(S) - 5- ami no- N- (4- ( 3- ani nopi peri dih- X< yi
r boxam de N NH

O¢Fﬁj%*“<f

S
10 HoN

p{/NHdi n-3-y1)-2-met hyl t hi azol e-4-ca

Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-
butoxycarbonylamino)-2-tert-butyllthiazole-4-carboxylic acid, the title compound was
obtained as a white solid (21.0 mg, 34%). "H NMR (400 MHz, DMSO) 3 9.40 (s, 1H),
9.21 (s, 1H), 8.19(d, /= 5.2, 1H), 7.28 (s, 2H), 7.11 (d, /= 5.3, 1H), 3.10 (d, J = 10.7,

15 2H), 3.07 - 2.88 (m, 1H), 2.69 — 2.54 (m, 1H), 2.47 — 2.25 (m, 1H), 2.00 — 1.61 (m, 3H),
1.34 (s, 9H), 1.21 (ddd, J = 23.2, 10.9, 3.8, 1H). ESIMS m/z = 375.1 (M+1).

EXAMPLE 17

5-amino-N-(4-chloropyridin-3-yl)-2-(2,6-difluorophenyl)thiazole-4-carboxamide
Cl

NH F
HNT  ° F

Following the procedures as described in EXAMPLE 1 and starting with 5-(fert-

20

butoxycarbonylamino)-2-(2,6-difluorophenyl)thiazole-4-carboxylic acid and 3-amino-4-
fluoropyridine, the title compound was obtained as a white solid (10 mg, 19%). '"H NMR
'"H NMR (400 MHz, DMSO) § 9.46 (s, 1H), 9.41 (s, 1H), 8.30 (d, J = 5.2, 1H), 7.71 (s,

25 2H),7.65(d,J=5.2,1H), 7.54 (dq, J = 8.3, 6.4, 1H), 7.37 — 7.19 (m, 2H). ESIMS m/z =
367.0 (M+1).



N Follow ng the procedures as described in EXAMPLE 1 and starting with
5-(tert- 20 butoxycarbonyl am no) - 2-net hyl t hi azol e-4-carboxylic acid, the
title compount/oees2obt ai ned as a white solid (5.3 ng, 8re2¥ErP2diblobived (400
MHz, DVsO 6 9.32 (s, 1H), 8.29 (s, 1H79-8.18 (d, J= 5.3, 1H), 7.23 (d, J=
11.3, 2H), 7.08 (d, J= 5.3, 1H, 3pxamMprL¥Gs2011/029802PCT/ EP2010/ 063069 -
75 - 2.93 Sn1 5H), 2.66 (dd, J= 10. , 2.47 (s, 3H), 1.81 (dddd, J
= 24.0, 26)5-amBoN-(4-(3-amdpjpetiding 1 -yDpyridinGry)-2Hp-(diEstthEcabamey 323, 1 (M+1) .
EXAMPLE 9, 5 e d

(S)-5-am %%OYRP}(%YP@I%% %ﬁar38§a%ﬁ 1-yl') pyridin-3-yl)-2-(pyridin-2-yl)thiaz
ol e-4- carboxam de N "NH2 N H2N Fol ng the procedures as described in
EXAMPLE 1 and starting with

5- (t ert but oxycar bonyl am no) - 2 Zﬂwﬂ)¢h|q;ole 4- carboxylic acid, the
title conpound was 10 obtalne a white solNdy(18.5 ng, 30%. 1H NVR (400
MHz, DMBO) 6 9.34 (s, 1H), 857(d”'1'] 4.7, \835(s oH), 8.22 (d, J=
5.3, 1H), 8.03 (d, J= 8.0, 1H, 7 tNd, 7 1.6, 1H), 7.72 (s, 2H),
7.41 (dd, J= 6.3, 5.0, 1H), 7.13 {d, =)5: FD, 3.20 -2.94 (m 3H), 2.76
- 2.61 (m 2H), 2.00 - 1.70 (m 3k T.25 édd, J =22.2, 11.6, 1H). ESI M5
m z 396.1 (M+1l). 15 EXAMPLE 10

(S)- 5- an PeltdWih g tHeJracddarRiap aedceibét h-BX AMATIEN BndstithhpRiigzl@rt4- car boxam de

N."NH2 N o H2N Fol|lowi ng the procedures as described in EXAMPLE 1 and
starting ‘thwcgrt\opﬁkafmno) -2-(5- (dlrnethylcarbarnoyl) 2-fluorophenyl)thiazole-4-carboxylic

acid, the title compound was obtained as a white solid (16.3 mg, 28%). "H NMR (400

MHz, DMSO) 6 9.36 (s, 1H), 8.27 (s, 1H), 8.25 - 8.17 (m, 2H), 7.65 (s, 2H), 7.53 — 7.40

(m, 2H), 7.14 (d, J = 5.3, 1H), 3.08 — 2.86 (m, 9H), 2.67 (q, J=9.1, 1H), 2.48 — 2.38 (m,
10 1H), 1.95-1.61 (m, 3H), 1.29 - 1.11 (m, 1H). ESIMS m/z = 484.1 (M+1).

EXAMPLE 19

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(imidazo[ 1,2-a]pyridin-2-

Nx~">NH -«
N YD)
D)is\%/ S

H,N

Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-

yl)thiazole-4-carboxamide

15

butoxycarbonylamino)-2-(imidazo[ 1,2-a]pyridin-2-yl)thiazole-4-carboxylic acid, the title
compound was obtained as a white solid (22 mg, 42%). "H NMR (400 MHz, DMSO) &
9.35(d, J=14.9, 1H), 8.66 (d, /= 6.8, 1H), 8.25 (s, 1H), 8.21 (d, /=5.2, 1H), 7.59 (t, J =

20 9.1,3H), 7.37-7.28 (m, 1H), 7.12 (d, J= 5.3, 1H), 7.01 — 6.93 (m, 1H), 3.10 (ddd, J =
41.8,25.5,11.2,4H), 2.69 (dd, /= 15.2, 6.0, 1H), 2.05 - 1.94 (m, 1H), 1.94 — 1.73 (m,
2H), 1.36 — 1.16 (m, 1H). ESIMS m/z = 435.1 (M+1).

EXAMPLE 20

25  (S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-phenyl-1H-imidazole-4-

carboxamide



20 but oxycar bonyl am no) thi azol e-4-carboxylic acid, the title conpound was
obtained as a white solid (19.4 ng, 39%. 1H NMR (400 MHz, DVsO 6 9.30 (s,
1H), 8. 19wo0adp1dre$23, 1H), 8.11 (s, 1H), 7.37 (s, 2H), PCc&PLE/0d3069 5. 3,
1H), 3.11 (d, J = 11.1, 2H), 3.04 -2.880(-m 3H), 2.63 (ddd, J= 13.9, 9.6,
2.3, 2H), 2.42 (dd, J= 110 9.1, 1 88 (dd, J= 9.3, 4.8, 1H), 1.83 -
1.61 (m 2H), 1.19 (td, J= 14.2, 4}-@ ESIMS mz = 319.1 (Mrl). 25 WO
2011/ 029802PCT/ EP2010/ 063069 - 2"(‘ BNHam no- N-(4 (3 -am nopip
eridin-1-yl)pyridin-3 -y1)-2-( in-3 -yl)thiazo | e-4- carboxam de
N,,,NH2 N1 -'"NH O H2N Fol | ow ng e Brocedures as described i n EXAMPLE 1
and starting with 5-(tert- 5
but oxycar bonyl am no) - 2- (pyri di n- 3- ﬁ )t
conpound was obtained as a white sog BH5 ng, 129 . 1H NMR (400 MHz,
DMBO) 6 9.34 (s, 1H), 9.04 (d, J = 2%2, 1H), 8.60 (dd, J = 4.8, 1.4, 1H,
8.22 (d, ﬂ&llo'ixlﬁ%wlﬂe@roceﬂuﬂeg as d&clibed MEXMMPIE 69nd §tart121§|)w1th75§t%rt( dd, J= 8. 0,
(m

0 -carboxylic acid, the title

4.8, 1H), d, J= 1 .3.20 -2,92 (m 4H) 1H),
2. 45 (dd, bwexycarbgnylgmno)siphenyl-gH-imidazglp-4- ﬁ@rbgaf—})hc apicp thetithe compound was 4. 1,

é?l (]j-ll_?] IEé(}t%lﬁf/%gdaWhgg%l%(%g&%f chl orop eﬁ?qo)yﬁza%a@@@ﬁtgéfégﬁgmmgg nopI P

N, " NH25N18.13 ki, NIQQI891@H2N 7.3, 2H), 7.45 (t, J = 7.7, 2H), 7.34 (t, J=7.3, 1H), 7.10 (d, J =
5.3, 1H), 5.93 (s, 2H), 3.02 (d, /= 11.6, 2H), 2.71 (q, /= 8.9, 3H), 1.92 (¢, J = 25.0, 3H),
1.47 (s, 1H). ESIMS m/z = 378.2 (M+1).

EXAMPLE 21

10 (S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-
((dimethylamino)methyl)thiazole-4-carboxamide

Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-
butoxycarbonylamino)-2-((dimethylamino)methyl)thiazole-4-carboxylic acid, the title

15 compound was obtained as a white solid (9.6 mg, 19%). '"H NMR (400 MHz, DMSO) &
9.32(d,J=20.2, 1H), 8.18 (d, /= 5.3, 1H), 7.32 (s, 2H), 7.11 (t, J=12.8, 1H), 3.09 (d, J
=10.9, 1H), 2.96 (dd, J = 8.6, 4.3, 2H), 2.71 — 2.54 (m, 2H), 2.42 (dd, /= 11.0, 8.9, 1H),
2.23 (d, J=16.3, 5H), 1.95 - 1.62 (m, 3H), 1.21 (td, /= 13.6, 4.1, 1H). ESIMS m/z =
376.1 (M+1).

20

EXAMPLE 22

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-carbamoylphenyl)thiazole-4-

carboxamide



Fol 1l owi ng the procedures as described in EXAMPLE 1 and starting with
5-(tertbutoxycarbonyl am no) - 2- (4-chl or ophenyl )t hi azol e- 4- car boxyl i c aci d,
the titl ewoanpaupgh2was obt ai ned as a white solid (21.3 rgI/ER26M/0630kd NVR
(400 MHz, DMSO 6 9.35 (s, 1H), 8.35 -g§..17 (m 1H), 7.83 (d, J= 8.6, 2H),
7.65 (s, 1H), 7.56 (d, J = 8.6, 2H.~Y.13 (d, 20 J= 5.3, 1H), 3.07 (ddd, J=
37.6, 28.3, 11.1, 4H), 2.67 (t, JS@, 1H), 2.33 (s, OH), 1.82 (ddd, J=
38.8, 30.3, 11.9, 3H), 1.25 ( NHb) o ESIMS mfz = 429.1 (Ml).

EXAMPLE 13 (S)-5 -am no- i ( (3 -am nog D-NH,
eridin-1-yl)pyridin-3-yl)-2-(3- Hophenyl hi azol e-4- 25 carboxam de WO
2011/ 029802PCT/ EP2010/ 063069 - 77 NCI ow ng the procedures as

descri bed in EXAMPLE 1 and start|Q1 ity
5- (t ert but oxycar bonyl am no) - 2- ( 3- q_m r$phenyl )t hi azol e- 4- car boxyl i ¢ acid,
the title conpoundn was obtained as$ a white solid (21.0 ng, 31%. 1H NMR

(400 Wiz, FOMSGhg thcpr ks od dedoriBld QLE)UﬂMPI& Band Slarthg tP3-(h) , 7.96 (s,
1H), 7.84- 760(m2H) 5 (d, J= 5.3, 1H), 3.22 -
2.95 (m yxycarbpgylapigy- 2( fA- Carbﬂm}ﬂlpl@?lnbﬁna@le ‘1423@0X311H)301@2 togfitle 17 70 (m

éH)am ﬁo?)g p‘)-ﬂ510 u}lﬁ “%\a!-g](a B%Fl?egla@ﬁ Edgzol c—.g k 8(};?%0%5@4}’&4%@2@\&0?)' ow ng the

procedsres as descrl bed in EXAIVPLE 1 and starting with

S5- (tertbutoxycarbonyl am no) - 2- phenyl t hi azol e- 4- carboxylic acid and
3-am nopyr|d| ne, the title conp nﬁMned as a white solid (21.0 nyg,

429 . M r J= 2.4, 1H), 8.30-
8.18 (m W &%QM{%@%@&%H& 9@@"‘%‘&1“ ﬁﬂ? > @ &%rg% "32 (m 4H). ESIMS
mz = 297ﬂﬂpr()p,hleh)ll)t1@mm-5alb6xamlde (5)-5
-am no- N- (4- (3-am nopi peridin-1-yl)pygidin-3-yl)-2-(trifluoromethoxy)phenyl
) 20 thiazol e-4-carboxam de N NH (\N;\

N

.,’

HgN
10  Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-
butoxycarbonylamino)-2-(5-chloro-2-fluorophenyl)thiazole-4-carboxylic acid, the title
compound was obtained as a white solid (23 mg, 38%). '"H NMR (400 MHz, DMSO) &
9.52 (s, 1H), 9.22 (s, 1H), 8.28 (dd, /= 5.9, 3.5, 2H), 7.98 (s, 2H), 7.70 (s, 2H), 7.57 —
7.43 (m, 2H), 7.18 (d, J=5.4, 1H), 3.39 (s, 2H), 3.09 (d, /= 12.4, 1H), 2.87 (t, /= 10.1,
15 2H),2.14-2.01 (m, 1H), 1.98 — 1.86 (m, 1H), 1.79 (dd, /= 9.9, 3.7, 1H), 1.58 (dd, J =
19.1, 9.4, 1H). ESIMS m/z = 447.1 (M+1).

EXAMPLE 24

5-amino-2-(2,6-difluorophenyl)-N-(4-(piperidin-1-yl)pyridin-3-yl)thiazole-4-carboxamide

@[O
N NH F
N
g
HEN F

Following the procedures as described in EXAMPLE 1 and starting with 4-(piperidin-1-

20

yl)pyridin-3-amine and 5-(¢ert-butoxycarbonylamino)-2-(2,6-difluorophenyl)thiazole-4-



WO 2011/ 029802PCT/ EP2010/ 063069 - 78 - conpound was obtained as a white
solid (12.9 ny, 16%. 1H NMR (400 Mz, DVBO) 6 9.34 (s, 1H), 8.31 (dd, J=
7.7, 2.2,woHpr/@Be2 (d, J = 5.3, 1H), 7.79 -7.47 (m 5SHpcT/EPR1006B06Y= 5. 3,
1H), 3.13 (d, J= 11.2, 1H), 3.00 (dd, -¥-16.1, 6.8, 2H), 2.73 -2.58 (m
1H), 2. 42:48tky1id acﬁoth%’tltlg cgmféﬁﬁd was @&amecﬂ-asﬁag-wﬁﬁ& soaid)%% Ingl B4¢4)d'H AFES. O,
4.4, 1H). ESIMS Mz 5 = 479 Mr1) . EXAVPLE 1 S)-5 -ani no- N (4-(3

- am nopi pehop vz, DMSH))BrQﬁP s BH) Y153, tR) 8 Ztltiﬂy! fﬁﬁazlb{),l BOUCS, %HP eXdamni de N

010H2NF prg due a r'bd

with 5-(t ,»(b%%,%%z 0362 2y AERAh 0205 28 ﬁt) yﬂ;md
the title coagayaH)vesl ilbU&IﬂEClZ}@SESIMBInﬁ/Q—SﬂBIICKMQl? 0 mg 34% IH NMR
(400 Mz, DVBO) 6 9.40 21 (s, 1H), 8.19 (d, J= 5.2, 1H), 7.28
(s, 2Hp, 7.11 (d J= 5.3, 1H), 3.10 (d, J= 10.7, 15 2H), 3.07 -2.88 (m
1H), 2.69 - 2.54 (m 1H), 2.47 - 2 L), 2.00 - 1.61 (m 3H), 1.34
(s, 9H), 1.21 (ddd, J= 23.2, 10. 9—@@1—%—. ESIMS mz = 375.1 (M+l).
EXAMPLE 1(8)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,6-difluorophenyl)thiazole-4-

5-am no- N- (4-chl oropyridin-3-yl)-2-(2,6-difluorophenyl)thiazol e-4-carboxam
de G N ocabpy N“%ol | owi ng the procedures as described in EXAMPLE 1 and

starti ng wth
5- (t ert but oxycar bonyl am no) - 2- (2, 6- d@.‘orophenyl )t hi azol e- 4-carboxylic
acid and 3-am no-4- fluoropyridi N ‘tNHJ e conpound was obtained as a
white solid (10 ng, 19% . 1H N@ENNR (400 MHz, DVMSO) 6 9.46 (s, 1H),
9.41 (s, 1H), 8.30(d J =52 N, 71 fg, 25 2H), 7.65 (d, J = 5.2,
1H), 7.54 (dq, J 8.3, 64 1H), 7 -N71 2H). ESIMS mz = 367.0
(M+1l). WD 2011/ 029802PCT/ EP2010/ 08306 XAMPLE 18 (S)-5-am no
-N-(4-(3 -amnop ip eridin-l-yl)pyridin= é)-z-(5 - (di met hyl ¢ ar bano
y1l)-2- fluorophenyl)thiazo |e-4-car ) xam d

10  Following the procedures as described in EXAMPLE 1 and starting with (R)-tert-butyl 1-

(3-aminopyridin-4-yl)piperidin-3-ylcarbamate and 5-(zert-butoxycarbonylamino)-2-(2,6-
difluorophenyl)thiazole-4-carboxylic acid, the title compound was obtained as a white
solid (8 mg, 7.2%). '"H NMR (400 MHz, DMSO) & 9.37 (s, 1H), 8.21 (d, /= 5.2, 1H),
7.67 (s, 2H), 7.54 (ddd, J=14.7, 8.4, 6.3, 1H), 7.29 (t, /= 8.9, 2H), 7.12 (d, J = 5.3, 1H),

15 3.12(d,J=7.6,2H),3.05-2.91 (m, 2H), 1.93 - 1.79 (m, 1H), 1.72 (s, 2H), 1.29 - 1.08
(m, 1H). ESIMS m/z = 431.1 (M+1).

EXAMPLE 26

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-cthoxy-2,6-
20 difluorophenyl)thiazole-4-carboxamide

q’@"/NHE
NS~ “NH F
N
ray
g
HaN F 97\

A septum sealed microwave tube was charged with (S)-tert-butyl 1-(3-(5-(tert-

butoxycarbonylamino)-2-bromothiazole-4-carboxamido )pyridin-4-yl)piperidin-3-

ylcarbamate (50 mg, 0.084 mmol), 2,6-difluoro-3-cthoxyphenyl-boronic acid (169 mg,
25 0.84 mmol), Pd(dppfH)Cl, (13.6 mg, 0.016 mmol) 1M Na,COs (0.6 mL, 14.1 mmol) and

acetonitrile (3 mL). The mixture was irradiated for 30 min at 120 C. Upon completion of



H2NF 5 Fol | owi ng the procedures as described in EXAMPLE 1 and starting with
5-(tert-

but oxycanwonylzmswe) - 2- (5- (di met hyl car banoy1) - 2- f | uor oplremyprrdbiossned e- 4- car
boxylic acid, the title conmpound was alyzai ned as a white solid (16.3 ny,
289 . 1H %réé&ggn Migsol%@as GisB11&Pofrand ﬁi@oru@b I%Ztef@l’vvéﬂs"@lssoﬁfea@n CH§Cﬂz7 (m
2H), 7.65 (s, 3 - 7.40 (m 2H), 7.14 (d, 1H), 3.08 -2.86
(m 9H), @ r@]z)@ trahsfegregl to mspmtllzatm \Llagl ”BEA((&;W&()S 1m)rnol)]_wg5addeg1 aedtl(em 3H),

]IéXiﬁ/PL]Ié il 1x(t1rﬁle was stlrre(‘? af room temEer%?u%é %or(3|8|+n%i)ni The solvent was distilled off and the

(S)-5-am ﬁﬁdé\bl(oﬂuét?w@fﬁuﬁ‘ﬁ@d PRIetirbe fhagé HPYIO 4099 t380% M 2O MiifwdesE vith
[1, 2- a%pyrl di n- 2 )t hi azol e- 4- car boxam de  15H2N Fol | owi ng t he procedures
as deseri®éep Nhh@ R/PEfEfdl(Séﬁda@PﬁTN'i(‘h@mwplperldm-1 -yDpyridin-3-y1)-2-(3-

5-(tertbut, 1 hi ligr 4- car box
ylic aci dé R@/?g Arggﬂ&ghﬂﬁaz\(/o\ge?g g%ar?{%@ %Ryﬂv&% {)‘ﬁ(?gb’%g)nf% ?%? ﬁ— 429% . 1H
NVR (400 M(M@HzﬁDMSﬁ) X935 Js7 184, 027 1R)16 (&, 68),( W66 G72H),%,281itY,,./ 8. 25 (s,
1H), 8.21 (d J=_20 37- 7.2 1H)

702 (d 928 1Hhﬂ+)2377|%91(m62fé)3£‘(1é1(%+«77032%%‘g%@dd a5 1
A 2 0o dfia Iz 1% uf 1 Bha, 2 081 1, 9oL Tt orh 945 kgt 2H),
1.36 - 1.16 (m ='435. E 2 25(8) 5-am no
-N- (4403 3H}nE$@MS|rp/zeT4’tﬁ h(Mﬂ/))pyrl d| n- 3 yl) 2- phenyl - 1H-| m dazo | e-4-
car boxam de WO 2011/ 029802PCT/ EP2010/ 063069 - 80 - Follow ng the
procedures as described in EXAMPLE 1 and starting with

5- (tert but oxycar bonyl am no) - 2- phengkahpipidazol e- 4- car boxylic acid, the
title conpound was obtained as a white solrd (6 ng, 10%.1H NMR (400 VHz,
DVBO) 6 9(BI-{rminoNH(4-(Baminopirsrigin B-yDyridipg3-y-286-rapylosy-2.63, 2H), 7.45 (t,
J=7.7, 2 710(d J=5.3, 1H, 5.93 (s, 2H, 3.02
(d, J= 11@“"’?@6”9”?1201&1 Cifb°§%1de .92 (t, J= 25.0, 3H), 1.47 (s,

1H). ESIMS mz 378.2 (Mrl). E 21 10 (S)-5-am no-N-(4-(3 -amnop ip
eridin-1-yl )pyri din-3 -yl)-2- ((dN! rretihyl am no) net hyl )t hi azo | e-4-carbo

xam de Fol | om ng the proce debcri bed in EXAMPLE 1 and starting

wth
5- (tert but oxycar bonyl ani no) > ( dNHet hylFami_no) net hyl ) t hi azol e- 4- car boxyl i ¢
acid, the title 15 )\LN@
Q \ A\
g
15 HN F 97\~

Following the procedures as described in EXAMPLE 26 and starting with 2,6-difluoro-3-
propyloxyphenyl-boronic acid, the title compound was obtained as a white solid (4.5 mg,
11%). "H NMR (400 MHz, DMSO0) $ 9.38 (s, 1H), 8.30 (s, 1H), 8.21 (d, /= 5.3, 1H),
7.66 (s, 2H), 7.28 (td,/=9.2, 5.2, 1H), 7.18 (t,/=9.8, 1H), 7.12 (d, J= 5.3, 1H), 4.05 (t,

20 J=6.4,3H),2.70 —2.56 (m, 2H), 2.46 — 2.30 (m, 3H), 1.90 — 1.67 (m, 5H), 1.00 (t, J =
7.4, 3H). ESIMS m/z = 489.1 (M+1).

EXAMPLE 28

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-butyloxy-2,6-
25 difluorophenyl) thiazole-4-carboxamide

qt@"lNHz
NS~ “NH F
M
Ay
S o
HaN F /\/\



conmpound was obtained as a white solid (9.6 ng, 19%. 1H NWVR (400 MHz,

DMSO 6 9.32 (d, J= 20.2, 1H), 8.18 (d, J= 5.3, 1H, 7.32 (s, 2H, 7.11
(t, J= 12w8,20iik4p9803. 09 (d, J = 10.9, 1H), 2.96 (dd, J=p8TAP2610B6308H), 2.71
-2.54 (m 2H), 2.42 (dd, J= 11.0, 8.9,.g84Hd), 2.23 (d, J= 16.3, 5H), 1.95 -
1.62 (m l%'ﬁovvlﬁg ﬁlelpréé\é'ﬁﬂl?es ad désbribédin BSAMPIE 26 ardd stddthg Wil MB 4B re=320
EXAMPLE 22 (S)-5-amno -N-(4-(3 -amnoplperldlnl-% yridin-3 -yl)-2-(3
- car banmo lytltplmmiy:mylt -biranio abids the titlgrcbowamidieas ylrined as a Whlte solid (3 mg,

2011/ 0298%E%I§f’528]’1_20; 9&33‘9?13[4;1)‘81 - "NH2 NH2 o

5 EXAMPLE 29

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-isopropyloxy-2,6-

difluorophenyl)thiazole-4-carboxamide

"I

Following the procedures as described in EXAMPLE 26 and starting with 2,6-difluoro-3-
10 isopropyloxyphenyl-boronic acid, the title compound was obtained as a white solid (6.5
mg, 16%). "H NMR (400 MHz, DMSO) § 9.38 (s, 1H), 8.27 (s, 1H), 8.21 (d, /= 5.3, 1H),
7.56 (dd, J=36.1,25.2, 4H), 7.30 (td,/=9.2, 5.3, 1H), 7.17 (t,/=9.8, 1H), 7.12 (d, J =
5.3, 1H),4.60 (dt,/=12.2, 6.1, 1H), 3.06 (dd, /=51.1, 11.1, 3H), 2.70 — 2.56 (m, 1H),
1.84 (d, /=122, 1H), 1.73 (s, 2H), 1.30 (d, /= 6.0, 6H), 1.18 (s, 2H). ESIMS m/z =
15 489.1 (M+1).

EXAMPLE 30

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(4-tolylthiazole)-4-carboxamide

ﬁ@

20 Following the procedures as described in EXAMPLE 26 and starting with p-tolylboronic
acid, the title compound was obtained as a white solid (3.7 mg, 11%). "H NMR (400
MHz, DMSO) ¢ 9.38 (s, 1H), 8.21 (d, J=5.2, 1H), 7.71 (d, J=8.2, 2H), 7.57 (s, 2H),
7.30 (d, J=18.0,2H), 7.14 (d, J= 5.3, 1H), 3.19 - 2.96 (m, 4H), 2.65 (dd, /= 15.8, 5.1,
1H), 2.39 — 2.30 (m, 3H), 2.01 — 1.88 (m, 1H), 1.88 — 1.69 (m, 2H), 1.24 (d, /J="7.7, 1H).

25 ESIMS m/z=409.1 (M+1).



S H2N Fol | owi ng the procedures as described in EXAMPLE 1 and starting with
5-(tertbut oxycarbonyl am no) - 2- ( 3- car banoyl phenyl )t hi azol e- 4- car boxylic
aci d, thewbizvig2esppound was obtained as a white solid @E¢TEPIVO/0630891) .
ESIMS mz = 438.1 (M+rl). 5 EXAMPLE 23.85S)-5-amino -N-(4-(3 -amnop ip
eridin-1-yl)pyridin-3 -yl)-2-(5 - chkamprLE-31f | uor ophenyl )t hi azo

| e- 4- carboxam de 10 Foll ow ng the procedures as described in EXAMPLE 1 and
starting ()tdamino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-tolylthiazole)-4-carboxamide

5- (t ert but oxycar bonyl am no) - 2- ( 5- chl gkQ- 2- f | uor ophenyl ) t hi azol e- 4- car boxyl i
c acid, the title conpound was obtaqned!as a white solid (23 ng, 38%. 1H

NVR (400 MHz, DMSO) 6 9.52 (s, s, 1H), 8.28 (dd, J= 5.9, 3.5,
2H), 7.98 (s, 2H), 7.70 (s, 2H)\, A 57 - 7. 43 (m 2H), 7.18 (d, J= 5.4, 1H),
3.39 (s, 2H). 3.09 (d, J= 12.4N NH2. 87 (t, J= 10.1, 15 2H), 2.14 -2.01
(m 1H), 1.98 - 1.86 (m lkb 1.79 d,N%E;QEE%; 3.7, 1H), 1.58 (dd, J =
N E 24
ridrn-\l-y1) pyridin-3-yl)thiazole-4

19.1, 9.4, 1H. ESIMS mz 4471‘(-1
5-am no- 2- (2, 6- dlfluorophenyl) N—(4-

- car boxam de 20H2NF Fol | owi ng the prdcedures as described in EXAMPLE 1 and
startin

5 (1 ert - b lobye PBGRSIAlel 5 b RE S R B W ing yimfolytogggni
2011/0298&&P€E£E@2&ﬁﬂ&ﬁﬁ3®ﬁ@ob&&xﬂ¢ﬁ&hﬂﬁ%%bhd(&6mq;26%3 ﬁiNhﬂiQﬂmmound mas
obtained as_a white_ sol 1H NWVR % S,
1H), 9.35Mi& Di\f1§0)§9é@ (§d )a&"g(%h%«)z 1), 6772(@ 1%)7 Olfs.53D( 1 54 (@J*a 3
6.3, 1 2 74l 2.190 2 4
V76 - 18 (o TROTELE | e b e R s TR 200y Uy

EXAVPLE 2&H), (29)2-—52 5&(1mnhH)§l—2(441—{ 3.33 4 Bl pi Lo 3e(di AiFri2l 7 Y H) ply81 6, a—317 4,

-y1)-2-(2 iflu zo, | e- oxam de 10 Fol | owi ng t he
procedure%ﬁbg:ﬁ%sgﬂgggdﬁﬁh&giksﬁﬂ/ 4§%H&gtg}tlng wth (R-tert-butyl 1-
(3-amjpopyri di n-4-yl ) pi peri di n-3-yl car bamat e and

5- (tert-butoxycarbonyl am no)-2-(2,6- difluorophenyl)thiazol e-4-carboxylic

acid, the title conpound was obt ai BXAMBLE 3?hite solid (8 ng, 7.2%. 1H NMR
(400 Mz, g-))l\és%mg I\? (2? ZS (arn’mopl_lgehdm- - 1){391‘@1%_3 ?1)-%’-(4:-1' RE 15

ethylureido)phenyl)thiazole-4-carboxamide

ﬁ%@ %D

15 Following the procedures as described in EXAMPLE 26 and starting with 4-(3-

ethylureido)phenylboronic acid, the title compound was obtained as a white solid (9.3 mg,

23%). "H NMR (400 MHz, DMSO0) 3 9.38 (s, 1H), 8.79 (s, 1H), 8.22 (d, /= 5.2, 1H),

7.66 (t,J=11.4,2H),7.51 (d,J=8.7,4H), 7.14 (d, /= 5.3, 1H), 6.29 (t, /= 5.6, 1H),

3.21-3.05 (m, 5H), 2.99 (t, /= 14.7, 1H), 2.67 (dd, J=10.4, 6.6, 1H), 2.00 — 1.73 (m,
20 3H), 1.37-1.20 (m, 1H), 1.12 — 1.02 (m, 3H). ESIMS m/z = 481.2 (M+1).

EXAMPLE 33

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(pyridin-4-yl)thiazole-4-

carboxamide



EXAMPLE 26

(S)-5-am no-N-(4-(3-am nopi peridin-1-yl)pyridin-3-yl)-2-(3-ethoxy-2,6- 20
di f | uor ophenyliymbsoazol e- 4- car boxam de H2NFCl ----\ A septraumerea®63o69 cr owave
tube was charged with (S)-tert-butyl _g86-

1- (3-(5-(tertbutoxycarbonyl am no) - 2- breyot hi azol e- 4- car boxam do) pyri di n-4-y
| ) pi peridin-3- ylcarbamte (50 ng, l@ mmol ),

2, 6-di fl uoro- 3- et hoxyphenyl - bor NH69 ng, 25 0.84 mmol),

Pd(dppf)C12 (13.6 ng, 0.016 W@M S (0.6 nL, 14.1 mol) and
acetonitrile (3 nL). The mxture NHrradiated for 30 min at 120 C. Upon

conmpl etion of WD 2011/ 029802PCT/ E 63 6©N83 - the reaction, the
solvent was distilled off and the trud was di ssolved in CH2C12 (5
nm) and transferred to a scintillatj vPal . TFA(O 779, 6.7 mmol) was

added and the m xture was stirred at roomtenperature for 30 mn. The

sol vent was|diis 'tﬂegﬁgce‘dﬁf‘es%E‘@esfchﬁe&fnlmm% aﬂ@ﬁaﬁﬁ% lwflth Min’i4f everse
phase HPLC 40% 0% MeOH in water with 5 0.1% NH4COH

('S) - 5- ani vibonn{cqcid thatitirojsingeound was ebipinedyp p dyhitezold §2. @n(g329%) 'HNMR

T205 - 111 RRENOCPIRET S 818 i Y SRS T 30533 Y 5 Sy 79 (1

2H) | 7528(d(dt¢ 4J<? 1%, 2H)57 14 (dJ,H)= 5 Z H$) ST)SQSdc( m 2:H9>,,2646 115 3(qH)Jz:777_o 2H)

3.06 (dd, J= 4 d, J=
2005, CIns 283 (mgl ity 16 - ho? oy 30k 1 (@ =303 1) BBy Ea9RR (MO - 475, 1
(ML) . EXAMPLE 27

(S)-5-am no-N-(4-(3-am nopi peridin-1-yl)pyridin-3-yl)-2-(3-propyl oxy-2, 6-
di f1 uorophenyl )t hi azol e- 4- car boxanENAMBLE 3ol | owi ng t he procedures as

gszg;: gig@%gpﬁﬁgﬁ %% ag’gtgocﬂ’%’te%ﬁt@l'r ‘%’D\ll’mértl@%}épﬁlﬁgo&vﬁgg%gﬁfoa fhed as a white
sol idjf4. éeﬁgxgﬁ%mthﬂa%m&ﬂ&&n%@ DVBO) 6 9.38 (s, 1H), 8.30 (s, 1H),

8.21 (d, J= 5 (s, 2H), 7.28 (td, J= 9.2, 5.2, 1H), 7.18 (t, J=
9.8, 1H), 7.12 (d, J= 5.3, 1H), 4.5, J= 6.4, 3H),
/|” “NH,
NS~ “NH F
=
HEN F

Following the procedures as described in EXAMPLE 26 and starting with 2,6-difluoro-4-
methoxyphenyl-boronic acid, the title compound was obtained as a white solid (4.2 mg,
11%). ESIMS m/z =461.2 (M+1).
15
EXAMPLE 35

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2-fluoro-4-methoxyphenyl)

thiazole-4-carboxamide

20 Following the procedures as described in EXAMPLE 26 and starting with fluoro-4-
methoxyphenyl-boronic acid, the title compound was obtained as a white solid (16.3 mg,

44%). "H NMR (400 MHz, DMSO0) 8 9.36 (d, /=5.9, 1H), 8.21 (d, /= 5.2, 1H), 8.06 (¢, J



2.70 -2.56 (m 2H), 2.46 - 2.30 (m 3H), 1.90 - 1.67 (m 5H), 1.00 (t, J=
7.4, 3H. ESIMS nlz = 489.1 (M1). EXAMPLE 28

(S) - 5- amwo-2bk1(0r9g03- ami nopi peri di n-1-yl) pyri di n-3-y1) - 2pC3ArRdiploesogs 2, 6- 25
di f 1 uor ophenyl ) thi azol e-4-carboxani de §7 WD 2011/ 029802PCT/ EP2010/ 063069

84 - Fol |9\8"919H5h795]0{509H§1WV1%Sﬁda§ =GesqH)bed7 L BXMBHE, 265 @sﬂdH§tﬁIZ (oﬂg W th

2, 6-di fl uoro-3- but boronic acid, the title conpound
obt ai ned ad 14, W), t3e()5302496 (1(1132% 2.6704ddd BBF NB Tn 4, 23509), 24(2WCL)J $EXAIVPLE 29

S B TSPl o LR PP
descri bed in EXAMPLE 26 and starting with 2, 6- dlfluoro 3

i sopropyl oxyphenyl -boronic acid, the title conpound was obtalned as a white
solid p6.5 ng, 16%. 1H NVR (400 MEXAMREF)365 9. 38 (s, 1H), 8.27 (s, 1H),

8,21 (4, &5 Sufnolile- ooy Huhio foMpmrifiigs 37 9.2, &3
1H), 3:0602(rbtdganﬂd%51 1, 11.1, 3H) 2.70 -2.56 (m 1H), 1.84 (d, J= 12.2,

1H, 1.73 (s, 2H), 1.30 (d, J= 6.0, gHy. 1.18 (s, 2H. ESIMS nfz = 15 489.1
(Mr1) . EXAMPLE 30

(S)-5-am no- N- (4-(3-am nopi peridin- 5yl Iy}+d(n 3-y1l)-2-(4-tolylthiazole)-4

- car boxam de
NH
SN

Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-

10 butoxycarbonylamino)-2-isopropylthiazole-4-carboxylic acid, the title compound was
obtained as a white solid (17.0 mg, 26.4%). '"H NMR (400 MHz, DMSO) § 9.39 (s, 1H),
8.18 (d, J=5.2, 1H), 7.26 (s, 2H), 7.10 (d, J= 5.2, 1H), 3.08 (dd, /= 13.7, 6.8, 2H), 3.00
—-2.93 (m, 2H), 2.59 (td, J=11.3, 3.0, 1H), 2.39 (dd, /= 10.9, 9.2, 1H), 1.92 - 1.67 (m,
3H), 1.29 (d, J= 6.9, 6H), 1.18 (dd, J= 18.9, 10.9, 1H); ESIMS m/z = 361.2 (M+1).

15

EXAMPLE 37

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-cyclohexylthiazole-4-

carboxamide

H>N
20 Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-
butoxycarbonylamino)-2-cyclohexylthiazole-4-carboxylic acid, the title compound was
obtained as a white solid (13.3 mg, 20.0%). '"H NMR (400 MHz, DMSO) & 9.39 (s, 1H),
8.18 (d,J=5.2, 1H), 7.24 (s, 2H), 7.10 (d, J= 5.3, 1H), 3.07 (d, /= 11.2, 1H), 3.00 -
292 (m, 2H), 2.77 (tt,J=11.1, 3.7, 1H), 2.57 (dt, J = 8.9, 7.0, 1H), 2.39 (dd, /= 10.8,
25 9.3,1H),2.00(d, /=10.7, 2H), 1.91 — 1.63 (m, 7H), 1.53 — 1.28 (m, 4H), 1.21 (ddd, J =
30.3, 15.3, 6.6, 2H); ESIMS m/z = 401.2 (M+1).



H2N 20 Fol I owi ng the procedures as described in EXAMPLE 26 and starting

with p-tolylboronic acid, the title conpound was obtained as a white solid
(3.7 nmg, Wd%11/0kbsodIVR (400 MHz, DMSO) 6 9.38 (s, 1H), 8rei/mpdo10ds3059 2, 1H),
7.71 (d, J=8.2, 2H), 7.57 (s, 2H), 7.38-(d, J=8.0, 2H), 7.14 (d, J= 5.3,
1H), 3.19 - 2.96 (m 4H), 2.65 (dd, J= 15.8, 5.1, 1H), 2.39 -2.30 (m 3H),

2.01- 1.88 (m 1H), 1.88 - 169(%@4(d, J= 7.7, 1H. 25 ESIMS
mz = 409.1 (M+1). WD 2011/ 029802 063069 85 - EXAMPLE 31

(S) - 5 ani (8)-Shhriho {N8-( 43 -aniapéyoridina t -34)pligivis 3- )2~ tReny i hiZzol B4 icatbpkahidaz ol e) - 4
- car boxam de H2N Fol | om ng the prgcedures as described in EXAMPLE 26

and starting with mtolylboronic 5 agid) the title conpound was obtai ned as
a white solid (8.6 ng, 25% . 1H N4 , DVMBO) 6 9.42 (s, 1H), 8.22

(d, J=5.2, 1H), 7.72 (s, 1H), (s 2N 7.54 (d, J = 7.8, 1H), 7.36

(t, J =7.6, 1H, 7.25 (d, J =N , 15(d J=5.3, 1H, 3.20 - 2.97
(m

Al

5 Following the procedures as described in EXAMPLE 1 and starting with 2-benzyl-5-(tert-
butoxycarbonylamino)thiazole-4-carboxylic acid, the title compound was obtained as a
white solid (7.1 mg, 16.0%). '"H NMR (400 MHz, DMSO) § 9.28 (s, 1H), 8.11 (d, J=5.3,
1H), 7.31 = 7.25 (m, 4H), 7.21 (dd, /= 12.0, 5.4, 3H), 7.01 (d, J = 5.3, 1H), 4.05 (s, 2H),
3.01(d,J=11.2,1H),2.92 -2.77 (m, 2H), 2.51 (t, /=9.0, 1H), 2.35 - 2.28 (m, 1H), 1.83

10 (s, 1H), 1.67 (s, 1H), 1.59 (s, 1H), 1.17 — 1.04 (m, 2H); ESIMS m/z = 409.1 (M+1).

EXAMPLE 39

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2-methoxyphenyl)thiazole-4-

J 9S

Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-

carboxamide

butoxycarbonylamino)-2-(2-methoxyphenyl)thiazole-4-carboxylic acid, the title
compound was obtained as a white solid (30.0 mg, 32.6%).ESIMS m/z = 425.1 (M+1).

20 EXAMPLE 40

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-o-tolylthiazole-4-carboxamide

Ko



4H), 2.72 -2.58 (m 1H), 2.41 -2.33 (m 3H), 1.93 (d, J= 12.7, 1H), 1.82
(d, J =17.4, 2H), 1.33 - 1.13 (m 1H. ESIMS Mz = 409.1 (M1l). 10
EXAMPLE 3R0 208)02880am no- N- (4- ( 3- am nopi peri di n- 1-yl ) pyr ipdirmep3e1yhy3089 (4- ( 3-
et hyl ur ei do) phenyl )t hi azol e- 4- car boxanigge 15 Fol | owi ng the procedures as
descri bedrd b vEXANRIR0&BuARR s atRFibédE MK ANMPE-K 3an&§tﬁbd gr\ﬁtmﬁhehe nyl boroni c
acid, the title conpound was obtained as a white soli ng, 23%. 1H
NVR (400 WHpxycBNBOy aml@)%o(t@lyltllmqoles cpgbaxglic a¢#l, the tide CQmpouhfl 8as2, 1H),

528 {1 s e e iy Py iy et gt 3 30 An §-25

6.6, 1H),82108.F= 537BHI m702J0735-IIm ]]H)'37756(3; 2&@) ¢ 117 (rih 3112)7112((8 S 3H).
ESIMS mlz = 481.2 ( M+ XAMPLE 33 no-@( -amnop ip
eri di n31 -8y Pk |3d|3r(d3] 3717;1121),(%39% (denfrr ]4]-%#|1)I_Dh28%02| . I&Br%éké%-fdé VO

2011/ 0298p2PGHER2B10/1953089 - £8m, 1HH282 (d, 7= 13.1, 1H), 1.75 — 1.60 (m, 2H),

1.20 — 1.07 (m, 1H); ESIMS m/z = 409.1 (M+1).

EXAMPLE 41
10 (S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,5-difluorophenyl)thiazole-4-
carboxamide
J@i
H 2N'

Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-
butoxycarbonylamino)-2-(2,5-difluorophenyl)thiazole-4-carboxylic acid, the title

15 compound was obtained as a white solid (24.0 mg, 54.0%). '"H NMR (400 MHz, DMSO)
0 9.33 (s, 1H), 8.24 — 8.16 (m, 2H), 7.54 (d, J = 36.3, 2H), 7.50 (s, 1H), 7.31 (td, /= 8.5,
2.4,1H),7.13(d, J=5.3, 1H), 3.14 (d,J=11.0, 1H), 3.05 — 2.94 (m, 2H), 2.66 (dd, J =
15.7,6.4, 1H), 1.91 (dd, J = 12.6, 3.7, 1H), 1.80 (dd, /= 16.5, 12.9, 1H), 1.76 (s, 1H),
1.22 (td, J=14.1, 4.3, 1H); ESIMS m/z =431.1 (M+1).

20

EXAMPLE 42

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,4-difluorophenyl)thiazole-4-

O/Yﬂ@

HEN'

carboxamide

25 Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-
butoxycarbonylamino)-2-(2,4-difluorophenyl)thiazole-4-carboxylic acid, the title
compound was obtained as a white solid (28.0 mg, 51.5%). 'H NMR (400 MHz, DMSO)



0 H2N Fol I ow ng the procedures as described in EXAMPLE 26 and starting with
pyridin-4- ylboronic acid, the title conpound was obtained as a white solid
(9.6 rrg, WO 11/akbyoDIVR (400 MHz, DMBO) 6 9.32 (s, 1H), 8pr66/mpdeio/0d3ecet. 6,

1.5, 2H), 8.23 (d, J=5.3, 1H), 7.74 59pdd, J= 4.6, 1.6, 2H), 7.14 (d, J=
5.3, 1H),58.308s (1¢pdg 23 dSJZ% 719),9.9644d3, 45, 54,33, tH 763% 6MH)Lbug 1. 99-
164(m3|—|)qql§ 9 )ibjﬁz mz = 396, )2 ( BANBLE 34
(S)-5-am ﬁéolﬂnl(hHI§~3eﬂmﬁ(3él(lmelﬂlil7nl4l(dy¥)‘r§y3r|1éli)n3 349@)1711(2, lei)dBﬂBlG@d,@M- 10

met hoxyphenyd ), t-hi s A-.car I 1o h r.0 Les_as
descri bed_i%ng é;AkgEg @égh% gg?@n@%% ‘5%%%8? ?51[5) ﬁ&ﬂd 7=

met hoxyphgng| 26®riars, 3H3Ci.28 -1 hg (tn 1 He, EIM®ME=vas. 1 ghtained as a white
solid (4.2 ng, 11%. ESIMS mz = 461.2 (M+l). 15 EXAMPLE 35

(S)-5-am no- N-(4-(3-am nopi perldln 1-yl) pyridin-3-y1)-2-(2-fluoro-4-nethoxy

phenyl) thiazol e-4-carboxam de HZM(MIEQEI QM ng the procedures as

descri bed in EXAMPLE 26 and starti or o- 4- net hoxyphenyl - boroni c
aci d, the()i3-areino ¥qdyhdmvayipebidai- negthpasdia- Iahl)Le 2o lifldofopbed/ Miazdld% . 1H
NMVR (400 M—%@@ O 6 9.36 (d, J= 5.9, 1H), 8.21 (d, J= 5.2, 1H, 8.06 (t,
J WD 201%¥ 88%PCT/ EP2010/ 063069 - 87 = 8.9, 1H), 7.51 (s, 2H), 7.13 (d,
J=5.3, 1H, 7.07- 6.93 (m 2H),F3.85 (s, 3H), 3.12 (d, J = 11.0, 1H), 3.05
- 2.94 (m 2H, 2.64 (ddd, J= 137, ,:8 4, 2.3, 1H, 2.42 (dd, J= 10.9, 9.2,

1H), 1.97- 1.65 (m 3H), 1.26 (m IH. ESIMG mz = 443.1 (MH1).
SEXAMPLE 36
H2N'

10  Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-
butoxycarbonylamino)-2-(2,3-difluorophenyl)thiazole-4-carboxylic acid, the title
compound was obtained as a white solid (70.6 mg, 41.0%). '"H NMR (400 MHz, DMSO)
09.33 (s, 1H), 8.22 (d, /= 5.3, 1H), 7.94 (dd, /= 8.0, 6.5, 1H), 7.68 (s, 2H), 7.50 (dd, J =
16.8, 8.2, 1H), 7.35 (dd, J = 12.6, 7.6, 1H), 7.14 (d, J = 5.3, 1H), 3.13 (s, 1H), 3.08 — 2.96

15  (m, 2H),2.69 —2.62 (m, 1H), 2.46 — 2.41 (m, 1H), 1.93 — 1.69 (m, 3H), 1.28 — 1.15 (m,
1H); ESIMS m/z =431.1 (M+1).

EXAMPLE 44

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(quinolin-7-yl)thiazole-4-

Q‘”NHE
M

20 carboxamide

Following the procedures as described in EXAMPLE 1 and starting with 5-(tert-
butoxycarbonylamino)-2-(quinolin-6-yl)thiazole-4-carboxylic acid, the title compound
was obtained as a white solid (10.6 mg, 11.9%). 'H NMR (400 MHz, DMSO) & 9.34 (s,
25 1H), 897 (dd,J=4.2,1.7, 1H), 8.40 (d, /= 8.1, 1H), 8.33 (s, 1H), 8.24 (d, /= 5.2, 1H),
8.12 (dt, J=16.6, 5.1, 2H), 7.74 (s, 2H), 7.57 (dd, J = 8.2, 4.2, 1H), 7.16 (d, J= 5.3, 1H),



(S)-5-am no- N-(4-(3-am nopi peridin-1-yl)pyridin-3-yl)-2-isopropylthiazole-4
- carboxam de NNH Foll owi ng the procedures as described in EXAMPLE 1 and
starti ng wot2b11z29doert - 10 PCT/EP2010/063069

but oxycar bonyl am no) - 2-i sopr opyl t hi azel9%--4- carboxylic acid, the title
conmpound bt-ained [ 0 671 2 0 MHz,
YL nggg(%).ﬁ NS 1F§)32376"(41Jt£9§ 112)12611094%2 1@{)4%00@%?'\/1?8%65%_ N
1H), 3. 082Kxud, 37J(s, 1113) ESIMSSH/ZEH)% B(M@l)z 93 (m 2H) 2 59 (td, J= 11.3,
3.0, 1H), 2.39 (dd, J= 10.9, 9.2, 1H), 1.92- 1.67(m 3H), 1.29 (d, J= 6.9,
6H), 1.18 (dd, J= 18.9, 10.9, 1H); ESIMS mlz = 361.2 (M1l). 15 EXAMPLE 37
(S)-5-amno -N-(4-(3 -amnop ip erEXAMPLEI@Spyridin 3 -yl)-2-cyc |lo

hexyl thi azo | e-4- carboxani de N 20 FolTo f([:’ t he procedures as descri bed
in EXAQ/pL(:_S)‘_ﬂ\I-éﬁITQS-gmg}Opimgdw]E-Hl)pyrldm-3 -yD- 2 (2 uorophenyl)thlazole 4-carboxamide

5- (tertbut oxycar bonyl am no) - 2- cycl-ekexyl t hi azol e- 4- carboxylic acid, the
title conpound was obtained as a @e‘Nﬁel id (13.3 ng, 20.0%. 1H NWVR (400
MHz, DMSO 6 9.39 (s, 1H), 8.18 (v—J= 5.2, 1H), 7.24 (s, 2H), 7.10 (d, J=

5.3, 1H), 3.07 (d, J= 11.2, 1H oo- 2.92 (m 2H), 2.77 (tt, J= 11.1,
3.7, 1H), 2.57 (dt,J= 8.9, 70 1 dd,F J= 10.8, 25 9.3, 1H), 2.00
(d, J= 10.7, 2H), 1.91 - 1.63 - 28 (m 4H), 1.21 (ddd, J=

30.3, 15.3, 6.6, 2H); ESII\/BrﬂZ 40@ Vi1
2011/ 029802PCT/ EP2010/ 063069 - 88 - EXAMPLE

EXAMPLE 1 @ﬁ@aﬁgt%rtl ng Wi th

2- benzyl-%-_(wrﬁut oxycar bonyl am no) t hi azol e-4-carboxylic acid, the title
conpound was obtained as a white sdli ¥ (\ghcM, 16.0% . 1H NMR (400 MHz,
DVMSO 6 9.28 (s, 1H), 8.11 (d, J= 3 1H) 7.31 -7.25 (m 4H), 7.21 (dd,

J= 12.0, 5.4, 3H), 7.01 (d, J= 5@ 4.05 (s, 2H), 3.01 (d, J= 11.2,
iy

1H), 2.92 - 2.77 (m 2H), 2.51 2.35 -2.28 (m 1H), 1.83 10
(s, 1H), 1.67 (s, 1H .59 (s,

, , , 1 ﬂ\i04(m oH): ESIMS mz = 409.1
(Mr1). EXAMPLE 39

10 To a mixture of (S)-tert-butyl 1-(3-aminopyridin-4-yl)piperidin-3-ylcarbamate (1.04 g,
5.00 mmol) and 2-bromothiazole-4-carboxylic acid (1.46 g, 5.00 mmol) in Methylene
chloride (10 mL, 200 mmol) was added N,N-Diisopropylethylamine (3.48 mL, 20.0
mmol) and N,N,N',N'-Tetramethyl-O-(7-azabenzotriazol-1-yl)uronium
Hexafluorophosphate (2.28 g, 6.00 mmol). The reaction mixture was stirred at room

15 temperature overnight. The reaction mixture was then concentrated and the residue was
purified on silica eluteing with 0 to 5% MeOH in DCM with 1% NH4OH (2.41g, 99.9%).
ESIMS m/z = 484.1 (M+1).

Step 2: (S)-tert-butyl 1-(3-(2-(2-fluorophenyl)thiazole-4-carboxamido)pyridin-4-

Q-"NHBOC
N
/' N\NH S F
74
Q ;—Q\@
o
20

In a microwave safe sealed tube was charged a mixture of ((S)-tert-butyl 1-(3-(2-

vl)piperidin-3-ylcarbamate

bromothiazole-4-carboxamido)pyridin-4-yl)piperidin-3-ylcarbamate (96.5 mg, 0.2mmol),
2-Fluorophenylboronic acid (33.6 mg, 0.24 mmol), 1,1'-Bis(diphenylphosphino)ferrocene
palladium (II) chloride(81.7 mg, 0.1mmol), 1.00 M of Potassium acetate in Water (0.3



(S)-5-amno -N-(4-(3 -aminop ip eridin-l-yl)pyridin-3 -yl)-2-(2-nmetho xyp
henyl )t hi azo | e-4- carboxam de N NH 1 NNH2 15 Fol |l ow ng the procedures as
descri bedworomXddbE 1 and starting with 5-(tert- PCT/EP2010/063069

but oxycar bonyl am no) - 2- (2- met hoxyphenylgpt-hi azol e- 4- carboxylic acid, the
title conpeupd MASI IQ/PPD@MGﬂS@cﬁuIﬁ cMHohfe 3O W e @03 BiLNY.3 BrhoH% a&%ﬁ@ﬂ@f zZ =
425.1 (Mrl). 20EXA

(S) - 5- ami Fonkp. (lee(rmxwm nepirpdratest #t-300W )Wﬂf@m hs ®unutgs. Phoraaction mhiterzol e- 4- ¢
ar boxam de VO, 2011/ 02 /EP 10/ 0 o

ol | owt ng  EnEhFRaalES AL Paadt Rty mAEL Rl e pang ot 1 1 NirQH
5-(tert- RuUdOMYWaR RONNHEOHN9) 04n®-9001%). ERINIBahe=498ax baxy).i ¢ acid, the

title co -ound was obtalned as a white SO|Id 7.1 ng, 16. 09@ 1H NVR (400
MHz ortep 30(SIINA -3- ggog.o pigine i yDpariding P-yl42) 2-11 phen AZE H), 56

(s, 2H), 7 (m 3H. 7.12 (d, J= 5 5.3 1H, 3.13 (d. J= 7.7, 1 ,

3.02 (d. @% ( 25% 287Em 1H) 261(50 J= 13.53, 3H), 2.59 (H)s

1H), 2.43 -2.36 (m 1H), 1.82 (d, /I 13,1 1.75 - 1.60 (m 2H), 1.20 -
@ E?(ANPLE4

1.07 (m 1H); ESIMS mz = 409.1 1 10 (S)-5-amno -N-(4-(3
-aminop ip eridin-1-yl)pyridin-3 NT)-2-(2,5 -di fl uorophenyl) thi azo | e-4-
carboxam de Follow ng the prozp?ﬁ;gﬁHas dgscrlbed in EXAMPLE 1 and
starting with

5- (tertbut oxycar bonyl am no) - 2- (H

db | R | )t hi azol e-4-carboxylic
acid, the title

To a solution of (S)-tert-butyl 1-(3-(2-(2-fluorophenyl)thiazole-4-carboxamido)pyridin-4-
yl)piperidin-3-ylcarbamate (100 mg, 0.2 mmol) in 1,4-Dioxane (6 mL) was added 4.0 M

10 of Hydrogen chloride in 1,4-Dioxane (3 mL). The resulting mixture was stirred at room
temperature overnight. The mixture was concentrated and the residue was purified by
reverse phase HPLC. (10.7 mg, 10.0%). "H NMR (400 MHz, DMSO) & 9.24 (s, 1H), 8.68
(s, 1H), 8.40 (t,J="7.1, 1H), 8.32 — 8.26 (m, 2H), 7.67 — 7.61 (m, 1H), 7.53 — 7.43 (m,
2H), 7.16 (d,J= 5.3, 1H), 3.04 (s, 2H), 2.75 (t, J=9.5, 1H), 2.61 — 2.54 (m, 1H), 1.92 —

15 1.86(m, 1H), 1.81(d,/=4.2, 1H), 1.73 (d,/=9.9, 1H), 1.33 — 1.23 (m, 1H).; ESIMS
m/z = 398.1 (M+1).

EXAMPLE 46
(S)-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,6-difluorophenyl)thiazole-4-

20 carboxamide

‘NH2

F}NM 5
F
Step 1: (S)-tert-butyl 1-(3-(2-(2,6-difluorophenyl)thiazole-4-carboxamido)pyridin-4-

vl)piperidin-3-ylcarbamate




15 conpound was obtained as a white solid (24.0 ng, 54.0% . 1H NVR (400
Mz, DMSO 6 9.33 (s, 1H), 8.24 - 8.16 (m 2H), 7.54 (d, J= 36.3, 2H), 7.50
(s, 1H), wodii(wego2J= 8.5, 2.4, 1H), 7.13 (d, J= 5.3, 1lHCI/EP2014/06369 J=
11.0, 1H), 3.05 -2.94 (m 2H), 2.66 (qu J— 15.7, 6.4, 1H, 1.91 (dd, J=
12.6, 3.7, 1H), 1.80 (dd, J= 16.5 1.76 (s, 1H), 1.22 (td, J=
14.1, 4.3, 1H); ESIMS mz = 431. K ( 1VH ?@ EXANPLE 42 (S)-5-am no
-N-(4-(3 -aminop ip eridin-l-yl)pWidin-3 -yl)-2-(2,4-difluorophenyl)thiazo
| e-4- carboxami de 25 Follow n e procedures as described in EXAMPLE 1
and starting with NH S F

5-(tertbut oxycarbonyl am no) - 2- (R4- di Fophery! )t hi azol e- 4-carboxylic
acid, the title conpound was obtainef as a m solid (28.0 ng, 51.5%. 1H
NVR (400 MHz, DVMBO WO 2011/029802PCT/EP29 0 4.3069 90 - 6 9 31 (s, 1H

8.22 (d, J—53 1H), 7.96 (ddd, J= 9.2, %766 2H), 7.49
- 7 40 (nfolpang proggdures ci@m(ﬂ?ﬁd a_bgye 1117E)_{41\/(1%LE f}§-ugng2 }Lq)roplgeny O(Qplc J= 11. 2,

11 0, "o, 28 f gy o) pf el oS Enddy fofaaett - S (T
R P WX B AN AT o A
ir)' Fol Pomﬁ%‘% Wé‘SBBt&E‘ééﬁ%t%‘é“ ga%figwf 1gLign; %E%EWEE AomMEDarting with

5- (t er t bugexycanbonyl At iRk - BdhiHitarepheny!e. a@ma?o%@nﬁmaidmyl ¢
acid, the titlre conpound was obtained as a white soli1d (/0.6 ng, 0% . 1H

NVR (400 OdsboxaPh@0) 6 9.33 (s, 1H), 8.22 (d, J= 5.3, 1H), 7.94 (dd, J= 8.0,
6.5 1H), 7.68 (s, 2H), 7.50 (dd@l&& 8.2, 1H), 7.35 (dd, J= 12.8,

7.6, 1H), 7.14 (d, J= 5.3, 1H), 3)(®H,1H), 3.08 -2.96 15 (m 2H), 2.69 -
2.62 (m 1H), 2.46 -2.41 (m 1H), 3- 1.69 (m 3H), 1.28 - 1.15 (m 1H);

ESIMS mz = 431.1 (M+1). EXAMPLE 44
(S) - 5- ami no- N- (4- ( 3- am nopi per idi il ) pysi dim-3-yl1)-2-(quinolin-7-yl)thia
he

zol e-4- 20 carboxanmi de Fol | owi'g durles as described in EXAVPLE 1
and starting with 5-(tert-

but oxycar bonyl am no) - 2- (qui nol i n- 6- yI)thla; -carboxylic acid, the title
conmpound was obtained as a white solid (10.6 ng, 11.9% . 1H NWVR (400 MHz,

DVBO) 6 9Fatbwisg pﬂ:ﬁédﬂ)res &s@rlbe(dchﬂ)ove] #h EXBMPJLH 45 Ukihg (@rtéﬁ ‘t(udyl 193-@-(2,6-1H) ,
8.33 %s, 1H), 8. (td J— 12 (dt, . J= 16, , ZFR, 7.74 (s,
2H) 057dlélggrop\l}enyé) iazoje-4 cag_hqy(amy{oj_@/r{dén- stl-)pgpegldlqﬁ.‘)y’lcarlqp@ate the desired

2011/ 029 S%QQ/ (gj?%(-)(l@(@ga%ﬁg@ﬁperldln- 1-yl)pyridin-3-yl)-2-(2,6-difluorophenyl)thiazole-4-
carboxamide (0.7 mg, 6.0%) was obtained after reverse phase HPLC purification. 'H
NMR (400 MHz, DMSO) 6 9.31 (s, 1H), 8.78 (d, /= 8.5, 1H), 8.28 (d, /= 5.3, 1H), 7.74
—7.64 (m, 1H), 7.39 (t, /= 8.8, 2H), 7.15 (d, /= 5.3, 1H), 3.15(d, J = 7.6, 2H), 3.03 (d, J
15 =11.8,1H),2.96 (dd, /=9.1,4.5, 1H), 2.64 (dd, /= 14.7, 5.8, 1H), 1.83 (dd, J = 12.4,
4.0, 1H), 1.72 (dt, /= 13.8, 6.9, 2H), 1.18 (dt, J = 15.5, 10.0, 1H).; ESIMS m/z = 416.1
(M+1).

EXAMPLE 47
20 (S)-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(5-(dimethylcarbamoyl)-2-

fluorophenyl)thiazole-4-carboxamide

|NH2

1ot



91 - 3.05 (d, J=11.5, 1H, 2.76 (t, J= 9.3, 1H), 2.61 (t, J= 10.2, 1H),
2.00 (s, 1H, 1.89 (s, 2H), 1.37 (s, 1H; ESIMS mz = 446.1 (M+l). EXAVPLE
45 5 WO 2011/029802 PCT/EP2010/063069
(S)-N-(4-(3-am nopi peridin-1-yl)pyridi-mg3-yl)-2-(2-fluorophenyl)thiazo

| e- 4- car bgxam o9-tE-bulyNHiZ 30 - (Sl @ty aPdarh -2 MbYdphenyl)thiazole-4-

1- (3-(2- bronot hi azol e-4- car boxam do) pyri di n-4-yl) pi peridi n-3- yl carbanate
.. I NHBoc ®¥bgxamidd) Md&4-ybbibﬁriéinrﬁ-yﬁalrbamfe (S)-tert-butyl

1- (3-am nopyri di n-4-yl) pi peri diénjyl carbamate (1.04 g, 5.00 mml) and

2- br onot hi azol e- 4- carboxylic ag¢gi d X'INHEcg, 5.00 mmol) in Methyl ene chloride
(10 m., 200 mmol) was added N, NyBYi sopropyl ethylamne (3.48 nL, 20.0 mmol)
and N, N, N , N -Tetranet hyl-0-(Z{azabenzotri azol-1-y1)uroni um

Hexaf | uor ophosphate (2. 28 g,@QNmﬁD/ S The re@action m xture was stirred
at room 15 tenperature overn : rgaction g xture was then
concentrated and the residue was murif'?'ed ilNca eluteing with 0 to 5%
MeOH in DCM with 1% NHACH (2.41g, 99. 9%k z = 484.1 (M+l). Step 2:
(5)-tert-butyl 1-(3-(2-(2-fluorophenyl)thiazole-4-carboxam do)pyridin-4-
yl ) pi per i Boliovdny boeedatad@criid above ireE KAMRIVAY S usiag 8-(d madtiey cdrbidzao yina-
charged a_m xture of ((S)-terf-butyl 1-(3-(2- .

br onot Ri a%qreplﬁna%m%ﬁléj&%émgdb#‘m@*iﬁﬁﬂ%é?%ﬂ&fi progugi (@ sttty el (085,
0. 2nmm1) 1%ﬁ(dfﬂl&ﬁ?ﬁ%@fﬁ%&@@t@L’iﬂrﬁpﬁ"e@l&gthﬁa’%@1664-!3&9009&%&0)3?3@113-4- Dpiperidin-3-

1, 1' - Bi s(di phenyl phosphi no)ferrocene pal l adium (11) ori dg(gf 7 ng,

0. 1nmol ) , ylearb@mMiedl 5.Potg d § 200 easatbéiecd aftevailiea g¢€lpusificyion ESIMS m/z =

2011/ 02989&%%5?010/ 063069 - 92 - nm, 0.3 nmml), 1.00 M of Sodium
carbonate in (0.3 m, 0.3 mol) in acetonitrile

Step 2: (S)-N-(4-(3-aminopiperidin-1-yDpyridin-3-yD)-2-(5-(dimethylcarbamoyl)-2-

10  fluorophenyl)thiazole-4-carboxamide

Q' ' ‘NH2
N
@/NH / S O
N 4 N/ ITI/
F

Following procedures described above in EXAMPLE 45 using (S)-tert-butyl 1-(3-(2-(5-
(dimethylcarbamoyl)-2-fluorophenyl)thiazole-4-carboxamido)pyridin-4-yl)piperidin-3-
ylcarbamate, the desired product (S)-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(5-

15 (dimethylcarbamoyl)-2-fluorophenyl)thiazole-4-carboxamid (18.3 mg, 51.5.0%) was
obtained after reverse phase HPLC purification.'H NMR (400 MHz, DMSO) & 9.28 (s,
1H), 8.70 (d, J= 7.6, 1H), 8.42 (dd, J= 7.2, 2.1, 1H), 8.28 (d, /= 5.3, 1H), 7.70 — 7.63
(m, 1H), 7.58 (dd, J=11.1, 8.5, 1H), 7.17 (d, /= 5.3, 1H), 3.18 (d, /= 7.9, 2H), 3.05 (s,
3H), 2.95 (s, 3H), 2.73 — 2.65 (m, 1H), 2.43 (dd, J=11.0, 9.3, 1H), 1.90 — 1.75 (m, 2H),

20 1.73-1.61 (m, 1H), 1.23 — 1.10 (m, 1H).; ESIMS m/z = 469.1 (M+1).

EXAMPLE 48

(S)-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-phenylthiazole-4-carboxamide



(5 nm). The mxture was irradi ated at 300W 110C for 15 m nutes. The
reaction mxture was then concentrated and the residue was purified on
silica elwbizog/osbgoh 0 to 5% MeOH in DCM with 1% NHAOH ( 9OTAPI®0/08869%) .

ESIMS mlz = 498.2 (M+l). 5 Step 3: -95.
(S)-N-(4-(3-am nopi peridin-1-yl) yr|d|n 3-ylyr 2%( 2- f 1 uor ophenyl )t hi azol e- 4-
carboxanide 0..INH2 N To a sdf of (5)\Lert-butyl

1-(3-(2-(2-fluorophenyl)thiazol e- -c boxam go) pyri di n- 4-

yl ) pi peridin-3-yl carbamate (100 ng, NO. 2 in 1,4-D oxane (6 nlL) was

added 4.0 M 10 of Hydrogen chlori dij\'wju , Bxane (3 m). The resulting
K

m xture was stirred at roomterrper|atu e gvernight. The m xture was

concentrated and the residue was pugFfi eff by reverse phase HPLC. (10.7 ng,

10.0% . 1H NVR (400 MHz, DMVSO) 692)(( Iln—% (s, 1H), 8.40 (t, J=
7.1, 1H),Fgloygng p@cg@rewesm;ed apogy in EXAMR 4iH)le dqsnsépr ugawitsm 2H) 7.16

12" 15%% s Pfife b (pp s 364% Rk Gog ik, BiyREy S-Sy Ty 12
éxiﬁp(l_g 4861% (s, 1El$,|8\/&(d Z=8 B9f1H), 8!‘(7]47]()11 3H), 7.58 (m, 4H), 7.16 (d, J = 4 Hz, 1H),
(S)-N-P4- %é%% %%b %Q‘:’f (i HDL 2y By A B h8 Bw3H)p 123 (8- 4H- BRIMSYMEY I ) t hi azol

e-4- 20 cygp qu[l .INH2 NF Step 1. (5)-tert-butyl
1-(3-(2-(2, 6- uorophenyl)thl azo | e-4-carboxam do) pyri di n-4-

yl ) pi peridin-3-yl carbamate WD 2011/ 029802PCT/ EP2010/ 063069 - 93 -

.. I NHBoc H F Fol | owi ng procedures Ed above i n EXAMPLE 45 usi ng

2- Fl uor ophenyl boronic acid (94.7 rﬁgﬁﬁé\/—'gg—% t he desired product
(S)-tert- i‘?ﬂlﬂémﬂaf}%%& yBN-(4-(3-(2,2 2-tr1ﬂu0r0acetarn1d Zplperldln-l yl)p 1d1n 3-

di fl uor ophen t hi azol e- 4- car boxani do) )pyrid ) pi peri - 3-yl carbamat e

(15. 7 1y, ylahmzolz%cma@bdw ned after sili ca gel puri fi catl on ESIMS mlz =

516.2 (M+1). Step 2:

(S)-N-(4-(3-am nopi peridin-1-yl)pyri -2-(2, 6- di f 1 uor ophenyl )t hi azol
8

e-4- carboxam de 0..1NH2 /i
Nf\NHE
£ O D HN" S0
R e
Fof ~ N

The title compound was obtained as a by-product ((13mg, 23%) during the synthesis of
Example 38. 'H NMR (400 MHz, DMSO) & 11.50 (s, 1H), 8.72 (s, 1H), 8.09 (d, J= 5.4
Hz, 1H), 7.28 (dd, /= 6.9, 6.0 Hz, 5H), 7.22 — 7.16 (m, 1H), 6.92 (d, J= 5.5 Hz, 1H),

15 4.08 (d,J=6.5 Hz, 2H), 3.50 (d, /= 10.9 Hz, 1H), 3.09 (s, 1H), 2.51 (d, /= 11.0 Hz,
2H), 1.90 (d, /= 11.9 Hz, 1H), 1.60 (d, /= 14.4 Hz, 2H), 1.29 (d, /= 7.3 Hz, 1H). MS
(EST) m/z: 505.1 [M+H'].

EXAMPLE 50

20 5-amino-2-(2,6-difluorophenyl)-N-(4-(piperazin-1-yl)pyridin-3-yl)thiazole-4-

carboxamide
H
®
N h

N/ O NH2

Followed the procedure as described in EXAMPLE 1, starting with 5-(¢ert-



N F Foll owi ng procedures descri bed above in EXAMPLE 45 using (5)-tert-butyl
1-(3-(2-(2,6- 10

di f | uor ophenyliwbsoazol e- 4- car boxam do) pyri di n-4-yl) pi percairr28opbmas bamat e,
t he desired product

(S)-N-(4- 6&0%1&%31@%@21%216 )diﬂdé%ﬂh@hﬂ)tﬁra%-]} Aok Bo8ibliabildwan oRnenyd X hi azol

e-4- car boxam de was obtai ned after reverse phase HPLC

purificat GMIHQPMNNR%)@JIDPWHG-DWE@)JXBMQ Obtained theplesigd peOudt ask=whBits, 1H),

528 8% iiataPpattlsod ipired RN udihape pAsOLo 99048 Ben® gl (5,09

9.1, 4.5,8.8ks, 121)68431(111JJ5:6114{)77 73.(8.2H)H). 6417852((11dclH)J¢302t 4~ 98 GH)LH) |
1.72 (dt, J= 13. 2H) , (dt, J=15.5, 10.0, 1H).; ESIMS mz =
416. 1 él\/H@L)’-6 (Em@h’l&nﬂéﬁ“é%ﬂ (N[*(lzl—(B ~aminop ip eridin-i-yl)pyridin-3
-y1)-2-(5 -(di net hyl carbano yl)- ZM@@@;@WI )thiazo | e-4-carbo xam de
0."INH2 N WD 2011/ 029802PCT/ EP2 = 94 - Step 1: (5)-tert-butyl
1- (3 - ( 248)-F-ahimeiNmd ¢ aahwaopypk) id g lyl)pyadihenyl)- 2t iHagwated-34ylthmas ek am do)
pyridi n-4-y] ) piperidin-3-ylcarbamate 0 N 1 F Fol |l ow ng procedures

descri bed“4pEWEY EXAMPLE 45 usi ng 5- (di net hyl carbanoyl)-2- 5

fl uor ophenyl boronic acid (50.6 ng, O mml ), the desired

product (S)-tert-butyl 1-(3-(2(5 -(dilethyl carbanmo y1)-2-

fl uorophenyl)thi azo | e-4-carbo Vi@t n- 4-yl) pi peridin-3- ylcarbamate
(15.7 ng, 15.2% was obtained ftdf silica gel purification ESIMS nmlz =
569.3 (M+l). Step 2. (S)-N-(F-(Namnop ip

eridin-l-yl)pyridin-3-yl)-2-(5-(di hyNcar yl)-2- 10
f1 uor ophenyl )t hi azo | e-4-car boxani W y—m N
HoN S N
10  Followed the procedure as described in EXAMPLE 45, starting with (S)-tert-butyl 1-(3-
(2-bromothiazole-4-carboxamido)pyridin-4-yl)piperidin-3-ylcarbamate and pyrazole-3-
boronic acid. Obtained the desired product as a white solid (9.2 mg, 29%). "H NMR (400
MHz, DMSO) ¢ 13.16 (s, 1H), 9.39 (d, /= 19.6 Hz, 1H), 8.20 (d, /= 5.2 Hz, 1H), 7.88
(d, J=2.3 Hz, 1H), 7.54 (d, /= 23.5 Hz, 2H), 7.12 (d, /= 5.3 Hz, 1H), 6.65 (d, /= 2.3
15 Hz, 1H), 3.05 (ddd, J=27.3, 22.4, 11.5 Hz, 2H), 2.50 (m, J = 3.6, 1.8 Hz, 2H), 1.83 (m, J
= 18.4, 8.5 Hz, 3H), 1.24 (s, 2H). ESIMS m/z = 385.2 (M+1).

EXAMPLE 52

(S)-5-amino-2-(2,6-difluorophenyl)-N-(4-(3-hydroxypiperidin-1-yl)pyridin-3-yl)thiazole-

20 4-carboxamide

Followed the procedure as described in EXAMPLE 1, starting with 5-(¢ert-
butoxycarbonylamino)-2-(2,6-bisfluorophenyl)thiazole-4-carboxylic acid and (S)-1-(3-
aminopyridin-4-yl)piperidin-3-ol. Obtained the desired product as a white solid (111 mg,
25 100%). '"H NMR (400 MHz, DMSO) & 9.37 (s, 1H), 9.30 (s, 1H), 8.21 (d, J = 5.3 Hz, 1H),
7.67 (s, 2H), 7.59 —7.47 (m, 1H), 7.29 (t, /= 8.9 Hz, 2H), 7.14 (d, /= 5.3 Hz, 1H), 4.81
(d, J=4.7Hz, 2H), 3.81 — 3.63 (m, 3H), 3.19 —3.07 (m, 1H), 2.99 (d, /= 11.2 Hz, 1H),



1 F Foll owi ng procedures described above in EXAMPLE 45 using (5)-tert-butyl
1434245-

(di met hylwerbammysbp - 2- f | uor ophenyl ) t hi azol e- 4- car boxam e@oxrmpeeidiossods yl ) pi pe
ridin-3- ylcarbamate, the desired produygt

(S)-N(4- ﬁéiamm@ | dibp(d 4 1 RY HAN A, 3 ¥Ldm, 3H)21.382 1.09 (m, 2H). ESIMS

(di met hyl car ba I@ﬂ)fl uorophenyl ) t hi a;ol elgncar)boxam d (18 3 )rrg 51.5. 0%
was obt aiméﬂjzéﬁlét(M’FéQerse phase HPLC purification. 1H NIVR (400 MHz, DVMSO) 6
9.28 (s, 1H, 8.70 (d, J= 7.6, 1H), 8.42 (dd, J= 7.2, 2.1, 1H), 8. 28 (d, J=
5.3, 1H), 7.70 -7.63 (m 1H), 7.58 (dd, J= 11.1, 8.5, 1H), 7.17 (d, J= 5.3,
1H), 3.18 (d, J= 7.9, 2H) 3.05 (sEX;zLIMPLEQ,S (s, 3H, 2.73 -2.65 (m 1H),
2.43 (dd, J=11.0, 9. 1H), 1.90- 1.75 . 2H), 20 1.73 - 1.61 (m 1H)),
1.23- 2. 160rd-ampp-N- (Eéiiwsmﬂﬁpzpefld%é -yDp )3 -yD)-2-(2-fluoro-5-

EXAMPLE 4

(S)-N-(4- (?sispprorﬁyrl%f)l?ap%oryl)ghenypthllaﬁoggF‘lCgrboxg % 2- phenyl t hi azol e- 4- car boxam d
e WD 2011/029802PCT/ EP2010/ 063069 - 95 - HOZ NHNI N Followng

procedures described above |WLE 45, th ql sired product was obtai ned
as a white powder (37.6ny, % M—lz DIVBO) 6 9.30 (s, 1H),
8.56 (s, 1H), 8.28 (d, J =8 7.58 (m 4H), 7.16 (d,
J=4 Hz, 1H), 5 3.17 (m 3H) N3H) ) 71(m 1H), 1.81 (m 3H),
1.21 (m 1H). ESIMS niz 380§ 1 | EXAVPLE 49

(S)-5-am no- 2- benzyl N—(4 (3- 22, 2 t;’lf| uor oacet am do) pi peridin-1-yl)pyrid
in-3- 10 Iéloll}o'[vxbeld%ﬁe pl‘OCGdul‘g Elsb ggs%rr}%ed in E@(AM%‘IE% P, starting with 5-(tert-
butoxycarbonylamino)-2-(2-fluoro-5-(isopropylcarbamoyl)phenyl)thiazole-4-carboxylic
10 acid and (S)-tert-butyl 1-(3-aminopyridin-4-yl)piperidin-3-ylcarbamate. Obtained the
desired product as a white solid (5 mg, 8%). 'H NMR (400 MHz, DMSO) 3 9.37 (s, 1H),
8.61(dd, J=7.4,2.2 Hz, 1H), 8.46 (d, /= 7.6 Hz, 1H), 8.30 (s, 1H), 8.23 (d,J= 5.3 Hz,
1H), 7.98 — 7.86 (m, 1H), 7.69 (s, 2H), 7.48 (dd, J=11.3,8.7 Hz, 1H), 7.14 (d, /= 5.3
Hz, 1H), 4.13 (td, /= 13.5, 6.8 Hz, 1H), 3.20 (d, /= 8.8 Hz, 9H), 3.01 (d, /= 12.1 Hz,
15 2H),2.70 (d,J=18.9 Hz, 1H), 1.89 (d, J = 9.6 Hz, 1H), 1.78 (d, J = 22.6 Hz, 2H), 1.40 —
1.23 (m, 1H), 1.19 (d, /= 6.6 Hz, 6H). ESIMS m/z = 498.2 (M+1).

EXAMPLE 54

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,6-dimethylphenyl)thiazole-4-
20 carboxamide
\N Hz

Followed the procedure as described in EXAMPLE 1, starting with 5-(tert-
butoxycarbonylamino)-2-(2,6-dimethylphenyl)thiazole-4-carboxylic acid and (S)-tert-
butyl 1-(3-aminopyridin-4-yl)piperidin-3-ylcarbamate. Obtained the desired product as a
25  white solid (8 mg, 13%). '"H NMR (400 MHz, DMSO0) § 9.22 (s, 1H), 8.18 (d, /= 5.3 Hz,
1H), 7.48 (s, 2H), 7.35 - 7.26 (m, 1H), 7.17 (d, J = 7.7 Hz, 2H), 7.04 (d, /= 5.3 Hz, 1H),
3.06 (t,/J=14.4 Hz, 1H), 2.99 (d, /= 11.7 Hz, 1H), 2.83 — 2.66 (m, 1H), 2.64 — 2.48 (m,
1H), 2.45 - 2.31 (m, 1H), 2.21 (s, 6H), 1.64 (dd, J=17.0, 6.8 Hz, 2H), 1.57 — 1.41 (m,



FN F HN The title conpound was obtained as a by-product ((13ng, 23% during
the synthesis of Exanple 38. 1H NWR (400 WHz, DVsO 6 11.50 (s, 1H), 8.72
(s, 1H), WoQf11(id9sod = 5.4 Hz, 1H), 7.28 (dd, J= 6.9, 6. @cmz(ﬁb&)mo@ 22
-7.16 (m 1H), 6.92 (d, J 5.5 Hz, 1Hpg-15 4.08 (d, J 6.5 Hz, 2H), 3.50
(d, J = lpﬂ 1H27,—éb|58m311Q9E(8$Merhi)z,—Zzﬁé-gl(dd,l)J— 11.0 He, 2H), 1.90 (d, J=
11.9 Hz, , 1.60 J=14.4 : 29 (d, J = 7.3 Hz, 1H). M (ESI)
m z: 5051[I\/HrH] EXAIVPLE 50 20 5 amno-2(26df|uoropheny1)-N—(4-(p

ip erazin-1-yl)pyridin-3 -yl)thi az@mﬁ_’;@%boxam de Followed the
procedure as described in EXAMPLE i with 5-(tert- WO
2011/ 0298@%55’2@-’(@(%&@1@ dpe@ﬁm-—l yl)ﬁyrldm 3- ?;1 )-2-(2-chloro-6-

0

but oxycar bonyl am no) - 2- f1 uorophenyl)thi azol e-4-carboxylic acid and
tert-bat yﬂuQEOPIQ@é’BFhWQ&?y%C%FbﬁX%mﬁP) pi perazi ne-1 - carboxyl ate. Obtai ned the
desired product as a white solid (2,\7 0 ng, 25% prepared 1H NVR (400 MHz,

DVSO 6 9.29 (d, J= 11.1, 1H), 831(d J=5.6, 1H), 7.71 (s,
2H), 7.64 - 7.52 (m 1H), 730 5326(s 8H). ESIMS mz =
417.4 (Mr1). E51

(S)-5-am no- N-(4-(3-am nopi peri Dyri @ - 3-y1) - 2- (1H pyr azol - 3- yl)th

i azol e-4- carboxam de NH2 H H2Nl 10 Fobl ovveoC't he procedure as described in
EXAMPLE 45, startlng with (S)-teN-butyl 1-(3-

2-b t di n- 3- t d
byr azol o- B REGAThT RORLAR AR 0 HEe B St i W SRATE Qo

9.2 itk xMhio 3 19.6 Hz,
g- 0 g’gzo@g%d rnJo_ 2’8'1@34&% )@@@-4-@}%3})6 @m(ﬁglo&il%{)m,a&v ad A ?31,051)36 e
Hz, 2H), fiarephepylbezomc aci btm}fd tl@ dssirqdiproguct 2s 3 wisteisplid (Lireng, B%b (ddd, J=

27.3, {22 50 J=23.6 1.8 H, 2H), 1.83 J = 18. 4,
8.5 Hz18 3%11&%“%%4721% ]%ESI I\/(an12 i (m

385.2 (M+l).
EXAMPLE 52
(S)-5-am no-2-(2,6-difluor ophenyl) N (4- ( 3- hydr oxypi peri di n-1-y1) pyri di n- 3-
y1l)t hi azol e20 4-carboxam de HO NH2E the procedure as described in

EXAMPLE 1 Sjt aq{ntng ff\’? Iarmrﬁop é)@(léim- Blll)g?nildm 3- %l%eng}ﬁ }g}ﬁrazol -4-yl)thiazole-4-

5-(tertbu xycar m no uoro I azol e-4-carboxylic
acid and ¢dhoxbn(i® am nopyri di n-4-yl) pi peri din-3-0l. Obtained the desired
product as a white solid (111 nyg,

O‘NH2 >
N

—

\

N

I
NH
5 N/ 0 2

Followed the procedure as described in EXAMPLE 45, starting with (S)-tert-butyl 1-(3-
(2-bromothiazole-4-carboxamido)pyridin-4-yl)piperidin-3-ylcarbamate and 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole. Obtained the desired product as a
white solid (4 mg, 10%). ESIMS m/z = 385.2 (M+1).
20
EXAMPLE 57

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(imidazo[ 1,2-a]pyridin-3-

N
=

N

x

yl)thiazole-4-carboxamide

N—
H
N S



25 100% . 1H NWR (400 MHz, DWsO) 6 9.37 (s, 1H), 9.30 (s, 1H), 8.21 (d, J=
5.3 Hz, 1H), 7.67 (s, 2H), 7.59 -7.47 (m 1H), 7.29 (t, J = 8.9 Hz, 2H),
7.14 (d, we2b11dn2b 1H), 4.81 (d, J = 4.7 Hz, 2H), 3.81prcTA&PEB0L63068H),
3.19 -3.07 (m 1H), 2.99 (d, J= 11.2 H®yo-1H), WO

2011/ 0298@&%@5%588 %Qé&lﬁ@@@@esm@gd in E@(&MPL% @s&mng%&h S}t&@ b(lﬁyl lJ(’at- 12.1
Hz, 1H), 1.71 (m 3H), 0-1.09 (m 2H). mz =

EXANVPLE 5@ bremothiazole-4- carboxarmdo)pyrldm 4- yl)plperldln-3 ylcarbamate and 3- (4 4 )5, 5

(i sopr opyEAPEEHEY T ameng PRER aouMatdpelPhslestifind dPbmRs BRI Rdigd « ne

procedur ea%wﬂﬁsgdndt(eg nigd) 26%9NPLEMR (SO0NHZNGMEONS 9.53 (d J=6.8 Hz, 1H),

Rt et A A e e R

1-(3- d

or oduct a0o v ap B PR, O e IR 0Bl 1B TR O LEY

8. 61 (gd J.llvéHz4H),2293 tz 1HLH.76 8246 (gl |HY, 248~ GSHzm,lm,,I&@DZﬁgél-l)J
8.23 = =
1173, "5 7Pt o 143 08 - £330 Mg 6632 a5 %6 8w
1H), 3.20 (d, J= 8.8 Hz, 9H) 3.01 (d, J = 12.1 Hz, 15 2H), 2.70 (d, J=
18.9 Hz, 1H), 1.89 (d, J= 9.6 Hz, 1H), 1.78 (d, J = 22.6 Hz, 2H), 1.40 -
1.23 (y 1H), 1.19 (d, J= 6.6 Hz, ENAMEBEMS ni z = 498.2 (M1).

EXAMPLE 5

(S) - 5-ani - PR G AP aT dim! yl)pmﬂ}r% W= @G dhlorqheny el fyr pheny!
) t hi azol ecftbodthigar boxanm de a\NH2 HZN N H N N Fol | owed the procedure as
described in EXAVMPLE 1, starting with 5-(tert-

but oxycar bonyl am no) - 2-(2 6- di yNihenyl ) t hi azol e- 4- carboxylic acid and
(5)-tertbutyl 1-(3-am nopyridip-44ylgRi peri QI n- 3-yl carbamat e. bt ai ned t he
desired product as a 25 white s’ d 8 1H NVR (400 MHz, DVSO 6
9.22 (s, 1H), 8.18 (d, J = 5.3 : § 7.35 - 726(m 1H),
7.17 (d, J= 7.7 Hz, 2H), 7.04 ({d, J 5. L 3.06 (t, J = 14.4 He,

1H), 2.99 (d, J = 11.7 Hz, 1H),,\?’8302 66 {m 1H) 2.64 - 2.48 (m 1H),
2.45 -2.31 (m 1H), 2.21 (s, 6H), 1.64 (dd, J= 17.0, 6.8 Hz, 2H), 1.57-
1.41 (m Followed the procedure as described in EXAMPLE 1, starting with 5-(tert-

15 butoxycarbonylamino)-2-(2,6-dichlorophenyl)thiazole-4-carboxylic acid and (S)-tert-
butyl 1-(3-aminopyridin-4-yl)piperidin-3-ylcarbamate. Obtained the desired product as a
white solid (9 mg). "H NMR (500 MHz, DMSO) 3 9.21 (s, 1H), 8.18 (d, J= 5.3 Hz, 1H),
7.69 —7.60 (m, 2H), 7.56 (dd, J = 8.9, 7.3 Hz, 3H), 7.04 (d, /= 5.3 Hz, 1H), 3.08 (d, /=
8.1 Hz, 1H),2.97(d, /= 11.9 Hz, 1H), 2.79 (d, /= 9.0 Hz, 1H), 2.56 (dd, /= 21.5, 11.0

20 Hz, 1H), 2.48 - 2.41 (m, 1H), 1.66 (d, /= 14.0 Hz, 2H), 1.54 (d, /=10.1 Hz, 1H), 1.11
(d, /= 9.8 Hz, 1H). ESIMS m/z = 463.1 (M+1).

EXAMPLE 59

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(prop-1-en-2-yl)thiazole-4-

O
N Nf
H S

| Z 0 NH,
N

25  carboxamide

Followed the procedure as described in EXAMPLE 1, starting with 5-(tert-
butoxycarbonylamino)-2-(prop-1-en-2-yl)thiazole-4-carboxylic acid and (S)-tert-butyl 1-



WD 2011/ 029802PCT/ EP2010/ 063069 - 98 - 1H), 1.17 -0.95 (m 1H). ESIMS mz =
423.2 (Mt1). EXAMPLE 55

(S) - 5- amwo-2bk1(029%03- am nopi peri di n-1-yl ) pyridi n-3-yl) - 2pC2EPbI10063069 5

fl uorophenyl)thi azol e-4-carboxam de (-100) % N H2 HZN NH NN C N

Fol | owed ghﬁnﬂbgﬁ%ﬂw4eyl?p%p&mm;@@%anﬁm@@wahgd iR deSit &F froBect W b Rvhite
(S)-tert-butyl 1-(3- (2-bronothi'azo

| e- 4- car bsotidrtP ded) phBINIS m/4=3593i p&rli)di n- 3-yl car bamat e and 2-chloro -6-

fl uor ophenyl boroni c acid. Cbtained the desired product as a white solid (5
ng, 13% . 10 ESIMS nlz = 447.1 (M1l).

EXAMPLE 56 EXAMPLE 60

(S)-5-am no- N (4-(3-am nopi peridin-1-yl)pyridin-3- 1)-2-%1F¥pyrazol-4-yl)th
i azo | 8- 485)aBBe '(ﬁ'é;'%]ﬂloﬂi’&?elf@%b&Yﬂ)ﬁﬂlgﬂ&é&@rf’é’cﬁ@e@é’ﬁ ivzdled-i n EXAMPLE
45, start%}aqgo%{.i@e(S)-tert-butyl 1-(3-

(2- bronot hi azol e- 4- car boxam do) pyri di n-4-yl ) pi peri di n-3-yl car bamat e and
444, 4,5, 5- tetranethyl-l,S,2-d%§faborolan-2-y 1H pyrazol e. Obtai ned the
desired product as a white sol , 109 . IMS mMz = 385.2 (M+l). 20
EXAMPLE 57

(S)-5-am no-N-(4-(3-am nopi peridin-
[1,2-a] pyridin-3- yl)thiazo le-4-c
2011/ 029802PCT/ EP2010/ 063069 - 99 |- Hpl | d\t he procedure as described in
EXAMPLE 45, starting with (S)-tertSputyl O- (32

(2- bronot hi azol e- 4- car boxam do) pyri di n-4-yl ) pi peri di n-3-yl car bamat e and

3- (4, 4, 5, Bollaveddrtagrptoeydird p8d&edbalxia i AMERNE2L, \staytiing wak 6f(ler2- a] pyri di ne.

%?I Bﬁgd}lﬂg"g’g I %?]gfxﬁ%o%-_ q%;céoanz?gzlt }ql)zfolee-éls-ga{r odxy(‘i%Zalc{gigdnd%g)(){?e}ft-bluwyl'\ll\-/@-( 500
10 aminopyridin-4-yl)piperidin-3-ylcarbamate. Obtained the desired product as a white solid
(22 mg, 48%). '"H NMR (500 MHz, DMSO0) $ 9.39 (s, 1H), 8.18 (d, /= 5.2 Hz, 1H), 7.24
(s, 1H), 7.10 (d, J = 5.3 Hz, 1H), 3.23 (m, 3H), 3.07 (d, /= 10.5 Hz, 1H), 2.96 (d, /= 9.7
Hz, 2H), 2.67 — 2.53 (m, 2H), 2.43 — 2.34 (m, 1H), 2.03 (d, /= 8.1 Hz, 2H), 1.87 (d, J =
12.5 Hz, 1H), 1.84 — 1.58 (m, 5H), 1.17 (d, /= 13.3 Hz, 1H). ESIMS m/z = 387.2 (M+1).

\n-3-y1l)-2-(imdazo
S W0

15
EXAMPLE 61

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(imidazo[ 1,2-a]pyridin-6-

yl)thiazole-4-carboxamide
8
O‘\NHZ / N
N> O NH;

20 Followed the procedure as described in EXAMPLE 45, starting with (S)-tert-butyl 1-(3-
(2-bromothiazole-4-carboxamido)pyridin-4-yl)piperidin-3-ylcarbamate and imidazo[1,2-
a]pyridin-6-ylboronic acid. Obtained the desired product as a white solid (44 mg, 100%).
'H NMR (500 MHz, DMSO) § 9.34 (s, 1H), 9.05 (s, 1H), 8.29 (s, 1H), 8.22 (d, J=5.2
Hz, 1H), 8.00 (s, 1H), 7.71 (m, 5H), 7.13 (d, /= 5.2 Hz, 1H), 3.00 (d, /= 11.5 Hz, 2H),

25 2.81-2.67 (m, 1H), 2.50 (dt, /= 3.6, 1.8 Hz, 1H), 2.01 — 1.60 (m, 3H), 1.27 (d, J = 35.4
Hz, 2H). ESIMS m/z = 435.1 (M+1).



8 (s, 1H), 8.22 (d, J= 5.3 Hz, 1H), 8.11 (s, 1H), 7.76 (d, J= 8.1 Hz,
7.66 (s, 2H), 7.53 -7.41 (m 1H), 7.12 (dd, J= 12.0, 5.6 Hz, 2H), 3.20
J= 11w6 2bimjo2a8dp, 3.08 (d, J = 11.6 Hz, 1H), 2.93 (sPCTHP201B0FH69 2. 59
1H), 2.48 -2.39 (m 1H, 1.73 (d, -J819.5 Hz, 1H, 1.65 (s, 1H), 1.13

, J= 9.3 Hz, 1H). ESIMS mz = 43BXAMPEE)62 10EXAVPLE 58

(S)-5-am oN—( opi peri r|d|n3 -2-(2, 6-di chl or ophenyl
)t hi azol e2 &ml%ﬁd%&%%]g a ngﬂ’Gﬁi\%%p% ryé)(Pé‘H@l%é;'éé'zd Scribed in
EXAVPLE 1ﬂuosfsﬁaeqlmgumeh4 5a&5§aﬁﬁ de 15

but oxycar bonyl am no) - 2- (2, 6- di chl or ophenyl ) t hi azol e- 4-carboxylic acid and
(5)-tertbutyl 1-(3-am nopyr|d| n-4-yl) d peridin-3-yl carbamate. bt ai ned the

desired product as a white solid (9 @ 1H NMR (500 MHz, DVMBO) 6 9.21 (s,

H,
d,

5
1
(
(m
(d

1H), 8.18 (d, J= 5.3 Hz, 1H), 7.69 -[7.40 (m 2H), 7.56 (dd, J = 8.9, 7.3
Hz, 3H), 7.04 (d, J = 5.3 Hz, 1HF (/qH J= 8.1 Hz, 1H), 2.97 (d, J =
11.9 Hz, 1H), 2.79 (d, J = 9.0 \,|1H) 56 (dd, J= 21.5, 11.0 20 Hz, 1H),

2.48-2.41(m 1H), 1.66 (d, J= H) 1.54 (d, J= 10.1 Hz, 1H),
1.11 (d, J 9.8 Hz, 1H). ESII\/Bn16 W1) . EXAMPLE 59
(S)-5-am no- N—(4 (3-am nopi peridi n1 -3-yl)-2-(prop-1-en-2-yl)thi

azol e-4- 25 carboxam de WD 2011/0 / P2010/ 063069
- 100 - (3-ami nopyridin-4-yl)piperidin-3-ylEarbamate. Obtained the desired

P8, PR (R Sl AL

ent yl t hi a@earhieedyridiartbdxarfludeopipar]divdeded beangic ek thiteer- as descrl bed in
EXAMPLE 1, star
5-(tert blfe%szwaﬁbﬁaﬁg%m)r% 02-Buqrophaybtidzelnt-gabpryvle acit ERnedths desiredng

(9) - tert - bl ada e OBV Hsdafl e A Pyt .- 5-y1 car barmte, bt af ned
the desired product as a white solid (22 ny 1H NVR (500 WMHz, DWVSO) 6

9.39 (s, 1H), 8.18 (d, J = 5.2 Hz, 1H), 724(s 1H), 7.10 (d, J= 5.3 Hz,

1H), iozs(m 3H, 3.07 (d, J= 10.5 1He; 2-96 (d, J= 9.7 Hz, 2H), 2.67
- 2.53°(m 2H), 2.43 - 234(m1m—"g—{‘65—ELfLJ_81Hz 2H), 1.87 (d, J =
12.5 Hz, 4&hinolN §S5ﬁBIﬁnrﬁﬂBﬂub dridlin-d 51)bIridinkzy1) D)2,6-ESI M5 ml z =

387.2 (MH1). 15 %(Aﬁ\/P ) 1 rIpipdrthin-12ypFridintH:y) -0

(S)-5-ani ﬁﬂuwophewlam%fh%@ommrdﬁl yl ) pyri din-3-y1)-2- (i m dazo

[1,2-a] pyridin-6- yl)thiazol e-4-carboxam de 20 Followed the procedure as
described in EXAMPLE 45, starting witiz (S)-tert-butyl 1-(3-

(2- br onot hi azol e- 4- car boxam do) pyri difh- -yI ) pi peridi n-3-yl carbamat e and

i mdazo[ 1, 2- a]pyridin-6-yl boronj N tal ned the desired product as a
white solid (44 ng, 100%. 1H N!@Ego 2DVMSO) 6 9.34 (s, 1H), 9.05 (s,

1H), 8.29 (s, 1H), 8.22 (d, J= B H 1H F 8.00 (s, 1H), 7.71 (m 5H),
7.13 (d, 3= 5.2 Hz, 1H), 3.00 (d, JSAIL\ H),

HN. S ¢

Followed the procedure as described in EXAMPLE 1, starting with tert-butyl (3S,5R)-1-

15  (3-aminopyridin-4-yl)-5-fluoropiperidin-3-ylcarbamate and 5-(tert-
butoxycarbonylamino)-2-(2,6-bisfluorophenyl)thiazole-4-carboxylic acid. Obtained the
desired product as a white solid (50 mg). 'H NMR (500 MHz, DMSO) & 9.25 (s, 1H),
8.18 (t, /= 20.9 Hz, 1H), 7.64 (s, 2H), 7.53 (ddd, J = 14.8, 8.4, 6.4 Hz, 2H), 7.26 (t, J =
8.7 Hz, 2H), 7.12 (d, J= 5.3 Hz, 1H), 4.94 (d, /= 46.1 Hz, 1H), 3.05 (dd, J=32.9, 12.7

20 Hz, 2H), 2.66 — 2.34 (m, 3H), 2.07 (s, 1H), 1.53 (dt, /=23.8, 11.5 Hz, 1H). ESIMS m/z =
449.1 (M+1).

EXAMPLE 64

5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(pyrrolidin-3-yl)thiazole-4-

25  carboxamide



25 2.81 -2.67 (m 1H), 2.50 (dt, J= 3.6, 1.8 Hz, 1H), 2.01 - 1.60 (m 3H),
1.27 (d, J = 35.4 Hz, 2H). ESIMS nfz = 435.1 (M+l). WO

2011/ 029892BCI/ R0 10/ 063069 101 - EXAMPLE 62 5 -am necThpreeotdesH
,5R)-3-amno -5 - fluoropip eridin-l-yh)pyridin-3 -yl)-2-(2-

fl uorophenyl)thi azo | e-4-carboxam de F _ NH2 H2NF 5 Fol | owed the procedure
as described in EXAMPLE 1, starting with tert;, otyl (3S, 5R)-1-

(3-am nopyridin-4-y1)-5-fl uoroH? { n- 3-yl car jamat e and

5- (t ert but oxycar bonyl am no) - 2- ( 2- f|l uoy ophenyl J't hi azol e- 4- car boxyli c aci d.
bt ai ned the desired product as a wWhi'tg,solN®\(50 ng). ESIMS mz = 431.1
(M+1). 10EXAMPLE 63 N S

5-am no- N (4- ((3S, 5R) - 3-am no-5-f| Gor pi geridin-1-yl)pyridin-3-yl)-2-(2, 6-
di fI uor ophenyl )t hi azol e- 4- car boxa F O FdHowed the procedure as
described in EXAMPLE 1, starting wth tert-butyl (3S,5R)-1- 15

( 3- am nopkslicdvad-the prbredst hadesopbgueini EX AMPLH L ataotappd eh aod-butyl 1-(3-

5-(tertbut oxycar honyl am no).- 2- (2, 6-bi sfl uorophenyl )t hi azol e-4-carboxylic
aci( d. Obt %rflwéayrﬂ %—%&amf‘é@)nﬁ%aé%?a%e anﬁ*.(f-zte %t e OPr)&)PY“ﬂil%m% {500
Mz, Dlvsq}ll-@-@ergﬁut6§yca% lahiftPtidzolel4 TadBx Aid Hoid, Wdtaindd Bt deSiredqliduct - 93
(ddd, J = 14.8, 8.4,° 6.4 Hz, 2H), 7.26 (t, J= 8.7 Hz, 2H), 7.12 (d, J = 5.3
Hz, 1Hp, ab @whitasoldl (33 46ngd, 32%). MR (505 ¥dtt, DMSBPRS 9.3812.1H)28 1 #4d, J2H)

2.66 - 2.3 26 &; 9, Too @ = s B3, {19 5,087 2P Rp. i 22 0d (8, F5I VB
Mz = 449 . rE)s2
5-am no- Nt ( 4 Hz34BN2ENidPg Ei l@i.@H%;M%)l pysidi 36 ’}“%%%%716@”{8%21'?? (dBv¥ ) t hi azo

| e-4- 25 car boxam de 2011/ 029802PCT/ EP2010 69
63.4, 20.3 Hz, 4H), 1.18 (d, J = 11.6 Hz, 2H). ESIMS m/z = 388.2 (M+1).

10 EXAMPLE 65

5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(piperidin-3-yl)thiazole-4-

HN
N N=
H
S
CrrY

N

carboxamide

Followed the procedure as described in EXAMPLE 1, starting with tert-butyl 1-(3-

15 aminopyridin-4-yl)piperidin-3-ylcarbamate and 2-(1-(tert-butoxycarbonyl)piperidin-3-yl)-
5-(tert-butoxycarbonylamino )thiazole-4-carboxylic acid. Obtained the desired product as
a white solid (6.4 mg, 51%). 'H NMR (500 MHz, DMSO) & 9.38 (s, 1H), 8.37 (s, 1H),
8.19 (d, /=5.1 Hz, 1H), 7.28 (s, 2H), 7.11 (d, /= 5.1 Hz, 1H), 3.14 (dd, J=28.4, 11.4
Hz, 2H), 2.94 (dd, J = 51.3, 24.0 Hz, 4H), 2.65 (dd, J = 27.1, 13.0 Hz, 2H), 2.50 — 2.40

20 (m, 1H), 2.05 (s, 1H), 1.97 — 1.56 (m, 5H), 1.47 (d, /= 11.2 Hz, 1H), 1.24 (d, /= 8.3 Hz,
2H). ESIMS m/z = 402.1 (M+1).

EXAMPLE 66

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-fluoropyridin-2-yl)thiazole-

25  4-carboxamide



Fol | owed the procedure as described in EXAMPLE 1, starting with tert-butyl
1- (3- am nopyridin-4-yl)piperidin-3-ylcarbamte and

2- (1- (t erwohkwtgneysvar bonyl ) pyrroli di n- 3- PCT/EP2010/063069
y1l)-5-(tert-but oxycarbonyl am no)t hi azolgs 4- carboxylic acid. Cbtained the
desired product 5 as a white solid (13.5 ng, 32%. 1H NWR (500 MHz, DVSO 6

9.38 (s, 1H), 8.18 (d, J= 5.2 Hz, 1}—@.26 (s, 2H), 7.09 (d, J= 5.2 Hz,
d

1H), 3.08 (d, J= 10.9 Hz, 2H), 2.96 , JJ=11.4 Hz, 4H), 2.62 (d, J= 17.6
Hz, 1H), 2.43 - 2.36 (m 1H), 2 sM1¥H, 1. 82 (dd, J= 63.4, 20.3 Hz,
4H), 1.18 (d, J= 11.6 Hz, 2H). mz = 388.2 (M+l). 10EXAMPLE 65

5-am no- N (4- (3-am nopi peridin-1-yl) Vri din-3-y1)-2-(piperidin-3-yl)thiazol
e-4- carboxanm de H2Nn N n N=r ' 0z N\ Followed the procedure as

described in EXAMPLE 1, starting with et -
am nopyri di n-4-yl) pi peridin-3-yl carip t® agd
2-(1-(tert-butoxycarbonyl) pi peridin-3-yl)-

3- (ter Ei - bEdlgxmahbpmcacﬁn‘i: a@l@?ﬁg&?h@%mﬁo%ﬁdn@ga@m.((Sgiiﬂetrablﬁgul {he )
esired product .as a white sqli 6.4 ng, 51%. 1H NVMR (500 MAz, DVBO) 6
9.38 (s, amylppm@r“oél?plm@ln-érﬂ@r?adxlats and;5{feppbuteyyrarbenylaming)-243 7 11 (d,
J= 5.1 Hz : 3 11 . : = 3, 24.0
o, a2t gl g, Obyinghne dotd el gtinig 2% ¢
1H), 1597solidl.(56 ngrt5%H)' H NMRZ (508, MBiz, DMSD)Kiz9.40 6) | HY. Q4 (ddl/ =Xe6 Blz31 Mg, 2H) .
ESIMS nlz, = 2.1 1 6

(95 am Bl OCE 19 Kt Howh Befdda 5258 1958 AR 355 179 (3 Dudn gt i n- 2-
yl ) thi azoke26n4-1g8) boyadideo 1D, 300 14 0RRBO2PCTS ER280H063A8Y = 280315.4

Fol | owed the procedure as described in EXAMPLE 1, starting with
(S)-tert-Hat ), 2373t Jarm hbplzr 1), d-H-(p1 YL p&Bi(di-h=35PIHar 1e(dhdg 8.7
5-(tert-byt oxyc | am ng)- 2+(3- fluoropyridin-2-yl)thiazol e-4-carboxylic
aci d. @?%?’n@‘?ﬁgagé%/?re qplr@éﬁg)t as a white 5 solid (50 ng, 559% . 1H NWR
(500 MHz, DMSO) 6 9.40 (s, 1H), 8.44 (d, J= 4.6 Hz, 1H), 8.21 (d, J =5.2
Hz, 1H), 7.86 (dd, J = 25.8, 14.5 Hz, 3H), 7.58 -7.40 (m 1H), 7.13 (d, J
5.2 Hz, 1H), 3.09 (d, J = 9.1 Hz, 1H), 3.00 (d, J = 12.6 Hz, 2H), 2.59 (dd,
J=26.2, 15.4 Hz, 1H), 2.37 (t, J=10.1 Hz, 1H), 1.90 (s, 1H), 1.78 (d, J =
15.8 Hz, 2H), 1.14 (d, J = 8.7 Hz, 1H. ESIMS mz = 414.1 (M:1). WO

2011/ 029802PCT/ EP2010/ 063069 - 104 - W claim

| 1-(3- 15



1. A conpound of fornmula (lI) or salt thereof, wherein: R3 N NNHO fornula
(I') 5 XisNorS; Yis NH N S, or 0; provided that X and Y are not S or O
at the sawe20imeysoRl i s H, hal o, hydroxyl, nitro, cyanopcaldpydioosdokenyl ,
OR4, SR4, SO2R4, SO3R4, - N(R4)2, -C(OIMR4)2, -NR4AC(O)R4, -C(S)N(R4)2,

- NRAC( S) Rlic 12iNRAC(0) N(R4) 2, -NRAC(S)N(R4)2, -0C(0)N(R4)2, -S2N(R4)2, - 10
N(R4) SO2R4, - N(R4) SO2N(R4) 2, NRAC(=NH) R4, -C(0)O0R4, -0C(0)OR4, cycl oal kyl,
het er ocycl oal kyl, aryl, or heteroaryl, wherein said al kyl, cycloal kyl,

het erocycl oal kyl , aryl. aor heteroaryl, is tional substituted with one to
three Rt groupl: " ro oSS ERRRAID o3RRI ey Lo oo, and

-NHR5; 15 i SRy N(R4) 2, OR4, halo, cycloal kyl, heterocycloal kyl, aryl, or
heteroaryﬂfigﬁgrein sai d cycl oal kyl, heterocycloal kyl, aryl, or heteroaryl
is optiond SHQstituted with one to three R7 groups; provided that when X
is Nand Y is then R3 is not Npiperazinyl; each R4 is independently
H, al kyl, cyc} X heterocycloal kyl, aryl, heteroaryl, halo, 20 CN, CF3,
-0CF3, -N®, oxo, \-@=R7, -C(-2)0R7, -C(-Z2)N(R7)2, -N(R7)2, -OR7, SR7,
-NR7C(=2)R7, - ¥Z)0R7, -NR7C(=Z)N(R7) 2, -NR7S02R7, -0C(=2)R7,

0C(=Z) N(R7) 2, - 0)R7, -S(0)2R7, oformgladJ2NR7, wherein said al kyl,

cycl oagky%(,isﬁeotr%iocycl oal kyl, aryl, or heteroaryl is optionally substituted
with ohe to threeé R7 groups; and wherein two R4s attached to the sanme N

atom ar e wp Nena, ISy ot okpvidled tieged ALY whd dot iShe Gtttae etk fimat omto form a
5-6 nenbered ring having additional 0-2 heteroatons selected fromO, S, and

N, said rRnt theiahy hygroonarits, exane: putlealkanylnOdie Sx.t$PeB+RFOgRaups;
B L e
opti onal | NRssHN W He, IWRRCOREN(R, Lhr- O AD)NRR 9o ot N )b s- al kyl , OR4, or
Y0 203 “RIDRER ERRYSENR, ., RRcNmR., -C(0)0R., -0C(0)OR
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, wherein said alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl is optionally substituted with one to three R*
groups;
R, is hydrogen, halo, alkyl, cycloalkyl, -CN, -NO,, and —-NHRs5;
15 Rsis-N(Ry4)2, ORy4, halo, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, wherein
said cycloalkyl, heterocycloalkyl, aryl, or heteroaryl is optionally substituted with one
to three R’ groups; provided that when X is N and Y is S, then R is not N-
piperazinyl;
each R4 is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo,
20 CN, CF;, —“OCF3, -NO;, oxo, “C(=Z)R7, -C(=Z)OR7, —C(=Z)N(R7)2, -N(R7), “OR7,
—SR7, -NR;C(=Z)R7, -NR;C(=Z)OR7, -NR;C(=Z)N(R7),, -NR7SO2R7, -OC(=Z)R7,
—0C(=Z)N(R7)2, —S(0)R7, —=S(0),R7, or —S(O),NR7, wherein said alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl is optionally substituted with one to three R
groups; and wherein two Rys attached to the same N atom are optionally taken
25 together with the attached N atom to form a 5-6 membered ring having additional 0-2
heteroatoms selected from O, S, and N, said ring being optionally substituted with one to
three R groups;
Rs is H, -CORes, alkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein said alkyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with one to three
30 Ry groups;
R 1s alkyl, OR4, or -N(R4)3;



each R7 is independently H, alkyl, cycloal kyl, heterocyclyl, aryl,
heteroaryl, halo, CN, CF3, -0CF3, -NO2, oxo, -C(=2)R8, -C(=Z)O0RS,

- C(=Z) N( R8p2011/a0488) 2, - OR8, - SR85 NR8C( Z) R8 NR8C( =PYORP2010/063069
-NR8C(=Z) N(R8) 2, . - NR8SO02R8, -0C(= a (] S(O)R8 -S )2R8 or
-5(0) 2 NRSGaCb\IRéﬂ%‘PﬁeI%e&Ii%m%YI f&y’}lkylc% %%hwk yheterscw I}%tle rylhaja,

het t I d d
wher e n 165 RS 1S0R e SRk A R IR o LN T Lﬁﬁ@ 2REn R 38& her
with the ;;legqhggkgl\l NIRQG(:E%URQWNRE;@(%)NH(@PLME;SO% h@a(ﬁg)mddl tional 0-2

het eroat ons sel ected from S, and N, said ring being optionally
subst i t ut€ACEDHN (R8s —ISQO)RBF‘ESE{OMSQ(PTOt&(@)zNIIQ Wé@th?lmld @Ik}'lnd:eqi@aﬂebént I y H

| kyl , | oal k h ,

5 Dok iRy s htorignd Su e R oy 15 HRedh cltowe el ey )
NH2 - NH({dlw & c Bl Hvd Rys atMcQ@d (Bt KR atorp@2d StioRR1 I tdkgh )Ofeth@{;%ﬁﬂh
_02(CLl-C6 al kyl), -C(O)NHZ, -C(0)NH(CL-C6 al kyl YN(CI-C6 al ky1) 2,
_N(C1- C6 thE Ripachell O) qtan-tosora ¢<§/I6)memhﬁne34 ong Gavins a@dlkgrg 0-2 NS0 210 TB- C6

LIS R LI i e o SR

al ky1) 2, 0) NH( Cl1-C6 al kyl), NHC(O) N(Cl1-C6 al ky1)2, -N(Ci- CG
aIkyI)C(O NH CGaIkyI N(CI C6 al kyl ) C(0) N(IO C6 al kyl) 2,
- NHC( 09 Nrjach Ress iaf gypnylent yI\IIII@(lJ@) I\I(xgioa@wl dlekﬁng}@l AP DR eOAryGRal, kN,

NCt 0 s )0 05 g0 i) it sstg sl s agliy

h kyl, -OH,
oo, - St e ZCI’IJ”F’?I“J.&EFE%%@’ v k%fé): R S oy

O N c?]kﬁy HI(E)NH@ A N e I T e ot e
Ao R sl IV HCLRNEO S e b SSRGS Alir eI e
"ot o) élk 16@26%@%'&%%%%3 —qué%N?e;%@ | obys %ﬁ%; W

kyl), - NSGEONIC / HiGie 10,
aN( Cl- 06 al kyl) C(0) N(@goﬁhcﬂg@’%% a:‘Ll)k ‘f@wﬁﬁ%@@% kyl@ Iﬁ% 6) N(C1CB
al kyl) 2, alNHCCOVHCECONGG;-ak kikly))e, @ﬂﬂl-ﬂ‘d(a@ﬂmoaNHYG)-Cé OkONCGN@G-@ kyl ) ; and

30 \/\herelntwo R8s attached to the sanme N atom are optionally taken

t oget her akYIHCEN(Gr Qaélﬂiéaz NW%)W@@QWH‘Y@Q 6NHKHOINE e ¢4 #EYiravi ng

ddi t I d d

o o e MR R ST o She LA BB B BT RAPE "

- 0CF320 - @BloatkiOhe aalkmlh 1R &MY, sub@tGibd G hadﬂé)tb}hr S( Cl- C6
al kyl ), Qéﬁzoa NH(%T&&%I k%l/l eter&ﬁi’ Wgﬁy )Sél tsoz(ctl C6 al kfﬁ) - CO2H,

WD 2011/ cmgmt@w@mmloﬁa@ﬁ&%ﬁ%c& B0, L1655 alkly+PH, o, 052,

gl s 0 s S D R GG 1 U A a1 S62( @ - 05
ai)g :)) NH( cfwaﬁﬁﬁhlwgﬁﬁ?’kc@ k(g)ﬁ@} &b)%‘c(fﬂé) Iﬁ%'}%l cg&gﬁ)ﬁwyn

- NHC( 0) N(@lalgﬁ)zamy@]yzﬁ alkmcae)@@l -al; Ia&'y))CGNHNJfDQCn@ alltHy ENHSOWC-€66
alklé C(0)N(G -C6 al kyl) 2 @HCICGaIké - NHC( 0) N(C1- C6 _al ky1) 2,
NHC( 50(?(113311)36 N{Cifo ol yé)éi@z@tc@la )aISI@zI\IHZ( o} (@(%Caatlkylb ) SGhCebeh Z i s

and 10w 1 EneOB QR e “TRPNHIEHER BB BerRBLIRE 42 i Re carbon atom
bearing X ane )i, o}l ,hl\ﬁ‘i’@@)ﬁ(é%‘é%m%? @ QlaiBeictosingb rchonds.

alkyl), —N(C,;-Cs alkyl)C(O)N(C;-Cs alkyl),, -NHC(O)NH(C;-Cs alkyl), -NHC(O)N(C;-

Cs alkyl),, -NHC(O)O(C;-Cs alkyl), and —N(C;-Cs alkyl)C(O)O(C;-Cs alkyl); and

30  wherein two R8s attached to the same N atom are optionally taken together with the

attached N atom to form a 5-6 membered ring having additional 0-2 heteroatoms selected

from O, S, and N, said ring being optionally substituted with one to three groups selected

from halo, —CN, —OCF3, —CF3, -NO,, —C;-Cs alkyl, —OH, oxo, —SH, —O(C,;-Cs alkyl),

—S(Ci-Cs alkyl), -NH,, -NH(C,-Cs alkyl), -N(C;-Cs alkyl),, —=SO,(C;-Cs alkyl), -CO,H,



2. The conpound of claim11 having fornmula (1'): wherein: 15 Xis N, S, or
O; Yis NH S, or O; provided that X and Y are not S or 0 at the sanme tine;
Rl is H, weloiu/dysbeoxyl, nitro, cyano, alkyl, OR4, SR4, pERARA)108626,

-N(R4)2, -C(O0)N(R4)2, -NR4AC(0)R4, C(S)MR4)2 -NRAC(S) R4, -NRAC(0) N(R4) 2,

N gﬁ?gg%( RB§A(2)C2 I\GIR%%‘}) @& 2C(0) OR4, %?:( o%@@@ﬁggaf a@?Dz, ~N(C1-Cs

het er Ocycdtlbﬁlb@(SO)(ClaCy hlkyk)r—NHC@I(@ﬁ% alkwie - BIHS 6 6Ce ylkkk)ﬁﬂiwl&
het er ocycl oal k aryl, or heteroar opt i onal I substl tut ed with one to
hr oo, R YRBUL(CRE Ky P gt 2HH(§|H€§Iaﬂ<Y&)yc$ i -NC2, and

net or oar yTOCUARY G £ OSSO E sy BEL %ﬁ@r@%@ay@%—%ﬁ@ ﬁwﬁ@f%' -
het er oar y}id 15 %C%(% (%lél[k%,tl)!z,t qu @g éﬂt&l}@&@ N@I(Cht%‘%]k'% provi ded

t hat V\/nen is N an hen IS not pi"perazinyl ] eac R4 s

i ndependeaﬂkjrlyCCrﬂ))MCk% ,aﬂ@!/)fzi,l{lﬁﬂﬁgﬂ))l\l}lf(ﬂlél’6oﬁl§/5d) e&lH@(IQ)N&@yCé alkghger oar yl ,

hal o, &c{gﬂgz OR7, - Cé:Z) N(R7) 2,

“N(R7) 2 —EH€(0)Q(§ ébslailﬁd)a 980 2PS - EPQ@‘I@)%@ ndsR7, - NR7C(=2) R7,
- NR7 Z ! 7/ NR7S02R7, -0C(=Z R7 O =Z) N(R7) 2,

- S( 0)C(R7 )Qaéﬁg)‘ﬁgglegénd&%géﬁv g ant okt

wherein said aIkyI, cycl oal kyl
het er ocycl oal kyts oaryl .is opti .na |y substituted with one to
three R7 %atcgups arﬁﬂlye\?\%]é‘?%?lﬂgfi)ﬂ ‘%ﬁg Q?‘iﬁ%ﬁ%‘&io B%the same N atomare
optiongl | yith ovisb BAeiHont bdiwkhiexayt achde chvsh Hdnt Beaki@g ™ andy ardrenber ed

ring having additional 0-2 heteroatons selected fromO, S, "and N, said ring
bei ng optlimr’oath@Olbifﬂmndﬁaln@@revmthotbﬁélgi@qnmee R7 groups; R5 is H -COR6,
al kyl, cycl oal hetero roaryl wherein said al kyl,
cycl oaI kyl, % %cfg}pﬁmgéfﬁll%m 5?} ‘%1/18%2 ? (it is opti onal Iy substituted
wth one to three 10 R7 groups; S Nkyl OR4, or -N(R4)2; each R7 is

i ndependently H, al kyl, cycloal k eterocycl yl, aryl, heteroaryl, halo,
CN, CF3, -0CF3, -NO2, oxo, -C(= -C(=2)0R8, -(( Z)N(R8)2 -N(R8) 2,
-OR8, -SR85 -NR8C(=Z)R8, -NR8C(=Z)0UR8, NHNR8C(=Z) N(R8) 2, - NR8S02R8,
-0C(=2)R8, 15 -0C(=2)N(R8)2, -S(O0O)R8 -%(0 , or -S(0)2NR8, wherein said
al kyl , cycl oal kyl, heterocyclyl, arydD“a maryl are optionally
substituted with one to three R3 groups; rein two R8s attached to
the sane N atom are optionally taken t tTér with the attached N atomto
forma 5-7 menbered ring having additi¢hal 0-2 hetgnoatons selected fromO,

S, and N, said ring being optionally substituted with one to three R8 20
groups; eWBHCRS is independently H, alkyl, cycloal kyl, heterocyclyl, aryl,

or heygrogryl, shal@, - N
Y is NH, S, or O; provided that X and Y are not S or O at the same time;
R, is H, halo, hydroxyl, nitro, cyano, alkyl, OR4, SR4, SO,R4, SO3R4, -N(R4)2,
-C(O)N(R4)2, -NR4C(O)R4, -C(S)N(R4)2, -NR4C(S)R4, -NR4C(O)N(Ry4)2, -
NR4C(S)N(R4)2, -OC(O)N(R4)2, -SO2N(R4)2, -N(R4)SO2R 4, -
20 N(R4)SO;N(R4)2, NR4C(=NH)R4, -C(O)OR4, -OC(O)ORy, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl, wherein said cycloalkyl, heterocycloalkyl, aryl,

or heteroaryl is optionally substituted with one to three R* groups;

R, is hydrogen, halo, alkyl, cycloalkyl, -CN, -NO,, and —-NHRs5;

Rz is -N(R4)2, ORy4, halo, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, wherein
25 said cycloalkyl, heterocycloalkyl, aryl, or heteroaryl is optionally substituted with one

to three R’ groups; provided that when X is N andY is S, then Rj is not N-

piperazinyl;

each R4 is independently H, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo,

CN, CF3, ~OCF3, —NO,, oxo, “C(=Z)R7, —-C(=Z)OR7, —C(=Z)N(R7),, -N(R7)2, —“OR3,



OCF3, -CF3, -NO2, -Cl-C6 alkyl, -OH oxo, -SH -0(Cl-C6 alkyl), -S(Cl-C6
alkyl), -NH2, -NH(CL-C6 alkyl), -N(Cl-C6 al kyl)2, -S02(Cl-C6 alkyl), -CORH,
- 0C2( C1- GSoabkiizdsoz- C(0) NH2, - C(0) NH(Cl-C6 al kyl), - C(OpME@P26G6/0830ky 1) 2,
-N(Cl-CB 25 al kyl ) C(0) (G -C6 alkyl), =NWC(0)(Cl-Cs alkyl), -NHS02(Cl-C6

| kyl alk ky |
asosz% Cl- cel%u S{%E Zy)h%q 0)% 2%300%( %‘%ﬁﬁﬁ c:1 R 1ky|§§%ﬂﬁ8g(%éﬁzgkk<y .
al kyl) 2, -OBEGED NW()Ql—S@@)RJ k$lO))R, NHGG(I)WEL \ﬁﬁer&irksaid Rl,kyl N(yﬁIbaﬂﬁ'l

al kyl ) C(0) NH( Gi - C6 aI kyl), -N(Ci-6 alkyl)

- NHC( 0) NHetgroegclgplkyl. pryl. W@Pﬂp@iﬁ %tl%rqllyls)u Stltyéﬁdwm@myé? ém:@w kyl ),
or -N(Cl- g%uﬁé ‘%'d)\%é}mh o RR eﬁ KHEd to MRKRAIN SR 2Rt éﬁ%{ ona ' kyl,
het er ocyctyl , et eroary I's optionally subst ute one to

t hr ee (jr otogsthsre\bveh thechtthaclonch ¥ alom to-fGNn a-SOTRBEmbefcH 3 ng- N@g add:ﬂno@ﬁl &Rkyl, -OH,

Cl-Co al k C1- al k NH2 H( C1-.C6 al 1),
ONCeL. g b aipns selbpysd Bbim OSSR shid aapigine exispedy WS Wi o8 ) nip.
- C(0) NH( Q%I&QNS%KMI%% - 0) N( Cl- WO 2011/ 029802PCT/ EP2010/ 063069 - 108 -
o6 al kyl)?

alké Q’o C6 al kyl), NHC(O)(ClCGaIkI@RGQ
- NHS02( C1R©8s Hl, KGORs, alkyICeydoalilyk yic)cs0(ctil. @81, alrogteyoary Serin sagGaky Cl- C6

| Kyl | k NH2 0
“00 0) i RGBSl Ay, R A i g i el ekne e,
-N(C1166 R) g:(O)NH(O Co 5 alkyl). -NCL:Gb alkyl) QO)N(G -5 ai ky)2,

- NHC( 0) NH o 1) 0) N(CLC6 al ky1)2, - NHC(0)O0(Cl-C6 al kyl), and
-N(Cl- C6 b@%ﬂ?EXG@ é(@fiﬂiﬁﬂ kiyl); and wherein two FBS attached to the sane

N at t t 5-7
rembered. T RR HeU e g R IR H G B BFL SR AITRIL T TG N
said ri ngcbﬁlmmpmoaaixby G@HJZSR& tm(ed)om hC@ﬁE)N(Rs)zhm@lsw o0Rs, sSHected 10
fromhal o, - C6 OH, oxo, -SH, -0(C1l-C6

al kyl ), Sﬂ&ac(e@)&s kWR)sC( ZSJ% —NR@@IFZQN(&&)WNRSSON@QC@ ~&)Rey1) 2,

gl 15 OB MM 0 SRR SO H O ety I e gpait

-NHC( 0 Y1 an d subs§ ou I kyl
) o N B R o 1)

- 0C( 0) NH( @1t @ae@ﬁqu Rss @t@(om)em(rmhmrrad Nyalc)rz are w@(na)lwm(l@ Ja@t@lr Myﬂh)

Al ) & O REGHIES Rty 30T o B e e Py ey o R o)etloas arky 1) 2,

- NHC( 0) O($electd Bdk )0, )S, addM, sd¥ fbg G8inabkdidna Q?@h@s(t@te@ﬁatﬁ'olﬁ}é'ta thr&aRh Z is
i ndependently 0 or S. 203. The conpound of claim1 having formula (I1): RO

1 -NH20 gowpe conpound of claim1 having formula (111):
cach Ry is independently H, alkyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl, halo, —CN,

—OCF;3, —CF3, -NO,, —C;-Cs alkyl, —OH, oxo, —SH, —O(C,-Cs alkyl), —S(C;-Cs alkyl),
—NH;, -NH(C,-Cs alkyl), -N(C,-Cs alkyl),, =SO,(C;-Cs alkyl), -COH, —CO,(C;-Cs
alkyl), -C(O)NH,, —C(O)NH(C;-Cs alkyl), —C(O)N(C;-Cs alkyl),, -N(C;-Cs

25  alkyl)C(O)(Ci-Cs alkyl), -NHC(O)(C:-Cs alkyl), -NHSO,(C,-Cs alkyl), -N(C;-Cs
alkyl)SO,(C:-Cs alkyl), =SO,NH;, —SO,NH(C;-Cs alkyl), =SO,N(C;-Cs alkyl),,
—OC(O)NH,, ~OC(O)NH(C;-Cs alkyl), “OC(O)N(C,;-Cs alkyl),, -NHC(O)NH(C;-Cs
alkyl), -NHC(O)N(C;-Cs alkyl),, —N(C;-Cs alkyl) C(O)NH(C,-Cs alkyl), -N(C;-Cs
alkyl)C(O)N(C;-Cs alkyl),, -NHC(O)NH(C;-Cs alkyl), -NHC(O)N(C;-Cs alkyl),,

30 —-NHC(0)O(C;-Cs alkyl), or -N(C;-Cs alkyl)C(O)O(C;-Cs alkyl), wherein said alkyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is optionally substituted with one to three
groups selected from halo, -CN, —OCF3, —CF3, —-NO,, —C;-Cs alkyl, -OH, oxo, —SH,
—0O(C4-Cs alkyl), —=S(C1-Cs alkyl), -NH,, -NH(C;-Cs alkyl), —-N(C;-Cs alkyl),, =SO2(C;-
Cs alkyl), -CO,H, —CO,(C;-Cs alkyl), —C(O)NH;, ~C(O)NH(C;-Cs alkyl), —C(O)N(C;-



Ro NH 5.The conpound of claim1 having fornula (1V): WD

2011/ 029802PCT/ EP2010/ 063069 - 109 - Ro NNH O---Ri NH 6. The conpound of
claim1 haoiop/d2esooul a (V): Ro NNH 7. The conpound of pamygEprene/oefoee! ai ns 1
to 6 wherein RL is H, alkyl, 5 cycloalkgd, aryl, or heteroaryl, wherein

said al kyk, a]ﬁ%ﬁ},gﬂgﬁ%sa REHEOC feat RL K é@)@tcgmh Vgl ed with

one to three npoun one of clains 1 to 7

wher ei n Rhlkyls —I’N((h@yeﬂkﬁ)SQQ(Cl Cyalkgk)J 4<SG)Q,NHaQr yBOZNH((élr OeyiklDatIYIN(QL-Cs
het eroaryl, wherein said | ower alkyl cloal kyl, aryl, or heteroaryl is

ot onal {9k NN WA NI Coikad, FC RS CadiortBl n each 10 Ra s

eI B e B
- erescomeamnaiel AMIARROIN(C] el MRyl LAHCRIRCICRLIYS, HHcpRu@L k!
ower cycloalkyl, phenyl, pyrrolidiny plperldlny pyrazol yl, pyr|d|nyl

i m dazo[ 1C24IRyWi, dNH,@(O)Q(EHGIs hikyl), axde™NICH- (%aﬂllctd)(d@e@(@;l @yhlkyk)yamldoal kyl,
aryl, or het ercaryl is optionall substltuted with one to three R4

1
gr oups, mgffr@nﬁvv@&% agached t frei3aiede atomyae Qrepnalivitghen taethsrWithile o, - 0CF3,
- (=0) N( R(?t)a%hed IQ%?orn b le)nza 5-7 W@r&) m%hﬁnﬁjg YR&GESIaD0 Qarfetbrggoﬁﬁ select

d
i ndependently H or | ower al he conmpound of any one o? cl ai ns
1 to 9 whizomi® R2nd &, IshldrrmMPdEmg optlonaltbdsubﬁthetedmmmdo d[reaglyoupmwlwcedcl ai s

1 to 30 whergi . RN S a0k, N Zc, ¢y alkyl, —OH, oxo, —SH, —O(C,-C alkyl),
~S(C1-Cs alkyl), “NH,, “NH(C)-Cs alkyl), -N(C;-Cs alkyl), ~SOx(C1-Cs alkyl), ~CO,H,
—COK(C1-Cs alkyl), ~C(O)NH,, —C(OYNH(C,-Cs alkyl), ~C(OIN(C:-Cs alkyl), ~N(C3-Cs
alkyl)C(0)(C;-Cs alkyl), “NHC(O)(C,-Cs alkyl), “NHSO5(C1-Cs alkyl), ~N(C;-Cs
alkyl)SO5(Cy-Cs alkyl), ~SO,NH,, ~SO;NH(C;-Cs alkyl), ~SO,N(Cy-Cs alkyl),

15 —OC(0)NH,, ~OC(O)NH(C;-Cs alkyl), “OC(O)N(C1-Cs alkyl),, “NHC(O)NH(C;-Cq
alkyl), “NHC(O)N(C;-Cs alkyl)s, -N(C1-Cs alkyl)C(O)NH(C:-Cs alkyl), -N(C;-Ce
alky)C(O)N(C,-Cs alkyl),, “NHC(O)NH(C;-Cs alkyl), “NHC(O)N(C;-Cs alkyl),
_NHC(0)O(C;-Cs alkyl), and -N(C1-Cs alkyl)C(0)O(C:1-Cs alkyl);

cach Z is independently O or S.

20 3. The compound of claim 1 having formula (II):
= Rs
Ns | NH
D)IN\>’F{1
R; 5
4. The compound of claim 1 having formula (I1I):
s
N NH
D)Isbfm
R; M

5. The compound of claim 1 having formula (IV):



20 wherein the two R4 groups forma 5-6 nenbered ring having additional 0-2
het eroatons selected fromO, S, and N, said ring being optionally

substi t utwo 2itv9gape to three R7 groups. 12. The eommrond/oedoeany one
of claims 1 to 11 wherein R3 is halo onod\(R4)2 wherein two R4 groups are
taken care to {herpattached N atomto forma 5-6 nenbered ring 25 having
addi tional OF2 fieteroatonms selected fromO, S, and N, said ring being
optionally ,g“gted with one to three R7 groups wherein each R7 is

i ndependently OH, | hal o, -N(H)2, or -NHC(=0)CF3. 13.The conpound of claim
(S)-5-am no- N- (47 i r}@pl peridin-lcar boxam de; 5

(S)-5-am no-N-(4-(3 1 nop| peridi n-lcar boxam de;

(S)-5-am no- N (4-R:3- am nopi peridi n-1carboxam de; (S)-5-amno -N-(4-(3
-aminop ip eridin-1- 10 fluorophenyl)thiazo |e-4-carboxam de;

(S)-5-an no- N-§.4- ( 3Tetompiupeg off diaim 1thaimgdotneuld (€ pr boxam de;

(S)-5-am no- N (4-(3-am nopi peridi n-1carboxam de; 15 (S)-5-amno -N-(4-(3
-aminop ip e -1 - (S)-5-amno -N-(4-(3 -aminop ip eridin-1 -

(S)-5-amino gN-(4-(3 -aminop ip eridin-1 - carbo xamide ; (S)-5-amno
-N-(4-(3 -am nop Ky eridin-1- 20

(S)-5-am no-N-( - am nopi peri di n- 1car boxam de;

(S)-5-am no-N-(4-(3 a?}rrﬂ)pl peri di n- 1car boxam de; (S)-5-amno -N-(4-(3

-aminop ip eridi carboxam de; (S)-5 -amno-N-(4-(3 -amnop ip
eridin-1 thiazo |'& 4-carboxam de;

(S)-5-am no (4-( ] i ricdin-1c¢c i :

(3 Sram no by (- Crldamp b hyodea RAKRT 8% wileiR 1 WH Biky!.
(S)-5-4am cm:ld}drl](:yﬂl (1134 an‘ihmbmt ivdhiareihfsaitbaloph enylbalichl, azd, behtewariaxam de;
(S)-5-am no- N—i 'gopl peridi n-1yl)thi azo | e-4-carboxam de; WO
2011/ 029802 SEH: IEP%%WG 3pgyone tpthrec’R™ groups.

(9)-5-am no- N- 4~ (AT AR RE Fhohs M ARKEIo - Frard 1E-0Remugerdp i dazol e
-4- carboxam de; (S)- no- N- 3-am nopi peridi n-1-yl ridine-3-y1)-
((dinet hy¢§alh®aib§)lmyﬂl)he)¢rh63azlodlkyl49rdwtélomﬂm wllegreth said lower alkyl cycloalkyl,

,E ﬁl) égb?g‘ %(})I 2)%&16@; ogglli}ll (sjlllbnstlg'utgé 2»'0 Qflr(;n%l to threg:lg gro ps rer%?n ¢ Chphenyl )

§FLofggL"eﬁgfsﬁnﬁé@aﬁr@ﬂ%%r%%@;ﬁw Ak GO SR
5- am no- 2-NR;6=)R}, wad eyiteerny tdchNRA(id ir{deppeddndiyrH dr Yok ¢ryalleydi n- 3-y1) t hi azol e- 4
) 9. The compound of any one of claims 1 to 8 wherein R; is H, lower
alkyl, lower cycloalkyl, phenyl, pyrrolidinyl, piperidinyl, pyrazolyl, pyridinyl,
imidazo[1,2]pyridinyl, quinolinyl wherein said lower alkyl, cycloalkyl, aryl, or
15  heteroaryl is optionally substituted with one to three R* groups, wherein each Ry is
independently lower alkyl, phenyl, halo, -OCF3z, —C(=0)N(R7),, “OR7 —N(R7),
—NR;C(=0O)R7, and wherein each Ry is independently H or lower alkyl.
10.  The compound of any one of claims 1 to 9 wherein R, is H or NH,.
11.  The compound of any one of claims 1 to 10 wherein Rs is halo or N(R4):
20  wherein the two R4 groups form a 5-6 membered ring having additional 0-2 heteroatoms
selected from O, S, and N, said ring being optionally substituted with one to three R;
groups.
12.  The compound of any one of claims 1 to 11 wherein Rs is halo or N(R4)
wherein two R4 groups are taken care to the attached N atom to form a 5-6 membered ring
25 having additional 0-2 heteroatoms selected from O, S, and N, said ring being optionally
substituted with one to three R7 groups wherein each Ry is independently OH, halo,

—N(H)z, or —NHC(ZO)CF3.



10 car boxam de;

(S)-5-am no-N-(4-(3-am nopi peridin-1-yl)pyridine-3-yl)-2-(2,6-difluoropheny
| ) t hi azolwéd-20amaescam de; PCT/EP2010/063069
(S)-5-am no- N-(4-(3-am nopi peridin-1-yh)eyridi ne-3-yl)-2-(3-ethoxy-2, 6-

di f 1 uorophenyl )t hi azol e- 4- car boxam de; 15

(S)-5-am no-N-(4-(3-am nopi peridin-1-yl)pyridin-3-yl)-2-(3-propyl oxy-2, 6-

di f 1 uor ophenyl 3.hi a¥ld eordpasiad lodglarm deselected from the group consisting of:

(S)-5-am pg- A- ((3-am, nopi peri di n: 1=yl ).pyrj din-3-y1)-2-( 3<but y] oxy-2, 6-

di f1 uor o p@#ﬁr&mﬂﬁ-&?—g}- {Il%ldi)g}eﬁl }(néhyg\éyplé%-g-91')-3-(%-f¥u0>ropzhe£191)t%1azx16-1—

(S) - 5- am g@bdNathdd;3- am nopi peri di n-1-yl ) pyri di ne-3-y1)-2-(3-i sopropyl oxy- 2,
6- 20 difl uorophenyl)thiazol e-4-carboxam de; )

(S)-5-ani G&)ﬁ@ﬁl@%%(%nﬁﬁ@mofpm@iml*yl)yvr)lwr?i-mloﬁerdmpm(mﬂWpﬁ%i azol e) -
4- car boxga%cg@' de:

(S)-5-am no- m (3-am nopi peridin-1-yl)pyridine-3-yl)-2-(3-tolylthiazole)-
4- car box@ydanindN-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,6-difluorophenyl)thiazole-4-
(S)-5-am no- N- (4-(3-am nopi peridin-1-yl)pyridin-3-yl)-2-(4-(3-

et hyl ur ei 6YPHRENE) t hi azol e- 4- car boxami de;

(S) - 5-am @9:Nhrhio (N ATS-ARRIGBES A1 LB\ BAL P DEsFor =2 (PYTT di ne-4-yT) thi

azol e- 4- rboxani :
('S) - 518mi fleerdblfehyl)Brzmvicrbpardpexdrida; 1-yl ) pyri di ne-3-y1)-2-(2, 6-di fl uoro-4-

30 net hox nyl i | e-4- car hox de;. ..

(S5 am SR v B BioRaRr I DR g3 e AelSebrgnp-2oehloropheisilo. 4- et hox

yphenyl) thiiz8r0l-earfotahigexam de;

(S)-5-am no- N-(4-(3-am nopi peridin-1-yl)pyridine-3-y1)-2-i sop(op?/l t hi azol e-

4-  car box@nideminoB (203 2morpae2iRoT] 7Pl dno63059-(3-brarpophenyl)thiazole-4-

(S)-5-am na?Bo'\J{a% .3-am nopi peridin-l-yl)pyridin-3-yl)-2-cycl ohexyl thiazo

| e-4- carbo Xamdeé ; (S)-5-amno-N-(4-(3 -aminop ip eridin-I-yl)pyridine-3

- y1) - 25be(szy8-irhina 20-(4-€3 -Amirkpige@idia Myt yridid-3-yl)-2-phenylthiazole-4-carboxamide;

(S)-5-am no-N-(4-(3-an nopi peridin-1-yl)pyridine-3-yl1)-2-(2-nethoxyphenyl)t

hi azo | e- QS_)-%Egp@g-%ﬁlﬁ(&ém;moplperldm-l-yl)pyrl in-3-yl)-2-methylthiazole-4-carboxamide;

(9)- 5~ am pa- N (3747 AR i1 4 S A BHT- 9 BErTridihl-gnidiBlovd L N azo

I()S% h5 am mbd‘xkla((;ﬂc;lf(;Si ani nopi geri di n-1-yl) pyridine-3-yl)-2-(2,5-difl uoropheny
iazo | e- . 4-car boxam de; . . e : .

(S)-5-ani :%xﬂr{lﬁl@(@?%rﬁfﬁ%mm@%lyl)yvl)l%lg}ﬁ-xli)ﬁmaéo&?fb@%b@za,n&dﬁi f1 uor opheny!

)thia | e ) ( XK .. STIN T N TIPS . A

(9)- 5-ani ﬁ%i@f?%g@?%.<§%”%§%%°&%eﬁg;nnl PPy S g 2 pyrdin S yhhaglent | or opheny

|)thiazo ¢adoxpan xamde ; 15 o .

(3)-5-am Ag- b 4o 09 AT DRI J AR5 Aok B -

carboxamide;

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-chlorophenyl)thiazole-4-

25 carboxamide;

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(trifluoromethoxy)phenyl)
thiazole-4-carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-tert-butylthiazole-4-
carboxamide;

30  5-amino-N-(4-chloropyridin-3-yl)-2-(2,6-difluorophenyl)thiazole-4-carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(5-(dimethylcarbamoyl)-2-
fluorophenyl)thiazole-4-carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(imidazo[ 1,2-a]pyridine-2-

yl)thiazole-4-carboxamide;



carbo xam de ;

(S)-N-(4-(3-am nopi peridin-1-yl)pyridine-3-yl)-2-(2-fluorophenyl)thiazo

| e- 4- carWwo 262082 ; PCT/EP2010/063069
(S)-N-(4-(3-am nopi peridin-1-yl)pyridiner3-yl)-2-(2,6-difluorophenyl)thiazo
le-4- 20 ggriompindes-(4 5}111&13(1&&1(131 1 M DQPinl PyBRLsHeAY Lt ihabRiQ- 3 -y1) -2

-(5 -(di methyl carbano y1)-2- fluorophenyl)thiazo |e-4-carboxam de;
(S)-N(4- (@bwndml peridin-1-yl)pyridine-3-yl)-2-phenyl thiazol e-4-car boxam

de; - £ L azo e sar e
ur di e S SARGETI Yl it it fyfp fabihl-syippoacet am doyprpert din-i-yd)

(S)-5-am @@rrﬂ%ﬂ(ﬂarﬁﬁm?rﬁ%tﬁ?l@ﬂhﬂﬁbledﬁl Barboydmify.r i di n-3-y1)-2- (1H pyrazol 3-yl)th
iazo | e-4- carbo xam de ; (S)-5-am no-2- (52 6- dlfluorophenyl N-(4-(3 -hydro
xyp ip? er(&jr%ammyf%%(Mmeplpeylﬁ)rt hiyApyidiag-grt3-sesbanepy Iphegpl)thiazole-4-
(R)-5-am+‘%l &% -am nopi peridin-1-yl)pyridin-3-yl)-2-(2-fluoro-5-

(i sopropyl car am)yl ) phenyl ) t hi azol e- 4- car boxam de;

('S) - 5- am (§)-Marhihe (18- i3 -amiapéyer idir -3y igiys3-gi12-G-ohlgre2-( 2, 6- di et hyl phenyl

) thiazo | - car xaim (S)-5-amno-N-(4-(3 -amnop ip
eridin-I ﬁw)rapl?qnaBﬁ“@oley‘ffarb0§aznléﬁ4 oro-6- 35

‘j' uor opheqylnidib 82 8l &ads 6 AERIN AT Aepiper 1h AT RRABI N HiAE2910/ 063069 113
(S) - 518ni crobdtafddd;3- am nopi peri di n-1-yl) pyridi n-3-y1)-2-(1H pyrazol -4-yl)th

i | e-4- b : C e o . .

(S5 e am (RERAO S - ABORSr it ADQH 5 Pl 242 Prdigorpphra A1 o) pyr
di n- 3- yl)ihivezah@e4- car boxam de; 5

;tS )h| gzg|me(n&o)_SN@%@&%EF&Q%%O%?J&%%?1 ]ill))lglyr)l 1¥1£ |3d3|11)n2 3 ye%lzoxgl-2(62- 6-dichlorophenyl

(S)-5- amd roijﬁelgyg)thlazo e_glc%%rolxgﬁl{] 1-yl)pyridin-3-yl)-2-(prop-1l-en-2-yl)thi
azol e-4- Card

('S) - 51am (8)=Phrhho (NB3-(4[3 -Aoiapeier dind 1 -31)phDidiyr3- i) 12-B=ptdpylexe e &l opent yl t hi azol e
-4- 10 carboxam de;

((jS) g am M%hewlaﬁx%ﬂrca@%pmei yl)pyridin-3-y1)-2-(imdazo[1, 2-a] pyri
i n-6- LRy
5- ani noy@? %‘%@@%@5‘ %%a %EB g‘% P B R e 2 3y 1) - 2- (2
fl uor opheahljﬂhMolphaM) thfadekeaﬁr bamk@mndée 15
3/r|d| n-g-yl) 2-(2, 6-

5- 4- ((3S, - 3- 5-fl di yi
di ? ImU(r;(r)opW(érﬁ/‘Ig lﬂlﬁll\.?\'i%)( ag}l%g’i%l%l)‘é T d ggrll inc |3 3|’1) 2](3 150)13? pyloxy-2

5- am ng- '\hlﬁﬂo&{bha{plﬁm&oq@wQtﬂax&myde) pyridin-3-yl)-2-(pyrrolidin-3-yl)thiazo
| e-4- carboxam de;

5- am no- Ms()iﬁ'(@mafNﬁW-pmﬂHO@ﬂpﬁlﬂIWl Ypyyiidiner33yly2)(420ly phiperle)ddn- 3- yl ) t hi azol
e-4- 20 car%))oxar’rz1
(S) - 5- ami FECRHUIL 3 ani nopi peri di n- 1-yl ) pyri di n-3-y1) - 2- (3-f1 uor opyri di n- 2-

yl) t hi azo{Q4-&ainbaxum( taminkpiptidit CAPPYRginef-dl-ai(BudlyhrMidlig-4-0r mul a (VI ):
carboxamide;

25  (S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(4-(3-
ethylureido)phenyl)thiazole-4-carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(pyridine-4-yl)thiazole-4-
carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-difluoro-4-

30 methoxyphenyl)thiazole-4-carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2-fluoro-4-methoxyphenyl)
thiazole-4-carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-isopropylthiazole-4-

carboxamide;



"N H2 R2 (VI) 25wherein Rl and R2 are as defined according to any one of

clainms 1, 7 to 10. 15. A pharmaceutical conposition conprising a
conpound wO 2anyo2asve of clains 1 to 14 and a phar naceut i egripr2@ooepsabl e
carrier. 16. The pharnaceutical -¢pnposition of claim15, further

conpri si Ng)-sRHENL (S NEARIRIRPRAUL L 1 dih-3-yIYO-cyclohexylthiazole-4-
2011/ 0298 gPCT/ EPZOEOJ/0063OTR% 114 _%)@9& %V@ y roce}és for making a
phar naceu@armanndﬂtpom tion which conprises conbi n| ng a conpound of any one

et hod {ofSRRTBCY G bRk PNea Ly prg P et S g s

contacti n@rb(h@nﬁ@él vmth an effecti ve anount of a conpound of any one of
claims 1 to . A nethod for treatlng a condition by nodul ation
of PI MKi @éeafﬁ@PrN'l(‘N3'é@mPill§‘iﬂﬁgl kphpiiginesiry 1@ reetprippbeny ithazded- of
such treaf g @eteffectlve amount of a conmpound of any one of clains 1 to
14 or ap ar maceut’i cal conposition of claim10. 1020. A nethod for treating
a cancer ()-5arpabiMeid-(3-amiqupiiidg- agippiidihesiyig2iotolihigrateent a

t her apeut i caIIy ffectl ve amount of a formula | conpound of any one of

clainms 1 $8P®AMde s phar naceuti cal conposition of claim 15. 21 The
met hod of 'ﬂrﬁ?ngqxl %{n'ih RSl SdiR t3 6 QP3L Hh&r

sel ect ed ? om non- MS& n' sOthl%ﬁlp on?,i)pgllsi?lfas agge emat0 t| o Iyrrphoma
15 f ollDi c4Hcambokaymdhona, mant l e cell |ynmphoma, chronic | yrrphocytl c | eukem a,
mul tiple f cl 0, conprising
i st el g TR O AP i peuifinat 1 e et o @ Rt Second
chenot her@a@gdgahﬁd@gent 23. The nmethod of claim 22 wherein the

t herapeutically effective amount of a 20 conpound having formula I, and the
t her apeut (S9at+#pinef¢¢«(3-vernapinenidin} - yﬂ)nﬁrl@@@émd) -eH3avdifleorapanyehizzgént ar e
adm ni st e e rba§an?1d80nb' ned fornul ation. 24. The nethod of claim 22
wher ei n t et RerapeUtl cally effective amount of a conpound having fornul a

|, andst h@)tﬂnaﬁﬁpew(walamyno@ﬁﬁeeﬁm-ygrl)@m&iﬁé 3of])-2Hguinekiend I ehiersit-Aer apeuti c
agent are adm nistered by alternation. 2525. The nethod of claim 22 wherein
the secontfrbdemi€dier apeutic agent is selected from Fornmula A and Formul a B:

A WO 2014929802 BCA{ERR0MN PSAPG ine-3-y1)-2-(2-fluoropheny!)thiazole-4-
carboxamide;
(S)-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-(2,6-difluorophenyl)thiazole-4-

20 carboxamide;
(S)-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(5-(dimethylcarbamoyl)-2-
fluorophenyl)thiazole-4-carboxamide;
(S)-N-(4-(3-aminopiperidin-1-yl)pyridine-3-yl)-2-phenylthiazole-4-carboxamide;
(S)-5-amino-2-benzyl-N-(4-(3-(2,2,2-trifluoroacetamido)piperidin-1-yl) yridine-3-

25 yDthiazole-4-carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(1H-pyrazol-3-yl)thiazole-4-
carboxamide;
(S)-5-amino-2-(2,6-difluorophenyl)-N-(4-(3-hydroxypiperidin-1-yl)pyridin-3-yl)thiazole-
4-carboxamide;

30  (R)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2-fluoro-5-
(isopropylcarbamoyl)phenyl)thiazole-4-carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2,6-dimethylphenyl)thiazole-4-
carboxamide;

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(2-chloro-6-

35 fluorophenyl)thiazole-4-carboxamide;



- 115 - 26.The nethod of claim?22 wherein adm nistrati on of the

t herapeutic conbination results in a synergistic effect. 27.An article of
manuf act we 20owo2dgoeat i ng a hemat opoi eti ¢ nmal i gnancy 5 ceopEPN0Ys308) a
conpound of claiml1; and b) instructiomg3for use. 28.The article of

manuf act - -fmfbai 2. afé%otplwldﬁpmgp%m By5ecg ]ﬁ%@ma hAPSKI4-C agent

sel ected from Fornul a

RECTI FI ED

SHEET ( RUtEb@&BMidSA/ EP WO 2011/ 029802PCT/ EP2010/ 063069 -116- 29. Use of a

o BB R el pin ki TS Dbl s TR R R R R

di f fuse Iﬂptggzbgmégp@iamlﬁ@ | ymphonma, follicul ar I yrrphoma mantl e cel |

I yrrphorra chronic | ynphocytic | eukem a, nulti AM_,

carboxamide;

r’(r)y oma, and
(S)-3-amino-N-(4-(3-amimopiperidin- I-yl)pyridin-3-yl 2 (2 dichlorophenyljthiazole-4-

i cament for
ynphonsa,

MCL.

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(prop-1-en-2-yl)thiazole-4-

carboxamide;
(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-cyclopentylthiazole-4-

10 carboxamide;

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(imidazo[ 1,2-a]pyridin-6-

yl)thiazole-4-carboxamide;
5-amino-N-(4-((3S,5R)-3-amino-5-fluoropiperidin-1-yl)pyridin-3-yl)-2-(2-
fluorophenyl)thiazole-4-carboxamide;

15 5-amino-N-(4-((3S,5R)-3-amino-5-fluoropiperidin-1-yl)pyridin-3-yl)-2-(2,6-
difluorophenyl)thiazole-4-carboxamide;
5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(pyrrolidin-3-yl)thiazole-4-
carboxamide;
5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(piperidin-3-yl)thiazole-4-

20 carboxamide;

(S)-5-amino-N-(4-(3-aminopiperidin-1-yl)pyridin-3-yl)-2-(3-fluoropyridin-2-yl)thiazole-

4-carboxamide.

14.  The compound of claim 1 having formula (VI):

o X
| YR
Y
R? VD)

25 wherein R; and R; are as defined according to any one of claims 1, 7 to 10.

15. A pharmaceutical composition comprising a compound of any one of

claims 1 to 14 and a pharmaceutically acceptable carrier.

16.  The pharmaceutical composition of claim 15, further comprising a second

chemotherapeutic agent.



530. Conmpound according to any one of the clains 1 to 14 for use in the
treatnent of a henmatopoietic nalignancy sel ected from non- Hodgkin's

| ynphoma, wai2hfeesokar ge henmat opoi eti ¢ | ynphons,
cell [ynmphona,

fol | i culpan/dpgomphesvey mant | e

chronic |lynphocytic | eukgema, multiple nyeloma, AM., and

MCL. 31.The usgyof glpb J@s@ﬁ)rfrﬂhﬂdr%%pl?a?t'i‘[@é’éuﬁbaﬂ%oh@@slﬂ§§vv%fch%o%ﬁ)‘ﬁf@&d 10

chenot her apeuti ¢ agent sel ected

om Formul a A and For nul a B:

NS, H30 0O

HO hO  32corMhipingrventoond afanyemsrif bkdnhétei f withovharRECHi EBoSHEDTe (RULE

91) 1SA/ EP

10

15

20

25

carrier.

18. A method for inhibiting PIM kinase activity in a cell, comprising

contacting the cell with an effective amount of a compound of any one of claims 1 to

14.

19. A method for treating a condition by modulation of PIM kinase activity

comprising administering to a patient in need of such treatment an effective amount of a

compound of any one of claims 1 to 14 or a pharmaceutical composition of claim 10.

20. A method for treating a cancer in a patient, comprising

administering to the patient a therapeutically effective amount of a formula I

compound of any one of claims 1 to 14 or a pharmaceutical composition of claim 15.

21.  The method of claim 20 wherein the cancer is a hematopoietic malignancy

selected from non-Hodgkin's lymphoma, diffuse large hematopoietic lymphoma,

follicular lymphoma, mantle cell lymphoma, chronic lymphocytic leukemia, multiple

myeloma, AML, and MCL.

22. A method of claim 20, comprising administering to the patient a

therapeutically effective amount of a second chemotherapeutic agent.

23.  The method of claim 22 wherein the therapeutically effective amount of a

compound having formula I, and the therapeutically effective amount of the second

chemotherapeutic agent are administered as a combined formulation.

24.  The method of claim 22 wherein the therapeutically effective amount of a

compound having formula I, and the therapeutically effective amount of the second

chemotherapeutic agent are administered by alternation.

25.  The method of claim 22 wherein the second chemotherapeutic agent is

selected from Formula A and Formula B:
)
N

\ P NH
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26.  The method of claim 22 wherein administration of the therapeutic

combination results in a synergistic effect.

27.  Anarticle of manufacture for treating a hematopoietic malignancy
S comprising:
a) a compound of claim 1; and

b) instructions for use.

28.  The article of manufacture of claim 27 further comprising a second
chemotherapeutic agent selected from Formula A and Formula B:

0)
(J
NN\ NH

o

RECTIFIED SHEET (RULE 91) ISA/EP
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29.  Use of a compound of any one of claims 1 to 14 in the manufacture
of a medicament for treating a hematopoietic malignancy selected from non-Hodgkin's
lymphoma, diffuse large hematopoietic lymphoma, follicular lymphoma, mantle cell

lymphoma, chronic lymphocytic leukemia, multiple myeloma, AML, and MCL.

5 30. Compound according to any one of the claims 1 to 14 for use in the
treatment of a hematopoietic malignancy seleqted from non-Hodgkin's lymphoma, diffuse
large hematopoietic lymphoma, follicular lymphoma, mantle cell lymphoma, chronic

lymphocytic leukemia, multiple myeloma, AML, and MCL.

31.  The use of claim 29 further comprising the use of a second

10 chemotherapeutic agent selected from Formula A and Formula B:
®
N
WA NH

Cf

32. The invention as described herein above.
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