1 PYRIDINE- AND PYRAZINE DERIVATIVES Background of the invention The invention had the
object of finding novel compounds having valuable properties, in particular those which can be used
for the prepdrQtddm2goatéticaments. The present invention relates to pyridinRCIGWRMIAE2%3at are
capable of inhibiting one or more kinases. The compounds find applications in the treatment of a
variety of disorders, including cancer, septic shock, Primary open Angle Glaucoma (POAG),
hyperplasia, rheumatoid arthritis, psoriasis, artherosclerosis, retinopathy, osteoarthritis, endometriosis,
chronic inflammation, and/or neurodegenerative diseases such as Alzheimers disease. The present
invention relates to compounds a BE- M&WH@M‘WN&%M inhibition, regulation and/or
modulation of signal transduction by kinases, in particular receptor tyrosine kinases, furthermore to
pharmaceutical compositions which comprise these compounds, and to the use of the compounds for
the treatment of kinaseinduced diseases. Because protein kinases regulate nearly every cellular
process, incRRAKGrRIRSRAithS, IB¥BYOReration, cell differentiation, and cell survival, they are
attractive tar[%etsnf\;)ern he@% d%c 'o ?rgte&tpn fr%)r \ﬁ%()glus dlseas ateﬁ ar exar §Ie ce II cycle control
and angiogenesis, in w protein’kinases p'I %/a pIVO (IR (S processe associated with
numerous di@éa@dardhdamwblshmra%usa@mmne@n@peaaim dhfedicamsnisliiseases, abnormal
anglogenesi 8N diRARGE AR PR €ih AR EIRBRBIRI RGN A LRI AN APt obesity.

and pain. In particular, the present invention relates to'compounds and to the use of compounds in
which the inHlibitBA ki‘@@%ﬁétl&ﬁ%lﬁ%%?%ﬁ%fﬁiﬂ)ﬁ&?ﬂ'gﬁﬂ%%‘aﬁg%@%ﬂ‘w PBR YIS IRKE plays a
role. 2 biochigarigéispatbiaiygy wliw@rtmep@di sReeigirmhasphesyl Aligerepiaseris (TBAG)YIrse by which
intracellular stgnal B.are propa ?tadd molecule toartqﬁlecul resultlngq flnall%ln a cellular response.

These S|gnan gr%au'@ﬁoneé’as 'ﬁi’d?ﬁor%auia R Stian v rlapo L5 evident from the
existence obﬁiawtmite;@mmn@swenraslpmmhm arabpheudaegansirpligeeins occurs

predom|nan&g@éﬁr%ﬁggeg@ﬁ&r%g%qggﬁée&dues and protein kinases have therefore been

classified by their specificity of phosphorylation site, i.e. serine/threonine kinases and tyrosine kinases.
Since phosphorylation is such a ubiquitous process within cells and since cellular phenotypes are

largely influgegstdyethenasity pliEhes eonaiyeyady iaud eitludectcyenpoanasimwbaihahdisease
states and/or d s ases ar%l(attrlbut ble to %er a errant,jlctlv |on or fu ctlonal mutatlonﬁ in the

molecular com ORER TS Y s%n 8nseqsu%?ﬁ Fits 8%?ab% Rgﬁ?%nrh%rb% A devoted to
the characteeicgion tafah@@émmemétmtﬁwmmgwpbanhacamecatbmmmﬂullatwm@rmmye(for a

review see: JRInStGHLEMRNREME R 5 é}alﬁé‘%oﬁﬁp?i[]ﬁ&%ﬂor%ﬂ@%e%@rn%ﬁ?oﬂﬁ?aéé” and TBK1

are serine/threonine Kinases which are highly homologous to one another and to other IkB kinases.
The two kinA$BEPiea%9%gral role in the innate immune system. Double-stranded RNA viruses are

recognised B}édb@sjéqﬂdmrﬁﬁ@@wiie@@aﬁe%@é@%@e@%llﬂﬁmﬁl%&IGG%W&%@IWGSU“ in
activation of the Tll?{f TBKl/Ili]l flRF?E nallln cadv?vw ich rersul in a%/ e? | | rferon
response. Q0B EGRYRR &e4 dEeLen % %“6 §s¥t%§ FSH Saeﬁs 'Y Boehm et

al., Ct_all 129050y hiteeen]ic®Eerkvanses Weeasa\mgta;aﬂé@rmmea;@eﬂltOMelcwnuwaﬁ
recap'tu'ate&ng@%ﬁémﬁpmm HRRIFIRSILIBIAC L WL A RRIUALEL TR HidhsAPK kinase Mek.

IKKe was identifiéd here as a cooperative oncogené. In addition, the authors were able to show that

IKKe is amrﬁﬁ%@'&ﬁﬁjW&é&ﬁ?@é@%qf?%ﬁé‘r‘?ﬂ%t%&’%ﬁé&%@%H@%t%@?tﬁ?ﬁéﬁ’? ,samples. The

reduction lnlgﬁnﬁrﬁaww@wysmmwmm&@w&i@@m fdueast eagee eellst)duces apoptosis

and impairs {he prolieralon ereolEdu chah, WO AQLAALELRy (hg Tp012/052083

In particular, the present invention relates to compounds and to the use of compounds
in which the inhibition, regulation and/or modulation of signal transduction by TBK1

and IKKe plays a role.

One of the principal mechanisms by which cellular regulation is effected is through the

transduction of extracellular signals across the membrane that in turn modulate



obtained similar findings in 2005, which underlines the importance of IKKe in breast cancer diseases
[S.F.Eddy et al., Cancer Res. 2005; 65 (24), 11375-11383]. A protumorigenic effect of TBK1 was
reported forWH{&23{1eA8%&7in 2006. In a screening of a gene library comprisirRf281500Q/¢1388A, Korherr
et al. identified precisely three genes, TRIF, TBK1 and IRF3, which are typically involved in the innate
immune defence as proangiogenic factors [C.Korherr et al., PNAS, 103, 4240-4245, 2006]. In 2006,
Chien et al. [Y.Chien et al., Cell 127, 157-170, 2008] published that TBK1-/- cells can only be
transformed to a limited extent using oncogenic Ras, which suggests an involvement of TBK1 in the
Ras-mediated transformation. Furthermore, they were able to show that an RNAi-mediated knockdown
of TBK1 triggjechapmaiasishiwayCwitniaribeRatic Areeiis pBasbieosti aliore tzpitgenib isteecotiiae TBK 1 is of
essential iMpofARGe i MG S FARCAFLHILIAGS W SR IRRELITRR muRilHAgRRg that TBKL

intervention Could be of therapeutic importance in corresponding tumours [D.A.Barbie et al., Nature

Letters 1-5, D0g) THSSALES (RRRAS Sy THRIBIFIKIRAEBEHCHAR GRIERERY H§ Qf%}lﬁaﬁﬁﬂgaé%ﬂvny or
hyperactivityfd stieR preteip, @@@@sld%npﬁWufe@s&%meIateﬁat@yq&theéw(kbr@é@%in@l|i|a§ells which

do not_usuallﬁ ress theﬁﬁﬂo (%[eln nas Is %)2‘) Ilncreased krl se ex SS|on which rgslults in
undesired cB SE e ok W@e? Eig HerelSeY ki 8@8% %ﬁ%ﬂ’}%s (&N thdesired
cell proliferaardwcwm r@sidanscandnuaiein kigpeeadtanty tbé thiveopespoladsitiedroyetimkinases.
Hyperactv Y ISIHER ML ASLTER S O neArRRMANY ENGES [t gRILaHR Riiel kinase, or

the generation of an activity level which can be correlated with a ce rollferatlon isease (I.e. the
severity of oPIBSr W@F@Wﬂiﬁt%ésm%én'%ﬂ%ﬁ %ea%%t@@.ﬁe e Z5ELSHeR FRIEESIng kinase

level). The tynavam&nyr@ﬂaa@wtmnd@neé@ ANt I@ﬁm@@qﬁm&;@ ptesenpemyabsence of a
set of bindi rote fthls A4 klnas sares )'n ted in response to vwal/baﬂenal infection.
Sefiieds WL

Immune re aa[ AHY %c? AlssArSCH 8!1%98 FEBTRAAL SFERHERNE QUEHNSE bacterial
I|popoIysacca‘hmmdmi(El%ﬁ\)avwalaﬂdumgtrahdetaﬁms ifdsRRNMA) ¢ouTar Icitkepatmitoos kthasestdssequent

activation o1 i1 Patw Yt rﬁ&“\éﬂ‘f‘s‘i’d@%ﬂ?%%AW@@%&PM%%BE%@&%&M&M“Qgers

the dimerization and nuclear translocation of those interferon regulatory transcription factors, ultimately
inducing a s‘?{;%ﬁ%%ﬁ@iﬁﬂ@ﬁ%ﬂ@?@q’ﬁﬂhﬂ&ﬂ%@{%tcR'@@@H?ﬁ}e IRRE 2ty 'b)hGOI‘BK?LV!%e also
been implicgted Wasem-dpanmasasBod N PhRaisKE ThepgiatesooitbacaiesdMEK to transform
human cells. In addition, IKKE is frequently amplified/overexpressed in breast cancer cell lines and
patient-derived tumors. TBK1 is induced under hypoxic conditions and expressed at significant levels
in many solimKKﬂnanBTBKrﬂwmerrneTtBiébrhmeekjuhteelstwlsnpmd Inigbt;glemmoR@smEansmmfnation and
TBK1 kinas a(%bwt ?Ie %tﬁe{c%% gqur%e ?V(\-:;gsk ﬁ |re fcl)nrt revlih/ ﬁHlt{Jre Similarly,
it was foun an S|gna ing are eaSentia ant umors ave
identified TBRINERESy§itMeoldieaivantast Bf\%ﬂﬁ@@ﬁ@mﬁ@gﬂﬁed’ thUIUTeI”ailkel\/lolecular Cell 41,
458-470, 2011 R 5%64%@1 HEAHNR, Hefe AR REFariNayALB S S TRAH S ARRRKSANG to the

invention or a harmaceutically acceptable salt thereof are administered for the treatment of cancer,
including sofit E%%ﬁiﬁrﬁ%m%ﬁea@ Srisatine casraienducidreLiipR YPthENRIERPancreas,

thyroid, bladdsp@iseolon), myeloid diseases (for example myeloid leukaemia) or adenomas (for
example villous colon adenoma). The tumours furthermore include monocytic leukaemia, brain,
urogenital, lymphatic system, stomach, laryngeal and lung carcinoma, including lung adenocarcinoma
and small-cél 200g, Boemorabalpdascehtid Hcﬂ&(ﬁsbmefumad:areMmancW(Oncogene [J.S.

20121161 T4 RGHS0101052963 ST Sy A LB SLUBIIpH e treatmento

immune deficiency In HiV-1 Human Im iciency Virus T
respect to their ablllty to recapitulate the Ras-transforming phenotype together with

an activated form of the MAPK kinase Mek. IKKe was identified here as a
cooperative oncogene. In addition, the authors were able to show that IKKe is
amplified and overexpressed in numerous breast cancer cell lines and tumour
samples. The reduction in gene expression by means of RNA interference in breast
cancer cells induces apoptosis and impairs the proliferation thereof. Eddy et al.



Cancer-like hyperproliferative diseases are to be regarded as brain cancer, lung cancer, squamous
epithelial cancer, bladder cancer, stomach cancer, pancreatic cancer, liver cancer, renal cancer,
colorectal cAYR&p1pieagi’cancer, head cancer, neck cancer, oesophageal RAEAIS2Y#Ha&ESbgical
cancer, thyroid cancer, lymphomas, chronic leukaemia and acute leukaemia. In particular, cancer-like
cell growth is a disease which represents a target of the present invention. The present invention
therefore relates to compounds according to the indention as medicaments and/or medicament active
ingredients in the treatment and/or prophylaxis of the said diseases and to the use of compounds
according to the invention for the preparation of a pharmaceutical for the treatment and/or prophylaxis
of the said dibedised sind 4o fangirge 5200 She/hielumdat| vieth theampditease sickkikpirsrgdbe

dministrati £ ' ' ion t tieng d of such
maminiraon Lo e TRt FaTI Ao e Eue i T B Rl Pl an antiroiforative

action. The compounds according to the invention are administered to a patient having a

hyperprolifemymﬁiﬁﬁmié@f@@mmgm iR BERed e avethrdorirRe e e dodamrgation associated
with a IymphoProIi_feratlve disease, to inhibit transplant reiiqection or neurological damage due to tissue

repair, etc. PREPPLEEAL %&%%UW%@?B@B%’B%%F SRpRINCH K BB il ue Pt ses. As used

herein, the tervistgatmentcisegsEak 6, EBK ttarb iR e whinreatotypit diyaaselyahoh tihe treatment of
S sting conditions. T \ ool ; ictration of h

bompounds e B B O A R armple for

preventing 24842 vAR0Gthr 28i0e yhiee @icth Y rlisSaat dsdaeibil e tRYalmemt@ngoing
diseases pr’§1‘@]@“§@91_9!‘ ﬁBRﬁQ_)"—“&@I@Qﬁieiﬂ?'bﬁ/mﬁtt@émﬁ% hediesgy patient can
belong to any mammalian species, for example a primate s7pre0|es, particularly humans; rodents,
including mit&° QRIS RS aHURLH SURHRSIES 2URY DHABAIE B8 7R U e 5857 8% horses, cows,
dogs, cats, etmshonmetionoBeltharemofdntiesesvdos ekeerinshotathayestigbidomseitngtkngpekmodel for
treatment of i ibjljty .0 rhcula to t Wi compounds
according (SOt L e e Y R g GBSO L RS cenre
incubated wittphsbeghprairididderefiegIentrl impaftaneetvaHBEsSRIIAeAGENSNEP Avjieriod of time
which is suffigienbinaliny hiRiee iR e e TRICRERISRBH@LIE meifrfée&weﬁéeraﬁon, cell

vitality or migration, usually between about one hour and one week. In vitro testing can be carried out
using cultivAfRPEBNS§ A BRIALIROH R MG Er¢ells Pl el herB28kment are then

determined. The dose varies depending on the specific compound used, the specific disease, the

tient stat A ' is typicall fficient . id th desired cell
Popuiaton 1 es e e B R O e L e
generally camieuelivititiph suehspietein| kinagestib name e aptadtyferlatesripritaer atlileast about 50%
reduction indlig&ed| S idl 8B ERYIS FABUAMEEIRSE SEREIBINAIA KIRIS4ngdgsired cells are

detected in the body. There are many diseases associated with deregulation of cell proliferation and

cell death (dPTFRRES) KA OHIRH b MAIENLEE IS fuENBEBISTE FRtt RIS IhaUdMERing. The

compoundscaneerdii3y it tbasky &hiize amivdtyiiatie forcdtérzatmistieiesiopiferativans where there

is proliferatign %nd/or migration of.srnooth mu cl%fchﬁlls and/or inf, amma%or ells into the intimal layer
ug

c
of a vessel, Sr%%uﬁ?laa}ﬂcrerét%%cg Blodd ¥ thrb that Ve S%T, for &%r‘?{mé'?ﬁ tfi& case of neointimal
occlusive lekippgyactpdlyispletepedithestuiinplifeaken ofthrgese inbiobertchdessoicanssiadvronary

vascular dissagg Aflipheatinge IRGRG S ENaSiRAy AT GRANC A QRReliIAIE NARS restenosis

after angioplasty or stent placement, and the like. In addition, the compounds according to the
invention caithEQLKIAPAGRAAS @ dftilee se¥pHL QL RR R M ERRIRMSR ARG c8thcer
chemotherapigiferadoiadistzepiesasst avitio irestersiny &iaticaley af . CRitaicaxisiuglioaocar
chemotheragigs A1 adiothcraplens, £l (e melfiod: [efers famapners. ueagp, techniaues and
procedures Tor accompslls INg a'given (ask inC|cljJ %g,%ﬁt nopﬁmﬂeat%o, thGse manners, means,
techniques bindipeppedeirssadithisrdinasen to, or readily developed from known manners, means,
techniques and procedures by practitioners of the chemical, pharmacological, biological, biochemical

and medical arts. The term "administering” as used herein refers to a method for bringing a compound

of the presefitifvdtibRaharg Righu hamRledede PRy INSHrRsesical vHayohee dhips intatan affect
the enzymeiaehiyity FEsiienisinane RIFRIGHEREN YS! irfebl imieradiidaniidine kinarmésethesindirectly;
i.e., by interacting with another molecule on which the catalytic activity of the kinase is dependent. As
used herein, administration can be accomplished either in vitro, i.e. in a test tube, or in vivo, i.e., in
cells or tissues of a living organism.



Herein, the term "treating" includes abrogating, substantially inhibiting, slowing or reversing the
progression of a disease or disorder, substantially ameliorating clinical symptoms of a disease or
disorder or 3YBSHAI&NY Breventing the appearance of clinical symptoms of RCAIE82¢8/8328%order.
Herein, the term "preventing” refers to a method for barring an organism from acquiring a disorder or
disease in the first place. For any compound used in this invention, a therapeutically effective amount,
also referred to herein as a therapeutically effectivét dose, can be estimated initially from cell culture
assays. For example, a dose can be formulated in animal models to achieve a circulating
concentration range that includes the IC50 or the IC100 as determined in cell culture. Such information
can be usedkinagesreractimatelgdisteeannasesiofvlrdiisacinidlunfeeinrniothdos agesooan Wso be
estimated g ian e Eiaa 7SI ASRG VLR LW BRSO AR RiHEInRR st dhg art could

determine an effective dosage in humans. 8 animals, e.q., byF etermining the LD50 and the ED50.

The dose rdiRYPNFBEFNAIGE AiSthesp Qb ertaniethe R (PR DMY Ide! dke Ceee expressed as
the ratio betweegldaeQuand dethatlida ITMPBKAdSaIED. ReTlAtdHOrBIReraReIkIC: RRisgshaFpaEeferred.

The data obtained from these cell cultures assagﬁ and animal studies can be used in formulating a
dosage rande tHa"R Kt foWue8r1ast M AmerRa Rt WeG R H 0T IRERIRL IR ferably within
a range of dmdatioy regutxotyatiansctipion ¢hottE $hel RG0!I witl Uity @ sigriatingtyastaelesage may
vary within thi ing.upon the dosage form employed and the route of administration
utilized. Théggﬁg?éﬁﬁﬁt%%?%%@é of administration and dosage can be chosen by the individual
physician in view of the patient's condition, (see, e.g., Fingl et al., 1975, In: The Pharmacological Basis

of Therapeuligse fARKK LR dRd FERISAAR HRBUHEM BICIEY RRUALAYIYRIS S dadidialy to

provide plasma levels of the active compound which are sufficient to maintain therapeutic effect. Usual

patient dosdfeks!kdteorapaenpipssirificriige e Ebbansorrooamag/kelaaln asaiabniifoih about

100-1000 nmygdkeiska) ﬁé@)&v@%&@@@éﬁdﬁ%?&f@%@ﬂ@éﬂl%% Eéﬁ@fﬁ@é&‘i\‘?@ﬁn about
250-500 mﬁ/tlj(r%%ay. Pre erab{li/lé therapeutically effective serum levels will be achieved by

administeri RiglE b S LR d4Irah ARG SOIUPAR NG SRR B SERIGHTERIPLNE She

effective lodalmangeanlidtiomakthe drug may not be related to plasma concentration. One skilled in the

o alre . . . iy
reforre G R B R Ty e
treating andiiesgiggtiviiuie Qlevaieslir HanaaImmerdesls esgaeriyashiosdnein sy abin eidtuimited to,

papilloma, bigsiRglo MK AR IRAMT BRI aMEIIFRB 3idHAN R BRE BSQLATANCREGRS MlRSHILEe cancer,
squamous cell carcinoma, astrocgtoma head cancer, neck cancer, skin cancer, liver cancer, bladder

cancer, breddPO5cEK PRV EAABRIliBeb FRKI AR s ybetigdethnl Ra st caradehit } EéiSrectal

cancer, thyroiict cancer, pancreatic cancer, gastric cancer, hepatocellular carcinoma, leukemia,

lymphoma, Hodgkin's djs rki 'Séié%g . RIOR ART Other heterocyclic derivatives and
their use as%n%’- uu%%l%'ag&gr%ﬂrg(/e Iﬁétll'f escﬁigédz |%rf\1/vo 2007/129044. Other pyridine and pyrazine
derivatives Rafe Bribie @ &bribatiig thedude0@dr the treatment of cancer in WO 2009/053737 and for the

treatment of other diseases in WO 2004/055005. Other heterocyclic derivatives have been disclosed

as IKKe inhibitors in WO 2009/122180. Pyrrolopyrimidines have been describes as IKKe and TBK1
inhibitors in AePsidy, Hprgegmpounds accordingto the invention or a pharmaceutically

acceptable salt thereof are administered for the treatment of cancer, including solid
carcinomas, such as, for example, carcinomas (for example of the lungs, pancreas,
thyroid, bladder or colon), myeloid diseases (for example myeloid leukaemia) or
adenomas (for example villous colon adenoma).

The tumours furthermore include monocytic leukaemia, brain, urogenital, lymphatic
system, stomach, laryngeal and lung carcinoma, including lung adenocarcinoma and

small-cell lung carcinoma, pancreatic and/or breast carcinoma.



Pyrimidine derivatives have been describes as IKKE and TBK1 inhibitors in WO 2009/030890.
SUMMARY OF THE INVENTION The invention relates to compounds of the formula | in which
Xdenotes CH@2N2/der8dfes Ar or Het, Rldenotes furyl, thienyl, pyrrolyl, imid4ZOR$2MA832984, oxazolyl,
isoxazolyl, thiazolyl, pyridyl, pyrimidyl, pyridazinyl, indolyl, isoindolyl, benzimidazolyl, indazolyl,
quinolyl, 1,3-benzodioxolyl, benzothiophenyl, benzofuranyl, imidazopyridyl or furo[3,2-b]pyridyl, each
of which is unsubstituted or mono- or disubstituted®y Hal, A, OR5, CN, COOA, COOH, CON(R5)2
and/or NR5COA', 10 Ardenotes phenyl, biphenyl or naphtyl, each of which is unsubstituted or mono-,
di- or trisubstituted by Hal, A, Heti , (CH2)nOR5, (CH2)nN(R5)2, NO2, CN, (CH2)nCOOR5, CON(R5)2,
CONH(CH2]gsl e@apounds and[IRE{CH2)ra-Hsi iR IRAL dHHTDIOXK iINRBSO 24fdDRE, SO2Het2,

SOZN(R5)2iﬁ('MgQ& §)Cq)ﬁ'\\/1 (Human Immunodeficiency Virus Type 1).

Cancer-like hyperproliferative diseases are to be regarded as brain cancer, lung
cancer, squamous epithelial cancer, bladder cancer, stomach cancer, pancreatic
cancer, liver cancer, renal cancer, colorectal cancer, breast cancer, head cancer, neck
cancer, oesophageal cancer, gynaecological cancer, thyroid cancer, lymphomas,
chronic leukaemia and acute leukaemia. In particular, cancer-like cell growth is a
disease which represents a target of the present invention. The present invention
therefore relates to compounds according to the invention as medicaments and/or
medicament active ingredients in the treatment and/or prophylaxis of the said diseases
and to the use of compounds according to the invention for the preparation of a
pharmaceutical for the treatment and/or prophylaxis of the said diseases and to a
process for the treatment of the said diseases comprising the administration of one or
more compounds according to the invention to a patient in need of such an

administration.

It can be shown that the compounds according to the invention have an
antiproliferative action. The compounds according to the invention are administered to
a patient having a hyperproliferative disease, for example to inhibit tumour growth, to
reduce inflammation associated with a lymphoproliferative disease, to inhibit transplant
rejection or neurological damage due to tissue repair, etc. The present compounds are
suitable for prophylactic or therapeutic purposes. As used herein, the term "treatment”
is used to refer to both the prevention of diseases and the treatment of pre-existing
conditions. The prevention of proliferation/vitality is achieved by administration of the
compounds according to the invention prior to the development of overt disease, for
example for preventing tumour growth. Alternatively, the compounds are used for the
treatment of ongoing diseases by stabilising or improving the clinical symptoms of the
patient.

The host or patient can belong to any mammalian species, for example a primate
species, particularly humans; rodents, including mice, rats and hamsters; rabbits;



Hetdenotes furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, pyridyl,
pyrimidinyl, triazolyl, tetrazolyl, thiadiazole, pyridazinyl, pyrazinyl, indolyl, isoindolyl, benzimidazolyl,
indazolyl, q0MsbMIL2118L8AENZzodioxolyl, benzothiophenyl, benzofuranyl or imRIGEGSYHIEAN3EEEh of which
is unsubstituted or mono-, di- or trisubstituted by A, COA, (CH2)pHet2, OH, OA, Hal, (CH2)pN(R5)2,
NO2, CN, (CH2)pCOORS5, (CH2)pCON(R5)2, NR5COA, (CH2)pCOHet2 and/or (CH2)pphenyl, Hetl
denotes furyl, thienyl, pyrrolyl, imidazolyl, pyrazolylf oxazolyl, isoxazolyl, thiazolyl, pyridyl, pyrimidinyl,
triazolyl, tetrazolyl, thiadiazole, pyridazinyl, pyrazinyl, each of which is unsubstituted or mono-, di- or
trisubstituted by A, OH, OA, Hal, CN and/or (CH2)pCOORS5, Het2denotes dihydropyrrolyl, pyrrolidinyl,

tetrahydroinmaiszslydodisiydivgpycais picteirimmad ropyetizalyl oflintatesd joidsk prriragyidtopyridyl,
piperidinyl, poupholinshaBHAIFP RAFOBEIY AR FIREAR M ddegilioxolany!, piperazinyl, each

of which is unsubstituted or monosubstituted by OH and/or A, A'denotes unbranched or branched alkyl
having 1-6 C atoms, in which 1-7 H atoms may be replaced by F, Adenotes unbranched or branched

alkyl havingThd @UscRigiBRityroNd (s RSP c BV Gones bRt antHears@o G ateursingay fe replaced
toms replaced by F,

by N, 0, S atoms and/or by -CH=CH- groups and/or.in addition 1-7 H ay b

R5cenctes I TR LRES P BARREN DY AT DT BIE GHba SR 13 H¥ bfome may be

replaced byiRgubalddvatesaEoQip@mor dedengtg$athe, iRy8ntion atiadens tenoerirations for a
period of time which is sufficient to allow the active agents to induce cell death or to
inhibit cell proliferation, cell vitality or migration, usually between about one hour and
one week. In vitro testing can be carried out using cultivated cells from a biopsy
sample. The amount of cells remaining after the treatment are then determined.
The dose varies depending on the specific compound used, the specific disease, the
patient status, etc. A therapeutic dose is typically sufficient considerably to reduce the
undesired cell population in the target tissue, while the viability of the patient is
maintained. The treatment is generally continued until a considerable reduction has
occurred, for example an at least about 50% reduction in the cell burden, and may be
continued until essentially no more undesired cells are detected in the body.

There are many diseases associated with deregulation of cell proliferation and cell
death (apoptosis). The conditions of interest include, but are not limited to, the
following. The compounds according to the invention are suitable for the treatment of
various conditions where there is proliferation and/or migration of smooth muscle cells
and/or inflammatory cells into the intimal layer of a vessel, resulting in restricted blood
flow through that vessel, for example in the case of neointimal occlusive lesions.
Occlusive graft vascular diseases of interest include atherosclerosis, coronary vascu-
lar disease after grafting, vein graft stenosis, perianastomatic prosthetic restenosis,
restenosis after angioplasty or stent placement, and the like.

In addition, the compounds according to the invention can be used to achieve additive
or synergistic effects in certain existing cancer chemotherapies and radiotherapies
and/or to restore the efficacy of certain existing cancer chemotherapies and
radiotherapies.



denotes 1, 2, 3 or 4, and pharmaceutically usable salts, tautomers and stereocisomers thereof,
including mixtures thereof in all ratios. The invention also relates to the optically active forms
(stereoisomB@2M3618AE enantiomers, the racemates, the diastereomers EAHRHIARASS and
solvates of these compounds. The term solvates of the compounds is taken to mean adductions of
inert solvent molecules onto the compounds which form owing to their mutual attractive force. Solvates
are, for example, mono- or dihydrates or alkoxides7Of course, the invention also relates to the
solvates of the salts. The term pharmaceutically usable derivatives is taken to mean, for example, the
salts of the compounds according to the invention and also so-called prodrug compounds. The term
prodrug derivatives is taken to mean compounds of the formula | which have been modified by means
of, for example, alkyl or acyl groups, sugars or oligopeptides and which are rapidly cleaved in the

organism to ToFrPtH BiRiLAde EHFHH BLRBE RIS FAR R o FRMHIERRISRI-ARRERALISS fREIude
biodegradallecpeilisaingedighiiverask thelwingp Gundstaiesiesding thoderarertionmeansisscribed, for
example, inInk, 4 BQ%!H@%&@ 2L PP kntliih SEPEESEION, SHCSINe. A8k LG potes the amount
of a medicament %r ofap armaceuetlcal active ingredient w |¥h causes’in a tissue, system, animal or
human a bishggicaisoneadicdeeosjssiescanticioeedoiggioprdestirete®okiensprmioala researcher or

physician. Inadditianidhiemeission, thetresigalhyefiegiiyg fpount” denotes an amount which,

compared with a corresponding subject who has not received this amount, has the following

Cons?quencﬁié’fb?Ff?VSGrﬁﬁﬁ%ﬁ%ﬁ{Hv HS%‘%’&Q’ rFHPeYﬁ'PHF%Fs% 'mEARLaR ?fb?iﬁ’éﬁ‘?gaﬁeco?%fﬁ(?ﬂﬂa“&
condition, complaint, disorder or side effects or also the reduction in the advarice of a disease,
condition orlBRsBIERINIPESDHAD AN 108l KIESEUPIRIBOOBS YoM BaRpre s8R Meherapeutically

effective am@umsoatrP@nCAmBpaSRESHARIMRUNY Wihied krasifertivedpedngreasing normal
physiological function. The invention .alsg relates to the use aof mixtures of the c%rgpounds Pf the
gt |

formula l, fo'P%%@Fﬁ'B%%tiQﬂJhleeg'%ﬁﬁlgs iaste! rr%%tllg;, ‘rSr’é%YdmsréﬁH%&V thi%n? [.E?If%’, i:4, 1:5,
1:10,1:100 onwhdfOthEluadal die quiintiyudd iyeprizias alidydepenoiestoAstesedibeneéric compounds. The

invention re ﬁﬁn‘igtFHﬁo%oéﬁQ%‘%Bﬁfp%ﬂ%rcﬁ‘léﬂg‘ér%‘Qig?!t_ﬁéhﬁ‘wrﬁgéﬁlcﬂg%%HW%‘R/BS far the

preparation of compounds o mula | according to Claims 1-1 armaceutically usable
salts, tautorfe#g anissuaeisdiivéle BRardiiMeharacterised in that
Herein, the term "treating" includes abrogating, substantially inhibiting, slowing or
reversing the progression of a disease or disorder, substantially ameliorating clinical
symptoms of a disease or disorder or substantially preventing the appearance of
clinical symptoms of a disease or disorder.

Herein, the term "preventing" refers to a method for barring an organism from

acquiring a disorder or disease in the first place.

For any compound used in this invention, a therapeutically effective amount, also
referred to herein as a therapeutically effective dose, can be estimated initially from
cell culture assays. For example, a dose can be formulated in animal models to
achieve a circulating concentration range that includes the IC50 or the IC100 as
determined in cell culture. Such information can be used to more accurately determine
useful doses in humans. Initial dosages can also be estimated from in vivo data. Using
these initial guidelines one of ordinary skill in the art could determine an effective

dosage in humans.

Moreover, toxicity and therapeutic efficacy of the compounds described herein can be
determined by standard pharmaceutical procedures in cell cultures or experimental



a)a compound of the formula Il in which Y denotes an Br or I, X and R1 have the meanings indicated
in Claim 1, is reacted with a compound of formula 11l R-LIII in which R has the meaning indicated in
Claim1 and WQan¥esl87horonic acid or a boronic acid ester group, 13 b) XE€bHPHIAEBPERe formula
IV X IV in which R and X have the meanings indicated in Claim 1 and L1denotes Cl, Br, | or a free or
reactively functionally modified OH group, is reacted with a compound of the formula V

8

animals, e.g., by determining the LD50 and the ED50. The dose ratio between toxic
and therapeutic effect is the therapeutic index and can be expressed as the ratio
between LD50 and ED50. Compounds which exhibit high therapeutic indices are
preferred. The data obtained from these cell cultures assays and animal studies can
be used in formulating a dosage range that is not toxic for use in human. The dosage
of such compounds lies preferably within a range of circulating concentrations that
include the ED50 with little or no toxicity. The dosage may vary within this range
depending upon the dosage form employed and the route of administration utilized.
The exact formulation, route of administration and dosage can be chosen by the
individual physician in view of the patient's condition, (see, e.g., Fingl et al., 1975, In:
The Pharmacological Basis of Therapeutics, chapter 1, page 1).

Dosage amount and interval may be adjusted individually to provide plasma levels of
the active compound which are sufficient to maintain therapeutic effect. Usual patient
dosages for oral administration range from about 50-2000 mg/kg/day, commonly from
about 100-1000 mg/kg/day, preferably from about 150-700 mg/kg/day and most
preferably from about 250-500 mg/kg/day.

Preferably, therapeutically effective serum levels will be achieved by administering
multiple doses each day. In cases of local administration or selective uptake, the
effective local concentration of the drug may not be related to plasma concentration.
One skilled in the art will be able to optimize therapeutically effective local dosages

without undue experimentation.

Preferred diseases or disorders that the compounds described herein may be useful in
preventing, treating and/or studying are cell proliferative disorders, especially cancer
such as, but not limited to, papilloma, blastoglioma, Kaposi's sarcoma, melanoma,
lung cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, astrocytoma,
head cancer, neck cancer, skin cancer, liver cancer, bladder cancer, breast cancer,
lung cancer, uterus cancer, prostate cancer, testis carcinoma, colorectal cancer,
thyroid cancer, pancreatic cancer, gastric cancer, hepatocellular carcinoma, leukemia,

lymphoma, Hodgkin's disease and Burkitt's disease.



R1-NH2V in which R1 has the meaning indicated in Claim 1, or c) that it is liberated from one of its
functional derivatives by treatment with a solvolysing or hydrolysing agent, and/or a base or acid of the
formula | is ¥Eh9&IEG IO one of its salts. Above and below, the radicals RECR/BH1/HI83the
meanings indicated for the formula I, unless expressly indicated otherwise. A denotes alkyl, is
unbranched (linear) or branched, and has 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 C atoms. A preferably denotes
methyl, furthermore ethyl, propyl, isopropyl, butyl, i8obutyl, sec-butyl or tert-butyl, furthermore also
pentyl, 1-, 2- or 3-methylbutyl, 1,1-, 1,2- or 2,2-dimethylpropyl, 1-ethylpropyl, hexyl, 1-, 2-, 3- or
4-methylpentyl, 1,1-, 1,2- 14, 1,3-, 2,2-, 2,3- or 3,3-dimethylbutyl, 1- or 2-ethylbutyl,
1-ethyl-1-m&RIQRARIT 1-ethy1-2-methylpropyl, 1,1,2- or 1,2,2-trimethylpropyl, further preferably, for
example, trifluoromethyl. A very particularly preferably denotes alkyl having 1, 2, 3, 4, 5 or 6 C atoms,
preferably methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl,
trifIuoromet@ﬂ%&?ﬁ?f@@%@ﬂﬂﬁ@@i‘}fiﬁﬂﬂdB?Héfﬁ?l?@ﬁ@'ﬁPWW%/B?W%‘FOUpS in A may
also be replasegtibgdNnap Sqaprsoand/or by -CH=CH- groups. A thus also denotes, for example,
2-methoxyeghyl. Mor%. referably, A denotes unbr nch%d or granc ed al lhaVirE grP-G C atoms, in
wvhion one SRS RE PN ZE R ST LIPS RIS R) DRTERLU S AL atoms andior i
addition 1-7tidadoent ohagrmerapldée 2090587 dé roie foallnd tisainterinfhatglidisagses inaNched, and
has 1, 2, 3, 4y uRBGoatoms. A preferably denotes methyl, furthermore ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl or tert-butyl, furthermore also pentyl, 1-, 2- or 3-methylbutyl, 1,1-, 1,2- or
2,2-dimethyfptsiyieieeapyehecisivabves, haye beenyiacinaenasdkise inhibiters in W& 2 2. 2 3. or
3,3-dimethyliyiyly o @2-ethylbutyl, 1-ethyl-1-methylpropyl, 1-ethy1-2-methylpropyl, 1,1,2- or
1,2,2-trimethylpropyl, further preferably, for example, trifluoromethyl. A' preferably denotes alkyl having
1, 2, 3 or 4 EYABIORYBREEISHRAYRBRAN ABSFIRRSAR, KR RM/IT Bty iNUBIRIS NS &buty!, tert-butyl or

trifluorometk»gl10/100431.
Pyrimidine derivatives have been describes as IKKe and TBK1 inhibitors in WO
2009/030890.

SUMMARY OF THE INVENTION

The invention relates to compounds of the formula |

O
R1
R X\ N/
| H
—
N~ NH,

in which

X denotes CH or N,

R denotes Ar or Het,

R’ denotes furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl,

thiazolyl, pyridyl, pyrimidyl, pyridazinyl, indolyl, isoindolyl, benzimidazolyl,
indazolyl, quinolyl, 1,3-benzodioxolyl, benzothiophenyl, benzofuranyl,
imidazopyridyl or furo[3,2-b]pyridyl, each of which is unsubstituted or
mono- or disubstituted by Hal, A, OR®, CN, COOA, COOH, CON(R>),
and/or NR°COA,



Ar denotes, for example, phenyl, o-, m- or p-tolyl, o-, m- or p-ethylphenyl, o-, m- or p-propylphenyl, o-,
m- or p-isopropylphenyl, o-, m- or p-tert-butylphenyl, o-, m- or p-trifluoromethylphenyl, o-, m- or
p-fluoropheM® WI2M61$7H-bromophenyl, o-, m- or p-chlorophenyl, o-, m- or§S-FHRYIBABF|, 0-, M- or
p-methoxyphenyl, o-, m- or p-methylsulfonylphenyl, o-, m- or p-nitrophenyl, o-, m- or p-aminophenyl,
0-, m- or p-methylaminophenyl, o-, m- or p-dimethylaminophenyl, o-, m- or p-aminosulfonylphenyl, o-,
m- or p-methylaminosulfonylphenyl, o-, m- or p-amii@ocarbonylphenyl, o-, m- or p-carboxyphenyl, o-,
m- or p-methoxycarbonylphenyl, o-, m- or p-ethoxycarbonylphenyl, o-, m- or p-acetylphenyl, o-, m- or
p-formylphenyl, o-, m- or p-cyanophenyl, further preferably 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 15
3,5-difluorogtienyl, 2,3-, @enqtessphered, BighenyB@-oigtittopaegl, @teh Zs4nybstingesgd ®4- or

3,5-dibromophenyl, 2,3,45003, 35 %ﬁr%u@sﬂt@feefb%nﬁé_rtﬁ‘?MQ{ORB%PZY,!OW'?T’@EQ)‘%NW)Z,

4-fluoro-3-chlorophenyl, 2-fluoro-4-bromophenyl, 2,5-d|ﬂuoro-4- romophenyl or
2,5-dimethyl—4-ch|oroph|§9}b.W’Mdﬂ'@ ﬁe@%(ﬁd@n@@g'ﬁq@?@hhﬁ?@% or naphtyl, each of
which is unsubstituted oCDMR*(CH MHESUhsREGEADMACBaAHR> SQROCORN(ED)Ret?,

CONH(CHZ2),INHCOOA' 8@@%@@?@%@““0%’ (CH2),N(R5)2, (CH2)nOR5,

(CH2)nCOORS, SOZHeé et preferably denotes thienyl, pyrazolyl, pyridyl, each
of which is intgdubstitutecdonenesmburgy thisutystioytealyibyinidezel2)phrea201C ¥ CIPN sRE320dyid/or

(CH2)pphenyl. Hetl prefegablydepoliagiPyiARhr, IidaRRlva el LiMANDY Gid!braadiHied or
monosubstituted by A. Het2 preferably denotes pyrrolidinyl, piperidinyl, morpholinyl, %1,3](: ioxolanyl,

piperazinyl, each of whid?{3%induBsititet$ &P oRematiskeerty HPrEAloR N peterably denotes
pyridyl, pyrimidyl, pyridapisy:suidxeny8 Beakvtridyheaghsenabichis Losuhatidsgiaymsesefostituted

by Hal, A, OR5, COOA, COON, CON(R®)2 and/or NR5COA'. R5 preferably dengtes H, alkyl having 1,

2, 3 or 4 C atoms, more Y.’fpé(f r§b"|&r)§—llll\gﬁ]ii%]1§? %&W,nﬁfogylf)rs%'ﬁ @F%%@f?i%o&é%z sec-butyl,

tert-butyl or trifluoromethi@H:laHeteftAbGA] dtat¢€ IF,) (N (G Br,NiD2, &30 (CiHa@DRRY, preferably F or

Cl. Throughout the inven ieals \uhi C Q ' jcal or different, i.e.
9 Qwﬁ%ﬂdﬁﬂﬁ% NERSEIRC LY é‘b‘iﬂ%ﬁ‘ QH%mé)qSeRﬂ%ﬁyl

are independent of one another. The compounds of the formula 'may have more chiral centres

and can thef&bre occur #¢NRIEE (4 steitiBbrRyeibrimidazivorare e o ds sexxanabse forms.

16 Accordingly, the inveriigpoipiasgsdin, RaFtiaiday ler oA g ehigdasnubyddaxdych at least
one of the said radicals has one of thffa1 gf%rr d mea in%}s inaicated above. Some preferred groups of
compounds may be explpé@%'([pﬂyecﬂ% (SN IRY 'SUBPSRRUHEE aof(mBPWh h A IHRSPR R t?éﬂrmula I

and in which the radicalsn@iHlediyndabddN gretioe @etajGRO&the meaning indicated for the formula I,
but in which jg,i|aR 1denqlgs fytdihy, BYSIYIFY I PY T8RN Ol R[N, each
dihydropyrazolyl, tetrahydropyrazolyl, dinydropyridyl, tetrahydropyridyl,
piperidinyl, morpholinyl, hexahydropyridazinyl, hexahydropyrimidinyl,
[1,3]dioxolanyl, piperazinyl, each of which is unsubstituted or monosub-
stituted by OH and/or A,

A denotes unbranched or branched alkyl having 1-6 C atoms, in which 1-7
H atoms may be replaced by F,

A denotes unbranched or branched alkyl having 1-10 C atoms, in which
one or two non-adjacent CH and/or CH; groups may be replaced by N,
O, S atoms and/or by —-CH=CH- groups and/or in addition 1-7 H atoms
may be replaced by F,

R® denotes H or unbranched or branched alkyl having 1-6 C atoms, in which
1-7 H atoms may be replaced by F,

Hal denotes F, ClI, Br or |,

n denotes 0, 1, 2, 3 or 4,



of which is unsubstituted or monosubstituted by Hal, A, OR5, COCA, COON, CON(R5)2 and/or
NR5COA'; in IbArdenotes phenyl, biphenyl or naphtyl, each of which is unsubstituted or mono-, di- or
trisubstituteWB2M2HEI8Hetl, COR5, CON(R5)2, CONH(CH2)(INHCOOA', CONIRH MU Hetl],
NHCOOA, (CH2)nN(R5)2, (OH2)0R5, (CH2)nCOOR5, SO2Het2 and/or SO2N(R5)2; in IcHetdenotes
thienyl, pyrazolyl, pyridyl, each of which is unsubstituted or mono- or disubstituted by A, (CH2)pHet2,
(CH2)pCON(RS5)2 and/or (CH2)pphenyl; in IdHet'dehotes pyrazolyl or imidazolyl, each of which is
unsubstituted or monosubstituted by A; in leHet2denotes pyrrolidinyl, piperidinyl, morpholinyl,
[1,3]dioxolanyl, piperazinyl, each of which is unsubstituted or monosubstituted by OH and/or A; in
IfAdenotes gnbranched debotgrchet @ikl having 1-6 C atoms, in which one or two non-adjacent CH
and/or CH2 groups may he renlaced by Nsand/or 0 atoms and/or in addition 1-7 H atoms may be

replaced by F; 17 in IgXdenotes CH oder N, Rdenotes Ar or Het, . .
and pharmaceutically usable salts, tautomers and stereoisomers thereof, including

mixtures thereof in all ratios.

The invention also relates to the optically active forms (stereocisomers), salts, the
enantiomers, the racemates, the diastereomers and the hydrates and solvates of
these compounds. The term solvates of the compounds is taken to mean adductions
of inert solvent molecules onto the compounds which form owing to their mutual
attractive force. Solvates are, for example, mono- or dihydrates or alkoxides.

Of course, the invention also relates to the solvates of the salts.

The term pharmaceutically usable derivatives is taken to mean, for example, the salts
of the compounds according to the invention and also so-called prodrug compounds.
The term prodrug derivatives is taken to mean compounds of the formula | which have
been modified by means of, for example, alkyl or acyl groups, sugars or oligopeptides
and which are rapidly cleaved in the organism to form the effective compounds
according to the invention.

These also include biodegradable polymer derivatives of the compounds according to
the invention, as described, for example, in Int. J. Pharm. 115, 61-67 (1995).

The expression “effective amount” denotes the amount of a medicament or of a
pharmaceutical active ingredient which causes in a tissue, system, animal or human a
biological or medical response which is sought or desired, for example, by a
researcher or physician.

In addition, the expression “therapeutically effective amount” denotes an amount
which, compared with a corresponding subject who has not received this amount, has
the following consequence:

improved treatment, healing, prevention or elimination of a disease, syndrome,
condition, complaint, disorder or side effects or also the reduction in the advance of a
disease, condition or disorder.



R1denotes pyridyl, pyrimidyl, pyridazinyl or furo[3,2-b]pyridyl, each of which is unsubstituted or
monosubstituted by Hal, A, OR5, COCA, COON, CON(R5)2 and/or NR5COA', Ardenotes phenyl,
biphenyl or WAbPRYE ¥AEH of which is unsubstituted or mono-, di- or trisubstiREABIPR/AFASHetl,
COR5, CON(R5)2, CONH(CH2)(INHCOOA', CON[R5(CH2)nHet1], NHCOOA, (CH2)nN(R5)2,
(CH2)nOR5, (CH2)NCOOR5, SO2Het2 and/or SO2N(R5)2, Hetdenotes thienyl, pyrazolyl, pyridyl, each
of which is unsubstituted or mono- or disubstitutediBy A, (CH2)pHet2, (CH2)pCON(R5)2 and/or
(CH2)pphenyl, Het'denotes pyrazolyl or imidazolyl, each of which is unsubstituted or monosubstituted
by A, Het2denotes pyrrolidinyl, piperidinyl, morpholinyl, [1,3]dioxolanyl, piperazinyl, each of which is
unsubstitutetherexmresiobstingreg ditiCaHyafthotive, ardemttadsaremenmopasses Brarachednidkyl having 1-6

C atoms, i”\)Oﬂ?i‘i‘"ha]'geﬁe@m/@?omﬁ&eﬁsriﬁa'ﬁﬁﬁﬁaﬁ%t’fy | eles HBRRgANChed or branched alkyl having

1-6 C atoms, in which one or two non-adjacent CH and/or CH2 groups may be replaced by N and/or O
atoms and/or in addition 1-7 H atoms may be replaced by F, R5denotes H or unbranched or branched

alkyl havingTh&ifvaiaids also relates to the use of mixtures of the compounds of the formula I, for
example mixtures of two diastereomers, for example in the ratio 1:1, 1:2, 1:3, 1:4, 1:5,
1:10, 1:100 or 1:1000.
These are particularly preferably mixtures of stereocisomeric compounds.
The invention relates to the compounds of the formula | and salis thereof and to a
process for the preparation of compounds of the formula | according to Claims 1-12
and pharmaceutically usable salts, tautomers and sterecisomers thereof, charac-

terised in that

a) a compound of the formula Il

0O
R1
Y X\ N/
| H I
/ )
N~ "NH,

in which Y denotes an Br or |,
X and R' have the meanings indicated in Claim 1,

is reacted with a compound of formula Il
R-L 1]

in which R has the meaning indicated in Claim1 and
L denotes a boronic acid or a boronic acid ester group,

or



in which 1-7 H atoms may be replaced by F, Haldenotes F, CI, Br or I, denotes 0, 1, 2, 3 or 4, denotes
0,1 or 2, denotes 1, 2, 3or 4, WO 2012/161877PCT/US2012/032983 18 and pharmaceutically usable
salts, tautorP2eRd «t&teoisomers thereof, including mixtures thereof in alPGHES2IROES Ipounds of
the formula | and also the starting materials for their preparation are, in addition, prepared by methods
known per se, as described in the literature (for example in the standard works, such as Houben-Weyl,
Methoden der organischen Chemie [Methods of Otganic Chemistry], Georg-Thieme-Verlag, Stuttgart),
to be precise under reaction conditions which are known and suitable for the said reactions. Use can
also be made here of variants known per se which are not mentioned here in greater detail.
Compounds of the formula | can preferably be obtained by reacting compounds of the formula Il with a
compound ¢y formula III.JWHP%%%@WUB [l and of formula Il are generally known. If
they are novel, however, they can be prepared by methods known per se. The reaction is carried out
under standard conditions known as Suzuki reaction to the skilled artisan. In the compounds of the
formula Ill, L preferably denotes HO B-Q@r

R X\ 1
\[ L IV
2
N~ NH,

in which R and X have the meanings indicated in Claim 1 and
L denotes Cl, Br, | or a free or reactively functionally modified OH group,

is reacted with a compound of the formula V
R-NH, V

in which R has the meaning indicated in Claim 1,

or

C) that it is liberated from one of its functional derivatives by treatment
with a solvolysing or hydrolysing agent,

and/or a base or acid of the formula | is converted into one of its salts.

Above and below, the radicals R', R and X have the meanings indicated for the

formula |, unless expressly indicated otherwise.

A denotes alkyl, is unbranched (linear) or branched, and has 1, 2, 3,4, 5,6, 7, 8, 9 or
10 C atoms. A preferably denotes methyl, furthermore ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl or teri-butyl, furthermore also pentyl, 1-, 2- or 3-methylbutyl, 1,1-,
1,2- or 2,2-dimethylpropyl, 1-ethylpropyl, hexyl, 1-, 2-, 3- or 4-methylpentyl, 1,1-, 1,2-



HO 1B-. 0 Depending on the conditions used, the reaction time is between a few minutes and 14
days, the reaction temperature is between about -30 and 140, normally between 00 and 1100, in
particular b8¥OeEM2846d811760 and about 110. Examples of suitable inert solvBREERAFAS8Arbons,
such as hexane, petroleum ether, benzene, toluene or xylene; chlorinated hydrocarbons, such as
trichloroethylene, 1,2-dichloroethane, carbon tetrachloride, chloroform or dichloromethane; alcohols,
such as methanol, ethanol, isopropanol, n-propand¥4 19 n-butanol or tert-butanol; ethers, such as
diethyl ether, diisopropyl ether, tetrahydrofuran (THF) or dioxane; glycol ethers, such as ethylene
glycol monomethyl or monoethyl ether, ethylene glycol dimethyl ether (diglyme); ketones, such as
acetone or but8noB&-ardides; Sikctinstaydialylide, atigrethylaetiainiibybr! dimethiildfopylamide (DMF);

niteles, such g el HRHes. BB AHDR dispiie:

carboxylic aC|ds such as formic acid or acetic acid; nitro compounds, such as nltromethane or
mtrobenzen@'ﬂHQfQFgeleéh as ethyl acetate, or mixtures of the said solvents. Particular preference is

given to ethanmr;t@@mealamq&my@énad@natﬁmlInaan@lprgnaemwer @M'ﬁt@ﬁfﬂ%l‘é@i@bly

Furthermore Ct s of the formula I c prefer y be ob[ mei act pound of the
formula IV WH}% o&’ﬁ%pé! t'ﬁ8'?o?ﬂ¥ul3 T'ﬁg j}(npsoelfn%"é f}ﬁ P(%){ 'Pa I df*formula V are
generally knomrmwwhmnwmpmma they-tiflubeitepared by methods known per se. In the
compounds,ghdn: {RrSiRdifa ot RIRISIRRIMAIRNR s Chidd ob b adees B agiiyely apalfied OH group.

such as, for example, an activated ester, an imidazolide or alkylsulfonyloxy having 1-6 C atoms

(preferably #@WI?MW&W&V ﬂ*ﬂiﬂﬁoﬁ)m%ﬁ%ﬁ@ﬁ9@§y§%%%ﬂ&]ﬁoﬁﬁlﬁw%\ﬂwl6 100 atoms
(preferably Mmexﬂraén@wmwé@nyé%ﬁbwa{mm@a@maaammw saviirtiogiGratbegresence of an

B A S SI A Mo L SN SR PP B PR L Y R S Ey R g pyricine
atoms and/or in addition 1-7 H atoms may be replaced by F.

A' denotes alkyl, is unbranched (linear) or branched, and has 1,2, 3,4,50r6 C
atoms. A preferably denotes methyl, furthermore ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl or teri-butyl, furthermore also pentyl, 1-, 2- or 3-methylbutyl, 1,1-,
1,2- or 2,2-dimethylpropyl, 1-ethylpropyl, hexyl, 1-, 2-, 3- or 4-methylpentyl, 1,1-, 1,2-
, 1,3-, 2,2-, 2,3- or 3,3-dimethylbutyl, 1- or 2-ethylbutyl, 1-ethyl-1-methylpropyl,
1-ethyl-2-methylpropyl, 1,1,2- or 1,2,2-trimethylpropyl, further preferably, for example,
trifluoromethyl.

A' preferably denotes alkyl having 1, 2, 3 or 4 C atoms, preferably methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl or trifluoromethyl.

Ar denotes, for example, phenyl, o-, m- or p-tolyl, o-, m- or p-ethylphenyl, o-, m- or
p-propylphenyl, o-, m- or p-isopropylphenyl, o-, m- or p-tert-butylphenyl, o-, m- or
p-trifluoromethylphenyl, o-, m- or p-fluorophenyl, o-, m- or p-bromophenyl, o-, m- or
p-chlorophenyl, o-, m- or p-hydroxyphenyl, o-, m- or p-methoxyphenyl, o-, m- or
p-methylsulfonylphenyl, o-, m- or p-nitrophenyl, o-, m- or p-aminophenyl, o-, m- or
p-methylaminophenyl, o-, m- or p-dimethylaminophenyl, o-, m- or
p-aminosulfonylphenyl, o-, m- or p-methylaminosulfonylphenyl, o-, m- or
p-aminocarbonylphenyl, o-, m- or p-carboxyphenyl, o-, m- or p-methoxycarbonyl-
phenyl, 0-, m- or p-ethoxycarbonylphenyl, o-, m- or p-acetylphenyl, o-, m- or
p-formylphenyl, o-, m- or p-cyanophenyl, further preferably 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or



The addition of an alkali or alkaline earth metal hydroxide, carbonate or bicarbonate or another salt of
a weak acid of the alkali or alkaline earth metals, preferably of potassium, sodium, calcium or caesium,
may also beXWipasI8’Depending on the conditions used, the reaction tinRCE B8R BIewW
minutes and 14 days, the reaction temperature is between about -30 and 1400, normally between -10
and 900, in particular between about 0 and about 70. 20 Examples of suitable inert solvents are
hydrocarbons, such as hexane, petroleum ether, beénzene, toluene or xylene; chlorinated
hydrocarbons, such as trichloroethylene, 1,2-dichloroethane, carbon tetrachloride, chloroform or
dichloromethane; alcohols, such as methanol, ethanol, isopropanol, n-propanol, n-butanol or

tert-butanol 3ditubitis osopieay! dibBay P dih € SR GprSpi @tldr; dietitigdneiuriad, GFHE}oRdioxafs; glycol

ethers, suchyas sihylcR ARYIBRNOBISUYL0E @‘Oﬁ%‘?g‘yb%e oY ERGRIYRU IR IvIBher

(diglyme); ketones, such as acetorie or butanone; amides, such as acetamide, dimethylacetamide or
dlmethylforrﬂﬁmﬂeﬁﬂm FieAleEORRN g Jﬂé@erﬁUkﬂ@r%%‘%'H’és23?19H'H%r91ﬂ1€fﬁm%nﬁ%lje (DMS0);
carbon disuliidescarhenylia aeidsoshehyas formic acid or acetic acid; nitro compounds, such as
nitromethane or nitrobenzene; esters, such as ethyl acetate, or mixtures of the said solvents. Particular
preference is given to acetonitrile, dichloromethane and/or DMF. The cleavage of an ether is carried
out by methadpaxticuterknpistetatiiyelprotes didhyd bipthengtorAspintylasdchathotich éther cleavage, for

example of g etk RUAcs: [RGB, s of DRIRAMRRIBIA. Husrgeneiiealbysroyable groups, for

example the cleavagide of a benzyl ether, can be cleaved off, for example, bg treatment with hydrogen

in the preseﬁ% & M@%@ﬁ'ﬁ[@é%ﬁl@ﬁﬁét&ﬂ'ﬂ%@& @dﬁ%'ﬁdﬂa@u"@ @ﬁilantageously

on a supporCEURITaDRIBD)HetH ekl sslweNiRNere are those indicated above, in particular, for
example, alcohols, such as methanol or ethanol, or amides, such as DMF. The hydrogenolysis is

generally carried out at temperatures between about 0 and 1000 and pressures between about 1 and
200 bar, préfertahkyferab[}'-ﬁ@rm’nelsjlmmbanpﬁamislpayriUgI,semmﬁfemmbT iexarsydbsidasgoacetic acid or

using NaOH,pf KO i ut@@[f%% gl vp%t@r/(@gx)a%,q éﬂngﬁ%p e?ﬁ R 0 and 1000 .

WO 2012/1618/7PCT U82012/03 e compOLFnds of t ormul urthermore be
obtained byhieleRigief @PMWWF%Q%QF]HFH’@HOMW%%CB)P&M{UQ%%U%WWMWronS|s or by
hydrogenolyﬁ@ngmj‘gﬂ'f@gé@@;tmg materials for the solvonS|s or hydrogenolysis are those which

contain corr o tected amino a rgxyl gro ? one or more free amino
andlor hydr R, BIEITSE SRk RH LM BRI SRR e e B Srend of an H atorn
bonded to apip¢raimny], fea@xahvpﬂmrhnssmwbshtutadfomnumdsaﬁehmtﬂd bybOtHcamiain an NHR' group (in
which R' denotes an amino-protecting group, for example BOG or CBZ) instead of an NH2 group.

R' preferably denotes pyridyl, pyrimidyl, pyridazinyl or furo[3,2-b]pyridyl, each of which

is unsubstituted or monosubstituted by Hal, A, OR>, COOA, COOH, CON(R®), and/or

NR°COA..

R> preferably denotes H, alkyl having 1, 2, 3 or 4 C atoms, more preferably H, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl or trifluoromethyl.

Hal preferably denotes F, Cl or Br, but also |, particularly preferably F or Cl.

Throughout the invention, all radicals which occur more than once may be identical or
different, i.e. are independent of one another.

The compounds of the formula | may have one or more chiral centres and can
therefore occur in various stereocisomeric forms. The formula | encompasses all these

forms.



Preference is furthermore given to starting materials which carry a hydroxyl-protecting group instead of
the H atom of a hydroxyl group, for example those which conform to the formula I, but contain an
R"0-phenyl W8ap1@te¥dfiich R" denotes a hydroxyl-protecting group) instea8GFERRE%IRenyl group.
It is also possible for a plurality of - identical or different - protected amino and/or hydroxyl groups to be
present in the molecule of the starting material. If the protecting groups present are different from one
another, they can in many cases be cleaved off seléctively. The expression "amino-protecting group”
is known in general terms and relates to groups which are suitable for protecting (blocking) an amino
group against chemical reactions, but are easy to remove after the desired chemical reaction has been
carried out éseortimg)intitieanvieindicolec/Tgsical pdrdicolagrioups aommowadsicltne torsubstituted or
substituted giylaty|eaLplsaxemALhyh Rl ALY BRUBSe SinAE BeramiaenRiiReinAdatRp are

removed after the desired reaction (or reaction sequence), their type and size is furthermore not

crucial; howRRRYe prOBRRALIGH SRR WP TII SOMROKTRYE DoYiRg arRERRarPd [y BateliRYingheUsxpression
"acyl group'iésrtlage kNeestaetndhierdiraad esé $eMseidn aanneoliaonwib theidieset process. It

acyl g ApRINST A% soROan anOTK RRsea process.
sifonc aci i€ S A eI ATy AHCh Aroury ] SOREA ) SR ooy

groups. Examples of such acyl groups are alkanoyl, such as acetyl, propionyl, butyryl; 22 aralkanoyl,

Such as phamyipcenlfroy, suckapRemAd AP HRRRY SRS PG Alipearbony.

such as methoxycarbonyl, ethoxycarbo trichloroethoxycarbonyl, BOG, 2-io o’e;hoxycarbonyl;
aralkoxycarbonyl, such as CBZ fcaidbisrzsupstinigbaidRopeprsies By mal.AMBR . arylsulfonyl,
such as Mtr, Pbf, Pmc. Preferre¢ @oinccaotectiong RAypaie NHEGoA Mtr, furthermore CBZ, Fmoc,
benzyl and acetyl. The expression "hydroxyl-protecting group” is likewise known in general terms and
relates to groups which are suitable for protecting a hydroxyl group against chemical reactions, but are
easy to remiovb after tAe desirediehelesqahesgctiiphbayl beeapapiczhouoélsbivhése in the molecule.
Typical of such groups are the ghovyg:y éigr&g%gﬂgy%;iwﬁ%@gﬁ%@gwgﬂ%rl@[@{kyl or acyl

the

groups, furthermore also alkyl grou%?. The nature and size of é/drox I-protecting Foq S is not

crucial since they are removed &daih N2 HeSitirtdialdiieaiidn P N&ctoR = Ace;
preference is given to groups havH@dc), (oHpakicary, 161),) O RONTHE@ODRS 8D Het?
hydroxyl-protecting groups are, inter aljg, tert-Rutoxycarbonyl, benzyl, p-nitrobenzoyl,
p-toluenesulfonyl, tert-butyl and ad?:%ﬁ;l %ﬁ&r( b}é’nzyl and tert-butyl are particularly preferred. The
COOH groups in aspartic acid and glutamic acid are preferably protected in the form of their tert-butyl

esters (for ple A But)). TR f liberatad.fr jr.funetional
derivatives%dqg;)endin?ém(t)?l the p?%?gé%%g grodg%fé%jg& fl%r@gﬁ leI%Eﬁs&lEg@?c?rllg %%ggfgﬁ vé;drjltageously
using TFA or perchloric acid, bu@h@@ﬂ%iﬁb@ﬁ%?@#?ﬁ%ﬁh&d&ﬁb)&dﬁi&(%F&%p%Qﬁﬂfﬁréz:hloric acid or
sulfuric acid, strong organic carwap(@ngm@ﬁmas trichloroacetic acid, or sulfonic acids, such as
benzene- or p-toluenesulfonic acid. The presence of an additional inert solvent is possible, but is not
always necessary. Suitable inert solvents are preferably organic, for example carboxylic acids, such as
acetic acid, iethers, suchteat tetrateydiepyraooigiodEmijazigesashai whiEMé- uhsilibgseecor
hydrocarbons, such as dichlororgg]%ﬁ%rﬂfb {Hm%graép’&e also alcohols, such as methanol, ethanol or
isopropanol, and water. Mixtures of the a%ove-m ntioned solvents are furthermore suitable. TEA is
preferably used in excess without addition of a further solvent, perchloric acid is preferably used in the
;ormhof all mixtygse of a%etiq.‘e% acd@rféjgsm})(@d}@;gml,%ig@mgjw% mgg{gn@@f[{ bﬁf@b@qgﬁy] ,tem5pere(11tlgrgs
or the cleavage are advantageously between abqut O and aboyt 500, prefera etween 15 an

(room temperature). The BOC, ﬁ@%ﬁﬁﬁﬁrﬁ@&ﬂf M{P?}M%HQ ,t'&ﬂ'e rﬁ'ﬂﬂ’@%}*@%&ﬁ%’ ¥ cleaved
off using TFA in dichloromethan®@'dransiiog Approximately 3 to 5 N NCI in dioxane at 15300, the FMOC
group can be cleaved off using an approximately 5 to 50% solution of dimethylamine, diethylamine or
piperidine in DMF at 15-30. Hydrogenolytically removable protecting groups (for example CBZ or
benzyl) caniBéf cleaved d¥f, for JQRERE UnPtREETAG Y RigNBNer]ky havrdprdserrieds ditatalyst (for

example a noble-metal catalyst,gmeR asedailagitmanasjarsapepHahomst @ﬁg@p&;ﬁ% ga carbon).
Suitable solvents here are those in%iqated ;h?:%ve, in particular, f rexara le, alcohals, such as
o ORI

methanol or ethanol, or amides, SRETER BINNFRAGRN ) AOGS-RIGERL |8 BRRLRNN Car i85t at
temperatures between about 0 amaly 120G pladqaréggtires between about 1 and 200 bar, preferably at
20-30 and 1-10 bar. Hydrogenolysis of the CBZ group succeeds well, for example, on 5 to 10% Pd/C
in methanol or using ammonium formate (instead of hydrogen) on Pd/C in methanol/DMF at 20- 300.
Pharmaceutical salts and other forms The said compounds according to the invention can be used in
their final non-salt form. On the other hand, the present invention also encompasses the use of these
compounds in the form of their pharmaceutically acceptable salts, which can be derived from various
organic and inorganic acids and bases by procedures known in the art. Pharmaceutically acceptable
salt forms of the compounds of the formula | are for the most part prepared by conventional methods.

If the compound of the formula | contains a carboxyl group, one of its suitable salts can be formed by
reactinad the comnoiind with a cirntable bace tn Aivve the correenondina hace-addition ealt <|iich hacec



24 ethoxide and sodium propoxide; and various organic bases, such as piperidine, diethanolamine and
N-methylglutamine. The aluminium salts of the compounds of the formula | are likewise included. In
the case of ¥PtaMm2ci$Founds of the formula |, acid-addition salts can be fBGTEESRRAREARY) these
compounds with pharmaceutically acceptable organic and inorganic acids, for example hydrogen
halides, such as hydrogen chloride, hydrogen bromide or hydrogen iodide, other mineral acids and
corresponding salts thereof, such as sulfate, nitraté/or phosphate and the like, and alkyl- and
monoarylsulfonates, such as ethanesulfonate, toluenesulfonate and benzenesulfonate, and other
organic acids and corresponding salts thereof, such as acetate, trifluoroacetate, tartrate, maleate,
succinate, ditrite, benzo¥te, saltgtatesd3dathertdland the like. Accordingly, pharmaceutically
acceptable acid-additiongsalts ofithe,cMpQpgs of the formula | include the following: acetate,
adipate, alginate, arginate, aspartate, benzoate, benzenesulfonate (besylateé, bisulfate, bisulfite,
bromide, butyrate, campRorate, ¢2RRETOPYlIHYh R T RHEIRF Qe MR BIRY Xk Satfte,
Cyﬁlor)entl?neproaionate, digIulcwaatmcdihwdmgaamhﬂﬁ%t;atﬁoﬁl&lummé@??Hﬁ)ﬂﬁ,@ﬂﬁ!fatel,
ethanesulfonate, fumarate, galacterate ' j acturgnate, glucoheptanoate, gluconate,
glutamate, glycerophosphate, hg@?ucﬁéwéﬁ@ﬁ&éﬁﬂ%gﬁogéﬁhexanoate, hippurate,
hydrochloride, hydro-brofide, hyeinoledideerRyhyaipbrygticaneshiid negehiotideicisethionate, isobutyrate,
lactate, lactobionate, malate, mfﬂ:’ﬁéﬁﬁsfi‘ftﬂ@cﬁ‘ﬁﬁn%@%b&?tﬁ@ﬁﬁ%ﬂﬁﬂé&%tﬁ’ ngﬁq@lE?ulfonate,

methylbenzoate, monohydrogenghogphate, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate,
te

oleate, palmoate, pectinate, per %@m&c@t@ﬂgﬂw&%ﬁa@'ﬁ%séﬁﬁbiéﬂﬁhbsphonate,
phthalate, but this does not represeTO@ e STIAtNN(RYsthempeRrhedasctRf S igerhpounds
according to the invention include Lu (i mmonium, calcium, copper, iron(lll), it-on(I!), lithium,
magnesium, manganese(lll), m£H§ %Z%@gﬂz% assium, sodium and zinc salts, but this is not intended
to represent a restrictionHelf thedsinotes ringenidneyt azityl, pratdyt ree hsofjiwbitho saomsidostiteiethe alkali
metal salts sodium and potassi t ine-eatth me It G} @E) esium. Salts of
the compounds of the formula Ib\l?vphic arg‘?ci@%i’/?élé}?g%[?X;Arfnﬁcﬁe%?ﬁgﬁﬁg:@g%?a IlI:ie\@c?r}rg%anic non-toxic
bases include salts of 25 primargNd&¥dkdtuyPagAtertiary amines, substituted amines, also including
naturally occurring subst{eted ageineiesEke apioesniaagdonasta e xahengeunesiditieseyample
arginine, betaine, caffeine, chloroprocaine,ﬁi{r}?cai e, N,N'-dibenzylethylenediamine (benzathine),
dicyclohexylamine, diethanolamife &id | §y26diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethyleneditatiine dretieylmorpliditivie phverttyipipeddinelinyudard]diexglacpsamine,
histidine, hydrabamine, isopropyygiggn|ifiacan Albs \FBRING N el tiabiagy
morpholine, piperazine, piperidine, polyamine resins, procaine, purines, theobromine, triethanolamine,
triethylamine, trimethylamine, tri@%&ﬂ%/ﬁﬁr?e and tris(hydroxymethyl)- methylamine (tromethamine),

but this is not intended tq repres ntarestrbction Cé)m ounds of t@e resent ir%;v§ntion which contain
basic nitrogen-containinégroup IR NREANRE ST RATCHEE ALY NV (8 G4 Rlides, for
example methyl, ethyl, isopropyhénichtérT-bludyb ots onmleb brepirtedivg mdide; di(Ci-C4)alkyl sulfates, for

example dimethyl, diethy] and dj ; | : I l,.dodecyl,
lauryl, myristyl and stearél chlorikg%ﬁ%%jnqﬁﬁ%ﬁr%%&ge@ %Mé@%@g%féﬁjr@%@ér Igxample
benzyl chloride and phenethyl bY$HsIE€NB Sh\WRRI0-ZGRERN SHibAN @ blatieURsS R/ to the
invention can be prepared usinggplaBezalis N BephoveveRtiEeer hathriesutivalsatmyhich are
preferred include acetate, trifluoroacetate, ges late,_citrate, fumarate, gluconate, hemisuccinate,
hippurate, hydrochloride, hydrolfP% '8 ?l%r%fé:,’mandelate, meglumine, nitrate, oleate,
phosphonate, pivalate, sBtlium pleospésmte pstaraecisediate) rantibsd|alildteavanrate, Cracorradate,
tosylate and tromethamine, but this,i ti géq far jgtion. The acid-addition salts of
basic compounds of the formula”ip g’r@&%p@i@ y %?.?1 mgg ?ﬁ? 5Tarag,-éabsépsqelé’form into contact with a
sufficient amount of the t®ired @RNGIRAbOsiG Bi@fdrmation of the salt in a conventional manner. The
free base can be regenerated bydyieing, theosglbform into contact with a base and isolating the free
base in a conventional manner. The free base forms differ in a certain respect from the corresponding
salt forms thereof with re%pect tg%%q{gﬁopﬂﬁgal properties, such as WO
2012/161877PCT/US2042/03298haesalubildwirt polar solvents; for the purposes of the invention,
however, the salts otherwise correspond to the respective free base forms thereof. As mentioned, the
pharmaceutically acceptable base-addition salts of the compounds of the formula | are formed with
metals or amines, such as alkali metals and alkaline-earth metals or organic amines. Preferred metals
are sodium, potassium, magnesium and calcium. Preferred organic amines are
N,N'-dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine,
N-methyl-D-glucamine and procaine. The base-addition salts of acidic compounds according to the
invention are prepared by bringing the free acid form into contact with a sufficient amount of the
desired base, causing the formation of the salt in a conventional manner. The free acid can be

regenerated by bringing the salt form into contact with an acid and isolating the free acid in a
convventinnal manner The free acid forme differ in a cartain reacnect from the correenondina <alt forme



With regard to that stated above, it can be seen that the expression "pharmaceutically acceptable salt"
in the present connection is taken to mean an active ingredient which comprises a compound of the
formula | in Me 28t2A16F83Re of its salts, in particular if this salt form imparts PéFr&eeeilpREBacokinetic
properties on the active ingredient compared with the free form of the active ingredient or any other
salt form of the active ingredient used earlier. The pharmaceutically acceptable salt form of the active
ingredient can also provide this active ingredient fdBthe first time with a desired phar- 27 macokinetic
property which it did not have earlier and can even have a positive influence on the
pharmacodynamics of this active ingredient with respect to its therapeutic efficacy in the body.
Isotopes Tlaaekpbdntaeeaivalynieabliedstiist automeosiadds tredmomess|thrrieefemEdaotope-labelled
forms thereqgfi Andsoipesahelled faun of a compound of the formula I is identical to this compound
apart from the fact that one or more atoms of the compound have been replaced by an atom or atoms
having an atomic mass or mass number which differs from the atomic mass or mass number of the

atodm Vr\:hiﬁh mbaﬁynp@gu& rwgu@afb'mﬁmnran'tﬁ@%fﬁf@f@ﬁﬁghiﬁt@raﬁ?@dﬂlwnmﬁ%ﬂaw ?vgilable
and which can he incorporated into a compound of the formula | well-known methods include
opes of Fm e e B B R B s an e s R e e 21,
3H, 130, 14exdBpleisthd FHrebpi3saks, sucfn,aS,I-Foabdrﬁmwréweodeelw.em_rgammh@ of the
formula I, a gracklonRai6as of é@éﬂf@@ﬁ@%&(@@,’ BESrRRRiE TN o gIhef kst Ggryains one or

more of the above-mentioned isotopes and/or other iso-topes of other atoms is intended to be part of
the present F@RBOMIRNREPR JaBEIATHINED #E HaME RithErd IRl dGstidneaeiffBer of

beneficial ways. dz@r £x8BWlaaas IR9OPEVaREIe keomPesNsbatiing farenmdarhsiitonwkichedeirexample, a
radioisotope, such gs 3H or 14C, has been incorporated is suitable for medicament and/or substrate

tissue diStrigl[l?%tﬁra@%tg)l)S. These radioisotopes, i.e. tritium (3H) and carbon-14 (140), are particularly
preferred owing to simple preparation and excellent detectability. Incor-po-ra-tion of heavier isotopes,

fo exampleiieing GHh A LOTARIRICLID MR Messhs e AdkRIRIAR ing o the

higher meta _té of this Iso ed compound. Highér metabolic stability translates
directly into fRAMHtELYER oGV PidIPE forTiiReH osages, which under most circumstances would

represent a prgfestagaRimiodi-me rdred dRe iagentanemaion afdentens; lbaliad corparnd of the
formula | can usypally be prepared by carr ing t the pro e%ures dis-closed in the synthesis schemes
and the relalQUSTeBYER e W e RAEE BK RS HBHRLBBRSBart in the present text
replacing a nonisotope-labelled reactant by a readily available isotope-labelled reactant. 28 Deuterium
(2H) can alsg,BeJRERIAQLAUBAILYD & CRMBAUBRANNG RATNE LBl S UPaRE Al daBanipulate
the oxidative metabolism of the compound by way of the primary kinetic isotope effect. The primary
kinetic isotopl8llefe{isan: change of the rate for a chemical reaction that results from exchange of
isotopic nucllﬁith\é’ |8|[?}ér(’5 Lthr igf(fﬁé'?gr?n%}’atme EE?Q%% Cl}?aowagegtate energies necessary for covalent
bond formation after this’isotopic exchange. Exchange & heavier isotope usually results in a
lowering of the ground state energy for a chemical bond and thus cause a reduction in the rate in
rate-limiting IQand breakage. Kthe gynd breakage occurs in or in the vicinity of a saddle-point region
along the coor '@tj of %rmulti- ro l)BtLea tion, the product distribution ratios can be altered
substantiallyH or explanationi terium‘is bonded to a carbon atom at a non-exchangeable
position, rate differences of km/kp ='2-7 are typical. If this rate difference is successfully applied to a
com-pound of the formula | that is susceptible to oxidation, the profile of this compound in vivo can be

drastically neibiRgig e g5 EandmprRvaEanAETaSebAi PIoBBHRRNYMER HiRtA¥E M and

developing therapeutic agents, the person skilled in the art attempts to optimise pharmacokinetic
parameters RV tRR G aMP FHaHES 'ﬁr%%%%@.#P?é‘?é%%%ﬂ%ﬂe“fgo’d&rmythat many
com-poundpavitiego0or pharmacakipatiicprafitlesvesersascepsidfatnl @dativeonetabolism. In vitro liver
microsomal assays currently available provide valuable information on the course of oxidative
metabolism of this type, which in turn permits the rational design of deuterated compounds of the
formula | witixanpieseal suiBiily ithed sgly eatistam by depsativoxi¢atheambexdnslisratragpitiicant
improvemeni, i thenpPBAEMBRAIABLIICPIAECE b SRR HIGIDS AhvhiouLlpdsare thereby obtained, and

can be expressed quantitativ%_lél in terms of increases in the in vivo half-life (t12), concen-tra-tion at
maximum tHEFAIERREREE: {2 dighiar oFfHaR e £ 31BS8 IREREHSEARHRIYRIRET Ghd F: and in terms of
reduced clegignemiopa s divsiorn;aladtnatsmthanol, ethanol, isopropanol, n-propanol,




hydrogen atoms and hydrogen atoms bonded to a nitrogen atom, is prepared as a series of analogues
in which various combinations of hydrogen atoms are replaced by deuterium atoms, so that some,
most or all IVthe&e/m§i¥Ggen atoms have been replaced by deuterium atonR€THHRIHRF8Iminations
enable favourable and accurate determination of the extent of the extent to which the improve-ment in
resistance to oxidative metabolism has improved. In this way, it is deter-mined that the half-life of the
parent compound can be extended by up to 100%1&s the result of deuterium-hydrogen exchange of
this type. Deuterium-hydrogen exchange in a compound of the formula | can also be used to achieve a
favourable modification of the metabolite spectrum of the starting compound in order to diminish or
eliminate urdbsiaoxiembwduditesthBoy, examase]idthyicxticemelisoplitpyresbsrthrough oxidative
carbon-Nydragen oty B ne iRy ks dheagyeasanerly dpRssumRitial fapreuterated analogue

will greatly diminish or eliminate production of'the unwanted metabolite, even if the particular oxidation

is not a rateTRIEMSHHPSIBRNERIANER b rAiRXISRS A XRE SitRBYBRIAT (e eI RIS
deuterium-hygioaeexehange madre faride 06 eua et dlanhdg | ity deédtigdem. 55,

3992-3997, 199 eider et al., J.. Org..Chem. 52, 3326- 3334, 1987, Foster, Adv. Drug Res. 14, 1-40,
1085, Gt BT B R AS E e T35 PSBPTHLE oS0 B o e Anogancers 161),
683-688, 199G\t shnwfew'ldm(Wﬁ@m@mlaﬁeelfﬂdeneaﬂbamé@miﬂmwiﬂi@ &oresécsaoide compound
of the formula J il arphAfRASSHEGARYS ARG salthr-dupmGSARRSieaisamess dbereof, including

mixtures thereof in all rafios, and optionally excipients and/or adjuvants. Pharmaceutical formulations
can be admftisic?e S IVIRCPRIR, O dIIXHEBSLAE QPR% tINSHEBe a predetermined amount of active

ingredient ppafieaRGDHNEcPYEhsgh CaR BN IRtudaE CxaeIRy Sifamy doclogitpieferably 1 mg to

700 mg, par ich{’arl I ferabﬁj@:m 100 mg, of a compound according to the invention, depending
on the cond?sdcc\) %gﬁ%@?ﬂ% hgﬂc}(& rz;féfﬁ%ﬁ{istration and the age, weight and condition of the patient,

or pharmaceutical formulations can be administered in the form of 30 dosage units which comprise a

predetermines AEAHLOLAIE0R SR AR ARTRaR HAllRITIRK A AgTRAT YiaRatons are

those which comprise a daily dose or part-dose, as indicated above, or a correspon raction
thereof of aRUBRQENAGIEAR R MURHYWIEE ¢HERMRS GliEe formulations of this type can be prepared

using a proce&sathigBUa@EHEIRIYoRRNENNNGRE dTharmaeck dealRilcRNgkaageuticldparillations can
be adapted for administration via any desired suitable method, for example by oral (including buccal or
ot b LBy T

sublingual),r}%\é? ﬂggé{ﬁrtoﬂﬁﬁ:%\f:aﬂ ﬁ(ﬂWé)ﬁr&& Y@L% E}Qﬁéa&man, vaginal or parenteral

(including subcutaneous, intramuscular, intravenous or intradermal) methods. Such formulations can

be prepared e hBEGRBSITIURIAN e RhBRRBIIGe) BLLY o cigppResgmbining the aciive

ingredient with the excipient(s) or a ant(s). Pharmaceutical formulation apted for oral

administrati6reBYebenefierstareeradrs sHahaas. URitexamreadnia afshRsI¥adsules or tablets;
fowd?rs é)r Eﬁﬁiﬂ%@&ié@r‘l&iﬁy@@%ﬁv&lﬂ?ﬂﬁé@m@ ilﬂ-GQBJQwﬂﬁso(fpfclff@raﬁllyﬁ?ﬁémij%Uiftﬁiﬁ@@'@rfoﬁms OL
oam foods; or oil-in-water liguid emulsions or water-in-oil liqui ulsions. Thus, for example, in the
case of oraltﬁfﬁﬁﬁfr?@t?ﬁ?g ul'r&’ﬂ'}' X n} 'o?" %é‘i{%’i%i?’&’;b%‘dl%g%éga tﬁ@-’?ﬁ%‘@@gﬁﬁ?@fmponent can be
combined witheapl-ovak-taplgokangodypharmaceutically acceptable inert excipient, such as, for

example, ethanol, glycerol, water and the like. Powders are prepared by comminuting the compound

to a suitable fine size and mixing it with a pharmaceutical excipient comminuted in a similar manner,
such as, for B}FABRECANSIRHR @b BaMIRA e, I5UBR BETBREXEhARECH RGO RAaRRitol. A flavour,

preservativeyrgisRaigadt anfhakeoBRRY Skenisere pAC sesth (aRrides AERHanae ddyyidFRparing a
powder mixture as ?escribed above and filling shaped gelatine shells therewith. Glidants and
lubricants, SUcHH ,'fb?'example, highly disperse silicic acid, talc, magnesium stearate, calcium
stearate or polkyetiyitemecdlscal kalsotid/katine eantt erathl égdoiidepoarde natéxu e deebareathe filling

operation. ISl lubiliser, ¢ - I nate or WO
0121615 TP TR B B e S o o improve
the availabiR§taFhEnROUERMR SAICATB OIHeABAIETIENRY A ISehEtiavenrable.

Depending on the conditions used, the reaction time is between a few minutes and

14 days, the reaction temperature is between about -30° and 140°, normally
between -10° and 90°, in particular between about 0°and about 70°.



In addition, if desired or necessary, suitable binders, lubricants and disintegrants as well as dyes can
likewise be incorporated into the mixture. Suitable binders include starch, gelatine, natural sugars,
such as, for\EQaN3IdoWilicose or beta-lactose, sweeteners made from maiZRC HARAH2ZAZE 8y nthetic
rubber, such as, for example, acacia, tragacanth or sodium alginate, carboxymethylcellulose,
polyethylene glycol, waxes, and the like. The lubricants used in these dosage forms include sodium
oleate, sodium stearate, magnesium stearate, sodd®m benzoate, sodium acetate, sodium chloride and
the like. The disintegrants include, without being restricted thereto, starch, methylcellulose, agar,
bentonite, xanthan gum and the like. The tablets are formulated by, for example, preparing a powder
mixture, granxdatiplgooidryiphie st eiventsuaes hyldiocpeolisicachasdhaxdismtpghateumnd pressing the
entire mixtugg-g give Jahlets, fs RO WALy BHXIWRRPIRRATSBYaMIRd dhecampound comminuted in a

suitable manner with a diluent or a base, as described above, and optionally with a binder, such as, for

example, cafSHISRRIMRESIUIcSEICRIPEISIRARS  GBIRMRESFAsMIRGHWRSREIAECR dissolution retardant,
sugfll as, fortc)ﬁmmblﬂew?ﬁalof@h@b,sw%ﬁ@g &C@ﬁ@ﬁ@ligéthlﬁmh, a@ﬂf&mﬂn al@rﬁpqu@girnary Sgllt,
and/or an absorbant, such as, for example, bentonite, kaolin or dicalcium phosphate. The powder
ixture can DEPARL At BB e e LoD ARGIE LA 2T ) SARIP G5 starch paste, acadia
mucilage ortetlsahwﬂefplfare(rﬂﬂfs)eoodm@nﬁegmwmwar@mmmgmﬂm@ma sieve. As an
alternative o, grapnlati R e RN EMEIUHARADE LB HEA) Adab et Maciagnglving lumps of

non-uniform shape, which are broken up to form granules. The granules can be’iubricated by addition
of stearic adHCR 23aRIRNS A, REIAMINRIREKIaSH FY S dsSraeainavdnt direRiNY a6aRenidBIeE casting

moulds. Th@iM’?ﬂﬁﬂf@W@éQMﬁW}pﬂ%@%@ddﬁ @V@abiﬁlﬁﬂ_e:fb@f@gmr?@tﬁmﬁ aggocg_dinglto the
Invention can a e comnin a free-flowing inert exciplient and then pressed directly to give
tablets it ELH) R O A B ARy I B GG At oo AP BT B protactve
layer consistingcefia atid|laitreealingdayds, aucyeas ofitsomettaneady miobeatzsizd;sasteasgloss layer of wax
may be pregenk ng&&gp&@&@d@g%%ﬁ gquq?% :i.BI\?%ﬂ?sr. to be able to differentiate between

different dosage units.” 32 Oral liquids, such as, for example, solution, syrups and elixirs, can be
prepared in TREIRBHRT BfABERNRE iMAY 2B InacalgniEirgdishtrionipHipea W BfdX¥ecified amount of the
compound. Syrups can be prepared by dissolving the compound in an aqueous solution with a suitable
flavour, while elixirs are prepared using a non-toxic alcoholic vehicle. Suspepsions can be formulated
by dispersio BARE GRS R e £ SR RSP A FoPET ST A Tor
example, etmoxgateed isostearyl alcohols and polyoxyethylene sorbitol ethers, preservatives, flavour
additives, sUctyas, 05 FEARYRIS: RERISIEINLAL q6rBIUIAL AT SIGNAT AL ABEARFHI QL giher artificial
sweeteners an(ﬂ%de Ilake,.can Iﬁz'ewise be ad%cgec’l. The %Fo@age un?tqg)mulat?ohs ?gr cl)]ra% administration
can, if desirB8IBElEEANSBlated in microcapsules. The formulation can also be prepared in such a way

tha: theI r_e|ela§|§r'tfg@K&Wi%fﬂ)%f?rrf&}{é’&d_i_gﬁﬂQbs@%ﬁ@kﬁ#@fﬁ%@efbhé&@l@é?gfcg t|%é1ﬁEﬂdéﬁt'rlitg,Qj‘aitp_lartlilculate
material In polymers, n e lIKe. e compaoungas, o e rormyla | an e armaceutcally
Beiatilco s At R e e RS i e
delivery systiamsxanpiheas nbinleratg leatsiysl) sutlaasepaladisitleadargegaciaimaiaa septes and
multilamell j iNQS Hous: [pdds far example,
U b STED ARG SRTGIHa LRSI Suiadar, R

cholesterol, stearylamine or phos

pharmaceut%éﬂ?%a%@%@'l%s,%&‘uﬁ@ﬁ&%%%%f&r%@@%é?é%ﬁé@ééf seenAs M déditgered using
monoclonaligibgetrtyas Beitkiall gauines teuvhichrtipecamoyethexebdesespdaupteshd he

compounds can also be coupled to squf:;Je olymers as targeted medicament carriers. Such polymers
may encomB%ﬂ&?ﬁﬁWﬁﬁﬂ&%ﬁﬂé, ?ﬁ zfr&e i ?,r?%@ﬁ%p(ﬁ(épmw&%%rylamidophenol,
polyhydroxyethylaspartamidophenol or polyethylene oxide polylysine, substituted by palmitoyl radicals.

The Compoﬂ?&%ﬁéﬁﬁﬁ&%ffé&%&oﬁ%ﬁ%@ ﬁ?‘ﬂ@séc%‘ctit?iQQE%JPHQRCbea@%WSF%UW?F are suitable

for achieving con release of a medi ent, forrexample polylacti

poly-epsilonMEagroraesid] ARONVAtAIEgRy RGTMPSLAiures B208sesPIdR R bxybutyric acid,
polyorthoesters, polyacetals, polydihydroxypyrans, polycyanoacrylates and crosslinked or amphipathic
block copolymers, of hydrogels. Pharmaceutical formulations adapted for transdermal administration
can be acm 1B BT S B HRSR PIA B PE R e ST & BERHRIof the
recipient. Thius pensenaikijie), iththactitze ingredient can be delivered from the plaster by iontophoresis,
as described in general terms in Pharmaceutical Research, 3(6), 318 (1986). Pharmaceutical
compounds adapted for topical administration can be formulated as ointments, creams, suspensions,
lotions, powders, solutions, pastes, gels, sprays, aerosols or oils. For the treatment of the eye or other
external tissue, for example mouth and skin, the formulations are preferably applied as topical
ointment or cream. In the case of formulation to give an ointment, the active ingredient can be
employed either with a paraffinic or a water-miscible cream base. Alternatively, the active ingredient
can be formulated to give a cream with an oil-in-water cream base or a water-in-oil base.

Pharmaceutical formulations adapted for topical application to the eye include eye drops, in which the
acrtivve inaredient i dicenlvved or ctiecnended in a ciitahle carrier in narticiilar an aadrientic enlvvant



Pharmaceutical formulations adapted for rectal administration can be administered in the form of
suppositories or enemas. Pharmaceutical formulations adapted for nasal administration in which the
carrier subs¥MA81IY W HGMd comprise a coarse powder having a particle siz@GBUSRAPARI%A the range
20-500 microns, which is administered in the manner in which snuff is taken, 34 i.e. by rapid inhalation
via the nasal passages from a container containing the powder held close to the nose. Suitable
formulations for administration as nasal spray or nd$e drops with a liquid as carrier substance
encompass active-ingredient solutions in water or oil. Pharmaceutical formulations adapted for
administration by inhalation encompass finely particulate dusts or mists, which can be generated by
various typeBefquapsuridedtiisp dorseviawitic aretadiots musb liesebtaonad ffibeyesinglihemdcentical
formulationsadlapied éRavaginatiodmiyistRERRcam RemdiRiRlRres, 83 RESIPHRS JREABRAR, Creams,
gels, pastes, foams or spray formulations. Pharmaceutical formulations adapted for parenteral
administration include aqueous and non-aqueous sterile injection solutions comprising antioxidants,
buffers, bacregrsiatcaanaoselatesalbYanerRNsorfoNRIs b desguralers iareemaeeerigsionic with the
blood of the recipient to be tr ated'ozig%a ueous ar}g]r}%rs@%ueous sterile suspensions, which may
lation

comprise squOFS1 GiGR RN l%c & eeérl&rqlﬂg i é%'ﬁ%@%&’?ﬁ}ﬁf’s eted in %'frﬁ@?é?dose or
multidose ctetaning wrdiaahyolioxdgalps pofrakindnastsyaint sargdimairgeeguiecti(igophilised)

state, so thaj,6plyifhe-adYian AR SIRIE.GAE S KUidn Of P RTRIRARE ‘RHIBIFCURRMATBOSES,

immediately before use is necessary. Injection solutions and suspensions prepared in accordance with
the recipe cHIf %@%ﬁér@ﬂ%@ﬁ%fb@ﬂb%cﬁ%{%&ﬁ’!ﬂ@dﬁcﬁ%@%.art‘ GBURURIRRAE Y ing that, in

addition to theapore SatpraBYCeNIBIEdretesdbieani Hefeupulations may also comprise other
agents usual in the art with respect to the particular type of formulation; thus, for example, formulations

which are suitable for oral administration may comprise flavours. A therapeutically effective amount of
a compoundPudfenerfoensuiar theaperalgivend msiaiiag ohéddetats whidb diagy @@ hpstamapteratestdnge and

weight of the, a8 BIFISA ERAFILP HialeAUisas SaIBEmA LS SRHRedB ARl Of the

formulation d the method of administration, Is ultimately determined by the treating doctor or

vet. HowevéedArBtdz fivRuhRRIIAINAM RSN AeeH MYy R thB ingertRmabY hexybatment of

neoplastic gsendbtifgr f¥ap)itrel@BM hyarstypiishypgrauls generally in the range from 0.1 to 100
mg/kg of body weight of the recipient (mammal) per day and particularly typically in the range from 1 to

10 mg/kg of body weight per day. Thus, the actual amount per day for an adult mammal weighing 70
kg is usuallytlieesiseposiliador G0phoga litshelre: e Beabanditi@nelbé -aprotacsest acdsw astiglie dose per

day or usuagly| MSF%QE&%‘S&%‘%KW%?ﬁofé’éﬁé%’f‘lﬂl@sf&‘ﬁﬁn ol if1IHE BFoRBOhRGT day, so

that the total daﬁ?y dose Is the same. An effective amount of a salt o&sqﬁﬁ/ate orofa pﬂ?ysml gically
functional dEFRHRR/BraseRicT el isechbiErminae 2RORerriiorRBf o & Heeases A GIRR VGOl
compound aefsrtijiag, to the invention per se. It can be assumed that similar doses are suitable for the
treatment of other conditions mentioned above. The invention furthermore relates to medicaments
comprising at least one compound of the formula | and/or the pharmaceutically usable salts, tautomers
and stereoiddnaergptieesent, amslodipgprectinges chptéoknoalh iatges)cesad anieasidbratatesher medicament

aectve an B D R R o ctomers

and stereoisBAMRN O RIBUIY PAIRR iR dresissi@d ehirygical reaction has been carried
out elsewhere in the molecule. Typical of such groups are, in particular, unsubstituted
or substituted acyl, aryl, aralkoxymethyl or aralkyl groups. Since the amino-protecting
groups are removed after the desired reaction (or reaction sequence), their type and
size is furthermore not crucial; however, preference is given to those having 1-20, in
particular 1-8, C atoms. The expression “acyl group” is to be understood in the
broadest sense in connection with the present process. It includes acyl groups derived
from aliphatic, araliphatic, aromatic or heterocyclic carboxylic acids or sulfonic acids,
and, in particular, alkoxycarbonyl, aryloxycarbonyl and especially aralkoxycarbonyl
groups. Examples of such acyl groups are alkanoyl, such as acetyl, propionyl, butyryl;



and (b) an effective amount of a further medicament active ingredient. The set comprises suitable
containers, such as boxes, individual bottles, bags or ampoules. The set may, for example, comprise
separate anYWB3M3/168H containing an effective amount of a compound of RR&/ISNARI28%M/or the
pharmaceutically usable salts, tautomers and stereoisomers thereof, including mixtures thereof in all
ratios, and an effective amount of a further medicament active ingredient in dissolved or lyophilised
form. 36 USE The invention relates to the compo@dds of formula | for the use for the treatment of
cancer, septic shock, Primary open Angle Glaucoma (POAG), hyperplasia, rheumatoid arthritis,
psoriasis, artherosclerosis, retinopathy, osteoarthritis, endometriosis, chronic inflammation, and/or
neurodeger@riki@eciiseask sspbedasiiieianeyt sivtaasbFhzoilyvattloarydayedantyd ageof

compounds o SR MIPEMGOPIFTAIENGR FABRRHAS RTINS abpncer. septc shock

Primary open Angle Glaucoma lasia, rheumatoid arthritis,” psoriasis, artherosclerosis,

OAG), hyper
retinopathy,cﬁﬁ‘?&%ﬂ%mrﬁ%lﬂn%s?s‘%%ﬁiﬁ@‘ﬁ‘?ﬁ’é%ﬁ%éﬁ%ﬁ'@ﬂﬁﬂ* hetYb§bgBRs &R diseases
such as AlzliekrssBetisenss, I-rretAukbionjalesicoayn eI bifgalifcha reashras ievme a disease

selected from cancer, septic shock, Primary open An lau a (POAG), hyperplasia, rheumatoid
Rl e G REN R Ve e VA e e g
and/or neurbdegdremdticetdiseases such as Alzheimers disease, wherein the method comprises

administering to a mammal a therapeutically effective amount of a compound of formula I. The present

compounds are suitable as pharmaceutical active ingredients for mammals, especially for humans, in
the treatmenNarRXRESEODINYSHEOH BB HIHAYRT K RNSS 'HiovasBOaNRE N T0¢ pBflent can

belong to any|aemMegHaubSRERFalesaxapp IR EpRsBRIRIIP OB S PRIHSUadaHenaRshiggents,
including mice, rats and hamsters; rabbits; hc%rse?]egg\évrise? ‘g’i cats, etc. Animal models are of interest

for experiméHsh e H8 SEKHRIGRGE Alldd FBRRLFRARIAR B 2% @Hfined with
a compounaaiceis sivhgreithihn éenveremhea lyaival s fcauntegrtoaio res ddha geniednoénimeadhich is sufficient

to allow actiye.agerts it ERBHLIEIALID IALRS BCEUNRIJG5RINRR NG S5 EXURPION fla surface

marker, usually between about one and orie week. o testing can be carried out using

cultivated cIEHEH6I30E 87 GhREBIYHS YapHIRCITEEOEHBE I BPLEYAIE sk Eiv@i®ssed are
assessed bydiheyvytagasinaiiesing srRende aniihrdiasse609distaaditnsagkence; preference is

given to groups having 1-20, in particular 1-10, C atoms. Examples of hydroxyl-
protecting groups are, inter alia, tert-butoxycarbonyl, benzyl, p-nitrobenzoyl,
p-toluenesulfonyl, tert-butyl and acetyl, where benzyl and teri-butyl are particularly
preferred. The COOH groups in aspartic acid and glutamic acid are preferably
protected in the form of their tert-butyl esters (for example Asp(OBut)).

The compounds of the formula | are liberated from their functional derivatives —
depending on the protecting group used — for example using strong acids,
advantageously using TFA or perchloric acid, but also using other strong inorganic
acids, such as hydrochloric acid or sulfuric acid, strong organic carboxylic acids, such
as trichloroacetic acid, or sulfonic acids, such as benzene- or p-toluenesulfonic acid.
The presence of an additional inert solvent is possible, but is not always necessary.
Suitable inert solvents are preferably organic, for example carboxylic acids, such as
acetic acid, ethers, such as tetrahydrofuran or dioxane, amides, such as DMF, halo-
genated hydrocarbons, such as dichloromethane, furthermore also alcohols, such as
methanol, ethanol or isopropanol, and water. Mixtures of the above-mentioned
solvents are furthermore suitable. TFA is preferably used in excess without addition of
a further solvent, perchloric acid is preferably used in the form of a mixture of acetic



The dose varies depending on the specific compound used, the specific disease, the patient status,
etc. A therapeutic dose is typically sufficient considerably to reduce the undesired cell population in the
target tissueM@E2He1§bility of the patient is maintained. The treatment isP§dres2I2@8t¥dued until a
considerable reduction has occurred, for example an at least about 50% reduction in the cell burden,
and may be continued until essentially no more undesired cells are detected in the body. For
identification of a signal transduction pathway andddr detection of interactions between various signal
transduction pathways, various scientists have developed suitable models or model systems, for
example cell culture models (for example Khwaja et al., EMBO, 1997, 16, 2783-93) and models of
transgenic avichalyd(#°e xancplerie/aitiel én Hig @HeSyenE)QCHGHRO, IZ0Sr207RY. Potithe determination
of certain stggasndpc A ARRANGIBR RRRPS NI IR SHER PO WAClS Rl AR ilseqdn order to
modulate the signal (for example Stephens et al., Biochemical J., 2000, 351, 95-105). The compounds
according t& VERABhIeARSIIdBY- used as reagents for testing kinase-dependent signal
transduction pathways in animals and/or cell culture models or in the clinical diseases mentioned in

this application. surement of the kin activity is a technique which.is well known to the person
Skl the B0 oLy A & R LA o DB Al ViR Aty Bl B rates, for
example histeng (forerahsplersiestiastcaty BHRSPPIOXINAEGIBSINS,; NeA@EIBEBEIE) ar the basic
myelin protejg. 3 ERAGOGHIR e lie ARG FIEMP CARIBRM BN ale7s b ARl R RReY. Jr-
J.R. 1992, J. Biol. Chem. 267, page 14535). 38 For the identification of kinase inhibitors, various
assay systefH8eIhY annaplicihy EmnRRopIRTistingitp 2dEyrIderd%t al., J. of. Biomolecular Screening,
2002, 7, 11-19) and flashplate assay, the radioactive phosphorylation of a protein or peptide as
substrate with YATP is measured. In the presence of an inhibitory ¢ nd, a decreased radioactive
signal, or noPaoE I UL SRR R TR e o eRIE R LR HL SRR, resonance
energy transfeayetl & FREGYaamal ) lyrrseémeatpalartsatiogdifr P) ther presiegiesch recauidtabldfas assay
methods (Sj , i C i . - -radi ive ELISA
assay meth%%%ﬁﬁj@é; g:)réé(‘:élﬁ %{Eﬁﬁn&%@;ﬁfbﬁggg %ﬁéggéhuoﬁ%]%ﬁa@rﬁg %&%é%ﬁ%%%%%@ only the
phosphoryl &N AHSHRRN) Thi4BMAIPR) @iSHetR st HP B IERGRIRThFIPR LA RATISIG a 98 cond
DefOXidase@@ﬁ%?dl@fﬁﬁﬁbga@rﬁééi%@Mﬁ(ﬂﬁw? @ﬂ@llnol’,QQérﬁi&ié]@mtl;hlés Bm:p" .rﬁwntiinverlltion
encompasses the use of the compaunds of the formula | and/or physiologically acc e salts,
tautomers A SRR ST TP SRS Al BY T BLHESH o R S P S AGh B pAerton o
cancer. Preferssliczy Cielovaas aotlitel tapat2Ehbar giredéeatrhna tRe-§0suanddrdifrbhcanyitroma, urogenital

tract carcin:%jgﬁo@g{sc'hﬂqmm BhRLSISSIRM. 2103 @Wfﬂ%d%ﬁ@@qh%aﬁe{gﬁ and

lung carcinoma bowel cancer. ATturther group of preferred forms of cancer are monocyti kaemia,
lung adeno@iresihAMEIARNBLPITiecdnelrarhakh YHRERM RN e AIRIPRABRME ahdbreast
carcinoma. &0 encompassed is the use of the compounds of the formula | and/or physiologically
acceptable salts, tautomers and solvates thereof for the preparation of a medicament for the treatment
and/or control of a tumour-induced disease in a mammal, in which to this method a therapeutically
effective anfthantraice wivapsaltschadaaidgintptothe invention is administered to a sick mammal in need

of such treafet, §ue SIanRULCAMANLALSH ASHIng BIe Raricnla fiarase g can be

determined by the pers In the art without undue
2012/16187PPE AN G20 eBIer30as B PERERNIAR RRTERASe RNGRBRAS AR &'$8rahEeReatment of a

disease, whesmpoa @ rehdiseasefihirphd imauticeng sedishidBlevaits Prtfieraédyn srlected from the
group of tur@ggrs%ﬁ% E%Hgé‘r%o&s epithelium, the bladder, the stomach, the kidneys, of head and
) t )

neck, the o&&Bf GRNFOIACTHRNASIHRAMAPATES INEIAEHUIRR HPOMALB, the
urogenital tribet athePlyanplaatatzyeste ac e atensadiothes lakyimx covdpoutius loiipe Thersddid amenour is
furth | [ -cell ' :
panoreatic e e b Bs A ermore
given to theGs¢aBs theare@xin reeR.LLRMHIilE suilabls salisaan ineniermees\RYdRAGHIRGSPAEIPToT the

treatment o8 iHENRKHA SeeREAITEUBLRE GVRUROEAFEED SRYRIG HdSelnpimEn SAOBIGRMYakd leukaemia,

acute lymphatic leukaemia and/or chronic lymphatic leukaemia.
ymp are, for example, arl]ka?i metalmyc!}/ox%’és, ?nguciiﬁng potassium hydroxide, sodium

hydroxide and lithium hydroxide; alkaline-earth metal hydroxides, such as barium
hydroxide and calcium hydroxide; alkali metal alkoxides, for example potassium



The invention furthermore relates to the use of the compounds according to the invention for the
treatment of bone pathologies, where the bone pathology originates from the group osteosarcoma,
osteoarthriti¥ 813837 The compounds of the formula | may also be adnfifiBesei €PiFBEame time
as other well-known therapeutic agents that are selected for their particular usefulness against the
condition that is being treated. The present compounds are also suitable for combination with known
anti-cancer agents. These known anti-cancer age@% include the following: oestrogen receptor
modulators, androgen receptor modulators, retinoid receptor modulators, cytotoxic agents,
antiproliferative agents, prenyl-protein transferase inhibitors, HMG-CoA reductase inhibitors, HIV
protease inlsithicxide rane sulivanpoviptase it iveroas o athe basefgogaciesis pirabdos,. The present
compoundsgiBRgiHIRE SR RN REIRIREARD ALMRRATANYS FoiosiuberR

"Oestrogen receptor modulators” refers’to compounds which interfere with o ibit the binding of

oestrogen téPfRE IR ¢ @ER0PBLRS MMERIIBE nid EPRIARSR . AE RBHAMECIRA SIS RIhe (it oftithtors
include, butayeitiat Sandashitoh Bt By indaxiignacitoxdeneuhiSaaBEhdrmdde(fiBalyoremifene,

ful , 417-(2,2-dimethy1-1- -4-methyl-244[2-(1- .

N L e e e R
4,4'-dihydrokythageonttdoriie-Ryd atieitrbyiniag oy dvairogeraiodiSe] ©diger minkj @nidscaptor
modulators'efets 4R SATBAITIR WBICGIBieHESE I AR a3l the SRGIS Al FSIREeRRo the

receptor, regardless of mechanism. Examples of androgen receptor modulators include finasteride and
other 5a-redteth S thRBREASY aHliaRieR, AR RINBNRAUIARALR InkRRM KRR ARderone acetate.

"Rc_etin_gid re@fﬁ@h@@ﬁ@@@%&@f@@m@rm% avicivinssploveing bans m;iéill@'bﬁ,h@bmd%lgl of
retinoids to the rece r, regardliess of mechanism. Examples af such retinoid receptor moaulators
g gtV e el e Sl N
|LX23-7553a$|®1rbate(andhyderey:p%mwt)'rregiuaphiatemndUﬂwlb@abw@talbmgmmide.s'aﬂlytotoxic
agents” efes 0-GURARUEE WATGHHER IR £ dRTB RS PRE LR Al agfiegen the celluar

function or inhibit or interfere with cell myosis, including alkyfating agénts, tuniour necrosis factors,
intercalator 'S ARRA I ARIRRSIZOAHR R%’G%@?ﬁé”&@étﬁ‘lﬁ%@%@%)@%ﬁ@@a&'%ﬁﬁ)xic agents
include, butisesrigs lisnitiget ciiaprsiainecsapiaetitrehsciupriirsimiaidasonermin, lonidamine,
carboplatin, altretamine, prednimustine, dibromodulcitol, rapimustine, f Eyraustine, ned griatin,
oxaliplatin, (HAAIBRTALE R S LSRR AROTAE SThER e D RS DR i frstne.
dibrospidiurdicivobielez qaienitepaciddafsite) etisanegl boinater dtinvangieing sisglatate ifofuvenicic
dexifosfamide; §iSs:ami i rQ(2s idi I i i PX100,
(trans,trans%?é??é %%ﬂg%@grgﬁgg%%ﬁ%%yu%ﬁ%%%%ﬁr%(ﬁ)ib?gﬁg in%{(gc’r?%ﬁplatinum(l
)] tetrachloSHECHRIAsREAVRpAIMIRBPIARRFR fiRyaaeate, hippurate, hydrochloride, hydro-

1-(11-dodegyigmmg Aikiesne untdesidxybiratinsifyhastivac < esebirnate assyatprdaunorubicin,
bisantrene, mitoxantrone, pirarubicjn, pinafide, valrubicin, amrubicin, antineoplaston,
5'-deamine JEH IS RIS T BB ED M F A DR AR R B RSP Srubicin, elinafice,
MEN10755 methdresnitihabey 1B alledbenpodtaziridiyiyaragetipyissifomgd2naphibadém¢see WO
00/50032). S icratubulin inkibi j itaxel, Vi ' I 3,4:-
didehydro-4'™ eoxB){/‘-éS'rﬁ\ééS}\]/%(%lﬁu‘t%&a%%%{%ﬂ%%{a%%, ﬁﬁié%éi’nl?%ﬁg‘g%%ﬁi%ﬁv%gedlin isethionate,
auristatin, cERFANEREIHPFRIDYIBIL BRI EIZATESAAAMIRBOSA IRy BlMhalate, but this does
2,3,4,5,6-pemafbineadhi(@fienerdrinethoxyphenyl)benzenesulfonamide, anhydrovinblastine,
N,N-dimethyl-L-valyl-L-valyl-N-methyl-L-valyl-L-prolyl-L-proline-tbutylamide, 1DX258 and BMS188797.
Topoisomerase inhibitors are, for example, topotecan, hycaptamine, irinotecan, rubitecan,
6-ethoxypropiminglr30 e ; thexmisengilisl ohteheotrgusings according to the invention include

9-methoxy-IN,Ndixr 5N r 4.5 idine-2- 1 ' -amjno-9-ethy1-5-
fluoro-2,3-d%)ﬁlﬁﬁﬁp@§ﬂ%@éﬁﬁ%,él%srgﬁggjé;?gm%ﬁﬁ@)@ﬁ%%ﬂéfnq 1',2b]Jguinoline-10,1
3(9H,15H)-dMane aNpesiedamanpanRs G pIASHHIAD ) SENUTI 208 yampalith SethtnsNgNS50, BNPI1100,

BN80915, BN8RG4E 1S teprsiert RhRspalen [eninRsitdn eoRierasaBe saitdiprRiIfvEHBER diven
deoxyetoposide, GL331

N12-(dimettQIAMROYEIRG I alrlissta salfsomivmsand Ratres v Rt 98 RMAINR R hide,

asulacrine, metal salts calcium and magnesium. Salts of the compounds of the formula | which are

eyT] 5 5o 5 DRy B DL 0 e A e Gaop cmerhoryt

2,3-(methylenedioxy)-5-methy1-7-hydroxy-8-methoxybenzo[c]phenanthridinium,
6,9-bis[(2-aminoethyDamino]benzo[g]isoguinoline-5,10-dione,
5-(3-aminopropylamino)-7,10-dihydroxy2-(2-hydroxyethylaminomethyl)-6H-pyrazolo[4,5,1-de]acridin-6-
one, N41- [2(diethylamino)ethylamino]-7-methoxy-9-ox0-9H-thioxanthen-4-ylmethyllformamide,
N-(2-(dimethylamino)ethyl)acridine-4-carboxamide, 64[2-(dimethylamino)ethyl]Jamino]-
3-hydroxy-7H-indeno[2,1-c]guinolin-7-one and dimesna.



"Antiproliferative agents" include antisense RNA and DNA oligonucleotides such as 03139, 0DN698,
RVASKRAS, GEM231 and INX3001 and antimetabolites such as enocitabine, carmofur, tegafur,
pentostatin, WEMXHHE trimetrexate, fludarabine, capecitabine, galocitabiR€TAy#20803298&fosfate,
fosteabine sodium hydrate, raltitrexed, paltitrexid, emitefur, tiazofurin, decitabine, nolatrexed,
pemetrexed, nelzarabine, 2'-deoxy-2'-methylidenecytidine, 2'-fluoromethylene-2'-deoxycytidine, 42
N45-(2,3-dihydrobenzofuryl)sulfonylFN'-(3,4-dichi@pophenyOurea, N6-[4-deoxy-44N2-
[2(E),4(E)-tetradecadienoyl]glycylaminoR-glycero-B-L-mannoheptopyranosyl]adenine, aplidine,
ecteinascidin, troxacitabine, 442-amino-4-oxo-4,6,7,8-

tetrahydro-3Hmarimseic )8 atyod+d dettiryiarB hyds ( Siestityle, Brthitesogl<o-glakaitig asidraininopterin,
5-fluorouracy, alafeipetit raceintirL cayRrmamlnzy st fRrm¥dtanger resins, for

methoxy-14-oxa-1,I1-diazatetracyclo(7.4.1.0.0)tetradeca-2,4,6-trien-9-ylacetic acid ester,
swainsoninEXRIRRIe 8LaiNia_xPLIBREneaHRIRISIRAR OPaRTH Y Ntfe D rgliloenzylethylen-
palmitoy1-1e3ikiraialiiizaanesy| dvjerine-gnshinantrenatisinaizes arowyrlaehy e diethyl-
thiosemicarbazone "Anprg_(gilifer%ive aﬁentﬁ" also irﬁclu e monoc orlahan.tiborcwlies to growth factors

other than tﬁ{)ns!@q?stpeaci’%h e '“é%g}’é%’@ Stk i%r ’?%ﬁ'&H 0 ?lta¥ %z%%aarﬁ', &hd tumour suppressor
genes, such\astip@aondtiohinea keshydbiperiting aglecamibim gitedemninedizitdidigeneytieaistaifiesce US

Patent No. Q6ibidneCHasealf. hRdORURURRRIIRMALITKS KittemiiBasp SR KKepsion)

Summary The kinase assay is performed either as 384-well Flashplate assay (for e.qg. ToPcount
measuremePiBSBARA KKRSTHH0% RehBIHYRtRINCBRIACRAE) puihgR (ReshRoMIEELiethanol-
GLKKERLLEHRIRE RRGLRSME DR RphHhE MApIID (pikes aridhu frpdroapRafpjwell) are incubated
in a total volume of 50p1 (10 MM MOPS, 10 mM Mg-acetat, 0.1 mM EGTA, 1 mM Dithiothreito1,0.02
ob Bri35, 0 TONHERTT 1 BRSO S MR AP AR HGrs at 30C. The
reaction is stopped with 25p1 200 mM EDTA. After 30 Min at room temperature the liquid is removed

and each weliwBsIRGLBYIBRWILLLA0 A1 %6 api B siande seliaa:NaB RaRFsaglon i

determined in presence of 3 pM MSC2119074 (BX-795). Radioactivity'is measure opcount
(PerkinEIm&3NRESHAIE§ e CSNY ARRIYS sk At ifatdeanritty| Sralifesn S SsBrelsdBatBY the
éT-deIOaftfprﬁm%(_,ei@p‘h@ﬁﬁyﬁf@i@fﬁ?uﬁ&’%m&i%éﬁﬁ@ﬁﬁ@%ﬂ?ilmii@(mfﬁ%ﬂ(-)fll Enﬁé{fé_lg {@st
ummary The kinase assay, is performed as -well Flas te assay ass or e.g. count
mensuremcTe TS TR BRI R A SIS0 iy Bl PR T AT bl
(Biotin-Ah-AdoddCRKIBN KDY ISQ TS TG BlaAY BRRipandra®idakdRotipéek enhadvithy 025Gzl ky !
33P-ATPIwell ase insubaled i oA plie AIPORIEIR TYLME Sl mibMaAsSipk it mM
EGTA, 1 mM DTT, 0.02% Brij35, 0.1 A BSA, pH /.5) with or without test compound for 120 Min at
30C. The reiEtRATMBABAD AGRIHNELIIID M YRRIEMOER. berieieRer Rl ainberR &M Eerature the liquid is
removed and each well washed thrice with 100 p10.9% sodium chloride solution. Nonspecific reaction
is determined in presence of 10é) rhM Stauros§airin13. Rgdioactivip/ S mgtas red in a Topcount
(PerkinElmer) SREQ B TS HRAIMASS WeL SRR RSP Hb‘i@%?o%ﬁ&&ad%y the
1T-departmtifiu(eapcatdey Begytatey, @yatgpdumarate, gluconate, hemisuccinate, hippurate,

hydrochloride, hydrobromide, isethionate, mandelate, meglumine, nitrate, oleate,

phosphonate, pivalate, sodium phosphate, stearate, sulfate, sulfosalicylate, tartrate,
thiomalate, tosylate and tromethamine, but this is not intended to represent a

restriction.

The acid-addition salts of basic compounds of the formula | are prepared by bringing
the free base form into contact with a sufficient amount of the desired acid, causing the
formation of the salt in a conventional manner. The free base can be regenerated by
bringing the salt form into contact with a base and isolating the free base in a
conventional manner. The free base forms differ in a certain respect from the

corresponding salt forms thereof with respect to certain physical properties, such as



Cell Test Dose Response Inhibition of Phospho-IRF3 @ Ser 386
cel/MDAMB468/INH/PHOS/IMAG/pIRF3 1.Scope Although TBK1 and IKKE are best known as key
players in tRMWAMHTUNe response, recent findings have pointed towar®€ & ¥SROTYPIBR1 and IKKc
in Ras-induced oncogenic transformation . TBK1 was identified as a RalB effector in the Ras-like
(Ral)-guanine nucleotide exchange factor (GEF) pathway that is required for Ras-induced
transformation. TBK1 directly activates IRF3 whicl26upon phosphorylation, homodimerizes and
translocates to the nucleus where it activates WO 2012/161877PCT/US2012/032983 44 processes
involved with inflammation, immune regulation, cell survival and proliferation. This assay has been
devised in grdebiliasspsiatiseleitacnipibie poywot T8 BIIHK KEéntidnit troe@veo tielsdiissetiesn the

immunocytqﬁggrgg;@é%ﬁ&t{mhgf@gﬁ[gﬁ\ﬁ,@ﬁ@gsggsghgﬁﬁg%ggg& a target directly downstream of
TBK1. Treatment with Polyinosine-polycytidylic acid (poly(I:C), a synthetic analog of doublestranded

RNA (dsRNA), a molecular pattern associated with viral infection which is recognized by Toll-like

receptor 3 (AkRmnisonsed titeipaaaRaEBIANKecashvity @ BIR Eddrites ey Wetie cakpeaiie. 2.
ASSAY OVE XI%W D?é/ Iler@'rA‘rﬁM -4It 8 cetII§ are deﬁgac@ed Vgth %YK%T r%sg Icourc}t%g< ﬁnd_seeded
into a 384-well Ge3Bdtoft T URALE AR % & éghsﬁy’éf“f ,66 o |'Is ﬁ Wl a0 volume of
35ul compleastimmetain oA eyaatdvalyinesisRisiedieste e dezisodinnfrazeinssais), Dwngaedais are

pre-treated with dnfiio " RFBARNSIS AR/ ARG 9 B RN SHOPRABN Afisply of incubation with
Poly(l:C), cells are fixed in (para)formaldehyde (PFA) and permeabilized with methanol (MeOH). The

cells are theiNIBIGEKaeRHIR TlipatStritian ARG AR BBIRCat B BYEhiueamieANthe primary
antibody is pieghakoff , an AlexaFluor488-conjugated secondary is added, cells are counterstained
with propidium iodide followed by image acquisition on IMX Ultra high content reader. 3.Reagents,
Materials cells : MCC HTB 132, Burger lab (MP-CB 2010-327 or MDA-MB-468 /10)

The base-addition salts of acidic compounds according to the invention are prepared

by bringing the free acid form into contact with a sufficient amount of the desired base,
causing the formation of the salt in a conventional manner. The free acid can be
regenerated by bringing the salt form into contact with an acid and isolating the free
acid in a conventional manner. The free acid forms differ in a certain respect from the
corresponding salt forms thereof with respect to certain physical properties, such as
solubility in polar solvents; for the purposes of the invention, however, the salts other-
wise correspond to the respective free acid forms thereof.

If a compound according to the invention contains more than one group which is
capable of forming pharmaceutically acceptable salts of this type, the invention also
encompasses multiple salts. Typical multiple salt forms include, for example, bitartrate,
diacetate, difumarate, dimeglumine, diphosphate, disodium and trihydrochloride, but
this is not intended to represent a restriction.

With regard to that stated above, it can be seen that the expression “pharmaceutically
acceptable salt” in the present connection is taken to mean an active ingredient which
comprises a compound of the formula | in the form of one of its salts, in particular if
this salt form imparts improved pharmacokinetic properties on the active ingredient
compared with the free form of the active ingredient or any other salt form of the active
ingredient used earlier. The pharmaceutically acceptable salt form of the active
ingredient can also provide this active ingredient for the first time with a desired phar-



plating medium = culture medium: RPM! 1640, | nvitrog en #31870 10% FCS, | nvitroge n #10270-106
2mM Glutamax, Invitrogen #35050-038 45 1mM Natrium-Pyruvat, Invitrogen #11360 1% Pen / Strep
37C, 5% COYORated6HIatk / clear bottom 384well bottom cell culture plat®€TA$EoRA3EE062 or
Greiner #781090 subcultivation:HyQ-Tase, Thermo Scientific (HyClone) # SV30030.01 other reagents:
Poly(I:C) (LMW), Invivogen # tlrl-picw (prepare 20mg/m1 stock in sterile PBS, denature 30min 550C in
waterbath, slowly cool to RT, store at -200C in alidibts) reference inhibitor :MSC2119074A-4 =
BX-795 (IC50 : 200-800nM) inhibitory control: IOpM MSC2119074A-4= BX-795 neutral control : 0.5%
DMSO

macokinetic property which it did not have earlier and can even have a positive

influence on the pharmacodynamics of this active ingredient with respect to its
therapeutic efficacy in the body.

Isotopes
There is furthermore intended that a compound of the formula | includes isotope-

labelled forms thereof. An isotope-labelled form of a compound of the formula | is
identical to this compound apart from the fact that one or more atoms of the
compound have been replaced by an atom or atoms having an atomic mass or
mass number which differs from the atomic mass or mass number of the atom
which usually occurs naturally. Exam-ples of isotopes which are readily
commercially available and which can be incorporated into a compound of the
formula | by well-known methods include isotopes of hydrogen, carbon, nitrogen,
oxygen, phos-phorus, fluo-rine and chlorine, for example ?H, *H, '*C, "C, N, 0,
70, 3'p, 32p, 353, 8F and 3°Cl, respectively. A compound of the formula I, a
prodrug, thereof or a pharmaceutically acceptable salt of either which contains one
or more of the above-mentioned isotopes and/or other iso-topes of other atoms is
intended to be part of the present invention. An isotope-labelled compound of the
formula | can be used in a number of beneficial ways. For example, an isotope-
labelled compound of the formula | into which, for example, a radioisotope, such as
3H or 'C, has been incorporated is suitable for medicament and/or substrate tissue
distribution assays. These radioisotopes, i.e. tritium (*H) and carbon-14 (**C), are
particularly preferred owing to simple preparation and excellent detectability.
Incor-po-ra-tion of heavier isotopes, for example deuterium (?H), into a compound
of the formula | has therapeutic advantages owing to the higher metabolic stability
of this isotope-labelled compound. Higher metabolic stability translates directly into
an increased in vivo half-life or lower dosages, which under most circumstances
would represent a preferred embodi-ment of the present invention. An isotope-
labelled compound of the formula | can usually be prepared by carrying out the
procedures dis-closed in the synthesis schemes and the related description, in the
example part and in the preparation part in the present text, replacing a non-
isotope-labelled reactant by a readily available isotope-labelled reactant.



a IOpoint dose-response curve with MSC2119074A-4 = BX-795 is included in each experiment Hepes,
Merck #1.10110 PBS Ix DPBS , Invitrogen #14190 Formaldehyde (methanol-free, 16%, ultrapure EM
Grade), Poly¥@idha2d¢ 1878814 (storage RI), final conc.: 4% Methanol, MercRGIASBOR9320851 (-200C
pre-cooled) Goat Serum, PAA # B15-035 (storage 400, long time -200C), final conc.: 10% BSA (IgG
and Protease free, 30%), US-Biological # A1317(storage 40C, long time - 200C), final conc.: 2% WO
2012/161877PCT/US2012/032983 46 Tween 20 Z&ergent, Calbiochem #655204 (storage RT),
(prepare 10% stock in water; final conc.: 0.1%) anti-pIRF-3 Rabbit mADb, Epitomics#2526-B (storage
-200C), final conc.: 1:2000 in PBS / 2% BSA Alexa Fluor Goat-anti-Rabbit-488, Invitrogen # A11034 or
# A11008 (storage 400, dark), final conc.: 1:2000 in PBS /2% BSA /0.1% Tween Propidium lodide (PI),

Fluka # 818fa, RMMEHD HAA%(S5B8%%8RSor&tRHMENALERHOURLRHB RS SR the
purpose in order to manipulate the oxidative metabolism of the compound by way of
the primary kinetic isotope effect. The primary kinetic isotope effect is a change of
the rate for a chemical reaction that results from exchange of isotopic nuclei, which
in turn is caused by the change in ground state energies necessary for covalent
bond formation after this isotopic exchange. Exchange of a heavier isotope usually
results in a lowering of the ground state energy for a chemical bond and thus cause
a reduction in the rate in rate-limiting bond breakage. If the bond breakage occurs
in or in the vicinity of a saddle-point region along the coordinate of a multi-product
reaction, the product distribution ratios can be altered substantially. For explanation:
if deuterium is bonded to a carbon atom at a non-exchangeable position, rate
differences of km/kp = 2-7 are typical. If this rate difference is successfully applied to
a com-pound of the formula | that is susceptible to oxidation, the profile of this
compound in vivo can be drastically modified and result in improved
pharmacokinetic properties.

When discovering and developing therapeutic agents, the person skilled in the art
attempts to optimise pharmacokinetic parameters while retaining desirable in vitro
properties. It is reasonable to assume that many com-pounds with poor
pharmacokinetic profiles are susceptible to oxidative metabolism. In vitro liver
microsomal assays currently available provide valuable information on the course of
oxidative metabolism of this type, which in turn permits the rational design of
deuterated compounds of the formula | with improved stability through resistance to
such oxidative meta-bolism. Significant improvements in the pharmacokinetic
profiles of compounds of the formula | are thereby obtained, and can be expressed
quantitatively in terms of increases in the in vivo half-life (1/2), concen-tra-tion at
maximum therapeutic effect (Cmax), area under the dose response curve (AUC),

and F; and in terms of reduced clearance, dose and materi-als costs.

The following is intended to illustrate the above: a compound of the formula | which
has multiple potential sites of attack for oxidative metabolism, for example benzylic



Seed 10,000 cells/well/35ul of complete RPMI + 10% FCS into black! clear bottom 384 well bottom
cell culture plates Incubate for 2 h at room temperature on the bench followed by further incubation for
22h at 37C, 020 263$H 90% rH compound treatment : Add 5p1predilute dPEFRF3ORAS2883ndard or
control reagents (8fold conc.) cpd. dilution from DMSO stocks in 20mM Hepes pH 7,2; final DMSO
conc.: 0.5% serial dilution of cpds from 10mM stocks (Remp) 10 steps, 3.16fold in DMSO 30pM
9.49pM 3pM 0.95pM 0,3pM 0,095pMO0,03pM 0,0028pM 0,003pM0,00095pM Incubate for 60 minutes
at 37C, 5% CO2 and 90% rH stimulation treatment: Add 10p1 Poly(l:C) to all wells except for
unstimulated controls such that a final concentration of 100ug/m1 is achieved (stock 20mg/m1 1:40 in
PBS) (5foldhyshicgematdratesiod hpdrogieneoras 300J8y3CO Ayt 90t THigprepedyasspirate

supernataniydiies of analogues in which various combinations of hydrogen atoms are replaced
by deuterium atoms, so that some, most or all of these hydrogen atoms have been
replaced by deuterium atoms. Half-life determinations enable favourable and
accurate determination of the extent of the extent to which the improve-ment in
resistance to oxidative metabolism has improved. In this way, it is deter-mined that
the half-life of the parent compound can be extended by up to 100% as the result of
deuterium-hydrogen exchange of this type.

Deuterium-hydrogen exchange in a compound of the formula | can also be used to
achieve a favourable modification of the metabolite spectrum of the starting
compound in order to diminish or eliminate undesired toxic metabolites. For
example, if a toxic metabolite arises through oxidative carbon-hydrogen (C-H) bond
cleavage, it can reasonably be assumed that the deuterated analogue will greatly
diminish or eliminate production of the unwanted metabolite, even if the particular
oxidation is not a rate-determining step. Further information on the state of the art
with respect to deuterium-hydrogen exchange may be found, for example in Hanzlik
et al., J. Org. Chem. 55, 3992-3997, 1990, Reider et al., J. Org. Chem. 52, 3326-
3334, 1987, Foster, Adv. Drug Res. 14, 1-40, 1985, Gillette et al, Biochemistry
33(10) 2927-2937, 1994, and Jarman et al. Carcinogenesis 16(4), 683-688, 1993.

The invention furthermore relates to medicaments comprising at least one compound
of the formula | and/or pharmaceutically usable salts, tautomers and sterecisomers
thereof, including mixtures thereof in all ratios, and optionally excipients and/or

adjuvants.

Pharmaceutical formulations can be administered in the form of dosage units which
comprise a predetermined amount of active ingredient per dosage unit. Such a unit
can comprise, for example, 0.5 mg to 1 g, preferably 1 mg to 700 mg, particularly
preferably 5 mg to 100 mg, of a compound according to the invention, depending on
the condition treated, the method of administration and the age, weight and condition
of the patient, or pharmaceutical formulations can be administered in the form of



47 Fix cells: Add 100 pl 4 % Paraformaldehyde in PBS Incubate for 15 minutes at RT Wash 3x with 80
pl PBS (Tecan powerwasher), completely aspirate supernatant put plate on ice 4- Permeabilize cells:
Quickly addWOGHRKI8T cold MeOH (pre-cool reservoir) Incubate for 10 mi{itdsS3RP33980C Wash
once with 80 pl PBS (Tecan powerwasher), completely aspirate supernatant Block non-specific
binding: Add 30 pl 10 % goat serum in PBS / 2 % BSA Shake on Multidrop Combi (17 seconds)
Incubate for 60 minutes at 37C Completely aspira@0supernatant Primary staining: Add 25 pl of primary
antibody diluted 1:2000 in PBS / 2 % BSA Shake on Multidrop Combi (17 seconds) Incubate O/N at 4C

dosage units which comprise a predetermined amount of active ingredient per dosage

unit. Preferred dosage unit formulations are those which comprise a daily dose or part-

dose, as indicated above, or a corresponding fraction thereof of an active ingredient.

Furthermore, pharmaceutical formulations of this type can be prepared using a

process which is generally known in the pharmaceutical art.

Pharmaceutical formulations can be adapted for administration via any desired
suitable method, for example by oral (including buccal or sublingual), rectal, nasal,
topical (including buccal, sublingual or transdermal), vaginal or parenteral (including
subcutaneous, intramuscular, intravenous or intradermal) methods. Such formulations
can be prepared using all processes known in the pharmaceutical art by, for example,
combining the active ingredient with the excipient(s) or adjuvant(s).

Pharmaceutical formulations adapted for oral administration can be administered as
separate units, such as, for example, capsules or tablets; powders or granules;
solutions or suspensions in aqueous or non-aqueous liquids; edible foams or foam

foods; or oil-in-water liquid emulsions or water-in-oil liquid emulsions.

Thus, for example, in the case of oral administration in the form of a tablet or capsule,
the active-ingredient component can be combined with an oral, non-toxic and
pharmaceutically acceptable inert excipient, such as, for example, ethanol, glycerol,
water and the like. Powders are prepared by comminuting the compound to a suitable
fine size and mixing it with a pharmaceutical excipient comminuted in a similar
manner, such as, for example, an edible carbohydrate, such as, for example, starch or
mannitol. A flavour, preservative, dispersant and dye may likewise be present.

Capsules are produced by preparing a powder mixture as described above and filling
shaped gelatine shells therewith. Glidants and lubricants, such as, for example, highly
disperse silicic acid, talc, magnesium stearate, calcium stearate or polyethylene glycol
in solid form, can be added to the powder mixture before the filling operation. A

disintegrant or solubiliser, such as, for example, agar-agar, calcium carbonate or



Wash 3x with 80 pl PBS (Tecan powerwasher), completely aspirate supernatant '- Secondary staining
and nuclear staining: Add 25 pl of secondary antibody (1:2000) and 0.2 pg/ml Propidium iodide in PBS
/ 2 % BSA /\YAMWPABA’Shake on Multidrop Combi (17 seconds) IncubatePoF/PSIA03828at 371t -
Wash 3x with 80 pl PBS (Tecan powerwasher), completely aspirate supernatant Dispense 80 pl PBS
into all wells 48 Seal plates with transparent adhesive seals Image aquisition at IMX Ultra
(Metaexpress 3.1. scan settings TBK 10x_pin8) 31

sodium carbonate, can likewise be added in order to improve the availability of the
medicament after the capsule has been taken.

In addition, if desired or necessary, suitable binders, lubricants and disintegrants as
well as dyes can likewise be incorporated into the mixture. Suitable binders include
starch, gelatine, natural sugars, such as, for example, glucose or beta-lactose,
sweeteners made from maize, natural and synthetic rubber, such as, for example,
acacia, tragacanth or sodium alginate, carboxymethylcellulose, polyethylene glycol,
waxes, and the like. The lubricants used in these dosage forms include sodium oleate,
sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium
chloride and the like. The disintegrants include, without being restricted thereto, starch,
methylcellulose, agar, bentonite, xanthan gum and the like. The tablets are formulated
by, for example, preparing a powder mixture, granulating or dry-pressing the mixture,
adding a lubricant and a disintegrant and pressing the entire mixture to give tablets. A
powder mixture is prepared by mixing the compound comminuted in a suitable manner
with a diluent or a base, as described above, and optionally with a binder, such as, for
example, carboxymethylcellulose, an alginate, gelatine or polyvinylpyrrolidone, a
dissolution retardant, such as, for example, paraffin, an absorption accelerator, such
as, for example, a quaternary salt, and/or an absorbant, such as, for example,
bentonite, kaolin or dicalcium phosphate. The powder mixture can be granulated by
wetting it with a binder, such as, for example, syrup, starch paste, acadia mucilage or
solutions of cellulose or polymer materials and pressing it through a sieve. As an
alternative to granulation, the powder mixture can be run through a tableting machine,
giving lumps of non-uniform shape, which are broken up to form granules. The
granules can be lubricated by addition of stearic acid, a stearate salt, talc or mineral oil
in order to prevent sticking to the tablet casting moulds. The lubricated mixture is then
pressed to give tablets. The compounds according to the invention can also be
combined with a free-flowing inert excipient and then pressed directly to give tablets
without carrying out the granulation or dry-pressing steps. A transparent or opaque
protective layer consisting of a shellac sealing layer, a layer of sugar or polymer
material and a gloss layer of wax may be present. Dyes can be added to these
coatings in order to be able to differentiate between different dosage units.



Image analysis (Metaexpress 3.1. <cell scoring>, TBK1-Cellscoring) data analysis and reporting with
Assay explorer HPLC/MS conditions: column: Chromolith SpeedROD RP-18e, 50 x4.6 mm2 gradient:
A:B = 96:4 tW0:200/td# Tate: 2.4 ml/min eluent A: water + 0.05 % formic adi€ BN BORE&Ionitrile +
0.04 % formic acid wavelength: 220 nm mass spectroscopy: positive mode 1H NMR: coupling
constant J [Hz]. Preferred general scheme for manufacturing compounds of formula | 49 To a stirred
solution of 5-bromo-2-amino-nicotinic acid (500 m§g22.3 mol, 1 eq) and 4-aminopyridine (260 mg, 2.7
mol, 1.2 eq) in dry DMF (5 ml) is added HATU (1.31 g, 3.4 mol, 1.5 eq) and N-methylmorpholine (690
mg, 6.9 mol, 3 eq) and allowed to stir for 3 h. After the completion of the reaction, the reaction mixture
is concentrated; water is added, solid precipitated out and filtered, washed with NaHCO3 and water to

afford the pegelyg 9&&'& NMER GO0 Mz, 5%19%5 %gr (Endldixis? bt bR Wedaracfifihe?t). 8.25-
8.22 (dd, J= 2.4, 7.4 Hz, 2H), 7.69-7.67 (d
form of dosage unlts so that a glven quantlty comprlses a pre-specified amount of the

compound. Syrups can be prepared by dissolving the compound in an aqueous
solution with a suitable flavour, while elixirs are prepared using a non-toxic alcoholic
vehicle. Suspensions can be formulated by dispersion of the compound in a non-toxic
vehicle. Solubilisers and emulsifiers, such as, for example, ethoxylated isostearyl
alcohols and polyoxyethylene sorbitol ethers, preservatives, flavour additives, such as,
for example, peppermint oil or natural sweeteners or saccharin, or other artificial

sweeteners and the like, can likewise be added.

The dosage unit formulations for oral administration can, if desired, be encapsulated in
microcapsules. The formulation can also be prepared in such a way that the release is
extended or retarded, such as, for example, by coating or embedding of particulate

material in polymers, wax and the like.

The compounds of the formula | and the pharmaceutically usable salts, tautomers and
stereoisomers thereof can also be administered in the form of liposome delivery
systems, such as, for example, small unilamellar vesicles, large unilamellar vesicles
and multilamellar vesicles. Liposomes can be formed from various phospholipids, such
as, for example, cholesterol, stearylamine or phosphatidylcholines.

The compounds of the formula | and the pharmaceutically usable salts, tautomers and
stereoisomers thereof can also be delivered using monoclonal antibodies as individual
carriers to which the compound molecules are coupled. The compounds can also be
coupled to soluble polymers as targeted medicament carriers. Such polymers may
encompass polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamido-
phenol, polyhydroxyethylaspartamidophenol or polyethylene oxide polylysine,
substituted by palmitoyl radicals. The compounds may furthermore be coupled to a
class of biodegradable polymers which are suitable for achieving controlled release of
a medicament, for example polylactic acid, poly-epsilon-caprolactone,



To a stirred solution of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide (1 eq) in toluene: ethanol (4:1),
substituted boronic acid (1.2 eq), 2 M Na2CO3(1.5 eq) is added and degassed for 15 min under N2
atmosphereWPRtH k18 ¢tion mixture Pd(PPh3)4 (0.012 eq) is added and hB&EHIP1PEHGEr 18 hr.
After the completion of the reaction the mixture is passed through a Celite bed to remove the inorganic
impurities. The filtrate is concentrated under vacuum. Column chromatography affords the pure
compound. Example 1 The preparation of 33
2-Amino-5-(5-piperidin-1-ylmethyl-thiophen-2-y1)-N-pyridin-4-ylnicotinamide ("Al") is carried out
analogously to the following scheme 1.12-Amino-5-bromo-N-pyridin-4-yl-nicotinamide: 2.0 g of
2-amino-5-olytuisnhiat witchaiod QoS gho4tensipolyserinie, andydibydressidywadsmL DMF. 5.269
HATU ((2-(pagesdroaentaisizniestolivid d ot Irameid srak evbsyabieaRieraRale) and 3.04
mL N-methylmorpholine’are added to the solution. The mixture is stirred for 5h at'room temperature.
The DMF is evaporated and the residue is triturated with water. The solid is filtered off and washed

with NaHC G sehéieintaa foabelafon gaefp kehob rane dsHickisaahimikadtibtPe 4/ sS: 1.13 min, [M+H] =
295 1H NV (100 Mg DVSOI0) SBPILIO ST el b S L0 ol 8 et J= 108
1.22-Aminotbe(BepipieritlimiLis hoegxantmlep e 2tiMd- Ngyedidint ¢ayi-pecdéinaraddrOnltheadasiey of
2-amino 5 pRAMERIILIS- 4y kBlotRMIdRANLALAR G fiReddiRx elsIdiggeags?-boronic
acid pinacol éster are dissolved in 8 ml of DMF. 0.84 ml of a 2 molar Na2CO3 solution'is added under
nitrogen. 7.&1913@)0f tetrakis(triphenylphosphin)-palladium(0) is added. The mixture is stirred for 6 h at
100C. The reaction mixture is cooled to room temperature and the DMF is evaporated. Water is added
and the resulting precipitate is filtered off, washed with water.and 51 dried, The solid is triturated with
ety acetath B AREHBER RO RRoT AaEa o DR LRI AP WA B AR LT SRt solc

ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays,

aerosols or oils.

For the treatment of the eye or other external tissue, for example mouth and skin, the
formulations are preferably applied as topical ointment or cream. In the case of
formulation to give an ointment, the active ingredient can be employed either with a
paraffinic or a water-miscible cream base. Alternatively, the active ingredient can be

formulated to give a cream with an oil-in-water cream base or a water-in-oil base.

Pharmaceutical formulations adapted for topical application to the eye include eye
drops, in which the active ingredient is dissolved or suspended in a suitable carrier, in
particular an aqueous solvent.

Pharmaceutical formulations adapted for topical application in the mouth encompass
lozenges, pastilles and mouthwashes.

Pharmaceutical formulations adapted for rectal administration can be administered in
the form of suppositories or enemas.

Pharmaceutical formulations adapted for nasal administration in which the carrier
substance is a solid comprise a coarse powder having a particle size, for example, in
the range 20-500 microns, which is administered in the manner in which snuff is taken,



HPLC/MS: 1.08 min, [M+H] = 394; 1H NMR (500 MHz, DMSO-d6) 6 [ppm] 10.58 (s, 1H, NH), 8.48 (d,
J=6.2, 2H), 8.44 (d, J=2.3, 1H), 8.22 (d, J=2.3, 1H), 7.71 (dd, J=4.8, 1.5, 2H), 7.25 (d, J=3.5, 1H), 7.13
(s, 2H, NH2YY@ 3xd¢1#23.5, 1H), 3.61 (s, 2H), 2.37 (br, 4H), 1.51 (m, 4H), RPGHYRIE2%E following
compounds are obtained analogously
2-Amino-N-pyridin-4-y1-5-(5-pyrrolidin-1-ylmethyl-thiophen-2-y1)- nicotinamide ("A2") The reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3 (1-pyrrolidinylmethyl)thiophene-2-boronic acid
pinacol ester gives compound "A2"; HPLC/MS: 1.16 min, [M+H] = 380; 1H NMR (400 MHz, DMSO-d6)
6 [ppm] 10.51 (s, 1H, NH), 8.51 - 8.46 (m, 3H), 8.27 (d, J=2.4, 1H), 8.24(d, J=2.4, 1H), 7.69(m, 3H),
7.18(s, 2H), 4. 15y saEH jnBbat{om Ae Jhe 23sarp2ispoed qm 22¢9)taied gontiing the powder

2-Amino-5-(Rs[HeiBYk 1Y AR RBse YElNLBIY WitnileaiPaansifidiron 289 4eaRMRPbr nose

2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 5- methylthiophene-2-boronic acid pinacol ester
gives the cafRRSUNEN AZGUISAR PREANSHOPIABGRAIANPIMPASS SE1VerlINRAETAE0 WIRRS DWSISId6) 6
[ppm] 10.740kseillH, NH), 8.53 (d, J=4.9, 2H), 8.40 (d, J=2.3, 1H), 8.22(d, J=2.1, 1H), 7.79(d, J=11.8,
2H), 7.22(d, J=3.5, 1H), 7.12 (s, 2H, NH2), 6.86 - 6.74 (m, 1H), 2.47 (s, 3H); The reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 1-[3-(4,4,5,5-

tetramethyl-Pha@ 2latienticartdemubatio pphdayttd Tor- phrainisy afivedihis i atjpoet bAWaIdBOSIMS: 1.44

min, [M+H] 5:38dilate dusts or mists, which can be generated by various types of pressurised

dispensers with aerosols, nebulisers or insufflators.

Pharmaceutical formulations adapted for vaginal administration can be administered

as pessaries, tampons, creams, gels, pastes, foams or spray formulations.

Pharmaceutical formulations adapted for parenteral administration include aqueous
and non-aqueous sterile injection solutions comprising antioxidants, buffers,
bacteriostatics and solutes, by means of which the formulation is rendered isotonic
with the blood of the recipient to be treated; and aqueous and non-aqueous sterile
suspensions, which may comprise suspension media and thickeners. The formulations
can be administered in single-dose or multidose containers, for example sealed
ampoules and vials, and stored in freeze-dried (lyophilised) state, so that only the
addition of the sterile carrier liquid, for example water for injection purposes, imme-
diately before use is necessary. Injection solutions and suspensions prepared in
accordance with the recipe can be prepared from sterile powders, granules and
tablets.

It goes without saying that, in addition to the above particularly mentioned
constituents, the formulations may also comprise other agents usual in the art with
respect to the particular type of formulation; thus, for example, formulations which are

suitable for oral administration may comprise flavours.

A therapeutically effective amount of a compound of the formula | depends on a
number of factors, including, for example, the age and weight of the animal, the
precise condition that requires treatment, and its severity, the nature of the formulation



1H NMR (400 MHz, DMSO-d6) 6 [ppm] 11.40 (s, 1H, NH), 8.74 (t, J=7.2, 2H), 8.72 (s, 1H), 8.62 (d,
J=2.3, 1H), 8.53 (d, J=2.4, 1H), 8.19 (d, J=7.2, 2H), 8.16 (t, J=1.8, 1H), 7.83 (ddd, J=7.9, 2.1, 1.0, 1H),
7.78(d, J=1WO11)2/2@%7(dd, J=6.6, 1.4, 1H), 7.60 (t, J=7.9, 1H), 7.38 (s, 2 HTERR03RIF34, 1.8, 1H);
2-Amino-5-(4-pyrazol-1-yl-pheny1)-N-pyridin-4-yl-nicotinamide ("A5") C1-\N"N 0 1 NH2 The reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with [4-(1H-pyrazol-1- yOphenyllboronic acid gives the
compound "A5"; HPLC/MS: 1.38 min, [M+H] = 3585LH NMR (500 MHz, DMSO-d6) 6 [ppm] 10.60 (s,
1H, NH), 8.59 (d, J=2.4, 1H), 8.54 (d, J=2.4, 1H), 8.52 - 8.45 (m, 2H), 8.40 (d, J=2.4, 1H), 7.98 -7.92
(m, 2H), 7.88 - 7.84 (m, 2H), 7.78 - 7.72 (m, 3H), 7.16(d, J=15.2, 2H), 6.60 - 6.56 (m, 1H); WO
2012/16187aROMaUssbod/0Bxd8disgation, and is ultimately determined by the treating doctor

2-Amino-5-[d- (a0 O sHddiRg aplydd e{\'cBbﬁB?JUn‘é YEOSARRAIHE (nbéhliohhsRetion of

2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with

1-(2-methoX{RAH)BM QUNSEEAREE ARMYHY 121 SX ITHRISKEPISFLPEAL3ANCRIFIR M3 ok AR VEEE T ompound
"AB", the range from 0.1 to 100 mg/kg of body weight of the recipient (mammal) per day and

particularly typically in the range from 1 to 10 mg/kg of body weight per day. Thus, the
actual amount per day for an adult mammal weighing 70 kg is usually between 70 and
700 mg, where this amount can be administered as a single dose per day or usually in
a series of part-doses (such as, for example, two, three, four, five or six) per day, so
that the total daily dose is the same. An effective amount of a salt or solvate or of a
physiologically functional derivative thereof can be determined as the fraction of the
effective amount of the compound according to the invention per se. It can be
assumed that similar doses are suitable for the treatment of other conditions

mentioned above.

The invention furthermore relates to medicaments comprising at least one compound
of the formula | and/or the pharmaceutically usable salts, tautomers and stereocisomers
thereof, including mixtures thereof in all ratios, and at least one further medicament
active ingredient.

The invention also relates to a set (kit) consisting of separate packs of

(@) an effective amount of a compound of the formula | and/or the
pharmaceutically usable salts, tautomers and stereoisomers thereof, including
mixtures thereof in all ratios,

and

(b) an effective amount of a further medicament active ingredient.

The set comprises suitable containers, such as boxes, individual bottles, bags or
ampoules. The set may, for example, comprise separate ampoules, each containing
an effective amount of a compound of the formula | and/or the pharmaceutically usable
salts, tautomers and stereoisomers thereof, including mixtures thereof in all ratios,

and an effective amount of a further medicament active ingredient in dissolved or
lyophilised form.



HPLC/MS: 1.05 min, [M+H] = 339; 1H NMR (400 MHz, DMSO-d6) 6 [ppm] 11.37 (s, 1H, NH), 8.75 (d,
J=7.2, 2H), 8.51 (d, J=2.2, 1H), 8.34 (d, J=2.3, 1H), 8.18 (d, J=7.2, 2H), 8.12 (s, 1H), 7.89 (s, 1H), 4.29
(t, J=5.3, 3HYBUIR(1615.3, 3H), 3.23 (s, 3H); The reaction of PCT/US2012/032983
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with benzenesulfonamide-4-boronic acid pinacol ester
gives the compound "Al"; HPLC/MS: 1.12 min, [M+H] = 370; 1H NMR (400 MHz, DMSO-d6) 6 [ppm]
10.57 (s, 1H, NH), 8.61 (d, J = 2.3, 1H), 8.55 -8.463fm, 2H), 8.42 (d, J = 2.4, 1H), 7.92 (m, 4H), 7.80 -
7.65 (m, 2H), 7.35 (s, 2H), 7.24 (s, 2H);
2-Amino-N-(2-methyl-pyridin-4-y1)-5-(5-morpholin-4-ylmethyl-thiophen-2-y1)- nicotinamide ("A8") 54
The reaction of 2-amino-5-bromo-N-(2-methyl-pyridin-4-y1)-nicotinamide with 5-(4-
morpholinylggghyl)thiophene-2-boronic acid pinacol ester gives the compound "A8"; HPLC/MS: 1.02
min, [M+H] = 410; 1H NMR (500 MHz, DMSO-d5) 6 [ppm] 10.49 (s, 1H, NH), 8.44 (d, J=2.3, 1H), 8.35
(d, J=5.6, 1H), 8.23 (d, J=2.4, 1H), 7.59 (d, J=1.7, 1H), 7.53 (dd, J=5.6, 1.9, 1H), 7.32 - 7.27 (d, J=3.5,
1H), 7.12(s,14d)infMiicsh Aetdids idtheScoinfourids . fokm@D Biomietlls 2146tk BeBinZeABdm, 4H);

AN NS YRt BSeR AATG Y RDSS (BIBRRS b aleg R i o) MO
arthritis, psoriasis, artherosclerosis, retinopathy, osteoarthritis, endometriosis, chronic

inflammation, and/or neurodegenerative diseases such as Alzheimers disease.

The invention relates to the use of compounds of formula | for the preparation of a
medicament for the treatment of cancer, septic shock, Primary open Angle Glaucoma
(POAG), hyperplasia, rheumatoid arthritis, psoriasis, artherosclerosis, retinopathy,
osteoarthritis, endometriosis, chronic inflammation, and/or neurodegenerative

diseases such as Alzheimers disease.

The invention relates to a method of treating a mammal having a disease

selected from cancer, septic shock, Primary open Angle Glaucoma (POAG),
hyperplasia, rheumatoid arthritis, psoriasis, artherosclerosis, retinopathy,
osteoarthritis, endometriosis, chronic inflammation, and/or neurodegenerative
diseases such as Alzheimers disease, wherein the method comprises administering to

a mammal a therapeutically effective amount of a compound of formula |.

The present compounds are suitable as pharmaceutical active ingredients for
mammals, especially for humans, in the treatment and control of cancer diseases and

inflammatory diseases.

The host or patient can belong to any mammalian species, for example a primate
species, particularly humans; rodents, including mice, rats and hamsters; rabbits;
horses, cows, dogs, cats, etc. Animal models are of interest for experimental

investigations, providing a model for treatment of human disease.

The susceptibility of a particular cell to treatment with the compounds according to the
invention can be determined by in vitro tests. Typically, a culture of the cell is



NR NNI-12 The reaction of 2-amino-5-bromo-N-(2-ethoxy-pyridin-4-y1)-nicotinamide with 5-(4-
morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the compound "A9"; HPLC/MS: 1.37
min, [M+H] W2£012/1IRIR (500 MHz, DMSO-d5) 6 [ppm] 10.51 (s, 1H, NH) P& A0 13432383 H), 8.19
(d, J=2.3, 1H), 8.06(d, J=5.7, 1H), 7.26(m, 2H), 7.22(d, J=1.6, 1H), 7.12 (s, 2H), 6.96 (d, J=3.5, 1H),
4.30 (q, J=7.0, 2H), 3.66 (s, 2H), 3.58 (m, 4H), 2.42 (br, 4H), 1.31 (t, J= 7.0, 3H); Example 2
3-Amino-6-(5-morpholin-4-ylmethyl-thiophen-2-yl)$%razine-2-carboxylic acid pyridin-4-ylamide ("A10")
55 2.13-Amino-6-bromo-pyrazine-2-carboxylic acid pyridin-4-ylamide The title compound is obtained
from 3-amino-6-bromo-pyrazine-2-carboxylic acid and 4-aminopyridine using the same method as
described ircstepiriefbmwiiAl &; ¢oREOIMS atctBding IPMRe-Tjverfi at various concentrations for a

2.23-AmiInOola(aemapRliRHtoH melyiuPRE Bngw RN @ EgE s %TQP&"&?}FH ddiRgidamide (Al
0") The title'compound is prepared analogously to step 2 for "Al "; HPLC/MS: 108 min, [M+H] = 397.

Example 3 CelBIAMRRPYSA G AR LXMESS R FHisHRES 'EéFb%rxw%’%de@yﬁaﬁ‘F&%%@( "All")

hour and one week. In vitro testing can be carried out using cultivated cells from blood
or from a biopsy sample. The amount of surface marker expressed are assessed by
flow cytometry using specific antibodies recognising the marker.

The dose varies depending on the specific compound used, the specific disease, the
patient status, etc. A therapeutic dose is typically sufficient considerably to reduce the
undesired cell population in the target tissue while the viability of the patient is
maintained. The treatment is generally continued until a considerable reduction has
occurred, for example an at least about 50% reduction in the cell burden, and may be
continued until essentially no more undesired cells are detected in the body.

For identification of a signal transduction pathway and for detection of interactions
between various signal transduction pathways, various scientists have developed
suitable models or model systems, for example cell culture models (for example
Khwaja et al., EMBO, 1997, 16, 2783-93) and models of transgenic animals (for
example White et al., Oncogene, 2001, 20, 7064-7072). For the determination of
certain stages in the signal transduction cascade, interacting compounds can be
utilised in order to modulate the signal (for example Stephens et al., Biochemical J.,
2000, 351, 95-105). The compounds according to the invention can also be used as
reagents for testing kinase-dependent signal transduction pathways in animals and/or
cell culture models or in the clinical diseases mentioned in this application.

Measurement of the kinase activity is a technique which is well known to the person
skilled in the art. Generic test systems for the determination of the kinase activity using
substrates, for example histone (for example Alessi et al., FEBS Lett. 1996, 399, 3,
pages 333-338) or the basic myelin protein, are described in the literature (for example
Campos-Gonzalez, R. and Glenney, Jr., J.R. 1992, J. Biol. Chem. 267, page 14535).



3.1446'-Amino-5'-(pyridin-4-ylcarbamoy1)43,31bipyridiny1-6-y1]-piperazine-1- carboxylic acid tert-butyl
ester 56 The title compound is obtained from 2-amino-5-bromo-N-(2-ethoxy-pyridin-4-yl)-

nicotinamid VEnW/1418t-butoxycarbonylpiperazin-1-yl)pyridine-5-boronic BEHUSHIAEBSEr
analogously to step 2 for "Al"; HPLC/MS: 1.43 min, [M+H] = 476. 3.21.1 g of
4-[6'-amino-5'-(pyridin-4-ylcarbamoy1)43,31bipyridiny1-6-y1]- piperazine-1 -carboxylic acid tert-butyl
ester are dissolved in 25 ml dioxane. 11 ml of HCI38 dioxane (4molar) is added. The mixture is stirred
3h at room temperature. The mixture is filtered and the solid washed with dioxane. The product is
purified by chromatography; HPLC/MS: 1.02 min, [M+H] = 376; 1H NMR (400 MHz, DMSO-d5) 6
[ppm] 9.08 (chrihe. Rlenkificatien o knapS i@ s ¥adodsadsayHy BepTs(dre)agaialdlet) |r8.48 (dd, J=9.5,

2.4, 11, B35Sty 4y 555t 109 BRI S5y ok, A1 Fggmple 4

The following compoun s are obtained analogously to example 2

3-Amino-6-@ f W%ﬁsﬁa})ﬂnﬁ@ﬂﬂaﬁ@ﬁp%‘ﬁﬁlﬂsﬂw 'ﬁy%zmé‘ PIIGID S PRPEERIESy ridin-4-ylamide

("AI2") N NidBstrate with yATP is measured. In the presence of an inhibitory compound, a
decreased radioactive signal, or none at all, is detectable. Furthermore, homogeneous
time-resolved fluorescence resonance energy transfer (HTR-FRET) and fluorescence
polarisation (FP) technologies are suitable as assay methods (Sills et al., J. of
Biomolecular Screening, 2002, 191-214).

Other non-radioactive ELISA assay methods use specific phospho-antibodies
(phospho-ABs). The phospho-AB binds only the phosphorylated substrate. This
binding can be detected by chemiluminescence using a second peroxidase-
conjugated anti-sheep antibody (Ross et al., 2002, Biochem. J.).

The present invention encompasses the use of the compounds of the formula | and/or
physiologically acceptable salts, tautomers and solvates thereof for the preparation of
a medicament for the treatment or prevention of cancer. Preferred carcinomas for the
treatment originate from the group cerebral carcinoma, urogenital tract carcinoma,
carcinoma of the lymphatic system, stomach carcinoma, laryngeal carcinoma and lung
carcinoma bowel cancer. A further group of preferred forms of cancer are monocytic
leukaemia, lung adenocarcinoma, small-cell lung carcinomas, pancreatic cancer,
glioblastomas and breast carcinoma.

Also encompassed is the use of the compounds of the formula | and/or physiologically
acceptable salts, tautomers and solvates thereof for the preparation of a medicament
for the treatment and/or control of a tumour-induced disease in a mammal, in which to
this method a therapeutically effective amount of a compound according to the
invention is administered to a sick mammal in need of such treatment. The therapeutic
amount varies according to the particular disease and can be determined by the
person skilled in the art without undue effort.



The reaction of 3-amino-6-bromo-pyrazine-2-carboxylic acid pyridin-4-ylamide (synthesis described for
"Al 0") with 1-E1 ,3]dioxolan-2-ylmethy1-4-(4,4,5,5- tetramethyl-[1,3,2]dioxaborolan-2-y1)-1H-pyrazole
gives the coW@aURA6a42" HPLC/MS: 1.02 min, [M+H] = 376; 1H NMR (500PHESHIND824886) 6 [ppm]
10.55(s, 1H, NH), 8.71 (s, 1H), 8.55 - 8.41 (m, 3H), 8.27 (s, 1H), 7.91 -7.86 (m, 2H), 7.51 (s, 2H), 5.22
(t, J=4.3, 1H), 4.30 (d, J=4.3, 2H), 3.96 - 3.70 (m, 4H);
3-Amino-6-(5-piperidin-1-ylmethyl-thiophen-2-y1)-gfrazine-2-carboxylic acid pyridin-4-ylamide ("A13")
Olel NH2 The reaction of 3-amino-6-bromo-pyrazine-2-carboxylic acid pyridin-4-ylamide (synthesis
described for "Al 0") with 1-[5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
y1)-thiophefP@tidmatipyeiepgneddingivfinds the eamrfpothadtreaidiet bt CMsgadel ¥neire, fag+H] = 395; 1H

NMR (400 Mz PMSQA6) 6 Inpml dAdkt (s, 1H, NH), 8.80 (s, 1H), 8.51 (dd, J=4.8, 1.6, 2H), 7.82
(dd, J=4.8, 1.6, 2H), 7.67 (d, J=3.6, 1H), 7.63 (s, 2H), 6.98 (d, J=3.6, 1H), 3.64 (s, 2H), 2.40 (s, 4H),

1.59- 1.32 (m, 6H); 3-Amino-6-(5-pyrrolidin-1-ylmethyl-thiophen-2-y1)-pyrazine-2-carboxylic acid
pyridin-4-ylarigleofid b r8sQr i bR, Hagoteas iomah3-groiRob threses Ry tagirgidmailoxylic acid

pyridin-4-ylamide (s ns‘le i % scri ed\gor "Al O Witlé 1%&;% 4,5 5-tetram th%,BZ cﬁ\%xaborolan-z-
VA ioone Ay A BAHR SN SDTRE (Hf DR B2 ACR R H B RARP IS = 381,
the cervix, the thyroid, the intestine, the liver, the brain, the prostate, the urogenital
tract, the lymphatic system, the stomach, the larynx and/or the lung.

The solid tumour is furthermore preferably selected from the group lung
adenocarcinoma, small-cell lung carcinomas, pancreatic cancer, glioblastomas, colon
carcinoma and breast carcinoma.

Preference is furthermore given to the use for the treatment of a tumour of the blood
and immune system, preferably for the treatment of a tumour selected from the group
of acute myeloid leukaemia, chronic myeloid leukaemia, acute lymphatic leukaemia
and/or chronic lymphatic leukaemia.

The invention furthermore relates to the use of the compounds according to the
invention for the treatment of bone pathologies, where the bone pathology originates
from the group osteosarcoma, osteoarthritis and rickets.

The compounds of the formula | may also be administered at the same time as other
well-known therapeutic agents that are selected for their particular usefulness against
the condition that is being treated.

The present compounds are also suitable for combination with known anti-cancer
agents. These known anti-cancer agents include the following: oestrogen receptor
modulators, androgen receptor modulators, retinoid receptor modulators, cytotoxic
agents, antiproliferative agents, prenyl-protein transferase inhibitors, HMG-CoA
reductase inhibitors, HIV protease inhibitors, reverse transcriptase inhibitors and
further angiogenesis inhibitors. The present compounds are particularly suitable for
administration at the same time as radiotherapy.



1H NMR (500 MHz, DMSO-d6) 6 [ppm] 10.40 (s, 1H, NH), 8.83 (s, 1H), 8.51 (dd, J=4.8, 1.5, 2H), 7.88
-7.75 (m, 2H), 7.67 (d, J=3.6, 1H), 7.63 (s, 2H), 6.96 (d, J= 3.6, 1H), 3.78 (s, 2H), 2.51 (m, 4H), 1.78 -
1.62 (m, 4HYYO 20124&8i70-N-(2-methyl-pyridin-4-y1)-5-(5-morpholin-4-yImetaFIHR pHER$3y 1) -
nicotinamide ("A15") Reaction of 2-amino-5-bromo-N-(2-methyl-pyridin-4-y1)-nicotinamide with 444-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-thiophen-2-ylmethylFmorpholine gives the compound
"A15"; HPLC/MS: 0.99 min, [M+H] = 410; 1H NMR{500 MHz, DMSO-d5) 6 [ppm] 10.45 (s, 1H, NH),
8.53 (d, J=2.3, 1H), 8.35 (d, J=5.6, 1H), 8.30 (d, J=2.3, 1H), 7.69 (d, J=1.4, 1H), 7.60 (d, J=1.7, 1H),
7.56 - 7.50 (m, 1H), 7.44 (s, 1H), 7.04 (s, 2H), 3.71 (s, 2H), 3.61 -3.58 (m, 4H), 2.45 (m, 7H). Examole
5 2-Amiifoesi(Baernrphefiipdrydaideigtsthiefshie toLgmpRlpdsiaeriai-rigrivetiniintdénfibit 6") 59

5.12-AminogRa s pIRAY\sPYESRG TR K ¥t AT SO bt BAES i BEAZ A2 M 2mples of
oestrogen receptor modulators include, but are not limited to, tamoxifen, raloxifene,
idoxifene, LY353381, LY 117081, toremifene, fulvestrant, 4-[7-(2,2-dimethyl-1-
oxopropoxy-4-methyl-2-[4-[2-(1- piperidinyl)ethoxy]phenyl]-2H-1-benzopyran-3-
yllphenyl 2,2-dimethylpropanoate, 4,4'-dihydroxybenzophenone-2,4-
dinitrophenylhydrazone and SH646.
"Androgen receptor modulators” refers to compounds which interfere with or inhibit the
binding of androgens to the receptor, regardless of mechanism. Examples of androgen
receptor modulators include finasteride and other 5a-reductase inhibitors, nilutamide,
flutamide, bicalutamide, liarozole and abiraterone acetate.
"Retinoid receptor modulators” refers to compounds which interfere with or inhibit the
binding of retinoids to the receptor, regardless of mechanism. Examples of such
retinoid receptor modulators include bexarotene, tretinoin, 13-cis-retinoic acid, 9-Cis-
retinoic acid, a-difluoromethylornithine, ILX23-7553, trans-N-(4'-
hydroxyphenyl)retinamide and N-4-carboxyphenylretinamide.
"Cytotoxic agents" refers to compounds which result in cell death primarily through
direct action on the cellular function or inhibit or interfere with cell myosis, including
alkylating agents, tumour necrosis factors, intercalators, microtubulin inhibitors and
topoisomerase inhibitors.
Examples of cytotoxic agents include, but are not limited to, tirapazimine, sertenef,
cachectin, ifosfamide, tasonermin, lonidamine, carboplatin, altretamine, prednimustine,
dibromodulcitol, ranimustine, fotemustine, nedaplatin, oxaliplatin, temozolomide,
heptaplatin, estramustine, improsulfan tosylate, trofosfamide, nimustine, dibrospidium
chloride, pumitepa, lobaplatin, satraplatin, profiromycin, cisplatin, irofulven,
dexifosfamide, cis-aminedichloro(2-methylpyridine)platinum, benzylguanine,
glufosfamide, GPX100, (trans,trans,trans)bis-mu-(hexane-1,6-diamine)-mu-[diamine-
platinum(ll)]bis[diamine(chloro)platinum(I1)] tetrachloride, diarisidinylspermine, arsenic
trioxide, 1-(11-dodecylamino-10-hydroxyundecyl)-3,7-dimethylxanthine, zorubicin,
idarubicin, daunorubicin, bisantrene, mitoxantrone, pirarubicin, pinafide, valrubicin,

amrubicin, antineoplaston, 3'-deamino-3'-morpholino-13-deoxo-10-



The title compound is obtained from 2-amino-5-bromonicotinic acid and 4- aminopyridazine
analogously to "Al1" in step 1; HPLC/MS: 1.40 min, [M+H] = 294. 5.2
2-Amino-5-(WOM36IiRZ2-yImethyl-thiophen-2-yl)-N-pyridazin-4-ylnicotinanRidE VS 32438 From
2-amino-5-bromo-N-pyridazin-4-yl-nicotinamide and 5-(4-morpholinylmethyl)thiophen-2-boronic acid
pinacol ester analogously to "Al1" in step 2; HPLC/MS: 1.15 min, [M+H] = 397; 1H NMR (500 MHz,
DMSO-c16) 6 [ppm] 10.78 (s, 1H, NH), 9.47 (d, J=119, 1H), 9.08 (d, J=5.9, 1H), 8.48 (d, J=2.3, 1H),
8.27 (d, J=2.3, 1H), 8.03 (dd, J=5.9, 2.7, 1H), 7.27 (d, J=3.1, 1H), 7.20 (s, 2H), 6.98 (s, 1H), 3.68 (s,
2H), 3.59 (s, 4H), 2.48 - 2.35 (m, 4H) . The following compounds are obtained analogously
2-Amino-5-(1yderxygar I pyciol anpalane(2- gaanybioiri dilinafige)-Middiinabdideq"A17") 60 Reaction

of 2-amino-g: B&mB&&Zsrasm!n%v@%r%ml,)rwen@remwﬂéhﬁrlé‘rubucun (see

(4,4,5,5- Tetramethé bﬁB ,2]dioxaborolan-2-y1)-thiophen-2-ylmethyl]-morpholine gives the compound
"ALT"); HPLY ORB%hin, [M+H] = 385; 1H NMR (500 MHz, DMSO-d6) 6 [ppm] 10.45 (s, 1H, NH),

8.53 (d, J= @aﬂrhb)e&%r(iérolu&ﬁmihﬁ&b&&@ ﬁﬁblda’aé’aclilrzlake't[ %%sﬂﬁels‘ﬂﬂféfé) 3780 (d, J=1.7, 1H),

2-Amino-5- (RIS UEBRERY I AL R el (i A0eStad nvebufh ™ 7
|seth|onate auristatin, cemadotin, RPR109881, BMS184476 vinflunine, cryptophycin,
2,3,4,5,6-pentafluoro-N-(3-fluoro-4-methoxyphenyl)benzenesulfonamide,
anhydrovinblastine, N,N-dimethyl-L-valyl-L-valyl-N-methyl-L-valyl-L-prolyl-L-proline-t-
butylamide, TDX258 and BMS188797.
Topoisomerase inhibitors are, for example, topotecan, hycaptamine, irinotecan,
rubitecan, 6-ethoxypropionyl-3',4'-O-exobenzylidenechartreusin, 9-methoxy-N,N-
dimethyl-5-nitropyrazolo[3,4,5-kl]acridine-2-(6H)propanamine, 1-amino-9-ethyl-5-
fluoro-2,3-dihydro-9-hydroxy-4-methyl-1H,12H-
benzo[de]pyrano[3',4":b,7]indolizino[1,2b]quinoline-10,13(9H,15H)-dione, lurtotecan,
7-[2-(N-isopropylamino)ethyl]-(20S)camptothecin, BNP1350, BNPI1100, BN80915,
BN80942, etoposide phosphate, teniposide, sobuzoxane, 2'-dimethylamino-2'-
deoxyetoposide, GL331, N-[2-(dimethylamino)ethyl]-9-hydroxy-5,6-dimethyl-6H-
pyrido[4,3-b]carbazole-1-carboxamide, asulacrine, (5a,5aB,8aa,9b)-9-[2-[N-[2-(di-
methylamino)ethyl]-N-methylamino]ethyl]-5-[4-hydroxy-3,5-dimethoxyphenyl]-
5,5a,6,8,8a,9-hexohydrofuro(3',4":6,7)naphtho(2,3-d)-1,3-dioxol-6-one, 2,3-(methylene-
dioxy)-5-methyl-7-hydroxy-8-methoxybenzo[c]phenanthridinium, 6,9-bis[(2-amino-
ethyl)amino]benzo[glisoquinoline-5,10-dione, 5-(3-aminopropylamino)-7,10-dihydroxy-
2-(2-hydroxyethylaminomethyl)-6H-pyrazolo[4,5,1-de]acridin-6-one, N-[1-
[2(diethylamino)ethylamino]-7-methoxy-9-0x0-9H-thioxanthen-4-yImethyl]formamide,
N-(2-(dimethylamino)ethyl)acridine-4-carboxamide, 6-[[2-(dimethylamino)ethyl]amino]-
3-hydroxy-7H-indeno[2,1-c]quinolin-7-one and dimesna.
"Antiproliferative agents” include antisense RNA and DNA oligonucleotides such as
G3139, ODN698, RVASKRAS, GEM231 and INX3001 and antimetabolites such as
enocitabine, carmofur, tegafur, pentostatin, doxifluridine, trimetrexate, fludarabine,
capecitabine, galocitabine, cytarabine ocfosfate, fosteabine sodium hydrate,
raltitrexed, paltitrexid, emitefur, tiazofurin, decitabine, nolatrexed, pemetrexed,
nelzarabine, 2'-deoxy-2'-methylidenecytidine, 2'-fluoromethylene-2'-deoxycytidine,



Reaction of 2-amino-5-bromo-N-pyridazin-4-yl-nicotinamide (see step 1 in the synthesis of "A16") and
1-[3-(4,4,5,5-tetramethy141,3,21dioxaborolan-2-y1)-pheny11- 1H-pyrazole gives the compound "A18";
HPLC/MS: WO2MMIqM*H] = 397; 1H NMR (400 MHz, DMSO-d6) 6 [ppm] RCIIESH1208204d), 9.54(d,
J=2.1, 1H), 9.14 (d, J=5.9, 1H), 8.67 (dd, J=4.1, 2.4, 2H), 8.58(d, J=2.3, 1H), 8.190, J=1.8, 1H), 8.14
(dd, J=6.0, 2.7, 1H), 7.89 - 7.80 (m, 1H), 7.77 (d, J=1.7, 1H), 7.68 (d, J=7.9, 1H), 7.59 (t, J=7.9, 1H),
7.37 (s, 2H), 6.60 - 6.56 (m, 1H); 42
2-Amino-N-(3-methyl-pyridin-4-y1)-5-(4-pyrazol-1-yl-phenyl)-nicotinamide ("Al 9") NSHN" Reaction of
2-amino-5-bromo-N-(3-methyl-pyridin-4-yl)-nicotinamide with [4-(1Hpyrazol-1-yl)phenyl]boronic acid
gives the comSo(td-dikyaroenzomirg)siEonyjINmiB. e Mp Lo Tan yidrn NG ZOC a0k 4EINESO-c 16) 6
[ppm] 10.07, ), 8.44 (d, J=2.3, 1H),
540 (0, 225 3 1) 1Ok O L SR SR, ) s 0 306 5 1k,
7.17 (s, ZH)pygzg@psgIM%mngmplgf@@ (gc@‘)asmdm roxaci ablne [2 amino-4- oxo -4,6,

2-Amino-5- [ﬁbt@ﬁmﬂmﬁqﬁmﬁﬂdﬂddfﬂwww-mﬂdz%@wn@w&mmﬂIBQhﬁ’eMé)d nignitaanaideid’/A20")

Reaction of 2- aml % % r|d| |§otln mlde ﬂ%

othony -t AT PRI SR R o BRSSP A A BRI frpound
"A20"; HPLC18lsXy: M-nxa-[l\ﬂ-‘l—ld]aiaetzamln(mm (EDO MM@MS@@@@{@M&}:QM(@ 1H, NH),
8.43 (d, J= 2e§te1rFk)wérﬁéo(ﬁméﬁérﬁe&wo@@e@zo&a%@z ﬁl@&h §nﬂ%§% By R0 Gebz):-RytH), 7.62 (s,

1H), 7.55 (d, J=5.6, 1H 2H), 4.33-4.22' (m 66 (m, 2H), 3.25 (s, 3H), 2.46 (s,
3H); palmltoyl 1-B-D- arablnofuranosyl cytosme and amlnopyrldlne -2-carboxalde yde

thiosemicarbazone. "Antiproliferative agents" also include monoclonal antibodies to
growth factors other than those listed under "angiogenesis inhibitors", such as
trastuzumab, and tumour suppressor genes, such as p53, which can be delivered via
recombinant virus-mediated gene transfer (see US Patent No. 6,069,134, for

example).

Test for the inhibition of IKKe

IKKe — Kinase Assay (IKKepsilon)

Summary

The kinase assay is performed either as 384-well Flashplate assay (for e.g. Topcount
measurement).

1 nM IKKe, 800 nM biotinylated IkBoy(19-42) peptide (Biotin-C6-C6-
GLKKERLLDDRHDSGLDSMKDEE) and 10 pM ATP (spiked with 0.3 pCi **P-
ATP/well) are incubated in a total volume of 50ul (10 mM MOPS, 10 mM Mg-acetat,
0.1 mM EGTA, 1 mM Dithiothreitol,0.02 % Brij35, 0.1 % BSA, 0.1 % BioStab, pH 7.5)
with or without test compound for 2 hours at 30°C. The reaction is stopped with 254l
200 mM EDTA. After 30 Min at room temperature the liquid is removed and each well
washed thrice with 100 pl 0.9% sodium chloride solution. Non-specific reaction is
determined in presence of 3 uM MSC2119074 (BX-795). Radioactivity is measured
with Topcount (PerkinElmer). Results (e.g. ICso-values) are calculated with program
tools provided by the IT-department (e.g. AssayExplorer, Symyx).



2-Amino-N-(3-methyl-pyridin-4-y1)-5-(5-morpholin-4-ylmethyl-thiophen-2-y1)- nicotinamide ("A21") N
NH2 Reaction of 2-amino-5-bromo-N-(3-methyl-pyridin-4-yl)-nicotinamide with 5-(4-
morpholinyIWE&tAYI¥idBHene-2-boronic acid pinacol ester gives the compodiéd/E2912/p2983/MS: 0.97
min, [M+H] = 410; 62 1H NMR (500 MHz, DMSO-d6) 6 [ppm] 10.8 (br, 1H, NH), 8.72(d, J=2.2, 1H),
8.70 (s, 1H), 8.67 (d, J=6.7, 1H), 8.52 -8.47 (m, 2H), 7.54 (d, J=3.7, 1H), 7.34 (d, J=3.7, 1H), 4.61 (s,
2H), 4.01 -3.87 (m, 2H), 3.67 (m, 2H), 3.33 (m, 2H433.14 (m, 2H);
2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-y1]-N-(3-methyl-pyridin-4-y1)- nicotinamide ("A22") 0 HN
Reaction of 2-amino-5-bromo-N-(3-methyl-pyridin-4-yl)-nicotinamide with 1-(2-
methoxy-ethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1H-pyrazole gives the compound
"A22"; HPLC/MS: 1.07 min, [M+H] = 353;
2-Amino-5-(4'-methyl-biphenyl-3-y1)-MaayidinainRititioaBiIoreKA23") Reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with [3-(p-tolyl)phenyI]- boronic acid gives the
compound "A23";

Enzyme Test

Summary

The kinase assay is performed as 384-well Flashplate assay assay (for e.g. Topcount
measurement.

0.6 nM TANK binding kinase (TBK1), 800 nM biotinylated MELK-derived peptide
(Biotin-Ah-Ah-AKPKGNKDYHLQTCCGSLAYRRR) and 10 uM ATP (spiked with 0.25
uCi **P-ATP/well) are incubated in a total volume of 50l (10 mM MOPS, 10 mM Mg-
acetat, 0.1 mM EGTA, 1 mM DTT, 0.02 % Brij35, 0.1 % BSA, pH 7.5) with or without
test compound for 120 Min at 30°C. The reaction is stopped with 25ul 200 mM EDTA.
After 30 Min at room temperature the liquid is removed and each well washed thrice
with 100 pl 0.9% sodium chloride solution. Nonspecific reaction is determined in
presence of 100 nM Staurosporine. Radioactivity is measured in a Topcount
(PerkinElmer). Results (e.g. ICso-values) are calculated with program tools provided by
the IT-department (e.g. AssayExplorer, Symyx).

Cell Test

Dose Response Inhibition of Phospho-IRF3 @ Ser 386
cel/MDAMB468/INH/PHOS/IMAG/pIRF3

1. Scope

Although TBK1 and IKKe are best known as key players in the innate immune
response, recent findings have pointed towards a role for TBK1 and IKKe in Ras-
induced oncogenic transformation . TBK1 was identified as a RalB effector in the
Ras-like (Ral)-guanine nucleotide exchange factor (GEF) pathway that is required
for Ras-induced transformation. TBK1 directly activates IRF3 which, upon
phosphorylation, homodimerizes and translocates to the nucleus where it activates



HPLC/MS: 1.90 min, [M+H] = 381; 1H NMR (500 MHz, DMSO-d6) 6 [ppm] 11.4 (s, 1H, NH), 9.03 (d,
J=2.2, 1H), 8.75 (d, J=6.6, 2H), 8.71 (d, J=2.1, 1H), 8.25 (d, J=7.3, 2H), 8.00 (s, 1H), 7.69 (dd, J=10.1,
8.7, 2H), 7.892W2868PH), 7.56(t, =7 .7 , 1H), 7.37 (br, 2H, NH2), 7.25 (FJEESROAP29831 (s, 3H);
2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-y1]-N-pyridazin-4-ylnicotinamide ("A24") 63 /N-N 0/ \
INN H I N/ NH2 N Reaction of 2-amino-5-bromo-N-pyridazin-4-yl-nicotinamide (see step 1 in the
synthesis of "A16") with 44
1-(2-methoxy-ethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-211)-1H-pyrazole gives the compound
"A24"; HPLC/MS: 1.21 min, [M+H] = 340; 1H NMR (500 MHz, DMSO-d6) 6 [ppm] 10.98 (br, 1H, NH),
9.51 -9.48 (progespes IM(alyvadevith IMiaramatidn,)manyrige @I4eiIan, Tl urvipl 8ridi(m, 2H), 7.91 (s,
1H), 7,36 (B5,Aibrtig? (. I=5.3, 2H), 3.72 (t, J=5.3, 3H), 3.25 (s, 3H);
2-Amino-5-(1-carbamoylmethy1-1H-pyrazol-4-y1)-N-pyridin-4-yl-nicotinamide

This assay has been devised in order to assess the efficacy/potency of TBK1/IKKe
inhibitor compounds based on the immunocytochemical detection of nuclear
localised phospho-IRF3, a target directly downstream of TBK1.

Treatment with Polyinosine-polycytidylic acid (poly(l:C), a synthetic analog of
doublestranded RNA (dsRNA), a molecular pattern associated with viral infection
which is recognized by Toll-like receptor 3 (TLR3) is used to induce TBK1/IKKe
activity and IRF3 phosphorylation at Ser386.

2.  ASSAY OVERVIEW

Day 1: MDA-MB-468 cells are detached with HyQ-Tase, counted, and seeded into
a 384-well clear bottom TC-surface plate at at density of 10,000 cells per well in a
total volume of 35ul complete medium. Alternatively cells are directly seeded from
frozen vials.

Day 2: Cells are pre-treated with inhibitor compounds for 1h prior to Poly(l:C)
stimulation. After 2h of incubation with Poly(l:C), cells are fixed in
(para)formaldehyde (PFA) and permeabilized with methanol (MeOH). The cells
are then blocked and incubated with an anti-pIRF3 antibody at 40C overnight.
Day 3: The primary antibody is washed off , an AlexaFluor488-conjugated
secondary is added, cells are counterstained with propidium iodide followed by
image acquisition on IMX Ultra high content reader.

3. Reagents, Materials

cells : ATCC HTB 132, Burger lab (MP-CB 2010-327 or MDA-MB-468 / 10)

plating medium = culture medium:
RPMI 1640, Invitrogen # 31870
10% FCS, Invitrogen # 10270-106
2mM Glutamax, Invitrogen #35050-038




("A25") Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 244-(4,4,5,5-
tetramethy141,3,2]dioxaborolan-2-y1)-pyrazol-1-y1Facetamide gives the compound "A25"; HPLC/MS:
0.94 min, [M¥OPHZBBE8TH NMR (400 MHz, DMSO-d5) 6 [ppm] 10.51 (s, 1HCIY$2812833983 J=4.8, 1.5,
2H), 8.44 (d, J=2.3, 1H), 8.22 (d, J=2.3, 1H), 8.08 (d, J=0.5, 1H), 7.88 (d, J=0.6, 1H), 7.72 (dd, J=4.8,
1.6, 2H), 7.49 (s, 1H), 7.24 (s, 1H), 6.94 (s, 2H), 4.78 (s, 2H);
2-Amino-N-(2,6-dimethyl-pyridin-4-y1)-5-(5-morphéin-4-ylmethyl-thiophen2-y1)-nicotinamide ("A26")
64 NH2 Reaction of 2-amino-5-bromo-N-(2,6-dimethyl-pyridin-4-yl)-nicotinamide with 5-(4-
morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the compound "A26"; HPLC/MS: 1.09
min, [M+H] = 424; 1H NMM ROt vty upa SOteene [pse 10.43 (s, 1H, NH), 8.43 (d, J=2.3, 1H),
8.21 (d, J=2.3, 1H), 7.43 (s12bbn/.88dg, J=3.5, 1H), 7.14 (s, 2H), 6.96 (d, J=3.5, 1H), 3.68 (s, 2H),
3.64 - 3.54 (m, 4H), 2%"‘708%2/0( 4H), 2.43 (s, 6H). Example 6
2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyrimidin-4-yInicotinamide ("A27") 6.1Reaction of
2-amino-5-bromo-pyridine-3-carboxylic acid with pyrimidin-4- amine according to the synthesis
described for "Alpistep 1, gives Mackincearimmalesayihbdinod-yelipyuitinogBicarbakamide.

3962 or Greiner #781090

subcultivation:  HyQ-Tase, Thermo Scientific (HyClone) # SV30030.01

other reagents:
Poly(l:C) (LMW), Invivogen # tirl-picw (prepare 20mg/ml stock in sterile PBS,

denature 30min 550C in waterbath, slowly cool to RT, store at -200C in aliquots)
reference inhibitor : MSC2119074A-4 = BX-795 ( IC50 : 200-800nM)

inhibitory control: 10pM MSC2119074A-4 = BX-795

neutral control : 0.5% DMSO
a 10point dose-response curve with MSC2119074A-4 = BX-795 is included in each
experiment
Hepes, Merck #1.10110

PBS 1x DPBS, Invitrogen # 14190

Formaldehyde (methanol-free, 16%, ultrapure EM Grade), Polysciences # 18814
(storage RT), final conc.: 4%

Methanol, Merck # 1.06009.1011 (-200C pre-cooled)
Goat Serum, PAA # B15-035 (storage 40C, long time -200C), final conc.: 10%

BSA (IgG and Protease free, 30%), US-Biological # A1317(storage 40C, long time -
200C), final conc.: 2%



6.2 "A27" is prepared from 2-amino-5-bromo-N-pyrimidin-4-yl-pyridine-3- carboxamide and
5-(4-morpholinylmethyl)thiophene-2-boronic acid pinacol ester according to step 2 of the synthesis of
"Al"; HPLC/N9:20127AG¢H#A7 [M+H] = 397; NMR (400 MHz, DMSO-d6) 6 [pphéTIuS3a124)32983NH), 8.97
(d, J=0.9, 1H), 8.72 (d, J=5.8, 1H), 8.46(d, J=2.3, 1H), 8.40(d, J=2.3, 1H), 8.14 (dd, J=5.8, 1.2, 1H),
WO 2012/161877PCT/US2012/032983 65 7.33 (d, J=3.5, 1H), 7.25 (s, 2H), 6.97 (d, J=3.4, 1H), 3.69
(s, 2H), 3.65 - 3.56 (m, 4H), 2.45 (s, 4H). Example4p
2-Amino-N-furo[3,2-b]pyridin-7-y1-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-y1]- nicotinamide ("A28")
7.1Reaction of 2-amino-5-bromo-pyridine-3-carboxylic acid with furo[3,2- b]pyridin-7-amine according
to the synthesis desent#sDRIergntstepllioglieas#655204  (storage RT), (prepare 10% stock in
Amino-5-bromo-N4igrolidad delryrigliresy -yl-pyridine-3-carboxamide. 7.2 "A28" is obtained from
2-amino-5-bromo-N-furo[3,2-b]pyridin-7-yl-pyridine-3- carboxamide and
1-(2-methoxy-ethyl)_-4§é,4,5,5-tetramethy14_1,3,21dioxaborolan-2- ylé-lH-p razole according to the
procedure descriEPIGARIRRE DAY BRI 1.22%3r g {1ra0878va%), (iaeYB00 MHz, DMSO-d6)
6 [ppm] 10.70 (s, 140N PE542%:884 (m, 2H), 8.34 (d, J=2.0, 1H), 8.32(d, J=2.2, 1H), 8.10 (s, 1H),
7.88(s, 1H), 7.604d\ IR QlAl- it B Ae N DodeR% 6119 of 2R (o Rsiraidadel L (1 953,

2H), 3.2 H). The followin m n r n nal I
) 3:25 (s, 3H) The following CopRPnI5:3"5, 0BG S AN3Iogously

Propidium lodide (PI), Fluka # 81845, 1mg/ml in H20 (storage 40C, dark), final conc.:
0.2ug/ml

4. Procedure

Seed 10,000 cells/well/35ul of complete RPMI + 10% FCS
into black / clear bottom 384 well bottom cell culture plates
A 4
Incubate for 2 h at room temperature on the bench followed by
further incubation for 22h at 37°C, 5 % CO, and 90 % rH
A 4
compound treatment : Add 5ul prediluted compounds, standard or control reagents
(8fold conc.)
cpd. dilution from DMSO stocks in 20mM Hepes pH 7,2; final DMSO conc.: 0.5%
serial dilution of cpds from 10mM stocks (Remp) 10 steps, 3.16fold in DMSO
30uM  9.49uM 3pM 0.95uM 0,3uM 0,095uM 0,03uM  0,0095puM
0,003uM 0,00095uM
Incubate for 60 minutes at 37°C, 5 % CO, and 90 % rH
A 4
stimulation treatment: Add 10ul Poly(I:C) to all wells except for
unstimulated controls such that a final concentration of 100ug/ml is achieved
(stock 20mg/ml —1:40 in PBS) (5fold conc.)
Incubate for 120 minutes at 37°C, 5 % CO, and 90 % rH
A 4
completely aspirate supernatant
A 4



2-Amino-N-furo[3,2-b]pyridin-7-y1-5-(5-morpholin-4-ylmethyl-thiophen-2-y1)- nicotinamide ("A29") N
NH2 Reaction of 2-amino-5-bromo-N-furo[3,2-b]pyridin-7-yl-pyridine-3-carboxamide (synthesis
described aB&¥@9 3ith18174-morpholinylmethyl)thiophene-2-boronic acid pinBESIEReR2ERAEXhe
compound "A29"; HPLC/MS: 1.17 min, [M+H] = 436; 1H NMR (500 MHz, DMSO-d5) 6 [ppm] 10.85 (s,
1H, NH), 8.48 (t, J=3.5, 2H), 8.36 (d, J=2.3, 1H), 8.33 (d, J=2.2, 1H), 7.62 (d, J=5.3, 1H), 7.30 (d,
J=3.5, 1H), 7.23 (s, 2H), 7.16 (d, J=2.2, 1H), 6.98 4d, J=3.5, 1H), 3.68 (s, 2H), 3.62 - 3.56 (m, 4H), 2.44
(m, 4H); 446-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-yll-benzoic acid methyl ester ("A30")
Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-methoxycarbonyl)- benzoic acid gives
the compound "A30"; HPLC/RiscallagAadh! (i A = Bugforgridely gegrofBS
4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pigie3oy I EReRges a¢iat methyl ester are dissolved in 20 ml of
MeOH. 175 mg Na2CO3 in 6 ml of water are added, The reaction mixture is stirred over night at 50C.
The desired material "A31" is purified t%/ chromatography; HPLC/MS: 1.28 min, [M+H] = 335; 1H NMR
(400 MHz, DMSOLeR) B [piind014 PES (T 808 pryveryashpy); sty fpPiRia PUeenaant=6.7, 2H), 8.69
(d, J=2.4, 1H), 8.51 (d, J=2.4, 1H), 8.18 (d, Jput.Rlaftn BH6 - 7.98 (m, 2H), 7.90 - 7.81 (m, 2H), 7.40
Permeabilize cells: Quickly add 100 pl -200C cold MeOH (pre-cool reservoir)
Incubate for 10 minutes at RT or 40C
A 4
Wash once with 80 pl PBS (Tecan powerwasher), completely aspirate supernatant
A 4
Block non-specific binding: Add 30 pl 10 % goat serum in PBS / 2 % BSA
Shake on Multidrop Combi (17 seconds)
Incubate for 60 minutes at 37°C
A 4
Completely aspirate supernatant
A 4
Primary staining: Add 25 pl of primary antibody diluted 1:2000 in PBS / 2 % BSA
Shake on Multidrop Combi (17 seconds)
Incubate O/N at 4°C
A 4
Wash 3x with 80 pl PBS (Tecan powerwasher), completely aspirate supernatant
A 4
Secondary staining and nuclear staining: Add 25 pl of secondary
antibody (1:2000)
and
0.2 pg/ml Propidium iodide in PBS /2 % BSA / 0.1% Tween
Shake on Multidrop Combi (17 seconds)
Incubate for 75 minutes at 37°C
A 4
Wash 3x with 80 pl PBS (Tecan powerwasher), completely aspirate
supernatant
A 4
Dispense 80 pl PBS into all wells
A 4



3-{446-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-phenyll-propionic acid ("A32") Reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-(4-boronopheny1)- propanoic acid gives the
compound "WE20IRPHIETMS: 1.28 min, [M+H] = 363; 1H NMR (500 MHz, DRAS OB BOR3H%A] 12.09(s,
1H, OH), 10.52(s, 1H, NH), 8.48 (dd, J=6.7, 4.2, 3H), 8.31 (d, J=2.2, 1H), 7.72 (d, J=6.1, 2H), 7.62 (d,
J=8.1, 2H), 7.32 (d, J=8.1, 2H), 7.09 (s, 2H), 2.86 (t, J=7.5, 2H), 2.56 (t, J=7.5, 2H);
2-Amino-N-(3-chloro-pyridin-4-y1)-5-(5-morpholin-48yimethyl-thiophen-2-y1)- nicotinamide ("A33") 68
Reaction of 2-amino-5-bromo-N-(3-chloro-4-pyridyl)pyridine-3-carboxamide with 5-
(4-morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the compound "A33"; HPLC/MS:
1.25 min, [M+H] = 343; 1H NMRIs@®Rips2VINIBGRE6)6 Jghealve680s(s, 1H, NH), 8.70 (s, 1H), 8.53
(d, J=5.3, 1H), 8.49 (d, J=2.3, 1H), 8.30 (d, J=2.4, 3H), 7.79 (d, J=5.3, 1H), 7.28 (d, J=3.5, 1H), 7.21
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2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with X (4,4,5,5-
tetramethyl-1,3,2-dioxabgecaalyis/ Wictbbyryeaz dle . givelbstieimgpm Bk Eusddiing)PLC/MS: 0.89 min,
[M+H] = 281; 1H NMR (500 MHz, DMSO-d6) 6 [ppg] 12.89(s, 1H, NH), 10.48 (s, 1H, NH), 8.47 (dd,

J=10.1, 4.2, 3H), 8.23(d, 3=2.2,1H) 8,11 (s, 1H o?t.%&th]AHZaZ&%l dd, 3=10.9, 9.6, 2H), 6.91 (s, 2H);

HPLC/MS conditions:

column: Chromolith SpeedROD RP-18g, 50 x 4.6 mm?
gradient: A:B = 96:4 t0 0:100

flow rate: 2.4 ml/min

eluent A: water + 0.05 % formic acid

eluent B: acetonitrile + 0.04 % formic acid

wavelength: 220 nm

mass spectroscopy: positive mode

'H NMR: coupling constant J [Hz].

Preferred general scheme for manufacturing compounds of formula |

NH,
Br Z B R
Xy o "N = X &
Z + ; ~
N™ "NH, N "NH, N”NH,

H, DMF

Experimental procedure:




4-{[2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-y1)-pyridine-3-carbonylaminobnicotinic acid methyl
ester ("A35") Reaction of methyl 4-[(2-amino-5-bromo-pyridine-3-carbonyl)amino]pyridine-3-
carboxylate XRRBEXA64%dTpholinylmethyl)thiophene-2-boronic acid pinacol eR¢drgMe2E8Mpbund
"A35"; HPLC/MS: 1.36 min, [M+H] = 454; 69 1H NMR (500 MHz, DMSO-d6) 6 [ppm] (s, 1H, NH), 9.04
(s, 1H), 8.70 (d, J=5.8, 1H), 8.52 (d, J=2.3, 1H), 8.34 (d, J=5.8, 1H), 8.20 (d, J=2.3, 1H), 7.31 (s, 2H),
7.26 (d, J=3.5, 1H), 6.98 (d, J=3.5, 1H), 3.92 (s, 3M49, 3.69 (s, 2H), 3.62 - 3.53 (m, 4H), 2.44 (s, 4H);
N-(2-Acetylamino-pyridin-4-y1)-2-amino-5-(5-morpholin-4-ylmethyl-thiophen2-y1)-nicotinamide ("A36")
| H Oa---- N NH2 Reaction of N-(2-acetamido-4-pyridy1)-2-amino-5-bromo-pyridine-3-carboxamide with
5-(4-morphdimglsisteg3tiidisinedics bismnoricaacitiopieatvlie sied ¢hassnige Z8mpouhedp38d; HPLC/MS:
1.14 min, [Nk, cép?rdm 108 Mg W%Q) 91621? Eﬁnfﬁgé%ﬁﬁésa&d‘éd%@%ﬁ&(s 1H, NH),

843(d323 1H =1.2, 1H), 8.23 (d 5.6, 1H), 7.6 dd356 1.9,
1H), 7.26 (& 24 B"Oil—i)57e%a(%d ﬁﬁ?‘%@éﬂar%® @99 @‘@76(9 n2131) 339813905?”%9%9 2.43 (s,
4H), 2.09 (sst@Hdr 3-(6-Aminend<birititich W aidasaeydirnredisatiyhlhiszeis acid ("A37")

concentrated; water is added, solid precipitated out and filtered, washed with

NaHCO3; and water to afford the product.

"H NMR (400 MHz, DMSO-dg) d 10.51 (s, 1H), 8.47-8.46 (d, J = 5.4 Hz, 2H), 8.25-

8.22 (dd, J = 2.4, 7.4 Hz, 2H), 7.69-7.67 (d, J = 6.2 Hz, 2H).

o SN o N

Br X NN 0.0 Pd(PPhy), TN NN
| 4 BT ———— [

R NZ > NH

2 2

\

To a stirred solution of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide (1 eq) in
toluene: ethanol (4:1), substituted boronic acid (1.2 eq), 2 M Na,CO3 (1.5 eq) is
added and degassed for 15 min under N, atmosphere. To this reaction mixture
Pd(PPhs)4 (0.012 eq) is added and heated to 100°C for 18 hr. After the completion
of the reaction the mixture is passed through a Celite bed to remove the inorganic
impurities. The filtrate is concentrated under vacuum. Column chromatography
affords the pure compound.

Example 1

The preparation of 2-Amino-5-(5-piperidin-1-ylmethyl-thiophen-2-yl)-N-pyridin-4-yl-
nicotinamide ("A1") is carried out analogously to the following scheme



1. (3-Methoxycarbonylphenyl)boronic acid and 2-amino-5-bromo-N-pyridin-4-ylnicotinamide are
reacted analogously to "Al" step 2 to give methyl 3-[6-amino-5-(4-
pyridylcarb ¥ yay2343y7itlyllbenzoate. 2. "A37" is obtained from methyl  PCT/US2012/032983
3-[6-amino-5-(4-pyridylcarbamoy1)-3- pyridyl]benzoate using the method described for "A31";
HPLC/MS: 1.19 min, [M+H] = 335; 70 1H NMR (400 MHz, DMSO-d6) 6 [ppm] 13.07 (br, 1H, OH),
11.41 (s, 1H, NH), 8.74 (d, J=7.2, 2H), 8.64 (d, J=2@, 1H), 8.48 (d, J=2.4, 1H), 8.26 (t, J=1.6, 1H),
8.19 (d, J=7.2, 2H), 8.01 -7.88 (m, 2H), 7.62 (t, J=7.8, 1H), 7.38 (s, 2H);
2-Amino-N-(3-chloro-pyridin-4-y1)-5-[1-(2-methoxy-ethyl-)-1H-pyrazol-4- yI]nicotinamide ("A38")

Reaction of 2-amino-5-bromm-N-(3-chlgrg-4-pyridyl)pyridine-3-carbgxamjg@yith 1-
tetramethi141,3 21d|oxab0éolan -2- y1 1H-; oIe gives the compound

(2-methoxy-ethyly4-(4.4,5,
"A38"; HPLC/MS: 1. , [M¥H] 37 1|=|-|<|1er'(500 ﬁ [ppm] 10.16 (s, 1H, NH),
8.69 (s, 1H), 8.51 (d, NLH), 8.45- (@ 0=2 0 L 0YN8 08 ( J ), 809 (s, 1H), 7.86 (s, 1H),

7.79 (d, J=5.3, 1H), 700(s 2H) 4.28 (t, J=5.3, 2H) 3.71 (t, J= 53 ), 3.24 (s, 4H);
2-Amino-N-(4-methoxy-phenyl)-5-(5-morpholin,4-ylmethyl-thiophen-2- y1) nicotinamide ("A39")
Reaction of 2-amino= o- 4-met oxypk@q ridine-3-carboxamide with 5-
(4-morpholinylmeth e = -bo foni acid col §ster gives the comp/ nd "A39"; HPLC/MS:
1.46 min, [M+H] = 425! /@V
N

Pd(PPh,),, Na,CO,

DMF 2

Iz

1.1 2-Amino-5-bromo-N-pyridin-4-yl-nicotinamide:

2.0 g of 2-amino-5-bromonicotinic acid and 1.06 g of 4-amino-pyridine are dissolved
in 20 mL DMF. 5.26 g HATU ((2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyl-
uronium hexafluorophosphate) and 3.04 mL N-methylmorpholine are added to the
solution.

The mixture is stirred for 5h at room temperature. The DMF is evaporated and the
residue is triturated with water. The solid is filtered off and washed with NaHCOs3
solution and water. 2.5 g of a light brown solid is obtained;

HPLC/MS: 1.13 min, [M+H] = 293;

'H NMR (400 MHz, DMSO-dg) & [ppm] 10.51 (s, 1H, NH), 8.48 (d, J = 6.0, 2H), 8.25
(dd, J=10.8, 2.3, 2H), 7.69 (d, J = 6.3, 2H), 7.18 (s, 2H, NH,).

1.2 2-Amino-5-(5-piperidin-1-ylmethyl-thiophen-2-yl)-N-pyridin-4-yl-nicotinamide
("A1"):

200 mg of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide and 218 mg 5-(1-
piperidinylmethyl)-thiophene-2-boronic acid pinacol ester are dissolved in 8 ml of
DMF. 0.84 ml of a 2 molar Na,COs solution is added under nitrogen. 7.81mg of
tetrakis(triphenylphosphin)-palladium(0) is added. The mixture is stirred for 6 h at
100°C.

The reaction mixture is cooled to room temperature and the DMF is evaporated.
Water is added and the resulting precipitate is filtered off, washed with water and



71 2-Amino-N-(6-methoxy-pyridin-3-y1)-5-(5-morpholin-4-ylmethyl-thiophen-2- y1)-nicotinamide
("A40") OTh 0 NH2 Reaction of 2-amino-5-bromo-N-(6-methoxy-3-pyridyl)pyridine-3-carboxamide
with 5-(4-maYehaagiehEthyl)thiophene-2-boronic acid pinacol ester gives theCAdHBoLE329830";
HPLC/MS: 1.29 min, [M+H] = 426; Example 8
2-Amino-N-(3-methylcarbamoyl-pyridin-4-y1)-5-(5-morpholin-4-ylmethylthiophen-2-y1)-nicotinamide
("A41") OTh 100 mg of methyl 51
44[2-amino-5-[5-(morpholinomethyl)-2-thienyl]pyridine-3-carbonynamino]pyridine-3-carboxylate (MSC
2392368) are dissolved in 4 ml THF and 4 ml of methylamine (40% in water) are added. The mixture is
stirred for 2hrégctobne sotigh & ditiratdthavithietibse dcetatparatdideiad oféatéangith hetagsitea@r and ethyl

acetate. Aftgr fitration 79 ghbiR s lewanliddsARIg ed HPLC/MS: 1.17 min, [M+H] = 453; 1H NMR
(500 MHz, §MSOd5 GJB%m 112.76 (s, clﬁﬁ ), 9.05 (d, J 4.3, 1H), 8.94 (s, 1H), 8.61 (d, J=5.7, 1H), 8.51

(d, J=2.3, 1HPEAM%a 1 n?lnlm+8*]1=6~'é84a 2.3, 1H), 7.35 (s, 2H), 7.25 (d, J=3.5, 1H), 6.98 (d,
J=3.5, 1H), 300N Bdh M8e, TMSTI,) B {ppada dbelisd fi 3kbi) 26348(M, 4:0.2, 2H), 8.44

(d, J=2.3, 1H), 8.22 (d, J=2.3, 1H), 7.71 (dd, J=4.8, 1.5, 2H), 7.25 (d, J=3.5, 1H),
7.13 (s, 2H, NH,), 6.93 (d, J=3.5, 1H), 3.61 (s, 2H), 2.37 (br, 4H), 1.51 (m, 4H), 1.39
(m, 2H).

The following compounds are obtained analogously

2-Amino-N-pyridin-4-yl-5-(5-pyrrolidin-1-ylmethyl-thiophen-2-yl)-
nicotinamide ("A2")

N/

/O
\N//\NQ
« I

HNTY

The reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 5-(1-pyrrolidinyl-
methyl)thiophene-2-boronic acid pinacol ester gives compound "A2";

HPLC/MS: 1.16 min, [M+H] = 380;

'H NMR (400 MHz, DMSO-de) & [ppm] 10.51 (s, 1H, NH), 8.51 — 8.46 (m, 3H), 8.27
(d, J=2.4, 1H), 8.24 (d, J=2.4, 1H), 7.69 (m, 3H), 7.18 (s, 2H), 4.70 (s, 2H), 3.54 (M
2H), 3.23 (m, 2H), 2.12 (m, 2H), 1.98 (m, 2H);

2-Amino-5-(5-methyl-thiophen-2-yl)-N-pyridin-4-yl-nicotinamide ("A3")

HN" ©N

The reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 5-
methylthiophene-2-boronic acid pinacol ester gives the compound "A3";



72 Example 9  2-Amino-5-[1-(2-hydroxy-ethyl)-1H-pyrazol-4-y1]-N-pyridin-4-yl-nicotinamide ("A42")
9.1 2-Amino-5-{142-(tetrahydro-pyran-2-yloxy)-ethyl]-1H-pyrazol-4-yll-nicotinic acid: 1.5 g
142-(tetranyRAUM B Ioxy)-ethyl]-4-(4,4,5,5-tetramethy141,3,21clioxaboP§IAAL2912/082983yrazol and
808 mg 2-amino-5-bromonicotinic acid are disolved in 10 ml of DMF. 3.39 of potassium carbonate are
added to the solution. The mixure is heated to 80C. 395 mg of
1,1"-bis(diphenylphosphino)ferrocenedichloropalla@®um(11), dichlormethane adduct are added and the
mixture is heated for 2h. 73 The solution is evaporated and the crude product is purified by silica gel
chromatography using ethyl acetate/MeOH 9:1; 496 mg of 2-Amino-5-{142-

(tetrahydro-pa@- iy dxg - ety IMEH]pyBA0l-4-y1}-nicotinic acid as a brown oil; HPLC/MS: 1.27 min,
#1333 R R OB DR AT ray e Y ety gazol-

y1}-nicotinamide: 303 mg of 2-Amino-5-{142-(tetrahydro-p ran 2 ony) ethy11-1H- p%/razol -4-y11-
nicotinic ac@| 8’&% E)H)l: ﬁrﬁ%gbyhéﬁe Hﬂbl g8 fﬁ'g‘bﬂd 2& F!azbfgl@lf'

N,N,N',N1-tedrametmibyrerssmigtrafinorpanaed BT ghigre dlsolved in 10 ml of DMF. 0.15 ml of
N-ethyldiisopropylamine and 21 mg of 4-(dimethylamino)-pyridine are added. The mixture is stirred
over night at room temperature. The reaction mixture is evaporated and purified by silica gel
chromatography usiigrdiobtorGimtizenoe/MdéqHedl) -Nopwrindjref-yl-nicotinamide ("A4")
2-Amino-N-pyridin-4-y1-5-{142-(tetrahydro-pyran-2-ylQxy)-ethy11-1Hpyrazol-4-y1}-nicotinamide are
obtained as a yellow solid; H 1. [@409 9.3 2-Am

ino-541-(2-hydroxy-ethy -4 [-nicotinamide: 160 mg of
2-Amino-N-pyridin-4 y@%& -(tetrahydro-pyrap;2-yloxy)-ethy11-1Hpyrazol-4-y1}-nicotinamide are
dissolved in 4 ml of dich¥6tbmethane. o H1C1 in dioxane (ca. 4 mol/1) are added. After Ih, the
precipitate is filtered off and washed with dlchlor%methane 99 mg of 2-Amino-5-{1
-(2-hydroxyFibydabtiopyshzalriyd-BENoroytishK - éyﬁmwwmdmammwmeﬂ[as(mlsw solid; HPLC/MS:

43 (0, 109 AR oI B T ORE ) S ORI 5 e LGy 2 e vy,
4.90 (s, 1H,HHMG/MS6 (1440916, [BHKIZ=RSTd, J=4.8, 2H).

"H NMR (400 MHz, DMSO-dg) & [ppm] 11.40 (s, 1H, NH), 8.74 (t, J=7.2, 2H), 8.72

(s, 1H), 8.62 (d, J=2.3, 1H), 8.53 (d, J=2.4, 1H), 8.19 (d, J=7.2, 2H), 8.16 (t, J=1.8,

1H), 7.83 (ddd, J=7.9, 2.1, 1.0, 1H), 7.78 (d, J=1.6, 1H), 7.67 (dd, J=6.6, 1.4, 1H),

7.60 (1, J=7.9, 1H), 7.38 (s, 2H), 6.58 (dd, J=2.4, 1.8, 1H);

2-Amino-5-(4-pyrazol-1-yl-phenyl)-N-pyridin-4-yl-nicotinamide ("A5")

—_—

N _N

N O/IN
SN N
| | H
N~ NH

The reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with [4-(1H-pyrazol-1-
yl)phenyl]boronic acid gives the compound "A5";

HPLC/MS: 1.38 min, [M+H] = 357;

'H NMR (500 MHz, DMSO-dg) & [ppm] 10.60 (s, 1H, NH), 8.59 (d, J=2.4, 1H), 8.54
(d, J=2.4, 1H), 8.52 — 8.45 (m, 2H), 8.40 (d, J=2.4, 1H), 7.98 — 7.92 (m, 2H), 7.88 —
7.84 (m, 2H), 7.78 = 7.72 (m, 3H), 7.16 (d, J=15.2, 2H), 6.60 — 6.56 (m, 1H);



Example 10 The following compounds are obtained analogously to example 1; 74 HPLC Method: A-
0.1% TFA in H20, B- 0.1% TFA in ACN: Flow - 2.0 ml/min. Column: X Bridge C8 (50x4.6mm.3.5 p).
2-Amino-5-(WORM36IiRZ2-yImethyl-thiophen-3-yl)-N-pyridin-4-ylnicotinamidRCTA#201 209829831H NMR
(400 MHz, DMSO-d6) 6 [ppm] 10.53(s, 1H), 8.53(d, J = 2.08 Hz, 1H), 8.48 (d, J = 5.00 Hz, 2H), 8.30
(d, J=2.12 Hz, 1H), 7.69-7.71 (m, 3H), 7.44 (s, 1H), 7.07-7.12 (m, 2H), 3.69 (s, 2H), 3.57-3.59 (m,
4H), 2.49-2.49 (m, 4H); LCMS: Mass found (M+1, 3%6); HPLC > 97%, Rt (min): 1.362.
5-(4-Acetyl-1H-pyrrol-2-y1)-2-amino-N-pyridin-4-yl-nicotinamide ("A44") 1H NMR (400 MHz,
DMSO-d6) 6 [ppm] 11.96(s, 1H), 10.61 (s, 1H), 8.48-8.53(m, 1H), 8.47 (d, J = 1.40 Hz, 2H), 8.40 (d, J
= 2.04 Hz, 1H), 7.72-@dind=51148-med oxy; @A) 7. 680¢tdzdl-=-yIB M- y88iMZ; yiHH)catioanigle2H), 6.85 (t,
J=2.24 Hz, 'Hé) 2.34 (s, 3H); LCMS: Mass found (M+1, 322); HPLC >93%, RTL (min): 1.62.
2-Amino-5- furan 3 -yl-N-pyridin-4-yl-nicotinamide ("A45")

N x
N\ S N
\ H
N NH,

The reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 1-(2-methoxy-
ethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-pyrazole gives the
compound "A6";

HPLC/MS: 1.05 min, [M+H] = 339;

'H NMR (400 MHz, DMSO-de) & [ppm] 11.37 (s, 1H, NH), 8.75 (d, J=7.2, 2H), 8.51
(d, J=2.2, 1H), 8.34 (d, J=2.3, 1H), 8.18 (d, J=7.2, 2H), 8.12 (s, 1H), 7.89 (s, 1H),
4.29 (1, J=5.3, 3H), 3.72 (t, J=5.3, 3H), 3.23 (s, 3H);

2-Amino-N-pyridin-4-yl-5-(4-sulfamoyl-phenyl)-nicotinamide ("A7")

%
HZNZS o ¢ w
N
o) AN
\ H
N7 NH,

The reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with benzene-
sulfonamide-4-boronic acid pinacol ester gives the compound "A7";

HPLC/MS: 1.12 min, [M+H] = 370;

"H NMR (400 MHz, DMSO-dg) & [ppm] 10.57 (s, 1H, NH), 8.61 (d, J = 2.3, 1H), 8.55
—8.46 (m, 2H), 8.42 (d, J = 2.4, 1H), 7.92 (m, 4H), 7.80 — 7.65 (m, 2H), 7.35 (s,
2H), 7.24 (s, 2H);

2-Amino-N-(2-methyl-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-
nicotinamide ("A8")



75 1H NMR (400 MHz, DMSO-d5) 6 [ppm] 10.54 (s, 1H), 8.44-8.44 (m, 3H), 8.23 (d, J = 2.32 Hz, 1H),
8.12 (d, J = 2.36 Hz, 1H), 7.74 (t, J = 3.36 Hz, 1H), 7.68 (d, J = 4.64 Hz, 2H), 6.97-7.02 (m, 2H);
LCMS: MasW fb2Ha/{r$77] 281); HPLC >96%, Rt (min): 1.64. PCT/US2012/032983
2-Amino-5-(1-benzyl-1H-pyrazol-4-y1)-N-pyridin-4-yl-nicotinamide ("A46") 1H NMR (400 MHz,
DMSO-c15) 6 [ppm] 10.49 (s, 1H), 8.43-8.48 (m, 3H), 8.20 (dd, J = 2.28, 6.54 Hz, 2H), 7.90-7.91 (m,
2H), 7.69 (dd, J = 1.52, 4.82 Hz, 2H), 7.25-7.37 (n®45H), 6.94 (s, 1H), 5.34 (s, 1H); LCMS: Mass found
(M+1, 371); HPLC > 98%, Rt (min): 2.34.
2-Amino-5-(1-methyl-1H-pyrazol-3-y1)-N-pyridin-4-yl-nicotinamide ("A47") NO H2N617 1H NMR (400
MHz, DMSO-d5) 6 [ppm] 10.65 (s, 1H), 8.59 (d, J #2K0 Hz, 1H), 8.48 (d, J = 6.20 Hz, 2H), 8.36(d, J =
2.20 Hz, 1H), 7.73 (dd,Q1/=\;.12, 4.42 Hz, 3H), 7.@@), 6.66 (d, J = 2.24 Hz, 1H), 3.87 (s, 3H);

N

The reaction of 2-amino-5-bromo-N-(2-methyl-pyridin-4-yl)-nicotinamide with 5-(4-
morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the compound "A8";
HPLC/MS: 1.02 min, [M+H] = 410;

"H NMR (500 MHz, DMSO-de) & [ppm] 10.49 (s, 1H, NH), 8.44 (d, J=2.3, 1H), 8.35
(d, J=5.6, 1H), 8.23 (d, J=2.4, 1H), 7.59 (d, J=1.7, 1H), 7.53 (dd, J=5.6, 1.9, 1H),
7.32 - 7.27 (d, J=3.5, 1H), 7.12 (s, 2H), 6.96 (d, J=3.5, 1H), 3.71 (s, 2H), 3.61 —
3.53 (m, 4H), 2.45 (s, 3H), 2.43 (m, 4H);

2-Amino-N-(2-ethoxy-pyridin-4-yl)-5-(5-morpholin-4-yImethyl-thiophen-2-yl)-
nicotinamide ("A9")

D

The reaction of 2-amino-5-bromo-N-(2-ethoxy-pyridin-4-yl)-nicotinamide with 5-(4-
morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the compound "A9";
HPLC/MS: 1.37 min, [M+H] = 440;

'H NMR (500 MHz, DMSO-dg) & [ppm] 10.51 (s, 1H, NH), 8.44 (d, J=2.3, 1H), 8.19
(d, J=2.3, 1H), 8.06 (d, J=5.7, 1H), 7.26 (m, 2H), 7.22 (d, J=1.6, 1H), 7.12 (s, 2H),
6.96 (d, J=3.5, 1H), 4.30 (q, J=7.0, 2H), 3.66 (s, 2H), 3.58 (m, 4H), 2.42 (br, 4H),
1.31 (1, J= 7.0, 3H);

Example 2

3-Amino-6-(5-morpholin-4-ylmethyl-thiophen-2-yl)-pyrazine-2-carboxylic
acid pyridin-4-ylamide ("A10")



76 LCMS: Mass found (M+1, 295); HPLC >99%, Rt (min): 1.46.
2-Amino-5-(3,5-dimethy1-1H-pyrazol-4-y1)-N-pyridin-4-yl-nicotinamide ("A48") H2N 1H NMR (400
MHz, DMSOVOIINBIASAT] 12.29 (s, 1H), 10.36 (s, 1H), 8.45 (d, J = 5.24 HZAOHYSBWY(EL933= 2.00 Hz,
1H), 8.00 (d, J = 2.00 Hz, 1H), 7.70 (d, J = 6.24 Hz, 2H), 7.01 (s, 1H), 2.16 (s, 6H); LCMS: Mass found
(M+1, 309); HPLC >99%, Rt (min): 3.71. 2-Amino-N-pyridin-4-y1-5-thiophen-3-yl-nicotinamide ("A49")
Nn O H2N 1H NMR (400 MHz, DMSO-d5) 6 [ppm]3£0.53 (s, 1H), 8.57 (d, J = 2.28 Hz, 1H), 8.47 (d, J =
6.24 Hz, 2H), 8.35 (d, J = 2.28 Hz, 1H),7.80-7.81 (m, 1H), 7.71 (dd, J = 1.48, 4.86 Hz, 2H), 7.66 (dd, J
=2.92,5.00 Hz, 1H), 7.59 (dd J=1.20, 5.00 Hz, 1H), 7.09 (s, 2H); LCMS: Mass found (M+1, 297);
HPLC >95%, Rt (min): 1. 88 mlno -5-(1-methy1- 1H -pyrr 1)-N-pyridin-4-y|-nicotinamide ("A50")

“xﬁ

2.1 3-Amino-6-bromo-pyrazine-2-carboxylic acid pyridin-4-ylamide
Br /N oH . Br: /N N 22
| ) — LI °F
N i N
N “NH, N N" 'NH,

The title compound is obtained from 3-amino-6-bromo-pyrazine-2-carboxylic acid
and 4-aminopyridine using the same method as described in step 1 for "A1";
HPLC/MS: 1.18 min, [M+H] = 294.

2.2 3-Amino-6-(5-morpholin-4-ylmethyl-thiophen-2-yl)-pyrazine-2-carboxylic
acid pyridin-4-ylamide ("A10")

The title compound is prepared analogously to step 2 for "A1"; HPLC/MS: 1.08 min,
[M+H] = 397.

Example 3

6-Amino-6'-piperazin-1-yl-[3,3']bipyridinyl-5-carboxylic acid pyridin-4-ylamide
("A11")

HN/\\ N 0 7 l\\l
N
\\/ 74 S
Z
N NH,

3.1 4-[6'-Amino-5'-(pyridin-4-ylcarbamoyl)-[3,3']bipyridinyl-6-yl]-piperazine-1-
carboxylic acid tert-butyl ester



77 1jaLO NN 1H NMR (400 MHz, DMSO-d5) 6 [ppm] 10.45 (s, 1H), 8.46 (d, J = 6.12 Hz, 2H), 8.24 (d,
J=2.16 Hz, 1H), 8.14 (d, J = 2.12 Hz, 1H), 7.71 (d, J = 6.32 Hz, 2H), 7.13 (s, 2H), 6.83 (t, J = 2.00 Hz,
1H), 6.16 (dYQ2812/B48% 52 Hz, 1H), 6.05-6.07 (m, 1H), 3.60 (s, 3H); LCMBCHUHS2043(MePt/+1, 294);
HPLC >95%, Rt (min): 1.84.
2-Amino-541-(2-morpholin-4-yl-ethyl)-1H-pyrazol-4-y11-N-pyridin-4-yInicotinamide ("A51") 1H NMR
(400 MHz, DMSO-d5) 6 [ppm] 10.51 (s, 1H), 8.47 $6d, J = 1.48, 4.82 Hz, 2H), 8.42 (dd, J = 2.24, Hz,
1H), 8.18 (dd, J = 2.24, Hz, 1H), 8.12 (s, 1H), 7.84- 7.85 (m, 1H), 7.70 (dd, J = 1.52, 4.80 Hz, 2H), 6.92
(s, 2H), 4.23 (t, J = 6.64 Hz, 2H), 3.54 (t, J = 4.68 Hz, 4H), 2.73 (t, J = 6.64 Hz, 2H), 2.41 (t, J = 4.40
Hz, 4H); LCMS: Mass found (M+1, 394); HP% 99%, Rt (min): 3.84

i

2-Amino-5-benzo(b]thiophen-2-yl-N-pyridin-4 ' iJe ("A52") 78 1H NMR (400 MHz,
DMSO-d6) 6 [ppm] 11.43 (s, 73 (d, J = 6.52 Hz,NZH), .65 (d, J = 2.32 Hz, 1H), 8.15(s, 1H),
8.15(d, J = ;88 Hz, 2H)}| 7.9 d,) 7.52 Hz, 1H), 7.73\1}2‘ , 1.32-7.43 (m, KCMS: Mass

The title compound is obtained from 2-amino-5-bromo-N-(2-ethoxy-pyridin-4-yl)-
nicotinamide and 2-(4-teri-butoxycarbonylpiperazin-1-yl)pyridine-5-boronic acid,
pinacol ester analogously to step 2 for "A1"; HPLC/MS: 1.43 min, [M+H] = 476.

3.2 1.1 g of 4-[6'-amino-5'-(pyridin-4-ylcarbamoyl)-[3,3']bipyridinyl-6-yl]-
piperazine-1-carboxylic acid tert-butyl ester are dissolved in 25 ml dioxane. 11 ml of
HCI in dioxane (4molar) is added. The mixture is stirred 3h at room temperature.
The mixture is filtered and the solid washed with dioxane. The product is purified by
chromatography; HPLC/MS: 1.02 min, [M+H] = 376;

'H NMR (400 MHz, DMSO-ds) d [ppm] 9.08 (d, J=2.2, 1H), 8.84 (d, J=7.3, 2H), 8.77
(d, J=2.1, 1H), 8.67 (d, J=2.3, 1H), 8.48 (dd, J=9.5, 2.4, 1H), 8.38 (d, J=7.3, 2H),
7.54 (d, J=9.5, 1H), 4.09 — 3.96 (m, 4H), 3.47 — 3.35 (m, 4H).

Example 4

The following compounds are obtained analogously to example 2

3-Amino-6-(1-[1,3]dioxolan-2-ylmethyl-1H-pyrazol-4-yl)-pyrazine-2-
carboxylic acid pyridin-4-ylamide ("A12")



HPLC > 94%, Rt (min): 2.87. 5-(5-Acetyl-thiophen-2-yl)-2-amino-N-pyridin-4-yl-nicotinamide ("A53")
1H NMR (400 MHz, DMSO-c16) 6 [ppm] 10.62 (s, 1H), 8.60 (d, J = 2.40 Hz, 1H), 8.49 (dd, J = 1.40,
4.86 Hz, 2HW@ 31#613%= 2.40 Hz, 1H), 7.95 (d, J = 4.00 Hz, 1H), 7.71 (dd,RCF/UB8124082%4z, 2H),
7.59 (d, J = 3.96 Hz, 1H), 7.39 (s, 2H), 2.48 (s, 3H); LCMS: Mass found (M+1, 339); HPLC >96%, Rt
(min): 2.01. 2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyridin-4-yInicotinamide ("A54")
79 1H NMR (400 MHz, DMSO-d6) 6 [ppm] 8.27-8.34 (m, 3H), 7.60 (s, 2H), 7.06 (d, J = 3.64 Hz, 1H),
6.93 (d, J = 3.36 Hz, 1H), 3.65 (s, 2H), 3.58 (t, J = 4.48 Hz, 4H), 2.41- 2.49 (m, 4H), 1.50 (s, 3H);
LCMS: Mass found (M+1, 396); HPLC >98%, Rt (min): 1.39.

0
N __ N N
|
N NH2

The reaction of 3-amino-6-bromo-pyrazine-2-carboxylic acid pyridin-4-ylamide
(synthesis described for "A10") with 1-[1,3]dioxolan-2-ylmethyl-4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-pyrazole gives the compound "A12"
HPLC/MS: 1.02 min, [M+H] = 376;

'H NMR (500 MHz, DMSO-ds) 8 [ppm] 10.55 (s, 1H, NH), 8.71 (s, 1H), 8.55 — 8.41
(m, 3H), 8.27 (s, 1H), 7.91 — 7.86 (m, 2H), 7.51 (s, 2H), 5.22 (t, J=4.3, 1H), 4.30 (d,
J=4.3, 2H), 3.96 — 3.70 (m, 4H);

3-Amino-6-(5-piperidin-1-ylmethyl-thiophen-2-yl)-pyrazine-2-carboxylic acid
pyridin-4-ylamide ("A13")

° \N/ NHH2

The reaction of 3-amino-6-bromo-pyrazine-2-carboxylic acid pyridin-4-ylamide
(synthesis described for "A10") with 1-[5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
yl)-thiophen-2-yImethyl]-piperidine gives the compound "A13";

HPLC/MS: 1.13 min, [M+H] = 395;

'H NMR (400 MHz, DMSO-de) & [ppm] 10.41 (s, 1H, NH), 8.80 (s, 1H), 8.51 (dd,
J=4.8, 1.6, 2H), 7.82 (dd, J=4.8, 1.6, 2H), 7.67 (d, J=3.6, 1H), 7.63 (s, 2H), 6.98 (d,
J=3.6, 1H), 3.64 (s, 2H), 2.40 (s, 4H), 1.59 — 1.32 (m, 6H);

3-Amino-6-(5-pyrrolidin-1-ylmethyl-thiophen-2-yl)-pyrazine-2-carboxylic acid
pyridin-4-ylamide ("A14")



2-Amino-5-(1H-indo1-2-y1)-N-pyridin-4-yl-nicotinamide ("A55") 1H NMR (400 MHz, DMSO-d6) 6
[ppm] 11.43 (s, 1H), 10.63 (s, 1H), 8.69 (d, J = 2.04 Hz, 1H), 8.47-8.49 (m, 3H), 7.73 (d, J = 5.12 Hz,
2H), 7.50 (dW920128118Z7 1H), 7.37 (d, J = 7.96 Hz, 1H), 7.13 (s, 2H), 6.83-FTEUTA BAF29BMS: Mass
found (M+1, 330); HPLC > 99%, Rt (min): 2.60. 2-Amino-5-(1H-indo1-3-y1)-N-pyridin-4-yl-nicotinamide
("A56") H2N 1H NMR (400 MHz, DMSO-d6) 6 [ppm] 11.33(s, 1H), 10.55 (s, 1H), 8.46-8.51 (m, 3H),
8.30 (d, J = 2.28 Hz, 2H), 7.83 (d, J = 7.92 Hz, 1H}87.67-7.82 (m, 2H), 7.44 (d, J = 8.00 Hz, 1H),
7.05-7.16 (m, 2H), 6.93 (s, 2H); LCMS: Mass found (M+1, 330); HPLC > 93%, Rt (min): 2.23.
2-Amino-N-pyridin-4-y1-5-(1H-pyrrol-2-y1)-nicotinamide ("A57") 80 1H NMR (400 MHz, DMSO-d6) 6
[ppm] 11.15(s, 1H), 10.54 (s , 8.46-8.48(m, 3H), 8.22 (d, J = 2.28 Hz, 1H), 7.71 (dd, J = 1.52, 4.86
Hz, 2H), 6.89 (s, 2H), 6.82 (§d, J = 2.56, 4.02 Hz, ]OH),i@\IJ = 3.60 Hz, 1H), 6.10 (dd, J = 2.52,
1,®80); « |

5.66 Hz, 1H); LCMS: Mass fou
N
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The reaction of 3-amino-6-bromo-pyrazine-2-carboxylic acid pyridin-4-ylamide
(synthesis described for "A10") with 1-[5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
yl)-thiophen-2-yImethyl]-pyrrolidine gives the compound "A14";

HPLC/MS: 1.08 min, [M+H] = 381;

"H NMR (500 MHz, DMSO-de) & [ppm] 10.40 (s, 1H, NH), 8.83 (s, 1H), 8.51 (dd,
J=4.8, 1.5, 2H), 7.88 — 7.75 (m, 2H), 7.67 (d, J=3.6, 1H), 7.63 (s, 2H), 6.96 (d, J=
3.6, 1H), 3.78 (s, 2H), 2.51 (M, 4H), 1.78 — 1.62 (m, 4H);

2-Amino-N-(2-methyl-pyridin-4-yl)-5-(5-morpholin-4-yImethyl-thiophen-3-yl)-
nicotinamide ("A15")

Reaction of 2-amino-5-bromo-N-(2-methyl-pyridin-4-yl)-nicotinamide with 4-[4-
(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-thiophen-2-yImethyl]-morpholine gives
the compound "A15";

HPLC/MS: 0.99 min, [M+H] = 410;

"H NMR (500 MHz, DMSO-de) & [ppm] 10.45 (s, 1H, NH), 8.53 (d, J=2.3, 1H), 8.35
(d, J=5.6, 1H), 8.30 (d, J=2.3, 1H), 7.69 (d, J=1.4, 1H), 7.60 (d, J=1.7, 1H), 7.56 —
7.50 (m, 1H), 7.44 (s, 1H), 7.04 (s, 2H), 3.71 (s, 2H), 3.61 — 3.58 (m, 4H), 2.45 (m,
7H).

Example 5
2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyridazin-4-yl-
nicotinamide ("A16")



HPLC >94%, Rt (min): 1.71. 2-Amino-5-(1H-imidazo[1,2-a]pyridin-2-y1)-N-pyridin-4-yl-nicotinamide
("A58") 1H NMR (400 MHz, DMSO-d6) 6 [ppm] 10.46 (s, 1H), 8.55 (d, J = 6.88 Hz, 1H), 8.47 (d, J =
6.04 Hz, 2HW@ M X#613%7 2.12 Hz, 1H), 8.35(d, J = 2.00 Hz, 1H), 7.79 (s, 1R§TIUR0T2/0324%3 2H),
7.63-7.65 (m, 1H), 7.26-7.30 (m, 3H), 6.92-6.94 (m, 1H), . LCMS: Mass found (M+1, 331); HPLC
>91%, Rt (min): 3.68. 2-Amino-N-pyridin-4-y1-5-(1H-pyrrol-3-y1)-nicotinamide ("A59") O N 1 1H NMR
(400 MHz, DMSO-d6) 6 [ppm] 10.90 (s, 1H), 10.5%s, 1H), 8.47 (dd, J = 1.52, 4.80 Hz, 2H), 8.40 (dd,
J =2.24, Hz, 1H), 8.15 (dd, J = 2.28, Hz, 1H), 7.72 81 (dd, J =1.52, 4.78 Hz, 2H), 7.18 (dd, J = 1.88,
4.20 Hz, 1H), 6.79-6.82(m, 3H), 6.43-6.45 (m, 1H); LCMS: Mass found (M+1, 280); HPLC >98%, Rt
(min): 1.43. N~

N
L
S

2-Amino-5-bromo-N-pyridazin-4-yl-nicotinamide

0 ) "¢

The title compound is obtained from 2-amino-5-bromonicotinic acid and 4-
aminopyridazine analogously to "A1" in step 1;
HPLC/MS: 1.40 min, [M+H] = 294.

5.2 2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyridazin-4-yl-
nicotinamide is obtained from 2-amino-5-bromo-N-pyridazin-4-yl-nicotinamide and
5-(4-morpholinylmethyl)thiophen-2-boronic acid pinacol ester analogously to "A1" in
step 2; HPLC/MS: 1.15 min, [M+H] = 397;

"H NMR (500 MHz, DMSO-dg) & [ppm] 10.78 (s, 1H, NH), 9.47 (d, J=1.9, 1H), 9.08
(d, J=5.9, 1H), 8.48 (d, J=2.3, 1H), 8.27 (d, J=2.3, 1H), 8.03 (dd, J=5.9, 2.7, 1H),
7.27 (d, J=3.1, 1H), 7.20 (s, 2H), 6.98 (s, 1H), 3.68 (s, 2H), 3.59 (s, 4H), 2.48 — 2.35
(m, 4H) .

The following compounds are obtained analogously

2-Amino-5-(1-benzyl-1H-pyrazol-4-yl)-N-(2-methyl-pyridin-4-yl)-
nicotinamide ("A17")



2-Amino-5-benzofuran-3-yl-N-pyridin-4-yl-nicotinamide ("A60") N H2N 1H NMR (400 MHz,
DMSO-c15) 6 [ppm] 10.58 (s, 1H), 8.54-8.55 (m, 3H), 8.33-8.36 (m, 2H), 7.95-7.97 (m, 1H), 7.72 (d, J
= 3.44 Hz, 2M9,20BBL1EE (m, 1H), 7.32-7.41 (m, 2H), 7.13 (s, 2H); LCMS: MEEIRBORONS, 331);
HPLC > 93%, Rt (min) : 2.50. 2-Amino-5-(1-methyl-1H-pyrazol-4-y1)-N-pyridin-4-yl-nicotinamide
("A61") N L.N:?.NH2 Example 11 LC-MS conditions Hewlett Packard HP 1200 series system with the
following features: ion source: electrospray (positi@® mode); scan: 100-1000 m/e; fragmentation
voltage: 100 V; gas temperature: 350C, UV: 220 nm. 82 Method 1

Reaction of 2-amino-5-bromo-N-(2-methyl-pyridin-4-yl)-nicotinamide with 4-[4-

(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-thiophen-2-ylmethyl]-morpholine

gives the compound "A17");

HPLC/MS: 1.41 min, [M+H] = 385;

'H NMR (500 MHz, DMSO-ds) & [ppm] 10.45 (s, 1H, NH), 8.53 (d, J=2.3, 1H), 8.35

(d, J=5.6, 1H), 8.30 (d, J=2.3, 1H), 7.69 (d, J=1.4, 1H), 7.60 (d, J=1.7, 1H), 7.55

(dd, J=5.6, 1.9, 1H), 7.44 (s, 1H), 7.04 (s, 2H), 3.71 (s, 2H), 3.63 — 3.57 (m, 4H),

2.45 (s +m, 7H);

2-Amino-5-(3-pyrazol-1-yl-phenyl)-N-pyridazin-4-yl-nicotinamide ("A18")

el

Reaction of 2-amino-5-bromo-N-pyridazin-4-yl-nicotinamide (see step 1 in the
synthesis of "A16") and 1-[3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-
1H-pyrazole gives the compound "A18";

HPLC/MS: 1.15 min, [M+H] = 397;

'H NMR (400 MHz, DMSO-de) 8 [ppm] 11.06 (s, 1H, NH), 9.54 (d, J=2.1, 1H), 9.14
(d, J=5.9, 1H), 8.67 (dd, J=4.1, 2.4, 2H), 8.58 (d, J=2.3, 1H), 8.19 (1, J=1.8, 1H),
8.14 (dd, J=6.0, 2.7, 1H), 7.89 - 7.80 (m, 1H), 7.77 (d, J=1.7, 1H), 7.68 (d, J=7.9,
1H), 7.59 (t, J=7.9, 1H), 7.37 (s, 2H), 6.60 — 6.56 (m, 1H);

2-Amino-N-(3-methyl-pyridin-4-yl)-5-(4-pyrazol-1-yl-phenyl)-nicotinamide
("A19")

N”NH,

Reaction of 2-amino-5-bromo-N-(3-methyl-pyridin-4-yl)-nicotinamide with [4-(1H-
pyrazol-1-yl)phenyl]boronic acid gives the compound "A19";



HPLC/MS conditions: column: Chromolith SpeedROD RP-18e, 50-4.6 gradient: A:B = 96:4 to 0:100
4% B -> 100% B: 0 min bis 2.8 min 100% B: 2.8 min bis 3.3 min 100%B -> 4%B: 3.3 min bis 4
min flow rat® @ 2T eluent A: water + 0.05 % formic acid eluent B: aceRé6ditFite0i2088% formic
acid wavelength: 220 nm mass spectroscopy: positive mode Method 2 HPLC/MS conditions: column:
Chromolith SpeedROD RP-18e, 50-4.6 gradient: A:B = 100:0 to 0:100 0% B -> 0% B: 0 min bis 0.5
min 0% B -> 100% B 0.5 min bis 2.6 min 100% B:®1.6 min bis 3.0 min 100%B -> 0%B: 3.0 min bis 3.1
min flow rate: 2.4 ml/min eluent A: water + 0.05 % formic acid eluent B: acetonitrile + 0.04 % formic

acid wavelength: 220 nm mass spectroscopy: positive mode
HPLC/MS: 1.41 min, [M+H] = 371;

'H NMR (500 MHz, DMSO-de) & [ppm] 10.07 (s, 1H, NH), 8.59 (d, J=2.3, 1H), 8.55
(d, J=2.4, 1H), 8.45 (s, 1H), 8.44 (d, J=2.3, 1H), 8.40 (d, J=5.3, 1H), 7.96 — 7.91 (m,
2H), 7.90 — 7.83 (m, 2H), 7.76 (d, J=1.6, 1H), 7.53 (d, J=5.3, 1H), 7.17 (s, 2H), 6.60
—6.54 (m, 1H), 2.28 (s, 3H);

2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-yl]-N-(2-methyl-pyridine-4-yl)-
nicotinamide ("A20")

|
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Reaction of 2-amino-5-bromo-N-(2-methyl-pyridin-4-yl)-nicotinamide with 1-(2-
methoxy-ethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-pyrazole gives
the compound "A20";

HPLC/MS: 1.11 min, [M+H] = 353;

'H NMR (500 MHz, DMSO-d¢) & [ppm] 10.44 (s, 1H, NH), 8.43 (d, J=2.2, 1H), 8.36
(d, J=5.6, 1H), 8.20 (d, J=2.2, 1H), 8.09 (s, 1H), 7.86 (d, J=0.5, 1H), 7.62 (s, 1H),
7.55 (d, J=5.6, 1H), 6.94 (s, 2H), 4.33 — 4.22 (m, 2H), 3.76 — 3.66 (m, 2H), 3.25 (s,
3H), 2.46 (s, 3H);

2-Amino-N-
nicotinamide ("A21")

—

3-methyl-pyridin-4-yl)-5-(5-morpholin-4-yImethyl-thiophen-2-yl)-
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Reaction of 2-amino-5-bromo-N-(3-methyl-pyridin-4-yl)-nicotinamide with 5-(4-
morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the compound
"A21"; HPLC/MS: 0.97 min, [M+H] = 410;



83 HN N NH2 100 mg of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide and 62.2 mg
3-hydroxymethyl)-benzeneboronic acid are dissolved in 4 ml of DMF. 90.4 mg Na2CO3 and 1 ml water
are added uWN@eW&2go8713.9 mg of [1,1-Bis(diphenylphosphino)ferrocene] RERIGRBHLABALHR(I1) are
added. The mixture is stirred for 14 h at 100C. The reaction mixture is cooled to room temperature and
the DMF is evaporated and the product was purified by chromatography. 45 mg of "A62" are obtained;
method 1: HPLC/MS: 1.11 min, [M+H] = 321; 1H MRIR (400 MHz, DMSO-c15) 8 [ppm] 9.01 (1 H, d, J
2.2),8.88-8.83(2H,m),867(1H,d,J23),834-829(2H,m),7.79(1H,s),7.69(1H,d,J7.6),
752 (1H,t,37.6),7.46 (1 H,d,J7.8),4.65(2H, s). The following compounds are obtained
analogously'H2N\MRHE® (2 He P4 Eretd) - pimenty1 PIS-(Byridith- Bl rAceRitd i NBR"$.70

(s, 1H), 8.67 (d, J=6.7, 1H), 8.52 — 8.47 (m, 2H), 7.54 (d, J=3.7, 1H), 7.34 (d, J=3.7,

1H), 4.61 (s, 2H), 4.01 — 3.87 (M, 2H), 3.67 (m, 2H), 3.33 (M, 2H), 3.14 (M, 2H);

2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-yl]-N-(3-methyl-pyridin-4-yl)-
nicotinamide ("A22")

N
S 4
Z HN
NS \ ,
N NH,

Reaction of 2-amino-5-bromo-N-(3-methyl-pyridin-4-yl)-nicotinamide with 1-(2-
methoxy-ethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-pyrazole gives
the compound "A22"; HPLC/MS: 1.07 min, [M+H] = 353;

2-Amino-5-(4'-methyl-biphenyl-3-yl)-N-pyridin-4-yl-nicotinamide ("A23")

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with [3-(p-tolyl)phenyl]-
boronic acid gives the compound "A23";

HPLC/MS: 1.90 min, [M+H] = 381;

'H NMR (500 MHz, DMSO-dg) & [ppm] 11.4 (s, 1H, NH), 9.03 (d, J=2.2, 1H), 8.75
(d, J=6.6, 2H), 8.71 (d, J=2.1, 1H), 8.25 (d, J=7.3, 2H), 8.00 (s, 1H), 7.69 (dd,
J=10.1, 8.7, 2H), 7.62 (d, J=8.1, 2H), 7.56 (t, J=7.7, 1H), 7.37 (br, 2H, NH2), 7.25
(d, J=8.1, 2H), 2.31 (s, 3H);

2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-yl]-N-pyridazin-4-yl-
nicotinamide ("A24")



HON NH2 Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 2-(hydroxymethyl)-
benzeneboronic acid gives "A63"; method 1: HPLC/MS: 1.07 min, [M+H] = 321; 1H NMR (500 MHz,
DMSO-c16/WORHIpPMH] 8.88(1 H, d, J 2.1), 8.81 (2 H, d, J 7.2), 8.520 H,RETIGB20128032089 H, d, J
7.3),7.630H,d,J7.3),7.53-7.44 (3 H,m), 452 (2 H,s); WO 2012/161877PCT/US2012/032983 84
2-Amino-5-(2-tert-butylsulfamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A64") Reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with &tert.-butylsulfamoyl-benzeneboronic acid gives
"A64"; method 1: HPLC/MS: 1.41 min, [M-FH] = 426; 1H NMR (400 MHz, DMSO-d6/TFA-d1) 6 [ppm]
8.86-8.80(3H,m),839(1H,d,J2.1),8.28(2H,d,J7.3),8151H,dd, J7.9,1.2),7.73(2 H, dtd, J
31.4,7.6,1.4),7.57 (1 H,dd; J 7.6, 1.2), 1.09 (9 H, $)}-N
2-Amino-5-(4-amino-pheny)-N-pyridin-4-yl-nicotingfhideY"A65") NH2 Reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamidelyi nophenylboronic acid hydrochloride gives
"A65"; method 2: HPLC/MS: 153 min, [M+H] ; 1H NMR (400 MHz, DMSO-d6/TFA-d1) 6 [ppm]
9.05(1H,d,J2.2),8.87 (2H, d,\l #2(1 HHd, J2.2),8.36 (2H,d,J7.3),7.99 (2 H, d, J 8.5),
7.60 - 7.55 (2 H, m); 2-Amino- NIN-Zpyridin-4-y|-nicotinamide ("A66")

Reaction of 2-amino-5-bromo-N-pyridazin-4-yl-nicotinamide (see step 1 in the
synthesis of "A16") with 1-(2-methoxy-ethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxa-
borolan-2-yl)-1H-pyrazole gives the compound "A24";

HPLC/MS: 1.21 min, [M+H] = 340;

'H NMR (500 MHz, DMSO-dg) & [ppm] 10.98 (br, 1H, NH), 9.51 — 9.48 (m, 1H),
9.17 (d, J=6.1, 1H), 8.48 (d, J=2.2, 1H), 8.42 (d, J=1.6, 1H), 8.14 (m, 2H), 7.91 (s,
1H), 7,36 (br, 2H), 4.29 (1, J=5.3, 2H), 3.72 (t, J=5.3, 3H), 3.25 (s, 3H);

2-Amino-5-(1-carbamoylmethyl-1H-pyrazol-4-yl)-N-pyridin-4-yl-nicotinamide
(llA25ll)

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 2-[4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-pyrazol-1-yl]-acetamide gives the compound
"A25"; HPLC/MS: 0.94 min, [M+H] = 338;

'H NMR (400 MHz, DMSO-d¢) & [ppm] 10.51 (s, 1H, NH), 8.48 (dd, J=4.8, 1.5, 2H),
8.44 (d, J=2.3, 1H), 8.22 (d, J=2.3, 1H), 8.08 (d, J=0.5, 1H), 7.88 (d, J=0.6, 1H),
7.72 (dd, J=4.8, 1.6, 2H), 7.49 (s, 1H), 7.24 (s, 1H), 6.94 (s, 2H), 4.78 (s, 2H);

2-Amino-N-(2,6-dimethyl-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-thiophen-
2-yl)-nicotinamide ("A26")



85 0 NH2 Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 2-formylphenylboronic acid
gives "A66"; method 1: HPLC/MS: 1.23 min, [M+H] = 319; 1H NMR (400 MHz, DMSO-c16/TFA-d1) 6
[ppm] 10.08MOR08)/1818%(1 H, d, J 2.2), 8.81 (2 H, d, J 7.3), 8.51 (1 H, d, J POV 1S8H212/B29832 H, m),
8.11-8.07 (1 H, m), 7.83(1 H, td, J 7.6, 1.5), 7.72(1H, t, J 7.2),
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Reaction of 2-amino-5-bromo-N-(2,6-dimethyl-pyridin-4-yl)-nicotinamide with 5-(4-
morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the compound
"A26"; HPLC/MS: 1.09 min, [M+H] = 424;

'H NMR (400 MHz, DMSO-de) & [ppm] 10.43 (s, 1H, NH), 8.43 (d, J=2.3, 1H), 8.21
(d, J=2.3, 1H), 7.43 (s, 2H), 7.26 (d, J=3.5, 1H), 7.14 (s, 2H), 6.96 (d, J=3.5, 1H),
3.68 (s, 2H), 3.64 — 3.54 (m, 4H), 2.53 — 2.47 (m, 4H), 2.43 (s, 6H).

Example 6

2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyrimidin-4-yl-
nicotinamide ("A27")

0O NZ N
Q /R P

N
3

S H

\/NH

N 2

6.1 Reaction of 2-amino-5-bromo-pyridine-3-carboxylic acid with pyrimidin-4-
amine according to the synthesis described for "A1" step 1, gives 2-amino-5-bromo-
N-pyrimidin-4-yl-pyridine-3-carboxamide.

6.2 "A27"is prepared from 2-amino-5-bromo-N-pyrimidin-4-yl-pyridine-3-
carboxamide and 5-(4-morpholinylmethyl)thiophene-2-boronic acid pinacol ester
according to step 2 of the synthesis of "A1";

HPLC/MS: 1.27 min, [M+H] = 397;

'H NMR (400 MHz, DMSO-de) & [ppm] 11.34 (s, 1H, NH), 8.97 (d, J=0.9, 1H), 8.72
(d, J=5.8, 1H), 8.46 (d, J=2.3, 1H), 8.40 (d, J=2.3, 1H), 8.14 (dd, J=5.8, 1.2, 1H),



7.64(1 H, dd, J 7.6, 0.9); 3-[6-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid ethyl ester
("A67") HN 0 NNH2 Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with
3-ethoxycaréhjpréesioronic acid gives "A67"; method 1: HPLC/MS: 1.48GHiNSRL2M3298363; 1H
NMR (400 MHz, DMSO-c16/TFA-d1) 6 [ppm] 9.06 (1 H,d, J2.2),8.85(2H, d, J7.3),8.76(1 H, d, J
2.2),841(1H,tJ1.7),833(2H,d,J7.3),813-8.03(2H, m), 7.70 (1 H,t,J7.8),4.41(2H,q, J
7.1), 1.39(3 H, t, J 7.1); 2-Amino-5-(4-hydroxymet®a-phenyl)-N-pyridin-4-yl-nicotinamide ("A68") 86
Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-(hydroxymethyl)- phenylboronic acid;
method 1: HPLC/MS: 1.12 min, [M+H] = 321; 1H NMR (400 MHz, DMSO-d6/TFA-d1) 8 [ppm] 9.02 (1
H, d, J 2.2),8383@ WD JTHB)7/ 285¢13H)d6 D2 @), L3321 H),B.097(8) 2H)7 3.65H, 358 6R), 7.54(2 H, d,
J8.4),4.63 L@)HQS% %é,,b\msw_o-S-(B-hydroxy-phenyl)-N-pyridin-4-y|-nicotinamide ("AB9")

Example 7

2-Amino-N-furo[3,2-b]pyridin-7-yl-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-yl]-
nicotinamide ("A28")
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7.1 Reaction of 2-amino-5-bromo-pyridine-3-carboxylic acid with furo[3,2-
b]pyridin-7-amine according to the synthesis described for "A1" step 1, gives 2-
Amino-5-bromo-N-furo[3,2-b]pyridin-7-yl-pyridine-3-carboxamide.

7.2 "A28"is obtained from 2-amino-5-bromo-N-furo[3,2-b]pyridin-7-yl-pyridine-3-
carboxamide and 1-(2-methoxy-ethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
yl)-1H-pyrazole according to the procedure described for "A1" step 2;

HPLC/MS: 1.22 min, [M+H] = 379;

'H NMR (500 MHz, DMSO-dg) & [ppm] 10.70 (s, 1H, NH), 8.48 — 8.44 (m, 2H), 8.34
(d, J=2.0, 1H), 8.32 (d, J=2.2, 1H), 8.10 (s, 1H), 7.88 (s, 1H), 7.60 (d, J=5.3, 1H),
7.15(d, J=2.2, 1H), 7.02 (s, 2H), 4.28 (t, J=5.3, 2H), 3.71 (t, J=5.3, 2H), 3.25 (s,
3H).

The following compounds are obtained analogously

2-Amino-N-furo[3,2-b]pyridin-7-yl-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-
nicotinamide ("A29")



HN NNH2 Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-hydroxyphenylboronic
acid pinacol ester gives "A70"; method 1: HPLC/MS: 1.12 min, [M+H] = 307. 1H NMR (400 MHz,
DMSO-d6/THR-Y1¥8qi$3] 9.02 (1 H, d, J 2.2), 8.82 (2 H, d, J 5.1), 8.62(1 PCENURB2/32883d, J 7.3),
7.36(1H,t,J7.8),7.22(2H,d, J8.1),6.96(1 H, dd, J 7.5, 1.8);
246-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y11-benzoic acid ethyl ester ("A70") 0 NH2 Reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with &ghyl-2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate gives "A70"; method 1: HPLC/MS: 1.37 min, [M+H] =
363; 87 1H NMR (500 MHz, DMSO-c16/TFA-di) 6 [ppm] 8.86(1 H, d, J 2.1), 8.79(2 H, d, J 7.1), 8.40(1
H,d, J2.0),832(2H,dJ7. 12 (1H,dd,J7.8,0. 75(1H,td,J7.6,1.1), 7.64(1H,td, J 7.7,
0.9), 7.57(1 H,d, J 7.5), 4.?5?27—3;\1 J7.1),1.22(3H, O 7

4-[6-Amino-5-(pyridin-4-ylcarkanfoy1) gdin-3-y1]-@enzaic agyd ethyl ester

Reaction of 2-amino-5-bromo-N-furo[3,2-b]pyridin-7-yl-pyridine-3-carboxamide
(synthesis described above) with 5-(4-morpholinylmethyl)thiophene-2-boronic acid
pinacol ester gives the compound "A29";

HPLC/MS: 1.17 min, [M+H] = 436;

'H NMR (500 MHz, DMSO-d¢) & [ppm] 10.85 (s, 1H, NH), 8.48 (t, J=3.5, 2H), 8.36
(d, J=2.3, 1H), 8.33 (d, J=2.2, 1H), 7.62 (d, J=5.3, 1H), 7.30 (d, J=3.5, 1H), 7.23 (s,
2H), 7.16 (d, J=2.2, 1H), 6.98 (d, J=3.5, 1H), 3.68 (s, 2H), 3.62 — 3.56 (m, 4H), 2.44
(m, 4H);

4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid methyl ester

("A30")
O
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Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-methoxycarbonyl)-
benzoic acid gives the compound "A30"; HPLC/MS: 1.48 min, [M+H] = 349;

4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ("A31")

*@L@U@



("A71") I 0 NH2 Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with
4-ethoxycarbonylphenylboronic acid gives "A71"; method 1: HPLC/MS: 1.46 min, [M+H] = 363; 1H
NMR (500 WF2OMSB7¢16/TFA-d1) 6 [ppm] 9.08 (1 H, d, J 2.2), 8.84 (2 HPETI$20)2/832983 H, d, J
2.1),8.33(2H,d,J7.2),817(2H,d,J385),7.97(2H,d,38.4),438(2H,q,J 7.1), 1.38(3 H, t, J 7.1),
2-Amino-5-(4-hydroxy-phenyl)-N-pyridin-4-yl-nicotinamide ("A72") IN HN NH2 Reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with @4hydroxybenzeneboronic acid gives "A72"; method
1: HPLC/MS: 1.07 min, [M+H] = 307; 1H NMR (500 MHz, DMSO-c16/TFA-d1) 6 [ppm] 8.99 (1 H, d, J
2.1),8.78(2H,dd,J7.2,2.4),851(1H,t,J21),8352H,d,J7.2),7.61(2H,dd,J8.5,1.8),7.01(2
H, d, J 8.6);188 nReeictiddramniharditryidindrysatbayniolih-Ayyidmedyheraitzowideid-(aeth 8, 5-
tetramethy 11,3, 2, oabola 3o PR RRIGIYER AR NEesRtls HPLGIMSF 4 6pisy IM+H] = 307;

The reaction mixture is stirred over night at 50°C.

The desired material "A31" is purified by chromatography;

HPLC/MS: 1.28 min, [M+H] = 335;

'H NMR (400 MHz, DMSO-de) & [ppm] 13.24 — 12.61 (m, 1H, OH), 11.36 (s, 1H,

NH), 8.74 (d, J=6.7, 2H), 8.69 (d, J=2.4, 1H), 8.51 (d, J=2.4, 1H), 8.18 (d, J=7.2,

2H), 8.06 — 7.98 (M, 2H), 7.90 — 7.81 (m, 2H), 7.40 (s, 2H);

3-{4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-phenyl}-propionic acid
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Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-(4-boronophenyl)-
propanoic acid gives the compound "A32"; HPLC/MS: 1.28 min, [M+H] = 363;

'H NMR (500 MHz, DMSO-de) & [ppm] 12.09 (s, 1H, OH), 10.52 (s, 1H, NH), 8.48
(dd, J=6.7, 4.2, 3H), 8.31 (d, J=2.2, 1H), 7.72 (d, J=6.1, 2H), 7.62 (d, J=8.1, 2H),
7.32(d, J=8.1, 2H), 7.09 (s, 2H), 2.86 (t, J=7.5, 2H), 2.56 (t, J=7.5, 2H);

(IIA32II

2-Amino-N-(3-chloro-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-
nicotinamide ("A33")

O 5

N/ \



1H NMR (500 MHz, DMSO-c16/TFA-d1) [ppm] 8.95(1 H, d, J 2.1), 8.83(2 H, d, J 7.2), 8.62(1 H, d, J
2.1),8.30(2H,d,J7.2),753(1H,dd,J7.7,1.5), 7.32 - 7.27 (1 H, m), 7.11 -7.07 (1 H, m), 7.03 - 6.98
(1 H, m); 2-MRiABLB1EGrmyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A74") ORCNHRZRUVAEIEH of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-formylbenzeneboronic acid gives "A75"; method
1: HPLC/MS: 1.29 min, [M+H] = 319; 1H NMR (500 MHz, DMSO-d6/TFA-d1) 8 [PPm] 10.13(1 H, s),
9.13(1 H, d, J2.2),8.83-8.75(3H, m),8.36 (3H,88J7.2),8.14-8.02(2H, m), 7.78 (1 H, t, J 7.7);
2-Amino-5-(4-formyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A75") HN 89 Reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-formylbenzeneboronic acid gives "A75"; method
1: HPLC/MSeBa®dmii Zdmp=531romH\NEHRN BB AMHrd DM B Oicd 6 TRRH RS w1 6-10(1 H, s),
9.0B(L H, 0,3 2,200 i 7ty B 820t AR BRI v d B GoohS (4 H. m)
2-Amino- 5 -aminomethyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A76") Reaction of

2-amino-5- br%?ﬁo NPM(M§ 41)3 m%r&ﬂr‘h"&eﬂ/@%ﬁ 3-aminomethylphenylboronic acid hydrochloride

gives "A76" 1H1mh9p|(50(b-lﬂl=|@/ MRSOU s H. 303201 BHNWYIR. (EDE MHZ, £683-d6/TFA-d1) 8

R T e L AR

J=3.5, 1H), 7.21 (s, 2H), 6.97 (d, J=3.5, 1H), 3.68 (s, 2H), 3.62 — 3.55 (m, 4H), 2.44
(s, 4H),

2-Amino-5-(1H-pyrazol-4-yl)-N-pyridin-4-yl-nicotinamide ("A34")

/ SzT A

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole gives the compound "A34";
HPLC/MS: 0.89 min, [M+H] = 281;

'H NMR (500 MHz, DMSO-de) & [ppm] 12.89 (s, 1H, NH), 10.48 (s, 1H, NH), 8.47
(dd, J=10.1, 4.2, 3H), 8.23 (d, J=2.2, 1H), 8.11 (s, 1H), 7.91 (s, 1H), 7.71 (dd,
J=10.9, 9.6, 2H), 6.91 (s, 2H);

4-{[2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-pyridine-3-carbonyl]-
amino}-nicotinic acid methyl ester ("A35")

O o ¢\
Q J Y =
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Reaction of methyl 4-[(2-amino-5-bromo-pyridine-3-carbonyl)amino]pyridine-3-
carboxylate with 5-(4-morpholinylmethyl)thiophene-2-boronic acid pinacol ester
gives compound "A35"; HPLC/MS: 1.36 min, [M+H] = 454;



2-Amino-5-(4-aminomethyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A77") NH2fl HN O NH2 Reaction of
2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-aminomethylphenylboronic acid hydrochloride
gives "A77"WRSHBAGISHPLC/MS: 1.07 min, [M+H] = 320; 1H NMR (500 MPETOMSEL83TFA-dL) 6
[ppm] 9.02 (1 H,d, J2.2),8.86(2H,d,J7.3),873(1H,d,J2.3),831(2H,d,J7.3),791(2H,d,J
8.4), 7.67(2H, d, J 8.4), 4.15 (2 H, s); 90 Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide
with benzenesulfonamide-3-boronic acid pinacol esger gives "A78"; method 1: HPLC/MS: 1.13 min,
[M+H] = 370; 1H NMR (500 MHz, DMSO-d6/TFA-d1) 8 [ppm] 9.01 (1 H, d, J 2.2), 8.86 (2 H, d, J 7.3),
8.74(1H,d,J23),833-8.28(3H,m),805(1H,d,J7.8),798(1H,d,J7.9),7.77(1H,1t J7.9);
2-Amino-5- [bﬂ(ww@wtﬁerlmsqm|ﬁ)mmqnaew1]\lw)p9ruﬂr(s4 AWHidd TR thide T #79") NH2
Reaction of #B/80 fsi081g. Npgvgoﬂa (Y IBBUMIBNE LB DPa (o o) 706

tetramethy111,3,2]clioxaboroia benzenesulf?_%lelpendln4oI |ves me hod 1:

HPLC/MS: idzdﬁuﬁ wm}%mmmm @88 f-BHpMED IS R-62 - BBRMT AN (1 H, d, J 2.3),
8.86 (2 H, d2.44 3),4480(1 H, d, J 2.2),8.30(2H, d, J 7.3), 8.19 - 8.13 (2 H, m), 7.87 - 7.80 (2 H, m),
3.64-357(1H,m),3.25-3.17 (2H, m), 2.93-2.89 (2H, m), 1.83-1.75 (2 H, m), 1.58 - 1.44 (2 H,
m); 446-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-2-fluoro-benzoic acid methyl ester ("A80")
N-(2-Acetylamino-pyridin-4-yl)-2-amino-5-(5-morpholin-4-ylmethyl-thiophen-

2-yl)-nicotinamide ("A36")

N /7 \ x~""NH

Reaction of N-(2-acetamido-4-pyridyl)-2-amino-5-bromo-pyridine-3-carboxamide
with 5-(4-morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the
compound "A36"; HPLC/MS: 1.14 min, [M+H] = 4583;

'H NMR (500 MHz, DMSO-de) & [ppm] 10.63 (s, 1H, NH), 10.37 (s, 1H, NH), 8.43
(d, J=2.3, 1H), 8.38 (d, J=1.2, 1H), 8.23 (d, J=2.3, 1H), 8.20 (d, J=5.6, 1H), 7.60
(dd, J=5.6, 1.9, 1H), 7.26 (d, J=3.5, 1H), 7.13 (s, 2H), 6.96 (d, J=3.5, 1H), 3.67 (s,
2H), 3.61 — 3.57 (m, 4H), 2.43 (s, 4H), 2.09 (s, 3H);

3-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-2-yl]-benzoic acid ("A37")

1. (3-Methoxycarbonylphenyl)boronic acid and 2-amino-5-bromo-N-pyridin-4-yl-
nicotinamide are reacted analogously to "A1" step 2 to give methyl 3-[6-amino-5-(4-
pyridylcarbamoyl)-3-pyridyl]benzoate.

2. "A37"is obtained from methyl 3-[6-amino-5-(4-pyridylcarbamoyl)-3-
pyridyllbenzoate using the method described for "A31";

HPLC/MS: 1.19 min, [M+H] = 335;



91 Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-fluoro-4-
methoxycarbonyl-phenylboronic acid gives "A80"; method 1: HPLC/MS: 1.48 min, [M+H] = 367; 1H
NMR (400 W20MSE87d6/TFA-d1) 8 [PPm] 9.10 (1 H, d, J 2.2), 8.84(3 H, PCXA2M 388342 H, d, J
7.3),8.09(1 H,t,J8.0), 7.87(1 H, dd, J 12.2, 1.6), 7.80(1 H, dd, J 8.2, 1.7), 3.92(3 H, s);
{216-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-yqg-phenylbcarbamic acid tert.-butyl ester ("A81")
Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotid@mide with [2-(4,4,5,5-
tetramethy141,3,2]dioxaborolan-2-y1)-phenyn-carbamic acid tert-butyl ester gives "A81"; method 1:
HPLC/MS: 1.38 min, [M+H] = 406;
{346-Amino’B-(HVHft{A0S- JitizrbaMB Pt Wittiprd-§ 3]0ghny It a@bdmic Adidstert Bllyl 8stér ("A82")
Reaction of 2-amne-5:hr pyrislin-4yl-kigatinami ith 3 cam| onic acid
aives B2 Crthcd o e e B méﬁ%ﬁﬁ%@%y‘%@’ B2 RTEAN IR
2-Amino-5-{=[(Z-rREth & letry BSiBsHbat Soy Tl shdm)1 Y-R8ridiAl4-yInicotinamide ("A83")
12.14-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-y1]-benzoic acid ("A31") A solution of

e D B R SRS s o e, ™

vacuo and thigiodtineenaieidifedivith LN HC1. The resulting precipitate is filtered off, washed with water

and dried. 260 mg of the desired product are obtained Rp a white solid; method 1: HPLC/MS: 1.21 min,
[M+H] = 335: / 7\
O
Z O -
N ¢l
Ny~ "
Nx \ N/ NH,

Reaction of 2-amino-5-bromo-N-(3-chloro-4-pyridyl)pyridine-3-carboxamide with 1-
(2-methoxy-ethyl)-4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-pyrazole
gives the compound "A38"; HPLC/MS: 1.39 min, [M+H] = 373;

'H NMR (500 MHz, DMSO-dg) & [ppm] 10.16 (s, 1H, NH), 8.69 (s, 1H), 8.51 (d,
J=5.3, 1H), 8.46 (d, J=2.2, 1H), 8.28 (d, J=2.3, 1H), 8.09 (s, 1H), 7.86 (s, 1H), 7.79
(d, J=5.3, 1H), 7.00 (s, 2H), 4.28 (t, J=5.3, 2H), 3.71 (1, J=5.3, 2H), 3.24 (s, 4H);

2-Amino-N-(4-methoxy-phenyl)-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-
nicotinamide ("A39")

Reaction of 2-amino-5-bromo-N-(4-methoxyphenyl)pyridine-3-carboxamide with 5-
(4-morpholinylmethyl)thiophene-2-boronic acid pinacol ester gives the compound
"A39"; HPLC/MS: 1.46 min, [M+H] = 425;



1H NMR (400 MHz, DMSO-d6/TFA-d1) 8 [ppm] 9.13(1 H, s), 8.93 - 8.70 (4 H, m), 8.38 (2 H, d, J 6.6),
797 (2H,d,J8.4),7.83(1H,d,J8.5). Using the above mentioned procedure the following
compounds¥fe28Rdiriéd’analogously: 93 Reaction of PCT/US2012/032983
3-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-y1]-benzoic acid ethyl ester gives "A84"; method 1:
HPLC/MS: 1.21 min, [M+H] = 335; 1H NMR (500 MHz, DMSO-d6/TFA-di) 6 [ppm] 9.12(1 H, d, J 2.2),
8.85(2H,d,J7.2),878(1H,d,J2.2),8.44(1 H,s)18.37(2H,d,J 7.2),8.10(2 H,d, J 7.9), 7.68 (1 H, t,
J7.8); 2-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-y1]-benzoic acid ("A85") Reaction of
2-[6-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid ethyl ester gives "A85"; method 1.:
HPLC/MS: 1.15 mir®-fivhimd} N-8381t ko KMR I (G0BN D OMBGiBImAALdiph yhingd et H, d, J 2.1),
8.79(2 H, d, J AiddiR£HAidets ho*2-0), 8.32(2 H, d, J 7.3), 8.12(1 H, dd, J 7.8, 0.9), 7.75(1 H, td, J 7.6,
1.1), 7.64(1°H, td, J 7.7, 0.9), 7.5‘}(1 H,d, J7.5);

4-[6-Amino-5-(pyridin-4-ylcafba oyl)-pyridin-3-y1]-2-f|uoro-b::zoi@acid ("A86") Reaction of

4-[6-amino-5-(pyridin-4-ylcakbamby1)-pyidin-3-y1]-2-@uoro{denzpic acid methyl ester gives "A86";
method 1: HPLC/MS: 1.22 min, = 4b3; 1H NMRB\(40 7 DMSO-d6/TFA-di) 6 [ppm] 9.13(1 H,
d,J2.2),883(3H,tJ4.7),837(2H, &8I 7 (1 H,Y%, J8.0), 7.85(1 H,dd,J12.1,1.7), 7.78(1 H,
dd, J 8.2, 1.7). 12.22-Amino-5-{4-[(2-methoxy-gthyDiethyl-carbamoyl]thenyl}-N-pyridin-4-yl-
nicotinamide ("A83") 60 mg (0.18 mmol) of 4-[6-aN1ino-'%'—'tpyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic

acid and 23 13 p1(0.22 mmol -(methoxyethyllmethylamine are. dissolved in 2. mL DMF. 102.36 mg
IATO (o (S B S B R B S o B e and 50 16
pL N-methyfr{érpraspheliawneitigitiionieseldtkaomiseapidixpinacsl ssirs@iicrsshacesapausthperature.

The DMF is-@vaporgied fist Q?ngﬁﬂﬂuﬁ\ﬁ ﬁ-ﬂé@ﬁi@l by chromatography. 16 mg of "A83" are obtained;
method 1: HPLC/MS: 1.22 min, [M+H] = 406; ’

Example 8

2-Amino-N-(3-methylcarbamoyl-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-
thiophen-2-yl)-nicotinamide ("A41")
O
& 3, S
N ~
B N
H

V/

NH
N NH2 O \

100 mg of methyl 4-[[2-amino-5-[5-(morpholinomethyl)-2-thienyl]pyridine-3-carbo-
nyllJamino]pyridine-3-carboxylate (MSC 2392368) are dissolved in 4 ml THF and 4
ml of methylamine (40% in water) are added. The mixture is stirred for 2h at room
temperature. The mixture is evaporated and treated with petrol ether and ethyl
acetate. After filiration 79 mg of a yellow solid is obtained;

HPLC/MS: 1.17 min, [M+H] = 4583;

'H NMR (500 MHz, DMSO-de) & [ppm] 12.76 (s, 1H), 9.05 (d, J=4.3, 1H), 8.94 (s,
1H), 8.61 (d, J=5.7, 1H), 8.51 (d, J=2.3, 1H), 8.45 (d, J=5.7, 1H), 8.16 (d, J=2.3,
1H), 7.35 (s, 2H), 7.25 (d, J=3.5, 1H), 6.98 (d, J=3.5, 1H), 3.68 (s, 2H), 3.60 — 3.57
(m, 4H), 2.86 (d, J=4.5, 3H), 2.44 (m, 4H).



94 1H NMR (500 MHz, DMSO-d6/TFA-di) 6 [ppm] 9.05 (1 H, d, J 2.2),8.86 (2H, d, J 7.3), 8.74 (1 H,
d,J2.2),831(2H,d,J7.3),7.89(2H,d,J8.0),7.60(2H,d,J8.3),3.75-3.57 (2H, m), 3.53 -3.41
(3 H, m), 3.3BQ 19628 m), 3.04(3 H, s). Using the above mentioned proB&dilf&2Ha/ 48 Aing
compounds are obtained analogously:
2-Amino-5-(4-diethylcarbamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A87") N NH2 Reaction of
4-[6-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1J-®enzoic acid with diethyl amine gives "A87";
method 1: HPLC/MS: 1.36 min, [M+H] = 390; 1H NMR (500 MHz, DMSO-d6/TFA-di) 6 [ppm] 9.05 (1
H,d,J23),886((2H,d,J7.3),874(1H,d,J22),831(2H,d,J7.3),790((2H,d,J8.4),7.55(2H,
d, J8.3),3.60-3.17 (4 H, m), 1.29 - 1.00 (6 H, m);
2-Amino-5-@seakBaanyyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A88") NH2N HN 0 NNH2 Reaction of
4-[6-amino-5-{pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid with ammonia gives "A88"; method 1:
HPLC/MS: 1.10 min, [M+H] = 334; 1H NMR (500 MHz, DMSO-d6/TFA-d1) 6 [ppm] 9.06 (1 H, d, J 2.2),
8.86 (2 H, d, J 7.2)AMiR-EL[1t(Bbhy &)y BBY(A Hypdralz612y8- ML ridirtlad Bridoifn@fn(@eH, d, J 8.4); 95

("A42")

HO

1,1"-Bis(diphenylphosphino)
ferrocendlchIorpalladlum(lI)

B~
N\] ﬁ( K,CO,, DMF
oo
— N
N
@ ry 7 s

— /
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DMF, tt HCI, dioxane
- NH
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N ZN

O N
O o

9.1 2-Amino-5-{1-[2-(tetrahydro-pyran-2-yloxy)-ethyl]-1H-pyrazol-4-yl}-nicotinic
acid:

1.5 g 1-[2-(tetrahydropyran-2-yloxy)-ethyl]-4-(4,4,5,5-tetramethyl-[1,3,2]dioxa-
borolan-2-yl)-1H-pyrazol and 808 mg 2-amino-5-bromonicotinic acid are disolved in
10 ml of DMF. 3.3 g of potassium carbonate are added to the solution. The mixure
is heated to 80°C. 395 mg of 1,1 -bis(diphenylphosphino)ferrocenedichloropalla-
dium(ll), dichlormethane adduct are added and the mixture is heated for 2h.



2-Amino-5-{4-[bis-(2-methoxy-ethyl)-carbamoyl]-pheny1}-N-pyridin-4-ylnicotinamide ("A89") Reaction
of 4-[6-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid with bis(2-methoxy-ethyl)-amine
gives "A89"WREHBAISHPLC/MS: 1.30 min, [M+H] = 450; 1H NMR (500 MPETOMS$RI$FA-d1) 8
[PPm]9.08 (1H,d,J2.2),883(2H,d,J7.2),872(1H,d,J21),834(2H,d,J7.3),7.88(2H,d,J
8.2), 7.59(2 H, d, J 8.3), 3.73 - 3.26 (14 H, m);
2-Amino-5-{4-[(2-dimethylamino-ethyl)-methyl-car@@moyl]-pheny1}-Npyridin-4-yl-nicotinamide ("A90")
Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid with
N,N,N'-trimethylethylenediamine gives "A90"; method 2: HPLC/MS: 1.55 min, [M+H] = 419; 1H NMR
(500 MHz, DRESEDlutierTiE Avappiippidioe ¢luble gradRad s adiidhydsllicans| 1.1), 8.71 (1 H, d, J

2.0), 8.35(2dfy hndieraphyPdsifd biflyrhBetdtd/8EH .4, 496 Mg DL &hiInbls3 1942 H. 1), 3.05(3 H, s),

2.95(6 H, s); e |
2-Amino-514gAlyietRyIamY My SLBYHY Ry asRiv Y bSO F e )Rt Btinamide ("A91") /
96 ReactiorHpf|4zRismirer m(pymalimp=yszmbamoyl)-pyridin-3-yg-benzoic acid with N'-
ethyl-N,N-dimethyl-ethane-1,2-diamine gives "A91"; method 1: HPLC/MS: 1.08 min, [M+H] = 433; 1H
NMR (500 MHz, DMSO-d6/TFA-d1) 8 [PPm] 9.09 (1 H, d, J 2.2),8.80 (2 H, d, J7.3),8.71 (1 H, d, J
2.2), 8.36 (2R, d 23Amino oy (iRl 4dyl3se{ B)[27(@drédydratpy rar8R- @ @6(2ethvi]; B14ayaebli4J 6.4), 3.41 -

3.27 (2 H, r@)}-%i(?&(ﬁdmi - 1.14(3 H, t, J 6.6); N o .
2-Amino-544-(2-methoxy-ethylcarbamoy1)-pheny1]-N-pyridin-4-ylnicotinamide ("A92") HN 0
303 mg of 2-Amino-5-{1-[2-(tetrahydro-pyran-2-yloxy)-ethyl]-1H-pyrazol-4-yl}-

nicotinic acid, 84 mg of 4-aminopyridine and 284 mg of O-(1H-benzotriazol-1-yl)-
N,N,N',N'-tetramethyluroniumtetrafluorborate (TBTU) are disolved in 10 ml of DMF.
0.15 ml of N-ethyldiisopropylamine and 21 mg of 4-(dimethylamino)-pyridine are
added. The mixture is stirred over night at room temperature.

The reaction mixture is evaporated and purified by silica gel chromatography using
dichloromethane/MeOH 9:1.

160 mg of 2-Amino-N-pyridin-4-yl-5-{1-[2-(tetrahydro-pyran-2-yloxy)-ethyl]-1H-
pyrazol-4-yl}-nicotinamide are obtained as a yellow solid; HPLC/MS: 1.27 min,
[M+H] = 409.

9.3 2-Amino-5-[1-(2-hydroxy-ethyl)-1H-pyrazol-4-yl]-N-pyridin-4-yl-nicotinamide:
160 mg of 2-Amino-N-pyridin-4-yl-5-{1-[2-(tetrahydro-pyran-2-yloxy)-ethyl]-1H-
pyrazol-4-yl}-nicotinamide are dissolved in 4 ml of dichloromethane. 0.4 ml of HCl in
dioxane (ca. 4 mol/l) are added. After 1h, the precipitate is filtered off and washed
with dichloromethane.

99 mg of 2-Amino-5-[1-(2-hydroxy-ethyl)-1H-pyrazol-4-yl]-N-pyridin-4-yI-
nicotinamide are obtained as yellow solid; HPLC/MS: 0.98 min, [M+H] = 325;

"H NMR (400 MHz, DMSO-dg) & [ppm] 10.56 (s, 1H, NH), 8.50 (d, J=6.2, 2H), 8.43
(d, J=2.2, 1H), 8.21 (d, J=2.3, 1H), 8.09 (s, 1H), 7.86 (s, 1H), 7.76 (d, J=6.3, 2H),
6.94 (s, 2H), 4.90 (s, 1H, OH), 4.16 (t, J=5.6, 2H), 3.76 (d, J=4.8, 2H).

Example 10

The following compounds are obtained analogously to example 1;



NH2 Reaction of 446-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-yg-benzoic acid with 2-
methoxy-ethylamine gives "A92"; method 1: HPLC/MS: 1.25 min, [M+H] = 392; 1H NMR (500 MHz,
DMSO-d6/THR-Y1¥/84IBPm] 9.10(1 H, d, J 2.2), 8.81 (2 H, d, J 7.3), 8.74 (1§ 1dU2012/)33985 (2 H, d, J
7.4),811(2H,d,J85),791(2H,d,J8.5),355(4H,s),3.34 (3H,s);
2-Amino-5-{4-[bis-(2-hydroxy-ethyl)-carbamoy1]-phenyll-N-pyridin-4-0- nicotinamide ("A93") 97
Reaction of 446-amino-5-(pyridin-4-ylcarbamoy1)-p4ridin-3-y1]-benzoic acid with 2-
(2-hydroxy-ethylamino)-ethanol gives "A93"; method 2: HPLC/MS: 1.62 min, [M+H] = 422; 1H NMR
(500 MHz, DMSO-d6) 8 [PPm] 8.57 (1 H, d, J 2.3),8.49 (2 H, dd, J 4.8, 1.5), 8.39(1 H,d, J 2.3), 7.77(2
H,d, J8.3),7.73(2 H, dd, J 4.8, 1.5), 7.49(2 H, d, J 8.3), 3.64 - 3.46 (8 H, m);

2-Amino-S4drkimgisy: PAOWH‘W*PPWWH)Z@“S”M' TP IR AN EpEiRamtehiafd) NH2 -N
Reaction of 446-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid with 3-

methoxy-préHERmingG BHdES &8 480% (bR -3: HBLC/MS: 1.30 min, [M+H] = 406; 1H NMR (500 MHz,
DMSO-d6/TFA-d1) 8 [PPm] 9.11(1 H, d, J 2.2), 8.76 (2 H, d), 8.69(1 H, d, J 2.1), 8.37(2 H, d, J 7.3),

8.07 (2 H, d, 1 3.3),7,88(2 18.4) 3.4 31(3H 5).1.88 (2 H, p, J 6.5)
2-AMino-5-{4-[metrRit (3 41 :%Gf P"%Fé‘z |yimy?ﬁé ﬁﬁﬁ’pﬁ% n)(Qy%ﬁpy”d'” )
phenyll-N-pyitditndnyicei¢Gidinide ( '‘A95") zel HN |

S

N7 \ 0 | /
el
HN" N O

'H NMR (400 MHz, DMSO-dg) 3 [ppm] 10.53 (s, 1H), 8.53 (d, J = 2.08 Hz, 1H), 8.48
(d, J = 5.00 Hz, 2H), 8.30 (d, J = 2.12 Hz, 1H), 7.69-7.71 (m, 3H), 7.44 (s, 1H),
7.07-7.12 (m, 2H), 3.69 (s, 2H), 3.57-3.59 (m, 4H), 2.49-2.49 (m, 4H);

LCMS: Mass found (M+1, 396);

HPLC > 97%, Rt (min): 1.362.

5-(4-Acetyl-1H-pyrrol-2-yl)-2-amino-N-pyridin-4-yl-nicotinamide ("A44")

g7

'H NMR (400 MHz, DMSO-de) 8 [ppm] 11.96 (s, 1H), 10.61 (s, 1H), 8.48-8.53 (m,
1H), 8.47 (d, J = 1.40 Hz, 2H), 8.40 (d, J = 2.04 Hz, 1H), 7.74 (dd, J = 1.48, 4.90
Hz, 2H), 7.68 (dd, J = 1.64, 2.88 Hz, 1H), 7.07 (s, 2H), 6.85 (t, J = 2.24 Hz, 1H),
2.34 (s, 3H);

LCMS: Mass found (M+1, 322);

HPLC > 93%, RTL (min): 1.62.

2-Amino-5-furan-3-yl-N-pyridin-4-yl-nicotinamide ("A45")



0 NH2 Reaction of 446-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid with
methyl-(3-methyl-3H-imidazol-4-ylmethyl)-amine gives "A95"; method 1: HPLC/MS: 1.07 min, [M+H] =
442; 98 1HWMAIBBOSMHZ, DMSO-c16/TFA-di) 6 [ppm] 9.09 (1 H, s), 9.08CHU§201208R98379 (2 H, d,
J7.3),870(1H,d,J2.0),83((2H,d,J7.3),7.89(2H,d,J8.3),7.71 (1 H,s), 768 (2H,d,J8.3),
3.97(2H,s),3.00(3H,s),2.79 (3H, s);
2-{446-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-4A]-benzoylamino}-ethyl carbamic acid tert.-butyl
ester ("A96") Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-y1]-benzoic acid with (2-
amino-ethyl)-carbamic acid tert-butyl ester gives "A96"; method 1: HPLC/MS: 1.47 min, [M+H] = 477;
2-Amino-5-{3-[(2-methoxy-(ﬁ -meth%—carbamoyl eny1}-N-pyridin-4-ylnicotinamide ("A97") HaN
HN"--.%k) 0 NH2 Reaction pf 3-[g-amifjo-5-(pyridi arbamoyl)-pyridin-3-y1]-benzoic acid with
N(methoxy-ethyl)-methyl-a i 2 : HPLC/MS: 1.23 min, [M+H] = 406; 1H NMR
(500 MHz, DMSO-d6/TFA-d1) 8 [PRin] 9.03 (1| ,S), 886 (2H,d,J7.3),874(1H,s),831(2H,d,J
7.4),7.88(2H,d,J1.6), 7.62(1 H, t, HL K (1H,d,J7.7),3.73-2.96 (10 H, m);

'H NMR (400 MHz, DMSO-d¢) & [ppm] 10.54 (s, 1H), 8.44-8.44 (m, 3H), 8.23 (d, J =
2.32 Hz, 1H), 8.12 (d, J = 2.36 Hz, 1H), 7.74 (t, J = 3.36 Hz, 1H), 7.68 (d, J = 4.64
Hz, 2H), 6.97-7.02 (m, 2H);

LCMS: Mass found (M+1, 281);

HPLC > 96%, Rt (min): 1.64.

2-Amino-5-(1-benzyl-1H-pyrazol-4-yl)-N-pyridin-4-yl-nicotinamide ("A46")

'H NMR (400 MHz, DMSO-d¢) & [ppm] 10.49 (s, 1H), 8.43-8.48 (m, 3H), 8.20 (dd, J
= 2.28, 6.54 Hz, 2H), 7.90-7.91 (m, 2H), 7.69 (dd, J = 1.52, 4.82 Hz, 2H), 7.25-7.37
(m, 5H), 6.94 (s, 1H), 5.34 (s, 1H);

LCMS: Mass found (M+1, 371);

HPLC > 98%, Rt (min): 2.34.

2-Amino-5-(1-methyl-1H-pyrazol-3-yl)-N-pyridin-4-yl-nicotinamide ("A47")

/
NZ | o) I\II/N
N ~ Y
H |
NS
HN" N

'H NMR (400 MHz, DMSO-de) & [opm] 10.65 (s, 1H), 8.59 (d, J = 2.20 Hz, 1H), 8.48
(d, J = 6.20 Hz, 2H), 8.36 (d, J = 2.20 Hz, 1H), 7.73 (dd, J = 2.12, 4.42 Hz, 3H),
7.07 (s, 1H), 6.66 (d, J = 2.24 Hz, 1H), 3.87 (s, 3H);



0 NH2 Reaction of 3-[6-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid with diethyl amine
gives "A98"; method 1: HPLC/MS: 1.37 min, [M+H] = 390; 1H NMR (500 MHz, DMSO-d6/TFA-di) 6
[ppm] 9.04(WVQ,281231918Y78.85(2 H, d, J 7.2), 8.74(1 H, d, J 2.1), 8.31 (2 H, BCY¥2P17/E3P83H, d, J
8.1),7.84(1H,s),7.62(1H,tJ37.7),745(1H,d,J7.5),3.57-3.23 (4 H, m), 1.28- 1.01 (6 H, m);
2-Amino-5-(3-carbamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A99") Reaction of
3-[6-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1J#®enzoic acid with ammonia gives "A99"; method 2:
HPLC/MS: 1.64 min, [M+H] = 334. 1H NMR (500 MHz, DMSO-c16/TFA-d1) 6 [ppm] 9.07 (1 H, d, J
2.2),8.85(2H,d,J7.3),876(1H,d,J2.2),836(1H,tJ1.7),8.32(2H,d,J7.3),8.002H,td, J 8.3,
1.6), 7.65 (1L-AMS I8y foun@{Mmin@%5)|2-diethylcarbamoyl-phenyl)-N-pyridin-4-yl-nicotin-amide ("Al
00") 100 Rgpetion gha2-[ migg-?—i@yridin-4-y|carbamoy1)-pyridin-3-y1]-benzoic acid with diethyl
amine gives "A100"; method 2: HPLC/MS: 1.35 min, [M+H] = 390; 1H NMR (500 MHz, DMSO-c16) 6
[ppm] 8.83 (2H,d,J7.3),881(1H,d,J2.2),835(1H,d,J21),831(2H,d,J7.3),7.70-7.67 (L H,
m), 7.62(1 H, td, J 2o, 5. B8 Lih et 1HoeYr&2B1-4-), N-gtdi adghnicétmablde 3.47 - 3.30 (2 H,
m), 3.03 (2 '(_"AEB'% 7.0), 1.02- 0.91 (3 H, m);

'H NMR (400 MHz, DMSO-de) & [ppm] 12.29 (s, 1H), 10.36 (s, 1H), 8.45 (d, J =
5.24 Hz, 2H), 8.09 (d, J = 2.00 Hz, 1H), 8.00 (d, J = 2.00 Hz, 1H), 7.70 (d, J = 6.24
Hz, 2H), 7.01 (s, 1H), 2.16 (s, 6H);

LCMS: Mass found (M+1, 309);

HPLC > 99%, Rt (min): 3.71.

2-Amino-N-pyridin-4-yl-5-thiophen-3-yl-nicotinamide ("A49")

N= 0 —
« | 9
N ~d
H |
N\
HN" N

'H NMR (400 MHz, DMSO-de) & [ppm] 10.53 (s, 1H), 8.57 (d, J = 2.28 Hz, 1H), 8.47
(d, J = 6.24 Hz, 2H), 8.35 (d, J = 2.28 Hz, 1H),7.80-7.81 (m, 1H), 7.71 (dd, J = 1.48,
4.86 Hz, 2H), 7.66 (dd, J = 2.92, 5.00 Hz, 1H), 7.59 (dd, J = 1.20, 5.00 Hz, 1H),
7.09 (s, 2H);

LCMS: Mass found (M+1, 297);

HPLC > 95%, Rt (min): 1.88.

2-Amino-5-(1-methyl-1H-pyrrol-2-yl)-N-pyridin-4-yl-nicotinamide ("A50")



2-Amino-5-(2-carbamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A101") NH2 Reaction of
2-[6-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid with ammonia gives "A101"; method
1: HPLC/MSYQ B3 8[M+H] = 334; 1H NMR (500 MHz, DMSO-c16/TFA-8 BUSH/B3883L H, d, J
2.1),8.79(2H,d,J7.1),8.40(1 H, d, J 2.0), 8.32(2H,d, J 7.3), 8.12(1 H, dd, J 7.8, 0.9), 7.75(1 H, td, J
7.6,1.1),7.64(1H,1td,J7.7,0.9), 7.57(1 H, d, J 7.5);
2-Amino-5-{3-fluoro-4-[(2-methoxy-ethyl)-methyl-cdrbamoyphenyll-Npyridin-4-yl-nicotinamide ("Al 02")
/FHN NH 2 Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-2-fluoro-benzoic acid with
N-(methoxyethyl)-methylamine gives "A102"; method 1: HPLC/MS: 1.34 min, [M+H] = 424; 1H NMR
(500 MHz, DMSO-d6/TFA-d1) 8 [PP (2H,d,J7.2),8.76 (1 H,d, J2.2),
835(2H,d,J7.3),808(1H,s),7.82- 7| 9(1 H,td,J7.6,29),372(1H,t,J

5. 5) 3.63(1H,t J5. 5) 3.43 (2 H 23(1H,s),3.10 (2 H,s), 2.97(1 H,

'H NMR (400 MHz, DMSO-ds) & [ppm] 10.45 (s, 1H), 8.46 (d, J = 6.12 Hz, 2H), 8.24
(d, J = 2.16 Hz, 1H), 8.14 (d, J = 2.12 Hz, 1H), 7.71 (d, J = 6.32 Hz, 2H), 7.13 (s,
2H), 6.83 (t, J = 2.00 Hz, 1H), 6.16 (dd, J = 1.84, 3.52 Hz, 1H), 6.05-6.07 (m, 1H),
3.60 (s, 3H);

LCMS: Mass found (M+1, 294);

HPLC > 95%, Rt (min): 1.84.

2-Amino-5-[1-(2-morpholin-4-yl-ethyl)-1H-pyrazol-4-yl]-N-pyridin-4-yl-
nicotinamide ("A51")

'H NMR (400 MHz, DMSO-de) & [ppm] 10.51 (s, 1H), 8.47 (dd, J = 1.48, 4.82 Hz,
2H), 8.42 (dd, J = 2.24, Hz, 1H), 8.18 (dd, J = 2.24, Hz, 1H), 8.12 (s, 1H), 7.84-
7.85 (m, 1H), 7.70 (dd, J = 1.52, 4.80 Hz, 2H), 6.92 (s, 2H), 4.23 (t, J = 6.64 Hz,

2H), 3.54 (1, J = 4.68 Hz, 4H), 2.73 (, J = 6.64 Hz, 2H), 2.41 (t, J = 4.40 Hz, 4H);
LCMS: Mass found (M+1, 394);

HPLC > 99%, Rt (min): 3.84

2-Amino-5-benzo[b]thiophen-2-yl-N-pyridin-4-yl-nicotinamide ("A52")



13.12-[6-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-yl]-phenyl-carbamic acid tert.-butyl ester The title
compound is obtained from 2-amino-5-bromo-N-(2-ethoxy-pyridin-4-yl)- nicotinamide and
[2-(4,4,5,5-tEPAEIAY187T, 3,21 clioxaborolan-2-y1)-phenyll-carbamic acid teRCHUSAME 3128 %logously
to the preparation of "A62"; method 1: HPLC/MS: 1.34 min, [M+H] = 406.
13.22-Amino-5-(2-amino-phenyl)-N-pyridin-4-yl-nicotinamide 100 mg of
{246-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-yl®henyll-carbamic acid tert.-butyl ester are
dissolved in 2 ml dichloromethane. 0.5 ml of HCI in dioxane (4 molar) are added. The mixture is stirred
2h at room temperature. The mixture is filtered and the solid washed with dichloromethane. 80 mg of
"A103", hydrochloride salt, 3| tained; method 1: HPLC/MS: 1.17 min, [M+H] = 306; 1H NMR (500
MHz, DMSO-d6/TFA-d1) [p m] 8/9(1H, d J2.2),8.85( d,J7.3),8490H,d,J2.1),843(2H,d,
J 7.5), 7.68 - 7.55 (4 H, m). Using{the afjove mentioned g dure the following compounds are
obtained analogously: 102 NH2 SdWoI iS 9 “

{346-amino-5-(pyridin-4- ylcarbamoﬁ) -pyridin- -phenylbCarbamic acid tert.-butyl ester gives
"A104"; method 1: HPLC/MS: 0.99 pmiRtWFH}= 306; 1H NMR (500 MHz, DMSO-d6/TFA-di) 6 [ppm]
9.02(1H,d,J2.2),8.86(2H,d, J723>) 86@{1H d,J2.2),8.37(2H,d,J7.3),7.94(1 H, d, J8.1),

7.86(1 H, t, 1{L\ahH (48 MHz L DVED. B by #4d 801 128.73 (d, J = 6.52 Hz 2H), 8.65
2-Amino-5- [4 (2 amlno ethylcarbamoyl} hen 51 N-pyridin- 4 -yl- nlcotlnamlde ( ‘Al 5I-)|z

J=232Hz 1H), 8.15 (8 d,JJ=6.88 Hz, 2H), 7.97 (d, J = 7.52
1H), 7.79-7.82 (m, 2H), 7.32-7.43 (m, 4H);
LCMS: Mass found (M+1, 347);

HPLC > 94%, Rt (min): 2.87.

5-(5-Acetyl-thiophen-2-yl)-2-amino-N-pyridin-4-yl-nicotinamide ("A53")

'H NMR (400 MHz, DMSO-de) 3 [ppm] 10.62 (s, 1H), 8.60 (d, J = 2.40 Hz, 1H), 8.49
(dd, J = 1.40, 4.86 Hz, 2H), 8.37 (d, J = 2.40 Hz, 1H), 7.95 (d, J = 4.00 Hz, 1H),

7.71 (dd, J = 1.56, 4.82 Hz, 2H), 7.59 (d, J = 3.96 Hz, 1H), 7.39 (s, 2H), 2.48 (s,
3H);

LCMS: Mass found (M+1, 339);

HPLC > 96%, Rt (min): 2.01.

2-Amino-5-(5-morpholin-4-yimethyl-thiophen-2-yl)-N-pyridin-4-yI-
nicotinamide ("A54")




Solvolysis of (2-{416-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1Fbenzoylamino}- ethyl)-carbamic
acid tert.-butyl ester gives "A105"; method 2: HPLC/MS: 1.57 min, [M+H] = 377; 1H NMR (500 MHz,
DMSO-d6/THR-Y1¥84IBPm] 9.18(1 H, d, J 2.2), 8.77(2 H, d, J 7.3), 8.72(1 /U202 @2832 H, d, J
7.3),8.13(2H,d, J8.4),7.96(2 H, d, J8.5),3.67(2H,t,J10.6, 4.6), 3.14(2 H, t, J 5.8). Example 14
2-Amino-N-pyridin-4-y1-5-(2-sulfamoyl-phenyl)-nicotinamide ("A106") 103
14.12-Amino-5-(2-tert.-butylsulfamoyl-phenyl)-N-py#idin-4-yl-nicotin-amide The compound is obtained
by reaction of 2-amino-5-bromo-N-(2-ethoxy-pyridin-4- y1)-nicotinamide with

2-tert.- butylsulfamoyl -benzeneboronic acid analogously to step 1 for "A62"; method 1: HPLC/MS:
1.41min, [MHHNMBIBOOHINKIR RI0-NeHE [M@&YGMMWE [PFe0](8. %l) .86 (8,Hd,=-m), 8.39 (1 H,
.92.0) 83568 He i TSR Hotd 1) B 7346 Ml ) e s L), 357,01 . dd 9
7.6,1.2),1.09 (9 H; s).14.22- Amlno N- pyrldln yl -5-(2-sultamoyl-phenyi)-nicotinamide ("A106") 20
mg 2 Ammc?‘ﬁ%irfbﬁ uiy%i?ar%'diﬁl -phenyl)-N-pyridin-4-yl-nicotinamide is dissolved in 0.5 ml of
trifluoroaceticCas®l . M&is m@uﬁdg\;ﬁstlggssj -at 80'C for 14 h. The reaction mixture is cooled to room
temperaturei_rhg I hgg; #g d the solvent is removed in vacua, the residue is dissolved in
methylene c |or the redl tlﬁ?%rempltate is filtered off, to give 17 mg "A106" as trifluoro-acetate
salt; method 1: HPLC/MS: 1.07min, [M+H] = 370; 1H NMR (400 MHz, DMSO-d6/TFA-d1) 8 [PPm]

8.86 (1 H, d, J2.2), B340 by @H%r?déﬂz%rq%ﬁlp‘y\« d7|n34§z?%<§>§§£%ide?m?5% %), 8.18(1H, dd, J 7.8,

1.4),7.73(2 H, dtd, J 22.4, 7.6, 1.4), 7.58°(1 H, dd, J 7.4, 1.4). Example 15
2-Amino-544-(tert-butylamino-methyp- pheny y1]-N-pyridin-4-yl-ni
N 0O
|

Iz

'H NMR (400 MHz, DMSO-dg) & [ppm] 11.43 (s, 1H), 10.63 (s, 1H), 8.69 (d, J =
2.04 Hz, 1H), 8.47-8.49 (m, 3H), 7.73 (d, J = 5.12 Hz, 2H), 7.50 (d, J = 7.64 Hz,
1H), 7.37 (d, J = 7.96 Hz, 1H), 7.13 (s, 2H), 6.83-7.08 (m, 3H);

LCMS: Mass found (M+1, 330);

HPLC > 99%, Rt (min): 2.60.

2-Amino-5-(1H-indol-3-yl)-N-pyridin-4-yl-nicotinamide ("A56")

2

'H NMR (400 MHz, DMSO-de) & [ppm] 11.33 (s, 1H), 10.55 (s, 1H), 8.46-8.51 (m,
3H), 8.30 (d, J = 2.28 Hz, 2H), 7.83 (d, J = 7.92 Hz, 1H), 7.67-7.82 (m, 2H), 7.44 (d,
J = 8.00 Hz, 1H), 7.05-7.16 (m, 2H), 6.93 (s, 2H);

LCMS: Mass found (M+1, 330);

HPLC > 93%, Rt (min): 2.23.

2-Amino-N-pyridin-4-yl-5-(1H-pyrrol-2-yl)-nicotinamide ("A57")



15.12-Amino-5-(4-formyl-phenyl)-N-pyridin-4-yl-nicotinamide The title compound is obtained by
reaction of 2-amino-5-bromo-N-(2-ethoxy-pyridin4-y1)-nicotinamide with 4-formylbenzeneboronic acid
analogoushyW® Sy 161817 A62"; method 1: HPLC/MS: 1.29 min, [M+H] = 31RCT/HSNAOIBZHS MHz,
DMSO-d6/TFA-d1) 8 [Pm] 10.10(1 H, s), 9.08(1 H, d, J 2.2), 8.86(2 H, d, J 7.2), 8.82(1 H, d, J 2.2),
8.32(2H,d,J7.3),8.12-8.05 (4 H, m).
15.22-Amino-544-(tert-butylamino-methyl)-phenyll8Q-pyridin-4-yl-nicotinamide ("A 107") 70 mg
NaB(0Ac)3H is added to a mixture of 50 mg 2-amino-5-(4-formyl-phenyl)-Npyridin-4-yl-nicotinamide,
20.6 pl tert-butylamine and 9 pi acetic acid in 0.5 ml dichloroethane and 0.5 ml tetrahydrofuran. The
resulting suspension is stirred at 59SJor 14 h. The reaction mixture is made basic with a 2N NaOH
solution and extracted with dichl ,Iay is washed with brine, then separated
and dried over Na2S04.The dryiRg [ s S ﬁlvent Is removed in vacua The product is
purified by chromatography to yield 10 mgy"Al0 e white{solid; method 1: HPLC/MS: 1.10 min,

H, ). 105 Exiple A8 RABINSRRSE: 8%'@&5 y'r@fasanwxsudg m' @'a%t'@a@mw 08") NH2

Under argon atmos here a reaction vesse 00" mg 2-amino-5-

brorno-N-pyBtiinBegi @icbtiraRfdez. 8 ing Bis( 9ﬁ'1a1celét%§dﬂ3§ﬁ3H25%HP deg@dgedH), 6.82

NN-dimethy(d@rmamise, arsb 134 my miasgium-acetate and)stredad roem mp@@iyse. The reaction
vessel is Ch{fl ed with 27 mg (1,1'-bis(diphenylphosphino)- ferrocen)dlchloropallad|um(II) and stirred at

80 t for 14 h."108 mg 2- Bromo-N-ethyl-benzenesullonamide, 27 mg
(1,1'-bis(diphemgp esshioantt (Meen28ihloro-palladium(ll) and 200 pl water are added to the solution.
The reaction (Suér%z?‘l)"?ﬁ‘ i qg{or 14 h, cooled to room temperature and evaporated. The
product is pur ed by chromgﬁogsgaphy 8 mg "A108" are obtained; method 1: HPLC/MS: 1.32 min,
[M+H] = 398; 1H NMR (500 MHz, D MSO-c16/TFA-d1) 6 [ppm] 8.95 (1 H, d, J 2.0), 8.73 (2 H, d, J

7.3), 8.38(1 H, d, J Z AlmB36(21 H-ithidhZo), @é}ﬁ%d‘ln-@ yA \INpyFidiR(A-Ylricdtirdmide’O(1 H, t, 3 7.7),
7.57(1 H, d, ,J75)5 2.852H,q,J7.2),1.01(3H,t J7.2

NZ 0 N
XN = N\
H | —
N~
H,N" N

'H NMR (400 MHz, DMSO-de) & [ppm] 10.46 (s, 1H), 8.55 (d, J = 6.88 Hz, 1H), 8.47
(d, J = 6.04 Hz, 2H), 8.41 (d, J = 2.12 Hz, 1H), 8.35 (d, J = 2.00 Hz, 1H), 7.79 (s,
1H), 7.74-7.77 (m, 2H), 7.63-7.65 (m, 1H), 7.26-7.30 (m, 3H), 6.92-6.94 (m, 1H), .
LCMS: Mass found (M+1, 331);

HPLC > 91%, Rt (min): 3.68.

2-Amino-N-pyridin-4-yl-5-(1H-pyrrol-3-yl)-nicotinamide ("A59")

o™

"H NMR (400 MHz, DMSO-ds) & [ppm] 10.90 (s, 1H), 10.50 (s, 1H), 8.47 (dd, J =
1.52, 4.80 Hz, 2H), 8.40 (dd, J = 2.24, Hz, 1H), 8.15 (dd, J = 2.28, Hz, 1H), 7.72
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(dd, J = 1.52, 4.78 Hz, 2H), 7.18 (dd, J = 1.88, 4.20 Hz, 1H), 6.79-6.82 (m, 3H),
6.43-6.45 (m, 1H);

LCMS: Mass found (M+1, 280);

HPLC > 98%, Rt (min): 1.43.

2-Amino-5-benzofuran-3-yl-N-pyridin-4-yl-nicotinamide ("A60")

o

'H NMR (400 MHz, DMSO-de) 3 [ppm] 10.58 (s, 1H), 8.54-8.55 (m, 3H), 8.33-8.36
(m, 2H), 7.95-7.97 (m, 1H), 7.72 (d, J = 3.44 Hz, 2H), 7.65-7.65 (m, 1H), 7.32-7.41
(m, 2H), 7.13 (s, 2H);

LCMS: Mass found (M+1, 331);

HPLC > 93%, Rt (min) : 2.50.

2-Amino-5-(1-methyl-1H-pyrazol-4-yl)-N-pyridin-4-yl-nicotinamide ("A61")

N 00
N N N =
| H
o
N~ “NH,
Example 11

LC-MS conditions

Hewlett Packard HP 1200 series system with the following features: ion source:
electrospray (positive mode); scan: 100-1000 m/e; fragmentation voltage: 100 V;
gas temperature: 350°C, UV: 220 nm.
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Method 1

HPLC/MS conditions:

column: Chromolith SpeedROD RP-18¢, 50-4.6

gradient: A:B =96:4 t0 0:100
4% B — 100% B: 0 min bis 2.8 min
100% B: 2.8 min bis 3.3 min
100%B — 4%B: 3.3 min bis 4 min

flow rate: 2.4 ml/min

eluent A: water + 0.05 % formic acid

eluent B: acetonitrile + 0.04 % formic acid

wavelength: 220 nm

mass spectroscopy: positive mode

Method 2
HPLC/MS conditions:
column: Chromolith SpeedROD RP-18¢, 50-4.6
gradient: A:B =100:01t0 0:100
0% B — 0% B: 0 min bis 0.5 min
0% B — 100% B 0.5 min bis 2.6 min
100% B: 2.6 min bis 3.0 min
100%B — 0%B: 3.0 min bis 3.1 min

flow rate: 2.4 ml/min

eluent A: water + 0.05 % formic acid
eluent B: acetonitrile + 0.04 % formic acid
wavelength: 220 nm

mass spectroscopy: positive mode

2-Amino-5-(3-hydroxymethyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A62")
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100 mg of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide and 62.2 mg 3-hydroxy-
methyl)-benzeneboronic acid are dissolved in 4 ml of DMF. 90.4 mg Na,CO; and 1
ml water are added under argon. 13.9 mg of [1,1-Bis(diphenylphosphino)ferrocene]
dichloropalladium(ll) are added. The mixture is stirred for 14 h at 100°C.

The reaction mixture is cooled to room temperature and the DMF is evaporated and
the product was purified by chromatography.

45 mg of "A62" are obtained; method 1: HPLC/MS: 1.11 min, [M+H] = 321;

'H NMR (400 MHz, DMSO-ds) 5 [ppm] 9.01 (1 H, d, J 2.2), 8.88 — 8.83 (2 H, m),
8.67 (1H,d,J23),8.34-8.29(2H, m), 7.79 (1 H, s), 7.69 (1 H, d, J 7.6), 7.52 (1
H,t, J7.6), 7.46 (1 H, d, J 7.8), 4.65 (2 H, s).

The following compounds are obtained analogously:

2-Amino-5-(2-hydroxymethyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A63")

ZN
|
AN
Z o
|
HO N NH

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 2-(hydroxymethyl)-
benzeneboronic acid gives "A63"; method 1: HPLC/MS: 1.07 min, [M+H] = 321;
'H NMR (500 MHz, DMSO-de/TFA-d+) & [ppm] 8.88 (1 H,d, J 2.1),8.81 (2H, d, J
7.2),852 (1 H,d,J2.1),831 (2H,d,J 7.3), 7.63 (1 H,d, J 7.3), 7.53 - 7.44 (3 H,
m), 4.52 (2 H, s);



660 3000 "Al 0" 1000 "All" 770 540 9800 "Al2" 8300 1000 "A13" 4000

WO 2012/161877 PCT/US2012/032983
84

2-Amino-5-(2-tert-butylsulfamoyl-phenyl)-N-pyridin-4-yl-nicotinamide
(IIA64II)

Os H /[~
NN/
N O
NH

2
Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 2-tert.-butyl-
sulfamoyl-benzeneboronic acid gives "A64"; method 1: HPLC/MS: 1.41 min, [M+H]
= 426;

'H NMR (400 MHz, DMSO-de/TFA-d;) & [ppm] 8.86 —8.80 (3H, m), 8.39 (1 H, d, J
2.1),8.28 (2H, d, J7.3),8.15 (1 H, dd, J 7.9, 1.2), 7.73 (2 H, dtd, J 31.4, 7.6, 1.4),
757 (1H,dd,J7.6,1.2),1.09 (9 H, s);

2-Amino-5-(4-amino-phenyl)-N-pyridin-4-yl-nicotinamide ("A65")

=~ "N

|
H.N S
2 HN

o)

=
|
N NH

2
Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-aminophenyl-

boronic acid hydrochloride gives "A65"; method 2: HPLC/MS: 1.53 min, [M+H] =

306;

'H NMR (400 MHz, DMSO-de/TFA-d4) & [ppm] 9.05 (1 H, d, J 2.2), 8.87 (2 H, d, J 7.5),
8.72(1H,d,J22),8.36(2H,d,J7.3),7.99 (2H, d, J 8.5), 7.60 — 7.55 (2 H, m);

2-Amino-5-(2-formyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A66")
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Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 2-formylphenyl-
boronic acid gives "A66"; method 1: HPLC/MS: 1.23 min, [M+H] = 319;

'H NMR (400 MHz, DMSO-de/TFA-d4) & [ppm] 10.08 (1 H, s), 8.88 (1 H, d, J 2.2),
8.81(2H,d,J7.3),851(1H,d,J22),832-828(2H, m), 8.11 -8.07 (1 H, m),
783 (1 H,td,J7.6,1.5),7.72(1 H, t,J7.2), 7.64 (1 H, dd, J 7.6, 0.9);

3-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ethyl ester

("AB7")
= IN
HN X
~.© = | 0
© N NH

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-ethoxycarbonyl-
phenylboronic acid gives "A67"; method 1: HPLC/MS: 1.48 min, [M+H] = 363;

'H NMR (400 MHz, DMSO-de/TFA-d4) & [ppm] 9.06 (1 H, d, J 2.2), 8.85 (2 H, d, J 7.3),
8.76 (1 H,d, J2.2),841(1H,tJ1.7),833(2H,d,J7.3),8.13-8.03 (2 H, m), 7.70
(1H,t,J7.8),4.41(2H,q,J7.1),1.39 (3H,t,J7.1);

2-Amino-5-(4-hydroxymethyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A68")

OH = IN
HN X
- | e}
X

N NH

2
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Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-(hydroxymethyl)-
phenylboronic acid; method 1: HPLC/MS: 1.12 min, [M+H] = 321;

'H NMR (400 MHz, DMSO-de/TFA-d1) & [ppm] 9.02 (1 H, d, J2.2), 8.83 (2 H, d, J 7.3),
8.65(1H,d, J2.2),8.33(2H,d, J7.3),7.79 (2H, d, J8.2), 7.54 (2 H, d, J8.4), 4.63
(2H,s),

2-Amino-5-(3-hydroxy-phenyl)-N-pyridin-4-yl-nicotinamide ("A69")

~ "N
I
HN\
HO /l O
X
N NH

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-hydroxyphenyl-
boronic acid pinacol ester gives "A70"; method 1: HPLC/MS: 1.12 min, [M+H] =

307.

'H NMR (400 MHz, DMSO-de/TFA-d1) & [ppm] 9.02 (1 H, d, J 2.2), 8.82 (2 H, d, J 5.1),
8.62(1H,s),834(2H,d,J7.3),7.36 (1 H,t,J 7.8), 7.22 (2 H, d, J 8.1), 6.96 (1 H, dd,
J7.5,1.8);

2-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ethyl ester
("A70")

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with ethyl-2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate gives "A70"; method 1: HPLC/MS:
1.37 min, [M+H] = 363;
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"H NMR (500 MHz, DMSO-d¢/TFA-d;) & [ppm] 8.86 (1 H, d, J 2.1), 8.79 (2 H, d, J 7.1),
8.40 (1 H,d, J 2.0),8.32 (2 H,d, J 7.3),8.12 (1 H, dd, J 7.8, 0.9), 7.75 (1 H, td, J 7.6,
1.1),7.64 (1 H,1d, J 7.7,0.9), 7.57 (1 H, d, J 7.5), 4.23 (2 H, q, J 7.1), 1.22 (3 H, 1);

4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ethyl ester

("A71 ")
0 N
7 0
o |
N~ NH

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-ethoxycarbonyl-
phenylboronic acid gives "A71"; method 1: HPLC/MS: 1.46 min, [M+H] = 363;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.08 (1 H, d, J 2.2), 8.84 (2 H, d, J 7.2),
8.77 (1 H,d, J2.1),8.33(2H,d,J7.2),817 (2H, d, J 8.5), 7.97 (2 H, d, J 8.4), 4.38
(2H,q,J 7.1),1.38 (3H, t, J 7.1);

2-Amino-5-(4-hydroxy-phenyl)-N-pyridin-4-yl-nicotinamide ("A72")

N\
|
HO =
HN
= | 0
NS
N NH

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-hydroxybenzene-
boronic acid gives "A72"; method 1: HPLC/MS: 1.07 min, [M+H] = 307;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 8.99 (1 H, d, J 2.1), 8.78 (2 H, dd, J 7.2,
2.4),851 (1 H,t,J21),835(2H,d, J7.2),7.61(2H,dd, J8.5 1.8),7.01 (2H,d, J
8.6);

2-Amino-5-(2-hydroxy-phenyl)-N-pyridin-4-yl-nicotinamide ("A73")
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Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenol gives "A73"; method 1: HPLC/MS: 1.16
min, [M+H] = 307;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 8.95 (1 H, d, J 2.1), 8.83 (2 H, d, J 7.2),
8.62(1H,d, J2.1),830(2H,d,J7.2),7.53(1H,dd,J7.7,1.5), 7.32 - 7.27 (1 H, m),
7.11-7.07 (1 H, m), 7.03 - 6.98 (1 H, m);

2-Amino-5-(3-formyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A74")

ZZ\
|
HN\
O /| o
H N
N~ "NH

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-formylbenzene-
boronic acid gives "A75"; method 1: HPLC/MS: 1.29 min, [M+H] = 319;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 10.13 (1 H, s), 9.13 (1 H, d, J 2.2), 8.83
—-8.75(3H, m),8.36(3H,d,J7.2),814-8.02(2H,m), 7.78 (1 H, t, J 7.7);

2-Amino-5-(4-formyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A75")

Z "N
|
H N
/|O
NS

N NH

2
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Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-formylbenzene-
boronic acid gives "A75"; method 1: HPLC/MS: 1.29 min, [M+H] = 319;

'H NMR (500 MHz, DMSO-de/TFA-d+) & [ppm] 10.10 (1 H, s), 9.08 (1 H, d, J 2.2), 8.86
(2H,d,J7.2),882(1H,d, J22),832(2H,d,J7.3),812-8.05 (4 H, m);

2-Amino-5-(3-aminomethyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A76")

~ "N

|
HN\

H.N
@)

=z
X
N NH

2

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-aminomethyl-
phenylboronic acid hydrochloride gives "A76"; method 1: HPLC/MS: 0.94 min,

[M+H] = 320;

'H NMR (500 MHz, DMSO-de/TFA-d+) & [ppm] 8.99 (1 H, d, J 2.3),8.86 (2 H, d, J 7.3),
8.65(1H,d, J22),831(2H,d, J7.3),7.93(1 H,s),7.87 (1 H,d,J 7.6), 7.61 (2 H, dt,
J15.7,7.7), 417 (2 H, s);

2-Amino-5-(4-aminomethyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A77")

NH, 7N
AN
= | 0
NS
N" NH

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 4-aminomethyl-
phenylboronic acid hydrochloride gives "A77"; method 1: HPLC/MS: 1.07 min,

[M+H] = 320;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.02 (1 H, d, J 2.2), 8.86 (2 H, d, J 7.3),
8.73(1H,d,J23),8.31(2H,d,J7.3),7.91 (2H, d, J 8.4), 7.67 (2 H, d, J 8.4), 4.15
(2H,s);
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2-Amino-N-pyridin-4-yl-5-(3-sulfamoyl-phenyl)-nicotinamide ("A78")

O = IN
O, A
~8! | 7 N

HN™ H
Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with benzenesulfon-
amide-3-boronic acid pinacol ester gives "A78"; method 1: HPLC/MS: 1.13 min,
[M+H] = 370;
'H NMR (500 MHz, DMSO-d¢/TFA-d+) & [ppm] 9.01 (1 H, d, J 2.2), 8.86 (2 H, d, J 7.3),
8.74(1H,d,J2.3),833-8.28(83H, m),805(1H,d,J7.8),7.98(1H,d,J7.9),7.77

(1H,1,J7.9);

2-Amino-5-[3-(4-hydroxy-piperidine-1-sulfonyl)-phenyl]-N-pyridin-4-yl-
nicotinamide ("A79")

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 1-[3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzenesulfonyl]-piperidin-4-ol gives "A79";
method 1: HPLC/MS: 1.29 min, [M+H] = 454;

'H NMR (400 MHz, DMSO-de/TFA-d1) & [ppm] 9.01 (1 H, d, J 2.3), 8.86 (2 H, d, J 7.3),
8.80 (1 H,d,J2.2),830(2H,d,J7.3),819—-8.13(2H, m), 7.87 = 7.80 (2 H, m),
3.64-357(1H,m),325-3.17(2H, m),293-2.89(2H,m), 1.83-1.75 (2 H, m),
1.58 — 1.44 (2 H, m);

4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-2-fluoro-benzoic acid
methyl ester ("A80")
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Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-fluoro-4-
methoxycarbonyl-phenylboronic acid gives "A80"; method 1: HPLC/MS: 1.48 min,
[M+H] = 367;

'H NMR (400 MHz, DMSO-de/TFA-d1) & [ppm] 9.10 (1 H, d, J 2.2), 8.84 (3 H, t, J 4.8,
2.5),8.34 (2H, d, J 7.3),8.09 (1 H, t, J 8.0), 7.87 (1 H, dd, J 12.2, 1.6), 7.80 (1 H, dd,
J8.2,1.7),3.92 (3 H, s);

{2-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-phenyl}-carbamic acid
tert.-butyl ester ("A81")

>LO -
e O
o " q
N 0
NH,

Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with [2-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-carbamic acid tert-butyl ester gives
"A81"; method 1: HPLC/MS: 1.38 min, [M+H] = 406;

{3-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-phenyl}-carbamic acid
tert.-butyl ester ("A82")
Reaction of 2-amino-5-bromo-N-pyridin-4-yl-nicotinamide with 3-(N-Boc-
amino)phenylboronic acid gives "A82"; method 1: HPLC/MS: 1.56 min, [M+H] =
406.

Example 12
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2-Amino-5-{4-[(2-methoxy-ethyl)-methyl-carbamoyl]-phenyl}-N-pyridin-4-yl-
nicotinamide ("A83")

L on A
o) = IN S I
0 HN
0 AN
- Z 0
/| O THF, 1N NaOH o |
> rt N NH,
N" NH,
HATU, NMM
- DMF, 3h, rt
0
% 7
N NN

IIA83"

12.1  4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ("A31")

A solution of 4-[6-amino-5-(pyridin-4-yicarbamoyi}-pyridin-3-yl}-benzoic acid ethyl
ester (290 mg, 0.08 mmol), THF (5 mL) and 1N NaOH (4 mL, 25.0) is stirred at
room temperature for 14 h. The THF is removed in vacuo and the mixiure acidified
with 1N HCL

The resulling precipitate is filtered off, washed with water and dried. 260 mg of the
desired product are obtained as a white solid; method 1: HPLC/MS: 1.21 min,
[M+H] = 335;

'H NMR (400 MHz, DMSO-dg/TFA-d;) & [ppm] 9.13 (1 H, s), 8.93 - 8.70 (4 H, m),
8.38(2H,d,J6.6),7.97 (2H,d,J8.4),7.83 (1 H,d, J 8.5).

Using the above mentioned procedure the following compounds are obtained
analogously:

3-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ("A84")
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Reaction of 3-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ethyl
ester gives "A84"; method 1: HPLC/MS: 1.21 min, [M+H] = 335;

'H NMR (500 MHz, DMSO-dg/TFA-d;) 8 [ppm] 9.12 (1 H, d, J 2.2), 8.85 (2 H, d, J
7.2),8.78 (1 H,d, J2.2),8.44 (1 H,s),8.37 (2H,d,J 7.2),8.10 (2 H, d, J 7.9), 7.68
(1H,tJ7.8);

2-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ("A85")
Reaction of 2-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid ethyl
ester gives "A85"; method 1: HPLC/MS: 1.15 min, [M+H] = 335;
'H NMR (500 MHz, DMSO-de/TFA-d+) & [ppm] 8.86 (1 H, d, J 2.1), 8.79 (2H, d, J
7.1),8.40 (1 H, d, J2.0),8.32 (2 H,d, J 7.3),8.12 (1 H, dd, J 7.8, 0.9), 7.75 (1 H, td,
J7.6,1.1),7.64 (1H,td, J7.7,0.9),7.57 (1 H, d, J 7.5);

4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-2-fluoro-benzoic acid
("A86")
Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-2-fluoro-benzoic acid
methyl ester gives "A86"; method 1: HPLC/MS: 1.22 min, [M+H] = 353;
'H NMR (400 MHz, DMSO-de/TFA-d1) & [ppm] 9.13 (1 H, d, J 2.2), 8.83 (3 H, 1, J
4.7),8.37 (2H,d,J7.4),8.10 (1 H, t,J 8.0), 7.85 (1 H, dd, J 12.1, 1.7), 7.78 (1 H,
dd, J 8.2, 1.7).

12.2  2-Amino-5-{4-[(2-methoxy-ethyl)-methyl-carbamoyl]-phenyl}-N-pyridin-4-yl-
nicotinamide ("A83")

60 mg (0.18 mmol) of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic
acid and 23.13 pl (0.22 mmol) of N-(methoxyethyl)methylamine are dissolved in 2
mL DMF. 102.36 mg HATU ((2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyl-
uronium hexafluorophosphate) and 59.19 uL N-methylmorpholine are added to the
solution. The mixture is stirred for 3h at room temperature. The DMF is evaporated
and the product is purified by chromatography.

16 mg of "A83" are obtained; method 1: HPLC/MS: 1.22 min, [M+H] = 406;
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"H NMR (500 MHz, DMSO-d¢/TFA-d1) 8 [ppm] 9.05 (1 H, d, J 2.2), 8.86 (2 H, d, J
7.3),8.74 (1 H,d, J2.2),8.31 (2H,d, J 7.3), 7.89 (2 H, d, J 8.0), 7.60 (2 H, d, J
8.3), 3.75-3.57 (2 H, m), 3.53 —= 3.41 (3H, m), 3.38 — 3.19 (2 H, m), 3.04 (3 H, s).

Using the above mentioned procedure the following compounds are obtained

analogously:

2-Amino-5-(4-diethylcarbamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A87")
y /

) HN

Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with
diethyl amine gives "A87"; method 1: HPLC/MS: 1.36 min, [M+H] = 390;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.05 (1 H, d, J 2.3), 8.86 (2 H, d, J
7.3),874(1H,d,J2.2),8.31(2H,d,J7.3),790(2H,d,J8.4),7.55(2H,d, J
8.3), 3.60 — 3.17 (4 H, m), 1.29 — 1.00 (6 H, m);

2-Amino-5-(4-carbamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A88")

NH, AN
0 N X
N
N~ NH

Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with
ammonia gives "A88"; method 1: HPLC/MS: 1.10 min, [M+H] = 334;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.06 (1 H, d, J 2.2), 8.86 (2 H, d, J
7.2),8.77(1H,d,J2.2),831(2H,d,J7.2),811 (2H,d,J8.4),7.94 (2H,d,J
8.4);
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2-Amino-5-{4-[bis-(2-methoxy-ethyl)-carbamoyl]-phenyl}-N-pyridin-4-yl-
nicotinamide ("A89")
Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with bis-
(2-methoxy-ethyl)-amine gives "A89"; method 1: HPLC/MS: 1.30 min, [M+H] = 450;
'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.08 (1 H, d, J 2.2), 8.83 (2 H, d, J
7.2),872(1H,d,J2.1),8.34(2H,d,J7.3),7.88(2H,d,J8.2),7.59 (2H,d, J
8.3), 3.73 —3.26 (14 H, m);

2-Amino-5-{4-[(2-dimethylamino-ethyl)-methyl-carbamoyl]-phenyl}-N-
pyridin-4-yl-nicotinamide ("A90")

\ 7\
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Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with
N,N,N'-trimethylethylenediamine gives "A90"; method 2: HPLC/MS: 1.55 min, [M+H]
=419;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.08 (1 H, d, J 2.1), 8.80 (2 H, dd, J
7.3,1.1),8.71 (1 H,d, J2.0),8.35(2 H, d, J 7.3),7.91 (2H, d, J 8.1), 7.69 (2 H, d, J
8.1),3.90 (2H, 1), 3.46 (2H,t),3.05(3H,s),2.95 (6 H, s);

2-Amino-5-{4-[(2-dimethylamino-ethyl)-ethyl-carbamoyl]-phenyl}-N-pyridin-
4-yl-nicotinamide ("A91")

\ s
/ \\\N> N ~
)
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Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with N'-
ethyl-N,N-dimethyl-ethane-1,2-diamine gives "A91"; method 1: HPLC/MS: 1.08 min,
[M+H] = 433;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.09 (1 H, d, J 2.2), 8.80 (2 H, d, J
7.3),8.71 (1H,d,J2.2),836(2H,d,J7.4),7.91 (2H,d,J8.3),7.64 (2H,d,J
8.3),3.86 (2 H, 1), 3.44 (2 H, 1, J 6.4), 3.41 —3.27 (2 H, m), 2.98 (6 H, s), 1.14 (3 H,
t, J 6.6);

2-Amino-5-[4-(2-methoxy-ethylcarbamoyl)-phenyl]-N-pyridin-4-yl-
nicotinamide ("A92")

7N\
\O —
\UH HN
N 0
74
O \N\ NH,

Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with 2-
methoxy-ethylamine gives "A92"; method 1: HPLC/MS: 1.25 min, [M+H] = 392;
'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.10 (1 H, d, J 2.2), 8.81 (2 H, d, J
7.3),8.74(1H,d,J2.2),835(2H,d,J7.4),811(2H,d,J8.5),7.91 (2H,d,J
8.5), 3.55 (4 H, s), 3.34 (3 H, s);

2-Amino-5-{4-[bis-(2-hydroxy-ethyl)-carbamoyl]-phenyl}-N-pyridin-4-yl-
nicotinamide ("A93")

OH J IQI
HO S _
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O
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Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with 2-
(2-hydroxy-ethylamino)-ethanol gives "A93"; method 2: HPLC/MS: 1.62 min, [M+H]
=422;

'H NMR (500 MHz, DMSO-de) & [ppm] 8.57 (1 H, d, J 2.3), 8.49 (2 H, dd, J 4.8,
1.5),8.39 (1 H,d, J2.3),7.77 (2 H, d, J 8.3), 7.73 (2 H, dd, J 4.8, 1.5), 7.49 (2 H, d,
J 8.3), 3.64 — 3.46 (8 H, m);

2-Amino-5-[4-(3-methoxy-propylcarbamoyl)-phenyl]-N-pyridin-4-yl-
nicotinamide ("A94")

\ ! l\{
5 —
L\\ HN
y 0
3 /_N\ NH,

Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with 3-
methoxy-propylamine gives "A94"; method 1: HPLC/MS: 1.30 min, [M+H] = 406;
'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.11 (1 H, d, J 2.2), 8.76 (2 H, d),
8.69 (1H,d,J2.1),837(2H,d,J7.3),8.07 (2H,d,J3.3),7.88 (2 H, d, J 8.4),
3.48-3.45(4H,m),3.31 (3H,s), 1.88 (2 H, p, J 6.5);

2-Amino-5-{4-[methyl-(3-methyl-3H-imidazol-4-ylmethyl)-carbamoyl]-
2 N
8
=
O

N~
<\ j(\ HN
N @) g \
<\~ NH,

Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with
methyl-(3-methyl-3H-imidazol-4-ylmethyl)-amine gives "A95"; method 1: HPLC/MS:
1.07 min, [M+H] = 442;

phenyl}-N-pyridin-4-yl-nicotinamide ("A95")



A solution is prepared from 1 g of an active ingredient of the formula I, 9.38 g of NaH2P0O4 2 H20,
28.48 g of Na2HPO4 12 H20 and 0.1 g of benzalkonium chloride in 940 ml of bidistilled water. The pH
is adjusted W@ B 16l #ié solution is made up to 11 and sterilised by irradid{oHUSHIL248RMén can be
used in the form of eye drops. Example D:Ointment 500 mg of an active ingredient of the formula | are
mixed with 99.5 g of Vaseline under aseptic conditions. Example E:Tablets A mixture of 1 kg of active
ingredient of the formula |, 4 kg of lactose, 1.2 kg &potato starch, 0.2 kg of talc and 0.1 kg of
magnesium stearate is pressed in a conventional manner to give tablets in such a way that each tablet
contains 10 mg of active ingredient. 109 Example F:Dragees Tablets are pressed analogously to
Example E SAdN&1B$600 &Mty @EME0-oh/ A EArke Btiippal]rddendr ki), ® @8ating,af, sL2rbse, potato

starch, talc,_é@g?g@ptg %nﬂﬁyg:%ml_plg (jg@o%J}%sg% hg c?,f ﬁ;%?;;%ggiﬁ%oﬁ téw_g formula | are

introduced into hard g€latine’tapsules in a@ convéntional manner in'su way that eg’ch capsule
contains 20 g &t tHesact@BitRyrbdlenB BkahRid AR pdde 38k luttoPdB1Hkg bf active ingredient of
the formula I in 60 | of bidistilled water is sterile filtered, transferred into ampoules, lyophilised under
sterile conditions and sealed under sterile conditions. Each ampaule contains 10 mg of active
ingredient. 110 Pal?ém-@m&po-&(pyndln-4-y|carbamoy|)-pyr|d| -3-yl]-benzoylamino}-ethyl

carbamic acid tert.-butyl ester ("A96")

Folf &
O_<N HN
H§\_H 0O
/
J _N\ NH,

Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with (2-
amino-ethyl)-carbamic acid tert-butyl ester gives "A96"; method 1: HPLC/MS: 1.47
min, [M+H] = 477;

2-Amino-5-{3-[(2-methoxy-ethyl)-methyl-carbamoyl]-phenyl}-N-pyridin-4-yl-
nicotinamide ("A97")

H N
/N = | 0
O x
N NH,

Reaction of 3-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with N-
(methoxy-ethyl)-methyl-amine gives "A97"; method 1: HPLC/MS: 1.23 min, [M+H] =
406;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.03 (1 H, s), 8.86 (2 H, d, J 7.3),
8.74(1H,s),831(2H,d,J7.4),7.88(2H,d, J1.6),7.62 (1 H,t,J 7.9), 7.49 (1 H,
d,J7.7),3.73-2.96 (10 H, m);

2-Amino-5-(3-diethylcarbamoyl-phenyl)-N-pyridin-4-yl-nicotin-amide ("A98")



1.Compounds of the formula | in which Xdenotes CH or N, denotes Ar or Het, R1denotes furyl, thienyl,
pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, pyridyl, pyrimidyl, pyridazinyl, indolyl,
isoindolyl, bB#¥XAMIACHYT, indazolyl, quinolyl, 1,3-benzodioxolyl, benzothiog&ny§20&HoE Ny,
imidazopyridyl or furo[3,2-b]pyridyl, each of which is unsubstituted or mono- or disubstituted by Hal, A,
OR5, CN, COCA, COON, CON(R5)2 and/or NR5CON, Ardenotes phenyl, biphenyl or naphtyl, each of
which is unsubstituted or mono-, di- or trisubstitutéd®by Hal, A, Heti, (CH2)nOR5, (CH2)nN(R5)2, NO2,
CN, (CH2)nCOOR5, CON(R5)2, CONH(CH2),INHCOOA', CON[R5(CH2)nHet1], NR5COA, NHCOOA,
NR5S02A, COR5, SO2Het2, SO2N(R5)2 and/or S(0)A, Hetdenotes furyl, thienyl, pyrrolyl, imidazolyl,
pyrazolyl, oxazolyl, isoxazolyl, th%azolyl, pyridyl, pyrimidinyl, triazolyl tetrazolyl, thiadiazole, pyridazinyl,
pyrazinyl, indolyl, isoindolyl, ben indazolyl, quifiolyl\ 1,3-benzodioxolyl, benzothiophenyl,
benzofuranyl or imidazopyridy; ed or mono-, di- or trisubstituted by A,
COA, (CH2)pHet2, OH, OA, Hal,
NR5COA, (CH2)pCOHet2 and/or 110

his ungyR

Reaction of 3-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with
diethyl amine gives "A98"; method 1: HPLC/MS: 1.37 min, [M+H] = 390;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.04 (1 H, d, J 2.1),8.85 (2 H, d, J
7.2),8.74 (1 H,d,J2.1),831 (2H,d,J 7.2),7.89 (1 H, d, J 8.1), 7.84 (1 H, 5), 7.62
(1H,t,J7.7),7.45 (1 H,d,J 7.5), 3.57 = 3.23 (4 H, m), 1.28 — 1.01 (6 H, m);

2-Amino-5-(3-carbamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A99")

Reaction of 3-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with
ammonia gives "A99"; method 2: HPLC/MS: 1.64 min, [M+H] = 334.

'H NMR (500 MHz, DMSO-de/TFA-d+) & [ppm] 9.07 (1 H, d, J 2.2),8.85 (2 H, d, J
7.3),8.76 (1H,d,J2.2),8.36 (1 H,t,J1.7),8.32(2H,d, J7.3),8.00 (2 H, td, J 8.3,
1.6), 7.65 (1 H, t, J 7.8);

2-Amino-5-(2-diethylcarbamoyl-phenyl)-N-pyridin-4-yl-nicotin-amide

("A100")
H /[~ N
N o N\ /
NH,



Hetidenotes furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, pyridyl,
pyrimidinyl, triazolyl tetrazolyl, thiadiazole, pyridazinyl, pyrazinyl, each of which is unsubstituted or
mono-, di- oWVRidlBstitE by A, OH, OA, Hal, CN and/or (CH2)COORS5, H&CHAN3a %/ ehi?#dropyrrolyl,
pyrrolidinyl, tetrahydroimidazolyl, dihydropyrazolyl, tetrahydropyrazolyl, dihydropyridyl,
tetrahydropyridyl, piperidinyl, morpholinyl, hexahydropyridazinyl, hexahydropyrimidinyl, [1,3]dioxolanyl,
piperazinyl each of which is unsubstituted or mon®€Qbstituted by OH and/or A, A'denotes unbranched
or branched alkyl having 1-6 C atoms, in which 1-7 H atoms may be replaced by F, Adenotes
unbranched or branched alkyl having 1-10 C atoms, in which one or two non-adjacent CH and/or CH2
groups mayReaetiplacta-[5yaxniop S-ayritiraddgloninarCib-Qiidinaiph-becioiciacddviton 1-7 H atoms

may be replgeRd P finBgiRRolerol AR eqhenCoed Ak C atoms, in which

1-7 H atoms may be replaced by F, Haldenotes F, CI, Br or i, denotes 0, 1, 2, 3 or 4, denotes 0, 1 or 2,

denotes 1, 2HINMR (5AQ Mh&@&é’%@n@é@ [08aHI8 8213, thckohTeRd, &R tbboisorReds Bdbeof,
including mixtyyeg, therepfgmallzaiias. 27CHmpaynds @eepiding) te SiaimiL. i whigh1 3),
7.56 (1 H, ddd, J 6.0, 5.5, 1.4), 7.45 (1 H, dd, J 7.5, 1.1), 3.47 —3.30 (2 H, m), 3.03
(2H,q,J 7.0),1.02-0.91 (3H, m);

2-Amino-5-(2-carbamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A101")

Reaction of 2-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid with
ammonia gives "A101"; method 1: HPLC/MS: 1.05 min, [M+H] = 334;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 8.86 (1 H, d, J 2.1),8.79 (2 H, d, J
7.1),8.40 (1 H, d, J2.0),8.32 (2 H,d, J 7.3), 8.12 (1 H, dd, J 7.8, 0.9), 7.75 (1 H, td,
J7.6,1.1),7.64 (1H,1td,J7.7,0.9),7.57 (1 H, d, J 7.5);

2-Amino-5-{3-fluoro-4-[(2-methoxy-ethyl)-methyl-carbamoyl]-phenyl}-N-
pyridin-4-yl-nicotinamide ("A102")

7\
e =
\\\N/ R HN
0
0 7\
=\~ NH,

Reaction of 4-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-2-fluoro-benzoic acid
with N-(methoxyethyl)-methylamine gives "A102"; method 1: HPLC/MS: 1.34 min,
[M+H] = 424;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.09 (1 H, d, J 2.0), 8.81 (2 H, d, J
7.2),8.76 (1 H,d, J2.2),8.35 (2 H,d, J 7.3), 8.08 (1 H, s), 7.82 = 7.69 (1 H, m),



Rldenotes pyridyl, pyrimidyl, pyridazinyl or furo[3,2-b]pyridyl, each of which is unsubstituted or
monosubstituted by Hal, A, OR5, COOA, COOH, CON(R5)2 and/or NR5COA', and pharmaceutically
usable saltsMAdfBMESENd stereoisomers thereof, including mixtures there® TAVARRVRF398312 3.
Compounds according to Claim 1 or 2, in which Ardenotes phenyl, biphenyl or naphtyl, each of which
is unsubstituted or mono-, di- or trisubstituted by A, Hal, Hetl, COR5, CON(R5)2,
CONH(CHZ2),INHCOOA', CON[R5(CH2)nHet1], NHECOOA, (CH2)nN(R5)2, (CH2)nORS5,
(CH2)NCOOR5, SO2Het2 and/or SO2N(R5)2, and pharmaceutically usable salts, tautomers and
stereoisomers thereof, including mixtures thereof in all ratios. 4. Compounds according to one or more
of Claims 1-8pih(WhictdHetderd s 3Mery HoyrdZoB)l, Pyddil Fedch bHvRidBiRuhsithstituted or mono-

or disubstitu{gq)py_ﬁ,, @é@pﬁ?&’ é%@l%}q_q:,(gj\,lg?@%zaﬂggg,r é%lﬂ)g,qunyl, and pharmaceutically

usable salts, tautomers and stereoisomers thereof, including mixtures thereof in all ratios. 5.
Compounds according to one or more of Claims 1-4, in which Hetldenotes pyrazolyl or imidazolyl,
each of whighk#irpleugstituted or monosubstituted by A,

2-Amino-5-(2-amino-phenyl)-N-pyridin-4-yl-nicotinamide ("A103")

fj\* d N 2B
S — H
N7 NH, XO\H/NH SN NH, NH. Sy,

o)

13.1 2-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-phenyl-carbamic acid
tert.-butyl ester

The title compound is obtained from 2-amino-5-bromo-N-(2-ethoxy-pyridin-4-yl)-
nicotinamide and [2-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-carbamic
acid tert.-butyl ester analogously to the preparation of "A62"; method 1: HPLC/MS:
1.34 min, [M+H] = 406.

13.2 2-Amino-5-(2-amino-phenyl)-N-pyridin-4-yl-nicotinamide

100 mg of {2-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-phenyl}-carbamic
acid tert.-butyl ester are dissolved in 2 ml dichloromethane. 0.5 ml of HCI in dioxane
(4 molar) are added. The mixture is stirred 2h at room temperature. The mixture is
filtered and the solid washed with dichloromethane. 80 mg of "A103", hydrochloride
salt, are obtained; method 1: HPLC/MS: 1.17 min, [M+H] = 306;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 8.99 (1 H, d, J 2.2), 8.85 (2 H, d, J
7.3),8.49 (1 H,d, J2.1),8.43 (2 H, d, J 7.5), 7.68 — 7.55 (4 H, m).

Using the above mentioned procedure the following compounds are obtained

analogously:

2-Amino-5-(3-amino-phenyl)-N-pyridin-4-yl-nicotinamide ("A104")



and pharmaceutically usable salts, tautomers and stereoisomers thereof, including mixtures thereof in
all ratios. 6. Compounds according to one or more of Claims 1-5, in which Het2denotes pyrrolidinyl,
piperidinyl, WOBHBIHBT, 3]dioxolanyl, piperazinyl, each of which is unsubB&lieRU28ABsubstituted
by OH and/or A, and pharmaceutically usable salts, tautomers and stereocisomers thereof, including
mixtures thereof in all ratios. 7. Compounds according to one or more of Claims 1-6, in which 113
Adenotes unbranched or branched alkyl having 1¥®Z atoms, in which one or two non-adjacent CH
and/or CH2 groups may be replaced by N and/or 0 atoms and/or in addition 1-7 H atoms may be
replaced by F, and pharmaceutically usable salts, tautomers and stereoisomers thereof, including

mixtures thereof in all ratios. 8.Coppounds according to Qne or more of Claims 1-7, in which Xdenotes
CH oder N, denotes Ar or I-Ii_? : @7- pyridyl, Myri ’ﬂy/prridazinyl or furo[3,2-b]pyridyl, each of
O

which is unsubstituted or mohosubstittiied by Hal 5//COCA, COOH, CON(R5)2 and/or
NR5COA',

Solvolysis of {3-[6-amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-phenyl}-carbamic
acid tert.-butyl ester gives "A104"; method 1: HPLC/MS: 0.99 min, [M+H] = 306;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.02 (1 H, d, J 2.2), 8.86 (2 H, d, J
7.3),8.69 (1 H,d,J2.2),837(2H,d,J7.3),7.94 (1 H,d,J8.1), 7.86 (1 H, t, J 1.8),
7.70 (1 H, t,J 7.9), 7.54 (1 H, dd, J 8.0, 1.2);

2-Amino-5-[4-(2-amino-ethylcarbamoyl)-phenyl]-N-pyridin-4-yl-nicotinamide

("A105")
H,N 7 'QI
\\\NH HN =
o 7 \ ©
=<~ NH,

Solvolysis of (2-{4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoylamino}-
ethyl)-carbamic acid tert.-butyl ester gives "A105"; method 2: HPLC/MS: 1.57 min,
[M+H] = 377;

'H NMR (500 MHz, DMSO-de/TFA-d1) & [ppm] 9.18 (1 H, d, J 2.2), 8.77 (2 H, d, J
7.3),8.72(1H,d,J2.2),842(2H,d,J7.3),8.13(2H,d,J8.4),7.96 (2H,d,J
8.5),3.67 (2 H, t, J 10.6, 4.6), 3.14 (2 H, t, J 5.8).

Example 14

2-Amino-N-pyridin-4-yl-5-(2-sulfamoyl-phenyl)-nicotinamide ("A106")



Ardenotes phenyl, biphenyl or naphtyl, each of which is unsubstituted or mono-, di- or trisubstituted by
A, Hal, Heti, CORs, CON(R5)2, CONH(CH2),INHCOOA', CON[R5(CH2)nHet1], NHCOOA,
(CH2)nN(R3Y2 YQHPIHIRS5, (CH2)NCOORS5, SO2Het2 and/or SO2N(R5)2, Mekd&édta9iHidhy!,
pyrazolyl, pyridyl, each of which is unsubstituted or mono- or disubstituted by A, (CH2)pHet2,
(CH2)pCON(R5)2 and/or (CH2)pphenyl, Hetidenotes pyrazolyl or imidazolyl, each of which is
unsubstituted or monosubstituted by A, Het2denot®8 pyrrolidinyl, piperidinyl, morpholinyl,
[1,3]dioxolanyl, piperazinyl, each of which is unsubstituted or monosubstituted by OH and/or A,
A'denotes unbranched or branched alkyl having 1-6 C atoms, in which 1-7 H atoms may be replaced

by F, Adenotes unbragcheg-srbranched-alkyl having 1-6 oms, i hICh one or twg.Qon-adjacent
CH and/or CE!-IZ Qupl m t;e 114 re @ b N dind/dt 0 gtoms dition [L- 7 Iil atoms may
] 1 or, brafched alkyl haw#g ,

N —_— I~ H
NH, | Ao N7 NH, O\/S%O N~ NH

141 2-Amino-5-(2-tert.-butylsulfamoyl-phenyl)-N-pyridin-4-yl-nicotin-amide

The compound is obtained by reaction of 2-amino-5-bromo-N-(2-ethoxy-pyridin-4-
yl)-nicotinamide with 2-tert.-butylsulfamoyl-benzeneboronic acid analogously to step
1 for "A62"; method 1: HPLC/MS: 1.41min, [M+H] = 426;

'H NMR (400 MHz, DMSO-dg/TFA-d;) & [ppm] 8.86 — 8.80 (3 H, m), 8.39 (1 H, d, J
2.1),8.28 (2H, d, J7.3),8.15 (1 H,dd, J 7.9, 1.2), 7.73 (2 H, dtd, J 31.4, 7.6, 1.4),
7.57 (1 H, dd, J 7.6, 1.2), 1.09 (9 H, s).

14.2 2-Amino-N-pyridin-4-yl-5-(2-sulfamoyl-phenyl)-nicotinamide ("A106")

20 mg 2-Amino-5-(2-tert.-butylsulfamoyl-phenyl)-N-pyridin-4-yl-nicotinamide is
dissolved in 0.5 ml of trifluoroacetic acid. The mixiure is stirred at 80°C for 14 h.
The reaction mixture is cooled {o room temperature, 2 m! heptan is added and the
solvent is removed in vacuo, the residue is dissolved in methylene chioride and the
resulling precipitate is filtered off, to give 17 mg "A106" as trifluoro-acetale sali;
method 1: HPLC/MS: 1.07min, [M+H] = 370;

'H NMR (400 MHz, DMSO-dg/TFA-d) & [ppm] 8.86 (1 H, d, J 2.2), 8.82 (2 H, d, J
7.3),8.42 (1 H,d,J2.2),833(2H,d,J7.5),818 (1 H,dd, J 7.8, 1.4), 7.73 (2 H,
did, J 22.4,7.6,1.4), 7.58 (1 H,dd, J 7.4, 1.4).

Example 15

2-Amino-5-[4-(tert-butylamino-methyl)-phenyl]-N-pyridin-4-yl-nicotinamide
("A107")



which 1-7 H atoms may be replaced by F, Haldenotes F, Cl, Br or 1, denotes 0, 1, 2, 3 or 4, denotes O,
1 or 2, denotes 1, 2, 3 or 4, and pharmaceutically usable salts, tautomers and stereoisomers thereof,
including m¥OrXY3HE18TF in all ratios. 9.Compounds according to Claim 1, BEEERA1RR3%E group
compound nr. name "Al" 2-Amino-5-(5-piperidin-I-ylmethyl-thiophen-2-yI)-N-pyridin-4-yl- nicotinamide
"A2" 2-Amino-N-pyridin-4-y1-5-(5-pyrrolidin-1-ylmethyl-thiophen-2-y1)- nicotinamide

104

15.1  2-Amino-5-(4-formyl-phenyl)-N-pyridin-4-yl-nicotinamide

The title compound is obtained by reaction of 2-amino-5-bromo-N-(2-ethoxy-pyridin-
4-yl)-nicotinamide with 4-formylbenzeneboronic acid analogously to step 1 for
"A62"; method 1: HPLC/MS: 1.29 min, [M+H] = 319;

'H NMR (500 MHz, DMSO-dg/TFA-d;) 8 [ppm] 10.10 (1 H, s), 9.08 (1 H, d, J 2.2),
8.86 (2H,d,J7.2),8.82(1H,d, J22),832(2H,d,J7.3),812—-8.05 (4 H, m).

15.2 2-Amino-5-[4-(tert-butylamino-methyl)-phenyl]-N-pyridin-4-yl-nicotinamide
("A107")

70 mg NaB(OAc)sH is added 10 a mixture of 50 mg 2-amino-5-(4-formyl-phenyl)-N-
pyridin-4-yl-nicotinamide, 20.6 yl tert.-butylamine and 9 yl acetic acid in 0.5 mi 1,2-
dichioroethane and 0.5 mi tetrahydrofuran. The resulting suspension is stirred at
50°C for 14 h. The reaction mixture is made basic with a 2N NaOH solution and
exiracted with dichloromethane. The organic layer is washed with brine, then
separated and dried over NapS0,4.The drying agent is filtered and the solvent is
removed in vacuc. The product is purified by chromatography io yield 10 mg "A107"
as a white solid; method 1: HPLC/MS: 1.10 min, [M+H] = 376;

'H NMR (400 MHz, DMSO-dg/TFA-d;) & [ppm] 9.05 (1 H, d, J 2.2), 8.84 (2 H, d, J
7.3),8.75(1 H,d,J2.2),834 (2H,d,J7.3),7.94 (2H,d,J8.4),7.73(2H,d, J
8.4),4.20 (2 H, s), 1.44 (9 H, s).



"A3" 2-Amino-5-(5-methyl-thiophen-2-yl)-N-pyridin-4-yl-nicotinamide
2-Amino-5-(3-pyrazol-1-yl-pheny1)-N-pyridin-4-yl-nicotinamide
2-Amino-5-(WPPAZARBIA-pheny1)-N-pyridin-4-yl-nicotinamide "A6" PCT/US2012/032983
2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-y1]-N-pyridin-4-yl- nicotinamide
2-Amino-N-pyridin-4-y1-5-(4-sulfamoyl-pheny1)-nicotinamide "A8"
2-Amino-N-(2-methyl-pyridin-4-y1)-5-(5-morpholintdsylmethyl- thiophen-2-y1)-nicotinamide "A9"
2-Amino-N-(2-ethoxy-pyridin-4-y1)-5-(5-morpholin-4-ylmethyl-

Example 16

2-Amino-5-(2-ethylsulfamoyl-phenyl)-N-pyridin-4-yl-nicotinamide ("A108")

Osg N
N Ve \
/ H \ 7
0

Under argon aimosphere, a reaction vessel is charged with 100 mg 2-amino-5-
bromo-N-pyridin-4-yl-nicotinamide, 86 mg bis(pinacolate)diboron, 5 mi degassed
N,N-dimethyl-formamide and 134 mg potassium acetate and stirred at room
temperature. The reaction vessel is charged with 27 mg (1, 1'-bis{diphenyl-
phosphino)-ferrocen)dichioropalladium(ll) and stirred at 80 C for 14 h. 108 mg 2-
Bromo-N-ethyl-benzenesulfonamide, 27 mg (1,1'-bis(diphenylphosphino)-
ferrocen)dichloro-palladium(il)y and 200 ul water are added 1o the solution. The
reaction mixture stirred at 100 °C for 14 h, cooled {0 room temperature and
evaporated. The product is purified by chromatography. 8 mg "A108" are obtained;
method 1: HPLC/MS: 1.32 min, [M+H] = 398;

'H NMR (500 MHz, DMSO-dg/TFA-d) & [ppm] 8.95 (1 H, d, J 2.0), 8.73 (2 H, d, J
7.3),8.38 (1 H,d,J2.1),8.36 (2H,d,J 7.3),8.14 (1 H,d,J 7.9), 7.76 (1 H, t, J 7.5),
7701 H, t,J7.7), 757 (1 H,d,J 7.5), 2.85 (2 H, g, J 7.2), 1.01 (3 H, t, J 7.2).

ICso values of compounds according to the invention inhibiting TBK1 and IKKe

Compound TBK1 IKKe TBK1
No. enzyme assay | enzyme assay cell assay
ICs0 [nM] ICso [nM] ICs0 [nM]
"A1" 390 120 1100
"A2" 130 110




thiophen-2-y1)-nicotinamide "Al 0" 3-Amino-6-(5-morpholin-4-ylmethyl-thiophen-2-yl)-pyrazine-2-
carboxylic acid pyridin-4-ylamide 115 "Al 1" 6-Amino-6'-piperazin-1 -y143,31bipyridiny1-5-carboxylic
acid pyridin Q) RMAIAEI8AT2" 3-Amino-6-(141,31dioxolan-2-ylmethy1-1H-pyraAoFAS20)2/032983
pyrazine-2-carboxylic acid pyridin-4-ylamide "A13"
3-Amino-6-(5-piperidin-l-ylmethyl-thiophen-2-yl)-pyrazine-2-car- boxylic acid pyridin-4-ylamide "A14"
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"A3" 120 150

"A4" 400 4500
"A5" 120 10000
"A6" 67 1900 7800
"A7" 150 1800

"A8" 78 830 3100
"A9" 430 660 3000
"A10" 1000

"A11" 770 540 9800
"A12" 8300 1000

"A13" 4000 1900

"A14" 4200 1900

"A15" 670 2000

"A16" 240 110 9300
"A17" 330 340 8100
"A18" 790 640

"A19" 1000 2800

"A20" 1200 610

"A21" 260 910 7000
"A22" 690 2400

"A23" 7400 2200

"A24" 1200 890

"A25" 360 530

"A26" 8200 5200

"A27" 810 2600

"A28" 1200 2900

"A29" 890 2400

"A30" 1600 1900

"A31" 400 990

"A32" 250 600




3-Amino-6-(5-pyrrolidin-I-ylmethyl-thiophen-2-yl)-pyrazine-2- carboxylic acid pyridin-4-ylamide "A15"
2-Amino-N-(2-methyl-pyridin-4-y1)-5-(5-morpholin-4-ylmethyl- thiophen-3-y1)-nicotinamide "A16"
2-Amino-5-(WOM36IiRZ2-yImethyl-thiophen-2-yl)-N-pyridazin- 4-yl-nicotinRfili&S17032983
2-Amino-5-(1-benzyl-1H-pyrazol-4-y1)-N-(2-methyl-pyridin-4-y1)- nicotinamide "A18"
2-Amino-5-(3-pyrazol-1-yl-pheny1)-N-pyridazin-4-yl-nicotinamide "A19"
2-Amino-N-(3-methyl-pyridin-4-y1)-5-(4-pyrazol-14d-pheny1l)- nicotinamide

"A33" 250 600
"A34" 280 740
"A35" 450

"A36" 190 540
"A37" 1100 3200
"A38" 740 1500
"A39" 910 390
"A40"

"A41"

"A42" 670 1700
"A43" 140 330
"A44" 240 420
"A45" 610 140
"A46" 120 240
"A47" 330 380
"A48"

"A49" 410 930
"A50" 320

"A51" 740 270
"A52" 630

"A53" 160 510
"Ab4" 88 450
"A55" 390

"A56" 510 340
"A57" 410 3300
"A58" 370 1800
"A59" 150 830
"AG0" 230 300
"AG1" 160 480




"A20" 2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-y1]-N-(2-methyl- pyridine-4-y1)-nicotinamide
"A21" 2-Amino-N-(3-methyl-pyridin-4-y1)-5-(5-morpholin-4-ylmethyl- thiophen-2-y1)-nicotinamide
"A22" 2-Anmi¥d212/1028@Tethoxy-ethyl)-1H-pyrazol-4-y1]-N-(3-methyl- pyridPCAYEFHRBIAEMIde "A23"
2-Amino-5-(4'-methyl-biphenyl-3-y1)-N-pyridin-4-yl-nicotinamide "A24"
2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-y1]-N-pyridazin-4- yl-nicotinamide "A25"
2-Amino-5-(1-carbamoylmethy1-1H-pyrazol-4-y1)iR8pyridin-4-yl-

The following examples relate to medicaments:

Example A: Injection vials

A solution of 100 g of an active ingredient of the formula | and 5 g of disodium
hydrogenphosphate in 3 | of bidistilled water is adjusted to pH 6.5 using 2 N
hydrochloric acid, sterile filtered, transferred into injection vials, lyophilised under
sterile conditions and sealed under sterile conditions. Each injection vial contains 5 mg
of active ingredient.

Example B: Suppositories

A mixture of 20 g of an active ingredient of the formula | with 100 g of soya lecithin and
1400 g of cocoa butter is melted, poured into moulds and allowed to cool. Each
suppository contains 20 mg of active ingredient.

Example C: Solution

A solution is prepared from 1 g of an active ingredient of the formula I, 9.38 g of
NaH,PO, - 2 H,0, 28.48 g of Na;HPO,4 - 12 H,O and 0.1 g of benzalkonium chloride in
940 ml of bidistilled water. The pH is adjusted to 6.8, and the solution is made up to 1 |
and sterilised by irradiation. This solution can be used in the form of eye drops.

Example D: Ointment
500 mg of an active ingredient of the formula | are mixed with 99.5 g of Vaseline under
aseptic conditions.

Example E: Tablets

A mixture of 1 kg of active ingredient of the formula I, 4 kg of lactose, 1.2 kg of potato
starch, 0.2 kg of talc and 0.1 kg of magnesium stearate is pressed in a conventional
manner to give tablets in such a way that each tablet contains 10 mg of active
ingredient.



nicotinamide "A26" 2-Amino-N-(2,6-dimethyl-pyridin-4-y1)-5-(5-morpholin-4-
ylmethyl-thiophen-2-y1)-nicotinamide "A27"
2-Amino-5-(WORM36IiRZ2-yImethyl-thiophen-2-yl)-N-pyrimidin- 116 4-yl-niBORASHER0322"
2-Amino-N-furo[3,2-b]pyridin-7-y1-541-(2-methoxy-ethyl)-1H- pyrazol-4-y1]-nicotinamide "A29"
2-Amino-N-furo[3,2-b]pyridin-7-y1-5-(5-morpholin-4-ylmethyl- thiophen-2-y1)-nicotinamide
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Example F: Dragees

Tablets are pressed analogously to Example E and subsequently coated in a
conventional manner with a coating of sucrose, potato starch, talc, tragacanth and
dye.

Example G: Capsules

2 kg of active ingredient of the formula | are introduced into hard gelatine capsules in a
conventional manner in such a way that each capsule contains 20 mg of the active
ingredient.

Example H: Ampoules

A solution of 1 kg of active ingredient of the formula | in 60 | of bidistilled water is
sterile filtered, transferred into ampoules, lyophilised under sterile conditions and
sealed under sterile conditions. Each ampoule contains 10 mg of active ingredient.



"A30" 4-[6-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid methyl ester "A31"
4-[6-Amino-5-(pyridin-4-ylcarbamoy1)-pyridin-3-y1]-benzoic acid "A32"
3-{416-AmiNB20pieliBZ2-yIcarbamoyl)-pyridin-3-y1]-phenyll- propionic acRCTABR012/032983
2-Amino-N-(3-chloro-pyridin-4-y1)-5-(5-morpholin-4-ylmethyl- thiophen-2-y1)-nicotinamide "A34"
2-Amino-5-(1H-pyrazol-4-y1)-N-pyridin-4-yl-nicotinamide "A35"
4-112-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2+91)-pyridine-3- carbonylFaminobnicotinic acid
methyl ester

Patent Claims

1. Gompounds of the formula |

O
R1
R X\ N/
| H
o
N~ “NH,

in which

X denotes CH or N,

R denotes Ar or Het,

R’ denotes furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl,

isoxazolyl, thiazolyl, pyridyl, pyrimidyl, pyridazinyl, indolyl, isoindolyl,
benzimidazolyl, indazolyl, quinolyl, 1,3-benzodioxolyl,
benzothiophenyl, benzofuranyl, imidazopyridyl or furo[3,2-b]pyridyl,
each of which is unsubstituted or mono- or disubstituted by Hal, A,
OR®, CN, COOA, COOH, CON(R?), and/or NR>COA,

Ar denotes phenyl, biphenyl or naphtyl, each of which is unsubstituted
or mono-, di- or trisubstituted by Hal, A, Het', (CH»),OR®,
(CH2)nN(R®)2, NO,, CN, (CH,),COOR?>, CON(R>),,
CONH(CH,){NHCOOA', CON[R>(CHy),Het'], NR°COA, NHCOOA,
NR>SO,A, COR®, SO,Het?, SO,N(R®), and/or S(O),A,

Het denotes furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl,
isoxazolyl, thiazolyl, pyridyl, pyrimidinyl, triazolyl, tetrazolyl,
thiadiazole, pyridazinyl, pyrazinyl, indolyl, isoindolyl, benzimidazolyl,
indazolyl, quinolyl, 1,3-benzodioxolyl, benzothiophenyl,
benzofuranyl or imidazopyridyl, each of which is unsubstituted or
mono-, di- or trisubstituted by A, COA, (CH,),Het?, OH, OA, Hal,
(CH2)pN(R®)2, NO2, CN, (CH2),COOR?, (CH2),CON(R®)2, NR>COA,
(CH,),COHet? and/or (CHy),phenyl,



"A36" N-(2-Acetylamino-pyridin-4-y1)-2-amino-5-(5-morpholin-4- ylmethyl-thiophen-2-y1)-nicotinamide
"A37" 3-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-2-y1]-benzoic acid "A38"

2-Amino-N-BQ MG agy7itin-4-y1)-5-[1-(2-methoxy-ethyl-)-1H- pyrazol-4-yI|RMcbEisaMM4B829839"
2-Amino-N-(4-methoxy-pheny1)-5-(5-morpholin-4-ylmethyl- thiophen-2-y1)-nicotinamide "A40"
2-Amino-N-(6-methoxy-pyridin-3-y1)-5-(5-morpholin-4-ylmethyl- thiophen-2-y1)-nicotinamide "A41"
2-Amino-N-(3-methylcarbamoyl-pyridin-4-y1)-5-(5ttbrpholin-4-

Het' denotes furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl,
isoxazolyl, thiazolyl, pyridyl, pyrimidinyl, triazolyl, tetrazolyl,
thiadiazole, pyridazinyl, pyrazinyl, each of which is unsubstituted or
mono-, di- or trisubstituted by A, OH, OA, Hal, CN and/or
(CH2),COOR?,

Het? denotes dihydropyrrolyl, pyrrolidinyl, tetrahydroimidazolyl,
dihydropyrazolyl, tetrahydropyrazolyl, dinydropyridyl,
tetrahydropyridyl, piperidinyl, morpholinyl, hexahydropyridazinyl,
hexahydropyrimidinyl, [1,3]dioxolanyl, piperazinyl, each of which is
unsubstituted or monosubstituted by OH and/or A,

A denotes unbranched or branched alkyl having 1-6 C atoms, in
which 1-7 H atoms may be replaced by F,

A denotes unbranched or branched alkyl having 1-10 C atoms, in
which one or two non-adjacent CH and/or CH, groups may be
replaced by N, O, S atoms and/or by —CH=CH- groups and/or in
addition 1-7 H atoms may be replaced by F,

R® denotes H or unbranched or branched alkyl having 1-6 C atoms, in
which 1-7 H atoms may be replaced by F,

Hal denotes F, ClI, Br or |,
n denotes 0, 1, 2, 3 or 4,
p denotes 0, 1 or 2,

q denotes 1, 2, 3 or 4,

and pharmaceutically usable salts, tautomers and stereocisomers thereof,

including mixtures thereof in all ratios.

2. Compounds according to Claim 1, in which

R! denotes pyridyl, pyrimidyl, pyridazinyl or furo[3,2-b]pyridyl, each of
which is unsubstituted or monosubstituted by Hal, A, OR®, COOA,
COOH, CON(R®); and/or NR°COA,

and pharmaceutically usable salts, tautomers and stereocisomers thereof,

including mixtures thereof in all ratios.



ylmethyl-thiophen-2-y1)-nicotinamide "A42" 2-Am ino-5-[1-(2-hyd roxy-ethyl)-1
H-pyrazol-4-y1]-N-pyridin-4-yl- nicotinamide "A43"
2-Amino-5-(WOM36IiRZ2-yImethyl-thiophen-3-yl)-N-pyridin-4- yl-nicotinamR{€T"A%P412/032983
5-(4-Acetyl-1H-pyrrol-2-y1)-2-amino-N-pyridin-4-yl-nicotinamide 117 "A45"
2-Amino-5-furan-3-yl-N-pyridin-4-yl-nicotinamide "A46"
2-Amino-5-(1-benzy1-1H-pyrazol-4-y1)-N-pyridin-#3d- nicotinamide

3.  Compounds according to Claim 1 or 2, in which

Ar denotes phenyl, biphenyl or naphtyl, each of which is unsubstituted
or mono-, di- or trisubstituted by A, Hal, Het', COR®, CON(R®)s,
CONH(CH2);NHCOOA', CON[R®(CH,),Het'], NHCOOA,
(CH2)aN(R®)2, (CH2),OR®, (CH,)nCOOR®, SO,Het? and/or
SO.N(R®),,

and pharmaceutically usable salts, tautomers and stereocisomers thereof,

including mixtures thereof in all ratios.

4.  Compounds according to one or more of Claims 1-3, in which

Het denotes thienyl, pyrazolyl, pyridyl, each of which is unsubstituted or
mono- or disubstituted by A, (CHy),Het?, (CH2),CON(R®), and/or
(CHz)pphenyl,

and pharmaceutically usable salts, tautomers and stereocisomers thereof,

including mixtures thereof in all ratios.

5.  Compounds according to one or more of Claims 1-4, in which

Het' denotes pyrazolyl or imidazolyl, each of which is unsubstituted or
monosubstituted by A,

and pharmaceutically usable salts, tautomers and stereocisomers thereof,

including mixtures thereof in all ratios.

6. Compounds according to one or more of Claims 1-5, in which

Het? denotes pyrrolidinyl, piperidinyl, morpholinyl, [1,3]dioxolanyl,
piperazinyl, each of which is unsubstituted or monosubstituted by
OH and/or A,

and pharmaceutically usable salts, tautomers and sterecisomers thereof,

including mixtures thereof in all ratios.

7.  Compounds according to one or more of Claims 1-6, in which



"A4T7" 2-Amino-5-(1-methyl-1H-pyrazol-3-y1)-N-pyridin-4-yl- nicotinamide "A48"
2-Amino-5-(3,5-dimethyl-1H-pyrazol-4-y1)-N-pyridin-4-yl- nicotinamide "A49"
2-Amino-N-M@ia 24885 thiophen-3-yl-nicotinamide "A50" PCT/US2012/032983
2-Amino-5-(1-methyl-1H-pyrrol-2-y1)-N-pyridin-4-yl-nicotinamide "A51"
2-Amino-5-[1-(2-morpholin-4-yl-ethyl)-1H-pyrazol-4-y1]-N- pyridin-4-yl-nicotinamide "A52"
2-Amino-5-benzo[b]thiophen-2-yI-N-pyridin-4-yl-nitt3inamide "A53"

A denotes unbranched or branched alkyl having 1-6 C atoms, in
which one or two non-adjacent CH and/or CH, groups may be
replaced by N and/or O atoms and/or in addition 1-7 H atoms may
be replaced by F,

and pharmaceutically usable salts, tautomers and stereocisomers thereof,

including mixtures thereof in all ratios.

8. Compounds according to one or more of Claims 1-7, in which
denotes CH oder N,

R denotes Ar or Het,

R! denotes pyridyl, pyrimidyl, pyridazinyl or furo[3,2-b]pyridyl, each of
which is unsubstituted or monosubstituted by Hal, A, OR®, COOA,
COOH, CON(R®), and/or NR°COA',

Ar denotes phenyl, biphenyl or naphtyl, each of which is unsubstituted
or mono-, di- or trisubstituted by A, Hal, Het', COR®, CON(R®).,
CONH(CH2);NHCOOA', CON[R®(CH,),Het'], NHCOOA,
(CH2)aN(R®)2, (CH2)4OR?®, (CH2),COOR®, SO,Het® and/or
SO:N(R®).,

Het denotes thienyl, pyrazolyl, pyridyl, each of which is unsubstituted or
mono- or disubstituted by A, (CHy),Het?, (CH2),CON(R®), and/or
(CHz)pphenyl,

Het' denotes pyrazolyl or imidazolyl, each of which is unsubstituted or
monosubstituted by A,

Het? denotes pyrrolidinyl, piperidinyl, morpholinyl, [1,3]dioxolanyl,
piperazinyl, each of which is unsubstituted or monosubstituted by
OH and/or A,

A denotes unbranched or branched alkyl having 1-6 C atoms, in
which 1-7 H atoms may be replaced by F,

A denotes unbranched or branched alkyl having 1-6 C atoms, in
which one or two non-adjacent CH and/or CH, groups may be



5-(5-Acetyl-thiophen-2-y1)-2-amino-N-pyridin-4-yl-nicotinamide "A54"
2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyridin-4- yl-nicotinamide "A55"
2-Amino-5-(WQ-24d 161837 )-N-pyridin-4-yl-nicotinamide "A56" PCT/US2012/032983
2-Amino-5-(1H-indo1-3-y1)-N-pyridin-4-yl-nicotinamide "A57"
2-Amino-N-pyridin-4-y1-5-(1H-pyrrol-2-y1)-nicotinamide "A58"
2-Amino-5-(1H-imidazo[1,2-a]pyridin-2-y1)-N-pyridit#4-yl- nicotinamide "A59"
2-Amino-N-pyridin-4-y1-5-(1H-pyrrol-3-y1)-nicotinamide "A60"

replaced by N and/or O atoms and/or in addition 1-7 H atoms may
be replaced by F,

R® denotes H or unbranched or branched alkyl having 1-6 C atoms, in
which 1-7 H atoms may be replaced by F,

Hal denotes F, ClI, Br or |,
n denotes 0, 1, 2, 3 or 4,
p denotes 0, 1 or 2,

q denotes 1, 2, 3 or 4,

and pharmaceutically usable salts, tautomers and stereocisomers thereof,

including mixtures thereof in all ratios.

9. Compounds according to Claim 1, selected from the group
compound name
nr.
"A1" 2-Amino-5-(5-piperidin-1-ylmethyl-thiophen-2-yl)-N-pyridin-4-yl-
nicotinamide
"A2" 2-Amino-N-pyridin-4-yl-5-(5-pyrrolidin-1-ylmethyl-thiophen-2-yl)-
nicotinamide
"A3" 2-Amino-5-(5-methyl-thiophen-2-yl)-N-pyridin-4-yl-nicotinamide
"A4" 2-Amino-5-(3-pyrazol-1-yl-phenyl)-N-pyridin-4-yl-nicotinamide
"A5" 2-Amino-5-(4-pyrazol-1-yl-phenyl)-N-pyridin-4-yl-nicotinamide
"AB" 2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-yl]-N-pyridin-4-yI-
nicotinamide
"A7" 2-Amino-N-pyridin-4-yl-5-(4-sulfamoyl-phenyl)-nicotinamide
"A8" 2-Amino-N-(2-methyl-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-
thiophen-2-yl)-nicotinamide
"AQ" 2-Amino-N-(2-ethoxy-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-
thiophen-2-yl)-nicotinamide
"A10" 3-Amino-6-(5-morpholin-4-ylmethyl-thiophen-2-yl)-pyrazine-2-
carboxylic acid pyridin-4-ylamide




2-Amino-5-benzofuran-3-yl-N-pyridin-4-yl-nicotinamide "A61"
2-Amino-5-(1-methyl-1H-pyrazol-4-y1)-N-pyridin-4-yl- nicotinamide  and pharmaceutically usable
salts, tautorP2eRAt&reoisomers thereof, including mixtures thereof in allPEl®$2012/832083Process
for the preparation of compounds of the formula | according to Claims 1-9 and pharmaceutically usable
salts, tautomers and stereoisomers thereof, characterised in that a)a compound of the formula Il
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"A11" 6-Amino-6'-piperazin-1-yl-[3,3']bipyridinyl-5-carboxylic acid
pyridin-4-ylamide

"A12" 3-Amino-6-(1-[1,3]dioxolan-2-yImethyl-1H-pyrazol-4-yl)-
pyrazine-2-carboxylic acid pyridin-4-ylamide

"A13" 3-Amino-6-(5-piperidin-1-ylmethyl-thiophen-2-yl)-pyrazine-2-car-
boxylic acid pyridin-4-ylamide

"A14" 3-Amino-6-(5-pyrrolidin-1-ylmethyl-thiophen-2-yl)-pyrazine-2-
carboxylic acid pyridin-4-ylamide

"A15" 2-Amino-N-(2-methyl-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-
thiophen-3-yl)-nicotinamide

"A16" 2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyridazin-
4-yl-nicotinamide

"A17" 2-Amino-5-(1-benzyl-1H-pyrazol-4-yl)-N-(2-methyl-pyridin-4-yl)-

hicotinamide

"A18" 2-Amino-5-(3-pyrazol-1-yl-phenyl)-N-pyridazin-4-yl-nicotinamide

"A19" 2-Amino-N-(3-methyl-pyridin-4-yl)-5-(4-pyrazol-1-yl-phenyl)-
nicotinamide
"A20" 2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-yl]-N-(2-methyl-

pyridine-4-yl)-nicotinamide

"A21" 2-Amino-N-(3-methyl-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-
thiophen-2-yl)-nicotinamide

"A22" 2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-yl]-N-(3-methyl-
pyridin-4-yl)-nicotinamide

"A23" 2-Amino-5-(4'-methyl-biphenyl-3-yl)-N-pyridin-4-yl-nicotinamide
"A24" 2-Amino-5-[1-(2-methoxy-ethyl)-1H-pyrazol-4-yl]-N-pyridazin-4-
yl-nicotinamide
"A25" 2-Amino-5-(1-carbamoylmethyl-1H-pyrazol-4-yl)-N-pyridin-4-yl-
nicotinamide
"A26" 2-Amino-N-(2,6-dimethyl-pyridin-4-yl)-5-(5-morpholin-4-

ylmethyl-thiophen-2-yl)-nicotinamide

"A27" 2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyrimidin-




in which Y denotes an Br or |, X and R1 have the meanings indicated in Claim 1, is reacted with a
compound of formula Il R-LII in which R has the meaning indicated in Claim1 and L denotes a boronic
acid or a boY¥Ri0&¥ ke B3fer group, or b)a compound of the formula IV WO PCT/US2012/032983
2012/161877PCT/US2012/032983 119 denotes ClI, Br, | or a free or reactively functionally
modified OH group, is reacted with a compound of the formula V R1-NH2V in which R1 has the
meaning indicated in Claim 1, 116

4-yl-nicotinamide

"A28" 2-Amino-N-furo[3,2-b]pyridin-7-yl-5-[1-(2-methoxy-ethyl)-1H-
pyrazol-4-yl]-nicotinamide
"A29" 2-Amino-N-furo[3,2-b]pyridin-7-yl-5-(5-morpholin-4-ylmethyl-
thiophen-2-yl)-nicotinamide
"A30" 4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid
methyl ester
"A31" 4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-benzoic acid
"A32" 3-{4-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-3-yl]-phenyl}-

propionic acid

"A33" 2-Amino-N-(3-chloro-pyridin-4-yl)-5-(5-morpholin-4-ylmethyl-
thiophen-2-yl)-nicotinamide

"A34" 2-Amino-5-(1H-pyrazol-4-yl)-N-pyridin-4-yl-nicotinamide

"A35" 4-{[2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-pyridine-3-
carbonyl]-amino}-nicotinic acid methyl ester

"A36" N-(2-Acetylamino-pyridin-4-yl)-2-amino-5-(5-morpholin-4-
ylmethyl-thiophen-2-yl)-nicotinamide
"A37" 3-[6-Amino-5-(pyridin-4-ylcarbamoyl)-pyridin-2-yl]-benzoic acid
"A38" 2-Amino-N-(3-chloro-pyridin-4-yl)-5-[1-(2-methoxy-ethyl-)-1H-
pyrazol-4-yllnicotinamide
"A39" 2-Amino-N-(4-methoxy-phenyl)-5-(5-morpholin-4-ylmethyl-
thiophen-2-yl)-nicotinamide
"A40" 2-Amino-N-(6-methoxy-pyridin-3-yl)-5-(5-morpholin-4-ylmethyl-
thiophen-2-yl)-nicotinamide
"Ad41" 2-Amino-N-(3-methylcarbamoyl-pyridin-4-yl)-5-(5-morpholin-4-
ylmethyl-thiophen-2-yl)-nicotinamide
"A42" 2-Amino-5-[1-(2-hydroxy-ethyl)-1H-pyrazol-4-yl]-N-pyridin-4-yl-
nicotinamide
"A43" 2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-3-yl)-N-pyridin-4-

yl-nicotinamide

"Ad44" 5-(4-Acetyl-1H-pyrrol-2-yl)-2-amino-N-pyridin-4-yl-nicotinamide




or c)that it is liberated from one of its functional derivatives by treatment with a solvolysing or
hydrolysing agent, and/or a base or acid of the formula | is converted into one of its salts. 11.
Medicamen¥QaMpislsg at least one compound of the formula | according R& TCVEi12.82088/or
pharmaceutically usable salts, tautomers and stereoisomers thereof, including mixtures thereof in all
ratios, and optionally excipients and/or adjuvants. 12. Compounds according to Claim 1-9 and
pharmaceutically usable salts, tautomers and sterebisomers thereof, including mixtures thereof in all
ratios, for the use for the treatment of cancer, septic shock, Primary open Angle Glaucoma (POAG),
hyperplasia, rheumatoid arthritis, psoriasis, artherosclerosis, retinopathy, osteoarthritis, endometriosis,
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"A52" 2-Amino-5-benzo[blthiophen-2-yl-N-pyridin-4-yl-nicotinamide
"A53" 5-(5-Acetyl-thiophen-2-yl)-2-amino-N-pyridin-4-yl-nicotinamide
"A54" 2-Amino-5-(5-morpholin-4-ylmethyl-thiophen-2-yl)-N-pyridin-4-
yl-nicotinamide
"A55" 2-Amino-5-(1H-indol-2-yl)-N-pyridin-4-yl-nicotinamide
"A56" 2-Amino-5-(1H-indol-3-yl)-N-pyridin-4-yl-nicotinamide
"A57" 2-Amino-N-pyridin-4-yl-5-(1H-pyrrol-2-yl)-nicotinamide
"A58" 2-Amino-5-(1H-imidazo[1,2-a]pyridin-2-yl)-N-pyridin-4-yI-
nicotinamide
"A59" 2-Amino-N-pyridin-4-yl-5-(1H-pyrrol-3-yl)-nicotinamide
"A60" 2-Amino-5-benzofuran-3-yl-N-pyridin-4-yl-nicotinamide
"A61" 2-Amino-5-(1-methyl-1H-pyrazol-4-yl)-N-pyridin-4-yl-

hicotinamide

and pharmaceutically usable salts, tautomers and stereocisomers thereof,

including mixtures thereof in all ratios.
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10. Process for the preparation of compounds of the formula | according to
Claims 1-9 and pharmaceutically usable salts, tautomers and stereoisomers
thereof, characterised in that

a) a compound of the formula Il

0O
R1
Y X\ N/
| H I
/ )
N~ “NH,

in which Y denotes an Br or |,
X and R' have the meanings indicated in Claim 1,

is reacted with a compound of formula Il
R-L 1]

in which R has the meaning indicated in Claim1 and
L denotes a boronic acid or a boronic acid ester group,

or

b) a compound of the formula IV

@)
R X\ 1
\[ L IV
2
N~ NH,

in which R and X have the meanings indicated in Claim 1 and



Lys Lys Gu kg Leu Leu Asp Asp Ar g His Asp Ser Gy Leu 1 510 15 Asp Ser [VWLys Asp OuGu 20

<210>
WO 2012/161877 PCT/US2012/032983
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L denotes Cl, Br, | or a free or reactively functionally modified OH group,
is reacted with a compound of the formula V
R-NH, V
in which R' has the meaning indicated in Claim 1,
or

C) that it is liberated from one of its functional derivatives by treatment
with a solvolysing or hydrolysing agent,

and/or
a base or acid of the formula | is converted into one of its salts.

11.  Medicaments comprising at least one compound of the formula | according
to Claim 1-9 and/or pharmaceutically usable salts, tautomers and stereoisomers
thereof, including mixtures thereof in all ratios, and optionally excipients and/or

adjuvants.

12. Compounds according to Claim 1-9 and pharmaceutically usable salts,
tautomers and stereoisomers thereof, including mixtures thereof in all ratios, for
the use for the treatment of cancer, septic shock, Primary open Angle Glaucoma
(POAG), hyperplasia, rheumatoid arthritis, psoriasis, artherosclerosis,
retinopathy, osteoarthritis, endometriosis, chronic inflammation, and/or

neurodegenerative diseases.

13.  Gompounds of the formula | according to Claim 1-9 and/or physiologically
acceptable salts, tautomers and stereoisomers thereof for the use for the
treatment of tumours, where a therapeutically effective amount of a compound of
the formula | is administered in combination with a compound from the group 1)



2 <211>23 <212>PRT <213> Ar tifi ci alSequence <220>
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oestrogen receptor modulator, 2) androgen receptor modulator, 3) retinoid
receptor modulator, 4) cytotoxic agent, 5) antiproliferative agent, 6) prenyl-protein
transferase inhibitor, 7) HMG-CoA reductase inhibitor, 8) HIV protease inhibitor,
9) reverse transcriptase inhibitor and 10) further angiogenesis inhibitors.

14. Compounds of the formula | according to Claim 1-9 and/or physiologically
acceptable salts, tautomers and stereoisomers thereof for the use for the
treatment of tumours, where a therapeutically effective amount of a compound of
the formula | is administered in combination with radiotherapy and a compound
from the group 1) oestrogen receptor modulator, 2) androgen receptor modulator,
3) retinoid receptor modulator, 4) cytotoxic agent, 5) antiproliferative agent, 6)
prenyl-protein transferase inhibitor, 7) HMG-CoA reductase inhibitor, 8) HIV
protease inhibitor, 9) reverse transcriptase inhibitor and 10) further angiogenesis
inhibitors.
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