THO0064 E(F) 111511 Description AZABICYCLO COMPOUND AND SALT THEREOF Field of the
Invention [0001] The present invention relates to an azabicyclo compound or a salt thereof and a
pharmaceutical composition containing the same, particularly, a preventive and/or therapeutic agent for
cancer, etc., based on HSP90 inhibitory activity. Background of the inventioi iéd5(F) W bup of
proteins called molecular chaperons is a multifunctional protein, which promotes the formation of the
functional structures of other proteins or maintélescthptiss structures, promotes correct association, inhibits
unnecessary aggregation, protects other proteins from degradation, and promotes secretion (Non-Patent
Document 1). HSP9O0 is a molecular chaperon as abundant as approximately 1 to 2% of all intracellular
soluble proteABABIAYE OIS P OhiNIRddrgADLT tHeHRESYAthesis of the majority of polypeptides, unlike
other chaperon proteins (Non-Patent Document 1). Signaling-related factors (e.g., ERBB1/EGFR,
ERBB2/HER2, MET, IGF1R, KDR/VEGFR, FLT3, ZAP70, KIT, CHUK/IKK, BRAF, RAF1, SRC and AKT),
cell cycle regrikitoostie. mvediifd, CDK6, Cyclin D, PLK1 and BIRCS5), and transcriptional regulators (e.g.,
HIF-la, p53, %gen receptor, estrogen receptor and progesterone receptor) are known as the main
client proteins Whose structure formation or stability is regulated by HSP90 through the interaction
therebetween (NomHegiesstdowemintsetatéd10@HaEAbiryicld 6drh and 3). HSP9O0 ipaleeyanvolved in cell
proliferation ar 8 rviva1! by maintainin &Jhe normal functions of these proteins. Furthermore, HSP9O0 is
required for e rﬁ?%%%l ?ﬁﬂ&i%fhas”g??‘gﬂ 8@805?%%%0&%0%&06 (e.g., BCR-REY tﬁﬁ(ﬁ? ?\Inl}ﬁM-ALK) which
cause carcinpgeioaiaisys praeeivation/of tangesuiidegéndicates the importafeecantdg P90 particularly for
processes such as carcin elyesis cancer survival, growth, exacerbation and metastasis (Non-Patent
Document 2)?%353*‘1 0”%?3 [ Ri'ﬂffi POt ?ﬁg"g}‘raperon functions of HSP90 by specific inhibitors such as
geldanamycin causes the inactivation, destabilization and degradation of the client proteins, resulting in
induction of a halt in ceél roliferation or apoptosis (Non-Patent Document 4). In terms of the physiological
functions of ﬁé‘g‘%’w é%‘B%WBRB‘PQ are characterized in that they can simultaneously inhibit a plurality
of signaling gatiogiays involved in cancer survival/growth. Thus, the HSP90 inhibitors can serve as drugs
having extensive and effective anticancer activity. Moreover, from the findings that cancer cell-derived

HSP90 has higheﬁ%%ﬁﬂ@ﬁﬂﬁ@?‘éﬂﬂW?S?P&'Fﬁa&emﬂf’dﬁors than those of formal cell-derived

HSP90, it hambErRMm&PACERstdMalthientpronds ibiterpayould serve as drugs begig high cancer
selectivity (Non-Patent Document 5). Currently, the clinical development of a plurality of HSP90 inhibitors

as anticancef25EPH8! HAYERIS T PRIETREELRE LR  Idanamycin derivafiVReE9-
allylamino-17%@empshonvaedeanamyeiaddocifd inhibisler development as gipgleagepts as well as under

test on the combined use with various anticancer agents (Non-Patent Documents 3 and 4). However, the

problems of PPEARIA, PFPIRSIS UL ABRIES, TREIAFEE A solutions, low oraP25¥8tption and liver toxicity,

have also begindt0stE(E iNdBbAenitisdfkhipMBateNt DocumentsidAngiRuhUS, a new type of
HSP90 inhibitor has been desired. It has also been reported that HSP9O0 inhibitors not only have

anticancer ad\ARFI00R 88 IR YT 8RN BIRIEN it 2GR At&kor autoimmuné iBiaestdanlairurtatory

disease, centi@lpR¥RISIYSIRIN AiSaRE (Rrie 2aHAN P disease, Alzheirppis iizaase, and
Huntington's disease), viral infections, cardiovascular disease, etc. (Non-Patent Documents 2 and 6).
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Prior Art Documents Patent Document [0004] Patent Document 1: International Publication No.
W02007035620 Patent Document 2: International Publication No. W02008024978 Non-Patent Document
[0005] Non-Patent Document 1: Nature Reviews Cancer 5, 761-772 (2005) Non-Patent Document 2:
TRENDS in Molecular Medicine 6, 17-27 (2004) Non-Patent Document 3: Git#Pe84 R4 11514-14 (2009)
Non-Patent Document 4: Current Opinion in Pharmacology 8, 370-374 (2008) Non-Patent Document 5:
Drug Resistaau )Y pdaRes Xeepip iny20ed)wti-pralieia Document 6: BMCtidearoscience 9 (Suppl 2),
2008 S“.mm%@{w?\f/éf? R IOPIEMSAG BRSOy the Invention [OO%%) [ object of the
present invention IS o provide a*hovel azabicyclo compound which has bot %@B inhibitory activity and
cell proliferatfamtienmhoter HSROC isAaquited Gyjtet mdrthal fité0064 E(F) 1115libnsrebentategention is to
provide a pharmaceutical roguct Eh is,useful E&}Q revention and/or treatment of disease involving
the HSPo, LLTIEN Bettost ot B A MRH R actviy. Mt e oning the problems

carcinogenesis or exacerbation of cancer. This ind icates the
importance of HSP90 particularly for processes such as
carcinogenesis, cancer survival, growth, exacerbati on and
metastasis (Non-Patent Document 2).
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[0007] The present inventors have intensively studied various compounds having HSP90 inhibitory
activity and consequently completed the present invention by finding that a novel compound represented
by the general formula (I) shown below, which has an unsaturated heterocyclic group at position 4 (R1 in
the general formula (1)) of the azabicyclo compound, exhibits exceedingly e%@ﬁ@ﬁﬁ%ﬁi%%lactivity
against HSP90 and further exhibits excellent cell proliferation inhibitory effect on cancer cell lines. [0008]
Specifically, thngre seh(Nondraient Prosidesits éampblidwepresented by the felivtyipryaieneral formula (1),
or a salt therepf- [0009] .. [0010] wherein represents CH or N; any one of X2, X3 and X4 represents N,
and the other?grg%aré%%%{t% ?S ﬁ%rbéﬁsg?é)llﬁg%i? Oan?/egne or two of Y1, \F%D%dstr? tY4 represent C-R4,
and the othersSHe0timbibawnerot diffehaxe anticespresetiti@H or N; R1 represdntsaiso ogtionally substituted
monocyclic osrebi%ycliﬁ]upés%t&{glée% HS%FOCG{S.“C Pg%)upc)ﬁhavsi’gg lto4 heteroahqﬁgs s%{ cted from N, S and
0; R2 represen{\é aaﬁyd?oé)en atogn, an optionally su Sttuted alkyl group having T8 ¥arbon atoms or an
optionally sub&itagedcatkethyegroupshsteingiddasé @gadrastoms; R3 represamderssdiseasgroup or -00-R5;

R4(s) are theAi me or. di .g%gz-rét %ﬂg l{ﬁgges%rhtsaq@/dr?(])egen atom, a halogen af?n%’cﬁ‘oc ano group, an alkyl

group having BRSO A oms, an a'lggny groueﬁ1 v\llrllrg 2 to 6 carbon atoms; an atkoxy group having 1
to 6 carbon atarntisyastalepniistiaskydio¢hidreRagEotPoeuments 2 and 6).
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Summary of the Invention

Problems to be solved by the Invention

[0006]

An object of the present invention is to provide a novel
azabicyclo compound which has both HSP9O0 inhibitory activity and
cell proliferation inhibitory effect. Another obje ct of the



N(R6) (R7), -S-R8 or -00-R9; R5 represents a hydroxyl group, an amino group optionally having a
hydroxyl group, or an optionally substituted mono- or dialkylamino group; R6 and R7 are the same or
different and represent a hydrogen atom, an optionally substituted alkyl group having 1 to 6 carbon
atoms, a halogenoalky! group having 1 to 6 carbon atoms, an optionally suBstREe&d=cycldahdli group
having 3 to 7 carbon atoms, an optionally substituted aralkyl group, an optionally substituted aromatic
hydrocarbon gesept iaveofitio rsidypsoNidt i fddrssaoeatied ipeterocyclic group adant eytignially substituted
unsaturated heter lic group..or R6, and R7 optionally form a saturated heterocyclic group, together
with the nitroléS'\géér‘fila&%yrr?n teol%v e Uﬂ?e?/ng/r%r Igg%nécﬁﬁgg(ﬁ%gpa}esents an optionaﬁé/ Igl\f(ésmated cycloalkyl group
having 3 to 7tioaHSPORiEaticolady) cpittmnaigssd stitutdtSRMatic hydrocarbmhigitoryp; and THO064 E(F)
111511 R9 repre. ents a hydrogen atom, a hydroxyl group, an amino group optionally having a hydroxyl
group, or an opho ally substituted mono- or di-alkylamino group. [0011] The present invention also
provides a pharmaceutical product containing the compound represented by the general formula (1), or
the salt therelelf. oreloverthth% Iptg?sent invention provides a pharmaceutical composition containing the
compound rep?ealggn%aoo\ﬁ}%e 8en%raeir?8rmula (), or the salt thereof and a pharmaceutically acceptable
carrier.  M{@e@rler, the present invention provides the compound represented by the general formula
(), or the salt theri 1:% for usef\d in the treatment of%anie({.. Furthermore, the present invention provides
a method for treati % Ahce ,'f%ﬂ]ﬁ’lr J' 3\6%%?%% 65 0 éef?e\@fve amount of the 'ggﬁmound represented
by the generabfapounas(haifteasrobtimaibitegniictvilp@adlons The present inugriidn provides a novel
compound re reantgd by the ﬂ\e/neral .forglﬁla(ﬁlé, %?g salt thereof which is us?ful as an HSP90 inhibitor.
The compou S B PERRRTHLENABIOL PYRELLS TR RBY, has been showR¥D EXRBEEYcellent HSP9O
inhibitory actieityesantexbibii@oetikatatierminhiipiivvefiegban cancer cell linegnidnusada@ compound of the
present invention, or the salt thereof, is useful as a preventive and/or tperaﬁ)eutic agent for disease

involving HSPRAIHES ARIBIRCYSIA dPUB 25RaS8IORE KRcellent HSPYO intiditBSPARRlity. THO064 E(F)

111511 Detaiteehldeapruitio: obthe by entpound, exhibits e xceedingly
excellent inhibitory activity against HSP90 and fur ther exhibits
excellent cell proliferation inhibitory effect on c ancer cell
lines.

[0008]

Specifically, the present invention provides a com pound
represented by the following general formula (1), o r a salt
thereof:

[0009]
R® R2

S “L (1)
/Y2

Yy,
\Yaj/Y
R3

[0010]
wherein X ! represents CH or N;

anyoneof X 2 X *and X “represents N, and the others represent CH;



[0013] A compound of the present invention represented by the general formula (I) is an azabicyclo
compound characterized by having an unsaturated heterocyclic group, such as azaindole or azaindazole,
at position 4 of the skeleton, and is a novel compound which is not described in any of the Documents in
Citation List, etc. [0014] In the present specification, examples of "substtie?fd EfiitSihalogen
atom, a hydroxyl group, a cyano group, a nitro group, an alkyl group, a halogenoalkyl group, a cycloalkyl
group, a cycleayigheatiygrolip, an atakyl, gtolandivhybirepegatatiGRoup, Gasdikbeytiozsup, an alkynyl group,
an alkoxy groypya, @%lr%g%?aﬁﬁgr%ﬂ E%rﬁlrlg r%l ‘%{‘Eﬂﬁ%ﬂ“‘-y' group, a cycloalkoxy group, a cyc_loalkyl-alkoxy
group, an araal[<y}oxy group, an aralkyloxya yef group, an alkylthio group, a cycloalkyl-alkylthio group, an
amino group Raemaeserts dietiyiznraigcustiiped oyrioalkidalkylamino group, arbaggigroup, an acyloxy
group, an X4 LrglR, & GUBOXLIONR, p-Blkowarhapy roup. an aralkylgyycarbpny group. &
carbamoyl group, a sa?ura&eg Funsaturated He erocyclic group, an aromatic ydrocar%on group and a
saturated hefemodychcandyQyroup. The number of the substituents, if any, is typically 1 to 3. [0015]
Examples oflgpe halogetn atom includted in the fub }itueg]t&include chlorine, btrc%nmﬁ fluorine and iodine
atoms. The gﬁ?{/‘fsorqwsé 0 er%%%?lr(]y"f‘ BFBUapniPI% 043 iR Bhe Substituents prefer% @/ efers to a linear or
branched alkytayobavimanving 8 carBeha6rhEgFarlddthblly sarbon atoms, or algtiutedn which one or alll
hydrogen atoms in such an alk éngr up are substituted by the halogen atom exemplified above. Examples
thereof inc|u§rE$e£Mﬁr8\»‘8§E¥ 'ng %% %&RQI?@H?I, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,

tert-butyl, peéyleprebbexyd gyanpgrambhabagenoalkyl graups such as a trifluoromethyl group. The
cycloalkyl gr included in the sypstituents is preferably a cycloalkyl group having 3 to 7 carbon atoms.
Examples thggﬁf%?c‘%%l3%9&%%%{/?,”&?8@%&?%@}& gﬁ?yl, cyclohexyl andg&% ?{Bp?yl groups. The
cycloalkyl-alkydiggen ptsraludegin treupybatignisoispraiebly an alkyl groupdavagchto 6 carbon atoms
which is substituted by cycloalk inn §bt0 Yﬁ%%%bon atoms. Examples thereof include
cyclopropylr‘r?éﬂqgﬁ’,’ 8{)3 Hﬂﬁg Ia&/ﬁ t8t9| ﬂgl?a@?opentylmethyl an@'t ERSWexylmethyl groups.
The aralkyl ggesip in@lirded e Bersob stinents prefasabhyteters to a linear ogdypanairedpalkyl group having
1 to 6 carbon atams which is substituted by an aromatic hydrocarbon group having 6 to 14 carbon atoms.
Examples th%?ﬁﬁclhd\%ﬁenzﬁf 'pﬁﬁ%’rﬁ/lethyl, phenylpropyl, naphthylmethyl and naphthylethyl groups.
The hydroxyakyd geaeptsne hidrskin dhwis Lstibiaoigravipfesadly refers to the lingahavikganched alkyl group
having 1 to 6 carbon atoms exemplified above which has a hydroxy group. Examples thereof include
hydroxymeth(Y AR GR SRR PHHONRY SUPSHHEL ISR group included in Ri@isubstituents preferably
refers to an alkgRvh@tPgdRving 2 to 6 carbon atoms which contains a carbon-carbon double bond.
Examples thereof inclyde vinyl, allyl, methylvinyl, propenyl, butenyl, pentenyl and hexenyl groups.

TH0064 E(F)R_G[ffgﬁ arerife SR Or GHRIBNHINGJER S EREAISEEE ENts preferably reféi€Mo an alkynyl

group having3 tpforanpemvataims Wikitdeopianmg caslson-carbon triple bord dexaipigs thereof include
ethynyl and propargyl groups.

a halogenoalkyl group having 1 to 6 carbon atoms, a n optionally
substituted cycloalkyl group having 3 to 7 carbon a toms, an
optionally substituted aralkyl group, an optionally substituted
aromatic hydrocarbon group, an optionally substitut ed saturated
heterocyclic group or an optionally substituted uns aturated
heterocyclic group, or R 6and R ' optionally form a saturated

heterocyclic group, together with the nitrogen atom to which they
are bonded,

R represents an optionally substituted cycloalkyl gr oup having 3
to 7 carbon atoms, or an optionally substituted aro matic

hydrocarbon group; and



[0016] The alkoxy or halogenoalkoxy group included in the substituents preferably refers to a linear or
branched alkoxy group having 1 to 6 carbon atoms, or a group in which such an alkoxy group is
substituted by the halogen atom exemplified above. Examples thereof include methoxy, ethoxy,
n-propoxy, isopropoxy, 1-methylpropoxy, n-butoxy, isobutoxy, tert-butoxy, 2-6A/EGUtdIdS Heopentyloxy,
pentan-2-yloxy, fluoromethoxy, difluoromethoxy, trifluoromethoxy, 1,1-difluoroethoxy, 2,2-difluoroethoxy,
2,2,2- trifluorBéthpragents 2 [Bdeigefiasoor thoxgipetitmmpethaxy, 3- fluoro-2-(fioiomgnathyl)-propoxy,
1,3-difluoropropan-2-yloxy and 2 2 -pentafluora-1-propoxy groups. The cycloalkoxy group
included in thoé%%rbasffmge\ﬁ%g %%&%@%%%cﬁ?? oiﬁ?éﬂ%) Eggh:oup having 3 to 7 %S@S%X%&(?ms. Examples
thereof includeooge lmpiiegsmiyeigioutoxy, cyclopentyloxy, cyclohexyloxy and cycloheptyloxy groups.

The alkoxy-ai&%!L roup included in the substituents preferably refers to the alkyl group having 1 to 6
carbon atoms exemplified above which is substituted by the linear or branched alkoxy group having 1 to 6
carbon atoms exeirhdifiedaidwenixa aigdasdhidesal phalmceatithoxymethyl and atbrodyatethyl groups.

The cycloalkyl-alkoxy group included in the l{]tﬁ'%i ents is preferably an alkoxy group having 1 to 6
§liining e g ‘%5?%5?&%%% éﬁ/ﬁ%%%@? carbon atomls?%ﬁg% &2 thereof include

carbon atomSWHICH 15 SusSitbted
cyclopropylmathsatytheyebdpropylethoxy, cyclobutylmethoxy, cyclopentylmethoxy and cyclohexylmethoxy
groups. THO0064 F? 1115t 1 Th?. aralkélox %Pup included in the substituentts %referably refers to
an oxy group whic YaQ\re a?a?ﬁ%ed}d[]\f)egy( 'Hgﬁ 1 Ssa%Bbgrr@?amples thereof Mtltde benzyloxy,
phenethyloxyaphsit pragyieiing aphtbiripieifiy lepyeamdtatbiphthylethyloxy grheigeneral The aralkyloxy-alkyl
group included in the substituent referaé)l refers to the linear or branched alkyl group having 1 to 6
carbon atomzo@gt?@i’f%é?%%ﬁﬁﬁ%% sa/tﬂléa%f(?/\‘gﬁy group exemplifieﬁllﬁf%?/%?t%fgmples thereof
include benzyglgnyimethyl and benzyloxyethyl groups. [0017] The alkylthio group included in the
substituents is preferably a (01-06) alkylthio. group which refers to a linear or branched alkylthio group
having 1 to 6 carbBIPER rs.{l?%%r g Wae%%? Prfé)}’% ?'HSt?\WHR), ethylthio, n-p Ithio, isopropylthio,

n-butylthio, isepresaiiiel Bethd girthio iderabutylidriehasntylthio and hexylthiougsagpSor The
cycloalkyl-alkylthio group included in the substituents is preferably an alkylthio group having 1 to 6 carbon
atoms which {S&LBRATEGBF A A6AIET having 3 to 7 carbon atoms. Examples thereof include

cyclopropylmethylthigheiateraryirtaihibioventieo briyides hyigio, cyclopentylmegayighio and
cyclohexylmethylthio groups. [0018 . The mono- or dialkylamino group included in the substituents is a

]
mono- or di-(R2HIARIPRINISHYPas RiRicHe a8 f8fef amino group whichfsaMBHB S bstituted or

disubstitutedthy ¢bmipeal RpRietbe d\aiky lgarrys Ravite @)to 6 carbon atoms exemplified above.
Examples thereof include methylamino, dimethylamino, ethylamino, diethylamino and methylethylamino

groups.
Effects of the Invention

[0012]
The present invention provides a novel compound re presented
by the general formula (1), or a salt thereof which is useful as

an HSP90 inhibitor.

The compound of the present invention, or the salt thereof,
has been shown to exhibit excellent HSP90 inhibitor y activity and
exhibit proliferation inhibitory effect on cancer c ell lines.

Thus, the compound of the present invention, or the salt thereof,

is useful as a preventive and/or therapeutic agent for disease
involving HSP90, for example, cancer, based on its excellent HSP90
inhibitory activity.



THO0064 E(F) 111511 The cycloalkyl-alkylamino group included in the substituents refers to an
alkylamino group which is substituted by the cycloalkyl group exemplified above. Examples thereof
include cyclopropylmethylamino, cyclobutylmethylamino and cyclopentylmethylamino groups. [0019]
Examples of the acyl group included in the substituents include: linear or brEREPRHEAEYL4tedbs having 1
to 6 carbon atoms, such as formyl, acetyl, propionyl, n-butyryl, isobutyryl, valeryl, isovaleryl and pivaloyl
groups; and a benzoyl group. Examples of the acyloxy group included in the substituents include:
linear or brartg&%ﬁe?cgl%x roups réa\\ﬁi\p&t:lloto 6 carbon atqms, such as form.yloxy, acetoxy, propif)nyloxy,
n-butyryloxy, 1sobu yry?ox ) veﬂeryn)xy, |sovar]eryloxy and pivaloyloxy groups; a benzoyloxy group; and
amino acid-d@¥8H acyloxy groups such as glycyloxy, alanyloxy and leucyloxy groups. The
alkoxycarbonyl gr%%incluq%doij the substtituengs refers ton?eae}??onyl group whi(%ﬁeis substituted by the

alkoxy group exempli i Oébove.rllzex%rr%ﬁgs'?\ﬁgrlé% IREltde met oxycarbonyl, ethoxycarbonyl,

n-propoxycadmryd| ivaputgp O)igcarbaaicyticeethytorabcharaarbonyl, n-butoxgteazbobyl, isobutoxycarbonyl,
tertbutoxycarbonyl, 2-methyl-hutgxycarbonyl, neopentyloxycarbonyl and pentan-2-yloxycarbonyl groups.
The aralkyloyfgéﬁl%gﬂy n&%%‘q%é&u%%rg %C“%'{ rsol%)stslyucﬁe)(na{g %)referably refers %%'%dg%aer%nyl group which is
substituted byzdindaralieylbposgitonp! e draghkbrtbapavtisExamples thereof inalnolebenzyloxycarbonyl,
phenethyloxycarbonyl, phenylpropyloxycarbonyl hthylmethyloxycarbonyl and
naphthylethyﬁ%@%%tilé/gP&ﬁ}iﬁiﬁj'ﬂ%@ésc%ga%rb@(??ﬁ%Egg%'gmoyI group inc G&%‘B in the substituents
include -COMgftaiidmiaspeter dialkyl)carbamoyl, (mono- or THO064 E(F) 111511 diaryl)carbamoyl,
(N-alkyI-N-arilléc?ibamoyl, pyrrolidinocarbamoyl, piperidinocarbamoyl, piperazinocarbamoyl and
morpholinoc PB4 oyl groups. [0020] The saturated or unsaturated heterocyclic group included in the
substituents refersricha presemyplicioshicy clicasgilasite tkapsiit to 10-membered upsaiirated heterocyclic
group preferably havi g 1 to 4 of an)hgter atom of N, S and 0. Examples thereof include pyrrolidinyl,
piperidinyl, pIB ngﬁ')ﬁ nggrﬁtgfﬂy FRIR 9??1‘6%?18}1%? gniomorpholino, H8HP081B@rl%zinyl,

tetrahydrofurgiyip tat alkytlgedys aa bl oyeciaamyl gtbignyl cfiaryl, pyrrolyl, oxazplxkysgsapolyl, thiazolyl,
isothiazolyl, pyrazolyl, triazolél, tetrazolyl zyl, pyrimidinyl, pyridazinyl, indolyl, isoindolyl,

pyridyl, pyra
indazolyl, meftfyEAdybmh WP’&HWMB%&%%M,“B%ZOMranyl, dihydFSHRA 258 any1,
benzoimidazalyhlikeyz g ih ARAEAHIERRD h AKkbiy-slynolyl, isoquinolyl, guinazolinyl and quinoxalyl

groups. The aromatic hydrocarbon grousi included in the substituents preferably refers to an aromatic

hydrocarbon RFHGEENRalY 6 R PLAKBY A ERaPIES thereof include FHEPYI EAPhaphthyl groups.
The saturateg frIBEREY Sk aR) Bringhmdaskingfoaslstituents refers to argRAGE)Clic 5- to

7-membered saturated heterocyclic group having one or two of any heteroatom of N, S and 0, for
example, an %Y §rep AhRUYIES AR BIRIF9RIBRKdiInyI, piperazinyl, heXBiIR8IRYRABimino, morpholino,
thiomorpholingsihe Greainaraeny! ararkpathedRubxaeeles thereof includggtrahydrofuranyloxy and

tetrahydropyranyloxy groups. [0021] In the general formula (1), X1 represents CH or N. Moreover, in
the general FEHMGIATO, BPKPoRR BPXIONE anaSPreprddRnts N, THO064 E®) DLLGPYP: 2
carboxyl group, an alkoxycarbonyl group, an aralkyl oxycarbonyl
group, a carbamoyl group, a saturated or unsaturate d heterocyclic
group, an aromatic hydrocarbon group and a saturate d heterocyclic
oxy group. The number of the substituents, if any, is typically 1
to 3.
[0015]
Examples of the halogen atom included in the subst ituents
include chlorine, bromine, fluorine and iodine atom S.
The alkyl or halogenoalkyl group included in the s ubstituents
preferably refers to a linear or branched alkyl gro up having 1 to



and the others represent CH. Based on these definitions of X1 to X4, examples of the azabicyclo skeleton
in the general formula (1) include the following structures: [0022] [0023] wherein R1 and R2 are as
defined above. [0024] Of these skeletons, (A-3) and (A-6) are particularly preferable. [0025] In the
general formula (1), the "monocyclic or bicyclic unsaturated heterocyclic groUp9&¢irgL ¥blaldeteroatoms
selected from N, S and 0" in the "optionally substituted monocyclic or bicyclic unsaturated heterocyclic
group havingokahdrhatarsatwmgreslzirtadifioondlpSathhgdd”, represented byoBenistpmesférably a monocyclic
or bicyclic 5- to 10-membered unsaturated ocyglic aroup having 1 to 3 heteroatoms selected from N,
S and 0, mOrséuglgea]lgraj@fygéo#%%§C§%$%ﬂ@}%§§xﬁﬁﬁgﬁn¥q8§§] unsaturated hete?(t)%ryclic group having 1to 3
heteroatoms easpidiedramvd, Sxamples treaedrihoDE4: Bl 111511 bicyclic Yroodtsncbrabered

unsaturated pneet r?cgtﬁlii: g_royég\xhavin%oél Pn?bﬂ ﬁeroaclit&ms selected from N, SF‘» andb%tg',’he heterocyclic

: : ISOpropyl, ISO . Sec- .
group is prefera K/ a g?/du g it zole, pytazole, thiophene, furan, p)yrroFe, oxazole, isoxazole,
thiazole, isotteaznly], tpeaglenteb@zd Eropysiding hplogeroal, pyrimidine, pyridadioeupsislehisoindole,
pyrrolopyridine, indazole, methylenedioxyphenyl, ethylenedioxyphenyl, benzofuran, dihydrobenzofuran,
benzimidazoF‘eS, gh%&%@é&e}’@é%%thiazole, purine, quinoline, tetrahydroquinoline, isoquinoline,

guinazoline or quirbealyutatkyrgrpupiechliydigtapubatiturgnisnidazole, pyrazole,ithiophene, furan,
pyridine, indole rolopyridine, benzofuran, quinpline or tetrahydroquinoline, particularly preferably a
group havind)irﬁ{%é@éllg, f/ﬁé]ﬁél %rrOHBi %\fm%g[%bngg?%onSpeciﬂc examplesaﬁgj gof include
1H-imidazol- Exdmbldimiceaci idelyidé traropaaal-dsibbliipyrazol-1-yl, 1H-pysargplediyl, 1H-pyrazol-4-yl,

thiophen-2-yl, thiophen-3-yl, furan-2-yl, furan3-yl, pyrrol-1-yl, pyrrol-2-yl, pyrrol-3-yl, oxazol-2-yl,
oxazol4-yl, o%@éﬁf‘?%)ﬂa[%do%%%ﬁ‘f%"-‘}’f,%OdiPa?zo|-4-y|, isoxazol-5-yl, thiazol-2-yl, thiazol-3-yl, thiazol-4-yl,

thiazol-5-yl, isothiar@-@ibasgthikgakrdry inshidiazo ke ylugsykazol-1-yl, pyrazol-3ughigysazol-4-yl,
1,2,3-triazol-1-y|, 1,2,3-triazol-4-yl, 1,2,4-triazol-1-yl, 1,2 4-triazol-3-yl, 1,2,4-triazol-4-yl, tetrazol-1-yl,
tetrazol-5-yl, Qféiﬁfﬁﬁ%?fl‘ %@4&@@;\3\6%&@4%& Qfﬂlﬁ-yl, pyrazin-3-yl,?)¥y fﬁ(%Hrph-Z-yl, pyrimidin-4-yl,
pyrimidin-5-yéupytitonistimybeybigaikid Aginng-3iooy tigkisain oy, indo1-1-yl, indo’k Z=yhriel-3-yl, indo1-4-yl,
indol1-5-yl, indol- 6-yl, indol1-7-yl, ispindol-1-yl, isoindol1-2-yl, isoindol1-4-yl, isoindo1-5-yl,

1H-pyrrolo[2 BHESYHEHIE-GYCORr MBI SMGIRRIEMEIY, 1H-pyrrolo[2,3-b]pyridin-3-yl, 1H-pyrrolo[2,3-

THO0064 E(F)cididedakiabanyideycbpbnbliesivobia sddpgrgin-5-yl, 1H-pyrrolefRyBgrelpaidin-6-yl,
1H-indazol-1-yl, 1H-indazol-3-yl, 1H-indazol-4-yl, 1H-indazol-5-yl, 1H-indazol-6-yl, 1H-indazol-7-yl,
methylenedioxyphEi§ 2tk emuai BEHIRHDINEYASHIERSR® benzofuran-3-yl, gae(ﬁ%furan-#yl,
benzofuran-Gefbrbeyaafeatoinbraraidiaiolyhalisgdiny drobenzofuran-2uyk gafbon
dihydrobenzofuran-3-yl, benzimidazol-1-yl, benzimidazol-2-yl, benzimidazol-4-yl, benzimidazol-5-yl,
benzoxazol-2PME¥HYEX S ARSI ISE RAAZSBHE Bedioerfiazol-2-yI, benzoPRidZ3 1A ViMEnzothiazol-5-yl,
purin-2-yl, pusifty @AvbaPdbiNatois. REEAMBIRS, tHEHBSH RcRRYS s#nolin-3-yl, quingljn-4-yl, quinolin-5-yl,
quinolin-6-yl, quinolin-7-yl, quinolin-8-yl, 5,6,7,8- tetrahydroquinolin-2-yl, 5,6,7,8-tetrahydroquinolin-3-yl,
5,6,7.8- tetraPyey§tioRReAPrasybiRRIITAVIRtb ARSI, isoquinolin G4 SERHRABIIN-5-yI,
isoquinolin-6-yl, isgrriRAiiRLyXIkiFERIIPHERE ifieagedRtdnl . quinoxalin-2-yl, guinoxalin-5-y1 and
quinoxalin-6-ylf%roups. The heterocyclic

preferably refers to the linear or branched alkyl g roup having 1
to 6 carbon atoms exemplified above which has a hyd roxy group.
Examples thereof include hydroxymethyl and hydroxye thyl groups.

The alkenyl group included in the substituents pre ferably
refers to an alkenyl group having 2 to 6 carbon ato ms which
contains a carbon-carbon double bond. Examples the reof include
vinyl, allyl, methylvinyl, propenyl, butenyl, pente nyl and hexenyl
groups.



group is preferably a 1H-imidazol-1-yl, pyrazol-4-yl, thiophen-3- yl, furan-2-yl, pyridin-3-yl, pyridin-4-yl,
indol1-5-yl, 1Hpyrrolo[2,3-b]pyridin-5-yl, benzofuran-2-yl, quinolin-3-y1 or 5,6,7,8-tetrahydroquinolin-3-y1
group, more preferably a 1Himidazol-1-yl, pyridin-3-yl, pyridin-4-yl, indo1-5-yl,
1Hpyrrolo[2,3-b]pyridin-5-yl, benzofuran-2-yl, quinolin-3-y1 or 5,6,7,8-tetrahl/dR88aRGI-ESA1group,
particularly preferably a 1H-imidazol-1-yl, pyridin-3-y1 or quinolin-3-y1 group. [0027] In the general
formula (1), examplé® afiyry"gbistinetrigg)hitherribsitaeataied heterocyclic groufenaiyesented by R1
include the s ituents exemplified above, The substityent(s) are preferably 1 tp. 3 substituents selected
from an alkyl%?rgo}ag? an %85@%%%’1‘@[?5&8%0&%{8@ an alkoxy-alkyl ré?ovﬂlﬁl,%n aralkyl group, an
aralkyloxy-alkghtiosp, Gihalegahatdnplesbhath genogdlegl tgeoup, an acyl growmf aclopéonally substituted
saturated or ullp]sattrlgatgdrheterolc Ir%Iic roup and an optionally substituted aromatic hydrocarbon group,
more prefera% ))/ IS RIBBRHE NS S&Tected from: an alkyl group; an alkoxy group; an unsaturated
heterocyclic ¢po1gj optionally having an alkyl group, a halogenoalkyl group, an aralkyl group or a
hydroxyalkyl group; and an aromatic hydrocarbon group optignally having an alkyl group, an alkoxy group
or a carbamoyl grgwg. %ﬁ?ﬁsofgﬁ%e%, g‘%%ﬁlgrsou %ﬂ%ﬂ@%ﬁ Eﬁaeted heterocyclic group which may be
substituted osuthstituasatprefteddhetefios yoliclinea rerasented by R1 include ipgdadialey imidazole, pyridine,
pyrimidine, furan and thi0£he e. l%oreover, examgles. of %Iﬂe aromatic hydro%arboltg roup include phenyl
and naphthylgrﬂﬁg%vmg boe i %%%rlréss O LB Ient(s)" in the uNSATITSLE heterocyclic group

represented hikdx} ganpriskidstinetyy eibylalogeoptbrisexgopyl, n-butyl, isobplfibdsaesbeltyl, tert-butyl,
methoxy, ethaxy, n-propoxy, isgpropoxy, 1-methylpropoxy, n-butoxy, isobutaoxy, tert-butoxy,
1H-pyrazol-45 R TR e ST B PAE AT ot SRR ROPIY-ay1, 1-isoprophPAIGeSS¥azol-d-y,
1-benzy1-1Hpynaaglstapody.(diursgmesbytyaHnsaroksd-yl, 1- (hydroxyetydratypyiesgl-4-yl,
1H-imidazol-1-yl, pyridin-3-yl, pyridin-4-y|, pyrimidine-5-yl, furan-2-yl, furan-3-yl, thiophen-3- yl, phenyl,
4-methoxyph%?ﬁﬂ?%%%ﬁa?%@&%ﬁ@f?@fﬂquggﬁ%ﬁ&r%' H?oylphenyl and 4-6‘?%1 E‘ﬁ?/)%arbamoylphenyl
groups. [002#fluorchiaiediy exammlesoetueicraimidioaclude 1H-imidazolthady, 2,2,2-
4-phenyl-1H-imidazol-1-yl, 4- 4-carbam?/

i , I henylg-lH-imidazol-l-yl,
4-(4-methoxy P9 PR itz SR 4O Q%Fi?jﬁh R101)-1H- THO064 E(FJA18%1 Fmidazol-1-yI,

4-(pyridin-3-yfli-pimidasabim-ofdindittiorddropaidazol-1-yl, -2-yloxy and
5-methyl-4-(pyridin-3-y1)-1H-imidazol-1-yl, 4-(pyrimidin-5-y1)-1H-imidazol-1-yl,
4-(furan-2-y1%:42-HriBeRe4orgr 1P{ARAN-FSHAS1 H-imidazol-1-yl, 4-(1H-pyrazol-4-y1)-1Himidazol-1-yl,
4-(1-methy1-1H-pymazejdoxikb-hisid arideyindnd bueikudedts-pyrazol-4-y1)-1Hgmidazol-1-yl,
4-(1-isopropyl-1Hpyrazol-4-y1)-1H-imidazol-1-yl, 4-(1-hydroxymethyl)-(1H-pyrazol-4-
y1)-1H-imida&'&ﬂi%f%h!yzﬁ(eﬂc('eﬁll&@%H@H&hﬁvm—%iﬁgﬁ?ib@-fyl)-mimidazo|-1- OmS.
4'(1'(hydrox)@&%ﬂt@é‘&@é@?%ﬁjﬂ@-kﬁdﬂmmj%ﬁldﬂutoxy, cyclopentyloxy,
4-(1-(hydroxymethyl)-1H-pyrazol-4-y1)-1H-imidazol-1-yl, 4-(1- benzyl-1H-pyrazol-4-y1)-1H-imidazol-1-yl,
4-(1-(benzyl SHAIPTYI0M 5 8y EIREPDI MM AFAHRS z 0I- 1-y1, 1'H-1,4'-biimidazol-I-yl, pyridin-3-yl, pyridin-4-yl,
5-methoxypyridin-3nd #ikomegryRiAdddd daehastkbkpyrazol-4-yl, 1-methy1-1H-indol- 5-yl,
1H-pyrrolo[2,3-b]pyridin-5-yl, 1-methy1-1H-pyrr_oIo&2,3- b]pyridin-5-yl,
1-methoxymSf{Erablyisere (6518 W\ FIanR HANINg & 1 8-tetrahydroquinolin-SA/PAUARITIA-3-y,
thiophen-3-yle by atiNe RERE X Wi BPiieSingd is more preferabiyasliimigazol-1-yl,
4-(pyridin-3-y1)-1H-imidazol-1-yl, 4-(pyridin-4- yI)-1H-imidazol-1-yl, 4-(1H-pyrazol-4-y1)-1H-imidazol-1-yl,
4-(1- methy 1249y \@Rxe1 eNAg-1 (0. Hriarean afops X8 0iEr 1 H-pyrazol-4- y&ROMA-imidazol-1-yl,

(L 1SODIOD AR RIB AN AL RS LH-DYrazo-4nyfaypmidazol 1.y,
guinolin-3-y1 or 4-(1H-pyrazol-4-y1)-1H-imidazol-1-y1 group, particularly preferably a
4-(1-methy1-1H-pyReeydoptylalkomi@eodn-nehided (B yarIFEsY1)- 1 H-imidazol- 1-{HE@is diinolin-3-y 1 group.
0030 Inipacaage) 17am\a s 08 otbaseumayiag 1 to 6 carbon aigygyh e “optionally

substituted alkyl group having I'to 6 carbon atoms" represented by R2 refers to a linear or TH0064 E(F)
111511 brangresiitaiRgl Ry sypdadvirpving StedrbaRen@iag) for example, a niethyRNapBa, n-propyl,

isopropyl, n-%yéoﬁﬁawél,c?a&pwn@ﬂ- %cﬁ’@ﬁ?&ﬂé&ﬁ@xy' group, and i§ypreferably a methyl, ethyl,

n-propyl or isopropyl group..  Examples of the "substituent(s)" in the "optionally substituted alkyl group
having 1 to 6Cyaiaiuityehexyaqyicieraiytneihry irfeyslehexsubstituents exéneimecssd®se. Of them, the
substituent(s) are preferably a halogen atom.  The halogen atom-substituted alkyl group is preferably a
halogenoalkyl group having 1 to 6 carbon atoms, more preferably a trifluoromethyl group.  The "alkenyl
group having 2 to 6 carbon atoms" represented hyogR2 refers to the alkenyl group having 2 to 6 carbon
atoms exemplified above and is preferably a vinyl group. Examples of the "substituent(s)" in the alkenyl
group include the substituents exemplified above.  R2 is more preferably an optionally substituted alkyl
group having 1 to 6 carbon atoms, or an optionally substituted alkenyl group having 2 to 6 carbon atoms,



[0031] Anyoneortwo of Y1, Y2, Y3 and Y4 represent C-R4, and the others are the same or different
and represent CH or N. Of them, preferably, any one or two of Y1, Y2, Y3 and Y4 are C-R4, and the
others are CH. More preferably, Y1 and Y3 are CH, any one or two of Y2 and Y4 are C-R4, and the other
is CH. These preferable aspects are represented by the following structuraifdPREA&SP) 1888 R4 (b 1)
[0033] (b 2) (b 3)

The aralkyloxy group included in the substituents preferably
refers to an oxy group which has the aralkyl group exemplified
above. Examples thereof include benzyloxy, pheneth yloxy,
phenylpropyloxy, naphthylmethyloxy and naphthylethy loxy groups.

The aralkyloxy-alkyl group included in the substit uents

preferably refers to the linear or branched alkyl g

to 6 carbon atoms exemplified above which has the a
exemplified above. Examples thereof include benzyl
benzyloxyethyl groups.

[0017]

The alkylthio group included in the substituents i
preferably a (C1-C6) alkylthio group which refers t
branched alkylthio group having 1 to 6 carbon atoms
thereof include methylthio, ethylthio, n-propylthio
n-butylthio, isobutylthio, sec-butylthio, tert-buty
pentylthio and hexylthio groups.

The cycloalkyl-alkylthio group included in the sub
is preferably an alkylthio group having 1 to 6 carb
is substituted by cycloalkyl having 3 to 7 carbon a
thereof include cyclopropylmethylthio, cyclopropyle
cyclobutylmethylthio, cyclopentylmethylthio and
cyclohexylmethylthio groups.

[0018]

The mono- or dialkylamino group included in the su
is a mono- or di-(C1-C6 alkyl)amino group which ref
group which is monosubstituted or disubstituted by
branched alkyl group having 1 to 6 carbon atoms exe
Examples thereof include methylamino, dimethylamino

diethylamino and methylethylamino groups.
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wherein R3 and R4 are as defined above. [0034]  Of them, (b1) and (b2) are particularly preferable.
[0035] In the general formula (1), R3 represents a cyano group or - CO-R5. Of them, -CO-R5 is
particularly preferable. In the general formula (1), R4(S) are the same or different and represent a
hydrogen atom, a halogen atom, a cyano group, an optionally substituted alt{Pefto&hakkd 4 to 6 carbon
atoms, a cycloalkyl group having 3 to 7 carbon atoms, an alkenyl group having 2 to 6 carbon atoms, an
alkoxy group haviridpd ayc®agybakylmi(R)gr®R iattrded éntleeematic hydrocarbonhgtitugntsN(R6)or -CO-R9.
Of them, R4 li% grreE?ranb% a]gr%lﬁ)g%poa ov%ic%qsaéhglsgt{] up having 1 to 6 carboggtr%[oms which optipnally has
a mono- or dl-(r 1-06 &l Wamlno roup or a monocyclic 5- to 7-membered Saturated heterocyclic group
having one ocywlaaldy/egryupeteengitifmdaiidyS Brahthlesitidkexy group havingflitd@earbon atoms, -N(R6)
(R7), -SR8 or - 0-59y| meciﬁgélgrﬁ;\%r%b%(o%u a}lr% nlartrgm(]), an, alkyl group having 1 to 6 carbon atoms or
-N(R6) (R7) [%’6 Y general formdla %ﬁytﬁe "tha?ogen atom" represented by R4 refers to the
halogen atoneyeigrapfrectamvaagobippreferably a chlorine atom. TH0064 E(F) 111511 In the
general formwe1 , the "alkyl group having 1 to 6 carbon atoms" in the "optionally substituted alkyl group
having 1 to 6'carbon atoms" represented by R4 refers to the alkyl group having 1 to 6 carbon atoms

exemplified abovekxachisesreféralalybgroethytledbyilinthereplystdr isopropyl group.Uexamples of the

"substituent(s)" in the "optionally substituted alkyl group having 1 to 6 carbon atgms" represented by R4

inlude the SIS LS RIS SE ORI ont(sy e proferaBlG TSR GNar (C1-06

alkyl)amino grathoss(fergny e tuggmpnepringl diFbetirylaistibo groups) or monocyghig, baltey-membered

saturated heterocP/cIic ﬁroup h ving one or t\g/o ofﬂn heteroatom of N, S and 0 (e.g., pyrrolidyl and
Je

morpholino groYpERY! andR! QURP SRR ARSI MI" MR I0alkyl group having 3 to 7 carbon atoms”
represented by R4seliefsdodhmescliadcgrotipintibaring théasdbearbon atoms exaimghtied above and is

preferably a cyclopropyl group. In the general formula (1), the "alkenyl group having 2 to 6 carbon
atoms" repregﬁi‘&Wﬁfﬂ%%%%&@?@éﬁ{ﬁ%ﬁﬁ%@ 2 to 6 carbon afo %BQQmplified above and

is preferably gofiny/|SuERERdr@icky, 6aRy, propionyloxy, n- butyryloxy,
isobutyryloxy, valeryloxy, isovaleryloxy and pivalo yloxy groups; a
benzoyloxy group; and amino acid-derived acyloxy gr oups such as

glycyloxy, alanyloxy and leucyloxy groups.

The alkoxycarbonyl group included in the substitue nts refers
to a carbonyl group which is substituted by the alk oXy group
exemplified above. Examples thereof include methox ycarbonyl,
ethoxycarbonyl, n-propoxycarbonyl, isopropoxycarbon i, 1-
methylpropoxycarbonyl, n-butoxycarbonyl, isobutoxyc arbonyl, tert-
butoxycarbonyl, 2-methyl-butoxycarbonyl, neopentylo xycarbonyl and

pentan-2-yloxycarbonyl groups.

The aralkyloxycarbonyl group included in the subst ituents
preferably refers to a carbonyl group which is subs tituted by the
aralkyloxy group exemplified above. Examples there of include
benzyloxycarbonyl, phenethyloxycarbonyl, phenylprop yloxycarbonyl,
naphthylmethyloxycarbonyl and naphthylethyloxycarbo nyl groups.

Examples of the carbamoyl group included in the su bstituents

include -CONH  », (mono- or dialkyl)carbamoyl, (mono- or

-11-



In the general formula (1), the "alkoxy group having 1 to 6 carbon atoms" represented by R4 refers to the
alkoxy group having 1 to 6 carbon atoms exemplified above and is preferably a methoxy group. [0037]

In the general formula (1), the "mono- or di-alkylamino group" in the "optionally substituted mono- or
di-alkylamino group" represented by R5 refers to the mono- or dialkylaminol§e%4 EXerpifitd above and
is preferably a mono- or di-(C1-06 alkyl)amino group. Examples of the "substituent(s)" in the THO064 E(F)
111511 "optidrayljcasdizstioyte(N ralkyloN-andisatkgtaoyinpygaup” represented bgilRBarigomelthe substituents
exemplified above. RB is mpre preferably an aming, hydroxylamino or mona- or di-(01-06 alkyl)amino
group, partic8|B?ﬁ'/dg‘r%?‘%'}%%ﬁ‘y"%f%@”r%fﬁé"b%%%@[‘b%?@f d mé{wit}?e general fo%%?ga{%?ﬁ%%%alkyl group having
1 to 6 carborgatopss” in the "optionally substituted alkyl group having 1 to 6 carbon atoms" represented by
R6 or R7 ref (?8 the alkyl group having 1 to 6 carbon atoms exemplified above and is preferably an
ethyl, n-prop:f/, n-butyl, isobutyl, sec-butyl or pentyl group. Examples of the "substituent(s)" in the
"optionally substitUitee ssioyhtpoapunasiogitdh&aradyoit gtoopsihrepresented by Rfludedrid include the
substituents gxem Iiﬂed ?bo e, WEhe "substitLient'(%a" are preferably a hydroxgll group, cycloalkyl groups
having 3 to 7 Carion 'atf%rr]ns’sr?e?grf, %%%fgﬂc&ﬁé)rouc (,:gzaturated heterocyclicagr{)%%s ?re.g., pyrrolidyl and
morpholino gsetypE);mashkrmatedsaaistedyaierguyulzsgtewp pa pyridyl group)efaably-ravig(01-06
alkyl)amino groups (e.g., ethylamino dimethylamino groups), (01-06 alkyl)thio groups (e.g., a
methylthio g?{;%b? %Kra ﬁ%ﬁ?é%ﬁﬁsoﬁx%a@%g ég%%%%ltoms which optil%%@f H‘Qs,u ehydroxyl group.

In the generglyieotiaingl, (hipthieinipaldgenemiidyhgranethaeing 1 to 6 carbon atemisinepresented by R6 or R7
refers to the halogenpoalkyl grou Iaavi 1t06 carb?n atoms exemplified abgve and is preferably a
2.2.difluoroc YIRS AYARAEPERIAG! BRI HBGLE Siffthe general formtao0y E¥amples of the

"cycloalkyl gretrahyaxipgranto, imaddasiy, aiiemyg, imiheyieptionally substituted eyt lediglygroup having 3 to 7
carbon atoms" represented py R6 or THO064 E(F) 111511 R7 include cycloprapyl, cyclobutyl, cyclopentyl,
cyclohexyl at’ﬁ%@%?@é%‘@ﬂ EB&“‘%’ k)pé{lrgﬁ I’EPoup having 3 to 7 carb&‘%’tloms is preferably a
cyclopropyl, exedeppnpyritytysiehexplanadipyEppmaies of the "substituent(syi imdag/ optionally substituted
cycloalkyl group having 3 to 7 carbon atoms" represented by R6 or R7 include the substituents
exemplified 4FY0EONHBAAGM «RSTRAS G A BT AU IS oxyl, amino, aminBSYSYYABENMd acyloxy,
alkanoylaminseas kxS tRYURSHER GIPARS, KErsnikaz iR 40] In the gepefigbfaraidla (1), the "aralkyl
group” in the "optionally substituted aralkyl group" represented by R6 or R7 refers to the aralkyl group
exemplified d55¢QRREAY! PUARASYIBANASRAHIBIM I Having 7 to 12 carbon &Y §ecifically, a benzyl
group. ExamglgsoRhithgrosipastituent(s)” in the "optionally substituted aralkyl group"” represented by R6 or
R7 include the substituents exemplified above. Specific examples of the substituent(s) include saturated

heterocyclic group5&RIR™ERYS PYATBRRIPRIN grovp ndeded in théSike general formufd%sMthe "aromatic

hydrocarbon greqetabinriers apHARRdn sitosidrsest ssrgiatip hydrocarbon gropgyingleresemted by R6 or R7
refers to the aromatic hydrocarbon group having 6 to 14 carbon atoms exemplified above and is

preferably a SRR YroH. RRAMIsR Y8RP AR @Y9in the "optional PEEBHLIRPEromatic

hydrocarbon grougheepiesRBtesRy RAchr Y ?pgu&ﬁcgngewmtituents exemplifiggh above. The
substituent(s) are preferably halogen atoms, alkylthio groups (e.g., a methylthio gro@u{r), saturated
I a

heterocyclic SHOSHE]BY iR BRARRFY LR (Of-8iR5BRRIed carbamoy! groHs&-(at

pyrrolidine-cagheryd, ke yRud Rk e 3d Biany heteroa tom of N, S and

O, for example, an oxy group which has a pyrrolidin yl, piperidinyl,
piperazinyl, hexamethyleneimino, morpholino, thiomo rpholino,
homopiperazinyl group or the like. Examples thereo finclude
tetrahydrofuranyloxy and tetrahydropyranyloxy group S.
[0021]

In the general formula (1), X ! represents CH or N. Moreover,
in the general formula (1), any one of X 2 X 3and X “represents N,

-12 -



In the general formula (1), the "saturated heterocyclic group” in the "optionally substituted saturated
heterocyclic group" represented by R6 or R7 refers to the saturated heterocyclic group exemplified above
and is preferably a piperidinyl or tetrahydropyranyl group. Examples of the "substituent(s)" in the
"optionally substituted unsaturated heterocyclic group” represented by R6 drtt®Gh&(flde theldubstituents
exemplified above. The substituent(s) are preferably alkyl groups having 1 to 6 carbon atoms (e.g., a
methyl groupdnediyé gtoensseeresesirCht Bgsgroupl)esarbeiiyl groups having tosawfdted hegerocyclic group
(e.g., a 2,6-diaydroxvnyrimidiny1-4- carbanyl group). or aminoalkylcarbonyl groups (e, g., a 2- aminoacety!
group). [004%? ’ exﬁﬁ@]ges g}eﬁ]eeréf?%}%%{%%%etﬁg ’I&%P]sea rated heterocyclic grgﬁ%ﬁﬁ%ﬁg "optionally
substituted uinsatieaheddievengstalitugesup” represented by R6 or R7 refers to the unsaturated
heterocyclic Bélﬂ exemplified above and is preferably a pyridyl or oxazolyl group. Examples of the
"substituent(g n-the "optionally substituted unsaturated heterocyclic group” represented by R6 or R7
include the subﬁtituentszexemplifi%q above. [0043] In the general formula (1), the "saturated
heterocyclic group" which is optionally forfned by R6 &nd RRtogether with the nitrogen atom to which they
are bonded r, monocych ilgyclic satura IE : : ocyclic group preferably having 1 to 4 of any

atom of oxygen, nifrogen and sulfur ato rolidinyl, piperidinyl, piperazinyl,
hexamethyleneéiriino, orpholir'\ll ~hiomorpholino, hegropipérazinyl, tetrahydrofuranyl or
tetrahydropyranyl gro:{;. THO0064 E(F) 111511 [0044] Inthe general formula (1), it is preferred for the
combination of(R6_a{19I R7 that F%%é_h d be a hydro gn_a%o;n or an optionally substituted alkyl group
having 1 to 6 carbon atoms, and should represent a hydrogen atom, an optionally substituted alkyl
group having 1 to 6 carbon atoms, an optionally substituted cycloalkyl group having 3 to 7 carbon atoms,

hydrocarbon gr ing 6 to 14Icarbop atoms, an gptionglly substituted monocyclic or bicyclic
saturated he row icgroup haying I toX heteroatpms ted from N, S and 0, or an optionally
substituted m i fated hetekocygli up having 1 to 4 heteroatoms selected from
N, S and 0, or R6 and R7 should optionally form a 5- b 7-membered saturated heterocyclic group,
together with the nitrogen atom to which they are bonded. More preferably, R6 is a hydrogen atom, and
R7 is a hydrogéh atéh, an optioddily substituted alkyl group having 1 to 6 carbon atoms, an optionally
substituted Cﬁcloalkyl group having 3 to 7 carbon atoms, or an optionally substituted monocyclic or
bicyclic satu eterocyclic group having 1 to 4 heteroatoms selected from N, S and 0. Particularly
preferably, R@Herailnydrogan rRtoara88 Riinsdgsbpertionally substituted alkyl group having 1 to 6 carbon
atoms or an optionally substituted cycloalkyl group having 3 to 7 carbon atoms. [0045] In the general
formula (1), th 0?(fgcloalkyl group having 3 to 7 carbon atoms" in the "optionally substituted cycloalkyl
group having 3 to GpHerikRBAS, @R seatedd)uRGarfeifto the cycloalkyl grgup having 3 to 7 carbon
atoms exemplified above and TH0064 E(F) 111511 is preferably a cyclohexyl group. Examples of the
"substituent(@fefWﬂQ@"optionalIy substituted cycloalkyl group having 3 to 7 carbon atoms" represented by
R8 include tqggszg})stituents exemplified above. The substituent(s) are preferably a hydroxyl group. [0046]
In the general formula (1), the "aromatic hydrocarbon group" in the "optionally substituted aromatic
hydrocarbon group e eeseREarB R §)rdsrIneney dfophalfc hydrocarbon groupd&ving 6 to 14 carbon

atoms exempifig ARSY RAB IS REIRIGPhaRR RV GrabRy Examples of theigybsiiugrHS)" in the
"optionally substituted aromatic hydrocarbon group"” represented by R8 include the substituents

exemplified 50, FrandhshttengalicnalyahsriodmMtiroxyl group. [004FYCICRB is preferably an
optionally SUB&@/@I‘F&%&E!%H&VHQ@H E&v&y&ﬁ F%\Zn%ailggn atoms, or an opalky sthstituted aromatic

hydrocarbon group having 6 to 14 carbon atoms.

selected from N, S and O", represented by R !is preferably a
monocyclic or bicyclic 5- to 10-membered unsaturate d heterocyclic
group having 1 to 3 heteroatoms selected from N, S and O, more
preferably a monocyclic 5- to 6-membered unsaturate d heterocyclic
group having 1 to 3 heteroatoms selected from N, S and O, or a
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In the general formula (1), the "mono- or di-alkylamino group” in the "optionally substituted mono- or
di-alkylamino group” represented by R9 refers to the mono- or dialkylamino group exemplified above and
is preferably a mono- or di-(C1-06 alkyl)amino group. Examples of the "substituent(si" in the "optionally
substituted mono- or di-alkylamino group” represented by R9 include the sub&gé Enblified above.
R9 is preferably a hydrogen atom, a hydroxyl group, an amino group or a mono- or di-(C1-06 alkyl)amino
group, particoleyblipfefertbipentpgded gonaonted 06%8dAE®064 E(F) 11151 1groupTtmyiogrhpound of the

present inventign.is _preferably a compo epr ed by the general formula (1). or a salt thereof
wherein X1 iéog'H eg(ré?ﬁ%{agr@S c%lee ﬁ?%ﬁﬁné) gﬁfﬁ%ear}]eg the others are &rﬁ?%aélr{%/%rﬁgpor two of Y1, Y2,
Y3 and Y4 aie [iZeRMland gheuptharis@mitaedamegarotkfferent and represertiiGiHemeNyR(a, is an optionally
substituted mopr%%/%@(c orlgi%g(lic &Qst%'furalteeqsgﬁ{l?rz% eyclic group having 1 t9ri4 Q%teroatoms selected from
N, S and O; YA aﬁ%ﬂ group having ¥10 6 canson atoms which optionally Rasa halogen atom, or an
alkenyl groupetraziig, BytadbhegryranirdopysniRibhies pdidRb; R4(S) are the sameepinddferent and represent a
hydrogen atam, a halogen atom, a cyano group, an optionally substituted alkyl group having 1 to 6 carbon
atoms, an aII'<SeOr11r31/ %(reo ”i?é‘%ﬁ%@? ?O'éagazlr %drﬁn § oﬁ%ﬂ%ﬁf”élkoxy group having e%)‘/?e carbon atoms, an
aromatic hydedogehediggmienyl fe62dfitran, BhiRBaer20fiR8N RS is an amino geozimidazoieono- or di-(01-06
alkyl)amino roup; R6 Pn%ﬁR? %r.e the same or diff‘arent f\nd represent a hydrogen atom, an optionally
grotp hading’ r

substituted alfky! RTS8 %A%’hea%l%%!”a? Ha ogenoalkyl group it 8%"{}9 Ig1 Garbon atoms, an
optionally sulbsifultetiney cjoiabxdiigeoorybaviagr@: tendrequiedn atoms, an optiogalhyy sugsiited aralkyl group,
an optionally substituted a omaticﬂh drocarbon group, an, optionally substituted, saturated heterocyclic
group or an 5&\(5}96{”?)85}8&1@@? %si’iﬁ%?éﬁ’ Bl Mc group, or R6 anliRY Ién a saturated
heterocyclic giappikibesenitbftienniudetneadomiighydrich they are bondesjuR8lisean optionally
substituted ¢ CIQalka/é ﬁroﬁljg %ﬁé\(/in 3 to 7 carbon atoms, or an optionally substituted aromatic
hydrocarboné%'ﬁw, "RE" ﬂ@&?&iaé‘ﬁvé?gﬁﬁ')'ﬂ%9l§i~&y| group, an amin%rﬁfl%%ﬁroptionally having a
hydroxyl groujir@liag optionally substituted mono- or di-alkylamino group. [0049] TH0064 E(F) 111511
The compound of the present invention is more preferably a compound represented by the general
formula (1) o @€8]t thereof wherein X1 is CH or N; any one of X2, X3 and X4 is N, and the others are CH,;
any one or two of ¥ged arApdsttAcrser(rditearMlithigiblersiare the same or diffgrent and represent CH

or N; R1 is an optionally substituted monocyclic 5- to 6-membered unsaturated heterocyclic group having

1 to 3 heteroSHALseRL HE TRARAR-EYAATTTYEHZ2h bhibnally substituted bty $Y0-membered

unsaturated heteipsyslie-grevgpharipglitbgHaaterpafigians selected from N,SpapdipaiR? is an alkyl group
having 1 to 6 carbon atoms which optionally has a halogen atom, or an alkenyl group having 2 to 6

carbon atomsS YR BYEObb YR PYRASY L RYTRESYNF bifferent and represent 3 Hy8X88€h atom, a halogen

atom, a cyang.@reuRzcis-Optinatiy Sastisigsbpdyl group having 1 to 6 cargepetoms, an alkenyl group
having 2 to 6 carbon atoms, an alkoxy qarm}]’rt) having_)l to 6 carbon atoms, an aromatic hydrocarbon group,

-N(R6) (R7), Tiares oy d0aRY: 34, iigroahihd¥ReRI> or a mono- or di-(01-08YAlkyl)amino group; R6 and

R7 are the S%iﬁﬁ@ﬁ%ﬁ@btﬁl’é&dﬁ@?ﬁ@&h%ﬂ@%e” atom, an optionally nggmn?q alkyl group having
1 to 6 carbon atoms, a halogenoalkyl group having 1 to 6 carbon atoms, an optionally substituted

cycloalkyl gréYRERlving BEzet4mtohetdfifzOhh-Yplidnally substituted aralkyd HjRggb4ath optionally
substituted afomafipiyArgearban iR @mopigRally substituted saturatechpgtgrocyclic group or an
optionally substituted unsaturated heterocyclic group, or R6 and R7 form a saturated heterocyclic group,
together with!®Haz9roYel¢EAGR Y WHEAIRNEY!. MW iBBnded; R8 is an optionatifrguB¥ifilited cycloalkyl group
having 3 to 7c@r NS, AV PN substituted aromatic hydrocarken.grpupand R9 is a
hydrogen atozf:nyg,LrilB %%Fgﬁ T@((r)%%rﬁﬁéﬁ: llmigjﬁ%%tfp, an amino group o;?t?émgj?@urﬁgl\’/ing a hydroxyl
group, or an BYiBiEIp ¥l BTt frdrdridrenaiwi aiino group. [0050]  id@céipound of the present
invention is qm&_mw%gﬁfgwwa_gﬁmmgpﬂ IERgsented by the general fgrmyla, (3 or a salt thereof
wherein X1 is CHor N; X2 is'N, and X3 and X4 tre CH; any one or two of Y1, Y2, Y3 and Y4 are C-R4,
and the othefsYaredpk/sdniroibpeliffefeirpindaliepkdsent CH or N; R1 is an opitdstdtyl substituted
monocyclic ﬁééﬂ‘g‘-’wqﬂ% rmtgr@ﬁgmﬁ_@m%iﬁgroup having 1 to Sr%Fi@atoms selected from N,
nall ' [

S and 0, or an optionally substituted bicyclic 9- to'10-membered unsaturated heterocyclic group having 1
to 3 heteroatblpyidistecybd itoxrNoR, 3rtdpRridi2ds/atdkyl group having 1 to/6aie{kdn atoms which
optionally has a halogen atom, or an alkenyl group having 2 to 6 carbon atoms; R3 is -00-R5; R4(S) are
the same or different and represent a hydrogen atom, a halogen atom, a cyano group, an optionally
substituted alkyl group having 1 to 6 carbon atomggan alkenyl group having 2 to 6 carbon atoms, an
alkoxy group having 1



to 6 carbon atoms, an aromatic hydrocarbon group, -N(R6) (R7), -S-R8 or -00-R9; Rs is an amino group
or a mono- or di-(01-06 alkyl)amino group; R6 and R7 are the same or different and represent a hydrogen
atom, an optionally substituted alkyl group having 1 to 6 carbon atoms, a halogenoalkyl group having 1 to
6 carbon atoms, an optionally substituted cycloalkyl group having 3 to 7 cafBﬂQpﬁﬁﬁé/ BH8btionally
substituted aralkyl group, an optionally substituted aromatic hydrocarbon group, an optionally substituted
saturated hetgpyayiiié-grdirppyrrato[@stiblmatiistbgtifidenl unsaturated hetergeyhi roup, or R6 and R7
form a saturgted heterocyclic group, tggether with the nitrogen atom to which.th re bonded; R8 is an
optionally su Eﬁﬂ@gg &%@I‘@Fﬁoﬂ%&ﬁmaﬁll _ﬁl%roup having 3to 7 ((f:_lélr%d(%r% ﬁi&ﬁ’s, or an optionally
substituted afbhiadazblyshdciribodagobtpy] ditliRBuislar byydrogen atom, a hydroxyl group, an amino group
optionally having a hydroxyl.group,.or,an gntionall bstituted mono- or di-alkylamino group. [0051]

The compourrln %ﬂ%@%’%@@% Pﬁieéﬁﬁ%%qggé)@f%re g}lg eer%(#/ué compound re%r}%ghted by the general
formula (1) orbersaifufaerdgf, wbereforatit4syICihé rmroly (251N, and X3 and X4 lbeezOidraarg-ywdne or two of Y1,
Y2,Y3and Y4 arefC-R_%,_ qr&lé%oﬁeﬁgs ar the_agrlng or different and represent CH or N; R1 is any of an
optionally suggﬂﬁtg{}a T iRz or _r)c/) egnrzooulf)r,a ar (ypUOnally substituted pyrazol-4-y1 group, an optionally
substituted thlibpbenaxdgaotiylabeopimidalyl-duishitatéditliran-2-y1 group aaol-2gfionally substituted
pyridin-3-y1 group, an optjonally substitu ridin4-y1 group, an optionally substituted indo1-5-y1 group,
an optionally s%%ﬁﬂ@%ae%ﬁlp Pl ??Ifgdyﬁéﬁné%%& Ip, an optionally ghsggﬁﬁ%%%énzofuran-z-yl
group, an optigndibhsoksidksed, goitroliniadey-2-grhegnannisan optionally substiited,
5,6,7,8-tetrahydroquinolin-3-y1 group; R2 is an alkyl group having 1 to 6 carbon atoms which optionally
has a halogekriégﬁg’ %Pé%iyélﬁgﬁfﬂ?gﬂmﬁ)ﬂrﬁﬁgi quf'{ﬂ%carbon atoms; R3 isx%?ﬂ-rﬁ%'ﬁ&(s) are the same
or different agdinepresgng@royaregeauhonn-aynajogen atom, a cyano groupndaypptionally substituted
alkyl group having. 1 to 6 carbon_atoms, an alkenyl group having 2 to 6 carbon atoms, an alkoxy group
having 1 to 64t 5}168)%%”%?&8%%8}?9&8%%8 n group, -N(R6) (R7), SR8 or -CO-R9; R5is an
amino group tefrghppequislisiZ G106 Bldiamiaoqipem R6 and R7 are the-33ms @ different and
represent a hydrogen atom, an op,tionallgl substituted alkyl group having 1 tg 6 carbon atoms, a

halogenoalkyFEO%H AR 4y e tB Atb <SS A EStionally THo064 E(HPM511 substituted

cycloalkyl grestgliauingi 3 teséaibnnsynmsqandaptepally substituted aralkyl@itsiian optionally
substituted aromatic hydrocarbon group, an optionally substituted saturated heterocyclic group or an

optionally subiafit{RedHioiaBrd«at PRARIbéndiBYr8E R Nor R6 and R7 form a €a¥lirated heterocyclic group,

together withifilBoREIASEN atenumoxBiehstiryaissbPRead; R8 is an optionadyseybistituted cycloalkyl group
having 3 to 7 carbon atoms, or an op_tionallg substituted aromatic hydrocarbon group; and R9 is a

hydrogen atdiPuR RyeiIARN GUl HIRIdM S YhdYPERirdMally having a hydréidRsi3or an optionally

substituted MPAGALAjtaKYIRREA ﬁwm_m,ﬁaho|_5 The compound of the gfesgnt invention is further
preferably a compound represented by the general formula (1) or a salt thereof wherein X1 is CH or N; X2

is N, and X3 BAPRIZ Srelexddin-p-xhaepzoitattryamyivrle or two of Y2 and Y3PE-R4, and the other is
CH; R1 is any gf7aiopiigpdyuierptituiestdip: imiasrirdryl group, an optiopglly gybstituted pyrazol-4-y1
group, an optionally substituted thiophen-3-y1 group, an optionally substituted furan2-y1 group, an
optionally suBBifzedLpd IR 1YL Rt BfiERldty substituted pyridin-4Wlroup, an optionally
substituted ingdoadigry3-BfAHiRirRE- RPN -SRIt fGAE HPYrrolo[2,3-blpyrigirs 5t group, an optionally
substituted benzofuran-2-y1 group, an optionally substituted quinolin-3-y1 group and an optionally
substituted 5%57/ G-{eiramxfRsYINABIR-d-9yPgpoRptieary an alkyl group havirfg’efgt@@yc%rbon atoms which
optionally ha?trﬁ‘-ih%%ﬁ@lnl%ﬁl‘?ﬂ}r]riﬁfn@ﬁ hg(@_@g, ¥ing 2 to 6 carbon atggjs; R3is -CO-R5; R4 Is a
halogen atom, an alkyl group having1 to 6 carbon"atoms which optionally has a mono- or di-(0106
alkyl)amino dR88glor a monocyclic 5- to 7-membered saturated TH0064 E(F) 111511 heterocyclic group
having one or two Iﬂftﬁé‘ﬁé?%ﬁ%f?&mma%!\bérﬁﬂgsoof%agi% group having 1 toi@&q@pn atoms, -N(R6)
(R7), -SR8 or -00-R9; Rs is an amino group or a mono- or di-(C1-06 alkyl)amino group; R6 is a hydrogen
atom or an offtibRaIRFaUIRIELRetEEIRYFIgraymERRImgantecedcarbon atoms, abidRR NEUE®ydrogen atom, an
optionally Suﬁﬁi%ﬁ‘ﬁtﬂwg%%%’pm‘?e\ﬂ%év@'ﬁqﬁ%‘%&ﬂté‘éﬂms’ an optionally,sybstituted cycloalkyl group
having 3 to 7 carbon atoms, an optionally substituted aralkyl group having 7 to 12 carbon atoms, an
optionally subsgfeiesty drindaitbsiifdestaspientefdigmraivaty 6 to 14 carbon atdgUR.rABNocyclic or bicyclic
optionally substituted saturated heterocyclic group having 1 to 4 heteroatoms selected from N, S and 0, or
a monocyclic or bicyclic optionally substituted unsaturated heterocyclic group having 1 to 4 heteroatoms
selected from N, S and 0, or R6 and R7 form a 5-19 -7- membered saturated heterocyclic group, together
with the nitrogen atom to which they are bonded; R8 is an optionally substituted cycloalkyl group having 3
to 7 carbon atoms, or an optionally substituted aromatic hydrocarbon group having 6 to 14 carbon



atoms; and R9 is a hydrogen atom, a hydroxyl group, an amino group or a mono- or di-(C1-06 alkyl)amino
group. [0053] The compound of the present invention can be produced, for example, according to the
following reaction scheme: [0054] Reaction Scheme 1 TH0064 E(F) 111511 R2 Step 1Step 2Step 3

X'%R2XAX4 1110 )(2)0%X3X3/ X2X2*" x2N--x2N HH (1)(2)(3)(4) [0055]

TiHPeed RExdddalEcheme 1,

Z1 represents a halogen atom; Z2 represents a hydrogen atom or a halogen atom; and X2, X3, X4, R1

and R2 are aaldefirmelpbavelk®@sakyl group, an aralkyl gro
aralkyloxy-alkyl group, a halogen atom, a halogenoa

acyl group, an optionally substituted saturated or
heterocyclic group and an optionally substituted ar
hydrocarbon group, more preferably 1 to 3 substitue
from: an alkyl group; an alkoxy group; an unsaturat
group optionally having an alkyl group, a halogenoa
aralkyl group or a hydroxyalkyl group; and an aroma
group optionally having an alkyl group, an alkoxy g
carbamoyl group. In this context, examples of the
heterocyclic group which may be substituted on the
heterocyclic ring represented by R
pyridine, pyrimidine, furan and thiophene. Moreove
the aromatic hydrocarbon group include phenyl and n
[0028]

Specific examples of the "substituent(s)" in the u
heterocyclic group represented by R
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, te
methoxy, ethoxy, n-propoxy, isopropoxy, 1-methylpro
isobutoxy, tert-butoxy, 1H-pyrazol-4-yl, 1-methyl-1
1-ethyl-1H-pyrazol-4-yl, 1-isopropyl-1H-pyrazol-4-y
pyrazol-4-yl, 1-(difluoromethyl)-1H-pyrazol-4-yl, 1
(hydroxyethyl)-1H-pyrazol-4-yl, 1H-imidazol-1-yl, p
pyridin-4-yl, pyrimidine-5-yl, furan-2-yl, furan-3-
yl, phenyl, 4-methoxyphenyl, 4-carbamoylphenyl, 4-
isopropylcarbamoylphenyl and 4-dimethylcarbamoylphe
[0029]

Specific examples of preferable R
4-phenyl-1H-imidazol-1-yl, 4-(4-carbamoylphenyl)-1H
4-(4-methoxyphenyl)-1H-imidazol-1-yl, 4-(thiophen-3
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up, an
Ikyl group, an
unsaturated
omatic

nts selected

ed heterocyclic
Ikyl group, an
tic hydrocarbon
roup or a
unsaturated

unsaturated

Yinclude pyrazole, imidazole,

r, examples of

aphthyl.

nsaturated

! can include methyl, ethyl, n-

rt-butyl,

poxy, n-butoxy,
H-pyrazol-4-yl,
[, 1-benzyl-1H-
yridin-3-yl,

yl, thiophen-3-

nyl groups.

Yinclude 1H-imidazol-1-yl,

-imidazol-1-yl,

yl)-1H-



<Step 1> Step 1 is the step of reaction of an easily obtainable compound represented by the general
formula (1) with a metal reagent such as a lithium reagent, and then introducing thereto a carbonyl group
corresponding to R2.  Examples of the metal reagent used include lithium diisopropylamide, lithium
bis(trimethylsilyl)amide, sodium bis(trimethylsilyl)amide and potassium bis(fA984 iy idAste. The metal
reagent is preferably lithium diisopropylamide and is preferably used at 1 to 2 equivalents with respect to
the starting condaaainthyihér@yrafies-el témidamplilaledt” means equivalent-(pittidiegipect to the starting
compound). The reaction temperature is preferably 78 to 0C, and the reaction time. is, preferably 10
minutes to 2¥1| %‘F‘sI Iﬁaé FerysF’)o v%‘r%ﬁ()g%?p%g@gi%ypo l?}an (THF) and dieth)llrlgéq%?floyla nonpolar solvent
(e.g., benzenk (apihblineng)-tBRidarsed-gs 4 (fe@ctidylsolvent. Subsequtilyjdazarbonyl group
corresponding tp R2 cé (,Br? _troducef_jét_h reto through reaction with an ester, Weinreb amide or
aldehyde forﬁ’é@? Q/E:ﬁy Jt‘ﬁéngﬂf‘ezﬁy d f?é‘?r{r? %ﬁ@g@ used, the THO064 E%%’i) 511 obtained hydroxyl
form can be suiigied ybh 4 (@suaihyletHanyieaolwhyin tHeraid, for example, oxidatiehyiedction with active
manganese djoxide or.the like to praduce a carbgnyl compound represented by the general formula (2).
[0057] <Step?£'>é&hﬁ'%1§d " Zlé?%é(& eﬁ'ngr%%\%ﬁtll% ?(%/ Efﬁ'éscompound represe%%adl%lﬁ{ﬁ'e general formula (2)
with a hydrazipetolargiilteimitazeingd zb(e-opinpourethsdpresented by the geRepaldmiula (3).  The
hydrazine can be any of razjne, hydrazine hydrate and hydrazine hydrochlgride.apd can be used at 1
to 30 equivalgl?ffg_.' ?ﬁ@%@cﬂ@nﬁ%@ﬁ%‘?ﬁ@ %hgﬁéi B¥I¥ oC to the boiling &S’nﬂ??& olvent, and the
reaction timeinsidataierah|v-80 (oestioyHQ eyrazéwa-glpoholic solvent (e.g1hrietidandliethanol and
isopropanol), tg r oIventEhe .. tetrahydrofuran and diisopropyl ether), an aprotic highly polar solvent
(e.g., dimethgl'ﬁ‘loqr'zjl' ﬁ?@é’x i H‘%ﬁ%e"tgﬁgﬁe‘%@d@lm sulfoxide), or a rﬂ&é@ ggf@ent thereof can be
used as a reaetiey-splygnizHPASB] KSie3zol-1-yHe@-Jusnthe step of introdugiexyefiiRy- to the azaindazole
compound represented by the general formula (3) 10 produce an azaindazole compound represented by
the general f Hfﬂﬁ?fﬁ?ﬁ'yl)\}\yﬁgﬂ'gffqlﬁw b%@éﬁ@ﬁ%la (3)isa hydroge?r?lélté\‘h and X2 is a nitrogen
atom, the nitiggiem &9 pieianesentechiamsis aanveied to an N-oxide formg.and Z2 can subsequently be
halogenated.  The canversion of the nitrogen atom represented by X2 to an N-oxide form can be

performed by IBAMMEARS M. JxREEFrAERYSRA FhkiBIF with an oxidizindWLHE R example, hydrogen
THO064 E(F)sii 1 hpriepdeniiymtiehdofpreariegiFalg-pgid, at 1 to 5 equivaleidpis-a halogen solvent

(e.g., chloroform, dichloromethane and dichloroethane), a hydrocarbon solvent %e.ﬂ., hexane, heptane

and toluene) PR ¥o raIRt@y Metit HeP YAl RNy | ether and tetr&ditiPofliran), or a mixed

solvent theregk, FBhsgaRMfuinolin-3-yl, quinolin-3-yl, thi ophen-3-yl,

furan-2-yl and benzofuran-2-yl groups. R 1is more preferably a
1H-imidazol-1-yl, 4-(pyridin-3-yl)-1H-imidazol-1-yl , 4-(pyridin-4-
yl)-1H-imidazol-1-yl, 4-(1H-pyrazol-4-yl)-1H-imidaz ol-1-yl, 4-(1-
methyl-1H-pyrazol-4-yl)-1H-imidazol-1-yl, 4-(1-ethy I-1H-pyrazol-4-
yl)-1H-imidazol-1-yl, 4-(1-isopropyl-1H-pyrazol-4-y )-1H-imidazol-
1-yl, 4-(1-benzyl-1H-pyrazol-4-yl)-1H-imidazol-1-yl , quinolin-3-yl
or 4-(1H-pyrazol-4-yl)-1H-imidazol-1-yl group, part icularly
preferably a 4-(1-methyl-1H-pyrazol-4-yl)-1H-imidaz ol-1-yl, 4-
(pyridin-3-yl)-1H-imidazol-1-yl or quinolin-3-yl gr oup.
[0030]

In the general formula (1), the "alkyl group havin glto6
carbon atoms" in the "optionally substituted alkyl group having 1
to 6 carbon atoms" represented by R 2 refers to a linear or
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Z2 can be halogenated through reaction with phosphorus oxychloride, oxalyl chloride, phosphorus
oxybromide, thionyl chloride, tetrabutylairurtonium bromide, or the like at 1 to 5 equivalents in a halogen
solvent (e.g., chloroform, dichloromethane and dichloroethane), a hydrocarbon solvent (e.g., hexane,
heptane and toluene), an ether solvent (e.g., ethylene glycol dimethyl ether"aH¥¢trihy&kdadian), or a
mixed solvent thereof. For a compound represented by the general formula (3) having the halogen
atom represdnerdtizg 2kybgBuplid\douplin® neasbioocions,dmatic amine can bexasgdet@produce an
azaindazole ¢o und represented by the general formula (4). [0059] The Suzuki coupling method
can be perfor%rr(}%pﬁt‘iue:g1 rld?r%??gyg’ Ir%%%h%’é? d@sgﬂ@e%pmu hemical Review, 1§/g§e§g}u§/ 57-2483. Boronic
acid or boron&rtawity/le pemtyt orresypdgding, tnRk peeidoabbynthesized by a usyeh metindd known in the art.
When a halogfﬁn com oulnoorl Icgrres%lor}gbrbg to R1 is easily obtainable, the compound represented by the
general formu ay{3r)] [ Tonverd 8 haronic acid or boronic acid ester, which can then be subjected to the
Suzuki coupling mEshogles thidrsamebeiyeagAbiavbettoptiodaite an azaindazole cpmpound represented by
the general formtfltatgda). @860& h Morefveé, th rea%tion,with aromatic amine can tt)e %erformed by
reacting aromali)l%:'aumlnsé1 SHR VIR, 018 S 320 With halogen-substitu{grf'?lsz%lri]ne a20le represented
by the gener&f iachndéat 006 e(R) dictbilfi¢d ptimaudf tucleophilic additiorefortsgnthesis. This reaction
can usually be carried put at a reaction temperature of room temperature to the boiling point of a solvent
for a reactionsﬂpr%t%?rgéynﬁ‘(ﬁ&reese{gtgb%h#?@ﬂ%ﬁ\%r% nucleophilic reagent at 1 to 10 equivalents in the
presence of a basghdlaegearaidie-sepsiioedatkalsoheipprétsmed by the additiemipla metal such as
palladium or copper. The sqlvent ysed.is not particularly limited as long as it is inert in this reaction.
For exampIehgﬁgﬁﬂ(é?ll@éIQW?@Q’W;}Q%/%%%%PT,SZ-'Béjhethoxyethane ﬁrﬁ’(ﬁe&?&%ﬁ%@), an aprotic highly
polar solventifg.@rodisieghylbemamide, dimethylacetamide and dimethyl sulfoxide), or a mixed solvent
thereof can be used. [0061 Reacti%n Scheme 2 Step 4Ste€ S5Step 6 X4X4R2X4X4 IIIII(IjIB/(S,X3 ...X3X3

-X2NHBOC-X2NH§ £ I—?ﬁe 5group aving 2 to 6 carbon atoms" rep resente
R refers to the alkenyl group having 2 to 6 carbon a toms
exemplified above and is preferably a vinyl group. Examples of
the "substituent(s)" in the alkenyl group include t he substituents

exemplified above.

R 2 is more preferably an optionally substituted alkyl group
having 1 to 6 carbon atoms, or an optionally substi tuted alkenyl
group having 2 to 6 carbon atoms, even more prefera bly an alkyl
group having 1 to 6 carbon atoms which optionally h as a halogen
atom, or an alkenyl group having 2 to 6 carbon atom s, particularly
preferably an alkyl group having 1 to 4 carbon atom S which

optionally has a halogen atom.
[0031]

Any one or two of Y 1Y 2 Y 3andY “representC-R 4 andthe
others are the same or different and represent CH o r N. Of them,
preferably, any one or two of Y 1y 2Y3andY “areC-R * andthe
others are CH. More preferably, Y Yand Y 2are CH, any one or two
ofY 2andY “are C-R *, and the other is CH. These preferable

aspects are represented by the following structural formulas:
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Step 7 X4 X3 %X2 (9) [0062]
represents a tert-butoxycarbonyl group; and X2, X3, X4, R1 and R2 are as defined above. [0063] <Step
E(F) 111511  Step 4 is the step of formation of an anion of the methyIFgroup of an easily

4> THOO064

obtainable compound represented by the general formula (5) using a base BEfER(

In the Reaction Scheme 2, Z2 represents a halogen atom; Boc

dédadltherewith a

haloalkyl compound or the like to introduce R2. This reaction can be performed, for example, according to
a method def@ad in Synthesis 1996, 877-882. [0064] <Step 5>  Step 5 is the step of formation of an

anion of a comp

and performi

N,N-dimethy

pund represented

gyclization under aciditgcondition

ng
d r
by the generaig AY

[formamide, ethyl fofmate, or the like

by the general formula (6), then introducing thereto a carbonyl group,

siantaneously with deprotection reaction to obtain an
ula (7). The anion of the compound represented

e way as <Step 4> and then reacted with

! preﬁé‘rably N,N-dimethylformamide, to introduce thereto

a carbonyl grouﬁ. Hydrochloric aRid, sulfuric acidRirifluoroacetic acid, acetic acid, or the like can be used
as the acidic conditions for performing cyclization simultaneously with deprotection reaction. Hydrochloric
acid is preferable 1The reaction ha?nberature is U%u%}ly 0 to 100C, preferably 0 to 60C. The reaction time
differs depen@@g&gpn the reaction temperature, the starting compound, reagents, and solvents used, and
mlnute%to35(5‘“8%:%,4 grefer%té%gg gglnutes to 2 hours. [0065] <Step 6>

is usually 15

wherein re as ove.
[0034]
Of them, (b1) and (b2) are particularly preferable
[0035]
In the general formula (I), R 3 represents a cyano group or -

CO-R. Of them, -CO-R

® is particularly preferable.

In the general formula (1), R 4(s) are the same or different
and represent a hydrogen atom, a halogen atom, a cy ano group, an
optionally substituted alkyl group having 1 to 6 ca rbon atoms, a
cycloalkyl group having 3 to 7 carbon atoms, an alk enyl group
having 2 to 6 carbon atoms, an alkoxy group having 1 to 6 carbon
atoms, an aromatic hydrocarbon group, -N(R %R ),-SR 8or-CO-R °.
Ofthem, R “is preferably a halogen atom, an alkyl group havin gl
to 6 carbon atoms which optionally has a mono- or d i-(C1-C6
alkyl)amino group or a monocyclic 5- to 7-membered saturated
heterocyclic group having one or two of any heteroa tom of N, S and
0O, an alkoxy group having 1 to 6 carbon atoms, -N(R R "),-SR Bor
-CO-R®, more preferably a halogen atom, an alkyl group ha ving 1 to

6 carbon atoms or -N(R

[0036]

R ).

In the general formula (1), the "halogen atom" rep resented by

R refers to the halogen

a chlorine atom.

atom exemplified above and i s preferably
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Step 6 is the step of acquisition of an N-oxide form of the compound represented by the general formula
(7) using an oxidizing THO064 E(F) 111511 agent and subsequently halogenating the N-oxide
compound represented by the general formula (8).  This step can be performed in the same way [0066]
<Step 7>  Step 7 is the step of introducion of R1 to represented by the geEReMet felfdidsdl.  This
step can be performed in the same way obtain an azaindole compound represented by the form to
obtain a as <Step Bethéhgeoeradoummdaald) <Beeplid# gogeheval formula (9). [0067]dReadtion Scheme 3

carbon atoms" in the "optionally substituted alkyl group having 1
to 6 carbon atoms" represented by R 4 refers to the alkyl group

having 1 to 6 carbon atoms exemplified above and is preferably a
methyl, ethyl, n-propyl or isopropyl group. Exampl es of the
"substituent(s)" in the "optionally substituted alk yl group having
1 to 6 carbon atoms" represented by R 4 include the substituents
exemplified above. The "substituent(s)" are prefer ably mono- or
di-(C1-C6 alkyl)amino groups (e.g., ethylamino and dimethylamino
groups) or monocyclic 5- to 7-membered saturated he terocyclic
groups having one or two of any heteroatom of N, S and O (e.g.,

pyrrolidyl and morpholino groups).

In the general formula (1), the "cycloalkyl group having 3 to
7 carbon atoms" represented by R 4 refers to the cycloalkyl group
having 3 to 7 carbon atoms exemplified above and is preferably a

cyclopropyl group.

In the general formula (1), the "alkenyl group hav ing 2to 6
carbon atoms" represented by R 4 refers to the alkenyl group having
2 to 6 carbon atoms exemplified above and is prefer ably a vinyl or

prop-1-en-2-yl group.

In the general formula (1), the "alkoxy group havi nglto6
carbon atoms" represented by R * refers to the alkoxy group having
1 to 6 carbon atoms exemplified above and is prefer ably a methoxy
group.

[0037]

In the general formula (1), the "mono- or di-alkyl amino
group" in the "optionally substituted mono- or di-a lkylamino
group"” represented by R ® refers to the mono- or dialkylamino group
exemplified above and is preferably a mono- or di-( C1-Cé6
alkyl)amino group. Examples of the "substituent(s) "inthe
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[0068] In the Reaction Scheme 3, Z1 represents an eliminable functional group such as a halogen
atom; and X1, x2, x3, x4, R1, R2, R3, Y1, Y2, Y3 and Y4 are as defined above. [0069] <Step 8> Step
8 is the step of reaction of the nitrogen atom at position 1 of the azaindazole compound represented by
the general formula (4) or the azaindole compound represented by the genéF36t(fh kb3 3dth
halo-substituted phenyl, halo-substituted TH0064 E(F) 111511 pyridine, halo-substituted pyrimidine, or
the like represgtitedlly\stivstiygae rabformuti-glk§latoind tami the compound reptaspreszhieg the general
fo_rm.ula . b w grili%hsj&ee[:{hzllijgstt}i}eecn?m&%%n(ﬂffée#)%%\ggted t_)y the general formula (10) can be any
eliminable funttional group. Examples thereof Include & chlorine atom, a bromine atom and a
trifluoromethylsulfé&ryisgrag pidtarablyen R3iimphgteoaiibnamelectonn-withdrawing grauli-Examples
thereof Inclug(g r_lgglg eﬁt(renri r%‘ld Qd}r(;p%é,ﬂuagﬂThr% com oaund represented b atlh(?ngerrlgral formula (10) is
easily obtainable or cle% he syr‘%eg e ,?or exgmpﬁe, ccording to a metho describedin Synthesis 1975,
502 or J. Me{a3&8em. 1985, 1387-93. 0.5 to 10 mol, preferably 0.8 to 2 mol of the compound
represented by th neral formula (1 3 n.be ysed with respect to 1 mol of the compound represented
by the general for%ﬂﬁf&sn&r?g)éw fae% é%ﬁcl: ioarm%%pl 8, preferably 20 to 15%2({%&;“ appropriate
solvent in thepieseacensf iB.theo' ddlionally prefsitabdy Qli8/Ito 2 mol of a base tgbtaiadimg compound
represented by the general formula (1), The solvent ysed is,not particularly limited as long as it does
not Influencet%%cﬁéggﬂ&@@z{ﬁ%%é I%fweéw}ﬁﬁnclude acg%n%r?er,e{tg%atﬂ)ﬁa?oﬂ%én, dioxane, diethyl ether,
diisopropy! ethrenplienie eidelsameniibrdimeiplftscaoide, N,Ndimethylagedasnide, N-methylpyrrolidone
and dimethyl su#foayﬁ e. Thtg]sF solvenfs an be u%%dlalone or as a mixture. An inorganic base (e.g., lithium
hydroxide, sCURIFFPRYABLGY, PR AP 58 eZicium hydroxide, barfiP¥Ybxide, lithium
carbonate, s@dintyhgrapoBEatenmetasshiaTsabsboeate) sadium hydride and cegjuspwardgnate) or an organic
base (e.g., pyridine, lutidin ,coIIi%ine, 4-(N,N-dimethylamjno)pyridine, triethylamine EI0064 E(F)
111511 diisoﬁlr’Bfﬂ;fg iHEOUP ‘:"H@Q&B&?cﬁﬁﬁ%. R-5-ene and 1,8- di E?Eyn(t,? [ Y4.0]undec-7-ene)

can be used g5dhr bapeludwieovehstinfreaekapliaedadsevee peyformed by the addition of copper (1) and
1,2-diamine. When Y2 and Y4 in the&%eneral formula (I) are a carbon atom having a halogen atom,

the halogen atdAPYHEY IR AR PEHRERY SrYSLOXKIGENNC or the like through%2%¥H¥n with amine, thiol, or

the like, or thgraliyl g sah DeagionGdie: /R akydisheupling method oyithelig. Moreover, when Y2
and Y4 are a carbon atom having a nitro group, the nitro group is reduced, by a usual method known in

the art, to anSHHREY R ARHEIGHRURPSE ShMTRIDLERH as an alkyl chain A% elongated.
Moreover, wiyesuys}, aindaY 68 RetatRoBiaipBupadng, a formyl or ketone grgigyi gheuirmyl or ketone

group is converted, by reductive amination using% a reducing agent such as a 2-picolineborane complex, to

amine, with WHER LSSt RRNTHRCHT ARG (B8R YA then be elongat8yno and
dimethylamino groups), (C1-C6 alkyl)thio groups (e. g.,a

methylthio group), or alkoxy groups having 1to 6 ¢ arbon atoms

which optionally has a hydroxyl group.

In the general formula (1), the "halogenoalkyl gro up having 1
to 6 carbon atoms" represented by R ®orR 7 refers tothe
halogenoalkyl group having 1 to 6 carbon atoms exem plified above
and is preferably a 2,2-difluoroethyl or 2,2,2-trif luoroethyl
group.
[0039]
In the general formula (I), examples of the "cyclo alkyl group
having 3 to 7 carbon atoms" in the "optionally subs tituted
cycloalkyl group having 3 to 7 carbon atoms" repres entedbyR ©or
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[0070] For the substituent such as a nitrile group, an ester group, or a nitro group represented by R3
or for R4 in any of Y1, Y2, Y3 and Y4, the desired compound can be produced by a usual method known
in the art. For example, when R3 is a nitrile group, a carboxamide compound can be produced by a
usual hydrolysis method known in the art. Moreover, when R3 is an ester gf$i§964 Edrbbidaitlacid
compound can be produced by hydrolysis and can further be reacted with amine to produce the desired
amide compdRinakt Wi eycRBr iy, itatogubilisyaloeniylecyompound can be prodberd dydcatalytic reduction
or the like and further be reacted with carboxylic. THO064 E(F) 11151 id, Isocyanate, or the like to
obtain the de@flgg)ﬁ %@:Q%r%%%jo%uen%wﬁé%yigrrg%ﬁ%?%I;éthe like. More%@grga}rogrogxample, when R4 is
a halogen atamithe deseedpmioyelcanombuoydaraipether compound can helphegylcraup0071] The
compound of the present inventian represented, by.the general formula (1) can,also, be obtained by
reacting the %(%%%Igﬁg ﬂ%ﬁresgréﬁ?g%ggﬁéng%%eo ?S?H?ula (3) or (8) with th%ugcs)ﬁuﬁgﬁnd represented by
the general foyaiosikyll@pap tandind o thearhethaidnod '<Stegs 8> and the conventethtihR hadlogen atom

represented %yéﬁ‘% J%gﬁéoa;gqg% (Lé%]ri'%f e%ﬁé@g‘fﬁﬁo&%? ﬂw]gtgod of <Step 7>. [%%Z%gn?égtion Scheme 4

NH2 ZI HN y ep
are preferably hydroxyl, amino, amino acid-derived acyloxy,
alkanoylamino or alkylsulfonylamino groups, or the like.
[0040]

In the general formula (1), the "aralkyl group™ in the
"optionally substituted aralkyl group" represented byR®orR ’
refers to the aralkyl group exemplified above and i S preferably an
aralkyl group having 7 to 12 carbon atoms, specific ally, a benzyl
group. Examples of the "substituent(s)" in the "op tionally
substituted aralkyl group” represented by R ®orR ’include the
substituents exemplified above. Specific examples of the
substituent(s) include saturated heterocyclic group ssuchas a

pyrrolidinyl group.
[0041]

In the general formula (1), the "aromatic hydrocar bon group"
in the "optionally substituted aromatic hydrocarbon group”

represented by R ®orR 7 refers to the aromatic hydrocarbon group

having 6 to 14 carbon atoms exemplified above and i S preferably a
phenyl group. Examples of the "substituent(s)" in the "optionally
substituted aromatic hydrocarbon group" represented byR ®orR ’
include the substituents exemplified above. The su bstituent(s)

are preferably halogen atoms, alkylthio groups (e.g ., a methylthio
group), saturated heterocyclic groups (e.g., a morp holino group),
or substituted carbamoyl groups (e.g., a pyrrolidin e-carbonyl
group).
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"N iStep 13 NN 1.-- y2I' y2 Y3Z-41(Y3="41( R3R3 (14)() TH0064 E(F) 111511

In the Reaction

Scheme 4, Z1 and Z2 represent an eliminable functional group such as a halogen atom; and R1, R2, R3

yl y2 y3 and Y4 are as defined above. [0074] <Step 9>

Step 9 is the step of reaction of the compound

represented by the general formula (10) with a hydrazine to produce a hydre20PedFFddAdpresented

by the general formula (11).

The hydrazine can be any of hydrazine, hydrazine hydrate and hydrazine

hydrochloride andlodnelgemsetfatiute B0tee (dablates. Eteeeaction temperatureyigipreferably 60 to 100C,
and the reac%?@uémﬁtl?epéﬁt%rﬁ?m%s% gtﬂ‘Qe%oslér}ﬁ'r aAt‘Q dahlg(fhollc solvent (e.g., m%thj';\nol, ethanol and

isopropanol),”an ether solvent (e:g., tetranydrofuran an

diisopropyl ether),%P%Cgprotic highly polar

solvent (e.qg. grinetrepfeserdenite RiimethflaoR tahneder sitod wisaithigtesulfoxide) can be used as a reaction

Step 10 is thges?é% fpound |

in R2 to prodpiperalibybonietplydraderaoyhgroupdExamples o
"substituent(s)" in the "optionally substituted uns

solvent. Alterna*tiveclgl?lthe reaction Cﬁlfpe gl 0 be

heterocyclic group” represented by R
substituents exemplified above. The substituent(s)
alkyl groups having 1 to 6 carbon atoms (e.g., a me
acyl groups (e.g., an acetyl group), carbonyl group
saturated heterocyclic group (e.g., a 2,6-dihydroxy
carbonyl group), or aminoalkylcarbonyl groups (e.g.
aminoacetyl group).

[0042]

In the general formula (1), the "unsaturated heter
group" in the "optionally substituted unsaturated h
group" represented by R ®orR 7 refers to the unsaturated
heterocyclic group exemplified above and is prefera
or oxazolyl group. Examples of the "substituent(s)

"optionally substituted unsaturated heterocyclic gr
represented by R
[0043]

In the general formula (1), the "saturated heteroc
group" which is optionally formed by R
nitrogen atom to which they are bonded refers to a
bicyclic saturated heterocyclic group preferably ha
any atom of oxygen, nitrogen and sulfur atoms, for
pyrrolidinyl, piperidinyl, piperazinyl, hexamethyle
morpholino, thiomorpholino, homopiperazinyl, tetrah

tetrahydropyranyl group.
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canditions. [0075] <Step 10>

redction of the compoun reﬁrg%ee%ted by the genera %ramula (11) with acetonitrile

fthe

aturated

6orR "include the

are preferably
thyl group),

s having a
pyrimidinyl-4-
,a2-

ocyclic

eterocyclic

bly a pyridyl
"inthe

oup"

®or R " include the substituents exemplified above.

yclic

®and R ' together with the

monocyclic or
ving 1 to 4 of
example, a
neimino,

ydrofuranyl or



The acetonitrile used is easily obtainable acetoacetonitrile, propionylacetonitrile, isopropionylacetonitrile,
trifluoroacetoacetonitrile, or the like, which can be used to Introduce thereto corresponding R2. A mixed
solvent of an alcoholic solvent (e.g., methanol, ethanol and isopropanol) and an acid (e.g., concentrated
hydrochloric acid, sulfuric acid, mesylic acid and tosylic acid) can be used d39&ht. Hthelleaction
THO0064 E(F) 111511 temperature is preferably room temperature to the boiling point of a solvent, and the
reaction time[@4ptkferably 2 to 24 hours. [0076] <Step 11> Step 11 is the step of reaction of the
compound represen ? by the gener I(afaor ula (12) with 5-methoxymethylene Meldrum's acid to produce
a compound repre(?geEﬁ e%gBSrag’H%ﬁgr ’%o'rsr#lrﬁilefr for tﬁ The 5-methoxymethyléne Meldrum's acid is
used at 1 to 8avbinatiemts. R highaoilhg-peinRsoR/smiud. be, alipliergdretiten @iphenol and Dowtherm) is
used as a reaction _solvent. The reaction temperature.is_preferably 150 to 220C, and the reaction time is
preferably 1 @& ialo 31:' rg%ﬁjﬁiﬁﬂé@i%y%a\ﬁg@%fg %’ehe step of halogerfg%ﬁ%%?%g r(]:((]!)empound
represented By sheupbrepraséotmblalddn atomhearreptitinadlcam be performed usstigigdosphorus
oxychloride, phosphorus oxybromide, thionyl chloride,. or the like at 1 to 5 eguivalents in a halogen solvent
(e.g., chIorofgpﬁﬁlsé)hotz'ij %.C%Yg'é,ég%%n%%?%ﬁlé%?oﬁg HP&'H[}&polar solvent (e.glg,} a%lrﬁseﬁ%?fjormamide,
dimethylacetayoiosighgtclimbivir 58 o Xidahtm syotie size@ compound reprasedled by the general formula
(14). [0078] <Step, 14> Step 14 is the step of infroducion of R1 to the compound represented by the
general formﬁ@?ﬁ%‘?d arel\lh}/é%%%@gxnﬂ%‘?pt& grﬁ?é h4Re same way as <3 pa§> to obtain the
compound regpésediieshbstitheganeratiéoydrdeaofQpé9p hHO064 E(F) 111&dikg 6 td/fhen introduction of a
substituent or the conversion of a fﬂglct@nalv?erc%u is carried out in the <Sti‘%§> t$.<8tep 14> described
above, if ther&}! A AR &' BB REEN PRI D3e4ction other than intéhd&d ¥actions, a protective

group may bednitaddeetiodfito gatieasitgstitiaride@dyance, as appropréate seleorgans known per se

in the art, and the protective group may pe removed by means known in the art after the intended
reaction, to pf8ﬂh'g)e§ﬁé“i90fgrc?%8m'8gﬁ obfu%ﬁtétf"ﬁgergv?)?ﬂﬁletion of reactior}fcj71 eOEompound of interest in
each of theseis{epsuaLalietiachsierodjiid gatiaimgure according to a roufinewdrsittpes For example, the
reaction mixture is appropriately neutralized, or ingoluble compound, if any, is removed by filtration. Then,
the reaction S5IBH6H TN Yjet A B Skfaction with %%&erﬁﬂ%%em@apéfﬁ?ﬁ@ &alvent such as toluene,

ethyl acetateio7Ghirpied sainchtbe IRtRelTIR gro@shegkiwih water or the ljkgitiagn, the organic layer
containing the compound of interest is concentrated under reduced pressure, and the solvent is distilled

off to obtain fHESGHBIATHEP $NicteHt 256 RosHEdNMAEMG D UNd of interest Vb sepSt8ted and purified,

if necessary, ijgensinathed, forexampinndacaistallpdigibrprecipitation or a method generally
used in the usual separation or purification of organic compounds (e.g., adsorption column

chromatograpthsiisisg alheieris eSS ELaRCa R or magnesium-siiELF@NeIrisil, partition

column chroaiaaiR vt PFAIHSRSHeBIs PeRbadax LH-20 (manufaghifgdopyiharmacia),
Amberlite XAD-11 (]manufactured by Rohm and Haas Company) or Diaion HP-20 (manufactured by

Mitsubishi CIReHIREIMEHRSYUEH-BRERaYE R YPhy or normal- or re¥€fse-phase column

chromatograg@géﬂégmcebﬁg%gﬁhgrlqulﬁgggﬁlg'&a@%{é&eferabIy, silica gehapiHp ghromatography).
When the compound (1) is obtained in a free form, THQ064 E(F) 111511

and O. Particularly preferably, R ®is a hydrogen atom, and R "is
an optionally substituted alkyl group having 1 to 6 carbon atoms
or an optionally substituted cycloalkyl group havin g 3to 7 carbon
atoms.
[0045]

In the general formula (1), the "cycloalkyl group having 3 to
7 carbon atoms" in the "optionally substituted cycl oalkyl group
having 3 to 7 carbon atoms" represented by R 8 refers to the
cycloalkyl group having 3 to 7 carbon atoms exempli fied above and
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this free form can be converted to its pharmacologically acceptable salt by a method known per se in the
art or a method equivalent thereto. Contrarily, when the compound (I) is obtained in a salt form, this salt
can be converted to a free form or other salts of interest by a method known per se in the art or a method
equivalent thereto. [0080]  When the compound (1) has isomers such asdHiRé4 Kbhidis11
stereoisomers, positional isomers or rotational isomers, either of the isomers and a mixture thereof are
both encompasgseigrablytreayoioipayhar ¢l . Foeexaespitthehen the compound (1) has optical isomers, optical
isomers reso.lgglgl {fi&% & fzqmweméx%rneaﬁ gag(ua aﬁgtgél o(gn.passed by the. comlgg%)zp FQ Each of these
isomers can be obtained’as a single pro ucP By synthesis and separation (con r%ra%ﬁ)n, solvent
extraction, célaving Gimohatbgresthys'eepystaliEatinnRetc.) approachiesikamtiia per se in the art. [0081]
The compound, (1).may be cr lline. A single crystal form and a polymorphic mixture are both
encompasseaug%/%t 8%%%88@?‘9{’)?%}%’8% cr;?g a ﬁt%%rhﬁég produced by cryg{gIHE?nedafeﬂg compound (1)
using a crystalhgetodgl gretipod known per se in the art. The compound (I) may be a solvate (e.g., a
hydrate) or 00 -]solvate. Both of them are encompassed by the compound (I). A compound labeled
with an isotoBe %les.g., 3H,C,S and 1251) or the like is also encompassed by the compound (1). [0082] A
prodrug of the conpthengk(igral firegial(IjhereGirofhetieimadtecanbbreviated to the dampmupd (1)) refers to a

compound conyerted to the cqmpound (1) thro reaction caused by an enzyme, gastric acid, or the like
under physio'l% SaPRII'—%@ 45@8?[5%%?@5%%%%&?‘%@ %o rﬁf‘l)c%)nverted to the compound

RS VR/O, i.e., a compou
(1) by enzymagioresedaiinny Feductimfersydiblysisneitithe/ tikeabarcgoupohumdhgonverted to the compound (1)
by hydrolysis or the like caused by gastric acid or the like. Moreover, the prﬁagbru o&éhe compound (I) can
b any of (o TR A TS GHRSHATNG A1 PR logical conditoRPNSRRENbed 1
"Pharmaceutigaliiz €seatpleswitieevelspmen(s)Viol the elecular Design, puldigigd in 1990 by Hirokawa
Publishing Company, p. 163-198. [008 The compound (1) of the present invention exhibits excellent
HSPOO inhib Ry S0 ARE S ERERTAR ERHESIBAR G Feration inhibitor ABivitJoHAEs, the compound
(1) of the preseatimeaiiors isxdagiiflcasaddveanmmasabéigabproduct such as afisppicancer agent. Moreover,
the compound (I) of the present invention is highly soluble in water and can be administered orally. Thus,
the compouri§15'6Pha %F@@é‘%l[%%tion is useful as an orally administrable pharmaceutical product
such as an apjgzancer agent. Examples of malignant tumor include head and neck cancer, esophagus
cancer, gastric cancer, colon cancer, rectum cancer, liver cancer, gallbladder cancer,

cholangiocarcinont, SRS {PTRRM 23 ARENAL-RyRsiifed AYEPaliig cancer, breast can@@URsvarian cancer,

cervical canogivingdaneiabedaeshskisingyopahealy blddger cancer, prostatigg@arshatrsticular tumor,
osteosarcoma, soft-tissue sarcoma, leukemia, malignant lymphoma, multiple myeloma, skin cancer, brain

tumor and mEB¥HPRABANDTRBRVING B3P déiRgPRB 29MBound (1) of the present invention as a

pharmaceutical prefigetg¥asiavifesads, iREmsean Bedrarpted according to the ggyentive or therapeutic
purpose by mixing, as THO064 E(F) 111511 appropriate, the compound (I) with a pharmaceutical carrier.

The forms ca % dRyST, BHBRIMTHESBHEIAMARR0AS injections, suppositdfRngintments and patches.
Preferably, opphlpriugrlignedis adopted faash giHaassfrsrarfgims agregrroduced by a general

preparation method known by those skilled in the art.

exemplified above and is preferably a mono- or di-( C1-C6
alkyl)amino group. Examples of the "substituent(s) "inthe
"optionally substituted mono- or di-alkylamino grou p" represented

by R ? include the substituents exemplified above.

R 9 is preferably a hydrogen atom, a hydroxyl group, a n amino
group or a mono- or di-(C1-C6 alkyl)amino group, pa rticularly
preferably a hydrogen atom.

[0048]
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[0085] Various organic or inorganic carrier substances generally used as pharmaceutical materials
are used as such a pharmaceutical carrier. Solid preparations are formulated using an excipient, a binder,
a disintegrant, a lubricant and a coloring agent, and liquid preparations are formulated using a solvent, a
solubilizer, a suspending agent, a tonicity agent, a buffer, a soothing agent,TA98AE(Rel WRIeover,
pharmaceutical additives such as antiseptics, antioxidants, coloring agents, sweeteners and stabilizers
can also be used, Theamsgaupd of the/hmsentihgelitbpriepegteiiabls are prepared, areexcipient and an
excipient, a binder. a disintegrant, a lubricant, a.coloring agent, a corrigent, or the like are added, as
appropriate tgotﬁgdggmbé Jﬁ#(ﬁe t(&u(t—%yp%rﬁe%s%erﬂelrrllave%r?ln(;arll;‘?l 8gthen, tablets, Cog,{aat%g[g{)f granules,
powders, capsudesin ot thasliRe oaN;Eapooduded by a rotitixe’ mmathod. is N, Wiighenjection agents are
prepared, a %It-hardsiust%,_'aat?]uﬁ%ré 3r§\t,\?obg}¢r, a tonicity @gan{( a g)n%a\l(aw%%r@_ﬁ;\g:, angln@e like are added
to the compoun% of [he pt’esé/nq invention, and hypodermic, intramuscular or intravenous injections can be
produced by theotthizre arethedame oF béfereraantioépnesenimpound of the preSehoimyentidrigo be contained
in each of these u(gnit d@/sagéa ffrm varies %%pendeiga.on the conditions of ag%tie?téo which this
formulation sAOORI DE P %“ U&éﬁf?@i Iachrp I ,'Crugepending on the do%é'éae%orm or the like. The
amount is geneteadyyplieigralpyhappydxdioatee@fbis 3666 mg for the oral fechfrolathdrs approximately 0.01
to 500 mg for the injection agent, and roximately 1 to 1000 mg_.for the suppository, per unit dosage
form. Mor%%eér’,t egbsaﬂg}g‘g@éyr ?&Fﬂ%ﬁg\ﬁn% %nﬁgg'gag\/%&ﬁw differs depending on the conditions,
body weight,cgiensiyhas dtelikeobampateat andrsagrnipbe generalized. Thewiajly @ase in adult (body

weight: 50 kg) can be usually approximately 0.05 to 5000 mg, preferably 0.1 to 1000 mg, which is
preferably a 5"1?&@8@% nep rffﬁ% in appr ﬁﬁ%{%ﬁ/%a&‘%f fﬁﬁ&éeém%d portions per day.

[Examples] [@8&6$ent & hedpsgee atanyertitlogensaesifisalmetescribed with rejesgncemto Examples and Test
Examples below, however these Examples are described for the purpose of exemplifications only and do
not limit the é%%'ﬁ@agf’ %ﬁ@%ﬁ?‘m@ﬁ\%ﬂﬁa‘m 1106 £ NMR spectra Werg)ﬂ'?eac{gm%&‘rﬂjsing

tetramethylsitaieyTdvsapamiiig mtem shsiandmids satlauasinical shifts are shgratipinaiMglues (ppm). The
chemical shifts are each shown in parentheses bgﬂthe number of protons, absorption pattern, and

coupling conQ&-REPRARIGNS. an AraRALR BYHRRHNOREEPHE; the following syMBRIXRrd (SE3: s = singlet, d =

doublet, t = tgplesoor= mlar%eg,aﬂﬁamm@lgp&,g@uglﬁbm%r:dd@meadouble doublet, dt = double triplet, m =
multiplet, br = broad, and br s = broa s.iréal’ﬂgit7 In some structural formulae of compounds, the following
symbols may?¥N38aa° frauPRethyl, ER2HhyI B 8RS At TBIEHH3BB64 E(F) 111511 = phenyl, Ac =

acetyl, Boc =réprtsuroxyigaregevhidiian dptloeimpssiisiaed, and MsOH = metngnggsilfonic acid.

having 1 to 6 carbon atoms, a halogenoalkyl group h aving 1to 6
carbon atoms, an optionally substituted cycloalkyl group having 3
to 7 carbon atoms, an optionally substituted aralky | group, an
optionally substituted aromatic hydrocarbon group, an optionally
substituted saturated heterocyclic group or an opti onally
substituted unsaturated heterocyclic group, or R ¢andR "forma
saturated heterocyclic group, together with the nit rogen atom to
which they are bonded; R 8 is an optionally substituted cycloalkyl

group having 3 to 7 carbon atoms, or an optionally substituted
aromatic hydrocarbon group; and R % is a hydrogen atom, a hydroxy!
group, an amino group optionally having a hydroxyl group, or an

optionally substituted mono- or di-alkylamino group
[0049]
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[0087] Example 1 2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin-3-y1)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (1) [0088] Example 1(1)
3-(Trifluoromethyl)-1H-pyrazolo[3,4-b]pyridine (la) Normal-butyllithium (a 2.6 M solution in hexane,
87.2 mL) was dropwise added to a solution of N,N-diisopropylamine (25.0 diHRQ@4rafydrbatan
(hereinafter referred to as THF, 300 mL) under a nitrogen atmosphere at -5 to 0C, and a solution of 2-
fluoropyridine (25 ghécairpo(BO niltheyseserspwsdicidedoiegnefo at -78C, followerdlby astirring for 1 hr.
Subsequentl olution of ethyl trifluoroacetate (47 in THF (50 mL) was wise added to the
reaction solu%%%% u%rce”p(ﬁ% %Q/t\)/éed(; ;/[lh s%i?r?ﬂ%rgﬁ?ﬂfgngg eotremperature for 1 Srg ygFg%?ne monohydrate
(41.3 g) was sldeteh tiereioCld ko Wedriyyostiring at 60C fok 6 amdMatéis(BDanathewas added to the reaction
solution, followed by stirring at 100C for 3Q min. The piegipitateswas gollected hy filtration and dried under
reduced presc\ﬁh%sté/r%g{glingnay c%”%p%ﬂ“r’]%%a) (32.8 g, 85"% a? a veﬂﬁegsolﬁ{?g—g\mﬁ? MS0-016) 8 14.64
(1H, brs), 8. 718 bied; ket barcSoBdiffdidntand-Rréde)nt7.43 (1H, dd, J=8.CHABNR; LRMS (ESI) m/z
188 [M+H]*. [0089] Exam &)e (2) 3-(Trifluoromethyl)-1H-pyrazolo[3,4-b]pyridine 7-oxide (Ib) THO0064
E(F) 111511‘[:ln Oetg)onQ%ﬁlusrg ?ﬁgﬁé\,“z@%’i‘gg&&g 'i}loeé'r%?/?erz?l@élycol dimethyl eﬁ?eﬂ?&r% CB and heptane
(200 mL), andetrobyjoliopesopyieinoaaagide(@daahs\wsiseatided to the resultddremintj@ at OC, followed by

stirring at room erature for 1 hr. The precipitate was collected by filtration to obtain compound (Ib)
(3.3 9, O6% L Qb BRI A (N TGURH1E) & 6,53 (11, o, 261 HOBEPURI o, 328.3 Hz),
7.36 (1H, dd uis8udated HegrdcRiVESy(euip haviag20 b [B/hdtdio [0090] atoms selected

fromN, Sand O; R 2 js an alkyl group having 1 to 6 carbon atoms

which optionally has a halogen atom, or an alkenyl group having 2

to 6 carbon atoms; R 3is-CO-R %R 4(s) are the same or different

and represent a hydrogen atom, a halogen atom, a cy ano group, an

optionally substituted alkyl group having 1 to 6 ca rbon atoms, an

alkenyl group having 2 to 6 carbon atoms, an alkoxy group having 1

to 6 carbon atoms, an aromatic hydrocarbon group, - NROR 7),-S-R &

or-CO-R %R %is an amino group or a mono- or di-(C1-C6

alkyl)amino group; R ®and R ’ are the same or different and

represent a hydrogen atom, an optionally substitute d alkyl group
having 1 to 6 carbon atoms, a halogenoalkyl group h aving 1to 6
carbon atoms, an optionally substituted cycloalkyl group having 3
to 7 carbon atoms, an optionally substituted aralky | group, an
optionally substituted aromatic hydrocarbon group, an optionally
substituted saturated heterocyclic group or an opti onally
substituted unsaturated heterocyclic group, or R bandR ’forma
saturated heterocyclic group, together with the nit rogen atom to
which they are bonded; R 8 is an optionally substituted cycloalkyl

group having 3 to 7 carbon atoms, or an optionally substituted
aromatic hydrocarbon group; and R % is a hydrogen atom, a hydroxyl
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Example 1(3) 4-Chloro-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridine (Ic) Phosphorus oxychloride
(76.4 g) was gradually added to compound (Ib) (33.2 g), followed by stirring at 100C for 1 hr. The reaction
solution was poured into ice water, and sodium hydroxide was added thereto to adjust the pH to 10. The
precipitate was collected by filtration to obtain compound (Ic) (9.76 g, 27%) d30R6iktMikklsdlid. 1H-NMR
(DMSO0-016) 8 14.98 (1H, brs), 8.66 (1H, brd, J=4.9 Hz), 7.61 (1H, brd, J=4.9 Hz); LRMS (ESI) m/z 222
[M+H]*. [009 gioulE eemapiend (49 @ FH@ndllydravingtayiydibkygyrazolo[3,4-b]pyrgdud-oséiguinoline (1d) A
[1,1-bis-(diphenylphosphing)- ferroceneldichlgropalladium(ll) dichloromethane complex (0.74 g) was
added to a so| L?ﬁ’%@f%&%@%ﬁ% 88?(8r3%g%pk§lﬁbﬁ?n%r Horonic acid (2.5 g), and an aqueous sodium
carbonate sdRikd) (1 M, 18 mL) in 1,4-dioxane (45 mL) under a nitrogen atmosphere, followed by stirring
at 100C for 3 hr. T?refreactigﬂn%ocl)y ion was i%t\;(ial%ltllg%ollsbg\}wne%% r%thyl acetate and }’(\éf"et%bland the organic
layer THO064 E(F 1B IOWaS WwasHed with Saturated safine and then dried over anhyc}/rous sodium
sulfate. Afteralcstifipdianm oé pinessoiee by, tregersdlédomadapiysied by neutral sii@aaiel column
chromatograph %hl roforrg/methanal) to optain coynppund (1d) (0,94 33%3% A white solid. 1H-NMR
(DMS0-016) %‘%ﬁ ¢’ fP‘?,"br;rzs), 9.0 ,Oéﬁggz.o szé,) @@f?%—( d, 2HE NS ??faw, d, J=2.0 Hz), 8.14
(1H, d, J=8.20Hapr&aBofM, d, 3-8.2, Mz§,and8 (1ldrad;-B=6°9aiid3hd pth@cg arélibe brt, J=6.9 Hz), 7.51 (1H,

d, J=4.6 Hz); LRMS (ESI) m/z 315 [M+H]*. [0092] . Example 1(5). .
2-Bromo-4-{é§-"’t%R(Bﬁ%%/q)qg-({ﬁﬂ 3?&&1%%% -'1FIQ-|pyrazoIo[3,4-5?p%/r}i(&?ﬁ9f%ﬂ¥benzonitriIe (le)

Sodium hydrisié4ihit83 rgoactpslic disfecs simmibepat arisaligaiel was added to asefotiticof compound (1d)
0.940 g) in N,Ndimethylformamide (hereinafter referred tg as DMF, 6 mL) at rogm temperature, followed
i o R SRS S e Ol

by stirring forP3d'th ORI BRI RGOS onitrile (0.838 g dUd to the reaction
solution, follaypeenbyystimsaLaicdofleydis 9- k. 10ftesmbetipy water was addedrisathvétegaction solution,
followed by extractionl_with etl%l}&cetate. ;ﬁ?e organic IaP/er was washed with \zater and saturated saline in
this order anQSFEYRSERE ﬂjilotﬁs3 P8 Rtter distillation ofGH r%'@l\'ﬂerﬁ, the residue was
purified by newtia:Sricaigahcoikynaroapieiatp g ta@valebroseiemAngthanol) to obtain compound (le) (0.56
g, 38%) as a white solid. 1H-NMR (DMSO-d0 8 9.03-9.01 (2H, m), 8.89 (1H, d, J=1.8 Hz), 8.58-8.54 (2H,
m), 8.23 (1HORIRAEAS 7 Kalegen o e ASMBHYA H, d, J=8.2 Hz), TRAANRL, J=7.0 Hz),
7.76-7.71 (2idaionMS, (ES1) R/zctk 496RM(dilre ttOQBAELRIifekdladh{0093] Example 1(6)

represent a hydrogen atom, a halogen atom, a cyano group, an

optionally substituted alkyl group having 1 to 6 ca rbon atoms, an
alkenyl group having 2 to 6 carbon atoms, an alkoxy group having 1

to 6 carbon atoms, an aromatic hydrocarbon group, - NRYR 7),-S-R &

or-CO-R °;R %is an amino group or a mono- or di-(C1-C6

alkyl)amino group; R ®and R 7 are the same or different and

represent a hydrogen atom, an optionally substitute d alkyl group
having 1 to 6 carbon atoms, a halogenoalkyl group h aving 1to 6
carbon atoms, an optionally substituted cycloalkyl group having 3
to 7 carbon atoms, an optionally substituted aralky | group, an
optionally substituted aromatic hydrocarbon group, an optionally
substituted saturated heterocyclic group or an opti onally
substituted unsaturated heterocyclic group, or R andR "forma
saturated heterocyclic group, together with the nit rogen atom to
which they are bonded; R 8 is an optionally substituted cycloalkyl
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2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin-3-y1)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-I-yllbenzonitrile (1f) A solution of a mixture of compound
(le) (0.560 @), trans-4- hydroxycyclohexylamine (0.522 g), sodium tert-butoxide (0.218 g), palladium
acetate (0.025 g), and 1,1-bis-(diphenylphosphino)- ferrocene (0.126 g) in THAKER 142541 ) was
stirred under a nitrogen atmosphere at 140C for 2 hr. The reaction solution was distributed between ethyl
acetate and waap hanthgl o e iagemeas washtohalith saturated saline siipstitoterhnic layer after the
washing was_dried.aver. anhydr sodium sulfate, apd_then the solvent was distilled away. The residue
was purified 8§0W§H r\éﬁ’gﬁ?ggy%%ﬁ?%ﬂ nC 'l?)matograplﬁf/e1 f'c)ﬁ E)Or%?gr%{”lsm’e fEllzi/n(rj |o obtain compound (1f)
(0.450 g, 75%oap, andritersglidupaptbindR (RB0a0ya)jd3y9.03 (1H, d, J=1.60KHe), &SN (1H, d, J=4.8 Hz),
8.58 (1H, d, J=2.1 Hz), 8.16 (1H. d. J=8.7 HZ). 8.10 (1H. d, J=7.3 Hz), 7.90 (1H, td, J=6.9, 1.5 Hz), 7.86
(1H, d, J=2.o°ﬁ?'z3’,‘$!¥)§5‘%f?%?§§?§ 1905 9?%?@?@5‘,039:@%’, 2.0 Hz), 4.59 (1H, d, J=4.6 Hz), 3.45 (1H, d,
J=7.9 Hz), 3.@WDRAK3 (1H, m), 3.30 (1H, brs), 2.03-1.98 (2H, m), 1.91-1.86 (2H, m), 1.48-1.14 (4H, m);
LRMS (ESI) m/z S%F? [M+H *.'L Oi?t Exam I[e 1%7_& i § terabl
2-(Trans-4-hydroxyci?c%ﬁ1 X)L/J Anfine -R—rflffe(%dpr\{o irm"-’@-';?l}i’??er P referably a
(trifluoromethodiaiblipy raprdegdidelip yinil eharidh eonzautailieorl) Compound &&f) tfie4o0 g) was dissolved
in dimethyl sulfoxide (hereinafter referred o as DMSO, 2 mL ethanol (4 mL). An aqueous sodium
hydroxide sont'%ﬁ'? e}dff??f%t‘) ga(?nd a%ﬁ&i@%r%gen é%?é I ggﬁﬁfﬁgh 28 %L) were added to the
resulting THAR64E(F) 1 ¥151¢ Salndion fratbis-®der ahdasroteenparatiessdokowed by stirring for 30 min.
Water was a%qfed to th$ reaction @ﬁwﬁﬁr}’ he reaction,solution was distributed between ethyl acetate and

water, and th& STGAROHGRISREL WESHLY Rith saturated 3AIHET FhELAYENC layer after the washing was
dried over andiysriouted o Hinvsidiatsy grsliphan dthédsalwent was distilled awapsiiibedesidue was purified by
neutral silica gel column chromatogra chloroform/methanol) to obtain compound (1) (0.300 g, 65%)
as a white so%aaiﬁﬂrwmmﬁﬁ%%&w%m Hz), 8.94 (1H, (ﬁ‘,eﬁ‘éﬁ’égiféﬂfgs.sg (1H, d, J=2.0
Hz), 8.46 (1HhntbpliohaysubSidedkitan-23ubipzarbopd (1H, d, J=7.1 Hz), g8, 7.84 (3H, m), 7.77-7.65
(3H, m), 7.28 (1H, dd, J=8.6, 2.0 Hz), 7.27 (1H, brs), 4.58 (1H, d, J=4.3 Hz), 3.52 (1H, m), 3.33 (1H, brs),
2.13-2.09 (25URSHASRYTEE- G 9FRyIPy HyOpioBalSURS: | RMS (ESI) m/z SHERRYE T0095]  Example
2 2-(Trans-4-hyrigexys; ¢ opastitansnpitioiéd@usngin-gryl)-3- oup, an
methyl-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (2) [0096] Example 2(1)

3-Methyl-1H-QRHAR %’,Qﬁ%}ﬁ?ﬁi&fﬁ@ﬁ‘%)[z’}@@yﬁ%ﬂ Ofyllithium (a 2.6 M SHRh 3 hexane, 87.0 mL)
was dropwisenidaan teuBstalidintent dt.nslisprienylambye (11.2 mL) in THEJALHY mL) at -78C under a
nitrogen atmosphere, followed by increasing the temperature to OC. Then, the solution was cooled to
-78C, and a SYRTHGHESFBLRGHTHY IR @19 ¥) AREARRIF00 mL) was dropwidSHHIREY thereto at -78C,

followed by stiging-tetrdnbarceuRrtiaLLathrogpsaution of N-methayr by efloviaeaiagide (8.46 mL) in THF
(50 mL) was dropwise added to the reaction TH0064 E(F) 111511

1 to 6 carbon atoms which optionally has a halogen atom, or an
alkenyl group having 2 to 6 carbon atoms; R 3is-CO-R %R “s)are
the same or different and represent a hydrogen atom , a halogen
atom, a cyano group, an optionally substituted alky | group having
1 to 6 carbon atoms, an alkenyl group having 2 to 6 carbon atoms,
an alkoxy group having 1 to 6 carbon atoms, an arom atic
hydrocarbon group, -N(R %R "),-S-R 8or-CO-R % R ®isanamino
group or a mono- or di-(C1-C6 alkyl)amino group; R ®andR 7 are the
same or different and represent a hydrogen atom, an optionally
substituted alkyl group having 1 to 6 carbon atoms, a
halogenoalkyl group having 1 to 6 carbon atoms, an optionally
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solution at -78C, and then hydrazine monohydrate (31.9 mL) was added thereto, followed by stirring at
60C for 1 hr. After distillation of the solvent, water was added to the residue, followed by extraction with
ethyl acetate. The organic layer was washed with saturated saline. The organic layer after the washing
was dried over anhydrous sodium sulfate, and then the solvent was distilled @R feloota#®Eompound
(2a) (5.90 g, 69%) as a white solid. 1H-NMR (DMS0-016) 8 8.08 (1H, dd, J=4.27, 1.71 Hz), 7.79 (1H, dd,
J=7.81, 1.71 subjtigied ¢yeloalkyl drqu hadtidy He)( adido(Bi, s); LRMS (ESI)ton's, k84 [M+H]*. [0097]
Example 2(2) 3-Methyl-1H-pyrazolql3,4-blpyridine. 7-oxide (2b) Accordin Example 1(2),
Compound (%%'?B%A) L\’/b&%%ﬁeep%%@ a%r%]'@\’/rﬁioé%ﬂ lll()éing compound (2a) f’g"étget@(}%qf compound (la).
1H-NMR (DMBoraichyit&Eri{dgoup-aiptienglly sitéitdt dd, J=8.00 Hz), @d&kiliretedd, J=8.00, 6.16 Hz),
249 (3H, S): LEMS, (ES) iz 150 IV, 10088 Eaarpple 2(5) e

4-Ch|oro-3-meeﬁ1y?- -p raz%l%[§,4-8 pyrdine %c ccording to Exampl%%fé?, compound (2c) (25%)
was preparetheisracydiiteysniig arsing compbdand 21 fdnate adtofatenipeendydin). 1H-NMR (DMSO-dO 8 8.41

(1H, d, J=5.00 Hz), 7.25 (1H. d. J=5.00 Hz), 2.64 (3H. S): LRMS (ESI) m/z 168 [M+H]*. [0099] Example
2(0) 2-(Tran IR RS IR Al Wit yarctidta

quinolin-3-y1)-3-
methyl-1H-pyRaizaio[Gyeniplyritirstiuydt epdoaiitsil g i) halH0064 E(F) 111511ng 3 #dctording to Example
1(4), 3-{3-methyl-1H-pyrazolo[3,4- b]pyridin-4-yltquinoline (17%) was prepared as a white solid using
compound () SRS Coh SSURLELF REEIA Ao Bample 18y |+ TomHSaAGT
2-bromo-4-{&gfauinalio 13-y 1) i8 anigthpbdirapyraadigftodybpauisinrladirengenitrile was prepangd using
3-{3-methyl-1H-pyrazolo[3,4- ridin-4-yl}quinoline instead of compound (1d); and according to
Example 1(6?,%'%?3}5%?[ Q%&)%W@@é]%?\ &é&@ 9@@?%9%) was preparedg'aiugw solid using
2-bromo-4-{4x(enonofior3idraintgibiy: 1H-pyrazolo[3,4-b]pyridin-I-yllbenzonitrile instead of compound
(le). 1H-NM Dr\éﬁo-d@ 89.15 (1H, d, J=2.08 Hz), 8.96 (1H, d, J=1.71 Hz), 8.85 (1H, d, J=4.88 Hz),
8.71 (1H, d, )50&15_ 68 Hz), 8.65 (1H, dd, J=8.78, 1.71 Hz), 8.17-8.12 (3H, m), 7.90 (1H, t, J=7.62 Hz), 7.75
(1H, t, J=7.62 Hz) ThéEothpbuhd bt 48P idganlidAbbh isukRdYI® (ESI) m/z 440 [Verktlbly a

compound represented by the general formula (1) or a salt thereof

wherein X 'is CH or N; X 2isN,andX  *andX *areCH;Y ‘l'andY %are

CH, any one or two of Y 2andY “are C-R * and the otheris CH; R !
is any of an optionally substituted 1H-imidazol-1-y | group, an
optionally substituted pyrazol-4-yl group, an optio nally

substituted thiophen-3-yl group, an optionally subs tituted furan-

2-yl group, an optionally substituted pyridin-3-yl group, an
optionally substituted pyridin-4-yl group, an optio nally

substituted indol-5-yl group, an optionally substit uted 1H-
pyrrolo[2,3-b]pyridin-5-yl group, an optionally sub stituted
benzofuran-2-yl group, an optionally substituted qu inolin-3-yl

group and an optionally substituted 5,6,7,8-tetrahy droquinolin-3-

ylgroup; R ?is an alkyl group having 1 to 6 carbon atoms which

optionally has a halogen atom, or an alkenyl group having 2 to 6
carbon atoms; R %is-CO-R ° R “is a halogen atom, an alkyl group

having 1 to 6 carbon atoms which optionally has am ono- or di-(C1-

C6 alkyl)amino group or a monocyclic 5- to 7-member ed saturated
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[0100] Example 2(5) 2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin-3-y1)-3-
methyl-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (2) According to Example 1(7),compound(2)(92%)was
prepared as a white solid using compound (2d)instead of compound (1f).
1H-NMR(DMS0-016)89.16(1H,s),8.76(1H,d,J=4.63Hz),8.71 (1H,s),8.45 (1H,d%6? BE-HA8 1
(2H,d,J=8.29Hz), 7.90 (1H,t,J=7.56 m),7.56-7.46 Hz)7.87(1H, (3H,m),7.14 brs),7.85 (1H,brs),

(1H,s),7.80-Mheg®@rocyclic group having one or two of any heteroa tomof N, S and
O, an alkoxy group having 1 to 6 carbon atoms, -N(R %R "),-SR Bor
-CO-R% R ®is an amino group or a mono- or di-(C1-C6 alkyl)am ino
group; R ®is a hydrogen atom or an optionally substituted al kyl
group having 1 to 6 carbon atoms, and R "is a hydrogen atom, an
optionally substituted alkyl group having 1 to 6 ca rbon atoms, an
optionally substituted cycloalkyl group having 3 to 7 carbon atoms,
an optionally substituted aralkyl group having 7 to 12 carbon
atoms, an optionally substituted aromatic hydrocarb on group having
6 to 14 carbon atoms, a monocyclic or bicyclic opti onally
substituted saturated heterocyclic group having 1t 0 4 heteroatoms
selected from N, S and O, or a monocyclic or bicycl ic optionally
substituted unsaturated heterocyclic group having 1 to4
heteroatoms selected from N, S and O, or R andR ’formab5-to 7-
membered saturated heterocyclic group, together wit h the nitrogen
atom to which they are bonded; R 8 is an optionally substituted
cycloalkyl group having 3 to 7 carbon atoms, or an optionally
substituted aromatic hydrocarbon group having 6 to 14 carbon
atoms; and R 9 is a hydrogen atom, a hydroxyl group, an amino gro up

or a mono- or di-(C1-C6 alkyl)amino group.
[0053]
The compound of the present invention can be produ ced, for
example, according to the following reaction scheme
[0054]

Reaction Scheme 1
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4.59(1H,d,J=4.39 (2H, Hz), 3.52(1H,brs), 2.28(3H,s), 2.12(2H, 2,J=10.2Hz),1.89 (2H, 2,J=10.2Hz),
1.43-1.22(4H, m);LRMS(ESI)m/z493[M+H]*. [0101] Example 3

THO064 E(F) 111511

2 2 ZZ Rl
R R
Step 1 Step 2 Step 3
X4 P 47N R P X4\ P X4 XY\
P Y P S N
Sy 2 1 S 2 1 S 2 N 2
X Z H X H
(D 2 (3) (4)
[0055]
In the Reaction Scheme 1, Z L represents a halogen atom; Z 2
represents a hydrogen atom or a halogen atom; and X 2X 33X 4R1?

and R 2 are as defined above.

[0056]
<Step 1>

Step 1 is the step of reaction of an easily obtain able
compound represented by the general formula (1) wit h a metal
reagent such as a lithium reagent, and then introdu cing thereto a

carbonyl group corresponding to R 2,

Examples of the metal reagent used include lithium

diisopropylamide, lithium bis(trimethylsilyl)amide, sodium
bis(trimethylsilyl)amide and potassium bis(trimethy Isilyl)amide.
The metal reagent is preferably lithium diisopropyl amide and is
preferably used at 1 to 2 equivalents with respect to the starting
compound (hereinafter, the term "equivalent” means equivalent with
respect to the starting compound). The reaction te mperature is
preferably -78 to 0 °C, and the reaction time is preferably 10

minutes to 2 hours. An ether solvent (e.g., tetrah ydrofuran (THF)
and diethyl ether) or a nonpolar solvent (e.g., ben zene and

toluene) can be used as a reaction solvent.

Subsequently, a carbonyl group corresponding to R 2 can be
introduced thereto through reaction with an ester, Weinreb amide
or aldehyde form of R 2, When the aldehyde form of R 2is used, the
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THOO064 E(F) 111511 2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin-3-y1)-3-
ethyl-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (3) [0102] Example 3(1)
3-Ethyl-1H-pyrazolo[3,4-b]pyridine (3a) Normal-butyllithium (a 2.6 M solution in hexane, 87.0 mL)
was dropwise added to a solution of N,N-diisopropylamine (23.0 g) in THF @t¢d15(t 18dellinder a
nitrogen atmosphere, followed by stirring for 10 min. Then, a solution of 2-fluoropyridine (20 g) in THF
(100 mL) wasldenmdibgdaniytibim tize teasiigecsslmianusital 78C, followed byrséitnotbkfmvin ir. Subsequently,
a solution of propionaldeh (15, in_THE (100 ml) was dropwise added to the reaction solution at
-78C. The re%c?ti%rrﬁ’) i‘%lﬁﬁ%ﬁé%v%ag )\(/Ivogar%g(rje ocl_{rlgo?’nwt%e?r(}%?érature and was pou?enaal?] %%%% (100 mL),
followed by editradéion thathke tloyhradetate.calmygampdayer was washed witlegatasttetogaline and then
dried over armgdreonuesawodrir%mas fate. The solvent was distilled away to obtain a colorless oily substance
(32.0 9). Withou?performlng purtfication, celite (28.5 g) and pyridinium chlorochromate (53.0 g) were
added to a s@d08@h of the colorless oily substance in dichloroethane (200 mL), followed by stirring at 40C
for 2 hr. Pyritlig[‘%nghlorochromate (13.0 g) was further added to the reaction solution, followed by stirring
at 40C for 2 hr> Th& Teaction solution was filtrated using celite, and silica gel (300 g) was added to the
filtrate, followed byssipidng thay Gemiof, rélictitionf treccetipoumad/p200 ML of chlorof@sertierEeytimes and 200
mL of ethyl acetate twice. Tlle lvent as distilled away to obtain a brown oily substance (31.0 g).
Without perfole i FalRTbh S RETRERB S I2HES.0 mL) was add& 54 56BN of the brown
oily substanas (ddo0rg) rspresini@&Ronthe tellene dobyséindgng at 90C for 30 min. THO064 E(F) 111511 After
cooling, the reactign solution was d'stribute%b tween ethyl acetate and water. The organic layer was
washed with satur(ﬁ&& fﬁ@qu‘f&rhbfsaf%ﬂ Yl‘gr&%%rhéfﬂ%ﬂ?%%s sodium sulfaté'.d'rfﬂggl,n&e solvent was
distilled awanyarabitaimyadrotpiitidd &8a)cattne gsébiathitd Stage yield: 86%) agjavadia oily substance.
1H-NMR (CDC13) 8 11.45 (1H, brs), 8.57 (1H, dd, J=4.6, 1.5 yzz, 8.09 (1H, dd, J=8.0, 1.5 Hz), 7.13 (1H,
dd, J=8.0, 4.618/Pa6teD fompeaies i§ MglerfMQ3n, t, 1=7.6 HD L R/PSFRSPPIIL™148 [M+H]*. [0103]
Example 3(2h 3diiémti-aitt e a2adabs, dnidpy petifeabp3aiem (3b) Accordingde&xasople 1(2), compound
(3b) (69%) was prepared as a white solid using compound (3a) instead of compound (la). 1H-NMR
(DMS0-016) FYB oD HIOMNG st 1g0-¢melRolsthanga (1H, d, J=8.1 97%.11 (1H, dd, J=8.1, 6.1
Hz), 2.91 (2Hssprdpanbya cneP dQrbri (3¢, Gelrtdly WBMS (ESI) m/z 164 [Mehigihd0104]

diisopropyl ether), an aprotic highly polar solvent (e.g.,
dimethylformamide, dimethylacetamide and dimethyl s ulfoxide), or a
mixed solvent thereof can be used as a reaction sol vent.
[0058]
<Step 3>

Step 3 is the step of introducion of R ! to the azaindazole
compound represented by the general formula (3) to produce an
azaindazole compound represented by the general for mula (4).

When Z 2 in the general formula (3) is a hydrogen atom and X2
is a nitrogen atom, the nitrogen atom represented b y X Z?is
converted to an N-oxide form, and Z 2 can subsequently be
halogenated.

The conversion of the nitrogen atom represented by X?toan
N-oxide form can be performed by producing the N-ox ide form
through reaction with an oxidizing agent, for examp le, hydrogen
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Example 3(3) 4-Chloro-3-ethyl-1H-pyrazolo[3,4-b]pyridine (3c) Phosphorus oxychloride (11.1 mL)
was added to a suspension solution of compound (3b) (19.5 g) in dichloroethane (240 mL) at room
temperature, followed by stirring for 30 min. The solvent of the reaction solution was distilled away, and
then acetonitrile (40 mL), methanol (40 mL), and water (80 mL) were added {888 FéEidid Shkter
adjustment of pH to 9 with an aqueous sodium hydroxide solution, water (400 mL) was added thereto.
The precipitapermadequi ipatbidrbpditiestioir, acmlshtd b srinkling methanol (4@lemty imaater (300 mL), ether
(60 mL), and hexane (30 0064 E(E) 111 mL entially, and dried under reduced pressure to
obtain compgﬁﬁ"@?ﬂc gf‘ied‘.g%%?%'(% ré"w‘??ﬁ]hjos%ﬂ?cftﬁ%ﬁ- MR (CDC13) 8 zﬁ (1H, d, J=5.1 Hz), 7.13
(1H, d, J=5.1digh)ordctBa(®) adfydird@carbix) shivieh(Bg.1 héx@6 Hz); LRMS (EH) mefab@fiul+H]*. [0105]

Example 3(4) 4-Chloro-1-(1-ethoxyethyl)-3:-ethyl-1H-pyrazolo[3,4-b]pyridine Ethyl vinyl ether (3.7
mL) and (+)-l ~can p%%%‘ﬂﬁ osrﬁgl](\:/ %Péiée 'é).’le:ély%f(\e/vg%gs@quentially added to gn(é%'t%ﬂ%f compound (3c)

(2.36 g) in THRA fBréhyudffiai)veec by st solgeat e@oor 30 min. After cooliBghdbrguesdigtion solution was

distributed begween ethyl acetate and a saturated agueous sodium bicarbonate solution. The organic
layer was Wa%sth(é"’1 rvl\?l hnélé) A ie(? sﬁ!'arl?rﬁjg.h f%aecg?a%ﬁlc Paf/)éc’ S}é?{éjr the washing v?a%xﬁcrﬁ%'g%’er anhydrous

sodium sulfatexaiyhdhibedet i cspeniswagotistitiedtaoay clilhe residue was puorified by neutral silica gel
column chromatqgraphy (n-hexane/ethyl acetate) to obtain compound (3d) (3.0 91%) as an oily
cubstance. 1A CEBEOL PG & HEEEA b P00 (1. d. 951 AASHS LA g o261 o),
3.43-3.53 (1HalmeR sulvén? e (@Hshojofbidd (RiHlothrdehdnklz), 1.40 (3H, t, JaAd Hz), 1.12 (3H, t, J=6.8
Hz); LRMS (ES]) m/z 254 [M+H]*. [0106] Example 3(5) 3-(3-Ethyl-1H-pyrazolo[3,4-b]pyridin-4-yl)quinoline
5y To AR BN FALGS (o B B s acded 1o o SORHAE pound (3d)
(3.01 g), quinolires};aarenis scidk(? (6.0 gptanehargesieous sodium carbonaigesgline (2 M, 23 mL) in
ethylene glycol imeh%rgft&gr (30 mL? ugde[ a ni roge%r]g atmosphere,

and tetra n), or a mixed solvent the

For a compound represented by the general formula (3) having
the halogen atom represented by Z 2 a Suzuki coupling method or
aromatic amine can be used to produce an azaindazol e compound

represented by the general formula (4).

[0059]

The Suzuki coupling method can be performed accord ing to a
method described in Chemical Review, 1995, 95, 2457 -2483. Boronic
acid or boronic acid ester corresponding to R ! can be synthesized
by a usual method known in the art. When a halogen compound
corresponding to R ! is easily obtainable, the compound represented
by the general formula (3) is converted to boronic acid or boronic
acid ester, which can then be subjected to the Suzu ki coupling
method in the same way as above to produce an azain dazole compound

represented by the general formula (4).

[0060]

Moreover, the reaction with aromatic amine can be performed
by reacting aromatic amine such as imidazole or tri azole with
halogen-substituted azaindazole represented by the general formula



THO0064 E(F) 111511 followed by stirring at 85C for 25 hr. The reaction solution was distributed between
ethyl acetate and water. The organic layer was washed with saturated saline and then dried over
anhydrous sodium sulfate. After distillation of the solvent, 1,4-dioxane (23 mL) and 6 N hydrochloric acid
(23 mL) were added to the residue, and the resulting mixture was stirred at To88¢4&eiperbtate for 90 min.
The pH was adjusted to 7 with an aqueous sodium hydroxide solution, followed by extraction with ethyl
acetate. The @jdlanicolapeclembiatditbwith spithesisdTsaline. The organic kigegagtien the washing was
dried over anhydrous,sodium sylfate, and then th lvent was distilled away..The residue was purified by
neutral silica%e L(l:% aﬁl r% %E%?%ét%tér%tp%??ﬁzﬁgigﬁé% Ef/rl acetate) to obtain%)(grrlgggnund (3e) (0.942 g, the
second stageeyipieraR e dsedboilmtepediichf AaVIRI(ECDC13) 8 11.64 (1H, besict0dniéH, d, J=2.2 Hz),
8.67 (1H, d, J=4.6 Hz@ 8. H. d. J=2.2 Hz7), 8.24 (1H, d, J=8.3 Hz), 7.956éﬂ}H .J=7.8 Hz), 7.85 (1H, t,
1283 Ho), 7 0 CeS Bt s U A USRS 55 o o a7 A TBaGam, ¢ 07 6 ki
LRMS (ESI) ayaialén{d/n . pies6ride oEadameeNdgBover, t he reaction can
2-Bromo-4-{4-(quinolin:3-y1)-3-ethyl-1H-pyr zolo%3 4- yridin-1-yllbenzonitril (?_? According to
Example 1(5 ,Igc(:%(;brﬁ)ﬁ)oeﬁfr? : 5%3%&%?@‘!3%%@%% aégué:%v%ite solid using césrﬁgg%gr?u fé) instead of
compound (lebp@drl-NMR (DMSO-d6) 8 9.14 (1H, d, J=2.2 Hz), 8.99 (1H, d, J=2.2 Hz), 8.86 (1H, d, J=4.9
Hz), 8.70 (1H, s), 8,66 (1H, d, J=8.8 Hz), 8.10-8.22 (3H, m), 7.91 (1H, t, J=8.3 k&; 7.75 (1H, t, J=7.3 Hz),
7.56 (1H, d, J=4.9 H?)?%‘.’@‘??((ﬁﬁf?d? 5%%’8@5‘?‘% §‘%§<?‘i@z7.6 Hz): LRMS (ESH A%/2 %54 [M+H]*.
THO064 E(F)irdelilibdid 0d&tbn. Exasxalesé/ a2 dfheassid-hydroxycyclohexylamiea)-4-{4-(quinolin-3-y1)-3-
ethyl-1H-pyrazo|o ,4-b%{%/ri(gn-.1- Ibenzamide (3),.  According to Example 1(6), a crude product of
2-(trans-4- h 8&@%% >gy ﬂ%% _Qg(){ﬁt_ aﬂ?n %%ﬁ?é—ethyl-alyrazol '[‘?jHEB Byridin-l-ylIbenzonitrile
was preparedigsipgdatarspoanddf) diateagdiehteongguitdle) and was usedtigldbetambrequent reaction
without being purified, According, to Example 1(7), compaund (3) (the second stage yield: 49%) was
prepared as 3&}%'{8%@9&5“ ﬁ@%goﬁ-?t@ﬁggﬁ yﬁ%ﬁﬁé)éfohexylamino)-4-{49antbgusyag‘
(quinolin-3-y10eg®thyl-1H-pyrazolo[3,4-b]pyridin-I- yllbenzonitrile Instead of compound (1f). 1H-NMR
(DMSO-d0 8 9.14 %H d, J=2.2 Hz), 8.76 (1H, d, J=4.9 Hz), 8.69 (1H, s), 8.44 (1H, d, J=7.1 Hz),

8.12-8.20 (2'REARION PEPR®R ¢5H. m), 7.49 (1H, d, J=8.8 Hz), 7.45 (1H, d, J=4.9 Hz), 7.14 (1H, brs), 4.58
(1H, d, J=4.4 Hz), 3.30-3.60 (2H, m), 2.66 (2H, q, J=7.6 Hz), 1.80-2,20 (4H, m), 1.22-1.50.(4H, m), 0.96
(3H, t, J=7.6 Hz): LRMSJESI) m/z 507 [M+H]*.
(AR B B A 5 AN A
B da Yo ¥
~X%" “NHBoc ~X2” “NHBoc ~xz N “x N
5 (6) (7) (8)
R? R2
Step 7
_p> XN\
b
N y2 N
H
9)
[0062]
In the Reaction Scheme 2, Z 2 represents a halogen atom; Boc
represents a tert-butoxycarbonyl group; and X ZX 35X 4R *andR 2

are as defined above.
[0063]
<Step 4>
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Example 4  2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-
(quinolin-3-y1)-1H-pyrazolo[4,3-c]pyridin-1-yllbenzamide (4) [0110] Example 4(1)
4-Chloro-3-isopropyl-1H-pyrazolo[4,3-c]pyridine (4a) Normal-butyllithium (a 1.6 M solution in hexane,
8.13 mL) was dropwise added to a solution of N,N-diisopropylamine (1.99 rmtPR¢4HE) GbLAlL) at -78C
under a nitrogen atmosphere, followed by increasing the temperature to OC. Then, the solution was
cooled THO064 EG®d4 ibhe stepr@@ranadticn sbrnianat & thelichloropyridine (1.0meinyTHF (3 mL) wad
dropwise added thereto at -7 followed by stirring for 1.5 hr. Then, a solutiop. of isobutylaldehyde (1.85
L) in THE (o s e RS R SRt av 7 Toll s 85 g a the same
temperature foam30arbhuIinga, theeraattiem sedatianthesvpbured into ice watendnathallad extracted with
ethyl acetate(.: an]le (a;%aéwriﬁ]lap(eer was w uségng with saturat iga}gngﬂo%ncdartng organic layer after the
washing was qnea over anﬁyﬁrous sodium sulfate. Then, the Soivent was distilled away, and the residue
was purified pyrivemtd) filiegageglledocondoiy neategnapiggo-hexane/ethy| aibethie) to obtain
1-(2,4-dichloropyridin-3-y1)-2- ylpropan-1-ol (1.48 g, 99%) as a colorless oily substance. A solution
of DMSO (O.§)E1%elsr'1$§8§%0r§grﬁeé§?ane (5 mL) and a solution of
1-(2,4-dichlofopg4idin-3-y1)-2-methylpropan-1-ol (1.39 g) in dichloromethane (5 mL) were sequentially
added to a sgl$tio gf oxalyl chloride (0.8 mL) in dichloromethane (30 mL) at -78C, followed by stirring for
30 min. Then, }Fé)t ylamine (3.52 mL) was added to the reaction solution at OC, followed by stirring for 1
hr. The reaction s@wjob isvie prpretfonimios viatenaiod vfascextracted with chlorofgsoundhe organic layer
was washed with saturated saline. T[:{e organic layer after the washing was dried over anhydrous sodium
sulfate, and (HBTF RS B L R E): TR MUShive was purified bY ARG En gel column
chromatograpawdnyhgiapeseipeaoataig)cielixataim und2récdichloropyridin-3eyd gehdiiiiy | propan-1-one
(1.18 g, 86%) as a colorless_%ilﬂ?substance. H¥drazine monohydrate (1.3 mla_zbwas z%g%(yed to a solution of
1-(2,4-dichlo VW%’?YL)NE gﬁﬁﬁ%ﬁéﬁ@ -'8%0(6%%%) in THF (13 mL), OHE stirring at room
temperature fefmbalicvegrtiented bYhéajererar fobalse@gtion solvent was distilled away under reduced
pressure, and THO064 E(F) 111511 the residue was purified by neutral silica gel column chromatography

(n-hexane/ethyl acktaf)'e9 BHG P ¥ORPBGHERESS 8B NEE5Ns a colorless FANE B Rance. 1H-NMR

(DMSO-d6) §63.6¥h @etotmder in e adne’ vi) B+ SledaS 4ddHz), 3.69 (1H, qhdreedtédr), 1.35 (1H, d,
J=6.83 Hz); LRMS (ESI) m/z 196 [M+H]*. [0111] Example 4(2)

3-(3-1sopropy RNy A STBATRRRYFg: S1A) [RB  RG 8 e, preferably
N,N-dimethylformamide, to introduce thereto a carbo nyl group.
Hydrochloric acid, sulfuric acid, trifluoroacetic a cid, acetic
acid, or the like can be used as the acidic conditi ons for
performing cyclization simultaneously with deprotec tion reaction.
Hydrochloric acid is preferable. The reaction temp erature is
usually 0 to 100 °C, preferably 0 to 60 °C. The reaction time
differs depending on the reaction temperature, the starting
compound, reagents, and solvents used, and is usual ly 15 minutes

to 5 hours, preferably 30 minutes to 2 hours.

[0065]
<Step 6>

Step 6 is the step of acquisition of an N-oxide fo rm of the
compound represented by the general formula (7) usi ng an oxidizing
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Dihydropyran (10.0 mL) and (+)-10-camphorsulfonic acid (0.062 g) were sequentially added to compound
(4a) (0.55 g), followed by stirring at 80C for 30 min. After cooling, the reaction solution was distributed
between ethyl acetate and a saturated aqueous sodium bicarbonate solution, and the organic layer was
washed with saturated saline. The organic layer after the washing was driedfdR&4 Ry didadlsodium
sulfate, and the solvent was distilled away. The residue was purified by neutral silica gel column
chromatograpbentrahesalpe/gtiytiabatagehatinoitted iNoxidbia-3- m to obtain a
isopropy1-1-(tetrahydro-2H-pyran-2-y.1)-1H- zolol4 . 3-c]pyridine (0.727 g, 93%) as a colorless oily
substance. S% S %%%inc[?p’r ég&tﬁ% ié%e%@?ﬁ%s%rﬁmg@lladium(0) (0.149 g) was added to a solution of
the colorless oily slitstziaged0 ¥2Feghronac olithe-Sarbewaycaacidt€0.539 g), and ap 3gueous sodium
carbonate salution (1 M, 13 mL) in ethylene glycol dimethyl ether (26 mL) under a nitrogen atmosphere at
85C for 25 hr. reaction solution was distributed between ethyl acetate and water, and the organic
layer was washteg With saturated saline and then dried over anhydrous sodium sulfate. After distillation of
the solvent, THF (5,2 % nd concentrated h chloric acid (2.6 wwere added to the residue,
followed by stirring;g ge[pg% %)ef r.&ﬁ Hteroﬁiﬂc\'/(\?zri/sgfr 0064 E(F) 1llﬁ ggﬁjns]Peoé' ?g 7 with an aqueous
sodium bicariepnedersediuiiothefodioevalddomnetat(@ction with ethyl acetate. The organic layer was washed with
saturated saline. The organic layer ?fhert e washing was drie%over anhydrous sqdium sulfate, and then
the solvent was distiffe Mﬁ.%e &4t 'Q/Qg 86 [ 'e‘%algfﬁé fFal silica gel coltﬁ?fﬁ ﬁ%romatography
(n-hexane/etbytacatade hiimoletabmponmaaepabdhie(Dod ¥regeine third yield: BP4dpasuawhite solid. 1H-NMR
(DMS0-016) 8 13.3 (1H, s), 9.14 (1H, d, J=2.10 Hz), 8.63 (1H, d, J=2.10 Hz), 8.43 (1H, d, J=5.85 Hz),
8.13 (1H, d, J=8.05 Hz), 8.12 (1H, d, J=8.05 Hz), 7.85 (1H, td, J=8.05, 1.22 Hz), 7.69 (1H, td, J=8.05,
1.22 Hz), 7.5p¢8H, d, J=5.85 Hz), 3.00 (1H, d, J=6.83 Hz), 1.01 (1H, d, J=6.83 Hz); LRMS (ESI) m/z 289
[M+H]*. [011% Example 4(3 2-Bromo-4-{ 4- (quinolin-3-y1) -3-isopropyl-1H-pyrazolo [ 4, 3- c]
pyridin-1-y1 | %ﬂgﬁ’ﬁﬁéﬁgi&g}?’ According to Example 1(5), compound (4c) (44%) was prepared as a
white solid using compound (4b) instead of compound (1d). 1H-NMR (DMSO-d6) 8 9.18 (1H, d, J=1.95
Hz), 8.70 (1H, d, J=2.20 Hz), 8.68 (1H, d, J=5.98 Hz), 8.31 (1 95 Hz), 8.15-8.12 (4H, m), 8.06
(1H, d, J=5.98 Hz), 7.88 (1H, t, J=781 Hz), 7.72 (1H, t, J=7.3% 05 (1H, q, J=6.71 Hz), 1.07 (6H, d,
J=6.71 Hz); LRMS (ESJ) m/z 468 [M H]% [0113] Example 4%) A,
2-(Trans-4-hygs hexylamin@gz- -isoproéﬁpﬁ- ~x2T TN

(quinolin-3-y1}<L31H- ra;bjlo[4F,3-c]p§q§Qi Y.yllbenzamide (4) Acco}dqu to Example 1(6), 2-(trans-4-
hydroxycyclohexytamiflo)-4-{3-isoprop -?-(quinolin-3-y1)-1Hpyrazot?[4,3\x\((:;1pyridin-l-ylIbenzonitrile was

prepared using TH0064 E(F) 111511 R Y3§<

4 or (9 (10) w R
[0068]

In the Reaction Scheme 3, Z ! represents an eliminable
functional group such as a halogen atom; and X IX?2X3X 4R LR 2
R,Y LY 2Y %andY *are as defined above.
[0069]
<Step 8>

Step 8 is the step of reaction of the nitrogen ato m at
position 1 of the azaindazole compound represented by the general
formula (4) or the azaindole compound represented b y the general
formula (9) with halo-substituted phenyl, halo-subs tituted

-37-



compound (4c) instead of compound (le) and was used in the subsequent reaction without being purified.
According to Example 1(7), compound (4) (the second stage yield: 30%) was prepared as a white solid
using 2-(trans-4-hydroxycyclohexylamino)-4-{3-
isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[4,3-c]pyridin-1yllbenzonitrile instead dPQ&ShFIBLAEELPAY. 1H-NMR
(DMSO-d6) 8 9.19 (1H, d, J=1.95 Hz), 8.70 (1H, d, J=1.95 Hz), 8.60 (1H, d, J=5.85 Hz), 8.48 (1H, d,
J=7.56 Hz), ®yiBli(k-ihalpBudHitlitdd \BimBlidHpdthgiBes4 Hz), 7.92 (1H, brsyepr&emaubiBH, m) 7.72 (1H,
t, J=7.44 Hz), 7.23 (1H..brs). 7 1H, d.J=1.95 H7). 6,90 (1H, dd, J=8.54, 1.95 H .56 (1H, d, J=4.15
Hz), 3.49 (1A',]%Ps%?%%éofm',aq(?ﬁl%.gg%%%5“&?11,”3,“30:10.9 Hz), 1.84 (’fﬁ?%?f@?(@?g Hz), 1.37-1.20
(4H, m), 1.07€heratfalmbl8B)Hz); LRMS (ESI) m/z 521 [M+H]*. [0114] Example 5
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-

(Quinolin 3y 2L a-cloyrmiis Toued e e sy e gse s
2-Bromo-4-{4efquilaqtio) 2l hSasy pliopyddétfyyraraiag®dp clpyridin-l-yllbenZaitniessa) According to

Example 4(1), 4-bromo-3-isopropyl-1Hpyrazolo[3 4-4 ridine (the third stage yield: 45%) was prepared
as a white so igrﬁgﬁ%@%&éﬁgorﬁg?p%?f@nae |rr(1)sr?er};1éda g F?élr-lcgldichloropyridine.g‘ixccording to Example 4(2),

3-{3-isopropytifitdpyreto)sididag] pyoiginMerdhyeingline (the third stagergieldb§Gdh) was prepared using
4-bromo-3-isopropyl-1H-pyrazolo[3,4- ridine instead qf compound (4a). According to Example 1(5),
compound ﬁ%‘g‘%ﬁ'\gfﬁsﬁé’iﬁq a&%ﬁﬂe\%’ﬁ?ﬁgﬁ%‘ﬁgd as a white soli NS
3-{3-isopropystdHma aital ofdudbs] pykidiordbyliciioptasentsiend of compound fikdyeietaNMR (DMSO-dO 8
9.53 (1H, s),f9.11 %}ﬁ?d J=1,|71 %}i’ia%l% (1H, d, J=1 95 Hz), 8.46 (1H, s)ﬁegQ (1H, d, J=1.95 Hz), 8.17-
8.14 (aH, m) OBYHLY) §s sasily obigfiable orqaul he sYDtBoS "> 94 (1H, ¢, FE 98 Hz), 1.06 (6H, d,
J=6.95 Hz); |RMPIE-&drording 684 MetHbt Hetdmdoxampienbs?) is 1975, 502 or
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-

(quinolin-3-y )I\fﬁ}/p?/%l&%ﬁé ﬁ%:fn-l-yllbenzamide (5) According to Example 1(6), 2-(trans-4-
hydroxycyclohexylamaaedrial; isefseipy-6.4 av nplti ol gié)cdinpyrazolo[3,4-c]pyrigmshyllbenzonitrile was

prepared using compound é%a&ﬁinstead of coagound le); and according to Example 1(7), compound (5)
(the second SERGESSHLRS. 016 4paS BHSSTHA AOF R 5Hh using win réspect

2-(trans-4-hy@roxyslsi eleczonaimine) réptésented by the general formula (4) or
isopropy1-4-Equ_inoIin-3-y1_)-1H- yrazolo[3,4-c]pyriqin-1yllbenzonitrile instead ofoco_mpound (2f). IH-NMR
(DMSO-do 8@ ereagtian /4 Q18P 9=1.71 Hz), &.6AiEERLY, 220 3547), 8.48% 18, J=7.32 Hz), 8.37
(1H, s), 8.15 4pptofriate&aAdehtzh Belgréddhcd ol 0328 1d%ho! - 94-7.83 (3H, m), grdférbbly, t. J=7.56 Hz), 7.23
(1H, brs), 7.09 (1H, s), 6.97 (1H, dd, J=8.29, 1.71 ;'ini 4.56 (1H, d, J=4.59 Hz), 3.52-3.38 (2H, m), 2.95
(1H, g, J=7.0%§2)? ekofsbage o 0B b5, cOBRQoM '§PI=10.7 Hz), 1.42-523GRY 6, 1.06 (6H, d,

J=7.07 Hz); l.RMralferhun/d521 [M+H]*. [0117] Example 6

The solvent used is not particularly limited as lo ng as it
does not influence the reaction. Examples thereof include
acetonitrile, tetrahydrofuran, dioxane, diethyl eth er, diisopropyl

ether, benzene, toluene, N,N-dimethylformamide, N,N

dimethylacetamide, N-methylpyrrolidone and dimethyl sulfoxide.
These solvents can be used alone or as a mixture. An inorganic
base (e.g., lithium hydroxide, sodium hydroxide, po tassium
hydroxide, calcium hydroxide, barium hydroxide, lit hium carbonate,
sodium carbonate, potassium carbonate, sodium hydri de and cesium
carbonate) or an organic base (e.g., pyridine, luti dine, collidine,

4-(N,N-dimethylamino)pyridine, triethylamine,
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THOO064 E(F) 111511  2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-
(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-l-yllbenzamide (6) [0118] Example 6(1)
3-Isopropyl-1H-pyrazolo[3,4-b]pyridine 7-oxide (6a) According to Example 3(1),
3-Isopropyl-1H-pyrazolo[3,4- b]pyridine (the third stage yield: 62%) was prelfa?et(R) Jiell oily
substance using isobutyl aldehyde Instead of propionaldehyde; and according to Example 1(2),
compound (6Bl etiadamnaea et diszahidytwdddif]osing 3-Isopropyl-1H-psmeazoid[B384-b]pyridine instead
of compound (la)., 1H- DC1 8,37 (1H, d, J=5.9 Hz), 7.80 (1H, d, J=8.3 Hz), 7,05-7.15 (1H, m),
330 (11 g, R AL ST B . 178 e St S S e 502
4-Chloro-3-ishpreaygtidi--ay aizo o perbimaddinéhésiddition According to Exanfimeppés Xl)compound (6b)
(58%) was preﬂ%ig?s a white solid using compound (6a) instead of compound (Ib). 1H-NMR (DMSO-d0

88.41 (1H, £ N'%7.27 (1H, d, J=4.88 Hz), 3.64 (1H, q, J=6.95 Hz), 1.37 (1H, d, J=6.95 Hz);
LRMS (ESI) m/z 196§ ¥H]an[0Y 20jrEkanyaiersl 8)rdwa-(Bepeapytrbblhmyoazolo[3,4-b]pyridin-4-yl}quinoline

(6¢) According tqg Example 1(4), compound (6¢) (65%) was prepared as a white solid using
compound () PR LTSRS TR ORA NI T RO Te) 3 155 (1 CUr LR TR, d. 902 20 Ho),
8.62 (1H, d, HideRtkH ) 18I HrhuhhIreddidrHgih Srbmé1H, d, J=9.39 Hz), 8thidl(dHhd, J=9.39 Hz), 7.88

% TS R LS o g e oore 2o

method or the like. Moreover, when Y 2and Y “are a carbon atom
having a nitro group, the nitro group is reduced, b y a usual
method known in the art, to an amino group, with wh icha
substituent such as an alkyl chain can then be elon gated.

Moreover, whenY  2andY *are a carbon atom having a formyl or

ketone group, the formyl or ketone group is convert ed, by
reductive amination using a reducing agent such as a 2-picoline-
borane complex, to amine, with which a substituent such as an

alkyl chain can then be elongated.

[0070]

For the substituent such as a nitrile group, an es ter group,
or a nitro group represented by R S3orfor R “%inanyofY vy 2y
and Y *, the desired compound can be produced by a usual m ethod

known in the art.

For example, when R % is a nitrile group, a carboxamide
compound can be produced by a usual hydrolysis meth od known in the
art. Moreover, when R 3 is an ester group, a carboxylic acid
compound can be produced by hydrolysis and can furt her be reacted
with amine to produce the desired amide compound. When R®is a
nitro group, an amine compound can be produced by c atalytic
reduction or the like and can further be reacted wi th carboxylic
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[0121] Example 6(4) 2-Bromo-4-{3-isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4-
b]pyridin-I-yllbenzonitrile (6d) According to Example 1(5), compound (6d) (59%) was prepared as a
white solid using compound (6c¢) instead of compound (1d). 1H-NMR (DMS0-016) 8 9.13 (1H, d, J=2.20
Hz), 8.99 (1H, d, J=1.71 Hz), 8.85 (1H, d, J=4.88 Hz), 8.69 (1H, s), 8.65 (1FHIE6HESHA1L50E 1),
8.18-8.12 (3H, m), 7.90 (1H, t, J=7.25 Hz), 7.74 (1H, t, J=7.25 Hz), 7.53 (1H, d, J=4.88 Hz), 2.97 (1H, q,
J=6.83 Hz), hO8, (d¢¢yanate o8 BeilRe tRMIBI(EIS desired68 [M+H]*. [0122] Exanigsie@@pund,
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-

(quinolin-3-y?{?§$¥pn5?g%8ﬁciét%% Ip;‘j’)ﬁdin-l-ylIbenzamide (6) According to Example 1(6), 2-(trans-4-
hydroxycyclohexysioem)ed-£8-¢xapnapywiefuRinolin-3-§19-d kiiyyarn ctofB, 4hb]gesidid-1-ylIbenzonitrile was
prepared as a V\IlhétgoanliguuaiBgt%g}ﬁorund %@nhngg%%deo@ Cé)urggound (le); and according to Example 1(7),
compound (6‘3rf'tne seebnd’ stage yie a 6295 Was prepar%g as a white solid using 2-(trans-4-
hydroxycyclgéxy]lamino)-4-{3-isopropyl-4-(quinolin-3-y1)-1Hpyrazolo[3,4-b]pyridin-l-yllbenzonitrile
instead of compoupd (1f). 1H-NMR, (DMS0-016) 8.9.07 (1H =1.95 Hz), 8.69 (1H, d, J=4.88 Hz), 8.63
(1H, s), 8.36 (1H,Ltjﬁ‘3<=:9.289°#'|9 3 ﬂi?iﬁ?a,'ﬂ‘ég?gﬁnﬁe feé%%ééH, d, J=9.64 Hzg,’gﬁs-?.ea (5H, m), 7.42
(1H, dd, J=8 gehetar oitm)la (I Bafilats che oli&iBdd by edatiflH, brs), 4.53 (1Hg $)e 3atbpdurdbrs), 2.90 (1H,
g, J=6.83 Hz), 2.06 (2H, d, TH0064 E(F) 111511 J=11.4 HZz), 1.83 (2H, d, J=11.4 Hz), 1.34-1.17 (4H, m),
0.99 (6H, d, g(%%r%? ﬁ&q;kﬁ’ﬂkﬁﬁ%ﬂ%ﬂ%‘éﬂ I\ﬂﬂéi*".‘"fﬁlzs] Example 7 the compodnd
2-(Trans-4-hyepimegeyetihety aerism)-rtuiaqpoy pydeddiytidin3-y1)-1H-pyrazidoidbthd pyridin-1-yllbenza
mide (7) [0124] Example 7(1 2-Bromo-4-{3-isopropyl-4-(pyridin-3-y1)-1H-pyrazolo[3,4-
b]pyridin-I-yIIﬁélf‘?(;%tﬁpfﬁ(tyé)gon\’eﬂ@%?@rsal? %&Blg@% a crude prodﬁ&%é)fi op%8y1-4-
(pyridin-3-y 1 xibirhdaio arthe] 3ctdrdimd ittt washoepesepging compound (6b) Instead of compound (Ic)
and using pygg}i?n -3- boronic acid Instead of quinoline-3-boronic acid and was used in the subsequent
reaction with1%'6 ing purified. According to Example 1(5), compound (7a) (the second stage yield: 60%)
was prepareessionsigapreny!-4-(pyridin-3-y1)-1H-pyrazolo[3,4- b]pyridine Instead of compound (1d).

R2 (0] R2
NH,
z! 4 A\
>\ 2 Step9 HN)\ Step 10 ﬁN Step 11 f‘jf\é'\'
7Y P 7=Y? P HoN N P N N
e e W N
7 Y? Y2

4
Y%ﬁ( ‘o )Y i
YYo= Y \ vl \
\( \ Y4 \ Y4

(10) (11) RS RS
(12) (13)
Z2 R2 1 R2
T S
Step 12 / Step 13 /
—_— N —_— N N
>/\Y2 >/\Y2
vyl oo\ V2!
‘YH/Y“ \\(3\(\(4
R3 R3
(14) ()
[0073]
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1H-NMR (DMS0-016) 8 8.96 (1H, d, J=2.14 Hz), 8.82-8.77 (3H, m), 8.63 (1H, dd, J=8.60, 2.14 Hz), 8.13
(1H, d, J=8.60 Hz), 8.09 (1H, dt, J=7.85, 1.95 Hz), 7.63 (1H, dd, J=7.85, 4.76 Hz), 7.41 (1H, d, J=4.76
Hz), 2.95 (1H, q, J=6.83 Hz), 1.08 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 418 [M+H]*. {0125] Example
7(2) THO0064 E(F) 111511
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-(pyridin3-y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenza
mide (7)  Accortihg Rediampidei(®)4aZcrude proandtzof 2«€massrtan eliminable

hydroxycycl lamino -4%;-'50 ropy1-4-(pyridin-3-y.1)-1Hpyrazolo[3,4-b]pysidin4l-ylibepzenitrile was
prepared us(i)rljgg% %gﬁ)@( cﬁai%_ﬂ?%g 686%/% ’(aina%%stead of com;jo%nd Ie)dgnd %Ivaﬁeﬂsed in the
subsequent raatichardtaedebeidamyefied. According to Example 1(7), compound (7) (the second stage
yield: 79%) epared as a white solid using 2-(trans-4-hydroxycyclohexylamino)-4-{3-
isopropyl-4-(pyridin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1yllbenzonitrile instead of compound (1f). 1H-NMR
(DMS0-016) 83#ep®¢1H, s), 8.76 (1H, d, J=4.39 Hz), 8.69 (1H, d, J=4.63 Hz), 8.40 (1H, d, J=6.83 Hz),
8.06 (1H, d, J=7.32 Hz), .7.84 (1H, ), 7.80 (1H, brs 7.77nf91H d, J=8.23 Hz), 7.65- 7,45 (2H, m), 7.28
(1H, d, J=4.39 Hz)%t?ﬂ '?1'%‘? é%%?,ojfgﬁcﬁmoﬁhf%%%‘ﬁ‘z Te81 (1H, m), 2.93 (I?ﬁe”,t‘”:ii /65 Hz), 2.10
(2H, d, J=10Hetpndrd Tof@tdlao(10FMarbaHheirdz#2-th pibiid, m), 1.06 (6H, dek=by@atyr); LRMS (ESI) m/z
471 [M+H]*. [0126] Example 8 2- ( Trans-4-hydroxycyclohexylamino ) -4- { 3-isopropy1-4- (
oyricina-y1) D SR B RGN ) [0197] Example 8(1)
2-Bromo-4-{3-isopropydrdgye dim be/any bHhpyrazedo Hdrzimg pyridin-l-yl Ibenzgaistdea(ida)

According to Example 1(4), a cryde product of 3-isopropyl-4- (pyridin-4-y1)-1H-pyrazolo[3,4-b]pyridine
was prepare@@ﬁ%&@&%ﬁﬁlﬂ”é@ﬁﬁ%ﬁe&% d gailc) and using pyﬁ&fﬂ}ég NSoronic acid instead
of quinoline-Fhoreaigorcishriawas iy pRstdrabnecsioseuent reaction witiahBeteg purified. According to
Example 1(5), compqund (8a), (the second stage yield: 62%) was prepared usin

3-isopropyl-42-e(ﬁ9|lfﬁﬁ) '!H‘?ﬁ)‘%%fﬂ’?&*?%%&ﬂa{@,ﬂ‘?%?ﬁ%m ‘@instead of compoﬁaﬁ&%l}’iﬁ-NMR (DMSO0-016)
8 8.92 (1H, deks lnacitdan, &Bardiknd isbpfepandij@Rehe(F) 111511 solvent (e.g.,

tetrahydrofuran and diisopropyl ether), or an aprot ic highly polar
solvent (e.g., dimethylformamide, dimethylacetamide and dimethyl
sulfoxide) can be used as a reaction solvent. Alte rnatively, the
reaction can also be performed under solvent-free c onditions.
[0075]
<Step 10>

Step 10 is the step of reaction of the compound re presented
by the general formula (11) with acetonitrile in R 2 to produce a

5-aminopyrazole compound.
The acetonitrile used is easily obtainable acetoac etonitrile,

propionylacetonitrile, isopropionylacetonitrile,

trifluoroacetoacetonitrile, or the like, which can be used to
introduce thereto corresponding R 2. A mixed solvent of an

alcoholic solvent (e.g., methanol, ethanol and isop ropanol) and an
acid (e.g., concentrated hydrochloric acid, sulfuri ¢ acid, mesylic
acid and tosylic acid) can be used as a solvent. T he reaction
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Hz), 8.79 (1H, d, J=5.12 Hz), 8.63 (1H, dd, J=8.54, 1.22 Hz), 8.14 (1H, d, J=8.54 Hz), 7.66 (2H, d, J=5.12
Hz), 7.38 (1H, d, J=4.63 Hz), 2.99 (1H, g, J=6.58 Hz), 1.09 (6H, d, J=6.58 Hz); LRMS (ESI) m/z 418
[M+H]*. [0128] Example 8(2)
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-(pyridin4-y1)-1H-pyraAS4 2o pl#elA-1-ylibenza
mide (8) According to Example 1(6), a crude product of 2-(trans-4-
hydroxycycloeepdeatireo}-gréiisbiyroopt-teifpaiainrelty 1)elHpyrazolo[3,4-b]pindindititifenzonitrile was
prepared using compound (8a) inst fc nd.(le) and was used in t ubsequent reaction
without beinga%l(j):lr\(ﬁg?j.aﬂ%%(%f%aé} {8%%%{%%% ) I&’%znk%ound (8) (the se(:or?g4 S 3%%’yield: 58%) was
prepared as @Witite solid using 2-(trans-4-hydroxycyclohexylamino)-4-{3-
isopropyl-4-(pyridin-4-y1)-1H-pyrazolo[3,4-b]pyridin-1yllbenzonitrile instead of compound (1f). 1H-NMR
(DMS0-016) E.‘"P;l1 H, d, J=5.85 Hz), 8.70 (1H, d, J=4.63 Hz), 8.40 (1H, d, J=7.32 Hz), 7.83 (1H, d,
J=1.71 Hz), 7.77 (Stépd,Lis theéstelz pf TeactiiHbf kive ;ofpdu@dtred, J=5.85 Hz), 7.4d¢dehtettl, J=8.78, 1.71
Hz), 7.25 (1 J=4.63 7.12 (1H,.brs), 4,58 (1H, d. J=1.22 Hz), 3.50 ( rs), 2.96 (1H, q, J=6.83
Hz), 2.10 (2E’,yg,h‘3QEB%BIIQ?O%W@%]%M@,%%8?8“’1&(5‘?@5‘3.22 (4H, m), 1.@%@#&,3& 83 Hz); LRMS
(ESI) m/z 471o[Meddie FOdGAp&xaindesSente@ -y the gehdrptlimxycyclohexylammua)¥3)3-isopropyl-4-
(benzofuran-2-y1)-1H-pyrazolo[3,4-blpyridin-1-yllbenzamide 0130] Example 9(1) TH0064 E(F)
111511 2-Bro ?ﬁéﬁﬁﬁd%‘f}bﬂ%%wﬁﬁ%%f%@j‘i'ﬂﬁ?éa%}mIo[3,4- b]pyriE?l -I-yllbenzonitrile (9a)
According to dgxavalples] @Hhighdsoitiegproidtisioérd-isepropy1-4- iphenyl ether,
(benzofuran-2-y1)-1H-pyrazolo[3,4-b]pyridine was prepared using compound_(6b) instead of compound
(Ic) and usin§'§%§9‘3ﬁﬁ@?&ﬁ®é¥8ﬁi@ gg fﬁ%?e?&%ppal.%aﬁﬁﬂe-&boronic acitl 34 was used in the
subsequent ieastioniipeuileiRdprEHEeH- soagreiog to Example 1¢6), fRowagtida) (the second stage
yield: 25%) was prepared using 3-isopropyl-4-(benzofuran-2-y1)-1H-pyrazolo[3,4- b]pyridine instead of
compound (flﬁﬁ‘?iifffgﬂﬁ%ﬁgéﬁf 8 8.96 (1H, d, J=2.00 Hz), 8.81 (1H, d, J=4.88 Hz), 8.62 (1H, dd,
J=8.72, 2.00[b@)7B.14 (1H, d, J=8.71 Hz), 7.83 (1H, d, J=7.56 Hz), 7.80-7.73 (3H, m), 7.48 (1H, t, J=7.31
Hz), 3.83 (1H, g, J=6.59 Hz), 1.29 (6H, d, J=6.59 Hz); LRMS (ESI) m/z 457 [M+H]*. [0131] Example 9(2)
2-(Trans-4-h37§&89)}'&>clohexylamino)-4-{3-isopropy1-4-

(benzofuran-2-y1)skkhaw aantoftep wRxmgindtvi e aeoidBdS d

represented by the general formula (13).

The reaction can be performed using phosphorus oxy chloride,
phosphorus oxybromide, thionyl chloride, or the lik eatlto5
equivalents in a halogen solvent (e.g., chloroform and
dichloroethane) or an aprotic highly polar solvent (e.g.,
dimethylformamide, dimethylacetamide and dimethyl s ulfoxide) to
synthesize a compound represented by the general fo rmula (14).
[0078]
<Step 14>

Step 14 is the step of introducion of R ! to the compound

represented by the general formula (13).
This step can be performed in the same way as <Ste p3>to
obtain the compound represented by the general form ula (1).

[0079]
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According to Example 1(6), a crude product of 2-(trans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(benzofuran-2-y1)-1Hpyrazolo[3,4-b]pyridin-l-yllbenzonitrile
was prepared using compound (9a) instead of compound (le) and was used in the subsequent reaction
without being purified. According to Example 1(7), compound (9) (the secoré!QeR4&(fie:12884) was
prepared as a white solid using 2-(trans-4-hydroxycyclohexylamino)-4-{3-
isopropy1-4-(benzéfoeanrzegilistidd-phasubkifBettadpiridinrgihenzonitrile insteadofotempound (1f).
1H-NMR (DMS0:016) 8 8.73 (1H, d, J=4.88 Hz), 8.43 (1H, d, J=7.07 Hz), 7.86-7.76.(5H, m), 7.69 (2H, s),
7.48-7.46 (ZI\Ianr% ?”/%@?%iwf %ﬂé@e‘ﬁ”féﬂ%’ié&ﬁ% 27 44 Hz), 7.15 (1H,<l{)§?§)? if%o (1H, s), 3.80 (1H, g,
J=6.83 Hz), 3l&rhet] dveyeifliBgi2Hy a yebetietstimtjtded® (2H, d, J=10.0 Hz)whigledi®d4 (10H, m); LRMS
(ESI) m/z 51(r)e l\c/;lt-ilbwgt Ol’[%gllll in%ﬁamda & 1'90[18 a protect e group may be
2-(Trans-4-hydroxycyc ohexy ammo%-z{-%-lsopro y?-%—%\‘/uran-Z- grolip may
y1)-1H-pyrazotaj@,dol fytidi nedeyillb anbstinielet (18JvEOTLa3] Example 10(1) as appropriate,
2-Bromo-4-{3-isopropyl-4-(furan-2-y1)-1H-pyrazplo[3.4- b]pyridin-l-yllbenzonitrile (10a According to
Example 1(4 ,yamcr%régeBkBPod]u%?rosfes%}]sE?&%Fortpf)?(f-%iﬁ lﬁgrrg%e-ﬁl-\gl/l)-1H-pyrazolo[fzg-rgﬂg)ng”%%ewas prepared
using comporemab(@a)iy steandsdincom pothedii eftanitieisiegdaran-2-boronic adicansiteacbof
quinoline-3-bor9£ic aﬁid and was used i %%e S bseﬁguger{t reaction without b iré%‘gurified. According to
Example 1(55),r8 'Tlﬁﬁéu%%upﬁfé)c?{ﬁgoéjg ond <t eC9 R %%) was prepare8 d on,
3-isopropyl-dt{éuramibiyig dithieyserial ofddb hysidinepistead of compound ¢dibctddfiiidR (DMSO-dO 8
8.95 (1H, d, J=2.08 Hz), 8.71 (1H, d, J=5.00 Hz), 8.60 (1H, dd, J=8.78, 2.08 Hz), 8.1% (1H, d, J=8.78 Hz),
8.10 (1H, d, ﬁﬁf%cﬂﬁg,”?%e(fﬁﬁoé‘?'ﬂgé‘?oﬂ% oMY, d, 3=3.42 Hz), 6'83 %ﬁ@l’ﬂﬁ& J=3.42, 1.71 Hz),
3.80 (1H, q, ¥w6r8actith) nix@od @-hpprofa®s he)irhRbS (ESI) m/z 407 [M+bfindolB# Example 10(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-(furan-2- ,
yl)-lH-pyraz‘iﬂm%‘?ifﬁd%/?ﬂ(nﬁ[Wéﬁgbﬁﬁ‘é%’fﬁ)yrjhenAccording to Examﬁ@ i?%?,t'%ncrude product of
2-(trans-4- hydrgorcikaiobiexdandegiatdonismpramatedifiuran-2-y1)-1H- THRRRHE(F) 111511
pyrazolo[3,4-§)9gp%{}%in-l- lIbenzonitrile was prepared using compound (10a) instead of compound (le) and

was used in ! §@&%§rﬁ*@£ﬁimﬁﬁﬁw§m%éﬁ?§a&?ﬁ@d. According to EXEHRE™ @9 compound (10)

(the second gtagsivietd ap9Kaswas wite PRttt she nkaitgrsolid using en, the organic
2-(trans-4-hydroxycyclohexylamino)-4-{3- )

isopropy 1-4-(RYBL S GNNaNG A IBRIAN LSS HSIGRBE 2 onitrile instead JAEHPYARI (1f). 1H-NMR
(DMS0-016) @&i62d(pidsslird=4nde ebieAQs Akl .07 Hz), 8.07 (1H, sh doin(@e, S), 7.83 (1H, brs),
7.75 (1H, d, J=8.53 Hz), 7.49 (1H, d, J=4.75 Hz), 7.45 (1H, d, J=8.53 Hz), 7.24 (1H, d, J=2.93 Hz), 7.12
(1H, brs), 6.7°7URd $EBGEER, Y e 8eidNRd GOTLSWE AINt3 76 (1H, g, J=6"8Y £ P8.50 (1H, brs), 2.10

(2H, d, J=10 Septrhtdahdidrifbd) THR bRk 1o§ 4 dodfhEl OH, m); LRMS (EShemaaep [M+H]*

example, recrystallization, reprecipitation or a me thod generally
used in the usual separation or purification of org anic compounds
(e.g., adsorption column chromatography using a car rier such as
silica gel, alumina or magnesium-silica gel Florisi |, partition
column chromatography using a carrier such as Sepha dex LH-20
(manufactured by Pharmacia), Amberlite XAD-11 (manu factured by
Rohm and Haas Company) or Diaion HP-20 (manufacture d by Mitsubishi
Chemical Corp.), ion-exchange chromatography or nor mal- or
reverse-phase column chromatography using a silica gel or

alkylated silica gel, preferably, silica gel column

chromatography). When the compound (1) is obtained in a free form,
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[0135] Example 11 2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-(5-
methoxypyridin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (11) [0136] Example 11(1)
2-Bromo-4-{3-isopropy1-4-(5-methoxypyridin-3-y1)-1Hpyrazolo[3,4-b]pyridin-1-yllbenzonitrile (11a)
According to Example 1(4), a crude product of 3-Isopropy1-4- THOO064 E(F) 111511
(5-methoxypyridin-3-y1)-1H-pyrazolo[3,4-b]pyridine was prepared using compound (6b) instead of
compound (Ithisfreeutsimg cnrhe tumvgnzddints BHeommviciegid pinacol ester Instbad of quinoline3-boronic
acid and was_ used in the subsegquent reaction without being purified. According to Example 1(5),
compound (EE o PR a A Ra E § eing 2 soprobg B 0064 (7
111511 metheyynieclthergth)-Tohoaryz ologd, thé foynighnednstead of compo(ind ¢biingei-NMR (DMSO-dO
88.97 (1H, d, J=1./7/ HZ)., 8.80 (1H, d. J=4.63 Hz), 8.63 (1H, dd, J=8.72, 1.77 Hz) 8.50 (1H, d, J=2.68
oy, .59 (B A PG e BT T 42 (i, o o s PRI, 55590 (1,
J=6.96 Hz), K42 (I itete Ity a6riditjod RIAEN(BS Yenimizh&d8 [M+H]*. [0137] Extamgpheetiidd)
2-(Trans-4-h(¥drox3fc t(:Ir(])he%gllamino)-4-{3-isopropy1-4-(5-

methoxypyri |ﬂ9§/-yi§{-fl—?-r8yrazolo[3,4-b]pyridin-1-y||benzamide (11) According to Example 1(6), a
crude produdbo8@-(trans-4- hydroxycyclohexylamino)-4-{3-isopropyl-4-(5-methoxypyridin-3-y1)-
1H-pyrazolo[3,4-b]pyridin-1-yllbenzopjtrile was prepared using compound (11a) instead of compound (le)
and was used in t seunoﬂsjgcfﬁ %h“&ﬂﬁ%lﬁ?&‘fﬁ%éﬂ% Sﬁﬁﬁg%é&ccording to E)I(%l?ﬂ}%g’l(7), compound

his
(11) (the secemrtksisgeaeyicicbsidfgl wampreparsdians ivdiite solid using  mers, either of
2-(trans-4-hydroxycyclohexylamino)-4-{3-

isopropyl-4-f%? éfﬁ%@?)nﬂiaiwlét-lif%)qlq{fﬁﬁwgazBPél[fﬂgﬂjﬁf}ﬁﬁin-IyIIbenzonitﬁf%diR)éltggd of compound (1f).
1H-NMR (DM&Redloy §1)8 7dr Ekandie) whéBtiizdoBydSutd) 6, J=2.80 Hz), &42iddl d, J=7.07 Hz), 8.39
(1H, d, J=1.89 Hz), 7.85 (1H, d, J=1.95 Hz), 7.83 (1H, brs), 7.78 (1H, d, J=8.60 Hz), 7.69 (1H, dd, J=2.80,
1.95 Hz), 7.48YTE SuaPlf2 '.%%T“if%@‘—??%‘?éifmi eRIGUXG3 Hz), 7.14 (LHUESFEEP(1H, d, I=4.15 Hz),
3.91 (3H, s), éhbenipabsbshy 2:8&ditdoandwfh-BadH o), tReded isdH, d, J=10.9 Hajerk.88n(B&, d, J=10.9 Hz),

1.41-1.22 (4H, m), 1.11 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 501 [M+H]*. [0138] Example 12
obtained as a single product by synthesis and separ ation

(concentration, solvent extraction, column chromato graphy,
recrystallization, etc.) approaches known per se in the art.
[0081]

The compound (I) may be crystalline. A single cry stal form
and a polymorphic mixture are both encompassed by t he compound ().
These crystals can be produced by crystallizing the compound (1)
using a crystallization method known per se in the art. The
compound (I) may be a solvate (e.g., a hydrate) or a non-solvate.

Both of them are encompassed by the compound ().

A compound labeled with an isotope (e.g., %H, #c, *sand
1251 or the like is also encompassed by the compound 0.
[0082]

A prodrug of the compound (1) or the salt thereof
(hereinafter, abbreviated to the compound (1)) refe rstoa
compound converted to the compound (1) through reac tion caused by
an enzyme, gastric acid, or the like under physiolo gical



THOO064 E(F) 111511 2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-(1-
methy1-1H-indo1-5-y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (12) [0139] Example 12(1)
2-Bromo-4-{3-isopropyl-4-(1-methyl-1H-indol-5-yl)-1Hpyrazolo[3,4-b]pyridin-1-yllbenzonitrile (12a)
According to Example 1(4), a crude product of 3-isopropy1-4- THO064 E(F) 111511
(1-methyl-1H-Indo1-5-y1)-1H-pyrazolo[3,4-b]pyridine was prepared using compound (6b) instead of
compound (Icpagitionsing li-mettvineole-ainpronit aridegivhioahe stem pasted(l) of quinoline-3- boronic acid
and was useg in the subs Nt reaction without being purified. According to Example 1(5), compound
(120) (the seRR e R R M BRI P 18 LR
3-isopropyl-4efhpmeit yeht+redicbiyd)cbpourar 0)diB dfpysidine instead o cothpdked (1d). 1H-NMR
(DMS0-016) 8 8.97 §1H de.le. 5 Hz),.8.69,(1H. d. J=4.88 Hz), 8.64 (1H, dd. J=8.66, 1.95 Hz), 8.10 (1H,
(355,66 Ho A TSy R R RGNS, Do (b, 225,05 HAOTIENE o, 306 50 o),
7.31 (1H, d, demhpauhtr]]) b bhychfIkGs05dAErBdD (Belc s), 3.12 (1H, t, brepBBnidz)), 1.03 (1H, d, J=6.83
Hz); LRMS (ESL) m/z 470 [M+H]*. [0140] Example 2(2? ,
- (hans 4 ISy RRE I A e A e maceutca
methyl-1H-InRedearyi pridbDeystaotald; 4vo| pyridoletwyditeesigmide (12) Aunadistieg ito Example 1(6), a
crude produc -(trans-4- hydraxycyclohexylaminp)-4-{3-isopropy1-4-(1-methyl-1H-indo1-5-y1)-
1H-pyrazo|o[é?3{002?§ﬁ5c%- ?%ﬁ’éﬁ%ﬁérﬁ%%ﬁ )fir%p]g%%'&%%sing compound (12a) instead of compound (le)
and was use{bosspe THO064 E(F) 111511 subsequent reaction without being purified. According to

I Eao . : .
e L o 1 e SLRPR IR, Bibias propared as a yhig Solid using
isopropyl-4-(hsreiAniitdydekibity Bhd Hapwaznsitcdnodpyridin-1- yllbenzorngsiile Instead of compound
(1f). 1H-NMR (DMS0Q-016) 8 8.62 (1H, d. J=4.63 Hz), 8.42 (1H, d, J=7.32 Hz), 7.91 (1H, d, J=1.77 Hz),
7.80 (1H, brst‘%@?‘:EW,” !bfgﬂ?ﬁg'ﬂ%,‘?‘.?% 31%%‘,)891.40 Hz), 7.62 (1H, H’,?‘?Jﬁééé"ﬁz), 7.49 (1H, dd,

J=8.72, 1.77 r@3er: Hydatidnds dserd3dzphadadétticdrrd=8.48, 1.40 Hz), @da §lth & d74.63 Hz), 7.12
(1H, brs), 6.55 (1H, d, J=2.93 Hzépg.58 %LH, d, J=415 Hz), 3.88 (3H, 5), 3.52 (1H. brs), 3.12 (1H, q,

J=6.83 Hz), U308’ 39504 Merepyer te qompeunsLhobilz) 1 41-1.22 (48 AF5e104 (6H, d, J=6.83 Hz);
LRMS (ESI) mveridd ivhidily. d618itlifrwarpiid 8an be adm inistered
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-b]py
ridin-1-ylberi ANt SIS RAHERY (pE thg prpsent inve ntion s Useful

as an orally administrable pharmaceutical product s uch as an

anticancer agent. Examples of malignant tumor incl ude head and

neck cancer, esophagus cancer, gastric cancer, colo n cancer,

rectum cancer, liver cancer, gallbladder cancer,

cholangiocarcinoma, biliary tract cancer, pancreati c cancer, lung
cancer, breast cancer, ovarian cancer, cervical can cer,
endometrial cancer, kidney cancer, bladder cancer, prostatic
cancer, testicular tumor, osteosarcoma, soft-tissue sarcoma,
leukemia, malignant lymphoma, multiple myeloma, ski n cancer, brain

tumor and mesothelioma.

[0084]

For using the compound (1) of the present inventio nasa
pharmaceutical product, various dosage forms can be adopted
according to the preventive or therapeutic purpose by mixing, as
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2-Bromo-4-{3-isopropyl-4-{1-[(2-
(trimethylsilyl)ethoxy)methyl]-1H-pyrrolo[2,3-b]pyridin-5-yllI-1Hpyrazolo[3,4-b]pyridin-1-yllbenzonitrile (13a)
According to Example 1(4), a crude product of 3-isopropyl-4-
{1-{[2-(trimethylsilyl)ethoxy]methyll-1H-pyrrolo[2,3-b]pyridin-5- y11-1H-pyraZ 618840 HidMe was
prepared using compound (6b) Instead of compound (Ic) and using 1-(2-
trimethylsilyleghorpriagehiyiy- tbtapprnada]2y8th fophiaimadeitmadnic acid pinacol estégrinBtead of
quinoline-3-baronic acid and TH0064 E(F) 111511 used in the subsequent reaction without being
purified. Accb(f)%rg%r?gc?cr)] Ié?(grrr]}/p(i\g’aig(% ?(acrg (?%’ocl)j%g?r Lé)a;lz 18 second stage yie’II .J%%I%S\’Nas prepared using
3-isopropyl-4s{pgRitories, ointments and patches. Preferably, oral
(trimethylsilylethoxy]methyll-1H-pyrrolo[2,3-blpyridin-5-y11-1Hpyrazolo[3,4-b]pyridine instead of
compound (1 Sr.“ﬁﬁ‘il Rﬁﬁféﬁé%%%‘é’? 5%5‘1’8 ogegetop: Hz), 8.88 (1H"& 2488 Hz), 8.76 (1H, dd,
J=8.72, 1.95 paju8eddyHHethedat hiebarjorBdatiidtHkmhvwiryas Hz), 8.24 (1Hosk dkiledhHz), 7.90 (1H, d,
J=3.54 Hz), 7.51 (1H, d, J=4.88 Hz), 6.79 (1H, d, J=3.54 Hz), 5.82 (2H, s), 3.67 (2H, t, J=7.99 Hz), 3.13
(QH, d, J:6.8T§‘?-Pz%; 1.15 (6H, d, J=6.83 Hz), 0.95 (2H, d, J=7.99 Hz), 0.00 (9H, s); LRMS (ESI) m/z 587
[M+H]*. [014R]jdBshmple 13(2) 2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-{1-[(2-
(trimethylsilyl)ethoxy)methyl]-1H-pyrrolo[2,3-b]pyridin-5-yll-1Hpyrazolo[3,4-b]pyridin-1-ylIlbenzamide (13b)
e B R TG ol o eees 08 iy

According to Exam t (

hydroxycyclolxyiaphmndcttisanremtieds ik ised as such a pharmaceutical
(trimethylsilyl)ethoxy)methyl]-1H-pyrrolo[2,3- idin-5-yllI-1Hpyrazolo[3,4-b]pyridin-1-ylibenzonitrile was
prepared usi%ﬁ”&%rm%g]@fﬂg(&%@%étﬁrgdl% olﬂﬁjﬂzg(%) and was used innt#)gé%ﬂgeﬁuent reaction
without beinghipdefiecdidieeordingatubrkanpeledld Ehieagpound (13b) (the seegadtssage yield: 55%) was
prepared as a white solid using 2-(trans-4-hydroxycyclohexylamino)-4-{3- .

o opyl-i- (18 HERRSTER G BB 979 4 FRGG olofo 5. a solubiizer,

b]pyridin-5-y Blsddpepiting algdatdabdmidiglingeyt kenaasiitale instead of compouwsehitlagdritNMR (DMS0-016)
88.78 (1H, d, J=4.63 Hz&t 8.59 (1H, d, J=1.71 Hg;é, 8.52 (1H, d, J=7.07 Hz), 8.36 (1H, d, J=1.95 Hz), 7.98
(1H, THoOeAEeIesIPrEpveioRNAMaGrLjical 880V &1 m), 7.58 (1H, Y 388.54, 1.71 Hz), 7.39 (1H,

d, J=4.63 Hz)ntisé3ticeHamiGlidentS, thidriflg dgeres sivdeterB2 (2H, s), 4.68 (LEksthndF4.15 Hz), 3.67 (2H, d,
J=8.05 Hz), 3.61 (1H, brs), 3.11 (1H, q, J=6.83 Hz), 2.22 (2H, d, J=10.49 Hz), 1.99 (2H, d, J=10.49 Hz),
1.51-1.33 (415189{j24rs G35 RisPe LEeSBIISCASERY2H, d, J=8.05 Hz), 0.00 (9H, s); LRMS (ESI) m/z 640

[M+H]*. [0144] Exaupleckai(Salid preparations are prepared, an exci pient and
an excipient, a binder, a disintegrant, a lubricant , a coloring
agent, a corrigent, or the like are added, as appro priate to the
compound of the present invention, and then, tablet s, coated
tablets, granules, powders, capsules, or the like ¢ an be produced

by a routine method.

When injection agents are prepared, a pH adjuster, a buffer,
a stabilizer, a tonicity agent, a local anesthetic, and the like
are added to the compound of the present invention, and hypodermic,
intramuscular or intravenous injections can be prod uced by a

routine method.

The amount of the compound of the present inventio nto be
contained in each of these unit dosage forms varies depending on
the conditions of a patient to which this formulati on should be
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2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-(1Hpyrrolo[2,3-b]pyridin-5-y1)-1H-pyrazolo[3,4-b]py
ridin-1- yllbenzamide (13) Hydrochloric acid (a 6.0 M solution in water, 0.78 mL) was added to a
solution of compound (13b) (0.100 g) in THF (0.78 mL), followed by stirring at 50C for 12 hr. The pH was
adjusted to 10 with an aqueous sodium hydroxide solution, followed by extrBdf8efkith ddhaldcetate. The
organic layer was washed with saturated saline. The organic layer after the washing was dried over
anhydrous segitliedsoifdepeadidgioariite dassige formay thetiked away. Chloroferrherainetiiér were added to
the residue, and the precipitate was colle iltration to obtain compound (13) (0.057 g, 71%) as a
white solct PRI LT ERETREY S0 o soa 63 vy, 6 AR E O, . .20 (141, o
J=1.95 Hz), Toadulakhrd apprdthidely, 0.BU¢BA0 long)for A8 i(1H, d, J=8.54 Hzphjetedh @dend, J=3.18 Hz), 7.48
(1H, dd, J=8.54, 2.20 Hz)..7.29 (1H d J=4.63 Hz) 7.14 (1H, brs), 6.59 (1H, dd, J=3.18, 1.95 Hz), 4.59
(1 g, e AR S G e Ry T ok S0 1,80 ok, o 1210,
Hz), 1.42-1.2@648e foynl.06 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 510 [M+H]*. TH0064 E(F) 111511
[0145] Example 1 2-(Trans:-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-(1-
methyl-lH-pyrrolo@%%]/pé);‘rltﬁﬁ}ggl% -‘1?3—8{/%2‘(%% ,ﬂybr]%@#d%)-lyllbenzamide (12?5’l %H@] Example 14(1)
2-Bromo-4-{Jiiteap ugpehdinlomttid gbaditipysr dlad \8el]ply ridin5-y1)- 1H-pyrazelai@debihgridin-1-yllbenzonit
rile (14a) ~According to Example 1(4), a crude product of 3-isopropy1-4-. .
(1-methy|-1H%%/P%ﬁ%%ﬁfﬂ@fﬁﬁ@%éﬁq?@lﬁ%lﬁ?é;- b]pyridine was p?élﬁg%st? ﬁpsing compound (6b)
instead of coaeipbetifle)eigid: B6iRg) tamethybsudtyRypagiRA:s-b]pyridine-5-basynicosatsl Instead of
quinoline-3-b ic acid an s used in the subsequent reaction without being purified. According to
Example 1(5$6§§%8@(%§%@§§é§%ﬁ%8 %Pdi? El%) was prepare8 Ining 3-
isopropy1-4-Elmeikhwitetih Ry Pofihis-di pydsbroarydietiyrazolo[3,4-b]pyridinenisstead of compound (1d).
1H-NMR (DMS0-016) 8 9.00 $1é—| d, J=1.22 Hz), 8.77 (1H, d, J=4.88 Hz), 8.66 (1H, dd, J=8.72, 1.40 Hz),
8.47 (1H, d, $&4d OBSPRIER d, J=1.22 Hz), 8.15 (1H, d, J=8.72 Hz), 7.68 (1H, d, J=3.30 Hz), 7.40
(1H, d, J=4.88 Hz), 6.61 (1H, d, J=3.30 Hz), 3.92 (3H, s), 3.04 (1H, g, J=6.58 Hz), 1.06 (1H, d, J=6.58
Hz): LRMS (ESI) m/z 471 [M+H]*. [0147] Example 14(2)

2-(Trans-4-h9:d)f SElohexylamino)-4-{3-isopropy1-4-(1-
methyl-1H-pyoege|2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-b]pyridin-lyllbenzamide (14)

The present invention is specifically described wi th
reference to Examples and Test Examples below, howe ver these
Examples are described for the purpose of exempilifi cations only

and do not limit the scope of the present invention

'H-NMR spectra were measured using tetramethylsilane (TMS) as
the internal standard, and chemical shifts are show nin odvalues
(ppm). The chemical shifts are each shown in paren theses by the
number of protons, absorption pattern, and coupling constant (J
value).

In the absorption patterns, the following symbols are used: s
= singlet, d = doublet, t = triplet, g = quartet, d d = double
doublet, ddd = double double doublet, dt = double t riplet, m =

multiplet, br = broad, and br s = broad singlet.
In some structural formulae of compounds, the foll owing

symbols may be used: Me = methyl, Et = ethyl, tBu = tert-butyl, Ph
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THO0064 E(F) 111511 According to Example 1(6), a crude product of 2-(trans-4-
hydroxycyclohexylamino)-4-(1-methy1-1H-pyrrolo[2,3-b]pyridin-5-
y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzonitrile was prepared using compound (14a) instead of compound
(le) and was used in the subsequent reaction without being purified. Accordih§4estamdiEdity),
compound (14) (the second stage yield: 30%) was prepared as a white solid using

2-(trans-4-hyd heroycleheagtiyhiBod-4 1ett-butoxycarbonyl, T FA =
methy1-1H-pyrrolo(2,.3-h]lpyridin-5:y1)-1H- zola[3.4-b]pyridin-lyllbenzonitrile instead of compound (1f).
1H-NMR (D é%og‘iae‘k)%gg]é%éﬁrﬁ'\gg?i‘é@% ??%%'E ,Cyd, J=1.95 Hz), 841 (1H, d, J=7.07 Hz), 8.21
(1H, d, J=1.99087), 7.87 (1H, d, J=1.71 Hz), 7.82 (1H, brs), 7.77 (1H, d, J=8.78 Hz), 7.65 (1H, d, J=3.42
Hz), 7.47 (1H, dd, J=8.78, 1.71 Hz), 7.27 (1H, d, J=4.63 Hz), 7.11 (1H, brs), 6.59 (1H, d, J=3.42 Hz), 4.59
(1H, d, 3=3.90 H2) -8 EsH, s), 3.50 (1H, brs), 3.01 (1H, q, J=6.83 Hz), 2.11 (2H, d, J=10.7 Hz), 1.88
(2H, d, J=10.7 HzR-[Téhd-LByEtbkym)clahdy(&idind)-4<6-8Rikan-LRMS (ESI) m/zBatdM+H]*. [0148]
Example 15 ., 2, rans N doryaelonsyiaming mide
methoxymethy bl 2 3B TSVriA-D-y 5 Byid Fitbenzamide (15) [0149]
Example 15([0088] 2-Bromo-4-{3-isopropyl-4-(1-methoxymethy1-1H-pyrrolo[2,3-
b]pyridin-5-y1)-1H- razPI 4-b]pyridin-l-yllbenzonitrile (15a) According to Example 1(4), a crude
product of 3-isopro|:'§é'{qﬁ-e( ‘methoxymethy1-1H-pyrrolo[2,3-b]pyridin-5-y1)-1H-pyrazolo[3,4- b]pyridine
was prepared usirgy@ufupasmeki{ap)l npigaconfgarpyddrd|@aand using )
1-methoxymethy1-1H-pyrrolo[2,3-b]pyridine-5-boronic THO064 E(F) 111511 acid Instead of
quinoline-3-boroni§r%r8%fm 23@@5@&1% l}&%ﬁ@éaugﬁ?’?ga tion without beinggp%mga‘.’%ccording to
Example 1(5}repwismosdde(liba) {theieeopNINsHasspiiplthrdin) was prepared (231ia) in
3-isopropyl-4-(1-methoxymethyl-1H-pyrrolo[2,3-b]pyridin-5- y1)-1H-pyrazolo[3,4-b]pyridine instead of
compound (fagﬁagwblﬂﬁﬁﬂérkg\@i)é@%%é%% 0a5,'4159 07 Hz), 8.78 (1H,%[,“3-ZH. %), 8.66 (1H, d,
J=8.78 Hz), §aBddihtrhodpRid 41818 @9 (1H, d, d=2aRd d0sohofPH, d, J=8.78 Hz), 7.82 (1H, d, J=3.60
Hz), 7.43 (1H, d, J=4.82 Hé)f\’ﬂgjo (1H. d, J=3.60 Hz), 5.69 (2H, s), 3.27 (3H, s), 3.03 (1H, g, J=6.83 Hz),
1.05 (1H, d, Jug'emyisye BN ISl R BRIRI-ARYE 80] Example 15(2ded theretoat

2-(Trans-4-hygloxy qydaReMyfamiig r BriseRiRdcdriidy, a solution of
e 0y oacelate (T8 ) In THE (50 i3 was oL 4 IRy TN A e )

to the reaction solution at -78 °C, followed by stirring at the

same temperature for 1 hr. Hydrazine monohydrate ( 41.3 g) was

added thereto, followed by stirring at 60 °C for 6 hr. Water (500

mL) was added to the reaction solution, followed by stirring at

100 °C for 30 min. The precipitate was collected by fil tration and

dried under reduced pressure to obtain a compound ( la) (32.8 g,

85%) as a white solid.

IH-NMR (DMSO-ds) & 14.64 (1H, brs), 8.73 (1H, d, J=4.3 Hz), 8.34

(1H, d, J=8.1 Hz), 7.43 (1H, dd, J=8.1, 4.3 Hz); LR MS (ESI) m/z
188 [M+H] *.
[0089]

Example 1(2)
3-(Trifluoromethyl)-1H-pyrazolo[3,4-b]pyridine 7-0 xide (1b)
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According to Example 1(6), a crude product of 2-(trans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(I-methoxymethyl-IH-pyrrolo[2,3-b]pyridin-5-yl)-IH-pyrazolo[3,4-
b]pyridin-I-yllbenzonitrile was prepared using compound (15a) instead of compound (le) and was used in
the subsequent reaction without being purified. According to Example 1(7), dd#Rpt &t dldpthhe second
stage yield: 45%) was prepared as a white solid using 2-

(trans-4-hydroxycyetommuwie iiao)as (Bswbymad pybiuny(ene glycol dim ethyl ether
methoxymethyl-1H-pyrrolo[2,3-blgyridin:S-y1)-1H-nvrazolo[3,4- b]pyridin-I-yllbenzonitrile instead of
compound (E%. ﬁ‘i%lﬁ%&?ﬁ@%e&%%ﬁ% %%Hn?d%ﬁ?gg&)z({ 48 (1H, d,J= .Zz?é%ﬂ%' '8.41(1H, d,J=6.83
Hz),8.26(1H,$30lgaad z)dded To(thd reduldng/s81itior 8t 8=4.63Hz), (3H,m), TAR(bvietihy=8.78,1.22Hz),

7-12(1H,brs) ’s%'r%%laﬁl Ygﬁjrﬁ %épn%l_elrzgtuZésfgr iﬁr8 %léi precipi tate was
collected by filtration to obtain compound (1b) (33 .39,96%) as a
white solid.

IH-NMR (DMSO-ds) & 8.53 (1H, d, J=6.1 Hz), 8.87 (1H, d, J=8.3 Hz),

7.36 (1H, dd, J=8.3, 6.1 Hz); LRMS (ESI) m/z 204 [M +H] .
[0090]

Example 1(3)

4-Chloro-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyr idine (1c)

Phosphorus oxychloride (76.4 g) was gradually adde dto
compound (1b) (33.2 g), followed by stirring at 100 °C for 1 hr.
The reaction solution was poured into ice water, an d sodium
hydroxide was added thereto to adjust the pH to 10. The
precipitate was collected by filtration to obtain ¢ ompound (1c¢)

(9.76 g, 27%) as a light pink solid.
'H-NMR (DMSO-ds) & 14.98 (1H, brs), 8.66 (1H, brd, J=4.9 Hz), 7.61
(1H, brd, J=4.9 Hz); LRMS (ESI) m/z 222 [M+H] i
[0091]
Example 1(4)
3-{3~(Trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-4 -

yl}quinoline (1d)
A [1,1-bis-(diphenylphosphino)-

ferrocene]dichloropalladium(ll) dichloromethane com plex (0.74 g)
was added to a solution of compound (1c) (2.0 g), q uinoline-3-
boronic acid (2.5 g), and an agueous sodium carbona te solution (1
M, 18 mL) in 1,4-dioxane (45 mL) under a nitrogen a tmosphere,
followed by stirring at 100 °C for 3 hr. The reaction solution was
distributed between ethyl acetate and water, and th e organic layer
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(2H, THO064 E(F) 111511 s), 4.59 (1H, d, J=2.93 Hz), 3.50 (1H, brs), 3.26 (3H, s), 3.00 (1H, q, J=6.83
Hz), 2.11 (2H, d, J=11.7 Hz), 1.88 (2H, d, J=10.9 Hz), 1.42-1.22 (4H, m), 1.03 (6H, d, J=6.83 Hz); LRMS
(ESI) m/z 554 [M+H]*. [0151] Example 16

4-{4-(1-Benzyl-1H-pyrazol-4-y1)-3-isopropyl-1H-pyrazolo[3,4- THO064 E(F) 111511
b]pyridin-1-y11-2-(trans-4-hydroxycyclohexylamino)benzamide (16) [0152] Example 16(1)
4-{4-(1-Benzyhs Maplyed zutHsgilisBed spliop pind th@ydiieolof&, 4- b]pyridin-1-yabFdsoomo-benzonitrile (16a)
According to Example,1(4),.a crude product of .
4-(1-benzy1-?':[?—yﬁ\jgbyrasz%%1 -yé?-%-%%@%g@Pf&f-epflcr)glggfb[3,4-b]pyridine was prtggé?gg%%ing compound (6b)
instead of cowgzoundi€tthyaneutrsirsdidaigehayimbidhpgmaatodr 4-yl-boronic acidrppigcol ester Instead of
quinoline-3- bgronic acid and was used in the sub reaction without bei urified. According to
vample 15} RSO R SRR B RFENTEH) we prepared g & &
4-(1-benzyl-iHitpyadidol-4-y1)- 3-isopropyl-1H-pyrazolo[3,4-b]pyridine instead of compound (1d). 1H-NMR
(DMSO0-016) 8 8.94-8.98 (1H, m), 8.67 (1H, dd, J=4.9, 1.0 Hz), 8.58-8.65 (1H, m), 8.37 (1H, s), 8.11 (1H,
dd, J=8.6, 1.5‘14'!9{'3.@5"@%&?;@, 7%%%4%&@),%QQ%J(EHfziS)J,Zg:%_@I-é'a,lJ=6.8 Hz), 1.13 (6H, d, J=6.8
Hz); LRMS (I&3) aniz4.8 HRY) -85} (1611 83)-Examp)les16(2)H , d, J=8.2 Hz),
4-{4-(1-Benzyl-1H-pyrazol-4-y1)-3-isopropyl-1H-pyrazolo[3,4-

b]pyridin-1-y%b§-ﬂ@n§iﬁ%é@c€§o§ﬁ% yfglhqglgl)%éﬁéo&ﬁrile (16b) TH0084 E(?) 41511

According to BexaagobeHk(6Y, SDmBeuE=416RY  1RMSNESsprepared using compoBrai[k1-a4) Instead of
compound (I%&tNMR (DMSO-d0 8 8.59 (1H, d, J=4.9 Hz), 8.35 (1H, s), 8.03 (1H, d, J=1.9 Hz), 7.88
(1H, s), 7.69 {ITHdd, J=8.6, 1.9 Hz), 7.62 (1H, d, J=8.6 Hz), 7.29-7.43 (5H, m), 7.25 (1H, d, J=4.9 Hz),
5.83 (1H, d, J=7.8mkgmplett(%2H, s), 4.60 (1H, d, J=4.4 Hz), 3.30-3.52 (3H, m), 1.80-2.20 (4H, m),

20-1. . =0. ; +H]*.
120-1.50 (4K, ™) 112 61, . 6. 12l LRING (ESANG §22 D+ 02541 ample 16

pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (1e)

Sodium hydride (0.183 g, a 55% dispersion in paraf fin liquid)
was added to a solution of compound (1d) (0.940 g) in N,N-
dimethylformamide (hereinafter referred to as DMF, 6 mL) at room
temperature, followed by stirring for 30 min. Subs equently, 2-
bromo-4-fluorobenzonitrile (0.838 g) was added to t he reaction
solution, followed by stirring at 60 °C for 1 hr. After cooling,
water was added to the reaction solution, followed by extraction
with ethyl acetate. The organic layer was washed w ith water and
saturated saline in this order and was dried over a nhydrous sodium
sulfate. After distillation of the solvent, the re sidue was
purified by neutral silica gel column chromatograph y
(chloroform/methanol) to obtain compound (1€) (0.56 g, 38%) as a
white solid.
'H-NMR (DMSO-ds) & 9.03-9.01 (2H, m), 8.89 (1H, d, J=1.8 Hz),
8.58-8.54 (2H, m), 8.23 (1H, d, J=8.6 Hz), 8.16 (1H ,d, J=8.4 Hz),
8.11 (1H, d, J=8.2 Hz), 7.91 (1H, brt, J=7.0 Hz), 7 76-7.71 (2H,
m); LRMS (ESI) m/z 494, 496 [M+H] i
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4-{4-(1-Benzyl-1H-pyrazol-4-y1)-3-isopropyl-1H-pyrazolo[3,4-
b]pyridin-1-y11-2-(trans-4-hydroxycyclohexylamino)benzamide (16) According to Example 1(7),
compound (16) (82%) was prepared as a white solid using compound (16b) Instead of compound (1f).
1H-NMR (DMS0-016) 8 8.57 (1H, d, J=4.6 Hz), 8.40 (1H, d, J=7.3 Hz), 8.3EHa$45(R 8E171d0 (2H, m),
7.80 (1H, brs), 7.76 (1H, d, J=8.8 Hz), 7.46 (1H, dd, J=8.8, 2.0 Hz), 7.28-7.43 (5H, m), 7.21 (1H, d, J=4.6
Hz), 7.12 (1HQ®88), 5.47 (2H, s), 4.58 (1H, d, J=4.4 Hz), 3.30-3.60 (3H, m), 1.80-2.20 (4H, m), 1.20-1.45
(4H, m), 1.13 (6H,é1XaJnﬁ$8l ); LRMS (ESI) m/z 550 [M+H]*. [0155] Example 17
2-(Trans-4-hydroxycyc|8 exyfamino)-4-{3-isopropyl-4-
(thiophen-3-y1)-1R-finamsiehldtayjpynidirekydvem)ad{le(indif0156] Example3ynes)

2-Bromo-4-{ r| 88rr8r%¥ﬁ4T:[ io h%n-'lj- l ) 3 nzonit According
to Example It4); 3 opher IH-pyrazotofs.4-b teine was
phrepart]red usir;)g THM‘(E(BD&LE‘:!])&% ob lpmmmbdﬁm)ltﬂsﬁeedcgpg compoun((jj (Ic) amah?)sd,ng
thiophen-3-ylboronic acid instead of quinoline-3-boronic acid and was used. | equent reaction
without being AR RCSaTIY o e s ek & Ded

, compound (17a) (the secon yield: 52%) was
prepared usipglidcisopeapidid {(LoRphE arRH i )ikt piptarglp[3,4- blpyridine Irsispidral)-compound (1d).
1H-NMR (DMSO-d0 8 8,97 (1H, s), 8.60-8.75_(2H, m), 7.78-8.17 (3H, m), 7.44 (1H, d, J=4.9 Hz), 7.35
(b1 o 34 SRS 017 5 ST 2 TR AE 5 iy | v (e 55 M9 (e (G157)
(Eﬁamﬁle 17(ahrag(érrfanﬁoé;|inwdéca%moclgheryrlarrcbng)hﬂ-{r?wé?@abt?w%oﬁugon was e 16) ;
thiophen-3-y1)-1H-pyrazolo[3,4-b]pyridin-I-yllbenzonitrile (17b) According to Example 1(6), compoun
(170} (6106 TRC BB SR BRI A YA heiiior compaund (o PRS0 5 64
(1H, d, J=4.6vde)\w8shad ith darlratdd Saing . 9he(didadid Id73.0, 1.4 Hz), 7.80 4ftét tielel, J=4.9, 3.0 Hz), 7.70
(1H, dd, J=8.6, 2.0 Hz), 7,62 (1H, d, J=8.6 Hz), 7.43 (1H, dd, J=4.9, 1.4 Hz), 7.28 (1H, d, J=4.6 Hz), 5.84
(1H, d, J=7.6"45Np %ﬂﬂ,e‘i’if’&%r4"?‘ﬂﬁ5€5?‘é?§é%?§‘zs Biend3.22 (1H, g, J%ﬁ?rﬂé’f 1.80-2.20 (4H, m),
1.20-1.50 (4Honwntlvas d@tilled, alwdy STHE YebidddSvis Hlrim/z 458 [M+H]*. [0 Ead]yExaitrale 17(3)

silica gel column chromatography (chloroform/methan ol) to obtain

compound (1f) (0.450 g, 75%) as a white solid .

IH-NMR (DMSO-ds) & 9.03 (1H, d, J=1.6 Hz), 8.95 (1H, d, J=4.8 Hz),

8.58 (1H, d, J=2.1 Hz), 8.16 (1H, d, J=8.7 Hz), 8.1 0 (1H, d, J=7.3
Hz), 7.90 (1H, td, J=6.9, 1.5 Hz), 7.86 (1H, d, J=2 .0 Hz), 7.77-
7.68 (3H, m), 7.53 (1H, dd, J=8.6, 2.0 Hz), 4.59 (1 H, d, J=4.6
Hz), 3.45 (1H, d, J=7.9 Hz), 3.47-3.43 (1H, m), 3.3 0 (1H, brs),
2.03-1.98 (2H, m), 1.91-1.86 (2H, m), 1.48-1.14 (4H , m); LRMS
(ESI) m/z 529 [M+H] .
[0094]

Example 1(7)

2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin- 3-yl)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (1)

Compound (1f) (0.450 g) was dissolved in dimethyl sulfoxide
(hereinafter referred to as DMSO, 2 mL) and ethanol (4 mL). An
aqueous sodium hydroxide solution (4 M, 0.851 mL) a nd a 30%
hydrogen peroxide solution (0.193 mL) were added to the resulting
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2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy1-4-
(thiophen-3-y1)-1H-pyrazolo[3,4-b]pyridin-I-yllbenzamide (17) According to Example 1(7), compound
(17) (89%) was prepared as a white solid using compound (17b) Instead of compound (1f). 1H-NMR
(DMSO-d0 8.63 (1H, d, J=4.6 Hz), 8.41 (1H, d, J=7.3 Hz), 7.90 (1H, dd, J=31d40865 KF) 1 8daH, d, J=2.2
Hz), 7.74-7.82 TH0064 E(F) 111511 (3H, m), 7.46 (1H, dd, J=8.5, 2.2 Hz), 7.43 (1H, dd, J=4.9, 1.2 Hz),
7.24 (1H, d, 3ol ) ihis DederHf tne)) WbBeibkel fatlog Hz), 3.30-3.60 (2H,mxtiBiag (1H, q, J=6.8 Hz),
1.80-2.20 (4 fdr@% 1 ZQ/\}L 45 4Hagqopé01 1%& acquo‘] =6 8 Hz); LRMS (ESI) mAztﬁ,YG [M+H]*. [0159]
Example 18 rans ydroxycyc ohex amino)- P?, -isopropy1-4-(6-
methoxypyridmmmwmyvmm{fﬂkm‘b]ﬁbbmaeh giliybazamide (18) [0160}ateraimpter] 8(1)
2-Bromo-4-{3-is 1-4- 6 methoxypyridin-3-y1)-1Hpyrazolo[3,4- b]pyrldln 1 benzonitrile (18a)
According to%‘iﬁg &sf@ﬁ NG V\):agséuct o&% ?u ateD&/ -F4- ¥h
(6-methoxypyrghniSiayer- aﬁEWQMM[@g4MQ¢r|MWMWepared using cowhpasisdd{6im) Instead of
compound (| d us eth ridin-3-yl-boronic acid instead of quinoline- boronlc acid and was
used in the ssgsgquen g#1eer511c 1517 vﬁ\)/l%rﬁ)é\f eqnbp(pur Aned: According to ExamLPP ffé% compound (18a) (the
second stagepyiifikst ﬁpﬂ/e)m&lsmagaredulsmgwﬁaﬂsmpgnﬂw -4-(thiophen-3- yi)-1H- pyrazolo[3 4-b]pyridine
Instead of co Oundfg' DMSO Ol%gﬁ é(ngH d, J=1.7 Hz), 8. %Qg J=4.9 Hz), 8.63
(1H, dd, J=8' aﬁ‘&cﬂ% 18349 3=8 8 Hz), 8.00%1 £.8.8, 2.4 Hz), 7.36
(QH, d, J= 49/\}|-|Eéslxﬁl8(1H d J 88Hz) 3.96 (3H, s), 3.06 (1H, g, J=6.6 Hz), 112(6H d, J=6.6 Hz);
LRMS (ESI) En/Z 448 M [0161] Example 18(2) TH0064 IﬁF& 111511
2-(Trans-4-hyd Vmhef4 i pfepiaked 94 (1R, d, J=4.6 Hz),
methoxypyncamgs(ym)d,quzwamlcz{a&(b&pyﬂdwg wienzonitrile (18Db) #\aeordingga Example 1(6),

)
compound (18ts) é?? /z)lpllv%SJJreRared us ﬂo und (18a) Instead of compogn?gl(_'ezn)

Hz), 7 84 €]

7.28 (1H, dd, J=8.6, 2.0 Hz), 7.27 (1H, brs), 4.58 (1H, d, J=4.3
Hz), 3.52 (1H, m), 3.33 (1H, brs), 2.13-2.09 (2H, m ), 1.90-1.85
(2H, m), 1.37-1.25 (4H, m); LRMS (ESI) m/z 547 [M+H 1"
[0095]

Example 2

2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin- 3-yl)-3-
methyl-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (2)
[0096]

Example 2(1)

3-Methyl-1H-pyrazolo[3,4-b]pyridine (2a)

Normal-butyllithium (a 2.6 M solution in hexane, 8 7.0 mL) was
dropwise added to a solution of N,N-diisopropylamin e(11.2mL)in

THF (100 mL) at -78 °C under a nitrogen atmosphere, followed by

increasing the temperature to 0 °C. Then, the solution was cooled

to-78 °C, and a solution of 2-fluoropyridine (6.2 g) in TH F (100
mL) was dropwise added thereto at -78 °C, followed by stirring for

1 hr. Subsequently, a solution of N-methoxy-N-meth ylacetamide

(8.46 mL) in THF (50 mL) was dropwise added to the reaction
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1H-NMR (DMS0-016) 8 8.68 (1H, d, J=4.6 Hz), 8.41 (1H, d, J=2.4 Hz), 7.95-8.05 (2H, m), 7.70 (1H, dd,
J=8.7, 1.7 Hz), 7.63 (1H, d, J=8.7 Hz), 7.28 (1H, d, J=4.6 Hz), 7.03 (1H, d, J=8.5 Hz), 5.86 (1H, d, J=7.6
Hz), 4.61 (1H, d, J=4.4 Hz), 3.96 (3H, s), 3.30-3.52 (2H, m), 3.03 (1H, q, J=6.8 Hz), 1.80-2.20 (4H, m),
1.20-1.50 (4H, m), 1.11 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 483 [M+H]*. [01629@4dripId 1IBd3)
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-(6-
methoxypyridiokieyily: 1 F8 pyrazem) Ehd-thipyhigireding livenzayoides (B3)9 mL)Aesording to Example 1(7),
compound (18) (63%) was, prepared as a white solid using compound (18h) Instead of compound (1f).
1H-NMR (Dhﬁ‘é&&%‘%@%@%ﬁé@ SUHW 8808 37-8.45 (2H, féf.gé“ﬁﬁrdd, J=8.8, 2.4 Hz), 7.85 (1H,
d, J=1.7 Hz)dk8RtgdMHofhe) salvesit( diet wWiBaBddd)todlw6 (1H, dd, J=8.6, 1. 7é$i)u&.25 (1H, d, J=4.6 Hz),
7.13 (1H, brs),,7.03,(1H. d, J=8.6 Hz)..4.59 (1H. d,J=4.4 Hz), 3.96 (3H, s),.3.30-3.60 (2H, m), 3.03 (1H, q,
368 Ho), 1 HOER T S S TRl @ v o), LIV AS: 501 I+
[0163] Exampleshéd witts@fuesdddiyd:oktyegaahiexsyenmano)-4-{3-isopropyltd-(BeGyashing
tetrahydroquinolin-3-y1)-1H-pyrazolo[3.4-b]pyridin-1-yllbenzamide (19) [0164] THQ064 E(F) 111511
Accorting 1o B R Tl PTG SNt TG Fearleiie
(5,6,7,8-tetratiytilled|avelito-8bydij totrpyard{DE} S-0fny réditte was prepared Yising whitepound (6b) instead
of compound g@ and using 5,6,7,8-tetrahydroquinolin-3-yl-boronic acid Instead of quinoline3-boronic acid
and was used i the subsequent reaction without being purified. According to Example 1(5), a crude
Eroduct O{f 2-'1H-NMR (Dl\(/ISO-dg) 5 8.g8 (1H, dd, J=4.27, )1.71 Hz), 7.|79[ (1Hb]dd, il |
romo-4-{3-isopropyl-4-(5,6,7,8-tetrahydroquinglin-3-y1)-1Hpyrazolo[3,4-b]pyridin-|- nzonitrile was
prepared usi@%‘g’)fsééﬁo%‘ﬁh%g%@é@qrgﬁfogj)qﬂl%%h#]% 1)-1H-pyrazo|o[3,2%f{1b(ﬁ%lfri ne instead of
compound (lid}sdEEsnyeaddihe subsequent reaction without being purified. According to Example
1(6), a crude_product of 2-(trans-4-hydroxycyclohexylamino)-4-{3-
isopropyl-4-( ,%?7,8-tetrahydroquinolin-3-y1)-1H-pyrazoIo[3,4- b]pyridin-l-yllbenzonitrile was prepared
using 2-bromo-4-{Bxisapleopd-4-(5,6,7,8-tetrahydroquinolin-3-y1)-1H-pyrazolo[3,4-
b]pyridin-I-yllbenzanitrile in ound (le) and was used in the subsequent reaction without being
purified. Accordingtt ple dUhd sib age-yield:-2%) was prepared as a white
solid using 2-(tranacko IS FSHYPIE XRrORRpduhd-[2POP) #4856, 7,8- prepared
tetrahydroquinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1yllbenzonitrile instead of compound (1f). 1H-NMR
(DMS0-016) 85 8iE¢ 5Ol Mé%&?é@f%ﬁt‘%ﬁaﬁﬁ%ﬂﬁ, d, J=7.1 Hz), P88 d, J=1.9 Hz), 7.84

(1H, brs), 7.7 MRACIWE -1 & d31(¥h S, 54516 Hfidk 9588 148, H2¥.dp25 (1H, d, J=4.6 Hz), 7.14
(1H, brs), 4.60 SlH , J=4.2 Hz), 3.30-3.60 (2H, m), 3.01 (1H, q, J=6.8 Hz), 2.82-2.95 (4H, m), 1.80-2.20

d
(8H. m), 1.2&5.4%-?&&%%&%%@1?&6356).8%?),2%@8 (ESI) m/z 525 [MHRMSIESS WH0064 E(F)

111511 150 [v+H] .

[0098]

Example 2(3)

4-Chloro-3-methyl-1H-pyrazolo[3,4-b]pyridine (2c)

According to Example 1(3), compound (2c) (25%) was prepared
as a white solid using compound (2b) instead of com pound (1b).

'H-NMR (DMSO-ds) & 8.41 (1H, d, J=5.00 Hz), 7.25 (1H, d, J=5.00
Hz), 2.64 (3H, s); LRMS (ESI) m/z 168 [M+H] i
[0099]
Example 2(4)
2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin- 3-yl)-3-

methyl-1H-pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (2d)
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Example 20 2-(Benzylamino)-4-{3-isopropyl-4-(quinolin-3-y1)-1Hpyrazolo[3,4-b]pyridin-1-yllbenzamide
(20) [0166] According to Example 1(6), 2-(benzylamino)-4-{3-isopropyl-4-
(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-I-yllbenzonitrile was prepared using compound (6d) Instead of
compound (le) and using benzylamine Instead of trans-aminocyclohexanol BAB0RAEEsddlplihe
subsequent reaction without being purified. According to Example 1(7), compound (20) (the second stage
yield: 22%) was pragardihguodvantplesd(#), is{Rgreilyehzyhsranut)-4-{3-isopropyl#-fguinolin-3-
y1)-1H-pyrazglo[3.4-blpyridin-i-vil nitrile Instead of compound (1f). IH-NMR (DMSO-d0 8 9.07 (1H,
i hm3 oy e R R BB ERS TS 61 (104, o, 9- S HI B (2H, ¢ 9=6.2 ),
7.87-7.66 (4Hom)oun8{Zd)Hhstehd sflcOmp@iktr§13).4ReToRENGH, m), 7.18 (1Hy Exable HB), 4.44 (1H, d,

J=5.7 Hz), 2.95-2.82 (1K, m), Q.97 (6H, d,J=6.8 Hz) LR (ESI) m/z 513 [MxH]% [0167] Example 21
4-{3-Isoprop;%—%ﬁ&%r%ﬁh@fwﬂé& %a@gﬁafgﬁ_{ﬂg%al% - y11-2-(pyridin- 918}1%'9&’6) enzamide (21)
[0168] Acdtitingntiil& xas ptephf6y ysifR B¢proplyditdypnolin-3-y1)- yrazolo[3,4-
1H-pyrazolo[3,4-blpyridin-1-y11-2-(pyridjn-2-ylamino)henzonitrile was prepared using,compound (6d)
Instead of cof?rrP 5'&%4(%2%%8 %&r'lﬂgségéjrﬁlfrzﬁ%m I |H%)E+1d§tead of trans-amino%@g(:ﬁ)%g%a{rﬁ%l and was used in

the subsequenEseagiern (6)tltouipoaind (P texsesoodrstsge tyi Example 1(7), eldrapea)nehé21) (the second
stage yield: 14%) was prepared as a white solid using 4-{3-isopropyl-4-(quipolin-3-y1)- THO0064 E(F)
111511 1H-pYrdZ80 &4%\?&5%&%8@%?_ (Banz%%ngn o)benzonitrile InEPé%{éf%%{compound (1f).
1H-NMR (DM$&®ndQ 18-pyaE b8, 4] Pylibif =y bhedzahiritdz), 8.79 (1H, d, J=4ustetn) 0B.71 (1H, s), 8.26-8.24
(2H, m), 8.16 SZH, t, J= .ASHHZ), 7.97 (2H, s), 7.94-7.97 (1H, m), 7.77-7.67 (2H, m), 7.44 (1H, d, J=4.6 Hz),
6.92-6.88 (11" WB?%’.‘Qﬁﬁ- , g, J=6.8 Hz), 1.07 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 500 [M+H]*. [0169]
ooy, L CME0t), 2515 (4 £208 1) 8 (1 8 42t | oleyfaminclbenzani
-{3-Isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-ly11-2-{2-(pyrrolidin-I-y1)ethylamino}benzami
e (22) [017072): %?c%%ﬁ'm‘g ryb:%%rﬁgjes_t@),J]ﬂ{ﬁis]g&r%ﬁ-&(quinolin-3-yl%}' L
1H-pyrazolo[g Jpyadn7tyidy: B{L2-@yr ¢deint)y B ethylamino}benzonitrile wag{mepagg using compound
(6d) Instead of compound e_Sl%éand using N-(2-aminoethy)pyrrolidine instead of trans-aminocyclohexanol
and was use&‘?ﬁstﬂtgs&b%‘ q M@egcﬁgm\k}itﬁodt' 6@@1&'}/ ’r%ied. According to E%?aFﬁHI’eS (7), compound

(22) (the secoristaas yetda6d fol-wWps prepared as a white solid using
4-{3-isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-I-yll-2-{2-(pyrrolidin-I-yl)ethylamino}benzonitrile
Instead of co Ind (1f). 1H-NMR (DMS0-016) 8 9.14 (1H, d, J=1.9 Hz), 8.76 (1H, d, J=4.6 Hz), 8.69
(1H, d, J=1.6 Hz), B&mpldB(6)I=5.1 Hz), 8.15 (1H, t, J=8.6 Hz), 7.93-7.87 (1H, m), 7.81-7.72 (3H, m),
7.56 (1H, dd, J=1.9, 6.5 H? 7.42 (1H, d, J=4.6 Hz), 2.96 (1H, g, J=6.8 Hz), 2.80-2.70 (2H, m), 2.55-2.49
(6H, m), 1.74-1.68%4HRR $IBHRA)-f iU GUREY /2 52 »3-y1)-3-

methyl-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (2)

According to Example 1(7), compound (2) (92%) was prepared as
a white solid using compound (2d) instead of compou nd (1f).
H-NMR (DMSO-dg) & 9.16 (1H, s), 8.76 (1H, d, J=4.63 Hz), 8.71
(1H, s), 8.45 (1H, d, J=7.32 Hz), 8.16 (2H, d, J=8. 29 Hz), 7.90
(1H, t, J=7.56 Hz) 7.87 (1H, brs), 7.85 (1H, s), 7. 80-7.73 (2H,
m), 7.56-7.46 (3H, m), 7.14 (1H, brs), 4.59 (1H, d, J=4.39 Hz),
3.52 (1H, brs), 2.28 (3H, s), 2.12 (2H, 2, J=10.2 H 7), 1.89 (2H,
2, J=10.2 Hz), 1.43-1.22 (4H, m); LRMS (ESI) m/z 49 3 [M+H] *.
[0101]

Example 3



[0171] Example 23 TH0064 E(F) 111511 4-{3-1sopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1-
y11-2-{3-(methylthio)propylamino}benzamide (23) [0172] According to Example 1(6),
4-{3-isopropyl-4-(quinolin-3-y1)- 1H-pyrazolo[3,4-b]pyridin-I-y11-2-{3-
(methylthio)propylamino}benzonitrile was prepared using compound (6d) InSt8§0EEarkblAd (le) and
using 3-methylthiopropylamine instead of trans-aminocyclohexanol and was used in the subsequent
reaction without b&@rwméddMaoydlmpwlﬁnm@p%H((‘zibumﬂtmpound (23) (the 8edpd®d stage yield: 67%)
was preparedtf;}sI |ylvlronte guinolin-3-y1)-1Hpyrazolo[3,4-b]pyridin-1-yll-2-{3-
(methylthio)propyfa stea OMPOUC . NMR-(DMSO-d0 8 9.07 (1H, d, J=2.4
Hz), 8.69 (1HO1D2]=4.6 Hz), 861(1H d, J= 19Hz) 8.48 (1H, t, J=5.4 Hz), 8.09 (2H, t, J=9.2 Hz),
7.86-7.76 (3H, m), 770 %iélH m), 7.51 (1H, dd, J=1.9, 7.0 Hz), 7.34 (1H, d, J=4.6 Hz), 2.95-2.85 (1H,
m), 2.58-2.45 (4H, m 57 3H, s), 1.93-1.83 (2H, m), 1.00 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 511
[M+H]*. [0173] E&Ehpl&lﬂépyrazoloﬁ 4-b]pyridine (3a)

4-{3-Isopropy1-4-(gquinolin r|d|n 1y11-2-(1-methylpiperidin-4-ylamino)benzamid
e (24) [0174] ccor(!ilP}Lg[%Y % (Lﬁrl |soprop % (quinolin-3-y1)- efg %‘XI

1H- pyrazolo[aréph/]pgradmed}yiéébl(jmneiﬂNJNrpesr«IﬂJmmA@dammo)benzonltrlleev(/ascpgeepared using
compound (6d) Instead qf compound (le) and usmg 4-amino-1- methy\&gperldme Instead of

trans-aminocl/clofe¥am! dhhas usedHehR WHBLRR BER TR Fo P IWFS heing purified. According to

Example 1(7};1|mrfg1mmmdr(mthHCwﬁélLEéﬁ)olIIﬁﬂaﬂodthe second stage Yighitid®2) glas prepared as a
white solid usi

4-{3- |soprop)}ﬂrﬁ_(‘gdﬂ10cﬂlﬂ1@ %a)s ff—?%‘{lfgz%qgﬁ? R 6']]537%?”%/"2 (1- methylplﬁgpﬁ(yﬁp2'11 -ylamino)benzonitrile
Instead of copgpeufiddéd BYistHitig [dPMRO RGBT, @H, d, J=2.2 Hz), 8.73dltibrefl=4.6 HZz), 8.67

(1H, d, J=2.2 H J=7.3 Hz 2H, t, J=8.9 Hz), 7.91-7.70 (4H, (1H, dd, J=1.9,
6.8 Hz), 7. 4&(?&0@?91 'E\Y%elf}? ‘E@H‘(TL'F?F Z”?P—%“é Y35 BPIH 67 (2H, m), ﬁ%-;%’i?é‘lﬁe m), 1.54-1.47
(2H, m), 1.0348kiof sdrhich B)7d-RMS (ESH. e s ibhHdllidd el wdrrample 25

;‘Of;gopfopv' o TSTATor Shd wae oo o 1t Wt (oo iy, ¥ H-2- (neopeniamippypenzamide (23)
extraction with ethyl acetate. The organic layer w as washed with
saturated saline and then dried over anhydrous sodi um sulfate.

The solvent was distilled away to obtain a colorles s oily
substance (32.0 g). Without performing purificatio n, celite (28.5
g) and pyridinium chlorochromate (53.0 g) were adde d to a solution
of the colorless oily substance in dichloroethane ( 200 mL),
followed by stirring at 40 °C for 2 hr. Pyridinium chlorochromate

(13.0 g) was further added to the reaction solution , followed by
stirring at 40 °C for 2 hr. The reaction solution was filtrated

using celite, and silica gel (300 g) was added to t he filtrate,
followed by stirring for 5 min, filtration, and elu tion with 200
mL of chloroform three times and 200 mL of ethyl ac etate twice.
The solvent was distilled away to obtain a brown oi ly substance
(31.0 g). Without performing purification, hydrazi ne monohydrate
(25.0 mL) was added to a solution of the brown oily substance
(31.0 g) in THF (52 mL), followed by stirring at 90 °C for 30 min.
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According to Example 1(6), 4-{3-isopropyl-4-(quinolin-3-y1)-
1H-pyrazolo[3,4-b]pyridin-1-y11-2-(neopentylamino)benzonitrile was prepared using compound (6d)
Instead of compound (le) and using neopentylamine instead of trans-aminocyclohexanol and was used in
the subsequent reaction without being purified. According to Example 1(7), dd#Rpt&d Edpthe second
stage yield: 60%) was prepared as a white solid using 4-{3-isopropyl-4-(quinolin-3-y1)-
1H-pyrazolo[BfiiipyiindirtHeEbc@ameoptonylas thetjibetezonitrile Instead of cobgioaed €thfjl 1H-NMR
(DMSO0-d0 8.9.12.(1H..d. J=2.4 Hz). 8.75(1H. d, J=4.9 H7), 8.67 (1H, d, J=2.2 Hz). 8.13 (2H, t, J=8.6 Hz),
7.91-7.70 (4|3,C‘F]rt1 t,é/’.‘ﬂg ‘("ﬁﬂd@?%g)fﬂ%]'%,'éyﬁ{z‘ﬁ‘{ﬁ‘avélsﬁﬁ"%(, J=4.9 Hz), 3.0° -3‘?‘%%?%, m), 1.06-1.01
(15H, m); LRsaAB¢E8H walz thes e aarylraxasopien26ulTHO064 E(F) 1it&Ilhen,

4-{3-Isopropyl-4-(quinelin-3-y1)-1H-pyrazolo[3.4-b]pyridin-1-

1200 s A SEAEOBE AR accoraing 0 BXE8991(6)
4-{3-isopropyhedh|clistagmys:idl BoYh) gsyaamtitn]dy | atalin-1-y11-2-{3- nce.
(methylthio)phenylamjnolbenzonitrile was prepared using compound (6d) Instead of compound (le) and
using 3-(me?f%fm52a it Ii??st aaloﬁrﬁrﬁgﬁg%&%l xqAoPahE was d in the subsequent reaction
without being@@Irifiet.ddicdesding . HyamBe(IK7 b afound (26) (the second.Btege giedd: 61%) was
prepared as hite salj ing,4-{3-isopropyl-4-(quinolin-3-y1)-1Hpyrazolo[3,4-h]pyridin-1-yll-2-{3-
(methylthio)p%gﬂﬂari%’%t;@;};o]rﬁﬁ%léﬁﬁ’s{ega O%é%%ip%HN(%(i%%lH-NMR (DMS i 1 (1H, d, J=2.2
Hz), 8.75 (1Hw4H]=4.9 Hz), 8.67 (1H, d, J=2.2 Hz), 8.60 (1H, d, J=1.9 Hz), 7.91-7.70 (4H, m), 7.49 (1H,
dd, J=1.9, GI?PIJ—TI@ 8.13 (1H, t, J=8.6 Hz), 7.94-7.85 (2H, m), 7.79-7.70 (2H, m), 7.42 (1H, d, J=4.9 Hz),
7.32-7.25 (2H, 17.01 (1H, d, J=7.3 Hz), 6.90 (1H, d, J=7.3 Hz), 2.93 (1H, g, J=6.8 Hz), 1.02 (6H, d,
J=6.8 Hz); LRMS (&&mpie/3@45 [M+H]*. [0179] Example 27

2-{2-(Dimethylamino)ethylamino}-4-{3-i I-4-(qui oler-3-
yl)-lH-pyrazoIo[B,%—em&ﬂﬁQXﬁ;ﬁi?e xample 1(6),
2-{2-(dimethylaming)sifita it Exarhp(S 16D Peompofir(6 @pP (B H-pyrazolo[3 grdpaeddin-1-

yllbenzonitrile was prepared using compound (6d) Instead of compound (le) and using

N,N-dimethy A EHERIANENG SRERRPEPEH3E RS0 GBMexanol and wasREY [hdhe subsequent

reaction With%ﬁmmgwgfﬁgs%@ﬁ?ﬂ%@g(m,5%@)’,“9'.921(1%,QQVBE@.E']CM%BI HO064 E(F) 111511 (the
second stage yield: 57%3 was pr(]aiared as a white solid usi%g

2-{2-(dimethyEMifloyEydiind} 4 (&S oo gy A Gtinbif-Zy 1) - o1 (2H, q,
1H-pyrazolo[$:4-6lryyidinglafibenzemitilg, Insteae cormpound (1f). 1H-NMR[(IPWME0-016) 8 9.14 (1H, d,
J=2.4 Hz), 8.76 (1H, d, J=4.6 Hz), 8.69 (1H, d, J=2.4 Hz), 8.46 (1H, t, J=5.1 Hz), 8.15 (1H, t, J=8.3 Hz),
7.93-7.87 (1P 7.83-7.71 (3H, m), 7.56 (1H, dd, J=2.4, 8.4 Hz), 7.42 (1H, d, J=4.9 Hz), 2.96 (1H, g,
J=6.8 Hz), 2.58-2.6Q{fblem3)2.24 (6H, s), 1.06 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 494 [M+H]*. [0181]
Example 28
4-{3-1sopropy1-4-(CinASNe:

idin-2-yl)ethylamino}benzamide

(28) Phosphorus oxychloride (11.1 mL) was added to a su spension
solution of compound (3b) (19.5 g) in dichloroethan e (240 mL) at
room temperature, followed by stirring for 30 min. The solvent of
the reaction solution was distilled away, and then acetonitrile
(40 mL), methanol (40 mL), and water (80 mL) were a dded to the
residue. After adjustment of pH to 9 with an aqueo us sodium
hydroxide solution, water (400 mL) was added theret 0. The
precipitate was collected by filtration, washed by sprinkling
methanol (40 mL), water (300 mL), ether (60 mL), an d hexane (30
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[0182] According to Example 1(6), 4-{3-isopropy1-4-(quinolin-3-y1)-
1H-pyrazolo[3,4-b]pyridin-1-y11-2-{2-(pyridin-2- yl)ethylamino}benzonitrile was prepared using compound
(6d) Instead of compound (le) and using 3-(2-aminoethyl)pyridine instead of trans-aminocyclohexanol and
was used in the subsequent reaction without being purified. According to EX&9958 B(@) 1&5phbound (28)
(the second stage yield: 67%) was prepared as a white solid using

4-{3-isopropyhu)(sehpehtiayyane diegrazdbo f8dldsid ymeadrg/1-2-{2-(pyridin-2toydygéirylamino}benzonitrile
Instead of compound « JH-NM Q-0 .5 (1H, d, J=2.2 Hz), 8.78 (1H, d, J=4.9 Hz),
8.69-8.61 (3ﬁ?ﬁ‘8?§?§é§&%g,gagﬁy%§.fW}z%@e%‘i%‘%m t, J=8.1 Hz), 7.95-7.72 (6H, m), 7.56 (1H, dd,
J=1.9, 6.8 HZH-RKR(IEDT, :)=4 B K2 1A 36 0341 H), )13 @5+3d4 0421, ), 3.03-2.92 (3H, m), 1.07 (6H,

d, J=6.8 Hz): (ESI) iz 528 [M+H]*. THOO64.E(E) 111511 [0183] le
2-{3-(Dimeth%a@n%)Bréﬁﬁgﬁn*lzfoi:%éﬂsép:{;é%% Qéﬂiﬁnk(/)ﬁin3-y1)-1H-pyraz%xG§,4%%p%/?l2din-l-yIIbenzami

de (29) [018m+H] According to Example 1(6),
2-{3-(dimethi&ﬁ%io)propylamino}4-{3-isopropy1-4-(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1-
yllbenzonitrile"'was prepared using compound (6d) Instead of compound (le) and using

reaction without being e yield: 14%)
was prepared as a'w

; U v 7/ CHe Vi [J U ||n'3'y1)'
1H-pyrazolo[@d)b]pyridin-1-yllbenzonitrile Instead of compound (1f). 1H-NMR (DMS0-016) 8 9.12 (1H, d,
J=2.2 Hz), 8.75 (1E

. d, J=4.9 Hz), 8 67 (1H, d, J=2.2 Hz), 8.50-8.46 (1H, m), 8.14 (1H, t, J=8.4 Hz),
7.91-7.70 (4H, m), f'?%&"ﬂ?lﬁ?‘ﬁ‘&f (33:81.'@%?@1&)?,‘ #ﬁ?ﬁﬂ?ﬁa§4.9 Hz), 2.94 (1H'%2946 8 Hz), 2.80-2.66
(1H, m), 2.5Q2142 (Bhiere)scy@ahtlafBadtddne) abadtitehti d, J=6.8 Hz); LRM&GipBhnan(3508 [M+H]*.
[0185] Example 30 2-?f%lclohex3cmethylamino)_—4_-{3-isopropy1-4-(quinolin-3-y1k—( _
1H-pyrazolo[@AbPRidRE1AABEA A RIBVeddY fHTEE 2 According to Exarfbie 30 min.
2-(cyclohexylmnetiaimg) heddtiso poRipph-HStigabns-y 1)- LH-pyrazolo[3ditelngddisthyllbenzonitrile was
prepared usigg compound (6d) Instead of compour_\gaébe) and using aminomethylcyclohexane Instead of

trans- THOOBASEE) Y AU AAEB RS UIRCAPR8318ed in the subsEQMIRPTdAEton without being

purified. Accergirictiayexaapieashél wrmpRauatERlilheraecond stage yield or@iik egerprepared as a
white solid using 2-

(cyclohexylrmdtRY IBRHRSIRG B aS ROV AMBRHS SSAY IS py razolo[ 3, 4-b AT lIbenzonitrile instead
of compoundfdf thsdMR WePGdfe B RaY. (d. idsidadw Hz), 8.67 (1H, d,akshiiktzby8.30 (1H, d, J=1.9
Hz), 8.24 (1H, d, J=8.1 Hz), 7.94 (1H, d, J=8.1q|—|yz72, 7.86-7.82 (2H, m), 7.71-7.60 (2H, m), 7.16 (1H, d,
J=4.9 Hz), 3.18/ALsica g6 QN LA HPRIYABEXRNE/95-1.90 (2H, mSUY SRR EYSH, m), 1.32-1.01

(eTavI\e) 0 ooroR .
U U Via ~ O TUPY - wiw

_? - 'lj.l

(11H, m); LRI St QoA Bdy 3161 [§1438h) S5xamRjeBl bstance.
4-{3-Isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1- y11-2-(2-morpholinoethylamino)benzamide
(31) 'H-NMR (CDCl3) & 8.34°(1H, d, J=5.1 HZ), 7.09 (iH, d, J=5.1 Hz),
6.22 (1H, g, J=6.1 Hz), 3.43-3.53 (1H, m), 3.11-3.2 6 (3H, m), 1.84
(3H, d, J=6.1 Hz), 1.40 (3H, t, J=7.6 Hz), 1.12 (3H .1, J=6.8 Hz);
LRMS (ESI) m/z 254 [M+H] i
[0106]
Example 3(5)
3-(3-Ethyl-1H-pyrazolo[3,4-b]pyridin-4-yl)quinolin e (3e)
Tetrakis(triphenylphosphine)palladium(0) (0.69 g) was added
to a solution of compound (3d) (3.01 g), quinoline- 3-boronic acid
(2.67 g), and an agueous sodium carbonate solution (2M,23mL)in
ethylene glycol dimethyl ether (30 mL) under a nitr ogen atmosphere,
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[0188] According to Example 1(6), 4-{3-isopropyl-4-(quinolin-3-y1)-
1H-pyrazolo[3,4-b]pyridin-l-y11-2-(2- morpholinoethylamino)benzonitrile was prepared using compound
(6d) instead of compound (le) and using 2-morpholinoethylamine instead of trans-aminocyclohexanol and
was used in the subsequent reaction without being purified. According to EX&9958 B(@) 1&&phbound (31)
(the second stage yield: 43%) was prepared as a white solid using
4-{3-isopropybkbeuibglstirBaglt 861-pyrazolo[34dn Ry hidimMHeyk2dimsiptimlinasthylamino)benzonitrile
instead of coy . 1H-N CDC13) 8 9.06 (1H, d, J=1.9 Hz), 8.67 (1H =4.9 Hz), 8.30 (1H,
s), 8.24 (1H, %ﬁﬁ%ﬁ%‘@%‘&%ﬁéiﬁ%&ﬁ?ﬁ@@&?%QE(QH, m), 7.72-7.65@33!%%,’%.54 (1H, d, J=4.9
Hz), 7.18 (1Hyak JadheHujh 3at3-Bets 6l anyl B&6A(idd,ayeJ=6.8 Hz), 2.76r @Hytrdab.9 Hz), 2.57-2.54
(4H, m), 1.14 (6H. d, J=6.8 Hz); LRMS (ES]) m/z 536 [M+H]*. TH0064 E(F) 111511 [0189] Example 32
4-{3-Isopropyc1§ '—L(anu‘f’ﬁﬂg Fr?—'#); cﬁ 'fl\é‘)t'/'s?az%ﬂ) ,Sﬁfz)-lg‘fggridin-1y11-2-(isoxazol- ]-Ay amimo)benzamide (32)
[0190] Adeendingtal BExXahydlech|6)ic4dig-(28pnapyilede @idaolin-3-y1)- d to the
1H-pyrazo|o[%§zpu]é)§ld r}w!e%slu Iﬁ%so?& 5r%|ﬁé¥|s mgn(r ﬁ)ltrenzomtrlle was pre.poaorr%c{?lﬁﬁl)réga?&r%]pound (6d)
Instead of compouri ?es and using 3-aminoisoxazole Instead of trans-aminocyclohexanorl and was used
in the subsedoed neiacTibe prithvas tlogisgdiar ifiedh Ancoubng to Example 1(d3$,seoiopound (32) (the second
stage yield: 40%) was prepared as a white solid using 4-{3-isopropyl-4-(quinolin-3-y1)-

1H-pyrazolo[ Yﬂ%fb‘iﬁF&h‘.‘ﬁ@rﬁe@@wgg)?gz%ﬂ@%ﬂ%%‘?ﬁ )%thzonitrile Instead (%J 88?7% und (1f). 1H-NMR
(DMSO-dO 8thé4rfahit (aytr mps8vagheHyith shidr@ddizalthg3-8.69 (2H, m), 8rhd ¢&ianic J=8.6 Hz), 8.02

(2H, s), 7.92-7.85 (1H, m), 7.75-7.70 (1H, m), 7.43 (1H, d, J=4.9 Hz), 6.57 (1H, s), 2.97 (1H, q, J=6.5 Hz),
1.06 (6H, d, &' %ﬁ)@"fﬁfﬂé{’@ﬂ?ﬁgﬁﬁﬁm&#ﬂﬁ‘f@ﬂ Example 33 i e,
4-{3-1sopropdré-arnnadsclyi) vidd-gigiage iy -Dieyedin-1- y11-2-(4-morpkoliaepodfdamino)benzamide
(33) [0192] Accordipg to Example 1(6), 4-{3-isopropyl-4-(quinolin-3-y1)-
1H-pyrazolo[%Yﬂf)l]'HﬁliﬂW‘?gﬂ-%Ff-@-‘ffo ﬁ%&’ﬂkm%é@ﬂ%ﬁmg%ﬁﬁ\o)benzonitrile v?ﬁéegpépared using compound
(6d) Instead atearapeLItafedcncbURIN@E)- (0ogIhglinearitine instead of trangtatayeogsielonexanol and was
used in the subsequent reaction without being purified. According to Example 1(7), TH0O064 E(F) 111511

compound (323%0/ &WB'FE}IS&QQe yield: 11%) was prepared as a white solid using
4-{3-isopropyk-AnQitin@inct-y 1) oL Hipyrezole[3d bipwadin:-vd- 2r£4--mesphglirophenylamino)benzonitrile
Instead of compound (1f). 1H-NMR (DMS0-016) 8 9.10 (1H, s), 8.72 (1H, d, J=4.6 Hz), 8.66 (1H, s), 8.28
(1H, d, J=2.2(H%)98’.i§-?iﬁ?’t?§-lé. H) IR B 240816 Hz), 7.72 (1H, t; 9=F8- 81763 (1H, dd,
J=2.2, 6.5 Hz) 984+ 7639-4261H7)) 788 2162 H, H:sl38:H, HB, 7.01-6.98 (2H, mp {5 3L244H, m), 3.09-3.05

(4. m). 296 267 () 190 6 58 HE RS (E00 i 584 M HI 1o
J=7.6 Hz); LRMS (ESI) m/z 275 [M+H] i
[0107]

Example 3(6)

2-Bromo-4-{4-(quinolin-3-yl)-3-ethyl-1H-pyrazolo[3 4-
b]pyridin-1-yl}benzonitrile (3f)

According to Example 1(5), compound (3f) (84%) was prepared
as a white solid using compound (3€) instead of com pound (1d).
'H-NMR (DMSO-dg) 8 9.14 (1H, d, J=2.2 Hz), 8.99 (1H, d, J=2.2 Hz),

8.86 (1H, d, J=4.9 Hz), 8.70 (1H, s), 8.66 (1H, d, J=8.8 Hz),
8.10-8.22 (3H, m), 7.91 (1H, t, J=8.3 Hz), 7.75 (1H .1, J=7.3 Hz),
7.56 (1H, d, J=4.9 Hz), 2.67 (2H, g, J=7.6 Hz), 0.9 8 (3H,t,J=7.6
Hz); LRMS (ESI) m/z 454 [M+H] .
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Example 34
4-{3-Isopropy1-4-(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-ly11-2-{4-(pyrrolidine-l-carbonyl)phenylamino}b
enzamide (34) [0194] According to Example 1(6), 4-{3-isopropy1-4-(quinolin-3- y«ﬁg
1H-pyrazolo[3,4-b]pyridin-l-y11-2-{4-(pyrrolidine-lcarbonyl)phenylamino}berz#fifiEwhldrddared using
compound (6d) Instead of compound (le) and using (4-aminophenyl) (pyrrolidin-lyl)methanone Instead of
trans- aminod@dlﬁﬁ]exanol and was used in the subsequent reaction without being purified. According to
Example 1(7), comyp (the second stage yield: 59%) was prepared as a white solid using
4-{3-isopropyl-4- (qumol? 5}

1H-pyrazolo[3,4- bmﬁmnmmm{dymmﬁchﬂb{mummmmo}benzom&-ljd) -Bistead of compound
(af). 1H- NMR(t :

8.64(2H,dd,J=t"
(4H,m),7.55(2H,d Agaoﬁiﬂig t?) Ezé]rbpb]d ;IJG@;L 6|d|zbd@ Bﬁn((ﬁlﬁt of 2-(t rans-4-

d,J=8.6Hz),2,99-2.8 1, H, m),1.01(6H,d,J=6,8Hz);
LRMS(ESHmY %{ﬁg %%%m@&%%@@&%z&é‘f} Wyample 35 s
4-{3-Isopropyydatqlaf3odHd]ByyidinHHApyrazalfid; 4vigprepan- 1y11-2-{4-(pyrroletinsingimethyl)phenylamino}b

enzamide (35) [0196 Accor o Example 1 3-isqpropyl-4-(quinolin-3-y1)-
1H-pyrazolo[3; B?H{)gié?ﬁ) I"ﬁel f ?&BP&”&%@@@&{W%‘M Iammo}benzg}w ?ﬁle was prepared using

compound (Gsiﬂomead rfzcoonpeitiudi(eiryeLitidag Ae¢pydrolidin-1ylmethyllagilinexasisad of
trans- amlnoc hexanol %géwas used the sukﬁ f%% nt reaction without bel%Fﬁ(é'lfled According to

Example 1(7 Qﬁ?es§888 8‘§9§g¥é B398 was prepared 3R €=8%d using
4-{3-isopropyiitéqaiitnbiy t3ind P-(trans-4-hydroxycyclohexylam ino)-4-{4-
1H-pyrazolo[3,4-blpyri 1-2-{4-(pyrrolidin-lylmethyl)phenylamino}benzonitrile instead of compound
(1f). 1H-NM CFHM]@% M%%éj%%’%ﬂlf% ?t% tﬁ%‘{?‘és (1H, d, J=10.8 HZ), 8.47-8.39 (1H, m), 8.12-8.01
(2H, m), 7. 92;|7b§|4z@1ﬁmmms?e556f 85nBdtinan) 1f7 26-7.12 (5H, m), 3.62 (2H, s), 2.78-2.68 (1H, m),

2.40-2.23 (4H, TP .72-1.50 (4H,_m), 0,92 (6H, d, J=6.5 Hz): LRMS (ESI) m/z 582 [M+H]*.
MR (DMSO-ds) 69.14 (1H, d, J=2.2 Hz), 8.76 (1H, d, J=4.9 H

8.69 (1H, s), 8.44 (1H, d, J=7.1 Hz), 8.12-8.20 (2H ,m), 7.41-7.94
(5H, m), 7.49 (1H, d, J=8.8 Hz), 7.45 (1H, d, J=4.9 Hz), 7.14 (1H,
brs), 4.58 (1H, d, J=4.4 Hz), 3.30-3.60 (2H, m), 2. 66 (2H, q,
J=7.6 Hz), 1.80-2.20 (4H, m), 1.21-1.50 (4H, m), O. 9% (3H, t,
J=7.6 Hz); LRMS (ESI) m/z 507 [M+H] i
[0109]

Example 4

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-
(quinolin-3-yl)-1H-pyrazolo[4,3-c]pyridin-1-yl}benz amide (4)
[0110]

Example 4(1)

4-Chloro-3-isopropyl-1H-pyrazolo[4,3-c]pyridine (4 a)

Normal-butyllithium (a 1.6 M solution in hexane, 8 .13 mL) was
dropwise added to a solution of N,N-diisopropylamin e (1.99mL)in

THF (30 mL) at -78 °C under a nitrogen atmosphere, followed by

increasing the temperature to 0 °C. Then, the solution was cooled
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[0197] Example 36  4-{4-(1H-Imidazol-1-y1)-3-isopropyl-1H-pyrazolo[3,4-
b]pyridin-1-y11-2-(trans-4-hydroxycyclohexylamino)benzamide (36) [0198] Example 36(1)
2-Bromo-4-{4-chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1yl}benzonitrile (36a) According to
Example 1(5), compound (36a) (93%) was prepared as a white solid using E6RHS8E) Bbikstead of
compound (1d). TH0064 E(F) 111511 1H-NMR (DMS0-016) 8 8.87 (1H, d, J=2.2 Hz), 8.67 (1H, d, J=5.1
Hz), 8.55 (1Ho drB J=8,@n2.2 stih)ti¢h13 ZU-tichideyidits (¥.6§)(1H, d, J=5.1 Hz), 3. A3THH3q, J=6.8 Hz),
1.45 (6H, d, J=6.8 Hz): LRMS 1) m/z 375 [M+H]*. [0199 ample 36(2
4-{4-(1H-|mi&ﬁ@oﬁ@?@’ﬁ%&%ﬁﬁﬂ%ﬁi b[3.4- b]pyr'diflsﬁféyﬁl/iqbf-%}%ﬁﬁ)t%renzonitriIe 36b) A
solution of cdnijoumte(3Gejdl0tiba® G opotdakieimdsaibhate (0.145 g), coppai()ipdieeInanopowder)
(0.021 g), and imidazF%Ie 0.042(218%& DME (2.0 mL Ivv.as stirred at 120C for %%Igr -e[ Ie regction solution
was diluted PR stSImﬁée AREROHERR fitered through celite. 'ICF'I OS8NVERt was distilled
away, and ethyktceinte thadatietempeeanddéat BD thenr@sidue. The precipitate, was collected by filtration to

obtain compound. (36b) (0.173 g, 81%).as a white solid. 1H-NMR (DMS0-016) 8 8.93 (1H, d, J=2.0 Hz),
o (o SR s et R WAE St O e SRR ™ e o

7.53 (1H, d, &dd/ntiantel. 26 diganjc Buyle? (ddd vwepshed.Ritdz), 1.11 (6H, d, J=6t@dte);daMdS (ESI) m/z 407
[M+H]*. [0200] Example 36(3 4-{4-(1H-Imidazol-1-y1)-3-isopropyl-1H-pyrazalo[3,4-

b]pyridin-1-yf%%ﬁ?rgﬁ%qw%%g%%%&ls(ﬁ\é%hg%m%% Qéglégmide (36) Ac %rra‘%]éf [%’\':"i(amples 1(6) and
1(7), compouwadi(B® s (teesThondisiaoremelth2dist)iedaswprepared as a whitgy said thsing compound (36b)

Instead of comggund le). 1H-NMR (DMS0Q-016) 8 8.76 élH, d, J=4.9 Hz), %41 1H, d, J=4.9 Hz),
residue was purified by netitral silica'gel column romatography

(n-hexane/ethyl acetate) to obtain 1-(2,4-dichlorop yridin-3-yl)-2-
methylpropan-1-ol (1.48 g, 99%) as a colorless oily substance. A
solution of DMSO (0.9 mL) in dichloromethane (5 mL) and a solution
of 1-(2,4-dichloropyridin-3-yl)-2-methylpropan-1-ol (2.39g)in
dichloromethane (5 mL) were sequentially added to a solution of
oxalyl chloride (0.8 mL) in dichloromethane (30 mL) at-78 °C,
followed by stirring for 30 min. Then, triethylami ne (3.52 mL)
was added to the reaction solution at O °C, followed by stirring

for 1 hr. The reaction solution was poured into ic e water and was
extracted with chloroform. The organic layer was w ashed with
saturated saline. The organic layer after the wash ing was dried
over anhydrous sodium sulfate, and then the solvent was distilled
away. The residue was purified by neutral silica g el column
chromatography (n-hexane/ethyl acetate) to obtain 1 -(2,4-
dichloropyridin-3-yl)-2-methylpropan-1-one (1.18 g, 86%) as a
colorless oily substance. Hydrazine monohydrate (1 .3 mL) was
added to a solution of 1-(2,4-dichloropyridin-3-yl) -2-
methylpropan-1-one (0.93 g) in THF (13 mL), followe d by stirring

at room temperature for 12 hr and then at 50 °Cfor 25 hr. The
reaction solvent was distilled away under reduced p ressure, and
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8.21 (1H, s), 7.85 (1H, brs), 7.75-7.82 (3H, m), 7.39-7.45 (2H, m), 7.25 (1H, s), 7.15 (1H, brs), 4.60 (1H,
d, J=4.4 Hz), 3.30- TH0064 E(F) 111511 3.60 (2H, m), 3.10 (1H, g, J=6.8 Hz), 1.80-2.20 (4H, m),
1.20-1.45 (4H, m), 1.10 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 460 [M+H]*. [0201] Example 37
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-(4- THO064 E(F) 111511
phenyl-1H-imidazol-1-y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (37) [0202] Example 37(1)
2-Bromo-4-{3hie ogmidpy iwhgpyrtiiedydyineuadalioel geydil Hpyrazolo[3,4-b]pymdin-I-yllbenzonitrile (37a)

According to Example 36(2), cpm 7 %) was prepared as a white solid using
4-pheny|-1H-‘f$r}'{§§2§8 %Ré%@ﬁ%%ﬁp.‘r%‘?” ﬁ‘z%ﬁ%g)’fé{ei@ﬁw BMs0-do 8 8.96 (1ﬁf"8?39‘§?§aﬂz), 8.91 (1H, d,
J=4.9 Hz), 8.6356L¢] 666) kst o aebiz il BbgEHcs), 8.30 (1H, s), 8.17 (1H, d, J=8.5 Hz), 7.90 (2H, d,

T3 HO 76300 SOl G ST T B9 0 T30 9.24 (1. 368 o),

2-(Trans-4-hythp8y8Y ¢lehex ket d) 21 - {336 (Hopyb46(83 H 2); LRMS (ESI)
phenyl-lH-Im%sizaigg@%-1H—pyrazolo[3,4-b]pyridin-l-yllbenzamide (37) According to Examples 1(6)
and 1(7), compound ](the'second stage yield: 49%) was prepared as a white solid using compound
(37a) Insteadadfiegpmpound (le). 1H-NMR (DMSO0-016) 8 8.80 (1H, d, J=5.1 Hz), 8.43 (1H, d, J=7.3 Hz),
8.29 (2H, s), 7.90 (2H. d, J—'ées Hz), 7.88 (1H, brs), 7.75-7.83 (2H, m), 7.50 (1H, d, J=5.1 Hz), 7.38-7.47
(3H, m), 7.29 (1H, TAPEHS). 7.17 (1H, brs), 4.59 (1H, d, J=4.1 Hz), 3.30-3.60 (2H,

3-{3-Isopropyl-1H-pyrazolo[4,3-c]pyridin-4-yllquin oline (4b)
Dihydropyran (10.0 mL) and (+)-10-camphorsulfonic acid (0.062
g) were sequentially added to compound (4a) (0.55 g ), followed by
stirring at 80 °C for 30 min. After cooling, the reaction solution
was distributed between ethyl acetate and a saturat ed aqueous

sodium bicarbonate solution, and the organic layer
saturated saline. The organic layer after the wash
over anhydrous sodium sulfate, and the solvent was
The residue was purified by neutral silica gel colu
chromatography (n-hexane/ethyl acetate) to obtain 4
isopropyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazolo[
(0.727 g, 93%) as a colorless oily substance. Subs
tetrakis(triphenylphosphine)palladium(0) (0.149 g)
solution of the colorless oily substance (0.727 g),
boronic acid (0.539 g), and an aqueous sodium carbo
(1 M, 13 mL) in ethylene glycol dimethyl ether (26
nitrogen atmosphere at 85
distributed between ethyl acetate and water, and th
was washed with saturated saline and then dried ove
sodium sulfate. After distillation of the solvent,

and concentrated hydrochloric acid (2.6 mL) were ad

residue, followed by stirring at 60
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4,3-c]pyridine

equently,

was added to a
quinoline-3-
nate solution
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r anhydrous
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THO0064 E(F) 111511 m), 3.22 (1H, g, J=6.8 Hz), 1.80-2.20 (4H, m), 1.25-1.85 (4H, m), 1.15 (6H, d, J=6.8
Hz); LRMS (ESI) m/z 536 [M+H]*. [0204] Example 38
3-Chloro-4-{3-isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4- b]pyridin-1-yllbenzamide 538) [0205]

Example 38(1) 3-Chloro-4-{3-isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4- BipYeRirENbEAZonitrile (38a)
According to Example 1(5), compound (38a) (79%) was prepared as a white solid using
3-chloro-4-flusliobtedzoitrikh ArstemdmisZobiwmbicvtiaoatdbemzonitrile. 1H-NMR{DMSO-d0 8 9.16 (1H, s),
8.73 (1H, s), 8,67 (1H. d, J=4.4 Hz 1H, s),8.13-8.22 (2H, m), 8.09 (1H =8.0 Hz), 7.89-8.00
(2H. m), 7.75¢ W,ét%,i 9¥§.’6Jr A%'f’,“?’."lfh %i@f%?lejitﬁ >9"% 02 (1H, g, J=6.8 ﬁz‘?%?é%{ . d. J=6.8 Hz);
LRMS (ESI) weizhe@dniM-seilhafied Galine EXaerptzd8 (2yer af ter the washing
3-Chloro-4-{3-isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3.4- b]pyridin-1-yllbenzamide (38 According to
Example 1(7¥Ya050$ﬁ'8§§?1’8r (%%U/?))S\E/(vaésr%rsé%égr% %%s%evorgte solid using cg%sfr)g(])\ﬁenné\@%a) Instead of
compound (Idjstillet} isivy. (D &Gidl@ 8/8 binfied, ), derd Hz), 8.73 (1H, s),18i&a ¢EH, d, J=4.9 Hz),
8.10-8.30 (4H 8.05 (1H, d, J=8,0 Hz), 7. H, t, J=8.0 Hz), 7.65-7.80,(3H, m), 7.41 (1H, d, J=4.9
i), 307 (LR O T A R ) iz 442 (AT BB Example 30
-100- THOOG4Hx (5823 45tk third6yifddl E20td pyladadieisolin-3-y1)-1H-pyrazolid[3,4-b]pyridin-1-
ylnicotinamide (39) [0208 Acgording to Example 1(5), a crude product of

6-{3-isopropyl'¢W| éFﬁ'}"éJ?ff)lH%Wa?ngs%)b Hidi -IL-‘?/IIHT&JERJFWH&W&S prepared using
6-chloronicot{mendrilE-msteiad) 08 2300 et A= gs e ndardit(ile and was used itHhe, SeBIEUent reaction

PSR G S

ylInicotinonitriie4|ngter@.ob cozpeindr(3%) (1H, d, J=5.85 Hz), 3.00 (1H, d,

J=6.83 Hz), 1.01 (1H, d, J=6.83 Hz); LRMS (ESI) m/z 289 [M+H] *.
[0112]

Example 4(3)

2-Bromo-4-{4-(quinolin-3-yl)-3-isopropyl-1H-pyrazo lo[4,3-
c]pyridin-1-yl}benzonitrile (4c)

According to Example 1(5), compound (4c) (44%) was prepared
as a white solid using compound (4b) instead of com pound (1d).

'H-NMR (DMSO-dg) & 9.18 (1H, d, J=1.95 Hz), 8.70 (1H, d, J=2.20

Hz), 8.68 (1H, d, J=5.98 Hz), 8.31 (1H, d, J=1.95 H z),815 812
(4H, m), 8.06 (1H, d, J=5.98 Hz), 7.88 (1H, t, J=7. 31 Hz), 7.72
(1H, t, J=7.31 Hz), 3.05 (1H, q, J=6.71 Hz), 1.07 ( 6H, d, J=6.71
Hz); LRMS (ESI) m/z 468 [M+H] .
[0113]

Example 4(4)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-
(quinolin-3-yl)-1H-pyrazolo[4,3-c]pyridin-1-yl}benz amide (4)

According to Example 1(6), 2-(trans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(quinolin- 3-yl)-1H-
pyrazolo[4,3-c]pyridin-1-yl}benzonitrile was prepar ed using
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1H-NMR (DMS0-016) 8 9.15 (1H, d, J=2.2 Hz), 9.08 (1H, d, J=1.7 Hz), 8.79 (1H, d, J=4.6 Hz), 8.71 (1H,
d, J=2.2 Hz), 8.48 (1H, dd, J=8.6, 2.2 Hz), 8.42 (1H, d, J=8.6 Hz), 8.24 (1H, brs), 8.15-8.20 (2H, m), 7.91
(1H, td, J=8.1, 1.7 Hz), 7.75 (1H, t, J=8.1 Hz), 7.66 (1H, brs), 7.48 (1H, d, J=4.6 Hz), 2.98 (1H, q, J=6.8
Hz), 1.07 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 409 [M+H]*. [0209] Examplé #8064 E(F) 111511
2-(Trans-4-hydroxycyclohexylamino)-4-{3-methyl-4-(quinolin-3-

y1)-1H-pyrrola@y3bihoyAdimstedlb eheempden(i(le)[82d 0pE xaeadple 40(1) Tertirbibgy/
3-ethylpyridin-2-ylcarbamate (40 Normal-butyllithium (2.69 M, 157.1 mL dropwise added to a
solution of te‘?tq?B% 9% nﬁrkg%@#ﬁ]y@%}ﬁ%?/%%ggmgﬁe (AXSO(S‘ES) in THF (550 mBga ﬁ‘%ﬂ%ﬁéﬁm temperature of
-40 to -20C, flipwenhiyustir@ izt S€cdod Stdge SieltsSGe@ntly, a solution of metephiedided28.6 g) in THF
(50 mL) was Vc\i/(glggw(ﬁ agde%ip atrQQ z[_%acatrion s%uhign tmauqolnternal temper t_LAt[ of -70 to -60C, followed
by-101- TH X 4 wriné at r8E 0P MIn. The reaction softtibn was poured into ice
water, followedirgmiiagtimolinidydthid-pyratate[tAadpyride organic layers wérd-combined, washed with
saturated salir@ and dried quer aph drous §?(ﬂ'um sulfate. The solvent was distilled away. Hexane (300
mL) was add€ ?8%%' F'e%{ﬂ%fﬁa rESit lﬁné[,)oaur? % ‘precipitate was collected by filtration and dried under
reduced pressurevir gbtamcsampeuod 4408 32341005 6%), &s7@ \thitedsalidl. 951-NMR (CDC13) 8 8.28 (1H,
dd, J=4.8 Hz, 1.6 Hz), 7.56:7.54 (1H, m), 7,07 (1H, dd, J=7.7, 4.8 Hz), 6.72 (1H,brs),.2,65 (2H, g, J=7.5
Hz), 1.51 (9&@),%@4% H‘,"”c,Jjg% ﬁ@);w@*@sﬂ%%s [M+H]*. [0211] gxgbr#%% 0(2)
3-Methyl-1H-gyrtslelRtBhpydding ¢1Qbp.54 HXpmea-futybithium (2.69 M, 118),778Jngas dropwise added
to a solution gf co d (40a) (32,4 g) in THE (500 mL).at an internal temperatyre of -30 to -10C,
followed by s%’nﬁhgqitggé féﬁ%o‘hﬁ%’é‘gt&@qyﬁlﬁgs&%ﬁl% of DMF (11.18 g) &Tﬁ(é(go mL) was
added to the JeagBorRz0BI00 1M, aivjries sy, terapeqatunesef @ 0C, followed by iRcrgasiag the temperature
to room temperature. Then, & N hydrochloric acid (200 mL) was added to the reaction solution, followed
by stirring at B35 A Wi%rs Qﬁﬂrﬁ %tﬁf/?gé t e?(%o mL) and water (1 )‘]\f/%(?eg added to the
reaction solutigy fosdisthugion=Tthe amyeosstayer was agded to sodium hydropgiA, M, 300 mL), and

pH was adjusted to 12, followed by stirring for 1 hr. The precipitate
J=6.83 Hz) LRMS (ESIJ m/z 52T [M+H] .

[0114]

Example 5

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-
(quinolin-3-yl)-1H-pyrazolo[3,4-c]pyridin-1-yl}benz amide (5)
[0115]

Example 5(1)

2-Bromo-4-{4-(quinolin-3-yl)-3-isopropyl-1H-pyrazo lo[3,4-

c]pyridin-1-yl}benzonitrile (5a)

According to Example 4(1), 4-bromo-3-isopropyl-1H-

pyrazolo[3,4-c]pyridine (the third stage yield: 45% ) was prepared
as a white solid using 3,5-dibromo-pyridine instead of 2,4-
dichloropyridine. According to Example 4(2), 3-{3- isopropyl-1H-
pyrazolo[3,4-c]pyridin-4-yl}quinoline (the third st age yield: 66%)
was prepared using 4-bromo-3-isopropyl-1H-pyrazolo[ 3,4-c]pyridine
instead of compound (4a). According to Example 1(5 ), compound
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was collected by filtration, washed by sprinkling water, and dried under reduced pressure to obtain
compound (40b) (16.52 g, 86%) as a white solid. - 102 - TH0064 E(F) 111511 1H-NMR (CDC13) 8 9.56
(1H, brs), 8.30 (1H, dd, J=4.6, 1.2 Hz), 7.89 (1H, dd, J=7.8, 1.5 Hz), 7.09-7.06 (2H, m), 2.33 (3H, s);
LRMS (ESI) m/z 133 [M+H]*. [0212] Example 40(3)  3-Methyl-1H-pyrrold[d®4s&(FkbidSilxide
m-chlorobenzoic acid salt (40c) According to Example 1(2), compound (40c) (77%) was prepared as
a white solid G@sing3%impasupre(deo)dn steatecfiaidmpouidd3la). 1H-NMR (DMSEy0p@)18112.07 (1H, brs),
8.09 (1H, d, J=6.1 Hz), 7.89- 7.87 (2H.m). 7.7Q0-7.67 (1H, m), 7.59 (1H, d, J=7.8 .55-7.51 (1H, m),
7.21 (1H, s),@(%ﬂ'%ﬁ’ d%ﬁ’yﬂ%%,zésﬁqﬂrz‘ ,"é‘?ﬂ%?&, %f§;c?_RMS (ESI) m/z 30?[’1\%’]3]@%213] Example
40(4) 4-Chlofer3imrtiipMEdh o) ro®[@ 53 biyridins. (MO@H, d, Asdordingzfo &Esmmple 1(3), compound (40d)
(39%) was prepared as a white %@;%I in nd (4Qc) Instead of comp b), LH-NMR
(DMS0-016) g%l‘%%‘?fl%sk)%s% g#F‘ds%:&g? %,%.é@q(m, s), 7.07 (1H, d%:gf% Ez 242 (3H, s);

LRMS (ESI) sz 18/, [ My H88[QRH 41, Bxarspleiz0 BB {3+Methyl-1H-pyrrolo[2,3-bipypadiey-yltquinoline

(40e) 2.94 (1H, g, J=6.95 Hz), 1.06 (6H, d, J=6.95 Hz); L RMS (ESI) m/z

468 [M+H] ~.
[0116]

Example 5(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-
(quinolin-3-yl)-1H-pyrazolo[3,4-c]pyridin-1-yl}benz amide (5)

According to Example 1(6), 2-(trans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(quinolin- 3-yl)-1H-
pyrazolo[3,4-c]pyridin-1-yl}benzonitrile was prepar ed using
compound (5a) instead of compound (1e); and accordi ng to Example
1(7), compound (5) (the second stage yield: 41%) wa S prepared as a
white solid using 2-(trans-4-hydroxycyclohexylamino )-4-{3-
isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-c]pyrid in-1-

yl}benzonitrile instead of compound (1f).

IH-NMR (DMSO-ds) & 9.36 (1H, s), 9.11 (1H, d, J=1.71 Hz), 8.64

(1H, d, J=1.95 Hz), 8.49 (1H, d, J=7.32 Hz), 8.37 ( 1H, s), 8.15
(1H, d, J=8.29 Hz), 8.12 (1H, d, J=8.29 Hz), 7.94-7 .83 (3H, m),
7.72 (1H, t, J=7.56 Hz), 7.23 (1H, brs), 7.09 (1H, s), 6.97 (1H,
dd, J=8.29, 1.71 Hz), 4.56 (1H, d, J=4.59 Hz), 3.52 -3.38 (2H, m),
2.95 (1H, q, J=7.07 Hz), 2.04 (2H, d, J=10.7 Hz), 1 84 (2H, d,
J=10.7 Hz), 1.42-1.22 (4H, m), 1.06 (6H, d, J=7.07 Hz); LRMS (ESI)
m/z 521 [M+H] .
[0117]

Example 6



According to Example 1(4), compound (40e) (82%) was prepared as a white solid using compound (40d)
Instead of compound (Ic). 1H-NMR (CDC13) 8 9.53 (1H, brs), 9.08 (1H, d, J=2.2 Hz), 8.38 (1H, d, J=4.6
Hz), 8.27 (1H, d, J=2.0 Hz), 8.21 (1H, d, J=8.5 Hz), 7.92 (1H, d, J=8.3 Hz), 7.82-7.78 (1H, m), 7.66-7.62
(1H, m), 7.17 (1H, s), 7.08 (1H, d, J=4.9 Hz), 1.98 (3H, s); LRMS (ESI) m/z2#¥6466") ¥irddes E(F)
111511 [M+H]*. [0215] Example 40(6) 2-Bromo-4-{3-methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3-
b]pyridin-I-yIIbenzdhﬂ'nim:sémﬁydrommumlamlﬁnamtﬂésm(wpybmpound (40f) (98%) was prepared as a
white solid using " 1d). 1H NMR (DMS.-el 89.05(1H, d, J=2.2
Hz), 8.75 (LH ¢ ] A dd, J=8.7, 1.8 Hz),
8.13-8.11 (4HN119] 7 88 7. 84 (1H m) 7. 73 7 69 (1H m) 7. 36 (1H d J=4. 9 Hz), 1.90 (3H, s); LRMS (ESI)
m/z 440 [M+H]*. (% |1:, le 40(7) 2-(Trans-4-hydroxycyclohexylamino)-4-{3-methyl-4-(quinolin-3-
y1)-1H-pyrrolo[2,3 Xﬁ)yp gln- ~yllbenzonitrile(40h) was prepared (le). According to Example

1(6),compound(408)§66Edn)ydd ta-pyinitenaddid -bipmidoenTpmdided(640f) Instead of compound

According to Example 3(1), 3-isopropyl-1H-pyrazolo [3,4-
b]pyridine (the third stage yield: 62%) was prepare d as a yellow
oily substance using isobutyl aldehyde instead of p ropionaldehyde;
and according to Example 1(2), compound (6a) (81%) was prepared as
a white solid using 3-isopropyl-1H-pyrazolo[3,4-b]p yridine instead

of compound (1a).

'H-NMR (CDCl3) & 8.37 (1H, d, J=5.9 Hz), 7.80 (1H, d, J=8.3 Hz),

7.05-7.15 (1H, m), 3.39 (1H, g, J=6.8 Hz), 1.45 (6H , d, J=6.8 Hz);
LRMS (ESI) m/z 178 [M+H] i
[0119]
Example 6(2)
4-Chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridine (6 b)
According to Example 1(3), compound (6b) (58%) was prepared
as a white solid using compound (6a) instead of com pound (1b).

IH-NMR (DMSO-dg) & 8.41 (1H, d, J=4.88 Hz), 7.27 (1H, d, J=4.88

Hz), 3.64 (1H, g, J=6.95 Hz), 1.37 (1H, d, J=6.95 H z); LRMS (ESI)
m/z 196 [M+H] .
[0120]
Example 6(3)
3-{3-Isopropyl-1H-pyrazolo[3,4-b]pyridin-4-yl}quin oline (6¢)
According to Example 1(4), compound (6c) (65%) was prepared
as a white solid using compound (6b) instead of com pound (1c).
H-NMR (DMSO-dg) & 13.5 (1H, s), 9.08 (1H, d, J=2.20 Hz), 8.62
(1H, d, J=2.20 Hz), 8.59 (1H, d, J=4.63 Hz), 8.15 ( 1H, d, J=9.39
Hz), 8.12 (1H, d, J=9.39 Hz), 7.88 (1H, td, J=7.60, 1.46 Hz), 7.73
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1H-NMR(CDC13)89.06(1H, d,J=2.2Hz), 8.44(1H, d,J=4.9 Hz), 8.27 (1H,d,J=2.0 Hz), 8.22(1H, d,J=8.3
Hz),7.93 (1H,d, J=7.8 Hz), 7.84-7.80(1H, m), 7.68-7.64 (1H,m),

THO064 E(F) 111511

(1H, t, I=7.60 Hz), 7.21 (1H, d, J=4.63 Hz), 2.90 ( 1H, g, J=6.83
Hz), 1.00 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 289 [M +H] "
[0121]

Example 6(4)

2-Bromo-4-{3-isopropyl-4-(quinolin-3-yl)-1H-pyrazo lo[3,4-
b]pyridin-1-yl}benzonitrile (6d)

According to Example 1(5), compound (6d) (59%) was prepared
as a white solid using compound (6¢) instead of com pound (1d).

IH-NMR (DMSO-dg) & 9.13 (1H, d, J=2.20 Hz), 8.99 (1H, d, J=1.71

Hz), 8.85 (1H, d, J=4.88 Hz), 8.69 (1H, s), 8.65 (1 H, dd, J=8.54,
1.95 Hz), 8.18-8.12 (3H, m), 7.90 (1H, t, J=7.25 Hz ), 7.74 (1H, 1,
J=7.25 Hz), 7.53 (1H, d, J=4.88 Hz), 2.97 (1H, q, J =6.83 Hz), 1.05
(1H, d, J=6.83 Hz); LRMS (ESI) m/z 468 [M+H] *,
[0122]

Example 6(5)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-
(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benz amide (6)

According to Example 1(6), 2-(trans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(quinolin- 3-yl)-1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was prepar ed as a white
solid using compound (6d) instead of compound (1e); and according
to Example 1(7), compound (6) (the second stage yie Id: 62%) was

prepared as a white solid using 2-(trans-4-

hydroxycyclohexylamino)-4-{3-isopropyl-4-(quinolin- 3-yl)-1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile instead of compound (1f).
'H-NMR (DMSO-ds) & 9.07 (1H, d, J=1.95 Hz), 8.69 (1H, d, J=4.88

Hz), 8.63 (1H, s), 8.36 (1H, d, J=7.07 Hz), 8.11 (1 H, d, J=9.64
Hz), 8.07 (1H, d, J=9.64 Hz), 7.86-7.66 (5H, m), 7. 42 (1H, dd,
J=8.54, 1.71 Hz), 7.36 (1H, d, J=4.63 Hz), 7.07 (1H , brs), 453
(1H, s), 3.46 (1H, brs), 2.90 (1H, q, J=6.83 Hz), 2 .06 (2H, d,
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7.51(1H, d,J=8.5 Hz), 7.47 (1H,d,J=1.7 Hz), 7.37(1H, s),7.15 (1H,d,J=4.9Hz), 7.03 (1H,
dd,J=8.5,1.7Hz),4.54(1H,d,J=7.6Hz), 3.79-3.72 (1H, m), 3.52-3.43(1H, m), 2.28-2.25

THO064 E(F) 111511

J=11.4 Hz), 1.83 (2H, d, J=11.4 Hz), 1.34-1.17 (4H, m), 0.99 (6H,
d, J=6.83 Hz); LRMS (ESI) m/z 521 [M+H] i
[0123]

Example 7

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-(pyridin-
3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (7)

[0124]

Example 7(1)

2-Bromo-4-{3-isopropyl-4-(pyridin-3-yl)-1H-pyrazol 0[3,4-
b]pyridin-1-yl}benzonitrile (7a)

According to Example 1(4), a crude product of 3-is opropyl-4-
(pyridin-3-yl)-1H-pyrazolo[3,4-b]pyridine was prepa red using
compound (6b) instead of compound (1c) and using py ridine-3-
boronic acid instead of quinoline-3-boronic acid an d was used in
the subsequent reaction without being purified. Ac cording to
Example 1(5), compound (7a) (the second stage yield : 60%) was
prepared using 3-isopropyl-4-(pyridin-3-yl)-1H-pyra zolo[3,4-

b]pyridine instead of compound (1d).
'H-NMR (DMSO-ds) & 8.96 (1H, d, J=2.14 Hz), 8.82-8.77 (3H, m),

8.63 (1H, dd, J=8.60, 2.14 Hz), 8.13 (1H, d, J=8.60 Hz), 8.09 (1H,
dt, J=7.85, 1.95 Hz), 7.63 (1H, dd, J=7.85, 4.76 Hz ), 7.41 (1H, d,
J=4.76 Hz), 2.95 (1H, g, J=6.83 Hz), 1.08 (6H, d, J =6.83 Hz); LRMS
(ESI) m/z 418 [M+H] i
[0125]

Example 7(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-(pyridin-
3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (7)

According to Example 1(6), a crude product of 2-(t rans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(pyridin-3 -yl)-1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was prepar ed using
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(2H,m), 2.11-2.07 (2H,m), 1.99 (3H, s),1.54-1.34 (4H, m); LRMS (ESl)m/z 474[M+H]*. [0217]

40(8) 2-(Trans-4-hydroxycyclohexylamino)-4-{3-methyl-4-(quinolin-3-

y1)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzamide (40) TH0064 E(F) 111511 According to Example
1(7),compound(40)(83%)was prepared as a white solid using compound (4DHHP4&46) dléetpound (1f).

compound (7a) instead of compound (1e) and was used
subsequent reaction without being purified. Accord

1(7), compound (7) (the second stage yield: 79%) wa
white solid using 2-(trans-4-hydroxycyclohexylamino
isopropyl-4-(pyridin-3-yl)-1H-pyrazolo[3,4-b]pyridi

yl}benzonitrile instead of compound (1f).

in the
ing to Example
S prepared as a
y4-{3-

n-1-

IH-NMR (DMSO-ds) & 8.80 (1M, s), 8.76 (1H, d, J=4.39 Hz), 8.69

(1H, d, J=4.63 Hz), 8.40 (1H, d, J=6.83 Hz), 8.06 ( 1H, d, J=7.32
Hz), 7.84 (1H, s), 7.80 (1H, brs), 7.77 (1H, d, J=8 23 Hz), 7.65-
7.45 (2H, m), 7.28 (1H, d, J=4.39 Hz), 7.12 (1H, br s), 4.59 (1H,
d, J=3.90 Hz), 3.51 (1H, m), 2.93 (1H, g, J=6.65 Hz ), 2.10 (2H, d,
J=10.5 Hz), 1.87 (2H, d, J=10.5 Hz), 1.42-1.22 (4H, m), 1.06 (6H,
d, J=6.65 Hz); LRMS (ESI) m/z 471 [M+H] *

[0126]

Example 8

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(pyridin-
4-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (8)

[0127]

Example 8(1)

2-Bromo-4-{3-isopropyl-4-(pyridin-4-yl)- 1H-pyrazol 0[3,4-
b]pyridin-1-yl}benzonitrile (8a)

According to Example 1(4), a crude product of 3-is opropyl-4-
(pyridin-4-yl)-1H-pyrazolo[3,4-b]pyridine was prepa red using
compound (6b) instead of compound (1c) and using py ridine-4-
boronic acid instead of quinoline-3-boronic acid an d was used in
the subsequent reaction without being purified. Ac cording to
Example 1(5), compound (8a) (the second stage yield : 62%) was
prepared using 3-isopropyl-4-(pyridin-4-yl)-1H-pyra zolo[3,4-

b]pyridine instead of compound (1d).

'H-NMR (DMSO-dg) & 8.92 (1H, d, J=1.22 Hz), 8.82 (1H, d, J=4.63
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1H-NMR(DMSO-d08 9.06(1H, d,J=2.2Hz), 8.55(1H, d,J=2.2Hz), 8.41-8.39(2H,m),8.12(2H, d,J=8.5Hz),
7.90(1H, s),7.87-7.83 (1H,m),7.75(1H,d,J=8.5 Hz),7.72-7.68(1H,m), 7.40(1H,d,
J=2.0Hz),7.25(1H,d,J=4.2Hz),7.12 (1H,brs), 7.04(1H,dd, J=8.5,2.0Hz),4.56(1H,d, J=4.2Hz), 3.54-3.36

(2H,m),2.10- THO064 E(F) 111511
Hz), 8.79 (1H, d, J=5.12 Hz), 8.63 (1H, dd, J=8.54, 1.22 Hz), 8.14
(1H, d, J=8.54 Hz), 7.66 (2H, d, J=5.12 Hz), 7.38 ( 1H, d, J=4.63
Hz), 2.99 (1H, g, J=6.58 Hz), 1.09 (6H, d, J=6.58 H z); LRMS (ESI)
m/z 418 [M+H] .

[0128]

Example 8(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(pyridin-
4-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (8)

According to Example 1(6), a crude product of 2-(t rans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(pyridin-4 -yl)-1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was prepar ed using
compound (8a) instead of compound (1e) and was used in the
subsequent reaction without being purified. Accord ing to Example
1(7), compound (8) (the second stage yield: 58%) wa S prepared as a
white solid using 2-(trans-4-hydroxycyclohexylamino )-4-{3-
isopropyl-4-(pyridin-4-yl)-1H-pyrazolo[3,4-b]pyridi n-1-

yl}benzonitrile instead of compound (1f).

IH-NMR (DMSO-dg) & 8.77 (2H, d, J=5.85 Hz), 8.70 (1H, d, J=4.63

Hz), 8.40 (1H, d, J=7.32 Hz), 7.83 (1H, d, J=1.71 H 2), 7.77 (1H,
d, J=8.78 Hz), 7.77 (1H, brs), 7.63 (2H, d, J=5.85 Hz), 7.44 (1H,
dd, J=8.78, 1.71 Hz), 7.25 (1H, d, J=4.63 Hz), 7.12 (1H, brs),
4.58 (1H, d, J=1.22 Hz), 3.50 (1H, brs), 2.96 (1H, q, J=6.83 Hz),
2.10 (2H, d, J=10.6 Hz), 1.87 (2H, d, J=10.6 Hz), 1 42-1.22 (4H,
m), 1.07 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 471 [M+ H] ™.
[0129]

Example 9

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-
(benzofuran-2-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (9)
[0130]

Example 9(1)
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2.07 (2H, m), 1.91 (3H, s), 1.87-1.84 (2H, m), 1.39-1.20 (4H, m); LRMS (ESI) m/z 492 [M+H]*. [0218]
Example 41
4-{3-Ethyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3-b]pyridin-1-ylI2-(trans-4-hydroxycyclohexylamino)benzamide
(41) [0219] Example 41(1) Tert-butyl 3-propylpyridin-2-ylcarbamate (41a) THOB&4BkEIHg 81k xample
40(1), compound (41a) (77%) was prepared as a white solid using ethyl iodide Instead of methyl iodide.
1H-NMR (CDC13)2888028{4-8-sdpdpdl - (behetdyran 52yt Hi-gslial=7.6, 1.7 Hz), Z@8[3¥H, dd, J=7.6, 4.6
Hz), 6.73 (LH, brs), 2,89, (2H, t, J=7 a|)4z), 1.60-1.70 (2H, m), 1.52 (9H, s), 0.97 (3H, t, J=7.3 Hz); LRMS
(ESI) m/z 23 ; = -1H-pyrrolo[2,3-b]pyridine (41b) According to
Example 40(2), cofAupouint (4 Exa(8pe0) (Was prefeapentiact afwhste solid using conopoepyti441a) Instead of

compound (40a). 1H-N Cl13).811. 1H,.brs), 8.31 (1H, d, J=4.9 Hz) 7.92 (1H, dd, J=7.8, 1.0
o1 (1 A R A G PR e A1 61O M

compound (6b) instead of compound (1c) and using be nzofuran-2-
boronic acid instead of quinoline-3-boronic acid an d was used in
the subsequent reaction without being purified. Ac cording to
Example 1(5), compound (9a) (the second stage yield : 25%) was
prepared using 3-isopropyl-4-(benzofuran-2-yl)-1H-p yrazolo[3,4-

b]pyridine instead of compound (1d).
'H-NMR (DMSO-ds) & 8.96 (1H, d, J=2.00 Hz), 8.81 (1H, d, J=4.88

Hz), 8.62 (1H, dd, J=8.72, 2.00 Hz), 8.14 (1H, d, J =8.71 Hz), 7.83
(1H, d, J=7.56 Hz), 7.80-7.73 (3H, m), 7.48 (1H, t, J=7.31 Hz),
3.83 (1H, g, J=6.59 Hz), 1.29 (6H, d, J=6.59 Hz); L RMS (ESI) m/z
457 [M+H] *.
[0131]

Example 9(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-
(benzofuran-2-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (9)

According to Example 1(6), a crude product of 2-(t rans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(benzofura n-2-yl)-1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was prepar ed using
compound (9a) instead of compound (1e) and was used inthe
subsequent reaction without being purified. Accord ing to Example
1(7), compound (9) (the second stage yield: 46%) wa S prepared as a
white solid using 2-(trans-4-hydroxycyclohexylamino )-4-{3-
isopropyl-4-(benzofuran-2-yl)-1H-pyrazolo[3,4-b]pyr idin-1-

yl}benzonitrile instead of compound (1f).

IH-NMR (DMSO-d) & 8.73 (1H, d, J=4.88 Hz), 8.43 (1H, d, J=7.07
Hz), 7.86-7.76 (5H, m), 7.69 (2H, s), 7.48-7.46 (2H ,m), 7.39 (1H,
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2.77 (2H, q, J=7.6 Hz), 1.33 (3H, t, J=7.6); LRMS (ESI) m/z 147 [M+H]*. [0221] Example 41(3)
4-Chloro-3-ethyl-1H-pyrrolo[2,3-b]pyridine (41c) According to Example 1(2), a crude product of
3-ethyl-1Hpyrrolo[2,3-b]pyridine 7-oxide m-chlorobenzoic acid salt was prepared using compound (41b)
instead of compound (la) and was used in the subsequent reaction Withoutﬂéﬂ‘i)&"pﬁfi%éé.lﬁ%%ording to
Example 1(3), compound (41c) (the second stage yield: 33%) was prepared as a white solid using
3-ethyl-1H-pyrisio@ 3] pyridirieH -osad el 60 dhtdroheh80iC acid salt instead ofltbmpdem83Ib). 1H-NMR

(CDC13) 8 10,49 H, s), 7.05 (1H, d, J75.1 Hz 99 (2H, q, J=7.6
Hz), 1.33 (3 %A) J?( &éﬁf&ﬁ%&%éﬁ%r‘ﬁ/g 1J85iﬂ?h|§1% 1114891 22] Example 41(4) &FF & ‘]_Zio'%
4-Chloro-3-ethg)l-14[21(@niEdhly sy LRAISoE S h ettayditQ ipyrblo[2,3-b]pyridine (41d) Sodium hydride
(0.877 g, a @]?3 jspersion in paraffin liquid) was added to a solution of compound (41c) (3.3 g) in DMF
(61 mL)atO wed by stirring for 10 min. Then, [2- (chloromethoxy)ethyl]trimethylsilane (3.53 mL)
was added to the ©actiple $0lution, followed by stirring at room temperature for 1 hr. After cooling, ice
water was added e I’e%(thlo(p solutlprtll,flllowe tz’;y §xtract|or] Wlth ethyl acetae he anlc layer was
washed with watefz droti&sedium sulfate.
After distillatigin1H-{heazolufS U, tb]wrremrdbge}bmamdﬁe(aid)y neutral S|I|ca gel column 106 - THO064 E(F)
111511 chro C@i\ﬁ?raphy (n-hexane/ethyl acetate) to obtain compound (41d) (4.30 g, 76%) as a colorless
oily substan NMR (CDC13) 8 8.21 (1H, d, J=5.1 Hz), 7.19 (1H, s), 7.10 (1H, d, J=5.1 Hz), 5.68 (2H,
S), 3.58 (2H, t, JI=8&Rdrpled.04)(2H, g, J=7.3 Hz), 1.39 (3H, t, J=7.3 Hz), 0.97 (2H, t, J=8.2 Hz), 0.00 (9H,

s); LRMS (ESI) m/z 311 [M+H]*.
3 (3 Ethy LI BB

b]pyridin-1-yl}benzonitrile (10a)

According to Example 1(4), a crude product of 3-is opropyl-4-
(furan-2-yl)-1H-pyrazolo[3,4-b]pyridine was prepare d using
compound (6b) instead of compound (1c) and using fu ran-2-boronic
acid instead of quinoline-3-boronic acid and was us ed in the
subsequent reaction without being purified. Accord ing to Example
1(5), compound (10a) (the second stage yield: 40%) was prepared
using 3-isopropyl-4-(furan-2-yl)-1H-pyrazolo[3,4-b] pyridine

instead of compound (1d).

IH-NMR (DMSO-dg) & 8.95 (1H, d, J=2.08 Hz), 8.71 (1H, d, J=5.00

Hz), 8.60 (1H, dd, J=8.78, 2.08 Hz), 8.12 (1H, d, J =8.78 Hz), 8.10
(1H, d, J=1.71 Hz), 7.60 (1H, d, J=5.00 Hz), 7.31 ( 1H, d, J=3.42
Hz), 6.82 (1H, dd, J=3.42, 1.71 Hz), 3.80 (1H, q, J =6.83 Hz), 1.26
(6H, d, J=6.83 Hz); LRMS (ESI) m/z 407 [M+H] i
[0134]

Example 10(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(furan-2-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (10)

According to Example 1(6), a crude product of 2-(t rans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(furan-2-y )-1H-
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A solution of compound (41d) (4.30 g), quinoline-3-boronic acid (3.59 g), tripotassium phosphate (5.87 g),
palladium acetate (0.062 g), and 2-dicyclohexylphosphino-2',61-dimethoxybiphenyl (Sphos, 0.227 g) in a
mixture of n-butanol (69 mL) and water (28 mL) was stirred under a nitrogen atmosphere at 100C for 1 hr.
The reaction solution was distributed between ethyl acetate and water, andtH88ffatIdd2kwas washed
with saturated saline. The organic layer after the washing was dried over anhydrous sodium sulfate, and
the solvent wasadisitiRd-alwaidiThey/losithooiviiesvasifiepbby neutral silica getdoisingn chromatography

(L LTI T g ot 5o

7.85-7.81 (1Huimyen GOVt withaue HElhd, 9)Me8. Addpd] J=4.9Hz), ing to Example

5.75(2H.9)3 53 SRR fof i LR e R s uf ) 0-00(OH S RMS(E SN 2404{M+H]-
a white solid using 2-(trans-4-hydroxycyclohexylami no)-4-{3-
isopropyl-4-(furan-2-yl)-1H-pyrazolo[3,4-b]pyridin- 1-

yl}benzonitrile instead of compound (1f).

'H-NMR (DMSO-ds) & 8.62 (1H, d, J=4.75 Hz), 8.40 (1H, d, J=7.07

Hz), 8.07 (1H, s), 7.83 (1H, s), 7.83 (1H, brs), 7. 75 (1H, d,
J=8.53 Hz), 7.49 (1H, d, J=4.75 Hz), 7.45 (1H, d, J =8.53 Hz), 7.24
(1H, d, J=2.93 Hz), 7.12 (1H, brs), 6.79 (1H, d, J= 2.93 Hz), 4.59
(1H, d, J=3.66 Hz), 3.76 (1H, q, J=6.59 Hz), 3.50 ( 1H, brs), 2.10
(2H, d, J=10.5 Hz), 1.87 (2H, d, J=10.5 Hz), 1.32-1 .30 (10H, m);
LRMS (ESI) m/z 460 [M+H] i

[0135]

Example 11

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-(5-
methoxypyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl }benzamide (11)
[0136]

Example 11(1)

2-Bromo-4-{3-isopropyl-4-(5-methoxypyridin-3-yl)-1 H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (11a)

According to Example 1(4), a crude product of 3-is opropyl-4-
(5-methoxypyridin-3-yl)-1H-pyrazolo[3,4-b]pyridine was prepared
using compound (6b) instead of compound (1c) and us ing 5-
methoxypyridine-3-boronic acid pinacol ester instea d of quinoline-
3-boronic acid and was used in the subsequent react ion without
being purified. According to Example 1(5), compoun d (11a) (the
second stage yield: 45%) was prepared using 3-isopr opyl-4-(5-
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[0224] Example 41(6) 3-{3-Ethyl-1H-pyrrolo[2,3-b]pyridin-4-yl}quinoline (41f) THO064 E(F) 111511
Tetrabutylammonium floride (a 1.0 M solution in THF, 32.0 mL) was added to a solution of compound
(41e) (4.30 g) in THF (35.5 mL), followed by stirring under reflux for 23 hr. The reaction solution was
distributed between ethyl acetate and a saturated aqueous sodium bicarbohB{&&b k. 1dptlthe organic
layer was washed with saturated saline. The organic layer after the washing was dried over anhydrous
sodium sulfategtaneyiheidioiBemt irhpyiieilieid, 4nipyridine inssidue was purifietebg ®iH silica gel column
chromatogragh% (r)\plg elethyl acetate) to obtain compound (41f) (1.65 g, 57%) as a white solid.
1H-NMR (CD8 89, (1H, brs), 9.08 (1H, d, J=2.2 Hz), 8.39 (1H, d, J=4.9 Hz), 8.26 (1H, d, J=2.2 Hz),
8.22 (1H, d, JIHABIRZ)DMSR kL, 68,8157 .8LHZY, 718277, A3z 1 8.8 1,64, (1+4.63)=7.6 Hz), 7.21 (1H, s),

7.06 (1H, dd, J= , 2. N ,0.94 (3H, dd, J=7.6, 7.1 : (ESI) m/z 274
[M+H]*. [022’5‘1]2)"1%99%@1%%%-%%ﬁo@@%{@ﬂ%%ino|in-3-y1)-1H-py‘r?o o[?,LZ:li> ¥
b]pyridin-1-yl{benzpnigile (@th)d, J=8FRokti)gnGEXAHE 17(8), compound (41h) PO8) wias prepared as
a white solid ysj 1) i ad aof co d). 1H-NMR (CDC13).8,9.04 (1H, d, J=2.0
Hz), 8.46 (1&‘4%:?5%@%3% (%l—%ségjggqu%%%‘gélH d, J=2.2 Hz), 8215])({@_3 =8.5 Hz), 8.10
(1H, dd, J=8.5% Hz), IRYES(ESIdnl=¥48 [Ne}i].78- 7.85 (2H, m), 7.67 (1H, t, J=7.6 Hz), 7.39 (1H, s),
7.17 (1H, d, gﬁ% Hz), 2.35 (2H, q, J=7.3 Hz), 0.99 (3H, t, J=7.3 Hz); LRMS (ESI) m/z 454 [M+H]*. [0226]

Example 41(
Example 11(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(5-
methoxypyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl }benzamide (11)

According to Example 1(6), a crude product of 2-(t rans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(5-methoxy pyridin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was pre pared using
compound (11a) instead of compound (1e) and was use dinthe
subsequent reaction without being purified. Accord ing to Example
1(7), compound (11) (the second stage yield: 38%) w as prepared as
a white solid using 2-(trans-4-hydroxycyclohexylami no)-4-{3-
isopropyl-4-(5-methoxypyridin-3-yl)-1H-pyrazolo[3,4 -b]pyridin-1-

yl}benzonitrile instead of compound (1f).

IH-NMR (DMSO-d) & 8.71 (1H, d, J=4.63 Hz), 8.49 (1H, d, J=2.80

Hz), 8.42 (1H, d, J=7.07 Hz), 8.39 (1H, d, J=1.89 H 7), 7.85 (1H,
d, J=1.95 Hz), 7.83 (1H, brs), 7.78 (1H, d, J=8.60 Hz), 7.69 (1H,
dd, J=2.80, 1.95 Hz), 7.46 (1H, dd, J=8.60, 1.89 Hz ), 7.31 (1H, d,
J=4.63 Hz), 7.14 (1H, brs), 4.59 (1H, d, J=4.15 Hz) , 3.91 (3H, s),
3.52 (1H, brs), 2.98 (1H, q, J=6.83 Hz), 2.12 (2H, d, J=10.9 Hz),
1.89 (2H, d, J=10.9 Hz), 1.41-1.22 (4H, m), 1.11 (6 H, d, J=6.83
Hz); LRMS (ESI) m/z 501 [M+H] .
[0138]

Example 12
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- 108 - THO0064 E(F) 111511
4-{3-Ethy1-4-(quinolin-3-y1)-1H-pyrrolo[2,3-b]pyridin-1-ylI2-(trans-4-hydroxycyclohexylamino)benzamide
(42) According to Example 1(6), 4-{3-ethyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-I-yll-2-(trans-4-
hydroxycyclohexylamino)benzonitrile was prepared as a crude product using ©8a%eimd &) instead of
compound (le) and was used in the subsequent reaction without being purified. According to Example
1(7), compound (4Z){thesst byt steypottdasits)4vssigm@payed as a white sol#(lising

4-{3-ethyl-4- (r% qu ndin-|-yll-2- trans 4 hydroxy clﬁhexmlno)benzonltrlle
instead of compotna - ' g 5 3-44-(2H, m),
8.12-8.16 (2Ki12)), 785787(3H m), 777(1H d, J 83Hz) 773770(1H m) 746(1H brs), 7.25 (1H,
d, J=4.6 Hz), g]%%(lH brs), 7.04 (1H, d, J=8.3 Hz), 4.57 (1H, d, J=3.2 Hz), 3.51 (1H, brs), 3.40 (1H, brs),
2.33 (2H, q, 5 Hz), 2.10-2.13 (2H, m), 1.86-1.88 (2H, m), 1.25-1.40 (4H, m), 0.83 (3H, t, J=7.2 HZz);
LRMS (ESI) m/z SBgajpte]2(190227] Example 42

Trans-4-{2-carba ogl 5é_3 i Lm%ln Q‘H’.‘HX”‘EO ,3- b]pyrldln -l- yIIp ?_Pylimel'?hillcédghexyl -2-a

minoacetate dimethanestton 4
d|meth;(;ljtrrélrmm@@l;am:&rdquhmmdkew;agmol;lt?m(aza)291 g), and 4 (N I;I ?Irl?eth)gat:nm)py“dm?j (0.007 g)
were added to a sqlution of ¢ 0.300 5.93 mL), followe stjrring under argon
flow at room tempe Rﬂjénﬂ)t g%%ﬁﬂ?%@ic%BW@%fﬁégH%%s distributed between Bt\éwfaé:etate and water,
and the orgagianhaysi- w&mwﬁlﬂﬂmtbysaiukﬂ&dlﬂayﬂ@na he organic layer wid3%repti@a64 E(F) 111511
after the Washln was drleg &’;ﬁ’ ranh us sodlu Ifat and the solvent was distilled away. The

t

residue was Hﬁ'ﬂ &4'BYHE RS ?c‘iﬂm’ﬁ%ue % KSphy (n-hexand/thy! acetate) to obtain
trans-4-{2- canﬂianymydo@@b@tbylolhémdm&gémﬁtdeayroolo[z 3-b]pyridin-tgdipbgRyBminolcyclohexyl-2-(
tert-butoxycar Iam cetate (0.36 %) as a colorless oily substance, Subsequently,
trifluoroaceti %r& %W%Q%&dﬁﬁtgsﬁ?&%}m 'EPHE colorless oily sﬂ%tﬁﬂ%%b&ﬂ‘gao g)in
dlchloromethpunﬁ.éa Mmtdq@t oBRANGIRPR R ot pollawaedy stirring for 1 hiiHdheeeeagtion solvent was
distilled away under reduced pressure, and a saturated agueous sodium bicarbonate solution was added

to the residué %ﬂdﬁ@d%@ﬂ?&oﬁ&ﬁ%@ﬂ%@é@?&?@y e organic layer WHSWA¥REd with saturated

saline. The ofgRNE-J§YE-piierdgavasipiinamstaad sner anhydrous sodiugmpylipégiand then the solvent
was distilled awaﬁ(ﬁdlchloromethane élo mL) and ethanol (3 mL) were added to the residue, and then

methanesulfoRitNNEd @MF ) WS ddddi itbrétd; 95ll'd€\)e§ B9 &Hrtirtly dt4cn temperature for 1 hr. The

precipitate wag)celirted ki filtaiisn1 \weshg iy @prinkling dichloromethanegawtgjiedander reduced
pressure to o(btaln compound(423(0 .336 the third stage yleld solid.

1H, s), 7.61 (1H, d, J=8.29 Hz), 7.45 (1H, d 05 Hz), 7.33
(1H, d, J=8.29 Hz), 7.31 (1H, d, J=4.88 Hz), 6.54 ( 1H, d, J=3.05
Hz), 3.87 (3H, s), 3.12 (1H, t, J=6.83 Hz), 1.03 (1 H, d, J=6.83
Hz); LRMS (ESI) m/z 470 [M+H] .

[0140]

Example 12(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(1-
methyl-1H-indol-5-yl)-1H-pyrazolo[3,4-b]pyridin-1-y [}benzamide
(12)

According to Example 1(6), a crude product of 2-(t rans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(1-methyl- 1H-indol-5-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was pre pared using
compound (12a) instead of compound (1e) and was use dinthe
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1H-NMR(DMS0-016)89.29(1H,d,J=2.2Hz),8.90 37%) (1H, as a yellow s),8.44(1H,
d,J=4.9Hz),8.32-8.21(3H,m),8.05-7.99(1H, m),7.50(1H,d,J=1.9Hz),7.31(1H,d,J=4.9 m), Hz), 7.91-7.79
7.09(1H, (2H, dd, J=2.2,6.5Hz),4.57-4.45(2H,brs),3.86-3.80 (1H, m),3.58-3.52
(1H,brs),2.62-2.47(3H,m),2.38-2.29(8H, m),2.03-1.99(2H,m),1.68-1.39(4H, i 88E) 31K 20-2.13
t,J=7.6 (2H, H2z);

subsequent reaction without being purified. Accord ing to Example
1(7), compound (12) (the second stage yield: 58%) w as prepared as
a white solid using 2-(trans-4-hydroxycyclohexylami no)-4-{3-
isopropyl-4-(1-methyl-1H-indol-5-yl)-1H-pyrazolo[3, 4-b]pyridin-1-

yl}benzonitrile instead of compound (1f).

'H-NMR (DMSO-ds) & 8.62 (1H, d, J=4.63 Hz), 8.42 (1H, d, J=7.32

Hz), 7.91 (1H, d, J=1.77 Hz), 7.80 (1H, brs), 7.78 (1H, d, J=8.72
Hz), 7.75 (1H, d, J=1.40 Hz), 7.62 (1H, d, J=8.48 H Z), 7.49 (1H,
dd, J=8.72, 1.77 Hz), 7.45 (1H, d, J=2.93 Hz), 7.35 (1H, dd,
J=8.48, 1.40 Hz), 7.22 (1H, d, J=4.63 Hz), 7.12 (1H , brs), 6.55
(1H, d, J=2.93 Hz), 4.58 (1H, d, J=4.15 Hz), 3.88 ( 3H, s), 3.52
(1H, brs), 3.12 (1H, g, J=6.83 Hz), 2.13 (2H, d, J= 11.5 Hz), 1.89
(2H, d, J=11.5 Hz), 1.41-1.22 (4H, m), 1.04 (6H, d, J=6.83 Hz);
LRMS (ESI) m/z 523 [M+H] i

[0141]

Example 13

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-(1H-
pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-b]pyrid in-1-
yl}benzamide (13)

[0142]

Example 13(1)

2-Bromo-4-{3-isopropyl-4-{1-[(2-
(trimethylsilyl)ethoxy)methyl]-1H-pyrrolo[2,3-b]pyr idin-5-yl}-1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (13a)

According to Example 1(4), a crude product of 3-is opropyl-4-
{1-{[2-(trimethylsilyl)ethoxy]methyl}-1H-pyrrolo[2, 3-b]pyridin-5-
yl}-1H-pyrazolo[3,4-b]pyridine was prepared using ¢ ompound (6b)
instead of compound (1c) and using 1-(2-
trimethylsilylethoxymethyl)-1H-pyrrolo[2,3-b]pyridi ne 5-boronic
acid pinacol ester instead of quinoline-3-boronic a cid and was
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LRMS(ESI)m/z563[M+H]*.  [0228] TH0064 E(F) 111511 Example 43
2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin-3-y1)-3-
(trifluoromethyl)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzamide (43) [0229] Example 43(1)
4-Chloro-3-(trifluoromethyl)-1H-pyrrolo[2,3-b]pyridine (43a)  According tBERafEE) 48{p] tert-butyl
3-(2,2,2- trifluoroethyl)pyridin-2-ylcarbamate was prepared as a crude product using trifluoromethyl iodide
instead of metsd inthdsarstquastusaction thighsubisgigaentireaction without bethd\pemified. According to
Example 40( crude. product of 3- (trifl methyl); 1LH-pyrrolo[2,3-b]pyridi repared using 3-
(2,2,2-trif|uor(%c}e.%ﬁ%a/1 p%%ié?é?Zggiég?gQ%gt%ﬁﬁ%ggcgb %iosr{:a Syﬁ/nd (40a) and V\I/%[é?uélég@ ﬁ‘]’atﬁe subsequent
reaction withprepaetdgigingfiadopkopyrdifig{fa- Example 1(2), a crude product of 3-

(trifluoromet l?-F% -pyrrola[2 3:-blpyridine 7-oxjdg mchlorobenzoic acid salt. was prepared using
3-(trifluorom2¥'f'1y %ﬁ%@ﬁ%ﬂ&)ﬁl - wﬂé}ﬁ@{ﬁgg‘gﬁ? o&’g’c\gmpound (la) and ngint]%s r&Jl%a'the subsequent
reaction withpyiabelo[§, pbipiedinddostetid @ftcoymumal€ 1Hj3), compound (43a) (the fourth stage yield: 15%)

was prepared as a white solid using 3-(trjfluoromethyl)-1Hpyrrolo[2,3-b]pyridine 7-oxide m-chlorobenzoic
acid salt instgﬂd\‘M%gRM%g‘SYlb)ggfﬁ- bt (%I\?Eb%lﬁﬂ% 55 él'ill, ‘g JELes Hz), 8.36 (1H, s), 7.43 (1H,

d, J=5.1 Hz);HAR 36 EBH) du/2-2212)M -85 Fiz)02.30](1H- amnple 43(2) =1.95 Hz), 8.37
2 Trifuorg ety sRyolg 2 PN 45 pingipe (420) THOOG4 FiF) 111512
Hz), 7.51 (1H, d, J=4.88 Hz), 6.79 (1H, d, J=3.54 H 7), 5.82 (2H,
s), 3.67 (2H, t, 3=7.99 Hz), 3.13 (1H, d, J=6.83 Hz ), 1.15 (6H, d,
J=6.83 Hz), 0.95 (2H, d, J=7.99 Hz), 0.00 (9H, s); LRMS (ESI) m/z
587 [M+H] *.
[0143]
Example 13(2)
2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-{1-[(2-
(trimethylsilyl)ethoxy)methyl]-1H-pyrrolo[2,3-b]pyr idin-5-yl}-1H-

pyrazolo[3,4-b]pyridin-1-yl}benzamide (13b)

According to Example 1(6), a crude product of 2-(t rans-4-

hydroxycyclohexylamino)-4-{3-isopropyl-4-{1-[(2-

(trimethylsilyl)ethoxy)methyl]-1H-pyrrolo[2,3-b]pyr idin-5-yl}-1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was prepar ed using
compound (13a) instead of compound (1e) and was use dinthe
subsequent reaction without being purified. Accord ing to Example
1(7), compound (13b) (the second stage yield: 55%) was prepared as
a white solid using 2-(trans-4-hydroxycyclohexylami no)-4-{3-
isopropyl-4-{1-[(2-(trimethylsilyl)ethoxy)methyl]-1 H-pyrrolo[2,3-
b]pyridin-5-yl}-1H-pyrazolo[3,4-b]pyridin-1-yl}benz onitrile

instead of compound (1f).
'H-NMR (DMSO-ds) & 8.78 (1H, d, J=4.63 Hz), 8.59 (1H, d, J=1.71
Hz), 8.52 (1H, d, J=7.07 Hz), 8.36 (1H, d, J=1.95 H z), 7.98 (1H,
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According to Example 41(4), 4-chloro-3-(trifluoromethyl)-1-
{[2-(trimethylsilyl)ethoxy]methyll-1H-pyrrolo[2,3-b]pyridine (82%) was prepared as a colorless oily
substance using compound (43a) Instead of compound (41c); and according to Example 41(5), 3-{3-
(trifluoromethy!l)-1-[(2-(trimethylsilyl)ethoxy)methyl]-1Hpyrrolo[2,3-b]pyridinel AR {248 lvas prepared
as a colorless oily substance using 4-chloro-3-(trifluoromethyl)-1-{[2-
(trimethylsily§pth8Ry(thie thrg)l-1I85py 76168, 3vh] @\ai(hE Iddtead of compound ,(4181p4AEcdrding to Example
41(6), compqund /5%0) ) par. white_solid using 3-{3-(trifl methyl)-,
1-[(2-(trimetfﬁéilé%e%ﬁ%ﬁyfm%\%lﬁ?-fﬁb@r%jlg@%rﬁp%inelquinoIine Insteggﬁgfd(id}ﬁ%égnd (41e).
1H-NMR (CD2).35.820(28, ($H ABRIE212 i ZBIZHDH3G,/I625.1 Hz), 8.26 (1H, t, B-228192), 8.20 (1H, d,

J=9.0 Hz), 7.% (é%&%m%ig)z[%iﬁ(}lﬂézg(%ép-#gr&?a%GgJ63 (1H, m), 7.36 éﬂ’d?)J:&&.ﬁélH’ d, J=5.1 Hz);

LRMS (ESI) i
2-Bromo-4-{34dyifluedofidthyl)I41@ain 6li)-3-$1)1133p¢ArlofR, 3-b]pyridin-1-yllbenzéni@iie d43c)

According to E le.1(5 ppun (39%) wyas prepared as a white sqlj ing compound (43b)
Instead of co%%%r%zelé)aﬁ%ﬂsldyz%@%ﬁ@9‘% 'd, J=1.7 Hz), 8.58%%%@&%%?%), 8.33 (1H,
d, J=2.2 Hz),82p48a1 (2H, m), 8.02-7.98 (2H, m), 7.91-7.86 (2H, m), 7.84-7.80 (1H, m), 7.67-7.63 (1H,
m), 7.31 (1H, d, J=4.9 Hz); LRMS (ESI) m/z 494 [M+H]*. [0232] Example 43(4)
2-(Trans—4-h£pd(;"r%><lycyclohexylamino)-4-{4-(quinolin-3-y1)-3-
(trifluoromethyl)-1igxaytipnaf2(3yb]pyridin-1-yllbenzamide (43) TH0064 E(F) 111511 According to
Example 1(6), a crud .

hydroxycyclohexyfariHt quinTe v15-3-(miTubrotmethvl)- 1H-pyrrolof2, fridin-1-yllbenzonitrile
was preparegusin@ee@p)paied4§cHnsieadioBepnpaiind (le) and was usggin the subsequent reaction
without being purified. Accarding to Example 1(7), compound (43) (the second stage yield: 50%) was
prepared as%ﬁmﬂgéa—wﬁfé@ng—}(transA-hydroxycyclohexylamino)-4-{4-
(quinolin-3-y1)-3-(HMjlyrocamedayid (ald-p yredalier alwxtm:idlbenzonitrile Insteaghof gagpound (1f).
1H-NMR (DMS0-016) 8 8.94 (1H, d, J=1.7 %zg 8.66 (1H, s), 8.56 (1H, d, J=8.5 Hz). 8.46 (1H, s), 8.41
(1H, d, J=7.376959d0>syiiog 05 ceePaUdd 1Bl @408 B8 5 H2), 7.92 (1H, B @ /8ePHB4 (1H, m), 7.79
(1H, d, J=7 8ibighett by-ifRd bEsdN), 7-41 (1¥G fhr 3549 1He piit dad HdjuSled t64d 1H, brs), 6.98 (1H, dd,
J=8.5, 1.2 Hz), 4.54 (1H, d, J=3.7 Hz), 3.52-3.38 (2H, m), 2.08-2.05 (2H, m), 1.84-1.82 (2H, m), 1.37-1.18
(4H, m); LRMENEB A pousmfirHdipsdapeiiion pliged by extraction
Trans-4-{2-cafipanay bcettde(aaotigasiybys-was washed w ith saturated
(trifluoromethyl ,-1Hipyrrolo[z_,3-b]pyridin-1y|Iphe_nylaminoIcyclohexyl-2-ami_noacetate dimethanesulfonate
g

(44) Acceftifig tBEXERA S ASHBEIRPIUND WikeYhird stage vield: 5BPYRAs prepared as a white
solid using caRRkE chalunsierdobrammRAYRE dendiad!MR (DMSO-dO §<3ifda &hidys). 8.67 (1H, s),
8.57-8.54 (2H, M), 8.16-8.09 (3H, m), 7.96 (1H, brs), 7.92-7,87 (1H, m), 7.81 (1H, d, J=8.5 Hz), 7.76-7.72
(1H, m), 7.43IRORT-2n9 §H5T werg pddediiofhe resifye 208 (1H, brs), 7.01{#H, dd, J=8.4, 1.8 Hz),
4.89-4.84 (L d8hitai8 s (It By Redbiditd Braf £4-2.12 (2H, m), 1.981,86 #2H15)), 1.63-1.55 (2H,

m), 1.46-1.37 (2H, m); LRMS (ESI) m/z - 113- TH0064 E(F) 111511
(0.057 g, 71%) as a white solid.

'H-NMR (DMSO-dg) & 11.9 (1H, s), 8.67 (1H, d, J=4.63 Hz), 8.44-

8.41 (2H, m), 8.20 (1H, d, J=1.95 Hz), 7.90 (1H, d, J=2.20 Hz),
7.84 (1H, brs), 7.78 (1H, d, J=8.54 Hz), 7.62 (1H, d, J=3.18 H),
7.48 (1H, dd, J=8.54, 2.20 Hz), 7.29 (1H, d, J=4.63 Hz), 7.14 (1H,
brs), 6.59 (1H, dd, J=3.18, 1.95 Hz), 4.59 (1H, d, J=4.39 Hz),
3.53 (1H, brs), 3.03 (1H, g, J=6.83 Hz), 2.12 (2H, d, J=10.9 Hz),
1.89 (2H, d, J=10.9 Hz), 1.42-1.22 (4H, m), 1.06 (6 H, d, J=6.83
Hz); LRMS (ESI) m/z 510 [M+H] .
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603 [M+H]*. [0234] Example 45 2-(Trans-4-hydroxycyclohexylamino)-4-{3-propy1-4-(quinolin-3-
y1)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzamide (45) [0235] Example 45(1) Tert-butyl
3-butylpyridin-2-ylcarbamate (45a) According to Example 40(1), compound (45a) (87%) was
prepared as a white solid using propyl iodide instead of methyl iodide. 1H-NMEeEBEL 3388128 (1H, d,
J=4.6 Hz), 7.52 (1H, d, J=7.6 Hz), 7.05 (1H, dd, J=7.6, 4.9 Hz), 6.71 (1H, brs), 2.61 (2H, t, J=7.8 HZz),
1.63-1.55 (2HQ1#9] 1.51 (9H, s), 1.42-1.32 (2H, m), 0.94 (3H, t, J=7.3 Hz); LRMS (ESI) m/z 251 [M+H]*.
[0236] Example 4 )ﬁ Fr y1-1H-pyrrolo[2,3-b]pyridine (45b) According to Example 40(2),
compound (45b) ( Kvas prepared as a white solid using compound (45a) Instead of compound (40a).
1H-NMR (CDC13)28([[t@r4554€hydrbxy§ty6c3@>(§llbmuhd>) -348-8opbpyiiz), 7.93 (1H, dd,4€B.1, 1.5 Hz), 7.13 (1H,
s), 7.06 (1H, dd 8-1.69 (2H, m), H,. t 7.3 Hz); LRMS
(ESI) m/z 16T VHHT=- pte G . . siisyaiLe )
According to;ﬂ}banzpieldsézma crude product of 3 propyl 1prrro|o[2 3- b]pyrldlne 7-oxide m- chloroben20|c
acid salt was;p ared using compound (45b) Instead of compound (la) and was used in the subsequent
reaction WlthE) J"tgélzlng purified. According - 114 -

Example 14(1)

2-Bromo-4-{3-isopropyl-4-(1-methyl-1H-pyrrolo[2,3- b]pyridin-
5-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzonitrile ( 14a)

According to Example 1(4), a crude product of 3-is opropyl-4-
(1-methyl-1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazol 0[3,4-
b]pyridine was prepared using compound (6b) instead of compound
(1c) and using 1-methyl-1H-pyrrolo[2,3-b]pyridine-5 -boronic acid
instead of quinoline-3-boronic acid and was used in the subsequent
reaction without being purified. According to Exam ple 1(5),
compound (14a) (the second stage yield: 34%) was pr epared using 3-
isopropyl-4-(1-methyl-1H-pyrrolo[2,3-b]pyridin-5-yl )-1H-

pyrazolo[3,4-b]pyridine instead of compound (1d).
'H-NMR (DMSO-ds) & 9.00 (1H, d, J=1.22 Hz), 8.77 (1H, d, J=4.88

Hz), 8.66 (1H, dd, J=8.72, 1.40 Hz), 8.47 (1H, d, J =1.40 Hz), 8.24
(1H, d, J=1.22 Hz), 8.15 (1H, d, J=8.72 Hz), 7.68 ( 1H, d, J=3.30
Hz), 7.40 (1H, d, J=4.88 Hz), 6.61 (1H, d, J=3.30 H z), 3.92 (3H,
s), 3.04 (1H, q, J=6.58 Hz), 1.06 (1H, d, J=6.58 Hz ); LRMS (ESI)
m/z 471 [M+H] .
[0147]

Example 14(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(1-
methyl-1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3 ,4-b]pyridin-1-
yl}benzamide (14)
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THO0064 E(F) 111511 to Example 1(3), compound (45c) (the second stage yield: 14%) was prepared as a
white solid using 3-propyl-1H-pyrrolo[2,3-b]pyridine 7-oxide m-chlorobenzoic acid salt Instead of
compound (Ib). 1H-NMR(CDC13) s),7.05(1H, m),1.01(3H, 8 d, t, 9.89 J=5.4 J=7.3 (1H,brs), Hz),2.90 Hz);
LRMS 8.12 (2H, (ESI) (1H,d, t,J=7.6 m/z 195 THO064 E(F) 111511

According to Example 1(6), a crude product of 2-(t
hydroxycyclohexylamino)-4-(1-methyl-1H-pyrrolo[2,3-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was
compound (14a) instead of compound (1e) and was use
subsequent reaction without being purified. Accord
1(7), compound (14) (the second stage yield: 30%) w
a white solid using 2-(trans-4-hydroxycyclohexylami
methyl-1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3

yl}benzonitrile instead of compound (1f).

rans-4-

b]pyridin-5-
prepared using
dinthe
ing to Example
as prepared as
no)-4-(1-
,4-b]pyridin-1-

IH-NMR (DMSO-ds) & 8.66 (1H, d, J=4.63 Hz), 8.45 (1H, d, J=1.95

Hz), 8.41 (1H, d, J=7.07 Hz), 8.21 (1H, d, J=1.95 H z), 7.87 (1H,
d, J=1.71 Hz), 7.82 (1H, brs), 7.77 (1H, d, J=8.78 Hz), 7.65 (1H,
d, J=3.42 Hz), 7.47 (1H, dd, J=8.78, 1.71 Hz), 7.27 (1H, d, J=4.63
Hz), 7.11 (1H, brs), 6.59 (1H, d, J=3.42 Hz), 4.59 (1H, d, J=3.90
Hz), 3.91 (3H, s), 3.50 (1H, brs), 3.01 (1H, g, J=6 83 Hz), 2.11
(2H, d, J=10.7 Hz), 1.88 (2H, d, J=10.7 Hz), 1.42-1 22 (4H, m),
1.04 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 524 [M+H]
[0148]

Example 15

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-(1-
methoxymethyl-1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyr azolo[3,4-
b]pyridin-1-yl}benzamide (15)
[0149]

Example 15(1)

2-Bromo-4-{3-isopropyl-4-(1-methoxymethyl-1H-pyrro lo[2,3-
b]pyridin-5-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benz onitrile (15a)

According to Example 1(4), a crude product of 3-is opropyl-4-
(1-methoxymethyl-1H-pyrrolo[2,3-b]pyridin-5-yl)-1H- pyrazolo[3,4-
b]pyridine was prepared using compound (6b) instead of compound

(1c) and using 1-methoxymethyl-1H-pyrrolo[2,3-b]pyr
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J=5.1Hz),7.11 Hz),1.78-1.68 [M+H]*. (1H, (2H, [0238] Example 45(4)
4-Chloro-3-propyl-1-{[2-(trimethylsilyl)ethoxy]methyll-1Hpyrrolo[2,3-b]pyridine (45d) According to
Example 41(4), compound (45d) (82%) was prepared as a colorless oily substance using compound (45c)
Instead of compound (41c). 1H-NMR (CDC13) 8 8.14 (1H, d, J=5.1 Hz), 7.7510P6¢ §{Fr1dA3tH, d, J=5.1
Hz), 5.61 (2H, s), 3.51 (2H, t, J=8.1 Hz), 2.89 (2H, t, J=7.6 Hz), 1.68-1.77 (2H, m), 1.01 (3H, t, J=7.3 Hz),
0.90 (2H, t, Ja@d3ridtend 0fGi(8tinesB-barivis (B Ixmd/wa23s[M+H]*. [0239] &kiartiide 45(5)

3-{3-Propyl-l-§J -(trimeth Isi} I etl} xyimethy1l-1Hpyrrolo[2,3-b]pyridinelquinoline—(45e According to
Example 41( ;%co ugg&urngci%e\sw %%\@o We pprrésgqré&(f%e?sr% colorless oily sd%%t{(ja)ﬁ%&éa%glﬁg (45d) Instead of
compound (41(8), drhpiiil (CRACEHS) S0008 §lddedield210%)z), 8.39 (1H, d, Ivas Bref@redl 25 (1H, d, J=2.2
Hz), 8.21 (1H,d, J=8.3 Hz), 7.91 (1H. d, J=8.3 Hz), 7.82:7.78 (1H, m), 7.62-7.66 (1H, m), 7.20 (1H, s),
708 (11, o, TG PEBY Rt s bty B BaEL L T R ok .
0.97-0.93 (2Ki)11hl-pyEE (BB, 4; R pytiditdznstedd ¢Etdng)olwkMS (ESI) m/z 4181d)+H]*. THO064 E(F)
111511 [0240] Example 45(6) 3-{3-Propy1-1H-pyrrolo[2.3-b]pyridin-4-yl}quingline (45f) According to
Example 41( )@Mﬁp@Mﬁc%J&?g (%1%%5';)%%%87 H2), A;D%'g (ZlH’ 3/ J=4.82

Hz), 8.66 (1H, d, J=8.78 Hz), 8.50 (1H, d, J=2.07 H z), 8.29 (1H,

d, J=2.07 Hz), 8.15 (1H, d, J=8.78 Hz), 7.82 (1H, d , J=3.60 Hz),
7.43 (1H, d, J=4.82 Hz), 6.70 (1H, d, J=3.60 Hz), 5 69 (2H, s),

3.27 (3H, s), 3.03 (1H, g, J=6.83 Hz), 1.05 (1H, d, J=6.83 Hz);
LRMS (ESI) m/z 501 [M+H] i

[0150]

Example 15(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(1-
methoxymethyl-1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyr azolo[3,4-
b]pyridin-1-yl}benzamide (15)

According to Example 1(6), a crude product of 2-(t rans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(1-methoxy methyl-1H-
pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-b]pyrid in-1-
yl}benzonitrile was prepared using compound (15a) i nstead of
compound (1e) and was used in the subsequent reacti on without
being purified. According to Example 1(7), compoun d (15) (the
second stage yield: 45%) was prepared as a white so lid using 2-
(trans-4-hydroxycyclohexylamino)-4-{3-isopropyl-4-( 1-
methoxymethyl-1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyr azolo[3,4-
b]pyridin-1-yl}benzonitrile instead of compound (1f ).

IH-NMR (DMSO-ds) & 8.67 (1H, d, J=4.63 Hz), 8.48 (1H, d, J=1.46

Hz), 8.41 (1H, d, J=6.83 Hz), 8.26 (1H, d, J=1.46 H 2), 7.87 (1H,
s), 7.84-7.78 (3H, m), 7.47 (1H, dd, J=8.78, 1.22 H Z), 7.30 (1H,
d, J=4.63 Hz), 7.12 (1H, brs), 6.68 (1H, d, J=3.66 Hz), 5.68 (2H,
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as a white solid using (45e) instead of compound (41e). 1H-NMR (CDC13) 8 9.07 (1H, d, J=2.2 Hz), 8.38
(1H, d, J=4.9 Hz), 8.26 (1H, d, J=2.2 Hz), 8.21 (1H, d, J=8.1 Hz), 7.92-7.90 (1H, m), 7.82-7.78 (1H, m),
7.66-7.62 (1H, m), 7.18 (1H, s), 7.06 (1H, d, J=4.9 Hz), 2.34 (2H, t, J=7.3 Hz), 1.25-1.15 (2H, m), 0.55
(3H, t, J=7.3 Hz); LRMS (ESI) m/z 288 [M+H]*. [0241] Example 45(7)  TH0064 E(F) 111511
2-Bromo-4-{3-propy1-4-(quinolin-3-y1)-1H-pyrrolo[2,3- b]pyridin-l-yllbenzonitrile (45h) According to
Example 1(5}%) céSHoLndd45+).98893), \8d) ({fid-havesy)l, 828 White solid using corBigoahdB@&f) instead of

compound (1d), 1H-N ( .04 (1H, d, J=2 ), 8.46 (1H, d, J=4.9 Hz),.8.4Q,(1H, d, J=2.0
Hz), 8.25 (1&@3: 9:??%55%%&%%:%%%2@%?&%@4 dd, J=8.5, 2.2 Hz); 7. AT]?) 1 (1H, m),
7.85-7.78 (2HMizinY.226822.4H L hh),n) 03 .BH(1IH Js.§31HAA)L HRd, J=4.9 Hz), 2.3343. 8232 kh/m), 1.29-1.20
(2H, m), 0.575(%%%'[4 =7.3 Hz); LRMS (ESI) m/z 468 [M+H]*. [0242] Example 45(8)
2-(Trans-4-hydroxycyclohexylamino-4-{3-propy1-4-(quinolin-3-
y1)-1H-pyrro[0]B8-b]pyridin-1-yllbenzamide (45) According to Example 1(6), 2-(trans-4-
hydroxycyclohexyl minoP-éi-é3-propy1-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-I-yIIbenzonitriIe (36%) was
prepared as a whi exgmpdeusmg compound (45h) instead of compound (le). - 116 - TH0064 E(F) 111511
Subsequently, acot{di(igBerzyiethipbyrafd)degrisupagd=)HIN0) was prepared agdof@hite solid using
2-(trans-4- - .

a0 AN 3-Bropy-4-0qeinc v o) hpyrid s itrile Instead of
compound (1[f1944-NMR (DMS0-016) 8 9.04 (1H, d, J=2.0 Hz), 8.54 (1H, d, J=1.7 Hz), 8.42-8.39 (2H, m),
8.14-8.10 (2H, m), 7.87-@%%@& m), 7.76-7.69 (2H, m), 7.42 (1H, d, J=1.5 Hz), 7.24 (1H, d, J=4.6 Hz),
7.12 (1H, s), 7.03 BERAMRE F&)4, 1.3 Hz), 4.55 (1H, d, J=3.9 Hz), 3.53- 3.47 (1H, m), 3.44-3.36 (LH, m),
AP)I-4-RY LD 1r)plr39-1.20 (4H, m), 4280383 (2H, m), 0.39
IM+H)*, Example 46

[ VY U

2-(Trans-4-hyaisaréyeloh MiNG)-4 HAYEA-(gquine y3)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzamide
(46) [0244] Examplecdidiag Suplk (4 A ethexpriamylipyrdin-2-ylcarbamate-(#6ayl-1H- According to
Example 40(1), compound (46a) (96%) was prepared as a white solid using 1-chloro-2-methoxyethane

Instead of mMW%_ I—éfg-_s-lsopropyl-lH- yrazolo|3,4-b]pyridin e was prepared
using compound (6b) instead of compound (1c) and us ing 1-benzyl-
1H-pyrazol-4-yl-boronic acid pinacol ester instead of quinoline-3-
boronic acid and was used in the subsequent reactio n without being
purified. According to Example 1(5), compound (16a ) (the second
stage yield: 52%) was prepared using 4-(1-benzyl-1H -pyrazol-4-yl)-
3-isopropyl-1H-pyrazolo[3,4-b]pyridine instead of ¢ ompound (1d).
'H-NMR (DMSO-ds) 3 8.94-8.98 (1H, m), 8.67 (1H, dd, J=4.9, 1.0
Hz), 8.58-8.65 (1H, m), 8.37 (1H, s), 8.11 (1H, dd, J=8.6, 1.2
Hz), 7.89 (1H, s), 7.28-7.44 (6H, m), 5.47 (2H, s), 3.35 (1H, q,
J=6.8 Hz), 1.13 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 4 97 [M+H] ",
[0153]

Example 16(2)

4-{4-(1-Benzyl-1H-pyrazol-4-yl)-3-isopropyl-1H-pyr azolo[3,4-
b]pyridin-1-yl}-2-(trans-4-hydroxycyclohexylamino)b enzonitrile
(16b)
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1H-NMR (CDC13) 8 8.35 (1H, dd, J=4.8, 1.8 Hz), 7.81 (1H, brs), 7.46 (1H, dd, J=7.6, 2.0 Hz), 6.98 (1H,
dd, J=7.4, 4.8 Hz), 3.39 (3H, s), 3.31 (2H, t, J=5.9 Hz), 2.70 (2H, t, J=7.0 Hz), 1.91-1.85 (2H, m), 1.53
(9H, s); LRMS (ESI) m/z 267 [M+H]*. [0245] Example 46(2) 3-(2-Methoxyethyl)-1H-pyrrolo[2,3-b]pyridine
(46b) According to Example 40(2), compound (46b) (88%) was prepardd8264 Gftd Kaild using
compound (46a) Instead of compound (40a). - 117 - THO064 E(F) 111511 1H-NMR (CDC13) 8 8.29 (1H,
d, J=3.9 Hz), 7.95Ate@dbel tnixatripte(146), sprmpound H.60p(73:29).8(a4.6 Hz), 3.68 §3henadkds.8 Hz), 3.39

(3H, s), 3.04-3.00 (2H, m): . .m/z 177 [M+H]* [0246] Example 46(3)
2-{4-Chloro- 0 rP&Mi@%ﬁ%&%@l?et(f%nr%?kﬂ%g]e)' According to Example 1(2), a crude product of
3-(2- methox$itRMRIEINISTalg) 2 BaEpyliding: J=axidezmectiqiehenze@sagid, salt was prepared using

compound (46b)_inst und W sed in the subsequent reagti ithgut being
purified. Accg‘d?ﬁg'?oq%i;jﬁgggﬁé)gcﬁh%;@r% c#_ %é r;Lécond stage yield: 1%&%ﬁ§%repared as a
white solid ugitt) 8-(28reetho X2 15HpyT,old2 @Hbdyridine 7-oxide m-chiarobé)zbi83acid salt instead

of compound,(|h).,1H-NMR ( 8.9.76 (1H, br 18 (1H, d, J=5.1 Hz), {.28- (1H, m), 7.09 (1H,
d, J=5.1 Hz),(é‘%f’(;m@%%gﬁgﬂo%gﬁhﬂaa%‘%‘z); LRMS (ESI) m/z%ﬁ[%}lzi [0247]

Example 46(@H-Biphee4-{B iyl M)(quodlisod4H,) afipy2rolo[2,3- b]pyridingHdensodiitrile (46d)
According to Exampl acr roduct of 3;{3-vinyl-1Hpyrrolo[2,3-b]pyridin-4-yl}quinoline was
prepared usméggﬁp%&ggug%)%%zl@@%{if compound (Ic) and was used in the subsequent reaction
without beingqasefied. According to Example 1(5), compound (46d) (the second stage yield: 8%) was

prepared as a whi soli%us%l}% 3-{3-vinyl-1H-pyrrolo[2,3-b]pyridin-4- yl}quinoline instead of compound
(1d). 1H-NMR (COC3YE dY7)(1H, d, 3=1.7 Hz), 8.49 (1H, d, J=4.9 Hz), 8.41 (1H, d, J=2.2 Hz), 8.30 (1H,

d, J=2.2 Hz), 8.22 414 (dBenBy/b1HLagazol-4-yl)-3-isopropyl-1H-pyr azolo[3,4-

b]pyridin-1-yl}-2-(trans-4-hydroxycyclohexylamino)b enzamide (16)

According to Example 1(7), compound (16) (82%) was prepared
as a white solid using compound (16b) instead of co mpound (1f).
'H-NMR (DMSO-ds) & 8.57 (1H, d, J=4.6 Hz), 8.40 (1H, d, J=7.3 Hz),
8.34 (1H, s), 7.85-7.90 (2H, m), 7.80 (1H, brs), 7. 76 (1H, d,
J=8.8 Hz), 7.46 (1H, dd, J=8.8, 2.0 Hz), 7.28-7.43 (5H, m), 7.21
(1H, d, J=4.6 Hz), 7.12 (1H, brs), 5.47 (2H, s), 4. 58 (1H, d,
J=4.4 Hz), 3.30-3.60 (3H, m), 1.80-2.20 (4H, m), 1. 20-1.45 (4H,
m), 1.13 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 550 [M+H 17
[0155]

Example 17

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-
(thiophen-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benz amide (17)
[0156]

Example 17(1)

2-Bromo-4-{3-isopropyl-4-(thiophen-3-yl)-1H-pyrazo lo[3,4-
b]pyridin-1-yl}benzonitrile (17a)

According to Example 1(4), a crude product of 3-is opropyl-4-
(thiophen-3-yl)-1H-pyrazolo[3,4-b]pyridine was prep ared using
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THO0064 E(F) 111511 Hz), 8.12-8.09 (1H, m), 7.93-7.91 (1H, m), 7.85-7.81 (2H, m), 7.72 (1H, s), 7.66
(1H, dd, J=7.9, 7.2 Hz), 7.25-7.24 (1H, m), 6.25- 6.17 (1H, m), 5.48 (1H, d, J=17.3 Hz), 5.01 (1H, d,
J=11.2 Hz); LRMS (ESI) m/z 452 [M+H]*. [0248] Example 46(5)
2-(Trans-4-hydroxycyclohexylamino)-4-{3-viny1-4-(quinolin-3- y1)-1H-pyrrold @b iMidHIAY Ibenzamide
(46) According to Example 1(6), a crude product of 2-(trans-4-
hydroxycyclotmngtaumin6h)inaeaithgl-do (oo tinis)yd Ldipyriolo[ 2, 3-b]pyridieghdibérykonitrile was
prepared usi mpound (46d) Instead of compound, (le) and was used in th uent reaction
without being;a %ﬂéﬁ e Ii@g}%ﬁg ' jﬁ%éléoff%? 88%1%8)und (46) (the secé}n\'\? sg.tégggeg)%eld: 15%) was
prepared as thevhlitessglientsagtign(twaneutbeydy puyityd| tvexylamino)-4-{3-viryyding to
4-(quinolin-3:y1)-1H-pyrrolo[2,3-blpyridin-|-ylibenzonitrile instead of compouy; . 1H-NMR (DMSO0-016)
5 001 (11, R S S SRR TRl o, 6.9 (1 5 85 00 (21, )
7.88-7.84 (2krapdret Tkill3;isopropyb 4 iopes-3-69- {H-hym), 7.42 (1H, d, Jazolb[Bi2), 7.31 (1H, d, J=4.9
Hz), 7.16 (1H,brs). 7.05 (1H, dd, J=8.5, z), 6.14 (1H, dd, J=17.3, 11.0 Hz), 5.53 (1H, d, J=17.3 H2),
4.90 (1H, d,%’@ '%Wﬁiﬁ?%ﬂofﬁqfné’?ﬂgﬂ]fﬁiﬂ), 3.53-3.47 (1H, m), 3.44-3.39 (1H, m), 2.11-2.08 (2H, m),
1.86-1.84 (ZHHMMR. @8MEGQ{AHD 897 LBIMS), (BB} 317z S0 BV +HiF8-§0CAGH, Example 47
2-(Trans-4-hydr yclohexylaminp)-4-{4-(gujnqlin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (47)
[0250] - 119 %%Tolz(ggéi‘% )éﬁ_?%f@ég‘%ﬁy 4 (%%l'-gclla%’ro-lH-pyrrolo[Z,3-b p%ﬂll&%'/ e(ﬂll?a)
According to Escgmty 1.(2) (6Hc ) deqsadact RMSSIrale{2,3- blpyridine 7-23igerri-chlorobenzoic acid
salt was pre;r)@i%? using 1H-pyrrolo[2,3-b]pyridine Instead of compound (la) and was used in the

[

subsequent bn without being purified. According to Example 1(3), compound (47a) (the second
stage yield: 65%) wesplepa@y as a white solid using 1H-pyrrolo[2,3-b]pyridine 7-oxide m-chlorobenzoic

[S-4ydrexyeyglanexylamino)-2 2 IBERIGDYR, iz 153 [M+H]*. [0251]

d, J=3.4 Hz), 7.14 ; : ; —Eh :
(thiophen-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benz onitrile (17b)

According to Example 1(6), compound (17b) (61%) wa S prepared
using compound (17a) instead of compound (1e).

IH-NMR (DMSO-ds) 8.64 (1H, d, J=4.6 Hz), 8.02 (1H, d, J=2.0 Hz),

7.91 (1H, dd, J=3.0, 1.4 Hz), 7.80 (1H, dd, J=4.9, 3.0 Hz), 7.70
(1H, dd, J=8.6, 2.0 Hz), 7.62 (1H, d, J=8.6 Hz), 7. 43 (1H, dd,
J=4.9, 1.4 Hz), 7.28 (1H, d, J=4.6 Hz), 5.84 (1H, d , J=7.6 Hz),
4.61 (1H, d, J=4.4 Hz), 3.30-3.52 (2H, m), 3.22 (1H , q, J=6.8 Hz),
1.80-2.20 (4H, m), 1.20-1.50 (4H, m), 1.11 (6H, d, J=6.8 Hz); LRMS
(ESI) m/z 458 [M+H] .
[0158]

Example 17(3)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-
(thiophen-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benz amide (17)

According to Example 1(7), compound (17) (89%) was prepared
as a white solid using compound (17b) instead of co mpound (1f).
'H-NMR (DMSO-ds) 8.63 (1H, d, J=4.6 Hz), 8.41 (1H, d, J=7.3 Hz),
7.90 (1H, dd, J=3.0, 1.2 Hz), 7.86 (1H, d, J=2.2 Hz ), 7.74-7.82
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Example 47(2) 3-{1H-Pyrrolo[2,3-b]pyridin-4-yl}quinoline (57b) According to Example 1(4), compound
(47b) (44%) was prepared as a white solid using compound (47a) Instead of compound (Ic). 1H-NMR
(DMSO0-016) 8 11.92 (1H, brs), 9.30 (1H, d, J=2.2 Hz), 8.77 (1H, d, J=2.2 Hz), 8.36 (1H, d, J=4.9 Hz),
8.15 (1H, d, J=8.1 Hz), 8.10 (1H, d, J=8.5 Hz), 7.85-7.81 (1H, m), 7.68 (1H,t19A £y 113382 (1H, d,
J=3.4 Hz), 7.40 (1H, d, J=4.9 Hz), 6.75 (1H, d, J=3.4 Hz); LRMS (ESI) m/z 246 [M+H]*. [0252] Example
47(3) 2-B@itnoa)}- {46 (liHoleak33y8 6.1 Pl p iz h| 3[233Cbipyaitlin- Lylibenzonitrile 3Ac), 1.2 According to

Example 1(5), G0 (47c) (89% ared a hite solid using compound_(4Zb) Instead of
compound (1 Sl?—?@lﬁ@ﬁ(é 3%8685%\?5%)&?@2@%&%\« 8.82-8.81 (1H, m)%?té’-g% 1H, m),
8.57-8.56 (1Hiz)n}. 30B168.@H(bh), 32 8LB6R.BH A Hz)n.8 120 - THO064 EQR).2A 1481.1n8,19-8.11 (3H, m),
11897 84 (115 B it S5\ O G904 MRTILESS (LH. m: LRV (FSjyyz 426 (M
2-(Trans-4-hydrdRycyclohexylamino)-4-{4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzonitrile (47d)
According to Eﬁaé?ple 1(6), compound (47d) (67%) was prepared as a white solid using compound (47c)
Instead of co[mpound (le). 1H-NMR(CDC13)89.30(1H,d,J=2.2Hz),8.50(2H,dd,J=9.4,3.5

Example 18

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-(6-
methoxypyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl }benzamide (18)
[0160]

Example 18(1)

2-Bromo-4-{3-isopropyl-4-(6-methoxypyridin-3-yl)-1 H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (18a)

According to Example 1(4), a crude product of 3-is opropyl-4-
(6-methoxypyridin-3-yl)-1H-pyrazolo[3,4-b]pyridine was prepared
using compound (6b) instead of compound (1c) and us ing 6-
methoxypyridin-3-yl-boronic acid instead of quinoli ne-3-boronic
acid and was used in the subsequent reaction withou t being
purified. According to Example 1(5), compound (18a ) (the second
stage yield: 60%) was prepared using 3-isopropyl-4- (thiophen-3-
yl)-1H-pyrazolo[3,4-b]pyridine instead of compound (1d).
'H-NMR (DMSO-ds) & 8.97 (1H, d, J=1.7 Hz), 8.76 (1H, d, J=4.9 Hz),
8.63 (1H, dd, J=8.8, 1.7 Hz), 8.42 (1H, d, J=2.4 Hz ), 8.13 (1H, d,
J=8.8 Hz), 8.00 (1H, dd, J=8.8, 2.4 Hz), 7.36 (1H, d, J=4.9 Hz),
7.03 (1H, d, J=8.8 Hz), 3.96 (3H, s), 3.06 (1H, q, J=6.6 Hz), 1.12
(6H, d, J=6.6 Hz); LRMS (ESI) m/z 448 [M+H] !,
[0161]

Example 18(2)



Hz),8.21(1H,d,J=8.3Hz),7.95(1H,d,J=8.1Hz),7.83-7.79 (1H, m),7.69-7.64(2H, m),7.53(1H,d,J=8.5Hz),
7.46(1H,d, J=1.7 Hz),7.38(1H,d, J=5.1Hz),7.05-7.03(1H,m), 6.89(1H,d, J=3.7
Hz),4.56(1H,d,J=7.6Hz),3.77-3.72(1H, m),3.50-3.43 (1H, m),2.28-2.24(2H,
m),2.10-2.07(2H,m),1.53-1.34(4H,m); LRMS (ESI) m/z 460 [M+H]*. [0254]TH0064 E(F) 111511

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(6-
methoxypyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl }benzonitrile
(18b)

According to Example 1(6), compound (18b) (77%) wa S prepared

using compound (18a) instead of compound (1e).

'H-NMR (DMSO-ds) & 8.68 (1H, d, J=4.6 Hz), 8.41 (1H, d, J=2.4 Hz),

7.95-8.05 (2H, m), 7.70 (1H, dd, J=8.7, 1.7 Hz), 7. 63 (1H, d,
J=8.7 Hz), 7.28 (1H, d, J=4.6 Hz), 7.03 (1H, d, J=8 5 Hz), 5.86
(1H, d, J=7.6 Hz), 4.61 (1H, d, J=4.4 HZ), 3.96 (3H ,s), 3.30-3.52
(2H, m), 3.03 (1H, g, J=6.8 Hz), 1.80-2.20 (4H, m), 1.20-1.50 (4H,
m), 1.11 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 483 [M+H 1"
[0162]

Example 18(3)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(6-
methoxypyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl }benzamide (18)

According to Example 1(7), compound (18) (63%) was prepared
as a white solid using compound (18b) instead of co mpound (1f).

IH-NMR (DMSO-ds) & 8.67 (1H, d, J=4.6 Hz), 8.37-8.45 (2H, m), 7.99

(1H, dd, J=8.8, 2.4 Hz), 7.85 (1H, d, J=1.7 Hz), 7. 82 (1H, brs),
7.78 (1H, d, J=8.8 Hz), 7.46 (1H, dd, J=8.6, 1.7 Hz ), 7.25 (1H, d,
J=4.6 Hz), 7.13 (1H, brs), 7.03 (1H, d, J=8.6 Hz), 459 (1H, d,
J=4.4 Hz), 3.96 (3H, s), 3.30-3.60 (2H, m), 3.03 (1 H, g, J=6.8
Hz), 1.80-2.20 (4H, m), 1.20-1.45 (4H, m), 1.12 (6H , d, J=6.8 Hz);
LRMS (ESI) m/z 501 [M+H] i
[0163]

Example 19

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(5,6,7,8-
tetrahydroquinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin- 1-yl}benzamide
(19)
[0164]
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Example 47(5)
2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (47)
According to Example 1(7),compound(47)(79%)was prepared as a white solid using compound
(47d)Instead of compound (1f). 1H-NMR(DMS0-016)89.31(1H,d,J=1.7Hz),8 18008 R1A}p1Y
d,J=4.9Hz),8.41(1H,d,J=7.1Hz),8.18-8.11(3H,m),7.88-7.84 (2H,m), 7.77(1H, d,J=8.5Hz),7.73-7.69(1H,
m),7.56(1H,d, J=4Mdajing 0 Excehicl B H lore)ld 6duddad 34s8.3Hz), 7.00(1H, dpregyl4-

Hz),4.55(1H 93 ‘25:7’)’89€_e|§<)ih§/05r§q8|r411(§ &1“5'3/'?)1)1 ﬁiéﬁé%b%g[SA—b Jpyridine was
prepared using compound (6b) instead of compound (1 ¢) and using
5,6,7,8-tetrahydroquinolin-3-yl-boronic acid instea d of quinoline-
3-boronic acid and was used in the subsequent react ion without
being purified. According to Example 1(5), a crude product of 2-
bromo-4-{3-isopropyl-4-(5,6,7,8-tetrahydroquinolin- 3-yl)-1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile was prepar ed using 3-
isopropyl-4-(5,6,7,8-tetrahydroquinolin-3-yl)-1H-py razolo[3,4-
b]pyridine instead of compound (1d) and was used in the subsequent
reaction without being purified. According to Exam ple 1(6), a
crude product of 2-(trans-4-hydroxycyclohexylamino) -4-{3-
isopropyl-4-(5,6,7,8-tetrahydroquinolin-3-yl)-1H-py razolo[3,4-
b]pyridin-1-yl}benzonitrile was prepared using 2-br omo-4-{3-
isopropyl-4-(5,6,7,8-tetrahydroquinolin-3-yl)-1H-py razolo[3,4-
b]pyridin-1-yl}benzonitrile instead of compound (1e ) and was used
in the subsequent reaction without being purified. According to
Example 1(7), compound (19) (the fourth stage yield : 2%) was

prepared as a white solid using 2-(trans-4-
hydroxycyclohexylamino)-4-{3-isopropyl-4-(5,6,7,8-
tetrahydroquinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin- 1-
yl}benzonitrile instead of compound (1f).

'H-NMR (DMSO-ds) & 8.67 (1H, d, J=4.6 Hz), 8.50 (1H, s), 8.42 (1H,

d, J=7.1 Hz), 7.86 (1H, d, J=1.9 Hz), 7.84 (1H, brs ), 7.78 (1H, d,
J=8.8 Hz), 7.73 (1H, s), 7.46 (1H, dd, J=8.8, 1.9 H z), 7.25 (1H,
d, J=4.6 Hz), 7.14 (1H, brs), 4.60 (1H, d, J=4.2 Hz ), 3.30-3.60
(2H, m), 3.01 (1H, g, J=6.8 Hz), 2.82-2.95 (4H, m), 1.80-2.20 (8H,
m), 1.20-1.45 (4H, m), 1.13 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 525
[M+H] *.

[0165]
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(1H,m), 2.11-2.08(2H,m),1.86-1.84 (2H,m),1.38-1.19 (4H,m); LRMS(ESI) m/z478[M+H]*. [0255]

Example 48 - 121 - TH0064 E(F) 111511

2-(Propylamino)-4-{3-methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3- b]pyridin-l-yllbenzamide (48) According
to Example 1(6), a crude product of 2- (propylamino)-4-{3-methyl-4-(quinolihtH§5E4 B(E) ko[ 2, 3-
b]pyridin-I-yllbenzonitrile was prepared using compound (40f) Instead of compound (le) and using
n-propylamine Insteainpfeizthsaminocyclohexanol and was used in the subsequent reaction without being
purified. Accordln%:[gﬁ(za L( ) was prepared as a
white solid using Z=<{propytamtn ofpyridin-1-yllbenzonitrile

Instead of copyproaiud3(4p]pyridin- 1-y|}benzam|de (20)

[0166]

According to Example 1(6), 2-(benzylamino)-4-{3-is opropyl-4-
(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benz onitrile was
prepared using compound (6d) instead of compound (1 €) and using
benzylamine instead of trans-aminocyclohexanol and was used in the
subsequent reaction without being purified. Accord ing to Example
1(7), compound (20) (the second stage yield: 22%) w as prepared as
a white solid using 2-(benzylamino)-4-{3-isopropyl- 4-(quinolin-3-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzonitrile ins tead of

compound (1f).
'H-NMR (DMSO-ds) 8 9.07 (1H, d, J=2.2 Hz), 8.91 (1H, t, J=5.8 Hz),

8.68 (1H, d, J=4.9 Hz), 8.61 (1H, d, J=2.2 Hz), 8.0 9 (2H,t,J=9.2
Hz), 7.87-7.66 (4H, m), 7.57 (1H, dd, J=1.9, 6.8 Hz ), 7.42-7.26
(5H, m), 7.18 (1H, t, J=7.2 Hz), 4.44 (1H, d, J=5.7 Hz), 2.95-2.82
(1H, m), 0.97 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 513 [M+H] *
[0167]

Example 21

4-{3-Isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b Jpyridin-1-
yl}-2-(pyridin-2-ylamino)benzamide (21)

[0168]

According to Example 1(6), 4-{3-isopropyl-4-(quino lin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(pyridin-2-ylamin o)benzonitrile
was prepared using compound (6d) instead of compoun d (1e) and
using 2-aminopyridine instead of trans-aminocyclohe xanol and was
used in the subsequent reaction without being purif ied. According
to Example 1(7), compound (21) (the second stage i eld: 14%) was
prepared as a white solid using 4-{3-isopropyl-4-(q uinolin-3-yl)-
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1H-NMR (DMS0-016) 8 9.07 (1H, d, J=2.2 Hz), 8.57 (1H, d, J=1.7 Hz), 8.48-8.45 (1H, m), 8.42 (1H, d,
J=4.6 Hz), 8.14 (2H, d, J=8.5 Hz), 7.92 (1H, s), 7.88-7.84 (2H, m), 7.78 (1H, d, J=8.8 Hz), 7.73-7.70 (1H,
m), 7.29 (1H, d, J=2.0 Hz), 7.26 (1H, d, J=4.9 Hz), 7.15-7.12 (2H, m), 3.20-3.15 (2H, m), 1.93 (3H, s),
1.71-1.62 (2H, m), 1.00 (3H, t, J=7.3 Hz); LRMS (ESI) m/z 436 [M+H]*. [0256{006Empld12d1
2-(Pentylamino)-4-{3-methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3- b]pyridin-I-yllbenzamide (49) According
to Example 11B8)pgraraldts grothyotiof Ry e tayliainiBg)ataiid-methyl-4-(quinolinyBepzdritdigyrrolo[2,3-
b]pyridin-l-yll% ez%rnci)}rilg W%%r%?n red using compound (40f) Instead of compound (le) and using
n-pentylaminenstead of transaminocyclohexanol and was used in the subsequent reaction without being
purified. Accordivig ro(EMa0aig) 179,62 (EEENJ. (61 Ahe, SeeonHAtEyroy(eM]): 55%) was prepared as a

white solid usjng 2-.(pentylamjng)-4-{3-methyl-4-(quinplipn-3-y1)-1H-pyrrolo[2,3- hlpyridin-l-yllbenzonitrile
Instead of co‘#ﬁp%%‘r?ﬁ é})gi? ggﬂ é%&%géﬁl rlgi -NMR (DMSO-Olé%’g’.%é(i{H, d, J=2.2 Hz),
8.56 (1H, d, 32.0.812]218,4Y -89 1 DHA (1hi), 8) 42 {1-H.6d,(A84.9 Hz), 8.14 (2H, ¢h)JZ88(HZ), 7.92 (1H, s),
7.88-7.84 (2H, m), 7.7 vol=8.8 H2),,7.73-7.70 (14, m), 7.30 (1H, d, J=2.0 126 (1H, d, J=4.6
Hz), 7.14-7.1 %ﬁgrh‘)%ééﬁz% %,ﬁ)?f@%ﬂ: 537&5.3.69-1.62 (2H, m), fgi)z-fl@ﬁg H, m), 0.91 (3H, t,
J=7.1 Hz); LRMSEE SiI)) iz MS4ES)HHE S@RBTH] Example 50

2-(Cyc|opropeéli1 In0)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (50)
According to ple 1(6), a crude product of 2-
(cyclopropylaminopéagdsimethyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3- b]pyridin-I-yllbenzonitrile was prepared
using compound (40f) i ing ead of
trans-aminocyclohexans d- the-stibs&quentYeaction-without-being-putified:
Example 1(7yijcp@ppundlido) {ihe: mdskaganyiatd2bp%) was prepared as a white solid using
2-(cycloprop)(lamqiﬂo)-4-{3-methyl-4-(quino|in-3-y1)-1H-pyrrolo[2,3- b]pyridin-l-yllbenzonitrile Instead of
compound (18.11 -NMR (DMSO-d0 8 9.08 (1H, d, J=2.4 Hz), 8.57 (1H, d, J=2.2 Hz), 8.53 (1H, s), 8.43
(1H, d, J=4.6 Hz), Rckd{Rid 16l EXafhid-1b) 7498-BpA6RYh4wuing 8(1H, d,J=8.5 Hah-3-yi)-

1H-pyrazolo[3,4-b]pyridin-1-yl}-2-{2-(pyrrolidin-1-

yl)ethylamino}benzonitrile was prepared using compo und (6d)
instead of compound (1e) and using N-(2-aminoethyl) pyrrolidine
instead of trans-aminocyclohexanol and was used in the subsequent
reaction without being purified. According to Exam ple 1(7),
compound (22) (the second stage yield: 61%) was pre pared as a
white solid using 4-{3-isopropyl-4-(quinolin-3-yl)- 1H-

pyrazolo[3,4-b]pyridin-1-yl}-2-{2-(pyrrolidin-1-
yl)ethylamino}benzonitrile instead of compound (1f)

'H-NMR (DMSO-ds) & 9.14 (1H, d, J=1.9 Hz), 8.76 (1H, d, J=4.6 Hz),

8.69 (1H, d, J=1.6 Hz), 8.52 (1H, t, J=5.1 Hz), 8.1 5(1H,t, J=8.6
Hz), 7.93-7.87 (1H, m), 7.81-7.72 (3H, m), 7.56 (1H , dd, J=1.9,
6.5 Hz), 7.42 (1H, d, J=4.6 Hz), 2.96 (1H, g, J=6.8 Hz), 2.80-2.70
(2H, m), 2.55-2.49 (6H, m), 1.74-1.68 (4H, m), 1.06 (6H, d, J=6.8
Hz); LRMS (ESI) m/z 520 [M+H] .
[0171]

Example 23
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7.73-7.69 (2H,m), 7.27 (1H,d,J=4.9 m),0.51-0.47 Hz), (2H, 7.20-7.17 m); LRMS (2H,m), (ES)m/z 1.93
434 (3H,s), [M+H]*. 0.83-0.79 (2H, [0258] Example 51

2-(Cyclopentylamino)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (51)
THO0064 E(F) 111511

4-{3-Isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b Jpyridin-1-
yl}-2-{3-(methylthio)propylamino}benzamide (23)
[0172]

According to Example 1(6), 4-{3-isopropyl-4-(quino lin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-{3-
(methylthio)propylamino}benzonitrile was prepared u sing compound
(6d) instead of compound (1e) and using 3-methylthi opropylamine
instead of trans-aminocyclohexanol and was used in the subsequent
reaction without being purified. According to Exam ple 1(7),
compound (23) (the second stage yield: 67%) was pre pared as a
white solid using 4-{3-isopropyl-4-(quinolin-3-yl)- 1H-

pyrazolo[3,4-b]pyridin-1-yl}-2-{3-
(methylthio)propylamino}benzonitrile instead of com pound (1f).

IH-NMR (DMSO-ds) & 9.07 (1H, d, J=2.4 Hz), 8.69 (1H, d, J=4.6 Hz),

8.61 (1H, d, J=1.9 Hz), 8.48 (1H, t, J=5.4 Hz), 8.0 9 (2H,1,J=9.2
Hz), 7.86-7.76 (3H, m), 7.70-7.65 (1H, m), 7.51 (1H , dd, J=1.9,
7.0 Hz), 7.34 (1H, d, J=4.6 Hz), 2.95-2.85 (1H, m), 2.58-2.45 (4H,
m), 2.02 (3H, s), 1.93-1.83 (2H, m), 1.00 (6H, d, J =6.8 Hz); LRMS
(ESI) m/z 511 [M+H] i

[0173]

Example 24

4-{3-1sopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b ]pyridin-1-
yl}-2-(1-methylpiperidin-4-ylamino)benzamide (24)

[0174]

According to Example 1(6), 4-{3-isopropyl-4-(quino lin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(1-methylpiperidi n-4-
ylamino)benzonitrile was prepared using compound (6 d) instead of
compound (1e) and using 4-amino-1-methylpiperidine instead of
trans-aminocyclohexanol and was used in the subsequ ent reaction
without being purified. According to Example 1(7), compound (24)
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According to Example 1(6), a crude product of 2-
(cyclopentylamino)-4-{3-methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3- TH0064 E(F) 111511
b]pyridin-I-yllbenzonitrile was prepared using compound (40f) instead of compound (le) and using
cyclopentylamine instead of trans-aminocyclohexanol and was used in the §t#986&&nk k&ketion without
being purified. According to Example 1(7), compound (51) (the second stage yield: 36%) was prepared

as a white sdliceissiogna-gags opsich ) ive-gréBanesthyladaguinolin-3-y 1)- 1 ke pylicolis[@g3-
b]pyridin-l-yllpenzonitrile i ad of co nd. (11). -
1H-NMR(DM%%Z§8%%“.’ I?%i@fﬁ%ﬁ%ﬁ%%@%ﬁﬁ?&ﬁ@oHz), pyridin-1-yl}-

8.51(1H,d,J=B-3HayiBylBokitin-d=Aa6 ) SehA¢Ritid, s®8dHz),7.90 (1H,  of compound
s),7.88-7.84((7]/ ,m),7.77(1H,d,J=8.54 Hz), 7.73-7.70 (1H, m),7.35(1H,d,J=2.2Hz), 7.27 (1H,d,J=4.6 Hz),
7.14(1H,brs),7.10(1H,dd,J=8.5,2.0

IH-NMR (DMSO-0g) 89.12 (1H, d, J=2.2 Hz), 8.73 (1H, d, J=4.6 Hz),

8.67 (1H, d, J=2.2 Hz), 8.51 (1H, d, J=7.3 Hz), 8.1 3(2H,1,J=8.9
Hz), 7.91-7.70 (4H, m), 7.46 (1H, dd, J=1.9, 6.8 Hz ), 7.40 (1H, d,
J=4.6 Hz), 2.94 (1H, g, J=6.8 Hz), 2.71-2.67 (2H, m ), 2.18-2.02
(8H, m), 1.54-1.47 (2H, m), 1.03 (6H, d, J=6.8 Hz); LRMS (ESI) m/z
520 [M+H] .

[0175]

Example 25

4-{3-1sopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b ]pyridin-1-
yl}-2-(neopentylamino)benzamide (25)

[0176]

According to Example 1(6), 4-{3-isopropyl-4-(quino lin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(neopentylamino)b enzonitrile was
prepared using compound (6d) instead of compound (1 €) and using
neopentylamine instead of trans-aminocyclohexanol a nd was used in
the subsequent reaction without being purified. Ac cording to
Example 1(7), compound (25) (the second stage yield : 60%) was
prepared as a white solid using 4-{3-isopropyl-4-(q uinolin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(neopentylamino)b enzonitrile

instead of compound (1f).

IH-NMR (DMSO-ds) 8 9.12 (1H, d, J=2.4 Hz), 8.75 (1H, d, J=4.9 Hz),

8.67 (1H, d, J=2.2 Hz), 8.13 (2H, t, J=8.6 Hz), 7.9 1-7.70 (4H, m),
7.49 (1H, dd, J=1.9, 6.8 Hz), 7.40 (1H, d, J=4.9 Hz ), 3.01-2.89
(3H, m), 1.06-1.01 (15H, m); LRMS (ESI) m/z 493 [M+ H] ™.
[0177]

Example 26
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Hz), 3.93-3.86(1H, m), 2.09-2.04 m); LRMS (2H, (ESI) m),1.93(3H,s),1.71-1.62 m/z462[M+H]*. (4H,
m),1.53-1.47 (2H, [0259] Example 52
2-(Cyclohexylamino)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (52)
According to Example 1(6), a crude product of 2- THOO064 E(F) 111511
(cyclohexylamino)-4-{3-methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3- b]pyridin-I-yllbenzonitrile was prepared
using compound (4€{t~)—imem$lef (rmmphmadllﬁéb-lamdauek{@ éylzlohexylamine instéadidin-1-

trans-aminoc ? ient reaction without being purified. According to
Example 1(7}, compc the second stage yield: 250 asprepared as a white solid using

2- (cyclohexy[aﬂﬁi&]o) -4- {3 methyl-4- (qumolln 3 -y1)-1H- pyrrolo[2 3- b]pyridin-I-yllbenzonitrile instead of
compound (1f). IH:NMR. (D Od6 H d J= 8.57 (1H, d, J=2. 8.52 (1H, d, J=7.6
Hz), 8.41 (1H, d, ﬁ%g%%‘% JLAS§ 5’“’% é’) 7.88-7.84 (2H, M '2%2 %7 (1H, d, J=8.8
Hz), THOO64LB{fy)ydZild2 1- b]pyrldln -1- yI} 2-{3-

(methylthio)phenylamino}benzonitrile was prepared u sing compound
(6d) instead of compound (1e) and using 3-(methylth io)aniline
instead of trans-aminocyclohexanol and was used in the subsequent
reaction without being purified. According to Exam ple 1(7),
compound (26) (the second stage yield: 61%) was pre pared as a
white solid using 4-{3-isopropyl-4-(quinolin-3-yl)- 1H-

pyrazolo[3,4-b]pyridin-1-yl}-2-{3-
(methylthio)phenylamino}benzonitrile instead of com pound (1f).

IH-NMR (DMSO-ds) 8 9.11 (1H, d, J=2.2 Hz), 8.75 (1H, d, J=4.9 Hz),

8.67 (1H, d, J=2.2 Hz), 8.60 (1H, d, J=1.9 Hz), 7.9 1-7.70 (4H, m),
7.49 (1H, dd, J=1.9, 6.8 Hz), 8.13 (1H, t, J=8.6 Hz ), 7.94-7.85
(2H, m), 7.79-7.70 (2H, m), 7.42 (1H, d, J=4.9 Hz), 7.32-7.25 (2H,
m), 7.01 (1H, d, J=7.3 Hz), 6.90 (1H, d, J=7.3 Hz), 2.93 (1H, g,
J=6.8 Hz), 1.02 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 5 45 [M+H] *
[0179]

Example 27

2-{2-(Dimethylamino)ethylamino}-4-{3-isopropyl-4-( quinolin-3-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (27)

[0180]

According to Example 1(6), 2-{2-(dimethylamino)eth ylamino}-4-
{3-isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b]py ridin-1-
yl}benzonitrile was prepared using compound (6d) in stead of
compound (1e) and using N,N-dimethylethylenediamine instead of
trans-aminocyclohexanol and was used in the subsequ ent reaction
without being purified. According to Example 1(7), compound (27)

-01-



7.74-7.70 (1H, m), 7.40 (1H, d, J=2.0 Hz), 7.27 (1H, d, J=4.9 Hz), 7.13 (1H, brs), 7.05 (1H, dd, J=2.0, 8.5
Hz), 3.51-3.43 (1H, m), 2.03-1.99 (2H, m), 1.93 (3H, s), 1.73-1.69 (2H, m), 1.60-1.56 (1H, m), 1.46-1.38
(2H, m), 1.34-1.28 (3H, m); LRMS (ESI) m/z 476 [M+H]*. [0260] Examples 53 and 54
2-(Tetrahydro-2H-pyran-4-ylamino)-4-{3-methyl-4-(quinolin-3- y1)-1H-pyrrolB[@h EidHalliibenzamide
(53) 4-{3-Methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3-b]pyridin-1yllbenzamide (54) According to
Example 1(6}ihe saededuadactiel: 57%) was prepared as a whi te solid using
2-(tetrahydro2H;pyran-4-ylaming)-4-{3-m -4-(quinolin-3-y1)-1H-pyrrolo[2.3-.hlpyrdin-1-yllbenzonitrile
was prepareg E&s&émc%m%mm%?%ﬂ?{%g f%%f%og%rﬁgg%ﬁﬁ(le) and using teﬁgﬁ{}%_l%@i-l-pyran-&amine
Instead of tralt$qamsinadojitbbjpyadiol kykberamniséel instdsel subsequent reactiar withpmuinldeing purified.
According to Example 1(7), compound (53) (the second stage yield: 4%) was prepared as a white solid
using 2-(tetra g'dro-2H-pyran-4-ylamino)-4-{3-methyl-4-

(quinolin-3-y 1+ NiApymoisio,3sp]ysidint v lbe pzeuitrle, ingEaHpticommouny (1f). By this reaction,
compound (54).(the second stage yjeld: 21%) repared as a white solid. oynd (53) 1H-NMR
(DMS0-016) %égﬁh%%yfi'%% ﬁ‘z@ @%ég‘%%@e%o? 8.41 (1H, d, J=4.9g¢§§'gq7# H. d, J=8.5 Hz),
7.91-7.84 (3zin)7. 93701 Hd, d588332).71.13H7 M0, (166 10+ 7.42 (1H, d, J=1.7ddz)=2.27-7.26 (1H, m),

2/00-2.04 (o TP 0 G ST HEA P THS R (1) iz a7 v e S345 THo0B4 £(P

111511 [026 YHCeNRANGKS4), 1.06 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 494

[M+H] *.
[0181]

Example 28

4-{3-1sopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b ]pyridin-1-
yl}-2-{2-(pyridin-2-yl)ethylamino}benzamide (28)
[0182]

According to Example 1(6), 4-{3-isopropyl-4-(quino lin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-{2-(pyridin-2-
yl)ethylamino}benzonitrile was prepared using compo und (6d)
instead of compound (1e) and using 3-(2-aminoethyl) pyridine
instead of trans-aminocyclohexanol and was used in the subsequent
reaction without being purified. According to Exam ple 1(7),
compound (28) (the second stage yield: 67%) was pre pared as a
white solid using 4-{3-isopropyl-4-(quinolin-3-yl)- 1H-

pyrazolo[3,4-b]pyridin-1-yl}-2-{2-(pyridin-2-
yl)ethylamino}benzonitrile instead of compound (1f)

IH-NMR (DMSO-ds) & 9.15 (1H, d, J=2.2 Hz), 8.78 (1H, d, J=4.9 Hz),

8.69-8.61 (3H, m), 8.45 (1H, dd, J=1.6, 3.2 Hz), 8. 16 (1H, t,
J=8.1 Hz), 7.95-7.72 (6H, m), 7.56 (1H, dd, J=1.9, 6.8 Hz), 7.44
(1H, d, 3=4.9 Hz), 7.38-7.34 (1H, m), 3.55-3.47 (2H , m), 3.03-2.92
(3H, m), 1.07 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 528 [M+H] *.
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1H-NMR(DMSO-d0 8 9.06(1H, s), 8.56 (1H,s), 8.43 (1H, d,J=4.4 Hz), 8.13-8.04 (7H, m),7.94 (1H,

THO064 E(F) 111511

[0183]

Example 29

2-{3-(Dimethylamino)propylamino}-4-{3-isopropyl-4- (quinolin-
3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (29)
[0184]

According to Example 1(6), 2-{3-(dimethylamino)pro pylamino}-
4-{3-isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b] pyridin-1-
yl}benzonitrile was prepared using compound (6d) in stead of

compound (1e) and using N,N-dimethyl-1,3-propanedia
trans-aminocyclohexanol and was used in the subsequ
without being purified. According to Example 1(7),

(the second stage yield: 14%) was prepared as a whi
2-{3-(dimethylamino)propylamino}-4-{3-isopropyl-4-(
1H-pyrazolo[3,4-b]pyridin-1-yl}benzonitrile instead

(19).

mine instead of
ent reaction
compound (29)
te solid using
quinolin-3-yl)-

of compound

IH-NMR (DMSO-ds) 8 9.12 (1H, d, J=2.2 Hz), 8.75 (1H, d, J=4.9 Hz),

8.67 (1H, d, J=2.2 Hz), 8.50-8.46 (1H, m), 8.14 (1H
7.91-7.70 (4H, m), 7.52 (1H, dd, J=1.9, 6.8 Hz), 7.
J=4.9 Hz), 2.94 (1H, q, J=6.8 Hz), 2.80-2.66 (1H, m
(8H, m), 1.97-1.88 (2H, m), 1.04 (6H, d, J=6.8 Hz);
508 [M+H] *.
[0185]
Example 30
2-(Cyclohexylmethylamino)-4-{3-isopropyl-4-(quinol

1, J=8.4 Hz),
41 (1H, d,
), 2.50-2.44
LRMS (ESI) m/z

in-3-yl)-

1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (30)

[0186]

According to Example 1(6), 2-(cyclohexylmethylamin
isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyrid
yl}benzonitrile was prepared using compound (6d) in

compound (1e) and using aminomethylcyclohexane inst

-03-

0)-4-{3-
in-1-
stead of

ead of trans-



s), 7.87-7.83 (1H, m), 7.72-7.68 (1H, m),7.40 (1H, brs),7.28(1H, d,J=4.6 Hz), 1.92 (3H,s); LRMS (ES)m/z

379 [M+H]*.

aminocyclohexanol and was used in the subsequent re
being purified. According to Example 1(7), compoun
second stage yield: 56%) was prepared as a white so
(cyclohexylmethylamino)-4-{3-isopropyl-4-(quinolin-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile instead of

THO064 E(F) 111511

action without

d (30) (the

lid using 2-
3-yl)-1H-
compound (1f).

'H-NMR (CDCl3) & 9.07 (1H, d, J=2.2 Hz), 8.67 (1H, d, J=4.9 Hz),

8.30 (1H, d, J=1.9 Hz), 8.24 (1H, d, J=8.1 Hz), 7.9
Hz), 7.86-7.82 (2H, m), 7.71-7.60 (2H, m), 7.16 (1H
3.16 (2H, t, J=5.9 Hz), 2.97 (1H, g, J=7.0 Hz), 1.9
1.79-1.71 (5H, m), 1.32-1.01 (11H, m); LRMS (ESI) m
[0187]

4 (1H,d, J=8.1

, d, J=4.9 Hz),
5-1.90 (2H, m),
/2519 [M+H] .

[0188]

Example 31

4-{3-1sopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b ]pyridin-1-
yl}-2-(2-morpholinoethylamino)benzamide (31)

According to Example 1(6), 4-{3-isopropyl-4-(quino lin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(2-
morpholinoethylamino)benzonitrile was prepared usin g compound (6d)

instead of compound (1e) and using 2-morpholinoethy
of trans-aminocyclohexanol and was used in the subs
without being purified. According to Example 1(7),
(the second stage yield: 43%) was prepared as a whi
4-{3-isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b]

2-(2-morpholinoethylamino)benzonitrile instead of ¢

lamine instead
eqguent reaction
compound (31)
te solid using
pyridin-1-yl}-
ompound (1f).

IH-NMR (CDCl3) & 9.06 (1H, d, J=1.9 Hz), 8.67 (1H, d, J=4.9 Hz),

8.30 (1H, s), 8.24 (1H, d, J=8.4 Hz), 7.96-7.91 (2H
(2H, m), 7.72-7.65 (1H, m), 7.54 (1H, d, J=4.9 Hz),
J=1.9 Hz), 3.43-3.40 (2H, m), 2.96 (1H, g, J=6.8 Hz
J=5.9 Hz), 2.57-2.54 (4H, m), 1.14 (6H, d, J=6.8 Hz
m/z 536 [M+H] ™.

-94-
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[0262] Example 55
2-(4-Hydroxybutylamino)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (55)
According to Example 1(6), a crude product of 2-(4-
hydroxybutylamino)-4-{3-methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3- b]pyridin-LAA96AZsRltlild s prepared
using compound (40f) instead of compound (le) and using 4-amino-1-butanol instead of
trans-aminod@difiexanol and was used in the subsequent reaction without being purified. According to
Example 1(7), conét;(%an(fJ (%) (the second stage yield: 35%) was prepared as a white solid using
2-(4-hydroxybutylamlnd3-4- -methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzonitrile Instead of
compound(1f). 1HANMRo[IWAQA-(IiBAIB8-Y)HHYre2 A$12)4-8.55 (1H,d,J=2.2HZ)p\BidiA-8.41(2H,

yl}-2-(isoxazol-3-ylamino)benzamide (32)

[0190]

According to Example 1(6), 4-{3-isopropyl-4-(quino
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(isoxazol-3-ylami
was prepared using compound (6d) instead of compoun
using 3-aminoisoxazole instead of trans-aminocycloh
used in the subsequent reaction without being purif
to Example 1(7), compound (32) (the second stage yi
prepared as a white solid using 4-{3-isopropyl-4-(q
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(isoxazol-3-ylami

instead of compound (1f).

IH-NMR (DMSO-dg) & 9.14-9.13 (2H, m), 8.77 (1H, d, J=4.9

8.73-8.69 (2H, m), 8.14 (2H, t, J=8.6 Hz), 8.02 (2H
(1H, m), 7.75-7.70 (1H, m), 7.43 (1H, d, J=4.9 Hz),
2.97 (1H, g, J=6.5 Hz), 1.06 (6H, d, J=6.5 Hz); LRM

lin-3-yl)-
no)benzonitrile
d (1e) and
exanol and was
ied. According
eld: 40%) was
uinolin-3-yl)-

no)benzonitrile

Hz),

,s), 7.92-7.85
6.57 (1H, s),

S (ESI) m/z 490

[M+H] *.
[0191]
Example 33
4-{3-1sopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b ]pyridin-1-
yl}-2-(4-morpholinophenylamino)benzamide (33)
[0192]
According to Example 1(6), 4-{3-isopropyl-4-(quino lin-3-yl)-

1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(4-
morpholinophenylamino)benzonitrile was prepared usi
(6d) instead of compound (1e) and using 4-morpholin
instead of trans-aminocyclohexanol and was used in

reaction without being purified. According to Exam

-05-

ng compound
oaniline
the subsequent

ple 1(7),



m), 8.12 (2H, d,J=8.8Hz), 7.90 (1H,s),7.87-7.83 (2H,m),7.76 m),7.14-7.11 (1H, (2H, d,J=8.5 m),4.45
Hz),7.72-7.68 (1H,t,J=5.2 (1H, Hz), m),7.28-7.24(2H, 3.48-3.43(2H,m), 3.23-3.18(2H, m),

THO064 E(F) 111511

compound (33) (the second stage yield: 11%) was pre pared as a
white solid using 4-{3-isopropyl-4-(quinolin-3-yl)- 1H-
pyrazolo[3,4-b]pyridin-1-yl}-2-(4-

morpholinophenylamino)benzonitrile instead of compo und (1f).

IH-NMR (DMSO-ds) & 9.10 (1H, s), 8.72 (1H, d, J=4.6 Hz), 8.66 (1H,

s), 8.28 (1H, d, J=2.2 Hz), 8.13 (2H, t, J=8.6 Hz), 7.88 (1H, t,
J=8.6 Hz), 7.72 (1H, t, J=7.6 Hz), 7.63 (1H, dd, J= 2.2, 6.5 Hz),
7.40-7.39 (2H, m), 7.22 (2H, d, J=8.6 Hz), 7.01-6.9 8 (2H, m),
3.75-3.72 (4H, m), 3.09-3.05 (4H, m), 2.98-2.87 (1H , m), 1.00 (6H,
d, J=6.8 Hz); LRMS (ESI) m/z 584 [M+H] .

[0193]

Example 34

4-{3-1sopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b ]pyridin-1-
yl}-2-{4-(pyrrolidine-1-carbonyl)phenylamino}benzam ide (34)

[0194]

According to Example 1(6), 4-{3-isopropyl-4-(quino lin-3-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}-2-{4-(pyrrolidine-1 -
carbonyl)phenylamino}benzonitrile was prepared usin g compound (6d)
instead of compound (1e) and using (4-aminophenyl)( pyrrolidin-1-
yl)methanone instead of trans-aminocyclohexanol and was used in
the subsequent reaction without being purified. Ac cording to
Example 1(7), compound (34) (the second stage yield : 59%) was
prepared as a white solid using 4-{3-isopropyl-4-(q uinolin-3-yl)-

1H-pyrazolo[3,4-b]pyridin-1-yl}-2-{4-(pyrrolidine-1 -
carbonyl)phenylamino}benzonitrile instead of compou nd (1f).

IH-NMR (DMSO-ds) & 9.12 (1H, d, J=1.9 Hz), 8.76 (1H, d, J=4.6 Hz),

8.64 (2H, dd, J=1.9, 11.9 Hz), 8.13 (2H, t, J=4.6 H Z), 7.96-7.69
(4H, m), 7.55 (2H, d, J=8.6 Hz), 7.42 (1H, d, J=4.6 Hz), 7.35 (2H,
d, J=8.6 Hz), 2.99-2.89 (1H, m), 2.52-2.48 (4H, m), 1.92-1.72 (4H,
m), 1.01 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 596 [M+H 17
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1.91 (3H, s),1.70-1.63 (2H, m),1.58-1.51(2H, m);LRMS(ESI) m/z 466 [M+H]*. [0263] Example 56
2-(5-Hydroxypentylamino)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (56)

THO0064 E(F) 111511

According to Example 1(6), a crude product of 2-(5-

hydroxypentylamino)-4-{3-methy1-4-(quinolin-3-y1)-1H-pyrrolo[2,3- b]pyridihtiSAferZd AR vas
prepared using compound (40f) Instead of compound (le) and using 5-amino-1-pentanol Instead of
trans-aminod@d®ffiexanol and was used in the subsequent reaction without being purified. According to

Example 1(7), co
2-(5-hydroxypentyla

i

) (the second stage yield: 31%) was prepared as a white solid using
{3-methy1-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzonitrile Instead

of compound (1f). 443-MbRo(PMIQuOEN-8-9)0B8--bitadoldf242oHz), 8.55 (1H, d, JipRrRiikkA), 8.45-8.40 (2H,

m), 8.12 (2H, d
7.29 (1H, d, 3

7.72-7.68 (1H, m),

n l‘ A

78324, m), 7.76 (1H, d, J
; Hz), 3.43-3.39 (2H,

m), 3.21-3.160(236] m) '1.91 (3H, s) 1.68-1.61 (2H, m), 1.52-1.38 (4H, m); LRMS (ESI) m/z 480 [M+H]*.

pyn@éﬁ‘l drox ,Zéﬁ%)@ag el tamethy1-4-(quinolingss )

1H-pyrazolo[3,4- b]pyr|d|n 1-y|} -2-{4-(pyrrolidin-1-

[0264] Example
y1)-1H-pyrrolo[2,3-

ylmethyl)phenylamino}benzonitrile was prepared usin g compound (6d)

instead of compound (1e) and using 4-(pyrrolidin-1-

ylmethyl)aniline instead of trans-aminocyclohexanol and was used
in the subsequent reaction without being purified. According to
Example 1(7), compound (35) (the second stage yield : 53%) was
prepared as a white solid using 4-{3-isopropyl-4-(q uinolin-3-yl)-

1H-pyrazolo[3,4-b]pyridin-1-yl}-2-{4-(pyrrolidin-1-

ylmethyl)phenylamino}benzonitrile instead of compou nd (1f).
'H-NMR (DMSO-ds) & 9.02 (1H, d, J=2.2 Hz), 8.63 (1H, d, J=10.8
Hz), 8.47-8.39 (1H, m), 8.12-8.01 (2H, m), 7.92-7.6 4 (3H, m),
7.55-7.45 (2H, m), 7.26-7.12 (5H, m), 3.62 (2H, s), 2.78-2.68 (1H,
m), 2.40-2.23 (4H, m), 1.72-1.50 (4H, m), 0.92 (6H, d, J=6.5 Hz);
LRMS (ESI) m/z 582 [M+H] i
[0197]

Example 36

4-{4-(1H-Imidazol-1-yl)-3-isopropyl-1H-pyrazolo[3, 4-
b]pyridin-1-yl}-2-(trans-4-hydroxycyclohexylamino)b enzamide (36)
[0198]

Example 36(1)

2-Bromo-4-{4-chloro-3-isopropyl-1H-pyrazolo[3,4-b] pyridin-1-
yl}benzonitrile (36a)

According to Example 1(5), compound (36a) (93%) wa S prepared
as a white solid using compound (6b) instead of com pound (1d).

-97 -



According to Example 1(6), a crude product of 2-[2-(2-

hydroxyethoxy)ethylamino]-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-I-yllbenzonitrile was
prepared using compound (40f) Instead of compound (le) and using 2-(2- aminoetho&%/)ethanol Instead of
|

trans-aminocyclohexanol and was used in the subsequent reaction without Bef9§4

dd12¥cording to

Example 1(7), compound (57) (the second stage yield: 18%) was prepared as a white solid using
2-[2-(2-hydroxytimex yatisgied)in @] 8 44 31metiny 242 (5 1) @I T-Bem1 i+ 145y iralp[ 2, 3-b] pyridin-lyllbenzonitrile

35184901 BT DA H) ST e 7 0115). 767 PRAGHy. 7 76(1H d,J-6.5

Hz),7.72-7.68<3.H,hv),7 2B3(HH dg]=26Bl2)z)/ . 238 (bjd, B-466Hz),7.18-7.15 .8 Hz); LRMS
(ESI) m/z 375 [M+H] i
[0199]

Example 36(2)

4-{4-(1H-Imidazol-1-yl)-3-isopropyl-1H-pyrazolo[3, 4-
b]pyridin-1-yl}-2-bromo-benzonitrile (36b)

A solution of compound (36a) (0.196 g), potassium carbonate
(0.145 g), copper(ll) oxide (nanopowder) (0.021 g), and imidazole
(0.042 g) in DMF (2.0 mL) was stirred at 120 °C for 20 hr. The
reaction solution was diluted with chloroform, and insoluble
matters were filtered through celite. The solvent was distilled
away, and ethyl acetate and ether were added to the residue. The
precipitate was collected by filtration to obtain ¢ ompound (36b)
(0.173 g, 81%) as a white solid.

'H-NMR (DMSO-ds) & 8.93 (1H, d, J=2.0 Hz), 8.87 (1H, d, J=4.9 Hz),

8.60 (1H, dd, J=8.6, 2.0 Hz), 8.22 (1H, s), 8.15 (1 H, d, J=8.6
Hz), 7.78 (1H, s), 7.53 (1H, d, J=4.9 Hz), 7.26 (1H ,s), 3.12 (1H,

g, J=6.8 Hz), 1.11 (6H, d, J=6.8 Hz); LRMS (ESI) m/ z407 [M+H] *.
[0200]

Example 36(3)

4-{4-(1H-Imidazol-1-yl)-3-isopropyl-1H-pyrazolo[3, 4-
b]pyridin-1-yl}-2-(trans-4-hydroxycyclohexylamino)b enzamide (36)

According to Examples 1(6) and 1(7), compound (36) (the
second stage yield: 27%) was prepared as a white so lid using
compound (36b) instead of compound (1e).

'H-NMR (DMSO-ds) & 8.76 (1H, d, J=4.9 Hz), 8.41 (1H, d, J=4.9 Hz),
8.21 (1H, s), 7.85 (1H, brs), 7.75-7.82 (3H, m), 7. 39-7.45 (2H,
m), 7.25 (1H, s), 7.15 (1H, brs), 4.60 (1H, d, J=4. 4 Hz), 3.30-
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(2H,m),4.58 (1H,dd,J=5.6, 5.1Hz),3.68(2H, t,J=5.5Hz), 3.55-3.48(4H, m),3.39-3.35(2H,m),1.91(3H,s);

LRMS(ESI)m/z 482[M+H]*. [0265] Example 58
2-(2-Hydroxy-2-methylpropylamino)-4-{3-methyl-4-(quinolin-3-

y1)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzamide (58)  According to Example 664 Effiiéldrdduct of
2-(2-hydroxy-2- methylpropylamino)-4-{3-methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3-
b]pyridin-I-ylIB&0Z@hitritg, %46 (e paréebiisitn, doBApb2M A 0f) instead of comppuritD{leland using

action wih GiLACING SURHEE A M1 Er g Cro Fompound (56) (he

in.the subsequent
econd stage yield: 54%)

was preparegdasla white solid using 2-(2-hydroxy-2-methylpropylamino)-4-{3-methyl-4-

(quinolin-3-y1)-1HEo)éérr¥]%ll%[§,§-b]pyridin-l-yllbenzonitrile instead of compound (1f).

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropy!- 4-(4-
phenyl-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin- 1-yl}benzamide
(37)

[0202]
Example 37(1)
2-Bromo-4-{3-isopropyl-4-(4-phenyl-1H-imidazol-1-y )-1H-

pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (37a)

According to Example 36(2), compound (37a) (72%) w

as prepared

as a white solid using 4-phenyl-1H-imidazole instea d of imidazole.

IH-NMR (DMSO-ds) & 8.96 (1H, d, J=2.2 Hz), 8.91 (1H, d, J=4.9 Hz),

8.63 (1H, dd, J=8.5, 2.2 Hz), 8.31 (1H, s), 8.30 (1 H, s), 8.17
(1H, d, J=8.5 Hz), 7.90 (2H, d, J=7.3 Hz), 7.63 (1H ,d, J=4.9 Hz),
7.43 (2H, t, J=7.3 Hz), 7.29 (1H, t, J=7.3 Hz), 3.2 4 (1H, g, J=6.8
Hz), 1.16 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 483 [M+ H] *.
[0203]

Example 37(2)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-isopropyl- 4-(4-
phenyl-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin- 1-yl}benzamide
@37

According to Examples 1(6) and 1(7), compound (37) (the
second stage yield: 49%) was prepared as a white so lid using
compound (37a) instead of compound (1€).
'H-NMR (DMSO-ds) & 8.80 (1H, d, J=5.1 Hz), 8.43 (1H, d, J=7.3 Hz),
8.29 (2H, s), 7.90 (2H, d, J=7.6 Hz), 7.88 (1H, brs ), 7.75-7.83
(2H, m), 7.50 (1H, d, J=5.1 Hz), 7.38-7.47 (3H, m), 7.29 (1H, t,
J=7.6 Hz), 7.17 (1H, brs), 4.59 (1H, d, J=4.1 Hz), 3.30-3.60 (2H,
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1H-NMR (DMS0-016) 8 9.05 (1H, d, J=2.2 Hz), 8.59-8.55 (2H, m), 8.41 (1H, d, J=4.6 Hz), 8.12 (2H, d,
J=8.8 Hz), 7.89 (1H, s), 7.87-7.83 (2H, m), 7.75 (1H, d, J=8.5 Hz), 7.72-7.68 (1H, m), 7.25 (1H, d, J=4.8
Hz), 7.20 (1H, d, J=1.7 Hz), 7.15-7.12 (2H, m), 4.57 (1H, s), 3.10 (2H, d, J=4.9 Hz), 1.91 (3H, s), 1.20
(6H, s); LRMS (ESI) m/z 466 [M+H]*. [0266] Example 59 THO064 E(F) 111511
2-(3-Isopropoxypropylamino)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (59)
THO0064 E(F)m)1;|55221(1H Acmwwiomm%mh tfde product of 2-(3-1.85 (4H, m),
|sopropoxyprg%l c?);l (g ?thﬁMﬂs( ollylZ% H yrrolo[2 3-b]pyridin-l-yllbenzonitrile was
prepared using c rboimd6 6[% Instead of compoun e) and using 3- isopropoxypropylamine instead of
trans-aminodpe@@texanol and was used in the subsequent reaction without being purified. According to
Example 1(7), co oun?l (§ ) (the second stage yield: 38%) was prepared as a white solid using

2-(3- |sopropoxyprop§fnﬁnno -4-{3- methyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3-b]pyridin-lyllbenzonitrile
Instead of compouh@iftbip- 44{8%0@!\436%)189!}95—(@1@1 J=2.2 Hz), 8.55 (db3@-J=2.2 Hz),
8.46-8.43 (1H, m),.8.40 (1H, d z), 8.12 (2H, d, J=8.8 Hz), 7.89 (1H, s), 7.87-7.83 (2H, m), 7.76
(1H, d, J=8. ok , J=2.0 Hz), 7.25 (1H, d, J=4.9 Hz), 7.15-7.10 (2H, m),
3.55-3.45 (3?[02@5] 3.28-3.24 (2H m) 1 91 (3H, s) 1.85-1.79 (2H, m), 1.07 (3H, s), 1.06 (3H, s); LRMS

(ESI) m/z 494 [M+$! !Og%éf Example 60 2-[3-(Isopropylamino)propylamino]-4-{3-methyl-4-(quinolin-3-
y1)-1H-pyrrolo[2,3 RGie l?/Ilbenzamide (60) According to Example 1(6), a crude product of 2-[3-

(|sopropylam|no)p@WIWMWBWQMMQnﬁqlmr@w-ﬁ-ybytblpyrrolo[z 3-b]pyridinidpydbenzonitrile was
prepared using co ) | of compound (le) and using 3- (isopropylamino)propylamine

instead of tradBYAA: : ecHn-the subsequent reaction without being purified.
According to Examma)&ﬂg mnmpml(sp);&h@aﬁmwagte@y ietel: 34%) was m@r@j@,@@s a white solid

using 2-[3- - 129- THO 11 ropylamino)propylamino]-4-{3-meth quinolin-3-y1)-1H-
pyrrolo[2,3-bfRAidit Fiﬁ@aHﬁiﬁéﬁ Fﬁi’{ éjl&‘%PﬁgP&BBUﬁd(lf) 1H-NMR(CDE %} %%é éIH d,J=2.2H2),
8.44(1H, d,JBfotho-4-fluorobenzonitrile.

'H-NMR (DMSO-d¢) & 9.16 (1H, s), 8.73 (1H, s), 8.67 (1H, d, J=4.4

Hz), 8.41 (1H, s), 8.13-8.22 (2H, m), 8.09 (1H, d, J=8.0 Hz),
7.89-8.00 (2H, m), 7.75 (1H, t, J=8.0 Hz), 7.44 (1H ,d, J=4.4 Hz),
3.02 (1H, q, J=6.8 Hz), 1.04 (6H, d, J=6.8 Hz); LRM S (ESI) m/z 424
[M+H] ™.
[0206]

Example 38(2)

3-Chloro-4-{3-isopropyl-4-(quinolin-3-yl)-1H-pyraz olo[3,4-
b]pyridin-1-yl}benzamide (38)

According to Example 1(7), compound (38) (33%) was prepared
as a white solid using compound (38a) instead of co mpound (1f).

IH-NMR (DMSO-ds) 8 9.17 (1H, d, J=2.4 Hz), 8.73 (1H, s), 8.65 (1H,

d, J=4.9 Hz), 8.10-8.30 (4H, m), 8.05 (1H, d, J=8.0 Hz), 7.90 (1H,
t, J=8.0 Hz), 7.65-7.80 (3H, m), 7.41 (1H, d, J=4.9 Hz), 3.02 (1H,
g, J=6.8 Hz), 1.04 (6H, d, J=6.8 Hz); LRMS (ESI) m/ z442 [M+H] .
[0207]

Example 39
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Hz), 8.27 (1H, d,J=2.2 Hz),8.21(1H,d,J=8.5 Hz),8.10 (1H,s), 7.92 (1H, d, J=7.8Hz), 7.81(1H,at,J=8.5,
3.5Hz), 7.67-7.63 (1H, m), 7.52 (1H,d,J=8.5Hz),7.38(1H,s),

THO064 E(F) 111511

6-{3-Isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b Jpyridin-1-
yl}nicotinamide (39)

[0208]

According to Example 1(5), a crude product of 6-{3 -isopropyl-
4-(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}ni cotinonitrile
was prepared using 6-chloronicotinonitrile instead of 2-bromo-4-
fluorobenzonitrile and was used in the subsequent r eaction without
being purified. According to Example 1(7), compoun d (39) (the
second stage yield: 51%) was prepared as a white so lid using 6-{3-
isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyrid in-1-

yl}nicotinonitrile instead of compound (1f).

'H-NMR (DMSO-ds) & 9.15 (1H, d, J=2.2 Hz), 9.08 (1H, d, J=1.7 Hz),

8.79 (1H, d, J=4.6 Hz), 8.71 (1H, d, J=2.2 Hz), 8.4 8 (1H, dd,
J=8.6, 2.2 Hz), 8.42 (1H, d, J=8.6 Hz), 8.24 (1H, b rs), 8.15-8.20
(2H, m), 7.91 (1H, td, J=8.1, 1.7 Hz), 7.75 (1H, t, J=8.1 Hz),
7.66 (1H, brs), 7.48 (1H, d, J=4.6 Hz), 2.98 (1H, q , J=6.8 Hz),
1.07 (6H, d, J=6.8 Hz); LRMS (ESI) m/z 409 [M+H] *
[0209]

Example 40

2-(Trans-4-hydroxycyclohexylamino)-4-{3-methyl-4-( guinolin-3-
yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (40)
[0210]

Example 40(1)

Tert-butyl 3-ethylpyridin-2-ylcarbamate (40a)

Normal-butyllithium (2.69 M, 157.1 mL) was dropwis e added to
a solution of tert-butyl 3-methylpyridin-2-ylcarbam ate (40.09)in
THF (550 mL) at an internal temperature of -40 to - 20°C, followed
by stirring at 0 °C for 1 hr. Subsequently, a solution of methyl
iodide (28.6 g) in THF (50 mL) was dropwise added t o the reaction
solution at an internal temperature of -70 to -60 °C, followed by
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7.15-7.11 (3H,m), 7.04 (1H, ad, J=8.4,1.8 Hz),5.78(1H,brs),3.34-3.31 (2H,m), 2.87- 2.76 (3H, m),1.99
(3H,s),1.95-1.88(2H,m),1.08 (3H,s), 1.06 (3H, s); LRMS(ESI)

THO064 E(F) 111511

stirring at -78 °C for 30 min. The reaction solution was poured
into ice water, followed by extraction with ethyl a cetate twice.
The organic layers were combined, washed with satur ated saline,
and dried over anhydrous sodium sulfate. The solve nt was
distilled away. Hexane (300 mL) was added to the r esulting
residue, and the precipitate was collected by filtr ation and dried
under reduced pressure to obtain compound (40a) (32 4 g, 76%) as a
white solid.
'H-NMR (CDCl3) & 8.28 (1H, dd, J=4.8 Hz, 1.6 Hz), 7.56-7.54 (1H,
m), 7.07 (1H, dd, J=7.7, 4.8 Hz), 6.72 (1H, brs), 2 .65 (2H, q,
J=7.5 Hz), 1.51 (9H, s), 1.24 (3H, t, J=7.6 Hz); LR MS (ESI) m/z
223 [M+H] .
[0211]

Example 40(2)

3-Methyl-1H-pyrrolo[2,3-b]pyridine (40b)

Normal-butyllithium (2.69 M, 118.7 mL) was dropwis e added to
a solution of compound (40a) (32.4 g) in THF (500 m L) atan
internal temperature of -30 to -10 °C, followed by stirring at 0 °C
for 30 min. Subsequently, a solution of DMF (11.18 g) in THF (50
mL) was added to the reaction solution at an intern al temperature

of -40 °C, followed by increasing the temperature to room

temperature. Then, 6 N hydrochloric acid (200 mL) was added to
the reaction solution, followed by stirring at 60 °Cfor 2 hr.

After cooling, ethyl acetate (200 mL) and water (10 0 mL) were
added to the reaction solution for distribution. T he aqueous
layer was added to sodium hydroxide (4 M, 300 mL), and pH was
adjusted to 12, followed by stirring for 1 hr. The precipitate
was collected by filtration, washed by sprinkling w ater, and dried
under reduced pressure to obtain compound (40b) (16 .52 g, 86%) as
a white solid.
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m/z493[M+H]*. [0268] Example 61 2-(Trans-4-aminocyclohexylamino)-4-{3-methy1-4-(quinolin-3-
y1)-1H-pyrrolo[2,3-b]pyridin-I-yllbenzamide (61) According to Example 1(6), a crude product of
2-(trans-4- aminocyclohexylamino)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-l-yllbenzonitrile
was prepared using compound (40f) instead of compound (le) and using trarié264-E{tibHetdnediamine
instead of trans-aminocyclohexanol and was used in the subsequent reaction without being purified.
According tollEb(NMBIe(GJD'Ol Hondpv3ad(161l) Hitkle 8sto(tHstade J#ald; G2 xyas prepared as a white solid
using 2-(tran c y jnolin-3-y1)-1H-pyrralo pyridin-I-
yIIbenzonltnIZ éls cgﬁu@%wlhﬁmﬁg%ﬁ m((}[?)Lg9.06(1H,brs),8.55( Hg) 5;40 8.36(2H,
m),8.13-8. 11(EM81§ESBO(\M—H,3$ IVBHY .83(2H,m),7.76-7.69 (2H,m), 7.41 (1H, brs), 7 25(1H, d,J=4.4
Hz),7.11

[0212]

Example 40(3)

3-Methyl-1H-pyrrolo[2,3-b]pyridine 7-oxide m-chlor obenzoic
acid salt (40c)

According to Example 1(2), compound (40c) (77%) wa S prepared
as a white solid using compound (40b) instead of co mpound (1a).

IH-NMR (DMSO-ds) & 12.07 (1H, brs), 8.09 (1H, d, J=6.1 Hz), 7.89-

7.87 (2H, m), 7.70-7.67 (1H, m), 7.59 (1H, d, J=7.8 Hz), 7.55-7.51
(1H, m), 7.21 (1H, s), 7.04 (1H, dd, J=7.8, 6.1 Hz) ,2.24 (3H, s);
LRMS (ESI) m/z 305 [M+H] "
[0213]

Example 40(4)

4-Chloro-3-methyl-1H-pyrrolo[2,3-b]pyridine (40d)

According to Example 1(3), compound (40d) (39%) wa S prepared
as a white solid using compound (40c) instead of co mpound (1b).

'H-NMR (DMSO-ds) & 11.63 (1H, s), 8.08 (1H, d, J=5.1 Hz), 7.30

(1H, s), 7.07 (1H, d, J=5.1 Hz), 2.42 (3H, s); LRMS (ESI) m/z 167
[M+H] *.
[0214]
Example 40(5)
3-{3-Methyl-1H-pyrrolo[2,3-b]pyridin-4-yl}quinolin e (40e)
According to Example 1(4), compound (40e) (82%) wa S prepared
as a white solid using compound (40d) instead of co mpound (1c).

IH-NMR (CDCl3) 9.53 (1H, brs), 9.08 (1H, d, J=2.2 Hz), 8.38 (1H,

d, J=4.6 Hz), 8.27 (1H, d, J=2.0 Hz), 8.21 (1H, d, J=8.5Hz), 7.92
(1H, d, J=8.3 Hz), 7.82-7.78 (1H, m), 7.66-7.62 (1H , m), 7.17 (1H,
s), 7.08 (1H, d, J=4.9 Hz), 1.98 (3H, s); LRMS (ESI ) m/z 260
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(1H,brs), 7.03(1H, d, J=7.3 Hz), 3.46-3.40 (1H,m), 2.66-2.55 (1H,m), 2.16-2.04 (2H, m), 1,92 (3H,s),
1.84-1.75 (2H,m), 1.27-1.13 (4H,m);

THO064 E(F) 111511

[M+H] "
[0215]

Example 40(6)

2-Bromo-4-{3-methyl-4-(quinolin-3-yl)-1H-pyrrolo[2 3"
b]pyridin-1-yl}benzonitrile (40f)

According to Example 1(5), compound (40f) (96%) wa S prepared
as a white solid using compound (40e) instead of co mpound (1d).

'H-NMR (DMSO-ds) & 9.05 (1H, d, J=2.2 Hz), 8.75 (1H, d, J=2.0 Hz),

8.56 (1H, d, J=2.2 Hz), 8.49 (1H, d, J=4.6 Hz), 8.3 9 (1H, dd,
J=8.7, 1.8 Hz), 8.13-8.11 (4H, m), 7.88-7.84 (1H, m ), 7.73-7.69
(1H, m), 7.36 (1H, d, J=4.9 Hz), 1.90 (3H, s); LRMS (ESI) m/z 440
[M+H] *.
[0216]

Example 40(7)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-methyl-4-( quinolin-3-
yl)-1H-pyrrolo[2,3-b]pyridin-1-yltbenzonitrile (40h )

According to Example 1(6), compound (40h) (76%) wa S prepared
as a white solid using compound (40f) instead of co mpound (1e).

'H-NMR (CDCl3) & 9.06 (1H, d, J=2.2 Hz), 8.44 (1H, d, J=4.9 Hz),

8.27 (1H, d, J=2.0 Hz), 8.22 (1H, d, J=8.3 Hz), 7.9 3(1H,d, J=7.8
Hz), 7.84-7.80 (1H, m), 7.68-7.64 (1H, m), 7.51 (1H , d, J=8.5 Hz),
7.47 (1H, d, J=1.7 Hz), 7.37 (1H, s), 7.15 (1H, d, J=4.9 Hz), 7.03
(1H, dd, J=8.5, 1.7 Hz), 4.54 (1H, d, J=7.6 Hz), 3. 79-3.72 (1H,
m), 3.52-3.43 (1H, m), 2.28-2.25 (2H, m), 2.11-2.07 (2H, m), 1.99
(8H, s), 1.54-1.34 (4H, m); LRMS (ESI) m/z 474 [M+H 17
[0217]

Example 40(8)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-methyl-4-( quinolin-3-

yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (40)
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LRMS (ESI) m/z491[M+H]*. [0269] THO064 E(F) 111511 Example 62
2-(Trans-4-acetamidocyclohexylamino)-4-{3-methyl-4-(quinolin3-y1)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzami
de (62) Acetic anhydride (0.012 mL) and triethylamine (0.021 mL) were added to a solution of
compound (61) (0.050 g) prepared in Example 61 in dichloromethane (10 MHO%6A& R BIAkrring at
room temperature for 1 hr. The solvent was distilled away under reduced pressure, and water was added
to the residue. Thé\preclingdteExamplelE@)ecobypfiliratigh) (Ba%hechby sprinkling watepaiad ether, and dried

under reduced RIGRRUG,IA QUIABSAIARY LI AGA & 78%) as a whitg gl 19
'H-NMR (DMSO-ds) 8 9.06 (1H, d, J=2.2 Hz), 8.55 (1H, d, J=2.2 Hz),

8.41-8.39 (2H, m), 8.12 (2H, d, J=8.5 Hz), 7.90 (1H ,S), 7.87-7.83
(1H, m), 7.75 (1H, d, J=8.5 Hz), 7.72-7.68 (1H, m), 7.40 (1H, d,
J=2.0 Hz), 7.25 (1H, d, J=4.2 Hz), 7.12 (1H, brs), 7.04 (1H, dd,
J=8.5, 2.0 Hz), 4.56 (1H, d, J=4.2 Hz), 3.54-3.36 ( 2H, m), 2.10-
2.07 (2H, m), 1.91 (3H, s), 1.87-1.84 (2H, m), 1.39 -1.20 (4H, m);
LRMS (ESI) m/z 492 [M+H] i
[0218]

Example 41

4-{3-Ethyl-4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyri din-1-yl}-
2-(trans-4-hydroxycyclohexylamino)benzamide (41)
[0219]

Example 41(1)

Tert-butyl 3-propylpyridin-2-ylcarbamate (41a)

According to Example 40(1), compound (41a) (77%) w as prepared
as a white solid using ethyl iodide instead of meth yl iodide.

'H-NMR (CDCls) & 829 (1H, dd, J=4.6, 1.7 Hz), 7.52 (1H, dd,

J=7.6, 1.7 Hz), 7.05 (1H, dd, J=7.6, 4.6 Hz), 6.73 (1H, brs), 2.59
(2H, t, J=7.6 Hz), 1.60-1.70 (2H, m), 1.52 (9H, s), 0.97 (3H, t,
J=7.3 Hz); LRMS (ESI) m/z 237 [M+H] i
[0220]

Example 41(2)

3-Ethyl-1H-pyrrolo[2,3-b]pyridine (41b)

According to Example 40(2), compound (41b) (99%) w as prepared
as a white solid using compound (41a) instead of
compound (40a).
'H-NMR (CDCl3) 811.05 (1H, brs), 8.31 (1H, d, J=4.9 Hz) 7.92 (1H,
dd, J=7.8, 1.0 Hz), 7.13 (1H, s), 7.05 (1H, dd, J=7 8, 4.9 Hz),
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1H-NMR (DMS0-016) 8 9.06 (1H, brs), 8.55 (1H, brs), 8.39 (2H, d, J=4.2 Hz), 8.14-8.11 (2H, m),
7.91-7.66 (5H, m), 7.46 (1H, brs), 7.26 (1H, d, J=4.2 Hz), 7.12 (1H, brs), 7.03-7.01 (1H, m), 3.60- 3.53
(2H, m), 2.16-2.13 (2H, m), 1.92 (3H, s), 1.87-1.84 (2H, m), 1.78 (3H, s), 1.38-1.21 (4H, m); LRMS (ESI)
m/z 533 [M+H]*. [0270] Example 63  2-(Trans-4- methylsuIfonam|docycIoF@99%ﬁ('Fd)131§§Jmethyl 4-
(quinolin-3-y1)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzamide (63) According to Example 62, compound
(63) (17%) was pieparpdiag.a hitd 83liddsingiéhamddtifonyl chloride Instda@lofrécédd anhydride and
purifying thealrlg5 ‘%ue by NH silica gel column chromatography (chloroform/methanol). 1H-NMR (DMSO-d0
7

8 9.06 (1H, Hz), 8.55 (1H, d, J=2.2 Hz), 8.40-8.38 (2H, m), 8.13 (2H, d, J=8.8 Hz), 7.91 (1H, s),
7.87-7.83 (2Hn2)] 7.75 (1H d, J=8.8 Hz), 7.72-7.69 (1H, m), 7.40 (1H, s), 7.12 (1H, brs), 7.06-7.02 (2H,
m), 3.40-3.36 (1H, % 7 (1H, m), 2.92 (3H, s), 2.15-2.12 (2H, m), 1.97-1.94 (2H, m), 1.92 (3H, s),
1.46-1.38 (2H, m), B238H, m): LRMS (ESI) m/z 567 - 131 - THO064 E(F) 111511 [M+H]*. [0271]

Example 64 2- (Trm@#ﬂemﬂmhyldehpmmmmb}gy{ﬂime@m -4-(quinolin-3-

y1)-1H-pyrrolo[2, 3 b dln 1-yllben to Example 1(6) de product of
2-(trans-2- amlnocyclﬁ%ﬁ tgrr%)ﬁo Af aﬁ%ﬂe%hy‘l’%%ﬁ%’o ?e?b -1Hpyrrolo[2,3-b Efy%;'lr_gln [-yllbenzonitrile
was prepare@wmhmc:bb]pmamb(Zl-ﬁfadessteadouﬁhmrzmoand (le) and using traseit W@s cyclohexanediamine

Instead of trans- amlnoc clohexanol r?éﬁ@lv S usaad in the sugzequent reacti n)W|thout being purified.
According to %?(%%%qe C%@Rﬁ%& 4??&?1% 0438%) e yield: 4%) W (E) %d as a white solid

using 2- (tranas%faumtheeubkﬂa@myitaﬁuﬁmjn without being purif ied. Accordlng
4-{3-methy1-4-(quinolin-3-y1)-1H-pyr 3-blpyridin-lyllbenzonitrile Instead of ound (1f). 1H-NMR
(DMS0-016) 8 65 PI&L %@omﬂﬁﬁ%ﬁ %Eﬁ%%’gz?}z{iﬁl?z& 8.46 (1H, d, Jg‘?‘?é%g,‘[’{@ﬁo (1H, d, J=4.9
Hz), 8.12 (2Hhrépaled &Hl&h?e&bi?i&girﬁglﬂ-,smyl AHpyblo[d, J=8.5 Hz), 7.72236fptidingn), 7.41 (1H, d,
J=1.5Hz), 7.24 (1H, d, J=4.9 H2z), %lﬁ brs), 707#59 dd, J=8.5, 17H(%3E)0315(1H m),
2.61-2.56 (1H Wi T59iqbeN2 %"%" tngPdial SSMPYL-1 83 (1H, m), PBEP) 53 (2H, m), 1.36-1.21

(24l(_||: i LZRI\fﬁﬁtﬁm @31!70;*%1 g\&ﬂj{% fi@ﬁ% ﬁ?@(gﬂ'%ﬁi—flmﬁ leg l]H’ idin-1-yllb ide (65)
uran-2-ylmethylamino m nolin-3-y pyrrolo pyridin-1-yllbenzamide
According toBxk @"i(@) a ﬂuH@p%o%%éq'&f 133 (gH’ t

yimethylaming)74).3-rethyEsA-ferinedinvi3yf)- 1H- pyr_rolo[z 3- b]pyridin-l-yllbenzonitrile was prepared
using compotér%gz(]mf) Instead of compound (le) and using furfurylamine Instead of trans- -132-

Example 41(4)

4-Chloro-3-ethyl-1-{[2-(trimethylsilyl)ethoxy]meth yl}-1H-
pyrrolo[2,3-b]pyridine (41d)

Sodium hydride (0.877 g, a 55% dispersion in paraf fin liquid)
was added to a solution of compound (41c) (3.3 Q) i n DMF (61 mL)
at0 °C, followed by stirring for 10 min. Then, [2-
(chloromethoxy)ethyljtrimethylsilane (3.53 mL) was added to the
reaction solution, followed by stirring at room tem perature for 1
hr. After cooling, ice water was added to the reac tion solution,
followed by extraction with ethyl acetate. The org anic layer was
washed with water and saturated saline in this orde r and was then
dried over anhydrous sodium sulfate. After distill ation of the
solvent, the residue was purified by neutral silica gel column
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THO0064 E(F) 111511 aminocyclohexanol and was used in the subsequent reaction without being purified.
According to Example 1(7), compound (65) (the second stage yield: 32%) was prepared as a white solid
using 2- (furan-2-ylmethylamino)-4-{3-methy1-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-I-yllbenzonitrile
instead of compound (1f). 1H-NMR (DMS0-016) 8 9.06 (1H, d, J=2.2 Hz), 8 7iP®4EEHR1ERL18.55 (1H, d,
J=2.0 Hz), 8.43 (1H, d, J=4.9 Hz), 8.12 (2H, d, J=8.5 Hz), 7.90-7.83 (3H, m), 7.79 (1H, d, J=8.5 Hz),
7.72-7.68 (1iehronatoptaphi (s))eratBiahy) dedtateyteiaiainy-7.22 (3H, m), Gmpai@, (4),04.48 (2H, d, J=5.6
Hz), 1.91 (3 > L ESI) 474 IM+H]*, [0273] Example 66

3 Mty R TR S A SRR ot
y1)-1H-pyrrole]\NR4R] @ Ddin L -\3IBe1zamide (66)1 Hzf\ctoed{ng,te)Examplei1(6), a crude product of
2-(3,4- methy|enedi lamjna)-4-{3-methyl-4-(guinolin-3-y1)-1Hpyrrolo[2,3- ridin-l-yllbenzonitrile
was prepare uﬁ;%gho%r%%%%n%% éétge?ﬁ orr]’cJo_rﬁic?olﬁzd (le) and using 3,4- %%ﬁ{%ﬁhgdioxybenzylamine
Instead of tralrsa@niinp dy8b(Ean =Rl MRAsLSed2H,thelJsBbsequent reaction RitHpt0@INg purified.

) a0 : .
ﬁ;:i(r:](;rgl_rzg,tdfo_ (gﬁagqlﬁ&g&%%wgg?g [ﬁthhe secon_d stage yield: 38%) was prepared as a white solid
methylenedigegb@nzylamino)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-l-yllbenzonitrile instead
of compound (1f). 1H- gIR @SO-dO 8 9.05 (1H, d, J=1.7 Hz), 8.81-8.78 (1H, m), 8.54 (1H, s), 8.39 (1H,
d, J=4.6 Hz), 8.12'%5.@5‘? €48 Hz), 7.90-7.77 (4H, m), 7.72-7.68 (1H, m), 7.35 (1H, s), 7.25-7.13 (3H,
m), 6.97 (1H, s), 62B-eBG{RKR-(mmbtMs(BhetapxddBttwit e, J=5.4 Hz), 1.89 (3H, s); LRMS (ESI) m/z
528 [M+H]*. 4 E(F 511 Example 67
2-(Trans-4-hy 2 y Z y1-4 3- y1)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzamide
(67) Trans-4-mexsiaisn oy elernpaand (4009 $030) girig(aibierezglideneacetone)dipadiamium (0) (0.008 g),
4,5- bis(dipheny|phosphino)-9,9-dimethylxanthene (Q.010 g), and N,Ndiisopropylethylamine (0.116 mL)
were added ﬁ0§2%ﬁﬁi% tag%@ﬁfﬁanﬁé%ﬁé}?t&)(e?é@@ B?gpared in Example %ﬂ)kéi ﬂ‘f%t?i@dioxane (.71
mL), followeddoyestisyirgdpdriyoirggpiiesprnd 206 dpiéhhr. The reaction sglisiemas distributed
between ethyl acetate and water, and the organic I@éjer was washed with saturated saline. The organic

layer after th&RAShiRGafd AR ShAPHENY U sulfate, and the SHNVEMEGHS istilled away. The

residue was piiylipd BinreuirkslicrragtsaliBsppBrematagraphy (nhexanefatiyl geetate) to obtain a
crude product of 2-(trans-4-

hydroxycycIoﬂ&fﬁﬁ%ﬂ%‘{%ﬂﬂ@fﬁ?ﬁgﬁﬁmﬁﬁ@%ﬁﬁWrroI0[2,3-b]pyridirf"-‘i@WB@'??onitrile.

Subsequently,a2é afidans DRI MByRY daxidsssedtiipm d4dvh 0.851 mL) and aB&ymbBydrogen peroxide
solution (0.193 mL) were added to a solution of this 2-

(trans-4-hydrbX§ SJRo¥RYRRASIELUIS WastH)a WREHTIRBIMES-y 1)-1Hpyrrolo[2, BWYREM-1-yllbenzonitrile in

DMSO (0.4 ngbgiamcsefaanahtliteadai ipesuiinpesatye, followed by stirringfis@danin. Water was
added to the reaction solution, and the precipitate was collected by filtration, washed by sprinkling water

and ether, artpsheitrrBYUIRYERalicR 88! SREEBORBNHRN compound (67Y8W28 g, the second stage
yield: 13%) ageRanBiEen50ekt N)Mﬁia(iﬁ%ﬁgj&lr@ @RPadH, d, J=2.2 Hz) B804l 4, J=2.0 Hz), 8.41
(1H, d, J=2.0 Hz), 8.13 (2H, d, J=8.5 Hz), 7.95 (1H, S), 7.87-7.80 (3H, m), 7.73-7.66 (2H, m), 7.59 (LH, d,
J=8.3 Hz), 7.858890id.TH0064 E(F) 111511 (1H, brs), 7.30 (1H, d, J=4.9 Hz), 4.59 (1H, d, J=4.4 Hz),

3.46- 3.42 (14, R dbRrLd (3H, 00 iHOF BB A5k a3 AR 2641, j13); LRMS (ESI) m/z 509 [M+H]*.

[0275]

8.28 (1H, d, J=2.2 Hz), 8.24 (1H, d, J=8.3 Hz), 7.9 3-7.95 (1H, m),
7.85-7.81 (1H, m), 7.69-7.65 (1H, m), 7.24 (1H, s), 7.08 (1H, d,
J=4.9 Hz), 5.75 (2H, s), 3.61-3.66 (2H, m), 2.34-2. 39 (2H, m),
0.95-1.01 (5H, m), 0.00 (9H, s); LRMS (ESI) m/z 404 [M+H] *.
[0224]

Example 41(6)

3-{3-Ethyl-1H-pyrrolo[2,3-b]pyridin-4-yl}quinoline (411
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Example 68
2-(4-Hydroxyphenylthio)-4-{3-methyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (68)
According to Example 67, compound (68) (the second stage yield: 30%) was prepared as a white solid
using 4-mercaptophenol instead of trans-4-mercaptocyclohexanol. 1H-NMR ki9#e4661 83 %3100 (1H, d,
J=2.2 Hz), 8.50 (1H, d, J=1.7 Hz), 8.22 (1H, d, J=4.9 Hz), 8.11-8.06 (2H, m), 7.93 (1H, brs), 7.85- 7.81
(1H, m), 7.70-7.63Ttrabotylamsioii) thtide=8. 8,01V selp)ion.#sTELH, brs), 7.35 (2Hf, 8204813 Hz), 7.19 (1H,

d, J=4.6 Hz), 6.84 (2H, d, J=8.3 Hz), 1.83 (3H, S). SI) m/z 503 [M+H]*. Example 69
2-Bromo-4-{§(-&;3111e‘%‘éé?—%I q%?r?oﬁ'ﬁg E))}’f)o-Tﬁ-p?/?ll’rg%é@}%égridin-l-ylIbenzar{”rl}(]I('e_| [(%é’)%651 According to
Example 1(7mich miovetibis)nidgu)deasiive fiarzdlias a white solid using cBmapeartior{40f). 1H-NMR
(DMS0-016) 8 9.06 (1H, brs), 8,56, (1H. brs), 8.45 (1H, d J=4.9 Hz), 8.37 (1H 12 (2H, d, J=8.5 Hz),
8.04 (1H, d, 5@%&%@%@%%@ e}'ﬁ%/a?eé CAm), 7.72-7.69 (1HF ?na@t?%mss (2H, m), 7.30
(1H, d, J=4.9aHz9ptsEb{Rirh lsrabohtEe(EdBlion/2dbB¢Mrddlf. [0277] ExantpégefQvas
2-(2-Aminocyclohexylaming)-4-{3-ethyl-4-(quinolin-3-y1)-1Hpyrrolo[2,3-b]pyridin-1-yllbenzamide (70)
TH0064 £ R E M e e G R ND). = crude procucE ol 3 (oG
aminocyclohexd aned o)< fBisithplisisgivunodiuifaey Brd theogorolo[2,3- b]pyridivehyiasnzonitrile was
prepared usi ompound (41h) instead of ¢ 0 le) and using cyclohexane-1,2-diamine instead of
trans-aminoc@)%@ﬁggmgl ﬁa W 'SL{?sVeVG%H‘{H@éEFE’H;@gééﬁn reaction Without'%aegr‘%c ified. According to
Example 1(7theazpograghy 0)-itherssetntastage)ietshtaii%) was prepared @sppuroii@Splid using
2-(2-aminocygl exﬁ ino)-4-{3-eth %—4-(quinoIin-3-y1)-1prrroIo[2,3-b]pyridin-l-yllbenzonitriIe instead
of compound(i‘%g.g_’[ %ﬁﬂﬂkﬁ%sﬁ ) 8 9.04 (1H, d, J=2.2 Hz), 8.54 (1H, s), 8.47 (1H, d, J=8.1 Hz),
(1th 0. 3-6.4 1) 5 (i 1T D o A S0 L o, LR 182 b 1) L6356 (4t .

, d, J=8.4 Hz), 2. =7.6 Hz), 2.14-2, , m), 1.85-1. .m), 1.63-1. , m),
1.29-1.09 (4K9: ﬁw:ﬁ-%.'é@’(%ﬁ‘?(hﬁlz‘?:é_ ;ﬁ'_zﬁel\ﬁé?(lé]ésl)%/z 505 [M+H]*. [0279 E&lfrdfe 71
4-{3-Ethy1-4<fquioodier 3 yk): HepyrvelofR,3rh]pysidin].ty112-(1-methylpiperidia7eyaming)benzamide (71)
According to Example ééG , a crude product of 4-{3-ethy1-4- _
(quinolin-3-y13H+yh o{%-ﬁﬁipyeréiﬁzl-ijlHé)( - FRetfipferidin-4-ylamino)bedzbfitiB was prepared
using compognd (3hhadnsigas] Phaampmme (ksipmg psupgvt-amino-imethylgiperidine instead of
trans-aminocyclohexanol and was used in the subsequent reaction without being purified. According to
Example 1(7 ,%%?hpound (71) (the second stage yield: 62%) was prepared as a white solid using
4-{3-ethyl-4-(quinatigagmyé i ttpyrrolo[2,3-b]pyridin-I-yll-2-(1-methylpiperidin-4- ylamino)benzonitrile

instead of compound (1f). -136- o
2-Bromo-4-{3-ethyl-4-(quinolin-3-yl)-1H-pyrrolo[2, 3-

b]pyridin-1-yl}benzonitrile (41h)

According to Example 1(5), compound (41h) (98%) wa S prepared
as a white solid using compound (41f) instead of co mpound (1d).

IH-NMR (CDCl3) & 9.04 (1H, d, J=2.0 Hz), 8.46 (1H, d, J=4.6 Hz),

8.41 (1H, d, J=2.2 Hz), 8.25 (1H, d, J=2.2 Hz), 8.2 2 (1H, d, J=8.5
Hz), 8.10 (1H, dd, J=8.5, 2.2 Hz), 7.93 (1H, d, J=7 8 Hz), 7.78-
7.85 (2H, m), 7.67 (1H, t, J=7.6 Hz), 7.39 (1H, s), 7.17 (1H, d,
J=4.9 Hz), 2.35 (2H, q, J=7.3 Hz), 0.99 (3H, t, J=7 .3 Hz); LRMS
(ESI) m/z 454 [M+H] *,
[0226]

Example 41(8)
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THO0064 E(F) 111511 1H-NMR (DMS0-016) 8 9.06 (1H, d, J=2.2 Hz), 8.55 (1H, d, J=1.9 Hz), 8.41 (1H, d,
J=4.9 Hz), 8.16-8.11 (2H, m), 7.90-7.69 (4H, m), 7.46 (1H, d, J=1.9 Hz), 7.24 (1H, d, J=4.9 Hz), 7.05 (1H,
dd, J=1.9, 6.8 Hz), 3.52-3.41 (1H, m), 2.69-2.65 (2H, m), 2.38-2.29 (2H, m), 2.19 (3H, s), 2.15-2.02 (2H,
m), 1.53-1.43 (2H, m), 0.83 (3H, t, J=7.6 Hz); LRMS (ESI) m/z 505 [M+H]*. T0986¢4 EExakipid 72
2-(Trans-4-aminocyclohexylamino)-4-{3-ethyl-4-(quinolin-3- y1)-1H-pyrrolo[2,3-b]pyridin-1-yllbenzamide
(72) According-{8-Ettwivb(gul{é)n-8-vHitld-pyodiof?  8fiipitians-4- din-1-yl}-

aminocycloh j --h I-Zé ‘ inIi -3- - 5I[23 ]pridin-l-yllbenzonitrile was
prepared using-compotid (4 0 e)-and-using-trans-cyclohexane-1,4-diamine
instead of trans-arAttooyioptreksaropen6)ab{Assblylrttfueisalisequent reaction wishdutBeing purified.
According to Exa 7)..acC d (the second stage yield: 57%) was prepared as a white solid
using 2-(tran8%4"an .%‘éi}ﬁ%ﬁ@%?ﬁ%ﬂ}:{ 3-ethyl-4-

(quinolin-3-y hydriepyyrealiogRyEivjpy)ieinzdnithilzenas preperéastsad of compouralgilifje 1H-NMR (DMS0-016)
89.06 (1H, d, J=2.2 Hz), 8.56 (1H =1.6 H 42-8.38 (2H, m), 8.16-8.11 (2H, m), 7.89-7.84 (2H, m),
7.78-7.69 (211798Y" @fﬁ@%?ﬂ’?‘f’éﬁ?dn?ﬁﬁ??é%sﬁﬁb COmPeiN17 02’ (1H, d, J%:’%a?&lcﬁ(vz"j‘?é‘.sf (1H, q, J=7.3
Hz), 2.15-2.0/ (#kubgedudit tea&tit@Hlvithutlb2biglpléfigdd, m), 0.83 (3H, t, JA¢@iding 1oRMS (ESI) m/z 505
[M+H]*. [028 Example 73 : .

5 Bty TRy P TRABH ARAL SRR S 59599 morpholinoetr KNS Benzamide (73)
THO0064 E(F)pidpkbdd as aAwvierdong teifgkaiBedendkad)(quiotude product of 4-{Breshy)-4H-
(quinolin-3-y1)-1H-pyrrolo[2,3-b]pyridin-l-y11-2-(2- morpholinoethylamino)benzonitrile was prepared using
compound ( Solﬂgéé%pgf'gz&#ﬁéﬁgrﬁé%éhd using N-(2- aminoethyl)morpholine Instead of
trans-aminoaygiahexaciohenthwia® iredonitie issieag @i eatfeaction without aigiogipurified. According to
Example 1(7), com oundfgfq}q(the second sta eé/ield: 58%) was prepared as a white solid using
4-{3-ethyl-4-(éﬁIMMI| -@-'V Orig) pér?c%[él,@dtﬁﬁ%ri iﬁ@ﬂ;)i’lbé@(’z@rﬁ 'r%ﬁf‘)lﬁ%!i'ethylamino)benzonitrile
Instead of cosmmpeurrda(16) (AH-INVRIDMESOIH 6B B.06((HH, d, J=2.2 Hz), 8.96 2813 x)=1.9 Hz), 8.52
(1H, t, J=4.9 Hz), 8.42 (1H, d, J=4.9 Hz), 8.16-8.11 (2H, m), 7.89-7.83 (2H, m), 7.78-7,69 (2H, m), 7.32
(1H, d, J:1.97I-T}5,7 798111y, 548 6H-P91632 1 dadaiP2, 6.5 Hz), 3.62-3.80HEBM /1, 2.64-2.60 (2H,
m), 2.33 (2H (1 J57&)3 Ha). @8 4d( 3813 15, td2) (RMSIEESI) m/z 521 [M+H]*2[0282] s1Example 74
4-{3-Ethyl-4-(quinolin-3- 1)-1H-pyrro|oéz 3-b]pyridin-1-yli2-(4-hydroxybutylamino)benzamide (74)
According to %amfﬁegl %)(,Ué'cwﬂezp? c(a'élt Gii QF?SZéT'I@M- 2.10-2.13 (2H,

(quinolin-3-y ki 1Hspyrredof2:3hjpyridin-hky 12 +f); bedr@rybutylamino)benzopiteiie aas)prepared using
compound (41h) Instead of compound (le), and using 4-amino-1-butanol Instead of

trans-aminocly% Rekahdn GBY8ed in the subsequent reaction without being purified. According to
Example 1(7}@2:2)fppound (74) (the second stage yield: 38%) was prepared as a white solid using
4-{3-ethyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3-b]pyridin-lI-y11-2-(4- hydroxybutylamino)benzonitrile Instead of
compound (1f). 1H-X@MR§BR1S0-016) 8 9.06 (1H, s), 8.56 (1H, s), 8.45-8.42 (2H, M),

Trans-4-{2-carbamoyl-5-{3-ethyl-4-(quinolin-3-yl)- 1H-
pyrrolo[2,3-b]pyridin-1-yl}phenylamino}cyclohexyl-2 -aminoacetate
dimethanesulfonate (42)

N-(Tert-butoxycarbonyl)glycine (0.260 g), 1-ethyl- 3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (0.2 91 g), and 4-
(N,N-dimethylamino)pyridine (0.007 g) were added to a solution of
compound (41) (0.300 g) in DMF (5.93 mL), followed by stirring
under argon flow at room temperature for 5 hr. The reaction
solution was distributed between ethyl acetate and water, and the
organic layer was washed with saturated saline. Th e organic layer
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- 138- TH0064 E(F) 111511 8.16-8.13 (2H, m), 7.87-7.69 (2H, m), 7.56-7.52 (2H, m), 7.31 (1H, s), 7.25
(1H, d, J=4.6 Hz), 7.13 (1H, d, J=7.8 Hz), 3.50-3.46 (2H, m), 3.23-3.21 (2H, m), 2.33 (2H, q, J=7.3 Hz),
1.68-1.56 (4H, m), 0.83 (3H, t, J=7.3 Hz); LRMS (ESI) m/z 480 [M+H]*. [0283] Example 75
4-{3-Ethyl-4-(quinolin-3-y1)-1H-pyrrolo[2,3-b]pyridin-1-ylI2-{2-(ethylamino)efhyiRf ke dArakhide (75)
According to Example 1(6), a crude product of 4-{3-ethyl-4-

(quinolin-3-y fjtdHipyweshu{®, 8« piyiedinviey ddkgdfRusetibnilarmsno) ethylamino}biadgomiditbevas prepared
using compound (41h) Instead of co nd (I nd using N-ethylethylenedjamine instead of
trans-aminoc%@ygg]i&vgﬁtalséﬁ gﬁgvsa 'srﬁé%giﬁeﬁ'udé %u S qulﬂ—:'lnt reaction Withoutet()Je%l)Mé1 %ul}rrla?ied. According to

Example 1(7}ilicargglashon(y Ehr(imategapmy Stewpaneldthybde) was preparedetste) white solid using
4-{3-ethyl-4-(quinolin-3-y1)-1H-pyrrol - blpyridin-1-y11-2-{2-(ethylamino)ethyJamino}benzonitrile
Instead of co%%aéﬂhanﬁf ]{éﬁaﬂ%’[ﬁo B%@&%ﬁ%&@ﬁ?m d, J=2.2 Hz), g%/g(iﬁ—ln d, J=1.9 Hz),
8.46-8.39 (2tymu)oR. 3oRyaRii(2Hykphenydarmbtydibheryl-7.30 (1H, d, J=2.2-{t=); 7.22 (1H, d, J=4.9 Hz),
7.11 (1H, dd Jt:1.96 %8 H 2.796%51[ t Jg%l ), 729 (EZlH, g, J=7.0 Hz), 2I31 %ZIH’ g, J=7.3 Hz), 1.02
(3H, t, J=7.0 PEP¥°E" ?axf, Piiaceial - §'@5‘?¥%§/‘2‘ Yo (M+H]*. [0284]CEple 76
4-{3-Isoprop\dubstgnoec Butdsedyehti pyiflanadafdsit-bdiy (idén- 1- y11-2-(piperidinrd-)leaniad)doenzamide (76)
According to Example 1(6), tert-butyl 4-{2-cyano-5-(3- .

sopropylA- (R STEY DY eSS SARRRD 25- 130- THoO64 (P9 P11
yl)phenylamidighiipemdinareqarboxyiite was peparadiresioly compound (6dpinetead of compound (le) and

using tert-buty) 4- agigtchr}i ridine-carbor late Insdfid of trans-4- hydroxycyclohexylamine and was used
in the subseqUERE &SN 83?@&&8%%1‘{‘@&. lording to Example 1(7¥: Y6 UR0EA-

{2-carbamoyile8uG3dsnpsomy - Ar(@ Hisaliraiy Ainlddpysedialaloi,4- carbonate
b]pyridin-1-yl)phenylaminalpiperidine-1-carboxylate (the second stage yield: 72%) was prepared using
tert-butyl 4-{%—%-I g‘i’%"?f?d %g}ﬂ-@i&ﬂ%&#ﬁ‘ﬁggléyﬁﬂpyrazoIo[3,4-b]pyﬁ8ﬂ9—r1‘?’v'\{¥1
yl)phenylamiegiyinestdiaetreashpxidasgdnaiaadaiheampagnd (1f).  Tert-battyhted saline.
4-{2-carbam%—5-(3-isci{%$op |-4-(quinolin-3-y1)- 1H- razolo[3,4-b]pyridin-l-x&)ﬁhenylaminolpiperidine-l-
carboxylate (0MFCAYY o/ Bl 8 WEFHIRBPEE LRI followed by stirriAGYEFBSm temperature for 1

hr. The reactipigel igaeyasdinsitttesbhehvaas gbiasaform and saturatedasgagium bicarbonate water.
The organic layer was washed with saturated saline and then dried over a%drous sodium sulfate. After

distillation of HieQ5RRFaAR (O ANAS IR BY MEIEaPYilica gel colunSd Ehif¥matography

(chloroform/mafiiaaihiiei atetaanseaktitc(d&d (0.6Ptho) RR%) as a white spligdddtdfdis, (DMSO-db) 8:
9.13 (1H, d, J=1.95 Hz), 8.74 (1H, d, J=4.88 Hz), 8.68 (1H, d, J=1.95 Hz), 8.50 (1H, d, J=7.32 Hz), 8.16
(1H, d, J=8.52/IQupdY $1iNg gt rposdampsyaiuegqn hky J=7.44, 1.22 Hz), 789 (1H, d, J=1.22 Hz), 7.79

(1H, d, J=8.78 & dddbblibodsy it - #AHdd 5jd, J=8.78, 1.95 Hz),sptkildd!, d, J=4.88 Hz), 7.15
(1H, s), 3.49-3.41 (1H, m), 2.99-2.92 (3H, m), 2.61 (2H, t, J=10.37 Hz), 2.01 (2H, d, J=10.37 Hz), 1.32
(2H, g, J=10 FPN99MeHaNG1Nd d5iel eHRZPURRAS ESEYIGE/z 506 [M+H]*. FEPEEN

compound (42) (0.336 g, the third stage yield: 37%) as a yellow

solid.

'H-NMR (DMSO-ds) 8 9.29 (1H, d, J=2.2 Hz), 8.90 (1H, s), 8.44 (1H,

d, J=4.9 Hz), 8.32-8.21 (3H, m), 8.05-7.99 (1H, m), 7.91-7.79 (2H,
m), 7.50 (1H, d, J=1.9 Hz), 7.31 (1H, d, J=4.9 Hz), 7.09 (1H, dd,
J=2.2, 6.5 Hz), 4.57-4.45 (2H, brs), 3.86-3.80 (1H, m), 3.58-3.52
(1H, brs), 2.62-2.47 (3H, m), 2.38-2.29 (8H, m), 2. 20-2.13 (2H,
m), 2.03-1.99 (2H, m), 1.68-1.39 (4H, m), 0.88 (3H, t, J=7.6 Hz);
LRMS (ESI) m/iz 563 [M+H]  *.

[0228]
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Example 77 - 140- THO064 E(F) 111511 2-(Acetylpiperidin-4-ylamino)-4-{3-isopropy1-4-(quinolin-3-
y1)-1H-pyrazolo[3,4-b]pyridin-1-yll-benzamide (77) [0286] Example 77(1)
4-{3-Isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1- y11-2-(piperidin-4-ylamino)benzonitrile (77a)
Tert-butyl THO0064 E(F) 111511
4-{2-cyano-5-(3-isopropyl-4-(quinolin-3-y1)-1Hpyrazolo[3,4-b]pyridin-1-yl)phenylaminolpiperidine-1-carbox
ylate obtained in Ex¢ample #8 was dissolved in trifluoroacetic acid, followed by stirring at room
temperature for 1 br TS_rg_%cHPon Qlytipa was distibyted between chloroform and,saturated sodium
bicarbonate water, andthe organic faye ith-sa ed-saline-and-then-dried over
anhydrous sduifluoreuititg)-Aferydigt[28dnpyfitme Ispizent, the residue was panfide @@)neutral silica gel
column chrogpg%{graphy (chloroform/methanol) to obtain compound (77a) (the second stage yield: 56%)
as a white solid. [0287] Example 77(2) 2-(Acetylpiperidin-4-ylamino)-4-{3-isopropy1-4-(quinolin-3-
y1)-1H-pyrazolo[3Exajmyedd@)-yll-benzamide (77) Compound (77a) (0.050 g) and triethylamine

(0.017 mL)lwere d‘)é %\6%9 I trC.PJSF&‘;?é r F@lﬁ)_'er)rb%[”flgqngtgrl chloride (0.017 mLJir\’(\é:@’g%Sded to 'the.
resulting mixture, e@ewed—%&slﬁrrﬁﬁgﬂ%ﬁ%ﬁe ; s distributed
between chloroforacendingie ExBheplerdaflis teryeutyes (@iashed with saturated saline and then dried over
anhydrous s§

q'um sylfate. The_sqlvent was distilled away to obtain 2-(acetylpiperidin-4-

ylarmino)-4- (S KPS DO AZ RSB ES PISBRES - jpyricin-1-ylloen3GHife, which was used in
the subsequensdeacigm\witivordrheing ipvidéacstéatof diog to Example 1(7), hylibtide H®064 E(F) 111511
compound (77) (the second stage yield: 68%) was prepared as a white solid ysing
2-(acety|pipeWéﬁ1‘5§f§Iéﬂﬁfﬁ lJEﬁ?ﬂ‘%&;‘bF‘?)?ﬁ}|(-)Zl?-"(l{ﬁucfr‘ﬁ)ﬂ#—@3‘91)-1H-pyrazoIo[§,rll{l'-€[3:§]|oyridin-I-yIIbenzonitrile
instead of coptoria (b ExErdidviR (0 M SdELeHb8u.a43(1H, d, J=1.95 Hz), 8.77 (1H, d, J=4.88 Hz), 8.69
(1H, d, J=1.95 Hz), 8.60 (1H, d, J=7.32 Hz), 8.16 (1H, d, J=8.54 Hz), 8.14 (1H, d, J=8.54 Hz), 7.94 (1H, d,
J=1.22 H), F@H‘?&?ﬂ)‘ig‘ﬁé"k‘ﬁr?@%ﬁ‘%‘j?’*ﬂ'g@?i’ﬁs&r%]:8.78 Hz), 7.74 (1ﬁlﬂr‘ﬁgj~'_59'?2§Hz), 7.47 (1H, dd,
J=8.78, 1.95 @ 2)2fidorbethgl) Pt S Mehrfatd Msehdt. 14 (1H, d, J=13.66fd8)n@edAd 1H, d, J=13.66
Hz), 3.65-3.58 (1H, m), 3.02-2.95 (2H, m), 2.20-2.05 (2H, m), 2.03 (3H, s), 1.48_élH, d, J=10.00 Hz), 1.34
(1H, d, J=10 8P GS Hsed I tHeS wseaent ERAQR 8 R/2 548 [M+H]*. {bBRBY Example 78

2-{1-(2,6-Dihydfiaypxeepiding 14 erahpny pip arddiri<tprodu ct of 3-
ylamino}-4-{3-isopropyl-4-( uinoIin-3-¥13)b%H-pQ(razolo[3,4- b]pyridin-1-yllbenzamide (78)
,3-b]pyridin m-

(trifluoromethyl)-1H-pyrrolo| e 7-oxide

chlorobenzoic acid salt was prepared using 3-(trifl uoromethyl)-1H-
pyrrolo[2,3-b]pyridine instead of compound (1a) and was used in
the subsequent reaction without being purified. Ac cording to
Example 1(3), compound (43a) (the fourth stage yiel d: 15%) was
prepared as a white solid using 3-(trifluoromethyl) -1H-
pyrrolo[2,3-b]pyridine 7-oxide m-chlorobenzoic acid salt instead

of compound (1b).
'H-NMR (DMSO-ds) & 8.38 (1H, d, J=5.1 Hz), 8.36 (1H, s), 7.43 (1H,
d, J=5.1 Hz); LRMS (ESI) m/z 221 [M+H] .
[0230]
Example 43(2)
3-{3~(Trifluoromethyl)-1H-pyrrolo[2,3-b]pyridin-4-

yl}quinoline (43b)
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Isoorotic acid (0.021 g), 1-ethyl-3-(3- dimethylaminopropyl)carbodiimide hydrochloride (0.029 g), and 1-
hydroxybenzotriazole monohydrate (0.016 g) were added to a solution of compound (77a) (0.050 g) in
DYE' (1.0 mL), followed by stirring under argon flow at room temperature for 15 hr. The reaction solution
was distributed between ethyl acetate and water, and the organic layer was W8%EE(Wit tatdrated saline.
The organic layer after the washing was dried over anhydrous sodium sulfate, and the solvent was
distilled away to oBeior@dd {(EBaaipleditidypidniidine ditardoonyl)piperidin-4-ylaeting)}i4-{3-

isopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4- ridin-1- yllbenzonitrile, which was u i the subsequent
reaction W|thg%t[&ﬁ?f§%%®2lg%y(%%wﬁ5]l _%?e%ﬁg) [%u}’r_iﬁ)(led. According to Eip%(?)ﬁef%{ogompound (78)
(0.026 g, thewsas praphatedjasyaatdioBESs piyes pserareasag aovhite solid usingmpound (43a)
2-{1-(2,6-dihydroxypyrimidine-4-carhonyl)piperidin-4-ylamino}-4-
(arsopropy L GO FAC B RS S BTG ¢ ot 4148 H¥ompound (19,
1H-NMR (DMB016b8)eBng)- 13 (CLitrrdetbykibethoyyGnTah(1H, d, J=4.88 Hz), 8ip8H1H, d, J=1.95 Hz), 8.59
(1H,d, J=7.32 H 7.(1H,d, J=8.54 oa 14 (1H, d, J=8.54 Hz), 7.94 (1H, d, J=1.22 Hz), 7.90 (1H,
.37 40, 1 BEORF T SR Bl BoieT s U s 6 Gre S9OSS (1r d, 9-8.75,
1._95 Hz), 7.4®2I{(]§tlbstadeéh%&@ﬂ)cﬂol@ﬂ(mﬂg()rtﬁnwﬁ{l);l, d, J=13.66 Hz),d3={/[§- 3.68 (2H, m), 3.06 ((ijH, t,
110,00 Ho) 5B Qe R R B v (0260] ERGARERS
2-{1-(2-Aminobasiyine (iio) 4z taoning ket idaiaplerapil.-dem pound (43b)
(quinolin-3-yj(%-5]0 -p razolé)%sﬁ-b pyridin-1-yllbenzamide (79) N-(Tert-thox carbqnyl)glycine (0.021
g), 1-ethyl-3- 32 GmiEmDISRATS ﬁ%ﬁ%&&%ﬁ% iHﬁ'&g%{%'r@&hloride (0.029 g),fgﬂﬁ))é‘?ﬁﬂygfoxybenzotriazole
lr)nonqhydratq(@zoaswr;y@glﬁ;ﬂdﬂ@)ma@qlmﬂcpy?@@mm]gi houan? (77a) _(0.05(1-9_) in DYE;j'(l.Qme)é fg)llowed
y stirring under aé\?fg}uow.at room éerFCgerature s?r r. The reaction solution was distributed between
"WATET: AICRIDRUNGS T

ethyl acetate 'Hﬂ@ﬁ'@%‘?@ hed with saturated saline. The organic layer after

the washing wagdtetcoxar,aniysiioug sodiumsuliase, and thandhe-spivepy was distilled away to obtain
tertbutyl

2-{4-(2-cyan&:88 8o frobyia {Glifdmh 35 19- R &Biof £ 4-bipyridin-1-yl) pHe M Ipiperidin-1-yil-2-
oxaethylcarbggp)ateg which(ias)seden7tbe @Hhsequast meaction - 143 - THORG4 EENA11511 without
being purified. According to Example 1((%), tert-butyl 2- .

{4-(2-carbam%ﬁ%3(§|-%dtﬁyﬁ/ﬂfi§gbﬁ\/ﬁ -8l 1H-pyrazoto[3,4-
b]pyridin-1-yljggEanylamino)piperidin-1-y11-2-oxaethylcarbamate was prepared using tert-butyl
2-{4-(2-cyano-5-(3-isopropyl-4- (quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1-

yI)phenyIamino)piEé‘ﬁHlH'—‘?L- %-2-oxaethylcarbamate instead of compound (1f) and was used in the
subsequent reactiotpygtheutBatntLBroMesy]- 2tk 42-carbamoyl-5-(3-isppropyl-4-
(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1- yl)phenylamino)piperidin-1-y11-2-oxaethylcarbamate was
dissolved in MR ORYASr Ly BeRZaMYIBHARSY at room temperature for 1 hr. The reaction solution
was distributed bepygsiicher | ' ate water. T i¢ layer was
washed with saturated salé%lg a%t e%r:%ﬁz(}jacrﬁ/égganh %{i);?gbfggﬁ:n sulfate. Aﬂ%epg?{ll%%on of the
solvent, the r%%ﬁ‘iW@'W@'&Hﬁi&%ﬁ@%ﬁh{@lhw‘ﬁéﬂg&mﬁn chromatograpRPRRBESEBrm/methanol) to
obtain compoHr_}q,\hzz‘J@gBQSﬁ? gét@g-,tl“('gp' stpge Vield, o 2% ?Lﬁ_g Whjt_e4§§>m)1H-NMR (DMSO0-016) 8:9.14
(1H, d, J=1.95 Hz), 8.77 (1H, d, J=4.88 Hz), 8.69 (1H, d, J=1.95 Hz), 8.59 (1H, d, J=7.32 Hz), 8.17 (1H, d,
J=8.54 Hz), 883 (H, ¢ 3=284HP), &2918(2H (&H31),28-0%Y.%.90 (1H, td, J=7.44AhoMz), 7.83 (1H, d,
J=8.78 Hz), % 846148 ,ﬁz*‘?ﬁ% 44 54z),c0 HH I, 987787811 95 Hz), 7.42 (1}1,16)(,1,793—145113 Hz), 7.15 (1H, s),
4.15 (1H, d, J=13.66 Hz), 3.)74-3.68 (2H, m),’3.31 (2H, s), 3.06 (1H, t, J=13.66 Hz), 2.96 (1H, tt, J=6.83,
6.83 Hz), 2.19-385 (28); VIS 45501 AV b0 Hz), 1.34°(1H, d, J=10.00 Hz), 1.06 (6H, d, J=6.83 Hz);
LRMS (ESI) fpz563 [M+H]*. [0290] Example 80 - 144 - TH0064 E(F) 111511

Example 43(4)
2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin- 3-yl)-3-
(trifluoromethyl)-1H-pyrrolo[2,3-b]pyridin-1-yl}ben zamide (43)
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4-{3-1sopropyl-4-(quinolin-3-y1)-1H-pyrazolo[3,4-b]pyridin-1- y11-3-methylbenzamide (80)
4-Fluoro-3-methylbenzonitrile (0.077 g) and cesium carbonate (0.203 g) were added to a solution of
compound (6¢) (0.150 g) in DMF (1.73 mL), followed by stirring at 80C for 18 hr. The reaction solution
was distributed between ethyl acetate and water. The organic layer was wasH@eptFksddlakkd saline and
then dried over anhydrous sodium sulfate. The solvent was distilled away, and the residue was purified by
neutral silica gel cékaonlioptorbasoyriedt{) (laexade fetioyichobafie) to obtain 4-{3-isamsdpyl-4-
(quinolin-3-y1)-1H-pyrazplol3,.4-blpyridin-1-y11-3- Ibenzonitrile (0.15 73%). This

4-{3-isopropjﬁ/ -ro(%g%% |ne§g’°§/ai5"ﬂl%§ﬂ%8|}éf§”%81r@% in-1-y11-3- methyl@é%%%%nlﬁﬂ\él was dissolved in
DMSO (5.0 mHy@amalefdaAupyEdinrh)}erzdbitdeaaspspdium hydroxide sotutidngdglos mL) and a 30%
hydrogen peroxide solytign (0.08 (Igéwere ?%dﬁef to the resulting solution, followed by stirring at room
temperature for 30 lﬁﬁ'f#%%&t%?%v%%s% e the v ggt?ovﬁaéc'olﬁ%on, and the Sr'é]célﬁ;eltate was collected by
filtration, washbdeyiibndietofioativithoanbedggolitiffete et ed pressure to obtgin Eganpaend (80) (0.135 g,

83%) as a white solid, 1H- DMSO-d6) 8: 9.88 (1H. d. J=2.20 Hz), 9.43 (1H. d, J=2.20 Hz), 9.35 (1H,
d, J=4.63 Hz?@:ﬁ%f‘?,%@d&"ﬁ&%?@@%ﬁﬂﬁ,yk?ﬁg), f"?%\’(lH, d, J=1.46 HO)PERYY S5 (21, m), 8.46
(LH, td, J=7.56,tZ3dHid ) B Q-(tiahe4Jyao%yiz)oBeRAdH, brs), 8.09 (1Hd)-454-63 Hz), 3.72 (LH, tt,

J=6.83, 6.83 Hz), 2.9 ,S), 1.76 (6H, d, J=6.8 ; LRMS (ESI) m/z 422 [M+H]*. [0291] Example 81 -
145- THOOG@()E?%T%@%“ ﬂ%m%%w&)%pﬂfawg?n-3-y1)-1H-pyrazolo ) ['Q]B');ﬂdin-l-
y11-2-methyliprenaonidée(Bt)ead ohcomsbogdolfxample 80, compound (81) (the second stage yield: 59%)
was prepared as a white solid using 4-fluoro-2- methylbenzonitrile instead of

410103 melhINER JOMBRECHL HOGR (5N BTk 6 ) 05 (1H, 3 35 #Hz), .78 (1, d, J=4.63 H)
8.70 (1H, d, ¥=3-205H%), 828 (1H, si8.}17(58, 4,227H)}B,20 (1H, s), 8.17 (1H3.t §u8,54 Hz), 8.14 (1H, d,
J=7.56 Hz), 7.90 (1H, dt, J=1.22.7.56 Hz), 7.80 (1H, brs), 7.75 (1H, t, J=7.56 Hz), 7.61 (1H, d, J=8.54
Hz), 7.43 (1#,:8;%§Z?6§-9§z§1,'=}’.92ﬁ8ﬁ§ ,729§7E](li|l-ﬁr%,’J:6.83, 6.83 Hz), 275%8()5'!514 éél.O? (6H, d,
J=6.83 Hz); llRMS¢EEH, an/2-422 Hivh+ir}2-[0882] i xaimple182 (1H, d, J=4.9
3-Methyl-4-{4-(quinolin-3-y1)-3-é?.t?ifluorometh(ﬁ{ll}-%pyraz@o[?;,4-b]pyridin-l-yllbenzamide (82)
4-Fluoro-3-m'éﬁ)i’y7b%?1%it?ﬂe7(' , @i"gf’rass)roﬁ  drbbnate (0.150 9) wereSay ) solution of

compound (14540082 @) 1x3-matyyisBpwsdidene thergiomfter referred to as NMRpL.GnyL), followed by
stirring at 120C for 60 hr. Water was added to the reaction solution, and the preciﬁitate was collected by
filtration and Wa& WB&kd BY: orifikitRy W BP b UREF M thy 1-4-{4-  2546[M+H]
(quinolin-3-yjga34frifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1- yllbenzonitrile (11%). According to
Example 1(7), compound (82) (64%) was prepared as a white solid using

3-methy1-4-{4-(qu |iﬂ@ﬁ?y‘i‘}-S-(trifluoromethyl)-lH-pyrazolo[3,4-b]pyridin-l- yllbenzonitrile instead of
compound (1f). THrNME (M-8 @fikbdlh-slyd=1.95 Hz), 8.84 (1H, d, J=4.63 Hz), 8.62 (1H, d,

J=1.95 Hz), 8.16 (IH, d, J=8.54 Hz?, 8.14 (1H,
(trlﬂuorometﬁyl)-lH-pyrro 0[2,3-b]pyridin-1-

yl}phenylamino}cyclohexyl-2-aminoacetate dimethanes ulfonate (44)
According to Example 42, compound (44) (the third stage
yield: 57%) was prepared as a white solid using com pound (43)

instead of compound (41).

IH-NMR (DMSO-dg) & 9.00 (1H, s), 8.67 (1H, s), 8.57-8.54 (2H, m),

8.16-8.09 (3H, m), 7.96 (1H, brs), 7.92-7.87 (1H, m ), 7.81 (1H, d,
J=8.5 Hz), 7.76-7.72 (1H, m), 7.43 (1H, d, J=4.9 Hz ), 7.29 (1H, d,
J=1.7 Hz), 7.27 (1H, brs), 7.01 (1H, dd, J=8.4, 1.8 Hz), 4.89-4.84
(1H, m), 3.83-3.79 (1H, m), 2.31 (6H, s), 2.14-2.12 (2H, m), 1.98-
1.96 (2H, m), 1.63-1.55 (2H, m), 1.46-1.37 (2H, m); LRMS (ESI) m/z
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brs), 8.10 (1H, d, J=7.56 Hz), 8.03 (1H, d, J=1.46 Hz), 7.94-7.87 - 146- TH0064 E(F) 111511 (2H, m),
7.73 (1H, t, J=7.56 Hz), 7.66 (1H, d, J=8.29 Hz), 7.64 (1H, d, J=4.63 Hz), 7.55 (1H, brs), 2.17 (3H, s);
LRMS (ESI) m/z 448 [M+H]*. [0293] Example 83 2-(Hydroxycyclohexylamino)-4-{3-isopropyl1-4-(4-(4-
methoxypheny1)-1H-imidazol-1-y1)-1H-pyrazolo[3,4-b]pyridin-1- yllbenzanlidE@d®BE(F) 11deddrding to
Example 36(2), 2-bromo-4-{3-isopropyl-4-(4-(4-
methoxyphe®pB)p¥HHMidazol-1-y1)-1H-pyrazolo[3,4-b]pyridin-1- yllbenzonitrile was prepared using
4-(4-methox 85‘? y1)-1Himidazole instead of imidazole; and according to Example 36(3), compound (83)
(the third stai;e yield: 19%) was prepared as a white solid using

2-bromo-4-{3- |sopE)1a;n1‘rrJle(45(4 methoxyphenyl)- 1H|m|dazol 1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzonitril
e instead of compgu _ d, J 488Hz) 842 1H, d, J 7.32 Hz),
8.23 (1H, d, J=1.22 i :
1.95 Hz), 7. 137!)(]1H+ppn$))og2993w;im ]Jg&bﬁdzldm)dé @9)(1H d, J= 4 15 Hz) 3.78 (3H s), 3. 54 3.47 (1H, m),
3.22 (1H, tt, fQ% 9, 6.59 Hz), 2.10 (2H, d, J=11.22 Hz), 1.88 (2H, d, J=11.22 Hz), 1.36-1.23 (5H, m), 1.14
(6H, d, J=6.5 ; LRMS (ESI) m/z 566 [M+H]*. [0294] Example 84

2- (Hydroxycycloheiosdmplmo5(4){3 isopropy1- -4- (4 (pyridin-3-
y1)-1H-imidazol- 1?/1 zol amide (84) According to Example 83,
compound (84) (the-tt 6 W ) i tekusing 4-(pyridin-3-y1)- -147-
THO064 E(F) 1115§lcbord|ng to Example 40(1), compound (45a) (87%) w as prepared

as a white solid using propyl iodide instead of met hyl iodide.
'H-NMR (CDCl3) & 8.28 (1H, d, J=4.6 Hz), 7.52 (1H, d, J=7.6 Hz),
7.05 (1H, dd, J=7.6, 4.9 Hz), 6.71 (1H, brs), 2.61 (2H, t, J=7.8
Hz), 1.63-1.55 (2H, m), 1.51 (9H, s), 1.42-1.32 (2H ,m), 0.94 (3H,
t, J=7.3 Hz); LRMS (ESI) m/z 251 [M+H] i
[0236]

Example 45(2)

3-Propyl-1H-pyrrolo[2,3-b]pyridine (45b)

According to Example 40(2), compound (45b) (99%) w as prepared
as a white solid using compound (45a) instead of co mpound (40a).

IH-NMR (CDCl3) & 10.45 (1H, brs), 8.30 (1H, dd, J=4.9, 1.5 Hz),

7.93 (1H, dd, J=8.1, 1.5 Hz), 7.13 (1H, s), 7.06 (1 H, dd, J=7.8,
4.9 Hz), 2.73 (2H, t, J=7.6 Hz), 1.78-1.69 (2H, m), 0.99 (3H, t,
J=7.3 Hz); LRMS (ESI) m/z 161 [M+H] i

[0237]

Example 45(3)

4-Chloro-3-propyl-1H-pyrrolo[2,3-b]pyridine (45c)

According to Example 1(2), a crude product of 3-pr opyl-1H-
pyrrolo[2,3-b]pyridine 7-oxide m-chlorobenzoic acid salt was
prepared using compound (45b) instead of compound ( 1a) and was
used in the subsequent reaction without being purif ied. According
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1H-Imidazole dihydrochloride Instead of 4-(4-methoxyphenyl)-1HImidazole. 1H-NMR (DMSO-dO 8: 9.11
(1H, d, J=1.71 Hz), 8.80 (1H, d, J=4.88 Hz), 8.48 (1H, dd, J=4.76, 1.34 Hz), 8.42 (1H, s), 8.41 (1H, s),
8.36 (1H, s), 8.22 (1H, d, J=7.81 Hz), 7.85 (1H, s), 7.79 (1H, d, J=1.95 Hz), 7.77 (1H, s), 7.51 (1H, d,
J=4.88 Hz), 7.45 (1H, ad, J=7.81, 4.88 Hz), 7.44 (1H, dd, J=8.29, 1.71 Hz),THOESAFFbidlA LS (1H, d,
J=3.90 Hz), 3.55-3.46 (1H, m), 3.19 (1H, tt, J=6.59, 6.59 Hz), 2.10 (2H, d, J=10.25 Hz), 1.88 (2H, d,
J=10.25 Hz),id Bexha8 16MH,aor))pburtl (@66)dihe-deeisiadeRMS (ESI) m/z 58@: M) waf0295] Example 85

2-(Hydroxycyclohexylaming)-4-{3-isopropyl-4-(4-(pyridin-4- -
)t mce P R e AR, e @5 ABSERIB Example 82
compo_und (SEp(tﬁerthmdczr_tﬂ@emwdciﬁMD inseadreijpanadas a Whi_te_solid usih@e)-(pyridin-4-y1)-
(11,0, 34 SEYPIGLIIR, b 108 Eh I8 o () &) 558 P, OO o), 8.40 (1, ) 7,85 (OH,
d, J=5.12 Hz}),7785 (1H, d) J3581 66 12 7 (38, {1876 8z)..83 Hz), 7.80 (1H, bisj371%8 (2H, d, J=4.88 Hz),
7.44 (1H, dd, J=8. 83 Hz) 8 ( 4.61 =4.15 Hz), 3.56- 3.49 (1H, m), 3.16 (1H, tt,
J=6.83, 6.83 ﬁzggﬁ@zgﬁ'ﬁé’.i’%&\??{%@@?ﬁé%%‘,[@i'ﬂl.22 Hz), 1.40-?1.24 (4H, m), 1.14 (6H, d,
J=6.83 Hz); [6A8F (ESI) m/z 537 [M+H]*. [0296] Example 86 - 148- TH0064 E(F) 111511
2-(Hydroxycyclohexylaming)-4-{3-isopropy1-4-(4-(pyrimidin-5-
yl)-lH-imidazol-lﬁgﬂmﬁgéé%olo[s,4-b]pyridin-l-yllbenzamide (86) According to Example 83,
compound (86) (the thitaesgagepyeici[2-[@metiagsiyipacsg]asa yellowish-white splighUging
(pyrimidin-5-y1 :I] -imidazol in? d of 4-(4-methoxyphenyl)-1Himidazole. 1H-NMR (DMS0-016) 8:
9.27 (2H, s), & ol "4 J=4.88 Hz), 8.54 (1H, s), 8.43 (1H, s), 8.41 (1H, s), 7.87 (1H, s),
3430 oy 354 340 (L ) ST (L T 00 7 07 Ly 210 (211, 6, 120,27 Hoy L6 (2t .
=4, z), 3.54- m), 3. ,tt, J=7.07, 7. 2), 2. , d, J=9. 2), 1. , d,
3=9.27 Hz), f%g.a?%?%ﬁf“w@&%@f%wagsgmw%f?iﬁms (ESI) m/z 53%%1%&'9@*. [0297] Example 87

compound (41c).

IH-NMR (CDCl3) & 8.14 (1H, d, J=5.1 Hz), 7.12 (1H, s), 7.04 (1H,

d, J=5.1 Hz), 5.61 (2H, s), 3.51 (2H, t, J=8.1 Hz), 2.89 (2H, t,
J=7.6 Hz), 1.68-1.77 (2H, m), 1.01 (3H, t, I=7.3 Hz ), 0.90 (2H, t,
J=8.3 Hz), -0.07 (9H, s); LRMS (ESI) m/z 325 [M+H] .

[0239]

Example 45(5)

3-{3-Propyl-1-[(2-(trimethylsilyl)ethoxy)methyl]-1 H-
pyrrolo[2,3-b]pyridine}quinoline (45e)

According to Example 41(5), compound (45e) (75%) w as prepared
as a colorless oily substance using (45d) instead o f compound
(41d).

'H-NMR (CDCl3) & 9.05 (1H, d, J=2.0 Hz), 8.39 (1H, d, J=4.9 Hz),

8.25 (1H, d, J=2.2 Hz), 8.21 (1H, d, J=8.3 Hz), 7.9 1 (1H, d, J=8.3
Hz), 7.82-7.78 (1H, m), 7.62-7.66 (1H, m), 7.20 (1H ,'S), 7.05 (1H,
d, J=4.9 Hz), 5.72 (2H, s), 3.58-3.62 (2H, m), 2.32 (2H, t, J=7.6
Hz) 1.22-1.17 (2H, m), 0.97-0.93 (2H, m), 0.55 (3H, t, J=7.4 Hz),
0.44 (9H, s); LRMS (ESI) m/z 418 [M+H] .
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2-(Hydroxycyclohexylamino)-4-{3-isopropy1-4-(5-methy1-4-
(pyridin-3-y1)-1H-imidazol-1-y1)-1H-pyrazolo[3,4-b]pyridin-1- yllbenzamide (87) According to
Example 83, compound (87) (the third stage yield: 10%) was prepared using
5-methy1-4-(pyridin-3-y1)-1Himidazole instead of 4-(4-methoxypheny1)-1HIif8e¢6&E) HLNUR
(DMSO0-016) 8: 8.97 (1H, s), 8.84 (1H, d, J=4.88 Hz), 8.51 (1H, d, J=4.15 Hz), 8.42 (1H, d, J=7.07 Hz),
8.19 (1H, s),[8Z24®)(1H, d, J=7.81 Hz), 7.86 (1H, brs), 7.80 (1H, s), 7.78 (1H, d, J=7.81 Hz), 7.56-7.41 (3H,
m), 7.17 (1H, brs),4.59 %IZ%%)J:4.15 Hz), 3.54-3.47 (1H, m), 2.81 (1H, tt, J=6.59, 6.34 Hz), 2.31 (3H, s),
2.10 (2H, d, J:1o.5§6ﬁ‘5, 1.88°(2H, d, J=10.98 Hz), 1.38-1.23 (8H, m), 1.03 (3H, d, J=6.34 Hz); LRMS
(ESI) m/z 551 [M+B4]3-Foa9siLHigarolo2 GaadyEdiF) 4- G fidolixample 88 e (45f)
4-{4-(4-(Furan-2-y}1)-1H-imidazol-1-y1)-3-isopropyl-1Hpyrazalol3.4-b]pyridin-1-yll-2-(4-hydroxycyclohexyla
mino)benzamide (é 3”“”%@‘8??&%‘5){ ?o@&éjm(%fg%é’,n gé%@@%f%) (the third stgag yll%"f‘éll‘:3 %) was
prepared as asvehithitecalidissig 446e) arst2aglof tbtpaleaziale instead of le).
4-(4-methoxyphenyl)-1H-imidazale. ITH-NMR (DMSQ-016) 8; 8.77 (1H, d, J=4.95 Hz), 8.41 (1H, d, J=8.52
Hz), 8.27 (1&?'6'}‘%.(Qﬁ9, é?é%-?ziﬁ%ﬂ; gli%fHHZ% ﬁ-?é ?}H’, g, ééﬁ%b'ﬁz), 7.77 (1H, d, J=3.30 H2),
7.69 (1H, d, $2681H1d) J7247 {82 1J34.95 HB) 1 H4R TBH, dd, J=8.57, 1.82HH)0 GLBO)H, d, J=3.30 Hz),
6.57 (1H, dd,.J=3 1 Hz) , =4 3.,55-3.46 (1H, m), 3.15 (1H, tt, J=6.92, 6.92 Hz),
2.09 (2H. d, 3:%7328@%{%77(%%%-1%% fg’??.f&b-ﬁ?:lg (5H, m), 1.13 (éiéd&ﬁé?gz Hz): LRMS
(ESI) m/z 526-{Me-HYj, ROPH-xaxpeHEs, 1.25-1.15 (2H, m ), 0.55 (3H, t,
2-(Hydroxycyclohexylamino)-4-{3-ispp I-4-(4-(1-methyl-1Hpyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[
3,4-b]pyridin-‘lf-9glfﬁérﬁ%&%@@p&ggﬁéﬁﬂo Example 83, compound (89) (the third stage yield: 29%)
was prepare¢bagia white solid using 4-(1-methyl-1Hpyrazo1-4-yl)-1H-imidazole hydrochloride instead of
4-(4- methoxypheny1)-1 -im'cgazole. 1H-NMR(DMSO0-d08:8.75(1H,d,J=4.95Hz),8.41(1H,d,J=7.25
Hz),8.18(1H,d,J=1518MPIeA 87 H,s),7.86(1H,d,J=1.15

2-Bromo-4-{3-propyl-4-(quinolin-3-yl)-1H-pyrrolo[2 3"

b]pyridin-1-yl}benzonitrile (45h)

According to Example 1(5), compound (45h) (88%) wa S prepared
as a white solid using compound (45f) instead of co mpound (1d).

'H-NMR (CDCl3) & 9.04 (1H, d, J=2.2 Hz), 8.46 (1H, d, J=4.9 Hz),

8.40 (1H, d, J=2.0 Hz), 8.25 (1H, d, J=2.0 Hz), 8.2 2 (1H, d, J=8.8
Hz), 8.10 (1H, dd, J=8.5, 2.2 Hz), 7.94-7.91 (1H, m ), 7.85-7.78
(2H, m), 7.68-7.64 (1H, m), 7.39 (1H, s), 7.17 (1H, d, J=4.9 Hz),
2.35-2.31 (2H, m), 1.29-1.20 (2H, m), 0.57 (3H, t, J=7.3 Hz); LRMS
(ESI) m/z 468 [M+H] .
[0242]

Example 45(8)

2-(Trans-4-hydroxycyclohexylamino-4-{3-propyl-4-(q uinolin-3-

yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (45)

According to Example 1(6), 2-(trans-4-

hydroxycyclohexylamino)-4-{3-propyl-4-(quinolin-3-y )-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile (36%) was p repared as a
white solid using compound (45h) instead of compoun d (le).
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Hz),7.83(1H,brs),7.79(1H,d,J=1.81Hz),7.77(1H,d,J=8.74 Hz), 7.73 (1H,
s),7.44(1H,d,J=4.95Hz),7.42(1H,dd,J=8.74, 1.81 Hz), 7.15 (1H, brs),4.57(1H,d,J=4.45Hz),3.87(3H, s),

3.54-3.47 (1H, m), 3.34-3.30(1H,m),3.19(1H,t,J=6.76, 6.76
THO064 E(F) 111511

Subsequently, according to Example 1(7), compound ( 45) (90%) was

prepared as a white solid using 2-(trans-4-

hydroxycyclohexylamino)-4-{3-propyl-4-(quinolin-3-y [)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile instead of compound (1f).
'H-NMR (DMSO-ds) & 9.04 (1H, d, J=2.0 Hz), 8.54 (1H, d, J=1.7 Hz),
8.42-8.39 (2H, m), 8.14-8.10 (2H, m), 7.87-7.83 (3H ,m), 7.76-7.69
(2H, m), 7.42 (1H, d, J=1.5 Hz), 7.24 (1H, d, J=4.6 Hz), 7.12 (1H,
s), 7.03 (1H, dd, J=8.4, 1.3 Hz), 4.55 (1H, d, J=3. 9 Hz), 3.53-
3.47 (1H, m), 3.44-3.36 (1H, m), 2.31 (2H, t, J=3.9 Hz), 2.11-2.08
(2H, m), 1.87-1.83 (2H, m), 1.39-1.20 (4H, m), 1.12 -1.03 (2H, m),
0.39 (3H, t, J=7.2 Hz); LRMS (ESI) m/z 520 [M+H] !
[0243]

Example 46

2-(Trans-4-hydroxycyclohexylamino)-4-{3-vinyl-4-(q uinolin-3-
yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (46)
[0244]

Example 46(1)

Tert-butyl 3-(3-methoxypropyl)pyridin-2-ylcarbamat e (46a)

According to Example 40(1), compound (46a) (96%) w as prepared
as a white solid using 1-chloro-2-methoxyethane ins tead of methyl
iodide.
'H-NMR (CDCl3) & 8.35 (1H, dd, J=4.8, 1.8 Hz), 7.81 (1H, brs),
7.46 (1H, dd, J=7.6, 2.0 Hz), 6.98 (1H, dd, J=7.4, 4.8 Hz), 3.39
(8H, s), 3.31 (2H, t, JI=5.9 Hz), 2.70 (2H, t, J=7.0 Hz), 1.91-1.85
(2H, m), 1.53 (9H, s); LRMS (ESI) m/z 267 [M+H] i
[0245]

Example 46(2)

3-(2-Methoxyethyl)-1H-pyrrolo[2,3-b]pyridine (46b)

According to Example 40(2), compound (46b) (88%) w as prepared
as a white solid using compound (46a) instead of co mpound (40a).
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-150- THO0064 E(F) 111511 Hz), 2.09 (2H, d, J=10.72 Hz), 1.88 (2H, d, J=10.72 Hz), 1.36-1.23 (4H, m),
1.13 (6H, d, J=6.76 Hz) . [0300] Example 90
4-{4-(4-(Furan-3-y1)-lH-imidazol-1-y1)-3-isopropyl-1Hpyrazolo[3,4-b]pyridin-1-y|I-2-E4-hydroxycyclohexyla
mino)benzamide (90) According to Example 83, compound (90) (the thltd®&E§ieldiHos) was
prepared as a white solid using 4-(furan-3-y1)-1Himidazole instead of

4-(4-methoxyphRMA XA bidn)daz 8le9 IH-N M R4BMBP)01.653. R (TH 1) d7.185.11 Hz), 8.41 (1H, d, J=7.09

Hz), 8.23 (1 , 8. ), 98 (1H, 49 Sl 7. 77 (1H, d, J=6.76 Hz), 7. H, s), 7.45 (1H,
d, J=5.11 Hgle)é?fé}ggﬁaé’& T%%gﬁzé,%.éﬁlé?ﬂéf%ﬁ? (1H, d, J=4.29 é‘z% -3.45 (1H, m),
3.18 (1H, tt, 3= T8H16Y,631643.20L@ K2 hh);d,RMSAEI)HZY, 1788 (2H, d, J=10.381H4), 1.40-1.22 (4H, m), 1.13
(6H, d, J=6.)7)§ﬂ : LRMS (ESI) m/z 526 [M+H]*. [0301] Example 91
2-(4-Hydroxycyclohexylamino)-4-{3-isopropyl-(4-(4-(thiophen3-y1)-1H-imidazol-1-y1)-1H-pyrazolo[3,4-b]p
yridin-1-yllbenzamitkan{it)4648)cording to Example 83, compound (91)(the third stage yield:17%) was

prepared as a whitg Solid y8ing & ORI RS Mdth-3-yiethanol (46¢)
According to Example 1(2), a crude product of 3-(2 -

methoxyethyl)-1H-pyrrolo[2,3-b]pyridine 7-oxide m-c hlorobenzoic
acid salt was prepared using compound (46b) instead of compound
(1a) and was used in the subsequent reaction withou t being
purified. According to Example 1(3), compound (46¢ ) (the second
stage yield: 10%) was prepared as a white solid usi ng 3-(2-
methoxyethyl)-1H-pyrrolo[2,3-b]pyridine 7-oxide m-c hlorobenzoic

acid salt instead of compound (1b).

IH-NMR (CDCl3) 89.76 (1H, brs), 8.18 (1H, d, J=5.1 Hz), 7.28-7.26

(1H, m), 7.09 (1H, d, J=5.1 Hz), 3.82 (2H, t, J=7.1 Hz), 3.40 (2H,
t, J=7.1 Hz); LRMS (ESI) m/z 197 [M+H] .
[0247]

Example 46(4)

2-Bromo-4-{3-vinyl-4-(quinolin-3-yl)-1H-pyrrolo[2, 3-
b]pyridin-1-yl}benzonitrile (46d)

According to Example 1(4), a crude product of 3-{3 -vinyl-1H-
pyrrolo[2,3-b]pyridin-4-yl}quinoline was prepared u sing compound
(46c) instead of compound (1c) and was used in the subsequent
reaction without being purified. According to Exam ple 1(5),
compound (46d) (the second stage yield: 8%) was pre pared as a
white solid using 3-{3-vinyl-1H-pyrrolo[2,3-b]pyrid in-4-

yl}quinoline instead of compound (1d).

IH-NMR (CDCl3) & 9.07 (1H, d, J=1.7 Hz), 8.49 (1H, d, J=4.9 Hz),
8.41 (1H, d, J=2.2 Hz), 8.30 (1H, d, J=2.2 Hz), 8.2 2 (1H,d, J=85
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1H-imidazole instead of 4-(4-methoxyphenyl)-1H-imidazole.
1H-NMR(DMS0-016)8:8.77(1H,d,J=4.78Hz),8.42(1H,d,J=7.25 Hz),8.24(1H,s), 8.10 (1H,
s),7.79-7.76(3H,m),7.60(1H,dd, J=4.95,2.80Hz), 7.52 (1H, d,J=4.95Hz),7.46(1H,d,J=5.11 Hz),7.43(1H,dd,
J=8.90, 1.65Hz),4.58(1H,d,J=4.29Hz), 3.55-3.48(1H,m), 3.20 (1H, tt,J=6.59 5\4¥4H(P) 1dixliq,

Hz), 8.12-8.09 (1H, m), 7.93-7.91 (1H, m), 7.85-7.8 1(2H, m), 7.72
(1H, s), 7.66 (1H, dd, J=7.9, 7.2 Hz), 7.25-7.24 (1 H, m), 6.25-
6.17 (1H, m), 5.48 (1H, d, J=17.3 Hz), 5.01 (1H, d, J=11.2 Hz);
LRMS (ESI) m/z 452 [M+H] i

[0248]

Example 46(5)

2-(Trans-4-hydroxycyclohexylamino)-4-{3-vinyl-4-(q uinolin-3-
yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (46)

According to Example 1(6), a crude product of 2-(t rans-4-
hydroxycyclohexylamino)-4-{3-vinyl-4-(quinolin-3-yl )-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile was prepare d using
compound (46d) instead of compound (1e) and was use dinthe
subsequent reaction without being purified. Accord ing to Example
1(7), compound (46) (the second stage yield: 15%) w as prepared as
a white solid using 2-(trans-4-hydroxycyclohexylami no)-4-{3-vinyl-
4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yltben Zonitrile

instead of compound (1f).

IH-NMR (DMSO-ds) & 9.01 (1H, d, J=2.2 Hz), 8.54 (1H, d, J=2.0 Hz),

8.44-8.41 (2H, m), 8.33 (1H, s), 8.15-8.09 (2H, m), 7.88-7.84 (2H,
m), 7.71 (1H, d, J=8.5 Hz), 7.73-7.69 (1H, m), 7.42 (1H, d, J=1.7
Hz), 7.31 (1H, d, J=4.9 Hz), 7.16 (1H, brs), 7.05 ( 1H, dd, J=8.5,
1.5 Hz), 6.14 (1H, dd, J=17.3, 11.0 Hz), 5.53 (1H, d, J=17.3 Hz),
4.90 (1H, d, J=11.0 Hz), 4.55 (1H, d, J=4.4 Hz), 3. 53-3.47 (1H,
m), 3.44-3.39 (1H, m), 2.11-2.08 (2H, m), 1.86-1.84 (2H, m), 1.38-
1.20 (4H, m); LRMS (ESI) m/z 504 [M+H] i
[0249]

Example 47

2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin- 3-yD-1H-

pyrrolo[2,3-b]pyridin-1-yl}benzamide (47)
[0250]
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- 151 - THOO064 E(F) 111511 J=9.73 Hz), 1.88 (2H, d, J=9.73 Hz), 1.40-1.24 (4H, m), 1.14 (6H, d, J=6.59
Hz); LRMS (ESI) m/z 542 [M+H]*. [0302] Example 92
4-{4-(1'H-1,4'-Bilmidazol-1'-y1)-3-isopropyl-1H-pyrazolo[3,4-
b]pyridin-1-y11-2-(4-hydroxycyclohexylamino)benzamide (92)  According@®4HpId1831tompound
(92) (the third stage yield: 11%) was prepared as a white solid using 1'H-1,4'- bilmidazole instead of
4-(4-methoxypheniddrapleidiitiazole. H-NMR (DMS0-016) 8: 8.75 (1H, d, J=4.95 Hz), 8.41 (1H, d, J=7.25
Hz), 8.18 (1H, d, Jx e . , J=1.15 Hz), 7.80 (1H, s), 7.78 (1H, d, J=7.25 Hz),
7.73 (1H, s), 7.44? - dd,J=8. 74,1 ), 4.57 (1H, d, J=4.45 Hz), 3.87 (3H,
S), 3.57-3.53 (1H, AvgdBdbiy BoZd@ird|end)2B.4 Or (el ptodire6or 8HEP76 Hz), 2.09 (2Hrahla2B9.72 Hz), 1.88
(2H, d, J=10.72 Hz 6-1.23 (4H 1.13 (6H, d, J=6.76 Hz) . [0303] Example 93

oy croey oo T s e s B O o) PRG0S 1.y 1H-pyrazolo
3,4-b]pyridin-1H-ytheo[2:8+ifber(@8¢ insteddadrchngptoritk@agple 83, compoundr@3jahedtird stage yield:
49%) was prepare asavyhite olid ysin b4=ﬁ1-be zy1-1Hpyrazol-4-y1)-1H-imidazole hydrochloride
instend of 4-01E SRR R KB ARSI AR A OMS0-016)6:5. 75T D o 88 Hay 8 40(LH.,
J=7.32z), 8.1xebhples )(8),1cbifigdund (485 (thel ssyprd/Qagd-iel, J=5.61 Hz), 7d7685%hHyds J=10.98 Hz), 7.42

(1H, d, J=4.88 Hz), 7.41 (1H. dd, J=8.54, 1,95 Hz) 7,38-7.33 (2H, m), 7.32-7.27 (3H. m), 5.36 (2H, s),
4.60 (1H, d, j’%ﬁ%@%ﬁ%‘@&%ﬁ@dﬂﬂ%&'@x{@@%ﬁpy ridiné 7-oxide

m-chlorobenzoic acid salt instead of the compound.

IH-NMR (CDCl3) & 11.65 (1H, brs), 8.23 (1H, d, J=5.4 Hz), 7.43

(1H, d, J=3.4 Hz), 7.14 (1H, d, J=5.4 Hz), 6.63 (1H , d, J=3.4 Hz);
LRMS (ESI) m/z 153 [M+H] i
[0251]

Example 47(2)

3-{1H-Pyrrolo[2,3-b]pyridin-4-yl}quinoline (57b)

According to Example 1(4), compound (47b) (44%) wa S prepared
as a white solid using compound (47a) instead of co mpound (1c).

IH-NMR (DMSO-ds) & 11.92 (1H, brs), 9.30 (1H, d, J=2.2 Hz), 8.77

(1H, d, J=2.2 Hz), 8.36 (1H, d, J=4.9 Hz), 8.15 (1H ,d, J=8.1 Hz),
8.10 (1H, d, J=8.5 Hz), 7.85-7.81 (1H, m), 7.68 (1H , 1, J=7.4 Hz),
7.62 (1H, d, J=3.4 Hz), 7.40 (1H, d, J=4.9 Hz), 6.7 5(1H,d, J=34
Hz); LRMS (ESI) m/z 246 [M+H] .
[0252]

Example 47(3)

2-Bromo-4-{4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyri din-1-
yl}benzonitrile (47c)

According to Example 1(5), compound (47c) (89%) wa S prepared
as a white solid using compound (47b) instead of co mpound (1d).

IH-NMR (DMSO-ds) & 9.30-9.29 (1H, m), 8.82-8.81 (1H, m), 8.78-8.77
(1H, m), 8.57-8.56 (1H, m), 8.44-8.41 (1H, m), 8.36 -8.35 (1H, m),
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THO0064 E(F) 111511 (1H, tt, J=6.83, 6.83 Hz), 2.09 (2H, d, J=11.71 Hz), 1.87 (2H, d, J=11.71 Hz),
1.38-1.22 (4H, m), 1.12 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 616 [M+H]*. [0304] Example 94
4-{4-(4-(1-(Benzyloxyethyl)-1H-pyrazol-4-y1)-1H-imidazol-1-
y1)-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-y11-2-(4- hydroxycyclohexylamIrefhzdmidd 3bl)

According to Example 83, compound (94) (the third stage yield: 53%) was prepared as a white solid using
4-{1- (benzyl8xxae8il)(3H.-pyr dA9-4.84 {1 Hnnidd20lg Biyochloride instead o), 7.67-7.65
4-(4-methoxyphen | .76 (1H, d, —+4 88 Hz), 8.40 (1H, d, J=7.07
Hz), 8.19 (1 R [&1%9]18 rz]')gdﬁég iﬁh?%él?gﬁ%@%g Hz), 7.79 (1H s), 7.78 (1H, s), 7.78 (1H, d,
J=11.22 Hz), [0’256](1H s), 7.54 (1H, d, J=10.73 Hz), 7.49 (1H, dd, J=6.83, 3.42 Hz), 7.44-7.41 (2H, m),
7.32-7.24 (2H, m), 460? H,]{:;DJ =4.15 Hz), 4.48 (2H, s), 4.34 (2H, t, J=5.24 Hz), 3.81 (2H, t, J=5.24 Hz),
3.54-3.47 (1H, m) J=6.83, 6.83 Hz), 2.10 (2H, d, J=11.22 Hz), 1.87 (2H, d, J=11.22 HZz),
1.38-1.22 (4H, m) 21('[[r3r(§|4 mddxﬁc&BIM)(ylaﬁ%Mﬁ){E&anlaoﬁﬁo [M+H]*. [0305]&xpitple 95

0[3 4-b]pyridin-1-y11-2-(4-hydroxycycl
ohexylamlno ef olved in ethanol (1.0 mL). Palladium

hydroxide (0.020 g-)cmndjmakmﬁeampte(ﬂ@ mthm;zwr&jmﬁsc(ﬁmf)waesultmg solut®preisdleded by stirring
under a nitroge H 0S E re.at 80C foré sz |on solution was filtered O}g THO0064 E(F)
111511 thrm%sn 'f § (§lfﬁ'ggsg?\%l?ﬁ% é fPS fOThe residue Was%?m%d ‘neutral silica gel
column chroﬁmqmmmby)mlgjor@fggo/(mﬁthaw orphiEmCcePMH@INd{97) 005 g, 56%) as a white solid.
1H-NMR (DMSO ) 2871H 76 ( 88 Hz), 8.40 (1H, d, J=7. 819(1Hd
J=1.22 Hz), é*é’z%]ﬁg; &% HIEB 98124?fHH§ 779 (1H, d, J= 22%%?% 977 (1H, d,
J=8.78 Hz), 144 (ﬂ)—|7@937-648@||=|12;};)7ﬂ23(@.1-ﬂ-| dfj J38% 78;)2.20 Hz), 4.61 (1Hyde)a438, Hz), 3.54-3.48
(1H, m), 320(1H tt, J=6.8 3.Hz 0.(2H. d, J= 1171Hz) 1.88 (2H, d, J= 71Hz) 1.38-1.22 (4H,
Pt A oG Jle8

m), 1.13 (6H alJ2a2T B!

J=3.7 Hz), 456 (1H, d, J=7.6 Hz), 3.77-3.72 (1H, m ), 3.50-3.43
(1H, m), 2.28-2.24 (2H, m), 2.10-2.07 (2H, m), 1.53 -1.34 (4H, m);
LRMS (ESI) m/z 460 [M+H] i
[0254]

Example 47(5)

2-(Trans-4-hydroxycyclohexylamino)-4-{4-(quinolin- 3-y)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzamide (47)

According to Example 1(7), compound (47) (79%) was prepared
as a white solid using compound (47d) instead of co mpound (1f).

IH-NMR (DMSO-ds) & 9.31 (1H, d, J=1.7 Hz), 8.80 (1H, s), 8.47 (1H,

d, J=4.9 Hz), 8.41 (1H, d, J=7.1 Hz), 8.18-8.11 (3H ,m), 7.88-7.84
(2H, m), 7.77 (1H, d, J=8.5 Hz), 7.73-7.69 (1H, m), 7.56 (1H, d,
J=4.9 Hz), 7.40 (1H, s), 7.15 (1H, brs), 7.06 (1H, d, J=8.3 Hz),
7.00 (1H, d, J=3.7 Hz), 4.55 (1H, d, J=3.9 Hz), 3.5 3-3.45 (1H, m),
3.43-3.36 (1H, m), 2.11-2.08 (2H, m), 1.86-1.84 (2H ,m), 1.38-1.19
(4H, m); LRMS (ESI) m/z 478 [M+H] i

[0255]

Example 48
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[0306] Example 96
2-(4-Hydroxycyclohexylamino)-4-{4-(4-(1-hydroxymethyl)-(1Hpyrazol-4-yl)-1H-imidazol-1-yl)-3-isopropyl-1
H-pyrazolo[3,4- b]pyridin-1-yllbenzamide (96) According to Example 95, compound (96) (16%) was
prepared as a white solid using compound (94) Instead of compound (93). IHW@@M@%O 8:8.76
(1H, d, J=4.88 Hz), 8.41 (1H, d, J=7.07 Hz), 8.19 (1H, s), 8.00 (1H, s), 7.88 (1H, s), 7.84 (1H, brs), 7.80
(1H, s), 7.78 (1H, &;(Prsp@ariia))-A- 7B r(ekhy - (8o{ibH-d)-IH4H88 Hz), 7.42 (1H yddla)23-07, 1.71 Hz),
7.15 (1H, br 4r?|(!-| . 4.59 (1H, d, J=4.39 Hz), 4.17 (2H, t, J=5.45 Hz), 3.76 (2H, q,
J=5.45 Hz), 3: =6.83, 6.83 Hz), 2.10 (2H, d, J=10.98 Hz), 1.88 (2H, d,
J=10.98 Hz), 1. BSmMQEthIGTBxamnBe(BGG) d,duﬁeaﬁddlgtt bRMS (ESI) m/z 556 [M+H]*. [0307] Example 97
-154- THOO64 EES 111

2-(4-Hydrox ycé{hex{/‘l" Sy A A AR P Himidazol-1-y1)-1- 871072, 3-b]pyridin-1-yliben

zamide (97) tﬂp@ﬂ&}t 1Ed§bamm1@rﬂé]y)/as prepared using comp ound (40f)
4-Chloro-3-met rlmeth hox met 1Hpyrrolo[2,3-b]pyridine (97 Compound (40d)
(1.0 g) was (]JISS%%‘ gin%ﬂ)] dHJ ||y@rl'(ﬁ)ey?o 288 g, a 55%qaespe£5t)fonsln paraffin liquid)

was added tmmeo@&ldhemaolmmwmmﬁedmﬂdvmmqumgpfor 10 min. Traatipn without
{2-(chloromethox ilane ed to the reaction solutio ed by stirring at room
temperature E’ Al %%?@3%?8%‘%8@ &S:Eaéﬂg% Qolutlon followeoH tSj‘%éz Sctlon with ethyl
acetate. Thesy@ﬁmet@@ylwaﬂmhed prishsatLuatedisalise and was then Idrmhg\zar anhydrous sodium
sulfate. The solvent was d IIe and t e was purified by neut silica gel column
chromatograh%ﬂ@%‘éﬂ% t ﬁ%ﬁ%tﬂ%ﬁé&%&ha (97a) (4.50 g, Qﬁ})éas a colorless oily
substance. 1h{gydR- t@@lﬁélﬁbuﬁitrﬁ’ems(édrﬂ o cdripdihtizdf 7.19 (1H, s), 7.10.(1H, d, J=5.12 Hz), 5.68 (2H,

s), 3.58 (2H, } J 8. 17 Hz), 2.43 (3H, S) 0.97 SZH t, J=8.17 Hz), 0.00 (9H, S) LRMS (ESI) m/z 297
[M+H]*. [030 2#3) 59.07 lH d, 22HZ) 8.57 (lH d, J= 17H

8.48 8.45 (1H, m), 8.42 (1H, d, J=4.6 Hz), 8.14 (2H , d, J=8.5 Hz),
7.92 (1H, s), 7.88-7.84 (2H, m), 7.78 (1H, d, J=8.8 Hz), 7.73-7.70
(1H, m), 7.29 (1H, d, J=2.0 Hz), 7.26 (1H, d, J=4.9 Hz), 7.15-7.12
(2H, m), 3.20-3.15 (2H, m), 1.93 (3H, s), 1.71-1.62 (2H, m), 1.00
(3H, t, J=7.3 Hz); LRMS (ESI) m/z 436 [M+H] !,
[0256]

Example 49

2-(Pentylamino)-4-{3-methyl-4-(quinolin-3-yl)-1H-p yrrolo[2,3-

b]pyridin-1-yl}benzamide (49)

According to Example 1(6), a crude product of 2-

(pentylamino)-4-{3-methyl-4-(quinolin-3-yl)-1H-pyrr olo[2,3-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (40f)
instead of compound (1e) and using n-pentylamine in stead of trans-
aminocyclohexanol and was used in the subsequent re action without
being purified. According to Example 1(7), compoun d (49) (the
second stage yield: 55%) was prepared as a white so lid using 2-
(pentylamino)-4-{3-methyl-4-(quinolin-3-yl)-1H-pyrr olo[2,3-
b]pyridin-1-yl}benzonitrile instead of compound (1f ).
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3-Methyl-4-(4-phenyl-1H-imidazol-1-y1)-1-{(2- (trimethylsilyl)ethoxy)methyll-1H-pyrrolo[2,3-b]pyridine
(97b) Compound (97a) (2.00 g), copper(l) oxide (0.048 g), 4,7- dimethoxy-1,10-phenanthroline (0.243 g),
cesium carbonate (3.07 g), polyethylene glycol (Mn=3400) (1.35 g), and 4-phenyl-1H-imidazole (1.17 g)
were suspended in NM?, followed by stirring at 150C for - 155- TH0064 E(EyQ36f51E)4E K1 irhe reaction
solution was suspended in ethyl acetate, and insoluble matters were filtered through celite. The filtrate
was washed MtNMRIDAMSOsR)iNS and iag theraiziet pea6ahydialze Sodiym sulfate. The solvent was

distilled awa sid rified hy, neutral, silica gel column chromatc (hexane/ethyl
acetate) to o)gtg}:igc%lrﬁgﬁuﬁ‘g %9%;11%]97;3%55)) %245(%%Iorless oily substaﬁmt%%@ﬁ ' Example 97(3)
3-Methyl-4-(4-phehi]1s), H-88id8AqR 1 yh)-TH8toth [258-8 b]pyridine (97¢) HAoMBeurAd (97b) (0.272 g)
was dissolved in THE (2.3 mL), angd tetr lammonium. floride (2.0 mL, a lytign in THF) was
added to the@e@uﬂﬁmé‘%@m%r{’ %%%%éﬁk%é%a’épfﬁr. The reaction soljrﬁlt(zljzitmz}v%%s?'ci%ncentrated and
\(Nas )trzen pur{ieidroy mzie.aaiczkgelm)cmlemmmpmﬁmgmh{ (hexane/(ethyl amerm()mz;dbtain compo;md
97c) (0.140 ¢,,76%) a i id. 1H-NV -016) 8: 11.78 (1H, s), 8. , d, J=5.12 Hz),
8.08 (2H, dd?ﬁﬁﬁ; @z@%@%ﬁzﬂ%ﬁ“ @3@%&@% §Hz), 7.40- 7.38 ( ﬁ%‘rﬁﬁf‘ B4 (1H, 1, 3=7.44
Hz), 7.13 (1H0264=5.12 Hz), 1.99 (3H, s) .;LRMS (ESI) m/z 275 [M+H]*. [0311] Example 97(4)
2-Bromo-4-{3-met%¥%-4-§)-§%henyl-lH-imidazol-l-yl)-lHpyrrolo[2,3-b]pyridin-1-ylIbenzonitrile (97d)
Compound (97c) (0. n as dissolved in DMF (1.7 mL), and sodium hydride (0.024 g, a 55%
dispersion in paraffidiglogiopasraicdpd-{8-tiahysuitiopsiohstign at 0C, followed byrstirring for 10 min.

Then, 2-b -4-f|li ifrile (0.112. dded to th ti lution, followed by stirri t
SOEnfor ?)Oromo.rIr ogoa&r/]”z |rr1]-|ir-lyﬁb(enzam|82:\(%%§a ed to the reaction solution, followed by stirring a

According to Example 1(6), a crude product of 2-

(cyclopropylamino)-4-{3-methyl-4-(quinolin-3-yl)-1H -pyrrolo[2,3-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (40f)
instead of compound (1e) and using cyclopropylamine instead of
trans-aminocyclohexanol and was used in the subsequ ent reaction
without being purified. According to Example 1(7), compound (50)
(the second stage yield: 15%) was prepared as a whi te solid using
2-(cyclopropylamino)-4-{3-methyl-4-(quinolin-3-yl)- 1H-pyrrolo[2,3-
b]pyridin-1-yl}benzonitrile instead of compound (1f ).

IH-NMR (DMSO-ds) & 9.08 (1H, d, J=2.4 Hz), 8.57 (1H, d, J=2.2 Hz),

8.53 (1H, s), 8.43 (1H, d, J=4.6 Hz), 8.13 (2H, d, J=8.8 Hz),
7.89-7.84 (3H, m), 7.78 (1H, d, J=8.5 Hz), 7.73-7.6 9 (2H, m), 7.27
(1H, d, J=4.9 Hz), 7.20-7.17 (2H, m), 1.93 (3H, s), 0.83-0.79 (2H,
m), 0.51-0.47 (2H, m); LRMS (ESI) m/z 434 [M+H] *,
[0258]

Example 51

2-(Cyclopentylamino)-4-{3-methyl-4-(quinolin-3-yl) -1H-

pyrrolo[2,3-b]pyridin-1-yl}benzamide (51)

According to Example 1(6), a crude product of 2-

(cyclopentylamino)-4-{3-methyl-4-(quinolin-3-yl)-1H -pyrrolo[2,3-
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THO0064 E(F) 111511 Ice water was added to the reaction solution, and the precipitate was collected by
filtration and was dried under reduced pressure to obtain compound (97d) (0.160 g, 69%) as a white solid.
1H-NMR (DMSO-d6) 8: 8.76 (1H, d, J=2.20 Hz), 8.58 (1H, d, J=5.12 Hz), 8.41 (1H, dd, J=8.66, 2.20 Hz),
8.21-8.19 (4H, m), 7.95 (2H, d, J=8.29 Hz), 7.49 (1H, d, J=5.12 Hz), 7.46 (ZHGHBIILEALY 32 (1H, t,
J=7.81 Hz), 2.10 (3H, s); LRMS (ESI) m/z 454 [M+H]*. [0312] Example 97(5)
2-(4-Hydroxydjpytatietyheno)~iHS wasthigpér 4 phisg wietRiimidazol-1-yl)-IH-pyundl (§2{B-b]pyridin-I-yllbenza
mide (97) . According to Example 1 2-(4-hydr lohexylamino)-4-{3-

methyl-4-(4-6?1se%?/?{§f—ﬁ(‘|%m% 2201 eff)”@{%“ﬁ%ﬁff%%%@%ﬁnl yIIbenzoniﬁﬁée?QS%%) was prepared
using compouiaas{@naocsiebexahclang awmsdi$ies) irathe ackseding to Exampleedi@acd@mpound (97) (22%)
was prepared as a white solid ysing 2-(4-hydroxyc C|JD£ xylamino)-

A 3-methy B B A B BB R 5 oy iy e CORRHHERad of cormpound
(1f). 1H-NMRthBD MS0ra KB R \BeltB-B595) (214 prepaBetiné2Hyis), 7.96 (1H, s), B89lRubiny J=8.90 Hz), 7.87
(2H, brs), 7.75 (1H, d, J=8.54 Hz),.7.40 L J=7.3 ), 7.32 (2H, s), 7.25 (1H, t, J=7.32 Hz), 7.15 (1H,
brs), 7.01 (1H, qu%égﬁ"ﬁj?%?éé%{”ﬁt@%@l@% ?ﬁ m), 3.40-3.37 (1H. ﬁﬁ’?{"?'ﬁif-%’fos (5H, m), 1.84
(2H, d, J=8.54|pyrlirt 3@ beAtqdtriermsteaNSctaipgundg 507 [M+H]*. [0313])Example 98
2-(4-Hydroxygyclohexylaming)-4-{3-meth I-4-(§%p2/ridin-3

1H-imidazol-1IVAMBHIVRIER 2 3% hyhdirf H'Z'erﬁd% %ééb Yo¥1? E@mple 98(1) - 157- TH0064

E(F) 111511 @5Vethy A3t ome a8y 1h 1d- Imaidan)-8 -y 1}-1-{(2- ~ 4(2H,d,J-88
(558 (1196 12 SeAbATEh s 4 EBoAde Lo urstan b uing 4-(pyricin-y2) TENGE e hyarochioride
instead of 4-plwEsyl7bHitinieazobs (1H, d, J=2.2 Hz), 7.27 (1H ,d, J=4.6 Hz),
7.14 (1H, brs), 7.10 (1H, dd, J=8.5, 2.0 Hz), 3.93- 3.86 (1H, m),
2.09-2.04 (2H, m), 1.93 (3H, s), 1.71-1.62 (4H, m), 1.53-1.47 (2H,
m); LRMS (ESI) m/z 462 [M+H] ¥,
[0259]
Example 52
2-(Cyclohexylamino)-4-{3-methyl-4-(quinolin-3-yl)- 1H-

pyrrolo[2,3-b]pyridin-1-yl}benzamide (52)

According to Example 1(6), a crude product of 2-

(cyclohexylamino)-4-{3-methyl-4-(quinolin-3-yl)-1H- pyrrolo[2,3-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (40f)
instead of compound (1e) and using cyclohexylamine instead of
trans-aminocyclohexanol and was used in the subsequ ent reaction
without being purified. According to Example 1(7), compound (52)
(the second stage yield: 25%) was prepared as a whi te solid using
2-(cyclohexylamino)-4-{3-methyl-4-(quinolin-3-yl)-1 H-pyrrolo[2,3-
b]pyridin-1-yl}benzonitrile instead of compound (1f ).

IH-NMR (DMSO-ds) & 9.07 (1H, d, J=2.2 Hz), 8.57 (1H, d, J=2.2 Hz),
8.52 (1H, d, J=7.6 Hz), 8.41 (1H, d, J=4.9 Hz), 8.1 4 (2H, d, J=8.3
Hz), 7.90 (1H, s), 7.88-7.84 (2H, m), 7.77 (1H, d, J=8.8 Hz),
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1H-NMR (CDC13) 8: 9.10 (1H, d, J=1.71 Hz), 8.57 (1H, dd, J=4.88, 1.71 Hz), 8.43 (1H, d, J=5.12 Hz),
8.23 (1H, dt, J=7.97, 1.71 Hz), 7.88 (1H, d, J=1.22 Hz), 7.64 (1H, d, J=1.22 Hz), 7.40 (1H, dd, J=7.97,
4.88 Hz), 7.26 (1H, d, J=1.22 Hz), 7.10 (1H, d, J=5.12 HZ), 5.72 (2H, s), 3.63-3.59 (2H, m), 2.10 (3H, d,
J=1.22 Hz), 1.00-0.96 (2H, m), 0.00 (9H, s); LRMS (ESI) m/z 406 [M+H]*. [0515p4 'ﬁ%&&%&@@s(z)
3-Methyl-4-{4-(pyridin-3-y1)-1H-imidazol-1-y1}-1Hpyrrolo[2,3-b]pyridine (98b) According to Example
97(3), compoUrgt {I8LEE 29h) AWy Priepaled @bl wiilie(sdlid using compound, (882 Hwtead of compound

& 32756 o] PR ARt O 0 (Y SERAS 22 (11 o, 95 a2 Th8Tar o) LRMS
(2E§r|3)méz42§ pﬂ{ggi?;}gwllf( @@%ﬁg{g@n&%grl?&kﬂéH Al oIo[2 3- b];ﬁ‘(l)d:ll ) (;Ill_'la%zomtrlle (98c)
( livd (98¢)

According torl‘ﬁ—_1 Compoui was prepar ed as a white solid'J using compound (98b)
instead of copspélind (97c). 1H-NMR (DMS0-016) 8: 9.21 (1H, d, J=1.95 Hz), 8.81 (1H, d, J=1.95 Hz),
8.64 (1H, d, iﬁ%&f Hz), 8.58 (1H, dd, J=4.63, 1.71 Hz), 8.46 (1H, dd, J=8.78, 2.20 Hz), 8.42 (1H, d,
J=0.98 Hz), 1H, d, - 158- TH0064 E(F) 111511 J=0.98 Hz), 8.33 (1H, dt, J=8.05, 1.95 Hz), 8.27
(1H, s), 8.24 (1H, &xarplé833zand Bb (1H, d, J=5.12 Hz), 7.54 (1H, dd, J=8.05, 4.63 Hz), 2.15 (3H, s);
LRMS (ESI) m/z 4 :

2-(4-Hydroxycyclohexytar
1H-Imidazol-Jhym)- ﬁ;ﬁr@ys[aagmgranblpyr}mkmmwﬂzemmlde (98) According to Example 1(6),
compound (98) (2 I1Sing compound (980) Instead of compound (le).
1H-NMR (DM50- Moy 84658 e 1H, s), 7.85 (1H,
brs), 7.75 (1|;}L}l§bn]za?na% t$21) 7. 55 (1H s) 7 45 (1H s), 7 32 (2H, s) 7 15 (1H brs) 7 01 (1H, d, J=7.32

Hz), 4.56 (1H, s), 3.50-3.47 (1H, 1H, m), 2.09 (2H, d, J=8.54 Hz), 2.04 (2H, s), 1.83 (2H,
d, J=8.54 Hz), 1.35F9F 4 WT@WQ%?E%WAE%%’%P@] [0318] eifahyo

-(q uinolin-3-

din-1-

2H-pyran-4-ylamino)-4-{3-methyl-4-(quinolin-3-yl)-1 H-pyrrolo[2,3-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (40f)
instead of compound (1e) and using tetrahydro-2H-py ran-4-amine
instead of trans-aminocyclohexanol and was used in the subsequent
reaction without being purified. According to Exam ple 1(7),
compound (53) (the second stage yield: 4%) was prep ared as a white
solid using 2-(tetrahydro-2H-pyran-4-ylamino)-4-{3- methyl-4-
(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzo nitrile instead
of compound (1f). By this reaction, compound (54) (the second

stage yield: 21%) was prepared as a white solid.

Compound (53)
'H-NMR (DMSO-ds) & 9.07 (1H, d, J=2.0 Hz), 8.56-8.53 (2H, m), 8.41
(1H, d, J=4.9 Hz), 8.14 (2H, d, J=8.5 Hz), 7.91-7.8 4 (3H, m), 7.79
(1H, d, J=8.8 Hz), 7.74-7.70 (1H, m), 7.42 (1H, d, J=1.7 Hz),
7.27-7.26 (1H, m), 7.18 (1H, brs), 7.11 (1H, dd, J= 8.5, 1.7 Hz),
3.90-3.86 (2H, m), 3.74-3.65 (1H, m), 3.53-3.48 (2H , M), 2.09-2.04
(2H, m), 1.93 (3H, s), 1.49-1.40 (2H, m); LRMS (ESI ) m/z 478
[M+H] *.
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Example 99
3-Chloro-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-ylibe
nzamide (99) [0319] Example 99(1)
3-Chloro-4-{4-chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1yl}benzonitrile {§8%p4 E(QdHIdnd (6b) (0.5
g) was dissolved in DMF (13 mL), and sodium hydride (0.145 g, a 55% dispersion in paraffin liquid) was
added to the [@&dlting solution at OC, followed by stirring for 30 min. Then, 3-chloro-4-fluorobenzonitrile
was added to the r@gctigﬂnsqodglon, followed by stirring at 60C for 1 hr. Water was added to the reaction
solution. The precipitate was'callected - 159- TH0064 E(F) 111511 by filtration and washed by sprinkling
water to obtaiA-bNMMMS(R8)) @ A6g(186%) aSa (urave), Sodel (1H-NMRECDC13) 8: 8.39 (1H, d, J=4.88

0,790 0,0 8 ) LI A 300 U 32088 5 i o .16

3-Chloro-4-{31isopni pyK0- (4H 1 orspthy2d KiHey b zat#ey hiZdHimidazol-1-yl)-1H-pyeaz (36 3s4-b] pyridin-1-yllbe
nzamide (99 ou .18 g) was dissolved in DMSO (2.1 mL), and potassium carbonate
(0.3 9), copp%ﬁmgo%gg W\%%égiwae ) (0.086 @), and 4-(1-methyl-1H-pyrazol-4-y1)-1H-Imidazole
hydrochlorid¢o@ba]3 g) were added to the resulting solution, followed by stirring at 120C for 48 hr. The
reaction solution was d”T‘?t with chloroform, and Insoluble matters were filtered by celite. The solvent
was distilled away, AAGRNe residue was purified by neutral silica gel column chromatography
(chloroform/methapgd) Hydrosaiu e 899 (004 fgindB%g-as a white solid. HNIMR (DMSO-dO 8:
8.65 (1H, dd, J=4 : 8. B 1H, brs)( %22 (1H, s), 8.20 (1H, d, J=0.98 Hz), 8.03 (1H, dd, J=8.29,
0.98 Hz), 7. LSY, 7 L5817, ~d7J=8. —+74 (1H, s), 7.69 (1H, brs), 7.42 (1H, dd,
J=4.88, 0.98 Hz), A&brBity 1) ERarvib(d Ho, aleraddderoddidtidz p-. 10 (6H, d, J=6.83 Hz); LRMS (ESI) m/z

i A i s s

b]pyridin-1-yl}benzonitrile was prepared using comp ound (40f)
instead of compound (1e) and using 4-amino-1-butano | instead of
trans-aminocyclohexanol and was used in the subsequ ent reaction
without being purified. According to Example 1(7), compound (55)
(the second stage yield: 35%) was prepared as a whi te solid using
2-(4-hydroxybutylamino)-4-{3-methyl-4-(quinolin-3-y [)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile instead of compound (1f).
'H-NMR (DMSO-dg) & 9.06 (1H, d, J=2.2 Hz), 8.55 (1H, d, J=2.2 Hz),
8.44-8.41 (2H, m), 8.12 (2H, d, J=8.8 Hz), 7.90 (1H ,S), 7.87-7.83
(2H, m), 7.76 (1H, d, J=8.5 Hz), 7.72-7.68 (1H, m), 7.28-7.24 (2H,
m), 7.14-7.11 (2H, m), 4.45 (1H, t, J=5.2 Hz), 3.48 -3.43 (2H, m),
3.23-3.18 (2H, m), 1.91 (3H, s), 1.70-1.63 (2H, m), 1.58-1.51 (2H,
m); LRMS (ESI) m/z 466 [M+H] .
[0263]

Example 56

2-(5-Hydroxypentylamino)-4-{3-methyl-4-(quinolin-3 -yl)-1H-

pyrrolo[2,3-b]pyridin-1-yl}benzamide (56)
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Example 100(1) -160- TH0064 E(F) 111511 4-lodo-3-isopropyl-1H-pyrazolo[3,4-b]pyridine (100a)
Normal-butyllithium (a 2.6 M solution in hexane, 41.0 mL) was dropwise added to a solution of
N,N-diisopropylamine (16.5 mL) in tetrahydrofuran (hereinafter referred to as THF, 300 mL) under a
nitrogen atmosphere at -5 to 0C, and a solution of 2-fluoro-3- iodo-pyridine [PWFARFHEI2ED mL) was
dropwise added to the resulting mixture at -78C, followed by stirring for 15 min. Subsequently, isobutyric
anhydride (20.0 mAYeoetingrtspiaxsmeld d€6) te thedeqarotioat bRi(lon at -78C, followed by stirring at the same

temperature for 1 hr, and then zine monohydr .4 mL) was added to th ction solution,
followed by s%%ﬂrr?éygteéé%%?#%g%gr&&é}%@%ﬁ%& v%as distributed beﬁ/(PeyerFlo%I%%_acetate and water,
and the orgah]pylegierlwibenashigiewits setpsatddisagrmenihe organic layer afted (hefwashing was dried
over anhydrong sg(?&*rgo%ulg%tﬁd %g? "’t‘ﬂiﬁ Sthe gpa{\rﬁ?nt_wa%nqisgilled away. ThO fr?s%tia%%e was purified by
neutral silica gel’column chromaro rapny (H%xane/é?hypacéaiate) to obtain compouné’(lOOa) (12.9 g,
42%) as a whidasalidnddyle MRG0 3)8: Uk2DD (Adtsuirsgg8.11 (1H, d, J=hB@ddipn7.63 (1H, d, J=4.88
Hz), 3.93 (1H,.it, J=6.83, 6.83 Hz), 1.48 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 288 [M+H]*. [0323]

Eemple 10000 TR A P A My 1) 1 mictazol Fompoerd 56
y1}-1H-pyrazghe[Se¢dnpyradmnegi€bioon)o) wabpeepdiad 4 &wample 97(1), 4-iodosaidsagingpy1-1-(4-
methoxyben -1H-pyrazolq[3,4-h]pyridine was prepared using compound a) (15.5 g) instead of
compound (%@%%%é&egnﬁ%qﬁﬁ]b%ﬁ%gﬁ Vt:ffl@%%’ fH's%ead of {2-(chlororethoxy)ethyl}silane and was
used in the spssiqRehblieaiction-witeoathieirgrpusited. - 161 - TH0064 E(Foldpbohd @dcording to
Example 97(2), 3-i50|€r0 1-1-(4-methox%benzy_/l)-4-{4- _

(1-methyl-1H-'ﬂ§h'y%l Q@?ﬂ@-irﬁiaé@o@ ﬁﬂ’}‘-]l'?r-?p(j'@z&%?s(,]ﬂ’Bipf/ﬁ%i%@@fas prepared using
4-iodo-3-isomapyd.40-(AH e B x oen zy 1)=84-pyjaz ol [3H4-b]pyridine instead)py @ym@aund (97a) and
using 4-(1-methyl-1H-pyrazol-4-y1)-1H-imidazole hydrochloride instead of 4-phenyl-1H-imidazole and
was used in %Erys ségé(ﬁﬁréhg(f SWWOZt@é?lrﬁgg Xﬁ'ﬂfi@%’. This 3-isopropy1-1‘-29 YIH’ d,
(4-methoxybgazyliA. {A26 (methyi=Ud piazalsdzyb) (2H; imidazol-1- y1}-1Hypyezalp[3,4-b]pyridine was
dissolved in trifluoroacetic acid (60 erﬁfend anisole %‘19 mL), followed by reflux for 5 hr. The reaction
solution was Tonteriardd3Rd theh aiithed-tith-Hed it'f%,jand saturated soditim(®Bitafhonate water was
added thereto.cBheqaregipiiate w23 celi@eiad)byrfilratespng was dried undengeduegq pressure to obtain
compound (100b3 (12.3 g, the third stage yield: 63%) as a white solid. 1H-NMR (DMS0-016) 8: 13.67 (1H,
brs), 8.60 (1#92@, h=4.88 Hz), 8.12 (1H, d, J=1.22 Hz), 7.96 (1H, s), 7.81 (1H, d, J=1.22 Hz), 7.73 (1H, s),
7.23 (1H, d, J=4.88HApi3-67 (3H, s), 3.11 (1H, tt, J=6.83, 6.83 Hz), 1.07 (6H, d, J=6.83 Hz); LRMS (ESI)
m/z 308 [M+H]*. [0324

2-[2-(2-Hydroxyethoxy)ethylamino]-4-{3-methyl-4-(q uinolin-3-
yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (57)

According to Example 1(6), a crude product of 2-[2 -(2-
hydroxyethoxy)ethylamino]-4-{3-methyl-4-(quinolin-3 -yl)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile was prepare d using
compound (40f) instead of compound (1e) and using 2 -(2-
aminoethoxy)ethanol instead of trans-aminocyclohexa nol and was
used in the subsequent reaction without being purif ied. According
to Example 1(7), compound (57) (the second stage yi eld: 18%) was
prepared as a white solid using 2-[2-(2-hydroxyetho xy)ethylamino]-
4-{3-methyl-4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyri din-1-

yl}benzonitrile instead of compound (1f).

'H-NMR (DMSO-ds) & 9.06 (1H, d, J=2.2 Hz), 8.55 (1H, d, J=2.2 Hz),
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Example 100(3) 4-{3-1sopropyl-4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-imidazol-1-
y1)-1H-pyrazolo[3,4-b]pyridin-1-y11-3-methylbenzamide (100) According to Example 80, compound
(100) (the second stage yield: 65%) was prepared as a white solid using compound (100b) instead of
compound (6c). 1H-NMR (DMS0-016) 8: 9.37 (1H, d, J=4.88 Hz), 8.93 (1HTH 0964 BGHALEB1 (1H, brs),
8.70 (2H, s), 8.62 (1H, d, J=1.22 Hz), 8.60 (1H, dd, J=8.29, 1.71 Hz), 8.46 (1H, s), 8.27 (1H, d, J=8.29
Hz), - 162 - BHOGHPEIR) m).1541 (B812.1(IFY. §)H$) 1212 M, J=4.88 Hz), 4.591(3+8.8);13.94 (1H, tt, J=6.83,
6.83 Hz), 2.9 6.8 Sl) m/z 441 [M+H]*. mple 101

4-{3- Isopropﬁ ég@ 'f fté 95—? ?)y%arzn& ZJ];/% é Eszol 1- 5)%?%%

y1)-1H- pyraz(dld[ZBn% BR&/(MME&MG%W)WI%ML%{BH) According tdZExan8stel80, compound
(101) (the se a 38% r re h| e solid using compoyn b) instead of
compound ( an ugl%%/ ﬁigfué‘%o- -viny| efnqz% %’l% zéﬁéad of 4-fluoro-3-methy bgé;'gn trile. 1H-NMR
(DMS0-016) 858-82§ 14+ ,dn)])-34388 43 )28136)(1t91d38+4).95 Hz), 8.22 (1H, WRMS.@&S(lM/zd, J=1.22 Hz),
7.98 (1H, s), Z i’\éljij], dd, J=8.29, 1.95 Hz), 7.89 (1H, d, J=1.22 Hz), 7.74 (1H, s), 7.58 (1H, d, J=8.29
Hz), 7.58 (1H 40°(1H, d, J=4.88 Hz), 6.39 (1H, dd, J=17.56, 11.47 Hz), 5.95 (1H, d, J=17.56 Hz),
5.30 (1H, d, JaZb}|7 Hz), 3.85 (3H, s), 3.23 (1H, tt, J=6.59, 6.59 Hz), 1.11 (6H, d, J=6.59 Hz); LRMS
(ESI) m/z 453 [M+H]*. [0326] Example 102

3-Ethyl-4-{3-isopro|%] - 9@- -methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yllben
zamide (102) 2-(2-Hydroxy-2-methylpropylamino)-4-{3-methyl-4-(q uinolin-3-

yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (58)

According to Example 1(6), a crude product of 2-(2 -hydroxy-2-
methylpropylamino)-4-{3-methyl-4-(quinolin-3-yl)-1H -pyrrolo[2,3-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (40f)
instead of compound (1e) and using 1-amino-2-methyl propan-2-ol
instead of trans-aminocyclohexanol and was used in the subsequent
reaction without being purified. According to Exam ple 1(7),
compound (58) (the second stage yield: 54%) was pre pared as a
white solid using 2-(2-hydroxy-2-methylpropylamino) -4-{3-methyl-4-
(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzo nitrile instead
of compound (1f).
'H-NMR (DMSO-dg) 8 9.05 (1H, d, J=2.2 Hz), 8.59-8.55 (2H, m), 8.41
(1H, d, J=4.6 Hz), 8.12 (2H, d, J=8.8 Hz), 7.89 (1H ,s), 7.87-7.83
(2H, m), 7.75 (1H, d, J=8.5 Hz), 7.72-7.68 (1H, m), 7.25 (1H, d,
J=4.8 Hz), 7.20 (1H, d, J=1.7 Hz), 7.15-7.12 (2H, m ), 457 (1H,
s), 3.10 (2H, d, J=4.9 Hz), 1.91 (3H, s), 1.20 (6H, s); LRMS (ESI)
m/z 466 [M+H] .
[0266]

Example 59

2-(3-Isopropoxypropylamino)-4-{3-methyl-4-(quinoli n-3-yl)-1H-

pyrrolo[2,3-b]pyridin-1-yl}benzamide (59)
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According to Example 80, compound (102) (the second stage yield: 15%) was prepared as a white solid
using compound (100b) instead of compound (6¢) and using 3-ethyl-4-fluorobenzonitrile instead of
4-fluoro-3-methylbenzonitrile. 1H-NMR (DMS0-016) 8: 9.35 (1H, d, J=4.88 Hz), 8.93 (1H, d, J=1.22 Hz),
8.84 (1H, brs), 8.72 (1H, d, J=1.95 Hz), 8.70 (1H, s), 8.63 (1H, d, J=1.22 HZ;18066 F{lA 1dd55k8.29, 1.95
Hz), 8.46 (1H, s), 8.25 (1H, d, J=8.29 Hz), 8.22 (1H, brs), 8.12 (1H, d, J=4.88 Hz), - 163 - TH0064 E(F)
111511 4.59 (3H, sxcerdbqIiEradple. 8%)6a83ude prackct(@2; @, J=7.56 Hz), 1.83 (6H, d, J=6.83 Hz), 1.75

(3H, t, J=7.56 Hz): LRM S| +H]*, [0327] Example 103

- 3-1sopron R DR O e T s
y1)-1H-pyrazoto[8of2iSHpymicidirt wiibSrpropybeaz anjoeg 103) According tsixample 80, compound
(103) (the second sta&; 4853“: t32(% was prepa fﬁ as whit% solid using compound (100b) instead of
compound (6%3ma9%"dsi g ARiGv0- -E)Cr)g] ﬁ%en£oe iffile InStead of 4-fluoro-3-methylbenzonitrile. 1H-NMR
(DMS0-016) Bopr@mokyptodyldrmin8dbktexdOBafs-niindeykcldBeHz), 8.83 (2H, kaspl @nkDi@d, s), 8.63 (1H, d,
J=1.22 Hz), 8.60,(1H, dd, J=8.05, 1.95. Hz), 8.47 (1H, s), 8.27 (1H, d, J=8.05 8.22 (1H, brs), 8.12
(0. o4 S P TS s BRI gRO Bl ) 3 511y doh A T84, w927 32,
8.05, 7.32 Hz), Ex&rhileH (1), dot@Rihtiz)5d). &be(Setohdstaged/Hz); LRMS (ESEIdn2a%dadlsi+H]*. [0328]
Example 104 3-Isopropyl-4-{3-isopropy)-4-(4-(1-methyl-1H-pyrazol-4-y1)- .

T imidazol BT AT AAAOU FO BT OB e (100)  ACLIARERS Eimple g0,
compound (1@dnihe (gecona-SidpenisitdoRiEB)bi@sigirepared as a white solid using compound (100b)
instead of compound .%60 .and using 3-isopropyl-4- fluorobenzonitrile instead of

4-fluoro-3-metfRABENLY tFi‘%?fi‘iiﬁf\ﬁ\‘ﬂ'ﬁp(bP 16) 8: 8.63 (1H, d, J=4.88 Hz), 8.22 (1H, s), 8.17 (1H,

brs), 8.08 (LB NMRYBMEE)aT - 98 418 (84, &R 1HH9), /58 {lHd dealF8i95, 1.71 Hz), 7.75 (1H, s), 7.52

(), 745 04, 8.5 17 1% G S5 435 B 399 (54, 9. 324 g 70064 £6°) 111511

7.89 (1H, s), 7.87-7.83 (2H, m), 7.76 (1H, d, J=8.8 Hz), 7.72-7.68
(1H, m), 7.29 (1H, d, J=2.0 Hz), 7.25 (1H, d, J=4.9 Hz), 7.15-7.10
(2H, m), 3.55-3.45 (3H, m), 3.28-3.24 (2H, m), 1.91 (3H, s), 1.85-
1.79 (2H, m), 1.07 (3H, s), 1.06 (3H, s); LRMS (ESI ) miz 494
[M+H] *.
[0267]

Example 60

2-[3-(Isopropylamino)propylamino]-4-{3-methyl-4-(q uinolin-3-

yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (60)

According to Example 1(6), a crude product of 2-[3 -

(isopropylamino)propylamino]-4-{3-methyl-4-(quinoli n-3-yl)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile was prepare d using
compound (40f) instead of compound (1€) and using 3

(isopropylamino)propylamine instead of trans-aminoc yclohexanol and
was used in the subsequent reaction without being p urified.
According to Example 1(7), compound (60) (the secon d stage yield:

34%) was prepared as a white solid using 2-[3-
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(1H, tt, J=6.83, 6.83 Hz), 2.69 (1H, tt, J=6.59, 6.59 Hz), 1.16 (7H, d, J=6.83 Hz), 1.11 (6H, d, J=6.59 Hz);
LRMS (ESI) m/z 469 [M+H]*. [0329] Example 105
3-Cyclopropyl1-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-y1)-
1H-Imidazol-1-y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (105)  AccortiPtd-tiladdkbielso,
compound (105) (the second stage yield: 2%) was prepared as a white solid using compound (100b)
Instead of cofsppuwpdld6i@npdangBiydbmetpylid4qtinotiobenzonitrile insteaglpiH-

4-fluoro-3-meth |tr|I MR (DMS0-016) 8: 8.62 (1H, d, J=4.88 Hz), 820 , d, J=0.98 Hz),
8.12 (1H, br% ‘ygo(; péﬁr%}”s y(‘?‘f? § Mﬁéé%sﬁ 'Y 83 (1H, dd, J=8.17, i‘.’é@o 2393}.'514 (1H, s), 7.60
(1H, d, J=1. 834HMMF7(!EIDGII§Q dé#@?l(m-lzj I (M), 38X 7LBS d15H40 H2,88 Hz) 3.87 (3H, s), 3.22
(1H, tt, J=6.8 Hz) 6 J 6.83 Hz), 0.73- - LRMS (ESI) m/z
467 [M+H] %%2@%@%3%[5 éﬁnﬁmo ét%sjﬁlgﬁkg t4-(4-(1-methyl- 1H%p CNA 3%)-1H-

imidazol-1- yI][JJ.-I—prJaZﬁd{B)Ho&lyﬁrﬂindt ;dﬁaamzamude) (706) [0331] Exampﬂié I%(I.)H

2-Amino-4- {4 h 4- 1- yl}benzamide ompound (6b)
(0.335 g) Was |Isggo (PD?%(%\% L%ggnd é)c)(? ﬁghd)l/grlde (0.097 g, a 55%/13 dlsaersmn in paraffin
liquid) was adtedith Ihe redudting) SaitgigiHabRy,, IGUesved by stirring for 30 rr(EH Trh)arz 87-

4-fluoro-2-ni niti 64 E(F) 111511 re on solytion, followed by
stirring at GOéO%e E;%) %%@ﬂw%sqag%e{la% ?ogﬁ% F@algt solution, and the?) CFBIt éWas collected by
filtration and @AsbedRYISEHEBKING wasgmeHdbtain - *,

4-{4-chloro- 3(%% opyl-1H-pyrazolo[3,4-b]pyridin-1-y1}-2- nitrobenzonitrile (0.5 g, 85%).

4-{4-Chloro é %opyl 1Hpyrazolo[3,4-b]pyridin-1-y1}-2-nitrobenzonitrile (0.35 g) and ammonium
chloride (0.35 g) wexanth&seived in a solvent mixture of THF (3 mL), methanol (3 mL), and water (3 mL).

Iron (0.57 g) was %(iéred to the resultln utlon foI owed b s |rr|ng at 70C for 1 h . Insoluble matters
were filtered by ce 5 ed & 5 was w vith water and was

collected by f,rl)ralthfym@loptalb]pmppll@qlb@&@a)uﬂ@ @a)g 95%) as a Whlte SO|Id | 1H NMR (DMSO-dO 8:

8.57 (1H, d, J=4.88 Hz), 7.70 (1H, d, J=9.27 Hz 760(1H d, J=1.95 Hz), 7.47 (1H, d, J=4.88 Hz), 7.45
(1H, dd, J=9.27, 1%‘?4‘2‘)”%@%@@‘8&()6 36‘7‘%;‘%21 e PIRAYCtPBE (6 83 Hz), 1.43 (R 4=6.83 Hz); LRMS
(ESI) m/z 33atbEildlolEgRImino)-4-{3-methyl-4-(quinolin-3-yl) -1H-

pyrrolo[2,3-b]pyridin-1-yl}benzonitrile was prepare d using

compound (40f) instead of compound (1e) and using t rans-1,4-

cyclohexanediamine instead of trans-aminocyclohexan ol and was used

in the subsequent reaction without being purified. According to

Example 1(7), compound (61) (the second stage yield : 62%) was

prepared as a white solid using 2-(trans-4-aminocyc lohexylamino)-

4-{3-methyl-4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyri din-1-

yl}benzonitrile instead of compound (1f).

IH-NMR (DMSO-ds) & 9.06 (1H, brs), 8.55 (1H, brs), 8.40-8.36 (2H,

m), 8.13-8.11 (2H, m), 7.90 (1H, s), 7.87-7.83 (2H, m), 7.76-7.69
(2H, m), 7.41 (1H, brs), 7.25 (1H, d, J=4.4 Hz), 7. 11 (1H, brs),
7.03 (1H, d, J=7.3 Hz), 3.46-3.40 (1H, m), 2.66-2.5 5 (1H, m),
2.16-2.04 (2H, m), 1, 92 (3H, s), 1.84-1.75 (2H, m) , 1.27-1.13
(4H, m); LRMS (ESI) m/z 491 [M+H] *

[0269]
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Example 106(2)
2-Amino-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-ylibe
nzamide (106) According to Example 99(2), compound (106) (12%) was prepared as a yellow solid
using compound (106a) instead of compound (99a). 1H-NMR (DMS0-016) BH89%6 E(H 1d13Lk 88 Hz),
8.18 (1H, s), 7.97 (1H, s), 7.86 (1H, s), 7.78 (1H, brs), 7.73 (1H, s), 7.72 (1H, d, J=8.66 Hz), 7.65 (1H, d,
J=1.95 Hz), 7.50 (Exardple28.66, 1.95 Hz), 7.44 (1H, d, J=4.88 Hz), 7.11 (1H, brs), 6.94 (2H, s), 3.86
(3H, s), 3.16 (1H, gdﬁ,%gﬁ g%é?%ql;l@&c%% é)E(SyI—IIa rﬂih%f—ﬁi%g-r#eﬁy':BMS (ESI) m/z - (?usz)lwrtH]*. [0333] - 166
- THOO64 E(F) 111511 Example 107
3-Amino-4-{Bighiitepylroidf G bipgtiai- Lilperaactide§2) Himidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yllbe
nzamide (107) [0 %Aé Example ~Amino- ?4-chlor -3-isopropyl-1H-pyrazolq[3,4-b]pyridin-1-
ylloenzonitrile (10%‘61 c a’i‘é@%@&rﬁ%%%% aBﬁJatFi%tAE B‘f“c':%enﬁ%gund (107a) (50% %v%’sBé’?’e%%red as a dark
brown solid usidgddech lsiorBmdr cbeppand iita ) G @E0gY pefiluoro-2-nitrobe nacedtinl ExageMR (DMS0-016)
8:8.47 (1H, d, J=4.88 Hz), 7.50 (1H, d, J=8.05 H7), 7.44 (1H, d, J=4.88 Hz), 7.26 (1H, s), 7.08 (1H, d,
J=8.05 Hz), .“71‘&%@% ,’é‘%‘f?ﬁfﬂ@f“ﬁ%@%%%@ﬁtz"jﬂ' 41 (6H, d, J=6.83 M°TRMS (ESI) m/z 311
[M+H]*. [033irepeanupie fdO7 (%) The solvent was distilled aw ay under
3-Amino-4-{3-isoprqpyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-ylibe
ramide (105 CEARLSTAG ROCHANE S S ISINS fsopropya- (£ (ITe
methyl-1H-pyrieziplitdty hlad idolickaizio)-flitytipd, Hrastiad o[ 3,4- b]pyridin-1-yllikgnakimdyile was prepared
using compound (107a) instead of compound (99a) and was used in the subsequent reaction without
being purified(Ya‘F‘illgi&”acl ﬁ(o@&?ﬁ%?l%%ﬂ f|r-§€t‘%?(‘f3ressuret 0 obtain
methyl-1H-py@arpbdny 12 Hbioaisl gz 0Bdo)yds d Whipyrsitialo[3,4- b]pyridin-1-yllbenzonitrile was dissolved in
DMSO, and a 30% hydro en6€éeroxide solution and a 4 M aqueous sodium hydroxide solution were added
to the resultinb"MURiéPM f5fired éﬁﬁﬁrﬂ&a@@oﬁ]%rﬁd@rﬁ’f&?eqgi%@'ﬁ\iﬁ’: The reaction solution was

distributed betwee p £thyhaciatezananyastar7asdgre argamic layer was washgd vAttbggturated saline.
The organic I%a)égr(%f_'ﬁer - 167-

d, J=4.2 Hz), 7.12 (1H, brs), 7.03-7.01 ( 1H, m), 3.60-

3.53 (2H, m), 2.16-2.13 (2H, m), 1.92 (3H, s), 1.87 -1.84 (2H, m),
1.78 (3H, s), 1.38-1.21 (4H, m); LRMS (ESI) m/z 533 [M+H] *.
[0270]

Example 63

2-(Trans-4-methylsulfonamidocyclohexylamino)-4-{3- methyl-4-
(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benza mide (63)

According to Example 62, compound (63) (17%) was p repared as
a white solid using methanesulfonyl chloride instea d of acetic
anhydride and purifying the residue by NH silica ge | column

chromatography (chloroform/methanol).

IH-NMR (DMSO-ds) & 9.06 (1H, d, J=1.7 Hz), 8.55 (1H, d, J=2.2 Hz),

8.40-8.38 (2H, m), 8.13 (2H, d, J=8.8 Hz), 7.91 (1H ,S), 7.87-7.83
(2H, m), 7.75 (1H, d, J=8.8 Hz), 7.72-7.69 (1H, m), 7.40 (1H, s),
7.12 (1H, brs), 7.06-7.02 (2H, m), 3.40-3.36 (1H, m ), 3.22-3.17
(1H, m), 2.92 (3H, s), 2.15-2.12 (2H, m), 1.97-1.94 (2H, m), 1.92
(3H, s), 1.46-1.38 (2H, m), 1.32-1.23 (2H, m); LRMS (ESI) m/z 567
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THO0064 E(F) 111511 the washing was dried over anhydrous sodium sulfate, and then the solvent was
distilled away. The residue was purified by neutral silica gel column chromatography
(chloroform/methanol) to obtain compound (107) (the second stage yield: 18%) as a white solid. 1H-NMR
(DMS0-016) 8: 8.65 (1H, d, J=4.88 Hz), 8.19 (1H, s), 7.98 (1H, s), 7.91 (1HTHE9P47ELE HSLY 7.74 (1H,
s), 7.43 (1H, d, J=1.46 Hz), 7.40 (1H, d, J=3.90 Hz), 7.39 (1H, d, J=4.88 Hz), 7.31 (1H, brs), 7.19 (1H, dd,
J=8.05, 1.46[Mz2H13.87 (3H, s), 3.18 (1H, tt, J=6.83, 6.83 Hz), 1.11 (6H, d, J=6.83 Hz); LRMS (ESI) m/z
442 [M+H]*. LB%} ] Example 108 3-(Dimethylamino)-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-
y1)-1H-imida -y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (108) Compound (107a) (0.08 g) and
iodomethane (0.1l6rab)plesté dissolved in DMF, and sodium hydride (0.028 g, a 55% dispersion in
paraffin liquid) wa “ i §olut|o 14 Qﬁ%é?'l% 8' by stlrrlng at rooTn tgmperature for 1 hr.
The reaction solutie

NS HOLYCIO! ayer was washed
with saturateyl)sHHwrmh@cﬂgﬂwndmysymﬂmdee(ﬁh)ng was drled over anhydrous sodium sulfate, and

then the solvent was di t|IIe in 3-(dimet
(4-chloro-3- |sopropg)(/:lC M0 razo F(?%%?p@ n'ﬁ;ﬁ %%C(z%‘(r)%g??e which was usedh t%e subsequent
reaction W|thanmMmy@opekylamlnmaewmgtmlaﬂqmmmmﬂym) compound (1Q8)-(0.014 g, the third stage

Id: 12% du
theloro 3- |s)o\épv%li5@10ﬁ-?@}? [b%iy}% %Qg é?é%ﬁltrlle instead of corﬁﬁamd (107a). 1H-NMR

(DMS0-016) &rBpaar(a k4od, |d§té@80f'l2)nﬁdﬁuﬂf(ltb)®.ndl=tﬂsla§t- 168- THO0644md=), 211511 Hz), 8.09 (1H,

brs), 7.97 (1H (%’hexanedlamlne instead of trans-aminocyclohexan ol and was used
in the subsequent reaction without being purified. According to
Example 1(7), compound (64) (the second stage yield : 4%) was
prepared as a white solid using 2-(trans-2-aminocyc lohexylamino)-
4-{3-methyl-4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyri din-1-

yl}benzonitrile instead of compound (1f).

IH-NMR (DMSO-ds) & 9.05 (1H, d, J=2.2 Hz), 8.54 (1H, d, J=2.2 Hz),

8.46 (1H, d, J=7.8 Hz), 8.40 (1H, d, J=4.9 Hz), 8.1 2 (2H, d, J=9.3
Hz), 7.87-7.82 (3H, m), 7.75 (1H, d, J=8.5 Hz), 7.7 2-7.68 (1H, m),
7.41 (1H, d, J=1.5 Hz), 7.24 (1H, d, J=4.9 Hz), 7.1 4 (1H, brs),
7.07 (1H, dd, J=8.5, 1.7 Hz), 3.20-3.15 (1H, m), 2. 61-2.56 (1H,
m), 2.12 (1H, d, J=8.3 Hz), 1.91 (3H, s), 1.86-1.83 (1H, m), 1.66-
1.53 (2H, m), 1.36-1.21 (4H, m); LRMS (ESI) m/z 491 [M+H] *

[0272]

Example 65

2-(Furan-2-ylmethylamino)-4-{3-methyl-4-(quinolin- 3-y)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzamide (65)

According to Example 1(6), a crude product of 2-(f uran-2-
ylmethylamino)-4-{3-methyl-4-(quinolin-3-yl)-1H-pyr rolo[2,3-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (40f)
instead of compound (1e) and using furfurylamine in stead of trans-

-132 -



(1H,d, J=1.22 Hz), 7.74 (1H, s), 7.59 (1H,d, J=1.71Hz),7.46 (1H,dd, J=8.05, 1.71 Hz), 7.45 (1H, d, J=1.71
Hz),

THO064 E(F) 111511

aminocyclohexanol and was used in the subsequent re action without
being purified. According to Example 1(7), compoun d (65) (the
second stage yield: 32%) was prepared as a white so lid using 2-
(furan-2-ylmethylamino)-4-{3-methyl-4-(quinolin-3-y )-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile instead of compound (1f).
'H-NMR (DMSO-dg) 3 9.06 (1H, d, J=2.2 Hz), 8.77-8.74 (1H, m), 8.55

(1H, d, J=2.0 Hz), 8.43 (1H, d, J=4.9 Hz), 8.12 (2H , d, J=8.5 Hz),
7.90-7.83 (3H, m), 7.79 (1H, d, J=8.5 Hz), 7.72-7.6 8 (1H, m), 7.60
(1H, s), 7.43 (1H, d, J=1.7 Hz), 7.27-7.22 (3H, m), 6.41 (2H, s),
4.48 (2H, d, J=5.6 Hz), 1.91 (3H, s); LRMS (ESI) m/ Z474 [M+H] .
[0273]

Example 66

2-(3,4-Methylenedioxybenzylamino)-4-{3-methyl-4-(q uinolin-3-
yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (66)

According to Example 1(6), a crude product of 2-(3 4-
methylenedioxybenzylamino)-4-{3-methyl-4-(quinolin- 3-yl)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile was prepare d using
compound (40f) instead of compound (1€) and using 3 4-
methylenedioxybenzylamine instead of trans-aminocyc lohexanol and
was used in the subsequent reaction without being p urified.
According to Example 1(7), compound (66) (the secon d stage vyield:

38%) was prepared as a white solid using 2-(3,4-

methylenedioxybenzylamino)-4-{3-methyl-4-(quinolin- 3-yl)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile instead of compound (1f).
'H-NMR (DMSO-dg) 3 9.05 (1H, d, J=1.7 Hz), 8.81-8.78 (1H, m), 8.54

(1H, s), 8.39 (1H, d, J=4.6 Hz), 8.12 (2H, d, J=8.1 Hz), 7.90-7.77
(4H, m), 7.72-7.68 (1H, m), 7.35 (1H, s), 7.25-7.13 (3H, m), 6.97
(1H, s), 6.90-6.86 (2H, m), 5.97 (2H, s), 4.38 (2H, d, J=5.4 Hz),
1.89 (3H, s); LRMS (ESI) m/z 528 [M+H] i

[0274]
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7.35 (1H, d, J=4.88Hz),7.31(1H,d, J=8.05 Hz), 3.87 (3H, s), 3.21 (1H, tt, J=6.83, 6.83 Hz), 2.41 (6H, s),
1.10 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 470 [M+H]*. [0337] Example 109
2-(Ethylamino)-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-
y1)-1H-imidazol-1-y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (109)  C3AYHEE @8I (1.00 g),
copper iodide (0.248 g), cesium carbonate (2.12 g), and 4-bromo-2-(ethylamino)benzonitrile (0.932 g)
were suspended ifedampm&ane (10 mL), and N,N.- dimethylethylenediamine (0.560 mL) was added to the
suspension, follow: ween
chloroform and water: Clayer-was washeo T8 . de-solution and
dried over maiyiespymojfBd]@mdithenibengaiviert(@/@s distilled away. The residue was purified by
neutral silica gel clumn chromatogr chl /methanol) to obtain 2-(ethylamino)-4-
{3-isopropyl-4-(4-( [?rr?gEﬁymirﬁégg/or%/zgcﬁﬁgéfﬂgf@%%zoI-1-y1)-1Hpyrazolo[3,4-b]pyridin-l-yIIbenzonitriIe
(1.13 g, 77%lriaglvembitielsndac2efteddidalndia @)Y B8opmpyl-4-(4-(1-methyl45-pyrazol-4-

y1)-1H-imid .l%- -y1)-1H- razogd ,_4rrt|)_l]& ridin-1-yllb itrile (0.700 g) was dissqlved in DMSO (10
mL), and a gé cﬁﬁ/x roér%rﬁ(% rr"c§]>(<)| cgeJ’:éso u |0PM>@.§ mLyand a 4 N aqueousg%’oacﬁéﬁrﬁ’ ydroxide solution
(1.16 mL) wetisagcideddthyteenins (itintssolytiae fadidederd dgstirring at room lgimpefature for 10 min. Water

was added to the reaction solution, and the precipitate was.collected by - 169- TH0064 E(F) 111511
filtration and WAS SHQ% @ﬁ%@ﬁggﬁéﬁe%‘égmi‘g{% rBBF%u‘hd’)@mpound (209) (I .%éléd&),x@ﬁ%) as a white solid.
1H-NMR(DMg@1d0B) ol s dedisiBunder nitrogen flow at120 °Cfor6

hr. The reaction solution was distributed between

and water, and the organic layer was washed with sa

ethyl acetate

turated saline.

The organic layer after the washing was dried over anhydrous
sodium sulfate, and the solvent was distilled away. The residue
was purified by neutral silica gel column chromatog raphy (n-
hexane/ethyl acetate) to obtain a crude product of 2-(trans-4-
hydroxycyclohexylthio)-4-{3-methyl-4-(quinolin-3-yl )-1H-

pyrrolo[2,3-b]pyridin-1-yl}benzonitrile. Subsequen

tly, an aqueous

sodium hydroxide solution (4 M, 0.851 mL) and a 30% hydrogen
peroxide solution (0.193 mL) were added to a soluti on of this 2-
(trans-4-hydroxycyclohexylthio)-4-{3-methyl-4-(quin olin-3-yl)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile in DMSO (0. 4 mL) and
ethanol (1.6 mL) at room temperature, followed by s tirring for 30
min. Water was added to the reaction solution, and the
precipitate was collected by filtration, washed by sprinkling

water and ether, and then dried under reduced press
compound (67) (0.023 g, the second stage yield: 13%

solid.

ure to obtain

) as a white

IH-NMR (DMSO-ds) & 9.07 (1H, d, J=2.2 Hz), 8.56 (1H, d, J=2.0 Hz),

8.41 (1H, d, J=2.0 Hz), 8.13 (2H, d, J=8.5 Hz), 7.9

7.87-7.80 (3H, m), 7.73-7.66 (2H, m), 7.59 (1H, d,
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8.35(1H, t,J=5.24 Hz), 8.19 (1H,d,J=1.46 Hz),7.98(1H, s), 7.87(1H, d,J=1.46 Hz), 7.80 (1H,d,J=8.78

Hz),7.74(1H, s), 7.70(1H, d,J=1.95 Hz), 7.48

THO064 E(F) 111511

(1H, brs), 7.30 (1H, d, J=4.9 Hz), 459 (1H, d, J=4 4 Hz), 3.46-
3.42 (1H, m), 2.14-2.11 (2H, m), 1.93-1.88 (5H, m), 1.40-1.26 (4H,
m); LRMS (ESI) m/z 509 [M~+H] \,

[0275]

Example 68

2-(4-Hydroxyphenylthio)-4-{3-methyl-4-(quinolin-3- yl)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzamide (68)

According to Example 67, compound (68) (the second stage
yield: 30%) was prepared as a white solid using 4-m ercaptophenol
instead of trans-4-mercaptocyclohexanol.

'H-NMR (DMSO-ds) & 9.00 (1H, d, J=2.2 Hz), 8.50 (1H, d, J=1.7 Hz),

8.22 (1H, d, J=4.9 Hz), 8.11-8.06 (2H, m), 7.93 (1H , brs), 7.85-
7.81 (1H, m), 7.70-7.63 (4H, m), 7.51 (1H, dd, J=8. 3, 1.7 Hz),
7.45 (1H, brs), 7.35 (2H, d, J=8.3 Hz), 7.19 (1H, d , J=4.6 Hz),
6.84 (2H, d, J=8.3 Hz), 1.83 (3H, s); LRMS (ESI) m/ z503 [M+H] ™.
[0276]

Example 69

2-Bromo-4-{3-methyl-4-(quinolin-3-yl)-1H-pyrrolo[2 ,3-
b]pyridin-1-yl}benzamide (69)

According to Example 1(7), compound (69) (66%) was prepared
as a white solid using compound (40f).
'H-NMR (DMSO-ds) & 9.06 (1H, brs), 8.56 (1H, brs), 8.45 (1H, d,
J=4.9 Hz), 8.37 (1H, s), 8.12 (2H, d, J=8.5 Hz), 8. 04 (1H, d,
J=7.8 Hz), 7.97-7.93 (2H, m), 7.87-7.83 (1H, m), 7. 72-7.69 (1H,
m), 7.60-7.58 (2H, m), 7.30 (1H, d, J=4.9 Hz), 1.91 (3H, s); LRMS
(ESI) m/z 458 [M+H] i
[0277]

Example 70

2-(2-Aminocyclohexylamino)-4-{3-ethyl-4-(quinolin- 3-y)-1H-

pyrrolo[2,3-b]pyridin-1-yl}benzamide (70)
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(1H,dd,J=8.78, 1.95Hz),7.45 (1H, d,J=4.88 Hz),7.19 (1H, brs), 3.88(3H,s), 3.26-3.18(3H, m), 1.28(3H,
t,J=7.07 Hz), 1.14 (6H,d,J=6.83Hz); LRMS(ESI) m/z470[M+H]*.

THO064 E(F) 111511

[0278]

According to Example 1(6), a crude product of 2-(2 -
aminocyclohexylamino)-4-{3-ethyl-4-(quinolin-3-yl)- 1H-pyrrolo[2,3-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (41h)
instead of compound (1e) and using cyclohexane-1,2- diamine instead
of trans-aminocyclohexanol and was used in the subs equent reaction
without being purified. According to Example 1(7), compound (70)
(the second stage yield: 57%) was prepared as a whi te solid using
2-(2-aminocyclohexylamino)-4-{3-ethyl-4-(quinolin-3 -yl)-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile instead of compound (1f).
'H-NMR (DMSO-ds) & 9.04 (1H, d, J=2.2 Hz), 8.54 (1H, s), 8.47 (1H,
d, J=8.1 Hz), 8.39 (1H, d, J=4.6 Hz), 8.14-8.09 (2H ,m), 7.87-7.67
(4H, m), 7.45 (1H, s), 7.23 (1H, d, J=4.9 Hz), 7.03 (1H, d, J=8.4
Hz), 2.32 (1H, q, J=7.6 Hz), 2.14-2.10 (1H, m), 1.8 5-1.82 (1H, m),
1.63-1.56 (4H, m), 1.29-1.09 (4H, m), 0.88 (3H, t, J=7.6 Hz); LRMS
(ESI) m/z 505 [M+H] .
[0279]

Example 71

4-{3-Ethyl-4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyri din-1-yl}-

2-(1-methylpiperidin-4-ylamino)benzamide (71)

According to Example 1(6), a crude product of 4-{3 -ethyl-4-
(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}-2-(1 -
methylpiperidin-4-ylamino)benzonitrile was prepared using compound

(41h) instead of compound (1€) and using 4-amino-1-

methylpiperidine instead of trans-aminocyclohexanol and was used
in the subsequent reaction without being purified. According to
Example 1(7), compound (71) (the second stage yield : 62%) was
prepared as a white solid using 4-{3-ethyl-4-(quino lin-3-yl)-1H-

pyrrolo[2,3-b]pyridin-1-yl}-2-(1-methylpiperidin-4-

ylamino)benzonitrile instead of compound (1f).
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[0338] Example 110 4-{3-1sopropyl-4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-imidazol-1-
y1)-1H-pyrazolo[3,4-b]pyridin-1-y11-2-(methylamino)benzamide (110) According to Example 109,
compound (110) (the second stage yield: 30%) was prepared as a white solid using 4-bromo-2-
(methylamino)benzonitrile instead of 4-bromo-2- (ethylamino)benzonitrile. THIPMEDMERY 6) 8: 8.77
(1H, d, J=4.88 Hz), 8.30 (1H, g, J=4.88 Hz), 8.18 (1H, s), 7.97 (1H, s), 7.86 (1H, s), 7.79 (1H, d, J=8.54
Hz), 7.73 (IHHsSNMES B0 dls) =3 9 0612}, dAS=QLAHdY 8158 (34, d, 2+ Hx)H7,43 (1H, d, J=4.88 Hz), 3.86

55 Wi+ DSBS TET 2 oA LB TIT metyi L pyroT Ay ) Hemdarol 1.

y1)-1H-pyraz@le[34dsihridim-1-94 (124 (idoprdy ldmintdbdiiztamide (111)

Addot#ihg,to Example 109,

compound (111) (t e yield: 36%) was pr ed as a white soli ing 4-bromo-2- THO064
E(F) 111511 éﬁ%%%%cfg%%) iﬁ?j’w%fﬁg%gﬁeéﬁoﬁé '%amino)benzonitrilc% % '824 mf’

1H-NMR(DMES G- (818, 8)7 2(151 2002218 8rd):. ik &ir-23 k24,8139 (1H, d,J=7.07 0.83 (3H, t,
H2).8.19(1H, & A HAM SR LN iz 505 (viH) g
[0280]

Example 72

2-(Trans-4-aminocyclohexylamino)-4-{3-ethyl-4-(qui nolin-3-
yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzamide (72)

According to Example 1(6), a crude product of 2-(t rans-4-
aminocyclohexylamino)-4-{3-ethyl-4-(quinolin-3-yl)- 1H-pyrrolo[2,3-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (41h)
instead of compound (1e) and using trans-cyclohexan e-1,4-diamine
instead of trans-aminocyclohexanol and was used in the subsequent
reaction without being purified. According to Exam ple 1(7), a
compound (the second stage yield: 57%) was prepared as a white
solid using 2-(trans-4-aminocyclohexylamino)-4-{3-e thyl-4-
(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}benzo nitrile instead
of compound (1f).
'H-NMR (DMSO-dg) & 9.06 (1H, d, J=2.2 Hz), 8.56 (1H, d, J=1.6 Hz),
8.42-8.38 (2H, m), 8.16-8.11 (2H, m), 7.89-7.84 (2H ,m), 7.78-7.69
(2H, m), 7.59-7.47 (4H, m), 7.25 (1H, d, J=4.9 Hz), 7.02 (1H, d,
J=8.4 Hz), 2.34 (1H, q, J=7.3 Hz), 2.15-2.07 (2H, m ), 1.87-1.79
(2H, m), 1.26-1.16 (4H, m), 0.83 (3H, t, J=7.3 Hz); LRMS (ESI) m/z
505 [M+H] .
[0281]

Example 73

4-{3-Ethyl-4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyri din-1-yl}-

2-(2-morpholinoethylamino)benzamide (73)
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s),7.87 (1H, d,J=1.22 Hz),7.79(1H,d,J=8.54Hz),7.75(1H, d,J=1.95 Hz), 7.74(1H,
s),7.44(1H,d,J=4.88Hz),7.42(1H,dd,J=8.54, 1.95 Hz),3.88 (3H,s),3.69(1H,dtt,J=7.07,6.34, 6.34Hz), 3.19
(1H,tt, J=6.83,6.83Hz),1.26(6H,d,J=6.34 Hz),1.14 (6H, d,J=6.83

THO0064 E(F) 111511
According to Example 1(6), a crude product of 4-{3 -ethyl-4-
(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}-2-(2 -
morpholinoethylamino)benzonitrile was prepared usin g compound

(41h) instead of compound (1e) and using N-(2-

aminoethyl)morpholine instead of trans-aminocyclohe xanol and was
used in the subsequent reaction without being purif ied. According
to Example 1(7), compound (73) (the second stage i eld: 58%) was
prepared as a white solid using 4-{3-ethyl-4-(quino lin-3-yl)-1H-

pyrrolo[2,3-b]pyridin-1-yl}-2-(2-morpholinoethylami no)benzonitrile

instead of compound (1f).

IH-NMR (DMSO-ds) & 9.06 (1H, d, J=2.2 Hz), 8.56 (1H, d, J=1.9 Hz),

8.52 (1H, t, J=4.9 Hz), 8.42 (1H, d, J=4.9 Hz), 8.1 6-8.11 (2H, m),
7.89-7.83 (2H, m), 7.78-7.69 (2H, m), 7.32 (1H, d, J=1.9 Hz), 7.25
(1H, d, J=4.9 Hz), 7.15 (1H, dd, J=2.2, 6.5 Hz), 3. 62-3.59 (4H,
m), 2.64-2.60 (2H, m), 2.33 (2H, g, J=7.3 Hz), 0.84 (3H,t,J=7.3
Hz); LRMS (ESI) m/z 521 [M+H] .

[0282]

Example 74

4-{3-Ethyl-4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyri din-1-yl}-
2-(4-hydroxybutylamino)benzamide (74)

According to Example 1(6), a crude product of 4-{3 -ethyl-4-
(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}-2-(4 -
hydroxybutylamino)benzonitrile was prepared using ¢ ompound (41h)
instead of compound (1e) and using 4-amino-1-butano | instead of
trans-aminocyclohexanol and was used in the subsequ ent reaction
without being purified. According to Example 1(7), compound (74)
(the second stage yield: 38%) was prepared as a whi te solid using
4-{3-ethyl-4-(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyrid in-1-yl}-2-(4-
hydroxybutylamino)benzonitrile instead of compound (af).

'H-NMR (DMSO-ds) 3 9.06 (1H, s), 8.56 (1H, ), 8.45-8.42 (2H, m),
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Hz);LRMS(ESI)m/z484[M+H]*.  [0340] Example 112
2-(Tert-butylamino)-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol4-y1)-1H-imidazol-1-y1)-1H-pyrazolo[3,4-b]p
yridin-1-yllbenzamide (112) According to Example 109, compound (112) (the second stage yield:
62%) was prepared using 4-bromo-2-(tertbutylamino)benzonitrile Instead off B4&hsE2-111511
(ethylamino)benzonitrile. 1H-NMR (DMSO0-016) 8: 8.77 (1H, d, J=4.88 Hz), 8.64 (1H, s), 8.19 (1H, s), 8.11
(1H, d, J=1.73.3828, 18 9B 1R), 837 B6X((@H, 8)), 7.38-(132, (@HI=8.54 Hz), 7.74, (bH /1 (144 (1H, d, J=4.88
Hz), 7.43 (1H z8.64, 1.71.Hz), S). H, tt, J=6.83, 6.83 : H, s), 1.14 (6H, d,
J=6.83 Hz); E?adl\ﬁég(@%ém 244135%%3%’%%;%1%‘35(%&2( le 113 H%'E'ﬂé@’
2-(2,2-DifluorogtByasdRib[24{ 83)s8 @D (BHAq (I L 3rtdéth -8 pyrazol-4-yl)- 1H-tbéa@6l- hyl)- 1H-pyrazolo[ 3,
4-b]pyridin-1- nzamide (113) JH F According ta@ Example 109, compound (113)
(the second gt%?@ )'/_lfé?trig ggg%%‘%ﬁ%%'wrggg%gég é}gv?/li@@glalid using 4-bromo-2-(2,2-
difluoroethyld02sgj)benzonitrile instead of 4-bromo-2- (ethylamino)benzonitrile. 1H-NMR (DMSO0-016) 8:
8.78 (1H, d, J:5.1% Hzrﬁ 8. ? (1H, d, J=1.22 Hz), 7.97 (1H, s), 7.96 (1H, d, J=1.71 Hz), 7.86 (1H, d,
J=1.22 Hz), 7.77 ( P %‘e =8.54, 1.71 Hz), 7.73 (1H, d, J=0.73 Hz), 7.71 (1H, d, J=8.54 Hz), 7.47 (1H, d,
J=5.12 Hz), 6.64 (AKB-EtB7e4A8itm)ine3AR) (i pitrdeR536adpydi74 Hz), 3.86 (3H, s)diB-T84B8.68 (2H, m), 3.19

(LH, tt, J=6.83, 6,83 Hz). 112 (9H, d ]=6.83 H2) L RMS (ESI) m/z 506 [M+H[*. [0342]

-ethyl-4-

According to Example 1(6), a crude product of 4-{3
(quinolin-3-yl)-1H-pyrrolo[2,3-b]pyridin-1-yl}-2-{2 -

(ethylamino)ethylamino}benzonitrile was prepared us
(41h) instead of compound (1e) and using N-ethyleth
instead of trans-aminocyclohexanol and was used in

reaction without being purified. According to Exam

ing compound
ylenediamine
the subsequent

ple 1(7),

compound (75) (the second stage yield: 19%) was pre pared as a
white solid using 4-{3-ethyl-4-(quinolin-3-yl)-1H-p yrrolo[2,3-
b]pyridin-1-yl}-2-{2-(ethylamino)ethylamino}benzoni trile instead
of compound (1f).
'H-NMR (DMSO-dg) 3 9.04 (1H, d, J=2.2 Hz), 8.53 (1H, d, J=1.9 Hz),
8.46-8.39 (2H, m), 8.14-8.09 (2H, m), 7.87-7.67 (4H , m), 7.30 (1H,
d, J=2.2 Hz), 7.22 (1H, d, J=4.9 Hz), 7.11 (1H, dd, J=1.9, 6.8
Hz), 2.79 (2H, t, J=6.1 Hz), 7.59 (2H, g, J=7.0 Hz) , 2.31 (2H, q,
J=7.3 Hz), 1.02 (3H, t, J=7.0 Hz), 0.81 (3H, t, J=7 .3 Hz); LRMS
(ESI) m/z 479 [M+H] .
[0284]

Example 76

4-{3-Isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b Jpyridin-1-
yl}-2-(piperidin-4-ylamino)-benzamide (76)

According to Example 1(6), tert-butyl 4-{2-cyano-5 -(3-
isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyrid in-1-
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Example 114 4-{3-1sopropyl-4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-imidazol-1-
y1)-1H-pyrazolo[3,4-b]pyridin-1-y11-2-(2,2,2- trifluoroethylamino)benzamide (114) According to
Example 109, compound (114) (the second stage yield: 1%) was prepared using 4-bromo-2-(2,2,2-
trifluoroethyl)benzonitrile instead of 4-bromo-2- (ethylamino)benzonitrile. 1HMN® Em$bLBYE) 8: 8.90
(1H, t, J=6.59 Hz), 8.78 (1H, d, J=4.88 Hz), 8.19 (1H, s), 7.99 (1H, s), 7.88 (2H, s), 7.87 (1H, d, J=9.27
Hz), 7.74 (1H))shenganfibielpdutridire:-2 fGatbesyiat) vad erehidred, J=4.88 Hz), 4126914 (2H, m), 3.88 (3H, s),
3.21 (1H, tt, J=7.07. 7 7)., 1.14 (6H. d. J=7.07 Hz): LRMS (ESI) m/z 524, [M+H]*. [0343] Example 115
+ -isopropy o el Bpeed SR A ehlle. g
y1)-1H-pyrazaio{®@ipehmmetiraboxdy/la@-{asigad alidins14- yl)ethylamino}benzamide (115) TH0064 E(F)
111511 A cgrrc()jxini%g% Eexa Ii% 1gr?d \(,:vomﬁ)ge%d 1&?&6%@‘9 séecond stage X-erldaic?loo/?k was prepared using
5-bromo-2-{ -Ypyrrgl m-rl-xy e yqamlno?genzonri]trl & fstead of 4-bromo-2- te?hy amino)benzonitrile.
1H-NMR (DM&@De016iBg PLiifigd Hyodortid 88 EaMBEOLH, t, J=4.88 Hz), 8ta@lityl, &), 7.98 (1H, s), 7.87
(QH, s), 7.78 (1H, d, J=8.54 Hz), 7.74 S), 1. 22 d, J=1.71 Hz), 7.50 (1H, dd, J=8.54, 1.71 Hz),
7.45 (1H, d, @&%ﬁ%&@:@%ﬂ?&%‘%ﬁ%{b‘ﬂ?éﬁ'ﬁ@ﬁ, 6.34 Hz), 3.19 (i%‘iﬂ?, 46.83, 6.83 Hz), 2.72
(2H, t, J=6.34]pi)diR-De4hbch(#krhino}pibstlihe/O-(dtdoxplatd. 14 (6H, d, J=6.88hdmetdrRVS (ESI) m/z 539
[M+H]*. [0344] Exam 16 5-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-imigazol-1-
yl)-lH-pyraz%g?&%ﬂgﬁ&%& NS rﬁ%%ﬁﬁqaﬁ%téﬁ%wmi&ccording to Exa%zﬁg%g',&bmpound (116)
(the second stagepyeid(qlinglivasyreparpdatoBwhileysdlid using 5-bromopisalinenitrile instead of
4-bromo-2-(etr1 lamino bgpzonitrile. H-NM DMSO-%lﬁ) 8:9.60 (1H, d, J=2.44 H%? .84 (1H, dd,
3=8.78, 2.44 PR IR Pipesined- LR ISteqd g 78 Hz), 8.20 (1ISOTPILIHI2) "8 13 (1H,
brs), 7.98 (1H, s), TeB8o(ityll Ad2-Lathamhbizh-Bbptdpysi-(G@Ro(1H, brs), 7.52 (1Hinck-yi54.88 Hz), 3.87 (3H,

s), 3.23 (1H, tt, J=6.83, 6.83 Hz), 1.15 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 428 [M+H]*. [0345] Example
117 5-{3-%58}‘6%7391'9{%@%5}‘:2{8m'ﬁf%%yyé%l[‘&’%95@%1—'!-imidazol-l- ne-1-
y1)-1H-pyrazedaidxgtatoyiria-d)y wht-Gisxsvayl pieeinasaicte (117) Accordiggdig, Example 109,

compound (117) (the second stagen¥ield: 5%) was prePared as a yellow solid using 5-bromo-6-
followed by stirring at roo

temperature for'1 hr. The reaction
solution was distributed between chloroform and sat urated sodium
bicarbonate water. The organic layer was washed wi th saturated
saline and then dried over anhydrous sodium sulfate . After
distillation of the solvent, the residue was purifi ed by neutral
silica gel column chromatography (chloroform/methan ol) to obtain

compound (76) (0.600 g, 99%) as a white solid.
'H-NMR (DMSO-ds) &: 9.13 (1H, d, J=1.95 Hz), 8.74 (1H, d, J=4.88

Hz), 8.68 (1H, d, J=1.95 Hz), 8.50 (1H, d, J=7.32 H z), 8.16 (1H,
d, J=8.54 Hz), 8.13 (1H, d, J=8.54 Hz), 7.89 (1H, t d, J=7.44,1.22
Hz), 7.89 (1H, d, J=1.22 Hz), 7.79 (1H, d, J=8.78 H z), 7.73 (1H,
t, J=7.44 Hz), 7.46 (1H, dd, J=8.78, 1.95 Hz), 7.41 (1H, d, J=4.88
Hz), 7.15 (1H, s), 3.49-3.41 (1H, m), 2.99-2.92 (3H ,m), 2.61 (2H,
t, J=10.37 Hz), 2.01 (2H, d, J=10.37 Hz), 1.32 (2H, g, J=10.37
Hz), 1.04 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 506 [M +H] .
[0285]

Example 77
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-173 - THOO64 E(F) 111511

THO064 E(F) 111511

[0286]

2-(Acetylpiperidin-4-ylamino)-4-{3-isopropyl-4-(qu inolin-3-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-benzamide (77)

Example 77(1)

4-{3-Isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b ]pyridin-1-
yl}-2-(piperidin-4-ylamino)benzonitrile (77a)

Tert-butyl 4-{2-cyano-5-(3-isopropyl-4-(quinolin-3 -yl)-1H-

pyrazolo[3,4-b]pyridin-1-yl)phenylamino}piperidine-
obtained in Example 76 was dissolved in trifluoroac
followed by stirring at room temperature for 1 hr.
solution was distributed between chloroform and sat
bicarbonate water, and the organic layer was washed
saline and then dried over anhydrous sodium sulfate

distillation of the solvent, the residue was purifi

1-carboxylate
etic acid,

The reaction
urated sodium
with saturated
. After

ed by neutral

silica gel column chromatography (chloroform/methan ol) to obtain
compound (77a) (the second stage yield: 56%) as a w hite solid.
[0287]

Example 77(2)

2-(Acetylpiperidin-4-ylamino)-4-{3-isopropyl-4-(qu inolin-3-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-benzamide (77)

Compound (77a) (0.050 g) and triethylamine (0.017 mL) were
dissolved in chloroform (1.0 mL), and acetyl chlori de (0.017 mL)

was added to the resulting mixture, followed by sti
temperature for 15 hr. The reaction solution was d
between chloroform and water. The organic layer wa
saturated saline and then dried over anhydrous sodi
The solvent was distilled away to obtain 2-(acetylp
ylamino)-4-{3-isopropyl-4-(quinolin-3-yl)-1H-pyrazo
b]pyridin-1-yl}benzonitrile, which was used in the

reaction without being purified. According to Exam
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compound (77) (the second stage yield: 68%) was pre
white solid using 2-(acetylpiperidin-4-ylamino)-4-{
(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benz

instead of compound (1f).

THO064 E(F) 111511

pared as a
3-isopropyl-4-

onitrile

IH-NMR (DMSO-ds) & 9.14 (1H, d, J=1.95 Hz), 8.77 (1H, d, J=4.88

Hz), 8.69 (1H, d, J=1.95 Hz), 8.60 (1H, d, J=7.32 H
d, J=8.54 Hz), 8.14 (1H, d, J=8.54 Hz), 7.94 (1H, d
7.90 (1H, td, J=7.44, 1.22 Hz), 7.83 (1H, d, J=8.78
t, J=7.44 Hz), 7.47 (1H, dd, J=8.78, 1.95 Hz), 7.42
Hz), 7.15 (1H, s), 4.14 (1H, d, J=13.66 Hz), 3.79 (
Hz), 3.65-3.58 (1H, m), 3.02-2.95 (2H, m), 2.20-2.0
(3H, s), 1.48 (1H, d, J=10.00 Hz), 1.34 (1H, d, J=1
(6H, d, J=6.83 Hz); LRMS (ESI) m/z 548 [M+H]
[0288]
Example 78
2-{1-(2,6-Dihydroxypyrimidine-4-carbonyl)piperidin

2), 8.16 (1H,
, J=1.22 Hz),
Hz), 7.74 (1H,
(1H, d, J=4.88
1H, d, J=13.66
5 (2H, m), 2.03
0.00 Hz), 1.06

ylamino}-4-{3-isopropyl-4-(quinolin-3-yl)-1H-pyrazo

lo[3,4-

b]pyridin-1-yl}benzamide (78)
Isoorotic acid (0.021 g), 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride (0.0
hydroxybenzotriazole monohydrate (0.016 g) were add
solution of compound (77a) (0.050 g) in DMF (1.0 mL
stirring under argon flow at room temperature for 1
reaction solution was distributed between ethyl ace
and the organic layer was washed with saturated sal
organic layer after the washing was dried over anhy
sulfate, and the solvent was distilled away to obta
dihydroxypyrimidine-4-carbonyl)piperidin-4-ylamino}
isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyrid

yl}benzonitrile, which was used in the subsequent r
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methylpicolinenitrile instead of 4-bromo-2- (ethylamino)benzonitrile. J=6.83, 6.83 Hz), 2.46 (3H, s), 1.12
(6H, d, J=6.83 Hz); LRMS (ESI) m/z 442 [M+H]*. [0346] Example 118
5-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-imidazol-1-
y1)-1H-pyrazolo[3,4-b]pyridin-1-y11-4-methylpicolinamide (118)  AccordiftPR$EREpldSldo,
compound (118) (the second stage yield: 2%) was prepared using 5-bromo-4-methylpicolinenitrile instead
of 4-bromo- megmﬁﬁﬁm)bmdMHeEdaMWHzpmerGH S), 3.26 (1Hi (TBY®BR@S,%.83 Hz), 2.33
(3H, s), 1. 13 6H S 2 +H]*. [0347] Exam

5-{3- Isopropy %5 &C ?ﬁag@ﬁ pyra &f)o é ﬁﬁ%ﬁ avﬁlgl_{ Q Ildlusmg

y1)-1H- pyraﬁﬂm&@-@bydwyvmhﬁewembsbpm@mmmﬂe (119)  AccordihgamiBsisple 109,
compound ( 9 the SEY nd s %).wa ared using 5-bromo-3-methylpicolinenitrile instead
of 4-bromo-2{etRyIShY |no %‘H‘z’f’%ﬁéjﬁ? ﬁgﬁ\é% %%5@%16) 8: 9.40 (1H, d% 20 Hz), 8.84 (1H, d,
J=4.88 Hz), &J}Hénﬁibhndle]nm leizgoByduatH1fl, J=0.73 Hz), 8.03 (1H,

'H-NMR (DMSO-ds) & 9.13 (1H, d, J=1.95 Hz), 8.76 (1H, d, J=4.88

Hz), 8.68 (1H, d, J=1.95 Hz), 8.59 (1H, d, J=7.32 H z), 8.17 (1H,
d, J=8.54 Hz), 8.14 (1H, d, J=8.54 Hz), 7.94 (1H, d , J=1.22 Hz),
7.90 (1H, td, J=7.44, 1.22 Hz), 7.83 (1H, d, J=8.78 Hz), 7.74 (1H,

t, J=7.44 Hz), 7.63 (2H, s), 7.47 (1H, dd, J=8.78, 1.95 Hz), 7.42
(1H, d, J=4.88 Hz), 7.15 (1H, s), 4.15 (1H, d, J=13 66 Hz), 3.74-
3.68 (2H, m), 3.06 (1H, t, J=13.66 Hz), 2.96 (1H, t t, J=6.83, 6.83

Hz), 2.12-2.05 (2H, m), 1.45 (1H, d, J=10.00 Hz), 1 34 (1H, d,

J=10.00 Hz), 1.06 (6H, d, J=6.83 Hz); LRMS (ESI) m/

2644 [M+H] *.

[0289]

Example 79

2-{1-(2-Aminoacetyl)piperidin-4-ylamino}-4-{3-isop ropyl-4-
(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benz amide (79)

N-(Tert-butoxycarbonyl)glycine (0.021 g), 1-ethyl- 3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (0.0 29 g), and 1-
hydroxybenzotriazole monohydrate (0.016 g) were add edtoa
solution of compound (77a) (0.050 g) in DMF (1.0 mL ), followed by
stirring under argon flow at room temperature for 1 5hr. The

reaction solution was distributed between ethyl ace
and the organic layer was washed with saturated sal

organic layer after the washing was dried over anhy

tate and water,
ine. The

drous sodium

sulfate, and then the solvent was distilled away to obtain tert-
butyl 2-{4-(2-cyano-5-(3-isopropyl-4-(quinolin-3-yl )-1H-
pyrazolo[3,4-b]pyridin-1-yl)phenylamino)piperidin-1 -yl}-2-
oxaethylcarbamate, which was used in the subsequent reaction
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brs), 7.99 (1H, s), 7.89 (1H, d, J=0.73 Hz), 7.75 (1H, s), 7.53 -174- TH0064 E(F) 111511 (1H, brs), 7.52
(1H, d, J=4.88 Hz), 3.88 (3H, s), 3.23 (1H, tt, J=6.83, 6.83 Hz), 2.69 (3H, s), 1.16 (6H, d, J=6.83 Hz);
LRMS (ESI) m/z 442 [M+H]*. [0348] Example 120
4-{3-Isc()pror)JyI-4-(4-(1[-meth]yI-[1H-p}JrazoI-4F-)y1)-1H-imidazol-l- THOO064 E(F) 111511
y1)-1H-pyrazolo[3,4-b]pyridin-1-y11-3-(isopropylamino)benzamide (120) [0349] Example 120(1)
4-{4-Chloro- 3vitopitdeyigLpiniacizato{Bohd IpyEidindeyl(FB- (isopropylaminogyebutyhZrile (120a)
Compound (1972) (Q.100 g) and sadium triacetoxyborohydride (0.130 g) were su led in
dichlorometht?n@z:é%?n%fﬁgsn {ﬁﬂﬂ@%’éée@g'%ﬂy ?Oyg mL) and acetone (O.(‘J)gbgz rr?sl_%@viejre added to the
resulting susphaysibin by Qiiheiotlamwiead) pypatittinatyd: D0xEatt20 min. Saturated @oslibmmbieavb®nate water was
added to the rreeacezltrigél L]S‘Orllumﬁ-’b%?g%ﬁ d&r agri]% (I]g graas washed with satura QE saline. The organic layer
after the was’l%in% Was dridd Over an ous sodi SLﬁ){ate, and the solventias distilled away. Methanol
and water wéorinolae8Hyh- iive pyraihie 3 AHogixddjprécipitate was collected by filtration and dried under
reduced pressure to.obtain compo (220a) (0.10 93%) as a brown salid. 1H-NMR (DMS0-016) 8:
551 (11, o LB A ] I8 CEPEY PRGTER o, 32612 He). TSFTAR 9. 713 (11
J=8.05 Hz), sothpduhdd1{jandeddz)sedl 03 AatfRddueny, réatd (6H, d, J=6.8DhRw)jitHbdt3 (6H, d, J=6.34 Hz);
LRMS (ESI) m/z 354 [M+H]*. [0350 le 120(2) -, 175- THO064 E(F) 111511
4-{3-Isopropﬁﬁ?&'ﬂﬁ'&%ﬁ%@%éf@gﬁ%ﬁﬁﬂ ridrazol-1- ISOpropyl-4-
y1)-1H-pyraz@afd-lpyritinptrable3;d4spyagiiamino)benzamide (120)

yl)phenylamino)piperidin-1-yl}-2-oxaethylcarbamate was dissolved
in trifluoroacetic acid, followed by stirring at ro om temperature
for 1 hr. The reaction solution was distributed be tween
chloroform and saturated sodium bicarbonate water. The organic
layer was washed with saturated saline and then dri ed over
anhydrous sodium sulfate. After distillation of th e solvent, the
residue was purified by neutral silica gel column ¢ hromatography
(chloroform/methanol) to obtain compound (79) (0.03 5 g, the third

stage yield: 55%) as a white solid.

'H-NMR (DMSO-ds) & 9.14 (1H, d, J=1.95 Hz), 8.77 (1H, d, J=4.88

Hz), 8.69 (1H, d, J=1.95 Hz), 8.59 (1H, d, J=7.32 H 7), 8.17 (1H,
d, J=8.54 Hz), 8.14 (1H, d, J=8.54 Hz), 7.94 (1H, d , J=1.22 Hz),
7.90 (1H, td, J=7.44, 1.22 Hz), 7.83 (1H, d, J=8.78 Hz), 7.74 (1H,
t, J=7.44 Hz), 7.47 (1H, dd, J=8.78, 1.95 Hz), 7.42 (1H, d, J=4.88
Hz), 7.15 (1H, s), 4.15 (1H, d, J=13.66 Hz), 3.74-3 .68 (2H, m),
3.31 (2H, s), 3.06 (1H, t, J=13.66 Hz), 2.96 (1H, t t, J=6.83, 6.83
Hz), 2.12-2.05 (2H, m), 1.45 (1H, d, J=10.00 Hz), 1 34 (1H, d,
J=10.00 Hz), 1.06 (6H, d, J=6.83 Hz); LRMS (ESI) m/ z563 [M+H] .
[0290]

Example 80

-144 -



According to Example 107(2), compound (120) (the second stage yield: 47%) was prepared as a white
solid using compound (120a) Instead of compound (107a). 1H-NMR (DMS0-016) 8: 8.68 (1H, d, J=4.88
Hz), 8.19 (1H, s), 8.01 (1H, s), 7.98 (1H, s), 7.88 (1H, s), 7.74 (1H, s), 7.53 (1H, d, J=8.29 Hz), 7.42 (1H,
d, J=4.88 Hz), 7.38 (1H, s), 7.37 (1H, d, J=1.22 Hz), 7.26 (1H, dd, J=8.29, THORGEE)FAIBH, d, J=7.07
Hz), 3.87 (3H, s), 3.76 (1H, ttd, J=6.59, 6.59, 7.07 Hz), 3.21 (1H, tt, J=6.83, 6.83 Hz), 1.14 (6H, d, J=6.83
Hz), 1.12 (6H, d, J4=639Scbop)l-RUBiiEIBHBm)z148dy[hreld]3.48851] Example 12lpyridin-1-
3-(Ethylaming)-4-{3-] IREARY
y1)-1H-Imid ==y L)~1H- A= idin-1-yllbenzamide (121) [0352] Example 121(1)
4-{4-Chloro-3-isopédpybrb-3pyetmtide [@ehib]ley@din7lgyahBeedatimylamino)benzamidai{@@dia) According to

Example 120 mpound (92%)was prepared brown solid usin taldehyde instead of
acetone. 1H@%@%@w&%@%mﬁ%gg%@,@gug@g% d,J=7.81 Hz)g,@%%ééll-rﬂ,
d,J=5.12Hz),BME(1F3ml)] Blfdided by stirring at 80 °C for 18 hr. The

reaction solution was distributed between ethyl ace tate and water.

The organic layer was washed with saturated saline and then dried
over anhydrous sodium sulfate. The solvent was dis tilled away,
and the residue was purified by neutral silica gel column
chromatography (hexane/ethyl acetate) to obtain 4-{ 3-isopropyl-4-
(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-

methylbenzonitrile (0.154 g, 73%). This 4-{3-isopr opyl-4-

(quinolin-3-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-
methylbenzonitrile was dissolved in DMSO (5.0 mL) a
mL). A 4 N aqueous sodium hydroxide solution (0.19
hydrogen peroxide solution (0.088 mL) were added to
solution, followed by stirring at room temperature
Water was added to the reaction solution, and the p
collected by filtration, washed with diethyl ether,

under reduced pressure to obtain compound (80) (0.1

nd ethanol (5.0

5 mL) and a 30%
the resulting

for 30 min.
recipitate was
and dried

359, 83%)asa

white solid.

IH-NMR (DMSO-ds) & 9.88 (1H, d, J=2.20 Hz), 9.43 (1H, d, J=2.20

Hz), 9.35 (1H, d, J=4.63 Hz), 8.87 (2H, t, J=9.03 H 7), 8.81 (1H,
brs), 8.70 (1H, d, J=1.46 Hz), 8.63-8.59 (2H, m), 8 46 (1H, td,
J=7.56, 0.73 Hz), 8.30 (1H, d, J=8.05 Hz), 8.20 (1H , brs), 8.09
(1H, d, J=4.63 Hz), 3.72 (1H, tt, J=6.83, 6.83 Hz), 2.94 (3H, s),
1.76 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 422 [M+H] *,
[0291]

Example 81
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d,J=7.81 Hz), 5.80(1H, t,J=4.88Hz),3.74(1H,1t,J=7.07, 7.07 Hz),2.75 (2H, q,J=6.83
Hz),1.43(6H,d,J=7.07Hz),0.71 (3H, t,J=6.83 Hz); LRMS(ESI) m/z340[M+HJ*. [0353]

THO064 E(F) 111511

4-{3-Isopropyl-4-(quinolin-3-yl)-1H-pyrazolo[3,4-b Jpyridin-1-
yl}-2-methylbenzamide (81)

According to Example 80, compound (81) (the second stage
yield: 59%) was prepared as a white solid using 4-f luoro-2-
methylbenzonitrile instead of 4-fluoro-3-methylbenz onitrile.

'H-NMR (DMSO-ds) & 9.15 (1H, d, J=2.20 Hz), 8.78 (1H, d, J=4.63

Hz), 8.70 (1H, d, J=2.20 Hz), 8.21 (1H, dd, J=7.56, 1.22 Hz), 8.20
(1H, s), 8.17 (1H, d, J=8.54 Hz), 8.14 (1H, d, J=7. 56 Hz), 7.90
(1H, dt, J=1.22, 7.56 Hz), 7.80 (1H, brs), 7.75 (1H , t, J=7.56
Hz), 7.61 (1H, d, J=8.54 Hz), 7.43 (1H, d, J=4.63 H z), 7.42 (1H,
brs), 2.97 (1H, tt, J=6.83, 6.83 Hz), 2.53 (3H, s), 1.07 (6H, d,
J=6.83 Hz); LRMS (ESI) m/z 422 [M+H] i
[0292]

Example 82

3-Methyl-4-{4-(quinolin-3-yl)-3-(trifluoromethyl)- 1H-
pyrazolo[3,4-b]pyridin-1-yl}benzamide (82)

4-Fluoro-3-methylbenzonitrile (0.052 g) and cesium carbonate
(0.150 g) were added to a solution of compound (1d) (0.092 g) in
1-methyl-2-pyrrolidone (hereinafter referred to as NMP) (1.0 mL),
followed by stirring at 120 °C for 60 hr. Water was added to the
reaction solution, and the precipitate was collecte d by filtration
and was washed by sprinkling water to obtain 3-meth yl-4-{4-
(quinolin-3-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4 -b]pyridin-1-
yl}benzonitrile (11%). According to Example 1(7), compound (82)
(64%) was prepared as a white solid using 3-methyl- 4-{4-(quinolin-
3-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin -1-

yl}benzonitrile instead of compound (1f).

H-NMR (DMSO-ds) & 9.06 (1H, d, J=1.95 Hz), 8.84 (1H, d, J=4.63

Hz), 8.62 (1H, d, J=1.95 Hz), 8.16 (1H, d, J=8.54 H 7), 8.14 (1H,
brs), 8.10 (1H, d, J=7.56 Hz), 8.03 (1H, d, J=1.46 Hz), 7.94-7.87
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THOO064 E(F) 111511 Example 121(2)  3-(Ethylamino)-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-
y1)-1H-imidazol-1-y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (121) According to Example 107(2),
compound (121) (45%) was prepared using compound (121a) instead of compound (107a). 1H-NMR
(DMS0-016) 8: 9.39 (1H, d, J=4.88 Hz), 8.90 (1H, d, J=1.22 Hz), 8.73 (1H, b0 EHhH18Y1g8 59 (1H, d,
J=1.22 Hz), 8.47 (1H, s), 8.20 (1H, d, J=8.05 Hz), 8.13 (1H, d, J=4.88 Hz), 8.10 (1H, brs), 8.06 (1H, d,
J=1.71 Hz), 128 (0K /dS (8.05]-1. 36 Hz), .43 (H,d, J=& 24 Hz), 4.59 (3H, 8Y BA573%86 (3H, m), 1.87

T I SR R O O

y1)-1H-pyrazeA8[BM-H pyridin-1-y11-3- (propylamlno)benzamlde (122) [0355] Example 122(1)

4-{4- Chloro- E%;%]ropyl-lH-pyrazolo[3,4-b]pyridin-1-y1}-3- (propylamino)benzamide (122a)

According to ple 120(1), compound (122a) (97%) was prepared as a brownish-yellow solid using
propionaldehyde dixetipjde82tal instead of acetone. 1H-NMR (DMSO-dO 8: 8.48 (1H, d, J=5.12 Hz), 7.55
(1H, d, J=8.05 Hz), 7. ] (%4Hz)711(1H dd, J=8.05, 1.34 Hz), 5.83
(1H, t, J=5.37 Hz),3: 54-1.51 (2H, m), 1.42 (6H, d,
J=6.83 Hz), Or@ﬂw(ﬁybrtedft)Yl‘ﬂrmrh-IM)iszl\% (lHEEdynaidlqsm{lb]HH]* -177- THﬁﬂﬁﬂnE(F) 111511 [0356]

Example 1222@5 41% E%Xropyl -4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-imidazol-1-

y1)-1H-pyra ; i 11-3-(propylamino)benzamide (122) According to Example 107(2),
compound (122) (hecsehantd mﬁmée%d(g@/{bmmm{epanpd)pming compound (42Ryinstead of
compound (107 MS0O- .88 Hz), 8.90 (1H .74 (1H, brs), 8.71
(1H, s), 8.59 °§<)>’% HF'&? %@%m ¥% ?52‘5 13 (1H, d, J= _anadt ~8.10 (LH, brs), 8.06
(QH, s), 7. 97j%ﬁodm@@aﬁp}eﬁaﬂ&(ﬂﬁhgwmwpmw (3H, s), 3.93 HHH, J 6.83, 6.83 Hz), 3.84

(LZRHMg (\]Esﬁ)l}?ﬁ‘}gq%gé Ef@'ﬁo‘?FméaZoe i aonidng Bk 84 (6H. d, J=6.83 Hg), L85 (3H, 1, J=7.07 Hz);

compound (83) (the third stage yield: 19%) was prep ared as a white
solid using 2-bromo-4-{3-isopropyl-4-(4-(4-methoxyp henyl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzo nitrile instead
of compound (36b).
H-NMR (DMSO-dg) & 8.77 (1H, d, J=4.88 Hz), 8.42 (1H, d, J=7.32
Hz), 8.23 (1H, d, J=1.22 Hz), 8.14 (1H, s), 7.82-7. 77 (5H, m),
7.47 (1H, d, J=4.88 Hz), 7.43 (1H, dd, J=8.54, 1.95 Hz), 7.17 (1H,
brs), 6.99 (2H, d, J=8.54 Hz), 4.59 (1H, d, J=4.15 Hz), 3.78 (3H,
s), 3.54-3.47 (1H, m), 3.22 (1H, tt, J=6.59, 6.59 H z), 2.10 (2H,
d, J=11.22 Hz), 1.88 (2H, d, J=11.22 Hz), 1.36-1.23 (5H, m), 1.14
(6H, d, J=6.59 Hz); LRMS (ESI) m/z 566 [M+H] ¥,
[0294]

Example 84

2-(Hydroxycyclohexylamino)-4-{3-isopropyl-4-(4-(py ridin-3-
yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-y [}benzamide
(84)

According to Example 83, compound (84) (the third stage
yield: 37%) was prepared as a white solid using 4-( pyridin-3-yl)-
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[0357] Example 123
3-(2,2-Difluoroethylamino)4-{3-isopropyl-4-(4-(1-methyl-1Hpyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4
-b]pyridin-1- yllbenzamide (123) [0358] Example 123(1)
4-{4-Chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-y1}-3- (2,2-difluoroethyiBRfifbENESHEIe (123a)
According to Example 120(1), compound (123a) (93%) was prepared as a yellow solid using
difluoroacetaldeyidezethylinshoctdetidkimstead offlacetoetbod H-NMR (DMS0ypbhehd)-8H9 (1H, d, J=5.12
Hz), 7.58 (1I—|1 dOl J=8.05 Hz), 7.48 (1H, s), 7.47 (1H, d, J=5.12 Hz), 7.22 (1H, dd, J=8.05, 1.46 Hz), 6.14
(1H, tt, J:SS.%,%Z.%'HZ), 6.10 (1H, t, J=6.10 Hz), 3.73 (1H, tt, J=6.83, 6.83 Hz), 3.70-3.61 (2H, m), 1.43
(6H, - 178 - THHAOGZ E(ABO1dH115:d9 12683, dz)IRM SIE SIBIn(zHR 7 [M483*. [0359] Example 123(2)
4-{3-1sopropyl-4-(4-(1-methyl-1H- |-4-y1)-1H-imidazol-1- y1)-1H-pyrazolp[3,4:b]pwridin-1-y11-3-(2,2-
diquoroethyI%‘rﬁ h(g)%%@gmd%eﬁ(f%af&i_{cﬁ)?d#gngample 107(2), comp%)'g%g](@z ' (22%) was
prepared as 8.§el{bi, shliglazs{ny,ahrippn8hdit), 2385 iistes)d of compound (107ay1@HNMR (DMS0-016) 8:

8.68 (1H, d, 1=4.88 Hz), H.s). 8,18 (1H, d, J=1.22 Hz), 8.05 (1H, brs),.7.99,(1H. s), 7.87 (1H, d.
J=1.22 Hz), i%%ﬁ?i), ?5%&%’&?’3?'%@6%@37‘#%%%, d, J=1.71 Hz), 7.134%1@%5 ' 7.42 (1H, d,
J=4.88 Hz), D3A41H,881HI5 .08, (1,081 2)-&288 {14 Hi))755.74, 3.82 Hz), 518QHHrE)J=6.22 Hz), 3.88

(3H, s), 3.71@5%%%% ):55’;96%_&35,%-&_%.:4%%&6%’3 17112 (6H, d, 3=6.83,Hz); LRIS (ESI) m/z 506

[M+H]*. [036

6.59 Hz), 2.10 (2H, d, J=10.25 Hz), 1.88 (2H, d, J= 10.25 Hz),
1.38-1.23 (5H, m), 1.14 (6H, d, J=6.59 Hz); LRMS (E Sl) m/z 537
[M+H] *.
[0295]

Example 85

2-(Hydroxycyclohexylamino)-4-{3-isopropyl-4-(4-(py ridin-4-
yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-y [}benzamide
85

According to Example 83, compound (85) (the third stage
yield: 37%) was prepared as a white solid using 4-( pyridin-4-yl)-
1H-imidazole dihydrochloride instead of 4-(4-methox yphenyl)-1H-
imidazole.

IH-NMR (DMSO-ds) & 8.82 (1H, d, J=4.88 Hz), 8.61 (2H, d, J=5.12

Hz), 857 (1H, s), 8.44 (1H, d, J=7.07 Hz), 8.40 (1 H, s), 7.85
(2H, d, J=5.12 Hz), 7.80 (1H, d, J=8.66 Hz), 7.80 ( 1H, d, J=1.83
Hz), 7.80 (1H, brs), 7.53 (1H, d, J=4.88 Hz), 7.44 (1H, dd,
J=8.66, 1.83 Hz), 7.18 (1H, brs), 4.61 (1H, d, J=4. 15 Hz), 3.56-
3.49 (1H, m), 3.16 (1H, tt, J=6.83, 6.83 Hz), 2.12 (2H, d, J=11.22
Hz), 1.89 (2H, d, J=11.22 Hz), 1.40-1.24 (4H, m), 1 .14 (6H, d,
J=6.83 Hz); LRMS (ESI) m/z 537 [M+H] i
[0296]

Example 86
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3-Cyano-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yllbe
nzamide (124) [0361] Example 124(1) 3-Cyano-4-(4-iodo-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-
yhbenzamide (124a) According to Example 97(4),
5-form-2-(4-iodo-3-isopropyl-1Hpyrazolo[3,4-b]pyridin-1-yl)benzonitrile (3294 FEpatdalising
compound (100a) instead of compound (97c) and using 2-fluoro-5- formbenzonitrile instead of
2-bromo-4-fluorob2rizyditriiecysldtmmianihadelBiseopprpyyvi-U-pyyrazolo[ 3,4-b]pyridikil-54)benzonitrile
(0.470 g), SOdL_J -Cllll—( o,“ od%’ Fg_osht- 179- zm ) 111511 (0.134
g),and2-me yr=Z=otutene(U. 54U Wetre G Otved er=outano . antwate .2mL),foIIowed
by stirring at (8®)m temperature for 1 hr. The reaction solution was distributed between chloroform and
water. The organic,layer.w ied qvey.anhydrou %)Eai ulfate to obtain

3-cyano-4-(4-iodo- 9%6%%?% ﬁﬁ?ﬁgz&’oﬁgeﬁ%ﬁj@r -qﬁ%l Itreqrelj\zoic acid, whichs\ﬁgse used in the
subsequent rgeldtiaowithexpriepargdoas idgdlovtish-3voiyapolid-(4- using

iodo-3-isopropyl-1H-pyrazolo[3.4-blpyridin-1- nzoic acid, HATU (0.373 q), and.djisopropylethylamine
(0.758 mL) V\}@@ ig@g%é%%ﬁbﬁﬁz(]ﬁ%@ﬁﬁdaﬁ%gﬁﬁ%%ﬁﬂ% water (0.660 mﬁé@%ﬂﬁ%&ter) was added to
the resulting isatistroie. followed by stirring at 50C for 20 hr. Water was added to the reaction solution, and
the precipitate was collected by filtration and dried under reduced pressure to obtain compound (124a)
(0.325 g, the LB SISt Grop4e @ hte Lo -\ EMSE-0ks) 8 .49 (1H, d, 1=2.20 Ha),
8.34 (1H, ddJ32B38 612}, BBHZLH.8) 843, dH]=H, BMlZ)LHE.86 (1H, brs), 8.22 ()H7.87JaH 88 Hz), 7.95 (1H,
d, J=4.88 Hz), 7.72 (1H, bts), 3,96 (1H, tt, J=6.59, 6.5 1.47 (6H, d, J=6.59 Hz);_LRMS (ESI) m/z 432
N [036%,%(%@ ’4)Z DA Yod 28 2R SR e
3-Cyano-4-{34isparapsd.ah (A1 -methyH 15): pysazaHs ¢/ 3d4imidazol-1-yl)- 1H-pgrazg) af 34+-b]pyridin-1-yllibe
nzamide (124 According 1o Example 97(2), compound (124) (13%) was prepared as a white solid
using compoﬁ)ﬁg @Elﬁ)&)lrgs]tga@'bft&o]ﬁe §a’nﬁqg%?’£bousing 4-(1-methyl-1f*’£ a%%f-?yl)-lH-imidazole
hydrochlorideqi)stead gpi4-ahemd-2H#Hrjdazzgdea. A51(BWIRDMS0-016) 8: 8.77 (hid, @, J&4.88, 0.98 Hz),
8.52 (1H, s), 8.36 (1H, t, J=8,78 Hz), 8.32 ([1H S), 8.30 (1H, d, J=0.49 Hz), - 180 - TH0064 E(F) 111511
8.27 (1H, brs)- 6 BHAMLRMS EShIYZ3 NI s), 7.74 (2H, 5), 7.53 (1H, dd, J=4.88, 0.98 Hz), 3.87
(3H, s), 3.25(lid7ft, J=6.59, 6.59 Hz), 1.14 (6H, d, J=6.59 Hz); LRMS (ESI) m/z 452 [M+H]*. [0363]

Example 87

2-(Hydroxycyclohexylamino)-4-{3-isopropyl-4-(5-met hyl-4-
(pyridin-3-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b] pyridin-1-
yl}benzamide (87)

According to Example 83, compound (87) (the third stage
yield: 10%) was prepared using 5-methyl-4-(pyridin- 3-yl)-1H-
imidazole instead of 4-(4-methoxyphenyl)-1H-imidazo le.

'H-NMR (DMSO-dg) & 8.97 (1H, s), 8.84 (1H, d, J=4.88 Hz), 8.51

(1H, d, J=4.15 Hz), 8.42 (1H, d, J=7.07 Hz), 8.19 ( 1H, s), 8.12
(1H, d, J=7.81 Hz), 7.86 (1H, brs), 7.80 (1H, s), 7 .78 (1H, d,
J=7.81 Hz), 7.56-7.41 (3H, m), 7.17 (1H, brs), 4.59 (1H, d, J=4.15
Hz), 3.54-3.47 (1H, m), 2.81 (1H, tt, J=6.59, 6.34 Hz), 2.31 (3H,
s), 2.10 (2H, d, J=10.98 Hz), 1.88 (2H, d, J=10.98 Hz), 1.38-1.23
(8H, m), 1.03 (3H, d, J=6.34 Hz); LRMS (ESI) m/z 55 1[M+H] *.
[0298]
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Example 125
3-Formyl-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-ylib
enzamide (125) [0364] Example 125(1) 3-Formy1-4-{4-iodo-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-
yl}benzonitrile (125a) Compound (100a) (2.0 g), cesium carbonate (3.41HyP04rf(3-111511
fluoro-3-formylbenzonitrile (1.25 g) were suspended in acetonitrile (23 mL), followed by reflux for 3 hr. The
reaction solution waswhigiBdited between chloroform and water, and the organic layer was washed with
saturated saline. The, organic layen giter the washing was dried over anhydrous sgdium sulfate, and then
the solvent was di ’ Heresidue was pu Oy nedtral-silica-getcotumn-—chromatography
(hexane/ethyhyaeetdnEs) 4dipytain-Geyin2adnt diPdaydRi@yg, 67%) as a whiteasuhd)dbBrzAiM&: (DMS0-016) 8:
9.93 (1H, s), 8.30-8.24 (3H, m), 8.20 (1H, d, J=4.88 Hz), 7.96 (1H, d, J=4.88 Hz), 3.95 (1H, tt, J=6.83,
6.83 Hz), 1.4 , d, J=6.83 Hz); LRMS (ESI) m/z 417 [M+H]*. [0365] Example 125(2)
3-Formyl-4-{3-isopkopyidihd4e( Exaratiy B2 Hayimarnd48g) (tHdithidazol-1-yl)-1H-pyrstagéo[3,4-b]pyridin-1-yllb
enzamide (125) ,. ccording to Exampl %73('2 3-formy1-4-{3-isopropyl-4-(4-(1-

eyt 15+ py s S SRR A e ) RBABE 4 1on - THOOGI BB iYL
b]pyridin-1-ylin&izzokiinkead sipt¢panethagipigeophrpoimidi42@5a) instead of ompound (97a) and using
4-(1-methyl1-1H- razol-gél - 1H-Imidazole hydrochloride Instead of 4-phenyl-1H-Imidazole and was

used in the sUBSLYGRYEteh Witdut Qéfn&pb:r‘l]h%%l'ﬂ?:cgr‘b“m@'fb %xé:rﬁa% 1(7), compound (125) (the
second stageHylelsl21 (¥), was=arepaied a8 (Mhjte, Jadiciasing 2), 7.79 (1H,

R A IR 0 o g

1H-NMR(DMBO7Q18) 308905 -He)J7.0:0QHz 18, 69§154,d.824.88 Hz), 8.43 (1Hiz), 6.69 (1H,

d, J=3.30 Hz), 6.57 (1H, dd, J=3.30, 1.81 Hz), 4.57 (1H, d, J=4.29
Hz), 3.55-3.46 (1H, m), 3.15 (1H, tt, J=6.92, 6.92 Hz), 2.09 (2H,
d, J=10.55 Hz), 1.87 (2H, d, J=10.55 Hz), 1.40-1.19 (5H, m), 1.13
(6H, d, J=6.92 Hz); LRMS (ESI) m/z 526 [M+H] i
[0299]

Example 89

2-(Hydroxycyclohexylamino)-4-{3-isopropyl-4-(4-(1- methyl-1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]p yridin-1-
yl}benzamide (89)

According to Example 83, compound (89) (the third stage
yield: 29%) was prepared as a white solid using 4-( 1-methyl-1H-
pyrazol-4-yl)-1H-imidazole hydrochloride instead of 4-(4-

methoxyphenyl)-1H-imidazole.
'H-NMR (DMSO-ds) &: 8.75 (1H, d, J=4.95 Hz), 8.41 (1H, d, J=7.25

Hz), 8.18 (1H, d, J=1.15 Hz), 7.97 (1H, s), 7.86 (1 H, d, J=1.15
Hz), 7.83 (1H, brs), 7.79 (1H, d, J=1.81 Hz), 7.77 (1H, d, J=8.74
Hz), 7.73 (1H, s), 7.44 (1H, d, J=4.95 Hz), 7.42 (1 H, dd, J=8.74,
1.81 Hz), 7.15 (1H, brs), 4.57 (1H, d, J=4.45 Hz), 3.87 (3H, s),
3.54-3.47 (1H, m), 3.34-3.30 (1H, m), 3.19 (1H, tt, J=6.76, 6.76
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s), 8.29(1H,dd,J=8.29, 2.20Hz),8.26(1H,brs), 8.16 (1H, s), 8.01 (1H,d,J=8.29Hz),7.95(1H,s),7.85(1H, s),
7.70 s), (1H, 3.20 s), (1H, 7.58 tt, (1H,brs),7.46(2H, J=6.83,6.83Hz),1.09 d,J=4.88Hz),3.83

(6H,d,J=6.83H2);
THO064 E(F) 111511

Hz), 2.09 (2H, d, J=10.72 Hz), 1.88 (2H, d, J=10.72 Hz), 1.36-1.23
(4H, m), 1.13 (6H, d, J=6.76 Hz) .
[0300]

Example 90

4-{4-(4-(Furan-3-yl)-1H-imidazol-1-yl)-3-isopropyl -1H-
pyrazolo[3,4-b]pyridin-1-yl}-2-(4-hydroxycyclohexyl amino)benzamide
(90)

According to Example 83, compound (90) (the third stage
yield: 23%) was prepared as a white solid using 4-( furan-3-yl)-1H-
imidazole instead of 4-(4-methoxyphenyl)-1H-imidazo le.

'H-NMR (DMSO-ds) &: 8.77 (1H, d, J=5.11 Hz), 8.41 (1H, d, J=7.09

Hz), 8.23 (1H, s), 8.01 (1H, s), 7.98 (1H, s), 7.79 (1H, s), 7.77
(1H, d, J=6.76 Hz), 7.71 (1H, s), 7.45 (1H, d, J=5. 11 Hz), 7.42
(1H, dd, J=8.41, 1.65 Hz), 6.84 (1H, s), 4.57 (1H, d, J=4.29 Hz),
3.57-3.45 (1H, m), 3.18 (1H, tt, J=6.76, 6.76 Hz), 2.10 (2H, d,
J=10.39 Hz), 1.88 (2H, d, J=10.39 Hz), 1.40-1.22 (4 H, m), 1.13
(6H, d, J=6.76 Hz); LRMS (ESI) m/z 526 [M+H] *,

[0301]

Example 91

2-(4-Hydroxycyclohexylamino)-4-{3-isopropyl-(4-(4- (thiophen-
3-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
91)

According to Example 83, compound (91) (the third stage
yield: 17%) was prepared as a white solid using 4-( thiophen-3-yl)-
1H-imidazole instead of 4-(4-methoxyphenyl)-1H-imid azole.

'H-NMR (DMSO-ds) &: 8.77 (1H, d, J=4.78 Hz), 8.42 (1H, d, J=7.25

Hz), 8.24 (1H, s), 8.10 (1H, s), 7.79-7.76 (3H, m), 7.60 (1H, dd,
J=4.95, 2.80 Hz), 7.52 (1H, d, J=4.95 Hz), 7.46 (1H , d, J=5.11
Hz), 7.43 (1H, dd, J=8.90, 1.65 Hz), 458 (1H, d, J =4.29 Hz),
3.55-3.48 (1H, m), 3.20 (1H, tt, J=6.59, 6.59 Hz), 2.10 (2H, d,
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(3H, LRMS (ESI) m/z 455 [M+H]*. [0366] Example 126
3-{(Dimethylamino)methyl}-4-{3-isopropyl-4-(4-(1-methyl-1Hpyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,
4-b]pyridin-1- yllbenzamide (126) Compound (125a) (0.500 g), 2-picoline-borane complex (0.166 g),
and dimethylamine (0.216 mL) were dissolved in acetic acid (1.0 mL) and m&PREIEEOLHEL ollowed by
stirring at room temperature for 12 hr. The reaction solution was concentrated, and the residue was
purified by basig &llida)gélséofeirhl chrdmiaitdgyr dpHy (12dx@hk/ethyl acetate) to itaih43(6H,
f(dimethylamipQ)r 11-4-44-10dQ:3-I1SO -1H-pyrazolo[3,4- b]pyridin-1-yl}benzonitrile (0.213 g,
40%). This 3&?&@%}\{%& ’rh%@érggagﬁ%ﬁ%ﬁ%%w&isopropyl'—lH-pyrazoIo[S,4- b]pyridin-1-yl}benzonitrile
was dissolvef®30Z)MSO (1.6 mL), and a hydrogen peroxide solution (30 wt%) (0.060 mL) and a 4 mol% -
182 - THO064 E(F X%ll?é%zaqueous sodium hydroxide solution (0.132 mL) were added to the resulting
solution, followed by erPnng at room temperature for 20 min. Water was added to the reaction solution,
and the precipitateivslddllettBintgdntidtigh-ammbpvagytitidebynder reduced pressazeldf8@dbtain
3-{(dimethylgmi s 4-'()1(0636 (i)%oeg)(r? Il -p razlolo[3,4-b]pyridind%-¥)|%enzamide (0.144 g,

mnoImety g :
65%). Accordt A white solid using

3-{(dimethylaminopuoeitiiig-1-Eaotde B35 opnamyud bt (@) &helhigi4-b]pyridin-1-yl}stgamide instead of
compound (978),: sing 4-(1-methyl-1H-pyrazol-4-y1)-1H-Imidazole hydrochloride Instead of
4-pheny|-1H-¥|§?&Z@3’P§.“ﬁg-%%ﬁﬂr?§ﬁ%o%ﬂ%s§@§ TH, d, J=4.88 Hz), 8.16 (1H, d, J=1.22 Hz), 8.12
(1H, d, J=1.95iric)a A0 8nEtadmE); (4-BvkttiddysHedyDa Klirhidid, J=8.05, 1.95 k. 7.86 (1H, d, J=1.22 Hz),
7.70 (1H, s), 7.54 §LH d, J=8.05 Hz),_7.44 (1H, brs), 7.34 (1H, d, J=4.88 Hz), 3.83 (3H, s), 3.33 (2H, 9),
315 (1 1 SEBME. SIS 80 QR GH e AN 8-8 43 (1), Ortre 2Esl) miz 464 MsHL- 10507
Example 127HH{3BIsop1epy;4-£4-(5-moiw a7zl yspzobe-il)-1H-Imidazol-1- H, d, J=1.15

y1)-1H-pyrazolo[3,4-b]pyridin-1-y11-3-(morphoalinomethy)benzamide (127) According to Example 126,
compound (1 &ﬁgt )ﬁi §Fa§e 8](1"" 4712, Ve a H, S(;, 748

Vvl J Cl Ch

(1H, d, J=4.95 Hz), 7.42 (1H, dd, J=8.74, 1.98 Hz), 457 (1H, d,
J=4.45 Hz), 3.87 (3H, s), 3.57-3.53 (1H, m), 3.35-3 25 (1H, m),
3.19 (1H, tt, J=6.76, 6.76 Hz), 2.09 (2H, d, J=10.7 2 Hz), 1.88
(2H, d, J=10.72 Hz), 1.36-1.23 (4H, m), 1.13 (6H, d , J=6.76 Hz) .
[0303]

Example 93

2-(Hydroxycyclohexylamino)-4-{3-isopropyl-4-(4-(1- benzyl-1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]p yridin-1-
yl}benzamide (93)

According to Example 83, compound (93) (the third stage
yield: 49%) was prepared as a white solid using 4-( 1-benzyl-1H-
pyrazol-4-yl)-1H-imidazole hydrochloride instead of 4-(4-

methoxyphenyl)-1H-imidazole.
'H-NMR (DMSO-ds) & 8.75 (1H, d, J=4.88 Hz), 8.40 (1H, d,

J=7.322), 8.19 (1H, s), 8.11 (1H, s), 7.88 (1H, s), 7.79 (2H, d,
J=5.61 Hz), 7.78 (1H, d, J=10.98 Hz), 7.42 (1H, d, J=4.88 Hz),
7.41 (1H, dd, J=8.54, 1.95 Hz), 7.38-7.33 (2H, m), 7.32-7.27 (3H,
m), 5.36 (2H, s), 4.60 (1H, d, J=4.15 Hz), 3.53-3.4 8 (1H, m), 3.19
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yield: 28%) was prepared using morpholine Instead of dimethylamine. 1H-NMR (DMSO-dO 8: 8.57 (1H, d,
J=4.88 Hz), 8.14 (1H, d, J=1.22 Hz), 8.08 (1H, brs), 8.03 (1H, d, J=2.20 Hz), 7.95 (1H, s), 7.93 (1H, dd,
J=8.05, 2.20 Hz), 7.83 (1H, d, J=1.22 Hz), 7.72 (1H, s), 7.57 (1H, d, J=8.05 Hz), 7.47 (1H, brs), 7.34 (1H,
d, J=4.88 Hz), 3.83 (3H, s), 3.43 (2H, s), 3.20 (2H, tt, J=6.59, 6.59 Hz), 3.08HY¢8 EF), F4§51196-1.94 (4H,
m), 1.07 (6H, d, J=6.59 Hz); LRMS - 183 - TH0064 E(F) 111511 (ESI) m/z 526 [M+H]*. [0368] Example
128 4-{3-($dptio gybB3A6(83rhizdh 2l OBH2bYrdzdH- Uy 1) AN - Imidazol- 1- , 1.87 (2H, d,

y1)-1H-pyrazol - ridins 1-y11-3-methoxybenzamide ( According tq EX 80, compound
(128) (the se‘cﬁz)f)%&gétall?é?/yig’%_]} o)(waisrgpep%ir% as adW?i_té%s%()jlid using compouﬁgﬁ%mstead of
compound (6ESinu/msite) [M-fiidbro-3-methoxybenzonitrile instead of 4-fluoro-3-methylbenzonitrile.
1H-NMR (D%ﬂm) 8: 8.60 (1H, d, J=4.88 Hz), 8.21 (1H, s), 8.17 (1H, brs), 7.98 (1H, s), 7.89 (1H, s),
7.74 (2H, s), 765 (1H, d, J=8.05 Hz), 7.56 (1H, brs), 7.51 (1H, d, J=8.05 Hz), 7.35 (1H, d, J=4.88 Hz),
3.88 (3H, s), 3.80 Bmple 3421 (1H, tt, J=6.83, 6.83 Hz), 1.10 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 456

[M+H]*. [0369] Examﬁl(ﬁ—%lz—?Benzyloxyethyl)—lH—pyrazol—4—y|)—1H—im

idazol-1-

yl)-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-yl}-2-( 4-
hydroxycyclohexylamino)benzamide (94)

According to Example 83, compound (94) (the third stage
yield: 53%) was prepared as a white solid using 4-{ 1-
(benzyloxyethyl)-1H-pyrazol-4-yl}-1H-imidazole hydr ochloride
instead of 4-(4-methoxyphenyl)-1H-imidazole.
H-NMR (DMSO-dg) &: 8.76 (1H, d, J=4.88 Hz), 8.40 (1H, d, J=7.07
Hz), 8.19 (1H, d, J=0.98 Hz), 8.03 (1H, s), 7.88 (1 H, d, J=0.98
Hz), 7.79 (1H, s), 7.78 (1H, s), 7.78 (1H, d, J=11. 22 Hz), 7.56
(1H, s), 7.54 (1H, d, J=10.73 Hz), 7.49 (1H, dd, J= 6.83, 3.42 Hz),
7.44-7.41 (2H, m), 7.32-7.24 (2H, m), 4.60 (1H, d, J=4.15 Hz),
448 (2H, s), 4.34 (2H, t, J=5.24 Hz), 3.81 (2H, t, J=5.24 Hz),
3.54-3.47 (1H, m), 3.20 (1H, tt, J=6.83, 6.83 Hz), 2.10 (2H, d,
J=11.22 Hz), 1.87 (2H, d, J=11.22 Hz), 1.38-1.22 (4 H, m), 1.13
(6H, d, J=6.83 Hz); LRMS (ESI) m/z 660 [M+H]
[0305]

Example 95

4-{4-(4-(1H-Pyrazol-4-yl)-1H-imidazol-1-yl)-3-isop ropyl-1H-

pyrazolo[3,4-b]pyridin-1-yl}-2-(4-hydroxycyclohexyl

amino)benzamide

©5)

Compound (93) (0.010 g) was dissolved in ethanol (

Palladium hydroxide (0.020 g) and cyclohexene (0.5
to the resulting solution, followed by stirring und

atmosphere at 80
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°C for 24 hr. The reaction solution was filtered

1.0 mL).
mL) were added
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4-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-Imidazol-1-
y1)-1H-pyrazolo[3,4-b]pyridin-1-y11-2,3-dimethylbenzamide (129) According to Example 80,
compound (129) (the second stage yield: 20%) was prepared as a white solid using compound (100b)
Instead of compound (6c) and using 4-fluoro-2,3- dimethylbenzonitrile Insteddd8p4 E(F) 111511
4-fluoro-3-methylbenzonitrile. 1H-NMR (DMS0-016) 8: 8.61 (1H, d, J=4.88 Hz), 8.21 (1H, d, J=1.22 Hz),
7.98 (1H, s), tAro0gti etlith, snd e styedt 8B tisliled pway5 (1H, s), 7.53 (1H, Bre)egids:(1H, d, J=4.88 Hz),
7.33 (1H, d, J=8.05 Hz), 7.28 (1H..d. J=8.05 Hz), 3.88 (3H, s), 3.23 (1H, tt, J=6.83, 6.83 Hz), 2.37 (3H, s),
1.93 (3H, s),\]%?ffk'gﬁﬁacﬁ)ﬁg%iﬁl ﬂg‘i?@gﬁ‘g“ %?)RF%/”QE(E%% [M+H]*. [0370] réé%% ple 130 -184- TH0064
E(F) 111511 (chloroform/methanol) to obtain compound (95) (0.00 59, 56%) as a
2-FIuoro-4-{3v-vi§(|§)eo£0fgll-4-(4-(1-methy|-1H-pyrazol-4-y|)-1Himidazol-l-yl)-lH-pyrazolo[3,4-b]pyridin-1-y|I-3-
methylbenzamide ? 0) According to Example 109, compound (130) (the second stage yield: 29%)
was prepared-asimR D& SAids)siBg14-Broma; 2 @ore Jamethydeerssonityjl8.utstead of
4-bromo-2-(ethylaminc nitrije. 1H-NMR -0 : 8.67 (1H, d, J=4.88 Hy) 1(1H, d, J=1.22
Hz), 7.99 (1H;s C;né]f)()]%ﬁzﬁﬁ\lélﬁz@tlz@7]38](7%%/@%%8%%76 (1H, brs), 7.75 ’,S ),7%55 (AH, t, J=7.93
Hz), 7.43 (LH1H, 3=4-:882RI2)7) A3 WA ds)=7793(HE) d3 B&(3H, s), 3.24 (1H, tRAJHE)83,4.83 Hz), 2.08

VAR A AR R LU S

y1)-1H-imidaz@b1Hy},) 4.6t Qe rdze) 348 H | Hyyi dirs4-3M8eneamide (131) Acrading1e, Example 109,
compound (131) (the sec stage vyield: 22%). was_prepared as a white solid using 4-promo-3-ethyl-2-
fIuorobenzon'i{triﬁe‘%%’ea%%]‘r%-érc%ﬁéza hglar]rﬂﬁoyge%%niﬁﬁe. 1H-NMR (DMSQ0-0 ’89"8.66 (1H, d,
J=5.12 Hz), 822 (AH H) I+ B2 pZ)AHIMI1H,19), @H1d1bk6183=1.22 Hz), 7.89 (H);biRMS. 76 (1H, brs),

7.75 (1H, s), 1. H t J=7.93 Hz), 7.43 (1H, d, J=7.93 Hz), 7.43 (1H, d, J=5.12 Hz), 3.88 (3H, s), 3.24
(1H, tt, J%S@%Sééﬁ-%e it 2H, q; J=7.44 Hz), 1.12 (6H, d, J=6.83 Hz), 1.08 (3H, t, J=7.44 Hz); LRMS
(ESI) m/z 47%BdsiH]*. [0372] Example 132
Example 96
2-(4-Hydroxycyclohexylamino)-4-{4-(4-(1-hydroxymet hyl)-(1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-3-isopropyl-1H-pyra zolo[3,4-
b]pyridin-1-yl}benzamide (96)
According to Example 95, compound (96) (16%) was p repared as
a white solid using compound (94) instead of compou nd (93).

IH-NMR (DMSO-ds) & 8.76 (1H, d, J=4.88 Hz), 8.41 (1H, d, J=7.07

Hz), 8.19 (1H, s), 8.00 (1H, s), 7.88 (1H, s), 7.84 (1H, brs),
7.80 (1H, s), 7.78 (1H, d, J=9.03 Hz), 7.76 (1H, s) , 7.43 (1H, d,
J=4.88 Hz), 7.42 (1H, dd, J=7.07, 1.71 Hz), 7.15 (1 H, brs), 4.93
(1H, t, 3=5.45 Hz), 4.59 (1H, d, J=4.39 Hz), 4.17 ( 2H, t, J=5.45
Hz), 3.76 (2H, q, J=5.45 Hz), 3.54-3.46 (1H, m), 3. 20 (1H, tt,
J=6.83, 6.83 Hz), 2.10 (2H, d, J=10.98 Hz), 1.88 (2 H, d, J=10.98
Hz), 1.38-1.22 (5H, m), 1.13 (6H, d, J=6.83 Hz); LR MS (ESI) m/z
556 [M+H] .
[0307]

Example 97
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- 185 - THO064 E(F) 111511 2-(Ethylamino)-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-
y1)-1H-imidazol-1-y1)-1H-pyrazolo[3,4-b]pyridin-1-y11-3- methylbenzamide (132) According to
Example 109, compound (132) (the second stage yield: 45%) was obtained as a white solid using
4-bromo-2- (ethylamino)-3-methylbenzonitrile instead of 4-bromo-2- (ethylahfiRBA&HEbA#FREL 1H-NMR
(DMSO0-016) 8: 8.64 (1H, d, J=4.88 Hz), 8.21 (1H, d, J=1.22 Hz), 8.08 (1H, brs), 7.98 (1H, s), 7.90 (1H, d,
J=1.22 Hz), 7.75 (2H4 deT(BﬁoémH)hamamJBa)Hi{ﬁ m@bwm4mis¢n7 38 (1H d, J=24-88-Hz), 6.99 (1H, d,

08 (2H, dg, J=6.59,
m/z 484 [M+H]*.

[0373] Examﬁﬂ@@8133 and 134
3-Ethyl-2- (ethylaménoﬁl (%Ji? ropyl-4-(4-(1-methyl-1Hpyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]
pyridin-1- yIIbenzaml 3 )?)0 2-Amino-3-ethyl-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-
y1)-1H-imidazol-14Chibrb-Bymatioy [3{E-tipyathyislyl)bienganade (134) AccohglrgiHe Example 109,
compound (133|) { Eggsg]cona stia(_gi ﬁield: 6%) was prepared as a white solid using 4-bromo-3-ethyl-2-
(ethylamino) (ethylamino)benzonitrile. Compound (134) (the second
stage( yielc:.JI 2%) mﬂempepade(dmis(awg)twmﬂdstnyvﬂﬂmmmﬁtf@(; mnmpczund (133), Hrld\lMCI? (DMSO-01)6) 8:
8.61 (1H 8.03 rs), 7.98 (1H, s), 7.9 (1H, d, J=1.22 Hz),
7.75 - 186 - ﬁﬁﬂaﬁ%ﬁ%&ﬁ%ﬁﬁf’é}f BBr%BEI Sk |1746 (1H, d, J=8. dé 9ADIRS 11 d, 3=4.88
Hz), 6.90 (1|'b.o@ed'1'8tﬂ5 ld2)ithg Solddntackr6.59 Hz), 3.88 3bhomlecB ikirg torJ=6.83, 6.83 Hz), 3.09

S A T S P e 2. 0

to the reaction solution, followed by stirring at r oom temperature
for 1 hr. Ice water was added to the reaction solu tion, followed

by extraction with ethyl acetate. The organic laye r was washed
with saturated saline and was then dried over anhyd rous sodium
sulfate. The solvent was distilled away, and the r esidue was
purified by neutral silica gel column chromatograph y (hexane/ethyl
acetate) to obtain compound (97a) (4.50 g, 84%) as a colorless

oily substance.

IH-NMR (CDCl3) & 8.21 (1H, d, J=5.12 Hz), 7.19 (1H, s), 7.10 (1H,

d, J=5.12 Hz), 5.68 (2H, s), 3.58 (2H, t, J=8.17 Hz ), 2.43 (3H,
s), 0.97 (2H, t, J=8.17 Hz), 0.00 (9H, s); LRMS (ES [) m/z 297
[M+H] *.
[0309]

Example 97(2)

3-Methyl-4-(4-phenyl-1H-imidazol-1-yl)-1-{(2-
(trimethylsilyl)ethoxy)methyl}-1H-pyrrolo[2,3-b]pyr idine (97b)

Compound (97a) (2.00 g), copper(l) oxide (0.048 g) , 4,7~
dimethoxy-1,10-phenanthroline (0.243 g), cesium car bonate (3.07 g),
polyethylene glycol (Mn=3400) (1.35 g), and 4-pheny I-1H-imidazole
(1.17 g) were suspended in NMP, followed by stirrin gat150 °Cfor
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1H-NMR (DMS0-016) 8: 8.78 (1H, d, J=4.88 Hz), 8.35 (1H, t, J=4.88 Hz), 8.19 (1H, d, J=0.98 Hz), 7.99
(1H, s), 7.88 (1H, d, J=0.98 Hz), 7.88 (1H, brs), 7.80 (1H, d, J=8.54 Hz), 7.74 (1H, s), 7.70 (1H, d, J=1.95
Hz), 7.48 (1H, dd, J=8.54, 1.95 Hz), 7.45 (1H, d, J=4.88 Hz), 7.20 (1H, s), 3.88 (3H, s), 3.27-3.17 (3H, m),
1.28 (3H, t, J=7.20 Hz), 1.14 (6H, d, J=6.59 Hz); LRMS (ESI) m/z 470 [M+|I]HOR%17E( %blﬁﬂale 135
4-{3-1sopropyl-4-(4-(pyridin-3-y1)-1H-imidazol-1-y1)-1Hpyrazolo[3,4-b]pyridin-1-yll-3-methylbenzamide
(135) [0375]48 Elxd'ﬂn@leaﬁﬁ(ugolution was suspended in ethy | acetate, and

3-Isopropyl r 1H |m| razolo[3,4- b]pyrldlne a According to
Example 10dr§é"£@¥n§8%%r 8‘% sta‘g_:;}lé,é(Le ;Eh(j 31%) was prepareéﬁizﬁ?a White solid using
4-(pyridin-3-yg3stidd wﬂidmtufath@dahnbImnmjwaasteacdnéenqmemethyl 1H-pyreaawtrgdy-1H-imidazole
hydrochlorlde H NMR (D 1%% 8:13.7 9 11 (1H,d, J=1.71 8.64 (1H, d, J=4.88 Hz),
8.48 (1H, dd>92 'éf”?é“ﬁa]r% é)'g > gs "%‘%%V B30 (1H, d, J= 14@@\% QY (1H, dt, 3=8.05,
1.71 Hz), 7. 4\5a(apurcﬁddby&aara4§1&a+g¢1 aoﬁmrﬂenrdnamgss Hz), 3.11 - 18&pAy10064 E(F) 111511 (1H,

tt, J=6.83, 6. 6 LRM /z 305 [M+H]*. [0376] mple 135(2)
4-{3-Isoprop %fx? é(llﬂqijjl‘% é)'}i g?qurz%{lraazopiunf é?—%g?rgzolow 4-b]pyridin- %/If‘@/l %ylbenzamide

(135) Acaeuiirigstodiyxanmstarfs@, compound (135) (the second stage yield: 65%) was prepared as a
white solid uid%gjompound (135a) instead of compound (6¢). 1H-NMR (DMS0-016) 8: 9.11 (1H, d,
J=1.71 Hz) 1H, d, J=4.88 Hz), 8.48 (1H, dd, J=4.76, 1.71 Hz), 8.46 (1H, d, J=1.22 Hz), 8.38 (1H, d,
J=1.22 Hz), 8.23 (Ekbrdple)s7(89, 1.95 Hz), 8.09 (1H, brs), 7.98 (1H, d, J=1.83 Hz), 7.88 (1H, dd, J=8.29,
1.83 Hz), 7.55 (1H, d. J=8. . : ‘ —488Hz) 746 , dd, J=4.63, 7.89 Hz),
3.25-3.18 (1H, m), 2384 ). [0377]  Example

136 3-Ethyl-bifrish @ndyd-(4- (pyridin-3-y1)- Himidagol 1. y1)-

1H-pyrazolo3,4- b]C%/ n%g]ur}d%g%)n{oaglzdg)‘/vas dissolved in THF (2.3 mL), and
tetrabutylammonium floride (2.0 mL, a 1.0 M solutio n in THF) was
added to the resulting solution, followed by reflux for 24 hr.
The reaction solution was concentrated and was then purified by
basic silica gel column chromatography (hexane/ethy | acetate) to
obtain compound (97c¢) (0.140 g, 76%) as a white sol id.
'H-NMR (DMSO-ds) &: 11.78 (1H, s), 8.29 (1H, d, J=5.12 Hz), 8.08
(2H, dd, J=8.54, 1.22 Hz), 7.88 (2H, dd, J=8.54, 1. 22 Hz), 7.40-
7.38 (3H, m), 7.24 (1H, t, J=7.44 Hz), 7.13 (1H, d, J=5.12 Hz),
1.99 (3H, s) .,LRMS (ESI) m/z 275 [M+H] .
[0311]

Example 97(4)

2-Bromo-4-{3-methyl-4-(4-phenyl-1H-imidazol-1-yl)- 1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile (97d)

Compound (97c) (0.140 g) was dissolved in DMF (1.7 mL), and
sodium hydride (0.024 g, a 55% dispersion in paraff in liquid) was
added to the resulting solution at 0 °C, followed by stirring for
10 min. Then, 2-bromo-4-fluorobenzonitrile (0.112 g) was added to
the reaction solution, followed by stirring at 50 °C for 30 min.
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According to Example 80, compound (136) (the second stage yield: 12%) was prepared as a white solid
using compound (135a) instead of compound (6¢) and using 4-fluoro-3-ethylbenzonitrile instead of
4-fluoro-3-methylbenzonitrile. 1H-NMR (DMSO-dO0 8: 9.13 (1H, d, J=1.46 Hz), 8.68 (1H, d, J=4.88 Hz),
8.50 (1H, dd, J=4.63, 1.46 Hz), 8.48 (1H, d, J=1.22 Hz), 8.40 (1H, d, J=1.27 HRO64EAHSH, J=7.89,
1.95 Hz), 8.13 (1H, brs), 8.01 (1H, d, J=1.95 Hz), 7.90 (1H, dd, J=8.05, 1.95 Hz), 7.54 (1H, d, J=8.05 Hz),
7.52 (1H, brdpemvede(1ids@hdiled B8Hd2partivon coltiadu,ahd4.63, 7.89 Hz), 3.28€ Dricipitdtes.59, 6.59 Hz), -

188- THO0064 E F@%ﬁﬁaﬁﬁ"%ﬁ%?hgé’&%ﬁgﬁ@ér%?d (6H, d, J=6.59 Hzelbé'doélre(sssldret’ J=7.56 Hz),

LRMS (ESI) mM/z 4 \ample
3-1| S-cl)IOHr-0 p>;£4€3[§¥imirp_)tr)10p3{ri§t;](;d (-@?djme%)e@? ;aﬁ@amt;\t?-o ing to Exa Sogdéo compound (137) (the
}s/ez:ond psi/agze%\ﬁé@%zﬁ%%éggﬁe%gzga@ga d)h%gggllﬁasﬁuégcéﬁib&fﬁa %] 5a) i1nsteag of compound

(6¢) and usingzZ3-&aprdby Hd-Fhaehzaadtjrikangaad4H,4-fluoro-3-methylban Zoa& ke, 1H-NMR

(DMSO0-016) 8: 9. H =1,71 Hz), 8. -0, J=4 .88 Hz), 8.50 (1H, dd, J=4.76, 1.71 Hz), 8.48 (1H,
d, J=1.22 Hz?,’ iﬁ%h?)d%igﬁ(}%ﬁz)%?gﬁ (%T éﬁaj@.l 1 1.95 Hz), 8.17 (1»4],‘%?85%,%% 9 (1H. d, J=1.95
Hz), 7.89 (1H,.3®2I(1:8, 177 BDBIH)2),10. B2H( By U D) 45 (3H, m), 3.23/£U341iMI+=6.83,.6.83 Hz), 2.70
(1H, tt, J=7.0[§%¥g?7 Hz), 1.17 (6H, d, J=7.07 Hz), 1.12 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 466 [M+H]*.
[0379] Exa 138
3-Cyclopropy1-4-{Bxiaoptepy(3)-(4-(pyridin-3-y1)-1H-Imidazol1-y1)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzami
de (138) tQ s [ [

fluorobenzonitfitztob ey Ayl 3-Dsthyibennoeiivéen 1H-NMR (DMSOi#d @7: 9.11 (1H, d, J=1.71
Hz), 8.67 (1H, d, J=4.88 Hz), 8.49 (1H, dd, J=4,76, 1.71 Hz), 8.46 (1H, d, J=1.22 Hz), 8.38 (1H, d, J=1.22
Hz), 8.24 (1H, dt, M%@P&?@?@}‘%f&?ﬁl%@ﬂr%ﬁyﬁ%?@d?st.l?, 1.95 H?)‘!”P}é‘ H, d, J=1.95
Hz), 7.51 (1HnéthyB @byl Az s Sy IF YT dtbisl2,3=4.78 Hz), - 189-FjhiPefd1E(F) 111511 7.45
(1H, d, J=4.88 Hz), 3.21 (1H. tt, J=6.83, 6.83 Hz& 1.67-1.61 (1H, m), 1.12 (6Hd d, J=6.83 Hz), 0.74-0.67
(4H, m): LRVSPRESHHIG (SAO)2EIPeRRset B e au! ( 9d) instead of
2-(EthylaminggriipGinisR e pathdt b Riititg o SxhdiE sl asphpo Y ) - LH-pyraz eied3etpimessin-1-ylIbenzamid
e (139)

was prepared as a white solid using 2-(4-hydroxycyc lohexylamino)-
4-{3-methyl-4-(4-phenyl-1H-imidazol-1-yl)-1H-pyrrol 0[2,3-
b]pyridin-1-yl}benzonitrile instead of compound (1f ).

IH-NMR (DMSO-ds) &: 8.43-8.39 (2H, m), 8.13 (2H, s), 7.96 (1H, s),

7.89 (2H, d, J=8.90 Hz), 7.87 (1H, brs), 7.75 (1H, d, J=8.54 Hz),
7.40 (2H, t, J=7.32 Hz), 7.32 (2H, s), 7.25 (1H, t, J=7.32 Hz),
7.15 (1H, brs), 7.01 (1H, d, J=8.54 Hz), 4.55 (1H, s), 3.52-3.48
(1H, m), 3.40-3.37 (1H, m), 2.09-2.05 (5H, m), 1.84 (2H, d, J=8.54
Hz), 1.36-1.21 (4H, m); LRMS (ESI) m/z 507 [M+H] .
[0313]

Example 98

2-(4-Hydroxycyclohexylamino)-4-{3-methyl-4-(4-(pyr idin-3-yl)-
1H-imidazol-1-yl)-1H-pyrazolo[2,3-b]pyridin-1-yl}be nzamide (98)
[0314]

Example 98(1)
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According to Example 109, compound (139) (the second stage yield: 52%) was prepared as a white solid
using compound (135a) instead of compound (100b). 1H-NMR (DMS0-016) 8: 9.10 (1H, d, J=1.65 Hz),
8.81 (1H, d, J=4.95 Hz), 8.48 (1H, dd, J=4.70, 1.57 Hz), 8.42 (1H, d, J=0.99 Hz), 8.35 (2H, d, J=0.99 Hz),
8.22 (1H, dt, J=7.97, 2.02 Hz), 7.80 (1H, d, J=8.74 Hz), 7.69 (1H, d, J=2.02THZPG#. EfLFlﬂPil%lllJ 4.95 Hz),
7.49-7.43 (2H, m), 3.27-3.12 (3H, m), 1.27 (3H, t, J=7.09 Hz), 1.14 (6H, d, J=6.92 Hz); LRMS (ESI) m/z

467 [M+H]*. [0381$-M®Inﬂb¥b{440/rldln 3-y|) -1H-imidazol-1-yl}-1-{ (2-
4-{3-Isoprop {4 -(|sopropylam|no)ben
zamide (140 9%) was

prepared as a Wh|¥€:smiwhg3m§>«annptmcﬁma)(ﬂ:@?ﬂa))mdj(%lab(ﬁm%mmsopropylamna?s)brepamdtrlle instead of

compound (1OSO &a} 4Sbr omor -2 et lamin %ben or |tr|le respectively. 13 MRGEDM 0-d0 8: 9.10 (1H,
d, J=1.65 HZ} S 8D LR Y24 95075 8% Y478, 1.65 Hz), 8.4 %20.99 Hz), 8.38 (1H,

d, J=7.09 Hzmyﬂraaw(dﬂrdiednsleﬁ]dgﬁthe&yzzrﬂmmldazolt;? 91, 1.98 Hz), 7.79 (1H, d, J=8.74 Hz), 7.74 (1H,
d, J=1.98 Hz) 7505( H,dl 3=4,95 tig), 7,46 (1H, 4d J 791 478 q_z 7.42 (1H, dd, J=8.74, 1.98 Hz),
éc%' B9

3.69 (1H, td, JEOM oL W (TI=1dd-HhoBed B 94 t51188: 1=6.76, 6.76 Hz), 1.25 (6H,
d, J=6.26 Hz), 11 Hr (634316, 76511 HB NI IEH) do/2481 [M+H]*. [0382) BxampdeHE}1

2-(Tert-butyl pyridin-3-y, zol-1-yl)-1H-pyra 4-blpyridin-1-yllbenz
amide (141) a;né%??g Orgésioi%%pleé{(s h 3pétﬁ%dmdg\ahe second stageAPé @6‘ %) was prepared
as a white so]tcVuHIng Bamlzpunde(l(%la)damdﬂmrmp-z:(¢B(11-|lautylam|no)benzon|trllezlﬂsmad of compound
(100b) and 4- - -(ethy ) itri 1H-NMR (DMS0-016) 8: (1H, d, J=1.98
Hz), 8.80 (1 7& 329@ zﬁg §§§£§$ é?ip% Ei% 5184%&4’)/78 Hz), 8.42 (1H, s)}s ])’s) 8.22 (1H, d,
J=7.91 Hz), 8.00-0196, @H)Ad, %H@H?sm@hts«gsswmm) 7.50 (1H, d, Jp¢-95 Hz) 7.48-7.41 (2H, m),
3.19 (1H, tt,i:61.g6, 6.76 Hz), 1.45 (9H, s), 1.13 (6H, d, J=6.76 Hz); LRMS (ESI) m/z 495 [M+H]*. [0383]
Example 14
4-{3-Isopropyl-4-(Ekayiied)l)-1H-imidazol-1-y1)-1Hpyrazolo[3,4-b]pyridin-1-yll-3-methoxybenzamide
(142) According to Example 80, com ound 142 the second stage y|eld 33%) was prepared as a
white solid using cSMBEBYAE - IBA R A e ad-of compound (6c) and 4-

alaaia e‘_ aTall &
fluoro-3-methylheiBgoBitigriderp@styely.
According to Example 97(3), compound (98b) (62%) w as prepared

as a white solid using compound (98a) instead of co mpound (97b).

IH-NMR (DMSO-d¢) & 11.89 (1H, s), 8.41 (1H, d, J=5.12 Hz), 8.19

(2H, d, J=8.29 Hz), 7.99 (2H, d, J=7.56 Hz), 7.51-7 49 (2H, m),
7.35 (1H, t, J=6.83 Hz), 7.24 (1H, d, J=5.12 Hz), 2 .10 (3H, s);
LRMS (ESI) m/z 276 [M+H] ™.
[0316]

Example 98(3)

2-Bromo-4-{3-methyl-4-{4-(pyridin-3-yl)-1H-imidazo I-1-yl}-1H-
pyrrolo[2,3-b]pyridin-1-yl}benzonitrile (98c)

According to Example 97(4), compound (98c) (61%) w as prepared
as a white solid using compound (98b) instead of co mpound (97c¢).

IH-NMR (DMSO-ds) & 9.21 (1H, d, J=1.95 Hz), 8.81 (1H, d, J=1.95
Hz), 8.64 (1H, d, J=5.12 Hz), 8.58 (1H, dd, J=4.63, 1.71 Hz), 8.46
(1H, dd, J=8.78, 2.20 Hz), 8.42 (1H, d, J=0.98 Hz), 8.34 (1H, d,
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1H-NMR (DMSO-d0 8: 9.12 (1H, s), 8.65 (1H, d, J=4.88 Hz), 8.49 (1H, d, J=4.63 Hz), 8.46 (1H, d, J=1.22
Hz), 8.39 (1H, d, J=1.22 Hz), 8.24 (1H, dt, J=8.05, 1.95 Hz), 8.18 (1H, brs), 7.76 (1H, d, J=1.71 Hz), 7.65
(1H, dd, J=8.05, 1.71 Hz), 7.57 (1H, brs), 7.52 (1H, d, J=8.05 Hz), 7.47 (1H, dd, J=4.63, 8.55 Hz), 7.43
(1H, d, J=4.88 Hz), 3.80 (3H, s), 3.21 (1H, tt, J=6.83, 6.83 Hz), 1.11 - 191 - THPEE6EEA143H511 (6H, d,
J=6.83 Hz); LRMS (ESI) m/z 454 [M+H]*. [0384] Example 143
4-{4-(4-(1H-Rp@281H4zyl)8133-ifhitl actto| J+8/053-1s@pridpy | 8LBFpYtazolo[3,4-b]pyridind 1 g)ll-22dsopropylamino)b
enzamide (1 35] 1) _ _
4-{4-(4-(1-(5@225/%%?&?%@;@3? &%@zél-ﬁ?%@ﬁﬁ?lnz.%%£0|-1- 1H, dd, J=8.05,
y1)-3-isopropyb8Hpyra16I(g8, 4£)bRM8iESy tlz25F dhetienzonitrile (143a) According to Example
99(2), compctggfkp%a) (71%) was prepared as a gray solid using compound (36a) Instead of compound
(99a) and using 4-(1-(benzyloxymethyl)-1H-pyrazol-4-y1)-1HImidazole instead of
4-(1-methyl-1H-pyeaopld-98041L H-Imidazole hydrochloride. 1H-NMR (DMS0-016) 8: 8.96 (1H, d, J=1.95
Hz), 8.88 (1H, d, J= 3.25 (2 1H, d, J=8.66 Hz), 7.98

=(QVT,

.58 Cd/J=5. 38528 )5k S)4:58 (2H, s),
3.24 (1H, tt, +6irBRiaG B3 M e H-phoaloltd] 2] 3 bty Bdr=zybBRMS (ESI) m/z 598Mrit{9B)386] Example
143(2) :
4-{4-(4-(1H-Pyraz<§f92935 'fﬁ-‘gl5%85%?—ﬂ%f?—%%%%&?%‘?p%%@%%ﬁ,4-b]pyridin-&r-‘fﬁf"-‘?-?isopropylamino)b
enzamide (148)a whité\solif disigotedmEomple d@)instead of co mpound (1€).
4-{4-(4-(1-(bgnzyloxymethyl)-1Hpyrazol-4-yl)-1H-imidazol-1-yl)-3-isopropyl-1H-pyrazolo[3,4-
b]pyridin-l-yll'—'b%l\é QBW Mf10) egn%ﬁﬁfﬁé)(@j%)%gs(ﬁ% é%?l(?sWd’é&mpound (143a) and
isopropylamiseingteiad)of7amipausyl {epane tnars-4-tydioxycyclohexylamineHrespeatisely, and this 4-{4-
-192- THO064 E(F) 111511 (4-(1-(benzyloxymethyl)-1H-pyrazol-4-y1)-1H-imidazol-1-y1)-3-
isopropyl-leﬂfgra g?oé'jkﬁp]nﬁn :ﬁ/lgi -'?(?séﬂfloﬁ};ig >ré‘\o)benzonitrile was d@gbl\% 'in anisole and
trifluoroacetiy agiqi Fpllowed By $tityingsat 16C dpraxbr3 agreaction solution was gigtaluted between
chloroform and a 2 M agueous sodium hydroxide solution, The organic layer was dried over anhydrous
sodium sulfate3 4Rt HR)s610R ¢ L ﬁ&iﬁé&*%&&%%&?n 183 (2H. d,
4-{4-(4-(1H-prazalifr) 1) sB--imigaz ohs -y MS- (B ey 4d8-pyrazolo[3,4-b]pysdin-1-y11-2-(isopropylamin
0)benzonitrile, which was used in the subsequent reaction without being purified. Lastly, according to

Example 1(7;‘?%pound (143) (the second stage yield: 43%) was prepared as a white solid using

4-{4-(4-(1HpyrazoE4ayhpEHbdmidazol-1-yl)-3-isopropyl-1H-pyrazolo(3,4-

3-Chloro-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol- 4-yl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (99)
[0319]

Example 99(1)

3-Chloro-4-{4-chloro-3-isopropyl-1H-pyrazolo[3,4-b ]pyridin-1-
yl}benzonitrile (99a)

Compound (6b) (0.5 g) was dissolved in DMF (13 mL) , and
sodium hydride (0.145 g, a 55% dispersion in paraff in liquid) was
added to the resulting solution at 0°C, followed by stirring for
30 min. Then, 3-chloro-4-fluorobenzonitrile was ad ded to the
reaction solution, followed by stirring at 60°C for 1 hr. Water
was added to the reaction solution. The precipitat e was collected
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b]pyridin-1-yll-2-(isopropylamino)benzonitrile instead of compound (1f). 1H-NMR (DMS0-016) 8: 12.87
(1H, s), 8.78 (1H, d, J=4.88 Hz), 8.35 (1H, t, J=5.00 Hz), 8.20 (1H, d, J=1.22 Hz), 8.02 (1H, s), 7.89 (1H,
d, J=1.22 Hz), 7.82 (1H, s), 7.80 (1H, d, J=8.78 Hz), 7.71 (1H, d, J=2.20 Hz), 7.48 (1H, dd, J=8.78, 2.20
Hz), 7.44 (1H, d, J=4.88 Hz), 3.26-3.16 (3H, m), 1.28 (3H, t, J=7.07 Hz), 1.1508F¢# E("f)%@jhz) LRMS
(ESI) m/z 470 [M+H]*. [0387] Example 144
4-{4-(4-(1H-Rmﬁlﬂatidnyar)dmmdazdpmmmgMatmm@tlHpyrazolo[3 4-b]pymidimpeybd-2-(ethylamino)be
nzamide (14 /gr?to E)i)amvp eSCJ)14 (2), compound (144) (the third stage yield: 27%) was
prepared as e sofd y amine (2.0 M in THF) instead of isopropylamine. 1H-NMR
(DMS0-016) 84 Llwe(mtlg) BRI HI dJI4888H ), 8.89 (1], 9, 173 QAHHz), 8.20 (1H, d, J=1.22 Hz),
8.02 (1H, s), Z. 7.8 d, J=8.78 Hz), 7.75 5 Hz), 7.44 (1H,
d, J=4.88 Hz} Sﬁﬂﬁﬁ édﬁ 34%8%85 %galﬁ%‘ 68%1‘5 dtt, J=7.07, 6.34, 6%&9‘@]312413(1H, tt, J=6.83,
6.83 Hz) 1. Z@I(BH Jh618%5HRY; HRM $. (E55(Pid/zcB31{6188]Hz); LRMS (ESI) m/z 456 [M+H]*. [0388] Example
145 3-C 4 -{4-(4-(1-ethy1-1H-pyrazol-4-y1)-1H-imidazol-1-y1)-

3-isopropyl-1 y]'azolo[s 4-b]pyridin-1-yllbenzamide (145) According to Example 99(2), compound
(145) (42%) was pfepmmdwz) white solid usmg 4-(1-ethyl-1H-pyrazol-4-y1)-1H-imidazole hydrochloride
instead of 4-(1-meth h Sﬂ -d0 8: 8.65 (1H, d,
J=4.95 Hz), 8.25 (tH; -J=8.24,1.81
Hz), 8.02 (1Hmﬁjaz?’oQﬂ;(IHﬂiHq)yﬂaﬂoﬂzsldz)]p?r%(ﬂyﬂ}lﬁbn1a8 24 Hz) 7 75 (1h-h|6é (3H9 (1H brs), 7.41 (1H,

d, J=4.95 Hz), 4. 5 23 ( 76 Hz), 1.40 (3H, t, y=7.25 Hz), 1.11 (6H, d,
J=6.76 Hz): LRMS%%@?&HY% 3‘6}% ffgﬁés "{8§é§?sﬁfx %Bléﬁﬂﬁ Bh i), Gind

4-{4-(4-(1- Etlp}bﬂaédﬂnmwalﬁhéte’lo lewﬂﬁémb]mw&l&*@’rano powder) (0.086

isopropyl-1H- yra olo[3 yridin 1 1-2- (eth ing)henzamide (146) According to Example 83,
compound (1 G?Qﬁfé g@g@ﬁg i é )&MH ‘%ﬁ?é%‘ as a white solid %ﬁfé’%”dre
4-(1-ethy|-1I—(pwag@ih;é#e/ﬁdabblmMQz@g@nhygigmhI@,ﬁlcf@nlnstead of 4-(4- metb@xydyenyl1)-1H-imidazole
and using eth lamine (2.0 M in THF) instead of 4-hydroxycyclohexylamine.

rrlng at 120°C for 48 hr. The reaction solution was diluted

with chloroform, and insoluble matters were filtere d by celite.
The solvent was distilled away, and the residue was purified by
neutral silica gel column chromatography (chlorofor m/methanol) to
obtain compound (99) (0.045 g, 18%) as a white soli d.
'H-NMR (DMSO-d¢) &: 8.65 (1H, dd, J=4.88, 0.98 Hz), 8.25 (1H,
brs), 8.22 (1H, s), 8.20 (1H, d, J=0.98 Hz), 8.03 ( 1H, dd, J=8.29,
0.98 Hz), 7.97 (1H, s), 7.91 (1H, s), 7.75 (1H, d, J=8.29 Hz),
7.74 (1H, s), 7.69 (1H, brs), 7.42 (1H, dd, J=4.88, 0.98 Hz), 3.87
(8H, s), 3.24 (1H, tt, J=6.83, 6.83 Hz), 1.10 (6H, d, J=6.83 Hz);
LRMS (ESI) m/z 461 [M+H] i
[0321]

Example 100

4-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-methylbenzami de (100)
[0322]

Example 100(1)

- 160 -



1H-NMR (DMSO0-016) 8: 8.77 (1H, d, J=4.95 Hz) 8.34 (1H, t, J=5.11 -194- THO0064 E(F) 111511 Hz), 8.18
(1H, d, J=1.15 Hz), 8.02 (1H, s), 7.86 (1H, d, J=1.15 Hz), 7.79 (1H, d, J=8.74 Hz), 7.74 (1H, s), 7.69 (1H,
d, J=2.14 Hz), 7.46 (1H, dd, J=8.74, 2.14 Hz), 7.43 (1H, d, J=4.95 Hz), 4.16 (2H, q, J=7.25 Hz), 3.27-3.16
(3H, m), 1.40 (3H, t, J=7.25 Hz), 1.27 (3H, t, J=7.09 Hz), 1.13 (6H, d, J=6.76HJPA M $1H5&]) m/z 484
[M+H]*. [0390] Example 147  4-{4-(4-(1-(Difluoromethyl)-1H-pyrazol-4-y1)-1H-Imidazol-1-
y1)-3-isopropyl-1H+iguaz®efBrapylpytidina ojd3:4-b] petiidertifd) benzamide (147) According to
Example 83, compound (147).(the thir e vield: 22%) wag prepared as a whjt lid using 4-(1-
difluoromethyl1-1 _Swéazlégﬁxl}%@u&%%ﬁta@% elth?/ﬁj}%c ef(ogfri]gé%nstead of hiS ﬁﬁ'j wes
4-(4-methoxyfrbenist)atite thiickagallgiamdf 0 Mglisthytpylanei(2.0 M in THF) Ins(@éd ofl) in
4-hydroxycyclohexylamine. 1H-NMR (DMS0-016) 8: 8.79 (1H, d, J=4.88 Hz), 8.50 (1H, s), 8.33 (1H, t,
1500 1y ST e BRI B . 5212 oy, B MY 52560 28 ki, 7.79
(1H, d, J=8.78ittdgpn7a6BosHHer, al=4 B3tz )arti46s(liition 0f=4.88 Hz), 7.46 (DHludeh-3=8.78, 1.95 Hz),
3.25-3.13 (3H 1.27 (3H, t, J=7.07.H7), 1.13 (6H, d. J=6.59 Hz); LRMS (ESI).m/z 506 [M+H]*. [0391]
rampie 118 R B R AT 21 midazora 1010 e

3-isopropyl- lidsplirapoiefdd v jagrid| felleykt-RBy(ssioprgfiyl) benzamide (148) {@39@hExample 148(1) -195-

THO0064 E(F 1511 4-{4-(4-(1- \ [)-1H- [-4-y1)-1H-Imid [-1-

yl)-3-isop§oz) %ﬁ%@%o\%%%’ﬁ?éﬁl%%ﬁgﬁ@% e(?s\%%) r%genzérzwide (rfpéé?'%zeoa&d%\%@ording to
Example 83, thensaetitrtlsCidim {thestiardoitage piekind8%) was prepared ag atWisiteas@lid using 4-(1-
b I thyl-1H- [-4-y1)-1H-Imidgzole hydrochloride Instead of

(o methox BRI Pt b B YOG TS BPOMiHAne nstoad of 4 ARG MBRexylamine.

added to the reaction solution, followed by stirrin g at60°C for 1
hr. The reaction solution was distributed between ethyl acetate
and water, and the organic layer was washed with sa turated saline.
The organic layer after the washing was dried over anhydrous
sodium sulfate, and then the solvent was distilled away. The
residue was purified by neutral silica gel column ¢ hromatography
(hexane/ethyl acetate) to obtain compound (100a) (1 2.99, 42%) as
a white solid.

'H-NMR (CDCl3) & 12.02 (1H, brs), 8.11 (1H, d, J=4.88 Hz), 7.63

(1H, d, J=4.88 Hz), 3.93 (1H, tt, J=6.83, 6.83 Hz), 1.48 (6H, d,
J=6.83 Hz); LRMS (ESI) m/z 288 [M+H] .
[0323]

Example 100(2)

3-Isopropyl-4-{4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl}-1H-pyrazolo[3,4-b]pyridine (100b)

According to Example 97(1), 4-iodo-3-isopropyl-1-( 4-
methoxybenzyl)-1H-pyrazolo[3,4-b]pyridine was prepa red using
compound (100a) (15.5 g) instead of compound (40d) and using 4-
methoxybenzyl chloride instead of {2-(chloromethoxy )ethyl}silane
and was used in the subsequent reaction without bei ng purified.
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[0393] Example 148(2)  4-{4-(4-(1-(Hydroxyethyl)-1H-pyrazol-4-y1)-1H-Imidazol-1-y1)-
3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-y11-2-(isopropyl)benzamide (148) According to Example 95,
compound (148) (60%) was prepared as a white solid using compound (148a) instead of compound (93).
1H-NMR (DMS0-016) 8: 8.77 (1H, d, J=4.88 Hz), 8.38 (1H, d, J=6.83 Hz), §180A-E®) 3t151b Hz), 7.99
(1H, s), 7.88 (1H, d, J=1.10 Hz), 7.85 (1H, brs), 7.78 (1H, d, J=8.78 Hz), 7.76 (1H, s), 7.74 (1H, d, J=1.95
Hz), 7.43 (1HAatod4g88 Exapld 27(@H Sddopopyra;(4-06thay, 7.16 (1H, brs)yleeady(iH{4; J=5.45 Hz), 4.17
(2H, t, J=5.45.Hz)..3,78 (2H, Q.. J= Hz)..3,68 ( tt. J=6.34, 6.34, 6.84 H7),.3,19 (1H, tt, J=6.59,
6.59 Hz), 1.2 (g%f%ﬁig%ﬁgﬂz@%(g@aagﬁlzéﬁbﬂﬂf LRMS (ESI) m/Z8XATN HT*. [0394] Example
149 b]pyridine was prepared using 4-iodo-3-isopropyl-1- (4-

4-{3-1sopropy|-4:(4-(pyridin-4-y1)-1H-imidazol-1-y1)-1Hpyrazolo[3,4-b]pyridin- 1-vll-3-methylbenzamide
o) AR LI g R A B kiR

4-(4-chloro-3@sap eopylisitdpis(dzothy] 44 pyrador-Ayyht B-methylbenzonitrile delprepared using
2ccording to EAUK B R8I35 S g R LSS U blage yiekd: 296) whSfeguilamg
4-(4-chloro3-ssibpegpyit tddqivrazihold, Bebjp padfied -yais 3-methylbenzonitrilésmstasdt bf compound (107a)
and using 4-(pyridin-4-y1)-1H-imidazole in d of 4-(1-methyl-1H-pyrazol-1-y1)-1H-imidazole
hydrochlorid .'{”ﬁ-tﬁfm%?W)s%i@jr%?@f{‘%wr%%iﬂ% Hz), 8.69 (1H, &}ﬁﬁ'ﬁa&g% 8.48 (1H, dd,
J=4.76, 1.46 \2)H&aLdlo3ch-Fpdridiheldp SRS diLEY i, td=1.22 Hz), 8.23 (1Hudlhateiicd7, 1.95 Hz), 8.09
(1H, brs), 7.98 | d, J=1.71 Hz), 7.88 (1H, dd, J=8.29, 1.71 Hz), 7.55 (1H, d, J=8.29 Hz), 7.49 (1H, brs),
7.47 (1H, d, ﬁgg@ﬂ“g g N ?é&%ﬂ%zé‘;ﬂoﬂ%%{{iﬂ%zl (1H, tt, J=6.5é<,98f Fi2), 2.19 (3H, 5), 1.12
(7H, d, J=6.58nd zgatidiVSolltioh wakzcba8dittatdir at@3Bbh diExample 150  uted with

4-{1-(1-(4-Carbamoy|-2-ch|lorophenyl)-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-4-yl)- 1H-imidazol-4-yll-N-
is éprgm(/l b en?‘éﬁﬁﬁ%h’%cj @g%%jedy s)ogium glrcarr)gonatee\)//ate [ Iy rwa%'/s)agidecfn y
thereto. The precipitate was collected by filtrati on and was
dried under reduced pressure to obtain compound (10 Ob) (12.3 g,

the third stage yield: 63%) as a white solid.
'H-NMR (DMSO-ds) &: 13.67 (1H, brs), 8.60 (1H, d, J=4.88 Hz), 8.12

(1H, d, J=1.22 Hz), 7.96 (1H, s), 7.81 (1H, d, J=1. 22 Hz), 7.73
(1H, s), 7.23 (1H, d, J=4.88 Hz), 3.87 (3H, s), 3.1 1 (1H, t,
J=6.83, 6.83 Hz), 1.07 (6H, d, J=6.83 Hz); LRMS (ES [) m/z 308
[M+H] *.
[0324]

Example 100(3)

4-{3-1sopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-methylbenzami de (100)

According to Example 80, compound (100) (the secon d stage
yield: 65%) was prepared as a white solid using com pound (100b)

instead of compound (6c¢).

'H-NMR (DMSO-dg) & 9.37 (1H, d, J=4.88 Hz), 8.93 (1H, d, J=1.22

Hz), 8.81 (1H, brs), 8.70 (2H, s), 8.62 (1H, d, J=1 22 Hz), 8.60
(1H, dd, J=8.29, 1.71 Hz), 8.46 (1H, s), 8.27 (1H, d, J=8.29 Hz),
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Example 150(1)
4-{1-(1-(Carbamoy1-2-chlorophenyl)-3-isopropyl-1Hpyrazolo[3,4-b]pyridin-4-yl)-1H-imidazol-4-yllbenzoic
acid (150a) According to Example 107(2), compound (150a) (the second stage yield: 21%) was
prepared as a white solid using compound (99a) and ethyl-4-(1H-imidazol-4%0BehedatdliHztbad of
compound (107a) and 4-(1-methyl-1H-pyrazol-1-y1)-1H-imidazole hydrochloride, respectively. [0397]
Example 15@®2)1-(197s), BHAUGH, E(Fyr4.88512), 4.59 (3H, s) , 3.94 (1H, tt,
4-{1-(1-(4-Catb yk-2-chlorophenyl)-3-isopropyl: LH-pyra [3,4-b]pyridin-4-yl)-1H-imidazol-4-yll-N-
isopropylber?‘ié?ﬁglé% %1 OJ_\% Eggn{é}éuﬁz (?[gé)aﬁ%dg gﬁ)_,éggthyl-&(&dimethylaﬁzl o%%l)-
carbodiimide(BgtirochbtddHD35 g), hydroxybenzotriazole monohydrate (0.025 g), and isopropylamine
(0.085 mL) %/issolved in DMF (0.6 mL), followed by stirring at room temperature for 3 hr. The
reaction solution was distributed between chloroform and water, and the organic layer was washed with
saturated saline amctangsedt®d over anhydrous sodium sulfate. The solvent was distilled away, and the
residue was purified b aphy (chloroform/methanol) to obtain
compound (150) (36% , sotiek = 3: 8.69 o 3=4B5%4 23 44 (1H, d,
J=1.15 Hz), §I3&Hdylrectplbfd BR)byrYiS RGN BHinytisenBartld 1H, d, J=1.98 Hzg @AY (1H, d, J=6.92 Hz), 8.04
(1H, dd, J=8.24, 1.98 Hz), 7.96-7.90 (4H, m), 7.76 =8.24 Hz), 7.69 (1H, brs), 7.49 (1H, d, J=4.95
Hz), 4.11 (1H, dtt,ﬁ%%’.rﬁéfgat.oi X %%,?%@%”@Wﬁ%ﬂ%é?ﬁ% Hz), 1.18 (6@?%1,9 =6.59 Hz), 1.12
(6H, d, J=6. etz BdoRMas(ErEbaratras42Me Siid 0888]cBxample 151 pound (100b)
4-{1-(1-(4-Carbamoyl-2-chloro yN)-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-4-yl)-1H-imidazol-4-ylI-N,N-di
methylbenzaﬁﬂ?@%&fﬁjmpwﬂ@%f{’}i@tﬁslﬂga%ﬁé%%%&/ﬁ compound (15&?5%3)35“\%5 prepared as a
white solid ugigg:dd b difivetbydamitigibestaadtrié. isopropylamine. 1H-NMR (DMS0-016) 8: Hz), 8.35 (1H, d,
'H-NMR (DMSO-ds) &: 8.62 (1H, d, J=4.88 Hz), 8.36 (1H, d, J=1.95

Gl
[ Y /1 ¥IU/] (N
U V \J

Hz), 8.22 (1H, brs), 8.20 (1H, d, J=1.22 Hz), 7.98 (1H, s), 7.96
(1H, dd, J=8.29, 1.95 Hz), 7.89 (1H, d, J=1.22 Hz), 7.74 (1H, s),
7.58 (1H, d, J=8.29 Hz), 7.58 (1H, brs), 7.40 (1H, d, J=4.88 Hz),
6.39 (1H, dd, J=17.56, 11.47 Hz), 5.95 (1H, d, J=17 .56 Hz), 5.30
(1H, d, J=11.47 Hz), 3.85 (3H, s), 3.23 (1H, tt, J= 6.59, 6.59 Hz),
1.11 (6H, d, J=6.59 Hz); LRMS (ESI) m/z 453 [M+H] .
[0326]

Example 102

3-Ethyl-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4 -yl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (102)

According to Example 80, compound (102) (the secon d stage
yield: 15%) was prepared as a white solid using com pound (100b)
instead of compound (6¢) and using 3-ethyl-4-fluoro benzonitrile

instead of 4-fluoro-3-methylbenzonitrile.

IH-NMR (DMSO-ds) & 9.35 (1H, d, J=4.88 Hz), 8.93 (1H, d, J=1.22

Hz), 8.84 (1H, brs), 8.72 (1H, d, J=1.95 Hz), 8.70 (1H, s), 8.63
(1H, d, J=1.22 Hz), 8.60 (1H, dd, J=8.29, 1.95 Hz), 8.46 (1H, s),
8.25 (1H, d, J=8.29 Hz), 8.22 (1H, brs), 8.12 (1H, d, J=4.88 Hz),
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- 198 - THOO64 E(F) 111511 Hz), 8.04 (1H, dd, J=8.24, 1.98 Hz), 7.94 (2H, d, J=8.08 Hz), 7.76 (1H, d,
J=8.24 Hz), 7.69 (1H, brs), 7.48 (1H, d, J=4.95 Hz), 7.46 (2H, d, J=8.08 Hz), 3.25 (1H, tt, J=6.76, 6.76
Hz), 2.98 (6H, s), 1.12 (6H, d, J=6.76 Hz); LRMS (ESI) m/z 528 [M+H]*. [0399] Example 152
4-{4-(4-(4-Carbamoylpheny1)-1H-imidazol-1-y1)-3-isopropyl-1Hpyrazolo[3, 4 86 &ifR1 153 Ichlorobenza
mide (152) According to Example 150(2), compound (152) (32%) was prepared as a white solid using
ammonia watebqZ3% $ Wate (] hstekd 8BiDPtdpsIabilhe. 1H-NMR (DMSO0-0216) @: B:69q1H, d, J=4.95
Hz), 8.44 (1H,d, J=1.32 Hz), %3(%% )= z (1H, brs), 8.20 (1K, :l(g Hz), 8.04 (1H,
dd. J=8.24, ?@i él%]’ %7&799 : Zﬁi)g?%zéﬁﬁlljd)fﬁ%%% Hz), 7.69 (1H, tﬁ)s)&)%ﬁ) | d. 1=4.95 H2),
7.33 (1H, brsy/3455 (MHHE, J56.76, 6.76 Hz), 1.13 (6H, d, J=6.76 Hz); LRMS (ESI) m/z 500 [M+H]*.
[0400] Examr@gzlﬁf 3-Chloro-4-{4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-Imidazol-1-
y1)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (153) [0401] Example 153(1)
4-lodo-3-(trifluororgetinyb)eltdPpyrazolo[3,4-b]pyridine (153a) Normal-butyllithium (a 2.76 M solution in
196, 24! o, Splution of N o. oplamle(50I I-T— etr?glryl/(l;ofuran
2-fluoro-3- iogp-ApyHpgliazo(@B,8-bpimidikd E-yB30orhylinas alropwise added to the (189- TH0064 E(F) 111511
resulting solution at -78C . fallowed irring for 15 min. Subsequently, ethyl 2,2 2-trifluoroacetate (14.0
mL) was dropwise%&%%%%%%@étgﬁ ’s%ﬂﬁf%’ﬁ' rﬁ(_%’ &%‘%9%8 by stirring at %Setagfme temperature for
1 hr, and theypidiyoBazinesmpreiirdiads £bhitmbplivasiagdenh to the reaction gelui,0obpwed by stirring at
60C for 1 hr..Theaggaﬁtion soluf%irzg was distribﬂrd between ethyl acetate a | d water, and the organic layer
was washed (RS FRBRCURRHE NN SRIMH U 2R EPhe washing was HFEG 8V anhydrous sodium

sulfate, and teribetoans Bascisiiladawal. The residue was purified by neutral silica gel column

chromatography mexane/ethé/l acetate) to obtain compound (153a) (21.0 g 69%) as a white solid.
HNMR (DMSO-ds) &: 9.35 (1H, d, J=4.88 Hz), 8.93 (1H, d, J=1.22

Hz), 8.83 (2H, brs), 8.70 (2H, s), 8.63 (1H, d, J=1 .22 Hz), 8.60
(1H, dd, J=8.05, 1.95 Hz), 8.47 (1H, s), 8.27 (1H, d, J=8.05 Hz),
8.22 (1H, brs), 8.12 (1H, d, J=4.88 Hz), 4.59 (3H, s), 3.95 (1H,
tt, J=6.83, 6.83 Hz), 3.21-3.17 (2H, m), 2.15 (2H, ttd, J=7.32,
8.05, 7.32 Hz), 1.84 (6H, d, J=6.83 Hz), 1.45 (3H, t, J=7.32 Hz);
LRMS (ESI) m/z 469 [M+H] i
[0328]

Example 104

3-Isopropyl-4-{3-isopropyl-4-(4-(1-methyl-1H-pyraz ol-4-yl)-
1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (104)

According to Example 80, compound (104) (the secon d stage
yield: 25%) was prepared as a white solid using com pound (100b)

instead of compound (6¢) and using 3-isopropyl-4-
fluorobenzonitrile instead of 4-fluoro-3-methylbenz onitrile.

IH-NMR (DMSO-dg) & 8.63 (1H, d, J=4.88 Hz), 8.22 (1H, s), 8.17

(1H, brs), 8.08 (1H, d, J=1.71 Hz), 7.98 (1H, s), 7 92 (1H, s),
7.88 (1H, dd, J=8.05, 1.71 Hz), 7.75 (1H, s), 7.52 (1H, brs), 7.48
(1H, d, J=8.05 Hz), 7.39 (1H, d, J=4.88 Hz), 3.88 ( 3H, s), 3.24

-164 -



1H-NMR (DMSO-d6) 8: 8.10 (1H, dd, J=4.63, 2.20 Hz), 7.73 (1H, dd, J=4.63, 2.20 Hz); LRMS (ESI) m/z
314 [M+H]*. [0402] Example 153(2) 3-Chloro-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-
b]pyridin-1-yllbenzamide (153b) Compound (153a) (5.0 g), cesium carbonate (7.82 g), and 3-
chloro-4-fluorobenzonitrile (3.0 g) were suspended in acetonitrile (50 mL), fOORRGEST) Skt at 70C for
24 hr. The reaction solution was distributed between ethyl acetate and an aqueous ammonium chloride
solution, and(ftté 8rgkatidapaBamdz)nwasBddhivith dabblidd saline. The organic38ydr)afiekGhe washing was
dried over a rous_saqdiym,sylfate..and then the sqlv distilled away. anol added to the
residue, andﬁ@@e%%%éﬂ éllsi (%I&%%[Qg ’b@#ﬁ%m@#’tﬁ&ggi 3-chloro-4-{4-i %%m V2 469
(trifluoromethiyiH-pyrazolo[3,4-b]pyridin-1-yllbenzamide (4.77 g, 66%).
3-ChIoro-4-r{71-i€£iég3-(trifluoromethyl)-lH-pyrazolo[3,4- b]pyridin-1-yllbenzamide (2.53 g) was dissolved in
DMSO (28 E .- 200 - THOO64 E(F) 111511 A hydrogen peroxide solution (30 wt%) (0.700 mL) and a 4

stirring at room tergl%e y . e precipitate was
collected by filtratiBA-dROWAR SHEa tHHeRredtes ompeting 26 g, 86%).
1H-NMR (DMSar0ida)®B:18/32 Kikpyrabaleid, 88]pia)dliB-28/Ifal, br s), 8.22 (1H, nkaimde7105y), 8.14 (1H, d,
J=4.88 Hz), 8.06 (1H, dd, J=8.05, 1.71 Hz), 7.91 (1H, d, J=8.05 Hz), 7.74 (1H, brs); LRMS (ESI) m/z 466
T S L Ry N AR BN
y1)-3-(trifluorgieik:thyd) it pyspaeio B3; 4- iy sbid Lisilheoagmide  (153) 0dedQrdory to Example 99(2),
compound (153) (71%) was prepared ysing compound (153b) instead of compound (99a). 1H-NMR
(DMS0-016) 85 .%%O(f , pygﬁ%ag),qgalg?@g ?i@f?:%%ﬂpéj% (1H, d, J=1.95 Hz), 8.10 (1H, s), 8.08 (1H,
dd, J=8.29, 1f85rbtiehz6:96iElinstend 002 (Udo-3-dethydBeniz), 7.79 (1H, s), 7. 80itdEl, brs), 7.71 (1H, s), 7.69
(1H, d, J=4.88 Hz), 3.87 (3H, s); LRMS (ESI) m/z 487 [IZI\%+HJ*.&O4O4] Example 154
3-Methyl-4-{ANMBOMPR s, p ¥ 862 441) A HEhRSaER) 1820 (1H, d, J=0.98
y1)-3-(trifluonapyesnd) (1H; pyspzob 314+ bipyridm1rylpenanmide (154) [040598 Hz), 7.83

(1H, dd, J=8.17, 1.83 Hz), 7.74 (1H, s), 7.60 (1H, d, J=1.83 Hz),
7.50 (1H, d, J=8.17 Hz), 7.48 (1H, brs), 7.38 (1H, d, J=4.88 Hz),
3.87 (3H, s), 3.22 (1H, tt, J=6.83, 6.83 Hz), 1.66- 1.61 (1H, m),
1.11 (6H, d, J=6.83 Hz), 0.73-0.66 (4H, m); LRMS (E Sl) m/z 467
[M+H] ™.

[0330]

Example 106

2-Amino-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4 -yl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (106)
[0331]

Example 106(1)

2-Amino-4-{4-chloro-3-isopropyl-1H-pyrazolo[3,4-b] pyridin-1-
yl}benzamide (106a)

Compound (6b) (0.335 g) was dissolved in DMF (8.6 mL), and
sodium hydride (0.097 g, a 55% dispersion in paraff in liquid) was
added to the resulting solution at 0°C, followed by stirring for
30 min. Then, 4-fluoro-2-nitrobenzonitrile was add ed to the
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Example 154(1) 4-Hydraziny1-3-methylbenzonitrile (154a) THO0064 E(F) 111511 Hydrazine
monohydrate (180 mL) was added to 4-fluoro-3- methylbenzonitrile (5.0 g), followed by stirring at 100C for
4 hr. Water was added to the reaction solution, and the precipitate was collected by filtration and was
dried under reduced pressure to obtain compound (154a) (4.33 g, 79%). 1Hh{0 E&bLeLE) 8: 7.41
(1H, dd, J=8.66, 1.59 Hz), 7.26 (1H, d, J=1.59 Hz), 7.14 (1H, brs), 7.07 (1H, d, J=8.66 Hz), 2.02 (3H, s);
LRMS (ESI) reactiotBsldic]fdas] by Ssaingpie QB4 R)r 30 min. Water
4-{5-Amino-3-(triflugromethyl)-1H-pyrazolo-1-y11.3- methylbenzonitrile (154 Compound (154a)
(0.300 g) andé?fﬁ%?mﬂooﬁﬁ%%%%&%%%tﬁalé&(%.%fR (g:;' \were dissolved intéel anol (6.8 mL) and
methanesulfeniecentibipi@&inh Jaridwasbeddyyregdlinkifog &2 hr. The reaction steiuticrbiams distributed
between ethy] acetate and water, and the grganic.layer was washed with satyrated saline. The organic
layer after thé! %Ca(%q??rﬁ%%vr\}ggpcﬁ?% g’(‘/é)ry af 0yo roﬁé]ggyﬁhn:n& sulfate, and the sol gnt was distilled away. The
residue was pimobhedzoyiméu(@8 gilRE2Qel ddtOmarcid-@oatography (hexane/eshylt Hdetate) to obtain
compound (154b) (0 25¢ 47.0/9%_ 15N éDMSO.—O ) 8:7.95 (1H, s), 7.82 (1H, d, J=8.05 Hz), 7.53
(1H, d, J=8.0% ﬁ%?ﬁ@%%s?%‘q’f@?, %@(EM% ,”E‘?{‘B”d%:(ﬁ s): LRMS (ESI) m/z%eé M9H]*. [0407] Example
154(3) 4-gh(farbiohmdihigd (0,86d)pwerd Jsdwxethiba solv ent mixture of
ylidene)met IN0)- -(({tlriﬂ%%r ethyl)-1H-pyra Io-Jg'- 11-3- methylbenzopijtrile 5154c) THO064 E(F)
111511 @lﬁﬁggtﬁ@ 5 f%lz%gg‘é)aﬁm@{ﬁﬁi%{gk ?r&gthylene Meldrunﬁl@gclj{cp 3429 g) were
dissolved in 2darepanhk(@4Mimidofalmwveddnestyisgrat 100C for 1 hr. ThengpactarTsolution was cooled
to room temperature, and the precipitate was collected by filtration, washed with diethyl ether, and dried
under recuica briSd RS BEI B IS HATPLESS 5150 m), 06%6). 1+ INIRSERNEH: 016) &: 11.07 (1H,
d, J=7.56 Hz}y& 4fst{ldd, sovalr THbpritipa@dnddinashlselwitl Hz), 7.91 (1H, ddyvateBdl, lagl Hz), 7.76 (1H,
d. J=8.05 Hz), f.32 {H rittadtn o Goram tormoaund (10Bay > (EST) miz 420 [MiHlo (29081

a white solid.

IH-NMR (DMSO-ds) & 8.57 (1H, d, J=4.88 Hz), 7.70 (1H, d, J=9.27

Hz), 7.60 (1H, d, J=1.95 Hz), 7.47 (1H, d, J=4.88 H z), 7.45 (1H,
dd, J=9.27, 1.95 Hz), 6.92 (2H, brs), 3.73 (1H, tt, J=6.83, 6.83
Hz), 1.43 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 330 [M +H] *.
[0332]

Example 106(2)

2-Amino-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4 -yl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (106)

According to Example 99(2), compound (106) (12%) w as prepared
as a yellow solid using compound (106a) instead of compound (99a).

IH-NMR (DMSO-dg) & 8.76 (1H, d, J=4.88 Hz), 8.18 (1H, s), 7.97

(1H, s), 7.86 (1H, s), 7.78 (1H, brs), 7.73 (1H, s) ,7.72 (1H, d,
J=8.66 Hz), 7.65 (1H, d, J=1.95 Hz), 7.50 (1H, dd, J=8.66, 1.95
Hz), 7.44 (1H, d, J=4.88 Hz), 7.11 (1H, brs), 6.94 (2H, s), 3.86
(3H, s), 3.16 (1H, tt, J=6.83, 6.83 Hz), 1.13 (6H, d, J=6.83 Hz);
LRMS (ESI) m/z 442 [M+H]  *.

[0333]
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Example 154(4)
3-Methyl-4-{4-oxo0-3-(trifluoromethyl)-4,7-dihydro-1Hpyrazolo[3,4-b]pyridin-1-yllbenzonitrile (154d)
Compound (154c) (2.9 g) was added to Dothem (21.0 mL), followed by stirring at 200C for 1 hr. The
reaction solution was cooled to room temperature, and the precipitate was E61RERE(BY ¥idRkon, washed
with hexane, and dried under reduced pressure to obtain compound (154d) (2.20 g, 97%). 1H-NMR
(DMSO-dO 8: 8.32F%a)tes)0B.02 (1H, d, J=1.46 Hz), 7.89 (1H, dd, J=8.29, 1.46 Hz), 7.74 (1H, d, J=8.29
Hz), 6.78 (1H, brs), 2 15 , Example 154
4-{4-Chloro-3-(trifluorometh 0 9 1 itrflé 4e)

Compound (Ibididy ¢R129) edHrasadids{ived]pyri ofgivemza4 mL), and thionyinglddiidi® (1.00 mL) and DMF
(0.148 mL) dded to the resulting solution, followed by reflux for 3 hr. Water was added to the
reaction solution for distribution. The organic - 203 - TH0064 E(F) 111511 layer was washed with
saturated sodium Bicariptmad@ (Water. The organic layer after the washing was dried over anhydrous
sodium sulfate, ang Xr]r% (—)LX E N Oarg_gilsglega_ 5 .2F§Zr8§n£L as added to therelailg_lie, and the
precipitate was colte i on-atd Srieat ettced-pre e i ound (154e)
(1.60 g, 71%ybehdMRIEDMIBD-d6) 8: 8.69 (1H, d, J=5.12 Hz), 8.07 (1H, d, J=1.34 Hz), 7.95 (1H, dd,
J=8.05, 1.34 Hz), 7.81 (1H, d, J=8.05 Hz). 7.77 (1H, d, J=4.88 2.18 (3H, s); LRMS (ESI) m/z 337
[M+H]*. [0410] Exé%iﬂ@?gi?g@mﬁ%ﬁﬁ%ﬂh? JE'PP-‘FHQtﬁx?%}#é@&)azo|-4-y1)-1H‘-’YﬁT°idazo|-1-
y1)-3-(trifluorpmetied Jad H-garazolofEs4lib minglmchighbantamide (154) Clognponinite (154¢€) (1.66 g),
copper(l) oxide 0.(?7 , 4,7- dimethoxy-1,10-phenanthroline (0.214 g), cesium carbonate (5.46 g),
polyethylene'@ﬁ[%% ﬂgﬂﬁ _%‘Rb’ﬂ’}' e.‘%géj',tr fid 4-(1-methyl-1Hpyrazol-4-yl)-1H-imidazole hydrochloride

(1.20 g) weregygpengsdsoMS® 6o, fallowegsbmAtirisg atHl20G4g108 hr. The reaction solution
re filtered by celite. The filfrate was distributed

was diluted with ethyl acetate, and insQluble matters w

between ethywacgtgflle?glﬁdza/ve?t:e‘hggn'azﬁﬁg 6Pyt f’aygls\%/é% washed with satufdtétl Saiie. The organic
layer after theixyasmngamas)ded quer, anbydesisswgliug sulfate, and the solveatiwes distilled away to
obtain

3-methyl-4-{478:33 HRAhFMPGS P -3 iMtinidazol-1:y1)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-
1- ylibenzonifossyvhich was used in the subsequent reaction without being purified. TFA (5.0 mL) and
sulfuric acid (0.5 mL) were added to this
3-methyl-4-{4-(4-(f—’fﬁ81ﬂ§l;ﬂﬁ@yrazoM-yl)-lHimidazol-1-y|)-3-(trif|uoromethyl)-lH-pyrazolo[3,4-b]pyridin-

/
]
)

Py B

1- - 204 - 3-Amino-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4 -yI)-1H-

imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (107)
According to Example 99(2), 3-amino-4-{3-isopropyl -4-(4-(1-

methyl-1H-pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazo lo[3,4-
b]pyridin-1-yl}benzonitrile was prepared using comp ound (107a)
instead of compound (99a) and was used in the subse guent reaction
without being purified. This 3-amino-4-{3-isopropy l-4-(4-(1-
methyl-1H-pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazo lo[3,4-
b]pyridin-1-yl}benzonitrile was dissolved in DMSO, and a 30%
hydrogen peroxide solution and a 4 M aqueous sodium hydroxide
solution were added to the resulting solution, foll owed by
stirring at room temperature for 30 min. The react ion solution
was distributed between ethyl acetate and waster, a nd the organic
layer was washed with saturated saline. The organi c layer after
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THO0064 E(F) 111511 yllbenzonitrile, followed by stirring at room temperature for 2 days. The reaction
solution was cooled in an ice bath and was neutralized with sodium hydroxide. The reaction solution was
distributed between ethyl acetate and water, and the organic layer was washed with saturated saline. The
organic layer after the washing was dried over anhydrous sodium sulfate, aHd9R4 &8ReHdnts distilled
away. Ethanol was added to the residue, and the precipitate was collected by filtration and dried under
reduced pregbeaneashuigtaiasciegoverchibdio(6.88dign théfatlecond stage yieldngahen thel-NMR

(DMS0-016) 8:,9.57 (1H..d.J54.8 8,87.(1H. brs). 8.81 (1H, s), 8.75 (1H,d, J=1,46 Hz), 8.69 (1H, s),
8.64 (1H, dd?ﬁ';’g?@}‘%fﬂ'?‘ﬂé@%%ﬁf}ﬁf% ! .%W?%ﬁl%ms%, 8.39 (1H, d, Jz4.§%9¥z’},‘§1.r§t (1H, d, J=8.17
Hz), 8.28 (1HilioesyehcbRi8Hhsdn®8régiHy @hlpmm&l(ﬁahan/z 466 [M+H]* dptildijteirample 155

- rioorom SRRy T e LA 155) [0412] ENEHREIS 155
3-Ethyl-4-hydrarimpbpmoutdly (I53295 (1HACcQreigBteiBxamele1lkh4)1)7.eempound (155a) (0.370 g,
28%) was prepared LIS -ethyl-4-flugrgbenzanitrile (1.22 g) instead of 4-flugrg-3-methylbenzonitrile.
[0413] Exa preg&é&g)ghagzﬁhf%%@ﬂﬁi%b?%Q‘ﬁy%lH-pyrazolo-l-yl}-B’-9'e¥ﬁgﬂbrﬂéndzqonitrile (155b)
Liing compopn (15641 (070,69 Jnsteac of Gompouie (15420, TH-NMR (COCA31 8, 7.72 (1Pt c. o195
using compoyn nst 0 a). 1H- - 7. , d, J=1.
Hz), 7.64 (1ht,i¥fd, [?is?éé( . §$—|zl)‘§78i'a6q(%ﬂ%&r9%’=%éﬁﬁz) 5.88 (1H, s), 3.92@%\?%‘?; 256 (2H, g,
J=7.56 Hz), 115633, 6.9 HD6 Hr);(BRMSIEESS frzy, RRMBV+H]*. [0414] ExaBplpn/zx(4)

[M+H] *.
[0336]

Example 108

3-(Dimethylamino)-4-{3-isopropyl-4-(4-(1-methyl-1H -pyrazol-4-
yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-y [}benzamide

108

Compound (107a) (0.08 g) and iodomethane (0.16 mL) were
dissolved in DMF, and sodium hydride (0.028 g, a 55 % dispersion in
paraffin liquid) was added to the resulting solutio nat 0°C,
followed by stirring at room temperature for 1 hr. The reaction
solution was distributed between ethyl acetate and water, and the
organic layer was washed with saturated saline. Th e organic layer
after the washing was dried over anhydrous sodium s ulfate, and
then the solvent was distilled away to obtain 3-(di methylamino)-4-
(4-chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-y [)benzonitrile,
which was used in the subsequent reaction without b eing purified.
According to Example 107(2), compound (108) (0.014 g, the third
stage yield: 12%) was prepared using 3-(dimethylami no)-4-(4-
chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-yl)b enzonitrile

instead of compound (107a).

'H-NMR (DMSO-ds) & 8.60 (1H, d, J=4.88 Hz), 8.19 (1H, d, J=1.22
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4-{5-((2,2-Di

methy1-4,6-dioxo-1,3-dioxan-5-

ylidene)methylamino)-3-(trifluoromethyl)-1H-pyrazolo-1-y11-3- ethylbenzonitrile (155c)
Example 154(3), compound (155c) (0.286 g, 84%) was prepared using compound (155b) (0.220 g)
THO0064 E(F) 111511
3-Ethyl-4-{4-oxo0-3-(trifluoromethyl)-4,7-dihydro-1Hpyrazolo[3,4-b]pyridin-1-yllbenzonitrile (155d)
According to HExample(134049), coaTp@ihc) 1589 18.1281g] 68%) was preparedzaéﬂzg dofipound (155c)

Instead of compound (154b). [0415]

(0.286 g) Ins
(1H, dd, J=8.05,
J=7.56 Hz); IRYSIHES]) s+ B3BIEM7EIP. (04,16] J=Ea88ntide T55(5)

111511

Accor

Example 155(4)

ST AT MIBERE A 0 2 0t s, a0t

According to

1.71 Hz), 7.65

z), 1.12 (3H, t,

31 (1H, d,

4-{4- Chloro-%-_(gl §|r?a(zat{ngE :%%]rﬁ;%ﬁé)qlgﬁﬁ tP]g g 36 11-3- methylbenzorélthlegjar é{ée) THO064 E(F)

ompdun

(0 064 g, 41%) was pre

using

compound (16543) AL 1486}, ldsleaddHeproRMS(E LA 4TH-NMR (CDC13) pa852"(1H, d, J=4.88 Hz),

jg%gzlg Hz), 7.70 (1H, dd, J=8.05, 1.95 Hz), 7.57 (1H, d, J=8.05 Hz), 7.43 (1H, d, J=4.88 Hz),
Hz), 1.12 (3H, t, J=7.56 Hz); LRMS (ESI) m/z 351 [M+H]*. [0417] Example 155(6)

3-Methyl-4-{4-(4-(Exanibigl109- pyrazol -4- y1) -1H- Imidazol- 1-

7.78 (1H, d,
2.56 (2H, g,

y1)-3-(trifluoromethyl)-

compound (155) lg'"’ NG COM
(154€). 1H- l\WRI-(]QMd‘&&]l@IBlIQ ma(wb[emtﬂm&amz)ys 90 (1H brs) 8$}be(mmme8 77 (1H, d, J=1.95
8.65 (1H, dd, J=8.05, 1.95 Hz), 8.51 (1H, s), 8.44 (1H, s), 8.39 (1H, d, J=4.88 Hz), 8.34
. 8.30 (1H, brs), 4.59 (3H, s), 3.15 (2H, q, J=7.44 Hz), 1.76 (3H, t, J=7.44 Hz); LRMS

Hz), 8.69 (1
(1H, d, J=8.

(ESI) m/z 481 [M+€Egimpodad] tooamplecldbcopper iodide (0.248 g),

carbonate (2.12 g), and 4-bromo-2-(ethylamino)benzo
g) were suspended in 1,4-dioxane (10 mL), and N,N'-
dimethylethylenediamine (0.560 mL) was added to the
followed by stirring at 150°C for 20 hr. The react

was distributed between chloroform and water. The

was washed with a 2 N aqueous sodium hydroxide solu

over magnesium sulfate, and then the solvent was di
The residue was purified by neutral silica gel colu
chromatography (chloroform/methanol) to obtain 2-(e
{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (1.13 g, 7
solid. 2-(Ethylamino)-4-{3-isopropyl-4-(4-(1-methy
yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-y
(0.700 g) was dissolved in DMSO (10 mL), and a 30%
peroxide solution (0.310 mL) and a 4 N aqueous sodi
solution (1.16 mL) were added to the resulting solu
by stirring at room temperature for 10 min. Water

the reaction solution, and the precipitate was coll
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4-{4-(4-(1-Methyl-1H-pyrazol-4-y1)-1H-Imidazol-1-y1)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-y11-3- propylbenzamide (156) [0419] Example 156(1)
4-{5-Amino-3-(trifluoromethyl)-1H-pyrazolo-1-y1}-3- ethylbenzonitrile (156a) TH0064 E(F) 111511
According to Example 154(1), 4-hydraziny1-3- propylbenzonitrile was prepdfd80G4irg-1ldetd-3-
propylbenzonitrile (1.00 g) instead of 4-fluoro-3- methylbenzonitrile; and according to Example 154(2),
compound (1ftixtio(0aBd0vgs iredendadretiugedyistssdi®@de) was prepared usinltain compound
4-hydraziny1;3- ile Inste ompound (154a). 1H-NMR (CDC13) 8: 7.70 (1H, d, J=1.95
Hz), 7.64 (1H fod%@é@i‘)*g 2%89}?35 ?Fz?"‘fthz% ?ﬁﬁ? d, J=8.05 Hz), 5.88 (1H, s), 3.71 (2H, s), 2.51 (2H, t, J=7.81
Hz), 1.53 (ZHMNU%?BZS@GQ) 7388./2)161.8d, (BH4,83 J47), 32352()1&RMB5E$I) m/z 295 [M+H]*. [0420]
Example 15 -(( [ XO-

ylldene)metk%? mlno -3-(tr I%qu“t'a%r%hgtﬁﬁi{ ?Igl%pc){/raz bglg;ﬁ propylbenzonltnle (1‘]5éb3 According to
Example 15442), c@dgodnd, (15663 (Iez482‘g4 QB%)S)Nasmrepared using compond, (1568% (0.340 g)
instead of co 3 (1H, d, J=13.17 Hz , J=13.17 Hz),
7.78 (1H, d, E&i #12% J%':?7%?3 (%sz&% %&Pll—%z%%? 45 (1H, d, J=8.05 %14%%2% , S), 2.43 (2H, t,
J=7.68 Hz), 11543 628), GB&J%HSQ) B3B3 168(8t2),n0).85.28H3 t, J=7.32 Hz); LRMS (ESiy.0Vz 449 [M+H]*.
[0421] Exa 6&% (tgggv ydro-1H-pyrazolp[3,4-

b]pyridin-1-y lp]}%pg g?%g a g@%ﬁ%ﬁﬁ Example 154(4J5ﬂiompound (156c¢) (0.300 g,
81%) was pr{ﬂm&]d using compound (156b) (0.482 g) instead of compound (154c). - 208 - TH0064 E(F)
111511 1H-NMR(%DCl:|>>g 110

xamp
4-{3-1sopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(methylamino) benzamide (110)
According to Example 109, compound (110) (the seco nd stage
yield: 30%) was prepared as a white solid using 4-b romo-2-

(methylamino)benzonitrile instead of 4-bromo-2-
(ethylamino)benzonitrile.

'H-NMR (DMSO-ds) & 8.77 (1H, d, J=4.88 Hz), 8.30 (1H, g, J=4.88

Hz), 8.18 (1H, s), 7.97 (1H, s), 7.86 (1H, s), 7.79 (1H, d, J=8.54
Hz), 7.73 (1H, s), 7.64 (1H, d, J=1.71 Hz), 7.49 (1 H, dd, J=8.54,
1.71 Hz), 7.43 (1H, d, J=4.88 Hz), 3.86 (3H, s), 3. 17 (1H, tt,
J=6.83, 6.83 Hz), 2.87 (3H, d, J=4.88 Hz), 1.13 (6H , d, J=6.83
Hz); LRMS (ESI) m/z 456 [M+H] .
[0339]

Example 111

4-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(isopropylami no)benzamide
11)

According to Example 109, compound (111) (the seco nd stage
yield: 36%) was prepared as a white solid using 4-b romo-2-
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8:8.40(1H,brs),7.73(1H,d,J=1.71 Hz), 7.67 (1H, brs), dd,J=8.05,1.71Hz),7.60(1H,d,J=8.05Hz),
2.52(2H,t,J=7.81Hz),1.49(2H,dtt,J=7.32, 6.75 7.32, (1H, 7.81 Hz), 0.81(3H, t,J=7.32Hz);
LRMS(ESI)M/z347[M+H]*. [0422] Example 156(4)
4-{4-Chloro-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1- y11-3-propylbedz89e4E( 53411
(isopropylamino)benzonitrile instead of 4-bromo-2-
(ethylamino)benzonitrile.

IH-NMR (DMSO-ds) & 8.78 (1H, d, J=4.88 Hz), 8.39 (1H, d, J=7.07

Hz), 8.19 (1H, d, J=1.22 Hz), 7.98 (1H, s), 7.87 (1 H, d, J=1.22
Hz), 7.79 (1H, d, J=8.54 Hz), 7.75 (1H, d, J=1.95 H 7), 7.74 (1H,
s), 7.44 (1H, d, J=4.88 Hz), 7.42 (1H, dd, J=8.54, 1.95 Hz), 3.88
(BH, s), 3.69 (1H, dtt, J=7.07, 6.34, 6.34 Hz), 3.1 9 (1H, tt,
J=6.83, 6.83 Hz), 1.26 (6H, d, J=6.34 Hz), 1.14 (6H , d, J=6.83
Hz); LRMS (ESI) m/z 484 [M+H] i
[0340]

Example 112

2-(Tert-butylamino)-4-{3-isopropyl-4-(4-(1-methyl- 1H-pyrazol-
4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
(112)

According to Example 109, compound (112) (the seco nd stage

yield: 62%) was prepared using 4-bromo-2-(tert-
butylamino)benzonitrile instead of 4-bromo-2-
(ethylamino)benzonitrile.

'H-NMR (DMSO-dg) & 8.77 (1H, d, J=4.88 Hz), 8.64 (1H, s), 8.19

(1H, s), 8.11 (1H, d, J=1.71 Hz), 7.98 (1H, s), 7.8 8 (1H,s), 7.77
(1H, d, J=8.54 Hz), 7.74 (1H, s), 7.44 (1H, d, J=4. 88 Hz), 7.43
(1H, dd, J=8.54, 1.71 Hz), 3.88 (3H, s), 3.20 (1H, tt, J=6.83,
6.83 Hz), 1.45 (9H, s), 1.14 (6H, d, J=6.83 Hz); LR MS (ESI) m/z
498 [M+H] ~.
[0341]

Example 113

2-(2,2-Difluoroethylamino)-4-{3-isopropyl-4-(4-(1- methyl-1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]p yridin-1-
yl}benzamide (113)
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According to Example 154(5), compound (156d) (0.250 g, 79%) was prepared using compound (156c)
(0.300 g) Instead of compound (154d). 1H-NMR (CDC13) 8: 8.52 (1H, d, J=4.88 Hz), 7.76 (1H, d, J=1.83
Hz), 7.69 (1H, dd, J=8.05, 1.83 Hz), 7.57 (1H, d, J=8.05 Hz), 7.43 (1H, d, J=4.88 Hz), 2.50 (2H, t, J=7.68
Hz), 1.50 (2H, dtt, J=7.32, 7.32, 7.68 Hz), 0.80 (3H, t, J=7.32 Hz); LRMS (ESI1PPRLE8E51MH]*. [0423]
Example 156(5) 3-Methyl-4-{4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-Imidazol-1-
y1)-3-(trifluorometAgbelding yodzalof3t 16T padineund BB diedec(l56) Accordinyl igdgrample
154(6),compoung 0.0.97 was prepared usin mpound(156d)(0.250 g)Instead,of compound
(154e). g,34%§%d£ﬁ@f&f§§§@%8§§%wﬁ%ﬁﬁ@&?ﬁgﬁfﬁ 8.16 (1H, s), 8.08 e
(1H,brs),8.031fikhchethy|@BiHa)bereofiitdleshstead of 4-bromo- 2-

(ethylamino)benzonitrile.

IH-NMR (DMSO-ds) & 8.78 (1H, d, J=5.12 Hz), 8.18 (1H, d, J=1.22

Hz), 7.97 (1H, s), 7.96 (1H, d, J=1.71 Hz), 7.86 (1 H, d, J=1.22
Hz), 7.77 (1H, dd, J=8.54, 1.71 Hz), 7.73 (1H, d, J =0.73 Hz), 7.71
(1H, d, J=8.54 Hz), 7.47 (1H, d, J=5.12 Hz), 6.64 ( 1H, t, J=6.22
Hz), 6.22 (1H, tt, J=55.62, 3.74 Hz), 3.86 (3H, s), 3.78-3.68 (2H,
m), 3.19 (1H, tt, J=6.83, 6.83 Hz), 1.12 (6H, d, J= 6.83 Hz); LRMS
(ESI) m/z 506 [M+H] i
[0342]

Example 114

4-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-

yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(2,2,2-

trifluoroethylamino)benzamide (114)

According to Example 109, compound (114) (the seco nd stage
yield: 1%) was prepared using 4-bromo-2-(2,2,2-
trifluoroethyl)benzonitrile instead of 4-bromo-2-
(ethylamino)benzonitrile.

IH-NMR (DMSO-ds) & 8.90 (1H, t, J=6.59 Hz), 8.78 (1H, d, J=4.88

Hz), 8.19 (1H, s), 7.99 (1H, s), 7.88 (2H, s), 7.87 (1H, d, J=9.27
Hz), 7.74 (1H, s), 7.66 (1H, dd, J=9.27, 1.95 Hz), 7.46 (1H, d,
J=4.88 Hz), 4.21-4.14 (2H, m), 3.88 (3H, s), 3.21 ( 1H, tt, J=7.07,
7.07 Hz), 1.14 (6H, d, J=7.07 Hz); LRMS (ESI) m/z 5 24 [M+H] ",
[0343]

Example 115

4-{3-1sopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-2-{2-(pyrrolidi n-1-

yl)ethylamino}benzamide (115)
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7.92 (1H, dd, J=8.05,1.95Hz),7.78(1H,s),7.71(1H,s), 7.66 (1H, d,J=4.88
Hz),7.62(1H,d,J=8.05Hz),7.56(1H,brs), 3.87 (3H, s), 2.41 (2H,t,J=7.68Hz),1.44(2H,1td,J=7.68,7.32, 7.32
Hz), 0.71 (3H,t,J=7.32Hz);LRMS(ESI)m/z495[M+H]*.
THO0064 E(F) 111511
According to Example 109, compound (115) (the seco nd stage
yield: 5%) was prepared using 5-bromo-2-{2-(pyrroli din-1-
yl)ethylamino}benzonitrile instead of 4-bromo-2-

(ethylamino)benzonitrile.

IH-NMR (DMSO-ds) & 8.77 (1H, d, J=4.88 Hz), 8.50 (1H, t, J=4.88

Hz), 8.19 (1H, s), 7.98 (1H, s), 7.87 (1H, s), 7.78 (1H, d, J=8.54
Hz), 7.74 (1H, s), 7.72 (1H, d, J=1.71 Hz), 7.50 (1 H, dd, J=8.54,
1.71 Hz), 7.45 (1H, d, J=4.88 Hz), 3.88 (3H, s), 3. 30 (2H, dt,
J=4.88, 6.34 Hz), 3.19 (1H, tt, J=6.83, 6.83 Hz), 2 72 (2H, t,
J=6.34 Hz), 2.56-2.53 (4H, m), 1.72-1.70 (4H, m), 1 .14 (6H, d,
J=6.83 Hz); LRMS (ESI) m/z 539 [M+H] i
[0344]

Example 116

5-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}picolinamide (11 6)

According to Example 109, compound (116) (the seco nd stage
yield: 7%) was prepared as a white solid using 5-br omo-
picolinenitrile instead of 4-bromo-2-(ethylamino)be nzonitrile.

'H-NMR (DMSO-ds) & 9.60 (1H, d, J=2.44 Hz), 8.84 (1H, dd, J=8.78,

2.44 Hz), 8.83 (1H, d, J=4.88 Hz), 8.26 (1H, d, J=8 .78 Hz), 8.20
(1H, d, J=1.22 Hz), 8.13 (1H, brs), 7.98 (1H, s), 7 .88 (1H, d,
J=1.22 Hz), 7.74 (1H, s), 7.69 (1H, brs), 7.52 (1H, d, J=4.88 Hz),
3.87 (3H, s), 3.23 (1H, tt, J=6.83, 6.83 Hz), 1.15 (6H, d, J=6.83
Hz); LRMS (ESI) m/z 428 [M+H] i
[0345]

Example 117

5-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-6-methylpicolin amide (117)

According to Example 109, compound (117) (the seco nd stage
yield: 5%) was prepared as a yellow solid using 5-b romo-6-
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THO0064 E(F) 111511 [0424] Example 157
2-Amino-4-{4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-Imidazol-1-y1)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (157) [0425] Example 157(1)
2-Amino-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-ylibenzahhl886tE{FA111514ccording to
Example 106(1), compound (157a) (2.47 g, the second stage yield: 58%) was prepared using compound
(153a) (3.00 gethgenlinsniie potew GH)bidhdRR (DMS0-016) 8: 8.40 (1H, d, J=4.88 Hz), 8.14 (1H, d,
J=4.88 Hz), 7,86 (1H 1H, d, J=8.78 Hz), 7.50 (1H, d, J=2.20 Hz), 7.32 (1H, dd, J=8.78, 2.20
Hz), 7.20 (1 E%V%‘”%“é%b??ﬁ’“'?“ RMS (ESI) m/z 448 [M+H]*. [0426] Example 157(2)
2-Amino-4-{ 4NN EIMS Qs py Rz (1) - tHdmidazal] -§.2) (1H, d, J=1.22

3-(trifluoromethyl); 1 H- zolo yridin-2-yll e ide (157) Accor 0 ple 99(2),
compound (1 %4]]6%5{%{\72% A‘rg}gj’rgﬂ uéllnﬂgﬁI é?r%p%o rZ?S@ILS?a) Instead of corgmi déﬁfé a). 1H-NMR
(DMS0-016) Bz)s EG&IEH,CS)Ji@@&JJHz)j 812P A2 HizE) 7 7TOQ(1H, s), 7.88 (1H, Bis)re)8L71AH, s), 7.78 (1H,

12 723 (11 Hh) A 3 . RS Sy 00 S R a2 v 1 £

3-Amino-4-{4}£-6—83 n@eﬂByHi)—l -hymzeiHag)1 )t NiA- (@t a0 0-16\8B)- Hz); LRMS
3-(trifluorom(?E§(I9-n:]L}2l-&gﬂag‘g][BA-h].pyridin-1-y||benzamide (158)
[0346]
Example 118
5-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-4-methylpicolin amide (118)
According to Example 109, compound (118) (the seco nd stage
yield: 2%) was prepared using 5-bromo-4-methylpicol inenitrile

instead of 4-bromo-2-(ethylamino)benzonitrile.

IH-NMR (DMSO-dg) & 8.75 (1H, s), 8.69 (1H, d, J=4.88 Hz), 8.22

(1H, d, J=1.22 Hz), 8.20 (1H, brs), 8.19 (1H, s), 7 99 (1H, s),
7.90 (1H, d, J=1.22 Hz), 7.76 (1H, brs), 7.75 (1H, s), 7.46 (1H,
d, J=4.88 Hz), 3.88 (3H, s), 3.26 (1H, tt, J=6.83, 6.83 Hz), 2.33
(38H, s), 1.13 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 44 2[M+H] *
[0347]

Example 119

5-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-methylpicolin amide (119)

According to Example 109, compound (119) (the seco nd stage
yield: 4%) was prepared using 5-bromo-3-methylpicol inenitrile

instead of 4-bromo-2-(ethylamino)benzonitrile.

H-NMR (DMSO-dg) & 9.40 (1H, d, J=2.20 Hz), 8.84 (1H, d, J=4.88

Hz), 8.57 (1H, d, J=2.20 Hz), 8.21 (1H, d, J=0.73 H 7), 8.03 (1H,
brs), 7.99 (1H, s), 7.89 (1H, d, J=0.73 Hz), 7.75 ( 1H, s), 7.53
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THOO064 E(F) 111511 [0428] Example 158(1) 3-Amino-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-
b]pyridin-1-yllbenzonitrile (158a) Compound (153a) (5.00 g), cesium carbonate (6.72 g), and 4-
chloro-3-nitrobenzonitrile (3.21 g) were suspended in acetonitrile (50 mL), followed by stirring at 70C for 4
hr. A saturated aqueous ammonium chloride solution was added to the reaétiti9&bkitibAlrd the
precipitate was collected by filtration and dried under reduced pressure to obtain 4-{4-iodo-3-
(trifluorometH{hk sy T (BB, 4kb]pyedinda)y3. 8B (3hitrehehzonitrile (7.19 g, 9828)(IFhdtobtained

4-{4-iodo-3- (friflyaro D:-1H-pyrazelo]3,4-b]pyridin-1-y11-3- nitrobenzonitrile (7.19 s suspended
in THF (50 m _)g%?éoﬂ%s%#L?%yﬁ v%gt%;r’ (%'&@mﬁtﬁaﬁd ‘%ﬁé#gnium chloride (7.2 (\Z;%’al'r%)ﬂ\r%n powder
(8.76 g) werdEslledztdangMelsiilting 'suspension, followed by stirring at 80C for 2 hr. The reaction solution
was diluted 6@@ hyl acetate, and Insoluble matters were filtered by celite. The solvent of the filtrate was
distilled away, and water was added to the residue. Insoluble matters were collected by filtration and dried
under reduced preSsanrgl®idotain compound (158a) (6.44 g, 96%). 1H-NMR (DMS0-016) 8: 8.26 (1H, d,
J=4.63 Hz), 8.08 ( J=4.63 Hz), 7. d : 7.23 (1H, s), 7.04 (1H, d, J=8.05 Hz), 5.80
(2H, s); LRMS (ES '?39 0 -4- . 5 &nlléazdl—‘l—
3-Amino-4-{4yliptia-Btitiefs @rbdityd)nl Hypya-dzofmtiyantd]pyridin-1-ylibenzamoiter(@oide  THO064 E(F)
111511 ound (158a) (0.100 g) was dissolved in DMSO (1.2 mL). A hydrogen peroxide solution
(30 wt%) (0. ) and a 4 mol% aqueous sodium hydroxide solution (0.233 mL) were added to the
resulting solyoamgjfollowed by stirring at room temperature for 20 min. Water was added to the reaction
solution, and the p e%giéat 2\@&3 collected by filtration and was dried under reduced pressure to obtain
compound (158b) (0: egi NMR (DMSO0-016) 8: 8.25 (1H, d, J=4.63 Hz), 8.06 (1H, d, J=4.63 Hz),
7.94 (1H, brs), 7.38-{4-Bhe)oB36oitdpybis),pgradofdid Achge@s Hz), 7.11 (1H, d,d@B®5 Hz), 5.40 (2H, s);
LRMS (ESI) m/z 448 [M+H]*. [0430] Example 158(3)

3-Amino-4-{4" 8 imidazol-1-y1)-

3-(trifluoromethyl)-Gimpyiaen| 03 }-0] pp0 dyahdydtgnrarmica dhmd) Accordingtpdis@mple 99(2),
compound (155) (0.040 g, 36%) was. regared using cor%pound (158b) (0.090 g) instead of compound
(99a). 1H-NMERI@INILHEF Byspegdss ﬁﬁ', porpmediape (1.8 - (11 s), 8.70 LANY), 8.67 (1H, brs), 8.45

(2H, ), 8.33 fkiderdadett 88id D) 33nLY dAdHachbtdre (3 b3dzhL8.09 (1H, brs), 8.9éldadletr8.05 Hz), 7.86
(1H, dd, J=8.05, 1.71 Hz), 6.13 (2H, s), 4.59 (3H, S); LRMS (ESI) m/z 468 [%+£]6*6é0431] Example 159

the'resulting Suspension at 0°C, followed by 'stirri for
20 min. Saturated sodium bicarbonate water was add ed to the
reaction solution, and the organic layer was washed with saturated
saline. The organic layer after the washing was dr ied over
anhydrous sodium sulfate, and the solvent was disti lled away.
Methanol and water were added to the residue, and t he precipitate
was collected by filtration and dried under reduced pressure to
obtain compound (120a) (0.100 g, 93%) as a brown so lid.
'H-NMR (DMSO-ds) &: 8.51 (1H, d, J=5.12 Hz), 7.64 (1H, d, J=8.05
Hz), 7.48 (1H, d, J=5.12 Hz), 7.27 (1H, s), 7.13 (1 H, d, J=8.05
Hz), 5.75 (1H, d, J=7.56 Hz), 3.80-3.72 (2H, m), 1. 42 (6H, d,
J=6.83 Hz), 1.13 (6H, d, J=6.34 Hz); LRMS (ESI) m/z 354 [M+H] *.
[0350]

Example 120(2)

-175-



3-(Dimethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4
-b]pyridin-1- yllbenzamide (159) Compound (158a) (0.100 g) and iodomethane (0.18 mL) were
dissolved in DMF (6.0 mL), and sodium hydride (0.038 g, a 55% dispersion in paraffin liquid) was added
to the resulting solution - 212 - TH0064 E(F) 111511 under ice cooling, follbAPhEEIEHHPr 1 hr. The
reaction solution was distributed between ethyl acetate and water, and the organic layer was washed with
saturated saline. Thédsqairvigylad &t éif{methxd wa@quqwasmmed over anhydrous sadaagi-$ulfate, and then
the solvent wz _ﬁi_‘StH 192 s
{4-iodo-3-(triffticrornethyh=1H-p otol3:4=-blpyridin=1-yitbenzor itri
reaction with@aeing purified. This 3- (dlmethylamlno) -4-{4- |odo 3-
(trifluoromethyl)-1 4\1/\/{& (l!)qi -] Ilbenzont S dlssolved in DMSOég mL), and a
hydrogen perOX|dej‘s'8¥ @Z %% ﬂ%( é% m?_ gnong ﬁbo aqueous sodium ﬁy og%(lge solution (0.15
mL) were adgietttd1he vesutiepsal wsomnyottoseéd demsticamg at room tempgraducd (18020 min. Water was
added to the.re ch solution nai{l%% e precipitate was collected by filtration and dried under reduced
pressure to obtain rtgo m&%yla 24-{4-

iodo-3-(trifludremetRy( bm@w@zc&og%t@wn@l|ru—;’l4)gtbeﬁ;am1@e(1lﬁa,s§y focording to Example 99(2),

compound eld:_17%) was prepared using 3-(d mjno)-4-{4-
iodo%-(trifh%i?#ghyl?%Iﬁ}\gyf Zd%%?ﬁ%y ?T}] 115% hz%m?de msteadg of((: ﬁ%m 9a)). 1%—|-NMR
(DMS0-016) 3:88BHZH7A2Ja488, Hz). 88141 [A.38r&dH3 8 (1H, s), 7.96 (1H, BR77(TA,(4H, s), 7.71 (1H,
s), 7.66 (1H, =4.88 7. H, dd, J=8.05, 1. (1H, brs), 7.45
(1H, d, J=8. og‘iiéfl ‘é'% @Y‘ 2523‘%?-12%)% ﬁ,\%)(éﬁg(h,z 496 [M+H]*. [0 }éz‘i 35 le 160
2-(Isopropylanzm®ew-{(m(|4 -§1 -ty Hepy eabat-glbd, Hmoidazol-1-yl)-3-(triflugramagtiBy 1H-pyrazolo[3,4
-b]pyridin-1- yllbenzamide 8‘(9160% HQO064 E(F) 111511 Compound (157 i&)%i%g\/ ) > , sodium

triacetoxybo dhide @3_[ dllg'é[ﬁ%_be% rﬁ@%;’?’zéther (0.102 mL) wer

dichloroethamee{zs@mn)_)_mn@(@mmd,{-_(ﬂ) {»0-AL), followed by stirring at OC for 1 hr. The reaction
solution was distributed between ethyl acetate and saturated sodium bicarbonate water, and the organic

layer was waSHedl with saturated saline and was dried over anhydrous sodium sulfate. The solvent was
distilled away to olptedmpgrd42@do-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-
y11-2-(isopropyl)benzamide, WhICh was used n the subsequent reaction without be|n purlfled According
to Example 99(2), €empadhY] HOE'OBYS qJE 39 d'3&°aWhite solid using
4-{4-i0do-3- (WJygrmmll_%iw@z@ig[qu@pymjmilyyl1 -2- (|sopropyl)hgjgaqnq@e|nstead of
compound (99a& IH-NMR(DMSO-dO 8: 8.94

. no benzamle
C he subsequent

[0352]

Example 121(1)

4-{4-Chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridin- 1-yl}-3-
(ethylamino)benzamide (121a)

According to Example 120(1), compound (121a) (92%) was
prepared as a brown solid using acetaldehyde instea d of acetone.

IH-NMR (DMSO-ds) & 8.49 (1H, d, J=5.12 Hz), 7.56 (1H, d, J=7.81

Hz), 7.46 (1H, d, J=5.12 Hz), 7.22 (1H, s), 7.13 (1 H, d, J=7.81
Hz), 5.80 (1H, t, J=4.88 Hz), 3.74 (1H, tt, J=7.07, 7.07 Hz), 2.75
(2H, q, J=6.83 Hz), 1.43 (6H, d, J=7.07 Hz), 0.71 ( 3H, t, J=6.83
Hz): LRMS (ESI) m/z 340 [M+H] *

[0353]
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(1H, d,J=4.88 Hz), 8.38 (1H, d, J=7.07 Hz), 8.04 (1H, s), 7.96 (1H, s), 7.84 (1H, d,J=8.78 Hz),

THO064 E(F) 111511

Example 121(2)
3-(Ethylamino)-4-{3-isopropyl-4-(4-(1-methyl-1H-py razol-4-
yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-y [}benzamide
121
According to Example 107(2), compound (121) (45%) was
prepared using compound (121a) instead of compound (107a).

IH-NMR (DMSO-ds) & 9.39 (1H, d, J=4.88 Hz), 8.90 (1H, d, J=1.22

Hz), 8.73 (1H, brs), 8.71 (1H, s), 8.59 (1H, d, J=1 22 Hz), 8.47
(1H, s), 8.20 (1H, d, J=8.05 Hz), 8.13 (1H, d, J=4. 88 Hz), 8.10
(1H, brs), 8.06 (1H, d, J=1.71 Hz), 7.98 (1H, dd, J =8.05, 1.71
Hz), 6.13 (1H, t, J=5.24 Hz), 459 (3H, s), 3.95-3. 86 (3H, m),
1.87 (3H, t, J=7.07 Hz), 1.85 (6H, d, J=6.83 Hz); L RMS (ESI) m/z
470 [M+H] ~.
[0354]

Example 122

4-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-(propylamino) benzamide (122)
[0355]

Example 122(1)

4-{4-Chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridin- 1-yl}-3-
(propylamino)benzamide (122a)

According to Example 120(1), compound (122a) (97%) was
prepared as a brownish-yellow solid using propional dehyde

dimethylacetal instead of acetone.

IH-NMR (DMSO-ds) & 8.48 (1H, d, J=5.12 Hz), 7.55 (1H, d, J=8.05

Hz), 7.46 (1H, d, J=5.12 Hz), 7.22 (1H, d, J=1.34 H 2), 7.11 (1H,
dd, J=8.05, 1.34 Hz), 5.83 (1H, t, J=5.37 Hz), 3.74 (1H, t,
J=6.83, 6.83 Hz), 3.08 (2H, g, J=6.34 Hz), 1.54-1.5 1 (2H, m), 1.42
(6H, d, J=6.83 Hz), 0.90 (3H, t, J=7.44 Hz); LRMS ( ESI) m/z 354
[M+H] *.
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7.74 (1H, s), 7.71 (1H, s), 7.67 (1H, d, J=4.88 Hz), 7.54 (1H, d, J=1.95 Hz), 7.26 (1H, dd, J=8.78, 1.95
Hz), 3.86 (3H, s), 3.68 (1H, dtt, J=7.07, 6.34, 6.34 Hz), 1.24 (6H, d, J=6.34 Hz); LRMS (ESI) m/z 510
[M+H]*. [0433] Example 161

THO0064 E(F) 111511

[0356]

Example 122(2)

4-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-(propylamino) benzamide (122)

According to Example 107(2), compound (122) (the s econd stage
yield: 54%) was prepared using compound (122a) inst ead of compound
(107a).
'H-NMR (DMSO-ds) &: 9.39 (1H, d, J=4.88 Hz), 8.90 (1H, s), 8.74
(1H, brs), 8.71 (1H, s), 8.59 (1H, s), 8.47 (1H, s) , 8.20 (1H, d,
J=8.29 Hz), 8.13 (1H, d, J=4.88 Hz), 8.10 (1H, brs) , 8.06 (1H, s),
7.97 (1H, d, J=8.29 Hz), 6.18 (1H, t, J=5.12 Hz), 4 59 (3H, s),
3.93 (1H, tt, J=6.83, 6.83 Hz), 3.84 (2H, g, J=6.18 Hz), 2.27 (2H,
tdt, J=7.07, 5.12, 7.02 Hz), 1.84 (6H, d, J=6.83 Hz ), 1.65 (3H, t,
J=7.07 Hz); LRMS (ESI) m/z 484 [M+H] i
[0357]

Example 123

3-(2,2-Difluoroethylamino)4-{3-isopropyl-4-(4-(1-m ethyl-1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]p yridin-1-
yl}benzamide (123)
[0358]

Example 123(1)

4-{4-Chloro-3-isopropyl-1H-pyrazolo[3,4-b]pyridin- 1-yl}-3-
(2,2-difluoroethylamino)benzonitrile (123a)

According to Example 120(1), compound (123a) (93%) was
prepared as a yellow solid using difluoroacetaldehy de ethyl

hemiacetal instead of acetone.

IH-NMR (DMSO-ds) & 8.49 (1H, d, J=5.12 Hz), 7.58 (1H, d, J=8.05

Hz), 7.48 (1H, s), 7.47 (1H, d, J=5.12 Hz), 7.22 (1 H, dd, J=8.05,
1.46 Hz), 6.14 (1H, tt, J=55.86, 3.90 Hz), 6.10 (1H . t, J=6.10
Hz), 3.73 (1H, tt, J=6.83, 6.83 Hz), 3.70-3.61 (2H, m), 1.43 (6H,
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2-(Ethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]p
yridin-1- yllbenzamide (161) According to Example 160, compound (161) (the second stage yield:
27%) was prepared as a white solid using acetaldehyde dimethyl acetal Instead of isopropenyl methyl
ether. 1H-NMR (DMS0-016) 8: 8.94 (1H, d, J=4.88 Hz), 8.33 (1H, t, J=5.00 0@ &4F11118117 96 (1H, s),
7.85 (1H, d, J=8.54 Hz), 7.74 (1H, s), 7.71 (1H, s), 7.67 (1H, d, J=4.88 Hz), 7.49(1H, d, THO064 E(F)
111511 J=1.95)H68F82; (IRMIESHBB376981HH), 3.86 (3H, s), 3.21 (2H, dqg, J=5.00, 7.20 Hz), 1.25
(3H, t, J:7.2(f) Etizg LRMS (ESI) m/z 496 [M+H]*. [0434] Example 162

3-(Ethylamin % -!4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-l-yl)-3-(trif|uoromethyl)-1H-pyrazo|o[3,4-b]p
yridin-1- yllbenzafxdenpl6223(@¥35] Example 162(1)

3-(Ethylamino)-4-{£ '
Compound (158a) {1-56-¢G)arnc ane{(2.8'1r d v - att-sot ium hydride
(0.335 g, a 59 Higyeazotojd/d-pdpaitimiigyiedd-(2as added to the resulting solution under ice cooling,

followed by Séllf[dnﬁ)(feir a(l)mrlrrl]iogbV\r/]z%gerk%a@ ?cgded to the reaction solution, and the precipitate was collected
by filtration a n 3-
(ethylamino)-4-{4-iactordiityiftuBxameithyd) () -pyrreooniod3 ¥23p [Rgeiein-1-ylIbenzonwt@ke, which was used in
the subsequent reaction without being purified. This 3-(ethylamino)-4-{4-iodo-3-
(trifluorometiﬁfspfﬁ?—%ﬁ?a%}ﬂ?ﬂ%\,’fﬂffgy%@%gffg}ﬁgg'ﬁi&iﬁ%eﬂﬁ%was dissolved ins%ﬁﬁjéff) (15 mL), and a
hydrogen pecoxipesalylionaf30 wt%) (0.563 mL) and a 4 mol% aqueous sodium hydroxide solution (2.48
mL) were added to the resulting solution, followed by stirring at room temperature for 20 min. Water was
added to the @M&@Mﬁ%ﬁ?gng tﬁ@%f@ﬁpﬁa@ﬁﬂég ¢Hle&Ed BHiIPAiBAind was dried under reduced
pressure to qotainicoapzrIng)1628) ((H299), thesgeendstage yield: 78%) as agvhiteisalid. 1H-NMR
(DMS0-016) \]8_:18.24|_%H7d75\]:4.88 Hz), 8,06 (giHJ—%O]:4'88 -215- THO064 E(§)4%31&?—|11c1

=1.22 (1H,’s), 751 (IH, 5 Hz),
J=1.71 Hz), 7.43 (1H, brs), 7.42 (1H, d, J=4.88 Hz) , 7.34 (1H, dd,
J=8.05, 1.71 Hz), 6.18 (1H, tt, J=55.74, 3.82 Hz), 5.80 (1H, t,
J=6.22 Hz), 3.88 (3H, s), 3.71-3.61 (2H, m), 3.22 ( 1H, tt, J=6.83,
6.83 Hz), 1.12 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 5 06 [M+H] *.
[0360]

Example 124

3-Cyano-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4 -yl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (124)
[0361]

Example 124(1)

3-Cyano-4-(4-iodo-3-isopropyl-1H-pyrazolo[3,4-b]py ridin-1-
y)benzamide (124a)

According to Example 97(4), 5-form-2-(4-iodo-3-iso propyl-1H-
pyrazolo[3,4-b]pyridin-1-yl)benzonitrile (32%) was prepared using
compound (100a) instead of compound (97c¢) and using 2-fluoro-5-
formbenzonitrile instead of 2-bromo-4-fluorobenzoni trile. 5-Form-
2-(4-iodo-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-y [)benzonitrile
(0.470 g), sodium chlorite (0.377 g), sodium dihydr ogenphosphate
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Hz), 8.03 (1H, brs), 7.41 (1H, brs), 7.28 (1H, d, J=1.71 Hz), 7.23 (1H, d, J=8.05 Hz), 7.14 (1H, dd, J=8.05,
1.71 Hz), 5.41 (1H, t, J=5.61 Hz), 3.12 (2H, dq, J=5.61, 7.07 Hz), 1.05 (3H, t, J=7.07 Hz); LRMS (ESI) m/z
476 [M+H]*. [0436] Example 162(2)
3-(Ethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-3-(trifludrdASthG L IR Rz olo[3,4-b]p
yridin-1- yllbenzamide (162) According to Example 99(2), compound (162) (0.435 g, 32%) was
prepared usii@13468R p(H. 291 nsieadaeoOrhao und (@9eyi 1H-NMR (DMS6soley $ 9.52 (1H, d, J=4.88
Hz), 8.77 (1H, brs), 8. 75 (1H., S, 8,70.(1H, S), 8.45 (2H, s), 8.34 (1H, d, J=4.88 H7), 8 15 (1H, brs), 8.04
(1H, d, J:1.?@%&@@.%%%%@,5‘%’%8&@? 7.%23 %ﬂ‘ﬂ\f\%@, J=8.05, 1.46 Hz;],b%%'é” L 3=5.61 Hz), 4.60
(3H, s), 3.87 1@} choprai@e, f@r AhHINHel@&c(iBRIso)ulior. @7 Hz); LRMS (ESsrdigrit®@iM+H]*. [0437]
Example 16 4-{4-(4-(1-Methyl-1H- z0l-4-y1)-1H-imidazol-1-y1)-3- ,
(ituoromet BB o e T R e T rnoybenramd¢ B oloase]  example
163(1) 4-{4-ladby3rfudlsmtiom atiifge 1bloptanzB i@ d-@yindin-1- y11-3-(propydasopropyienzamide (163a)
According to Example 120(1). compound (163a) (the second stage yield: 66%) was prepared as a yellow
solid using C(ﬁniﬁgh%g 'éﬁsé@?ﬁ% 'eég'%r}]%%‘r%%%uéé?&@?ﬁ) and using propiovr\%%d@}?é ré%%stead of acetone.
- 216 - THOGadde(tkhtrbatioh MAKOMRLENNG SOHOAE) 18184 (1H, d, J=4.63 Hdyan8-0%4C1H, d, J=4.63 Hz),

125,37 1), TOE AP R o7 . 7 52, 7 3PP BT, ¢ 927 32 o)

LRMS (ESI) (0/378%), (A Hiisolsia Bk hsamipke (063E2nL) wer e dissolved in
DMF (3.0 mL), and ammonia water (0.660 mL, 23% in w ater) was added
to the resulting solution, followed by stirring at 50°C for 20 hr.
Water was added to the reaction solution, and the p recipitate was
collected by filtration and dried under reduced pre ssure to obtain
compound (124a) (0.325 g, the second stage yield: 6 7%) as a white
solid.

IH-NMR (DMSO-ds) &: 8.49 (1H, d, J=2.20 Hz), 8.34 (1H, dd, J=8.66,

2.20 Hz), 8.27 (1H, d, J=8.66 Hz), 8.26 (1H, brs), 8.22 (1H, d,
J=4.88 Hz), 7.95 (1H, d, J=4.88 Hz), 7.72 (1H, brs) , 3.96 (1H, tt,
J=6.59, 6.59 Hz), 1.47 (6H, d, J=6.59 Hz); LRMS (ES ) miz 432
[M+H] *.
[0362]

Example 124(2)

3-Cyano-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol-4 -yl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (124)

According to Example 97(2), compound (124) (13%) w as prepared
as a white solid using compound (124a) instead of ¢ ompound (97a)
and using 4-(1-methyl-1H-pyrazol-4-yl)-1H-imidazole hydrochloride

instead of 4-phenyl-1H-imidazole.

IH-NMR (DMSO-dg) &: 8.77 (1H, dd, J=4.88, 0.98 Hz), 8.52 (1H, s),
8.36 (1H, t, J=8.78 Hz), 8.32 (1H, s), 8.30 (1H, d, J=0.49 Hz),
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4-{4-(4-(1-Methyl-1H-pyrazol-4-y1)-1H-Imidazol-1-y1)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-y11-3- (propylamino)benzamide (163) According to
Example 99(2), compound (163) (40%) was prepared using (163a) Instead of compound (99a). 1H-NMR
(DMS0-016) 8: 9.23 (1H, d, J=1.46 Hz), 9.10 (2H, d, J=9.03 Hz), 8.83 (1H, GHIG4EMIAL18 6 (1H, d,
J=7.56 Hz), 8.70 (1H, d, J=9.03 Hz), 8.67 (1H, s), 8.44 (1H, s), 4.58 (5H, s), 3.83-3.74 (2H, m), 2.26-2.20
(2H, m), 1.58(3H (1. JbB)6 B.BZ (LRSS (RS I§id/s5 1DIMEH]*. [0440] ExampleH.64), 7.74

3-(Isopropy! 1- h l1H- [-4-yD)-1Himidazol-1-yl)-3-(trifluo [)-1H-pyrazolo[3,4
-b]pyridin-1 a@w %Z%?(ﬁlﬁlég [(%4%'&%%%1’&(%%?%) 5 %p%em

4-{4-lodo-3-(ttiller6ro9n 6t69 IHAHI A 4@l af 3 )4V eIiNE RMA 1-3-(isopropylam{ES)beniz a@bide (164a)
According to Efi le 120(1), compound (164a) (1.04 g, the second stage yield: 97%) was prepared
using compobnﬂj}%%) (1.00 g) Instead of compound (107a). 1H-NMR (DMS0-016) 8: 8.23 (1H, d,
J=4.88 Hz), $036£(|1H d, J=4.88 -217- THO0064 E(F) 111511 Hz), 8.01 (1H, brs), 7.39 (1H, brs), 7.32 (1H,
s), 7.20 (1H, d, J= ng) 12 (1H, d, J=8.05 Hz), 5.07 (1H, d, J=8.05 Hz), 3.73 (1H, ttd, J=6.10, 6.10,
8.05 Hz), 1.05 (6H; ?L Hz); LRMS (ESI) m/z 490 [M+H]*. [0442] Example 164(2)

3- (Isopropylamlnommwﬁnmbﬂlm-pﬂamémwﬂﬂhymkﬂmol 1-yl)-3-(triflucteyipetiryl)-1H-pyrazolo[3,
4-b]pyrldin-1- }/Ibe A pIe 99(2), compourad &%} (0.760 g, 71%) was
prepared usi

[0364]

Example 125(1)

3-Formyl-4-{4-iodo-3-isopropyl-1H-pyrazolo[3,4-b]p yridin-1-
yl}benzonitrile (125a)

Compound (100a) (2.0 g), cesium carbonate (3.41 g) , and 4-
fluoro-3-formylbenzonitrile (1.25 g) were suspended in
acetonitrile (23 mL), followed by reflux for 3 hr. The reaction
solution was distributed between chloroform and wat er, and the
organic layer was washed with saturated saline. Th e organic layer
after the washing was dried over anhydrous sodium s ulfate, and
then the solvent was distilled away. The residue w as purified by
neutral silica gel column chromatography (hexane/et hyl acetate) to
obtain compound (125a) (2.00 g, 67%) as a white sol id.
'H-NMR (DMSO-dg) &: 9.93 (1H, s), 8.30-8.24 (3H, m), 8.20 (1H, d,
J=4.88 Hz), 7.96 (1H, d, J=4.88 Hz), 3.95 (1H, t, J=6.83, 6.83
Hz), 1.44 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 417 [M +H] ™.
[0365]

Example 125(2)

3-Formyl-4-{3-isopropyl-4-(4-(1-methyl-1H-pyrazol- 4-yl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (125)

According to Example 97(2), 3-formyl-4-{3-isopropy [-4-(4-(1-
methyl-1H-pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazo lo[3,4-
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1H-NMR (DMS0-016) 8: 8.80 (1H, d, J=4.88 Hz), 8.05 (1H, brs), 8.03 (1H, s), 7.97 (1H, s), 7.73 (1H, s),
7.72 (1H, s), 7.62 (1H, d, J=4.88 Hz), 7.43 (1H, brs), 7.37 (1H, d, J=1.71 Hz), 7.28 (1H, d, J=8.05 Hz),
7.18 (1H, dd, J=8.05, 1.71 Hz), 5.03 (1H, d, J=8.05 Hz), 3.87 (3H, s), 3.08 (1H, ttd, J=6.34, 6.34, 8.05
Hz), 1.09 (6H, d, J=6.34 Hz); LRMS (ESI) m/z 510 [M+H]*. [0443] Example '1##)64 E(F) 111511
3-(Cyclobutylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,
4-b]pyridin-1b]pyisbndayide1d66)e (044 piepdirdmiig L65(1) ound (125a)

3-(Cyclobutylaming)-4-{4-iodo-3-(trifluoromethyl)-1Hpyrazqlp[3,4-b]pyridin-1-yllbenzamide (165a)
According tolgsglg%ap ﬁc 53)“@‘5?“??6%8 ﬁ%dﬁg%é‘!)(é@gzﬁg second stage %?(?:85%‘%);}Was prepared
using compoliden(ite&ble(lyd®dgf)ldngtendtedcotdgmengl{li87a) and using cyciudaraia@nd (0.430 mL)
instead of acetone, - 218 - THO064 i({ 1151 1|gtli\leMR (DMSO0-016) 8: 8.%4 1H, d, J=4.88 Hz), 8.06
(A g, o4 SRS DR o e UMY 320 71 o, PBELH, o 128,08 Ho), 715
(1H, dd, J=8 A&;atdity litwlExar6 e 1kY) o aimBo8Bd-{1253 (8@ EBdo dit, J=6.83, 6.88sB@8yidk), 2.31-2.24 (2H,
m), 1.84-1.7 m), 1.68-1.61 (2H, . m);: LRMS 1) m/z 502 [M+H]*. [0445].Example 165(2)
3-(Cyc|obutyﬁa§r€1}’|}|'1\6vﬁép{rfﬁﬁr-e( f"‘ﬁé’rﬂ’ﬂ'@ﬁ‘-’%@%‘éﬁ” -%%%Wlﬁlf?nidazol-l-yl)-&( iR (o) |’[hyl)-lH-pyrazoIo[B,
4-b]pyridin-14-pAHie neainglde-{da)y ol-4-yHdtdichidga-Exdrmple 99(2), compotinal/(dfi)[84U350 g, 39%) was
prepared using (165 870 q).instead of compound (99a). 1H-NMR (DMSO-d0 8: 8.80 (1H, d, J=4.88
Hz), 8.03 (2&@?%@'@ ”§fg‘;‘.“}%'ffﬁ?‘9)?f Rqyid ,?124.88 Hz), 7.42 (1H, brs), 7.27 (1H, d, J=8.05
Hz), 7.25 (1HHINNRL @3i4D)-df) 2B Brodd HI=B.050.88B14)1z3.60XTH 1, g-4188.83 Hz), 4.00 (1H, ttd,

E];ZS]Z, {O(A)fzg?zgga%zgpﬁ%%—gé?égﬁdé%,:%gg’-%gg'_(‘%ljl, m), 1.68-1.65 (ZFEE(%)'(:LLHR,M%‘ESI) m/z 522

8.16 (1H, s), 81.01 (1H, d, J=8.29 Hz), 7.95 (1H, s) ,7.85(1H, s),
7.70 (1H, s), 7.58 (1H, brs), 7.46 (2H, d, J=4.88 H z), 3.83 (3H,
s), 3.20 (1H, tt, J=6.83, 6.83 Hz), 1.09 (6H, d, J= 6.83 Hz); LRMS
(ESI) m/z 455 [M+H] .
[0366]

Example 126

3-{(Dimethylamino)methyl}-4-{3-isopropyl-4-(4-(1-m ethyl-1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]p yridin-1-
yl}benzamide (126)

Compound (125a) (0.500 g), 2-picoline-borane compl ex (0.166
0), and dimethylamine (0.216 mL) were dissolved in acetic acid
(1.0 mL) and methanol (10 mL), followed by stirring at room
temperature for 12 hr. The reaction solution was ¢ oncentrated,
and the residue was purified by basic silica gel co lumn

chromatography (hexane/ethyl acetate) to obtain 3-

{(dimethylamino)methyl}-4-{4-iodo-3-isopropyl-1H-py razolo[3,4-
b]pyridin-1-yl}benzonitrile (0.213 g, 40%). This 3
{(dimethylamino)methyl}-4-{4-iodo-3-isopropyl-1H-py razolo[3,4-
b]pyridin-1-yl}benzonitrile was dissolved in DMSO ( 1.6 mL), and a
hydrogen peroxide solution (30 wt%) (0.060 mL) and a 4 mol%
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3-(Cyclopentylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[
3,4-b]pyridin-1- yllbenzamide (166) [0447] Example 166(1)
3-(Cyclopentylamino)-4-{4-iodo-3-(trifluoromethyl)-1Hpyrazolo[3,4-b]pyridin-1-yllbenzamide (166a)
According to Example 120(1), compound (166a) (1.15 g, the second stage V12964 &4k) hdSBrepared
using compound (158b) (1.20 - 219 - TH0064 E(F) 111511 g) instead of compound (107a) and using
cyclopentananpi€0usG® D) mstkextiesalottor (8. 1832 NNRefBR SO-dO 8: 8.25ideHakhd=4.63 Hz), 8.06 (1H,
d, J=4.63 Hz), 8.02 (1H. brs). 7.42 (1H, brs). 7.35 (1H, d, J=1.59 Hz), 7.23 (1H, d. J=8.05 Hz), 7.15 (1H,
dd, J=8.05, 13%?%%@3%’?1@0, L Yﬁfﬁ%i@é"& dit, J=7.07, 6.22, 6‘&026 4 fe1%4-1.86 (2H, m),
1.60-1.47 (4R2Qmjn 1V¥dset BB 2ttjathjp RVERCEBIFohiins 16 [M+H]*. [0448] adtmple 166(2)
3-(Cyclopentylamino)-4-{4-(4-(1-methyl|-1H-pyrazol-4-yl)-1Himidazol-1-yl)-3-(frifluoromethyl)-1H-pyrazolo[
3,4-b]pyridin5¥f-eciﬁl%'°‘en‘évaéﬁw‘|g 5&&%% Pl '85(%}%%aﬁo(¥ﬁ)xample 99(2), compecg}u‘#\” t166) (0.630 g, 65%)
was preparededsreyl (F66aréAaflayy) Bri§tiradtbylaoinppoettiy(99a). 1H-NMR H2aNE0d018) 8: 8.80 (1H, d,
J=4.63 Hz), 8.04 (1H, brs), 8.03 (1H. s), 7,97 ,S), 7.73 (1H, s), 7.72 (1H,s), 7.62 (1H, d, J=4.88 Hz),
7.43 (1H, bréi%fégyjﬁ"(}}frﬁz:ﬁ?ﬁﬂjﬁ%y‘?%](%E)%%?Qﬁ. 5 Hz), 7.20 (1H, cﬁ%,fﬁl‘i@éé)ﬁns Hz), 5.18 (1H,
d, J=6.83 HzpCB@dir{ghb Bxathile-37(5, @dhpoynd.Q26). E83Yaam), 1.60-1.4% @Hehared as42-1.35 (2H, m);
LRMS (ESI) m/z 536. [M+H]*, [0449] Example 167 . .
502 Diflao SRR L VR TS 4 i do-31s0propyl-
y1)-1H-imidazeksnazdpisgiftionairethyipbdidspyiziokfddof b]pyridin-1-yllbenpaipided167))  According
to Example 120(1), 3-(2,2-difluoroethylamino)-4-{4- (4-(1-methyl-1H-pyrazol-4-y1)-1H-jmidazol-1-y1)-3-
(trifluorometh%m{f%%ﬁéiﬂ%%%f@ﬁ?%&%ﬁ%ﬂ%the second stagl(}y 8?@.}@ ) was prepared
using compoinst4diwBa)phenyl-1H-imidazole.

H-NMR (DMSO-dg) &: 8.58 (1H, d, J=4.88 Hz), 8.16 (1H, d, J=1.22

Hz), 8.12 (1H, d, J=1.95 Hz), 8.08 (1H, brs), 7.94 (1H, s), 7.90
(1H, dd, J=8.05, 1.95 Hz), 7.86 (1H, d, J=1.22 Hz), 7.70 (1H, s),
7.54 (1H, d, J=8.05 Hz), 7.44 (1H, brs), 7.34 (1H, d, J=4.88 Hz),
3.83 (3H, s), 3.33 (2H, s), 3.19 (1H, tt, J=6.38, 6 .38 Hz), 1.90
(6H, s), 1.08 (6H, d, J=6.83 Hz); LRMS (ESI) m/z 48 4 [M+H] *.
[0367]

Example 127

4-{3-Isopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-(morpholinome thyl)benzamide
127

According to Example 126, compound (127) (the thir d stage
yield: 28%) was prepared using morpholine instead o f dimethylamine.

IH-NMR (DMSO-ds) & 8.57 (1H, d, J=4.88 Hz), 8.14 (1H, d, J=1.22

Hz), 8.08 (1H, brs), 8.03 (1H, d, J=2.20 Hz), 7.95 (1H, s), 7.93
(1H, dd, J=8.05, 2.20 Hz), 7.83 (1H, d, J=1.22 Hz), 7.72 (1H, s),
7.57 (1H, d, J=8.05 Hz), 7.47 (1H, brs), 7.34 (1H, d, J=4.88 Hz),
3.83 (3H, s), 3.43 (2H, s), 3.20 (2H, tt, J=6.59, 6 .59 Hz), 3.08-
3.06 (4H, m), 1.96-1.94 (4H, m), 1.07 (6H, d, J=6.5 9 Hz); LRMS
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- 220 - THOO064 E(F) 111511 instead of compound (107a) and using 2,2-difluoroacetaldehyde ethyl
hemiacetal instead of acetone; and according to Example 99(2), compound (167) (8%) was prepared as a
yellow solid using 3-

(2,2-difluoroethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-y1)-1Himidazol-1-y I8¢¢if{fordkiaidyl)-1H-pyraz
0lo[3,4-b]pyridin-1- yllbenzonitrile instead of compound (99a). 1H-NMR (DMSO0-016) 8: 8.79 (1H, d,
J=4.88 Hz), &) (MH, 386 ]VBIBR (1H!.s), 7.98 (1H, s), 7.72 (2H, s), 7.62 (1H, d, J=4.88 Hz), 7.48 (1Hbrs),
7.46 (1H, d, i@eé]l Hz), 7.33 (1H, d, J=8.29 Hz), 7.26 (1H, dd, J=8.29, 1.71 Hz), 5.70 (1H, t, J=6.34 Hz),
3.57 (1H, ddt,; J=5.12, 4.63, 11.71 Hz), 3.08 (2H, dt, J=11.71, 6.24 Hz); LRMS (ESI) m/z 532 [M+H]*.
[0450] Example 16&ample-{28ethoxyethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-y1)-
1H-imidazo|-1-y1)ﬁ t_rlg!)u?(gorrll_%t_héy_l lo %\‘zd'dlpélp r_iﬂ'_p-l- yllbenzamide %%BQZOI_l_According to
Example 120(1), 3- -
iodo-3-(triflugipatethyhzbidipyralpylalB.4-Plsaitkithdxytiberramide was prepatedlas8jng compound (158b)
(0.20 g) instead of compound (107a using 1.1 2-triethoxyethane (0.1170 mL) jnstead of acetone; and
according to Exam’abqgoé?g;},oc%}(n%ndjeﬁéqfggi%faéé gﬁfﬁ%?hg(?gosr{age yield: 120%)5%/%3% prepared using
3-(2- methoxyietttylamineasip{dpmrdd-as @nthitr eatidtinihglddrpyrazolo[3,4- b]pyidid-180enzamide (0.125
g) instead of compound (99a). 1H-NMR (DMSQ-dO 8; 8.81 (1H, dd, J=4.88, 0.73 Hz), 8.06 (1H, brs), 8.03
(it 5y 707 LA SLEaa b alie) S S R o )L 550,73 USRI, brs). 7.37 (161
J=1.22 Hz), Thdteddidf 4HUa®-B5e)ylBer2dditiledd, J=8.05, 1.22 Hz), 5.45 (1H, t, J=5.37 Hz), 3.87 (3H, s),
3.42 (3H, t, J=5.73 Hz), 3.22 -221 - THO064 E(F) 111511 (3H, s); LRMS (ESI) m/z 526 [M+H]*. [0451]

S ample 1691 N JAHEG-00. (5 BT PRl B A e ITE 1)

3-(trifluorometiey pikh-pyBad®0E3, 4-bipstdis), Iz yitb@ramide (169) Accordisg {eHExample 124(1),
3-cyano-{4-iodo-3- (trifluoromethyl)-1H-pyrazolo[3,4-b]pyridinelbenzamide (the third stage yield: 6%) was
prepared as :H?Aﬁ? iR 'l)%pal?r{cp(%é)a "_[ﬁ&lép Jof compound (100&y°A&E3rding to Example 99,
compound (169) €8e5e3.08¢3sIage 3BT 3O RwagHepared using 3-  t, J=6.83, 6.83

cyano-{4-iodo-3-(gif|uorometr_1 I -1H-[)3_yrazolo%4- blpyridinelbenzamide Instead of compound (99a).
1H-NMR (DMBb- i%)(@:*e‘?g%—é  2)iLiRds ',)é'.éazz“éﬁ-l!\’ti, J=1.95 Hz), 896 (1H, dd, J=8.54, 1.95 Hz),

8.36 (1H, brsp@2 (1H, d, J=8.54 Hz), 8.13 (1H, s), 7.99 (1H, s), 7.85 (1H, brs), 7.82 (LH, s), 7.77 (1H, d,
J=4.88 Hz), 7.73 (1H, ), 3,89 (3H, 5); LRMS (ESI) m/z 478 [M+H]"

xample
4-{3-1sopropyl-4-(4-(1-methyl-1H-pyrazol-4-yl)-1H- imidazol-1-
yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-2,3-dimethylben zamide (129)
According to Example 80, compound (129) (the secon d stage
yield: 20%) was prepared as a white solid using com pound (100b)

instead of compound (6¢) and using 4-fluoro-2,3-
dimethylbenzonitrile instead of 4-fluoro-3-methylbe nzonitrile.

'H-NMR (DMSO-ds) & 8.61 (1H, d, J=4.88 Hz), 8.21 (1H, d, J=1.22

Hz), 7.98 (1H, s), 7.90 (1H, d, J=1.22 Hz), 7.85 (1 H, brs), 7.75
(1H, s), 7.53 (1H, brs), 7.38 (1H, d, J=4.88 Hz), 7 .33 (1H, d,
J=8.05 Hz), 7.28 (1H, d, J=8.05 Hz), 3.88 (3H, s), 3.23 (1H, tt,
J=6.83, 6.83 Hz), 2.37 (3H, s), 1.93 (3H, s), 1.11 (6H, d, J=6.83
Hz); LRMS (ESI) m/z 455 [M+H] .
[0370]

Example 130
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[0452] Example 170 3-Bromo-4-{4-(4-(1-methyl-1H-pyrazol-4-y1)-1H-Imidazol-1-y1)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (170) [0453] Example 170(1)
3-Bromo-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-yllbenzamide (170a) According to
Example 153(2), compound (170a) (1.53 g, the second stage yield: 55%) wH3oReRdL iEMd 3-bromo-4-
fluorobenzonitrile instead of 3-chloro-4-fluorobenzonitrile. 1H-NMR (DMS0-016) 8: 8.32 (1H, d, J=4.88
Hz), 8.28 (1H, br ;B (4H{B-soprapyl#H={1 Snethyit gy Bzel88 Hz), 8.06 (1H, 4)I8.05, - 222 -
THO064 E(F)I 11151 ( Doz 7.74 (1H, brs); LRI}{Iﬁ r%g md% 511 [M+H]*.

[0454] Example. SmotA-t A rmettyt - Fazol-1-y1)-
3-(trifluorométid@)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (170) According to Example 99(2),
compound (170) (Q.860 g, 54%) wa ared usin und (170a) (1.53 g) Instead of compound
(99a). 1H-NMR (D%ﬁéﬂ@l%}oﬁ%@ﬁﬁﬁgd?ﬁﬂ%@&@%@%ed %4, 3=1.71 Hz)f‘%s.%%gﬁH, brs), 8.12 (1H,
dd, J=8.29, lyRiay63\ids(iidpaled a8 (dhites)olidl 88ifdH;td, J=8.29 Hz), 7.76nft4d;fs)ord-75 (1H, brs), 7.72
(1H, s), 7.69 (1H, d, J=4.88 Hz). 3.87 .S) LR Sl).m/z 531 [M+H]*. [0455] Example 171
UL LT T SR e ORRLHER
y1)-3-(trifluoramethg!(itSnaz o083 60 pwidintabanzamizte (147 ) Jo456]

Hz), 7.99 (1H, s), 7.90 (1H, d, J=1.22 Hz), 7.87 (1 H, brs), 7.76
(1H, brs), 7.75 (1H, s), 7.65 (1H, t, J=7.93 Hz), 7 43 (1H, d,
J=4.88 Hz), 7.42 (1H, d, J=7.93 Hz), 3.88 (3H, s), 3.24 (1H, tt,
J=6.83, 6.83 Hz), 2.08 (3H, d, J=2.20 Hz), 1.12 (6H , d, J=6.83
Hz); LRMS (ESI) m/z 459 [M+H] .

[0371]

Example 131

3-Ethyl-2-fluoro-4-{3-isopropyl-4-(4-(1-methyl-1H- pyrazol-4-
yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-y [}benzamide
(1s1)

According to Example 109, compound (131) (the seco nd stage
yield: 22%) was prepared as a white solid using 4-b romo-3-ethyl-2-
fluorobenzonitrile instead of 4-bromo-2-(ethylamino )benzonitrile.
'H-NMR (DMSO-dg) &: 8.66 (1H, d, J=5.12 Hz), 8.22 (1H, d, J=1.22
Hz), 7.99 (1H, s), 7.91 (1H, d, J=1.22 Hz), 7.89 (1 H, brs), 7.76
(1H, brs), 7.75 (1H, s), 7.65 (1H, t, J=7.93 Hz), 7 43 (1H, d,
J=7.93 Hz), 7.43 (1H, d, J=5.12 Hz), 3.88 (3H, s), 3.24 (1H, tt,
J=6.83, 6.83 Hz), 2.46 (2H, q, J=7.44 Hz), 1.12 (6H , d, J=6.83
Hz), 1.08 (3H, t, J=7.44 Hz); LRMS (ESI) m/z 473 [M +H] .

[0372]
Example 132
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Example 171(1) 3-Fluoro-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-yllbenzamide
(171a) According to Example 153(2), compound (171a) (0.747 g, the second stage yield: 55%) was
prepared using 3,4- difluorobenzonitrile instead of 3-chloro-4-fluorobenzonitrile. 1H-NMR (DMS0-016) 8:
8.35 (1H, d, J=4.88 Hz), 8.25 (1H, brs), 8.16 (1H, d, J=4.88 Hz), 8.01 (1H, Hd00c4B(Bs1 113kl Hz), 7.95
(1H, td, J=8.29, 1.46 Hz), 7.93 (1H, td, J=8.29, 6.83 Hz), 7.73 (1H, s); LRMS (ESI) m/z 451 [M+H]*.
Example 171(2) 2£{Ethy1mﬁmﬁ44{£ﬂ¢s)omdmﬂl (4 (1 methyl-1H-py razol-4-

-3-

ing to Example 99(2),
prepared usmgatl:wfhgmmnid&?]lﬂ) 1H NMR(DMSO 016)8:9.62(1H,d, compound(171)(0.430 g,73%)was
(0.650 g)instead okcgcgp r(])gupodg( rE%QpIe 1698 35 oun%((]llgzl?r(m 82 (1H s),8. 76(1Héjop =10.98, 1.46
Hz),8.72-8.66 (3H,

yield: 45%) was obtained as a white solid using 4-b romo-2-

(ethylamino)-3-methylbenzonitrile instead of 4-brom 0-2-
(ethylamino)benzonitrile.

'H-NMR (DMSO-ds) & 8.64 (1H, d, J=4.88 Hz), 8.21 (1H, d, J=1.22

Hz), 8.08 (1H, brs), 7.98 (1H, s), 7.90 (1H, d, J=1 22 Hz), 7.75
(1H, s), 7.56 (1H, d, J=8.54 Hz), 7.50 (1H, brs), 7 .38 (1H, d,
J=4.88 Hz), 6.99 (1H, d, J=8.29 Hz), 6.54 (1H, t, J =6.59 Hz), 3.88
(3H, s), 3.22 (1H, tt, J=6.83, 6.83 Hz), 3.08 (2H, dg, J=6.59,
6.83 Hz), 1.92 (3H, s), 1.13 (3H, t, J =6.83 Hz), 1 12 (6H, d,
J=6.83 Hz); LRMS (ESI) m/z 484 [M+H] *,
[0373]

Examples 133 and 134

3-Ethyl-2-(ethylamino)-4-{3-isopropyl-4-(4-(1-meth yl-1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]p yridin-1-
yl}benzamide (133)

2-Amino-3-ethyl-4-{3-isopropyl-4-(4-(1-methyl-1H-p yrazol-4-
yl)-1H-imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-y [}benzamide
134

According to Example 109, compound (133) (the seco nd stage
yield: 6%) was prepared as a white solid using 4-br omo-3-ethyl-2-

(ethylamino)benzonitrile instead of 4-bromo-2-
(ethylamino)benzonitrile. Compound (134) (the seco nd stage yield:

2%) was prepared as a white solid by this reaction.

compound (133)
'H-NMR (DMSO-ds) &: 8.61 (1H, d, J=4.88 Hz), 8.21 (1H, d, J=1.22
Hz), 8.03 (1H, brs), 7.98 (1H, s), 7.91 (1H, d, J=1 22 Hz), 7.75
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m),8.51 (1H,d,J=0.73Hz),8.47(1H, brs), 8.44(1H,s), 8.43 (1H,d, J=4.88Hz),4.59(3H,s);LRMS (ESI)
m/z471[M+H]*. [0457] Example 172

THO064 E(F) 111511

(1H, s), 7.50 (1H, brs), 7.46 (1H, d, J=8.05 Hz), 7 37 (1H, d,
J=4.88 Hz), 6.90 (1H, d, J=8.05 Hz), 5.76 (1H, t, J =6.59 Hz), 3.88
(3H, ), 3.22 (1H, tt, J=6.83, 6.83 Hz), 3.09 (2H, dg, J=6.59,
7.07 Hz), 2.44 (2H, q, J=7.32 Hz), 1.14 (3H, t, J=7 07 Hz), 1.11
(6H, d, J=6.83 Hz), 0.82 (3H, t, J=7.32 Hz): LRMS ( ESI) m/z 498
[M+H] *.

compound (134)
'H-NMR (DMSO-ds) &: 8.78 (1H, d, J=4.88 Hz), 8.35 (1H, t, J=4.88

Hz), 8.19 (1H, d, J=0.98 Hz), 7.99 (1H, s), 7.88 (1 H, d, J=0.98
Hz), 7.88 (1H, brs), 7.80 (1H, d, J=8.54 Hz), 7.74 (1H, s), 7.70
(1H, d, J=1.95 Hz), 7.48 (1H, dd, J=8.54, 1.95 Hz), 7.45 (1H, d,
J=4.88 Hz), 7.20 (1H, s), 3.88 (3H, s), 3.27-3.17 ( 3H, m), 1.28
(3H, t, J=7.20 Hz), 1.14 (6H, d, J=6.59 Hz); LRMS ( ESI) m/z 470
[M+H] ™.
[0374]

Example 135

4-{3-1sopropyl-4-(4-(pyridin-3-yl)-1H-imidazol-1-y )-1H-
pyrazolo[3,4-b]pyridin-1-yl}-3-methylbenzamide (135 )
[0375]

Example 135(1)

3-Isopropyl-4-{4-(pyridin-3-yl)-1H-imidazol-1-yl}- 1H-
pyrazolo[3,4-b]pyridine (135a)

According to Example 100(2), compound (135a) (the third stage
yield: 31%) was prepared as a white solid using 4-( pyridin-3-yl)-
1H-imidazole hydrochloride instead of 4-(1-methyl-1 H-pyrazol-4-

yl)-1H-imidazole hydrochloride.
'H-NMR (DMSO-ds) &: 13.73 (1H, s), 9.11 (1H, d, J=1.71 Hz), 8.64

(1H, d, J=4.88 Hz), 8.48 (1H, dd, J=4.76, 1.71 Hz), 8.38 (1H, d,
J=1.46 Hz), 8.30 (1H, d, J=1.46 Hz), 8.22 (1H, dt, J=8.05, 1.71
Hz), 7.45 (1H, dd, J=8.05, 4.76 Hz), 7.31 (1H, d, J =4.88 Hz), 3.11
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6-{4-(4-(1-Methyl-1H-pyrazol-4-y1)-1H-imidazol-1-y1)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbiphenyl-3- carboxamide (172) Compound (153)
(0.030 g), phenylboronic acid (0.014 g), palladium acetate (0.001 g), tricyclohexylphosphine (0.004 g),
and potassium phosphate (0.050 g) were dissolved in toluene (0.5 mL) andWaE* @(B2ELERLY, followed by
stirring using microwaves at 130C for 10 min. The reaction solution was distributed between chloroform
and water, aftHhe dr§a3icI8dtaydOR iHedl JrthSSatizjated saline and ther BNEH(B88rmatahydrous sodium
sulfate. The t was. distilled away, and the residue was purified by neutral silica gel column
chromatography (chloroform/methanol) to obtain compound (172) (0.002 g, 6%) as a white solid. 1H-NMR
(DMS0-016) ®38670 (1H, dd, J=4.88, 0.98 Hz), 8.28 (1H, brs), 8.16 (1H, s), 8.12 (1H, dd, J=8.05, 1.46
Hz), 8.00 (1H, s) ><@_p(ﬁlH %( .85 (1H, d, J=8.05 Hz), 7.71 (2H, s), 7.64 (1H, brs), 7.56 (1H, dd, J=4.88,
0.98 Hz), 7.22-7.1 m")L 4-7.01 (2H, m), 3.86 (3H, s); LRMS (ESI) m/z 529 [M+H]*. [0458]
THO0064 E(F) 111%{Bﬁ'scmmpw~4(43(pyridin—3—y|)—1H—imidazoI ly )-1H-
3-(Cycloprop ' % zol-1-yl)-3-(triflupromethyl)-1H-pyrazolo[3,4-b]
pyridin-1- yli il pte—172,-compotnd 73) (7%) was prepared as a
white solid using wcmngltmﬁ@ammmwmslaadwﬂmhwmhemoramd 1H-NMRdJExd80-016) 8: 8.83 (1H,
d, J=4.88 Hz), 8.1 brs), 8.08 7.96 (1H. ), 7.87 (1H, dd, J=8.29, 1. 7.77 (1H, s), 7.71
(1H, s), 7.65 ?Si' éé’}yéf’ is(i‘#%h&eio'i ﬂ%z? 061 (1H, d, J=8.3Y rg?]%z%(m brs), 3.87
(3H, s), 1.521nk1480(ﬂ:f-tdmhcﬂjﬂc5(@:ﬂ (4H, m); LRMS (ESI) m/z 493 [M+H]*. [0459] Example 174

'H-NMR (DMSO-ds) &: 9.11 (1H, d, J=1.71 Hz), 8.69 (1H, d, J=4.88

Hz), 8.48 (1H, dd, J=4.76, 1.71 Hz), 8.46 (1H, d, J =1.22 Hz), 8.38
(1H, d, J=1.22 Hz), 8.23 (1H, dt, J=7.89, 1.95 Hz), 8.09 (1H,
brs), 7.98 (1H, d, J=1.83 Hz), 7.88 (1H, dd, J=8.29 , 1.83 Hz),
7.55 (1H, d, J=8.29 Hz), 7.49 (1H, brs), 7.47 (1H, d, J=4.88 Hz),
7.46 (1H, dd, J=4.63, 7.89 Hz), 3.25-3.18 (1H, m), 2.19 (3H, s),
1.12 (6H, d, J=6.59 Hz); LRMS (ESI) m/z 438 [M+H] .
[0377]

Example 136

3-Ethyl-4-{3-isopropyl-4-(4-(pyridin-3-yl)-1H-imid azol-1-yl)-
1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (136)

According to Example 80, compound (136) (the secon d stage
yield: 12%) was prepared as a white solid using com pound (135a)
instead of compound (6¢) and using 4-fluoro-3-ethyl benzonitrile

instead of 4-fluoro-3-methylbenzonitrile.

IH-NMR (DMSO-ds) & 9.13 (1H, d, J=1.46 Hz), 8.68 (1H, d, J=4.88

Hz), 8.50 (1H, dd, J=4.63, 1.46 Hz), 8.48 (1H, d, J =1.22 Hz), 8.40
(1H, d, J=1.22 Hz), 8.24 (1H, dt, J=7.89, 1.95 H2), 8.13 (1H,
brs), 8.01 (1H, d, J=1.95 Hz), 7.90 (1H, dd, J=8.05 , 1.95 Hz),
7.54 (1H, d, J=8.05 Hz), 7.52 (1H, brs), 7.48 (1H, d, J=4.88 Hz),
7.47 (1H, dd, J=4.63, 7.89 Hz), 3.23 (1H, tt, J=6.5 9, 6.59 Hz),
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4-{4-(4-(1-Methyl-1H-pyrazol-4-y1)-1H-Imidazol-1-y1)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-y11-3-(prop-1-en-2- yl)benzamide (174) According to
Example 172, compound (174) (7%) was prepared as a white solid using propenylboronic acid and
X-phos Instead of phenylboronic acid and tricyclohexylphosphine, respectivieiPoefiEfm LM S0-016) 8:
8.83 (1H, d, J=4.88 Hz), 8.22 (1H, s), 8.07 (1H, s), 8.04 (1H, s), 8.02 (1H, dd, J=8.29, 1.95 Hz), 7.96 (1H,
s), 7.77 (1H, 3R07 (2B,(4H)d7.368-29 HAS T6FL (LH=6)59.83)(1H, d, J=4.88 Hz), W8QIHH, brs), 4.87 (1H,
S), 4.55 (1H, s) 3H H, s). LRMS (ESI) m/z 493 [M+H]*. [0460] Example 175
3-Methyl-4-{ -zﬁﬁﬁﬁk-%@%ﬁﬂ)ﬁ@%my 3
(trifluorometH9B78H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (175) THO0064 E(F) 111511 According to
Example 154(6), Cﬁxm%%ngﬁ(}ﬁ) (the second stage yield: 5%) was prepared as a white solid using
4-(pyridin-3-y1)- 1 fhidazole dihydrochloride Instead of 4-(1-methyl-1H-pyrazol-4- y1)-1H-Imidazole
hydrochloride. 1H-NstRrdp&93046)r8pd-4-04¢Ipyridin-8- @k AHH, d, J=4.88 Hz), 8.50iddrdl-d; J=4.88 Hz),

8.35 (IH, 5), 8,27 (1, <), 8,22 (1H, df, 156,05 _L.alafegigus.lﬁ (1H, brs), 8.04 (1H, s), 7.94 (1H, dd,
J=8.29, 1.89 - 0, J=4. - —thJ=8 - 1H, brs), 7.48 (1H, dd, J=8.05,
4.88 Hz), 2.18 (3HA®)oldR I Ex&ih)pie/20}GarHidotint (1826 hdseumple 176 d stage

2-Amino-4-{4-(4-(pyridin-3-y1)-1H-Imidazgl-1-y1)-3- .

(euoromer L g ISP A TTES O AER T 76)  CompBEREFES5® (0.080 ) was
dissolved in st&La (1 dmpgurah@ciag sising Gasoprupd-40.160 g), copper(ll) oxide (nanopowder) (0.009
0), and 4-(pyyidin-3-y1)-1H-Imidazole hydrochloride (0.053 g) were added to the resulting solution,
followed by sﬁﬂﬂwg#%ﬁﬁﬁfﬁﬁﬁﬁ%é%@é |6Tﬁeﬁ§1igﬁ85 was diluted with 8fffi¥%cetate, and insoluble
matters were'filiQrgd yngstis) he: spiveptyvas gigtitediayvawanrHthg residge was purified by neutral
silica gel column chromatography (chloroform/methanol).to obtain compound (176) (0.031 g, 30%).
1H-NMR (Dl\ﬁ'éb-%?%)@ﬂé’%ﬁﬂz?, d&;@z’i?ga?i-ﬂ)‘?géHHgﬂs.gg (1H, dd, J:4.§é;g&§%)H§)‘f 48 (1H, d,
J=4.88 Hz), 8130 (@.H1=9)28.2%)(18128) (BH1U(1658n 2=8.8 HZ), 7.88 (1H, brs), 7.791(AH11d, J=8.78 Hz),
7.75 (1H, dd, J=4.88, 0.98 Hz), 7.55 (1H, d, J=2.20 Hz), 7.45 (1H, dd, J=8.05, 4.88 Hz), 7.38 (1H, dd,

1=8.78, 2.20i%), 995 (@l Hrdy P80 1BH S (RMSIEES 1z 465 [M+H]*. [0463125258):

7.52 (1H, brs), 7.50-7.45 (3H, m), 3.23 (1H, tt, J= 6.83, 6.83 Hz),
2.70 (1H, tt, J=7.07, 7.07 Hz), 1.17 (6H, d, J=7.07 Hz), 1.12 (6H,
d, J=6.83 Hz); LRMS (ESI) m/z 466 [M+H] .
[0379]

Example 138

3-Cyclopropyl-4-{3-isopropyl-4-(4-(pyridin-3-yl)-1 H-imidazol-
1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benzamide (138 )

According to Example 80, compound (138) (the secon d stage
yield: 2%) was prepared as a white solid using comp ound (135a)

instead of compound (6¢) and using 3-cyclopropyl-4-

fluorobenzonitrile instead of 4-fluoro-3-methylbenz onitrile.

H-NMR (DMSO-dg) & 9.11 (1H, d, J=1.71 Hz), 8.67 (1H, d, J=4.88

Hz), 8.49 (1H, dd, J=4.76, 1.71 Hz), 8.46 (1H, d, J =1.22 Hz), 8.38
(1H, d, J=1.22 Hz), 8.24 (1H, dt, J=7.97, 1.95 Hz), 8.13 (1H,
brs), 7.84 (1H, dd, J=8.17, 1.95 Hz), 7.61 (1H, d, J=1.95 Hz),
7.51 (1H, d, J=8.17 Hz), 7.49 (1H, brs), 7.47 (1H, d, J=4.78 Hz),
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THO064 E(F) 111511 Example 177 3-Amino-4-{4-(4-(pyridin-3-y1)-1H-Imidazol-1-y1)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (177) According to Example 176, compound
(177) (45%) was prepared using compound (158b) Instead of compound (157a). 1H-NMR (DMS0-016) 8:
9.09 (1H, s), 8.85 (1H, dd, J=4.88, 0.98 Hz), 8.49 (1H, d, J=4.39 Hz), 8.26 (P06} B(ELIHIRLY J=7.81
Hz), 8.17 (1H, s), 7.95 (1H, brs), 7.69 (1H, dd, J=4.88, 0.98 Hz), 7.46 (1H, dd, J=7.81, 4.88 Hz), 7.40 (1H,
d, J=1.22 Hzy,4a3TH1H JbAs38H3D 32 (tH 8186 8325.9314 (1H, dd, J=8.05HER2.6¥2), 5142 (2H, s); LRMS

(ESI) m/z 46 * I 17 in 4 -{4-(4-(pyridin-3; dazol-1-y1)-3-
(trifluorometh léy[_lyll p%/r%}zgﬂi% 4- py§;|3d|n- -y[l%enzanka (ﬁ According to ‘E‘y&&l l_g'rl%%] 161,

compound (1'8&)46desbnd stage yield: 30%) was prepared as a white solid using 4-(4-(pyridin-3-
yl)-lH-Imida@gogydrochloride Instead of 4-(1-methyl1-1H-pyrazol4-y1)-1H-Imidazole hydrochloride.
1H-NMR (D 08:9.07 (1H, d, J=1.95 Hz), 9.01 (1H, d, J=4.88 Hz), 8.48 (1H, dd, J=4.88, 1.95 Hz),
8.35 (1H, t, J=4.8&EKmnpBe3ABY1H, s), 8.23 (1H, s), 8.21 (1H d, J=7.56 Hz), 8.20 (1H, dt, J=8.05, 1.95 Hz),
7.87 (1H, d, J=8.2 : 2.20 Hz), 7.45 (1H, dd, J=8.05, 4.88 Hz),
7.34 (1H, dd, J=8. z); LRMS (ESI) m/z

493 [M+H]*. [@ﬁkﬁa&]ol Eﬂpmptwﬂﬂ@ld[&l&:b@a@ﬂmt}be@am (4- (pyrldln -3- ylm[tiel(llﬁﬁjazol -1-y1)-

3- (trlfluoromethyl) razol%!3?4 in-1-yllben 179) THO0064 E(F) 111511 According to
Example 160, co tﬂfﬂj% We@égﬁ %&é prepared as (&Iﬂﬁ% °solid using

4-(4- (pyridin-ﬁewlﬁmmﬁmﬁarwdmh]mﬁiﬁ)lmmeﬂd obr-(1-methy1-1H-pyaeb{#3ga)-1H-imidazole
hydrochlorlde 1H V\{{IBC@PMSOB#%S 9.07 (1H, d, J=1.95 Hz), 8.99 (1H, d, J=4.88 Hz), 8.48 (1H, dd,
324,88, 1,95 15358 SEEPIIPOINGLL0BB) 1) "8 30 (1H. s). 8.22 (1, §), 8.20 (1H. dit. J=8.05, 1.95 H2), 7.85

(1H,d, J= S%Wﬂm g J540BtbHEH, 1DI-lbb i) &0(1h).d7 -4=2(d41, dd, J=8.05, 4.88 Hz), 7.26
(1H, dd, J=8.54, 220 7), 3.69 (1H, dtt J 32 634{5)34 Hz), 1.24 (6H, d, J=6.34 Hz% LRMS (ESI) m/z
“

507 [M+H]*. MG%fég'ﬂ\ﬂ%i 730( tz)()zi H J(pyrldln 3-y1)-1H- |m909§zHF-)l§/

(2H, d, J=0.99 Hz), 8.22 (1H, dt, J=7.97, 2.02 Hz), 7.80 (1H, d,
J=8.74 Hz), 7.69 (1H, d, J=2.02 Hz), 7.51 (1H, d, J =4.95 Hz),
7.49-7.43 (2H, m), 3.27-3.12 (3H, m), 1.27 (3H, t, J=7.09 Hz),
1.14 (6H, d, J=6.92 Hz); LRMS (ESI) m/z 467 [M+H] .
[0381]

Example 140

4-{3-1sopropyl-4-(4-(pyridin-3-yl)-1H-imidazol-1-y )-1H-
pyrazolo[3,4-b]pyridin-1-yl}-2-(isopropylamino)benz amide (140)

According to Example 109, compound (140) (the seco nd stage
yield: 19%) was prepared as a white solid using com pound (135a)
and 4-bromo-2-(isopropylamino)benzonitrile instead of compound
(100b) and 4-bromo-2-(ethylamino)benzonitrile, resp ectively.

IH-NMR (DMSO-ds) & 9.10 (1H, d, J=1.65 Hz), 8.81 (1H, d, J=4.95

Hz), 8.48 (1H, dd, J=4.78, 1.65 Hz), 8.42 (1H, d, J =0.99 Hz), 8.38
(1H, d, J=7.09 Hz), 8.35 (1H, d, J=0.99 Hz), 8.22 ( 1H, dt, J=7.91,

1.98 Hz), 7.79 (1H, d, J=8.74 Hz), 7.74 (1H, d, J=1 .98 Hz), 7.50
(1H, d, J=4.95 Hz), 7.46 (1H, dd, J=7.91, 4.78 Hz), 7.42 (1H, dd,
J=8.74, 1.98 Hz), 3.69 (1H, td, J=6.26, 6.26, 7.09 Hz), 3.18 (1H,
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(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (180) According to Example 176, compound
(180) (36%) was prepared using compound(162a)instead of compound (157a).
1H-NMR(DMS0-016)8:9.10(1H,d,J=1.46Hz),8.84(1H,d,J=4.88
Hz),8.49(1H,dd,J=4.88,1.46Hz),8.27(1H,s),8.22(1H,dt, J=8.05,1.95Hz),8.19(1FPe} o= 14 piLl
brs),7.69(1H,d, J=4.88Hz),7.46(1H,dd,J=8.05, 4.88 Hz), 7.44(1H,brs),7.32
(1H,d,J=1.71%256.20@.M6d358.05 616 J56.38 (), 6,045.49Hz),3.15 Hz), (264, 7,086 FHdd,J=8.05,

40,3=5.49.7 Q81D OT4A} i TR AL RMS(ES)

[0382]

Example 141

2-(Tert-butylamino)-4-{3-isopropyl-4-(4-(pyridin-3 -yl)-1H-
imidazol-1-yl)-1H-pyrazolo[3,4-b]pyridin-1-yl}benza mide (141)

According to Example 109, compound (141) (the seco nd stage
yield: 58%) was prepared as a white solid using com pound (135a)
and 4-bromo-2-(tert-butylamino)benzonitrile instead of compound
(100b) and 4-bromo-2-(ethylamino)benzonitrile, resp ectively.
'H-NMR (DMSO-ds) &: 9.10 (1H, d, J=1.98 Hz), 8.80 (1H, d, J=4.95
Hz), 8.63 (1H, s), 8.48 (1H, d, J=4.78 Hz), 8.42 (1 H, s), 8.36
(1H, s), 8.22 (1H, d, J=7.91 Hz), 8.10 (1H, d, J=1. 98 Hz), 7.77
(1H, d, J=8.74 Hz), 7.50 (1H, d, J=4.95 Hz), 7.48-7 41 (2H, m),
3.19 (1H, tt, J=6.76, 6.76 Hz), 1.45 (9H, s), 1.13 (6H, d, J=6.76
Hz); LRMS (ESI) m/z 495 [M+H] .
[0383]

Example 142

4-{3-1sopropyl-4-(4-(pyridin-3-yl)-1H-imidazol-1-y )-1H-
pyrazolo[3,4-b]pyridin-1-yl}-3-methoxybenzamide (14 2)

According to Example 80, compound (142) (the secon d stage
yield: 33%) was prepared as a white solid using com pound (135a)
and 4-fluoro-3-methoxybenzonitrile instead of compo und (6¢) and 4-

fluoro-3-methylbenzonitrile, respectively.

IH-NMR (DMSO-dg) & 9.12 (1H, s), 8.65 (1H, d, J=4.88 Hz), 8.49

(1H, d, J=4.63 Hz), 8.46 (1H, d, J=1.22 Hz), 8.39 ( 1H, d, J=1.22
Hz), 8.24 (1H, dt, J=8.05, 1.95 Hz), 8.18 (1H, brs) , 7.76 (1H, d,
J=1.71 Hz), 7.65 (1H, dd, J=8.05, 1.71 Hz), 7.57 (1 H, brs), 7.52
(1H, d, J=8.05 Hz), 7.47 (1H, dd, J=4.63, 8.55 Hz), 7.43 (1H, d,
J=4.88 Hz), 3.80 (3H, s), 3.21 (1H, tt, J=6.83, 6.8 3 Hz), 1.11
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m/z 493 [M+H]*. [0466] Example 181 3-(Isopropylamino)-4-{4-(4-(pyridin-3-y1)-1H-imidazol-1-y1)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (181) According to Example 176,
compound (181) (28%) was prepared using compound (164a) instead of compound (157a). TH0064 E(F)
111511 1H-NMR (DMS0-016) 8: 9.09 (1H, d, J=1.46 Hz), 8.85 (1H, d, J=4.88' 5 B(mb1kS1Hd, J=4.88,
1.46 Hz), 8.28 (1H, s), 8.21 (1H, at, J=7.81, 1.46 Hz), 8.20 (1H, s), 8.05(1H, brs), 7.70 (1H, d, J=4.88 Hz),
7.46 (1H, dd,(6= 74814688 Hz), RS (S Ionsy, 4538M1H] d, J=1.71 Hz) 7.29 (1H, d, J=8.05 Hz), 7.19 (1H,
dd, J=8.05, ]Egﬁ z), 5.04 (1H, d, J=8.05 Hz), 3.78 (1H, ttd, J=6.34, 6.34, 8.05 Hz), 1.09 (7H, d, J=6.34
Hz); LRMS ( /z 507 [M+H]*.

Example 143

4-{4-(4-(1H-Pyrazol-4-yl)-1H-imidazol-1-yl)-3-isop ropyl-1H-
pyrazolo[3,4-b]pyridin-1-yl}-2-(isopropylamino)benz amide (143)
[0385]

Example 143(1)

4-{4-(4-(1-(Benzyloxymethyl)-1H-pyrazol-4-yl)-1H-i midazol-1-
yl)-3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-yl}-2-b romo-
benzonitrile (143a)

According to Example 99(2), compound (143a) (71%) was

prepared as a gray solid using compound (36a) inste
(99a) and using 4-(1-(benzyloxymethyl)-1H-pyrazol-4
imidazole instead of 4-(1-methyl-1H-pyrazol-4-yl)-1
hydrochloride.

ad of compound
-yl)-1H-

H-imidazole

IH-NMR (DMSO-ds) & 8.96 (1H, d, J=1.95 Hz), 8.88 (1H, d, J=5.12

Hz), 8.62 (1H, dd, J=8.66, 1.95 Hz), 8.25 (2H, s),
J=8.66 Hz), 7.98 (1H, d, J=1.22 Hz), 7.92 (1H, s),
J=5.12 Hz) 7.38-7.28 (5H, m), 557 (2H, s), 4.58 (2
(1H, tt, J=6.83, 6.83 Hz), 1.16 (6H, d, J=6.83 Hz);

8.17 (1H, d,

7.58 (1H, d,

H, s), 3.24
LRMS (ESI) m/z

593 [M+H] *.
[0386]
Example 143(2)
4-{4-(4-(1H-Pyrazol-4-yl)-1H-imidazol-1-yl)-3-isop ropyl-1H-
pyrazolo[3,4-b]pyridin-1-yl}-2-(isopropylamino)benz amide (143)
According to Example 1(6), 4-{4-(4-(1-(benzyloxyme thyl)-1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-3-isopropyl-1H-pyra zolo[3,4-

b]pyridin-1-yl}-2-(isopropylamino)benzonitrile (65%
using compound (143a) and isopropylamine instead of

and trans-4-hydroxycyclohexylamine, respectively, a
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[0467] Example 182 3-(Cyclobutylamino)-4-{4-(4-(pyridin-3-y1)-1H-Imidazol-1-y1)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (182) According to Example 176,
compound (182) (49%) was prepared using compound (165a) Instead of compound (157a). 1H-NMR
(DM50-d0 8: 9.10 (1H, s), 8.85 (1H, d, J=4.88 Hz), 8.49 (1H, d, J=4.88 Hz) T8!996¢HF5318532 (1H, at,
J=7.81, 1.71 Hz), 8.19 (1H, s), 8.03 (1H, brs), 7.70 (1H, d, J=4.88 Hz), 7.46 (1H, dd, J=7.81, 4.88 Hz),
7.43 (1H, brs§-7.2Bef1aslodydretdlb IHzpya2a-¢i); H-Init® Hz), 7.20 (1H, dd;\J=%.05, 1.46 Hz), 5.59 (1H,

d, J=6.59 Hz). 4 01 (1H, ttd. J=7.32, 7.32 6.59 Hz), 2.33-2.27 (2H, m), 1.85-1.76 (2H, m), 1.70-1.64 (2H,
m): LRMS (E)§ rr%'?%*%ﬁ%@ﬁ%ﬁ@ @a?n fngs?,

3-(Cyclopent{tamivmy)adridofde(pndiite vad pissolmidazolisb- le and
y1)-3-(trifluoromethyl)-1H-pyrazplo[3.4-b]pyridin-L-yllbenzamide (183) ccording to Example 176,
compound (ltg@o(rgé%}% (\:N%Espéﬁg%amrj%%db s%ﬁé'@%r?{:@l}r?d (168a) Instead of cﬁrﬁgc?ﬂhd 57a). 1H-NMR
(DM50-016) B:c@1a® Ebkdition dab.distitnked BaveEh dhidrmio88 Hz), 8.49 (1H, duadd4.83) 1.71 Hz), 8.27 (1H,
s), 8.22 (1H, at, - 229 - J=7.811.95 Hz).8.20(1H, s), 8.05(1H, brs),7.70(1H, d, J=4.88 Hz), 7.46 (1H, dd,
1=7.81, 4.63 M9 SPAN Gy Sd?f',oﬂ; (J‘]Q?‘L.Qfﬁa}%,?ag/.sz (1H,d,J=8.6%"‘ﬁ§)‘,’”ﬁ§o (1H, dd, J=8.05,
1.71 Hz), 5.18vEt Hnloydists 88 dile), Siteldhdttioe 36638 a4, 6.83 Hz), 1.98istiBg éatdym), 1.60-1.50 (4H,

m), 1'43_1'3?0(35{3{#%—123%—&—(1'—%?/%2%{—24—?/ 31LM%||_(|1];Z(£P%§/9] Example 184 1)-3-isopropyl-

1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(isopropylamino)b enzonitrile,
which was used in the subsequent reaction without b eing purified.
Lastly, according to Example 1(7), compound (143) ( the second
stage yield: 43%) was prepared as a white solid usi ng 4-{4-(4-(1H-
pyrazol-4-yl)-1H-imidazol-1-yl)-3-isopropyl-1H-pyra zolo[3,4-
b]pyridin-1-yl}-2-(isopropylamino)benzonitrile inst ead of compound
(19).
'H-NMR (DMSO-dg) & 12.87 (1H, s), 8.78 (1H, d, J=4.88 Hz), 8.35
(1H, t, J=5.00 Hz), 8.20 (1H, d, J=1.22 Hz), 8.02 ( 1H, s), 7.89
(1H, d, J=1.22 Hz), 7.82 (1H, s), 7.80 (1H, d, J=8. 78 Hz), 7.71
(1H, d, J=2.20 Hz), 7.48 (1H, dd, J=8.78, 2.20 Hz), 7.44 (1H, d,
J=4.88 Hz), 3.26-3.16 (3H, m), 1.28 (3H, t, J=7.07 Hz), 1.15 (6H,
d, J=6.83 Hz); LRMS (ESI) m/z 470 [M+H] .
[0387]

Example 144

4-{4-(4-(1H-Pyrazol-4-yl)-1H-imidazol-1-yl)-3-isop ropyl-1H-
pyrazolo[3,4-b]pyridin-1-yl}-2-(ethylamino)benzamid e (144)

According to Example 143(2), compound (144) (the t hird stage
yield: 27%) was prepared as a white solid using eth ylamine (2.0 M

in THF) instead of isopropylamine.

IH-NMR (DMSO-ds) &: 12.88 (1H, s), 8.78 (1H, d, J=4.88 Hz), 8.39
(1H, d, J=7.07 Hz), 8.20 (1H, d, J=1.22 Hz), 8.02 ( 1H, s), 7.89
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3-Amino-4-{4-(4-(1-ethyl-1H-pyrazol-4-y1)-1H-Imidazol-1-y1)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzamide (184) According to Example 176,
compound (184) (36%) was prepared using compound (158b) Instead of compound (157a) and using
4-(1- ethy1-1H-pyrazol-4-y1)-1H-Imidazole hydrochloride instead of 4- (pyritit8e¢ BDH I mthzole
hydrochloride. 1H-NMR (DMS0-016) 8: 8.80 (1H, dd, J=4.76, 0.73 Hz), 8.02 (1H, s), 8.01 (1H, s), 7.94
(1H, brs), 7.713H118),sY,827@A KL ).sY,.806 0L HY, deh 878 #8),0778 Hz), 7.39 (1H, d, BZ=112R Kz), 7.36 (1H,

brs), 7.29 (1H. dJ=8, 7.14,(1H, dd, J=8. ), 5.40 (2H, s), 4.16,(2H, q, J=7.16 Hz), 1.40
(3H. \1:7.121’((}"5‘;g L’%&?@éﬁ%?’z gg%‘%%lﬂ%}*ﬂ%ﬁﬁ%&émple 185 FREERE
4-{4-(4-(1-Ethiz) - BIéPiirezatt Ay 1 P1H6 Bridaz6 HiRy B)23-(1 H, tt, J=6.83,
(trifluoromethyps1H-pyrazola[3,4- idin-1-y11-3, (ethylamino)benzamide ( . ording to
Example 172?{ g%]gn_lf))gu)ina (@Eﬁ’s L‘%é\?i\jléqsz r)'[e]m%jg\r?(e%l_F Uélr%jg_aégmpound (162a) Ij%%s?gé)d I(‘)'ﬁ:ﬁogmpound (157a)
and using 4-(ES8thyz 4868t ol-4-y.1)-1H-Imidazole hydrochloride instead of 4-
(pyridin-3-y1i-8%)lé|§]midazole hydrochloride. 1H-NMR (DMS0-016) 8: 8.79 (1H, d, J=4.88 Hz), 8.05 (1H,
brs), 8.02 -230-"1'H0064 E(F) 111511 (2H, s), 7.74 (1H, s), 7.72 (1H, s), 7.61 (1H, d, J=4.88 Hz), 7.42
(1H, brs), 7.32 (1Hedndatd 745Hz), 7.28 (1H, d, J=8.05 Hz), 7.18 (1H, dd, J=8.05, 1.71 Hz), 5.36 (1H, t,
J=5.85 Hz), 4.16 ( . ..85 Hz), 1.40 (3H, t,a%thﬁ)Hz), 1.07 (3H, t,
J=7.07 Hz); LRM SO IVEF R [0 T Exatripie 196 = U
3-Amino-4-{48{4edropPprepytakblefs,miaplydeiit -4 bdmidmidl|-1- e (145)
y1)-3-(trifluoromethyl)-1H-pyrazolo[3,4- ridin-1-ylI ide (186) According to Example 176,
compound (186) (g‘ggfgf%ﬁs}{ﬁéﬁg@& 8%%% %Wbyﬂﬁgfg@g%%@§¥ead of compoﬁwﬂgﬂ?g‘/e and using
4-(1- isopropyd dlivhpy sotialudiyd I Helimidaagieryshoghloride instead of 4-(pyrigiite3old)-1H-Imidazole
hydrochloride. IH-NMR (DMSO0-016) 8: 8.80 (1H, dd, J=4.88, 0.98 Hz), 8.04 (1H, s), 8.00 (1H, s), 7.94
(1H, brs), 7. %i?&f‘gﬁfiﬁ‘?ﬁ%o §Adne W&Hh?ﬁéﬁ%éjyo.gs Hz), 7.39 (1 ,'é‘)‘,'”?*.?‘?é?%, brs), 7.29 (1H,
d, J=8.05 Hzhydrdch(dddied, J=8.05 Hz), 5.40 (2H, s), 4.53 (1H, tt, J=6.59, 6.59 Hz), 1.45 (3H, d, J=6.59

Hz), 1.44 (3H, d, J=6.59 Hz); LRMS (ESI) m/z 496 [M+H]*. [0472
) 144 G0 Biag 5 8%5 (4 J 895 (ih, brs), 822

H-NMR (DMSO-dg) &: 8.65 (1H, d, J=4.95 Hz
(1H, d, J=1.32 Hz), 8.20 (1H, d, J=1.81 Hz), 8.03 ( 1H, dd, J=8.24,
1.81 Hz), 8.02 (1H, s), 7.90 (1H, d, J=1.32 Hz), 7. 76 (1H, d,
J=8.24 Hz), 7.75 (1H, s), 7.69 (1H, brs), 7.41 (1H, d, J=4.95 Hz),
4.16 (2H, g, J=7.25 Hz), 3.23 (1H, tt, J=6.76, 6.76 Hz), 1.40 (3H,
t, J=7.25 Hz), 1.11 (6H, d, J=6.76 Hz); LRMS (ESI) m/z 475 [M+H]  *.
[0389]

Example 146

4-{4-(4-(1-Ethyl-1H-pyrazol-4-yl)-1H-imidazol-1-yl )-3-
isopropyl-1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(ethyla mino)benzamide
(146)

According to Example 83, compound (146) (the third stage
yield: 36%) was prepared as a white solid using 4-( 1-ethyl-1H-
pyrazol-4-yl)-1H-imidazole hydrochloride instead of 4-(4-
methoxyphenyl)-1H-imidazole and using ethylamine (2 .0 MinTHF)

instead of 4-hydroxycyclohexylamine.

'H-NMR (DMSO-dg) & 8.77 (1H, d, J=4.95 Hz) 8.34 (1H, t, J=5.11
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Example 187
3-(Ethylamino)-4-{4-(4-(1-isopropyl-1H-pyrazol-4-yl)-1Himidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-
b]pyridin-1- yllbenzamide (187) According to Example 176, compound (187) (40%) was prepared
using compound (162a) Instead of compound (157a) and using 4-(1- THOO064 E(F) 111511
isopropyl-1H-pyrazol-4-y1)-1H-Imidazole hydrochloride instead of 4-(pyridin-3-y1)-1H-Imidazole
hydrochloridéiZ HBN&I R KD S6101% H3), 812 (IH, &), J~888 Hz), 8.05 (1H, brs)}i3:)4=L383- THO0064 E(F)

111511 (1H, )L 1H, s) 0 (1H, d, J=4.88 H 42 (1H, brs), 7.32 (1H,
d, J=1.71 Hzﬁ% %9 1&'1 3 ggﬁ—ﬂ:rf')'? 18 ({lﬁl_‘ Ijj' ?6§§5 1.71 Hz), 5.36 (1@[, ?éﬁé]g Hz), 4.53 (1H,
tt, J=6.59, 6.5@)HZHRES(0, (ﬁ—lJqu?él—ZSJ@&Hz‘!) J143£)H dS (6H, d, J=6.59 HzRA95H@BHL. 16J=7.32 Hz);
LRMS (ESI) l 0 ] e 1 _

3-Chloro-4-{ ﬁ A(]'L oxyn)E %153{ gyg/razoﬂ-jﬁ?-fﬂ_ilmhazol-1-y|)-3-(trif|uo?6r7ﬁ%?h%)-’1H-pyrazolo[3,4-
b]pyridin-1- ylihe(&anide{083)z), 1.Co@HOUNIFALBBHz[DL1200 g), cesium carBMBRESD.830 g), and 3-
chloro-4- quoQ@JeL trile (0.154 g) were suspended in DMSO (50 mL), followed by stirring at 60C for 24
hr. The react|on Gilition was distributed between ethyl acetate and water, and the organic layer was
washed with [g@80jated saline. The organic layer after the washing was dried over anhydrous sodium
sulfate, and then tge SO RYE as distilled away to obtain

3-chloro-4-{4- iodo ethyl)-1H-pyrazolo[3,4-b]pyridin-1-yllbenzonitrile, which was used in the
subsequent reactlqr{m\(lnh(ctk@u&jn@meﬂ%mI—'I'bgﬁafimhkylpiﬂ{mchIoro -3- (trlfluoromeztbyil)-lH pyrazolo[3 4-

potassium calbsr reln Wl '- p H Opewe 020 g) were suspended in DMF
(2.5 mL), follmenbbyrﬁi)b@ngaat@@omfpr 24 hr. The reactlon solutlon was diluted with ethyl acetate, and
insoluble matters Were ltere he f||t was distilled away, and the residue was

elite. The solvent o ?5
purified by neutral %85 ol?a?/ﬁmpd%?én?&{aa?&aﬂ Igﬂﬁ‘ methanol) to obﬁm compound (188)
(0.012 g, 3%%@322%9%!\6@;@%&@@%@ s8I 4d, J=4.88 Hz),8.3011H, brs), 8.25

difluoromethyl-1H-pyrazol-4-yl)-1H-imidazole hydroc hloride instead

of 4-(4-methoxyphenyl)-1H-imidazole and using ethyl amine (2.0 Min
THF) instead of 4-hydroxycyclohexylamine.
'H-NMR (DMSO-ds) &: 8.79 (1H, d, J=4.88 Hz), 8.50 (1H, s), 8.33

(1H, t, J=5.00 Hz), 8.27 (1H, d, J=1.22 Hz), 8.14 ( 1H, s), 8.06
(1H, d, J=1.22 Hz), 7.84 (1H, t, J=59.28 Hz), 7.79 (1H, d, J=8.78
Hz), 7.69 (1H, d, J=1.95 Hz), 7.46 (1H, d, J=4.88 H z), 7.46 (1H,
dd, J=8.78, 1.95 Hz), 3.25-3.13 (3H, m), 1.27 (3H, t, J=7.07 Hz),
1.13 (6H, d, J=6.59 Hz); LRMS (ESI) m/z 506 [M+H] *
[0391]

Example 148

4-{4-(4-(1-(Hydroxyethyl)-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-isopropyl-1H-pyrazolo[3,4-b]pyridin-1-yl}-2-(isop ropyl)benzamide
(148)
[0392]

Example 148(1)
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(1H, d, J=1.71 Hz), 8.10 (1H, s), 8.08 (1H, dd, J=8.29, 1.71 Hz), 7.98 (1H, s), 7.92 (1H, d, J=8.29 Hz),
7.80 (1H, s), 7.76 (1H, brs), 7.74 (1H, s), 7.69 (1H, d, J=4.88 Hz), 4.93 (1H, t, J=5.37 Hz), 4.17 (2H, t,
J=5.49 Hz), 3.75 (2H, q, J=5.53 Hz); LRMS (ESI) m/z 503 [M+H]*. [0474] Example 189
4-{4-(4-(1-Benzyl-1H-pyrazol-4-y1)-1H-imidazol-1-y1)-3- THOO064 E(F) 111511
isopropyl-1H-pyrazolo[3,4-b]pyridin-1-y11-3-chlorobenzamide (189) According to Example 107(2),
compound (189) (#fé%(éﬁ(dlf(&@ﬁ&}dexvmmfl)w%wmlmeb%dnas a white solid usilagatdmpound (99a) and
4-(1-benzyl- ]1 L cglde instead of compound (107a) and
4-(1-methy1- / drochtoride, respectivetytH-NMR (DMS0-016) 8: 8.66
(1H, d, J=4. %wpwlnﬁmmuum@aﬁ (1H d, J=1.15 Hz) 8.21 (1H, d, J=1.81 Hz), 8.12 (1H, s), 8.04
(1H, dd, J=8.24, 1. 1Ha_} %d —115Hr@ % - 7.76 (1H, d, J=8.24 Hz), 7.70 (1H, brs),
7.42 (1H, d, J=4. 75332 é % Pé'i?% GORIROHT &Iﬁ% s 1, tt, 3=6.76, 6. 76 19Y, 1.12 (6H, d,
J=6.76 Hz). [&ZlélﬂS]SS%g;t/\Esampharébl M@ashnemmmmngSIRQO binding activity- First, a solution of
purified HSP%O W as follloA/vs1 Jas J)ET -HSPOON, expres}s]|nr<1:;dan SP90 N-terminal
protein having aﬁls ag epw%r ﬁ’e?l WaIS‘En(IIOI’]S cYed)By inserting a huhvan alpha gene
(NCBI Refermﬂag@mﬂmyabdﬁﬁgmanmzmwmﬁﬁé%ﬁ@)smmn which encaggmmineo acids
correspondi ttoahjprp nd am qld to the 236th amino acid of human HSP90 alpha protein (NCBI
Reference S!,ﬁi?e 2 @g gf(é@fﬁ 866'%39 full -233 - THO064 E(F) 111511 length: 732 amino
acids), into p393pb (Novagen Inc.). The pETHSP9ON was introduced into Escherichia coli cells (3L21
(DE3), Stratagen H% n the Escherichia coli cells were cultured in the presence of 0.5 mM
isopropyl-beta- Dthl#&ﬁ R&d é oside (Sigma-Aldrich Corp.) at 37C for 4 hr. The Escherichia coli cells
were collected, suaqexqzﬂqﬂqnwdmthymfaﬂéﬁﬁmbmwtﬂﬁm(pH 7.5), 200 mM adP1)ylpnd sonicated.
The sonicated cell sol ti ifugats , rnatant as a crude
extract. The EXBAELWaS Y . S ' S : %3apan
Corporation) (lelg;matography and H|Load 26/60 Superdex 75 pg (GE Healthcare Japan Corporation), and
the fraction in which HSP90 té)roteln was concentrated was ac(gusted to a 50 mM Tris-HC1 (pH 7.5)/20%

glycerol solution a8EHAMEY BEBBEHUTRIAPIYIY SHHLENABBES solution wasRIRRESE 8Rd stored at

-80C until usg.white BagdHiSIRG @dpipeLig @ﬁ%%n&fé‘adﬂﬂ%ﬁﬁfﬁd by an Alpha%gige@gpmpetitive assay
system. The %,ll’lfled HSP90 solution was diluted with a b|nd|%§ buffer (50 mM Tris-HC1 (pH 7.5), 150 mM

NaC1, 0.1% THifdMX {BYSOren 091 B, 0 136'BS AT ARS ddfdel 8 418BAwEPS3te (No. 3673, Corning

IncorporatedHgpreaigipgHest &upﬂapﬁgew éﬁqupagyticp@@taoom temperature for 3 hy=bigin-labeled
geldanamycin was added to each reaction solution in an amount of 40 nM, followed tt%yrreactlon for further

1 hr. Detectldﬂ?h&%élmmrﬁkﬁﬁ%fk@-‘i‘ (ﬂFﬁ‘?%j"@ 564 BSA, 0.04 mg/mL Ni¢kkIBHel4te Acceptor

beads, 0.04 mLﬁgrggtﬂy)dmgqapadeﬁaqghegdammo 6760619C, Perkin [inesging.) was added to
each well in the same amount as that of the reaction solution. After reaction in a dark [)Iace at room

temperature fof21 If%) tihe fudFb ehdIRteHity iredenzbil was measured with ¥ nffitilhbel plate reader,
EnVision (Pejkm4§|mﬂf,j_ﬁ@.kzmha’ i@i:gmgq%a%@/@}qf&ptin-labeled - 234 - 1=6.34, 6.34,

6.84 Hz), 3.19 (1H, tt, J=6.59, 6.59 Hz), 1.25 (6H, d, J=6.34 Hz),
1.13 (6H, d, J=6.59 Hz); LRMS (ESI) m/z 514 [M+H] *,
[0394]

Example 149

4-{3-1sopropyl-4-(4-(pyridin-4-yl)-1H-imidazol-1-y )-1H-
pyrazolo[3,4-b]pyridin-1-yl}-3-methylbenzamide (149 )

According to Example 99(1), 4-(4-chloro-3-isopropy l-1H-
pyrazolo[3,4-b]pyridin-1-yl)-3-methylbenzonitrile w as prepared
using 4-fluoro-3-methylbenzonitrile instead of 4-fl uoro-3-
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THO0064 E(F) 111511 geldanamycin binding by a compound of the present invention was determined by
the following equation using the fluorescence signal of a test substance-free group (control) as a control.
Each compound was added thereto, and the concentration (ICH (gm)) of a compound to inhibit the
binding of biotin-labeled geldanamycin to 50% of that of the control was deferift& &S bliskkive index of
HSP90 binding. [0476] Inhibition rate (%) = (C-T)/C X 100 T: signal in a well to which a test substance
was added chOrafignzinirienasit acedithgrio Fesniie 42k was added [04,7G&mpouTide results were that
compounds (@I@j rg%elep ipav%nti%?é%aééwe%hir%hlé/r es(ilgéfﬁctory HSP90-bindiQ% %SH}QFB@S whereas none of
comparative to p(oun <'SRowe yl\tl)ln(ﬁllngﬁ)actlw y (Table 1). [0478] Tes xample 2: Measurement
of cell growtlBiisoidio 1H-pyCatbpiBth]pyadimbsBed-@kthy a crystal violet stihenagnmidghod. SK-BR-3 cells
(HTB-30) purchased from Ameyi ype Culture Collectjon were seeded i 6-well plate (No. 353075,
BD Bioscien(':réssf?% 3{8821 é)r?{}%{t%?%t}é g%%ﬁ%@lé%%"ﬁ?hiéycells were cultur‘l' 232902 incubator at
37C for 24 hinstrddioén-(Eshathisiihpesaveieybddenridaie plate, followed byhydtochigyitier further 72 hr. A
25% glutaralgehl\){de solutionléﬁNoé_17025-25, Hacglai T\Eggue Inciwgcg added to each well in an amount of
20 gL for 200 '@'L BRAEMem di%T]nl, SH ¢ %eJ|5IJa€é5 ’Igf‘ls?o( il At todim temperature for 20 min for
fixing the celldz)l Beiplate, dasIwhshedAGitizvais @t dried, and then 100 gtld2aH))@tgm of 0.05%
crystal violet . 038-17792, W P hemical Industries, Ltd.) in 20% methangl was added to each
well. The plaé\ll_vﬁ/a(g Ig“r't} aéé %H%%%A#&)gh{%?%toqs#?n[&‘ %ft room temperature %3?%261 ﬁin for staining
the cells. Thépdate seasiwashaewith Mgter.agiditHjedt, axeB PO0 gL of a solution mixtareinf 0.05 M
NaH2PO4 a thanol (mi in equal am unt? dded to each well. Abso % ce at 540 nm was
measured W%SS H'é’r p%é%i‘&éﬁ(%?@js ,521‘ r%ﬁaﬁélectric Co., Ltd.) as @nim% %%@he number of
cells in each wdl.(Tlhedahiiti@T rated %y)plcell arewth J36& compound of the @resset Hwyention was
determined by the_following equatjon using the absorbance of a test substapce-free group, (control) as a
o A atheity e

h
control. Eac %uﬂd dhet2 ) ahi'eEH®ntration (los (g 5)465{8 pound to inhibit the

number of cqligdg)50% of that of the control was determined. [0479]

Example 150

4-{1-(1-(4-Carbamoyl-2-chlorophenyl)-3-isopropyl-1 H-
pyrazolo[3,4-b]pyridin-4-yl)-1H-imidazol-4-yl}-N-
isopropylbenzamide (150)
[0396]

Example 150(1)

4-{1-(1-(Carbamoyl-2-chlorophenyl)-3-isopropyl-1H-
pyrazolo[3,4-b]pyridin-4-yl)-1H-imidazol-4-yl}benzo ic acid (150a)

According to Example 107(2), compound (150a) (the second
stage yield: 21%) was prepared as a white solid usi ng compound
(99a) and ethyl-4-(1H-imidazol-4-yl)benzoate instea d of compound
(107a) and 4-(1-methyl-1H-pyrazol-1-yl)-1H-imidazol e hydrochloride,
respectively.
[0397]

Example 150(2)

-197 -



Inhibition rate (%) = (C-T)/C X 100 T: absorbance in a well to which a test substance was added C:
absorbance in a well to which no test substance was added [0480] The results were that compounds
of the present invention inhibited the growth of breast cancer SK-BR-3 cells whereas none of comparative
compounds inhibited the growth of SK-BR-3 cells (Table 1). [0481] -236- THOEBZAHE) 111541 [Table 1]
Example HSP-binding acMy IC50(-0) Cell growth in hiNtion IC50(j1M) Example HSP-binding acMy
IC50(-0) Cell growd{1atiHticar@s@iidchlorophenyl)-3-isopropyl-1 H-

pyrazolo[3,4-b]pyridin-4-yl)-1H-imidazol-4-yl}-N-

isopropylbenzamide (150)

Compound (150a) (0.07 g), 1-ethyl-3-(3-dimethylami nopropyl)-
carbodiimide hydrochloride (0.035 g), hydroxybenzot riazole
monohydrate (0.025 g), and isopropylamine (0.085 mL ) were
dissolved in DMF (0.6 mL), followed by stirring at room
temperature for 3 hr. The reaction solution was di stributed
between chloroform and water, and the organic layer was washed
with saturated saline and was dried over anhydrous sodium sulfate.
The solvent was distilled away, and the residue was purified by
neutral silica gel column chromatography (chlorofor m/methanol) to

obtain compound (150) (36%) as a white solid.
'H-NMR (DMSO-ds) &: 8.69 (1H, d, J=4.95 Hz), 8.44 (1H, d, J=1.15

Hz), 8.36 (1H, d, J=1.32 Hz), 8.25 (1H, brs), 8.20 (1H, d, J=1.98
Hz), 8.18 (1H, d, J=6.92 Hz), 8.04 (1H, dd, J=8.24, 1.98 Hz),
7.96-7.90 (4H, m), 7.76 (1H, d, J=8.24 Hz), 7.69 (1 H, brs), 7.49
(1H, d, J=4.95 Hz), 4.11 (1H, dtt, J=6.76, 6.76, 4. 95 Hz), 3.23
(1H, tt, J=6.59, 6.59 Hz), 1.18 (6H, d, J=6.59 Hz), 1.12 (6H, d,
J=6.76 Hz); LRMS (ESI) m/z 542 [M+H] i
[0398]

Example 151

4-{1-(1-(4-Carbamoyl-2-chlorophenyl)-3-isopropyl-1 H-
pyrazolo[3,4-b]pyridin-4-yl)-1H-imidazol-4-yl}-N,N-
dimethylbenzamide (151)

According to Example 150(2), compound (151) (16%) was
prepared as a white solid using N,N-dimethylamine i nstead of

isopropylamine.

IH-NMR (DMSO-ds) &: 8.69 (1H, d, J=4.95 Hz), 8.41 (1H, d, J=1.15
Hz), 8.35 (1H, d, J=0.99 Hz), 8.25 (1H, brs), 8.20 (1H, d, J=1.98
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10.120.02620.610.2120.130.03 63 0.47 0.17 30.17 0.02 64 0.42 0.59

THO064 E(F) 111511

Hz), 8.04 (1H, dd, J=8.24, 1.98 Hz), 7.94 (2H, d, J =8.08 Hz), 7.76
(1H, d, J=8.24 Hz), 7.69 (1H, brs), 7.48 (1H, d, J= 4.95 Hz), 7.46
(2H, d, J=8.08 Hz), 3.25 (1H, tt, J=6.76, 6.76 Hz), 2.98 (6H, s),
1.12 (6H, d, J=6.76 Hz); LRMS (ESI) m/z 528 [M+H] !,
[0399]

Example 152

4-{4-(4-(4-Carbamoylphenyl)-1H-imidazol-1-yl)-3-is opropyl-1H-
pyrazolo[3,4-b]pyridin-1-yl}-3-chlorobenzamide (152 )

According to Example 150(2), compound (152) (32%) was
prepared as a white solid using ammonia water (23% in water)
instead of isopropylamine.
H-NMR (DMSO-dg) &: 8.69 (1H, d, J=4.95 Hz), 8.44 (1H, d, J=1.32
Hz), 8.36 (1H, d, J=1.32 Hz), 8.26 (1H, brs), 8.20 (1H, d, J=1.81
Hz), 8.04 (1H, dd, J=8.24, 1.81 Hz), 7.97-7.92 (5H, m), 7.76 (1H,
d, J=8.24 Hz), 7.69 (1H, brs), 7.49 (1H, d, J=4.95 Hz), 7.33 (1H,
brs), 3.23 (1H, tt, J=6.76, 6.76 Hz), 1.13 (6H, d, J=6.76 Hz),
LRMS (ESI) m/z 500 [M+H] i
[0400]

Example 153

3-Chloro-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
153
[0401]

Example 153(1)

4-lodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyrid ine (153a)

Normal-butyllithium (a 2.76 M solution in hexane, 37.0mL)
was dropwise added to a solution of N,N-diisopropyl amine (15.0 mL)
in tetrahydrofuran (hereinafter referred to as THF, 200 mL) under
a nitrogen atmosphere at -5 to 0°C, and a solution of 2-fluoro-3-
iodo-pyridine (21.8 g) in THF (250 mL) was dropwise added to the
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resulting solution at -78°C, followed by stirring f
Subsequently, ethyl 2,2 2-trifluoroacetate (14.0 mL
added to the reaction solution at -78°C, followed b
the same temperature for 1 hr, and then hydrazine m
mL) was added to the reaction solution, followed by
60°C for 1 hr. The reaction solution was distribut
ethyl acetate and water, and the organic layer was
saturated saline. The organic layer after the wash
over anhydrous sodium sulfate, and then the solvent

away. The residue was purified by neutral silica g

chromatography (hexane/ethyl acetate) to obtain com

(21.0 g, 69%) as a white solid.

41.600.8267 0.36 0.5150.16 0.11 70 0.23 0.08 6 0.15 0.03 71 0.25 0.10

THO064 E(F) 111511

or 15 min.

) was dropwise
y stirring at
onohydrate (9.5
stirring at

ed between
washed with

ing was dried
was distilled

el column

pound (153a)

'H-NMR (DMSO-ds) &: 8.10 (1H, dd, J=4.63, 2.20 Hz), 7.73 (1H, dd,

J=4.63, 2.20 Hz); LRMS (ESI) m/z 314 [M+H]

[0402]

Example 153(2)

3-Chloro-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo [3,4-
b]pyridin-1-yl}benzamide (153b)

Compound (153a) (5.0 g), cesium carbonate (7.82 g) , and 3-

chloro-4-fluorobenzonitrile (3.0 g) were suspended
(50 mL), followed by stirring at 70°C for 24 hr. T
solution was distributed between ethyl acetate and
ammonium chloride solution, and the organic layer w
saturated saline. The organic layer after the wash
over anhydrous sodium sulfate, and then the solvent
away. Ethanol was added to the residue, and the pr
collected by filtration to obtain 3-chloro-4-{4-iod
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be
66%0). 3-Chloro-4-{4-iodo-3-(trifluoromethyl)-1H-py
b]pyridin-1-yl}benzamide (2.53 g) was dissolved in

- 200 -

in acetonitrile

he reaction

an aqueous

as washed with

ing was dried
was distilled

ecipitate was
0-3-

nzamide (4.77 g,

razolo[3,4-

DMSO (28 mL).



70.340.23720.26 0.11 11 0.550.16 73 0.59 0.36 13 0.43 0.15 74 0.34 0.27

THO064 E(F) 111511

A hydrogen peroxide solution (30 wt%) (0.700 mL) an d a4 mol%
aqueous sodium hydroxide solution (1.41 mL) were ad ded to the
resulting solution, followed by stirring at room te mperature for
20 min. Water was added to the reaction solution, and the
precipitate was collected by filtration and was dri ed under
reduced pressure to obtain compound (153b) (2.26 g, 86%).

IH-NMR (DMSO-ds) &: 8.32 (1H, d, J=4.88 Hz), 8.28 (1H, br s), 8.22

(1H, d, J=1.71 Hz), 8.14 (1H, d, J=4.88 Hz), 8.06 ( 1H, dd, J=8.05,
1.71 Hz), 7.91 (1H, d, J=8.05 Hz), 7.74 (1H, brs); LRMS (ESI) m/z
466 [M+H] ~.
[0403]

Example 153(3)

3-Chloro-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide

153
According to Example 99(2), compound (153) (71%) w
using compound (153b) instead of compound (99a).

IH-NMR (DMSO-dg) &: 8.86 (1H, d, J=4.88 Hz), 8.30 (1H, brs), 8.25

as prepared

(1H, d, J=1.95 Hz), 8.10 (1H, s), 8.08 (1H, dd, J=8 29, 1.95 Hz),
7.96 (1H, s), 7.92 (1H, d, J=8.29 Hz), 7.79 (1H, s) , 7.76 (1H,
brs), 7.71 (1H, s), 7.69 (1H, d, J=4.88 Hz), 3.87 ( 3H, s); LRMS
(ESI) m/z 487 [M+H] i
[0404]

Example 154

3-Methyl-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
(154)
[0405]

Example 154(1)

4-Hydrazinyl-3-methylbenzonitrile (154a)
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14 0.69 0.18 75 0.31 0.24 18 3.01 0.59 76 0.19 0.04 19 1.19 0.47 77 0.18 0.01

THO064 E(F) 111511

Hydrazine monohydrate (180 mL) was added to 4-fluo ro-3-
methylbenzonitrile (5.0 g), followed by stirring at 100°C for 4 hr.
Water was added to the reaction solution, and the p recipitate was
collected by filtration and was dried under reduced pressure to

obtain compound (154a) (4.33 g, 79%).
'H-NMR (DMSO-ds) &: 7.41 (1H, dd, J=8.66, 1.59 Hz), 7.26 (1H, d,

J=1.59 Hz), 7.14 (1H, brs), 7.07 (1H, d, J=8.66 Hz) ,2.02 (3H, s);
LRMS (ESI) m/z 148 [M+H] i
[0406]

Example 154(2)

4-{5-Amino-3-(trifluoromethyl)-1H-pyrazolo-1-yl}-3 -

methylbenzonitrile (154b)
Compound (154a) (0.300 g) and 4,4,4-trifluoro-3-

oxobutanenitrile (0.419 g) were dissolved in ethano | (6.8 mL) and
methanesulfonic acid (0.68 mL), followed by reflux for 12 hr. The
reaction solution was distributed between ethyl ace tate and water,
and the organic layer was washed with saturated sal ine. The
organic layer after the washing was dried over anhy drous sodium
sulfate, and the solvent was distilled away. The r esidue was
purified by neutral silica gel column chromatograph y (hexane/ethyl

acetate) to obtain compound (154b) (0.255 g, 47%).
'H-NMR (DMSO-ds) & 7.95 (1H, s), 7.82 (1H, d, J=8.05 Hz), 7.53

(1H, d, J=8.05 Hz), 5.74 (1H, s), 5.69 (2H, s), 2.1 0 (3H, s); LRMS
(ESI) m/z 267 [M+H] i
[0407]

Example 154(3)

4-{5-((2,2-Dimethyl-4,6-dioxo-1,3-dioxan-5-

ylidene)methylamino)-3-(trifluoromethyl)-1H-pyrazol 0-1-yl}-3-

methylbenzonitrile (154c)

- 202 -
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Compound (154b) (0.153 g) and 5-methoxymethylene M eldrum's
acid (0.129 g) were dissolved in 2-propanol (2.00 m L), followed by
stirring at 100°C for 1 hr. The reaction solution was cooled to
room temperature, and the precipitate was collected by filtration,
washed with diethyl ether, and dried under reduced pressure to

obtain compound (154c) (0.159 mg, 66%).
'H-NMR (DMSO-dg) &: 11.07 (1H, d, J=7.56 Hz), 8.46 (1H, d, J=7.56

Hz), 8.04 (1H, d, J=1.71 Hz), 7.91 (1H, dd, J=8.05, 1.71 Hz), 7.76
(1H, d, J=8.05 Hz), 7.39 (1H, s), 2.17 (3H, s), 1.6 2 (6H, s); LRMS
(ESI) m/z 420 [M+H] .

[0408]

Example 154(4)

3-Methyl-4-{4-oxo-3-(trifluoromethyl)-4,7-dihydro- 1H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (154d)

Compound (154c) (2.9 g) was added to Dothem (21.0 mL),
followed by stirring at 200°C for 1 hr. The reacti on solution was
cooled to room temperature, and the precipitate was collected by
filtration, washed with hexane, and dried under red uced pressure

to obtain compound (154d) (2.20 g, 97%).
'H-NMR (DMSO-ds) &: 8.32 (1H, brs), 8.02 (1H, d, J=1.46 Hz), 7.89

(1H, dd, J=8.29, 1.46 Hz), 7.74 (1H, d, J=8.29 Hz), 6.78 (1H,
brs), 2.15 (3H, s); LRMS (ESI) m/z 319 [M+H] i
[0409]

Example 154(5)

4-{4-Chloro-3-(trifluoromethyl)-1H-pyrazolo[3,4-b] pyridin-1-
yl}-3-methylbenzonitrile (154€)

Compound (154d) (2.20 g) was dissolved in chlorofo rm (14 mL),
and thionyl chloride (1.00 mL) and DMF (0.148 mL) w ere added to
the resulting solution, followed by reflux for 3 hr . Water was
added to the reaction solution for distribution. T he organic
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layer was washed with saturated sodium bicarbonate
organic layer after the washing was dried over anhy
sulfate, and the solvent was distilled away. 2-Pro

to the residue, and the precipitate was collected b
and then dried under reduced pressure to obtain com

(1.60 g, 71%).

24 0.23 0.03 81 1.03 0.63 25 1.27 0.07 82 0.83 0.23 27 0.24 0.13 83 0.40 0.11

THO064 E(F) 111511

water. The
drous sodium
panol was added
y filtration

pound (154e)

IH-NMR (DMSO-ds) & 8.69 (1H, d, J=5.12 Hz), 8.07 (1H, d, J=1.34

Hz), 7.95 (1H, dd, J=8.05, 1.34 Hz), 7.81 (1H, d, J =8.05 Hz), 7.77
(1H, d, J=4.88 Hz), 2.18 (3H, s); LRMS (ESI) m/z 33 7 [M+H] *.
[0410]

Example 154(6)

3-Methyl-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
(154)

Compound (154e€) (1.66 g), copper(l) oxide (0.070 g ), 4,7-
dimethoxy-1,10-phenanthroline (0.214 g), cesium car bonate (5.46 g),
polyethylene glycol (Mn = 3400) (0.250 g), and 4-(1 -methyl-1H-

pyrazol-4-yl)-1H-imidazole hydrochloride (1.20 g) w
in DMSO (15 mL), followed by stirring at 120°C for
reaction solution was diluted with ethyl acetate, a
matters were filtered by celite. The filtrate was
between ethyl acetate and water, and the organic la
with saturated saline. The organic layer after the
dried over anhydrous sodium sulfate, and the solven
away to obtain 3-methyl-4-{4-(4-(1-methyl-1H-pyrazo
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-
yl}benzonitrile, which was used in the subsequent r
being purified. TFA (5.0 mL) and sulfuric acid (0.
added to this 3-methyl-4-{4-(4-(1-methyl-1H-pyrazol
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-
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yl}benzonitrile, followed by stirring at room tempe rature for 2
days. The reaction solution was cooled in an ice b ath and was
neutralized with sodium hydroxide. The reaction so lution was
distributed between ethyl acetate and water, and th e organic layer
was washed with saturated saline. The organic laye r after the
washing was dried over anhydrous sodium sulfate, an d the solvent
was distilled away. Ethanol was added to the resid ue, and the
precipitate was collected by filtration and dried u nder reduced
pressure to obtain compound (154) (0.881 g, the sec ond stage
yield: 38%).
'H-NMR (DMSO-dg) &: 9.57 (1H, d, J=4.88 Hz), 8.87 (1H, brs), 8.81
(1H, s), 8.75 (1H, d, J=1.46 Hz), 8.69 (1H, s), 8.6 4 (1H, dd,
J=8.17, 1.46 Hz), 8.50 (1H, s), 8.44 (1H, s), 8.39 (1H, d, J=4.88
Hz), 8.36 (1H, d, J=8.17 Hz), 8.28 (1H, brs), 4.59 (3H, s), 2.88
(8H, s); LRMS (ESI) m/z 466 [M+H] i
[0411]

Example 155

3-Ethyl-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (155)
[0412]

Example 155(1)

3-Ethyl-4-hydrazinylbenzonitrile (155a)

According to Example 154(1), compound (155a) (0.37 0 g, 28%)
was prepared using 3-ethyl-4-fluorobenzonitrile (1. 22 g) instead

of 4-fluoro-3-methylbenzonitrile.
[0413]

Example 155(2)

4-{5-Amino-3-(trifluoromethyl)-1H-pyrazolo-1-yl}-3 -
ethylbenzonitrile (155b)
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According to Example 154(2), compound (155b) (0.22 0 g, 33%)
was prepared using compound (155a) (0.370 g) instea d of compound
(154a).

'H-NMR (CDCl3) & 7.72 (1H, d, J=1.95 Hz), 7.64 (1H, dd, J=8.05,

1.95 Hz), 7.46 (1H, d, J=8.05 Hz), 5.88 (1H, s), 3. 72 (2H, 9),
2.56 (2H, g, J=7.56 Hz), 1.15 (3H, t, J=7.56 Hz); L RMS (ESI) m/z
281 [M+H] .

[0414]

Example 155(3)

4-{5-((2,2-Dimethyl-4,6-dioxo-1,3-dioxan-5-
ylidene)methylamino)-3-(trifluoromethyl)-1H-pyrazol 0-1-yl}-3-
ethylbenzonitrile (155c¢)

According to Example 154(3), compound (155c) (0.28 6 g, 84%)
was prepared using compound (155b) (0.220 g) instea d of compound
(154b).

[0415]

Example 155(4)

3-Ethyl-4-{4-ox0-3-(trifluoromethyl)-4,7-dihydro-1 H-
pyrazolo[3,4-b]pyridin-1-yl}benzonitrile (155d)

According to Example 154(4), compound (155d) (0.14 8 g, 68%)
was prepared using compound (155c) (0.286 g) instea d of compound
(154c).
'H-NMR (CDCl3) & 8.36 (1H, brs), 7.74 (1H, d, J=1.71 Hz), 7.65
(1H, dd, J=8.05, 1.71 Hz), 7.59 (2H, d, J=8.05 Hz), 6.71 (1H,
brs), 2.57 (2H, q, J=7.56 Hz), 1.12 (3H, t, J=7.56 Hz); LRMS (ESI)
m/z 333 [M+H] .
[0416]

Example 155(5)

4-{4-Chloro-3-(trifluoromethyl)-1H-pyrazolo[3,4-b] pyridin-1-

yl}-3-methylbenzonitrile (155e)
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According to Example 154(5), compound (155¢€) (0.06
was prepared using compound (155d) (0.148 g) instea
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49, 41%)

d of compound

(1544).
'H-NMR (CDCl3) & 852 (1H, d, J=4.88 Hz), 7.78 (1H, d, J=1.95
Hz), 7.70 (1H, dd, J=8.05, 1.95 Hz), 7.57 (1H, d, J =8.05 Hz), 7.43
(1H, d, J=4.88 Hz), 2.56 (2H, g, J=7.56 Hz), 1.12 ( 3H, t, J=7.56
Hz); LRMS (ESI) m/z 351 [M+H] i
[0417]

Example 155(6)

3-Methyl-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
(155)

According to Example 154(6), compound (155) (0.008 g, 9%) was
prepared using compound (155e€) (0.064 g) instead of compound

(154e).

IH-NMR (DMSO-ds) &: 9.56 (1H, d, J=4.88 Hz), 8.90 (1H, brs), 8.81

(1H, s), 8.77 (1H, d, J=1.95 Hz), 8.69 (1H, s), 8.6 5 (1H, dd,
J=8.05, 1.95 Hz), 8.51 (1H, s), 8.44 (1H, s), 8.39 (1H, d, J=4.88
Hz), 8.34 (1H, d, J=8.05 Hz), 8.30 (1H, brs), 4.59 (3H, s), 3.15
(2H, q, J=7.44 Hz), 1.76 (3H, t, J=7.44 Hz); LRMS ( ESI) m/z 481
[M+H] *.
[0418]

Example 156

4-{4-(4-(1-Methyl-1H-pyrazol-4-yl)-1H-imidazol-1-y [)-3-

(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3

propylbenzamide (156)
[0419]
Example 156(1)

4-{5-Amino-3-(trifluoromethyl)-1H-pyrazolo-1-yl}-3

ethylbenzonitrile (156a)
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According to Example 154(1), 4-hydrazinyl-3-
propylbenzonitrile was prepared using 4-fluoro-3-

propylbenzonitrile (1.00 g) instead of 4-fluoro-3-

methylbenzonitrile; and according to Example 154(2) , compound
(156a) (0.340 g, the second stage yield: 19%) was p repared using
4-hydrazinyl-3-propylbenzonitrile instead of compou nd (154a).
'H-NMR (CDCl3) & 7.70 (1H, d, J=1.95 Hz), 7.64 (1H, dd, J=8.05,

1.95 Hz), 7.46 (1H, d, J=8.05 Hz), 5.88 (1H, s), 3. 71 (2H, s),
2.51 (2H, t, J=7.81 Hz), 1.53 (2H, dit, J=7.32, 7.3 2, 7.81 Hz),
0.87 (3H, t, J=7.32 Hz); LRMS (ESI) m/z 295 [M+H] .

[0420]

Example 156(2)

4-{5-((2,2-Dimethyl-4,6-dioxo-1,3-dioxan-5-
ylidene)methylamino)-3-(trifluoromethyl)-1H-pyrazol 0-1-yl}-3-
propylbenzonitrile (156b)

According to Example 154(3), compound (156b) (0.48 2 g, 93%)
was prepared using compound (156a) (0.340 g) instea d of compound
(154b).

'H-NMR (CDCl5) & 11.20 (1H, d, J=13.17 Hz), 8.38 (1H, d, J=13.17

Hz), 7.78 (1H, d, J=1.71 Hz), 7.73 (1H, dd, J=8.05, 1.71 Hz), 7.45
(1H, d, J=8.05 Hz), 6.63 (1H, s), 2.43 (2H, t, J=7. 68 Hz), 1.53
(2H, dtt, J=7.32, 7.32, 7.68 Hz), 0.85 (3H, t, J=7. 32 Hz): LRMS
(ESI) m/z 449 [M+H] i

[0421]

Example 156(3)

4-{4-Ox0-3-(trifluoromethyl)-4,7-dihydro-1H-pyrazo lo[3,4-
b]pyridin-1-yl}-3-propylbenzonitrile (156c¢)

According to Example 154(4), compound (156c¢) (0.30 09, 81%)
was prepared using compound (156b) (0.482 g) instea d of compound
(154c).
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IH-NMR (CDCl3) & 8.40 (1H, brs), 7.73 (1H, d, J=1.71 Hz), 7.67

(1H, dd, J=8.05, 1.71 Hz), 7.60 (1H, d, J=8.05 Hz), 6.75 (1H,
brs), 2.52 (2H, t, J=7.81 Hz), 1.49 (2H, dtt, J=7.3 2,732,781
Hz), 0.81 (3H, t, J=7.32 Hz); LRMS (ESI) m/z 347 [M +H] .

[0422]

Example 156(4)

4-{4-Chloro-3-(trifluoromethyl)-1H-pyrazolo[3,4-b] pyridin-1-
yl}-3-propylbenzonitrile (156d)

According to Example 154(5), compound (156d) (0.25 049, 79%)
was prepared using compound (156c) (0.300 g) instea d of compound
(1544).

H-NMR (CDCl3) &: 852 (1H, d, J=4.88 Hz), 7.76 (1H, d, J=1.83

Hz), 7.69 (1H, dd, J=8.05, 1.83 Hz), 7.57 (1H, d, J =8.05 Hz), 7.43
(1H, d, J=4.88 Hz), 250 (2H, t, J=7.68 Hz), 1.50 ( 2H, dtt,
J=7.32, 7.32, 7.68 Hz), 0.80 (3H, t, J=7.32 Hz); LR MS (ESI) m/z
365 [M+H] .

[0423]

Example 156(5)

3-Methyl-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
(156)

According to Example 154(6), compound (156) (0.0.9 79, 34%)
was prepared using compound (156d) (0.250 g) instea d of compound
(154e).

'H-NMR (DMSO-ds) &: 8.84 (1H, d, J=4.88 Hz), 8.16 (1H, s), 8.09

(1H, brs), 8.03 (1H, d, J=1.95 Hz), 7.97 (1H, s), 7 92 (1H, dd,
J=8.05, 1.95 Hz), 7.78 (1H, s), 7.71 (1H, s), 7.66 (1H, d, J=4.88
Hz), 7.62 (1H, d, J=8.05 Hz), 7.56 (1H, brs), 3.87 (3H, s), 2.41

(2H, t, J=7.68 Hz), 1.44 (2H, ttd, J=7.68, 7.32, 7. 32 Hz), 0.71
(38H, t, J=7.32 Hz); LRMS (ESI) m/z 495 [M+H] i
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[0424]

Example 157

2-Amino-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (157)
[0425]

Example 157(1)

2-Amino-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[ 3,4-
b]pyridin-1-yl}benzamide (157a)

According to Example 106(1), compound (157a) (2.47 g, the
second stage yield: 58%) was prepared using compoun d (153a) (3.00

g) instead of compound (6b).
'H-NMR (DMSO-ds) &: 8.40 (1H, d, J=4.88 Hz), 8.14 (1H, d, J=4.88

Hz), 7.86 (1H, brs), 7.76 (1H, d, J=8.78 Hz), 7.50 (1H, d, J=2.20
Hz), 7.32 (1H, dd, J=8.78, 2.20 Hz), 7.20 (1H, brs) , 6.98 (2H, s);
LRMS (ESI) m/z 448 [M+H] i
[0426]
Example 157(2)
2-Amino-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (157)
According to Example 99(2), compound (157) (46%) w as prepared

using compound (157a) instead of compound (99a).

IH-NMR (DMSO-dg) & 8.96 (1H, d, J=4.88 Hz), 8.22 (1H, s), 7.99

(1H, s), 7.88 (1H, brs), 7.81 (1H, s), 7.78 (1H, d, J=8.78 Hz),
7.73 (1H, s), 7.71 (1H, d, J=4.88 Hz), 7.55 (1H, d, J=1.95 Hz),
7.38 (1H, dd, J=8.78, 1.95 Hz), 7.23 (1H, brs), 3.8 7 (3H, s); LRMS
(ESI) m/z 468 [M+H] i
[0427]

Example 158

3-Amino-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (158)
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[0428]

Example 158(1)

3-Amino-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[ 3,4-
b]pyridin-1-yl}benzonitrile (158a)

Compound (153a) (5.00 g), cesium carbonate (6.72 g ), and 4-
chloro-3-nitrobenzonitrile (3.21 g) were suspended in acetonitrile
(50 mL), followed by stirring at 70°C for 4 hr. A saturated
aqueous ammonium chloride solution was added to the reaction
solution, and the precipitate was collected by filt ration and
dried under reduced pressure to obtain 4-{4-iodo-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3 -
nitrobenzonitrile (7.19 g, 98%). The obtained 4-{4 -iodo-3-

(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3
nitrobenzonitrile (7.19 g) was suspended in THF (50
mL), and water (50 mL), and ammonium chloride (7.20
powder (8.76 g) were added to the resulting suspens
by stirring at 80°C for 2 hr. The reaction solutio

with ethyl acetate, and insoluble matters were filt

The solvent of the filtrate was distilled away, and
added to the residue. Insoluble matters were colle
filtration and dried under reduced pressure to obta

(158a) (6.44 g, 96%).

mL), MeOH (50
g) and iron

ion, followed

n was diluted
ered by celite.
water was

cted by

in compound

'H-NMR (DMSO-ds) & 8.26 (1H, d, J=4.63 Hz), 8.08 (1H, d, J=4.63

Hz), 7.42 (1H, d, J=8.05 Hz), 7.23 (1H, s), 7.04 (1

Hz), 5.80 (2H, s); LRMS (ESI) m/z 430 [M+H] *

[0429]
Example 158(2)
3-Amino-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[

H, d, J=8.05

3,4-

b]pyridin-1-yl}benzamide (158b)
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Compound (158a) (0.100 g) was dissolved in DMSO (1 2mL). A
hydrogen peroxide solution (30 wt%) (0.053 mL) and a 4 mol%
aqueous sodium hydroxide solution (0.233 mL) were a dded to the
resulting solution, followed by stirring at room te mperature for
20 min. Water was added to the reaction solution, and the
precipitate was collected by filtration and was dri ed under
reduced pressure to obtain compound (158b) (0.090 g ).

'H-NMR (DMSO-ds) &: 8.25 (1H, d, J=4.63 Hz), 8.06 (1H, d, J=4.63

Hz), 7.94 (1H, brs), 7.38 (1H, s), 7.36 (1H, brs), 7.24 (1H, d,
J=8.05 Hz), 7.11 (1H, d, J=8.05 Hz), 5.40 (2H, s); LRMS (ESI) m/z
448 [M+H] *.

[0430]

Example 158(3)

3-Amino-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (158)

According to Example 99(2), compound (155) (0.040 0, 36%) was
prepared using compound (158b) (0.090 g) instead of compound (99a).
'H-NMR (DMSO-ds) & 9.52 (1H, d, J=4.88 Hz), 8.73 (1H, s), 8.70
(1H, s), 8.67 (1H, brs), 8.45 (2H, s), 8.33 (1H, d, J=4.88 Hz),
8.12 (1H, d, J=1.71 Hz), 8.09 (1H, brs), 8.02 (1H, d, J=8.05 Hz),
7.86 (1H, dd, J=8.05, 1.71 Hz), 6.13 (2H, s), 4.59 (38H, s); LRMS
(ESI) m/z 468 [M+H] i
[0431]

Example 159

3-(Dimethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-y )-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (159)

Compound (158a) (0.100 g) and iodomethane (0.18 mL ) were
dissolved in DMF (6.0 mL), and sodium hydride (0.03 8 g, a 55%
dispersion in paraffin liquid) was added to the res ulting solution
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under ice cooling, followed by stirring for 1 hr.

solution was distributed between ethyl acetate and
organic layer was washed with saturated saline. Th
after the washing was dried over anhydrous sodium s
then the solvent was distilled away to obtain 3-(di
{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyrid
yl}benzonitrile, which was used in the subsequent r
being purified. This 3-(dimethylamino)-4-{4-iodo-3
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be
dissolved in DMSO (3.0 mL), and a hydrogen peroxide
wt%) (0.060 mL) and a 4 mol% aqueous sodium hydroxi
(0.15 mL) were added to the resulting solution, fol
stirring at room temperature for 20 min. Water was
reaction solution, and the precipitate was collecte

and dried under reduced pressure to obtain 3-(dimet
iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-
Lastly, according to Example 99(2), compound (159)
third stage yield: 17%) was prepared using 3-(dimet
iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-

instead of compound (99a).

0.69 106 0.34 0.65 150 0.93 1.33 107 0.20 0.90 151 0.66 1.54 109 0.18 0.08 152 1.01
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The reaction
water, and the
e organic layer
ulfate, and
methylamino)-4-
in-1-
eaction without
nzonitrile was
solution (30
de solution
lowed by
added to the
d by filtration
hylamino)-4-{4-
1-yl}benzamide.
(0.025 g, the
hylamino)-4-{4-
1-yl}benzamide

IH-NMR (DMSO-ds) &: 8.83 (1H, d, J=4.88 Hz), 8.14 (1H, brs), 8.08

(1H, s), 7.96 (1H, s), 7.77 (1H, s), 7.71 (1H, s), 7.66 (1H, d,
J=1.71 Hz), 7.63 (1H, d, J=4.88 Hz), 7.52 (1H, dd, J=8.05, 1.71
Hz), 7.52 (1H, brs), 7.45 (1H, d, J=8.05 Hz), 3.87 (3H, s), 2.43
(6H, s); LRMS (ESI) m/z 496 [M+H] i
[0432]

Example 160

2-(Isopropylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4- yl)-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-

yl}benzamide (160)
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Compound (157a) (0.200 g), sodium triacetoxyborohy dride
(0.189 g), and isopropenyl methyl ether (0.102 mL) were dissolved
in dichloroethane (2.0 mL) and acetic acid (0.50 mL ), followed by
stirring at 0°C for 1 hr. The reaction solution wa s distributed
between ethyl acetate and saturated sodium bicarbon ate water, and
the organic layer was washed with saturated saline and was dried
over anhydrous sodium sulfate. The solvent was dis tilled away to
obtain 4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[3, 4-b]pyridin-1-
yl}-2-(isopropyl)benzamide, which was used in the s ubsequent
reaction without being purified. According to Exam ple 99(2),
compound (160) (the second stage yield: 30%) was pr epared as a
white solid using 4-{4-iodo-3-(trifluoromethyl)-1H- pyrazolo[3,4-
b]pyridin-1-yl}-2-(isopropyl)benzamide instead of ¢ ompound (99a).
'H-NMR (DMSO-dg) &: 8.94 (1H, d, J=4.88 Hz), 8.38 (1H, d, J=7.07
Hz), 8.04 (1H, s), 7.96 (1H, s), 7.84 (1H, d, J=8.7 8 Hz), 7.74
(IH, s), 7.71 (1H, s), 7.67 (1H, d, J=4.88 Hz), 7.5 4 (1H, d,
J=1.95 Hz), 7.26 (1H, dd, J=8.78, 1.95 Hz), 3.86 (3 H, s), 3.68
(1H, dtt, J=7.07, 6.34, 6.34 Hz), 1.24 (6H, d, J=6. 34 Hz); LRMS
(ESI) m/z 510 [M+H] i
[0433]

Example 161

2-(Ethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)- 1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (161)

According to Example 160, compound (161) (the seco nd stage
yield: 27%) was prepared as a white solid using ace taldehyde

dimethyl acetal instead of isopropenyl methyl ether

'H-NMR (DMSO-ds) & 8.94 (1H, d, J=4.88 Hz), 8.33 (1H, t, J=5.00

Hz), 8.04 (1H, s), 7.96 (1H, s), 7.85 (1H, d, J=8.5 4 Hz), 7.74
(1H, s), 7.71 (1H, s), 7.67 (1H, d, J=4.88 Hz), 7.4 9 (1H, d,
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J=1.95 Hz), 7.32 (1H, dd, J=8.54, 1.95 Hz), 3.86 (3
(2H, dg, J=5.00, 7.20 Hz), 1.25 (3H, t, J=7.20 Hz);
496 [M+H] *.

0.04 113 0.26 0.07 156 0.07 0.04 114 0.49 0.18 157 0.13 0.19 115 0.16 0.24 158 0.10
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H, s), 3.21
LRMS (ESI) m/z

[0434]

Example 162

3-(Ethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)- 1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (162)
[0435]

Example 162(1)

3-(Ethylamino)-4-{4-iodo-3-(trifluoromethyl)-1H-py razolo[3,4-
b]pyridin-1-yl}benzamide (162a)

Compound (158a) (1.50 g) and iodoethane (2.8 mL) w ere
dissolved in DMF (35 mL), and sodium hydride (0.335 g, a 55%

dispersion in paraffin liquid) was added to the res
under ice cooling, followed by stirring for 20 min.
added to the reaction solution, and the precipitate

by filtration and dried under reduced pressure to o
(ethylamino)-4-{4-iodo-3-(trifluoromethyl)-1H-pyraz
b]pyridin-1-yl}benzonitrile, which was used in the
reaction without being purified. This 3-(ethylamin
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be
dissolved in DMSO (15 mL), and a hydrogen peroxide
wit%) (0.563 mL) and a 4 mol% aqueous sodium hydroxi
(2.48 mL) were added to the resulting solution, fol
stirring at room temperature for 20 min. Water was
reaction solution, and the precipitate was collecte

and was dried under reduced pressure to obtain comp

(1.29 g, the second stage yield: 78%) as a white so

ulting solution
Water was
was collected
btain 3-
olo[3,4-
subsequent
0)-4-{4-iodo-3-
nzonitrile was
solution (30
de solution
lowed by
added to the
d by filtration
ound (162a)
lid.

'H-NMR (DMSO-ds) & 8.24 (1H, d, J=4.88 Hz), 8.06 (1H, d, J=4.88
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Hz), 8.03 (1H, brs), 7.41 (1H, brs), 7.28 (1H, d, J =1.71 Hz), 7.23
(1H, d, J=8.05 Hz), 7.14 (1H, dd, J=8.05, 1.71 Hz), 5.41 (1H, t,
J=5.61 Hz), 3.12 (2H, dqg, J=5.61, 7.07 Hz), 1.05 (3 H, t, J=7.07
Hz); LRMS (ESI) m/z 476 [M+H] i
[0436]

Example 162(2)

3-(Ethylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)- 1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-

yl}benzamide (162)

According to Example 99(2), compound (162) (0.435

prepared using (162a) (1.29 g) instead of compound

0, 32%) was
(99a).

'H-NMR (DMSO-ds) &: 9.52 (1H, d, J=4.88 Hz), 8.77 (1H, brs), 8.75

(1H, s), 8.70 (1H, s), 8.45 (2H, s), 8.34 (1H, d, J =4.88 Hz), 8.15
(1H, brs), 8.04 (1H, d, J=1.46 Hz), 8.01 (1H, d, J= 8.05 Hz), 7.90
(1H, dd, J=8.05, 1.46 Hz), 6.09 (1H, t, J=5.61 Hz), 4.60 (3H, s),
3.87 (2H, dg, J=5.61, 7.07 Hz), 1.79 (3H, t, J=7.07 Hz); LRMS
(ESI) m/z 496 [M+H] i
[0437]

Example 163

4-{4-(4-(1-Methyl-1H-pyrazol-4-yl)-1H-imidazol-1-y [)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3 -
(propylamino)benzamide (163)
[0438]

Example 163(1)

4-{4-lodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]py ridin-1-
yl}-3-(propylamino)-benzamide (163a)

According to Example 120(1), compound (163a) (the second

stage yield: 66%) was prepared as a yellow solid us
(158b) instead of compound (107a) and using propion

instead of acetone.
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IH-NMR (DMSO-ds) & 8.24 (1H, d, J=4.63 Hz), 8.05 (1H, d, J=4.63

Hz), 8.03 (1H, brs), 7.41 (1H, brs), 7.28 (1H, s), 7.24 (1H, d,
J=8.05 Hz), 7.13 (1H, d, J=8.05 Hz), 5.44 (1H, t, J =5.37 Hz), 3.04
(2H, td, J=7.32, 5.37 Hz), 1.47 (2H, ttd, J=7.32, 7 32, 7.32 Hz),
0.83 (3H, t, J=7.32 Hz); LRMS (ESI) m/z 490 [M+H] i
[0439]

Example 163(2)

4-{4-(4-(1-Methyl-1H-pyrazol-4-yl)-1H-imidazol-1-y )-3-

(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3 -

(propylamino)benzamide (163)

According to Example 99(2), compound (163) (40%) w as prepared
using (163a) instead of compound (99a).
'H-NMR (DMSO-ds) &: 9.23 (1H, d, J=1.46 Hz), 9.10 (2H, d, J=9.03

Hz), 8.83 (1H, d, J=1.22 Hz), 8.76 (1H, d, J=7.56 H z), 8.70 (1H,
d, J=9.03 Hz), 8.67 (1H, s), 8.44 (1H, s), 4.58 (5H ,S), 3.83-3.74
(2H, m), 2.26-2.20 (2H, m), 1.58 (3H, g, J=6.67 Hz) ; LRMS (ESI)
m/z 510 [M+H] .
[0440]

Example 164

3-(Isopropylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4- yl)-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (164)
[0441]

Example 164(1)

4-{4-lodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]py ridin-1-
yl}-3-(isopropylamino)benzamide (164a)

According to Example 120(1), compound (164a) (1.04 g, the
second stage yield: 97%) was prepared using compoun d (158b) (1.00

) instead of compound (107a).
'H-NMR (DMSO-ds) &: 8.23 (1H, d, J=4.88 Hz), 8.04 (1H, d, J=4.88
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Hz), 8.01 (1H, brs), 7.39 (1H, brs), 7.32 (1H, s), 7.20 (1H, d,
J=8.05 Hz), 7.12 (1H, d, J=8.05 Hz), 5.07 (1H, d, J =8.05 Hz), 3.73
(1H, ttd, J=6.10, 6.10, 8.05 Hz), 1.05 (6H, d, J=6. 10 Hz); LRMS
(ESI) m/z 490 [M+H] i
[0442]

Example 164(2)

3-(Isopropylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4- yl)-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (164)

According to Example 99(2), compound (164) (0.760 0, 71%) was
prepared using (164a) (1.04 g) instead of compound (99a).
'H-NMR (DMSO-ds) &: 8.80 (1H, d, J=4.88 Hz), 8.05 (1H, brs), 8.03
(1H, s), 7.97 (1H, s), 7.73 (1H, s), 7.72 (1H, s), 7.62 (1H, d,
J=4.88 Hz), 7.43 (1H, brs), 7.37 (1H, d, J=1.71 Hz) , 7.28 (1H, d,
J=8.05 Hz), 7.18 (1H, dd, J=8.05, 1.71 Hz), 5.03 (1 H, d, J=8.05
Hz), 3.87 (3H, s), 3.08 (1H, ttd, J=6.34, 6.34, 8.0 5 Hz), 1.09
(6H, d, J=6.34 Hz); LRMS (ESI) m/z 510 [M+H] *,
[0443]

Example 165

3-(Cyclobutylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4 -y)-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (165)
[0444]

Example 165(1)

3-(Cyclobutylamino)-4-{4-iodo-3-(trifluoromethyl)- 1H-
pyrazolo[3,4-b]pyridin-1-yl}benzamide (165a)

According to Example 120(1), compound (165a) (1.02 g, the
second stage yield: 71%) was prepared using compoun d (158b) (1.20
) instead of compound (107a) and using cyclobutano ne (0.430 mL)

instead of acetone.
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IH-NMR (DMSO-ds) & 8.24 (1H, d, J=4.88 Hz), 8.06 (1H, d, J=4.88

Hz), 8.01 (1H, brs), 7.41 (1H, brs), 7.22 (1H, d, J =1.71Hz), 7.21
(1H, d, J=8.05 Hz), 7.15 (1H, dd, J=8.05, 1.71 Hz), 5.63 (1H, d,
J=6.83 Hz), 3.98 (1H, dtt, J=6.83, 6.38, 6.38 Hz), 2.31-2.24 (2H,
m), 1.84-1.74 (2H, m), 1.68-1.61 (2H, m); LRMS (ESI ) miz 502
[M+H] *.
[0445]

Example 165(2)

3-(Cyclobutylamino)-4-{4-(4-(1-methyl-1H-pyrazol-4 -yl)-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (165)

According to Example 99(2), compound (165) (0.350 0, 39%) was
prepared using (165a) (0.870 g) instead of compound (99a).
'H-NMR (DMSO-ds) &: 8.80 (1H, d, J=4.88 Hz), 8.03 (2H, s), 7.98
(1H, s), 7.73 (2H, s), 7.62 (1H, d, J=4.88 Hz), 7.4 2 (1H, brs),
7.27 (1H, d, J=8.05 Hz), 7.25 (1H, d, J=1.83 Hz), 7 .20 (1H, dd,
J=8.05, 1.83 Hz), 5.57 (1H, d, J=6.83 Hz), 4.00 (1H , ttd, J=7.07,
7.07, 6.83 Hz), 2.33-2.27 (2H, m), 1.82-1.76 (2H, m ), 1.68-1.65
(2H, m); LRMS (ESI) m/z 522 [M+H] i
[0446]

Example 166

3-(Cyclopentylamino)-4-{4-(4-(1-methyl-1H-pyrazol- 4-y)-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (166)
[0447]

Example 166(1)

3-(Cyclopentylamino)-4-{4-iodo-3-(trifluoromethyl) -1H-
pyrazolo[3,4-b]pyridin-1-yl}benzamide (166a)

According to Example 120(1), compound (166a) (1.15 g, the
second stage yield: 78%) was prepared using compoun d (158b) (1.20
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) instead of compound (107a) and using cyclopentan one (0.506 mL)
instead of acetone.

IH-NMR (DMSO-ds) & 8.25 (1H, d, J=4.63 Hz), 8.06 (1H, d, J=4.63

Hz), 8.02 (1H, brs), 7.42 (1H, brs), 7.35 (1H, d, J =1.59 Hz), 7.23
(1H, d, J=8.05 Hz), 7.15 (1H, dd, J=8.05, 1.59 Hz), 5.22 (1H, d,
J=7.07 Hz), 3.89 (1H, dtt, J=7.07, 6.22, 6.22 Hz), 1.94-1.86 (2H,
m), 1.60-1.47 (4H, m), 1.41-1.35 (2H, m); LRMS (ESI ) m/z 516
[M+H] *.

[0448]

Example 166(2)

3-(Cyclopentylamino)-4-{4-(4-(1-methyl-1H-pyrazol- 4-y)-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (166)

According to Example 99(2), compound (166) (0.630 g, 65%) was
prepared using (166a) (0.900 g) instead of compound (99a).

'H-NMR (DMSO-ds) &: 8.80 (1H, d, J=4.63 Hz), 8.04 (1H, brs), 8.03

(1H, s), 7.97 (1H, s), 7.73 (1H, s), 7.72 (1H, s), 7.62 (1H, d,
J=4.88 Hz), 7.43 (1H, brs), 7.38 (1H, d, J=1.46 Hz) , 7.31 (1H, d,
J=8.05 Hz), 7.20 (1H, dd, J=8.05, 1.46 Hz), 5.18 (1 H, d, J=6.83
Hz), 3.87 (3H, s), 3.10-3.05 (1H, m), 1.95-1.88 (2H , m), 1.60-1.49
(4H, m), 1.42-1.35 (2H, m); LRMS (ESI) m/z 536 [M+H 17

[0449]

Example 167

3-(2,2-Difluoroethylamino)-4-{4-(4-(1-methyl-1H-py razol-4-
yl)-1H-imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazo lo[3,4-
b]pyridin-1-yl}benzamide (167)

According to Example 120(1), 3-(2,2-difluoroethyla mino)-4-{4-
(4-(1-methyl-1H-pyrazol-4-yl)-1H-imidazol-1-yl)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzonitrile (the
second stage yield: 95%) was prepared using compoun d (158a)
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instead of compound (107a) and using 2,2-difluoroac etaldehyde
ethyl hemiacetal instead of acetone; and according to Example
99(2), compound (167) (8%) was prepared as a yellow solid using 3-
(2,2-difluoroethylamino)-4-{4-(4-(1-methyl-1H-pyraz ol-4-yl)-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-

yl}benzonitrile instead of compound (99a).

IH-NMR (DMSO-dg) &: 8.79 (1H, d, J=4.88 Hz), 8.08 (1H, brs), 8.02

(1H, s), 7.98 (1H, s), 7.72 (2H, s), 7.62 (1H, d, J =4.88 Hz), 7.48
(1Hbrs), 7.46 (1H, d, J=1.71 Hz), 7.33 (1H, d, J=8. 29 Hz), 7.26
(1H, dd, J=8.29, 1.71 Hz), 5.70 (1H, t, J=6.34 Hz), 3.57 (1H, ddt,
J=5.12, 4.63, 11.71 Hz), 3.08 (2H, dt, J=11.71, 6.2 4 Hz); LRMS
(ESI) m/z 532 [M+H] i

[0450]

Example 168

3-(2-Methoxyethylamino)-4-{4-(4-(1-methyl-1H-pyraz ol-4-yl)-
1H-imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3 ,4-b]pyridin-1-
yl}benzamide (168)

According to Example 120(1), 3-(2-methoxyethylamin 0)-4-{4-
iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin- 1-yl}benzamide
was prepared using compound (158b) (0.20 g) instead of compound
(107a) and using 1,1,2-triethoxyethane (0.1170 mL) instead of
acetone; and according to Example 99(2), compound ( 168) (0.030 g,

the third stage yield: 12%) was prepared using 3-(2 -

methoxyethylamino)-4-{4-iodo-3-(trifluoromethyl)-1H -pyrazolo[3,4-
b]pyridin-1-yl}benzamide (0.125 g) instead of compo und (99a).
'H-NMR (DMSO-ds) & 8.81 (1H, dd, J=4.88, 0.73 Hz), 8.06 (1H,

brs), 8.03 (1H, s), 7.97 (1H, s), 7.73 (1H, s), 7.7 2 (1H,s), 7.63
(1H, dd, J=4.88, 0.73 Hz), 7.44 (1H, brs), 7.37 (1H , d, J=1.22
Hz), 7.36 (1H, d, J=8.05 Hz), 7.22 (1H, dd, J=8.05, 1.22 Hz), 5.45
(1H, t, J=5.37 Hz), 3.87 (3H, s), 3.42 (3H, t, J=5. 73 Hz), 3.22
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(38H, s); LRMS (ESI) m/z 526 [M+H] i
[0451]

Example 169

3-Cyano-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (169)

According to Example 124(1), 3-cyano-{4-iodo-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridine}benzam ide (the third
stage yield: 6%) was prepared as a white solid usin g compound
(153a) instead of compound (100a). According to Ex ample 99,
compound (169) (the second stage yield: 16%) was pr epared using 3-

cyano-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[3,4-
b]pyridine}benzamide instead of compound (99a).

'H-NMR (DMSO-ds) & 8.96 (1H, d, J=4.88 Hz), 8.62 (1H, d, J=1.95

Hz), 8.45 (1H, dd, J=8.54, 1.95 Hz), 8.36 (1H, brs) , 8.22 (1H, d,
J=8.54 Hz), 8.13 (1H, s), 7.99 (1H, s), 7.85 (1H, b rs), 7.82 (1H,
s), 7.77 (1H, d, J=4.88 Hz), 7.73 (1H, s), 3.89 (3H , S); LRMS
(ESI) m/z 478 [M+H] i

[0452]

Example 170

3-Bromo-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (170)
[0453]

Example 170(1)

3-Bromo-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo[ 3,4-
b]pyridin-1-yl}benzamide (170a)

According to Example 153(2), compound (170a) (1.53 g, the
second stage yield: 55%) was prepared using 3-bromo -4-
fluorobenzonitrile instead of 3-chloro-4-fluorobenz onitrile.

'H-NMR (DMSO-ds) &: 8.32 (1H, d, J=4.88 Hz), 8.28 (1H, br s), 8.22
(1H, d, J=1.71 Hz), 8.14 (1H, d, J=4.88 Hz), 8.06 ( 1H, dd, J=8.05,
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1.71 Hz), 7.91 (1H, d, J=8.05 Hz), 7.74 (1H, brs); LRMS (ESI) m/z
511 [M+H] *.
[0454]
Example 170(2)
3-Bromo-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (170)
According to Example 99(2), compound (170) (0.860 0, 54%) was
prepared using compound (170a) (1.53 g) instead of compound (99a).

IH-NMR (DMSO-ds) &: 8.86 (1H, d, J=4.88 Hz), 8.39 (1H, d, J=1.71

Hz), 8.30 (1H, brs), 8.12 (1H, dd, J=8.29, 1.95 Hz) , 8.11 (1H, s),
7.97 (1H, s), 7.89 (1H, d, J=8.29 Hz), 7.79 (1H, s) , 7.75 (1H,
brs), 7.72 (1H, s), 7.69 (1H, d, J=4.88 Hz), 3.87 ( 3H, s); LRMS
(ESI) m/z 531 [M+H] i
[0455]

Example 171

3-Fluoro-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
)
[0456]

Example 171(1)

3-Fluoro-4-{4-iodo-3-(trifluoromethyl)-1H-pyrazolo [3,4-

b]pyridin-1-yl}benzamide (171a)

According to Example 153(2), compound (171a) (0.74 79, the
second stage yield: 55%) was prepared using 3,4-
difluorobenzonitrile instead of 3-chloro-4-fluorobe nzonitrile.
'H-NMR (DMSO-ds) &: 8.35 (1H, d, J=4.88 Hz), 8.25 (1H, brs), 8.16
(1H, d, J=4.88 Hz), 8.01 (1H, dd, J=10.86, 1.46 Hz) ,7.95 (1H, td,
J=8.29, 1.46 Hz), 7.93 (1H, td, J=8.29, 6.83 Hz), 7 .73 (1H, s);
LRMS (ESI) m/z 451 [M+H]  *.

Example 171(2)
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3-Fluoro-4-{4-(4-(1-methyl-1H-pyrazol-4-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
@)

According to Example 99(2), compound (171) (0.430 g, 73%) was
prepared using compound (171a) (0.650 g) instead of compound (99a).
'H-NMR (DMSO-dg) &: 9.62 (1H, d, J=4.88 Hz), 8.98 (1H, brs), 8.82
(1H, s), 8.76 (1H, dd, J=10.98, 1.46 Hz), 8.72-8.66 (3H, m), 8.51
(1H, d, J=0.73 Hz), 8.47 (1H, brs), 8.44 (1H, s), 8 43 (1H, d,
J=4.88 Hz), 4.59 (3H, s); LRMS (ESI) m/z 471 [M+H] i
[0457]

Example 172

6-{4-(4-(1-Methyl-1H-pyrazol-4-yl)-1H-imidazol-1-y )-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}bi phenyl-3-
carboxamide (172)

Compound (153) (0.030 g), phenylboronic acid (0.01 4 9),
palladium acetate (0.001 g), tricyclohexylphosphine (0.004 g), and
potassium phosphate (0.050 g) were dissolved in tol uene (0.5 mL)
and water (0.025 mL), followed by stirring using mi crowaves at
130°C for 10 min. The reaction solution was distri buted between
chloroform and water, and the organic layer was was hed with
saturated saline and then dried over anhydrous sodi um sulfate.

The solvent was distilled away, and the residue was purified by
neutral silica gel column chromatography (chlorofor m/methanol) to
obtain compound (172) (0.002 g, 6%) as a white soli d.

'H-NMR (DMSO-dg) &: 8.70 (1H, dd, J=4.88, 0.98 Hz), 8.28 (1H,

brs), 8.16 (1H, s), 8.12 (1H, dd, J=8.05, 1.46 Hz), 8.00 (1H, s),
7.96 (1H, s), 7.85 (1H, d, J=8.05 Hz), 7.71 (2H, s) , 7.64 (1H,
brs), 7.56 (1H, dd, J=4.88, 0.98 Hz), 7.22-7.19 (3H ,m), 7.04-7.01
(2H, m), 3.86 (3H, s); LRMS (ESI) m/z 529 [M+H] i

[0458]
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Example 173

3-(Cyclopropyl)-4-{4-(4-(1-methyl-1H-pyrazol-4-yl) -1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (173)

According to Example 172, compound (173) (7%) was prepared as
a white solid using cyclohexylboronic acid instead of

phenylboronic acid.

'H-NMR (DMSO-ds) &: 8.83 (1H, d, J=4.88 Hz), 8.17 (1H, brs), 8.08

(1H, s), 7.96 (1H, s), 7.87 (1H, dd, J=8.29, 1.95 H 2), 7.77 (1H,
s), 7.71 (1H, s), 7.65 (1H, d, J=4.88 Hz), 7.64 (1H , d, J=1.95
Hz), 7.61 (1H, d, J=8.29 Hz), 7.54 (1H, brs), 3.87 (3H, s), 1.52-
1.48 (1H, m), 0.75-0.71 (4H, m); LRMS (ESI) m/z 493 [M+H] *.
[0459]

Example 174

4-{4-(4-(1-Methyl-1H-pyrazol-4-yl)-1H-imidazol-1-y )-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3 -( prop-1-en-2-
yl)benzamide (174)

According to Example 172, compound (174) (7%) was prepared as
a white solid using propenylboronic acid and X-phos instead of
phenylboronic acid and tricyclohexylphosphine, resp ectively.
'H-NMR (DMSO-ds) &: 8.83 (1H, d, J=4.88 Hz), 8.22 (1H, s), 8.07
(1H, s), 8.04 (1H, s), 8.02 (1H, dd, J=8.29, 1.95 H z), 7.96 (1H,
s), 7.77 (1H, s), 7.72 (1H, d, J=8.29 Hz), 7.71 (1H ,S), 7.63 (1H,
d, J=4.88 Hz), 7.60 (1H, brs), 4.87 (1H, s), 4.55 ( 1H, s), 3.86
(3H, s), 1.80 (3H, s); LRMS (ESI) m/z 493 [M+H] *,
[0460]

Example 175

3-Methyl-4-{4-(4-(pyridin-3-yl)-1H-imidazol-1-yl)- 3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (175)
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According to Example 154(6), compound (175) (the s econd stage
yield: 5%) was prepared as a white solid using 4-(p yridin-3-yl)-
1H-imidazole dihydrochloride instead of 4-(1-methyl -1H-pyrazol-4-

yl)-1H-imidazole hydrochloride.
'H-NMR (DMSO-ds) & 9.10 (1H, s), 8.91 (1H, d, J=4.88 Hz), 8.50

(1H, d, J=4.88 Hz), 8.35 (1H, s), 8.27 (1H, s), 8.2 2 (1H, dt,
J=8.05, 1.89 Hz), 8.16 (1H, brs), 8.04 (1H, s), 7.9 4 (1H, dd,
J=8.29, 1.89 Hz), 7.76 (1H, d, J=4.88 Hz), 7.67 (1H , d, J=8.29
Hz), 7.57 (1H, brs), 7.48 (1H, dd, J=8.05, 4.88 Hz) ,2.18 (3H, s);
LRMS (ESI) m/z 464 [M+H] .
[0461]

Example 176

2-Amino-4-{4-(4-(pyridin-3-yl)-1H-imidazol-1-yl)-3 -

(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (176)
Compound (157a) (0.080 g) was dissolved in DMSO (1 .2mL), and

potassium carbonate (0.160 g), copper(ll) oxide (na nopowder)

(0.009 g), and 4-(pyridin-3-yl)-1H-imidazole hydroc hloride (0.053

g) were added to the resulting solution, followed b y stirring at

120°C for 4 hr. The reaction solution was diluted with ethyl

acetate, and insoluble matters were filtered by cel ite. The

solvent was distilled away, and the residue was pur ified by

neutral silica gel column chromatography (chlorofor m/methanol) to

obtain compound (176) (0.031 g, 30%).
'H-NMR (DMSO-dg) &: 9.07 (1H, dd, J=1.95, 0.98 Hz), 8.99 (1H, dd,

J=4.88, 0.98 Hz), 8.48 (1H, d, J=4.88 Hz), 8.30 (1H ), 8.22 (1H,
s), 8.19 (1H, d, J=8.05 Hz), 7.88 (1H, brs), 7.79 ( 1H, d, J=8.78
Hz), 7.75 (1H, dd, J=4.88, 0.98 Hz), 7.55 (1H, d, J =2.20 Hz), 7.45
(1H, dd, J=8.05, 4.88 Hz), 7.38 (1H, dd, J=8.78, 2. 20 Hz), 7.22
(1H, brs), 7.00 (2H, s); LRMS (ESI) m/z 465 [M+H] *

[0462]
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Comparative tests of the compounds of the present invention were performed by testing the binding of the
compounds to HSP90 of the compound of the present invention and testing the effect for inhibition of
growth of SKBR cancer cell line by the compounds, using the compounds described in Examples of
Patent Document 2 as comparative compounds. The comparative compourl&tPed&(Fekklsitéd inhibition
activities in both tests even at high concentrations. Note that the comparative compounds were
synthesized in acdexdamptelwith the methods described in Patent Document 2 (Table 3). -239- TH0064
E(F) 111511 [0484]{Tabl oun ructure,_Cgmparative Example 1 O 10N 0 H2N OH
Comparative Exarrél:bpilén? %%%1?40(8% m—g—ﬁ)t-ﬂgl-lmldaz&m—yﬁ-? -
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (177)

According to Example 176, compound (177) (45%) was prepared
using compound (158b) instead of compound (157a).
'H-NMR (DMSO-ds) &: 9.09 (1H, s), 8.85 (1H, dd, J=4.88, 0.98 Hz),

8.49 (1H, d, J=4.39 Hz), 8.26 (1H, s), 8.21 (1H, d, J=7.81 Hz),
8.17 (1H, s), 7.95 (1H, brs), 7.69 (1H, dd, J=4.88, 0.98 Hz), 7.46
(1H, dd, J=7.81, 4.88 Hz), 7.40 (1H, d, J=1.22 Hz), 7.37 (1H,
brs), 7.30 (1H, d, J=8.05 Hz), 7.14 (1H, dd, J=8.05 , 1.22 Hz),
5.42 (2H, s); LRMS (ESI) m/z 465 [M+H] i
[0463]

Example 178

2-(Ethylamino)-4-{4-(4-(pyridin-3-yl)-1H-imidazol- 1-yl)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (178)

According to Example 161, compound (178) (the seco nd stage
yield: 30%) was prepared as a white solid using 4-( 4-(pyridin-3-
yl)-1H-imidazole hydrochloride instead of 4-(1-meth yl-1H-pyrazol-

4-yl)-1H-imidazole hydrochloride.
'H-NMR (DMSO-dg) & 9.07 (1H, d, J=1.95 Hz), 9.01 (1H, d, J=4.88

Hz), 8.48 (1H, dd, J=4.88, 1.95 Hz), 8.35 (1H, t, J =4.88 Hz), 8.31
(1H, s), 8.23 (1H, s), 8.21 (1H, d, J=7.56 Hz), 8.2 0 (1H, dt,
J=8.05, 1.95 Hz), 7.87 (1H, d, J=8.29 Hz), 7.77 (1H , d, J=4.88
Hz), 7.51 (1H, d, J=2.20 Hz), 7.45 (1H, dd, J=8.05, 4.88 Hz), 7.34
(1H, dd, J=8.29, 2.07 Hz), 3.23 (2H, dq, J=4.88, 7. 07 Hz), 1.27
(3H, t, J=7.07 Hz); LRMS (ESI) m/z 493 [M+H] i
[0464]

Example 179

2-(Isopropylamino)-4-{4-(4-(pyridin-3-yl)-1H-imida zol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (179)
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According to Example 160, compound (179) (the seco nd stage
yield: 14%) was prepared as a white solid using 4-( 4-(pyridin-3-
yl)-1H-imidazole hydrochloride instead of 4-(1-meth yl-1H-pyrazol-

4-yl)-1H-imidazole hydrochloride.
'H-NMR (DMSO-ds) &: 9.07 (1H, d, J=1.95 Hz), 8.99 (1H, d, J=4.88

Hz), 8.48 (1H, dd, J=4.88, 1.95 Hz), 8.38 (1H, d, J =7.32 Hz), 8.30
(1H, s), 8.22 (1H, s), 8.20 (1H, dt, J=8.05, 1.95 H z), 7.85 (1H,
d, J=8.54 Hz), 7.75 (1H, d, J=4.88 Hz), 7.54 (1H, d , J=2.20 Hz),
7.45 (1H, dd, J=8.05, 4.88 Hz), 7.26 (1H, dd, J=8.5 4, 2.20 Hz),
3.69 (1H, dtt, J=7.32, 6.34, 6.34 Hz), 1.24 (6H, d, J=6.34 Hz);
LRMS (ESI) m/z 507 [M+H] i
[0465]

Example 180

3-(Ethylamino)-4-{4-(4-(pyridin-3-yl)-1H-imidazol- 1-yl)-3-
(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}be nzamide (180)

According to Example 176, compound (180) (36%) was prepared

using compound (162a) instead of compound (157a).

IH-NMR (DMSO-ds) & 9.10 (1H, d, J=1.46 Hz), 8.84 (1H, d, J=4.88

Hz), 8.49 (1H, dd, J=4.88, 1.46 Hz), 8.27 (1H, s), 8.22 (1H, dt,
J=8.05, 1.95 Hz), 8.19 (1H, s), 8.05 (1H, brs), 7.6 9 (1H, d,
J=4.88 Hz), 7.46 (1H, dd, J=8.05, 4.88 Hz), 7.44 (1 H, brs), 7.32
(1H, d, J=1.71 Hz), 7.29 (1H, d, J=8.05 Hz), 7.19 ( 1H, dd, J=8.05,
1.71 Hz), 5.38 (1H, t, J=5.49 Hz), 3.15 (2H, dq, J= 5.49, 7.07 Hz),
1.07 (3H, t, J=7.07 Hz); LRMS (ESI) m/z 493 [M+H] i
[0466]

Example 181

3-(Isopropylamino)-4-{4-(4-(pyridin-3-yl)-1H-imida zol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (181)

According to Example 176, compound (181) (28%) was prepared

using compound (164a) instead of compound (157a).
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the following general formula (I) or a salt thereof: W R2 14Xi X& //
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IH-NMR (DMSO-ds) & 9.09 (1H, d, J=1.46 Hz), 8.85 (1H, d, J=4.88

Hz), 8.49 (1H, dd, J=4.88, 1.46 Hz), 8.28 (1H, s), 8.21 (1H, dt,
J=7.81, 146 Hz), 8.20 (1H, s), 8.05 (1H, brs), 7.7 0 (1H, d,
J=4.88 Hz), 7.46 (1H, dd, J=7.814.88 Hz), 7.43 (1H, brs), 7.38
(1H, d, J=1.71 Hz) 7.29 (1H, d, J=8.05 Hz), 7.19 (1 H, dd, J=8.05,
1.71 Hz), 5.04 (1H, d, J=8.05 Hz), 3.78 (1H, ttd, J =6.34, 6.34,
8.05 Hz), 1.09 (7H, d, J=6.34 Hz); LRMS (ESI) m/z 5 07 [M+H] *.
[0467]

Example 182

3-(Cyclobutylamino)-4-{4-(4-(pyridin-3-yl)-1H-imid azol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (182)

According to Example 176, compound (182) (49%) was prepared

using compound (165a) instead of compound (157a).

IH-NMR (DMSO-dg) & 9.10 (1H, s), 8.85 (1H, d, J=4.88 Hz), 8.49

(1H, d, J=4.88 Hz), 8.27 (1H, s), 8.22 (1H, dt, J=7 81, 1.71 Hz),
8.19 (1H, s), 8.03 (1H, brs), 7.70 (1H, d, J=4.88 H 7), 7.46 (1H,
dd, J=7.81, 4.88 Hz), 7.43 (1H, brs), 7.28 (1H, d, J=8.05 Hz),
7.26 (1H, d, J=1.46 Hz), 7.20 (1H, dd, J=8.05, 1.46 Hz), 5.59 (1H,
d, J=6.59 Hz), 401 (1H, ttd, J=7.32, 7.32, 6.59 Hz ), 2.33-2.27
(2H, m), 1.85-1.76 (2H, m), 1.70-1.64 (2H, m); LRMS (ESI) m/z 519
[M+H] *.
[0468]

Example 183

3-(Cyclopentylamino)-4-{4-(4-(pyridin-3-yl)-1H-imi dazol-1-
yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1 -yl}benzamide
(183)

According to Example 176, compound (183) (50%) was prepared

using compound (168a) instead of compound (157a).
'H-NMR (DMSO-ds) &: 9.09 (1H, d, J=1.71 Hz), 8.85 (1H, d, J=4.88
Hz), 8.49 (1H, dd, J=4.63, 1.71 Hz), 8.27 (1H, s), 8.22 (1H, dt,
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XN (1) yl% \y4 R3 wherein X1 represents CH or N; any one of X2, X3 and X4 represents N, and the
others represent CH; any one or two of Y1, Y2, Y3 and Y4 represent C-R4, and the others are the same
or different and represent CH or N; R1 represents an optionally substituted monocyclic or bicyclic
unsaturated heterocyclic group having 1 to 4 heteroatoms selected from N, 61806 &(RA}dpkesents a
hydrogen atom, an optionally substituted alkyl group having 1 to 6 carbon atoms or an optionally
substituted allket§l gfcefp hayiryZ t¢Lel cajb@Datdhhs; BRS)represents a cyano groOp(bir-00-R5; R4(s) are
the same or diff t and represent a.h t gen atom, a cyanop group,.an optionally
substituted a _ff égrgaé’h%\é}%lgﬁﬁtg%agg%ﬁ%ﬁ%rﬁﬁ Sgr?'agllﬁkr:yl group having ﬁogé%dz?rt%?] atoms, an
alkoxy group(hlythg-11t616-zarbea Etdnts Jad.ebdinpiic2dydrocarbon group, IWRIE) JRADPS5;S-R8 or -00-R9;

R5 representf.?f ﬁéy%rgvglagrr@}g %ptj'g?hegg/ ﬂz vig%g @Wrgthgroup, or an option_aéll)é AU _§Htuted mono- or

di-alkylamino group; 7 are the sameor different’and represent a hydrogen atomi, an optionally
substituted atkgBditp)ih.05:1i189 R Gcarbon.a@Ee, mp414 3-1.35 (2H, m);
LRMS (ESI) m/z 533 [M+H] i
[0469]
Example 184
3-Amino-4-{4-(4-(1-ethyl-1H-pyrazol-4-yl)-1H-imida zol-1-yl)-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzamide (184)
According to Example 176, compound (184) (36%) was prepared
using compound (158b) instead of compound (157a) an d using 4-(1-
ethyl-1H-pyrazol-4-yl)-1H-imidazole hydrochloride i nstead of 4-

(pyridin-3-yl)-1H-imidazole hydrochloride.
H-NMR (DMSO-ds) &: 8.80 (1H, dd, J=4.76, 0.73 Hz), 8.02 (1H, s),

8.01 (1H, s), 7.94 (1H, brs), 7.73 (1H, s), 7.72 (1 H, s), 7.60
(1H, dd, J=4.76, 0.73 Hz), 7.39 (1H, d, J=1.22 Hz), 7.36 (1H,
brs), 7.29 (1H, d, J=8.05 Hz), 7.14 (1H, dd, J=8.05 , 1.22 Hz),
5.40 (2H, s), 4.16 (2H, q, J=7.16 Hz), 1.40 (3H, t, J=7.16 Hz);
LRMS (ESI) m/z 482 [M+H] i
[0470]

Example 185

4-{4-(4-(1-Ethyl-1H-pyrazol-4-yl)-1H-imidazol-1-yl )-3-

(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl}-3 -

(ethylamino)benzamide (185)

According to Example 176, compound (185) (35%) was prepared
using compound (162a) instead of compound (157a) an d using 4-(1-
ethyl-1H-pyrazol-4-yl)-1H-imidazole hydrochloride i nstead of 4-

(pyridin-3-yl)-1H-imidazole hydrochloride.
'H-NMR (DMSO-dg) &: 8.79 (1H, d, J=4.88 Hz), 8.05 (1H, brs), 8.02

-230-



THO0064 E(F) 111511 a halogenoalkyl group having 1 to 6 carbon atoms, an optionally substituted
cycloalkyl group having 3 to 7 carbon atoms, an optionally substituted aralkyl group, an optionally
substituted aromatic hydrocarbon group, an optionally substituted saturated heterocyclic group or an
optionally substituted unsaturated heterocyclic group, or R6 and R7 optiondilfaepfEaddikked
heterocyclic group, together with the nitrogen atom to which they are bonded; R8 represents an optionally
substituted ci@tbalkyl GFdlip, spving Bltd 3)cafdofitatdmk, or an optionally subsBtitdr), drdPnatic
hydrocarbon @ presen tom, a hydroxyl group, i up optionally
having a hydﬁ)rfy 63903%%&5 %')”p‘fi_(eilﬁa I;%' éﬁ&%?&%gr%g}ﬁo- or di-alkylaminogg@ogurl’[qug?gﬁe compound
according to @hindd,, 85alt. Merzhf 5S\BAdieintREB&Htionally substituted antfhtyclic 5- to
6-membered rate terqcycli in 0 teroatoms selected fr S and 0, or an
optionally su%%fgzt{éhzéic%?ﬁc%ﬁté EOC‘-]%nfgjr‘ral?b%'rge):l’d'I‘jlZ S;Ltﬁﬁa ed heterocyclic grfgp{’ﬁg\zgé 1to3
heteroatoms Be)eLt(Btom ;7D art ) LRVITHESIpmaditdMccording to clairH] "or 2, or a salt thereof,
wherein R2 Eq%r?ljllkyl group having 1 to 6 carbon atoms which optionally has a halogen atom, or an
alkenyl group having 2 to 6 carbon atoms. 4. The compound according to any one of claims 1 to 3, or a
salt thereof, wherdimdRpls 186-R5, and R5 is an amino group or a mono-or di-(01-06 alkyl)amino group. -
242 - 5. The cong_l_)und 3¢ og_i to any one of clailr_‘rf : ?_|f1’ or a salt thereof, wherein X2 is N, and X3
and X4 are CH. 6755 e L pav NS LAy Al £ 0-5-or-a-Sal ~wherein R1 is
any of an opyi)ra(tyifsiobstiktsgt)-1Hipyidazio[Slagraip,1an optionally substitytedrayraidel-4-y1 group, an
optionally substituted thiophen-3-y1 group, an optionally substituted furan-2-y1 group, an optionally
substituted 3- yl group, an optionally substituted pyridin-4-y1 group, an optionally substituted
indo1-5-y1 group, accopficyalipsuhsitturedcbhpnuinal {863 (Bhoyyidis5-y1 group, anepptsmnally substituted
benzofuran-2-y1 group, an optignall s%gs jtuted quinolin-3-y1 group and an optionally substituted
5,6,7,8-tetraﬁg&£&8mgﬂm§- ﬁ%&@)ét_e . ??I%@B 573%@8rding to any B &Ams 1 to 6, or a salt

thereof, wheiedprigyand-N¥gais-£vi)- annaitezelctwririciidrand Y4 are C-R4dantheiother is CH; and R4
is a halogen atom, an alkg/}]]%r_oup having 1 to 6 carbon atoms which optionally has a mono- or di-(01-06

alkyl)amino gréeg'BPHbhBEHR%!e SYARRIGAERed saturated heterocyclic group having one or two of

any heteroatompiN.(EM906-9, reatkeyDLoen, trviRg bigsoariaqin qiems) - N(R6) (R7), _sR8 or -00-R9.
8. The compound accordin%dto any one of claims 1 to 7, or a salt thereof, wherein R6 is a hydrogen atom

or an optioneﬁt?%dﬁ@ti@te ‘}kgl"érgfﬁ)’ 7&1@#1&1@[5)6 édibéh atoms, and R7 repFés@ntg'%Ohydrogen atom,
an optionally gupatitutesd sdkylograup 1auigH1dp B3arhen atoms, an optionajiy)substitied cycloalkyl
d, J=8.05 Hz), 7.13 (1H, d, J=8.05 Hz), 5.40 (2H, s ), 453 (1H,
tt, J=6.59, 6.59 Hz), 1.45 (3H, d, J=6.59 Hz), 1.44 (3H, d, J=6.59
Hz): LRMS (ESI) m/z 496 [M+H] *,
[0472]
Example 187
3-(Ethylamino)-4-{4-(4-(1-isopropyl-1H-pyrazol-4-y )-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (187)
According to Example 176, compound (187) (40%) was prepared
using compound (162a) instead of compound (157a) an d using 4-(1-
isopropyl-1H-pyrazol-4-yl)-1H-imidazole hydrochlori de instead of

4-(pyridin-3-yl)-1H-imidazole hydrochloride.
'H-NMR (DMSO-ds) &: 8.79 (1H, d, J=4.88 Hz), 8.05 (1H, brs), 8.04
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- 243 - THO064 E(F) 111511 group having 3 to 7 carbon atoms, an optionally substituted aralkyl group
having 7 to 12 carbon atoms, an optionally substituted aromatic hydrocarbon group having 6 to 14 carbon
atoms, a monocyclic or bicyclic optionally substituted saturated heterocyclic group having 1 to 4
heteroatoms selected from N, S and 0, or a monocyclic or bicyclic optionally 30¥titRd tdturated
heterocyclic group having 1 to 4 heteroatoms selected from N, S and 0, or R6 and R7 optionally form a 5-
to 7-member@disasjuBfad Hetsodydidgioap, tagettidr sYith the nitrogen atom té.60h{tH, thiey are bonded;
R8 is an optignal stitpited cycloa p,havi tq 7 carbon atoms, ignally substituted
aromatic hyd%?é%%%%%?@#p@g\’n}%@ 6%%1%& (?ﬁ iai ori_'sz?) and R9is a hydrc%é%ga gmfpa hydroxyl group,
an amino grolx8.0b eHx)oAd8ofl; (@1 -08dliky Nathifa)go8P.(19. A pharmaceutithl prixfi@t containing a
compound acgqrding tq gny one Eﬁl I to 8, or.a salt thereof. 10. The pharrmaceutical product
according to%éir%i %%v@h%’ré’n%%égp 5%5'6}5 ti%glﬁgﬁcgis an anticancer age?%fr.g%i’. lZE'E%)Jiarmaceutical
composition etzptainin@id, ch b tZcdardi(BiHia, day.82elof claims 1 to 8, or)alfRiishEenf and a
pharmaceuti(r:na)%yg)%%i@{grﬁfleﬁarrier. 12. The compound according to any one of claims 1 to 8, or a salt
thereof, for use’in redtment of cancer. - 244 - TH0064 E(F) 111511 13. A method for treating cancer,
comprising afi4irgistering an effective amount of a compound according to any one of claims 1 to 8, or a
salt thereof. - 245 -

Example 188

3-Chloro-4-{4-(4-(1-(hydroxymethyl)-1H-pyrazol-4-y )-1H-
imidazol-1-yl)-3-(trifluoromethyl)-1H-pyrazolo[3,4- b]pyridin-1-
yl}benzamide (188)

Compound (153a) (0.200 g), cesium carbonate (0.880 g), and 3-
chloro-4-fluorobenzonitrile (0.154 g) were suspende d in DMSO (50
mL), followed by stirring at 60°C for 24 hr. The r eaction
solution was distributed between ethyl acetate and water, and the
organic layer was washed with saturated saline. Th e organic layer
after the washing was dried over anhydrous sodium s ulfate, and
then the solvent was distilled away to obtain 3-chl oro-4-{4-iodo-
3-(trifluoromethyl)-1H-pyrazolo[3,4-b]pyridin-1-yl} benzonitrile,
which was used in the subsequent reaction without b eing purified.
This 3-chloro-4-{4-chloro-3-(trifluoromethyl)-1H-py razolo[3,4-
b]pyridin-1-yl}benzonitrile, 4-(1-(hydroxymethyl)-1 H-pyrazol-4-
yl)-1H-imidazole hydrochloride (0.129 g), potassium carbonate
(0.263 g), and copper(ll) oxide (nanopowder) (0.020 g) were
suspended in DMF (2.5 mL), followed by stirring at 120°C for 24 hr.
The reaction solution was diluted with ethyl acetat e, and
insoluble matters were filtered by celite. The sol vent of the
filtrate was distilled away, and the residue was pu rified by
neutral silica gel column chromatography (chlorofor m/methanol) to

obtain compound (188) (0.012 g, 3%).
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IH-NMR (DMSO-dg) &: 8.86 (1H, d, J=4.88 Hz), 8.30 (1H, brs), 8.25

(1H, d, J=1.71 Hz), 8.10 (1H, s), 8.08 (1H, dd, J=8 29, 1.71 Hz),
7.98 (1H, s), 7.92 (1H, d, J=8.29 Hz), 7.80 (1H, s) , 7.76 (1H,
brs), 7.74 (1H, s), 7.69 (1H, d, J=4.88 Hz), 4.93 ( 1H, t, J=5.37
Hz), 4.17 (2H, t, J=5.49 Hz), 3.75 (2H, g, J=5.53 H z); LRMS (ESI)
m/z 503 [M+H] .
[0474]

Example 189

4-{4-(4-(1-Benzyl-1H-pyrazol-4-yl)-1H-imidazol-1-y )-3-
isopropyl-1H-pyrazolo[3,4-b]pyridin-1-yl}-3-chlorob enzamide (189)

According to Example 107(2), compound (189) (the s econd stage
yield: 15%) was prepared as a white solid using com pound (99a) and
4-(1-benzyl-1H-pyrazol-4-yl)-1H-imidazole hydrochlo ride instead of
compound (107a) and 4-(1-methyl-1H-pyrazol-4-yl)-1H -imidazole

hydrochloride, respectively.

IH-NMR (DMSO-ds) &: 8.66 (1H, d, J=4.95 Hz), 8.26 (1H, brs), 8.23

(1H, d, J=1.15 Hz), 8.21 (1H, d, J=1.81 Hz), 8.12 ( 1H, s), 8.04
(1H, dd, J=8.24, 1.81 Hz), 7.93 (1H, d, J=1.15 Hz), 7.81 (1H, s),
7.76 (1H, d, J=8.24 Hz), 7.70 (1H, brs), 7.42 (1H, d, J=4.78 Hz),
7.38-7.29 (5H, m), 5.37 (2H, s), 3.24 (1H, tt, J=6. 76, 6.76 Hz),
1.12 (6H, d, J=6.76 Hz).
[0475]

Test Example 1: Measurement of HSP90-binding activ ity

First, a solution of purified HSP90 was prepared a s follows.
A plasmid, pET-HSP9ON, expressing an HSP90 N-termin al protein
having a His tag at the N-terminal was constructed by inserting a
human HSP90 alpha gene (NCBI Reference Sequences Re gister No.
NM_005348) region, which encodes amino acids corres ponding to from
the 2nd amino acid to the 236th amino acid of human HSP90 alpha
protein (NCBI Reference Sequences Register No. NP_0 05339, full
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length: 732 amino acids), into pET-19b (Novagen Inc
HSP90N was introduced into Escherichia coli cells (
Stratagene Inc.), and then the Escherichia coli cel
cultured in the presence of 0.5 mM isopropyl-beta-D
thiogalactopyranoside (Sigma-Aldrich Corp.) at 37°C
Escherichia coli cells were collected, suspended in

(50 mM Tris-HCI (pH 7.5), 200 mM NaCl), and sonicat
sonicated cell solution was centrifugated (40000

obtain supernatant as a crude extract. The extract
fractionated by Ni Sepharose High Performance (GE H
Corporation) chromatography and HiLoad 26/60 Superd
Healthcare Japan Corporation), and the fraction in
protein was concentrated was adjusted to a 50 mM Tr
7.5)[20% glycerol solution as a purified HSP90 solu
purified HSP90 solution was divided and stored at -

The HSP90-binding activity was measured by an Alph
competitive assay system. The purified HSP90 solut
with a binding buffer (50 mM Tris-HCI (pH 7.5), 150
Triton-X100, 1 mM DTT, 0.1% BSA) and added to a 384
3673, Corning Incorporated) containing test substan
reaction at room temperature for 2 hr, biotin-label
was added to each reaction solution in an amount of
followed by reaction for further 1 hr. Detection m
HEPES-KOH (pH 7.5), 0.5% BSA, 0.04 mg/mL Nickel Che
beads, 0.04 mg/mL Streptavidin-coated Donor beads)
Perkin Elmer, Inc.) was added to each well in the s
that of the reaction solution. After reaction in a
room temperature for 1 hr, the fluorescence intensi
was measured with a multilabel plate reader, EnVisi

Elmer, Inc.). The inhibition rate (%) of biotin-la

-234 -
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geldanamycin binding by a compound of the present i nvention was
determined by the following equation using the fluo rescence signal
of a test substance-free group (control) as a contr ol. Each
compound was added thereto, and the concentration ( IC s ( M) ofa
compound to inhibit the binding of biotin-labeled g eldanamycin to
50% of that of the control was determined as a rela tive index of
HSP90 binding.

[0476]

Inhibition rate (%) = (C-T)/C x 100

T: signal in a well to which a test substance was added

C: signal in a well to which no test substance was added
[0477]

The results were that compounds of the present inv ention
showed highly satisfactory HSP90-binding activities whereas none
of comparative compounds showed HSP90-binding activ ity (Table 1).
[0478]

Test Example 2: Measurement of cell growth inhibit ion

Cell growth was measured by a crystal violet stain ing method.
SK-BR-3 cells (HTB-30) purchased from American Type Culture
Collection were seeded in a 96-well plate (No. 3530 75, BD
Biosciences) at a concentration of 5000 cells/well. The cells
were cultured in a 5% CO > incubator at 37°C for 24 hr, and then
test substances were added to the plate, followed b y culturing for
further 72 hr. A 25% glutaraldehyde solution (No. 17025-25,
Nacalai Tesque Inc.) was added to each well in an a mount of 20 pL
for200  pL of the culture medium, and the plate was left to stand
at room temperature for 20 min for fixing the cells . The plate
was washed with water and dried, and then 100 pL of a solution of
0.05% crystal violet (No. 038-17792, Wako Pure Chem ical Industries,
Ltd.) in 20% methanol was added to each well. The plate was left
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to stand at room temperature for 20 min for stainin g the cells.
The plate was washed with water and dried, and 100 pL of a
solution mixture of 0.05 M NaH 2PQ and ethanol (mixture in equal
amounts) was added to each well. Absorbance at 540 nm was
measured with a microplate reader (MTP-450, Corona Electric Co.,
Ltd.) as an index of the number of cells in each we Il. The

inhibition rate (%) of cell growth by a compound of
invention was determined by the following equation
absorbance of a test substance-free group (control)
Each compound was added thereto, and the concentrat
of a compound to inhibit the number of cells to 50%
control was determined.
[0479]

Inhibition rate (%) = (C-T)/C x 100

T: absorbance in a well to which a test substance

C: absorbance in a well to which no test substance
[0480]

The results were that compounds of the present inv
inhibited the growth of breast cancer SK-BR-3 cells
of comparative compounds inhibited the growth of SK
(Table 1).
[0481]
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[Table 1]
Example HSP-binding Cell growth Example HSP-binding Cell growth
activity inhibition activity inhibition
|Cso (M) Cso (M) |Cso (M) |Cso (M)

1 0.12 0.02 62 0.61 0.21
2 0.13 0.03 63 047 0.17
3 0.17 0.02 64 042 0.59
4 1.60 0.82 67 0.36 0.51
5 0.16 0.11 70 0.23 0.08
6 0.15 0.03 7 0.25 0.10
7 0.34 0.23 72 0.26 0.11
11 0.95 0.16 73 0.59 0.36
13 043 0.15 74 0.34 0.27
14 0.69 0.18 75 0.31 0.24
18 3.01 0.59 76 0.19 0.04
19 1.19 047 77 0.18 0.01
20 3.05 0.67 78 0.36 0.65
22 0.18 0.16 79 0.25 0.02
23 049 0.19 80 047 0.29
24 0.23 0.03 81 1.03 0.63
25 1.27 0.07 82 0.83 0.23
27 0.24 0.13 83 040 0.11
28 040 0.28 84 0.10 0.02
29 0.32 0.24 85 0.10 0.03
31 0.33 0.10 86 0.24 0.27
33 1.14 0.07 87 0.14 0.03
34 0.57 0.05 88 0.68 0.23
35 1.50 0.28 89 0.07 0.01
36 1.88 3.21 90 0.23 0.04
37 0.25 0.10 el 043 0.07
38 0.51 0.67 92 0.13 0.07
40 0.27 0.09 93 0.32 0.07
41 0.12 0.03 94 047 0.20
42 0.19 0.03 95 0.06 0.02
43 0.10 0.01 96 0.06 0.06
44 0.13 0.01 97 0.24 0.07
45 0.09 0.01 98 0.07 0.01
46 0.15 0.02 99 0.52 0.69
53 0.35 0.20 100 0.15 0.30
95 2.81 092 101 0.22 0.29
58 046 0.21 102 0.21 0.17
60 1.37 1.53 103 0.12 0.17
61 0.60 0.36 104 0.12 0.20
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[0482]
[Table 2]
Example HSP-binding Cell growth Example HSP-binding Cell growth
activity inhibition activity inhibition
|Cso (M) Cso (M) |Cso (M) |Cso (M)
105 0.14 0.25 149 0.39 0.69
106 0.34 0.65 150 093 1.33
107 0.20 0.90 151 0.66 1.54
109 0.18 0.08 152 1.01 1.28
110 0.31 049 153 0.13 0.24
1M1 0.19 0.08 154 0.14 0.12
112 0.25 0.04 155 0.1 0.04
113 0.26 0.07 156 0.07 0.04
114 049 0.18 157 0.13 0.19
115 0.16 0.24 158 0.10 0.20
118 0.21 0.55 199 0.21 0.29
120 0.20 0.14 160 0.16 0.02
121 0.18 0.16 161 0.17 0.06
122 0.18 0.13 162 0.1 0.09
123 0.19 0.12 163 0.10 0.06
124 0.35 0.59 164 0.11 0.07
126 0.23 1.13 165 0.12 0.07
127 0.23 1.56 166 0.14 0.1
128 0.09 0.15 167 0.10 0.08
129 0.29 1.13 168 0.07 0.06
130 0.69 1.89 169 0.23 0.27
131 0.70 092 170 0.21 0.37
132 0.12 0.10 171 0.10 0.13
133 0.16 0.15 172 1.07 0.87
134 0.20 0.11 173 0.12 0.08
135 040 0.69 174 0.32 0.38
136 0.13 0.27 175 0.37 0.29
137 0.28 043 176 042 041
138 0.19 0.53 177 0.27 0.39
139 0.57 0.28 178 0.53 0.08
140 0.76 0.19 179 0.38 0.07
141 041 0.14 180 0.19 0.14
142 0.12 0.22 181 0.14 0.12
143 0.17 0.03 182 0.20 0.13
144 042 0.11 183 0.33 0.15
145 0.63 1.50 184 0.23 041
146 0.77 0.21 185 0.19 0.21
147 0.81 0.36 186 0.80 1.93
148 040 0.24 187 0.62 0.1
Comparative >100 >10 Comparative >10 >10
Example 1 Example 4
Comparative >100 >10 Comparative >100 >10
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Example 2 Example 5

Comparative >10 >10 Comparative >100 >10
Example 3 Example 6

[0483]

Comparative tests of the compounds of the present invention
were performed by testing the binding of the compou nds to HSP90 of
the compound of the present invention and testing t he effect for
inhibition of growth of SKBR cancer cell line by th e compounds,
using the compounds described in Examples of Patent Document 2 as
comparative compounds. The comparative compounds h ardly exhibited
inhibition activities in both tests even at high co ncentrations.
Note that the comparative compounds were synthesize d in accordance
with the methods described in Patent Document 2 (Ta ble 3).
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[0484]
[Table 3]
Compound Structure
JO N
\O N OH
Comparative Q
Example 1 N
O
H,oN
o
Coy
Comparative N o
Example 2 Q
N
(¢]
H,oN
/O
PN
Comparative o \
Example 3 Q\ Q
N
CN
_O
)OS

. o N
Comparative Q
Example 4 N

H
H,N °
_0
-

) N
Comparative Q
Example 5 N

N
H,N °©
o

i N
Comparative “
Example 6
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Claims

1. A compound represented by the following general

or a salt thereof:

R! R2
>IT4 S \xl
)(3\ 2/ N/
X >\ ) (1)
Y
i\ 4
\ Y
Y3§{

wherein X 1! represents CH or N;

THO064 E(F) 111511

formula (1)

anyoneof X 2 X *and X “represents N, and the others represent CH;

any one or two of Y 1Y 2 Y 2andY “represent C-R
are the same or different and represent CH or N;

R represents an optionally substituted monocyclic or
unsaturated heterocyclic group having 1 to 4 hetero

from N, S and O;

R represents a hydrogen atom, an optionally substitu

group having 1 to 6 carbon atoms or an optionally s

alkenyl group having 2 to 6 carbon atoms;

R represents a cyano group or -CO-R >

R(s) are the same or different and represent a hydro

halogen atom, a cyano group, an optionally substitu

having 1 to 6 carbon atoms, an alkenyl group having

atoms, an alkoxy group having 1 to 6 carbon atoms,
hydrocarbon group, -N(R %R ",-S-R Bor-CO-R ¢
R represents an amino group optionally having a hydr

or an optionally substituted mono- or di-alkylamino

R and R ' are the same or different and represent a hydrogen

an optionally substituted alkyl group having 1 to 6
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bicyclic
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gen atom, a
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2 to 6 carbon

an aromatic
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carbon atoms,



a halogenoalkyl group having 1 to 6 carbon atoms, a
substituted cycloalkyl group having 3 to 7 carbon a
optionally substituted aralkyl group, an optionally
aromatic hydrocarbon group, an optionally substitut
heterocyclic group or an optionally substituted uns
heterocyclic group, or R
heterocyclic group, together with the nitrogen atom

are bonded,

R represents an optionally substituted cycloalkyl gr

to 7 carbon atoms, or an optionally substituted aro
hydrocarbon group; and

R represents a hydrogen atom, a hydroxyl group, an a
optionally having a hydroxyl group, or an optionall

mono- or di-alkylamino group.

2. The compound according to claim 1, or a salt the
R! is an optionally substituted monocyclic 5- to 6-me
unsaturated heterocyclic group having 1 to 3 hetero
from N, S and O, or an optionally substituted bicyc
membered unsaturated heterocyclic group having 1 to

selected from N, S and O.

THO064 E(F) 111511

n optionally
toms, an
substituted
ed saturated

aturated

®and R 7 optionally form a saturated

to which they

oup having 3

matic

mino group

y substituted

reof, wherein

mbered
atoms selected
lic 9- to 10-

3 heteroatoms

3. The compound according to claim 1 or 2, or a sal t thereof,
wherein R 2is an alkyl group having 1 to 6 carbon atoms which

optionally has a halogen atom, or an alkenyl group having 2 to 6
carbon atoms.

4. The compound according to any one of claims 1 to 3, or a salt
thereof, wherein R 3is-CO-R ° andR ®is anamino group or a mono-

or di-(C1-C6 alkyl)amino group.
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5.  The compound according to any one of claims 1 to 4, or a salt
thereof, wherein X 2isN,andX  *and X *are CH.

6. The compound according to any one of claims 1 to 5, or a salt
thereof, wherein R !is any of an optionally substituted 1H-

imidazol-1-yl group, an optionally substituted pyra zol-4-yl group,
an optionally substituted thiophen-3-yl group, an o ptionally
substituted furan-2-yl group, an optionally substit uted pyridin-3-
yl group, an optionally substituted pyridin-4-yl gr oup, an
optionally substituted indol-5-yl group, an optiona lly substituted
1H-pyrrolo[2,3-b]pyridin-5-yl group, an optionally substituted
benzofuran-2-yl group, an optionally substituted qu inolin-3-yl
group and an optionally substituted 5,6,7,8-tetrahy droquinolin-3-
yl group.

7.  The compound according to any one of claims 1 to 6, or a salt
thereof, wherein Y Yand Y 2are CH, any one or two of Y ZandY “*are
C-R* and the other is CH; and R 4 is a halogen atom, an alky!

group having 1 to 6 carbon atoms which optionally h as a mono- or
di-(C1-C6 alkyl)amino group or a monocyclic 5-to 7 -membered
saturated heterocyclic group having one or two of a ny heteroatom
of N, S and O, an alkoxy group having 1 to 6 carbon atoms, -

NR®R 7),-SR 8or-CO-R °.

8.  The compound according to any one of claims 1 to 7, or a salt
thereof, wherein R ® is a hydrogen atom or an optionally

substituted alkyl group having 1 to 6 carbon atoms, andR
represents a hydrogen atom, an optionally substitut ed alkyl group
having 1 to 6 carbon atoms, an optionally substitut ed cycloalkyl
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group having 3 to 7 carbon atoms, an optionally sub
aralkyl group having 7 to 12 carbon atoms, an optio
substituted aromatic hydrocarbon group having 6 to
a monocyclic or bicyclic optionally substituted sat
heterocyclic group having 1 to 4 heteroatoms select
and O, or a monocyclic or bicyclic optionally subst
unsaturated heterocyclic group having 1 to 4 hetero
from N, Sand O, or R
saturated heterocyclic group, together with the nit
which they are bonded; R
group having 3 to 7 carbon atoms, or an optionally
aromatic hydrocarbon group having 6 to 14 carbon at
a hydrogen atom, a hydroxyl group, an amino group o
di-(C1-C6 alkyl)amino group.

9. A pharmaceutical product containing a compound a

any one of claims 1 to 8, or a salt thereof.

10. The pharmaceutical product according to claim 9

pharmaceutical product is an anticancer agent.
11. A pharmaceutical composition containing a compo
to any one of claims 1 to 8, or a salt thereof and

pharmaceutically acceptable carrier.

12. The compound according to any one of claims 1 t

thereof, for use in the treatment of cancer.
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13. A method for treating cancer, comprising admini stering an
effective amount of a compound according to any one of claims 1 to

8, or a salt thereof.
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